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PAUL RICHARD GELLERT of AstraZeneca, Alderley Park, Macclesfield, Cheshire, UK

declares:

1. I graduated from the University of Oxford in Chemistry in 1984. I undertook postgraduate
research with Professor Brian Howard in the Physical Chemistry Laboratory at the
University of Oxford leading to the award of a D.Phil in 1988. From February 1988 until
the present I have been employed by AstraZeneca, (formerly Zeneca and ICI) initially as a
Senior Research Scientist and subsequently as a Team Leader/Manager, Principal

Scientist and, since 2004, a Senior Principal Scientist.

2. Thave worked in the formulation and drug delivery area throughout my career with
AstraZeneca, where my research and development work has covered a range of

formulation types including sustained released injections, including fulvestrant.

3. During the course of my study of the subject application (hereinafter “the Evans
Application™) and the underlying data, I have become aware of several transcription or
other errors between certain disclosures of the subject application and the underlying

laboratory notebook data. One purpose of this Declaration is to point out the existence
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and nature of these errors and to report further testing that has been carried out under my
guidance to obtain additional data (paragraphs 4-10 below and Attachments A-D). A
further purpose of this Declaration is to set out and document the manner in which an
experienced formulator would likely have approached the task of developing a sustained
release iniectable formulation suitable for human use for a steroidal compound such as
fulvestrant in about early 2000, which I understand is when the priority applications
supporting the Evans Application were filed (paragraphs 11 - 25 below and Attachment
E). Citations to literature and patent references in this Declaration will be in the format
Lead Author (Date), and the full citations are given in the Table of References at the end
of this Declaration. A copy of each cited reference (or cited portions of the longer
references) is included in Attachment F under the Tab number noted in the Table of

References.

4. In Table 2 of the Evans Application, the solubility of fulvestrant in castor oil appears to
have been transcribed incorrectly from the original source, the laboratory notebook. The
value in the latter is 24.5 mg/ml and not 20 mg/ml. In other experiments to determine the
solubility of fulvestrant in castor oil and also in benzyl benzoate, some variability was

observed.

5. In Table 3 of the Evans Application, the given solubility values were generated at 4°C
and not at 25°C as is stated in the title of Table 3. For fulvestrant formulations, it is
preferable that the fulvestrant remains completely in solution at both 4°C and 25°C. The
4°C temperature corresponds to the storage temperature (2°C to 8°C in the FDA approved
label for Faslodex), and the 25°C temperature corresponds to the administration
temperature (ambient temperature). In addition, the specified solubility values on this
Table 3 are mean values calculated from analysis of replicate samples from one or more
trials. The individual values are shown in handwriting in the amended version of Table 3
in Attachment A. In addition, it appears that the mean values for the last three
compositions have been incorrectly calculated. The corrected mean values, together with
the correction of the temperature from “25°C” to read “4°C”, are also shown in

handwriting in the amended version of Table 3 in Attachment A.
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6. Thave evaluated the transcription and other errors against the original application
disclosures and conclude that these do not change the ultimate conclusions made from the
data as originally reported. The addition of 15% w/v benzyl benzoate to compositions
having total alcohol concentrations in castor oil of 10%, 15%, 20% and 30% w/v
unexpectedly provides a positive effect on fulvestrant solubility, significantly increasing
the solubility of fulvestrant in the compositions despite fulvestrant having a lower

solubility in benzyl benzoate than in either alcohol or castor oil.

7. An additional set of experiments has been conducted at 25°C under my guidance to
obtain consistent data with reduced variability from a single set of rigorously controlled
solubility experiments and to demonstrate that the unexpected increase of solubility of
fulvestrant by adding benzyl benzoate into compositions containing ethanol, benzyl
alcohol and castor oil, is present across the broader range of composition encompassed by
the claims being presented with this Declaration. The solubility of fulvestrant in benzyl
benzoate and in castor oil was also measured in the same set of experiments using the
same batch of benzyl benzoate and the same batch of castor oil as were used to make up

the compositions. The Experimental Test Procedure is described in Attachment B.

8. The results from these solubility experiments are shown in the table in Attachment C.
These results show that the solubility of fulvestrant in castor oil alone (21.4 mg/ml) is
significantly greater than the solubility of fulvestrant in benzyl benzoate alone (3.8
mg/ml) and demonstrate the unexpected increase in fulvestrant solubility on the addition
of 10, 15 and 25% w/v benzyl benzoate, in place of an equivalent amount of castor oil, to
compositions having total alcohol concentrations in castor oil of 10%, 15%, 20%, 25%

and 30% w/v.

9. Thus, the results that were obtained from experiments conducted under rigorously
controlled conditions and with an expanded range of compositions, as shown in
Attachment C, confirm the ultimate conclusions drawn from the results shown in Table 3

of the original application disclosure, namely that the addition of 10% to 25% w/v benzyl

DB1/62042606.1 3

InnoPharma Exhibit 1020.0003



benzoate to compositions having total alcohol concentrations in castor oil of between
10% to 30% w/v unexpectedly provides a positive effect on fulvestrant solubility,
significantly increasing the solubility of fulvestrant in the compositions despite
fulvestrant having a lower solubility in benzyl benzoate than in either alcohol or castor

oil.

10. During the course of my study of the Evans Application and the underlying source
materials it was drawn to my attention that some of the composition data given for
Delestrogen and Delalutin somehow had been shifted one column to the right. Thus, for
Delestrogen, the 78% and 58% figures shown under the BzBz column should have been
under the OIL column; the 20% and 40% figures shown under the BzOH column should
have been under the BzBz column; and the 2% figures shown under EtOH should have
been under the BZOH column. Similarly for Delalutin, the “up to 2% shown under the
EtOH celumn should have been under the BzOH column. This table reports that the
source of this data was J.Pharm.Sci (1964) 53(8) 891, which is Riffkin (1964) elsewhcre
referred to in this Declaration, and I have also verified the corrected data from the entries
for Delalutin and Delestrogen in PDR (1973). A copy of Table 1 from the Evans
Application is reproduced as Attachment D, on which these corrections have been made
in handwriting, and I have additionally more correctly noted that Delalutin is 17-hydroxy
progesterone caproate, and that the “COMP” designation for Delalutin should be “BMS”
(Bristol-Myers Squibb). Attachment D also includes a one page explanation of the

corrections to this Table 1.

11. In about early 2000, a person responsible for developing a sustained release injectable
formulation suitable for administration to humans for a new steroidal compound such as
fulvestrant, would have had specialized training and experience in developing
pharmaceutical formulations and methods for their administration. In developing such a
formulation for fulvestrant, the objective would have been to formulate an intramuscular
(IM) injection that would provide for the satisfactory sustained release of fulvestrant over
a period of at least two weeks and preferably over a period of at least four weeks to

reduce the frequency of administration, and would have a target fulvestrant content of at
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least 45 mg/ml. so as to provide a fulvestrant dose of at least 250 mg in a single 5-6 mL
injection. From my personal experience and knowledge of the literature at about that
time, I believe that such an experienced formulator would likely have approached the task

of developing a formulation for fulvestrant in about the following manner.

12. Given the foregoing objective, the experienced formulator would have appreciated that
the traditional administration options to explore were intramuscular (IM) injection of a
sustained release aqueous or oil suspension or an oil-based solution (depot) containing at
least 250 mg of fulvestrant in a volume of vehicle that is tolerable for injection, i.e., no

more than 5 or 6 mL.

13. Because of the extremely low solubility of fulvestrant in water, a rcasonable starting point
would have been to investigate intramuscular injection of an aqueous or oil suspension of
fulvestrant. However, the formulator would have found that injection of an aqueous
suspension of fulvestrant resulted in extensive local tissue irritation at the injection site as
well as a poor release profile, such as reported in paragraph [0042] of the Evans
Application. Since suspensions thus were not an acceptable option for fulvestrant, the
experienced formulator would have moved on to further explore whether 250 mg of
fulvestrant could be solubilised in no more than 5-6 mL of an oil-based vehicle, i.e., to

achieve the target fulvestrant concentration of at least 45 mg/mlL..

14. In the preformulation phase, the experienced formulator would have conducted a
literature review or otherwise would have become familiar with commercially marketed
injectable formulations, particularly injectable sustained release formulations of steroids
or other relatively insoluble compounds such as those listed in Table 1 of the Evans
Application, with the objective of identifying potential oil vehicles, co-solvents and other
excipients that already had been found to be tolerated and/or to have passed through
regulatory review, and which might be candidates for further consideration and testing for
the fulvestrant formulation. This review also would have provided guidance with respect
to concentration levels of such co-solvents and other excipients that generally had been

found acceptable in sustained release oil-based intramuscular injections administered to
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humans. This objective is confirmed, for example, in Nema (1997) at page 166:

Generally, a knowledge of which excipients have been deemed
safe by the FDA or are already present in a marketed product
provides increased assurance to the formulator that these excipients
will probably be safe for their new drug product. ... Regulatory
bodies may view an excipient previously approved in an injectable
dosage form favorably, and will frequently require less safety data.

The purpose of this Nema paper was thus ““to present the various excipients that have
been included in the formulation of injectable products marketed in the USA.”' Similar

objectives were intended to be served by the compilations of commercial formulations in
Strickley I (1999), Strickley II (2000) and Strickley III (2000):

This compilation will also be useful for those interested in
knowing what additives are currently used in injectable products
and at what concentrations they are administered in practice. This
compilation only focuses on marketed formulations and does not
delve into the subject of preclinical or drug discovery formulations
associated with early-stages pharmacokinetics or proof-of-concept
pharmacodynamics, where the formulation scientist is not bound
by regulatory constraints.

(Strickley 1 (1999) at 324).

Powell (1998) similarly states at page 238 with respect to its compilation of commercially

used excipients:

Thus, the formulation scientist is often faced with a dilemma --
which excipients are truly available for use (based on what has
been used previously), and which are not? ... And at what
concentrations, and by what route? ...

Herein are listed the excipients found in most of the approved
and marketed parenteral formulations, given systematically by
excipient name. In this format it is easy to determine what
concentrations were used, the route of administration, the main
rationale for addition of that excipient, the drug that was
formulated, the manufacturer, brand name, etc.

15. From the literature review, the formulator would have noted reference to a number of

intramuscular injectable sustained release oil-based steroidal formulations that had been

' Nema (1997) does caution, however, that there is no guarantee that the new drug product will be safc as excipients
arc combined with other additives and/or with a new drug, creating unforeseen potentiation or synergistic toxic
effects.
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commerctally marketed:

e Strickley I (1999), Table VII:

Haloperidol Decanoate/Haldol decanoate (50-100 mg/mL in sesame oil, benzyl
alcohol 1.2%);
Testosterone Enanthate/Delatestryl (200 mg/mL. in sesame oil, chlorobutanol 5

mg/mLY;

¢ PDR (1973) at pages 1277-1278

Proluton/progesterone (50 mg/mL in sesame oil, 150 mg/ml benzyl benzoate, 5
mg/ml benzyl alcohol, 1 mg/ml propylparaben);

e PDR (1973) at pages 1349-1354

Deladumone/Testosterone Enanthate & Estradiol Valerate (90 & 4 mg/mL in
sesame oil, 0.5% chlorobutanol);

Deladumone OB/Testosterone Enanthate & Estradiol Valerate (180 & 8 mg/mL in
sesame oil, 2% benzyl alcohol);

Delalutin/hydroxyprogesterone caproate (250 mg/mL in 52% castor oil, 46%
benzyl benzoate, 2% benzyl alcohol);

Delestrogen/estradiol valerate (20 mg/mL in 78% castor oil, 20% benzyl benzoate,
2% benzyl alcohol and 40 mg/mL in 58% castor oil, 40% benzyl benzoate, 2%
benzyl alcohol);

Delatestryl/Testosterone Enanthate (200 mg/mL. in sesame oil, 0.5%
chlorobutanol);

Delaluteval 2X/hydroxyprogesterone caproate & estradiol valerate (250 mg/mL &
5 mg/mL in castor oil, 45% benzyl benzoate, 1.6% benzyl alcohol);

PDR (1973) at pages 1391-1392

Prolixin Enanthate/FluphenazineEnanthate (25 mg/mL in sesame oil, 1.5% benzyl

alcohol);

e Wang (1980):

Depo-Testosterone/testosterone cypionate (100 mg/mL in 87.4% cottonseed oil,

0.1 mL benzyl benzoate, 9.45 mg benzyl alcohol as a preservative);

e Mackey (1995):
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benzoate);
as well as a number of other commercialized oil based long-acting IM injectable

formulations reported on Table 1 of the Evans Application.

16. As a further part of the preformulation phase, the experienced formulator would have
conducted a preformulation solubility screen, separately measuring the solubility of
fulvestrant in a range of pure solvents, including the potential oil and co-solvent
candidates that had been identified in the above literature review as being suitable for
inclusion in intramuscular injection formulations. See, for example, Gupta (1999),
Chapter 17 at page 402, under the heading “Formulation Development”:

The activities necessary to develop a parenteral product can be

placed into the following three broad areas: preformulation,

formulation, and scale-up. While there are alternative development

perspectives, all development ultimately needs to accomplish the

same activities. Preformulation includes the characteristics of the

bulk drug plus initial screening for excipient compatibility with the

drug.
“Preformulation studies” are said to “provide fundamental data and experience necessary
to develop formulations for a specific compound” including, as item 8.1 in the outline of
areas of specific interest, a determination of “solubility” in “selected solvents” (at 403).
“Significant formulation activities begin with initial preformulation data and knowledge
of the specific route of administration” (at 405), which “formulation activities include the
identification and selection of a suitable vehicle (aqueous, nonaqueous or co-solvent
system) ...”” (at 404). It is further noted that “injection volume is one of the most
important considerations in the formulation development of a commercial product” (at
405). When carrying out such a preformulation solubility screen with fulvestrant, the
formulator would have found that fulvestrant had extremely low solubility in water, low
solubility in most oils (but highest in castor oil), low solubility in benzyl benzoate, and
the highest solubility in ethanol and benzyl alcohol, such as reported in Table 2 of the

Evans Application.

17. With the information on prior commercialized formulations and the fulvestrant solubility

data from the preformulation screen (such as reported in Table 2 of the Evans
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Application), the experienced formulator would have selected castor oil as the oil vehicle
because of the higher solubility of fulvestrant in castor oil relative to the other oils tested.
Nevertheless, he would have appreciated that the target fulvestrant concentration of at
least 45 mg/mL could not be achieved with castor oil alone, and that a co-solvent would

be required.

18. A number of the commercialized formulations that would have been identified in the
literature review (including the castor oil-based formulations) have a substantial benzyl
benzoate component, which may be present as a co-solvent. See, for example, Delalutin
noted in paragraph 15 above, which is reported in PDR (1973) and noted in Table I of the
Evans Application, and is one of the formulations discussed in Riffkin (1964), “Castor
Oil as a Vehicle for Parenteral Administration of Steroid Hormones” (see Rittkin n. 6).
Delalutin is 250 mg/mL 17-hydroxyprogesterone caproate dissolved in 52% castor oil,
46% benzyl benzoate and 2% benzyl alcohol. However, Riffkin Table II reports that the
solubility of 17-hydoxyprogesterone caproate in castor oil alone is only 55.6 mg/mL, but
the solutility of 17-hydroxyprogesterone caproate in benzyl benzoate is substantially
higher, being at least 250 mg/mL (see example 4 of Huber (US °520) and Attachment E
discussed below). Even if not needed as a cosolvent, Riffkin (1964) notes that “the
addition of benzyl alcohol or benzyl benzoate to castor oil resulted in a lower and more

favorable viscosity, making it easier to inject” (paragraph bridging pages 893-894).

19. However, the skilled formulator would have appreciated from the fulvestrant solubility
data generated in the preformulation screen that fulvestrant had very different solubility
characteristics relative to the steroids of previous commercial formulations. Attachment E
is a compilation showing the chemical structures and relative solubilities in castor oil and
sesame oil of the compounds named in Riffkin (1964) Table Il compared to the structure
and the solubility of fulvestrant in these oils. It can be seen that the solubility of
fulvestrant in castor oil and in sesame oil (20 mg/mL and 0.58 mg/mL, respectively, from
Table 2 of the Evans Application) is appreciably lower than the solubility of the other
steroids in these oils (taken from Table II of Riffkin (1964)). The second page of

Attachment E tabulates the concentration in benzyl benzoate of five named steroids, taken
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from Examples 1-5 of Huber (US °520), ranging from 200 to 400 mg/ml.? By
comparison, the solubility of fulvestrant in benzyl benzoate is reported in Table 2 of the
Evans Application as being only 6.15 mg/mL, and only 3.8 mg/mL as determined in the

recently conducted tests reported in Attachment C.

20. The experienced formulator thus would have expected that benzyl benzoate would not act
as a co-solvent for fulvestrant in castor oil because the solubility of fulvestrant in benzyl
benzoate was significantly lower than its solubility in castor oil. The addition of benzyl
benzoate to castor oil, for whatever reason, would have been expected to decrease, rather
than increase, the solubility of fulvestrant in the resulting castor oil/benzyl benzoate
mixture. This is confirmed in Table 4 of the Evans Application, which reports a
fulvestrant solubility ot only 12.6 mg/mL in the castor oil vehicle containing only 15%
benzyl benzoate, compared to the 20 mg/ml solubility of fulvestrant in castor oil alone as

reported in Table 2.°

21. Based on the solubility data determined in the preformulation screen (such as reported in
Table 2 of the Evans Application), ethanol and/or benzyl alcohol would have been seen as
the best co-solvent candidates for raising the fulvestrant solubility to the 45 mg/mL target
in the castor oil vehicle, and would also function to lower the viscosity of the resulting
formulation and make it easier to inject. Consistent with this solubility data, Dukes (US
‘814) added 40% w/v benzyl alcohol in order to dissolve 50 mg/mL fulvestrant in the
castor oil-based formulation used in the experimental rat studies of his Example 3. It thus
would have been apparent that 40% w/v benzyl alcohol could function as a co-solvent in
castor oil to achieve the target fulvestrant concentration. Nevertheless, the skilled
formulator would have been concerned with using such a high alcohol content in

intramuscular injectable formulations for administration to a human.

% Data taken from the Examples of Huber (US *520); these are concentrations used in the examples and not
necessarily the actual maximum solubility of each steroid in benzyl benzoate, which may be higher. Huber was a co-
author on Riftkin (1964).

* 1t should be noted that in the further tests that were recently conducted under my guidance (paragraphs 7-9 above
and Attachments B and C hereto), the solubility of fulvestrant in castor oil alone was again tested and found to be
21.4 mg/mL, and the solubility of fulvestrant in benzyl benzoate alone was again tested and found to be only 3.8
mg/mlL, which further confirms that benzyl benzoate would not be expected to act as a cosolvent for fulvestrant in
castor oil.
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22. First of all, the experienced formulator would want to minimize the amount of co-
solvents and excipients in any injectable formulation. For example, as stated in Gupta
(1999), Chapter 17, “Formulation and Administration Techniques to Minimize Injection
Pain and Tissue Damage Associated with Parental Products™ at page 414:

Cosolvents are commonly used to enhance drug solubility and
stability. Cosolvents may include ethanol, propylene glycol,
polyethylene glycols, and glycerine. These components have
intrinsic effects on biologic tissue and can alter the properties of
other excipients, thus influencing the tissue damage or pain caused
by a product. There is a dearth of literature on the pain caused by
cosolvents, but there is also a growing body of knowledge on the
tissue damage that they can cause. It is not certain that tissue
damage is always directly correlated with the injection pain, but
minimization of both pain on injection and potential for tissue
damagc should be included in the product development plan.

See also Gupta (1999), Chapter 11, titled Cosolvent Use in Injectable Formulations, page
217:

Ideally, it is best to select and use solvents that would maximize

the solubility of the compound. Maximizing the solubility of a

compound in a particular cosolvent system would result in lower

total levels of the non-aqueous solvent(s) being administered to the

patient, thereby lowering the chance for potential side effects.
This objective would have applied to aqueous and oil-based systems alike, in that the
precedent of commercialized formulations identified in the literature review would have
confirmed that fixed oils, such as castor oil, have long been commercially used and
accepted as the major component of oil-based sustained release intramuscular injectable

steroidal formulations. On the other hand, co-solvents such as ethanol or benzyl alcohol

have generally been used only in far lesser concentrations, as discussed in the following

paragraph.

23. Thus, use of such a high content of either benzyl alcoho! or ethanol would have been
contrary to preccdent as shown from the review of commercialized oil-based
mtramuscular injectable sustained release formulations. The literature review as of early

2000 would have shown that any benzyl alcohol in such formulations was almost always
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present as a preservative in a concentration of about 2% or less, occasionally at a
concentration of up to 5%, but only rarely at higher concentrations. With respect to
benzyl alcohol see, for example:

e Gupta (1999), Chapter 11 at page 229 stating that benzyl alcohol “is typically used in
concentrations of up to 2 percent as a preservative and up to 5 present as a solvent,”
and then discussing reported toxicities.

e Nema (1997), Table V at page 168, reporting that benzyl alcohol was present as an
antimicrobial preservative in 74 injectable formulations (not limited to oil-based IM
formulations) at concentrations of from 0.75-5% (note that benzyl alcohol is not
included at all in Nema Table I, “Solvents and Co-solvents™;

e Powell (1998), the benzy! alcohol listing at pages 244-246, particularly those
indicated as being used in IM formulations;

e Strickley I (1999) at page 329 notes the inclusion of 2% benzyl alcohol in an IM
lorazapam formulation in a propylene glycol vehicle, but does not include benzyl
alcohol at all in Table VI listing “Cosolvents Used in Parenteral Formulations;”

e Lopatin (1972) noting in Table 3 at page 727 opposite Benzyl alcohol, “Toxic. Used
in concentration of not over 3%. Has irritant action in concentration of 5%;”

e Comelius (US “863), col. 1, lines 30-35 stating, “It is known that the solubility of
steroids in vegetable or animal oils can be increased by the addition of excipients such
as benzyl alcohol and benzyl benzoate. An objection to the use of such excipients, and
specifically benzyl alcohol in somewhat higher concentrations, is that these agents
may irritate the tissues.”

The literature review as of early 2000 also would have shown that, with few exceptions,
ethanol was not included in such formulations in excess of about 10%. See, for example:

e Gupta (1999), Chapter 11 at page 225 noting that ethanol has been used at levels up
to 50 percent, but these levels typically are associated with pain on injection;

o Strickley I (1999), Table VI, “List of Cosolvents Used in Parenteral Formulations”
more specifically lists the ethanol content in IM formulations for specifically
identified drugs, which concentrations range only from 2.5 to 10%; an IM/TV
lorazapam formulation in a propylene glycol vehicle is noted at page 329 as having

18% alcohol, but is not included with the IM formulations in Table VI;
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e Nema (1997), Table I, “Solvents and Co-solvents™ at page 167, lists ethanol as being
in 24 formulations with a concentration range of 0.6-80% (for Prograf); note that this
is misleading, however, since Prograf is a concentrate for intravenous infusion only,
and is to be diluted 250 to 1000 times before administration;

e Powell (1998), lists “alcohol” at page 242 and “ethyl alcohol” at page 255, wherein

the ethanol concentration for IM formulations ranges from 0.61-10%.

24. Thus, even though Dukes (US ‘814) had demonstrated that the target 45 mg/mL
fulvestrant concentration could be achieved by adding 40% benzyl alcohol to the castor
oil vehicle, the precedent of commercialized IM oil-based systems would have motivated
the experienced formulator to substantially reduce the benzyl alcohol content of the
formulation intended for human use, and this commercial precedent would have made
him very reluctant to replace benzyl alcohol with the substantial amount of ethanol that
would be needed to maintain the target fulvestrant concentration. Benzyl benzoate clearly
would not be considered to solve this dilemma, but rather would be expected to have a
negative effect on fulvestrant solubility since fulvestrant was even less soluble in benzyl
benzoate than in castor oil, that is, one would have expected that adding benzyl benzoate

would require still more alcohol to maintain the target fulvestrant concentration.”

25. Under these circumstances, the discovery by Evans et al., that the addition of benzyl
benzoate to the castor oil/alcohol mixture actually increases the solubility of fulvestrant
such that more fulvestrant could be dissolved in a given volume of formulation, was
unexpected and truly surprising. This positive benzyl benzoate effect on fulvestrant
solubility in the resulting formulation is shown in Table 3 of the specification (and is not
changed by the above-noted corrections), and is contirmed and demonstrated over a
broader range of formulation composition by the additional set of experiments conducted
under my guidance and discussed in paragraphs 7-9 above, the results of which are

reported in Attachments C.

* It should be noted that even apart from this solubility issue, there would have been no motivation to add benzyl
benzoate for viscosity reduction since the significant quantity of alcohol would serve the dual function of acting as a
co-solvent as well as reducing the injection viscosity and making it easier to inject, whereas the benzyl benzoate
would be expected to have a negative effect on the fulvestrant solubility.
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The undersigned declares further that all statements made herein of his own knowledge are true
and that all statemnents made on information and belief are believed to be true; and further that
these statements were made with the knowledge that wilful false statements and the like so made
are punished by fine or imprisonment, or both, under Section 1001 of Title 18 of the United
States Code and that such wilful false statements may jeopardise the validity of the application or

any patent issuing thereon.

e LR BN

Date: i\ék N‘-\?\( lLQQ% .
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ATTACHMENT A

TABLE 3
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ATTACHMENT B:

Experimental Test Procedure for measuring the solubilitv of fulvestrant in different solvent

vehicles at 25°C

1. Solvent vehicles for the solubility experiments were prepared by weighing the required
amount of benzyl benzoate, benzyl alcohol and ethanol into a 20 m] volumetric flask and then
diluting to volume with castor oil.

2. For each solvent vehicle in which the solubility of fulvestrant was to be determined, 1.0-1.5¢g
of fulvestrant was weighed into each of 3 separate vials (2 dram size) and 5mls of the solvent
vehicle was added to each vial, except for the pure castor oil vehicle, where 80mg of
fulvestrant were weighed into each of the 3 separate vials and 2mls of the castor oil added to
cach vial. The reduced amount of fulvestrant and lower volume of solvent vehicle was
needed to maintain stirring and achieve adequate mixing with the pure castor oil vehicle due
to the combination of its higher viscosity and lower fulvestrant solubility/higher undissolved
fulvestrant levels compared to the other solvent vehicles.

3. A magnetic stirrer bar was placed into each vial and the vials were capped and then placed on
a magnetic stirrer block maintained at 25 + 0.5°C.

4. After 5 days of stirring at 25 £ 0.5°C, an aliquot of each fulvestrant/solvent vehicle mixture
was removed from each vial and placed into an Eppendorf tube which was then centrifuged at
12000 rpm for 5 minutes at ambient temperature.

5. For all but the fulvestrant/castor oil mixture, 1 ml of the supernatant was then removed from
the Eppendorf tube and pipetted into a 10ml or 20ml volumetric flask and then diluted to
volume with methanol and mixed to give a sample for analysis. The choice of whether to use
a 10ml or 20ml volumetric flask for a particular sample was dependent on the likely
concentration of fulvestrant in the sample and the quantifiable concentration range of the
HPLC assay method used. For the fulvestrant/castor oil mixture, 100pl of the supernatant was
removed from the Eppendorf tube and pipetted into a 1ml volumetric flask and then diluted
to volume with methanol and mixed to give a sample for analysis.

6. Step 5 was repeated to give a duplicate sample for analysis. Thus, this gave 2 samples for
each of the 3 vials, giving a total of 6 samples for analysis for each solvent vehicle tested.

7. The resultant samples were analysed for fulvestrant content by reverse phase High

DB1/62042606.1 17
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Performance Liquid Chromatography (HPLC). The HPLC method that was used is described
below at point 9. The fulvestrant content obtained for each sample was used to calculate a
value for the concentration of fulvestrant dissolved in the corresponding solvent vehicle after
stirring for 5 days at 25°C.

8. The mean solubility of fulvestrant for each different solvent vehicle tested was calculated as
the arithmetic mean of the 6 individual values for the concentration of fulvestrant dissolved
in the corresponding solvent vehicle.

9. HPLC Method details:

Gradient HPT.C Method

Eluent A : 27% Methanol / 32% Acetonitrile / 41% Water
Eluent B : 41% Methanol / 49% Acetonitrile / 10% Water
Column : 15cm 3.5um Symmetry C8 4.6mm i.d.
Detection wavelength : 225 nm

Flow rate : 2 mL min-1

Temperature : 40°C

Injection volume ; 10 pL.

Gradient programme :

Time (min) Eluent A (%) Eluent B (%)
0 100 0

25 100 0

55 0 100

65 0 100

66 100 0

70 100 0

Retention time of fulvestrant: 21minutes approximately

DB1/62042606.1 18
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ATTAC HMENT C:
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Corrections to Table 1

In Table 1, the given values for the benzyl benzoate, benzyl alcohol and ethanol levels
for the Delestrogen and Delalutin products have been incorrectly entered into the wrong
columns. The entries are shown in their correct form in the attached corrected version
of Table 1. The error is apparent from a review of the reference J.Pharm Sci (1964) 53
(8) 891 (Riftkin) which is stated in Table 1 as being the Source of the information for
the Delestrogen and Delalutin products:

e In the Summary on page 895 of Riffkin, Delestrogen and Delalutin are identified as
castor oil based commercially available products containing estradiol valerate at 20
& 40 mg/ml and 17-hydroxy-progesterone caproate at'250 mg/ml respectively.

e Furthermore, details of particular vehicle compositions for estradiol valerate and
17-hydroxy-progesterone caproate are given in Tables V and VI

o In Table VI, the only 20 mg/ml formulation of estradiol valerate, also
referred to as commercially available, has the composition castor oil 78%,
benzyl benzoate 20% and benzyl alcohol 2%.

o InTable VI, the only 40 mg/ml castor oil based formulation of estradiol
valerate, has the composition castor oil 58%. benzyl benzoate 40% and
benzyl alcohol 2%.

o In Table V, there are three 250/mg/ml castor oil based formulations of 17-
hydroxy-progesterone caproate that all contain benzyl benzoate. Two of
these formulations also contain 2% benzyl alcohol and the other formulation
does not contain benzyl alcohol ie they all contain up to 2% benzyl alcohol.

e None of the vehicle compositions disclosed in Tables V and VI in Riffkin contain
ethanol. Theretore the entries in the Ethanol column of Table 1 for the Delestrogen
and Delalutin products must have been incorrectly entered in the wrong column and
should have been entered into the Benzyl Alcohol column.

e TItis also apparent from Table VI that the 78% and 58% entries in the Benzyl
Benzoate column of Table 1 for the Delestrogen products should have been entered
into the Oil column and the 20% and 40% entries in the Benzyl Alcohol column
should have been entered into the Benzyl Benzoate column

e The exact compositions for the Delestrogen and Delalutin products are confirmed in
the Physicians Desk Reference (Edition 27, 1973) on page 1352.

In addition, the name of the steroid given in Table 1 for the Delalutin product should
have been 17-hydroxy-progesterone caproate and not just 17-hydroxy-progesterone.

Also the entry under the Company column for the same product should read BMS
rather than DMS.
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ATTACHMENT E

Structure of compounds disclosed in Riftkin et al.

i T-Hydromvnropesisrone capruste:

T estostercae:
Barradiol valerse:
e N {:?"33

Progesterone:

e N /,,,ff&F;{.; F&

From Riffkin et al. Table II:

 Solubitity foag/mi] a5 25°C
Castor odl Sesame ol

Fulvesam 24 9.58

{ T-Hydrouyprogesorons 55 234
Teloserone I8E , 5.4

Faradod valene 0.6 364
Progestorone 326 29
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Tabulation of data from Examples of Huber, 3,164,520:

Exampic Stzraid . Steroid comcentration in
i i4,1 ?*ﬁ%gm 40
r egioglercne nalmilate 200
3 mragesterons 256
4 Progzsterone + 17-hivdoxypeogesierons teproste 250 = 236
z Temomerons ensnthae 200
DB1/62042606.1 24

InnoPharma Exhibit 1020.0024



ATTACHMENT F

TABLE OF REFERENCES

Tab | Author/Inventor Reference Citation/Patent

1 Cornelius (US ‘863) | US Patent 4,212,863

2 Dukes (EP ‘014) EP 0 346 014 A1 (corresponds to US Patent 5,183,814)

3 Dukes (US ‘814) US Patent 5,183,814 (corresponds to EP 0 346 013 Al)

4 Gupta (1999) P.K. Gupta and G.A. Brazeau (eds). Injectable Drug
Development: Techniques to Reduce Pain and Irritation. Chapters 11 &
17 Interpharm Press, Denver, Colorado (1999)

5 Huber (US “520) US Patent 3,164,520

6 Lopatin (1972) P.V. Lopatin, V. P. Safonov, T. P. Litvinova and L. M. Yakimenko. Use
of nonaqueous solvents to prepare injection solutions. Pharm. Chem. J.
6:724-733 (1972)

7 Mackey (1995) M.A. Mackey, A.J. Conway and D.J. Handelsman. Tolerability of
intramuscular injections of testosterone ester in oil vehicle. Hum.
Reprod.10: 862-865 (1995)

8 Nema (1997) S. Nema, R.J. Washkuhn, and R.J. Brendel. Excipients and their
use in injectable products. PDA J. Pharm. Sci. Technol. 51:166-71
(1997)

9 PDR (1973) Physicians’ Desk Reference (27th edition). 1277-1278, 1350-1354, 1391-
1392 Medical Economics Company, Oradell, NJ (1973)

10 | Powell (1998) M. F. Powell, T. Nguyen, and L. Baloian. Compendium of excipients for
parenteral formulations. PDA J. Pharm. Sci. Technol. 52:238-311 [pages
238-255 provided] (1998)

11 | Riftkin (1964) C. Riftkin, R. Huber and C.H. Keysser. Castor oil as a vehicle for
parenteral adminstation of steroid hormones. J. Pharm.Sci. 53: 891-5
(1964)

12 | Strickley I (1999) R. G. Strickley. Parenteral formulations of small molecule therapeutics
marketed in the United States (1999) -Part I. PDA J. Pharm. Sci. Technol.
53:324-349 (1999)

13 | Strickley II (2000) R. G. Strickley. Parenteral formulations of small molecule therapeutics
marketed in the United States (1999) - Part 11 PDA J. Pharm. Sci.
Technol. 54:69-96 (2000)

14 | Strickley I1I (2000) | R. G. Strickley. Parenteral formulations of small molecule therapeutics
marketed in the United States (1999) - Part IIl. PDA J. Pharm. Sci.
Technol. 54:152—169 (2000)

15 | Wang (1980) Y.C.J. Wang and R. R. Kowal. Review of excipients and pH’s for

parenteral products used in the United States. J. Parenteral Drug Assoc.
34:452-462 (1980).

ATTACHMENT F

InnoPharma Exhibit 1020.0025



ATTACHMENT F - COMPILATION
~ TAB 1

InnoPharma Exhibit 1020.0026



United States Patent ns
Cornelius

ng o 4,212,863
5]  Jul. 15, 1980

[54] HIGHLY CONCENTRATED
PHARMACEUTICAL FORMULATIONS OF
STEROIDS AND PROCESSES FOR THEIR
PREPARATION

[75] Inventor: Lsmmert Cornelins, Boxmeer,
Netherlands

[73] Assignee: Akzo N.V., Amhem, Netherlands
[21] Appl. No.: 953,877

[22] Filed: Oct. 23, 1978
[30] Foreign Application Priority Data
Oct. 29, 1977 [NL] Netherlands ........cccccevinrenns 7711916
[51] Imt. Q.2 AGIK 31/56
[52] US.ClL 424/240
[58] Field of Search ......cc.cccocoruresuesrmnnene 424/240, 284
[56] References Cited
U.S. PATENT DOCUMENTS
2,791,609  5/1957 Kaplan .....uivecrsmmimnesansans 424/240
3,025,311  3/1962 Gutsell, Jr. et al. ... 424/240
3,085,939 4/1963  Wruble et al. ... . 424/240
3,149,037 9/1974 Aielloetal. .. 167/81
3,636,195 1/1972

MONSON corvnvmivssrmsvrasssnsmresesses 424/240

FOREIGN PATENT DOCUMENTS

2240187 2/1974 Fed. Rep. of Germany .
1081667 4/1966 United Kingdom .
1453239 1071976 United Kingdom .

OTHER PUBLICATIONS

Chemical Abstracts, vol. 82, No. 4 (1975) Paragraph 21,
826(g). .

Primary Examiner—Elbert L. Roberts
Attorney, Agent, or Firm—Stevens, Davis, Miller &
Mosher

571 ABSTRACT.

The invention relates to highly concentrated liquid
pharmaceutical formulations of steroids of the oestranc,
androstane and (19-nor-)pregnane serics comprising
tocol or a derivative thereof that is fluid at normal tem-
perature, or mixtures thereof, in an amount of at least
10% by weight of the formulation, and optionally one
or more of the usual fluid carriers, such as vegetable oil,
benzyl benzoate and/or benzyl alcohol.
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1

HIGHLY CONCENTRATED PHARMACEUTICAL
FORMULATIONS OF STEROIDS AND
PROCESSES FOR THEIR PREPARATION

The invention relates to highly concentrated pharma-
ceutical formulations of steroids of the oestrane, andro-
stane and (19-nor-)pregnane series, the said formula-
tions being fluid at normal temperature, and to pro-
cesses for their preparation.

Injection preparations of steroids are known. Such
preparations usually consist of solutions of the steroids
in oily carriers, such as arachis oil, sesame oil, olive oil
and similar carriers, to which yet other excipients may,
if desired, be added, such as benzyl alcohol and benzyl
benzoate. Such fluid preparations may be injected al-
most without damage to tissues, and absorption of the
active substance by the organism takes place from the
subcutaneous or intramuscular depot thus obtained. The
extent and the duration of the absorption depends on
various factors including the dosage and concentration
of the steroid and the physical properties of the steroid,
such as lipophilicity. The upper limit of the concentra-
tion is naturally governed by the solubility of the steroid
in the carrier. If this solubility is not very great, achieve-
ment of the desired effect will necessitate repeating
injections at shorter intervals or injecting larger vol-
umes, and there are of course objections to both of these
procedures.

It is known that the solubility of steroids in vegetable
or animal oils can be increased by the addition of excipi-
ents such as benzyl alcohol and benzyl benzoate. An
objection to the use of such excipients, and specifically
benzyl alcohol in somewhat higher concentration, is
that these agents may irritate the tissues.

Other ways of administration to give higher concen-
trations in the subcutaneous or intramuscular depot are
the injection of crystal suspensions or the implantation
of solid formulations. The preparation of stable crystal
suspensions may give rise to problems, while the surgi-
cal intervention, though minor, constitutes an objection
to the implantation.

When the preparation and use of a highly concen-
trated long-acting injection preparation of steroids is
therefore desired, for example an injection preparation
for the inhibition of ovulation in animals or man, one or
more of the above-noted objections will be valid to a
greater or lesser extent.

The administration of steroids in solution, for exam-
ple a solution in oil, by the oral route is also known; see
for example the Dutch Patent Application No.
7402689.(=DBritish Pat. No. 1,500,374).

The administration of fluid pharmaceutical prepara-
tions by the oral route may be realized in various ways.
The prescribed quantity, for example a number of drops
or ml, may be taken per spoon, on a sugar lump or
together with food. The solution may also be taken
“sealed” in a soft gelatine capsule or in microcapsules.

With the oral administration of certain steroids in
solution, for example testosterone and esters thereof,
the problem may also arise that the solubility (and there-
fore the amount of active agent per dosage unit) in the
known solvents is relatively low, so that either more or
larger dosage units must be administered on each occa-
sion or the administration of the preparation must be
repeated at shorter intervals. There are objections to
both procedures. In such cases there is an obvious need
for solutions with greater concentrations.

5
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2 .

It has now surprisingly been found that highly con-
centrated formulations of steroids, said formulations
being fluid at normal temperature, and said steroids
being of the oestrane, androstane and (19-nor-)pregnane
series, may be prepared by dissolving the steroids in
tocol or in a derivative thereof which is liquid at normal
temperature (15°-30° C.), or in a mixture of two or more
of these derivatives whereby the quantity of tocol or
derivative thereof in the formulation is at least 10% by
weight.

Hence, the invention relates to the highly concen-
trated steroid formulations thus obtained, and to the
processes for their preparation.

Tocol and the derivatives liquid at normal tempera-

ture may be represented by the general formula:
Ry
Rs
CH; CH3 CH;
Ry O com CHs
Rz
where

Ri=H, CH3 or C;Hs;

R2=H, CHj3 or C;Hs;

Ri=H, CHj or C;Hs;

R4=H, OH, O-acyl (1-2 atoms) or O-alkyl (1-2 C-

atoms); and

the dotted lines denote the optional presence of a car-
bon-carbon double bond. '

The compounds in which the side-chain in the for-
mula given above contain one or two isoprene residues

T
(—C=C==Cm=C~—)

less than indicated are also included amongst the tocol
derivatives noted above. .

For tocol itself, Rj=R3==R3=H, R4==OH and the
side-chain is saturated. Examples of tocol derivatives
are: 5-methyltocol, 7-methyltocol, 8-methyltocol, 5,7-
dimethyltocol, 5,8-dimethyltocol, 7,8-dimethyltocol,
5,7,8-trimethyltocol, 8-methyltocotrienol, 7,8-dimethyl-
tocotrienol, 5,8-dimethyltocotrienol, 5,7,8-trimethyl-
tocotrienol, 5,7-di-ethyltocol, 5,7-dimethyl-8-ethyl-
tocol, 5,7-di-ethyl-8-methyltocol, the formates and ace-
tates, as well as the methyl and. ethyl esters of these
compounds, and 6-desoxytocol. Use is preferably made
of tocol, 35,7,8-trimethyltocol(a-tocopherol) or 8-
methyltocol(8-tocopherol). In practice use is generally
made of the racemates dl-tocol, dl-a-tocopherol and
dl-8-tocopherol.

During the preparation of a formulation according to
the invention, excipients such as benzyl alcohol or ben-
zyl benzoate may optionally also be used, or a quantity
of an oily carrier such as arachis oil or sesame oil may be
added. Such a use or addition may be desirable in the
preparation of injection formulations in order to lower
the viscosity and in this way make the preparation eas-
ier to inject; in other words, to enable the formulation to
be injected through a needle of the desired bore.

The amount of tocol or derivative thereof in the
preparation is preferably at least 25% w/w, which
means that at least 100 mg and preferably 250 mg tocol
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or derivative thereof is present in a milliliter (about 1000
mg) of solution. The upper limit of the quantity of tocol
or derivative thereof is of course determined by the
amount of steroid which can be dissolved in the carrier,
and depends to some extent on both the steroid and the
carrier; it lies between 50 and 90% w/w and is generally
between 60 and 80% w/w. This means that the maxi-
mum amount of steroid per ml solution (about 1000 mg),
again depending on the steroid and the carrier, will be
between 100 and 500 mg and generally may be 200-400
mg.

The process offers particular advantages for steroids
of the oestrane, androstane and (19-nor-) pregnane se-
ries containing at least a 3-oxo-A4-group and an option-
ally esterified hydroxy group at position 17 and/or 21
(if present), since with these steroids much higher con-
centrations can be achieved than is possible with the
known solvents and concentrations of 100 to 400 mg in
the absolute sense are furthermore possible; for certain
steroids with the characteristics noted, even concentra-
tions up to 500 mg per ml tocol or derivative thereof are
possible.

Examples of oestrane, androstane and (19-nor-) preg-
nane compounds with at least a 3-0xo-A4-group and an
optionally esterified hydroxy group at position 17 and-
/or 21 (when present) are: testosterone, 19-nor-testost-
erone (nandrolone), progesterone, 19-nor-progesterone,
17a-hydroxyprogesterone, 17a-hydroxy-19-nor-prog-
esterone, 21-hydroxy-progesterone, 21-hydroxy-19-nor-
progesterone, 16a-ethyl-21-hydroxy-progesterone,
16a-ethyl-21-hydroxy-19-nor-progesterone, 16-methy-
lene-17a-hydroxy-progesterone, corticosterone, desox-
ycorticosterone, cortisone, hydrocortisone, predniso-
lone, aldosterone and the 17 and/or 21 esters of these
steroids derived from organic mono- or di-carboxylic
acids with 1 or 2, respectively, to 18 carbon atoms.

Examples of such organic mono- and di- carboxylic
acids are aliphatic carboxylic acids such as propionic
acid, butyric acid, isocaproic acid, decanoic acid, a-
methyldecanoic acid, lauric acid, myristic acid, oleic
acid, palmitic acid, trimethylacetic acid, undecenoic
acid, malonic acid, succinic acid, glutaric acid and tar-
taric acid, cyclo-aliphatic carboxylic acids, such as cy-
clohexane-carboxylic acid, cyclopentylpropionic acid
and cyclohexylbutyric acid, araliphatic carboxylic acids
such as phenylacetic acid and phenylpropionic acid,
and aromatic carboxylic acids such as benzoic acid-

The steroids named may also be further substituted at
positions 6, 7 and/or 11, for example by a methyl, ethyl
or methylene group, and/or may contain a further dou-
ble bond, for example a A6 bond.

The preparations obtained according to the inven-
tion, depending on the steroid present, may be used for
various indications. Preparations based on testosterone
and esters thereof may be used as androgenically active
preparations in substitution therapy. Preparations based
on oestrogens may be used in cases of oestrogen defi-
ciency. Preparations containing nandrolone or esters
thereof can find use as anabolic preparations or ovula-
tion-inhibiting preparations. Preparations based on pro-
gesterone or progesterone derivatives may be used as
progestagenic preparations, not only for the mainte-
nance of a pregnancy but also for prevention of preg-
nancy (ovulation inhibiting action) and they may fur-
thermore be used for the treatment of endometrial car-
cinoma. For use as ovulation inhibitors, long-acting
esters of 17a-hydroxy-progesterone, such as for exam-
ple, 17a-hydroxy-progesterone caproate and medroxy-
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progesterone acetate, are used. Preparations containing
corticosteroids may be used in those cases in which
mineralocorticoid, glucocorticoid, anti-inflammatory,
anti-allergic, anti-shock or analgesic activity is desired.

An interesting application of those preparations ac-
cording to the invention based on nandrolone esters, in
particular nandrolone esters derived from organic car-
boxylic acids with more than 7 carbon atoms, for exam-
ple nandrolone phenylpropionate, is the use as an injec-
tion preparation for the regulation of oestrus in animals.
Such an injection preparation offers particular advan-
tages for the suppression of oestrus in domestic animals
such as dogs. Since it is possible, in accordance with the
invention, to prepare injection formulations containing
well over 300 mg nandrolone ester, for example nandro-
lone palmitate, per ml, it is possible to suppress oestrus
in dogs for more than 3 months with a single injection of
1 ml. Only concentrations of 50 to 100 mg per ml can be
obtained with the known solvents such as arachis oil,
while the addition of benzyl benzoate and/or benzyl
alcohol enables concentrations of 100 to 200 mg per ml
to be reached with certain nandrolone esters, for exam-
ple nandrolone palmitate. For the suppression of oes-
trus, therefore, either a larger volume (2 to 5 ml) would
have to be injected, or the injection would have to be
repeated at an earlier date, and there are objections to
both these procedures.

On using injection preparations according to the in-
vention based on nandrolone esters for the suppression
of oestrus in animals it was furthermore shown that,
specifically with the preparations based on nandrolone
esters derived from aliphatic carboxylic acids with 9-18
carbon atoms, an additional depot effect (prolonged
activity or sustained release effect) appears, so that the
very high concentration in the depot, particularly dur-
ing the initial phase, does not result in an undesirably
high blood level; unwanted side-effects as a result of
excessively high blood levels do not therefore occur.

Another interesting use of the preparations according
to the invention is the oral administration in the form of
soft gelatine capsules containing a highly concentrated
solution of the steroids in tocol or a derivative thereof.
This use is specifically of importance for the oral admin-
istration of testosterone and nandrolone, in particular
the esters of these steroids derived from organic carbox-
ylic acids.

The activity of both testosterone and nandrolone is
much lower on oral administration than on parenteral
administration. It is true that this difference proves to be
smaller for the esters of these compounds, but it may
nevertheless still constitute an adequate reason for
choosing the parenteral administration form in prefer-
ence to the oral form, particularly in those cases where
the doses to be administered are relatively high, as, for
example, in androgen substitution therapy, and a large
number of dosage units or a relatively large dosage unit
(swallowing problem!) have or has, respectively, to be
given on each occasion or alternatively the dosage has
to be repeated at shorter intervals. In such cases, use of
the highly concentrated solutions according to the in-
vention can weigh the scales in favour of the medically
and technically easier oral dosage form, such as the soft
gelatine capsule containing the concentrated solution
of, for example, a testosterone or nandrolone ester.
Such an oral administration form furthermore offers the
advantage that the active agent is made available to the
organism in a lipoid solution, which has a favourable
effect on the activity of the preparation. In this connec-
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tion see the Belgian Patent Specifications Numbers
826086 and 845613,

It is known that certain tocol denvattves possess
vitamin E activity. For many apphcatlons, such-as sup-
pression of oestrus in animals; this is not objectionable,
but for applications in-the human sector the. vitamin E
activity of a preparation according to the invention may
be a drawback. It is however known that the various
tocols possess differing vitamin E activities, and that
tacol itself and certain derivatives, for example 5,7-die-
thyltocol and 6-desoxytocol, possess little ‘or no:vitamin
E activity, so that a formulation” with-the desired low
vitamin E activity or a formulation devoid of vitamin E
acuvxty can be prepared-according to the choxce of
carrier.

The invention is lllustrated by means; of xhe followmg
examples. PR . i —

PP

EXAMPLE I

Saturated solutions. of -2 number of stctoxds in 5 7 8—
trimethyltocol (a-tocopherol) were prepared at.21%.C:
The concentration of steroid in.mg per .ml solution is
given in column a of Table A. Column b gives the con-
centration of steroid in mg per mlin a satyrated solution
in a solvent comprising equal parts by -volume of a-
tocopherol and arachis. oil, while. for comparison col-
umn ¢ shows the concentration of. steroxd in mg per ml
in a standard solution in arachis oil. . w, e

- Table A )

Steroid ’ - ’ a6 ¢
testosterone 100, 40 . .S
corticosterone . 0 " 2 1
l6u-ethyl-2l-hydmxy-progﬁterone- P s
21-decanoate N 500 200 . .50
16a-ethyl-21-hydroxy-progesterone-

2]-heptanoate >225 >225 140
dinandrolone oxydiacetate 120 20 10
dinandrolone adipate 180 85 2
testosterone undecanoate >225 >225 85
nandrolone palmitate 400 200 15

EXAMPLE II
300 g nandrolone palmitate and 250 g a-tocopherol

were added to a mixture of 100 g benzyl alcohol and 250

g benzyl benzoate which had been warmed to 70° C.
After stirring for a while, a clear solution was obtained.
The solution was cooled to room temperature after
which the volume was adjusted to 1000 ml by addition,
with stirring, of arachis oil (about 100 g). The solution

thus obtained was filled into 1000 vials in a yolume of 1

ml solution each, after which the vials were closed with
oil-resistant rubber stoppers and so-called open “Ci-
liatto” capsules. The vials were finally heated at 121° C.
for 30 minutes in an autoclave.

In a similar way, but using tocol instead of a-toco-
pherol, and in another batch 8-tocopherol instead of
a-tocopherol, solutions were prepared and vials were
filled with 1 ml solution containing 300 mg nandrolone
palmitate.

The injection preparations thus obtained proved to be-

eminently suitable for use in the suppression of oestrus
in dogs, a single injection of 1 ml made using a syringe
fitted with a 19 G needle giving suppression of oestrus
lasting at least 3 months.

EXAMPLE III

A sterile solution of testosterone undecanoate in
tocol, containing 208.35 g per liter, was made. In the
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way usual in the pharmmuucal technique, this solutxon
was encapsulated under aseptic conditions-in soft gela-
tine capsules with a volume (contents) of 0.24 ml, so
thai the testosterone undecanoate content was SO mg
per capsule. The capsule wall (113 mg) consisted: of
gelatme (77 mg), glycerine (17.5 mg), sorbitol (15.5 mg),
parabens (0.5 mg), TiO2 (0.6 mg) and Cochineal Red A
(1.9 mg; dye).

A number of other stcrolds were dlssolved in tocol
and encapsulated in soft gelatine capsules in a similar
way. Details are given in Table B. .

Table B
Capsule mg steroid |

Steroid . content (ml) per capsule
Testc e a-methyld ate 0.12 25
Nandrolone decancate 0.18 50
Nandrolone a-methyl-g-cyclo- 0.08 20
hexylpropionate ’

Dinandrolone oxydiacetate 0.24 25

EXAMPLE IV

Irijeétion formulations of a number of steroids in a
solution based on tocol, benzyl alcohol, benzyl benzoate

- and arachis oil (50:5:20:25) were prepared in the usual

way (see Example II) and filled into 1 ml capsules. The
steroids are given in Table C, together with their con-
centrations in mg per ml solution.

Table C
Steroid mg per ml
Nandrolone phenylpropionate 200
16a-ethyl-21-hydroxyprog 21-d 350
Dinandrolone oxydiacetate 15
Oestradiol phenylpropionate 50
17a-hydroxyprogesterone caproate 150
Nandrolone palmitate/laurate (2:1) 300
I claim:

1. A highly concentrated liquid pharmaceutical ste-
roid formulation comprising (1) at lcast one steroid of
the oestrane, androstane or (19-nor-)pregnane series
containing at least a 3-0xo-A%-group and an hydroxy
group at position 17 and or 21 (if present) and (2) &
solvent for said steroid comprising at least one of tocol
or a derivative thereof that is fluid at normal tempera-
tures and of the formula:

where

R1=H, CHj, or C;Hs;

Rz-H CHj, or CHs;

=H, CHj3, or C;Hs;

R4 H, OH, O-C;.; acyl, OCH3, or C2H5, and

n=1, 2, or 3;
the dotted lines indicate the optional presence of a car-
bon atom double bond, with the proviso that said tocol
or derivative constitutes at least 109% by weight of said
formulation.

InnoPharma Exhibit 1020.0030




4,212,863

7

2. The formulatioﬁ of claim 1, whe;'ein said tocol or
derivative thereof is selected from the group consisting
of tocol, a-tocopherol and 8-tocopherol. k

3. The formulation of claims 1 or 2, wherein said
tocol or derivative thereof oonstitmes'at least 25% by
weight of said iformulvétion. ‘

4. The steroid foﬁnulation of claim 1 where the hy-
droxy group of the steroid is esterified.

5. The steroid féx_'mulation of claim 1 further contain-
ing at least one fluid carrier selected from the group
consisting of vegetable oils, benzyl benzoate, and benzyl
alcohol with. the proviso that said tocol or derivative
constitutes at least 107 by weight of said formulation.

6. A process for preparing a highly concentrated
pharmaceutical steroid formulation comprising dis-
solving at least pné steroid of the oestrane, androstane,
or (19-nor-) pregnane series containing at least a 3-oxo-
A#-group and an hydroxy-group at position 17 and or 21
(if present) in at least one of tocol or a derivative thereof

that is liquid at normal temperatures and of the formula:

5

10

5

20

Ry

Rs CHj

Rz

where ’

Ry=H, CHj3, or CoHs;

Rz=H, CHj3, or C;Hsg;

R3=H, CH;, or C;Hs;

Re=H, OH, O-C;.; acyl, or C;Hs; and

n=1, 2,or 3
the dotted lines indicate the optional presence of a car-
bon atom double bond, with the proviso that said tocol
or derivative constitutes at least 0% by weight of said
formulation. :

7. Process according to claim 6, characterized in that
said tocol or derivative thereof is selected from the
group consisting of tocol, a-tocopherol and vy-toco-

" pherol.
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8. The process of claim 6 wherein the hydroxy group
of the steroid is esterified.

9. The process of claim 6 comprising further adding
at least one fluid carrier selected from the group consist-
ing of vegetable oils, benzyl benzoate, and benzyl alco-
hol to the formulation with the proviso that said tocol
or derivative constitutes at least 109 by weight of said
formulation.

10. Process according to claims 6, 7, 8 or 9, character-
ized in that said tocol or derivative thereof constitutes

at least 25% by weight of said formulation.
L] » » = *
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U NITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,212,863
OATED © July 15, 1980
INVENTOR(S) ! Lammert CORNELIUS

it is certified that errar appears in the above—identified patent and that said [etters Patent
are hereby corrected as shown below:

Line 3 of the Abstract, change "comprising" to --containing--.
Column 2, line 51, change "esters" to --ethers--.

Column 6, line 63, in claim 1, change "C,H_." to read --0OC,H_--.

275 275
Colurn 8, line 14, in claim 6, change "or C2H5" to read
---OCH3 or C2H5--—.

Signcd and Secaled this

Fourth DZY Of May 1982
[SEAL)
Attest:

GERALD J. MOSSINGHOFF

Attesting Officer Commissioner of Patents and Trademarks
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PATENT NO. : 4,212,863
DATED : July 15, 1980
INVENTOR(S) : Lammert CORNELIUS

It is certified that efror appears in the above—identified patent and that said Letters Patent
are hereby corrected as shown below:
Column 8, line 14, in claim 6, change "OCH3 or CZHS" to read
---OCH3 or 0OC, 5=

Signed and Scaled this

Twentieth Day of  suiy 1982
ISEAL]

Attest:

GERALD J. MOSSINGHOFF
Attesting Officer Commissioner of Patents and Trademarks
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THERAPEUTIC PRODUCT

This invention relates to a therapeutic product for use in a new method of medical treatment and, more
particularly, it relates to a product comprising an oestrogen and a pure antioestrogen for use in a new
method for the treatment or prophylaxis of parimenopausal or postmenopausal conditions, particularly
perimenopausal or postmenopausal ostscporosis. The invention also relates to a pharmaceutical composi-
tion comprising an oestrogen and a pure antioestrogen and to the use thereof in the manufacture of a new
medicament for use in the treatment or prophylaxis of perimenopausal or postmenopausal conditions.

When a female animal, particularly a human female, enters the perimenopausal stage the animal's

ovaries begin to secrate less of the female sex hormonss, particularly osstradiol. Symptoms in women at
this stage include the following: vasomotor disturbances (hot flushes), urogenital atrophy (particularly
affecting the vagina and distal urethra), psychosomatic complaints, changes in lipid metabolism and
osteoporosis. The rate of decline of ovarian function and the severity of the above-mentioned symptoms are
highly vanable between individual women but in a substantial number of individuals the symptoms are
sufficiently severe that treatment is required. Oestrogen replacement therapy has been used in women and
it is generally recognised to be effective in combatting the typical psrimenopausal and post-menopausal
symptoms (British Medical Journal, 1987, 295, 914; American Journal of Qbstet. and Gynecol., 1987, 156,
1298 and 1347). However oestrogen replacement therapy can aiso cause utering hyperplasia, irreg‘JEr
vaginal menstruation and, in a small proportion of women, endometrial cancer (American Journal of Obstet.
and Gynecol., 1987, 156, 1313). -
" To combat the continuous unopposed stimulation of oestrogen-responsive tissues an cestrogen and a
progestogen are normally co-administered for part of each treatment period thereby causing regular vaginal
menstruation. (American Journal of Obstet. and Gynecol., 1987, 156, 1304). However the continuation of
menstrual periods is unattractive to many pos‘t‘r?fenopausal women and, in addition, progestogens can cause
side effects, for example oedema, premenstrual irritability and breast tenderness.

Alternative therapies are therefore required.

It has recently been shown that compounds demonstrating a mixture of oestrogenic and antioestrogenic
properties in warm-blooded animals, including humans, may be of use in the treatment of postmenopausal
conditions (European Patent Specification No. 0178862). Particular compounds stated to have such activity
include clomiphene and tamoxifen. Comprehensive reviews of the clinical usage of these compounds are
available, for example a review of clomiphene by Clark et al. in Pharmacology and Therapeutics, 1982,
Volurne 15, pages 467 to 519, and a review of tamoxifen by Furr ef al. in Pharmacology and Therapeutics,
1984, Volume 25, pages 127-205. - -

It has aiso recently been shown that a treatment regime comprising the dosing of a small amount of an
oestrogen, for exampie oestrone sulphate or natural conjugated oestrogens, followed by the dosing of an
antioestrogen, for example tamoxifen or clomiphene led to the partial inhibition of the maximum cestrogen-
induced stimulation of uterine endometrial tissue (A. Kauppila et al., Gynecol. obstet. Invest., 1988, 25, 58
and Arch. Gynecol., 1983, 234, 49). - ) -

it has now been found that administration of an oestrogen and a pure antioestrogen, whether
simultaneously, sequentially or separately, results in the oestrogen being selectively effective in some
oestrogen-responsive ~tissues, for example bone, and being selectivaly opposed in other oestrogen-
responsive tissues, for example the endometrium of the uterus, and this is the basis of the present
invention.

A pure antioestrogen is a compound which possesses antioestrogenic activity and no oestrogenic
activity. This may be demonstrated in rats by the effect of the compound in antagonising the increase in
weight of the uterus of an immature female rat produced by administering cestradiol benzoate to said rat.
Thus, when each of a pure antioestrogen and oestradiol benzoate are administered for 3 days to such a rat,
a smaller increase in uterine weight is produced than the substantial increase which would be produced by
the administration of oestradiol benzoate alone. Unlike the known anticestrogens tamoxifen and clomiphene,
when a pure antioestrogen is administered alone to a rat no increase in uterine weight whatsoever is
observed.

It is disclosed in European Patent Specification No. 138504 that certain pr ferred steroidal an-
licestrogens are pure anticestrogens. It is also disclosed in European Patent No. 124369 that certain
preferred non-steroidal antioestrogens are pure antinestrogens.

According to the present invention there is provided a product comprising an oestrogen and a pure
anticestrogen for simultaneous, s quential or separats use in selsctive o strogen therapy of perimenopausal
or postmenopausal conditions.

InnoPharma Exhibit 1020.0036



20

25

30

35

45

§5

EP 0 346 014 A1

In a particular product of the invention the oestrogen component of a product of the invention is
ocestradiol, ethinyloestradiol, oestriol, cestron , natural conjugat d oestrogens, piperazine oestrone sulphats,
mestranol, chiorotrianisene, diencestrol, stilboestrol or hexoestrol or a pharmaceutically-acceptable ester
thereof.

A pharmaceutically-acceptable ester of the o strogen component of a product of the invention is, for
example, an alky! or aryl ester each of up to 12 carbon atoms. it will be appreciated that an ester of a
steroidal cestrogen may be formed at the 3-position, the 17-position or at both of these positions. It will also
be appreciated that an ester may be formed at one or both of the phenolic groups in soma non-steroidal
oestrogens, for example stilboestrol and hexoestrol. A suitable alkyl ester of up to 12 carbon atoms is, for
example, an acetate, propionate, butyrate, valerate, hexanoate, heptanoate, octanoate, cyclopentyl-
propionate, nonanoate, decanoate, undecanoate or dodecanoate. A suitable aryl ester of up to 12 carbon
atoms is, for example, a benzoate, toluate or naphthoats. A preferred pharmaceutically-acceptable ester of
the oestrogen component of a product of the invention includes, for exampie, oestradiol benzoate, cestradiol
cyclopentylpropionate, oestradiol dipropionate, oestradiol heptanoate, oestradiol undecancate, cestradiol
valerate and stilboestro! dipropionate.

In a further particular product of the invention the pure antioestrogen is
N-n-butyl-N-methyl-, N-1H,1H-heptafluorobutyl-N-methyl~ or N,N-(3-methylpentamethylene)-11-(3,17 8-
dinydroxyoestra-1,3,5(10)-trien-7a-yl)undecanamide; -

N-n-butyl- or N-1H, 1H-heptafiuorobutyi-3-p-[{4-(3,17 8-dihydroxyoestra-1,3,5(10)-triene-7a-yl)butyi}-
phenylpropionamide; -

7a-(10-p-chlorophenyithiodecyly,  7a-{10-p-chlorophenyisulphinyidecyl)-, 7a-[8-(4,4,5,5,5-pentafluorop-
entylsulphinyljnonyi}-, 7a-[10-(4,4,4-trifluorobutylsulphinylidecyl]- or 7a-{10-(p-chlorobenzylsulphinyljdecyll
oestra-1,3,5(10)triene-3,17 8-diol; or -
7a-(9-n-heptylsulphinylnonyl)oestra-1,3.5(10)-triene-3,17 3-diol.

in a further particufar product of the invention the pure antioestrogen is a compound of the formula:-
NU-A-X-R!
wherein NU is 6-hydroxy-2-p-hydroxyphenylnapth-1-yl and A is -(CHa)o-, -(CHz)i:1- or -(CHz)s-(1,4-
phenylene)(CHz)2- -
or NU is 1,2.3,4-tetrahydro-6-hydroxy-2-p-hydroxyphenylnaphth-1-yi (either the 1RS,2RS or 1RS,2SR iso-
mer), or 1.2.3‘4-tetrahydro-6-hydroxy-ip-hydroxyphenyl-z-methylnapth-1-yl (either the 1RS,2RS or
1RS,2SR isomer), and A is (CHz}1o=, -(CHz)1 1~ or -(CHz)s+(1,4-phenylens)-(CHza)z-;
or NU is (1RS, 2RSrs-hydroxy-Z-p-hydroxyphenykndan- -yl or (1RS,2RS8)-5- hydroxy~2—p-hydroxyphenyl-Z-
methylindan-1-yl and A is {(CHz)q~, <(CHz}1 1~ or -(CHz)«~(1,4-phenylene)-(CHz)2-:
and whersin XR' is -CONR'R? wherein R? is hydrogen or methyl and R' is n-butyl, 1H,1H-heptafluorobutyl,
n-pentyl or n-hexyl, or XR' is -SR', -SOR' or -SO;R' wherein R' is n-pentyl, n-hexyl, 4,4.5,5,5-pen-
tafluoropentyl or 1H,1H,2H,2H,3H,3H-heptafluorchexyl.

In a further particular product of the invention the pure antioestrogen is

-n-butyl- N-n- butyl-N«methyl- N-n-pentyl, N- -(1H,1H-heptafluorobutyl)-or N-(IH 1H- heptaﬂuorobutyl)-N-
meihyl-a-p-ls (6-hydroxy-2-p-hydroxyphenyInaphth- ~yl)penty!]phenylpropnonamlde.
N-mathyl-N-(l H., 1H-heptaﬂuorobutyl)—p [4-[(1RS 2RS)-6-hydroxy-2-p-hydroxphenyI-2-methy|~1 2,34
tetrahydronaphth-1-yl]- butyl}phenylpropionamide;
(1RS. 2RS)—1-{4-[p (2-n-hexylth¢oemyi)phenyl]buty!]-2-p-hydroxyphenyl-1 2.3.4-tetrahydronaphth-6-0l or the
corresponding 4, 4,55 ,5-pentafiuoropentyithio derivative, or the corresponding hexylsulphinyl, hexyisulphony!
or pentafluoropentylsulphinyl derivatives;
2-p-hydroxyphenyi-1-[5-[p-(2-n-hexylthiosthyl)phanyl]pentyllnaphth-6-ol or the corresponding hexyisulphiny!
derivative; or -
(1RS,2R8)-1-{4[p~(2-n-hexylthioethy!)phentyi]butyl]-2-p-hydroxyphenyl-2-methyi-1,2,3,4-tetrahydronaphth-8-
ol or the correé'ponding 4.4.5.5.5~pentalluoropentyllﬁ'io derivative, or the corresponding hexylsulphinyl or
pentafluoropentyisulphinyl derivative, or the corresponding (1RS,2SR) isomers of both the hexylthio and
hexylsulphiny! derivatives.

A preferred product of the invention comprises an oestrogen and a pure antioestrogen for use as stated
above wherein the oestrogen is oestradiol or ethinyloestradiol, or a pharmaceutically-acceptable ester
thereof, and the pure anticestrogen is 7«-[9-(4,4,5,5,5- pentafluoropentyisulphinyl)nonyfloestra-1,3,5(10)-
triene-3,17 8-diol or (1RS,2RS)-2-p-hydroxyphenyl-2-methy!-1-[8-(4,4,5,5,5-pentafluoropentyisulphinytinonyl]-
1,2,3 4-tetrahydronaphth-6-ol.

A particularly preferred product of the invention comprises an oestrogen and a pure antio strogen for
use as stated abov wh rein the oestrogen is oestradiol, oestradiol benzoate, oestradiol valerate or
oestradiol undecanoate and the pure antioestrogen is 7a-[9-(4,4,5,5,5-pentafiuoropentylsulphinyl)nonyl]-

11/20/2002’ EAST Version: 1.03 0003
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oestra-1,3,5(10)-trlene-3,17 §-diol.

According to a further feature of the invention thers is provided a process for the manufacture of a
product comprising an oestrogen and a pure antioestrogen for simultaneous, sequential or separate usa in
selective oestrogen therapy of perimenopausal or postmenopausal conditions, which process comprises
bringing together said cestrogen and said pure antioestrogen.

In a further feature of the invention thers is provided a process for the manufacture of a product
comprising an oestrogen and a pure antioestrogen for simultaneous use in selective oestrogen therapy of
perimenopausal or postmenopausal conditions, which process comprises bringing into admixture said
oastrogen and said pure antioestrogen.

A product of the invention may be administered to a warm-blooded animal, including a human, in the
form of a pharmaceutical composition. Thus according to a further feature of the present invention there is
provided a pharmaceutical composition which comprises the product of the invention together with a
pharmacsutically-acceptable diluent or carrier.

As mentioned above a product of the invention is useful for selective oestrogen therapy of peri-
menopausal or postmenopausal conditions. It will be understood that there is no absolute requirement that
the oestrogen and pure antiosstrogen componsnts of the product of the invention must be dosed
simultaneously. Sequential or separate use of these components may also provide selective oestrogen
therapy and such use is to be understood to fall within the definition of a product of the invention. Thus it
will be appreciated that a pharmaceuticai composition according to the present invention includes a
composition comprising an oestrogen, a pure antiogstrogen and a pharmaceutically-acceptable diluent or
carrier. Such a composition conveniently provides the product of the invention for simultaneous use in
selective oestrogen therapy of perimenopausal or postmenopausal conditions. A pharmaceutical composi-
tion according to the present invention also includes separate compositions comprising a first composition
comprising an oestrogen and a pharmaceutically-acceptable diluent or carrier, and a second composition
comprising a pure antioestrogen and a pharmaceutically-acceptable diluent or carrier. Such a composition
conveniently provides the product of the invention for sequential or separate use in selective oestrogen
therapy of perimenopausal or postmenopausal conditions.

The compositions of the invention may be in a form suitable for oral use (for example as tablets,
capsules, aqueous or oily suspensions, emulsions or dispersible powders or granules), for topical use (for
example as creams, ointments, gels, or aqueous or oily solutions or suspensions; for example for use within
a transdermal patch), for parenteral administration (for example as a sterile aqueous or oily soiution or
suspension for intravenous, subcutaneous, intramuscular or intravascular dosing), or as a suppository for
rectal dosing or as a pessary for vaginal dosing.

The compositions of the invention may be obtained by conventional procedures using convantional
pharmaceutical excipients, well known in the art.

Suitable pharmaceutically acceptable excipients for a tablet formulation include, for exampie, inert
diluents such as lactose, sodium carbonate, calcium phosphate or calcium carbonate, granulating and
disintegrating agents such as corn starch or alginic acid: binding agents such as gelatin or starch;
lubricating agents such as magnesium stearate, stearic acid or talc; preservative agents such as ethyi or
propy! p-hydroxybenzoate, and anti-oxidants, such as ascorbic acid. Tablet formulations may be uncoated
or coated either to modify their disintegration and the subsequent absorption of the active ingredient within
the gastrointestinal tract, or to improve their stability and/or appearance, in either case using conventional
coating agents and procedures well known in the art.

Compositions for oral use may be in the form of hard gelatin capsules in which the active ingredient is
mixed with an inert solid diluent, for exampie, calcium carbonate, calcium phosphate or kaolin, or as soft
gelatin capsules in which the active ingredient is mixed with water or an oil such as peanut oil, liquid
paraffin or olive oil.

Aqueous suspensions generally contain the active ingredient in finely powdered form together with one
or more suspending agents, such as sodium carboxymethylicellulose, methylcellulose, hydroxypropyi-
methylceliulose, sodium alginate, polyvinyl-pyrrolidone, gum tragacanth and gum acacia; dispersing or
wetting agents such as lecithin or condensation products of an alkylene oxide with fatty acids (for example
poiyoxethylene stearate), or condensation products of ethylene oxide with iong chain aliphatic aicohols, for
example heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial esters
derived from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or condensation
products of ethylen oxide with partial esters derived from fatty acids and hexitol anhydrides, for example
polyethylene sorbitan monooleate. The aqueous suspensions may also contain one or more preservatives
(such as ethyl or propyl p-hydroxybenzoate, anti-oxidants (such as ascorbic acid), colouring agents,
flavouring agents, and/or swestening agents (such as sucrose, saccharine or aspartame).
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Qily suspensions may be formuiated by suspending the active ingredient in a vegetable oil {(such as
arachis oil, castor oil, sesame oil or coconut oil) or in a mineral oil (such as liquid paraffin). The oily
suspensions may also contain a thickening agent such as beeswax, hard paraffin or cetyl alcohol.
Swestening agents, such as those set out above, and flavouring agents may be added to provide a
paiatable oral preparation. Thase compositions may be preserved by the addition of an anti-oxidant such as
ascorbic acid.

Dispersible powders and granules suitable for preparation of an aqueous suspension by the addition of
water generally contain the active ingredient together with a dispersing or wetting agent, suspending agent
and one or more preservatives. Suitable dispersing or wetting agents and suspending agents are exempli-
fied by those already mentioned above. Additional excipients, such as swestening, flavouring and colouring
agents, may also be present.

The pharmaceutical compositions of the invention may also be in the form of oil-in-water emulsions.
The oily phase may be a vegetable oil, such as castor oil, soya bean oil or arachis oll, or a mineral oil, such
as, for example, liquid paraffin or a mixture of any of these. Suitable emuisifying agents may be, for
example, naturally-occurring gums such as gum acacia or gum tragacanth, naturally-occurring phosphatides
such as lecithin, esters or partial esters derived from fatty acids and hexitol anhydrides (for example
sorbitan monooleate) and condensation products of the said partial esters with ethylene oxide such as
polyoxyethylene sorbitan monooleate. The emulsions may also contain sweetening, flavouring and preserva-
tive agents.

The pharmaceutical compositions may also be in the form of sterile injectable aqueous or oily
suspensions, which may be formulated according to known procedures using one or more of the
appropriate dispersing or wetting agents and suspending agents which have been mentioned above. A
sterile injectable preparation may also be a sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example a solution in 1,3-butanediol, in a vegetable oil (such
as arachis oil, castor oil or coconut oil) or in a mineral oil {such as liquid paraffin).

Conveniently the subcutaneous or intramuscular injection of an aqueous suspension or an oily solution
or suspension of a pharmaceutical composition of the invention provides a depot of the active ingredients at
the injection site from which those ingredients may leach out over a period of time to provide the sustained
release thereof.

Suppository formulations may be prepared by mixing the active ingredient with a suitable non-irritating
excipient which is solid at ordinary temperatures but liquid at the rectal temperature and will therefore meit
in the rectum to release the drug. Suitable excipients inciude, for example, cocoa butter and polyethylene
glycols.

Topical formulations, such as creams, ointments, gels and aqueous or oily solutions or suspsnsions,
may generally be obtained by formulating an active ingredient with a conventional, topically acceptable,
vehicle or diluent using conventional procedure wsil known in the art.

According to a further feature of the invention there is provided a process for the manufacture of a
pharmaceutical compasition as defined above which comprises bringing into admixture a product as defined
above together with a pharmaceutically-acceptable diluent or carner. )

The invention also provides a method of selective oestrogen therapy of perimenopausal or post-
menopausal conditions which comprises administering simultaneously, sequentially or separately to a warm-
blooded animal an effective amount of a product as defined above. The invention also provides the use of a
product as defined above for the manufacture of a new medicament for use simultaneously, sequentially or
separately in selective oestrogen therapy of perimenopausal or postmenopausal ¢onditions.

It will be appreciated that the definition of the product of the invention and the pharmaceutical
composition of the invention includes only those products or compasitions which are useful in a new
method for the treatment or prophylaxis of perimenopausal or postmenopausal condition. Pharmacedutical
compositions comprising an osstrogen and a pure antioestrogen, together with a pharmaceutically-accept-
able diluent or carrier, are novel. In European Patent Sepcifications Nos. 138504 and 124369 it is disclosed
that the anticestrogenic activity of the compounds disclosed therein may be demonstrated by the co-
administration of a test compound and oestradiol benzoate to an immature female rat. Anticastrogenic
activity is demonstrated by antagonism of the increase in weight of the uterus of the rat which is produced
when osestradiol benzoate alone is administered to said rat. it is to be noted that, during those tests, the
oestradiol benzoate was given by subcutaneous injection whereas the test compound was given separately
either orally or subcutaneously.

According to a further aspect of the invention there is provided a pharmaceutical composition
comprising an oestrogen and a pure antioestrogen together with a pharmaceutically-acceptable diluent or
carrier.
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The pharmaceutical compositions of this feature of the invention may be obtained by conventional
procedures using conventional pharmaceutical excipients well known in the are such as, for example, those
disclosed above.

This aspect of the invention also provides a process for the manufacture of a phammaceutical
composition as defined immediately above which comprises bringing into admixture an oestrogen and a
pure antioestrogen together with a pharmaceutically-acceptable diluent or carrier.

This aspect of the invention also provides a method of selective oestrogen therapy of perimenopausal
of postmsnopausal conditions which comprises administering to a warm-blooded animal an effective
amount of a pharmaceutical composition as defined immediately above. The invention aiso provides the use
of a pharmaceutical composition as defined immediately above for the manufacture of a new medicament
for use in selective cestrogen therapy of perimenopausal or postmenopausal conditions.

As stated above a product of the invention is of use in selective oestrogen therapy of perimenopausal
or postmenopausal conditions. Selective oestrogen therapy may be de_monstrated using the standard
procedure set out below:-

a) an in vivo assay measuring the antioestrogenic activity of a compound and any oestrogenic activity
possessed by that compound. This may be demonstrated in rats by the effect of the compound in
antagonising the increase in weight of the uterus of an immature female rat produced by administering
oestradiol benzoate to said rat. Thus, when each of a pure antioestrogen and oestradiol benzoate are
administered for 3 days to such a rat, a smaller increase in uterine weight is produced than the substantial
increase which would be produced by the administration of oestradiol benzoate without the pure an-
tioestrogen. Unlike the known antioestrogens tamoxifen and clomiphene, when a pure antioestrogen is
administered alone to a rat no increase in uterine weight whatsoever is observed.

The oestrogenic activity of a compound may be demonstrated in rats by the effect of the compound
when it is administered alone to said rat on the uterine weight of the animal.

b) An in vivo assay in mature rats measuring the antioestrogenic activity of a compound by the effect of
the compound when dosed during a test period of 28 days in antagonising the protective effect on the
animals' bone density of their endogenous oestrogens. The bone density of a group of ovariectomised rats
in which endogenous oestrogen levels are much reduced serves as a control for the effect expected to be
produced by a fully sffective antioestrogen.

The antioestrogenic activity of the compound in mature rats can also be measured in the same assay
by measuring the effect of the compound in antagonising the effect of the animals’ endogenous oestrogens
which serve to increase the weight of their uteri.

A comparison of the potencies of the antioestrogenic effects of a compound as measured by its effects
on the animals' bone density and uterine weights allows the selectivity of the antioestrogenic effects of the
compound to be measured.

Although the pharmacological properties of a product of the invention vary with the structures of the
oestrogenic and antioestrogenic components and with the route of administration, in general a product of
the invention comprises:-

{i) an oestrogen which possesses oestrogenic activity in the above test (a) at doses in the range, for
example, 0.002-2.0 mg/kg orally or in the range, for example, 0.0001-0.1 mgrkg subcutaneously;

(ii) a pure anticestrogen which possesses antioestrogenic activity in the above tests (a) and (b) at
doses in the range, for example, in test (a): EDso 0.05-5 mgkg orally or EDso 0.01-1.0 mg/kg sub-
cutaneously;
in test (b): antiuterotrophic effect:- EDso < 20 mg/kg/day orally, < 2 mg/kg/day subcutaneously or
intramuscularly and < 10 mg/kg/injection when dosed as an intramuscular depot injection; reduction in bone
density:- EDso > 20 mg/kg/day orally, > 5 mg/kg/day subcutaneously or intramuscularly and > 10
mg/kgfinjection when dosed as an intramuscular depot injection.

A product of the invention is thereby seen to be surprisingly selective as the activity of the pure
antioestrogen component is expressed to a high degree within uterine tissue but to a lesser degres on
bone.

The size of the doss, for therapeutic or prophylatic purposas, of a product of the invention as defined
above will naturally vary according to the nature and severity of the conditions presented, the age and
menopausal state of the animal and the route of administration.

In general the minimum quantity of the oestrogenic component of a product of the inv ntion as defined
above will be chosen so as to provide a beneficial effect with regard to th nature and severity of the
conditions presented. The quantity of the pure antioestrogenic compon nt is then chosan to antagonis to a
substantial degree the effect of the oestrogenic component on th uterine tissue. Methods of evaluating the
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condition of uterine tissue are well known to the man skilled in the art, for exampie, by examination of a
specimen of endometrial tissue taken by, for example, suction or, for example, by way of a biopsy.

So far as the oestrogenic component of a product of the invention as defined above is concerned the
size of the dose and routes of administration conventionally utilised in oestrogen replacement therapy may

5 be used. Thus, for example, a tablet containing, for exampie, 0.5 to 2 mg of cestradiol, oestradiol benzoate,
natural conjugated oestrogens or ocestradiol valerate may be administered daily. Alternatively a tablet
containing 10 to 100 ug of ethinyloestradiol may be administered daily. Alternatively the oestrogenic
component may be administered by, for example, intramuscular injection utilising, for example. 1 to 10 mg
of oestradiol benzoate dissolved in an oil such as ethyl oleate; for example, transdermal means utilising, for

10 example, 10-100 g of oestradiol contained within a transdermal patch; or, for example, vaginal application
utilising, for example. daily application of 0.5 to 2 mg of natural conjugated oestrogens contained within 0.5
to 5 mi of a cream.

So far as the antioestrogenic component of a product of the invention as defined above is concerned
the size of the dose is chosen such that the effect of the oestrogenic component on uterine tissue is -

15 antagonised to a substantial degree whereas the beneficial effect of the oestrogenic component on bone is
substantially unopposed.Thus, for example, the antioestrogenic component may be formulated in like
manner to the oestrogenic component, for example as a tablet, an oily solution suitable for intramuscular
injection, within a transdermal patch, or within a cream suitable for vaginal application. The daily administra-
tion of ons or more tablets containing conveniently 50 mg to § g, and preferably §0 mg to 500 mg, of a

20 pure antioestrogen may be used. Preferably the pure antloestrogen may be administered by the periodic
intramuscular injection of, for example, an aqueous suspension or an oily solution or suspension containing

--50.mg to 5 g of the pure antioestrogen. Preferably an o:iy solution, for example a solution containing arachis
‘6¢ castor oil,_an alcohol such as benzyl aicohol and 50 mg to 500 mg of the pure antioestogen-is _
mton providas a depot of the pure antiosstrogen which thereafter leaches out from

25 the injection site to provide a selective antioestrogenic effect for a period of, for example, one to six weeks.

As mentioned above a product of the invention is useful for selective oestrogen therapy of peri-
menopausal or postmenopausal conditions. As previously mentioned perimenopausal and postmenopausal
conditions include, for example, vasomotor disturbances (hot fiushes), urogenital atrophy (particularly
affecting the vagina and the distal urethra), psychosomatic complaints, changes in the lipid metabolism and |
0esteoporosis: selectiv onic effect of the pure antioestrogenic component of a product of i

the invention, as demonstrated by a greater antioestrogenic effect on the uterus of a rat than on the bone of

the rat, allows the beneficial effect of the oestrogenic component of the product of the invention to be !

selectively applied to the bone and prevents the detrimental effect of an unopposed oestrogenic effect on

the uterus. The utero-selective effect of the pure anticestrogenic component of a product of the invention
35 will allow the beneficial effect of the oestrogenic component of a product of the invention to be applied to

other oestrogen-responsive tissues, for example those causing vasomotor disturbances, pyschosomatic

complaints and changes in lipid metabotism.

The invention will now be illustrated in the following non-limiting Examples.

i

Example 1

The pure antioestrogen used was (1 RS.2RS)—2-p-hydroxyphenyl-2 methyl-1-[9-(4,4,5,5,5-pentafluoropen-
tylsulphinyt)nonyi}-1,2,3,4-tetrahydronaphth-6-ol.
The compound was given subcutaneously as a solution in arachis oil at doses of 2 mg/kg/day and 10
mg/kg/day to two groups of S mature rats for a total of 28 days. Further groups of 5 mature rats served as
§0 an untreated control group. A further group of 5 mature rats was ovariectomised to serve as another control
group. At the end of the treatment periad the weights of the uteri of the test and control groups of rats were
determined. In addition the femurs were dissected, weighed and their volumes were determined using
Archimedes Principle. The femurs were then burned and the residual ash was weighed. From these data,
gross femur density and bone mineral density were calculated as follows:-
55 Gross Femur Density = Femur Weight/Femur Volume
Bon Mineral Density = Femur Ash Weight/Femur Volume
The results shown below in Tables | and Il demonstrate that at a dose of 2 mg/kg/day subcutaneously
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the test compound selectively inhibits the action of the animals’ endogenous oestrogen on their uteri (80%
inhibition of uterine weight) whereas there was no signiticant inhibition of either bone mineral density or of

gross femur density.

TABLE |
Treatment Uterine | Calculated
Weight inhibition
(mg)
Untreated Controls 382t 34
Ovariectomised Controls 111 £ 14
Test Compound at 2 mg/kg/day s.c. 135t 8 91%
Untreated Controis 369 t 47
Ovarisctomised Controis 89:5
Test Compound at 10 mg/kg/day s.c. 125 4 90%
TABLE i
Treatment Gross Femur | Caiculated | Bone Mineral | Calculated
Density (g/mi)| Inhibition | Density (g/mi)| Inhibition
Untreated Controls 1.612 £ 0.010 0.742 + 0.009
Ovariectomised Controls 1.569 t 0.010 0.685* 0.010
Test Compound at 2 mg'kg/day s.c. 1.604 + 0.006 18%* 0.730 = 0.007 21% "
Untreated Controls 1.629 t 0.014 0.766 t 0.005
Ovariectomised Controls 1.571 £ 0.007 0.704 + 0.005
Test Compound at 10 mg/kg/day s.c. | 1.580 = 0.004 84% 0.727 £ 0.005 63%

* This level of inhibition was not statistically significant,

Example g

The experiment described in Example 1 was repeated except that the pure antioestrogen used was 7a-
{9~(4.4.5,5,5-pentafluoropentyisulphinyl)nonyljoestra-1,3,5(10)-triene-3,17 8-diol. This compound was given at
a serios of doses as a daily intramuscular injection, the compound having been dissolved in a mixture of
propylene glycol: ethanol: water: poloxamer 407. The formulation contained 25 mg of test compound, 100
mg of ethanol (36%), 100 mg ot water, 20 mg of poloxamer 407 and sufficient propylene glycol to bring the

solution to a volume of 1 ml.

The resuits shown below in Tables Il and IV demonstrate that at ali doses tested the compound
selectively inhibits the action of the animals’ endogenous oestrogen on their uteri whereas there was no
significant inhibition of gross femur density.
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TABLE il
Treatment Uterine Cailculated
5 Weight Inhibition
(mg)
Untreated Controls 302+ 36

Ovariectomised Controls 7013
Test Compound (mg/kg)

10

0.1 208 £ 17 41
0.3 174 £ 16 55
1 949 g0
3 103+2 86
15
TABLE IV
20 Treatment CGross Femur | Calculated
Density (g/ml) | Inhibition
Untreated Controls 1.523 = 0.008
Ovariectomised Controls 1.491 £ 0.006
25 Test Compound at
(mgrkg)
1R 1.528 £ 0.005 0%
03 1.528 = 0.008 0%
20 1 1.532 = 0.005 0%
3 1.533 = 0.005 0%

35 Example _3_

The pure anticestrogen used was 7a-[9-(4,4,5,5.5-pentafluoropentyisulphinylinonyljoestra-1,3,5(10)-
triene-3,17 s-diol.

Each of a series of selected doses of this compound was dissolved in a mixture of castor oil and benzyl

40 alcohol and given by intramuscular injection to a group of 5 mature rats. The formulation contained 50 mg
of the test compound, 400 mg of benzy! alcohol and sufficient castor oil to bring the solution to a volumme of
1 ml in each case a second dose was administered two weeks after the first dose. Two wesks after the
second dose the weights of the uteri of the test groups of rats were determined. In addition the femurs were
dissected and analysed for Gross Femur Density as in Example 1.

45 A further group of rats, given two injections of castor oil separated by a two week period, served as an
intact control group. A further group of rats was ovariectomised to serve as another contro! group.

The results shown below in Tables V and VI demonstrate that at all doses tasted the compound
selectively inhibits the action of the animals' endogenous oestrogen on their uteri whereas at the two higher
test doses there was no significant inhibition of gross femur density.

50
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TABLE V
Treatm nt Uterine Caiculated
Weight Inhibition
{mg)

intact Controls 318t 3N

Qvariectomised Controls 76% 4

Test Compound

(mg/rat/dose)

0.75 202 + 23 48

1.25 180 £ 15 57

2.5 12312 81

TABLE VI
Treatment Gross Femur | Calculated
Density (g/mi}{ Inhibition

Intact Controls 1.584 ¢ 0.007
Ovariectomised Controls 1.521 £ 0.005
Test Compound
(mg/rat/dose)
0.75 1.562 £ 0.004 35
1.25 1.576 ¢ 0.004 13"
25 1.569 = 0.007 23

* This level of inhibition was not statistically significant.

Claims

1. A product comprising an oestrogen and a pure antioestrogen for simultaneous, sequential or separate
use in selective oestrogen therapy of perimenopausal or postmenopausal conditions.

2. A product as claimed in claim 1 wherein the pure antioestrogen is
N-n-butyl-N-methyl-, N-1H,1H-heptafiuorobutyl-N-methyl- or N,N-(3-methylpentamethylene)-11-(3,175-
dihydroxyoestra-1,3,5(10)-trien-7a-yl)undecanamide; -
N-n-butyl- or N-1H,1H-heptafiuorcbutyl-3-p-[4-(3,17 8-dihydroxyoestra-1,3,5(10)-trien-7a-yl)butyl]-
phenyipropionamide; -
7a-(10-p-chlorophenylthiodecyl)-, 7a~(10-p-chlorophenyisulphinyidecyl)-, 7a-[9-(4,4,5,5,5-pentafluorop-
entytsuﬁ:hinyl)nonyl]-. 7u-[10-(4.4.4-trmuor05‘utylsulphinyl)decyl]- or 7a-{10-(p-chiorobenzylsulphinyl)decyll-
oestra-1,3,5(10)-triene-3,17 8-diol; or -
7a-(9-n-heptyisulphinyinonyljoestra-1,3,5(10)-triene-3,17 5-diol.

3. A product as claimed in claim 1 wherein the pure anhoestrogen is a compound of the formula:-
NU-A-X-R!
wherein NU is B-hydroxy-2-p-hydroxyphenylnaphth-1-yl and A is -(CHz)i0~, <(CHz2)11= or -(CHz)s~(1,4-
phenylane)-{(CHz)z~; -
or NU is 1,2,3,4-tetrahydro-6-hydroxy-2-p-hydroxyphenyinaphth-1-yl {either 1RS,2RS or 1RS,2SR isomer),
or 1,2,3,4-tetrahydro-6-hydroxy-2-p-hydroxypheny!-2-methyinaphth-1-yl (either the 1AS,2RS or 1RS,2SR
isomer), and A is -(CHz2)10-. -(CHz)Tvor «(CH2)4~(1,4-phenylene)-(CHz)z-;
or NU is (1RS, 2FtS)-5-hydroxy'2-p-hydroxyphenytmdan- -yl or (1 RS,ZRS)-S-hydroxy-2-p-hydroxyphenyl-2-
methylindan-1-yi and A is <(CHz)10-, ~{CHz)11-0r{CHz)s~(1,4-phenylens)-{CHz)z-;

10
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and wherain XR' is -CONR!R? wherein R? is hydrogen or methyi and R’ is n-butyl, 1H,1H-heptafiuorobutyl,
n-pentyl or n-hexyl, or XR! is -SR', SOR' or -SO;R' wherein R' is n-pentyl, n-hexyi, 4.4,5,55-pen-
tafluoropenty! or 1H,1H.2H,2H,3H,3H-heptafluorohsxyl.

4. A product as claimed in claim 1 wherein the cestrogen is oestradiol, oestradiol benzoate, cestradiol
valerate or oestradiol undecanoats and the pure anticestrogen is 7a-{9-(4.4.5,5,5-pentafluoropentyisulphinyl)-
nonylloestra-1,3,5(10)-trisne-3,17 §-diol.

5. A process for the manufacture of a product comprising an oestrogen and a pure antioestrogen for
simultaneous, sequential or separate use in selective oaestrogen therapy of perimenopausal or post-
menopausal conditions, which process comprises bringing together said osestrogen and said pure an-
tioestrogen.

6. A pharmaceutical composition comprising a product as claimed in any one of claims 1 to 4 togsther
with a pharmaceutically-acceptable diiuent or carrier.

7. The use of a product as claimed in any one of claims 1 to 4 for the manufacture of a new
medicament for use simultaneously, sequentially or separately in selective oestrogen therapy of peri-
menopausal or postmenopausal conditions.

8. A pharmaceutical composition comprising an oestrogen and a pure antioestrogen together with a
pharmaceutically-acceptable diluent or carrier.

9. A process for the manufacture of a pharmaceutical composition as claimed in ciaim 8 which
comprises bringing into admixture an cestrogen and a pure antioestrogen together with a pharmaceuticaily-
acceptable diluent or carrier.

10. The use of a pharmaceutical composition as claimed in claim 8 for the manufacture of a new
medicament for use in selective oestrogen therapy of perimenopausal or postmenopausal conditions.

Claims for the following Contracting States: GR, ES.

1. A process for the manufacture of a product comprising an oestrogen and a pure antioestrogen for
simultaneous, sequential or separate use in selective oestrogen therapy of perimenopausal or post-
menopausal condition, which process is characterised by bringing together said oestrogen and said pure
antioestrogen.

2. A process for the manufacture of a product comprising an oestrogen and a pure antioestrogen for
simultaneous use in selective oesirogen therapy of perimenopausal or postmenopausal conditions, which
process is characterised by bringing into admixture said oestrogen and said pure anticestrogen.

3. A process as claimed in claim 1 or claim 2 wherein the pure antioestrogen is
_l\!-n-butyl-_l\i-methyl-, N-1H,1H-heptafluorobutyl-N-methyl- or N,N-(3-methylpentamethylene)-11-(3,178-
dihydroxyoestra-1,3,5(10)-trien-7a-ylundecanamide; -

N-n-butyl- or N-1H,1H-heptafluorobutyl-3-p-[4-(3,17 §-dihydroxyoestra-1,3,5(10)-trien-7a-yl)butyi]-
phenylpropionamide; -

7a-(1O-E-chlorophenylthiodecyl)-, 7a~(10-p-chlorophenylsulphinyldecyl)s,  7a~[9-(4,4,5,5,5-pentatluorop-
entylsuiphinyhnonyi]-, 7a-{10~(4,4.4~trifluorobutyisulphinyldecyl] or 7a=[10-(p-chlorobenzylsulphinyl)decy!}l-
oestra-1,3,5(10)-triene-3,17 8-diol; or -
7a=(9-n-heptylsulphinylnonyli)oestra-1,3,5(10)-triene-3,17 8-diol.

4. A process as claimed in clalm 1 or 2 wherein the pure antioestrogen is a compound of the formula:-
NU-A-X-R!
whersin NU is 6-hydroxy-2-p-hydroxyphenyinaphth-1-yl and A is -(CH2)o=, -(CHa)11~ Or ~(CH)s-(1,4-
phenylene)+(CHz)z-; -
or NU is 1,2,3,4-tetrahydro-6-hydroxy-2-p-hydroxyphenylnaphth-1-yi (either 1RS,2RS or 1RS,2SR isomer),
or 1,2,3,4-tetrahydro-6-hydroxy-2-p-hydroxyphenyl-2-methyinaphth-1-yl (either the 1RS,2RS or 1RS.2SR
isomer), and A is ~(CHz)10-, «(CHz)11-0r -(CHz)s~(1,4-phenylene)~(CHz)z-;
or NU is (1RS. 2RS}-5-hydroxy-2-p-hydroxyphenyllndan- -yl or (1RS,2RS)-5-hydroxy- 2-p-hydroxyphenyl-2-
methylindan-1-y} and A is -(CHz)1a-, ~(CHz)11-0r ~(CHz)~(1,4-phenylene)(CHaz)z~;
and wherein XR' is <CONR'R? wherein R? is hydrogen or methyl and R' is n-butyl, 1H,1H-heptafluorobutyl,
n-pentyl or n-hexyl, or XR' is -SR', SOR' or -SO2R' wherein R' is n-pentyl, n-hexyi, 4,4,5,5,5-pen-
tafluoropentyt or 1H,1H,2H,2H,3H,3H-heptatiuorohexyl.

5. A process as claimed in claim 1 or claim 2 wherein th oestrogen is oastradiol, cestradiol benzoate,
oestradiol valerate or oestradiol undecanoate and the pure antioestrogen is 7a-[9-(4.4.5,5,5-pentafl-
uoropentylsuiphinyl)nonyijoestra-1,3,5(10)-triene-3,17 §-diol.
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6. A process for the manufacture of a phammaceuticai composition which comprises bringing into
admixture a product as defined in any one of claims 1 to § together with a pharmacsutically-acceptable
diluent or carrier.

7. A process for the manufacture of a pharmaceutical composition which comprises bringing into
admixture an oestrogen and a pure antioestrogen together with a pharmaceutically-acceptable diluent or
carrier.

12
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[57) ABSTRACT

The invention relates to a therapeutic product compris-
ing an oestrogen and a pure antioestrogen for simulta-
neous, sequential or separate use in selective oestrogen
therapy of perimenopausal or postmenopausal condi-
tions; to a process for the manufacture of said product
and to a pharmaceutical composition containing said
product. The invention also relates to a pharmaceutical
composition comprising an oestrogen and a pure antio-
estrogen and to a process for the manufacture of said
compoasition.
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SELECTIVE OESTROGEN THERAPY FOR
PERIMENOPAUSAL OR POSTMENOPAUSAL
CONDITIONS

This invention relates to a therapeutic product for use
in 2 new method of medical treatment and, more partic-
ularly, it relates to a product comprising an oestrogen
and a pure antioestrogen for use in a new method for the
treatment or prophylaxis of perimenopausal or post-
menopausal conditions, particularly perimenopausal or
postmenopausal osteoporosis. The invention also relates
to a pharmaceutical composition comprising an oestro-
gen and a pure antioestrogen and to the use thereof in
the manufacture of a new medicament for use in the
treatment or prophylaxis of perimenopausal or post-
menopausal conditions.

When a female animal, particularly a human female,
enters the perimenopausal stage the animal’s ovaries
begin to secrete less of the female sex hormones, partic-
ularly oestradiol. Symptoms in women at this stage
include the following: vasomotor disturbances (hot
flushes), urogenital atrophy (particularly affecting the
vagina and distal urethra), psychosomatic complaints,
changes in lipid metabolism and osteoporosis. The rate
of decline of ovarian function and the severity of the
above-mentioned symptoms are highly variable be-
tween individual women but in a substantial number of
individuals the symptoms are sufficiently severe that
treatment is required. Oestrogen replacement therapy
has been used in women and it is generally recognised
to be effective in combatting the typical perimenopausal
and post-menopausal symptoms (British Medical Jour-
nal, 1987, 295, 914; American Journal of Obster. and
Gynecol., 1987, 156, 1298 and 1347). However oestrogen
replacement therapy can also cause uterine hyperplasia,
irregular vaginal menstruation and, in a small propor-
tion of women, endometrial cancer (dmerican Journal of
Obster. and Gynecol., 1987, 156, 1313).

To combat the continuous unopposed stimulation of
oestrogen-responsive tissues an oestrogen and a proges-
togen are normally co-administered for part of each
treatment period thereby causing regular vaginal men-
struation. (American Journal of Obster. and Gynecol.,
1987, 156, 1304). However the continuation of men-
strual periods is unattractive to many postmenopausal
women and, in addition, progestogens can cause side
effects, for example oedema, premenstrual irritability
and breast tenderness.

Alternative therapies are therefore required.

It has recently been shown that compounds demon-
strating a mixture of oestrogenic and antioestrogenic
properties in warm-blooded animals, including humans,
may be of use in the treatment of postmenopausal condi-
tions (European Patent Specification No. 0178862).
Particular compounds stated to have such activity in-
clude clomiphene and tamoxifen. Comprehensive re-
views of the clinical usage of these compounds are
available. for example a review of clomiphene by Clark
et al. in Pharmacology and Therapeutics, 1982, Volume
15, pages 467 10 519, and a review of tamoxifen by Furr
et al. in Pharmacology and Therapeutics, 1984, Volume
25, pages 127-205.

It has also recently been shown that a treatment re-
gime comprising the dosing of a small amount of an
oestrogen, for example oestrone sulphate or natural
conjugated oestrogens, followed by the dosing of an
antioestrogen, for example tamoxifen or clomiphene led

5

0

3

40

45

50

60

65

2

to the partial inhibition of the maximum oestrogen-
induced stimulation of uterine endometrial tissue (A.
Kauppila et al., Gynecol. obster. Invest, 1988, 25, 58 and
Arch. Gynecol., 1983, 234, 49).

It has now been found that administration of an oes-
trogen and a pure antioestrogen, whether simulta-
neously, sequentially or separately, results in the oestro-
gen being selectively effective in some oestrogen-
responsive tissues, for example bone, and being selec:
tively opposed in other oestrogen-responsive tissues, for
example the endometrium of the uterus, and this is the
basis of the present invention.

A pure antioestrogen is a compound which possesses
antioestrogenic activity and no oestrogenic activity.
This may be demonstrated in rats by the effect of the
compound in antagonising the increase in weight of the
uterus of an immature female rat produced by adminis-
tering oestradiol benzoate to said rat. Thus, when each
of a pure antioestrogen and oestradiol benzoate are
administered for 3 days to such a rat, a smaller increase
in uterine weight is produced than the substantial in-
crease which would be produced by the administration
of oestradiol benzoate alone. Unlike the known antioes-
trogens tamoxifen and clomiphene, when a pure antio-
estregen is administered alone to a rat no increase in
uterine weight whatsoever is observed.

It is disclosed in European Patent Specification No.
138504 that certain preferred steroidal antioestrogens
are pure antioestrogens. It is also disclosed in European
Patent No. 124369 that certain preferred non-steroidal
antioestrogens are pure antioestrogens.

According to the present invention there is provided
a product comprising an oestrogen and a pure antioes-
trogen for simultaneous, sequential or separate use in
selective oestrogen therapy of perimenopausal or post-
menopausal conditions.

In a particular product of the invention the oestrogen
component of a product of the invention is oestradiol,
ethinyloestradiol, oestriol, oestrone, natural conjugated
oestrogens, piperazine oestrone sulphate, mestranol,
chlorotrianisene, dienoestrol, stilboestrol or hexoestrol
or a pharmaceutically-acceptable ester thereof.

A pharmaceutically-acceptable ester of the oestrogen
component of a product of the invention is, for example,
an alky! or aryl ester each of up to 12 carbon atoms. It
will be appreciated that an ester of a steroidal oestrogen
may be formed at the 3-position, the 17-position or at
both of these positions. It will also be appreciated that
an ester may be formed at one or both of the phenolic
groups in some non-steroidal oestrogens, for example
stilboestrol and hexoestrol. A suitable alkyl ester of up
to 12 carbon atoms is, for example, an acetate, propio-
nate, butyrate, valerate, hexanoate, heptanoate, octano-
ate, cyclopentylpropionate, nonanoate, decanoate, un-
decanoate or dodecanoate. A suitable aryl ester of up to
12 carbon atoms is, for example, a benzoate, toluate or
naphthoate. A preferred ‘pharmaceutically-acceptable
ester of the oestrogen component of a product of the
invention includes, for example, oestroadiol benzoate,
oestradiol cyclopentylpropionate, oestradiol dipropio-
nate, oestradiol heptanoate, oestradiol undecanoate,
oestradiol valerate and stilboestro] dipropionate.

In a further particular product of the invention the
pure antioestrogen is

N-n-butyl-N-methyl-, N-1H,1H-heptafluorobuty}-N-
methyl-or  N,N-(3-methylpentamethylene)-11-(3,178-
dihydroxyoestra-1,3,5(10)trien-7a-yl)undecanamide;
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N-n-butyl- or N-1H,1H-heptafluorobutyl-3-p-[4-
(3,178-dihydroxyoestra-1,3,5(10)-triene-7a-yl)butyl]-
phenylpropionamide;

7a-(10-p-chlorophenylthiodecyl)-, 7a-(10-p-chloro-
phenylsulphinyldecyl)-, 7a-[9-(4,4,5,5,5-penta-
fluoropentylsulphinyl)nonyl]-, Ta-[10-(4,4,4-1ri-
fluorobutylsulphinyl)decyl]-or 7a-[10-(p-chlorobenzyl-
sulphinyl)decyl]-oestra-1,3,5(10)triene-3,173-diol; or

Ta-{9-n-heptylsulphinylnonyl)oestra-1,3,5(10)-triene-
3,178-diol.

In a further particular product of the invention the
pure antioestrogen is a compound of the formula:

NU~A—X—R!

wherein NU is 6-hydroxy-2-p-hydroxyphenylnapth-
1-yl and A is —(CHj);0—, —(CH;)11— or —(CH2)s-
(1,4-phenylene)-(CH2),—;

or NU is 1,2,3,4-tetrahydro-6-hydroxy-2-p-hydroxy-
phenylnaphth-1-yl (either the IRS,2RS or 1RS,2SR
isomer), or 1,2,3,4-tetrahydro-6-hydroxy-2-p-hydrox-
yphenyl-2-methylnapth-1-yl (either the IRS,2RS or
1RS,2SR isomer), and A is —(CHj)10—, —(CH3)11—
or —(CHj)s-(1,4-phenylene)-(CH)2—;

or NU is (1RS,2RS)-5-hydroxy-2-p-hydroxyphenyl-
indan-1-yl or (1RS,2RS)-5-hydroxy-2-p-hydroxyphe-
nyl-2-methylindan-1-yl and A is —(CH2)10—, —(CH2)-
11— or ——(CH2)s(1,4-phenylene)-(CHz)2—; and
wherein XR!is —CONR'R2 wherein R?is hydrogen or
methyl and R! is n-butyl, 1H,1H-heptafluorobutyl, n-
pentyl or n-hexyl, or XR! is —SR!, —SOR! or
—SO2R! wherein R! is n-pentyl, n-hexyl, 4,4,5,5,5-pen-
tafluoropentyl or 1H,1H,2H,2H,3H,3H-hepta-
fluorohexyl.

In a further particular product of the invention the
pure antioestrogen is

N-n-butyl-, N-n-butyl-N-methyl-, N-n-pentyl, N-
(1H,1H-heptafluorobutyl)-or N-(1H,1H-hepta-
fluorobutyl)-N-methyl-3-p-[5-(6-hydroxy-2-p-hydroxy-
phenylnaphth-1-yl)pentyljphenylpropionamide;

N-methyl-N-(1H, 1H-heptafluorobutyl)-p-[4-
[(IRS,2RS)-6-hydroxy-2-p-hydroxphenyl-2-methyl-
1,2,3,4-tetrahydronaphth-1-yl]-butyl]phenylpropiona-

mide; (1RS,2RS)-1-[4-[p-(2-n-hexylthioethyl)phenyl]-

butyl]-2-p-hydroxyphenyl-1,2,3,4-tetrahydronaphth-6-
ol or the corresponding 4,4,5,5,5-pentafluoropentylthio
derivative, or the corresponding hexylsulphinyl, hexyl-
sulphonyl or pentafluoropentylsulphinyl derivatives;
2-p-hydroxyphenyl-1-[5-[p-(2-n-hexylthioethyl)-
phenyl]pentyl]naphth-6-0l or the corresponding hexyl-
sulphinyl derivative; or (1RS,2RS)-1-[4[p-(2-n-hexylthi-
oethyl)phentyl]butyl)-2-p-hydroxyphenyl-2-methyl-
1,2,3,4-tetrahydronaphth-6-ol or the corresponding
4,4,5,5,5-pentafluoropentylthio derivative, or the corre-
sponding hexylsulphiny] or pentafluoropentylsulphinyl

35

derivative, or the corresponding (1RS,2SR) isomers of 35

both the hexylthio and hexylsulphinyl derivatives.

A preferred product of the invention comprises an
oestrogen and a pure antioestrogen for use as stated
above wherein the oestrogen is oestradiol or ethinyloes-
tradiol, or a pharmaceutically-acceptable ester thereof,
and the pure antioestrogen is 7a-[9-(4,4,5,5,5-penta-
fluoropentylsulphinyl)nonyl]oestra-1,3,5(10)-triene-
3,178-diol or (1RS,2RS)-2-p-hydroxyphenyl-2-methyl-
1-[9-(4,4,5,5,5-pentafluoropentylsulphinyl)nonyl]-
1,2,3,4-tetrahydronaphth-6-ol.

A particularly preferred product of the invention
comprises an oestrogen and a pure antioestrogen for use
as stated above wherein the oestrogen is oestradiol,

65
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oestradiol benzoate, oestradiol valerate or oestradiol
undecanoate and the pure antioestrogen is 7a-[9-
(4,4,5,5,5-pemafluoropentylsulphinyl)nonyl]oestra-
1,3,5(10)-triene-3,173-diol.

According to a further feature of the invention there
is provided a process for the manufacture of a product
comprising an oestrogen and a pure antioestrogen for
simultaneous, sequential or separate use in selective
oestrogen therapy of perimenopausal or postmeno-
pausal conditions, which process comprises bringing
together said oestrogen and said pure antioestrogen.

In a further feature of the invention there is provided
a process for the manufacture of a product comprising
an oestrogen and a pure antioestrogen for simultaneous
use in selective oestrogen therapy of perimenopausal or
postmenopausal conditions, which process comprises
bringing into admixture said oestrogen and said pure
antioestrogen.

A product of the invention may be administered to a
warm-blooded animal, including a human, in the form
of a pharmaceutical composition. Thus according to a
further feature of the present invention there is pro-
vided a pharmaceutical composition which comprises
the product of the invention together with a phar-
maceutically-acceptable diluent or carrer.

As mentioned above a product of the invention is
useful for selective oestrogen therapy of
perimenopausal or postmenopausal conditions. It will
be understood that there is no absolute requirement that
the oestrogen and pure antioestrogen components of the
product of the invention must be dosed simultaneously.
Sequential or separate use of these components may
also provide selective oestrogen therapy and such use is
to be understood to fall within the definition of a prod-
uct of the invention. Thus it will be appreciated that a
pharmaceutical composition according to the present
invention includes a composition comprising an oestro-
gen, a pure antioestrogen and a pharmaceutically-
acceptable diluent or carrier. Such a composition con-
veniently provides the product of the invention for
simultaneous use in selective oestrogen therapy of
perimenopausal or postmenopausal conditions. A phar-
maceutical composition according to the present inven-
tion also includes separate compositions comprising a
first composition comprising an oestrogen and a phar-
maceutically-acceptable diluent or carrier, and a second
composition comprising a pure antioestrogen and a
pharmaceutically-acceptable diluent or carrier. Such a
composition conveniently provides the product of the
invention for sequential or separate use in selective
oestrogen therapy of perimenopausal or postmeno-
pausal conditions.

The compositions of the invention may be in a form
suitable for oral use (for example as tablets, capsules,
aqueous or oily suspensions, emulsions or dispersible
powders or granules), for topical use (for example as
creams, ointments, gels, or aqueous or oily solutions or
suspensions; for example for use within a transdermal
patch), for parenteral administration (for example as a
sterile aqueous or oily solution or suspension for intra-
venous, subcutaneous, intramuscular or intravascular
dosing), or as a suppository for rectal dosing or as a
pessary for vaginal dosing.

The compositions of the invention may be obtained
by conventional procedures using conventional phar-
maceutical excipients, well known in the art.
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Suitable pharmaceutically acceptable excipients for a
tablet formulation include, for example, inert diluents
such as lactose, sodium carbonate, calcium phosphate
or calcium carbonate, granulating and disintegrating
agents such as corn starch or alginic acid; binding
agents such as gelatin or starch; lubricating agents such
as magnesium stearate, stearic acid or talc; preservative
agents such as ethy! or propy! p-hydroxybenzoate, and
anti-oxidants, such as ascorbic acid. Tablet formulations
may be uncoated or coated either to modify their disin-
tegration and the subsequent absorption of the active
ingredient within the gastrointestinal tract, or to im-
prove their stability and/or appearance, in either case
using conventional coating agents and procedures well
known in the art.

Compositions for oral use may be in the form of hard
gelatin capsules in which the active ingredient is mixed
with an inert solid diluent, for example, calcium carbon-
ate, calcium phosphate or kaolin, or as soft gelatin cap-
sules in which the active ingredient is mixed with water
or an oil such as peanut oil, liquid paraffin or olive oil.

Aqueous suspensions generally contain the active
ingredient in finely powdered form together with one
or more suspending agents, such as sodium carboxy-
methylcellulose, methylcellulose, hydroxypropylme-
thylcellulose, sodium alginate, polyvinyl-pyrrolidone,
gum tragacanth and gum acacia; dispersing or wetting
agents such as lecithin or condensation products of an
alkylene oxide with fatty acids (for example polyox-
ethylene stearate), or condensation products of ethylene
oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation prod-
ucts of ethylene oxide with partial esters derived from
fatty acids and a hexitol such as polyoxyethylene sorbi-
tol monooleate, or condensation products of ethylene
oxide with partial esters derived from fatty acids and
hexitol anhydrides, for example polyethylene sorbitan
monooleate. The aqueous suspensions may also contain
one or more preservatives (such as ethyl or propyl
p-hydroxybenzoate, anti-oxidants (such as ascorbic
acid), colouring agents, flavouring agents, and/or
sweetening agents (such as sucrose, saccharine or aspar-
tame).

Oily suspensions may be formulated by suspending
the active ingredient in a vegetable oil (such as arachis
oil, castor oil, sesame 0il or coconut oil) or in a mineral
oil (such as liquid paraffin). The oily suspensions may
also contain a thickening agent such as beeswax, hard
paraffin or cetyl alcohol. Sweetening agents, such as
those set out above, and flavouring agents may be
added to provide a palatable oral preparation. These
compositions may be preserved by the addition of an
anti-oxidant such as ascorbic acid.

Dispersible powders and granules suitable for prepa-
ration of an aqueous suspension by the addition of water
generally contain the active ingredient together with a
dispersing or wetting agent, suspending agent and one
or more preservatives. Suitable dispersing or wetting
agents and suspending agents are exemplified by those
already mentioned above. Additional excipients, such as
sweetening, flavouring and colouring agents, may also
be present.

The pharmaceutical compositions of the invention
may also be in the form of oil-in-water emulsions. The
oily phase may be a vegetable oil, such as castor oil,
soya bean oil or arachis oil, or a mineral oil, such as, for
example, liquid paraffin or a mixture of any of these.
Suitable emulsifying agents may be, for example, natu-
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rally-occurring gums such as gum acacia or gum traga-
canth, naturally-occurring phosphatides such as leci-
thin, esters or partial esters derived from faity acids and
hexitol anhydrides (for example sorbitan monooleate)
and condensation products of the said partial esters with
ethylene oxide such as polyoxyethylene sorbitan mono-
oleate. The emulsions may also contain sweetening,
flavouring and preservative agents.

The pharmaceutical compositions may also be in the
form of sterile injectable aqueous or oily suspensions,
which may be formulated according to known proce-
dures using one or more of the appropriate dispersing or
wetting agents and suspending agents which have been
mentioned above. A sterile injectable preparation may
also be a sterile injectable solution or suspension in a
non-toxic parenterally-acceptable diluent or solvent, for
example a solution in 1,3-butanediol, in a vegetable oil
(such as arachis oil, castor oil or coconut oil) or in a
mineral oil (such as liquid paraffin).

Conveniently the subcutaneous or intramuscular in-
jection of an aqueous suspension or an oily solution or
suspension of a pharmaceutical composition of the in-
vention provides a depot of the active ingredients at the
injection site from which those ingredients may leach
out over a period of time to provide the sustained re-
lease thereof.

Suppository formulations may be prepared by mixing
the active ingredient with a suitable non-irritating ex-
cipient which is solid at ordinary temperatures but lig-
uvid at the rectal temperature and will therefore melt in
the rectum to release the drug. Suitable excipients in-
clude, for example, cocoa butter and polyethylene gly-
cols.

Topical formulations, such as creams, ointments, gels
and aqueous or oily solutions or suspensions, may gen-
erally be obtained by formulating an active ingredient
with a conventional, topically acceptable, vehicle or
diluent using conventional procedure well known in the
art,

According to a further feature of the invention there
is provided a process for the manufacture of a pharma-
ceutical composition as defined above which comprises
bringing into admixture a product as defined above
together with a pharmaceutically-acceptable diluent or
carrier.

The invention also provides a method of selective
oestrogen therapy of perimenopausal or postmeno-
pausal conditions which comprises administering simul-
taneously, sequentially or separately to a warm-blooded
animal an effective amount of a product as defined
above. The invention also provides the use of a product
as defined above for the manufacture of a new medica-
ment for use simultaneously, sequentially or separately
in selective oestrogen therapy of perimenopausal or
postmenopausal conditions.

It will be appreciated that the definition of the prod-
uct of the invention and the pharmaceutical composi-
tion of the invention includes only those products or
compositions which are useful in a new method for the
treatment or prophylaxis of perimenopausal or post-
menopausal condition. Pharmaceutical compositions
comprising an oestrogen and a pure antioestrogen, to-
gether with a pharmaceutically-acceptable diluent or
carrier, are novel. In European Patent Sepcifications
Nos. 138504 and 124368 it is disclosed that the antioes-
trogenic activity of the compounds disclosed therein
may be demonstrated by the co-administration of a test
compound and oestradiol benzoate to an immature fe-
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male rat. Antioestrogenic activity is demonstrated by
antagonism of the increase in weight of the uterus of the
rat which is produced when oestradiol benzoate alone is
administered to said rat. It is to be noted that, during
those tests, the oestradiol benzoate was given by subcu-
taneous injection whereas the test compound was given
separately either orally or subcutaneously.

According to a further aspect of the invention there is
provided a pharmaceutical composition comprising an
oestrogen and a pure antioestrogen together with a
pharmaceutically-acceptable diluent or carrier.

The pharmaceutical compositions of this feature of
the invention may be obtained by conventional proce-
dures using conventional pharmaceutical excipients
well known in the are such as, for example, those dis-
closed above.

This aspect of the invention also provides a process
for the manufacture of a pharmaceutical composition as
defined immediately above which comprises bringing
into admixture an oestrogen and a pure antioestrogen
together with a pharmaceutically-acceptable diluent or
carrier.

This aspect of the invention also provides a method
of selective oestrogen therapy of perimenopausal or
postmenopausal conditions which comprises adminis-
tering to a warm-blooded animal an effective amount of
a pharmaceutical composition as defined immediately
above. The invention also provides the use of a pharma-
ceutical composition as defined immediately above for
the manufacture of a new medicament for use in selec-

tive oestrogen therapy of perimenopausal or postmeno-

pausal conditions.

As stated above a product of the invention is of use in
selective oestrogen therapy of perimenopausal or post-
menopausal conditions. Selective oestrogen therapy
may be demonstrated using the standard procedure set
out below:

a) an in vivo assay measuring the antioestrogenic
activity of a compound and any oestrogenic activity
possessed by that compound. This may be demonstrated
in rats by the effect of the compound in antagonising the
increase in weight of the uterus of an immature female
rat produced by administering oestradiol benzoate to
said rat. Thus, when each of a pure antioestrogen and
oestradiol benzoate are administered for 3 days to such
a rat, a smaller increase in uterine weight is produced
than the substantial increase which would be produced
by the administration of oestradiol benzoate without the
pure antioestrogen. Unlike the known antioestrogens
tamoxifen and clomiphene, when a pure antioestrogen is
administered alone to a rat no increase in uterine weight
whatsoever is observed.

The oestrogenic activity of acompound may be dem-
onstrated in rats by the effect of the compound when it
is administered alone to said rat on the uterine weight of
the animal.

b) An in vivo assay in mature rats measuring the
antioestrogenic activity of a compound by the effect of
the compound when dosed during a test period of 28
days in antagonising the protective effect on the anj-
mals’ bone density of their endogenous oestrogens. The
bone density of a group of ovariectomised rats in which
endogenous oestrogen levels are much reduced serves
as a control for the effect expected to be produced by a
fully effective anticestrogen.

The antioestrogenic activity of the compound in ma-
ture rats can also be measured in the same assay by
measuring the effect of the compound in antagonising
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the effect of the animals’ endogenous oestrogens which

serve to increase the weight of their uteri.

A comparison of the potencies of the antioestrogenic
effects of a compound as measured by its effects on the
animals’ bone density and uterine weights allows the
selectivity of the antioestrogenic effects of the com-
pound to be measured.

Although the pharmacological properties of a prod-
uct of the invention vary with the structures of the
oestrogenic and antioestrogenic components and with
the route of administration, in general a product of the
invention comprises:

(i) an oestrogen which possesses oestrogenic activity in
the above test (a) at doses in the range, for example,
0.002-2.0 mg/kg orally or in the range, for example,
0.0001-0.1 mg/kg subcutaneously;

(ii) a pure antioestrogen which possesses antioestro-
genic activity in the above tests (a) and (b) at doses in
the range, for example, in test (a): EDs0.05-5 mg/kg
orally or EDsp 0.01-1.0 mg/kg subcutaneously; in
test (b): antiuterotrophic effect: EDsp<20
mg/kg/day orally, <2 mg/kg/day subcutaneously
or intramuscularly and <10 mg/kg/injection when
dosed as an intramuscular depot injection; reduction
in bone density: EDsp>20 mg/kg/day orally, >5
mg/kg/day subcutaneously or intramuscularly and
> 10 mg/kg/injection when dosed as an intramuscu-
lar depot injection.

A product of the invention is thereby seen to be sur-
posingly selective as the activity of the pure antioestro-
gen component is expressed to a high degree within
uterine tissue but to a lesser degree on bone.

The size of the dose, for therapeutic or prophylatic
purposes, of a product of the invention as defined above
will naturally vary according to the nature and severity
of the conditions presented, the age and menopausal
state of the animal and the route of administration.

In general the minimum quantity of the oestrogenic
component of a product of the invention as defined
above will be chosen so as to provide a beneficial effect
with regard to the nature and severity of the conditions
presented. The quantity of the pure antioestrogenic
component is then chosen to antagonise 1o a substantial
degree the effect of the oestrogenic component on the
uterine tissue. Methods of evaluating the condition of
uterine tissue are well known to the man skilled in the
art, for example, by examination of a specimen of endo-
metrial tissue taken by, for example, suction or, for
example, by way of a biopsy.

So far as the oestrogenic component of a product of
the invention as defined above is concerned the size of
the dose and routes of administration conventionally
utilised in oestrogen replacement therapy may be used.
Thus, for example, a tablet containing, for example, 0.5
to 2 mg of oestradiol, oestradiol benzoate, natural con-
Jjugated cestrogens or oestradiol valerate may be admin-
istered daily. Alternatively a tablet containing 10 to 100
ug of ethinyloestradiol may be administered daily. Al-
ternatively the oestrogenic component may be adminis-
tered by, for example, intramuscular injection utilising,
for example, 1 to 10 mg of oestradiol benzoate dissolved
in an oil such as ethyl oleate; for example, transdermal
means utilising, for example, 10-100 pg of oestradiol
contained within a transdermal patch; or, for example,
vaginal application utilising, for example, daily applica-
tion of 0.5 to 2 mg of natural conjugated oestrogens
contained within 0.5 to 5 ml of a cream.
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So far as the antioestrogenic component of a product
of the invention as defined above is concerned the size
of the dose is chosen such that the effect of the oestro-
genic component on uterine tissue is antagonised to a
substantial degree whereas the beneficial effect of the
oestrogenic component on bone is substantially unop-
posed. Thus, for example, the antioestrogenic compo-
nent may be formulated in like manner to the oestro-
genic component, for example as a tablet, an oily solu-
tion suitable for intramuscular injection, within a trans-
dermal patch, or within a cream suitable for vaginal
application. The daily administration of one or more
tablets containing conveniently 50 mg to 5 g, and pref-
erably 50 mg to 500 mg, of a pure antioestrogen may be
used. Preferably the pure antioestrogen may be admiuis-
tered by the periodic intramuscular injection of, for
example, an aqueous suspension or an oily solution or
suspension containing 50 mg to 5 g of the pure antioes-
trogen. Preferably an oily solution, for example a solu-
tion containing arachis or castor oil, an alcohol such as
benzyl alcohol and 50 mg to 500 mg of the pure antioes-
trogen is employed. Such an injection provides a depot
of the pure antioestrogen which thereafter leaches out
from the injection site to provide a selective antioestro-
genic effect for a period of, for example, one to six
weeks.

As mentioned above a product of the invention is
useful for selective oestrogen therapy of
perimenopausal or postmenopausal conditions. As pre-
viously mentioned perimenopausal and postmenopausal
conditions include, for example, vasomotor disturb-
ances (hot flushes), urogenital atrophy (particularly
affecting the vagina and the distal urethra), psychoso-
matic complaints, changes in the lipid metabolism and
oesteoporosis. The selective antioestrogenic effect of
the pure antioestrogenic component of a product of the
invention, as demonstrated by a greater antioestrogenic
effect on the uterus of a rat than on the bone of the rat,
allows the beneficial effect of the oestrogenic compo-
nent of the product of the invention to be selectively
applied to the bone and prevents the detrimental effect
of an unopposed oestrogenic effect on the uterus. The
utero-selective effect of the pure antioestrogenic com-
ponent of a product of the invention will allow the
beneficial effect of the oestrogenic component of a
product of the invention to be applied to other oestro-
gen-responsive tissues, for example those causing vaso-
motor disturbances, pyschosomatic complaints and
changes in lipid metabolism.

The invention will now be illustrated in the following
nonlimiting Examples.

EXAMPLE 1

Assay in Mature Rats of the Selective Antioestrogenic
Activity of a Pure Antioestrogen

The pure antioestrogen used was (IRS,2RS)-2-p-
hydroxyphenyl-2-methyl-1-[9-(4,4,5,5,5-penta-
fluoropentylsulphinyl)nonyl}-1,2,3,4-tetrahydronaphth-
6-ol.

The compound was given subcutaneously as a solu-
tion in arachis oil at doses of 2 mg/kg/day and 10
mg/kg/day to two groups of 5 mature rats for a total of
28 days. Further groups of 5 mature rats served as an
untreated control group. A further group of 5 mature
rats was ovariectomised to serve as another control
group. At the end of the treatment period the weights of
the uteri of the test and control groups of rats were
determined. In addition the femurs were dissected,
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weighed and their volumes were determined using Ar-
chimedes Principle. The femurs were then burned and
the residual ash was weighed. From these data, gross
femur density and bone mineral density were calculated
as follows:
Gross Femur Density =Femur Weight/Femur Volume
Bone Mineral Density=Femur Ash Weight/Femur

Volume

The results shown below in Tables I and Il demon-
strate that at 2 dose of 2 mg/kg/day subcutaneously the
test compound selectively inhibits the action of the
animals’ endogenous oestrogen on their uteri (90%
inhibition of uterine weight) whereas there was no sig-
nificant inhibition of either bone mineral density or of
gross femur density.

TABLE ]

Uterine Weight Calcuiated
Treatment (mg) Inhibition
Unireated Controls 382+ M
Ovariectomised Controls 111 x |4
Test Compound at 135 x 8 91%
2 mg/kg/day s.c.
Untreated Conirols 369 x &7
Ovariectomised Controls 9 x5
Test Compound at 125 x 4 0%
10 mg/kg/day s.c.

EXAMPLE 2

The experiment described in Example 1 was repeated
except that the pure antioestrogen used was 7a-[9-
(4,4,5,5,5-pentafluoropentylsulphinyl)nonyljoestra-
1,3,5(10)-triene-3,178-diol. This compound was given
at a series of doses as a daily intramuscular injection, the
compound having been dissolved in a mixture of propy-
lene glycol: ethanol: water: poloxamer 407. The formu-
lation contained 25 mg of test compound, 100 mg of
ethanol (96%), 100 mg of water, 20 mg of poloxamer
407 and sufficient propylene glycol to bring the solution
to a volume of 1 ml. .

The results shown below in Tables I1I and IV demon-
strate that at all doses tested the compound selectively
inhibits the action of the animals’ endogenous oestrogen
on their uteri whereas there was no significant inhibi-
tion of gross femur density.

TABLE 111
Uterine Weight Calculated

Treatment (mg) Inhibition

Untreated Controls 302 * 36

Ovariectomised Controls 70 * 1.3

Test Compound (mg/kg)

0.1 208 £ 17 41

0.3 174 & 16 55

1 94 x 9 %0

3 103 %2 B6

TABLE 1V
Gross Femur Calculsted

Treatment Density (g/ml) Inhibition
Untreated Controls 1.523 + 0.008
Ovariectomised Controls 1.491 x 0.006
Test Compound at {(mg/kg)
0.1 1.528 x 0.005 0%
0.3 1.528 x 0.008 0%
1 1.532 x 0.005 0%
3 1.533 x 0.005 0%
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EXAMPLE 3

The pure antioestrogen nsed was 7a-[9-(4,4,5,5,5-pen-
tafluoropentylsulphinyl)nonyljoestra-1,3,5(10)-triene-
3,178-diol.

Each of a series of selected doses of this compound
was dissolved in a mixture of castor oil and benzyl alco-
hol and given by intramuscular injection to a group of 5
mature rats. The formulation contained 50 mg of the
test compound, 400 mg of benzyl alcohol and sufficient
castor oil to bring the solution to a volume of 1 ml. In
each case a second dose was administered two weeks
after the first dose. Two weeks after the second dose the
weights of the uteri of the test groups of rats were deter-
mined. In addition the femurs were dissected and
analysed for Gross Femur Density as in Example 1.

A further group of rats, given two injections of castor
oil separated by a two week period, served as an intact
control group. A further group of rats was ovariecto-
mised to serve as another control group.

The results shown below in Tables V and VI demon-
strate that at all doses tested the compound selectively
inhibits the action of the animals’ endogenous oestrogen
on their uteri whereas at the two higher test doses there

was no significant inhibition of gross femur density.
TABLE V
Uterine Weight Calculated

Treatment (mg) Inhibition

Intact Controls 318 = 31

Ovariectomised Controls 76+ 4

Test Compound

{mg/rat/dose)

0.75 202 = 23 48

1.25 180 = 15 57

2.5 123 = 12 81

TABLE VI
Gross Femur Calculated

Treatment Density (g/ml) Inhibition
Intaci Controls 1.584 = 0.007
Ovarieciomised Controls 1.521 = 0.005
Test Compound (mg/rat/dose
0.5 1.562 + 0.004 35
1.25 1.576 + 0.004 13
2.5 1.569 = 0.007 23

*This level of inhibition was not statistically significant.

What we claim is:
1. A method of selective oestrogen therapy of
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pure antioestrogen being present in amounts such that
the oestrogen is effective only in selected oestrogen-
responsive tissues and is selectively opposed in other
oestrogen-responsive tissues.
2. The method as claimed in claim 1 wherein the pure
antioestrogen is
N-n-butyl-N-methyl-, N-1H,1H-heptafluorobutyl-N-
methy}-or N,N-(3-methylpentamethylene)-11-
(3,173-dihydroxyoestra-1,3,5(10)-trien-Ta-yl)un-
decanamide;
N-n-butyl- or  N-1H,1H-heptafluorobutyl-3-p-[4-
(3,178-dihydroxyoestra-1,3,5(10)-trien-7a-
yhbutyl]phenylpropionamide;
7a-(10-p-chlorophenylthiodecyl)-, 7a-(10-p-chloro-
phenylsulphinyldecyl)-, Ta-[9-(4,4,5,5,5-penta-
fluoropentylsulphinyl)nonyl}-,  7a-[10-(4,4,4-tri-
fluorobutylsulphinyl)decyl}- or Ta-[10-(p-
chlorobenzylsulphinyl)decyl]-oestra-1,3-5(10)-
triene-3,178-diol; or 7a-(9-n-heptylsulphinylnonyl-
)oestra-1,3,5(10)-triene-3,178-diol.
3. The method as claimed in claim 1 wherein the pure
antioestrogen is a compound of the formula:

NU—~A—X-—R’

wherein NU is 6-hydroxy-2-p-hydroxyphenylnaphth-
1-yl and A is —(CHj2)10—, —(CH2)11— or —(CH2)s-
(1,4-phenylene)-(CHz)2—;
or NU is 1,2,3,4-tetrahydro-6-hydroxy-2-p-hydroxy-
phenylnaphth-1-yl (either IRS,2RS or 1RS,2S8R
isomer), or 1,2,3,4-tetrahydro-6-hydroxy-2-p-
hydroxyphenyl-2-methylnaphth-1-yl (either the
1RS,2RS or 1RS,2SR isomer), and A is —(CH3)-
10—, —(CH2)11— or —(CH3)4(1,4-phenylene)-
(CH2)2—;
or NU is (1RS,2RS)-5-hydroxy-2-p-hydroxyphenyl-
indan-1-yl or (1RS,2RS)-5-hydroxy-2-p-hydrox-
yphenyl-2-methylindan-1-yl and A is —(CH2)10—,
—CH2)11— or ~—(CH2)4-(1,4-phenylene)-
(CH2)2—;
and wherein XR! is —~CONR!R2 wherein R2 is hy-
drogen or methyl and R!is n-butyl, 1H,1H-hepta-
fluorobutyl, n-pentyl or n-hexyl, or XR! is -SR},
SOR! or -SO2R! wherein R! is n-pentyl, n-hexyl,
4,4,5,5,5-pentafluoropentyl or
1H,1H,2H,2H,3H,3H,-heptafluorohexy!l.
4. The method as claimed in claim 1, wherein the
oestrogen is oestradiol, oestradiol benzoate, oestradiol
valerate or oestradiol undecanoate and the pure antioes-

perimenopausal or postmenopausal conditions which 5p trogen is 7a-[9-(4,4,5,5,5-pentafluoropentylsulphinyl)-

comprises administering to a warm-blooded animal an
oestrogen and a pure antioestrogen, the oestrogen and
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nonyl]oestra-1,3,5(10)triene-3,173-diol.
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Cosolvent Use In
Injectable Formulations

Susan L. Way

Boehringer Ingelheim Pharmaceuticals, Inc.
Ridgefield, Connecticut

Gayle Brazeau

University of Florida
Gainesville, Florida

Formulators today must routinely deal with progressively more water-
insoluble compounds. This makes developing solution dosage forms par-
ticularly challenging. Identification and utilization of clinically acceptable
excipients—as well as scalable methods to formulate solubilized com- f
pounds—has been, and continues to be, a subject of great importance to ;
formulation scientists. ¢
One of the most common approaches used in parenteral formulation
of water-insoluble compounds is the use of organic cosolvent systems.
These systems utilize certain organic solvents combined with physiologi-
cally compatible aqueous solutions. These systems are primarily used to
provide higher solubility for poorly water-soluble compounds, which al-
lows for these compounds to be administered in solution form. The ability
to administer compounds in solution form by the parenteral route elimi-
nates particle size considerations and dissolution barriers, generally pro-
viding for complete bioavailability of poorly absorbed and/or highly
metabolized compounds by avoiding hepatic first-pass effects. Cosolvents
may also be used to improve the chemical stability of compounds prone to
hydrolytic or photolytic degradation, or occasionally to decrease the aque-
ous solubility of a given compound when administered intramuscularly.
There are numerous products on the market for parenteral use that utilize
cosolvent systems. Table 11.1 lists a number of these products with their co-
solvent compositions (Trissel 1996).

SPRUDURN

InnoPharma Exhibit 1020.0069



216 Injectable Drug Development

Table 11.1. Cosolvent Composition of Selected Marketed and
Investigational Parenteral Products (Trissel 1996)

General Name Trade Name | Manufacturer | Route | Cosolvent Composition
Digoxin Lanoxin® Burroughs 40% PG, 10% EtOH,
Wellcome IM, IV | pH68
Trimethoprim- Septra® Glaxo v 40% PG, 10% EtOH, 0.3%
sulfamethoxazaole Wellcome diethanolamine, 1% BA
Phenytoin Dilantin® Parke-Davis v 40% PG, 10% EtOH, pH 12
Diazepam Valium® Roche IM, IV | 40% PG, 10% EtOH,
1.5% BA
Lorazepam Ativan® Wyeth-Ayerst | IV 41% PG, 9% PEG 400,
2% BA
Pentobarbital Nembutal® | Abbott v 40% PG, 10% EtOH,
pH 95
Chlordiazepoxide
HC1 Librium® Roche IM 20% PG, 1.5% BA
Etoposide VePesid® Bristol-Myers v 65% PG, 30.5% EtOH,
‘ Squibb 8% Tween 80%, 3% BA
Miconazole Monistat® Janssen v 11.5% Cremophor® EL
Secobarbital Tubex® Wyeth-Ayerst | IM, IV {50% PEG, pH 9.5-10.5
sodium cartridge
Nitroglycerin Nitro-Bid® | Hoechst Marion | IV 70% EtOH,
Roussel, Abbott 4.5% PG
Multivitamins MV.L®.12 | Astra v 30% PG, 1.6% Tween 809,
0.028% Tween 209
Investigational
Compounds
9-Amino-
camptothecin v 2% DMA, 50% PEG 300
Bryostatin v 60% PEG 400,
30% dehydrated alcohol,
10% Tween 80®
Diazigoune v 10% DMA, pH 6.5

Abbrewviations: IV: Intravenous; IM: Intramuscular; PG: propyiene giycol; PEG: polyethylene glycol; EtOH:
ethanol; BA: benzyl alcohol; DMA: dimethylacetamide
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In terms of solubility enhancement, the use of cosolvents is one of the
most powerful methods available to formulators. The solubilizing potential
- of cosolvents compares very favorably to other generally accepted tech-
- : niques used for solubilization of water-insoluble compounds, including
{ micellar solubilization, complexation, prodrugs, and salt formation. In
many instances, cosolvents may be the technique of choice for parenteral
, applications given that (1) micellarization using surface active agents could
likely be problematic from an irritation/toxicity perspective, (2) suitable
2 complexing agents may not be appropriate for the compound of interest,
' (3) formation of either prodrugs or salt forms may not be possible for a
given compound, and (4) appropriate cosolvent vehicle selection may re-
duce tissue irritation. )
Numerous factors must be considered before a cosolvent system is se-
lected. Ideally, the water-miscible organic solvent must be nontoxic; should
cause minimal or no hemolysis, irritation, or muscie damage on injection;
and should be nonsensitizing, The solvent should also be devoid of any in-
herent pharmacological activity that may interfere with that of the drug it-
self. Obviously, the cosolvent formulation should provide the desired
pharmaceutical/biopharmaceutical profiles and should allow for a reason-
able shelf life following manufacture. These solvents are rarely used undi-
luted due in part to their inherent properties, for example, viscosity and
tonicity. Therefore, the physicochemical properties of the cosolvent system
must also be considered (viscosity, pH, lipophilicity), as well as the safety of
the various solvents used. A summary of some of the physicochemical
; properties of common solvents used in parenteral formulations is given in
? Table 11.2. if
Ideally, it is best to select and use solvents that would maximize the
solubility of the compound. Maximizing the solubility of a compound in a
particular cosolvent system would result in lower total levels of the non-
aqueous solvent(s) being administered to the patient, thereby lowering the
chance for potential side effects. This will also reduce the chance of precip-
itation of the solution on administration, which is a major concern when
administering doses via the IV route, There are numerous reports in the lit-
erature regarding cosolvency theory, and potentially useful methods based
I on various physicochemical properties for predicting solubilities in various X
solvents and solvent mixtures, as well as the effects of cosolvent systems on !
the physicochemical properties of compounds solubilized in them (Hilde- ;
brand 1916, 1917, 1919; Hildebrand and Scott 1950; Higuchi et al. 1953; E~
monson and Goyan 1958; Moore 1958; Paruta et al. 1962, 1964; Gorman
Hall 1964; Fedors 1974; Martin et al. 1980, 1982; Yalkowsky et al. 1976
tin and Miralles 1982; Yalkowsky and Roseman 1981; Rub’ :
Yalkowsky 1985, 1987; Yalkowsky and Rubino 1985; Rubino et a) AN ]
bino 1987, 1990; Rubino and Berryhill 1986; Rajagopalan et a’ ) 4
son et al. 1993; Bendas et al. 1995; Darwish and Bloomfield 1995;
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Table 11.2. Physicochemical Parameters for Commonly Used
Organic Solvents (at 25°C)

Molecular | Dielectric { Solubility Boiling | Interfacial
Weight | Constant, | Parameter, & | Density Point Tension

Solvent @ € {calem®) | (g/ml) o (dyne/cm)
DMF 73 36.72 12.1a 0.94b 1530 6.9
DMA 87 37.82 10.82 0.94b 165 4.62
PEG 400 380420 13.62 11.32 1.13¢ — 11.78
EtOH 46 24.32 12.72 0.790 78.50 0.59
PG 76 32.09(20°) 12.62 1.040 1890 12,42
Benzy! alcohol} 108 13.1d — 1.04b 204.70 -
Glycerin 92 42,58 17.73 1.260  {290b (dec) 32.72
Water 18 78.53 23.48 1.00b 100 4563
DMSO 78 46.72 —_— 1.102 1898 —_

Dec: decomposition

a: Rubino and Yalkowsky (1987)
b: Budavari (1989}

¢: Wade and Weller (1994)

d: Weast and Tuve (1967)

al. 1995). Therefore, this chapter focuses more on the conventional solvents
and use levels encountered in parenteral dosage forms, safety/toxicity of

these cosolvents, and ways in which to minimize cosolvent-related side
effects.

COMMONLY USED SOLVENTS

There are numerous solubilizing agents available to formulators, particu-
larly for use in preclinical work. However, the solubilizers available to for-
mulators for use in humans are considerably more limited, usually on the
basis of available safety/toxicity data, The most common organic solvents
encountered in cosolvent systems for human clinical/commercial use in-
clude PEG 400, PG, glycerol, and ethanol. In general, these solvents are
considered to possess a low order of toxicity. This is essential, and obvious,
since parenteral administration can result in fairly large amounts of these
solvents being placed in the body over a short period of time.

Although the solvents used in cosolvent formulations are generally
considered to be of low orders of toxicity, there have been numerous re-
ports of adverse effects related to the vehicles themselves (Carpenter 1947;
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Wang and Kowal 1980; Singh et al. 1982; Smith and Dodd 1982; American
Academy of Pediatrics Committee on Drugs 1985; Demey et al. 1988; Go-
lightly et al. 1588; Lolin et al. 1988; Andersen et al. 1989; Napke and Stevens
1990; Doenicke et al. 1992; Rhodes et al. 1993; Windebank et al. 1994; Fa-
rooqui et al. 1995). These adverse effects may result from administration of
high doses of a single cosolvent formulation or concurrent administration
of different formulations that contain similar cosolvent systems. It is im-
portant to note that any side effects associated with these usually well-
tolerated solvent systems may be much more serious when administered to
pediatric patients {Sweet 1958; Martin and Finberg 1970; Brown et al. 1982;
Gershanik et al. 1982, Lorch et al. 1985; MacDonald et al. 1987; Huggon et
al. 1990). Summaries of single dose LDy values and reported human expo-
sures for organic solvents commonly used in parenteral formulations are
presented in Tables 11.3 and 11.4. It has been suggested that these solvents
should be used at levels of no more than 25 percent of the LDgq value in or-
der to avoid any unwanted pharmacological or toxicological effects, al-
though they may be used at considerably higher concentrations depending
on the purpose of the study (Bartsch et al. 1976). Others recommend that
certain organic solvents should not be used in pharmacological or toxico-
logical studies at concentrations above 10 percent (Singh et al. 1982). The
following discussion addresses the reported safety/toxicity data reported in
the literature for many of the solvents used in parenteral formulations.

Polyethylene Glycols

PEGs are polymers of ethylene oxide with the general formula
HO-CH,-(CH,-0-CHj),-CH,0H

where n represents the number of oxyethylene groups. The PEGs are des-
ignated by a numerical value, which is indicative of the average molecular
weight for a given grade. Molecular weights below 600 are liquids, and
molecular weights above 1,000 are solids at room temperature. These poly-
mers are readily soluble in water, which make them quite useful for par-
enteral dosage forms. Only PEG 400 and PEG 300 are utilized in parenteral
products, typically at concentrations up to 30 percent {v/v) {(Wade and
Weller 1994). These polymers are generally regarded as nontoxic and non-
irritating. There are numerous reviews regarding the pharmaceutical and
toxicological properties of these polyols (Smyth et al. 1950; Rowe and Wolf
1982).

PEGs have been shown to possess marked central nervous system
(CNS) effects following IV administration (Lockard and Levy 1978; Lockard
et al. 1979). Klugmann and coworkers (1984) found that pretreatment of
mice with 15 percent PEG 400 at 20 mL/kg given three hours prior to the
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Table 11.3. Single Dose LDsq Values in Rodents for Various Organic
Solvents Commonly Encountered in Parenteral Formulations

Parenteral LDgg Values (g/kg) for Various Species

Mouse

Rat References

Solvent

PEG 300

PEG 400

PG

EtOH

Glycerin

DMA

DMF

Cremo-

phor® EL

DMSO

BA

0.99

ip

.1.2-5.9

2.5~13.9

1.0

13.2-14.5

9.6-11.4 18.5

1.2-3.2 | 83-105

8.7-9.0 {0.09-10.0

2.3-3.5

sC

iv

8.6

6.6-8.0

2.0-2.5

4.3-6.2

25-3.0

2.8-3.5

2.6-4.2
3.4-76

<0.52

> 52

ip
17

12.3-14.7

6.7-13.5

4.1-5.0

8.7

2.84.4

4.4-6.1

8.2-10.1

sc iv

Formulations
References

7.1 | Rowe and Woif (1982);
Carpenter and Shaffer
(1952}

4.7-7.3 | Budden et al. (1978); Z
Rowe and Wolf (1982); i
Bartsch et al. (1976) i

i

6.4-6.8 { Davis ahd Jenner (1959);
Bartsch et al. (1976); !
Latven and Molitor (1939) ‘

1.4-1.8 { Latven and Malitor (1939}
Bartsch et al. (1976);
Trémoliéres and Lowy
(1964)

d within 2-3 h nost-

0.10! 5.6 Budden et al. (1978);
Latven et al. (1939);
Anderson et al. (1950);
Bartsch et al {1976);
Tao et al. (1983)

Clinical Observations
lobinuria observed following administration of

5.3 {2.64.8 | Davis and Jenner {1959);
Sherman et al. (1978),
Bartsch et al. (1976);
Auclair and Hameau (1964);
Wiles and Narcisse {(1971);
Thiersch (1962)

6.1 |2.8-5.7 | Davis and Jenner (1959); i

Bartsch et al. (1976); !
Auclair and Hameau (1964);
Wiles and Narcisse (1964);
Theirsch (1962)

20-40% solutions. which cleare

Hemog

Administered As
10 to 40% solutions

BASF (1988)

5.4-8.1 | Bartsch et al (1976);
Wiles and Narcisse {1971);
Willson et al. (1965)

Route
v

0.05-
0,08 | McCloskey et al. (1986);
> 41.6 {Kimura et al (1971)

se
1 gm/kg

Table 11.4. Human Exposures to Selected Organic Solvents Commonly Encountered in Parenteral

Solvent
DMSO

e —e e
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Table 11.4. Human Exposures to Selected Organic Solvents Commonly Encountered in Parenteral Formulations

Solvent Dose Route Administered As Clinical Observations References
DMSO 1 gm/kg v 10 to 40% solutions Hemoglobinuria observed following administration of
20-40% solutions, which cleared within 2-3 h post-
infusion; No indication of short-term nephrotoxicity
following evaluation of beta-2-microglobulin. Bennett and Muther
(1981}
DMA 100-610 10% solution Dose-related side effects included nausea and vomiting
mg/kg/day administered over within 14 h of administration, anorexia; liver toxicity
for 2-5 days v 5 to 10 min as indicated by increased SGOT levels {5-7 days after
start of therapy), returning to normal within 2-5 days
after achieving peak levels; altered CNS function—
depression, lethargy, confusion, hallucinations—
returning to normal within several days after therapy:
hypotension and high fever observed at high doses. Weiss et al {1962)
Cremo- Incremental doses Small transient fall in blood pressure and rise in
phor® EL 2-20 mL v administered every pulse rate following each dose. No marked changes
4 min, each over a in respiratory rate and no consistent aiterations in
30 sec period central venous pressure observed. Statistically
significant effects only observed after the 20 mL dose. Savege et al. (1973)
PG 5-21 g/day v Administered as an No aiterations in plasma osmolality, free hemoglobin,
infusion over a or haptogiobin. Speth et al. (1987)
4 h period
BA 130405 0.9% BA Neonates: Progressive metabolic acidosis, bradycardia,
mg/kg/day v (bacteriostatic gasping respirations, seizures, and subsequent death in
concentration) low birth weight neonates. Brown et al. (1982);

Aduits: No clinically significant changes observed in
healthy males (hematology, vital signs, electrocardiograms,
EEG, laboratory parameters), shown to be as well
tolerated as same formulation preserved with parabens.

Santiero (1989);
Evens (1975);
Gershanik (1982);
Novak et al. (1972)
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administration of adriamycin (a potent antineoplastic agent) resulted in al-
leviation of some of the toxicity associated with the compound. They also
showed that PEG 400 decreased both the acute high-dose and chronic low- !
dose adriamycin-associated lethality, as well as afforded protection against i
cardiomyopathy—one of the dose-limiting side effects observed in patients. ’
Additionally, PEG 400 did not interfere with the antitumor activity of the
compound. Laine et al. (1995) reported nephrotoxicity due to PEG 400 sec-
ondary to chronic high-dose intravenous administration of lorazepam.

PEG 300, PEG 400, and PEG 4000 administered intraperitoneally have
been shown to have adverse effects on.rat gastrointestinal physiology {Cho
et al. 1992). The PEGs caused a decrease in gastric mucosal blood flow
(GMBF) as well as gastric secretory function. They also exacerbated
ethanol-induced gastric damage in a dose-dependent manner. The gastric
damage appeared to be inversely related to molecular weight (PEG 300 >
PEG 400 > PEG 4000). Other investigators have shown that the PEGs affect
cardiovascular and autonomic systems. PEG 300, PEG 400, and PEG 600
administered intravenously and intra-arterially to dogs produced a dose-
dependent enhancement of the blood pressure response to epinephrine
and acetylcholine (Heilman et al. 1972). PEG 300 has also been implicated
as the causative agent responsible for fatalities and near fatalities due to se-
i vere metabolic acidosis in patients (Sweet 1958).

Smith and Cadwallader (1967) evaluated the behavior of erythrocytes
in PEG~water solutions. They observed that solutions of PEG 300 in water
were hemolytic. They also observed that solutions of water-PEG 400 or
water-PEG 600 could afford some protection from hemolysis. They con-
cluded that polyethylene glycols could protect both rabbit and human ery-
throcytes in the order (MW): 200 < 300 < 400 < 600. The ability of the PEGs
to contribute to the tonicity of the resulting solutions was also observed to
be inversely related to molecular weight—low molecular weight PEGS con-
tributed to tonicity, and the higher molecular weight species did not. They

_ suggested that this lack of contribution to tonicity was related to decreased
g membrane permeability of the higher molecular weight species.

Nishio and coworkers (1982) investigated the effects of PEG 300 and
PEG 400 on erythrocytes. They showed that incubation of erythrocyte sus-
pensions in the presence of PEG-saline solutions resulted in the release of
potassium ions and hemoglobin. They found that hemolysis and potassium
ion loss decreased with increasing concentrations of PEGs, and that no loss
was observed in iso-osmotic and hyperosmotic concentrations following a

2 min incubation time. However, longer incubation times (through 2 h) re-
sulted in potassium loss and hemolysis in iso-osmotic and hyperosmotic so-
lutions (PEG 300 > PEG 400).

Fort and coworkers (1984) evaluated the hemolytic potentials of mix-
tures of ethanol and water or saline with PEG 400 by both in vitro and in
vivo methods. They showed that a PEG 400:ethanol:water mixture of 3:2:5
resulted in no hematuria in vivo in rats, while partial hemolysis was

i R

. _ _ _ _
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observed in vitro using dog blood. All other mixtures resulted in hematuria

din al- i and hemolysis. Reed and Yalkowsky (1985) reported that the in vitro he-
?y also ; molytic LDsg value (total volume percent cosolvent required to produce
e 19w~ " 50 percent hemolysis of healthy erythrocytes) for PEG 400 was 30.0 (total
agamst volume percent). This indicated that red blood cells were relatively tolerant
atients.
of PEG 400.
+ of the
00 sec-
am. !
ly have ; Propylene Glycol
Jy (Cho PG, a dihydroxy alcohol, is one of the more common solvents encoun-
d flow ' tered in pharmaceutical cosolvent formulations, for both parenteral and
rrbated ' nonparenteral dosage forms. PG is generally regarded as nontoxic. It is
gastric more hygroscopic than glycerin and has excellent solubilizing power for a
300 > : wide variety of compounds. In addition, it has excellent bacteriocidal and
s affect preservative properties (Heine et al. 1950).
EG 600 ; PG is metabolized to carbon dioxide and water via lactic and pyruvic
a dose- ~5 acid intermediates; therefore, it is not prone to the severe toxicities associ-
zghrine ated with the use of other glycols, such as ethylene glycol (Huff 1961;
licated Lehman and Newman 1937a, b). It is approximately one-third as intoxicat-
e to se- ing as ethanol (Seidenfeld and Hanzlik 1932). It is a generally recognized as
safe (GRAS) listed material (Federal Register 1982). The World Health Or-
rocytes : ganization (WHO) has established an acceptable daily intake (ADI) at
1 water 25 mg/kg body weight (FAO/WHO 1974).
400 or When used in large concentrations, PG has been associated with
3y con- marked hyperosmoiality (Bekeris et al. 1979; Glasgow et al. 1983; Flinger et
an ery- al. 1985); metabolic acidosis due to the formation of lactic acid (Kelner and
e PEGs : Bailey 1985; Pesola et al, 1990); CNS depression (Arulanatham and Genel
Tved to 1978; Lolin et al. 1988); intoxication (Cate and Hendrick 1980; Demey et al.
S con- 1984); augmentation of muscle twitch induced by benzodiazepines
?t' They {Driessen et al. 1985); contact dermatitis in sensitive individuals (Fisher
‘reased 1995); cerebral ischemia (Drummond et al. 1995); renal compromise (Levy
. et al. 1995); and cardiovascular side effects, including hypotension, brady-
00 and | cardia, atrial and ventricular conduction abnormalities (Gross et al. 1979),
/1€ sus- f as well as allergic reactions leading to hypersensitivity myocardiltis. These
’eas? of ; complications can be particularly serious in infants. Other investigators
assium have suggested that the main toxic effect of PG is depression of the CNS
no loss (Martin and Finberg 1970; Zarolinski et al. 1971). Additionally, there have
;’V;l;l?: g been numerous reported side effects following nitroglycerin (Hill et al.
ofic So- ; 1981; Col et al. 1985; Demey et al. 1988) and etomidate therapies (Morgan
! et al. 1977, Doenicke et al. 1982; Fellows et al. 1983; Bedichek and
of Mix- Kirschbaum 1991; Doenicke et al 1994; Moon 1994; Levy et al. 1995; Van de
and in ' Wiele et al. 1995). ‘
of 3:2:5 There are numerous reports regarding the use of PG based on safety/
is was toxicity data (Seidenfeld and Hanzlik 1932; Braun and Cartland 1936;
M
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Weatherby and Haag 1938; Morris et al. 1942; Dominguez-Gil and
Cadorniga 1971a, b; Zaroclinski et al. 1971; Ruddick 1972). Seidenfeld and ;
Hanzlik (1932) reported single fatal doses of PG administered intramuscu- i
larly and intravenously to rats and rabbits. No symptoms were reported in :
rats and rabbits until IM doses exceeded 6.3 to 7.4 g/kg. Increased respira-
tory rate, loss of equilibrium, depression, and subsequent coma and death
were observed. IM fatal doses were 14 g/kg and 7 g/kg in rats and rabbits,
respectively. [V fatal doses were 16 g/kg and 5 g/kg in rats and rabbits, re- !
spectively. Braun and Cartland (1936) indicated that the minimum fatal IV i
dose to rats was 18.9 g/kg. They also noted that administration of undiluted
PG destroyed the veins, making subsequent administration very difficult,
and that PG was better tolerated than glycerol by IM and subcutaneous |
(SC) routes. There are numerous reports of convulsions following intra- |
peritoneal (IP) administration in mice (Lampe and Easterday 1953; Braun
and Cartland 1936). ;
The hemolytic potential of PG has been well documented by numeérous |
investigators (Weatherby and Haag 1938; Randolph and Mallery 1944; '
Potter 1958; Brittain and D’Arcy 1962). Weatherby and Haag (1938) evalu-
ated hemolysis of various PG-saline mixtures using an in vitro method.
They observed hemolysis in cases where the PG concentration was greater
than or equal to 0.14 M. They believed that PG permeated the erythrocytes
so rapidly that it did not exert an appreciable osmotic effect on the cell.
Brittain and D’Arcy (1962) later evaluated hematologic effects following IV
administration of PG to rabbits, The rabbits were given a single dose of
4 mL/kg of either 12.5, 25, or 50 percent PG in normal saline via the mar-
ginal vein. They observed no effect on red blood cell count, total white cell
count, or hemoglobin concentration. However, they observed a marked de-
crease in clotting times with an associated increase in platelet count. They
also reported no effect of the PG concentrations on fragility of the red !
blood cell membranes. Fort and coworkers (1984) evaluated hemolysis due
to PG-containing formulations by both in vitro (using dog blood) and in
vivo (rats) methods. The compositions evaluated ranged from 10 to 60 per-
cent PG, 0 to 40 percent ethanol diluted with either water or 0.9 percent
NaCl. All of these formulations caused hemolysis in vitro. However, only
the 1:3:6 PG:ethanol:saline mixture resulted in no hematuria when admin-
istered to rats, while all other compositions caused hematuria. Reed and
Yalkowsky (1985) determined the in vitro red blood cell hemolytic LDsq for
PG to be 5.7, which indicated that it was fairly hemolytic relative to the
other solvents tested. Only glycerin and DMSQO were found to be more he-
molytic than PG by this methed. :
There has been some work conducted in humans evaluating hemoly- !
sis following administration of PG—containing solutions. In the work by
Speth and coworkers (1987) evaluating the pharmacokinetics of PG in hu-
mans, they reported no alterations in plasma osmolality, free hemoglobin
or haptoglobin following IV infusion (4 hour} of total PG levels ranging

B ————————————
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from 5.1 to 21.0 g/day, with C,,, values up to 425 pg/mL. They found that :
PG exhibited nonlinear pharmacokinetics and that clearance was dose and
concentration dependent {saturable) in the dose range of 3 to 15 g/m?, with i
: a mean elimination half-life of 2.3 hours. There were no signs of metabolic
; acidosis or changes in osmolality in these patients, even though the plasma
: levels were in the range where these effects had been previously reported.
The absence of effects could have been due to the slow rate of administra-
tion, or to the presence of additional excipients in the formujation (soybean
lecithin, 0.5 mg/mL; PEG 300, 75 mg/mL; and PG, 25 mg/mL).

Ethanol

Ethanol (EtOH) is typically used as a solvent in pharmaceutical applica-
tions; howeuver, it also possesses some antimicrobial properties. Parenteral
products typically use 95 percent or 96 percent rather than absolute
alcohol at use levels up to 50 percent. However, these levels typically are as-
sociated with pain on injection. EtOH is a component of commercial 4
parenteral formulations for such compounds as diazepam, phenytoin, and
digoxin. However, parenteral administration of EtOH-containing formula-
tions has been associated with various complications. Such cases have
been reported with 1V administration of nitroglycerin (Shook et al. 1984).
Intoxication was observed in several elderly patients receiving high doses
of IV nitroglycerin. These patients received up to 20.7 mL EtOH/h during
| their course of therapy, which exceeded the average adult rate of EtOH me-
| tabolism of 10 mL/h {Hill et al. 1981). These effects would likely be more
pronounced in patients with compromised hepatic function and myocardial
ischemia or low cardiac output. Others reported that rapid infusion of
EtOH may be cardiotoxic, in that it possesses both atrial and ventricular ar-
rhythmogenic properties, as well as negative inotropic effects (Ahmed et al.
| 1973; Delgado et al. 1975; Child et al. 1979).

The toxicity of EtOH has been well documented (Lehman 1937b; Mac-
Gregor et al. 1964; Maling 1970; Wiberg et al. 1970). It is fairly toxic when
administered intraperitoneally. Heistand (1952) reported that mortality in- i
creased with increasing concentrations of ethanol injected intraperi-
toneally when the amount of alcohol was held constant. Wiberg et al. (1970)
showed that high concentrations of EtOH (20 percent w/v) produced a fa- ;
tal chemical peritonitis. Maling (1970) determined the IV LD5g to be 2.0 g/kg i
and 4.2 g/kg in mice and rats, respectively. The LDg, following subcuta- {
neous administration to mice was determined to be 8.3 g/kg. Lethal doses
in dogs following subcutaneous and IV administration were found to be 6.0
to 8.0 g/kg and 5.4 g/kg, respectively. A comprehensive list of effects of E
EtOH as a function of blood level in humans is also listed.

EtOH is a well-known CNS depressant. The result of ingestion is in-
toxication, with associated loss of muscle coordination, slurred speech, or 4

I ——————————————————
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more severe effects including lethargy, stupor, coma, respiratory depres- Pat
sion, and possibly death. These same effects have been observed following lutions
IV administration. There are also reports of fatalities in neonates and chil- i 1974). It
dren following IV administration of ethanol (Gettler and St. George 1935; longed ;
Jung et al. 1980). cases w
Fort et al. (1984) evaluated hemolysis due to various EtOH-containing Howeve
concentrations ranging from 30 to 40 percent diluted in either water or have be
0.9 percent NaCl. They found that all mixtures caused hemolysis in vitro; 1958; M
however, the 3:7 EtOH:0.9 percent NaCl caused no hematuria in vivo. Reed (1974) r
and Yalkowsky (1985) determined the in vitro hemolytic LDgq to be 21.2 (to- to three
tal volume percent) for EtOH, indicating that it was fairly well tolerated by (2) mass
erythrocytes. vere he
Howeve
Glycerin more ra
previou:
Glycerin (glycerol) is one of the oldest and most widely used excipients in side effe
pharmaceutical products. It is a clear, colorless liquid that is miscible with Eal
water and alcohol. Glycerol is hygroscopic, stable to mild acidic and basic direct t
environments, and can be sterilized at temperatures up to 150°C. It is well used as
known as both a taste masking and cryoprotective agent, and as an an- These st
timicrobial agent. It has good solubilizing power and is a commonly used 30 perct
solvent in parenteral formulations. It is considered to be one of the safest -70°C. N
excipients used since it is metabolized to glucose or to substances that are obtainet
involved with triglyceride synthesis or glycolysis (Frank et al. 1981). It is a should t
GRAS-listed excipient and is typically used at levels of up to 50 percent in ' to the pi
parenteral formulations (Wade and Weller 1994). .Ho
Glycerol is a naturally existing sugar alcohol that is endogenous to hu- ing fluic
mans. It is broken down to triglycerides, glucose by the gluconeogenesis work by
pathways or to pyruvate by the glycolytic pathway. It has also been used in at iso-os
parenteral formulations as an energy source (Fairfull-Smith et al. 1982; molytic
Jones 1982; Tao et al. 1983). Glycerol has been used clinically to treat Reye’s (Hamme
syndrome (Mickell et al. 1977), traumatic intracranial hypertension (Wald Cadwall
and McLaurin 1982), brain edema in stroke patients (Tourellotte et al. 1972; for glyc
Macdonald and Uden 1982), reduce intraocular pressure in cataract sur- of NaCl
gery (Guindon et al. 1981), and improve hearing loss associated with Me- degree (
niere’s disease (Angleborg et al. 1982; Lunsford 1982). tonicity
Somewhat surprisingly, there are numerous reports of adverse effects ported t
following administration of this endogenous substance, including hemoly- uated, w
sis, hemoglobinuria, renal damage, hyperglycemia, hyperosmolality, and
convulsions. A fairly extensive review of adverse reactions resulting from Cremc
IV administration of glycerol is given by Frank et al. (1981). There are re-
ports that glycerol is approximately 20 times more toxic when administered The crer
intraperitoneally or subcutaneously, as compared to the IV route (Tao et al. ! that are
1983). However, some of this sensitivity to IP administration may be related maceutit
to strain differences (Uche et al. 1987). oil) anc

”
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¢

- Patients with acute cerebral infarction received 10 percent glycerol so- ‘
g lutions administered daily for 7 to 10 days over a 6 h period (Welch et al. ;
!‘ ; 1974). In these reports, there were no reported side effects even with pro- o
% longed administration, with the exception of “transient hemoglobinuria” in

; cases where the glycerol content of the solutions was 30 percent or greater.
However, side effects, including hematuria, hemoglobinuria, and hemolysis
have been reported by other physicians (Cameron and Finchk 1956; Potter
1958; MacCannel 1969; Hagnevik et al. 1974). Hagnevik and coworkers
(1974) reported that administration of 20 percent glycerol in normal saline ~
to three patients during intracranial surgery resulted in either (1) no effect;
: (2) massive hemolysis and hemoglobinuria that dissipated quickly; or (3) se-
‘ vere hemolysis and hemoglobinuria, as well as serious renal damage.
: However, the rates of administration that resulted in these side effects were
more rapid—60 g/15 min, 70 g/30 min, and 80 g/60 min—than those used
previously (wherein the dose was infused over 6 h). The resulting hemolytic
side effects were most likely due to the rapid rate of administration.
Early studies by Smith (1950) reported that glycerol did not have a
i direct toxic effect on erythrocytes, which seems reasonable since it is
l used as a cryoprotectant to prevent hemolysis during freeze-thaw studies.
!
1

ST Q

T

These studies showed that no hemolysis resulted from diluting blood with
30 percent glycerol in Ringer’s solution (1:1 ratio), followed by freezing at
-70°C. No hemolysis was reported for up to 8 weeks. The same results were
obtained when the glycerol solution was prepared in normal saline. It
should be noted that the absence of hemolysis could have been in part due
to the presence of the various salt solutions.

However, glycerol is known to permeate red blood cells rapidly, caus-
. ing fluid influx and subsequent hemolysis (Tourtellotte et al. 1972). Early
H : work by Husa and Adams (1944) showed that glycerol was hemolytic even
1 ! at iso-osmotic concentrations, and that the addition of NaCl reduced its he-
molytic potential. Similar findings were observed by other investigators
(Hammariund and Pedersen-Bjergaard 1961; Zanowiak and Husa 1959).
Cadwallader and coworkers (1963, 1964) calculated the isotonic coefficients
for glycerin solutions and showed that the addition of increasing amounts
of NaCl afforded some protection from hemolysis, again indicating that the
degree of hemolysis resulting from IV administration was dependent on the
tonicity of the glyceroi-saline solutions. Reed and Yalkowsky (1985) re-
ported that glycerol was the most hemolytic of the 15 organic solvents eval-
uated, with a hemolytic LD5, value of 3.7 (total volume percent).

LadE R A L = 2 @ IS I |

S

Cremophors

The cremophors are water soluble polyoxyethylene derivatives of castor oil
that are nonionic surface-active agents. Several grades are used in phar-
maceutical formulations, particularly Cremophor® EL {Polyoxyl 35 castor
oil} and Cremophor® RH40 (Polyoxyl 40 hydrogenated castor oil).

S
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However, Cremophor® EL is the grade used for parenteral applications in
humans. These substances are mixtures of hydrophilic and hydrophobic
components, composed primarily of ricinoleic acid esters and fatty acid es-
ters of glycerol/polyglycol and polyglycols. The main component of Cre-
mophor® EL is glycerol-polyethylene glycol ricinoleate. Cremophor® EL is
a pale yellow, oily liquid that forms clear solutions when mixed with water.
It is also readily soluble in water-alcohol mixtures. It can be heat sterilized
at a temperature of 120°C for 30 min, but it may be prone to hydrolysis if
heated in the presence of strong acid or basic substances (BASF 1988).

The most common adverse effect reported following administration
of cremophor-containing formulations are severe reactions related to hist-
amine release. The cremophors have been implicated in anaphylactoid re-
actions, typically following rapid IV injections (Dye and Watkins 1980;
Hopkins 1988; Reynolds and Aronson 1992; Dorr 1994). Hopkins (1988) and
Reynolds and Aronson (1992) reported anaphylactoid responses following
1V administration of vitamin K in a cremophor solution. However, Havel et
al. (1987) reported that this formulation was well tolerated in patients. Pa-
tients treated with miconazole preparations containing cremophors have
aiso presented unusual serum lipoprotein patterns, hypercholesterolemia,
and hypertriglyceridemia (Golightly et al. 1988). There are numerous re-
ports in the literature relating to anaphylactic reactions following adminis-
tration of althesin and propanidid (Watkins 1979; Watkins et al. 1976, 1978;
Forrest et al. 1977; Dye and Watkins 1980). Windebank and coworkers
(1994) reported that cremophor was a potential neurotoxic agent since a to-
tal dose 0.1 percent {v/v) produced axonal swelling and degeneration of
dorsal root ganglion neurons, and 0.001% (v/v) produced demyelination in
vitro.

Earlier studies in dogs showed that Cremophor® EL caused histamine-
like responses accompanied by marked hypotension in dogs. Studies were
subsequently conducted to evaluate whether these cardiorespiratory ef-
fects occurred in normal human volunteers following IV administration of
Cremophor® EL (Savege et al. 1973). Subjects were given incremental dose
volumes ranging from 2 to 20 mL (administered every 4 min, each over a 30
sec period). Following administration of each dose of Cremophor® EL,
there was a small, transient reduction in blood pressure and a rise in pulse
rate. However, none of these changes were statistically significant, with the
exception of the high dose (20 mL). These studies showed no marked
change in respiratory rate or pattern and no consistent alterations in cen-
tral venous pressure.

Benzyl Alcohol

Benzyl alcohol (BA) is a bacteriostatic agent used against gram-positive
bacteria, yeasts, molds and fungi, and it is commonly used as a preserva-
tive in parenteral products. It also has anesthetic properties at levels of
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approximately 1 percent. The bacteriostatic activity is reduced in the pres-

ence of nonionic surface-active agents. It also has good solubilizing power,

and is typically used in concentrations up to 2 percent as a preservative and
: up to 5 percent as a solvent. BA is commonly found as a preservative in in-
! travascular flush solutions at a level of 0.9 percent. The WHO has estab-
! lished an ADI of 5 mg/kg (FAO/WHO 1980).

BA is metabolized in the body to benzaldehyde via alcohol dehydro-
genase and subsequently to benzoic acid via aldehyde dehydrogenase.
However, the reported toxicities, particularly acute toxicity, appeared to be
! associated with the parent compound and not the metabolite. Studies using
‘ the enzyme inhibitors pyrazole (alcohol dehydrogenase inhibitor) and
disulfiram (aldehyde dehydrogenase inhibitor) showed that marked lethal-
ity was observed with increased plasma levels of BA, and not with ben-
zaldehyde levels (McCloskey et al. 1986). These elimination pathways are
saturable, indicating that additional amounts of BA would likely result in
significantly higher plasma levels once the metabolic capacity has been
exceeded.

Toxicity studies in adult and neonatal mice were conducted following
I[P administration of single doses of BA ranging from 500 to 1500 mg/kg ad-
! ministered in maximum dose volumes of 0.28 mL and 0.07 mL for adult and
‘ neonates, respectively (McCloskey et al. 1986). The data showed that the

acute LDgy for BA was 1,000 mg/kg for both adult and neonatal groups
after 4 h. However, deaths were observed in the adult group at day seven,
! resulting in a revised LD5g value of 650 mg/kg.
Macht (1920) reported on the toxicity of intravenously administered
‘ alcohols to cats. He reported that BA was approximately 8 times more toxic
: than ethanol, with lethal doses of 5.0 mL/kg and 0.6 mL/kg, respectively.
Kimura et al. (1971) investigated the parenteral toxicity data for BA, finding
that a 0.9 percent solution was quite safe following administration of
1 mL/kg to dogs and monkeys. They found no changes in complete blood
counts or blood chemistry values. They also reported that rapid IV injec-
tions of 0.9 percent BA could be safely given to mice to a maximum volume |
; of 50 mL/kg. Kimura et al. (1971) reported that BA was significantly more
toxic than ethanol when administered at the same doses to mice, rats, and
dogs.
Most of the early studies evaluating the toxicity of BA indicated that it
: was a relatively harmless substance with regard to humans. However, nu-
merous incidences of BA toxicity following parenteral administration of so-
] jutions containing levels of only 0.9 percent have subsequently been
reported in the literature. Reported toxicities of BA include hypersensitiv-
ity reactions, hemolysis, sedation, dyspnea, loss of motor function, and pos-
sible death. Toxicity has been reported following exposure to catheter flush
solutions containing very low levels of BA (0.9 percent). However, the most
severe toxic effects, including death, have occurred in neonates (Gershanik
et al. 1982; Jarvis et al. 1983; Benda et al. 1986; Wilson et al. 1986; Hiller et
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al. 1986; Gonzalez de la Riva Lamana 1987; and Santeiro 1989). Its use has : folloy
been implicated as the causative agent in “gasping syndrome” in neonates 1,480
(Gershanik et al. 1982). This syndrome is characterized by a progression of lowe
symptoms from gradual neurological deterioration, severe metabolic aci- dogs
dosis, gasping respiration, hematologic abnormalities, skin breakdown, he- Arzs
patic and renal failure, hypotension, to cardiovascular collapse. of 47
Several investigators have reported that BA caused hemolysis of ery- .
throcytes (Kimura et al. 1971; Ohmiya and Nakai 1978; McOrmond et al. ratio
1980). Ohmiya and Nakai (1978) later reported that the hemolytic potential andI
of BA was time, dose, and temperature dependent. They also showed that txgan
the concentration of erythrocytes had a profound effect on the amount of mice
hemolysis observed. They determined that the hemolytic in vitro LDgq us-
ing their method was 100 mM following incubation for 60 min at 37°C. vyas:
Kimura and coworkers (1971) evaluated blood chemistry profiles following tial a
administration of 0.9 percent solutions of BA to rats, mice, and dogs, and :/2?
determined that these concentrations were completely nonhemolytic in patic
dogs and monkeys at a dose level of 1 mi/kg. They determined that the icity
lethal IV dose of 0.9 percent BA in dogs was 0.83 to 1.06 g/kg. Additionally, of th
they showed that slow IV administration of up to 40 mL/kg 0.9 percent BA and ;
to rats resulted in no fatalities. oxal¢
comj
Amide Solvents peak
3 we
N,N-Dimethylacetamide letha
seco
N,N-dimethylacetamide (DMA) is a clear liquid that is used as a solvent for rang
poorly water-soluble compounds in the pharmaceutical industry. It is mis- cepti
cible with water and alcohols and very soluble in organic solvents and min- (abor
eral oil. It is mildly hygroscopic, stable to heat and hydrolysis, and has a low cludi
vapor pressure. DMA is sequentially metabolized to monomethylac- els ft
etamide, and subsequently to acetamide (Kim 1988). be e:
Caujoile et al. (1970) reported “maximum doses never fatal” (MDNF)
and “minimum doses always fatal” (MDAF), for DMA as 2.5 g/kg and hemj
6.0 g/kg for mice, and 2.5 g/kg and 3.7 g/kg for rats, respectively. They also cent.
reported 24 h LDsq values for DMA as 4.19 g/kg and 3.84 g/kg for mice and i
rats, respectively. Testicular injury was reported following a single IP dose N,N
of up to 3 g/kg DMA. However, subchronic administration of 36 IP injec-
tions at low doses did not show any toxicity or histopathology. N,N-
Wiles and Narcisse (1971) evaluated the parenteral toxicity of DMA by cellc?
1V and [P administration to mice and rabbits. They observed the same signs gant
of toxicity by both routes of administration, which included decreased ac- d'?le
tivity, weakness, anesthesia, analgesia, labored breathing, cyanosis, col- with
lapse, and convulsions accompanied by hemorrhage prior to death. They '
T found that toxicity was dose related, with faster onset of toxic signs ther
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following administration of higher doses. IV administration of 708 to
1,480 mg/kg DMA to rats resulted in a rapid period of hypotension, fol-
lowed by a long-lasting hypertensive period. IV administration of DMA to

)lf dogs and cats at a dose of 95 mg/kg caused no changes in blood pressure.
o At 236 mg/kg, mild hypotension was observed aver a 5 min period. A dose
” of 472 mg/kg was lethal to cats (Auclair and Hameau 1964).
y- DMA has been used as a solvent for numerous pharmaceutical prepa-
W, rations, including oxytetracycline, chloramphenico), and reserpine (Spiegel
al and Noseworthy 1963). DMA has also been used as a solvent for certain an-
at ticancer compounds, including amsacrine. In vehicle studies conducted in
of mice, the single IV dose LDsq was found to be 2,341 mg/kg.
s- DMA was believed to possess some inherent antitumor activity and
C was Subsequently taken into Phase I clinical trials in 17 patients as a poten-
1g' tial antitumor agent (Weiss et al. 1962). DMA was administered at doses
d ranging from 100 mg/kg/day to 610 mg/kg/day from a 10 percent solution
in over 5 to 10 min for 3 to 5 days. Toxicity—~specifically gastrointestinal, he-
e patic, and CNS—was observed at the high doses. However, all signs of tox-
ly : icity appeared to be reversible, returning to normal following completion :
'_ A: { of the therapy. Gastrointestinal signs of toxicity included nausea, vomiting, .
: and anorexia. Hepatic toxicity was manifested by elevated serum glutamic- i
{ oxaloacetic acid transaminase (SGOT) levels up to several days after the
: completion of therapy, which returned to normal 2 to 5 days after reaching
peak levels. No evidence of hepatic toxicity was observed on biopsy
; 3 weeks after therapy was completed. CNS effects (including depression,
| lethargy, occasional confusion and disorientation) were observed after the
.i' second or third day of therapy. The degree of lethargy and confusion
or : ranged from mild to severe. Some patients developed hallucinations, per-
is- ceptual distortions, and, at times, became delusional at high doses of DMA
n- {above 400 mg/kg). CNS symptoms preceded more severe side effects, in-
w ; cluding hypotension and high fever, in 3 patients. However, typical use lev-
ic- : els for parenteral applications are approximately 30 mg/kg, and waould not
; be expected to cause these side effects (Spiegel and Noseworthy 1963).
F) ' Reed and Yalkowsky (1985) determined that DMA was very non-
ad : hemolytic with an in vitro hemolytic LDs, value of 37.0 (total volume per-
SO , cent). Only dimethylisosorbide was found to be less hemolytic (39.5).
nd
se N,N-Dimethylformamide
- .

: N,N-dimethylformamide (DMF) is a widely used organic solvent with ex-
by . cellent solubilizing capacity. It has been referred to as the “universal or-
ganic solvent” due to its small size, electron-donating properties, and high

ns
1c- dielectric constant (Budavari 1989). 1t is a colorless liquid that is miscible
ol- with water and other organic solvents.

ey Following parenteral administration, DMF is metabolized in vivo to ei-
ms ther monomethyiformamide or N-(hydroxymethyl}-N-methylformamide. It

M
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is primarily excreted in the urine as either of the metabolites, with relatively
small amounts excreted as intact parent compound {Kennedy and Short
1986).

Generally, the formamides possess a relatively low order of toxicity
following single-dose administration. Kutzsche (1965) determined the acute §
toxicity (LDsgq values) of DMF following IV administration in dogs, guinea *
pigs, and rabbits to be 0.47 g/kg, 1.0 g/kg, and 1.8 g/kg, respectively. How-
ever, liver damage has been reported in rats following single IP doses of
0.6, 0.9. or 1.2 g/kg DMF. Davis and Jenner (1959) reported the LDg, values
following IP administration to mice to be 1.1 g/kg. Reported IP LDy, values ‘
in rats are 1.3 g/kg (Massmann 1956) and 2.5 g/kg (Thiersch 1962). ;

Montaguti et al. (1994) evaluated the relative hemolytic potentials of ;
several organic solvents, including DMF, dimethylsulfoxide (DMSO), EtOH,
PEG 400, and BA, in several different mouse strains. They found that DMF
was well tolerated in terms of hemolytic and precipitation potentials (in '
vitro tests). Hemolytic potential was evaluated following incubation of the i
solvent with blood at 37°C for 45 min. In general, DMF was the best toler-
ated of the solvents evaluated in both of these studies. DMF has been re-
ported to be hemolytic when incubated with human erythrocytes for
45 min at 37°C (Cadwallader and Phillips 1969). These amides have been
shown to readily penetrate the red blood cell membrane and afford little to
no protection from hemolysis.

-

Dimethylsulfoxide

DMSO is a colorless, aprotic solvent that has a relatively high dielectric

constant. It is miscible with water and many common organic solvents, in-

cluding glycerol, acetone, and EtOH, in all proportions. DMSO is also very

hygroscopic, capable of absorbing over 70 percent of its own weight at i

20°C/65 percent relative humidity (RH) (Willson et al. 1965). Additionally, it “'

has excellent solubilizing properties. Pharmacological evaluations showed

that drugs administered systemically in DMSO did not significantly alter :

their lethality or cellular penetration (Dixon et al. 1965). !
Toxicity studies have shown that DMSO possesses a relatively low or- “

der of toxicity. Willson et al. (1965) evaluated both acute and multiple dose

toxicity from IV and IP injections in mice, rats, and dogs. Anemia and peri- ;

toneal inflammation were observed following 24 daily injections of DMSO :

to rats. No fatalities were observed in dogs receiving 1.2 g/kg or less daily !

by IV injection for 24 days. They observed perivascular inflammation and

intravascular thrombosis, which was attributed to repeated administration

of undiluted DMSO. However, dilution of DMSO prior to administration

eliminated these unwanted effects. Additionally, hemolytic anemia, which

was found to be reversible, was observed in rats and dogs following re-

——= peated IV injections of DMSO.

B ————
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trelatively Studies conducted in humans at doses of 1 gm/kg administered intra-

and Short venously from 10 to 40 percent solutions resulted in transient hemoglobin-
. uria, which resolved within 2 to 3 hours (Bennet and Muther 1981). These

of toxicity studies also showed no short-term nephrotoxicity.

Ithe acute DMSO has been shown to exert cryoprotective effects in the preser-

3s, guinea vation of red blood cells, platelets, bone marrow, and tissue culture cells

‘ely. How- % (Lovelock and Bishop 1959; Pyle and Boyer 1962; Porterfield and Ashwood-

> doses of Smith 1962). Additionally, DMSO in concentrations up to approximately
J50 values | 20 percent has been shown to reduce the hemolytic activity of various an-
?50 values i timicrobial preservatives, including phenols, BA, thimerosal, and benzalko-
). . f nium chloride (Ansel and Leake 1966; Ansel and Cabre 1970).
tentials of i However, there are numerous in vitro and.in vivo reports of the he-
0), EtOH, ; molytic nature of DMSQ. Cadwallader and Drinkard (1967) evaluated the
tha't DMF behavior of human erythrocytes in the presence of water-DMSO cosolvent
>ntials (in systems ranging from 5 to 40 percent DMSO. They found that hemolysis
ion of the ‘ occurred in all DMSO-containing solutions, and those with compositions
est toler- ? greater than 35 percent DMSO resulted in discoloration and precipitation.
s been re- i Norred et al. (1970) speculated that DMSQ was capable of removing fatty
cytes for ; acids from the erythrocyte membrane in a concentration-dependent man-
\ave been ner. The leaching of fatty acids led to the formation of lesions, which sub-
rd little to sequently disrupted the integrity of the membrane. Reed and Yalkowsky
i (1985) determined the in vitro hemolytic LDz value for DMSO to be 5.1 (to-
tal volume percent). Only gtycerin was found to be more hemolytic than
DMSO of the 15 solvents tested in the study. Montaguti and coworkers
(1994) reported marked hemolytic activity of DMSO, tested in dose ranges
dielectric : from 1.0 to 5.66 mL/kg in 3 inbred mouse strains. These reports were con-
vents, in- ’ sistent with previous reports indicating high hemolytic potential in mice,
also very rats, cats, and dogs (Rosenkrantz et al. 1963; DiStefano and Klahn 1965;
~veight at Willson et al. 1965). These effects have been reported to be markedly re-
ionally, it | duced when the DMSO solutions were diluted with saline.
5 showed ,
ntly alter 3
 low Or- HEMOLYTIC POTENTIAL OF SOLVENTS/COSOLVENTS
iple dos-e It is preferable to utilize injectables that are totally biocompatible with body
and peri- fluids. However, the incorporation of cosolvents into parenteral formula-
fD MSO tions has long been recognized as having the potential to destroy red blood
less daily cells, as does the addition of water alone. These solvents have the ability to
1‘tlon ?“d hemolyze cells via either membrane disruption/interaction or by osmotic
ustration action. Early investigators have shown that the composition of parenteral
nstran'on dosage forms directly influenced the hemolysis of erythrocytes (Husa and
':;ir‘;vh“;h Rossi 1942; Easterly and Husa 1954; Grosicki and Husa 1954; Hartman and
g re- Husa 1957; Cadwallader and Husa 1958; Thomasson and Husa 1958; Ansei
and Husa 1959; Marcus and Husa 1959; Winters and Husa 1960; Schnell

R s
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and Husa 1962; Cadwallader 1963; Ansel 1964, 1965; Ku and Cadwallader )
1975). These authors have also shown that the effect on the erythrocytes de- n
pends not only on the concentration of the organic in the cosolvent but also ol
its ability to penetrate or disrupt the cell membrane. Therefore, there have 5y
been numerous investigations as to which vehicles are more tolerated for m
parenteral applications. Tables 11.5a and 11.5b summarize the in vitro he- di
molytic LDgq values for several common organic solvents encountered in b
parenteral formulations and the effects of increasing concentrations of C‘(
NaCl on the observed hemolytic potentials (Reed and Yalkowsky 1985, 1
1986). K
ta
ol
pﬁ
d
Table 11.5a. LDg, Values Expressed as Total Volume Percents of Var- o
ious Cosolvents for Lysis of Erythrocytes (Reed and Yalkowsky 1985)
Cosolvent LDgqg d
Glycerin 37 he
Vi
DMSO 5.1 c
PG 5.7 Wi
10% EtOH, 40% PG 10.3 e
EtOH 212 T
PEG 400 30.0 (c::
DMA 37.0 (a
DM 39.5 th
fr
Table 11.5b. Effect of Increasing Sodium Chloride Concentrations ir
on LDg, Values Expressed as Total Volume Percents of Various y:
Cosolvents for Lysis of Erythrocytes (Reed and Yalkowsky 1986) p
Agqueous NaCl Concentration fc
Cosolvent 0.9% 1.8% 2.7% 3.6% (S[
Glycerin 3.3 8.3 12.7 119 Y
l PG 6.2 14.7 20.0 19.3 a
PEG 200 10.2 224 26.6 279 p
DMA 36.6 40.4 39.3 36.9 b
PEG 400 29.6 33.5 27.6 239 :
DMI 17.9 16.6 15.9 96 th
—_— EtOH 20.5 20.0 20.5 19.7 ‘ tt
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There is a great deal of information available in the literature regard-
ing the hemolytic potential of various solvents/cosolvents. However, much
of this information is contradictory as to whether a particular cosolvent
system is hemolytic or nonhemolytic. The discrepancies regarding he-
molytic potential of a particular solvent system apparently result from the
differences in the test methods used to evaluate the degree of hemolysis,
particularly relating to volume ratios of blood to cosolvent, incubation/
contact times, and whether the systems are static or dynamic (Banziger
1967; Wickliffe et al. 1968; Fort et al. 1984; Obeng and Cadwallader 1989;
Krzyzaniak et al. 19973, b, ¢). The temperature at which samples are main-
tained has also been shown to have a direct effect on the observed degree
of hemolysis, with lower temperatures resulting in lesser extents of hemol-
ysis (Cadwallader et al. 1964; Kimura et al. 1971). Additionally, it is also im-
portant to note that there may also be some species and/or strain
differences relating to how susceptible blood cells might be to hemolysis
(Montaguti et al. 1994).

Reed and Yalkowsky (1985, 1986) performed numerous studies ad-
dressing the effect of various cosolvents on hemolysis using an improved
hemolytic method that would be suitable for use in the presence of cosol- 4
} vent systems. They used terminology that expressed the ratio of blood to -
cosolvent volume as a concentration (i.e., total volume percent of cosol-
vent). A blood to cosolvent ratio of 9:1 would be expressed as a 10 percent
cosolvent. They determined the LDgq values for various cosolvent systems,

t They found that EtOH, PEG 400, DMA, and dimethyl isosorbide {DMI) were
considerably less hemolytic than DMSO and PG (Table 11.5a). The 10 per-

cent EtOH-40 percent PG vehicle commonly used in marketed products

(and well accepted as a parenteral vehicle) had an LDz value approximately

twofold greater than the very hemolytic solvents DMSO and PG.

; Reed and Yalkowsky (1985, 1986) investigated the hemolysis resulting y

from increasing amounts of various cosolvents in water, as well as the |

: importance of the ratios of blood to test solution. They showed that hemol-
ysis was clearly a function of the concentration of the organic component
present in the cosolvent mixture. DMSO and PG cosolvent mixtures were
found to be quite hemolytic, even at relatively low cosolvent fractions.
Surprisingly, some solvents were well tolerated even when tested undiluted
(DMA, DMI, PEG 400) at blood:test solution ratios of 9:1. Reed and
Yalkowsky (1987) continued to investigate cosolvent-induced hemolysis in
an attempt to determine the relationship between structure and hemolytic
potential for the above cosolvents. They concluded that the simple alcohols :
became more hemolytic with increasing chain length, consistent with other f
reports for simple alcohots (Ku and Cadwallader 1984} and both anionic
and cationic detergents (Ross and Silverstein 1954). They alsc observed
that decreasing steric bulk attached to the hydroxyl groups, and decreasing
the number of hydroxyl groups resulted in a decreased hemolytic potential.

B ——————————————————————
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Although they were unable to determine a relationship between LDsg
values and physicochemical properties for all of the solvents tested, they
did observe a good correlation between LDsq values and log partition co-
efficient {PC) values when only the simple alcohols were included in the re-
gression analysis. Similar attempts to correlate physical parameters with
hemolytic potential have been made for drug molecules using dielectric
constants, pH values, hydrogen bonding numbers, van der Waals volume,
pK,, octanol-water partition coefficients, and lipid spin labeling. However,
no clear association has been made between any single parameter and re-
sulting damage to the erythrocytes.

Ward and Yalkowsky (1992) later proposed that the hemolytic poten-
tial of a cosotvent was most accurately described by a single parameter, the
effective concentration (EC), which could be used to generate dose-
response hemolysis curves. They used the data obtained by Obeng and
Cadwallader (1989) for PG cosolvent systems as the basis for their work.
They defined the EC as the concentration in the final mixture of aqueous
PG cosolvent solution and blood:

. solution volume
PG concentration x[m}

injection time

EC=
blood flow rate

They proposed that use of this term essentially condensed several
parameters (including vessel diameter, blood flow rate, injection volume,
concentration and rate of administration) into a single parameter, They
demonstrated with the PG system that there was a relationship between
hemolytic potential and effective concentration, and that these kinetic fac-
tors must be considered in order to evaluate hemolysis in an in vitro system
accurately.

Krzyzaniak et al. (1997a, b) showed that the degree of solvent-induced
hemolysis was not only dependent on the ratio of formulation to blood but
also to the amount of time in which the formulation was in contact with
blood. Their in vitro method of determining hemolysis incorporated factors
relating to the dynamics of an IV injection. The fundamental basis for this
was that once a cosolvent formulation is injected into a vein, it is immedi-
ately mixed (and subsequently diluted) with blood, resulting in a decreased
concentration of cosolvent formulation to which the erythrocytes will be
exposed. Initially, the effect of contact time and volume of water and vari-
ous concentrations of salt solutions were evaluated (Krzyzaniak et al. ,
1997a). Research showed that longer contact times resulted in greater de- ,
grees of hemolysis, with more hemolysis observed for systems where the
ratio of test solvent to blood was increased. Subsequent evaluations were
focused on various cosolvent systems, using EtOH, glycerol, PG, and PEGs
{Krzyzaniak et al. 1997b). They determined a hemolytic potential rank order

e —————
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for these tested solvents to be: glycerin > PG > PEG 300 > EtOH, aithough
there was no difference between PEG 300 and EtOH at short contact times.
For all cosolvent systems tested the observed extent of hemolysis increased
as a function of cosolvent composition as well as contact time.

Krzyzaniak and coworkers (1997c¢) pointed out the range of conditions
utilized in the most common in vitro methods, and the differences as to
whether hemolysis occurred in the presence of a given cosolvent. The con-
ditions used in the various models were so different, it is not surprising that
there were inconsistencies with regard to hemolysis caused by cosolvents.
The amount of hemolysis resulting from an [V injection of any given cosol-
vent depends on the initial concentration of the cosolvent, the concentra-
tion of the formulation after initial mixing with blood, and the amount of
time to be completely diluted by the total blood volume.

In Vitro/In Vivo Hemolysis Comparisons

Fort and coworkers {1984) investigated the hemolysis of aqueous PEG 400,
PG, and EtOH combinations in vivo and in vitro. Hemolysis was evaluated
following a 2-week period of IV administration of a PG:EtOH:water solu-
tion (5:1:4) to rats and dogs. After 2 weeks, observations included decreases
in hematocrit, hemoglobin, and number of erythrocytes, as well as marked
hematuria. Further evaluation of urine samples showed that they were pos-
itive for occult blood, bilirubin, ketones, and protein. Several cosolvents
(PG, PEG 400, and EtOH) of varying compositions were also evaluated in
vivo in rats and in vitro in dog blood. It was found that any combination of
EtOH and water with PG (10-30 percent) resulted in hematuria and com-
plete in vitro hemolysis in all tested ratios. The same results were obtained
when 0.9 percent NaCl was substituted for water with the exception of
10:30:60 (PG:EtOH:saline), which did not cause hematuria in vivo, but
caused complete hemolysis in vitro. They also found that 40 percent EtOH
in the presence or absence of normal saline caused hemolysis. Lower con-
centrations of EtOH (30 percent or less) in solutions containing normal
saline did not cause hematuria even though some hemolysis in vitro was
observed. The solution containing PEG:EtOH:water (3:2:5) was found to be
nonhemolytic. Fort et al. (1984) concluded that intravenously administered
PEG solutions were less hemolytic than similar solutions containing PG.
Krzyzaniak and coworkers (1997¢) compared hemolysis using nine dif-
ferent in vitro methods, including a dynamic method which represented a
more realistic picture of what happens to the formulation in vivo following
an injection. They found that the hemolysis data generated by their dy-
namic model was much more representative of what was observed in vivo
as compared to data generated by the other in vitro methods (Table 11.6).
Excellent agreement was observed when comparing hemolysis data ob-
tained from their dynamic in vitro method to that observed in vivo. Several
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Table 11.6. Detection of Hemolysis by In Vivo and In Vitro Methods (Krzyzaniak 1997a)

8ge

In Vitro Method (% Hemolysis Detected)
Hemolysis Husa and Fort et al. Reed and Krzyzaniak _—
Number Formulation Composition Observed in vivo Adams (1944) (1984) Yalkowsky (1985) | et al. (1997¢) ‘;?
1 Normal saline (NS) noa-b.c 0.0 0.0 0.0 0.0 S
2 10% EtOH in NS no® 1.7 1.7 0.0 0.7 %
3 30% EtOH in NS nod 92.4 89.2 0.0 0.5 S
4 40% PG in NS yes¢ 50.7 233 61.0 5.6 ‘g
5 60% PG in water yes3 87.3 100.0 100.0 9.5 %
6 10% PG + 30% EtOH in NS no? 82.3 85.3 0.0 1.2 g*
7 10% EtOH + 20% PG in water no® 89.5 81.3 8.8 2.0 g
8 10% EtOH + 40% PG in water yesab 63.0 78.9 69.2 10.3 2
9 20% EtOH
+30% PEG 400 in water no? 441 | 34 0.0 0.3
a: Fort et al. (1984)
b:. Geraid (1988)
¢: Turitto (1996}
W ) om0 NYTIEFgHFESC TQ e TE g 8
é% gggggg%i%gg ggg§§§§:§§38558505%38 S S288E%C
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of the vehicles tested by the static in vitro methods gave false-positive
results when compared to results obtained from in vivo hemolysis
studies (due to the high ratio of formulation to blood and the long incuba-
; tion times). Although these static in vitro methods were not accurate in as-
g sessing the degree of hemolysis in vivo, they can be useful in assessing
3 potential cellular damage resulting from IM injections, where there is a
prolonged contact time between the vehicles and the tissues.

Methods to Reduce Hemolysis

’ Use of Additives. Numerous investigators have reported that the addition
: of various salts, including NaCl and sodium sulfate (Na,S0,), affords par-
tial to full protection from hemolysis. It is well known that solutions of var-
ious therapeutic compounds (such as ammonium chloride, urea, boric acid,
EtOH, and glycerin) fail to prevent hemolysis even when used at isotonic
levels, indicating marked differences between iso-osmotic and isotonic val-
; ues for compounds that can affect the red blood cell membrane {Husa and
i Rossi 1942; Husa and Adams 1944; Easterly and Husa 1954; Grosicki and
: Husa 1954; Hartman and Husa 1957; Cadwallader and Husa 1958; Thomas-
son and Husa 1958; Ansel and Husa 1959; Marcus and Husa 1959;
: Zanowiak and Husa 1959; Winters and Husa 1960; Hammarlund and Ped-
ersen-Bjergaard 1961; Schnell and Husa 1962; Cadwallader 1963; Ansel
1964; Cadwallader et al. 1964). This is due to the fact that some of these ad-
ditives may permeate the red blood cell membrane, causing an influx of
water, resulting in hemolysis. Therefore, whether an additive has protective
effects on erythrocytes will depend on its ability to penetrate the cell mem-
brane. Such cosolvent compositions that are iso-osmotic with blood
(0.9 percent or 0.15 M NaCl isotonic comparators) include 2.6 percent glyc-
! erin in water, 2.0 percent PG in water, 8.7 percent PEG 300, and 11.6 per-
cent PEG 400.
; Over the years, Husa and coworkers found that hemolysis occurred in
! solutions containing less than 0.45 percent NaC), and that it was prevented
: with the use of concentrations from 0.45 to 0.9 percent. Hemolysis also re-
sulted from solutions containing 1 to 2 percent dextrose, partial hemolysis
at 3 percent dextrose, and solutions containing 4 to 5 percent dextrose re-
sulted in no hemolysis. They showed that the 9 substances tested fell into
3 categories: prevents hemolysis (NaCl, dextrose), induces hemolysis (am-
monium chloride, boric acid, carbitol) and those of moderate hemolytic po-
tential (EtOH, PG, glycerin, diethylene glycol). Ammonium chloride, boric
acid, and carbitol appear to cause hemolysis by a mechanism other than os-
motic effects, probably by changing the permeability of the erythrocyte
membrane.

Hammarlund and Pedersen-Bjergaard (1958, 1961) evaluated the
effect of iso-osmotic solutions on erythrocyte hemolysis. They evaluated
various salts for their potential for protecting erythrocytes from hemolysis.
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They showed that monovalent amine salts typically resulted in hemolysis, injs |
whereas divalent and trivalent amine salts usually protected from hemoly- pla
sis. They also showed that the addition of either NaCl or Na,SO4 was able ita’
to prevent hemolysis of erythrocytes exposed to various ise-osmotic solu- tut
tions of ephedrine. They found that an iso-osmotic solution of EtOH

(1.39 percent) required 0.5 percent NaCl to prevent hemolysis. Cadwallader the
and Drinkard (1967) also showed that the addition of isotonic amounts of wk l
various compounds {NaCl), calcium chloride, dextrose, lactose, potassium gly
bromide, sodium citrate, sodium bromide, sodium iodide, and sodium sali- st
cylate) prevented hemolysis in aqueous solutions containing 5 to 40 per- ter
cent DMSO. These studies again illustrate the difference between iso- he
osmotic concentrations and isotonic concentrations. bit

Cadwallader (1963) calculated “hemolytic” isotonic coefficients for 15
several polyhydric alcohol-water solutions (PG, glycerol). These data sui
showed that water-glycerin and water-PG mixtures should not be assumed ad
to be hypertonic with respect to blood. In fact, all mixtures studied were fec
found to be hypotonic with respect to rabbit and human erythrocyte mem- to
branes. Therefore, isotonicity caiculations were not valid for these applica- the
tions. They also showed that PG was more hemolytic than glycerin, he
consistent with Jacobs and coworkers’ (1935) observation that each addi- an
tional hydroxyl group added to the propane molecule decreased the rate of or
penetration into erythrocytes.

Reed and Yalkowsky (1986) showed the effect of increasing amounts of m¢
NaCl on the hemolytic LD, values of the common organic solvents found re
in parenteral formulations (Table 11.5b). They showed differences in the de- str
grees of protection afforded by NaCl between the various solvents. For ex- an
ample, the presence of NaCl had essentially no effect on the LDsg value for me §
EtOH, whereas it decreased the LD5, value for glycerol by almost fourfold. of

Fu et al. (1987) investigated several parenteral vehicles for hemolytic the
potential both in vitro and in vivo following IV administration to rats. The mi
animals were dosed daily with a single bolus dose of 2.5 mL/kg through the wi
tail vein for 2 weeks. They reported a high degree of hemolysis for a 15 per- he
cent PG solution, which was significantly reduced by the addition of either
1.8 percent NaCl or 20 percent sorbitol (concentrations higher than those ist
yielding isotonic solutions). They also showed that PEG 400 had the ability at
to reduce the hemolytic potential of a 15 percent PG solution from approx- co
imately 80 percent hemolysis (with no added PEG 400) to approximately ra
20 percent hemolysis with addition of 2045 percent PEG 400. This is use- ' th.
ful to formulators in that it makes the vehicle more biocompatible, as well : pe
as provides increased solubilization power for the cosolvent system. i dr

i wi
Use of Slow Infusion Rates. One of the easiest ways to minimize hemolytic 50
consequences of administration of parenteral products containing cosol- bl

vents is to administer these doses as slow infusions, as opposed to bolus

i
13
i
|
i
!
I
!
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injections. This results in lower effective concentrations of cosolvent in the
plasma. Slow administration of the dose also reduces the chance of precip-
itation of the drug in the vascular compartment by allowing for gradual di-
lution with the plasma components.

Welch et al. (1974) reported that glycerol has been used successfully in
the treatment of more than 500 patients with acute cerebral infarctions
when administered daily for 7 to 10 days infusing 500 mL of 10 percent
glycerol in normal saline over 6 h with none of these adverse effects. This
study did report that hemolysis was seen when the solution was adminis-
tered as a rapid infusion. However, Hagnevik et al. (1974) reported
hemolytic changes ranging from hemolysis and mild to marked hemoglo-
binuria following administration of 20 percent glycerol at rates of 60 g/
15 min, 70 g/30 min and 80 g/60 min to 3 patients undergoing intracranial
surgery. As one can see, there were enormous differences in the rates of
administration of the glycerol solutions between these reports. The side ef-
fects were associated with much faster infusions than those used by others i
to treat stroke patients (Meyer et al. 1971). Therefore, one can observe that
the rate of administration has a tremendous effect on the glycerol-related

i hemolysis observed following IV administration. These data from Welch
; and coworkers suggest that it would be entirely possible to greatly reduce
or eliminate the hemolysis when administering such solutions slowly.

Obeng and Cadwallader (1989} evaluated the effect of various para-
meters on the observed degree of hemolysis. These included flow rate of

| red blood cells at the site of injection, internal diameter, distance down-
! stream from the site of injection, injection volume, rate of administration,
and cosolvent composition. This method was a more realistic model for he- ]
molysis, since it allowed for mixing of the cosolvent with blood at the site ;
of injection and a relatively short contact time between the test solution and
the blood. These studies clearly showed that the kinetic factors (rate of ad-
ministration, blood flow rate) affected the degree of hemolysis associated
with various cosolvents and recommended that solutions having known Y
hemolytic potentials be administered slowly via large veins. '

The Physicians Desk Reference (PDR 1994) recommends slow admin-
istration for many cosolvent-containing compounds that have been associ-
ated with various complications following IV administration. Such
compounds include phenytoin, digoxin, diazepam, pentobarbital, lo-
razepam, and etoposide. Typically, the recommendations are to administer
these doses slowly as infusions, with rates not to exceed 2 to 50 mg/min, de-
pending on the compound. When administering doses to neonates or chil-
dren, the rates of administration may need to be even slower, as is the case
with phenytoin (not to exceed 1 to 3 mg/kg/min for neonates, compared to :
50 mg/kg for adults). Slow administration allows for adequate mixing with §
blood and minimizes the risk of precipitation of the dose.

R
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MUSCLE DAMAGE

Administration of formulations by the IM and SC routes is somewhat more
flexible than formulations administered by the IV route because solutions
or suspensions, either aqueous or oily, can be given. Use of these formula-
tions tends to result in a more controlled release of drug. Cosolvents are
frequently used to reduce the aqueous sotubility of a given compound, such
that it precipitates upon administration into tissues. The precipitation is fol-
lowed by a resolubilization of the compound over time as the compound is
slowly absorbed. The rate of solubilization is dependent on the properties
of the tissues, such as pH and blood flow {Evans et al. 1973), and the vehi-
cles used to administer the compound. Local muscle damage may result
from direct damage to the sarcolemma membrane of the muscle fibers, or
by some toxic effect of either the drug or the vehicle on myofibril intracel-
lular organelles and membranes. Muscle damage may also contribute to
the pain at the site of injection.

Hem and coworkers (1974-1975) evaluated the tissue irritation (mus-
cle damage) and injectability of 23 potential nonaqueous parenteral vehi-
cles. They found that several vehicles caused very little irritation (benzyl
benzoate, 1,3-butylene glycol, ethyl oleate, glycery! triacetate, sesame oil:
benzyl benzoate [1:1], sesame oil) and were well absorbed; several caused
moderate irritation (butyl actate, castor oil, glyceryl monoricinoleate) and
were not absorbed; and a number that caused necrosis (ethyl formate,
isoamyl formate, octyl alcohol, polyoxyethylene oleyl ether, n-propyl alco-
hol, propylene carbonate, sorbitan trioleate). They included DMA in the
study, finding that it was very well absorbed from the site of injection but
caused moderate irritation that was found to dissipate within 7 days postin-
jection. Oshida and coworkers (1979) evaluated the physicochemical prop-
erties and local toxic effects of 335 parenteral formutations. They evaluated
pH, osmotic ratio, hemolytic potential, cytotoxic effects on cultured cells,
and muscle lesions following IM administration of 0.5 mL to the vastus lat-
eralis or sarcospinalis muscle of rats. They showed there was a close cor-
relation between the hemolytic potential of the formulation and the severity
of muscle damage observed.

Svendson (1983) and Svendson and coworkers (1985) evaluated the
muscle damage resulting from IM injections of several neuroleptic drugs in
aqueous and oil vehicles, inctuding Viscoleo®, sesame oil, methyl oleate, i
and squalane. They observed the injection site three days after IM admin- :
istration of 2 mL of the various formulations. The most damage was ob- }
served with cis-{Z)-clopenthixol, regardless of formulation. Postmortem
findings showed well-defined, relatively large areas of muscle necrosis in
all of the animals administered aqueous formulations. These areas were
considerably larger than those observed in the oil-treated animals. Gener-
ally, Viscoleo® (a triglyceride vegetable oil composed of short chain and
saturated fatty acids, caprylic acid, capric acid, and lauric acid) resulted in

a
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much less damage than the aqueous solutions. Formulation of haloperidol, 2
cis-(Z)-clopenthixol, or chiorpromazine in any of the oil vehicles essentially
eliminated the observed muscle damage that resulted from administration

re

'ns of the agueous solutions—necrotic areas were reduced from 5- to 34-fold
la- when the oily vehicles were used instead of the aqueous formulations.

\re It has been observed that one of the consequences of IM injections is

ch release of the enzyme creatine kinase (CK) into plasma, which is found in
large amounts in skeletal muscle. This enzyme has been used as a marker

?ils of muscle damage (Attar and Matta 1971; Anderson and Damsgaard 1976;
as Greenblatt et al. 1976; Steiness et al. 1974, 1978; Svendson et al. 1979; Di-
Ti- ness 1985). Steiness et al. (1974) reported that the size of the resulting
1t ; necrotic area folowing IM administration of digoxin or the vehicle control
or to pigs was related to the injection volume (ranging from 1.5 to 4.0 mL). The
- necrotic areas resulting were, however, much smaller for the vehicle
to : groups than those receiving the digoxin formulation, indicating that the
i drug itself contributed greatly to the necrosis.

5~ i Several investigators evaluated the effects of PG and glycerol formal
i vehicles on muscle necrosis (Rasmussen and Svendson 1976; Svendson et
vl al. 1979). Svendsen et al. (1979) evaluated the effects of different dilutions of
i PG or glycerol formal in distilled water or 0.9 percent saline on the mea- -
d sured CK activity in muscle taken from the injection area and the con-
d tralateral uninjected site for up to 72 h postinjection. They showed that CK
A depletion from the muscie, which subsequently appeared in the plasma,
:_' was dependent on the PG or glycerol formal content of the vehicle—higher
e cosolvent compositions led to higher plasma CK levels, with PG causing
t greater CK release than glycerol formal. They also showed that local mus-
R cle damage (as indicated by weight of the isolated damaged muscle tissue)
i correlated with relative CK activity depletion in the muscle.

i Brazeau and Fung (1989a, c) also evaluated PEG 400, PG, and EtOH

cosolvent mixtures for their myotoxic potential using an in vitro model that
they developed. This model measures cumulative release of CK as a marker
. of muscle damage, and the values can be compared to positive and nega-
, , tive control values. The specific details of this model are discussed in other
chapters in this volume. They showed that at moderate cosolvent concen-
trations (2040 percent, v/v), PG was considerably more myotoxic than PEG
400 or EtOH (PG > EtOH > PEG 400). This seemed to correlate with he-
molytic potentials of the cosolvent mixtures as reported by Reed and
Yalkowsky (1985). These results were compared to those obtained in vivo in
rabbits, evaluating serum CK levels following IM administration of 40 per-
cent PG, 40 percent PEG 400, or normal saline. They showed that in ali k
cases serum CK levels increased following the injection. However, the lev- '
els were much higher for the cosolvent formulations (PG >> PEG 400
> saline). They observed that it took 3 days to return to normal serum CK
levels.

i
i
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In more recent studies, we have investigated the in vitro myotoxici
of DMA, Cremophor® EL, polysorbate 80, safflower oil, and Labrafjj® us-
ing the isolated muscle model as above. The results from these Studies
are shown in Table 11.7 and are compared to our historical positive and
negative control values (Dilantin® injection and normal saline, respec-
tively). The toxicity of all these solvents, with the exception of safflower oil
and 30% Cremophor® EL (very close to the negative saline contrgl value)
was intermediate between the positive and negative contral valyes, This:
would be consistent with an oily vehicle being less toxic to tissues Versus

an aqueous vehicle. It is unclear as to why there was no concentration.

myotoxicity response between the concentrations of Cremophor® EL. Of ayf
these solvents, DMA and polysorbate 80 were found to be the most toxic

This could be attributed to their ability to solubilize the muscle membrane °

leading to release of CK.

In an attempt to elucidate the factors responsible for muscle damage',:
Brazeau and Fung (1989c) evaluated how physicochemical properties of the.
vehicle composition affected muscle damage following IM administration” .
of various cosolvents, including PG-water, EtOH-water and PEG 400~ . - :
water mixtures. The properties that were evaluated were dielectric con- :

stant, apparent pH, surface tension, and viscosity. They made severai
notable observations, including (1) as the hydrophilicity of the cosolvent

mixtures increased, myotoxicity decreased: (2) there was no defined pH-

range where muscle damage could be minimized; and (3) that, unlike he-
molysis, the addition of NaCl had no protective effect on muscle damage

produced. They concluded that myotoxicity was not exclusively related to a-. ’

single parameter or a combination of the four parameters evaluated.

Table 11.7. Myotoxicity of Selected Solvent Vehicles

Vehicle Myotoxicity - Cumulative CK Release over 2 h’.
Mean CK (x 100) and (SEM); n = 4-6
20% DMA 9.50 (2.60)
30% DMA 13.4 (2.10)
20% Cremophor® EL 6.87 (1.69)
30% Cremophor® EL 4.94 (0.83)
5% Tween 80® 20.1(3.21)
Safflower oil 2.89(1.47)
20% Labrafil® 7.90 (1.65}
30% Labrafil® 8.94 (1.69)
Positive control Dilantin® injection 70.1 (4.71)
Negative control normal saline injection 5.06 (0.50)
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Chu and Brazeau {1994) also showed that PG and PEG 400 had differ-
it effects on skeletal muscle sarcoplasmic reticulum calcium uptake and
o e. They showed that 10.5 percent PEG 400 stimulated calcium uptake
re}e: ;ut significantly altering the adenosine triphosphatase (ATPase) activ-
i‘:;:tof the calcium pump. However, at 10.5 percent PG, there was no signif-
icant effect on either calcium uptake or ATPase activity of thfe pump. These
findings further supported the role of calcium in mediating cosolvent-
induced muscle damage, as suggested earlier (Brazeau and Fung 1930b).
They also provided a possible explanation for the differences in the two co-
solvents in their potentials to cause muscle damage, based on increased
myoplasmic calcium removal and reduced calcium release,

CosOLVENT-RELATED PAIN ON INJECTION

The use of parenteral routes of administration may result in pain and irri-
1ation at the site of injection. This may be related to the injection itself or
the properties of the drug substance. However, the pain and irritation
many times appears to be associated with the formulation vehicle, particu-
arly those that contain high fractions of cosolvents or those that have high
osmolalities. In general, comparisons between solutions containing lower
or different cosolvent compositions or lower osmolalities have shown
fewer incidences of pain on injection, as well as reduced local toxicity
(Bjork et al. 1969; Almén and Tragardh 1973; Almén et al. 1977; Tillman et
al. 1979).

There have been numerous methods and guidelines published relating
to the assessment of pain (Beecher 1957; Woodforde and Merskey 1972;
Ohnhaus and Adler 1975; Celozzi et al. 1980; Vierck and Cooper 1984; Com-
erski et al. 1986; Marcek et al. 1992; Gupta et al. 1994). These methods can
be characterized as reflexive (tail-flick, paw-lick, hot plate, or pinch test),
conscious escape (flinch-jump test), prolonged protective activity (fleeing/
fighting), and retreat/withdrawal responses. These models vary in the de-

gree of subjectivity of the pain assessment and are discussed elsewhere in
this book.

Cosolvents Known to Cause Pain

Glycerin has been recognized as an irritating agent that caused pain and in-
flammation at the site of injection. Van Metre et al. (1996) reported pain and
dermal reactions caused by the administration of glycerin in immunother-
apy solutions. Such solutions come prepared in 50 percent glycerin to pre-
Sefve potency for 2 to 3 years. The solutions are supposed to be diluted
prior to administration to levels between 10 to 30 percent glycerin and ad-
ministered in volumes ranging from 0.1 to 1.0 mL. Their results showed that

!
|
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pain scores of subjects given glycerin increased significantly as both glyc-
erin concentration and dose volume increased.

When used undiluted, PG can cause considerable pain and irritation
at the site of injection. These effects have been reported for parenteral ad-
ministration of nitroglycerin (Demey et al. 1984; Shook et al. 1984; Col et al.
1985; Demey et al. 1984,1988); etomidate (Bedichek and Kirschbaum 1991;
Levy et al 1995), multivitamins (Glasgow et al. 1983), and phenytoin (Hitot-
sumatsu et al. 1995). Other investigators have shown that altered formula-
tions of various cosolvent-containing preparations, containing either
reduced organic fractions or using a mixture of different organic solvents 4
to minimize the load of a particular solvent, were less painful than when ad- ‘
ministered in the traditional formulation (Burton et al. 1974). Many of these i
studies have shown that pain on injection was associated with the formu-
lation vehicle, particularly when containing relatively high amounts of PG.

Diazepam, which contains 40 percent PG, has been associated with
many incidences of pain on injection, which has been related to the com-
position of the formulation vehicle. Pain on injection has been reported in
up to 22 percent of patients, with subsequent development of venous
sequelae (phlebitis, thrombosis, or thrombophlebitis) appearing in up to
30 percent of patients (McClish 1966; Brown and Dundee 1968). It is sus-
pected that precipitation of the poorly water-soluble drug on administra-
tion is at least partially responsible for these side effects. Langdon et al.
(1973), however, did not observe any correlation between pain on injection
and development of venous sequelae.

While evaluating pain and irritation following injection of various par-
enteral formulations using the rat paw-lick model, Gupta and coworkers
(1994) suggested that there was a pain “threshold limit” in terms of ob-
served number of paw licks related to the concentration of a pain-inducing
component, at least in the case of PG—containing formulations. In these
studies, concentrations above this “threshold limit” did not result in in-
creases in the pain responses, making predictions using this model some-
what problematic. These data showed that administration of formulations
containing 50 percent PG caused less pain than formulations containing
40 percent PG, in both the presence and absence of 5 percent EtOH. The
same observation was made for PG solutions containing 15 percent EtOH,
whereby more pain was observed at 35 percent PG, as compared to prepa-
rations containing 40 or 50 percent PG. Analysis of CK levels following
these injections showed that they increased (indicative of muscle damage) !
as a function of the cosolvent composition. Therefore, one must be cautious !
when interpreting data from these pain models, since pain may not corre-
late with damage resulting from the injection of the formulation.

ottt

InnoPharma Exhibit 1020.0100



Cosolvent Use in Injectable Formulations 247

oth glyc- : Methods to Minimize Pain

rritation i There have been numerous investigations as to how to reduce the pain fol-

teral ad- ! lowing parenteral administration of various formulations. In many cases,

-ol etal. i these methods are similar to those used to minimize hemolysis. The most

m 1991; } common methods used to minimize pain on injection are (1) administration

1 (Hitot- ‘ of the dose via a large vessel; (2) ditution of the formulation in some man-

ormula- ner that does not result in precipitation, or similarly, administration of the

] either ; dose as a slow infusion to reduce the effective concentration of cosolvent in

solvents i the system at a given period of time; (3) formulation of the compound us-

‘hen ad- ing solvents that are less irritating; or (4) prior or coadministration of an

of these f anesthetic or analgesic agent, such as lidocaine or morphine, to reduce the

- formu- ; pain.

5 of PG. ‘

ed with Administration Via Large Vessels

1e com- :

orted in Kawar and Dundee (1982) investigated the effect of choice of injection site,
venous including the variables of vein size and location. They observed that the

n up to greatest incidence of pain occurred when administering various formula-

. is sus- tions via small to medium sized veins, and that using the hand and wrist
inistra- veins caused more pain than those in the antecubital space (Table 11.8). The
n et al. use of large veins rather than small veins, and selecting the antecubital
ljjection space rather than the back of the hand or wrist consistently showed better

tolerability, regardless of whether the formulation contained 0.9 percent

us par- saline or various cosolvents.

vorkers Similarly, Langdon et al. (1973) reported that venous sequelae oc-
of ob- « curred less frequently when administering IV doses of diazepam through
ducing larger veins. They noticed that phlebitis almost always resuited when ad-
1 these ; ministering the doses through small veins. The incidence of pain resulting
tin in- from administration of propofol, an anesthetic agent, has been reported to
some- range from 25 to 100 percent if given via a vein on the dorsal side of the
lations hand (Hynynen et al. 1985; Stark et al. 1986; Sebel 1989; Stokes et al. 1989;
taining Johnson et al. 1990), and only 3 to 36 percent if injected into larger, proxi-
H. The 3 mal veins in the antecubital fossa (McCulloch and Lees 1985; Scott et al.
EtOH, 1988; Gehan et al. 1991).

prepa-

lowing Dilution of the Formulation

image) ;

wtious \ Dilution of cosolvent formulations has been shown to reduce the incidences
corre- ; of both pain and venous sequelae. However, precipitation of a poorly

water-soluble drug is likely to result if diluted into an aqueous medium
(water, saline, or even plasma). Precipitation may be immediate or may de-
velop over time. Van Metre and coworkers (1996) showed that pain result-
ing from subcutaneous injections of glycerol solutions (0, 10, 20, and
30 percent glycerol with dose volumes ranging from 0.1 to 1.0 mL) to
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~ Table 11.8. Frequency of Pain on Injection and Venous Sequelae Following Administration of Various
Test Formulations (Total Number of Patients Evaluated in Parenthesis) (Kawar and Dundee 1982)

% Sequelae Related to % Sequelae Related to
Vein Size Vein Site :;:T
% Frequency of Pain{ % Frequency of Small + Antecubital Back of a
Drug/Formulation | Primary Solvent on Injection Venous Sequelae | Large Medium Fossa Hand + Wrist 'g.
0.9% Saline Water 0 (50) 2 (500 0018 332 0{23) 4 (27) g
2.5% Thiopentone Water 9 (100) 4 (50 5 (20) 3(30) 17 (12) 0(38) é
1.0% Methohexitone Water 12 (100) 10 (50) 12 (24) 8 (26} 12 (33) 6(17) (w)
1.0% ICI 35868 %
(Disoprofol} Cremophor® EL 4 {50} 10 (50) 12 (24) 8 (26) B (48) 50 (2) _g‘
0.5% Diazepam g
Valium® Propyiene glycol 37 (100) 40 (50} 18 (28) 32 (22) 17 (30) 50 (20) 2
Diazemuis® Soya bean oi} 0 (50) 2 {50) 0 (31) 5{19) 0 t32) 6 {18)
0.5% Midazolam Water 1 (400) 8 (100} 11 (65) 3(395) 11(70) 0 (30)
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15 subjects increased significantly as a function of both injection volume
and glycerol concentration.

Alteration of the Vehicle Composition

In efforts to minimize both pain and venous sequelae, alternative formula-
tion vehicles have been used for administering diazepam to patients. Bur-
ton and coworkers (1974) used a solution of 1 percent Cremophor® EL in
saline to dilute diazepam to a final concentration of 1 mg/mL. Following ad-
ministration of this formulation to over 400 patients, it was reported that in-
cidences of pain on injection were essentially eliminated, even when
injected into small veins, and incidences of venous sequelae in these pa-
tients were reduced to less than 1 percent. This eliminated precipitation of
the solution, which was observed in the traditional formulation (Jusko et al.
1973). They also observed that if pain was observed following IV
administration, flushing the vein with 5 mL saline or 10 mg of heparin
sodium through the same needle diminished the incidence of venous
sequelae,. «

Kortilla et al. (1976) evaluated the effects of PG following IM injection
in humans, comparing pain, muscle damage and precipitation for the
following diazepam formulations: Valium® (Roche), Diapam® (Orion) and
an experimental formulation 301-K 2/74 (Orion). The 301-K 2/74 formula-
tion contained a lower concentration of PG (20 percent} with 60 percent
PEG 300. The Valium® and Diapam® formulations contained the same co-
solvent composition (41 percent PG, 8.5 percent EtOH). These formulations
provided no statistical differences in plasma levels following IM adminis-
tration, although the levels for Valium® tended to be lower than for the
other formulations. At doses of 0.15 mg/kg, they found that pain was sig-
nificantly greater in the Valium® and Diapam® formulations than in the
301-K 2/74 or placebo (301-K 2/74 with no drug} in double blind crossover
studies. This is consistent with earlier rat studies showing a lack of irrita-
tion after IM injections of the PG/PEG vehicle. They also showed that the
PG/PEG formulation was less likely to precipitate as compared to the Dia-
pam® formulation, Addition of 10 mg (2 mL) of Diapam® to 100 mL of 5 per-
cent glucose caused precipitation, whereas up to 25 mg (5 mL) of the
PG/PEG formulation could be added before precipitation was observed.

Kawar and Dundee (1982) evaluated the pain on injection of several
preparations that were formulated in different solvent systems in a patient
population. They evaluated factors such as composition, size of the vessel
through which the dose was administered, and the frequency of venous se-
quelae, They found that the formulation causing the most irritation was the
Valium® formulation containing 40 percent PG and 10 percent EtOH. The
same compound formulated in an oil-based system caused no pain on ad-
ministration. The other formulations composed of either water or Cre-
rmophor® EL caused less pain. Additionally, the PG formulation caused the
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highest percentage of venous sequelae as compared to the other vehicles.
Diazepam formulated in the oil-based vehicle was essentially the same
as the saline controls, suggesting that these sequelae were the resuilt of the
cosolvent.

Administration of Anesthetic/Analgesic Agents

The use of anesthetic/analgesic agents to minimize pain following injection
of various parenteral formulations has been studied using agents ranging
from aspirin to morphine (Comerski et al. 1986; King et al. 1992; Marcek et i
al. 1992; Doenicke et al. 1996). Comereski et al. (1986) observed that coad-
ministration of lidocaine (0.5 to 1 percent) offered protection from pain but
not from the associated muscle damage resulting from the injection.
Marcek and coworkers (1992) reported the effect of morphine administered
15 min prior to being given an infusion of an irritating solution (0.05 M
potassium chloride). They found that administration of morphine {(ranging
from 2 to 4 mg/kg) virtually eliminated the pain associated with the test so-
lution alone. Celozzi and coworkers (1982) also showed that coadministra-
tion of a local anesthetic (lidocaine} reduced the pain associated with
subplantar administration of antibiotic solutions. They showed that the
administration of the anesthetic reduced the pain to approximately the
same level as the control water injections. It is typically thought that pain
on injection is related to muscle damage caused by the administration of
the dose.

Propofol (Diprivan®) has a very high incidence of pain on IV injection.
Several investigators showed that the use of various anesthetic/analgesic
agents resulted in abatement of pain caused by the administration of
propofol (Bahar et al. 1982; Brooker et al. 1985; Helbro-Hansen et al. 1988;
Gehan et al. 1991; King et al. 1992). King and coworkers (1992) showed that
coadministration of lidocaine (ranging from 5 to 20 mg doses) resulted in
the reduction of both the incidence of pain and its severity. In this study of
368 patients, the incidence of pain following administration of lidocaine
was 32 percent, relative to 73 percent following saline injection. The degree
to which the pain was alleviated was found to be dose responsive. How-
ever, 6 percent of patients treated with 20 mg lidocaine still reported un-
pleasant pain.

CONCLUSIONS

The use of cosolvents as solubilization enhancers in parenteral formula-
tions has been, and continues to be, a valuable tool for the formuiation sci-
entist. However, it becomes crucial for the formulator to understand prior
to the selection or use of these cosolvent systems that they differ widely in }
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les. their physicochemical properties, which in turn can resuit in varying de-
me grees of adverse effects such as hemolysis, muscle damage, and pain at
the the injection site. The most commonly used cosolvents in parenteral for-

mulations—including the polyethylene glycols, propylene glycol, ethanol,
glycerin, cremophors, benzyl alcohol, dimethylacetamide, and dimethyisul-
foxide—have been highlighted in this chapter. Furthermore, cosolvent-
related factors, mechanisms, and approaches to offset the hemolysis, mus-

ion cle damage, or pain following injection have been generally presented so

ng that the formulator can rationally select and incorporate these agents into

et the design of injectables.
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Parenteral products significantly contribute to global heaith by providing

' effective and immediate therapy through direct delivery of therapeutic
compounds to the patient. However, as with most routes of delivery, par-
enteral drug administration has both real and perceived disadvantages.
The two potential disadvantages that are typically associated with par-
enteral therapy are tissue damage and injection pain. Whether this pain is
real or imagined makes little difference to the patient, and there exists a
significant literature that both highlights the pain caused by injectable
drug products and offers methods to reduce these effects.

The first section of this chapter provides a strategy that can be used
to develop a parenteral product. Emphasis is placed on the two formula-
tion parameters, pH and tonicity, that are usually associated with tissue
damage and injection pain. It is through the adjustment of these parame-
ters that the product formulator can minimize adverse effects. The second
section of this chapter describes administration techniques used by

401
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healthcare professionals to reduce tissue damage or pain caused by com-
mercial parenteral products. By recognizing the potential risks these al-
terations may confer to commercial formulations {such as decreased
product stability or modified efficacy), the formulator will be better pre-
pared to support the “real-world” use of the product.

FORMULATION DEVELOPMENT

The development strateqy for parenteral products is similar for all prod-
ucts. The challenge is in the details of solving the physical/chemical diffi-
culties encountered with a specific molecule within the timeline aliowed
for development. This section provides a parenteral product development
outline with an emphasis on two formulation parameters, pH and tonicity,
which may be modified to minimize tissue damage and pain caused by a
parenteral product.

The activities necessary to develop a parenteral product can be placed
into the following three broad areas. preformulation, formulation, and
scale-up. While there are alternative development perspectives, all devel-
opment ultimately needs to accomplish the same activities. Preformulation
includes the characterization of the bulk drug plus initial screening for ex-
cipient compatibility with the drug. Formulation activities include the iden-
tification and selection of a suitable vehicle (aqueous, nonaqueous, or
cosolvent system), necessary excipients with appropriate concentrations
(buffers, antioxidants, antimicrobials, chelating agents, and tonicity con-
tributors). and the container/closure system. Scale-up activities aid in mov-
ing the product to a manufacturing site (although not discussed here,
references are available to provide guidance).

Preformulation

Preformulation studies provide fundamental data and the experience nec-
essary to develop formulations for a specific compound. Activities are
initiated and experiments performed for the purpose of characterizing
specific and pharmaceutically significant physicochemical properties of
the drug substance. These properties include interactions of the drug with
excipients, solvents, packaging materials, and, specifically relating to the
subject of this book, biological systems. These investigations also evaluate
the drug under standard stress conditions of temperature, light, humidity,
and oxygen. Many of these factors should be considered critically prior to
animal testing, since these data will influence activities such as samples
prepared for toxicology and animal testing, solubilization techniques, and
- design of subsequent studies.

000000000
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Areas of specific interest during preformulation are provided in out-
line form below, along with an outline of additional characterization infor-
mation needed to formulate a protein drug substance. Since analytical
methods are usually developed concurrently with the preformulation data
and then refined during formulation activities, the team must effectively
communicate and collaborate to ensure appropriate assays are used to ob-
tain data having sufficient accuracy and precision.

Preformulation Physicochemical Properties
1. Molecular weight
2. Color
3. Odor
4. Particle size, shape. and crystallinity
5. Thermal characteristics
5.1. Melting profile
5.2. Thermal profile
6. Hygroscopicity
7. Absorbance spectra
8.  Solubility

8.1. Selected solvents (water, ethanol, propylene glycol, poly-
ethylene glycol 400, plus others as necessary)

8.2. pH profile

8.3. Temperature effects

8.4. Partition coefficient
9.  Stability -

9.1. Selected solvents

9.2. pH profile
10. lonization constant (pK or pl) !

11. Optical activity
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Additional Characterization for Protein Drugs
1.  Physical stability
1.1. Aggregation
2. Solubility
3. Chemical stability
3.1. Beta-elimination
3.2. Deamidation
3.3. [somerization/cyclization
3.4. Oxidation
3.5. Thiol disulfide exchange
4.  Analytical methods
4.1. Fluorescence speciroscopy
4.2. Electrophoresis
4.3. Calorimetry
4.4. Size exclusion chromatography

4.5. Reverse phase high performance liquid chromatography
(HPLC)

4.6. Circular dichroism
4.7. Mass spectrometry

4.8. Light scattering

Formulation

Formulation activities include the identification and selection of a suitable
vehicle (aqueous, nonaqueous, or cosolvent system), necessary excipients
with appropriate concentrations {buffers, antioxidants, antimicrobials,
chelating agents, and tonicity contributors), and the container/closure sys-
tem. The formulator is interested in the same list of activities given for pre-
formulation; however, the activities are focused on specific excipients and
characterization of the formulation. The principles of formulating a par-
enteral product have been outlined by several authors, although most do
not specifically include the evaluation of tissue damage or pain caused by
injection of the final product. This is likely due to the assumption that
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deviation of pH or tonicity from physiological conditions causes these ef-
fects. It is, however, important to consider that a product may cause tissue
damage with little associated pain, pain with little tissue damage, or both
pain and tissue damage. Therefore, the models utilized to assess either the
pain or tissue damage associated with a product need to be selected care-
fully. Several complementary methods may be needed, and these models
are provided throughout this book.

Significant formulation activities begin with initial preformulation
data and knowledge of the specific route of administration. These data
provide the formulator with the requirements and limitations for the final
formulation. Due to the location of human pain receptors, formulation ap-
proaches to reduce pain are more critical for subcutaneous (SC) and intra-
dermal injections and less critical for intramuscular (IM) and intravenous
{1V) administration.

Injection volume is one of the most important considerations in the
formulation development of a commercial product. This volume is selected
based on the proposed injection route. Since veins have a relatively large
volume and blood flow rate, a product administered by the 1V route can
have a volume greater than 10 mL; as the volume increases, the delivery
rate may need to be controlled. This is in contrast to [M injections, which
are normally limited to 3 mL, SC injections to 1 mL, and intradermal injec-
tions to 0.2 mL. Recommended maximum injection volumes are author de-
pendent but not radically different.

Thus, the factors that need to be considered in evaluating the hemol-
ysis caused by a product include both the quantity and proportions of the
substances and how rapidly the blood dilutes the product. The data in
Table 17.1 provide some perspective on the vascular system’s capability of
diluting an injected 1V product, in terms of both volume and rate. The
choice of solvent is dependent both on the route of administration, which

Table 17.1. Physical Characteristics of the Arteriovenous System

:

Anatomical Section Volume (cm3) Velocity (cm/sec) :
T Aorta 100 40 ;
Arteries 325 40-100 ;,
Arterioles 50 10-01 ’
Capillaries 250 0.1 l
Venules 300 03

Veins 2,200 0.3-5

Vena cava 300 5-30 f’

M
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as noted above imparts volume limitations, and on drug solubility in the se- o

. . : . T
lected solvent. IV injections are typically restricted to diiute aqueous solu- —
tions to ensure compatibility with the biood; however, IM or SC injections _
allow for oily solutions, cosolvent systems, suspensions, or emulsions. A

Pain, soreness, and inflammation of tissues are frequently observed in the
administration of parenteral suspensions, particularly with products hav-
ing a high solid content.

A third important consideration in the development of a parenteral
product is compatibility of the formulation with the tissue. An isotonic so-
lution is less irritating, causes less toxicity and pain, and minimizes hemol-
ysis. An isotonic product, however, is not always the goal since for SC or
IM injections a hypertonic solution may facilitate drug absorption. Having
an isotonic product is, however, very important for intraspinal injections,
where the fluid circulation is slow and abrupt changes in osmotic pressure
can contribute to unwanted and potentially severe side effects.

The choice of acceptable excipients in parenteral product develop- _
ment remains limited compared to other dosage forms, due to concerns of ‘ Al
injection safety and feasibility of sterilization. In order to avoid uncertainty
and reduce development time, most formulators select excipients success-
fully used in marketed products. A short list of commonly used additives,
their functions, and typical concentrations is given in Tables 17.2 and 17.3.
As the number of biotechnology products increases, excipients such as hu-
man serum albumin (HSA), amino acids, and sucrose are finding increas- ‘
ing utility. In Europe, the use of animal-derived excipients such as HSA and
some polysorbate surfactants has become problematic due to the increas-
ing concern with bovine spongiform encephalitis (BSE). This concern is f
expanding to the rest of the world and has impact on the selection of
excipients.

An excipient selected for a parenteral product may serve one or more
purposes. For example, benzyl alcohol is primarily a preservative; how-

ever, it has a transient local anesthetic property. Dual roles may help in the ; Su
goal to minimize both the number of product ingredients and their quan- :

tity. The justification for each selection will become a part of the formula-

tion development report. —
Antimicrobials

Preservatives are always included in a product when multiple doses will be fo
drawn from a single vial unless the drug itself is bacteriostatic. The addi- re
tion of an antimicrobial is not a substitute for good manufacturing prac-

tices: however, many times they are added to single-use containers. They ar
are specifically excluded from large-volume products intended for pc
infusion. In some cases, as with benzyl alcohol, the excipient may have co
muitiple functions. Therefore, the decision whether or not to include a an
preservative in a single-use product may be product specific. The rationale ati

e ————————————————————
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Table 17.2, Additives Commonly Used in Parenteral Products

Substance Concentration (percent)

Antimicrobial

Benzalkonium chioride 0.01
Benzethonium chioride 0.01
Benzyl alcohol 1-2
Chlorobutanol 0.25-0.5
Chlorocresol 0.1-0.3

; Metacresol 0.1-0.3

Phenol 0.5
Methyl p-hydroxybenzoate 0.18
Propyl p-hydroxybenzoate 0.02
Butyl p-hydroxybenzoate 0.015

Antioxidants

i Acetone sodium bisuifite 0.2

‘ Ascorbic acid 0.1

Ascorbic acid esters 0.015
Butylhydroxyanisole (BHA) 0.02

i Butylhydroxytoluene {(BHT) 0.02

! Cysteine 05

{ Monothioglycerol 0.5

‘ Sodium bisulfite 0.15
Sodium metabisulfite 0.2
Tocopherols 0.5
Glutathione 0.1

Surfactants

Polyoxethylene sorbitan monooleate 0.1-0.5

Sorbitan monooleate 0.05-0.5

for any preservative addition should be a part of the product development
report.

Common antimicrobial agents are given in Table 17.2. These agents
are grouped into five chemical classes: quaternary ammonium com-
pounds, alcohols, esters, mercurials, and acids. The alcohols and esters are
commontly used in parenteral products. The quaternary compounds, which
are commonly used in ophthalmic products, are not compatible with neg-
atively charged ions or molecules.

I —————
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Table 17.3. Common Buffers Used in Parenteral Formulations : dz::
¢
Buffer pK, Usual Buffering Range tion
Acetic acid 48 3.5-5.7 the t
Citric acid 3.14,4.8,52 2162 opm
Glutamic acid 22,43,97 8.2-102 phtO;
: uc
Phosphoric acid 21,72,127 2-3.1,6.2-8.2 :
Benzoic acid 4.2 3.2-8.2 ; Ant
Lactic acid 3.1 2.1-4.1 i
| Pref
Ascorbic acid 42,116 3.2-5.2 i .
S i radi
Tartaric acid 3.0,43 2.0-53 i stab
Succinic acid 42,56 3.2-6.6 ; are i
Adipic acid 4.4,5.28 3.4-6.3 accc
Glycine 234,96 1.5-3.5, 8.8-10.8 :' drug
o 2 b1 ? tion,
Matic acid 3.4.51 4-6. | gas
Triethanolamine 8.0 7-9 vials
Diethanolamine 9.0 8.0-10.0 ( gas.
Tromethamine 8.1 7.1-9.1 ‘. spec
i the ¢
caus
with
. is n¢
The literature reports interactions of the parabens with surfactants . tial,‘
and formation of molecular complexes with gelatin, methylcellulose, ! savil
polyvinyl pyrrolidone, and polyethylene glycol. These interactions may de- ;
crease preservative efficacy. Some antimicrobial compounds, such as ben- i tathi
zyl alcohol, may be adsorbed by the container closure. Thus, microbial with
preservation must be demonstrated for the final formulated product. , quer
| a bi¢
Buffers ‘ orth
hol ¢
The buffer system establishes and maintains the product pH. A specific in tk
buffer system is selected such that the pK, of the system is within one pH prec
unit of the pH desired for the product. A list of common buffers is provided
in Table 17.3. The selection of the product pH is based on the stability of the Che
active drug. When alternative buffers are available, a comparison of their .
respective effects on stability will usually aid in the final choice. The acetate Chel
buffer system is not a good choice for a lyophilized product due to the som
volatility of acetic acid. Loss of acetic acid results in a pH shift when the ethy
product is reconstituted. The pH of solutions containing a phosphate catal
buffer system have been shown to shift during cooling due to precipitation prod

of sodium phosphate species. These pH shifts during freezing may cause
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damage to a protein. Since the specific buffer and the buffer capacity can
contribute to injection pain, these effects should be evaluated in the sélec-
tion of the buffer. Each species of the buffer system affects the tonicity of
the final product; this influence must be considered during product devel-
opment, For example, as the pH of a formulation containing monosodium
phosphate is adjusted, the disodium salt is formed and contributes to prod-
uct tonicity.

Antioxidants

Preformulation data will identify compounds sensitive to oxidation. Free
radicals or molecular oxygen mediates oxidation, and several alternative
stabilization approaches are available. In many cases, several approaches
are utilized concurrently. One approach is fowering the product pH, which,
according to the Nernst equation, increases the oxidation potential of the
drug and thus increases stability. When oxygen contributes to degrada-
tion, it can be displaced during the filling operation by “bubbling” an inert
gas such a nitrogen or argon gas through the solution prior to filling the
vials. Additionally, the container headspace can be averlaid with the inert
gas. An antioxidant may be useful if further protection is necessary. The
specific antioxidant selected should have a lower oxidation potential than
the drug. Several antioxidants and concentrations should be evaluated be-
cause, in many cases, a single agent is not sufficient. Sulfites are associated
with allergic reactions in some patients. This reaction has a rapid onset and
is not always confirmed by an oral challenge. Despite this reaction poten-
tial, sulfites may be used in a formulation if necessary to stabilize a life-
saving product.

Examples of antioxidants include sodium bisulfite, ascorbic acid, glu-
tathione, and propy! gallate. Sodium bisulfite tends to react irreversibly
with the double bonds found in aldehydes and some ketones, and fre-
quently results in a significant loss of biological activity. Epinephrine forms
a bisulfite addition product, as do other sympathomimetic drugs having
ortho- or para-hydroxybenzyl alcohol derivatives. The meta-hydroxy alco-
hol does not react with sodium bisulfite. Sulfites are converted to sulfates
in the oxidation reaction, and if small amounts of barium are present, a
precipitate will form.,

Chelating Agents

Chelating agents are used to increase the solubility of a drug or to impart
some product stability. Compounds such as ascorbic acid, citric acid, and
ethylenendiaminetetraacetic acid chelate metals, which would otherwise
catalyze oxidation reactions, and provide measurable benefits for some
products.

. e e

H
i
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i
|
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Surfactants issu

forn

Surfactants are used to solubilize a drug and, for protein products, to min-
imize adsorption of the protein on surfaces. Most polysorbates are derived

from animal sources, and their use in Europe is becoming problematic due Osr
to the increasing concerns with BSE. This concern is expanding to the rest The
of the world and will impact in the selection of excipients. Several suppli- bloc
ers are beginning to offer polysorbates from vegetable sources. Polysor- An
bates can contain peroxides that may adversely affect product stability mar
and, as for all excipients, specifications will need to be established. solu
potc
Tonicity Agents poir
whe
The active drug and each excipient contribute to the'tonicity of the formu- ! Brit
lation. When the tonic contribution of these combined ingredients is not or i
sufficient to provide an isotonic solution, then tonicity agents, such as dex- i is ni
trose, sodium chloride (NaCl), sodium sulfate, or mannitol can be added. i for :
Additional details are provided in the osmolality section below. ; note
In summary, formulation activities focus on the selection of the ,
solvent, the necessary excipients (buffers, antimicrobials, antioxidants, i NaC
chelating agents, surfactants, and tonicity agents) with corresponding con- ] sele
centrations, the container/closure systemn, and on demonstrating adequate | extr
stabhility. l bari
nece
Focus on Osmolality, Cosolvents, Oils, and pH essa
The contribution of isotonicity in reducing injection pain is not always ; Mesa
clear but, at a minimum, it may reduce tissue irritation. Injection pain may i surit
occur during and immediately following product administration but may : num
be delayed or prolonged, with an increase in severity with subsequent in- f @b
jections. Pain can be difficult to assess because significant patient variation % sure
exists, and there are few preclinical methods for evaluation. i pres
Literature describing pain associated with parenteral products has fo- i tivel
cused on three areas: osmolality, cosolvents, and pH. This is a pragmatic are 1
focus since osmolality and pH are easy to measure, Unfortunately, the ad-
justment of pH and osmolality may not be possible for some formulations poin

due to physical or chemical stability of the product. In other products, the ‘ dete
drug molecule may be inherently painful when injected. In both of these
cases, formulations must be delivered at a low drug concentration or in i mery
complex formulations (such as emulsions or liposomes), in an attempt to ; iden
“hide” the drug from pain receptors. Due to volume constraints, these are ' is th
not always a viable aiternative for IM or SC injections, leaving the formu-

! feres

lutio
lator to design the best possible product and otherwise relying on the caus
health professional to further minimize the injection pain at the time of clud:

administration. Since these formulations pose significant development

M
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issues, most formulators optimize the pH and isotonicity and provide in-
formation on appropriate dilution for administration.

Osmolality

The primary purpose for adjusting product osmolality is to minimize red
blood cell lysis, tissue damage, and pain when the product is administered.
An isotonic solution provides an electrolyte environment that allows hu-
man erythrocytes to maintain “tone.” If cells are placed into a hypertonic
solution, the cells may lose water and shrink (crenation). If placed in a hy-
potonic solution, the water moves into the cells, which can then swell to the
point of breaking. Thus, the formulator’s goal is to develop a product that,
when administered, will be as close to isotonic as possible. In fact, the
British Pharmacopoeia states that aqueous solutions for SC, intradermal,
or IM injections should be made isotonic if possible. Unfortunately, there
is no formulation solution for a product that is hypertonic. The necessity
for administration in a diluted form or by slow infusion is appropriately
noted in the product package insert.

Common agents used to adjust tonicity of a product include dextrose,
NaCl, mannitol, and sodium sulfate. Care must be taken if sodium sulfate is
selected for a product packaged in barium-containing glass, because even
extremely small amounts of leached barium can lead to the precipitation of
barium. Since all ingredients contribute to the tonicity of the product, it is
necessary to measure or calculate the contribution of each and then, if nec-
essary, adjust the product tonicity with additional agents.

Measuring Osmolality. Determination of osmolality is performed by mea-
suring one of the four colligative properties, which depend only on the
number of “particles” in the solution: (1) osmotic pressure elevation,
(2) boiling point elevation, (3} freezing point depression, and (4) vapor pres-
sure elevation. Of these methods, freezing point depression and vapor
pressure elevation are most commonly utilized. These methods are rela-
tively easy to perform and reasonably accurate. Commercial instruments
are readily available.

Iso-osmolality, as determined by physical methods such as freezing
point depression or vapor pressure reduction, is different from isotonicity
determined by biological methods such as erythrocyte hemolysis. This dif-
ference is important since cells do not always behave as semipermeable
membranes, and measuring biological compatibility by direct methods will
identify problematic molecules that can cause lysis or tissue damage. Urea
is the most frequently cited example of such a molecule; a 1.8 percent so-
lution of urea has the same osmotic pressure as NaCl at 0.9 percent, but
causes cell lysis. Other compounds that have specific cellular effects in-
clude glycerin, propylene glycol, and boric acid.

|
|
|

i
i
]
t
|
i
|
|
b
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Although physical methods such as freezing point depression and va- 5 2.
por pressure are valuable tools in formulation development and quality
control of the product, it is imperative to have direct methods to measure 3.
the effect of the product on red blood cells and tissue. Methods to evaluate
cellular effects are given below, and methods to evaluate tissue effects are 4.
provided in other chapters of this book. The references provide additional
information, and formulators are encouraged to include them in their .
library. This me
enteral
Determining Tonicity (Hemolysis). A common in vitro method to evalu- since th
ate a product is by measuring erythocyte hemolysis. Typically the release
of hemogiobin from the damaged cells is measured spectrophotometri- Calqula
cally; however, a more sensitive method is to directly observe the changes marlzi;
in cell volume. An aqueous isotonic NaCl solution is used as the standard. ( .
Several protocols are available that describe incubating the product with amogn-
erythrocytes suspended in defibrinated blood for a specified time, cen- §olut|.01
trifuging to separate the erythrocytes and ghost cells, and then using a 10&0(?[1;
spectrophotometer to determine the absorbance of the supernatant versus Nal .
a standard at 520 nm. Solution to blood ratios of 100:1 have been used. ‘:? Lét;%
Concerns that this ratio is not realistic and can often give misleading re- a ¢
sults has lead investigators to use dilutions of 1:10—a complete reversal of ?flen;t
proportions—with no hemolysis found. ! fam;'i
Others have evaluated product effects by directly observing varia- ;avé ‘;
tions of red blood cell volume when suspended in solution. This method is lutio
more sensitive to small tonicity differences than the hemolysis method. ??(;;ﬁn'
An alternative method to determine the compatibility of a product . fi
with blood is proposed by Ito et al. (1966). The coil planet centrifuge (CPC) spec:D
method was originally developed to examine dynamic membrane proper-
ties of erythrocytes. The system comprises three instruments: the CPC it- ample,
self, gradients for preparing the solution having an osmotic gradient in a lution
coil, and a scanning spectrophotometer for recording a hemolytic pattern amout
of the sample coil. The CPC is a specific centrifuge that rotates at 1,600 rpm
around the main axis at a constant temperature of 37°C, while the coil
holder fitted with coils rotates at 16 rpm. The design of this equipment en- i A Cf’"
sures that the centrifugal force is constant irrespective of the distance from : equive
the main axis. It has been found that measuring the hemolysis of oil injec- ; this is
tions and those of high concentration or viscosity by this method is diffi- ¢
cult, if not impossible. . of°C|
The “osmogram” output shows red blood cell hemolysis as a function ; obtair
of the osmotic gradient. The hemolytic pattern of injections are divided x . (
into the following four patterns: ’ cific §
: methe
1. Hemolysis is remarkable, or erythrocyte is coagulated and does to tht
not move. metht
comn

e SO R SRS RO ——————
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2. Hemolysis takes place gradually and then continues or is shifted
to the side of high osmotic pressure.

3. No change is observed.

4. Pattern is shifted to low osmotic pressure, indicating stabiliza-
tion of the erythrocyte membrane.

This method may provide valuable information for the evailuation of par-
enteral products; however, the full potential of the method is unknown
since there is little information available.

Calculating Tonicity. Severai methods used to calculate tonicity are sum-
marized below.

(1) The method of NaCl equivalents expresses tonicity in terms of the
amount of drug equivalent to NaCl since, in most cases, when an agueous
solution is iso-osmotic with 0.9 percent NaCl, it will be isotonic with phys-
jologic systems. The NaCl equivalent value, E, is defined as the weight of
NaCl having the same osmotic effect as 1 g of the drug. A 1 percent NaCl
solution has an equilibrium freezing temperature of -0.58°C and is given a
NaCl E value of 1.00. The freezing temperature of serum is -0.52°C, equiv-
alent to the freezing temperature of a 0.9 percent NaCl solution. Therefore,
if a 1 percent solution of a specific compound has a freezing temperature
of -0.058°C, then it has an E value of 0.1. Thus, 1.0 g of this compound wiil
have the same tonic value as 0.1 g of NaCl; to prepare 100 mL of an isotonic
solution containing 1 g of this substance, 0.8 g of NaCl must be added.
Remington’s (Gennaro 1995) has an extensive list of NaCl equivalents for
specific excipients and drugs.

Different compounds can be used to adjust solution tonicity. For ex-
ample, in the above calculation, 0.8 g of NaCl was needed to render the so-
lution isotonic. If, however, dextrose is desired to adjust tonicity, then the
amount of dextrose would be

(1 g dextrose/0.16 g NaCl) x 0.8 g NaCl =5 g dextrose

A comparison of measured osmolality to calculated values using the NaCl
equivalent method shows agreement within 10 percent; for most systems
this is sufficiently accurate.

(2) The freezing point depression method uses “D” values having units
of °C per x percent of drug. The D values for some drug compounds can be
obtained in the literature.

(3) The V value of a drug is the volume of water used to dissolve a spe-
cific weight of drug to prepare an isotonic solution. The purpose of this
method is to prepare an isotonic solution of the drug and then to dilute this
to the desired final concentration with a suitable isotonic vehicle. This
method is most commonly used for ophthalmic preparations. Values for
commonly used drugs are available in the literature.

A ————— T ——————————
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(4) Other calculations such as the L;;, method can be used for estima- (
tions when values for a specific compound are not available. The mathe- : uct e
matical relationship of L;;, to the NaCl equivalent, E, is: f the p

i specit
E =17 (Liso/M) | cal m
. . ! indire
where M is the molecular weight of the compound. Average L, values for i )
different types of compounds.are given in Table 17.4. are tt
, soybe
Cosolvents and Oils olizec
Cosolvents are commonly used to enhance drug solubility and stability. , Zottref
Cosolvents may include ethanol, propylene glycol, polyethylene glycols, I E‘lta)t/k'
and glycerin. These components have intrinsic effects on biologic tissue ; n lidi
and can alter the properties of other excipients, thus influencing the tissue ; 50 ll :
damage or pain caused by the product. There is a dearth of literature on : lfnc ‘:;
the pain caused by cosolvents, hut there is also a growing body of knowl- Ixe
edge on the tissue damage that they can cause. It is not certain that tissue ;
damage is always directly correlated with injection pain, but minimization ! pH
of hoth pain on injection and potential for tissue damage should be in- 1
cluded in the product development plan. A pre

In studies by Brazeau and Fung (1989a, b), moderate concentrations ! whicl
of organic cosolvents (20 to 40 percent v/v) show the following relative my- i uct. 1
otoxicity ranking: propylene glycol > ethanol > polyethylene glycol 400, spont
These investigators also discovered that total myotoxicity equaled the sum ‘ conce
of the individual myotoxicity of each component, with the exception of uct d
preparations containing polyethylene glycol 400, which apparently has a | effici
protective effect. the d

1to?2

used

X | itior

Table 17 4. Average L;;, Values for Different Types of Compounds i S;tr'm

Compound Type Liso Example : accey
Nonelectrolyte 1.9 Sucrose

Weak electrolyte 2.0 Phenobarbital, boric acid andt

Di-divalent electrolyte 2.0 Zinc suifate (r:::tﬁ

Uni-univalent electrolyte 3.4 Sodium chioride since

Uni-divalent electrolyte 4.3 Sodium sulfate, atropine sulfate depr:

Di-univalent electrolyte 4.8 Calcium chioride " Sore!

Uni-trivalent electrolyte 52 Sodium phosphate sur?(

tontc

Tri-univalent electrolyte 6.0 Aluminum chioride a Na

Tetraborates 76 Sodium borate chan
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Consideration must also be given to cosolvent effects on other prod-
uct excipients. Since most buffers are conjugates of a weak acid or base,
the polarity shift caused by cosolvents: may shift the pK, of the buffer
species. [t is best to evaluate biclogical compatibility using direct biologi-

i cal methods, because cosolvents may have both specific cellular effects and
; indirect excipient effects.

Another class of nonagueous vehicles used in parenteral formulations
are the fixed oils, including corn, cottonseed, olive, peanut, sesame, and i
soybean. Qils of vegetable origin are selected because they can be metab-
olized, are liquid at room temperature, and will not rapidly become rancid.
To remain liquid at room temperature, a fixed oil must contain unsaturated
fatty acids, which, when present in excessive amounts, can cause tissue ir-
ritation. The U.S. Pharmacopeia (USP) includes specifications for rancidity,
solidification range of fatty acids, and free-fatty acids. The formulator may
include antioxidants, such as tocopherol (a natural component of many
fixed oils) to prevent the product from becoming rancid.

pH

A product buffer system is selected to help maintain an environment in
which the drug is stable throughout the commercial shelf life of the prod-
uct. These systems are composed of a weak acid or base and a corre-
sponding salt. The ratio of these species determines the pH, and the
concentration provides a buffer capacity to resist pH changes due to prod-
uct degradation or container-closure interactions. A buffer system is most i
efficient at its pK,, thus, buffers are generally chosen within one pH unit of
the desired product pH. :

The buffer concentrations typically chosen for a product range from
1to 2 percent, although higher concentrations of up to 5 percent have been
used with citrate buffers. The more a pH deviates from physiological con-
ditions and the higher the buffer capacity, the more likely the product will
contribute to tissue damage or injection pain. Table 17.3 provides a list of
acceptable buffers with pK;, values and usual pH buffer ranges.

Buffer systems are in an equilibrium that is sensitive to temperature
and the concentration of each species. Each species in this equilibrium may
contribute differently to product osmolality. There may be an error in esti- ‘
mating the contribution to osmolality of each species at room temperature, |
since the most common method to measure osmolality is by freezing point
depression. Cutie and Sciarrone (1969) demonstrated for boric acid,
Sorensen, and Palitzsch buffers that if formulated to be isotonic as mea-
sured by freezing point depression, the solutions may be slightly hyper-
tonic at 37°C. Sodium tetraborate has, in fact, been demonstrated to have
a NaCl equivalent (E value) of 0.45 at 37°C but 0.35 at 0°C, a 23 percent !
change. For most formulations, this is not of physiological significance; ' !
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however, it should not be discounted for those formulations where close
tolerance to isotonicity is necessary.

¢

) formu
A vapor pressure osmometer provides an alternative to the freezing and h
point method and may be particulariy useful when the data for tempera- propc
ture and concentration effects on ionization constants are not available. A i stabili
limitation of the vapor pressure method includes interference by volatile ! (
substances such as ethanol. ) istrati
erin o
: of the

i .
PosT-FORMULATION PROCEDURES : topica
Despite efforts to minimize or eliminate pain through formulation opti- § Devi

mization, some products remain painful when injected. The literature is re-

plete with suggestions on how to reduce pain during the administration of Paren

a product. Unfortunately, much of these data are incomplete or seemingly These
contradictory. Deficiencies in the research conducted on children’s pain

rope
have been noted, and the point is frequently made that children are short- }DECI?OI
changed with respect to pain management. Post-formulation efforts to : how I
alleviate pain which are discussed in this chapter are included in the fol- } pertin
lowing categories: pH, additives or solvent adjustments; devices or physi- ] P
cal manipulations, and psychological. This p
efficie
pH, Additives, and Solvents : vide a
admin

Drugs stable only in acidic conditions are purposefully formulated to en-
sure an adequate commercial shelf life, Because these acidic products are , Subci

associated with injection pain, sodium bicarbonate is extemporaneously
added prior to administration to more closely match physiological pH < Drugs
(pH 7.3). This approach appears to successfully reduce the pain caused by : tior:ns ¢

local anesthetics; however, studies with other products have been equivo- ; fluid.

cal. For anesthetics, this increased pH will alter the stability of the product | 25 gau
and may result in the precipitation of the less soluble, nonionized species. cleanii
The amount of sodium bicarbonate that can be safely added is variable 5 penetr
given the range of anesthetic products (pH of 3.5 to 5.5), the concentration the sul
of sodium bicarbonate, and other variables. . v
The reduction in pain for anesthetic products does not appear to be firmly
entirely due to the increased pH of the solution. The indirect effect of in- vides 1
creasing product pH is to shift the equilibrium of anesthetics to the un- ' needle
charged species that may diffuse more rapidly and consequently inhibit 5 dl‘? be
pain perceptions. Individual drugs or drug species {charged or uncharged) S.km to
may have different intrinsic pain induction potential, independent of pH. tion of
The study design and product ingredients must be considered when eval- After.t
uating data, because some excipients such as benzyl alcohol have local the site
anesthetic properties. distrib

M

InnoPharma Exhibit 1020.0136



Formulation and Administration Techniques 417

Another extemporaneous technique is to add lipids to the commercial
formulation. This method shifts more of the drug from the aqueous phase
and has been successful in reducing injection pain for methohexital and
propofol. Such additions need to be supported by studies to verify product
stability, similar pharmacokinetics, and efficacy.

Clinicians also minimize or eliminate injection pain by topical admin-
istration of local anesthetics, which decrease pain sensation, or nitroglyc-
erin ointment, which dilates local blood vessels and promotes absorption
of the irritating substance. Although of interest to the formulator, these
topical approaches do not pose formulation issues.

Devices and Physical Manipulations

Parenteral administration techniques will affect the magnitude of the pain.
These include the practical training received by healthcare professionals;
proper selection of administration equipment; and manipulation of the in-
jection rate, injection site, and temperature. The formulator should note
how health professionals may use the product and consider the need for
pertinent data during product development.
Parenteral administration techniques are part of a nurse’s education.
This practical training is aimed at increasing the comfort of the patient and
efficiency of the nurse. The references given at the end of this chapter pro-
vide additional detail and information on less common parenteral routes of :
| administration.

Subcutaneous Injection

Drugs recommended for SC injection include nonirritating aqueous solu-
tions and suspensions contained in 0.5 to 2.0 mL (target 1 mL or less) of

i fluid. The needle sizes are 25 gauge 5/8 in. length for an average adult and
25 gauge 1/2 in. length for an infant, child, elderly, or thin patient. After
cleaning the area with an alcohol sponge, allow the skin to dry before skin
penetration to avoid the stinging sensation caused by the alcohol entering
the subcutaneous tissue.

With the nondominant hand, grasp the skin around the injection site
firmly to elevate the subcutaneous tissue, forming a 1 in. fat fold. This pro-
vides rigidity for needle entry. Tell the patient “you will feel a prick as the t
needle is inserted.” Holding the syringe in the dominant hand with the nee-
dle bevel up, insert the needle quickly in one motion. Release the patient’s
skin to avoid injecting the drug into compressed tissue to minimize irrita-
tion of nerve fibers, confirm the needle is in the tissue, and inject slowly. i
After the injection, remove the needle quickly. Cover the skin and massage
the site gently (unless contraindicated as with heparin or insulin) to help
distribute the drug and reduce pain. !

B s ———————————————
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Intradermal Injection f pt
pt
Intradermal injections are typically used only for local effects or diagnos- Tt

tic purposes in volumes of 0.5 mL or less. Needles of 26 or 27 gauge and

m
1/2 to 5/8 in. in length are used. The injection is given at a 15° angle about
1/8 in. below the epidermis at sites 2 in. apart. Stop when the needle bevel tit
tip is under the skin and inject slowly; some resistance should be felt. A fao
wheai should form; if it does not, the injection is too deep. Withdraw the th
needle at the same angle as the entry. Do not massage the site, as this may b
cause irritation. is
Intramuscular Injection ‘ Ti
IM injections deliver medication into highly vascularized deep muscle tis- H
sue. Because there are few sensory nerves in these tissues, pain is mini- : of
mized when injecting irritating drugs. The volume for IM injection can be th
I' up to 5 mL, although it is typically less than 3 mL. A 20 to 25 gauge needle i di
a of 1 to 3 in. in length is used. Once the appropriate injection site has been [ th
selected and properly prepared, gently tap it to stimulate nerve endings ! ut
l and minimize pain when the needle is inserted. The gluteal muscles should i p!
not be used for a child under the age of 3, nor for someone who has not i br
been walking for the prior year. Never inject into sensitive muscles, espe- i ’ in
cially those that twitch or tremble when you assess site landmarks. Injec- tr
tions in these trigger areas may cause sharp or referred pain, such as pain | tc
caused by nerve trauma. | ol
| of
Intravenous Bolus Injection p
Bolus drug administration is used when immediate drug effects are nec- ,
essary, when the drugs cannot be diluted (diazepam, digoxin, phenytoin), E Ti
or for drugs that are too toxic or irritating for other routes of administra- | al
tion. A 20 gauge needle is typically used. Bolus injections are given ! vi
through the largest vein suitable, since the larger the vein, the more dilute ‘ la
the drug becomes, thus minimizing vascular irritation. An in-depth dis-
cussion of specific routes of administration, techniques, equipment, and t
cautions is readily available in the literature referenced at the end of this P
chapter. at
St
. ci
Devices
Devices offer significant opportunities to reduce the fear and increase the te
consistency of parenteral injections. Some of these devices are needle free, es
with the product propelled through the skin under pressure. Some studies Ol
have demonstrated reduced pain during administration. These devices ir
may affect the quality of a shear-sensitive macromolecule or alter drug t

e SR S ————
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pharmacokinetics (PK) due to the pattern of drug deposition. For a given
product, additional product or PK characterization may be necessary.
These devices deliver subcutaneous injections; however, controversy re-

E mains on whether they can deliver an IM injection.

i Other devices use “hidden” needles with guides that facilitate inser-

: tion of the needle and subsequent injection of the medication. These allow
for reproducible injections. Their utility is dependent on the perception of
the patient, the cost of the device, and the ease of use. These devices have
been shown to be less painful and improve compliance for chronic admin-
istration of SC injections.

Temperature

Healthcare providers continually explore methods to increase the comfort i
of the patient by altering the temperature of the product or skin. Numbing
the skin surface with ice or other means has successfully been used to re- !
duce injection pain; in one case, injecting a cool solution before infusing
the drug appeared to be successful in reducing pain. Changing the prod- s
uct temperature is more significant to the product formulator. Warming i
propofol to 37°C has been demonstrated to decrease the incidence of pain i
by 37 percent. Since both cooling and warming have been shown to reduce 1
injection discomfort, it may be that some relief is provided by the quick, but |
transient temperature effects on the nociceptor receptors or pain media- ‘,
_tors. The formulator should be aware that products might be either cooled !
or warmed by healthcare professionals and, therefore, consider the impact
of temperature changes on the formulation during product development. i

Psychological

The contribution of psychological factors to injection pain is substantial
and has been considered in the design of the new devices mentioned pre- i
viously. Psychology is used in the clinic to minimize injection pain, particu-
larly in children. These are interesting and provided here for completeness.

The pain experience is influenced by age, physical, emotional, cul-
tural, and, social factors as are the preferred control methods. A Gallup
Poll stated that 58 percent of children rely on their own coping skills, such
as thinking about something else to make shots bearable, and 47 percent
said they specifically disiiked needles. Perhaps we as healthcare providers
can provide more assistance.

Several articles provide lists and examples of proactive psychological
techniques shown to minimize injection pain, including distraction, hon-
esty, and a demonstration of caring. Distraction asks the patient to focus
on an image and and to use breathing techniques. The person giving the
injection should be honest yet supportive while making general sympa- ;
thetic statements that indicate the child can control pain. The child should

e
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be involved in discussions, and all actions should be described before or as
they are being performed.

The psychology and perception of pain are important factors in pain
management and both the healthcare provider and formulator can effec-
tively utilize the techniques mentioned above in the development, support,
and administration of therapeutic products.

REFERENCES

Brazeau, G., and H.-L. Fung. 1989a. An in-vitro model to evaluate muscle damage
following intramuscular injections. Pharm. Res. 6:167-170.

Brazeau, G. A, and H.-L. Fung. 1989b. Use of an in-vitro model for the assessment
of muscle damage from intramuscular injections: in-vitro/in-vivo correlation
and predictability with mixed solvent systems. Pharm. Res. 6:766~771.

Brody, J. 1995. The pain-killing power of imagination. Star Tribune (Minneapolis,
Minn.), 4 November, p. 10E.

Cleland, J. L., and R. Langer. 1994. Formulation and delivery of proteins and pep-
tides. Washington, D.C. American Chemical Society, ACS symposium series
567,

Cutie, A. J., and B. J. Sciarrone. 1969. Re-evaluation of pH and tonicity of pharma-
ceutical buffers at 37 degrees. J. Pharm. Sci. 58:990-993. ‘

Erramouspe, J. 1996. Buffering local anesthetic solutions with sodium bicarbonate:
Literature review and commentary. Hosp. Pharm. 31:1275-1282, !

Fletcher, G. C., J. A. Gillespie, and J. A. H. Davidson. 1996. The effect of tempera-
ture upon pain during injection of propofol. Anaesthesia 51:498-499.

Flynn, G. L. 1980. Buffers—pH control within pharmaceutical systems. J. Parent.
Drug Assoc. 34:139.

Fowler-Kerry, S., and J. R. Lander, 1987. Management of injection pain children.
Pain 30:169-175.

Gennaro, A. R. 1995. Remington: The Sclience and Practice of Pharmacy. Easton,
Penn., USA: Mack Publishing Company.

Godschalk, M., D. Gheorghiu, P. G. Katz, and T. Mulligan. 1996. Alkalization does
not alleviate penile pain induced by intracavernous injection of prostaglandin
E1. J. Urology 156: 999-1000.

Hagan, C. 1996. No-pill pain relief: little tricks that can instantly sooth your child’s
hurt. Good Housekeeping 223:150-152.

Hammarlund, E. R., and G. L. V. Pevenage. 1966. Sodium chloride equivalents,
cryoscopic properties, and hemolytic effects. J. Pharm. Sci. 55:1448-1451.

Husa, W. J,, and O. A. Rossi. 1942. Isotonic solutions iI: Permeability of red cor-
puscles to various cosolvents. J. APhA, Sci. Ed 31:270.

Ito, Y., M. A. Weinstein, [. Aoki, R. Harada, E. Kimura, and K. Nunogaki. 1966. Coil
plant centrifuge. Nature 212:985-987.

|

s ——————————

InnoPharma Exhibit 1020.0140



e e ————————

Formulation and Administration Techniques 421

Ito, Y., I. Aoki, E. Kimura, K. Nunogaki, and Y. Nunogaki. 1969. Micro liquid-liquid
partition techniques with the coii plant centrifuge. Anal. Chemist 41:1579-1584.

Koenicke, A. W., M. F. Roizen, J. Rau, W. Kellermann, and J. Babl. 1996. Reducing
pain during propofol injection: The role of the solvent. Anecsth. Analg.
82:472-474,

Krzyzaniak, J. F., F. A. A, Nunez, D. M. Raymond, and S. H. Yalkowsky. 1997, Lysis
of human red blood cells. 4. Comparison of in-vitro and in-vivo hemolysis data.
J. Pharm. Sci. 86:1215-1217.

Lugo-Janer, G., M. Padial, and J. L. Sanchez. 1991. Less painful aiternatives for lo-
cal anesthesia. J. Dermatol. Surg. Oncol. 19:237-240.

Main, K. M., J. T. Jorgensen, N. T. Hertel, S. Jensen, and L. Jakobsen. 1995, Auto-
matic needle insertion diminishes pain during growth hormone injection. Acta.
Paediatr. 84:331-334.

Martin, A. N., J. Swarbrick, and A. Cammarata. 1969. Physical pharmacy. Philadel-
phia: Lea & Febiger.

Moriel, E. Z., and J. Rajfer. 1993. Sodium bicarbonate alleviates penile pain induced
by intracavernous injections for erectile dysfunction. J. Uroiogy 149:1299-1300.

Motola. S. 1992. Pharmaceutical dosage forms: Parenteral medications, vol, 1. New
York: Marcel Dekker, Inc., pp. 59-113.

Piepmeier, E. H., and L. A. Gatlin. 1995. Ultrasonic vocalizations from rats follow-
ing intramuscular administration of antimicrobials. Proceedings of the AAPS
Annual Meeting, Miami Beach, Fla.

Queralt, C. B., V. Comet, J. M. Cruz, and C. Val-Carreres. 1995. Local anesthesia by
jet-injection device in minor dermatologic surgery. Dermatol. Surg. 21:649-651.

Racz, 1. 1989. Drug Formulation. New York: John Wiley and Sons.

Rubino, J. T, 1987. The effects of cosolvents on the action of pharmaceutical buffers.
J, Parent. Sci. Tech, 41:45-49.

Rubino, J. T., and W. S. Berryhill. 1986. Effects of sovent polarity on the acid disso-
ciation constants of benzoic acids. J. Pharm. Sci. 75:182-186.

Viele, C. 1994. Tips help to minimize injection-site pain from epoetin alfa therapy.
Oncology Nursing Forum 21:781-782.

Wang, Y.-C. J,, and R. R. Kowal. (1980) Review of excipients and pH’s for parenteral
products used in the United States. J. Parent. Drug Assoc.14:452-462,

Wells, J. 1. 1988. Pharmaceutical preformulation: The physiochemical properties of
drug substances. In Pharmaceutical technology. Chichester, N.Y., USA: Halsted
Press.

Westrin, P, C. Jonmarker, and O. Werner. 1992. Dissolving methohexital in a lipid
emuision reduces pain associated with intravenous injection. Anesthesiology
76:930-934.

Wiener, S. G. 1979. Injectable sodium chioride as a local anesthetic for skin surgery.
Cutis 23:342-343.

Williams, J. M., and N. R. Howe. 1994. Benzyl alcohol attenuates the pain of lido-
caine injections and prolongs anesthesia. J. Dermatol, Surg. Oncol. 20:730-733.

i
i['
|8
i
|
¢
]
g
!
Lh
|
i‘
f:

InnoPharma Exhibit 1020.0141



ATTACHMENT F - COMPILATION
TAB 5

InnoPharma Exhibit 1020.0142



United States Patent Office

3,164,520
Patented Jan. 5, 1965

1

3,164,520
INJECTABLE STEROID COMPOSITIONS CONTAIN-
ING AT LEAST 75% BENZYL BENZOATE

Raymond Charles Huber, Martinsville, N.J., assiguor to

Olin Mathieson Chemical Corporation, New Yoik,
N.Y,, a corporatior of Virginia . .
No Drawing. Filed Oct. 29, 1962, Ser. No. 233,931

4 Claims,  (CI 167—358) )

This invention relates to compositions of matter and
more particularly to new parenterally administrable phar-
maceutical compositions comprising one or more active
medicaments and a physiologically acceptable non-toxic
pharmacettical vehicle, comprised essentially of benzyl
benzoate. ‘ B ’

The active medicament which may be incorporated in
the novel compositions of this invention may be any one
vhich is administered for use in :comparatively large unit
dosages, for example, 10 mg./ml. to 500 mg./ml. and
which is soluble ‘in benzyl benzoate. Examples of the
medicaments which may be .employed in this invention
include inter alia, steroid hormones, especially those ste-
roid hormones which exhibit anabolic; estrogenic, andro-
genic and progestational activity, for example, 17-hy-
droxyprogesterone and: the esters thereof, testosterone,
estradiol and the acid esters thereof, progesterone and its
derivatives and Al-testololactone and its derivatives. In
the most preferable embodiment of this invention the ac-
tive medicament is a stercid hormone although other
pharmaceutically active compounds may also be emi-
ployed, with szatisfactory results,

Heretofore it has been well recognized in the prepara-
tion of parenterally administrable pharmaceutical com-
positions. that a suitable solvent must be employed to
render the composition injectable. However, as the
science of medicine has progressed it has been found that
increasingly higher dosages of certain medicaments must
be employed in the treatment of certain ailments in order
to achieve several advantages.
can be numbered the prolongation of activity of the me-
dicaments involved and the lessening of the total number
of individual injections which are needed to obtain the
same results. R .

Additionally, it has been found that mew chemical
modifications of medicaments are continually being dis-
covered and the solubility of these modified medicaments
in the solvents commonly employed, appears to be more
and more limited and it has therefore become increas-
ingly difficult to dissolve these new modified medicaments
in parenterally acceptable vehicles. It is well-known that
certain pharmacsutical vehicles yield satisfactory results
at low level medicament concentrations when employed
in compositions for parenteral administration. Such ve-
hicles are the vegetable oils such as cotton seed oil, pea-
nut oil, sesame oil, or corn oil, in combination with small
amounts of benzyl benzoate. However, when an in-
creased .dosage level of the medicaments is employed,
along with a correspondingly necessary increased amount
of pharmaceutical vehicle it has been
undesirable disadvantages exist. ) )

The undesirable disadvantages which are present when
the prior art vehicles are employed with a high dosage
level of medicaments, are many. In addition to the prior
art vehicles being incapable of solubilizing any great
quantities of the medicaments, it has been found that the
compositions heretofore employed produce an undue
amount of irritation at the site of injection, when paren-
terally administered into the animal being treated.

It has now been found that the disadvantages encoun-
tered in the parenteral administration of high dosage
levels of the medicaments of this invention can be avoided

by employing the novel pharmaceutical compaositions of
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this invention. It has been found that these disadvan-
tages can be overcome by employing benzyl benzoate as
the essential component of the pharmaceutical vehicle of
parenterally administrable compositions. The benzyl
benzoate has been found to be capable of dissolving great
quantities of the medicaments of this invention and the
resulting parenterally administrable composition employ-
ing this. vehicle does not produce undue irritation when
injected into the anjmals being treated.

The amount of benzyl benzoate which may be em-
ployed in the compositions of this invention while still
yielding satisfactory results has been found to range from
about 75% to 100% by volume of the pharmaceutical ve-
hicle employed. Thus the ratio of benzyl benzoate pres-
ent in the pharmaceutical vehicle zs compared to any
other ingredients therein must be at least 3 to 1. In the
most preferable embodiment of this invention it has been
found that.a pharmaceutical vehicle consisting essentially
of pure benzyl benzoate yields the best results although
at lower levels satisfactory results are also obtained.

As is common in the art of preparing parenterally ad-
ministrable  pharmaceutical compositions other additives
‘such as preservatives, antioxidants or anesthetics, such as
benzyl alcohol and the other like well known additives
may also be included in the pharmaceutical compositions
of this invention. However, their use herein is permis-
sive and not mandatory as their incorporation or cmission
in the final product of this invention does not substan-
tially affect the results herein obtained.

The compositions of this invention are easily prepared
by merely taking the desired amount of medicament and
dissolving it in the pharmaceutical vehicle of this inven-
tion by any means known in the art, for example, by
mere stirring. . )

The final ‘compositions of this invention are parenter-
ally administrable to the animal being treated. The ad-
ministration of the..composition may be accomplished
intramuscularly, subcutaneously or in any other manner
known to the art as may be determined in the individual
cases wherein this invention is employed. It has been
generally found that the most preferable Tesults are ob-
tained when an intramuscular route of administration is
employed, although other methods of administration will
also give satisfactory results. :

The invention is more particularly illustrated by the
following examples: o o
Example 1

Two g. of the acetophenone derivative of 16,17-dihy-
droxyprogesterone are dissolved in 10 ml. of benzyl ben-
zoate with stirring and warming. ‘The resultant soluticn
is then filled in vials of 5 ml. each and sterilized by auto-
claving at 121° C. for two hours. .

0.25 ml. of the resulting solution is then injected into
the vastus lateralis muscle of a rabbit producing a lesion
at the site of the injection having the size of about 640
cubic millimeters after two days. .

When 2 g. of the acetophenone derivative of 16,17-di-
hydroxyprogesterone are dissolved in 4.5 ml. of benzyl
benzoate and 5.5 ml. of castor oil in accordance with the
procedure of Example 1 and 0.25 ml. of the resultant
solution is injected intramuscularly into the rabbit a lesion
at the site of injection having a size of 967 cubic milli-
meters after two days.

Example 2

The procedure of Example 1 is followed except that 2
g. of testosterone palmitate are substituted for the acetc-
phenone derivative of 16,17-dihydroxyprogesterone cf
Example 1.

0.25 ml. of the resultant solution is injected intramus-
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cularly into a rabbit producing a lesion at the site of in-
jection having the size of about 420° cubic millimeters
after two days. When 2 g. of testosterone palmitate are
dissolved in a vehicle consisting of 40% castor oil and
60% benzyl benzoate and the resultant solution is in-
jected intramuscularly into the rabbit, a lesion at the site
of injection having a size of 610 cubic millimeters is pro-
duced after two days.

Example 3

A 25% solution of progesterone is prepared by dissolv-
ing 2.5 g. of progesterone in benzyl benzoate to make 10
ml.  Sterilization is obtained by autoclaving the solution
at 121° C, for 2 hours. ‘When 0.25 mg. of this solution
is injected into the vastus lateralis muscle of the rabbit,
a lesion is produced which, after 2 days, measures 672
cubic millimeters.

When 2.5 g. of progesterone are dissolved to make 10
ml in a mixture of 50% benzyl benzoate and 50% castor
oil as the vehicle, and 0.25 ml. of this solution is injected
into the rabbit muscle, a lesion size of 898 cubic milli-
meters is produced after two days.

Example 4

A 50% solution of hormones is prepared by dissolving
2.5 g. of progesterone and 2.5 g. of 17-hydroxyprogester~
one caproate in benzyl benzoate to make 10 ml. of final
product. . After autoclaving at 121° C. for 2 hours to
sterilize, 0.25 ml. of the solution is injected into a rabbit
muscle and the lesion size is measured after 2 days. A
lesion consisting of 572 cubic millimeters was produced.

When this same hormone combination in the same pro-

portions was dissolved in a vehicle consisting of 46%
benzyl benzoate and 54% castor oil, a rabbit muscle
lesion size of 1047 cubic millimeters is produced 2 days
after injection of 0.25 ml. of test material.

Example 5

A 40% solution of testosterone enanthate is prepared
by dissolving 4.0 g. in benzyl benzoate to make 10 ml. of
final volume. After autoclaving at 121° C. for 2 hours
to sterilize, 0.25 ml. of the solution is injected into the
vastus lateralis muscle of the rabbit and the lesion size
is measured after 2 days. A lesion consisting of 847
cubic millimeters is produced. ’

When this same quantity of hormone is dissolved in a
vehicle consisting of 20% benzyl benzoate and 80%
sesame oil and 0.25 ml. is injected a lesion size of 1441
cubic millimeters is produced.

Example 6
A 5% solution of Al-testololactone is prepared by dis-
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solving 50 mg./ml. in benzyl benzoate and after aufo-
claving to sterilize, 0.25 ml. of the sclution is injected
into a rabbit muscle. After 2 days a lesion size of only
483 cubic millimeters is produced.

Example 7

15 mg. of Al-testololactone is dissolved in a solution
comprised of 7.5 ml. of benzyl benzoate and 2.5 ml. of
castor oil. The resultant solution is sterilized, then filled
in vials“of 5 ml. each and sterilized by autoclaving at
121°.C. for 2 hours. The igjectable solution may then
be administered to the patient being treated.

This invention may be variously otherwise embodied
within the scope of the appended claims.

What is claimed is: -

1. A parenterally administrable pharmaceutical com-
position comprising the acetophenonide of 16,17-dihy-
droxyprogesterone and a physiologically acceptable non-
toxic pharmaceutical vehicle wherein at least 75% by
volume of said vehicle is benzyl benzoate.

2. A parenterally administrable pharmaceutical com-
position comprising testosterone palmitate and a physio-
logically acceptable non-toxis pharmaceutical vehicle
wherein at least 75% by volume of said vehicle is benzyl
benzoate.

3. A parenterally administrable pharmaceutical com-
position comprising testosterone enanthate and a phys-
iologically acceptable non-toxic pharmaceutical vehicle
wherein at least 75% by volume of said vehicle is benzyl
benzoate.

4. A method of administering a large single dosage of
a steroid which comprises parenterally administering to
the patient being treated a composition comprising a ste-
roid selected from the group consisting of 17-hydroxy-
progesterone, the caproate ester of 17-hydroxyprogester-
one, testosterone, the enanthate ester of testosterone, the
palmitate ester of testosterone, estradiol, progesterone,
and Al-testololactone, and a pharmaceutical carrier, said
carrier being at least 75% by volume of benzyl benzoate.
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USE OF NONAQUEOUS SOLVENTS TO PREPARE
INJECTION SOLUTIONS

P, V. Lopatin, V. P. Safonov, UDC. 615.456.2.014.24
T. P. Litvinova, and L. M. Yakimenko

Until now a rather considerable number of solvents which are used to prepare injection solutions hag
been described in the literature. These can be divided into three basic classes: agueous, nonaqueous, and
mixed solvents.

To the class of aqueous solvents we can assign those in which water is the main component. This can
be water for injections, solutions of various inorganic salts in water, cosolvents used to accelerate the so~
lution of the active materials, and the like.

To the class of nonaqueous solvents we may assign those in which the main component is some or-
ganic compound which permits one to obtain solutions of medicinal agents that are suitable for injections —
vegetable oils, polyethylene oxides, or the like.

And finally, to the class of mixed solvents we may assign solvent mixtures which enable one to pre-
pare injection solutions when it is not possible to prepare stable solutions by using the individual solvents,
or when one wishes to make sure of obtaining a number of fixed solution characteristics, for example, a
given dwelling time of the active substance in the blood system, or the like.

The present review is devoted to the use of nonaqueous solvents to prepare injection solutions.

Solvents which belong to the nonaqueous class present special interest, since using them permits one
to prepare injection solutions of substances which are unstable in water or do not dissolve in it, to obtain
solutions with an increased suitability time, and also to solve a number of other technological and pharma-
cological problems.

The following requirements are imposed on these solvents:

1. Pharmacological harmlessness: a) limited acute toxicity; b) limited chronic toxicity (on repeated
introduction); c¢) absence of local (irritating) action in the doses employed.

2. Absence of an effect of increasing toxicity at an adequate therapeutic action of the solution and
medicinal agent.

3. Chemical compatibility.

4. Technological suitability: a) high dissolving power; b) possibility of sterilization; ¢) low viscosity;
d) absence of reaction with apparatus; e) absence of fire hazard.

5. Availability.

From the point of view of therapeutic effect, an important property of a solvent is its solubility in
water or miscibility with it. On this may depend the rate of action of the medicine, the rate of solvent re~
absorption, and local transferability.

In a number of cases, when the active substance is insoluble or poorly soluble in water, contact with
tissues causes precipitation of the active substance at once after subcutaneous or intramuscular introduction;

Institute of Experimental and Clinical Oncology, Academy of Medicinal Sciences of the USSR, Moscow.
Translated from Khimiko-Farmatsevticheskii Zhurnal, Vol. 6, No. 11, pp. 36-47, November, 1972. Original
article submitted February 7, 1972.

©1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for §15.00.
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TABLE 1. Most Important Characteristics of Vegetable Oils Used

to Prepare Injection Solutions

' aponifica- | lodine Acid Refractive Densit
il Eion No. number No. index msity
Almond oil 190—195 93—102 <2,5 1,470—1,472 0,913—0,918
Peanut cil 185197 85—105 <2,0 1,468—1,47250 | 0,910—0,920
(40°
Cottonseed oil 190—198 109116 <0,4 1,4645—1,4655 0,915-0,921
. (40%)
Sunflower oil 188—194 | 125136 <0,5 - 0,917—0,924
Carn oil 187—193 102—128 <0,4 — 0,914—0,921
Olive oil 180195 79—88 <0,2 e 0,910—0,915
Peach oil 187—195 96-—103 <2,5 1,470—1,473 0,914—0,520
Sesame oil 188—195 103—116 <2 1,472—1,476 0,916--0,921

this is regulated by the rate of diffusion and resorption of the solvent by the organism. Thus, in this case
the solvent has the function of a carrier, which permits one to make the injection.

In other words, a substance which is insoluble in water has a different "fate," depending on where
it was introduced -~ under the skin or into a muscle, and whether it was dissolved in a nonaqueous solvent
which mixes or does not mix with water. In the first case the medicine is precipitated more or less rap-
idly, and naturally is resorbed more or less rapidly by the organism. In the second case it remains in a
solution which diffuses slowly around the site of injection. When the solution is resorbed, the medicine
manifests its activity. Therefore, in each separate case of preparing an injection solution in an nonagueous
solvent it is necessary to take into account the properties of the solvent and the therapeutic effect which
one wishes to attain.

Of all the nonaqueous solvents, the following have the greatest practical value: vegetable oils, ethyl
oleate, propylene glycol, and polyethylene glycols with molecular weights of 300 and 400.

Together with water, vegetable oils are most frequently used as solvents. This is explained not only
the appropriate properties of the oils, which determine their use for injections, but also by the fact that
they came first into pharmaceutical practice as solvents. The long time of use of vegetable oils as sol-
vents for injection has made it possible to find rather effective and reliable methods for purifying them,
for storing and sterilizing them, and for studying their pharmacological properties.

It should be noted that oils are used mainly for intramuscular injections; only rarely for subcutaneous
ones. In recent years a number of authors have proposed ultra-emulsions of vegetable oils (cottonseed,
soya, sesame, or sunflower) for parenteral feeding,

In Table 1 we give the most important characteristics of the oils which are used as solvents, accord-
ing to data from various pharmacopoeias. And, still, fatty oils have limited use; first, they have a high
viscosity, in connection with which oil injections are painful; second, only a small number of medicines
dissolve in oils. Finally, oil injections can cause granuloma formation. Attempts are being made to re-
duce the significance of these defects of oil solutions. For example, in individual cases ethyl ether or an
ethylene glycol ether is added to reduce viscosity. The solubility of some materials is increased by adding
mcosolvents" (benzyl benzoate, benzyl alcohol, or the like). In those cases where the substance dissolves
only in an oil or the oil is a stabilizing agent for the medicine, the use of oil is quite justified.

In recent years, synthetic and semisynthetic preparations have been acquiring ever-increasing im-
portance as solvents for injection; these make up a very numerous group of the nonaqueous solvents and
belong to various classes of chemical compounds. Here belong the alcohols (ethyl, benzyl, phenylethyl,
propylene glycol, butylene glycol, trichloro-t-butyl, etc.), ethers and esters (polyoxyethylene glycol, ethyl
ether, phenoxyethanol, ethyl acetate, ethyl oleate, benzyl benzoate, etc.), amides (N-methylacetamide and
N,N-dimethylacetamide), sulfoxides, and the like.

In Table 2 we give the basic characteristics of solvents of the ester or ether group. The solvents
of this group belong to the esters and ethers formed by various alcohols and acids. Some of them are used
as replacements for oils. The esters used as solvents are less viscous media, To these belong the esters
of organic acid with 8 to 23 carbon atoms: those of oleic and butyric acids, octyl levulinate, etc. Ethyl
oleate has received very wide circulation at present; its characteristics are given in more detail below.
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ETHYL OLEATE
C,H,COOCH,C,H,

This is a light yellow, oily liquid with a strong disagreeable

5,‘0'3: 5 odor. It is insoluble in water, but mixes with fatty oils, alcohol,
SE E 'é or ether, Its specific gravity is 0.869-0.870 (at 20°). Its acid num-
5 & S -3 ber is 0.3-0.5 mg KOH/g; peroxide number, 0.07% iodine (not more);
“E X S iodine number, 73-82. :
= A
2 ! Ed ‘5’ £ According to the recommendation of the International Phar-
g g Z % 3E 2 macopoeia, it should be used as the solvent for desoxycorticoster-
S § “é-f,‘; g one acetate, menadiol, estradiol monobenzoate, progesterone, and
o o '?j,‘ s %_%‘@ 2 testosterone propionate. Ethyl oleate is described also in the phar-
¥ % ng SE B2 maceutical codes of England (1963) and the U. S, A. (volume XXV),
& — = = : as well as in the pharmacopeias of France (1958) and England (1958,
o wEE wd g 1963).
— ﬂ)o.s 3 @
.L,'% =3 o D7 % _% In distinction from vegetable oils, ethyl oleate has a greater
©s 882 gfws 9 8 dissolving power and a constant chemical composition. Like the
©28 -8 SE5 E OB .
B3 Egg‘é 32 5 % fatty oils, it is well tolerated by the ill, with this sole difference —
g c‘:‘.‘_’g 8w 58S & & it is less viscous and is absorbed more rapidly into the tissue, A
5 Q;a 5 jgf :E.?a oy greater intensity and duration of action of testosterone phenylprop~-
3 b SEg §§ %Eg 3 5% ionate or testosterone propionate in ethyl oleate has been noted,
Q i‘:% 2% "—E-’%ug 8., 95 as compared with preparations in corn oil [4]. A greater activity
il = N v o B . .
[:_’.‘ SaSeds >08 B9 7G2 of hormones in ethyl oleate solution has also been reported more
BS56088Y He8 48 3¢
B 53=227 [.8 ELES recently [5].
o $om g8t gv~ E'ET
i - Ethyl oleate is sterilized by heating at 150° for 1 h. The co-
;f_‘ ® = N efficient of thermal expansion is rather large (over 10% on heating
217 | e f§§§%§ iy to 150°). It is recommended to sterilize solutions in closed vessels,
A - B gl 5{3 = which are filled with an inert gas (nitrogen). If the substances to
2 = - be dissolved in it do not withstand sterilization, then the ethyl oleate.
b is sterilized separately. It is recommended to add 2 or 3% of ben-
g o -3 - o 8T zyl alcohol [6]. Ethyl oleate reacts with rubber to a greater extent
2l -~ |8 § 8 8 7 than fatty oils.
g) S S - < 5;.
(=]
s BENZYL BENZOATE
L
ol |aes = o = CHj (CH,),CH = CH(CH,);,CO0C;H,
O = < odog ) ) L. ) . .
Sl | "% = &= This is the ester of benzyl alcohol with benzoic acid. It is
PRI a transparent, colorless, oily liquid with an agreeable aromatic
2 odor; its taste is sharp and stinging. It hardly dissolves at all in
s = water or glycerine, but it mixes with alcohol, chloroform, ether,
= e 5 or fatty oils. Its specific gravity is 1.118; bp, 323°.
O « C, =
ol % o) .= 5 According to the literature [5], the toxicity of this ester is
é g 3 8‘“ 3§ o slight; however, it exerts its own pharmacological action (a de-
o 5 5 5, Q %é' 5 = pressive action on the operation of the heart and respiratory or-
~ 5 8 .03 58 % 'é\,;:‘é’ g gans), which should apparently limit its use. In the USSR it was
e ol oL / _— & . . 2en s
& 5 Iﬂg 8 = § °.3 E g authorized for medicinal use hy order No. 182 of the Ministry of
2 TEEE 8% 587% Public Health of the USSR, March 30, 1970. As a medicinal prep-
& 8 I“E § RE 58I b aration it is used in dermatological practice for treating all forms
& AUZE Y38 P2 8 ¢ gical p (o g

of rashes. By the state pharmacopoeia of the USSR, edition 10, it

is authorized for use in injections of a 2.5% solution of progesterone
in peach oil: progesterone, 10 or 25 g; benzyl benzoate, 200 ml;
peach oil, to 1 liter.

A "pure” benzyl benzoate manufactured in the USSR is of-
fered by the S. Ordzhonikidze Scientific-Research Institute of Ord-
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TABLE 3. Basic Properties of Solvents of the Monohydric Aleohol Group

Name, formula

Mol. wt.

d

Bp (in deg)

Solubility

Toxicity, LDg,

Ethyl alcohol

C,H;0H

Benzyl alcohol

C¢H;CH,0H

4607

108.14

0.789

1.050 (15715)
1.0427 (19)

78.32

205.2

Readily soluble in
water, ether,
chloroform, or
methanol

Solubility in 100 ml
of water, 4 g of
preparation; in
100 ml of alcohol
66.7 g. Very

Intravenous, 1973
mg/kg (mice); sub-
cutaneously, 8285
mg/kg.

Toxic. Used in con-
centrations of not
over 3%. Has ir-
ritant action in
concentration of 5%.

readily soluble in
ether, acetone,
methanol, or
chloroform.

Insoluble in water.
Readily soluble
in alcohol or
ether.

Solubility in 100 ml
of water, 1.6 g of
preparation. Sol-
uble in alcohol or
ether.

1-Phenylethanol 122.17 1.013

CH;CH(OH)CH,

205

2-Phenylethanol 1.0235 (25/4)

C¢H;CH,CH,0H

122.17 219-227

zhonikidze, and it complies with the requirements of foreign pharmacopoeias (U.S. Pharmacopoeia, 17th
edition, and British pharmacopoeia, 1968). Benzyl benzoate is used extensively abroad. It is included in
the Polish Pharmacopoeia, 4th edition, 1965, the British pharmacopoeia for 1968, the Yugoslavian pharma-
copoeia for 1951, the Czechoslovakian for 1970, and several others.

According to the British pharmacopoeia for 1968, benzyl benzoate is used in oil injection solutions
of dimercaprol. The composition of the prescription is: dimercaprol, 5.0 g; benzyl benzoate, 9.6 ml; pea-
nut oil, to 100 ml. It is also used in hydroxyprogesterone preparations which have been admitted to sale,
where the benzyl benzoate enters in a 30% concentration in sesame oil or 46% in castor oil. Benzyl ben~
zoate has been investigated in the USSR [7] with the objective of using it for injections of hormone prep-
aration solutions. The experience of many years in use of oil solutions of some preparations, mainly of
the steroid class, has shown that they are either very difficultly soluble in oil, or gradually crystallize out
of the solutions during the storage process, forming rather coarse crystals which do not dissolve again
even on heating.

Benzyl benzoate has been used as a cosolvent to obtain stable oil solutions of hormone preparations.
Solutions of 5% androstenediol dipropionate containing 30% benzyl benzoate, 12.5% hydroxyprogesterone
carbonate containing 30% benzyl benzoate, or 5% testosterone propionate containing 20% benzyl benzoate
have withstood a year of storage at 26°. During the storage period, crystals of the preparations did not
separate from the solutions. It was also established that mixtures of benzyl benzoate with peach oil in con-
centrations from 10 to 50% are completely nontoxic. The amount of benzyl benzoate was established ex-
perimentally in each individual case.

In Tables 3 and 4 we give the basic characteristics of solvents of the alcohol group. Polyhydric al-
cohols are good solvents for many substances widely used in pharmaceutical practice (alkaloids, sulfanil-
amides, antibiotics, barhiturates, and anesthetics), and the solutions obtained are more stable than the cor-
responding aqueous sclutions. Of these, propylene glycol (1,2-propanediol) presents the greatest interest.
It is a transparent, colorless, and viscous liquid with a specific gravity of 1.036, which absorbs moisture
from the air; it has a freezing point of —59° and a bp of 188°. It is miscible with water, acetone, and chlo-
roform, but does not mix with fatty oils. Under normal conditions it is stable, but at high temperatures
it is oxidized to propionaldehyde and lactic, pyruvic, and acetic acids. The toxicity of this solvent is very
low. According to the literature [8], the minimum lethal dose on intravenous injection to rats is 1.68 g/kg,
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TABLE 4. Basic Characteristics of Solvents of the Polyhydric Alcohol Group

Name, formula Mol. wt. d Bp (in deg) Solubility Toxicity, LDs,

Ethylene glycol 62.07 |1.1155 (20/4) | 198-200 Soluble in water, Toxic
CH,OHCH,OH ethanol, or ether

(7.89 g/100 ml).

Propylene glycol 76.10 1.0364 188 Miscible with water jIntraperitoneally,

CH3;CH(OH)CH,0H acetone, or chloro- 9.7 g/kg; intra-
form: immiscible{ venously, 8.0
with fatty oils. g/kg; subcutan-

eously, 18.5 g/kg
(mice).

1,3-Butanediol 90.12 1.0053 204 Soluble in water, or |Subcutaneously, 16.5

CH;— CH~-CH,CH,0H alcohol; insoluble| ml/kg (mice): sub-
in ether. cutaneously, 20.06
OH ml/kg (rats).

CH3CH(OH)CH,CH,0H

Diethylene glycol 106.0 1,118 244.33 Miscible with water | By mouth, 23-25 ml/
CH,OHCH,OCH,CH,0H alcohol, or glycols| kg (mice).

insoluble in hy-
drocarbons.

Polyethylene glycols 200 1.11 Soluble in water, Intraperitoneally,
(polyethylene oxides) 300 1.14 alcohol, or 7.75, 9.25, 11,75
with various molecular 400* ketones; not hy- ml/kg (mice); 32.5,
weights drolyzed. 35.6, 49.0 g/kg

(rats).

Glycerint 92.10 1.261 290 Miscible with water |Subcutaneously, 10

CH,OHCHOHCH,OH : or alcohol. ml/kg; intraven-
ously, 6 ml/kg;
subcutaneously, 12
ml/kg; intraven-
ously, 7 ml/kg.

*Freezing point, 2-6°.
t17.9, 20°.

and to rabbits is 5.25 g/kg. The minimum lethal dose on intramuscular injection is 14.7 g/kg for rats, and
for rabbits is 7.5 g/kg. The LD;, for mice on intraperitoneal injection is 9.7 g/kg; subcutaneously, 18.5
g/kg; and intraveneously, 8.0 g/kg. Some investigators [9] do not confirm the toxicity of propylene glycol
after it has been sterilized with a bactericidal lamp at a dose of 2.5 Mrad. The action of propylene glycol
on the nervous system is like that of ethyl alcohol, but is three times as weak. When propylene glycol in-
jections were made in physiological solution in concentrations up to 50%, it did not cause changes in the
amount of erythrocytes, hemoglobin, or leucocytes in rabbits [10]. An increase in the number of polymor-
phic corpuscles was noted, plus a decrease in the number of lymphocytes, as well as a considerable short-
ening of the blood coagulation time. Propylene glycol is a good solvent for sulfanilamides, barbiturates,
vitamins A and D, antibiotics (fetracycline, chlorotetracycline, oxytetracycline, or chloramphenicol), an-
esthesine, procaine, alkaloid bases, and many other medicinal substances [5].

Undilute propylene glycol causes a burning sensation at the site of injection; diluted solutions do not
cause this effect. Solutions of propylene glycol should be injected deeply into the muscular tissue., The
solutions used most often are 60%. The solution prepared for barbiturates may serve as an example: ben-
zyl alcohol, 2 ml; propylene glycol, 60 ml; water to 100 ml [6]. The Hungarian pharmacopoeia (1967) rec-
ommends using propylene glycol to inject quinidine sulfate. Here it is emphasized that alkaloid bases in
propylene glycol solutions do not separate out as precipitates on considerable dilution with water. Accord-~
ing to the literature [11], a solution of quinidine hydrochioride consisting of 10.0 g of the preparation and
75.0 g of propylene glycol did not give any color changes or crystallize over a six-month period. The quin-
idine action is displayed in children already after 15 min, and is retained for 2 h on intramuscular injec-
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TABLE 5. Basic Characteristics of Polyethylene Glycols

Nt LTOXiCitY» Time required for filtration
~ T LDg
g | g
< ! rough -
o | O ' through filter No. 4
753 £ %0 fiiter No. 3 & :
O] T s 183 ~
[53) z < Z ieE 2
o A EERE-IPE R
e —_ Ko ~ = "]
Q S gl x YL o 20° 20° 40° 60°
v E |¢c g lu=l &
ja T | g% Re] gal =
= > |20 > =g 8
B < > = lEg. &
200 19021014555 15335891 7,7532,5) imin 30 sec j3omin 12 min .7 min
300 28631516085 {386—392 9,25{35, 6] 2man 50 sec 132 » 12min 30 sec | 7 min 30sec
400* {360--420185—115 {271—299111,75{49,0 2min 35 » | 10min 30 sec. 3 min

*Congealing point, 2-6°,

tion. In the literature [12], the use of propylene glycol is described as a solvent for the intravenous injec-
tion of desoxycorticosterone in a concentration of 10 mg/ml. The authors recommend injecting this so-
lution slowly, at a rate of 2.5 ml/min, since the preparation crystallizes out at the moment of dilution with
water. Good results were obtained on adding digoxin in a solution of 40% propylene glycol and 10% ethanol
[13]. Intramuscular introduction of oxytetracycline in propylene glycol makes it possible to increase con~
siderably the circulation time of the preparation in the blood. Such a solution is stable on storage for 2
years at room temperature; in the absence of propylene glycol, it is stable for only 2 days. Phenobarbital
and amobarbital are made up in solutions which contain 60% propylene glycol and 2% benzyl alcohol. Pure
propylene glycol dissolves phenobarbital better, and in larger amounts than pure alcohol; however, upon
gradual addition of water the solubility of the preparation in propylene glycol is reduced more rapidly than
that in alcohol [5].

Propylene glycol stabilizes ascorbic acid well. According to the literature, it is less toxic (LDj,
on intraperitoneal injection, 9.7 g/kg; intravenously, 8 g/kg: subcutaneously, 18.5 g/kg) than ethylene glycol
or glycerin (LDy; on subcutaneous injection, 10 ml/kg; intravenously, 6 ml/kg). Sterilization of propylene
glycol is effected by heating to 140° for 3 h [14]. This solvent is included in many foreign pharmacopoeias.
According to the British pharmacopoeia (1968), a digoxin solution for injection is official which contains
0.025 mg of the preparationin 1 ml, melarsoprol and sodium phenobarbital in & mixture of 30 parts prop-
ylene glycol and 10 parts water. According to the Czechoslovakian pharmacopoeia for 1970, the digoxin
solution for injection which is official is made up in 2 mixture of glycerin, propylene glycol, and water.
Propylene glycol also is found in the French (1965) and International pharmacopoeias, and in the pharma-
copoeia of the U. 8. A. (1970).

Polyethylene Glycols (PEG). These represent a promising group of nonaqueous solvents. They are
products of the polymerization of ethylene oxide, and have the general formula:

H — [OCH,CH,]x — OH,

where n is in the range from 4 to 455, which corresponds to a molecular weight range from 200 to 20,000.

Some synonyms are polyethylene oxide (PEO) polyoxyethylene, polyglycol, carbowax, skurol, postonal,
macrogolyum, and macrogol.

Depending on the degree of polymerization, PEG can have a consistency from a viscous liquid to a
solid material (Tables 4 and 5). The PEG with molecular weights of 200, 300, 400, and 600 are practically
colorless, hygroscopic, and viscous liquids. The viscosity increases with increase in molecular weight,
and the hygroscopicity decreases. PEG dissolve in water, aliphatic alcohols (methyl, ethyl, propyl, iso-
propyl, butyl, etc.), esters (methyl acetate, ethyl acetate, butyl acetate, amyl acetate, etc.), acetone, cyclo-
hexanol, chloroform, carbon tetrachloride, benzene, toluene, xylene, etc. They are insoluble in ether,vas-
eline oil, turpentine, or fatty oils. The PEG do not have acute or chronic toxicity; they are stable to the
action of light, heat, and moisture; they are inert; they accept coloring well; they dissolve easily in the
digestive tract; they have no flavor; and they mix well with one another [15].

PEG esters are also used, for example PEG stearate, Tweens, polyglycol 1000 VRS monocetyl ether,
glycofurol, and some others; this offers the possibility of obtaining solutions of substances which are dif-
ficultly soluble in water, plus stable emulsions and suspensions.
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TABLE 6. Basic Properties of Solvents of the Amide Group

Name, formula Mol. wt. Solubility Toxicity, LDs,
N-Methylacetamide* CH;CONHCH; 73.0 |Soluble in water Intravenously, 4.2 g/kg
(mice)
N,N-Dimethylacetamide 87.12 |Miscible with water, sol- | Intraperitoneally, 3236 mg/
CH;CON(CH,;), uble in organic solvents kg (mice): intraperiton-
and mineral oils eally, 5012 mg/kg (mice)
N-B-Hydroxyethyllactamide¥y 133 |Readily miscible with Subcutaneously, 15.8 g/kg
CH;CH(OH)CONHCH,CH,0H water (mice); subcutaneously,
16.1 g/kg (rats)

*Mp 26-28°
tDensity, 1.192

The PEG are colorless, transparent, involatile, viscous liquids of low hygroscopicity, with a faint
characteristic odor. They are used most often in mixture with other solvents to prepare injection solutions
of medicinal preparations which easily undergo hydrolytic decomposition.

In spite of their antibacterial properties, it is recommended that the PEG should be sterilized. PEG
which have been diluted with water are similar to aqueous media; the pure substances are like oils. Instead
of sterilization, one can make use of distillation, collecting the distillate in a sterile receiver [5]. PEG
are good solvents for many medicinal preparations which readily undergo hydrolysis. Intramuscular in-
jections are tolerated well, The PEG are isolated from the urine after 24 h; 77% is isolated after 12 h.

Intramuscular injection to rats in doses which exceed the dose for humans 5~ or 10~fold causes ne-~
crosis of muscle if the dose undergoes infiltration into the muscle ligaments. The reaction of tissues is
defined as a mild inflammatory process caused by chemicals. The toxicity of vancomycin has been studied
in 50% PEG-200 and in the 100% glycol [16]. The authors stated that the glycol does not exert a toxicaction
on dogs if it is used in a dose of 1 ml/kg intramuscularly daily for 80 days or in doses of 0.5, 1.0, 2.5, or
5.0 ml/kg intravenously one time only. The content of carbon dioxide in the venous blood, nonprotein nitro-
gen in the blood, and alkali phosphatase remains within norms. No macro~ or microchanges were con-
firmed in the kidneys, the circulation system, or other organs, although there are data according to which
serious poisoning was noted, plus kidney disease, when a solution of nitrofurantoin in PEG-300 was injected
intravenously to sick persons. Two fatal cases are known. '

It should be emphasized that the toxicity and toxicity level of a biologically active substance candiffer
considerably after solution in glycol as compared with the toxicity of a solution or emulsion of this sub~
stance in water. Pathological changes were not noted in a study of the action of subcutaneous injections
of solutions of barbiturates in PEG-200.

In intramuscular injection of aqueous solutions of the sodium salts of barbiturates, a stronger tissue
inflammation was noted than when solutions in PEG were injected. The stability of the sodium salt of penta-
barbital in an aqueous solution containing 0 to 60% PEG-400 has been studied [17]. A stable solution is
obtained at a 30% PEG concentration and pH 10.0. Addition of 10% ethanol makes it possible to sterilize
the solution in an autoclave without changing its color. Solutions containing 60% of the glycol and 10% eth-
anol and having a pH below 8.0 are also stable on heating in an autoclave. A 10% solution of PEG-300 is
used to stabilize injection solutions of reserpine (2.5 mg/ml) [17]. The product issued for sale contains
either 10% PEG-300 or 25% PEG-400.

It has been observed that phenobarbital forms strong stoichiometric molecular compounds with PEG
[18]. Pentabarbital and barbital do not give such compounds. The phenobarbital molecule is bonded to two
ethylene oxide residues in the polyether chain. It has been noted that phenolic compounds are bonded by
polyethylene glycols in the same way. Compounds of high molecular weight have a definite tendency toform
complex compounds. Such compounds as salicylic and p-hydroxybenzoic acids are bonded very weakly.
Fifty percent solutions of PEG are used to prepare injection solutions of erythromycin ethyl succinate and
secobarbital for intramuscular injection. The stability of the sodium salts of some barbiturates has been
studied in PEG solutions (phenobarbital, barbital, pentabarbital, etc.) [19]. It was shown that PEG causes
a strong stabilizing effect, the stability of the preparations increasing with rise in PEG concentrations.
The least PEG concentration adequate for stabilization was 50%. The barbiturates dissolved in pure PEG
were the most stable.
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The solubility of some medicinal materials in PEG-400 and in aqueous solutions of PEG of various
molecular weight has been studied [20, 21]. It was noted that substances which have a basic nitrogen in
their make-up (glutamic and nicotinic acids) do not dissolve or are poorly dissolved in the presence of PEG.
Solubilization is usually attained at a PEG concentration over 30%. In a study of the solubilization of med-
icines of low solubility it was established that the solubility of benzoic, salicylic, and acetylsalicylic acids;
barbital; synthomycin; camphor; anesthesine; codeine base; sulfanilamide compounds; butadione; cortisone
acetate; reserpine; phthivazide; erythromycin; phenacetin; and novocaine base in PEG (molecular weight,
400) many times exceeds the solubility of these compounds in water. The following have an exceptionally
high solubility: Streptocid (87 g/100 ml), anesthesine (34 g/100 ml), and salicylic acid (31.8 g/100 ml). The
solubility is increased (as compared with the solubility in water) in PEG of higher molecular weight (600,
1500, or 4000).

PEG solutions of various concentrations have obtained particularly wide use abroad. PEG enters
into many foreign pharmacopoeias. At the present time PEG-400 has not found use as a solvent for prep-
arations for injection in the USSR, since it is thought that the large moisture content of PEG~400 and its
hygroscopicity does not permit using it to prepare parenteral solutions.

We have used polyethylene glycol of domestic manufacture to prepare solutions for injection of some
sarcolysine derivatives, especially Asalei and Astiron, which have a definite antitumor activity on a number
of experimental animal tumors. Asalei and Astiron are practically insoluble in water, ether, propylene
glycol, ethylene glycol, diethylene glycol, glycerin, or ethyl oleate. In the presence of moisture they hy-
drolyze and lose their antitumor activity. As preliminary studies showed, the solubility of Asalei and Ast-
iron in PEG-400 is very small. To increase the solubility, we developed a three-component solvent sys-
tem, composed of 80 ml PEG-400 and 20 ml of a 0.5% alcoholic solution of Tween-80. In the mixed solvent
the preparations dissolved on stirring for a few minutes at room temperature. This made it possible to
prepare 2.5% solutions of Asalei or Astiron in PEG-400.

Studies of the stability of Asalei and Astiron to hydrolysis in the solutions obtained were performed
by the mercurimetric titration method. The stabilizing properties of the solvents proved to be quite high.
Thus, the degree of hydrolysis of the preparations was harely more than 1% on storage for two months in
the dark in a cool place. However, after this time interval the solutions changed their outward appearance
from colorless to yellow in the case of Asalei, and from yellow to brown in the case of Astiron. This is
apparently connected, on one hand, with the ability of chloroethylamine antitumor preparations to enter into
chemical reaction with many organic compounds which have in their make~up such functional groups as
OH, NH,, COOH, or the like, and, on the other, with the ability of polyethylene glycols to form complex com-~
pounds with some medicinal substances. Taking this fact into consideration, we suggest that solutions of
Asalei and Astiron in PEG-400 be made up ex tempore.

The results of preliminary pharmacological studies which we have carried out on animals with ex-
perimental transplantable tumors have shown that the activity of preparations is considerably increased
in P EG-400 solution. Thus, in a dose equal to one~half the maximum tolerable dose (MTD) for suspensions
of these compounds on methyl cellulose, solutions of Asalei and Astiron caused the death of approximately
50-60% of the animals. Reducing the dose to one-fourth the maximum tolerable dose did not cause a re-
duction in the therapeutic effect, but the loss of animals did not exceed 10%.

The results which we obtained agree with data in the literature, which indicate a considerable change
in the toxicity and activity of some medicines used in the form as solutions in PEG, as compared with the
same qualities of their aqueous solutions or emulsions [16, 22, 23, 24].

In recent times, steadily increasing attention is being given to other solvents from the groups of ethers
amides, heterocyclic compounds, or sulfoxides (Table 6), for example, dimethyl sulfoxide and oximazone.

Oximazone [1-Methyl-3-(2-hydroxyethyl)imidazolidone].

HOCH,CHN—~C =0
| |
CH; N—-GCH
N
CH,
Oximazone mixes in all proportions with water; it is soluble in ethanol, acetone, chloroform, or methylene

chloride. Its density is 1.16; bp, about 125-126°; n% 1.496: viscosity at 20°, 25 cP. Its LDy, is 5600 mg/kg
for rats on intravenous injection of a 50% solution in water. Clonic convulsions set in after introduction

731

InnoPharma Exhibit 1020.0153



of 4000 mg/kg into animals (secondary effect). The acute toxicity in experiments on rats in oral introduc-
tion of a 50% aqueous solution was 10-15ml/kg, LDg,>8000 mg/kg. A dose of 16,000 mg/kg causes the
death of 8 animals out of 10. On use of oximazone internally in the form of a 4-20% aqueous solution daily
for a period of 4 weeks, a good toleration of this preparation by animals was noted. Appetite, animal weight
state of blood-producing organs, liver function, and urine remained within norms. On subcutaneous injec-
tion of a 20% aqueous solution of oximazone over a 4-week period daily, the urine, blood-forming organs,
and liver function also remained normal. On local injection of 500 or 1000 mg/kg, inflammatory phenomena
were noted at the site of injection. The higher the dose, the greater the inflammation. In a dose of 250
mg/kg, local reaction by the preparation was not observed. When a 10 or 20% aqueous oximazone solution
was used intraveneously in experiments on dogs (subacute toxicity) daily, intoxication phenomena were not
observed. Injections in some animals were accompanied by a certain bulging of the vein.

On introduction of a2 20% aqueous solution to cats in a dose of 1000 mg/kg of body weight, the animals
did not experience change in heart-beat or respiratory rate; a 40% aqueous oximazone solution raises the
blood pressure. Oximazone in a dose of 1000 mg/ml exerts a cytostatic action. Moreover, aqueous oxi-
mazone solutions have a bacteriostatic action. On 1:10 dilution of the oximazone, this action is not ob-
served (bulletin of the Asta company).

Dimethyl sulfoxide (DMSO). CHgSOCH,. DMSO is a transparent, colorless liquid with a mild odor;
its molecular weight is 78.13; specific gravity, 1.108 at 20°; bp, 189°; mp, 18.4°; np 1.4783; viscosity, 2.14
cP at 20°; dipole moment, 4.3; dielectric constant, 48.9. DMSO is very hygroscopic. It absorbs up to 70%
water at 20°. It is infinitely miscible with water, methanol, octanol, glycerin, acetaldehyde, acetone, eth-
anol, diethyl ether, ethyl acetate, toluene, etc.

For laboratory animals, the LDy, of DMSO on intravenous introduction is 5.75-8.8 g/kg: on oral in-
troduction, 21.4-28.3 g/kg; the LDg, for mice, chickens, or rats is 20 ml/kg. Subdural introduction of DMSO
does not change the reflex activity of dogs or monkeys. In a dose of 1 g/kg the preparation does not change
the electrocardiograms of monkeys. Intensification of the toxicity of medicines in the presence of DMSO
is not observed [25].

As one may convince himself from the review given, a very large number of organic solvents are
used in pharmaceutical practice; these have varied dissolving power, antihydrolytic and stabilizing prop-
erties, and anesthesizing and bactericidal properties, or the ability to prolong or intensify the action of
the active component. But far from all of them are finding wide use. The fatty oils and ethyl oleate, prop-
ylene glycol, and polyethylene glycol are used the most often of the nonaqueous solvents. The remaining
solvents are used as yet only in exceptional cases. It is quite obvious that the use of nonaqueous solvents
makes it possible to expand possibilities of preparing medicinal forms. However, one should take into ac-
count the fact that any preparation in a nonagueous solvent may be new in essence, and should be appropri-
ately studied.

LITERATURE CITED

1. I.G. Andrianova and L. K. Bogomolova, Summary Reports of the Leningrad Scientific- Research In-
stitute on Blood Transfusion [in Russian], Leningrad (1962), p. 55.
2. F.A.Zhoglo and B. V. Kocharovskii, Farmatsevtich. Zh., No. 5, 3 (1970).
3. B. V. Kocharovskii, in: Material of the All-Union Scientific Conference on Improving Manufacture
of Medicines and Medical Preparations [in Russian], Tashkent (1969), p. 19.
4, J. Dekanski and R. N. Chapman, Brit. J. Pharmacol., 8, 271 (1953).
5. L. Krowczynski, Technologia lekow perenteralnych, W_z-a.rsaw, 122, 154 (1968).
6. S. Casadio, in: Technologia farmaceutica Cisalpino (1960), p. 869.
7. L. P. Volkovinskaya, T. I. Fabrichnaya, and A. M. Pozharskaya, Khim.-Farm. Zh., No. 11, 60 (1968).
8. M. A. Seidenfeld and P. J. Hanzlick, J. Pharmacol. Exp. Ther., 44, 109 (1932).
9. J.R. Hickman, Pharm. (London), 17, 256 (1965). -
10. R. T. Brittain and P. F. D'Arcyp,?oxicol. Appl. Pharmacol., 4, 738 (1962).
11. H.J. Brass, J. Am. Pharm. Ass., 2nd ed., 4, 310 (1943). N
12. T. H. McGavack and M. Vogel, J. Lab. Clin. Med., 29, 1256 (1944).
13. A. Ganz, H. Fujemou, M. Penna, et al., Proc. Soc. Exp. Biol. (N. Y.), 95, 349 (1957).
14. M. Chalabala, Vyroba injeksi, 14 (1964). '
15. M. Kh. Gluzman, B, I. Dashevskaya, and P. I. Onishchev, Med. Prom. SSSR, No. 4, 14 (1965).

732

InnoPharma Exhibit 1020.0154



16.
17.
18.
19.
20.
21.

22.
23.
24.
25.

Cheng-chun Lee and R. C. Anderson, Toxicol. Appl. Pharmacol., 4, 206 (1962).

J. I. Bodin and A. Taub, J. Am. Pharm. Ass., sci. ed., 44, 296 (1955).

T. Higuchi and J. L. Lach, ibid., 43, 465. -

S. Linde, Svensk. Farm. T., 65, 181 (1961).

V. P. Gusyakov, N. N, Likhol'gf, et al., Farmatsevtichn. Zh., No. 6, 56 (1968).

V. P. Gusyakov, A Study of the Solubilization of Difficultly Soluble Medicines. Author's Abstract of
Doctoral Thesis [in Russian], Ltvov (1969).

D. Kuttel, Gyogyszrészet, 5, 325 (1961).

D. Kuttel, Pharm. Zentralh., 102, 115 (1963).

D. Kuttel, Gyogyszerészet., 7, 131 (1963).

V. N. Banshchikov, A, M. Tentsova, and A. S. Azhgikhin, Farmatsiya, No. 4, 70 (1967).

733

InnoPharma Exhibit 1020.0155



ATTACHMENT F - COMPILATION
TAB7

InnoPharma Exhibit 1020.0156



[ 24

Human Reproductlon vol. 10 po.4 pp.862-865, 1995

A o B 8 vk g oA . %

Tolerability of intramuscular injections of testosterone

ester in oil vehicle

Mary-Anne Mackey, Ann J.Conway and
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We undertook 2 prospective survey of the tolerability of -

deep i-m. injections of testosterone enanthate in a castor oil
vehicle, the most widety used form of androgen replacement
therapy. Over a period of 8 months, 26 men received 551
weekly Injections inta the gluteal, deltoid or thigh muscle
and side-effects were recorded immediately and 1 week
after each injection by the same nurse using a standacdized
questionnaire. Most injections caused no complaints [389/
5§51, 70.6% (95% confidence interval 66.6-74.4%)] but
minor local side-effects, mostly pain and blecding, were
common (162/551, 29.4% (25.6-33.4%)}; no serious side-
effects were observed. Considering all side-effects, the
gluteal site had fewer complaints and was less prone to
bleeding but was painful more often than deltoid or thigh
injecton sites, The laterality of injection at any site had
no significant effect on side-effects. The only systemic side-
effect was episodes of sudden-onset, non-productive cough
associated with faintness following eight injections [1.5%
(0.6-2.9%)] which we speculate may have been due to
pulmonary oil imicivembolism. We conclude that, when
administered by an experienced nurse, deep L.m. injection
of testosterone enanthate i a castor oil vehicle is generally
sale and well tolerated but causes relatively frequent minor
side-effects, including pain and bleeding. An improved
depot form of testosterone would be highly desirable
for androgen replacement therapy and hormonal male
contraception.

Key words: androgen replacement therapy/intramuscular injec-
ton/laterality/side-¢ffects/estosterone

Introduction

Testosteronc has been used clinically in androgen replacement
therapy for over 50 years (Nieschlag and Behre, 1990). Qver
the past few decades the most frequent mode of administering
testosterone has been desp i.m. injections of testosterone esters
in a vegetable oil vehicle. Daspite this long usage, no systematic
studies of side-effacts from oil-based im. injections of

862

testosterone esters could be located aftar exiensive computer-
based and manual library searching, The opportunity w© study
systematically the tolerability of these injections and the partern
of side-effects was provided by an ongoing male cantraceptive
study requiring healthy men to have weekly i.m. injections of
testosterone enanthate in castor oil vehicle administered by
the same research nurse for up to 18 maonths. The aims of this
srudy were [0 estimate praspectively the patiem and incidence
of side-effects of oil-based, deep L.m. injections in normal men
and w derermine whether anatomical site and/or laterality of
injection influences the incidence of these side-effects.

Materials and methods
Study design

This was a prospective survey of adverse effects from im.
injections of oil-based testosterone enanthate, The injections
were given during 3 World Health Organization (WHO)
contraceptive efficacy study of a prototype hormonal malé
conmmaceptive and the design and results of that study have
been described in detail slsewhere (WHO Task Force on
Methods for the Regulation of Male Fertility, 1990). Injections
were given end side~ffects recarded by the same right-handed
research nurse (MLA.M.) both immediately following and |
week after injection using a standard questionpaire. The
questionnaire recorded date, site and side of injection as
well as eliciting specific responses lo potential side-effects,
including pain or stnging, bleeding or bruising, swelling,
numbness, muscle twitch, erythema, fainmess, coughing. For
reported symptoms, the duration, severity and degree of
interference with daily living was recorded. For the analysis,
the categories of pain and bleeding included both immediate
dntt délayed reports, The criferion for recognition of pain was
the subject's response to the question ‘Was that injection
painful?’ and was applied and recarded consistently for each
subject. '

Subjecrs and injectians

Men involved in tis swdy were 26 healthy males aged
betweea 21 and 45 years recruitad from the general population
to participate in a multicentre male ¢ontracsptive study (WHO
Task Force on Mathods for the Regulation of Male Fertility,
1990Q). Entry criteria were that men had to be healthy, in a
stable relationship and requiring contraception. Volunteers
were required to have their injection administered by the study
nurse (M.A.M.) on the same day (£ | day) each week for up
to |8 months. The vials of testosterone enanthate (250 mg in
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1 ml castor oil, Testaviron Depot; Schering AG, Berlin,
Germany) were kept at gir-conditioned roam temperature and
injections of 200 mg (0.8 ml) were administered with 2 21
gauge (0.80X38 mm) needle into ane of three muscular sites:
the anatomical site of the injection (gluteal, deltoid, thigh) was
chosen by the subjeets and injections were routinely alternated
from side to side, Deep i.m. injections were given according
to standard methads, including aspirating the syringe to exclude
vascular puncture before injectidn and injecting slowly.

Data enalysis

Dara were cross-tabulated and analysed by appropriate.methods
for categorical data using BMDP software (BMDP Statistical
Software Inc., Las Angeles, CA, USA) implemented on a
VAX computer network. Power was estimated using Poisson
confidence intervals (Gardnar and Aliman, 1989) and PASS
software (Hintze, 1991).

Results

During 8 months, 602 scheduled injections were given without
any injections missed and complete information was available
after 551 (92%) injections. The remainder were accounted far
by injections administered when men were out of Sydney for
work or holidays. During this period, only two out of 26 men
changed their preferred site of injecton. ’

Most injections caused no complaints [389/551, 70.6% (95%
confidence interval, 66.6-74.4%)] and any adverse effects were
recorded after only 162/551 [29.4% (25.6-33.4%)] injections.

"There were no significant differences in rate of complaints of

side-effects eccording to laterality of injection for gluteal [lefr
19/68 (27.9%) versus right 27/151 (17.9%)], thigh [left 17/51
(33.3%) versus right 27/85 (31.8%)] and delwid [lefr 45/114
(43.0%) versus right 29/82 (35.4%)]. The overall pooled
(Mantel-Haanszel) reletive risk was 1,40 (95% (confidence
interval 0.95-2.06), test for homogeneity of risk across strata
P = 06l1).

Considering all adverse effects (Table I), the rotal number
of complaints wes significantly higher for deltoid [2.0 (1.5~
2.8)) and thigh [1.6 (1.1-2.3)] than for gluteal sites of injection.
Considering specific adverse effects, gluteal injections caused
more complaints of pain [relative risk 2.4 (1.3-4.3)] and fewer
of bleeding (0.16 (0.08-0.32)] compared with the other two
sites combined (Table I). Immediate bleeding was minor in all
cases, requiring only light topical pressure for a few minutes
or was recarded in retrospect as minor bloodspot staining of

Tuble L Side-effects af fum. injeccions *

Side-cffect Deltoig Thigh Glutea) Tota] P

Nit 119 (61%) 54 (69%) 176 (BO%) 389 (70.6%) <0.001
Blceding 49 (25%) 27 (20%) B(4%) 84 (15.3%) <0,001
Pain 13 (%) 5 (4%) 23 (11%) 41 (7.4%) 0.050
Muscle 10 (5%) 5(4%) - 7(3%) 22 (4%) D598
twitch

‘Cqugh - 4 {2%) 2% 2(1%) 9 (1.6%) 0552
Ring

Other L (1) 2(1%) 3 (1%) §(1L1%)  0.62!
Tota} 196 (100%) 36 (100%) 219 (100%) 55! (100%)

PR SR T

Teatosterone tolecabilily and intramuscular injections

clothing or slight bruising. Pain was usually not sufficient to

require analgesia; at worst, discomfort was present for several

days on sitting or lying on the injection site. There were no
reports of local erythema or acute inflammatory reactions
following injections. Apart from coughing episodss, all
repared reactions were considered by volunteers and investig-
arors as minor; none ceased injections due o such side-effects
during the study.

The only systemic side-effect was coughing fits observed
immediately after eight injections [prevalencs 1.5% (0.6
2.9%)), associated with fafntness and sweating on one occasion.
On another occasion, feintness and sweating occurred without
coughing. Two characteristic ceses ere described, In the first,
a 25 year old man without known asthma or allergies developed
an intense, non-productive cough without whesze immediately
afier having received 21 previous i.m. injections into the
glutea] muscle uneventfully. He alse developed an injection
site reaction after withdrawal of the injection needle which
required him to remain recumbent until the ecoughing subsided
(5 min). After this episode he had six further weekly injections
without recurrence or complaint before he discontinued from
the study vo initiate a planned pregnancy. In the second, 2 35
year old man without known asthma or allergies and having
received 24 injecdons into the deltoid musele, including one
previous similar episode, developed an intense non-productive
cough with associated pallor, nausea and chest tghtness but
no wheeze or injection site reaction which gradually subsided
afier 10 min. He subsequeotly had another 35 injections inta
the gluteal muscle without experiencing further such episodes.

The power of this study was >50, >80 and >90% to detect
(one-sided, & = 0.05) events with underlying prevalence of
13, 1.7 and 2.0% respectively. Conversely in order to detect
events with a prevalence of 1.0% with 80% power, a sample
size of 4000 observadons would have been required. For
adverse cffects not observed in this study, the upper 95%
(Poisson) confidence limit was 0.67%.

Diseussion

Depot formulations are widely used to enhance therapeutic
compliance and convenience by prolenging. the duration of
drug action, Among the most widely used depot farmulacions
are drug esters adminisiered in an oil vehicle, Esterificarion of
base drugs with appropriare lipophilic farty acids forms a pro-
drug ester whose hydrophabic side-chains partition preferen-

tially into the oil vehicle. Prolongation of pro-drug release is

provided by the rate-limiting retarded diffusion of the pro-
drug ester into the exmacellular fluid where ubiguitous non-
specific esterases hydrolyse the ester bond to liberare active
drug. In addition to forming a hydrophobic depot, the oil

vehicle limits local chemical irrication and cytotoxicity caused .

by some drugs (Svendsen and ‘Blom, 1984). This oil-based
formulation has been widely and successfully used for sex
steroids including androgens, oestogens and progestins as
well as psychotrophic drugs such as fluphenazine, haloperidol
and related major tranquilizers (Gilman er al; 1990). Oils
derived from vegetable soucces such as eastor or sesame seeds
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or peanuts (Arachis) have been widely used whereas mineral
oils are tog imitating (Symmers, 1955).

™ Testosterone esters in an oil vehicle have been for decades the
maost widely used modality of delivering androgen replacement
therapy in male hypogonadism (Behre er al, 1990). Despite

““this long usage, or perhaps because of i, there have been few

systematic studies of tolerability of i.m. administration of
testosterone esters in oil-based forrmulatons. The general
pharmacology of i.m. injections. has been reviewed (Schou,
1971; Greenblarr and Koch-Weser, 1976; Zuidema er al., 1988)

but most swdies concern aqueous formulations of drugs,

edministered w hospimlized patients. For example, the only
large survey of i.m. injections repored adverse local effects
in only 0.4% of 12 134 hespitalized patients receiving i.m.
injections of drugs in aqueous formulations (Greenblatr and
Allen, 1978). No comparable surveys in ambulatory care
setings or invelving oil-based steroid ester formulations are
available o our knowledgs.

Overall, while nearly 30% of our subjects had some com-
plaints, they were considered by patients and investigators as
minor in nature and serious adverse effects were nor observed.
Satisfaction was greatest for the gluteal site, lowest for the
deltoid, with the thigh being intermediate. Discrepancies in
panerms of pain and bleeding accounted for these differences.
The level of recorded complaints may be conservative as
determined among highly motivated volunteers agresing to
participate in a prolonged study requiring weekly i.m, injection
for up to 18 months. Administration by less expert siff or by
self-injection may lead more frequently to dissatisfaction.
Furthermore, the tolerance of discomfort among hypogonadal
raen requiring life-long androgen replacement therapy or ferdle
men considering hormonal male contraception among other
family planning methods may be lower. Although the sites of
injection wére not randomized but were selected by the
subjects, it is unlikely that this significanty biased the out-
comes, unless men pradisposed w complain of side-effects
were systematically more likély to choose a particular injection
site, which seems unlikely. Although this survey included
nearly 550 injections, it could provide reliable estimates for
only relativély common (>2%) side-effects. The frequency of
rure side-effects, especially those not observed during the
survey period, could not be reliably esumated. For example,
the power of this survey was adequete (>80%) for events
with a true underlying rate of occurrence of 51.7%, but would
need to include more than seven times as many injections ta
detect events with a 1.0% prevalence.

The lower risk of minor bleeding at the gluteal injectiop
site may be attributed to its lower blood flow (Evans er al.,
1975) as well as the fact that most gluteal i.m, injections are
actusally intralipomatous (Cockshott er al, 1982) and adipose
tissue blood flow is even lower than muscle. Conversely, the
reason for the higher rate of discomfort following gluteal
injections is unclear and coaflicts with experimental observa-
tions that intralipomatous injection causes less local toxicity
than im. injecton of irritant psychoactive drugs in rabbics
(Svendsen et al, 198S5). The precise cause of injecton pain
remains unclear (Travell, 1955), although presumably local
cytotoxicity due to insertion of the injection needle as well as

+ “ RO AL STV S I

the chemical nature of the drug, its vehicle and their local
metabolites are relevant factors. Possibly the functional signi-

ficance of various anatomical sites may also influence injection -

pain. For example, extrinsic pressure on the injection site may
be more common after gluteal injections (e.g. during sleeping
or sitting) than for other sites.

More serious local injection sfie side-effects, including
scietic nerve damage, muscular fibrosis, gas gangrene, and
distal ischaemia following inwa-arerial injection were not
observed in this survey, consistens with their rarity among
adults. We also observed no evidence of either acure or chronic
inflammatory reactions which have been reported rarely 1o
cause lipogranuiomas and/or pseudomsmour foreign body reac-
tions (Symmers, 1955; Bazlogh, 1586; Hamann et al, 1990;
Khankhanian and Hammers, 1992) tausing diagnostic confu-
sion and serfous clinical consequences. As inflammaiory reac-
tions have been reported following subdermal injections of
vegelable oils alone (Brown er al, 1944) or coaraining non-
steroida) drug esters (Hamann et al,, 1990) while aqueous
suspensions of testosterone esters are non-irritating (Behre and
Nieschlag, 1992), the side-effects observed in this sudy are
most likely to be attibuable to the oil vehicle rather than the
testosterone ester. As the present survey had sufficient power
to exclude non-observed events with an underlying frequency
of al least 2%, this figure provides an upper limit for the
likelihood of such reactions which were not observed during
our study, 7

The only systemic side-effact observed was coughing reac-
tions consistng of sudden-onset, non-productive coughing

‘with or without faininess which was observed on eight occa-

sions giving a prevalence of 1.5% [95% (confidence interval
0.6-2.9%)]. Although disturbing to subjects, the coughing was
transient, lasting for 10 min at most and subsided spontaneously

without known sequelae. Acute drug-related respiratory distress

not due to bronchaspasm or laryngopulmonary oedema is rare
but has been. described after {.m. administration of an oil-
based solution of pitressin tannate (Hoigne er al,, 1990), The
sudden onset of coughing withour wheeze or injection site
reaction together with a history of uneventful injections before
and after the episodes suggests an idiosyncratc, mechanical
phenomenon related to a particular injection. Neither allergy
10 testosterone enanthate or.the castor oil vehicle have beer
reported and would seem clinically unlikely given the isolate¢
occurrence of the events and speed of onser. We speculate thay
these raspiratory reactions may be due 10 pulmonary oil
microembalization following lymphogenic (Svendsen er al.
1980) or venous absorption of oil (Svendsen and Aaes-
Jorgensen, 1979), leading to wansient acute pulmonary hyper:
tension possibly related to mechanical vasculer occlusion and
or inwavaseular liberation of free faity acids from hydrolysit
of the oil (Hofmann er al,, 1876; Szabo er al, 1977). Clinicall}
significant pulmonary manifestations of oil embolisrn haw
been reported following injection of 2.5 ml oil reaching th
bloadstream (Bron ef al, 1963; Gough and Thomas, 1964)
The relatively mild clinical manifestations observed with ot
smaller injection volume (0.8 ml) are consistent with thi
mechanism. An alternatve, albeit unlikely, explanation tha
cannot be fully excluded is that intralipomatous injectior
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may rarely provoke embolism of cellular fragments such as
adipoeyte lipids. The low frequency and mild clinical features
absarved do not require any major change in current standard
clinical practice but suggest caution when injecting larger
volumes of oil i.m. Apart from the recent addition of wamnings
concemning the occurrence of ‘coughing fits, urge w cough and
respiratory distress’ to the product information for testosterone
enanthate, such side-effects do not eppear to have heen reported
previously.

We canclude that deep i.m. injections of testosterone eran-
thate in castor oil vehicle are generally safe and reasonably
wolerated when administered by o single experenced research
nurse. Minor side-effects, mainly pain and bleeding, are
relatively common bur serious side-effects are rare, The
anatomical site, but not ‘laterality, of injections influences
tolerance, as the gluteal site has fewer overall side-effects and
is less prone to bleeding but more liable to pain than the
deltoid or thigh sites. Coughing resctions, not previousty
reported but observed after 1.5% of injections, we Speculate
may be due w pulmonary oil microembolization. As our
observations reflect the propertes of an oil vehicle, similar
findings would be expected with other similarly. formnulated
drugs. These findings highlight the need for better depot
testosterone formularions for patients requiring life-long andro-
gen replacement therapy, as well as for future regimens for
hormonal male contraception.
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Excipients and Their Use in Injectable Products

SANDEEP NEMA*, R. J, WASHKUHN, and R. J. BRENDEL

Mallinckrodt Medical, Incorporated, Saint Louis, Missouri

ABSTRACT: Formulation of a new drug product with excipients, that lave been previously added to an approved
infjectable product, may save pharmaceutical companies developinental time and cost. The Physicians’ Desk
Reference (PDR) and Handbook on Injectable Drugs were reviewed, extracting all information on excipients. The
information was consolidated into eight tables, categorizing excipients as 1) Solvents and Co-solvents, 2)
Solubilizing, Wetting, Suspending, Emulsifying or Thickening agents, 3) Chelating Agents, 4) Antioxidants and
Reducing Agents, 5) Antimicrobial Preservatives, 6) Buffers and pH Adjusting Agents, 7) Bulking Agents,
Protectants, and Tonicity Adjustors, and 8) Special Additives. Where applicable, tables list frequency of use,
concentration, and an example of a conmerciaf product containing the excipient. Excipients which are included in
the 1996 FDA ‘Inactive Ingredient Guide,’ but do not appear in the PDR or Handbook on Injectable Drugs, were

included as a separate list.,

Introduction

Injectable products require a unique formulation strategy.
The formulated product has to be sterile, pyrogen free and,
in the casc of solutions, free of particulate matter. Preferably,
the formulation will be isotonic, and depending on the route
of administration (for instance, for intra-spinal or intra-
cisternal routes), antioxidants and preservatives may not be
allowed. For a given drug, the risk of adverse events is
higher if it is administered as an injection versus a non-
parenteral route. The requirement for sterility demands that
the excipients be able to withstand autoclaving or other
sterilization processes. These factors limit the choice of
excipients available to the formulators.

Generally, a knowledge of which excipients have been
deemed safe by the FDA or are already present in a marketed
product provides increased assurance to the formulator that
these excipicnts will probably be safe for their new drug
product. However, there is no guarantee that the new drug
product will be safe as excipients are combined with other
additives and/or with a new drug, creating unforeseen
polentiation or synersgistic toxic cffects. Regulatory bodies
may view an excipient previously approved in an injectable
dosage form favorably, and will frequently require less
safcty data. A new additive in a formulated product will
always require additional studies adding to the cost and
timeline of product development,

The purpose of this paper is to present the various
excipients that have been included in the formulation of
injectable products marketed in the USA. This information
is not readily available. A literature search indicates that the
last paper dealing with (his was published in 1980 (1).
Products approved oulside the US are not covered in this
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review. Also, sterile dosage forms not administered parenter-
aily, such as solutions for irrigation, ophthalmic or otic
drops, and ointments were excluded.

Methodology

Physicians’ Desk Reference published in 1994 & 1996 (2,
3), and Handbook on Injectable Drugs (4) were used as the
primary source of information. Entries on all injectable
drugs were summurized in an Excel worksheel. Each
product was classified by Manufacturer, Trade name, Drug
name, Route of Administration, SVP/LVP, pH of Product,
Solvent Used, Solubilizing/Suspending Agent, Preservative,
Antioxidant, Chelator and Other Formulation Additives.

The resulting Excel sheet had information on more than
700 products. This information was condensed into easy-to-
read tables. Each table has been categorized based on the
primary function of cxcipient in the formulation. For
example, citrates are classificd as buffers and not as chelat-
ing agents, and ascorbates are categorized as antioxidants,
although they can serve as buffers. This classification system
was based on our experience in formulation development
and on the published literature. Such simplification avoids
duplication of entries and provides the ‘audience with
easy-to-read tables.

Some duplication was unavoidable. Tables VII and VIII
contain some excipients which may have also been listed in
the first six tables. Whencver the reference specifically
designated a specific function to an ingredient it was
re-listed in Tables VII and VIIl. For example, glycine can be
used as a buffer or as a stabilizing (protecting) agent.
Therefore, glycine is listed in Tables VI and VII. Methyl
paraben is a preservative (Table V) but-also has a special
function in Adriamycin RDF® formulation (Table VIIl),

The concentration of excipients is listed as percentages
weight by volume (w/v) or volume by volume (v/v). If the
product was listed as lyophilized or powder, these percent-
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TABLE I
Solvents and Co-soivents
Excipient Frequency Range Example

Benzyl Benzoate 2 20% viv Depo-Testostcrone® (Upjohn) 20% v/iv
Cottonseed Ol I 73.6% wiv Depo-Testosterone® (Upjohn) 73.6% w/v
N.N Dimethylacetamide i 6% wiv Vumon?® (Bristol Myers) 6% w/v
Ethano} 24 0.6-80% Prograf® (Fujisawa) 80% v/v
Glycerin (Glycerol) 9 1.6-70% w/v Multitest CMI® (Connaught) 70% wiv
Peanut ail ! x Bal in Qil® (Becton Dickinson)
Polycthylene glycol

PEG 4 0.15-50% Secobarbital sedium (Wyeth-Ayerst) 50%

PEG 300 2 50-65% VePesid?® (Bristo! Myers) 65% w/v

PEG 400 2 * Ativan® (Wyeth-Ayerst)

PEG 3350 5 0.3-3% Depo-Medrol® (Upjohn) 2.95% wiv
Poppyseed oil f Ethiodol® (Sayvage) 1%
Propylenc Glycol 25 0.2-75.2% Terrmifiycin Solution (Roerig) 75.2%
Safflower oil 2 5-10% Liposkn II® (Abbott) 10%
Seasme oil & hd Solganal Inj.® (Schering)
Soybean oil 4 5-20% wiv Intralipid®. (Clintec) 20%
Vegctable oil 2 = Virilon IM Inj.® (Star Pharmaceuticals)

¢ No data available, v

ol

ages were derived based on the reconstitution volume
commonly used. The tables list the range of concentration
used, typical or most common concentration employed, and
examples of products containing the excipicnt, specifically
those which use extremely low or high concentrations.

Dlscussions

Table I list solvents and co-solvents used in parenteral
products, Waler for injeclion is the most common solvent but
~may be combined or substituted with a co-solvent to
improve the solubility or stability of drugs. Oils like
safflower and soybean are used in total parenteral nutrition
products where they serve as a fat source and as carriers for
fat-soluble vitamins. Ethanol and propylene glycol are used,
either alone or in combination with other solvents, in more
than 50% of parenteral co-solvent systems. It is surprising to
see propylene glycol used more often than polyethylene

glycols (PEGs) in spite of its higher myotoxicity and
hemolyzing effects (5, 6). Probably, the presence or genera-
tion of peroxides in PEGs is a major limitation.

Table II includes a broad category of excipients whose
function in formulation could be~—(1) Viscosity imparting or
suspending agents like carboxy methyl cellulose, sodium
carboxy methyl cellulose, sorbitol, acacia, Povidone, hydro-
Iyzed gelatin; (2) Solubilizing, wetting or emulsifying
agents like Cremophore EL, sodium desoxycholate, Polysor-
bate 20 or 80, PEG 40 castor oil, PEG 60 castor oil, sodium
dodecyl sulfate, lecithin or egg yolk phospholipid; (3)

- Aluminum monostearate which is added to fixed oil to form

viscous or gel-like suspending medium. Polysorbate 80 is
the most common and versatile solubilizing, wetling and
emulsifying agent.

Only a limited number of chelating agents are used in
parenteral products (Table 1I). They serve to complex heavy

e et e el

TABLE I
Solubilizing, Wetting, Suspending, Emulsifying or Thickening Agents
Excipient Frequency Renge Example
Acacia 2 1% Tuberculin Old Test® (Lederle) 7%
Aluminum monostearale i 2% Solganal Inj.® (Schering) 2%
Curboxy methyl ccltulose 4 1% Bicillin® (Wyeth-Ayerst) 0.55%
Carboxy methyl cellulose, sodizm 9 0.1-0.75% Lupron Depot® (TAP) 0.75% wiv
Cremophore EL* 3 50-65% wiv Sandimmune?® (Sandoz) 65% w/v
Desoxycholate sodium 1 0.4% wiv Fungizone® (Bristol Myers) 0.41% w/v i
Egg yolk phospholipid 3 1.2% Intralipid® (Clintec) 1.2%
Gelatin, Hydrolzyed i 16% wiv Cortonc® {(Merck) (6% w/v
Lecithin 7 0.4-12% wiv Diprivan® (Zeneca) 1.2% w/v
Polyoxyethylated fatty acid o 7% wiv AquaMephyton® (Merck) 7% wiv
Polysorbate 80 (Twecn 80) 31 0.01-12% Cordarone X 1.v.%, (Wyeth-Ayerst) 10%
Polysorbate 20 (Tween 20) 5 0.01-0.4% Calcijex® (Abbott) 0.4% wiv
PEG 40 castor oii** | 11.5% viv Monistat® (Janssen) 11.5% viv
PEG 60 castor oil*** 1 20% wiv Prograf® (Fujisawa) 20% w/v
Povidone (Polyviny] pyrrolidone) 6 0.5-0.6% wiv Bicillin® (Wyeth-Ayerst) 0.6% w/iv
Sodium dodecyi suifate (Na laury! sulfate) 1 0.018% wiv Proleukin® (Cetus) 0.018% w/v
Sorbitol 3 25-50% Aristrospan® (Fujisawa) 50% v/v |

* Cremophor EL: Etocas 35, polyethoxylated castor oil, polyoxyethyiene 35 castor oil.
*+ PEG 40 castor oil; polyoxy! 40 castor oil. castor oit POE~40, Croduret 40, polyoxyethylenc 40 castor oil, Protachem CA~{0.
*** PEG 60 hydrogenated castor oil; Cremophor RH 60, hydrogenated castor oil POE-60, Protachem CAH-60.
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TABLE il
Chelating Agents
Excipient Frequency  Range Example
Calcium disodivm 9 G.01-0.1% Wydase® (Wyeth-
EDTA* Ayerst) 0.1% wiv
Disodium EDTA 34 0.01-0.1% Calcijex® (Abbolt)
0.11% wiv
Sodium EDTA 1 0.20%  Folvite® (Lederle)
0.2%

DTPA** I 0.04%  Magnevist® (Berlex)
0.04%

* EDTA = Cthlenediaminetetraacetic acid.
** DTPA = Dicthylenetriamincpentaacetic acid; Pentetic acid.

metals and therefore can improve the efficacy of antioxi-
dants or preservatives. In our opinion, calcium EDTA has an
advantage over tetrasodium salt by not contributing sodium
and not chelating caicium from the blood.

An antioxidant as a class is defined as those compounds
that can act as reducing agents or may serve as free radical
scavengers. Table IV summarizes the antioxidants, their
frequency of use, concentration range and examples of
products containing them. Sulfite, bisulfite, and metabisul-
fite constitute the majorily of antioxidants used in parenteral
products despite several reponts of incompatibilities and

.~ STV - s —— <t

toxicity (7, 8). Butylated hydroxy anisolc, butylated hydroxy
toluene and propyl gallate are primarily used in semi/non-
aqueous vehicles because of their low aqueous solubility.
Ascorbic acid/sodium ascorbate may serve as an antioxi-
dant, buffer, and chelating agent in the same formulation.

Benzyl alcohol was the most common antimicrobial
preservative present in parenteral formulattons (Table V).
This is consistent with other surveys (9). Parabens arc the
next most common preservatives. Thirty-nine products had a
combination of methyl and propyl parabens; eleven had only
methyl, and one had only prapyl paraben. Thimerosal was
surprisingly common, especially in vaccines, even though
some individuals have sensitivity to mercurics. Chiorocresol
is purported to be a good preservative for parenterals, but
our servey did not find any cxamples of commercial
products containing chlorocresol.

Table VI lists buffers and chemicals used to adjust the pH
of formulations. Phosphate, citrate, and acetate are thc most
common buffers used in parenteral products, Mono and
diethanolamine are added to adjust pH and form correspond-
ing salts. Hydrogen bromide, sulfuric acid, benzene sulfonic
acid and methane sulfonic acids are added to drugs which
are bromide (Scopolamine HBr, Hyoscine HBr, UDL),
svlfate (Nebcin, Tobramycin sulfate, Lilly), besylate

168

TABLE tv
Antioxidants and Reducing Agents
Excipient Frequency Range Example
Accione sodium bisulfite 4 0.2-04% wiv Novocaine® (Sanofi-Winthrop) 0.4% w/v
Ascorbate (sodium/acid) 7 0.14.8% wiv Vibramycin® (Roerig) 4.8% w/v
Bisulfite sodium 28 0.02-0.66% wiv Amikin® (Bristol Myers) 0.66% w/v
Butylated hydroxy anisole (BHA) 3 0.00028-0.03% wiv Aquasol® (Astra) 0.03%
Butylated hydroxy toluene (BHT) 3 0.00116-0.03% w/v Aquasol® (Astra) 0.03%
Cystein/Cysteinate HCL 2 0.07-0.10% w/v Acthar Gel® (Rhone-Poulanc) 0.1% wiv
Dithionite sodium (Na hydrosulfite, Na sulf- 1 0.10% Numorphan® (DuPont) 0.10%
oxylate)
Gentisic acid 1 0.02% wiv OctreoScan® (Mallinckrodt)
Gentisic acid ethanolamine 1 2% M.V.L 12® (Astra) 2%
Glutamate monosodium 2 0.1% wiv Varivas® (Merck) 0.1% wiv
Formaldehyde sulfoxylale sodium 9 0.075-0.5% wiv Terramycin Solution (Roerig) 0.5% wiv
Metabisulfite potassium 1 0.10% Vasoxyl® (Glaxo-Wellcome) 0.10%
Metabisulfite sodium 29 0.02-1% wiv Intropin® (DuPont) 1% wiv
Monothioglycero! (Thioglycerol) 6 0.1-1% Terramycin Solution (Roerig) 1%
Propyl gallate 2 0.02% Navane® (Roerig)
Sutfite sodium 7 0.05-0.2% wiv Enion® (Ohmeda) 0.2% w/v
Thioglycolate sodium 1 0.66% wiv Sus-Phrine® (Forest) 0.66% w/v
TABLE V
Antimicrebial Preservatives
Excipient Frequency Range Example

Benzalkonium chloride ! 0.02% wiv Celestone Soluspan® (Schering) 0.02% w/v
Benzethonium chloride 4 0.01% Benadryl® (Parke-Davis) 0.01% wiv
Benzyl alcohol 74 0.75-5% Dimenhydrinate® (Steris) 5%
Chlorobutanol 17 0.25-0.5% Codinc phosphate (Wycth-Ayerst) 0.5%
m-Cresol 3 0.1-0.3% Humatrope® (Lilly) 0.30%

Myristy! gamma-picolinium chioride 2 0.0195-0.169% wiv Depo-Provera® (Upjohn) 0.169% w/v
Paraben mcthyl 50 0.05-0.18% Inapsine® (Janssen) 0.18% wiv

Paraben propyl 40 - 0.01-0.1% Xylocaine w/Epinephrine (Astra) 0.1% wiv
Phenol 48 0.2-0.5% Calcimar® {Rhone Poulanc) 0.5% wiv
2-Phenoxyethanol 3 0.50% Havrix® (SmithKline Beecham) 0.50% wiv
Phenyl mercuric nitrate 3 0.001% Antivenin® (Wycth-Ayerst) 0.001%
Thimerosal 46 0.003-0.01% Atgam® (Upjohn) 0.01%
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TABLE~ Vi TABLE VI
Buffers and pH Adjusting Agents Bulking Agents, Protectants, and Tonicity Adjustors
Excipient Example Exciplent Example
Acetate ’ Alanine Thrombate ilI® (Bayer)
Sodium Miacaicin Injection® (Sandoz) Albumin Biociate® (Arco)

Acetic acid
Glacial acetic acid

Miacalcin Injection® (Sandoz)
Brevibioc Injection® (Chmeda)

Albumin human
Amino acids

Botox® (Allergan)
Havrix® {SmithKline Beecham)

Ammonium Bumex Injection® (Roche) L-Arginine Activase® (Genentech)
Ammonium hydroxide  Triostat Injection® (SmithKline Asparagine Tice BCG¥® (Oganon)
Beecham) L-Aspartic acid Pepcid® (Merck)
Benzene sulfonic acid  Tracrium Injection® (Glaxo-Wellcome) Calcium chloride Phenergan Injection® (Wyeth-Ayerst)
Benzoate Sodium/acid ~ Valium Injection® (Roche) Citric acid Sensorcaine-MPF¥ (Astra)
Bicarbonate Sodium Cefotan Injection® (Zeneca) Dextrose Betaseron® (Berlex)
Carbonate Sodium HypoRho-D?® (Bayer) Gelatin hydrolyzed Acthar® (Rhonc-Poulanc Rorer}
Citrate Glucose Ivecgam?® (immuno-US)
Acid DTiC-Dome?® (Baycr) Glycerin Tice BCG® (Oganon)
Sodium Ceredase® (Genzyme) Glycine Atgam Injection® (Upjohn)
Disodium Cerezyme?® (Genzyme) Histidine Antihemophilic Factor, human
Trisodium Cerezyme® (Genzymc) {Am. Red Cross)
Diethanolamine Bactrim IV® (Roche) Imidazole Helixate® (Armour)
Glucono delta lactone Quinidine® (Lilly) Inositol OctreoScan® (Mallinckrodt)
Glycine Hep-B Gammagee® (Merck) Lactose Caverject® (Upjohn})
Hydrochloric acid Amicar® (Immunex) Magnesium chloride Terramycin Solution® (Roerig)
Hydrogen bromide Scopolamine (UDL) Magnesium sulfate Tice BCG® (Oganon)
Lactate aci/Sodium Fenteny! citrate & Droperidol (Astra) Mannito! Elspar® (Merck)
Lysine Eminase Injection® (Roberts) Polyethylene glycol 3350 Bioclate® (Arco)
Maleic acid Librium Injection® (Roche} Polysorbate 80 Helixate® (Anmour)
Methanesulfonic acid DHE-45 Injection® (Sandoz) Potassium chioride Varivax® (Merck)
Monoethanolamine TerramycinSolution (Roerig) Povidone Alkcran® (Glaxo-Wellcomc)
Phosphate Sodium chioride WinRho SD?® (Univax)
Acid (phosphoric) Humegon® (Organon) Sodium succinate Actimmunc?® (Genentech)
Monobasic potassium  Zantac Injection® (Glaxo-Wellcome) Sodium sulfate Depo-Provera® (Upjohn)
Monaobasic sodium*  Pregnyl® (Organon) Sorbitol Panhematin® (Abbott)
Dibasic sodinm** Prolastin® (Bayer) Sucrose Prolastin® (Bayer)
Tribasic sodium Synthroid® (Knolly
Sodium hydroxide Optiray® (Mallinckrodt)
Sulfuric acid Nebcin® (Lilly) Special Additives
Tartrate acid/sodium Methergine Injection® (Sandoz)
Tromethamine Optiray® (Mallinckrodt) These additives have been included in pharmaceutical

* Sodium biphosphate, Sodium dihydrogen phosphate or Na dihydrogen

orthophosphate,

** Sodium phosphate, Disodium hydrogen phosphate.

formulation to serve specific functions (Table VIII). Below
is. a summary of the special additives along with their

intended use—

(1) Calcium gluconate injection (American Regent) is a
saturalcd solution of 10% wi/v; calcium d-saccharate

(Tracrium Inj,, Atracurium besylate) or mesylate (DHE 45
Injection, Dihydroergotamine mesylate) salts. Glucono delta
lactone jis used to adjust the pH of Quinidine gluconate
(Lilly). Benzoate buffer, at a concentration of 5%, is used in
Valium Injcction. Citrales are common bufTers that can have
adual role as chelating agents. Lysine and glycine are amino
acids which function as buffers and stabilize protein and
peptide formulations. These amino acids are also used as simethicone to prevent formation of foam durin
lyo-additives and may prevent cold denaturation. Lactate: reconstitution. :
and tartrate are occasionally used as buffer systems. (4) Dexamethasone acetate (Dalalone DP, Forest,
Table VII lists additives which are used to modify Decadron-LA, Merck, Dalalone DP Injection, UAD
osmolality, and as bulking or lyo-cryo proteclive agents. Labs) and Dexamethasone Na phosphate (Merck)
Dextrose and sodium chloride are used to adjust lonicily in are available as suspension or solution. These dexa-
the majority of formulations. Some amino acids, glycine, methasone formulations contain creatine or creali-
alanine, histidine, imidazole, arginine, asparagine, aspartic nine as an additive.
acid, are used as bulking agents for lyophilization 2nd may (5) Adriamycin RDF® (Doxorubicin hydrochloride,
serve as stabilizers for proteins or peptides and as buffcrs. Pharmacia) contains methyl paraben, 0.2 mg/mL, to
Monosaccharides (dextrose, glucose, lactose), disaccharide increase dissolution (10).
(sucrose), polyhydric alcohols (inositol, mannitol, sorbitol), (6) Ergotrate maleate (Ergonovine maleate, Liily) con- l
glycol (PEG 3350), Povidone (polyvinylpyrrolidone), and tains 0.1% ethyl lactate as a solubilizing agent, i
- proteins (albumin, gelatin) are commonly used as lyo- (7) Estradurin Injection® (Polyestradiol phosphate,
additives. Wyeth-Ayerst Labs) uses Niacinamide (12.5 mg/ml)

tetrahydrate 0.46% w/v is added to prevent crystalli-
zation during temperature fluctuations.

(2) Cipro IV® (Ciprofloxacin, Bayer) contains lactic
acid as a solubilizing agent for the antibiotic,

(3) Premarin Injection® (Conjugated Estrogens, Wyeth-
Ayerst Labs) is a lyophilized product that contains

v

Vol 51, No. 4 / July-August 1997 169

Supplied by The British Library - *The world's knowledge”

InnoPharma Exhibit 1020.0165



TABLE Vill
Special Additives

TABLE X
List of Excipient from 1896 FDA ‘Inactive Ingredient Guide’

Excipient

Example

Acetyl tryptophanate

Aluminum hydroxide
Aluminum phosphate

Aluminum potassium sulfate

E-Aminocaproic acid
Calcium d-saccharate

Caprylate sodium

8-Chlorotheophylline
Creatine
Creatinine

Diatrizoic acid

Gamma Cyclodextrin

Ethyl lactate

Ethylenediamine

L-Glutamate sodium

Iron ammonium citrale

Lactic acid

D,L-Lactic and Glycolic acid
copolymer

Maltose

Meglumine

Niacinamide

Parabcn methyl

Protamine

Simethicone
Sodiumm saccharin
Tri-n-butyl phosphate

von Willebrand factor
Zinc

Human Albumin (American Red
Cross)

Rccombinant HB® (Merck)

Tetanus Toxoid Adsorbed®
(Lederle)

TD Adsorbed Adult®
{Connaught)

Eminase® (Roberts)

Calcium Gluconate (American
Regent) .

Human Albumin (Américan Red
Cross)

Dimenhydrinate (Steris)

Dalajone DP® (Forest)

Hydrocortone Phosphate
(Merck)

Conray (Mallinckrodt)

Cardiotec {Squibb)

Ergotrate maleate® (Lilly)

Aminophylline® (Abbott)

Kabikinase® (Pharmacia)

Tice BCG® (Oganon)

Cipro 1V® (Bayer)

Zoladex® (Zeneca)

Gamimune® (Bayer)
Magnevist® (Berlex)
Estradurin® (Wyeth-Ayerst)

_ Adriamycin RDF® (Pharmacia)

Insulatard NPH® (Novo
Nordisk)

Premarin Injection® (Wyeth-
Ayerst)

Compazine Injection® (Smith-
Kline Beecham)

Venoglobulin® (Apha Thera-
peutic)

Bioclate® (Arco)

Lentc Insulin® (Novo Nordisk)

Ammonium sulfate

Benzyl chloride

Butyl paraben

Caldiamide sodium

Calteridol calcium

Castor oil

Cellulose (microcrystalline)

Cholesterol

Deoxycholic acid

Diatrizoic acid

Dicyclohexy! carbodiimide

Diethy! amine ’

Dimyristoyl lecithin

Dimyristoyi phosphatidyl-
glycerol

Disofenin

Docusate sodium

Edamine

Exametazime

Gluceptate sodium

Gluceptate calcium

Glucuronic acid

Guanidine HCI

lofetamine HCI

Lactobionic acid

Lecithin hydrogenated soy

Lidofenin

Medrofenin

Medronate discdium

Medronic acid

Methyl boronic acid

Methy! cellulosc

Methylene blue

N-«(carbumoyl-methoxy poly-
ethylene-glycol 2000)-1,2-
distearoyl

N-2-hydroxycthy! piperazine
N'-2’ cthane sulphonic acid

Nioxime

Nitric acid

Oxyquinoline

Pentetate (DTPA) calcium
trisodium

Poloxamer 165

PEG 4000

PEG 600

Polyglactin

Polylactide

Polyoxyethlene fatty acid
esters

Polyoxyethylene sorbitan
monosterate

Polyoxyl 35 Castor oil

Polysarbate 40

Polysorbate 85

Potassium hydroxide

Potassium phasphate, dibasic

Sodium bisulfate

Sodium chlorate

Sodium hypochtoride

Sodium iodide

Sodiurn pyrophosphate i

Sodium thiosulfate, anhydrous I

Sodium trimetaphosphate ;

Sorbitan monopalmitate

Stannous chionide ‘

Stannous fluoride i

Stannous tartrate !

Starch

Succimer

Succinic acid ) |

Sulfurous acid

Tewrukis (I-isocyano-2-me-
thoxy-2,methyl-propante)
copper (1) Te

Thiazoximic acid

Trithiazoximic acid

Urea

Zinc acetale

Zinc chloride

Zinc oxide

2-ethy! hexanoic acid |

PEG vegetable oil

8

~

©

—

10)

an

(12)
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as a solubilizing agent. Hydeltrasol® (Merck) also
contains niacinamide. .

Aluminum in the form of aluminum hydroxide,
aluminum phosphate or aluminum potassium sulfate
is used as adjuvant in various vaccine formulations
to elicit an increased immunogenic response.
Zoladex® (Goserelin acetate, Zeneca) is adminis-
tered subcutancously as microspheres. These spheres
are made of D,L-lactic and glycolic acid copolymer.
Lupron Depot Injection® (TAP) are lyophilized mi-
crospheres of gelatin and glycolic-lactic acid for
intramuscular injection.

Gamma cyclodextrin is used as a stabilizer in
Cardiotec® at a concentration of 50 mg/mL.

Sodium caprylate (sodium octoate) has antifungal
propertics, but it is also used to improve the stability
of albumin solution against effects of heat. Albumin
solution can be heat pasteurized by heating at 60°C
for 10 hours in the presence of sodium caprylate.
Acetyl tryptophanate sodium is also added to albu-
min formulations.

Meglumine (N-methylglucamine) is used as an ex-

a3

cipicnt and to form in-situ salt, For example, dia-
trizoic acid, an X-ray contrast agent, is more stable
when autoclaved as meglumine salt than as sodium
salt (11). Meglumine is also added to Magnevist®, a
magnetic resonance contrast agent, formulatton.
Surprisingly, sodium saccharine is used in Stelazine®
and Compazine® formulations; our guess is that it
serves as a stabilizer and tonicity adjuster.

(14) Tri-n-butyl phosphate is present as an excipient in

1s)

human immune globulin solution (Venoglobulin®).
Its exact function in the formulation is not known,
but it may serve s a scavenging agent,
von Willebrand factor is used 10 stabilize recombi-
nant antihemophilic factor (Bioclate®),

(16) Maltose serves as a tonicity adjuster and stabilizer in

an

(18)

immune globulin formulation (Gamimune N®),
Epsilon amino caproic acid (6-amino hexanoic acid)
is used as a stabilizer in anistreplase (Eminase injec-
tion®),

Zinc and protamine have been added to insulin to
form complexes and control the deration of action.
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Recently, FDA has published ‘Inactive Ingredient Guide’
which lists all the excipients in alphabetical order. Each
ingredient is followed by the route of administration (for
example, iv, oral) and, in some cases, the ran ge of concentra-
tion used in the approved drug product. However, this list
doces not provide the name of commercial product(s) corre-
sponding to each excipient. Table IX is a summary of all the
excipients which are included in the ‘Inactive Ingredient
Guide,” but do not appear in PDR or Handbook on Injectable
Drugs.
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Product Information

g 100 %n  tabluls (150 or 200 mgy
- i 8k bourd, Oitcs o watlalbetory
» boon schisved, it may ba desireble
or ane-hialf to onn 100 myg. PRAN.
st (50 Lo 100 g ovory four to six
pravont roeurronca, Incrensa in tho
ihch dokoge In suggeated during perl
FhN{ghtatiod ometional stross or paychic
F-and nt intervais whenh oxperience in-
Siilodr iy rotur.
Bobpliadi PRANTAL Toblots, 100 mg,
\hbtio of 100.
Kght -® 1088, 1672, Behorlng Corpura-
L tights rosorved.
GN®
&l sstradiol, N.F.
s Susponaion

fillom Aqusous auspension of nsirp.
Ristonle solutdon for intramuscular i
titalng in eagh ec 1.0 mg. estradiol,
. polysorbate 80, with 0.6% phonol
ntive, Pallots of valrndio) 28 my, for
Bbull implantation; tho peliota con-
dreipiont or binder,
Hatradivl, ona of the mora Tomut of
it ostrogunie compounds, i [dontlen!
ffmpgcn!c hiormong producnd by the
firy. Katradiol oxarts o developmoen-
ot o tho fomolo generntive tenot, han
sbltory effoet upon the pitultary in
losca, ond produces o marked conatltu-
iTect with an incronso {n musewlar
th, bodily vigor, nnd mantal geumen, 1t
5 fullicular hortmuono in ensos whire os.
¢ nollvity ia dopressed, inaufficiont, or
It PROGYNON Aguoous Buaponaion
hno solution 1 absorbod mipidly und
te erystalline vstradiol remaine in tho
i ob a depot from which abeorption bo.
mptly ond contlnuer for o long pe
4 viale should bo shaken immedintaly
.alln% in ordar to suspend Uie eatadol
1y, Tt Js intondod Mr Intrenusculor
Wration. ''he PROGYNON Poifets are
ftul, wilth un approalmato dinmelor of
1 and lengtls of 3.6 mm. Pellot thuNFy
{advantage of high ofMeloncy Mo th
slfit of tha quantily of hormone admine
titil tho furthor advintaga Vhnt o sin-
le‘l;nt lins ofTbet continuoualy for sav-

lona: i the fomalo—PROGYNON
ih” Buspenaion i Indicated in mono-
kyndrome, hypogenitalism wnid sozual
i, ollgomanorrhen nsaocioted with

, ond postpartum brotst one

i

INON Aqueus Suspenslan |8 aluo in.
for inopernble broast carclnome fv
hiepaunal womon, sanila vuginilis, and

OF Kraurosin vulvao.
NON Pollota nro Indientod in condi-
hero consteint and prolonged setrogan
1 ¥ roquired, The poliots may b ued
we aymptome of vstrogon deflclency
{ In the menopausal syndromo and
, a8 roplicomont. theropy in
i fatsales; in the malo—carcinoma of
ta (pallintive)
dieations: Familinl or persanal his-
trelhoma {also procancetous lesions)
itllentoa use of enttogons, unioss spe-
idientad as tharapy for carcinoma.
8 adminintared continuously ‘ure ton-
tad in thrombophinbitla, pulmonory
B, and lvor dysfunction or disons.
'Y of hyporecnaitivity or toxie renc-
rlﬂy of the componenla contraindi-
tse,
gonm Hyporenlcomin and andium
relonting may ogeur with continund
k& doags of optrogens; uen coutiously

In putlents with enrdioe or ferinl disesss, or
GnIapsy,
As with nll estrogons, undestruble utorno
gmwth may ool os 4 consequencg withs
rnwat ondomatrial blaoding fhay oceur; utat-
ina fibrolds may {ngrenso in alro,
Dinbatie pationts shoutd ba cbservod caroful-
ly for roguletion during modication with as
trogena.
Jag untmﬁm Judiciously in youny paticnta
In whotn bonte growth is not cotnplate; celro-
g'?ns may elToet epipliyscal cloauro.
wombophlobills and pulmonary ombolism
hove occnslonally ocourrod with estrogen
tharapy; nithough no deflnitive rolationship
exists, physiciona should bo alomt to the corii-
ot munifostations of those conditions,
In pationts with historles of prychie nbnor
malition, oatrogop tharapy should bo tormi.
untod {f symptoms of much phnormalitios
rooceur,
Adverse Rooutions Gostrointesting! dis-
inrbanges (nouson, vmm’t.lnf. miid dinrrhan),
hoadacho, edema dug to anlt rutontlon, sore-
nesa of bronst o gynocomastin (moy ocour In
trantment of proatntie careinoma), vertigo,
it . fioslomton b :_ Al nrythomn
multiforme, homorthagle oruption, aliorgle
rnsh, jteling, amenorrhgn, meutal dopros.
ainn, hypurm‘r;nmtu witls inrge dosca.
Dosage and Administration: Monopousal
syhdrama:—In nvero casos, LU mg. of' catro-
dio) Intramusculsrly two or throa timos
wackly for 2 or J wagks; in mors sovere cason,
1.0 to 1.6 myg. of ostradlol. Tharuailor, dosage
in gradually roduged to mihimum roquire
thant, usually within the rangn of 0.8 &y 1.0
mg. of eatradlol twioe woskly. In all casos the
ohjoctlve should be dotormination of tha min.
imum amount of hormono that will maintuin
tho patient symptom-kee. With adoyuuto
clinfeal improvomont, usually obtaingble In
twa wookn or loss, gradual roductions in dos-
tgo tro advisable Bubcutonoous {mplontas
tlon—implont ono 28 mg. PROGYNON Poliat
and repaot when nocessary, Tha polints pro.
vido consinnt ontrogen lovels fbr opproxi-
matoly 8 monthe
Hypofjenitallam and Soxuanl Infantiligntewt.§
mg. of eatrodicl intramusculnrly two or throo
timos wookiy. Subcutanoous itnpinntation.—
huiplant ong 20 mg, pollot aud ropenl whon
nocossoly
Amenorrhoa and Oligomonarrhoa Assoalatod
with Hypogonadiam; 1.0 mg. ofoatradinl intrn.
muncularly two ot throo timoa wookly during
tho NraL two wooks of on orbitrory 38doy
monstryal eycle; progonterona ia glvoh during
tho lnsh two wooka of the theoretical cycla,
This rogimen 8 continued for 3-8 montha.
The potient then lu ollowed to go untroated
for 2 months Lo datormine whelhor or not aho
can nointaln the cycle without hormonal
tharapy. If wot, additlonnl eourses of tharapy
un outlingd should be preacribed,
Powtpartum Brooat Engoroment:—1.5 mg of
ostradlol is udhuinistared  tntramuseulorly
dolly hoﬁlnhlng at the (rat aign of ohgorge-
monl and continuing until symptoma ore con-
trollod. Rostrietion of Muids and o tight bind.
or alinuld olso be employed
inoporeblo Branst Cerginoma in Postmenos
pouna) Wornen—I.6 mg. of ostradis! intrae
musculntly thrae or more Limos wookly be-
cording to the sevorily of tha paln.
Cercinoma of the Proatstas—1 & myg. vl estrn-
dio} Intramupeularly throa tmos weakly, Sub-
culnhoous Implaniation—implont ono 26 mg,
pallol nnd ropont whon noconsary.
Sonlio Voginitia; Frurtus Vulvas: Krourosls vul
vaoi=Initdally, (U to L& mg. of sstradiod fne
Lramuseularly Usroa timgs weekly for two or
thrso Injoctions, thon 05 to LO mg. of antre-
dial twice woukly fr maintenance. Orul os-
irogan therepy may ba profarrod (or muinto-
nahge.

PROGYNON (ostrudiol) Aquequa Suspatiglon

uhouid be injestod inwamusdulurly, Never it
uavenmgll. A 2lgnuge 1%dnch needis
begt muited for injovting tho. suspension wiifl
Into tho musclo, : )
The potlets mny be implunted convenienify
ond quickly by manns of an {njector or thay
may bo ndininbilored by making o inteltn:

in Lise akin, Kithor mothod, thongh »mﬂ!lﬁ "

enrvdod out in tho physiclan’s offics, s & ni)
hot urgical protedare, dud afl anoptlo pres
cautions must bo obssrvad, BY SNVECTURS
Thao pollok may ba quickly aod oaally implen
od by monns of the Keatns or PorlofT f‘ it
Injoctors, The aroas uauntly solocted by 1t

plantation ore the infrascapuler rogion or thy |
pogtorior axilliry lins, Amoptle procautiohd

must bo oheerved ‘an for any surgienl pracee
dure. Tho skin la carelblly cloaned, followod
by the opplication of loding nnd aleshol, 'The
orea {a Infilkratadd with procaing 13100, Maks
n vary small inclalon (about 2 mm: long and'1

mm. doop) into the skin with o shorp ageipsi

Lo n}low tton passage of Lho Inrge infoctor nos:
dle. Tl Injoetor noodle of tho Katirtw Infet
tor, with shotp plunger i pinca, a insgplet
into tho inealon and gently foreed {btd the
subcutancous tiesue at the doafrad altd of s
plantation. Tho sharp plungor fs withdtiws,
ahd tiso poiist insariad into the holiow noedie,
Tho simplost mothoed for placing the pellet in
tho noodlo ia to nllow tho pellet to alide frgny
the vinl in which it e packod nto the alot
pravided In the nondin. Tha pallot i pushed
ne My os pomaibla through the noodle by
moons of the blunt phingor nhd held in place
with the plungar while the noedla is gantly
withdrown, on the neodlo comesa in cons
taet with the knob of Lhe plunger, both ar
withdrown togather. Whon the injector hos
booh withdrawn, thy woutd may bo closod
with n eingle atiteh or a nkin olip, Is many
instances, opposition of the sdgos of tho
wound wiili ndhcaive tope is sufficient, 5Y
INCISION: Tho inlroscepulor rogion or the
Imwrlvr nadilary ling are conveniont sites for
mplnnting pillols. The oparativa Nleld s pros
pared In tho usuol mahoor with {uding and
nleohol and the orea is inflltrated with pro.
caitio 1:100 solution. An laciaion obout ong
sontitneter In longth la made. With blunt dis
soction, o pocket about two eantimalors in
dopth in proparad In the subcutaneous ikt
bornw nnd away from the incslon. The edgos
of tho pocket mny ha hald apart by o amall
dilator and the pollot Insortod into tho botlom
of thu pocket wilh small forcapa, Forca should
not bo ueed in tndorting pallets. The inclson
in clogod with enc or twe sutiiros,

How Bupplisd) A Busp

plosdosa viols of 10 ¢e, 1.0 mg./ce., boxes of' 1
tihd boxen of @ oro nvoilablo. Store nway from
hent. Palleta—vinl of ona 28 mig. pallet, box of
3

fan—multh

Copyright @ 1866, 871, Schierlng Corpuris
tlon. All righta roagrved.

PROLUTON®

brand of propostorona injaotion, N.F,

Injootion

Doseription: PROLUTON nchloves all of Lhe
dofInltoly ontabifahnd effects of tho corpus lu.
taum hormaona oh the uterun. 14 causes the
sgcrotory phnso of the ondomotrium o davels

Continued on naxt pags

Intormation on Behoring produats appesring
on thaso poges Is oHactivo a8 of Saptombor
H0, 1672, Saherlng produots whosa activa in-
gredionts ars iisted in Modloaroapproved
ghermoeoutical compundia sppear at the baw
ginning of tho Ssharing Produst Information
Boatlan,
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Always consuh ¥,

Schering—Cont.

op and attain up to ton timos ita oﬂglnn!
t&cknau. with dflwntlun ond ootivity of tho
{ands and profbund hyporemia, Grontost of:
&mivanm of progesterona deponda ou pravi-
ous priming of the endometrium with estro-
s, PROLUTON for intramuscular admin-
a.mﬂan containg in cach oc. of solution pro.
aatorono, N.F,, 60 mg.; bemgl aleahol, N.F.,
mg.; bonzyi beneonto, U.&.P., i60 mg.; pro-

] Wl Pmbon, U.8.P., 1.0 mg.! and sesame ofl,

Indications: PROLUTON i Indlcated in ha-
bitunl and thr d abortlon, pr o lo-
bor, functionnl aterine bleeding, funetional
dy hoa, pr trunl tenal ptl-
mary and mn&ry nmonorrhon end femaio
fiypogonadism.
c‘{mmnﬂ!muonu Hyporaonsitivity or toxs
Ju reactions to any of tha companonta con-
tenlsdizatos ite usa, Progoaterone is also con-
troindleatod in pationts with Impaired renal
finetion, miseod or Incomplete abortion, can
ginomb of the bronst, and undingnosed goni-
tal blovding. i
A history or the pre of t bop
tin thtombogmbolls disordars, corabrovaseu:
inr acceident, or pulmonary ambotlem also cons
traindicntos tho uso of this produet,
1at u ) ('

(R

Into (he museulur tissue. For obust patients,
n A0gouge, 2ineh noodiv moy bo usad, The
site usunlly eelocted fhr injection is the uppor
ontar quodront of the gluteal roglon. Asplre-
tion should be dong bofore sxpalling tha cone
tanta of the nfrringu in ordar Lo moke cortait
a blobd vessal has not beon ontered.

How Bupplied: PROLUTON Injottion, 10 ce.
thultiplo-dose vials, boxed of { ond @,

NOTE: In cool wonthor, crystals mny nppour
ih the vinls, in which cnso the vials should he
warmed to bring the crystals back inte solue
tion beforo uslng.

Copyright @ 1666, 1970, Bchering Corpota-
tion, An righla rosorvod. § oo

RELA® . B
brand of carisaprotiol

Toblews
Duseriptions Cariaopradol 19 Nosopropyh®
muothyk2propyl1, Upropanadiol  dicarbae
matg.”
Agtlonm Carisoprodol produces muscle rolax-
ation in animale by blocking intareuroncl
activity in the d ding roticulur Nrmutd
ond wpinal cord. Thore e no perlphoiul ar
dutanomic offects. Haliaf of aymptoms ususl-
ly begina withia 30 minutos and lusts four to
six hourn,

utionsr Admi y In
tiatits who huve had periodic atlacks of meihs
md, migraine, or opliepsy; thesa conditions
may bo oxocerbated by progostorono‘ Pn.
tlonta with a history of peychlc dopression
should bo enrofully observed; the druy should
be discontitiued If the doprossion recurs to &
sorious dogree. Fluid ratention may occur; ob-
sorvo pationts with cardlac or renal dysfune
thon carafully,
Adverso [tooctions: Tdema, urticarin, pruri
tus wvulvme, gustrolntostinal disturhancos
(naupson, vomiting, dlarrhen), uleorative sto-
mistitis, hondache, welght goin, and local {rri-
intlon.
Dosago ond Administeation Habiiual
Alortion-PROLUTON 8§ to 20 mg, whould
mwn throe times o wook, commonelng
thuriapy with tho onrly dingnoals of' ﬁreznnn-
oy nns wontinulng through the olghth month,
All timoy of siross and caléulated munsos, 25
MR ‘should bo givon dally. Threatened Abor
\ thaiedy addltion bo vaunt meimires, PROLU.
WD Hg ty. 80 my. daily should bo adminis-
flﬁ:adem lobig ae thoro nre palne nnd bleadlnr.
han symptoma havo subaidod, the dosnge Is
rgduced Lo 10 to 25-mg. daily, and maintalned
b this, 'lnvolwiﬁuouah the aic hth mo‘nth of
. gregnancy. .@Wmﬁ"ﬂ oropy i prov
st during opleos, _OOYNOK* (emtro-
. digh Hébgonte, 1,666 my. muy bo glvon al
w;a-h up Intervals until symptoma de con-
ol erutire Lubuﬁ‘;RQwTONgw
| g tiny von daily untll aymptoms
h(g "da \nctlom! Uterine, Mreding~—b to
; i_isa.bih‘g ujm!nl!tq‘ t-‘hmtlng alght to ton
be- bafbra the pationt Is oxpoctod to mens
i I mvm?m 50 mg, dully may ba
| Minctional Dyamenorrhen, Premenistrys
{ Thia(onaRocommanded dovage {e 10 to 28
il ‘é’ﬁn duriug tho loat vlght to tan daye
ufbro the puliont i _expacwtf to monskruatn,
murs ard Sevondiry Amenerrheo, Female
HobgunuditnseRetarmandod dosago |
thrse tmon wookly during the two
pika uf n caleulntod movstruel cycle after
; d&gnu the flret two waoke
G ba. Injentod intramiucus
Iy rwtar intravotiously, Bubeutanoous inv
fi b bitnos may giva rise to painfll local
 remctiona, Immersion of the vin) momanterily
" Mhiwirm water will fagilitate aupiration into
- thd ayHnge. A 3l-gduge, 1Yeloch poodle la
. bawb wiited fur Injocting the oil solution well

v 28 rg?. on hilarnalo days,

Indlcations

Bopod on o ravisw of thia drug by tho Na.
tlone! Acadomy of BeioticeseNatlonol
Hesearch Councll and/or othar informa.
tlun, FDA hee clasaiflad the indieations
oa (bllowa: :

"Posalbly™ affactive! for symplomstle re
{af'In condltiona chnractarized by akele-
ta) muscle spasm and mild to moderote

poin,

Final clanalflcation of the less-thun-offbe
tivo Indientions requiras further invesll.
gation,

Contriindications Cariroprodol is contrain-
dicoted In patients who have hed allorgic or

Idionynratlo renctions to it or to ralnted comm.

pounds such o meprobomate or mebutumate
and also In patlonts who have porphytia or In
whon purphyilis is suspected.

Warningm The ruﬁant should be warned
that corlsoprodol may impair the mental
nhd/ o physlenl abilities required for tho por
furmange of’ hoxardous tasks such as driving
a motor vehicle or oporating machinery.

Uso carisoprodnl with caution In addletion.
prang Individunls. Withdruawal symptome in.
¢luding abdomlnn) cramps, lusomnly, chifll-
nom, hoodacho, tnd nausea have ocourred
followlng abrupt cossatlon of higher than rec
ommonded dossge. There have bogn rmry (n.
stances of peychologlen) dopondance,

On vory rara occusiuns, the first doss of card-
soprodol hoa been ifoiiowod by idiogyngratiy
symptoms appearing within minutes or
hours. Sympluma reportad includo oxtrome
wonknoas, tronsiont qundriploglo, diexiness,
ataxie, temporary loss of viaion, diplopis, my-
drioels, dysarthein, agitation, oupﬂofln, taar
fusion, and disoriontation. Bymptoma wsually

ga | subsido ovor tho courss of the noxt sovorul

houre. Bupportive and aymptomatio thernpy,
ineluding howpitalitation, may bo nocossiry.
Ustige i pregnancy: Saf usnge of this dru
i prognant women has not beon established,
Thorelore, tho oxpacted beneflta must be
wolghed ngnlnat tho nolontial hagards, In laey
tuting mothors recelving ¢ndeoprodol, tho
concontration in brosst milk is two to four
timga that of wntarne! plesma. This fhotor
should ba takon into nccount whoa use of tho
drug Im contemplated it bursing mothers.

Umdﬁithll drug in children fg

motded, h
Binty the offacts of carleg, a8
or cn:m;r‘mrl and ut}u:rma'ul‘lkél
may ba sdditive, appropria .
I;;:xorcémd, Gn propriata saitloy o
cautionm Caripsprodsl 15 thotahe]
tha liver and mmmgrlf; tho kidngy;’
ita excess secumulation, eautlpy
erelsed in administration to patiyhiy,
compramised liver or kidney fungting
Advorss Reactions: Centrol ne )
reactlons! Drowaingss and othge A
may roquire dosage reduction, Othgp s
teactions include dizziness, v&:ﬁg‘f
tromor, agltation, ireitability, haudyws
pressiva reactions, syncopa, hsom}
Allergic or {dfosyncrutis reactions; A
idlosyncratic reactions 1y ¢
Thoy are usually seen within the s
(ha first to fourth doao in pationts huiving §
o provious contact with tha drig. Bkiy
arythemn multiferino, pruritus, eox
ond fixed oruption with crom s
to maprobomats have been paportad with!
Isoptodal, Bevere renclions have hesy
fented by anthwatic episodos, fuver,
naew, dineinoss, nngloneurotie ellonia,
Ing oyes, hypotenmion, and andphyl
sheck. ’
1f such reactions do oecur, dixoutings
prodol and Inldats approprists symgt
therapy, utllizing opinephrine, “an
minos, tind bly cortieasterolds. fh §
ating pomsiblo allorgic reaclions alg Y
allergy to exciptents. LT
Cardiovasculor reactions; Taohyeardia! [
surel hypotension, and fhelal flushlng HAyi
haan raportod. ' i
Gastrointestinal reactinns: Noused, vonil

hiecup, and opigustric distras have

putted )
Hematologie rsactionsr  Leukopahié
whith othor druge or viral Infbgl
havo been nalble, and poneytoge
tributed to phanylbutazons, hav
E:nrtnd. No gerious blood dysern

o altributed to earisoprodal.
Dosage and Administrution
mendod dusagu for adults ia oye]
380, mg. fhur timos dajly, the I
takdn at bodtimo, Use of this druj
In noh poeotimatided. '

1%

| Qverdosuye: Overdosage of carid

produced stupor, romn, ghock, refiy
prossion, and, vory raraly, do
ramaining ib the stomach shotthd
and aymptomatic thorupy giveny
piration or blood presaure |
miied, rospiratory naslstutice;
vous aystem stimulants, and pie
ahiould be adminstered cuutiay)
enl N BN iy
Carlsoprodol fa motabatived. it &
excretad by tho kidney, Allb
dol ovordosngy experience 8 1i
lowing ig of treatment
succoefully with the related

poritonen! dislysis, and hibmod

P rodel s lalyanbioh -
Caroful motitoring of virlnary B
esanry, and enutlon should,

0] -
wirad In binlogieal fluide by gud
Egg‘mﬂ)mlaﬁ JF et pl J P
How Buppliod: RELA TabioE)
round, sugarcosted, pink tablety
with @ brown Schoring teadam!
uet identifteation lettars, AHRI

tablots,
*1dcanged under US. Pat, No 344
Copyright ® 180D, 1574, Bohe
Hon. All righta resorvd.

[Shown in Product Iden
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ible ravisions

Always consult supp'}

Squibb—Cont.

dumone has been discontinued for 60 days be-
fore the test. Because of osteoblastic action of
estrogens, patients with metabolic bone dis-
eage or renal disease should be carefully ob-
served. Because of a possible decrease in glu-
cose tolerance, diabetic patients should be fol-
lowed closely. Any effect of prolonged use of
this drug on pituitary, ovarian, adrenal, he-
patic, or uterine function awaits further stud-
les. :

Adverse Reactions: In therapeutic doses,
undesirable hormonal effects are generally
minimal. However, because of excessive an.
drogenic or estrogenic stimulation, they may

occur.
The following adverse reactions have been
observed following Deladumone therapy:
Virilization, manifested by hirsutism,
changes in the voice (hoarseness or deepen-
ing), and acne. The phenomena of virilization
appear to be reversible except for some in-
atances of voice changes, Virilization may be
controlled by use of supplementary injections
of estradiol valerate; excessive endometrial
or breast stimulation may be controlled by
the use of supplemental injections of testos-
terone enanthate.
Other adverse reactions which have been re-
ported are delayed menses followed by pro-
fuse bleeding, exceasive and prolonged vagi-
nal bleeding, mastodynia, edema, erythema
and edema of the vulva, convulaions, pain at
the site of injection, sterile abscess, incom-
plete suppresgion of lactation and/or breast
engorgement, and localized dermatitis.
Dosage and Administration: The usual dos-
age for all indications except prevention of
postpartum Jactation, breast engorgement,
and subsequent pain is 1 cc. every 4 weeks,
depending on the clinical response. To alter
the amount of therapy, it is recommended
that the change be made in the quantity per
injection (range 1 to 4 cc.) ratber than in the
time interval between injections.
For the prevention of postpartum lactation,
breast engorgement, and subsequent pain, 4
ce. should be given as a single injection just
prior to the onset of the second stage of labor
because the percentage of favorable results
has been shown to decline when the dose is
administered at a later time. A second injec-
idon is not recommended.
Care should be taken to inject Deladumone
leeply into the upper, outer quadrant of the
fhiteal muscle following the usual preecau-
ions for intramuscular administration. A dry
1eedle and syringe should be used. Use of a
vet needle or syringe may cause the solution
o become cloudy; however, this does not af
ect the potency of the material,
itorage: Vials of Deladumone may be stored
t room temperature. Storage at low temper-
tures may result in the separation of some
rystalline material which redissolves readily
n warming. Deladumone in Unimatic® sin-
ledose preassembled syringes and car-
ridge-needle units should be stored at room
amperature.
[ow Sugplied: Deladumone, vials of 5 cc.;
nimatic single dose preassembled syringes
f 1 cc. and cartridge-needle units of 1 cc.

JELADUMONE® OB
‘estosterone Enanthate [360 mg.j And
stradiol Valerate [16 mg.) Injection)
escription: Deladumone OB is & sterile,
ng-acting preparation for the prevention of
ctation, providing a precisely balanced com-
nation of the naturally-cecurring testicular
d follicular hormones in ester form dis-
Ived in a vehicle of sesame oil with 2% (w/
benzyl alechol as a preservative. Each 2 cc.
‘Deladumone OB contains 360 mg, testos.

I terone enanthate and 1€ mg. ¢stradiol valer-
| pte. (180 mg. testosterone enanthate and 8
mg. estradiol valerate per cc.},
Actions: Deladumone OB is a long-acting an-
drogen-estrogen preparation. When used for
the prevention of lactation, a single 2 ce. in-
jection, administered as directed, effectively
inhibite the release of lactogenic hormone
from the pituitary, thereby preventing lacta-
tion and the painful breast engorgement
which accompanies it. However, if breast
feading is desired after Deladumone OB has
been administered, satisfactory release of the
lactogenic hormone and lactation may be in-
duced by the stimulus of suckling by the in-
fant. Involution of the uterus and resumption
of menstrual cycles are generally not affected
by Deladumone OB. :
Deladumone OB contains the same hormonal
agents as Deladumone (Testosterone Ewan-
thate and Estradiol Valerate Injection) but at
twice the potency, in order to provide a high
dosage conceniration in a low volume. The
optimal balance of androgenic and estrogenic
hormones obviates the disadvantages inher
ent in single hormone therapy, minimizing
the likelihood of virilization, withdrawal
bleeding, or other unwanted effects.
Indications: Deladumone OB {s specifically
indicated for the prevention of postpartum
lactation, breast engorgement, and subse-
quent pain.
Contraindications: Deladumone OB i con-
traindicated in patients with a history of es-
tablished or suspected mammary or genital
malignancy, or hepatic dysfunction or dis-
ease,
Precautions: Because normal endogenous
hormone production varies individually, cer-
tain patients may be unusually respounsive
and may exhibit undesirable manifestations
of excessive androgenic or estrogenic stimu-
lation (see ADVERSE REACTIONS).
Although edema has not been found to be a
problem when Deladumone OB is used as rec-
ommended in the control of postpartum lacta-
tion and breast engorgement, nevertheless,
caution should be taken in administering the
drug to patients with cardiac or renal disease,

asthma.

Adverse Reactions: When properly given,
injections of Deladumone OB are generally
well tolarated. In therapeutic doses, undesir-
able hormonal effects are generally minimal.
The following adverse reactions have been re-
perted: Virilization, manifested by hirsutism,
changes in the voice (hoarsenass or deepen-
ing), and acne. The phenomena of virilization
appear to be reversible except for some in-
stances of voice changes. Virilization may be
controlled by use of supplementary injections
of estradiol valerate. Excessive endometrial
or breast stimulation has been reported;
these effects may be controlled by the use of
supplemental injections of testosterone enan-
thate.

Other adverse reactions that have been re-
ported are pain at the site of injection, con-
vulsions, sterile abscess, incomplete suppres-
gion of lactation and/or breast engorgement,
uterine bleeding, mastodynia, and localized
dermatitis.

Dosage and Administration: For the pre-
vention of postpartum lactation, breast en-
gorgement, and subsequent pain, 2 ce. of De-
ladumone OB should be given as a single in-
tramuscular injection. It appears that the op-
timal time for administration of Deladumone
OB is just prior to the onset of the second
stage of lzbor. It is worthwhile noting, how-
ever, that the preparstion has been success-
fully used from the early first stage of labor
to as late as 10 hours after expulsion of the
placenta. A second injection i not recom-
{ mended.
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DELALUTIN®
(Hydroxyprogesterone
Caproate Injection U.S.P.) :
Description: Delalutin is a sterile, long-
ing preparation of the caproate ester of
paturally occurring progestational hormong,
hydroxyprogesterone, in an oil solution,;
intramuescular use. .
Actions: Hydroxyprogesterone is a potent
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ing, missed abortion, and in those with a
ory of hypersenxitivity to the drug .
3 regimens requiring estrogens are con-
- dicated in women with a known or sus-
¥& 4 genital malignancy, and in patients
aﬁf thrombophlebitis, thromboembolic dis-
cerebral apoplexy, or a past history of
o conditions.
'ﬂ.nings: Discontinue the medication pend-
examination if there is & sudden partial
omplete loss of vision, or if there is a sud-
onset of proptosis, diplopia, or migraine.
iedicaﬁon should be stopped if examination
pvedls papillederma or retinal vascular le-

[ le amounts of progestins have been
‘@tiﬁed in the milk of mothers receiving
pe drug. The effect of this on the nursing
~ et has not been determined.
inization of the female fetus has oc-
d when progestins have been used in
t women.
physician should watch for the earliest
ifestations of thrombotic disorders
@mmbophlebitis, cerebrovascular digorders,
opary embolism, and retinal thrombo-
). If these occur or are suspected the drug
gould be discontinued immediately (see
(ONTRAINDICATIONS). .
utions: Like other progestogens, hy-
posyprogesterone eaproate may inhibit pro-
{on and/or release of gonadotropic hor-
gones, particularly the luteinizing and luteo-
topic hormones; this should be considered in
 he management of sexually-mature women
#ith reqular normal menses, during the first
of the ovarian cycle.
Bydroxyprogesterone caproate should be ad-
winistered with caution to those patients in
whom periodic attacks of certain medical con-
ditiona such as asthma, migraine, epilepsy, or
mrdiac or renal dysfunction, are known to be
aacerbated by progesterone.
fhe pretreatment physical examination
include examination of the breasts
and pelvic organs, and a Papanicolacu smear.
In relation to irregular bleeding which does
ot respond predictably to the hormone ther-
wy, nonfunctional causes should be borne in
nind and edequate diagnostic measures insti-
tted.

Bome compounds with progestational activity
pay induce fluid retention,

Any influence of prolonged sex hormone
medication op pituitary, ovarian, adrenal, he-
pitic or uterine function awaits further

Rudy.

The pathologist should be advised of proges-
terone therapy when relevant specimens are
wbmitted

Patients who have a history of psychic de-

ression should be carefully ohserved and the

frug digcontinued 1if the depression recurs to

Aserious degree.
boratory test results, particularly of he-

Patic and endocerine functions, may be affect-
by progesterone and/or estrogen therapy.

leats to evaluate endocrine ang liver func-

lion should not be considered definitive un-
therapy has been discontinued for at
leagt, 60 days.

Adverge Reactions: The following informa-

o is pertinent whenever progesterone

tions are used with estrogens; it is not
at the present time if these statements

e applicable to progesterones alone.

A statistically significant association has
been demonstrated between the use of es-
trogen-progesterone combinations and
thrombophlebitis, pulmonary emholism,

B and cerebrovascular accidents -

% Although such a relationship has been
neither confirmed nor refuted, available
evidence is suggestive of an association

" between the use of progesterones with

estrogens and the following untoward ef-

fects: neuro-ocular lesions {e.g. retinal

thrombosis and optic neuritis); nausea;
vomiting;, anorexia; gastrointestinal
symptoms (such as abdominal eramps or
bloating): edema; breakthrough bleeding,
spotting, or withdrawal bleeding; breast
tenderness and enlargement; changes in
body weight (increase or decrease); head-
ache; increase in cervical mucus; allergic
rash; sterile abscess; pain at the injection
site; post-injection flare; reactivation of
endometriosis; aggravation of migraine
headaches; end hepatic cutaneous por-
phyria becoming manifest.

C. The following adverse reactions are
known to oceur in patients receiving both
pregesterones: and estrogens: chloasma
or melasma, cholestatic jaundice, rise in
blood pressure in susceptible individuals,
mental depression, and amenorrhea dur-
ing or after treatment.

D. The following adverse reactions have
been reported with the concomitant use
of progesterones and estrogens; a cause
and effect relationship has been neither
confirmed nor refuted: post-treatment
anovulation, cystitis-like syndrome, hir-
sutism, Joss of scalp hair, erythema nodo-
sum, hemorrhagic eruption, premenstru-
allike syndrome, changes in libido,
changes in appetite, nervousness, dizzi-
ness, fatigue, backache, erythema multi-
forme, itching, and hypomenorrhea, oli-
gomenorrhea, or amenorrhea.

E. The following laboratory tests may give
altered results by the concomitant use of
progesterones and estrogens: hepatic
function (increased sulfobromophthalein
retention and other tests); coagulation
tests (increase in prothrombin and Fac-
tore VII, VIII, IX, and X); metyrapone
test; pregnanediol determination; and
thyroid function tests (increase in PBI
and butanol extractable protsin-bound io-
dine, decrease in T3 uptake values, and
possible diminution in lactation when
given immediately post-partum).

Female fetal masculinization has been ob-
served in patients who received hydroxypro-
gesterone caproate.
A few instances of coughing, dyspnea, con-
striction of the chest, and/or allergic-like re-
actions have occurred following hydroxypro-
gesterone caproate therapy; the likelihood of
these occurring may be increased at higher
dosage levels,
Dosage and Administration; Suggested
dosages are presented below. Because of the
low viscosity of the vehicle, Delalutin (Hy-
droxyprogesterone Caproate Injection U.S.P.)
may be administered with a small gauge nee-
dle. (The Unimatic single dose syringe con-
tains a 20 gauge needle.) Care should be tak-
en to inject the preparation deeply into the
upper outer quadrant of the gluteal muscle
following the usual precautions for intramus-
cular injection. Since the 260 mg. potency
provides a high concentration in a small vol-
ume, particular care should be observed to
administer the full dose.

Note: Use of a wet needle or syringe may

cause the solution to become cloudy; how-

ever, this does not affect the potency of the

material, : .

Cyclic therapy is a 28-day cycle repeated ev-

ery 4 weeks. The Cyclic Therapy Schedule is

as follows: 20 mg. Estradiol Valerate Injec-
tion U.S.P. is administered on Day 1 of each
cycle; two weeks after Day 1, 250 mg. Delalu-
tin (Hydroxyprogesterone Caproate Injection

- U.S.P.} and 5 mg. Estradiol Valerate Injection

US.P. are administered; four weeks after
Day 1 is Day 1 of next cycle.

Suggested Cyclic Regimen—Non-Pregnant
Women: Amenorrhea (primary and second-
ary); Abnormal uterine bleeding due to hor-
monal imbalance in the absence of organic
pathology, such os submucous fibroids or

uterine cancer. Administer 375 mg. Delalutin
(Hydroxyprogesterone Caproate Injection
US.P.) any time. After 4 days of desquama-
tion or, if there is no bleeding, 21 days after
Delalutin  (Hydroxyprogesterone Caproate
Injection U.8.P) alone, start Cyclic Therapy
Schedule; repeat Cyclic Therapy Schedule ev-
ery 4 weeks; stop after 4 cycles. Genital ma-
lignancy should Ee excluded before hormone
therapy is started. Hydroxyprogesterone cap-
roate is used as a “Medical D and C” to elimi-
nate any proliferated endometrium from pre-
vious estrogenic action by conversion to se-
cretory endometrium and desquamation. To
determine onset of normal eyelic function, pa-
tient should be obgerved for 2 to 3 cycles after
cessation of therapy.

Production of secretory endometrium and
desquamation. In patients not on estrogen
therapy, start Cyclic Therapy Schedule any
time; repeat every 4 weeks; stop when cyclic
therapy is no longer required. If estrogen de-
ficiency has been prolonged, menstruation
may not occur until estrogen has been given
for several months. In patients currently on
estrogen therapy, administer 375 mg. Delalu-
tin (Hydroxyprogesterone Caproate Injection
U.S.P.) any time; start Cyclic Therapy Sched-

ule after 4 days of desquamation or, if there .

is no bleeding, 21 days after Delalutin (Hy-
droxyprogesterone Caproate Injection U.S.P.)
alone; repeat Cycliec Therapy Schedule every
4 weeks; stop when cyclic therapy is no long-
er required. If estrogen deficiency has been
prolonged, menstruation may not occur until
estrogen has been given for several months.
Suggestad Non-Cyclic Regimen—Non-Preg
nant Women: Adenocarcinoma of uterine cor-
Ppus in advanced stage (Stage III or I'V). 1000
mg, or more at once; repeat one or more
times each week (1-7 grams per week); stop
when relapse occurs, or after 12 weeks with
no objective response, Should not be used in
early stage (Stage I or Il) in place of estab-
lished anti-cancer therapy. May be used in
advanced stage concomitantly with other
anti-cancer therapy (surgery, or radiation, or
chemotherapy, or a combination of these).
Treatment results reported to date have been
better in histologically welldifferentiated
forms of endometrial adenocarcinoma.
Pregnant Women: Habitual Abortion. 250
mg. Or more as 800N as possible after start of
pregnancy; repeat once each week; stop 2
weeks before expected delivery. A single in-
jection is of limited value.

Threatened Abortion. 250 mg. or more at
once; repeat one or more times daily; stop
when symptoms are controlled; thereafter
treat as for habitual abortion (see above). In
threatened abortion, large amounts of hy-
droxyprogesterone caproate are required,
Tests: As a Test for Endogenous Estrogen
Production (“Medical D and C”). 250 mg. as &
single injection. In non-pregnant patients
with responsive endometrium, bleeding 7 to
14 days after injection indicates endogenous
estrogen. The test may be confirmed by a sec-
ond injection 4 weeks after the firgt.

As a Test for Continuous Endogenous Proges-
terone Production. (This procedure is a pre-
sumptive test for pregnancy) 250 mg. as a sin-
gle injection; in the patient with a responsive
endometrium and endogenous estrogen pro-
duction, failure 10 bleed indicates an endoge-
nous source of progesterone, as in pregnancy;
to confirm this test, a second dose may be giv-
en 4 weeks after first injection.

Storage: Delalutin ‘(Hydroxyprogesterone

Continued on next page

For information on Squibb products write to:
Squibb Profassional Services Department,
Lawrencevilie-Princeton Rd. Princeton, N.J.
8540,
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Caproate Injection U.S.P.} should be stored at
room temperature. Storage at low tempera-
tures may result in the separation of some
crystalline material which rediszolves readily
on heating the vials in boiling water. Delalu-
tin (Hydroxyprogesterone Caproate Injection
U.S.P.) in Unimatic single dose preassembled
gyringes and cartridge-needle units should be
stared at room temperature.

How Supplied: Delalutin (Hydroxyproges-
terone Caproate Injection U.8.P)) is available
in vials providing hydroxyprogesterone cap-
roate in potencies of 125 mg. and 250 mg. per
cc. The 125 mg. potency is formulated in ses-
ame oil and 30% benzyl benzoate and the 250
mg. potency is formulated in castor oil and
46% benzyl benzoate; both potencies also con-
tain 2% (w/v) benzyl alcohol as a preserva-
tive. The 125 mg. potency is supplied in vials
of 10 cc. (Military Stock # FSN-6505-656-
1022) and vials of 2 cc. The 250 mg. potency is
supplied in vials of 5 cc. (Military Stock #
FSN-6505-864-5221), Unimatic® single dose
preassembled syringes of 1 cc. and cartridge-
needle units of 1 cc.

DELATESTRYL®

{Testosterone Enanthata Injectian U.S.P.}
Description: Delatestryl (Testosterone Enan-
thate Injection U.S.P) is a sterile solution of
testosterone enanthate for intramuscular

use.
Actions: Delatestryl is intended for androgen
therapy, particularly when prolonged action
is desirable. Following a single intramuscular
injection, the androgenic effect is sustained
over a period of about 4 weeks. This conti-
nous flow of hormone i thought to resemble
closely the endogenous production of testos-
terone.

Testosterone enanthate is primarily used for
its protein anabolic effect and its catabolic in-
hibiting effect on tissue. Nitrogen balance is
improved with anabolic agents but only when
there is sufficient intake of calories and pro-
tein. Whether this positive nitrogen balance
is of primary benefit in the utilization of pro-
tein-building dietary substances has not been
established.

Enhancement of protein anabolism is mani-
fest by conservation of sodium, nitrogen,
phosphorus, potassium, sulfur, and water in
the proportions of physiologic protein tissues,
and of calcium with additional phosphorus in
the proportions of physiologic csseous tis-
sues.

Certain clinical effects and adverse reactions
demonstrate the androgenic properties of
this class of drugs. Complete dissociation of
anabolic and androgenic effects has not been
achieved. The actions of anabolic steroids are
therefore similar to those of male sex hor-
mones with the possibility of causing serious
disturbances of growth and sexual develop-
ment if given 'te young children. They sup-
press the gonadotropic functions of the pitui-
tary and may exert a direct effect upon the
testes.

Indications: In males, Delatestry] {Testoster-
one Enanthate Injection U.S.P.) is indicated
in the treatment of eunuchism, eunuchoid-
ism, deficiency after castration, male climac-
tericlike symptoms when these are secondary
to androgen deficiency, and oligospermia.
Contraindications: Androgens are contrain-
dicated in male patients with prostatic or
breast cancer, in those elderly patients in
whom overstimulation is to be avoided, and
in those cases of benign prostatic hypertro-
phy with obstructive symptoms. Androgens
are also contraindicated in patients with ne-
phrosis or the nephrotic phasa of nephritia.

occurs, discontinue androgen therapy and in-
stitute appropriate measures.

Caution is required in administering andro-
gens to patients with eardiac, renal, or he-
patic disease. Edermna may occur occasionally.
Concomitant administration with adrenal ste-
roids or ACTH may add to the edema.
Anabolic steroids may increase sensitivity to
anticoagulants. Dosage of the anticoagulant
may have to be decreased in order to main-
tain the prothrombin time at the desired
therapeutic ievel.

Anabolic steroids have been shown to alter
ghicose tolerance tests. Diabetics should be
followed carefuily and the insulin or oral hy-
poglycemic dosage adjusted accordingly.
Serum cholesterol may increase or decrease
during therapy. Because of its hypercholest-
erolemic effects, caution is required when ad-
ministering this drug to patients with a histo-
ry of myocardial infarction or coronary ar-
tery disease. Serial determinations of serum
cholesterol should be made and therapy ad-
justed accordingly. A cause and effect rela-
tionship between myocardial infarction and
hypercholesterolemia has not been estab-
lished.

Inhibition of testicular function and decrease
in ejaculatory volume may occur when the
drug is administered in doses greater than
those used for replacement therapy in hypo-
gonadal males.

Adverse Reactions: In males, the following
post-pubertal adverse reactions have oc-
curred: inhibition of testicular function, tes-
ticular atrophy and oligospermia, impotence,
chronic priapism, gynecomastia, epididymi-
tis, and bladder irritability. In addition, the
following reactions are known to occur with
anabolic steroids: increased or decreased libi-
do, flushing of the skin, acne, habituation, ex-
citation and sleeplessness, chills, leucopenisa,
and bleeding in patients on concomitant anti-
coagulant therapy.

Intramuscular preparations of anabolic ste-
roids have been associated with urticaria at
the injection site, post-injection induration,
and furunculosis.

Alterations may occur in the folowing clini-
cal laboratory tests: metyrapone test, fasting
blood sugar (FBS) end glucose tolerance test,
thyroid function tests [decrease in protein
bound iodine (PBI}, thyroxine-binding capaci-
ty, and radioactive iodine uptake, and an in-
crease in T° uptake by the red bloed cells or
resin: free thyroxine levels remain normal
and the altered tests usually persist for 23
weeks after stopping anabolic therapy], elec-
trolytes (retention of sodium, chloride, water,
potassium, caleitm, and inorganic phos-
phates), blood coagulation tests (increase in
clotting factors II, V, V11, and X), and miscel-
laneous laboratory tests (decreased creati-
nine and creatine excretion lasting up to two
weeks after discontinuing therapy and in-
creased 17-ketosteroid excretion).

Dosage and Administration: When proper-
ly given, injections of Delatestryl (Testoster-
one Enanthate Injection U.S.P.) are well tol-
erated. Care should be taken to inject the
preparation deeply into the gluteal muscle
following the usual precautions for intramus-
cular administration. In general, total doses
above 400 mg. per month are not required
because of the prolonged action of the prepa-
ration. Injections more frequently than every
two weeks are rarely indicated. NOTE: Use
of & wet needle or wet syringe may cause the
solution to become cloudy: however, this does
not affect the potency of the matesial.

In male hypogonadism (i.e., eunuchism, eu-
nuchoidism, severs deficiency after castra-
tion, male climacteric-like symptoms when
secondary to androgen deficiency), the sug-
gested dosege is 200-400 mg. every four

! the earliest manifestations of thrombotic 4%

placement therapy, being effective only 5

long as continued; prolonged treatment Wit}?
chorionic gonadotropin is also recommengeq
In the treatment of oligospermin, the sugges:.
ed dosage is 100-200 mg. every 4.6 weeks o,
the development and maintenance of testic,.
lar tubular function: for suppression and re.
bound stimulation, the recommended dosage
is 200 mg. every week for 6-12 weeks.
Storage: Vials should be stored at room tem.
perature. Warming and shaking the via] wij
redissolve any crystals that may have formeg
during storage at low temperatures, Unimay.
ic single dose preassembled syringes and car.
tridge-needle units should be stored at room
temperature.

How Supplied: Delatestryl (Testosterone
Enanthate Injection U.8.P.) is available in vi.
als of 5 cc. and Unimatic® single dose preas-
sembled syringes of 1 cc. and cartridge-needle
units of 1 cc. Each cc. of sterile solution pro-
vides 200 mg. testosterone enanthate in ges
ame oil with 0.5% chlorobutane! (chloral de.
rivative) as a preservative.

DELESTROGEN?® ¥
(Estradiol Valerate Injection U.S.P.)

Description: Delestrogen (Estradiol Valer
ate Injection U.S.P.) is a long-acting sterile es-
trogen preparation for intramuscular use. It
is available in potencies of 10 mg., 20 mg,
and 40 mg. per ce. The 10 mg. potency is for-
mulated in a sesame oil vehicle with 0.5%
chlorobutano} (chloral derivative} as a pre-
servative. The 20 mg. potency is formulated
in castor oil and 20% benzyl benzoate and the
40 mg. potency is formulated in castor oil and
40% benzyl benzoate; both also contain 2%
{w/v) benzyl alcohol as a preservative.
Actions: Estradiol valerate js a hormone
with a potent and prolonged estrogenic effect.
It promotes the growth of the endometrium;
promotes thickening, stratification, and cor-
nification of the vagina; causes growth of
mammary gland ducts; and inhibits the ante-
rior pituitary gland. The estrogenic effect oc-
curs soon after administration and lasts for
approximately two to three weeks after a sin-
gle intramuscular injection.

Indications: Delestrogen (Estradiol Valerate
Injection U.S.P.) is indicated for replacement
therapy of estrogen deficiency associated
with menopausal syndrome, amenorrhea. fe-
male castration, primary ovarian faiure
senile vaginitis, and kraurosis vulvae with or
without pruritus. Delestrogen is also indi-
cated for the prevention of postpartum breast
engorgement and abnormal uterine bleeding
due to hormonal imbalance in the absence 0f
organic pathology. Delestrogen (Bstradiol
Valerate Injection U.S.P.) may also be used ¢
treat inoperable; progressing prostatic cance”
(for palliation only when castration is not fea-
sible or when castration failures or delaye?
escape following a response to castratio®
have not occurred). L
Contraindications: Estradiol valerate is ¢
traindicated in patients with a known 0r SUs°
pected mammary or genital malignancy %
cept prostatic carcinoma). It is also contrain-
dicated in thrombophlebitis, thrnmbﬁef(lbolfr,
disorders, cerebral apoplexy, or a past histo™
of these conditions, as well as in patients “"“i
pulmonary embolism, liver dysfunction e?’
disease, undiagnosed abnormal genital blee”
ing, or a history of hypersensitivity to est™
dio! valerate. .
Warnings: The physician should watch for

cerebrovaseuia’

Lind

orders {thrombophlebitis,
disorders, pulmonary embolism, and 7€ o
thrombosis). If these occur or are suspect e
the drug should be discontinued immediatet’

for possible revisio:

scontinue medicatiol
fihereisa sudden pa;
ssion, ot a sudden on
. or migraine. N
B8 ed if examinatio
retinal vascular lesi
A statistically signif
reported betweer
gisthylstilbestro) duri
rrence of vaginal
ing. Thie cccurred *
gilbestrol for the tre
ghortion or high risk
o not such an associa
strogens is not know
(fthis finding, howev:
gen in pregnancy is n¢
Since the safety of es

iven in conjunc
mncy has not b¢
recommended that fo
missed two consecutif
should be ruled out be

imen.
Because normal end:
duction varies indivit
may be unusually re
therapy and may ret
nanifestations of exe
htion such as abnorn
bleeding, mastodynia,
When large doses of
wary stress incontine
pregnant females.
Estrogens may be ex
milk and an estroges
ing infant has been dt
effect on the nursing
this time.
Pre-existing fibroid &t
enlarge during thera]
Precautions: The pr
amination should in¢
breasts and pelvic o
laou smear. In case
which does not resf
hormone  therapy,
should be horne in n
nostic measures insti
Estrogen therapy me
Its uge in cardiac fail
sociated with eden
should be carefully ¢
apy should he used
with a history of cert
A decrease in glucos
served in patients re
Diabetic patients s
served for regulatior
estrogenic therapy.
Because of the effect
%zl closure, estradic
Rdiciously in young
growth is not comple
Any influence of ]
medication on pituit
Fatic, or uterine !
sudy. It is known,
high doses of estrot
Pituitary functions.
nind when treating
ty is desired.
ause estrogens i
of calcium and phe
Wed with caution
metabolic hone dis¢
¥ith hypercalcemia
raufficiency.
Medication should
tients with a history
fexaggeration of &
Endocrine and live
énced by estrogen
Catse an elsvation
&d 5 decrease in
tvaluate endocrine
hot be considered

InnoPharma Exhibit 1020.0174




possible revisions

Product Information

1353

ontinue medication pending examination
jere is a sudden partial or complete loss of
‘on, OF @ sudden onset of proptosis, diplo-
or migraine. Medication should
if examination reveals papilladema
inal vascular legions.
statistically significant association has
reported between maternal ingestion of
sﬂjy}sti}bestml during pregnancy and the
® arrence of vaginal carcinoma in the off
@g, This occurred with the use of diethyl-
Mtrol for the treatment of threatened
Jortion OF high risk pregnancies. Whether
sot such an association is applicable to all
ens is not known at this time. In view
this finding, however, the use of any estro-
- in pPregnancy is not recommended.
- 0o the safety of estrogenms and progester-
o5 given in conjunction with each other in
p ¢y has not been demonstrated, it is
ended that for any patient who has
zsed two copsecutive periods, pregnancy
be ruled out before continuing the reg-
muge normal endogenous hormone pro-
“faction varies individually, certain patients
gy be unusually responsive to estrogenic
rapy and may respond with undesirable
festations of excessive estrogenic stimu-
ion such as abnorma) or excessive uterine
ing, mastodynia, edema, ete.
large doses of estrogens are used, uri-
stress incontinence may occur in non-
nt females.
trogens may be excreted in the mother’s
and an estrogenie effect upon the nurs-
g infant has been described. The long range
foct on the nursing infant is not known at

time.
sPro-existing fibroid tumors of the uterus may
dnlarge during therapy.
- utions: The pretreatment physical ex-
zmination should include examination of the
%mm and pelvic organs, and a Papanico-
Jaou smear. In cases of irregular bleeding
:yhich does not respond predictably to the
rmone therapy, non-functional causes
1d be borne in mind and adequate diag-
nostic measures instituted.
gen therapy may induce fluid retention.
use in cardiac failure, in disease states as-
weiated with edema, and with epilepsy

a history of cerebrovascular accident.
.decrease in glucose tolerance has been ob-
#fved in patients receiving estrogenic drugs.
Diabetic patients should be carefully ob-
‘#rved for regulation during medication with
+atrogenic therapy.
~Becauge of the effects of estrogens on epiphy-
1 closure, estradiol valerate should be used
Judiciously in young patients in whom bone
£rowth is not complete.
#Any influence of prolonged sex hormone
.Medication on pituitary, ovarian, adrenal, he-
Patic, or uterine function awaits further
‘#udy. It is known, however, that prolonged
h}&h doses of estrogens will inhibit anterior
Pituitary functions. This should be borne in
Dind when treating patients in whom fertili-
17 ia desired.
“Berause estrogens influence the metabolism
o calcium and phosphorus, they should be
Wed with caution in patients with certain
Wetabolic bone diseases that are associated
“¥ith hypercaicemia or in patients with renal
Bufficiency.
Medication should be discontinued in pa-
. tients with a history of psychic abnormalities
exaggeration of symptoms occurs.
%adoerine and liver function may be influ-
need by estrogen therapy. Estrogens may
®@use an elevation in the PBI and the BEI,
2 decrease in the T3 uptake. Tests to
%aluate endocrine and liver function should
20t be considered definitive unless therapy

hae been discontinued for at least 60 days.
The pathologist should be advised of estrogen
therapy when relevant specimens are submit-
ted

Adverse Reactions: The following informa-
tion is pertinent whenever estrogen prepara-
tions are used with progesterones; it is not
known at the present time if these statements
are appiicable to estrogens alone.

A. A statistically significant association has
been demonstrated hetween the nse of es-
trogen-progesterone combinations and
thrombophlebitis, pulmonary embolism,
and cerebrovascular accidents,

. Altheugh such a relationship has been
neither confirmed nor refuted, available
evidence is suggestive of an association
between the use of estrogens with pro-
gesterones and the following untoward
effects: neuro-ocular lesions (e.g. retinal
thrombosis and optic neuritis); nausea;
vomiting; anorexia; gastrointestinal
symptoms (such as abdominal cramps or
bleating}; edema; breakthrough bleeding,
spotting, or withdrawal bleeding; breast
tenderness and enlargement; changes in
body weight (increase or decrease); head.
ache; increase in cervical mucus; allergic
rash; loss of libide and gynecomastia in
the male; sterile abscess; pain at the in-
Jection site; post-injection flare; reactiva-
tion of endometriosia; aggravation of mi-
graine headaches; and hepatic cutanecus
porphyria becoming manifest,

. The following adverse reactions are
known to occur in patients receiving both
estrogens and progesterones: chloasma
or melasma, cholestatic jaundice, rise in
blood pressure in susceptible individuals,
mental depression, and amenorrhea dur-
ing and after treatment.

. The following adverse reactions have
been reported with the concomitant use
of estrogens and progesterones; a cause
and effect relationship has been neither
confirmed nor refuted: post-treatment
anovulation, cystitislike syndrome, hir.
sutism, loss of scalp hair, erythema nodo-
sum, hemorrhagic eruption, premenstru-
allike syndrome, changes in libido,
changes in appetite, nervousness, dizzi-
ness, fatigue, backache, erythema mulii-
forme, itching, hypomenorrhea, oligome-
norrhea, or amenorrhea.

. The following laboratory tests may give
altered results by the concomitant use of
estrogens and progesterones: hepatic
function (increased sulfobromophthalein
retention and other tests); coagulation
tests (increase in prothrombin and Fac-
tors VII, VIII, IX, and X); metyrapone
test; pregnanediol determination; and
thyroid function tests (increase in PBI
and butanol extractable protein-bound io-
dine, decrease in T3 uptake values, and
possible diminution in lactation when
given immediately post-partum).

When estrogens are used for the treatment of
prostatic carcinoma, hypercalcemia may de-
velop.

Dosage and Administration: Care- should
be taken to inject deeply into the upper, outer
quadrant of the gluteal muscle following the
usual precautions for intramuscular adminis-
tration. By virtue of the low viscosity of the
vehicles, the various preparations of Deles-
trogen (Estradiol Valerate Injection U.S.P)
may be administered with a small gauge nee-
dle. Since the 40 mg. potency provides a high
concentration in a small volume, particular
fiam should be observed to adminigter the full

a8,

Note: A dry needle and syringe should be
used. Use of a wet needle or syringe may
cause the solution to become cloudy; how-
ever, this does not affect the potency of the
material.

For Castration; Primary ovarian failure;
Menopausal rome; Senile vaginitis;
Kraurogis vulvae with or without pruritus.
Administer 10-20 mg. Delestrogen (Estradiol
Valerste Injection U.S.P.} any time; repeat 2
3 weeks after initial injection; stop after sec-
ond injection. Continuous therapy with estro-
gen alone may induce dysfunctional uterine
bleeding. .
For Inoperable, progressing prostatic carcino-
ma (for palliation only when castration is not
feasible or when castration failures or de-
layed escape following o response to castra-
tion have not oceurred). 30 mg. or more every
1 to 2 weeks. Close medicel supervision is
mandatory. Suspend therapy if there is a re-
lapse. Soreness of the breasts or gynecomas-
tia may occur; hypercalcemia may develop.
For Prevention of postpartum breast engorge-
ment. 10-25 mg. as a single injection at the
end of the first stage of labor.

As Part of Cyclic Therapy Schedule. The Cy-
clic Therapy Schedule is as follows: 20 mg.
Delestrogen (Estradiol Valerate Injection
U.S8.P)) is administered on Day 1 of each cy-
cle; two weeks after Day 1, 250 mg. Hydroxy-
progesterone Caproate Injection U.S.P. and 5
mg. Delestrogen (Estradiol Valerate Injection
U.SP) are adminjstered; four weeks after
Day 1 is Day 1 of next cycle.

Amenorrhea; Abnormal uterine bleeding due
to hormonal imbalance in the absence of or-
ganic pathology. Administer 375 mg. Hy-
droxyprogesterone Caproate Injection U.S.P.
any time. After 4 days of desquamation or, if
there is no bleeding, 21 daye after hydroxy-
progesterone caproate alone, start Cyclic
Therapy Schedule; repeat Cyclic Therapy
Schedule avery 4 weeks; stop after 4 cycles.
Genital malignancy should be excluded be-
fore hormone therapy is started. Hydroxy-
progesterone caproate is used as a “Medical
D and C” to eliminate any proliferated endo-
metrium from previous estrogenic action by
conversion to secretory endometrium and
desquamation. To determine opset of normal
cyclic function, patient should be observed
for 2 to 3 cycles after cessation of therapy.
Storage: Vials should be stored at room tem-
perature. Storage at low temperature may re-
sult in the separation of some crystalline ma-
terial which redissolves readily on warming.
Unimatic single dose preassembled syringes
and cartridge-needle units should be stored at
room temperature,

How Supplied: The 10 mg. potency is availa-
ble in 1 ce, and 5 ¢c. vials. The 20 mg. potency
is available in 5 cc. vials and in 1 cc. Unimat-
ic® single dose preassembled syringes and
cartridge-needle units. The 40 mg. potency is
available in 5 cc. vials.

DELUTEVAL® 2X B
{Hydroxyprogesterons Caproate and Estrediot
Valerate Injection)

Desoription: Deluteval 2X is a long-acting
sterile preparation for intramuscular use pro-
viding an esterified derivative of the natural-
ly-occurring progestational hormone, hy-
droxyprogesterone, and the valeric acid ester
of naturally-occurring estradiol. Each cc. of
Deluteval 2X provides 250 mg. hydroxypro-
gesterone caproate and & mg. estradiol valer-
ate in castor oil and 45% benzyl benzoate
with 1.6% (w/v) benzy) alcoho) as a preserva-
tive.

Continued on next page

For information on Squibb products write to:
Squibb Professional Services Department,
Lav;rancovilla—?rinoaton Rd.. Princaton, N.J.
08540,
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Btintormition

1t flavored and volered) it 00 e,
F ioiribly botlide with dropipor cntis
£ 0.5 et (0.26 mg), 1 ce. (0.0 mg) 1.5
ing), and 2 ce. () g} and Ia pint

bottles.
SMultiplo-doso vials of 10 ce:, Unki
Hitls dosa pregesemblud syringes of 1
s sdduombodie unlin of ¥ ec,

Int Prodiset Idantification Ssetlon)

XING ENANTHATE
Rezing Enenthata injogtion N.F.)
tlon Prolixis Enanthdte (Fluphebo.
thistn Injection N.P) ls an salorliled
othyl  phonethloging  dorlvative,
P gﬁ;‘ deslgnatod ot 43/ L{rifvromo-
A nthmzhulogyllpmp{ jdupiporaelno.
“iy muupeumate {onanthnte). Lt s o highly
‘hahavior tiod)fler with 8 markedly ex-
duration of ¢ffect, nvplipble fbe intro-
BT OF wugéﬁtnnaaua administeotion In
nimatie® slngle dose proassambiod ays
and cartridgesoedle unite providing
fluphennzine onanthate por co in n
jiira oll vehiele, with 1.5% (w/v) beneyl nl-
Wl oo 8 prosarvatlva. Ab the tima of joanu-
gure; tho ofr in tho viols le ropluced by ni-

-
-

ns ‘The banle gffbets of Nuphenagine
sthate npponr to be no differont from
of fluphenating hydrochioride, with the
ktoplion of duration of nctlon. The osterifl-
ftion of Nuphenaring markedly prolangs the
frug's duration of effect without unduly nt
inunting ita beneficind netfon. The onsat of
'Rlon genomly apponry botwoah 24 to T2
# uflor {njection, ond tho offects of tha
g on peychotic nymptoms become eignifl-
it within 48 to 88 hours. Amolioration of
Whtiptoma then continues for | Lo & weoks or
, with an avorage durttion of ofToct of
t 3 wooka.
Muphanazine hos actlvity ot pl) lovels of the
lténtial nervous syatetm a8 wall as un multiplo
bihta systems. Thy mochatiem whoraby its
Fdrnpeutic action le exoriod ls unknown.
' Fluphonazing diffors from othor phenothia
1y derivatives In soveral rospects: 1t Inmora
iolont on o willigram bosis; it hue loss potan-
afing offact on contral norvous systom do-
nta and unosthotive Lhan do somo of tho
nothiazitos nnd appeam to bo loss sedat-
bl und it in Juas Hikoly than some of'tho oldor
yBbenothingines to produce hypolonaion (hove
elasa, approprinte eautlona shuuld be ob-
jerved—nae gections on "Procautions” und
“Adverag Heactlona").
flndications: Prolixin Enanthate (Fluphonu-
ting Enunthate Injoction N.¥) i indientod in
dho managomont of manifestotions of pay-
[ibotle disvrdore. In tho troatmont of those
ondi] tho drig often mulitning rolief of
t aymploms 08 agltation, hostility,
ty. Prolixin Bnanthate (Fluphena-
oy Bnanthole njoctlon N.F) finds upuful
-,lbglicntinn not only in thy hoepltal miliey,
but ulso I Lho long-torm majntennnce thors
- 40y of chronjeally paychotic patients who ara
eniabls on n outpatiant basls,
FContraindications Phenothinzines are con-
ndiented in pationts with suspuctad or da-
Aabllshiod pubeortital brain dnmnge
othigzine sompounda should not be used
i patianta rocaiving largo dosos of hypnotics
[ Prolixtn Bnanthate (Plupbonarine Enonthote
toetion N.F) is contralndicated i# comat
9 agvoraly dupresscd latea
promanca of blood dyscrosla, liver dom-
;ge or rona! ineufflelency procludes the uee
f{uphenasim} enonthala.
Pluphenagine encnthato ls nut indicutad for
486 ih ghildren undor 12 yonrs of ago.
‘Profixin Bnonthaio 18 coniealndleatod in pa-
l‘um\fs who have showr liypersansitivity to

ing dodlvatives moy ocour, -

Warningen Tho uso of thix drug may irrg;nh-
the montal ind physieal ubifities required fbr
driving o car ot operating l;w& mm:h!ne'r{y.
Physiclans should ba lurt to the posstbillty
that severo advorso roaglions may occur
which roguire imimediats mudien! attontlon.
Potentiation of the effvots of nlevhol may oo
gur with the use of this drug,

Usaige In Pragnaneyw~The safuty for the uao
of this drug duMng proghancy has not baon
establishod; thovefore, the poasible haeards
ahould be woighod nx!mb the potentlul bonos
Nt whan administaring the deug to prognant

tionts,

g:-mutlonu Bocouse of tho pasalbility of
crospaonsltivity, fluphonsgine  onoothmte
ahould be usod cautioualy in pationts who
have developed cholestatic jaundice, dorma.
tueas, or othor nllergic raastions to phonothin.
rine dorlvallvos,
PYchuﬁc ationts on iarge dosas of n phang
thinzing drug who aro undorgolng etrgery
should bo watched eurofully Mr possible hy.
potansive phatomensa, Mopsovar, it should bo
tematibared that reduded amountn of anes
thotics or contral norvous system daprossnnta
mey be necessary.
Tho offecta m"ﬁiﬁifiﬁﬁ Ay be potentiuied n
¥orma pationta receiving fluphonazing bacouse
of ndded antl-chelinergle offects.
Fluphanazine ananthale should bo used viu-
tiously In patients exposod to axivome heat or
Rhwphomu Insycticides or in potienta who

ave a history of ulcor dissnmo, sinte aggreve-
tlon of'peptic ulior has oocurred.
Tha proparation should bo usod with caution
in putionts with o history of sonvulplve dison
ders, sincd grand mnn! convulslona have been
known to oecur,
Use with cautlon in patlonts with speclal
medica! disorders such nn mitral InsuMcloncy
ot othor cardlovascular dissascs and pheo-
chromocytoma,
Thy pomibility of liver d pigmantiery
ratinopathy, lantieular snd corgenl deposil,
and dovelopment of Irrevarsiblo dyakinesin
nhould bo romombaored when pationts are on
grolonuad therapy

utslds ainto hosgltaly er other peyehintrio
Inatitutions, fluphonozine enanthnto should
be adminiatered under the direction of a phys
sician oxperionced In tho clinleal use of
paychokropie drugs, particularly phonothie.
gino derlvotives. Furthormore, focilities
ahould bo avoiloble for poriodio chocking of
hapatic function, ronol function, and the
hiod picturv. Rona! function of pallonts on
longtorm thorapy should be monitored: i
BUN (lood ures nitrogen) bocomas abnow
mal, troatment should bo discontinued,
As with any phenothitgine, tho physician
should bo alott to Lho posaible dovolnpment of
“ailant prsumonics” {n patients undop Lroat
mant with fluphonazing ononthatu.
Adversy Ropotlans: Contrul Nervous Sys
tem: The side ofToels most frequently report-
sd with phenathipzine compounds ara oxtra-

yromidal symptoms Iheluding paeudopar

insoniam, dystottia, dyskinesln, nkothisls,
ceulogyric orisee, opistholonos, and hypanre-
floxia. Most ofton thoso oxtropyrimidal
symnptoms ard revaraibla; howaver, they may
bt poralstont (son below). The froqueney of
such toactlons Je relatad {h port to chomical
strueturo: ong stn expact o highor Incldenea
with fluphenozing snanthate than with loss
potont pipornzine  derivotives or with
straightchain phonothlazinos such os chlor
promnpzine. With any glven phohwthiazine do-
rivative, Lo Incldonee nnd aovorlty of such
roactiots depand more on individual patient
sungitivity than on ather fhetors; but dosage
lave! and pationl oga nra oleo doterminants.
Brirapyromidal ranctions myy be alarming,
atd tho pationt shouid be (brewarned and vo-

fluphenteine) crossunnsliivity o phengthls.

asaurod; Thast reietions cin ustaliybe:
troiled by sdministration of anthparkingi
an drugs such on Bobstropine Meuyluto oy |
travonous Caffbine and
Juctivn UBP. and by submeguont red
dosdfo. )
A persistent’ peetido-parkinsonfun gynd
may develop aftur shronie administrstivn
phonothinzitie compounds. Tha syudiomy
chumetoriged by rhythaile, steriatyped d9al
inotle involuntary movements, purtioulably:
Ue fhoo, mouth, tongite and Jaw, rusumbl
thi fhelal’ grimacos of éncephalitie. 7T
may bo scoompanied by chorditorm i
ments of the limba,
ter driy withdrawal and in
poar td be irroveraible,
oguota gra seidom of bonotlt,
panra to by ; ;
wilh organlc braln disgass or datingy wi
hitve bodn recsiving fiidly lnrgo dosde of phat
riothlueines for a prolonged poried.  + ¢
Drowsinass or lothasgy, 4 they

nocoasitato n reduttion 1o dosagd; Uha ind
tlon of' o catntonledikae state has book knowh
ta ovqur with dosnges of fuphenuzlan M
axeann of the racominended aoutits, As wii
other pi u‘“"::}no co}:n, oh
or aggravation of paychatie pmow;smny ¢
eneountavad, ’ s
Plenothingine dorfvatives huve boon Known
to0 cousg, ih some prilents, restlossnoss, oxv
eitomaont, or bizarre dronme,
Autonomic Nervous Systam: H
and fluctuntionn in blood progaure have boen
reportod with Nuphenazine onnnihats,
Hﬁohm-ion hon ravely prosontad o problem
with fluphennzine. However, pationls with
phoochromocytoma, corobral vascular or ro
nal insuMcloncy, or a sovoro cardlac rosorve
deflclancy such as mitral insuMcianey appent
to bo partlcularly prono to hypatansive reaw
tions with phenothlteing compounds and
should thorofore ba obssrvuil closely whan
the drug in administered. 1f sovare hypoten
alon should oreur, supportive muasuros (ne
cluding the use of Introvenoun vasoprossor
drugs should be instituted immediutoly. Lav.
orterenol Bilartrate Injoction UB.P. {8 tho
moat suitable drug fbr this purposs; apineph-
rine should not ba used winee phenothlazine
dorivalivas havy baon found to roverse it ne-
tion, rosulting In 4 furthor lowering of blood
proseurg,

Autonomic renctions including nausca ond
loss of nppetita, m ivation, polyurie, perspira.
tioh, dry metith, headache, and conatipation
may veeur, Autohomic alfects eon usually be
wnmlloﬂ‘ by reduting or temporarily diacon.
tinuing dosagoe.

In soma pationts, phonothiszine darivativos
have esusod blurted vigon, ginucoma, blad-
der paralynin, feenl impaction, parolytic Heus,
tachycardia, or posal congoation.

Metabolic and Endocrine: Waight, change, po-
ripherai odomn, sbnorma! inglition, Zynece-
mastln, menatryal {erogularilios, fhlse rosulla
on pregnancy teats, impatancy ity men aid ihe
crenwﬂlbido n womaen have o] beon known
to oceur in somas potients en phenothiazing
tharitpy.

Allcrgt{' Reactions; Skin disordera such us
itehing, erythigma, uriicaris, sclrrhos, pho-
tosonsitivity, oczema nnd aven exfollotive
dermatitis have boen reporiad with Phenuthl‘
azina derivatives. The possibility of auaphy.
lactold react(ons oceurring in some potianta
should ho borne In mind.

Hematnlogier Routine blood coutils aro advis-

Continved on hoxt pags

thpasking
he ¢k

For Information on Bquibb products writo to
Squibb Profepsionsl Barvises Dapartmont,
Lawrangovilie-Prinoston Rd. Princaton, N.J.
1211 o8

fixin melgﬁé%

6 ByiHploms pereishate
i paliontg Byl

n:é 4

tat in siderly fomnle patiants.

ds, reactivatioh:

rtension »
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pbio during therapy nince blood dyscrastus fns
eluding loukopenin, agronulocytosls, throm-
bocytnrunin or nonthrombocytopenie purpu-
ra, soolnophllin, aed pancyloponia have buon
obsorvod with phanothiazine durivotivos
Furthormore, IT ony soronass of the wnouth,
gumns, or throat, or any symptorms of upper
rowpleatory infoction eccur and confirmatory
loukooyte count indicatos collular depression,
tharapy should be discontinued and othar op-
roptinto monsurss inatituted immodiololy.
ilcpulic: Liver domagd ce menifatod, by cho-
lealntiz Jaundice moy be od, pattic-
ulierly during tha flral months of thorapy;
treotmant should bo discontinued if this oo
ours. An incransa In cephnlin floculation,
womotimes accompaniod by altorations in
other liver functivn tosts, has hoen reported
in pationts rocolving fluplennzine annnthato
who have had no clinjen! ovidenca of livar
dnmaga. o
Others; Buddon, unexpacted ahd unexpioined
denths hove boon reportad in hospltnitend
chotie pationts rocoiving phenothiaeinos,
mvious brain damogo or selzures may bo
prodisposing Mctors; high doses ahould be
gvaldad in known polzure patlents. Bovorsi
witlonts have shown sudden flare-ups of }nx-
chotie bohavior patterns shortly belbre
death. Auwpa:{ findings have upunlly ro-
vealed noute fulminating proumonla or pnoux
tnonitis, aapiration of gastrle cuntonta, of Ine
tramyocardial losiona.
Although this In not a gonora! fenturs of flu.
phentgine, potentiation of contral norvous
system dopr ts (opintes, anaigo antis
histaminos, borbiluralea, aleohol) moy oceur,
The followltg ndvarse ronotions have also oe
gurred with phonothiazine dovivatives hypo
tonnion sovorg enough to enuse fstal cardine
arrost, altared vloctrotardiographic und eloe
troancephalographie tracings, altored coro-
brospinal fluld protoiny, verebrai odema,
anthmag, tm?"n a) odema, nrd angiohourotio
. edetmn; with long-term uso—skin plgmaenta-
tlon, and lenticular und cornoal opocltios.
_ Injuctions of fuphenngine enanthnto are ox
tromioly well tolorated, locel tluauo ronctions
odeureing only raroly.
Donago und Administration: Prolixin Enpns
huto  (Fluphonozine Enonthate Injoction
;‘I.H‘.) moy be glven intrumuseulatly or subeu-
, A dry syringe and needlo nf' ot
“Jensh 91 gaugo should bo usad. Uso of n wat
. o or syringo may causq the solution to
“bécomo coudy, - .
: bogin therapy with Prolizis Bnanthets
Muphinazine Bonnthate Injoctlon NJF) the
lowing rogimens are nuanet :

Fur ont patients o doso of 46 my. (1 oc.) ave
by 4 woaka should prove Lo be adeyunto, end
tharapy may bo started on thot basis. Subse

tltnt adjustmants {n tho smounk and the dos
i itorvit may be mads, I noosestiry; In ne
eutddahice with the ?ntlom: s rosponsa,

- LG‘ uy Lo udvisable that potlonts who bave
P 'T no Himtory of tuking phobothinzings
B rhpuld ba fraptad initinlly with u shorter ach

tnntous

_nig form bf' fluphenasing befbro administar
| 1 the enanithoto to datormine the patient's
* enporise to Nuphonaring and to mmﬂlt-h e
N gmmm dosnge, Blnte the dosnge compare

slity of tho shorter-acting forms of fuphena-

i W the fongofitting onnnthute i not
. Wuwn, speclal snution should bo oxercised
when owltahing  from  tho  shorturacting
Fns to tho enanthato.
(&‘Nzy%a;l:sead' ‘ﬁttcmx may ba trontod Inle
ally with a epid-acting phonothloxing com
Q{mhdhauuh, ps Prollxdn Tnjection. (Flupbonn.
1
5 neabt accomptinying that product for

') ;Fiyd_:iqdhlor}de injoetion N meteq prcks
: mﬁéw‘jinmnnutlun . Whet aculn sym

At hnva subsidod, 25 mg, (1 e¢) of Prolixin

doango v adjusted ny nocussary.

“Poor pisk” putients (those with known hy
porsonsitivity to phunothineines, or with die
ordors Lhat predispose to unduo ronctione):
Therapy may be Initiated coutiousiy with
oral or pargnteral Muphonatine hydrochlos
rkin {s0e packoge inserts pocompanying these
products for éomplotn infbrmation). Whot
tha pharmacologic offocts and an epproprinte
dossge nre apparont, an equivalont dose of
Prolizln Enanthate (Fluphenneine Enanthate
Injoction N 7} mpy ba administered. Subse-
quont dosoge ediustmonts uro made (o ac-
cordanci with the respanes of tho patiunt.
The optimal omount of the drug and the fie-
quency of ndministration thust be detormined
fer gach patlent, sinco dosoge roquiraments
have been found Lo vary with clinica! cireum-
astancea ae wall as with Individun) response to
tho drug. Although in o large series of pa.
tianta the optihal dose waa ususlly 25 ma,
ovary 2 woeks, tho athount required ronged
from 13.5 to 100 my. (0.5 to d oc), The intor-
val botwoen dosos tanged from | waak to 3
weeks I most inatances, but soma palionts
roquirod dosow s often nn oneo o day fbor the
firat fow doym of trentmont, while tho re-
sponsa to o singlo dose was fbund to loat ve
long a8 8 wooka in o few patiotits on inalnte-
nanoe t.hnrnpr

Doengre ahould not pxeeed 100 myg. 1T doses

1302 Product Information Always consyh §
Enanthnte (Fluphonazine Enanthato Injoe. | adminiatration. Pl T
Squibb—Cont. o N ) 0y b sceafstoaty hata, Infoe o ot povala oftyi |

eular injection are. at tholp |
minulee, Following oral mlml;r»a?:i‘L
ma fevels of Utd drug iro compargliy ;
?hmln:d pm;;ntnm) ytmid ary myxd X
n un hour therapeutic lavels o i Wit
tine it oG time, ° ubilly o,
nammidd I8 loes readily ivdrolesad o1 ..

protaino, and plasma levels dﬁd??.{,’.‘.f:w“%
sbout 10% to 20% por hour, The grit e
eratod primarily in the urine, sboug (175
o it il
ubou n unchan, e ’
;:f:,};o ";m‘“"'!lf; ia \gkno%m. foren: The fua k
ndicationst The yfecta of Prongsty] :
eainamide Hydrochloride}, are t;mm
¢inl In ventricular thon in aurieular kit
midas, Vonticular extrarysiolos and veniee
lnr tachycardin are controlled withis gy 4, .
after oral or intramuscular ndmini;tmﬂm
withits a4 fow minutes ofter intmvanouy [y
nion, Digitalis-induced ventricular axitugyy |
tulos und lachyeardis may ot thies g o |
preased by cureful ond judicioun sdisingiedt; -
tlon of the drug. Pronesiy! may alio e of 2
value in the control of oh aurleulor y f
thin partieularly if the condition Is of
developmont. Atrial ibrillation nf sharg dy;
tion may be convorod W ¢ normal g
rhythm, ond chronic atrial fibrillation i
oeeasionally banefit oe well. The drug {s
worthy of trlal In puroxyama) atrlal bsahy
diu that cannot ba controlled by reflex |
stimulation or gthur meuaures,

in 4§

groator then 60 mg. are d /s
tha naxt doso and mucceeding dosos shuulil ho
{ncronped cautiously in Incroments of 146

mg.

How Bupplied: Vials of § ce., Unimatic Sin
e Dose lgununmhlod Syringea of' { cu,, And
cortridgoneedle units of 1ce.

PRONEBTYL® CAPBULES R
Proslnomide Hydraohloride Capaules U.8.P)
RONESTYL INJECTION 1
{Proaninamide Hydrochiotids injuation U.5.F.j
Doscriptions Pronostyl is the ondde ooao.
logue of procaine hydrochloride, Tt in avalla-
bl ap gelatin eapsules supplying 260 mg., 378
my., und BOD mg. fbr oral use nnd os & 10%
storilo anuoous solutlon (100 mg./ce) (br par
anlarnl use
‘Tho paronteral solution eontsina 0.9% (w/v)
beneyl sleohol and 0.08% sodium bisulfita na
prosstvativos; thy ﬁ” has been sdjustod to
4.0:0.0 with hydrochlorle scid or sodium hy-
droxide. Tho solution, which is colorluss Inis
tiatly, may in timo develop a allghtly yollow
color, This does not {ndieats o chonge which
wauld provont its use, but n solution any
dorkar than light ambor or discolored in any
othor woy should not bo used,
Actions; Procalnamido deproses the oxcit-
abllity of enrdine muscle to eloctrival ptimulas
kun, and slows conduction i the otrium, tho
bundle of His, ond the vontricle. Tha refrae.
tory porlod of Lho atrlum s considorubiy
mote prolonged than that of the ventricle,
Contraetllity of tho honrt I» usunlly not of.
facted hor In enrdibe output deeronsed to any
axtent unloss myocordlgl damoge exints, In
the sbwonce of uny arrhythmia, the heast rato
may gecsalonally be decelorntod by convens
Uonal dosos, suggosting thot the drug pop-
seesow  anticholinorgie  proparties, Largor
dloses can induco akripventricular block und
ventrieulor extinsystolos which may proceed
to vontricwlar Abrlfation, These affects on
the myocardium are raflected iy tho elagtroe
cordiogram; o widuaing of' thy QRS complox
g:mm mosk eonlatantly; less rogularly, tha
“R.ond QT intorvals are prolonged, nid thy
QIS and 't woves show woinig deqroase In volt.

aged. .
'\%o action of procainaniide begiha almost -

The corraction of cardiac arrhythmiss wh
may oceur durlng anestheain constitutey
important indigetion for procalnamide,
drug 14 sapociaily valuabla with cyclapi
sncathesla and for intrathoracle surgav;
dotimehuel Intubation, or surgory In e
‘mmmu for wham the incidonte of pute
y severe arrhythmias is high. It may bs
ot prophylactically bofore surgery to
with known haart conditlons or to thoss
dergoing thornsle surgery. ‘
Contralndioations it han boop suuy
thot protal ide Le contraindicat
Lionta with myasthenin gravis. Hypersens)
ity \o the drug is an abeolute contrain
ton; {n thia connection, creas sensitivity
procalnp ond related drugs rount be borng,
mind. Procuinainide should not be ndmindEs
Lorod to patients with coinplete atrioveniy( R
lar honrt block,
Procoutionss During ndminfsiration of Y
drug, evidonte of' untoward myoeardly
npunsen ghould bo carofuly watchod fif
patlenta. In tho presence of nn ubnormaj
carvditm, protiinnmide may at thnoy pro
unloward respunson Tn strial flbriliatp
fluttar, the vanttieulor rate mpy indéy
iudden!lv ud the atrial raen [m elowsfi
quato dlglialization reduces, but
aballsh this dangef. if myoeurdisl demif
ints, ventrieulnr tachysystole s partisuly
hozurdoua, Corroction of atrial Aheillkl
with resultant forcelul eonirnctions ol
atrlum, may couso o dislodgemunt o
thrombi and produce an ombolic’
Howavar, it has boon ruggesated tha
tiont why {s already dischurging dmbol
caltiamide ln more likely to siop thun{{R
vate tho protess, h
m@mptﬁ to ndfun: the heart rato ini
who has develuped ventricuiay tich
during an neclusive coronury spisodd
b corried vut with extreme cnution
lu niso required In marked fstirbe
plrioventrieular conduction Buch &4
block, bundle branch block, or pave:
Intoxicatlun, whire the use of prot
ity result in additional depregaion
;iiucbwn and ventrieulur usysiole of
o,
Parenteral ndinlnisteation should
torad  olectroeardlographically Wi

gt

modiately aftar intramuseuiny or intravenous

practicable. If elestrocardiograms §
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REVIEW ARTICLE

Compendium of Excipients for Parenteral Formulations

MICHAEL F. POWELL, TUE NGUYEN*, and LISA BALOIAN

Pharmaceutical Research and Developinent, Genentech, Inc. Soutli San Francisco, California

QOverview

The selection of excipients in parenteral formulation
design is often both rational and empirical. It is rational in
the sense that certain types of excipients are added to alter
the formulation properties: i) buffers of appropriate pKa are
added to control hydrogen ion concentration at a desired pH,
ii) tonicifiers are added for biocompatibility, iii) surfactants
are added when necessary to prevent aggregation, adsorp-
tion to surfaces, or increase solubility, iv) antioxidants arc
included to prevent unwanted oxidation of the drug, and so
on. The inclusion of various classes of formulation compo-
nents, and the concentration used is often quite rational, in
that their behavior and properties are known, and they are
added to prevent specific problems that would arise in their
absence. On the other hand, however, the selection of the
exaci excipient used is far from rational; it is empirical in the
first order, satisfying only one question, “‘Has it been uscd
previously in a similar parenteral formulation?”

Many prototype formulations have been terminated be-
cause one or more of the selected excipients was not found
in a previously approved parenteral product. In fact, there
have been a handful of excipients with striking favorable
properties, such as trehalose with its ability to confer solid
state stabilization of several types of proteins, or EDTA and
its antioxidants by metal jon chelation. These excipient
compounds, and many others, have not been used widely,
largely because of concerns with unknown toxicity, contin-
ued production supply, or cost.

Thus, the formulation scientist is often faced with a
dilemma—which excipients are truly available for use
(based on what has been used previously), and which are
not? For example, PEG 400 hag been added to several
parenteral formulations, but what about PEG 1200, or PEG
40007 And at what concenlration‘?. and by what route?
Sodium citrate is an excellent buffer for many formulations
at 5 mM, but is too painful in most instances for subcutane-
ous usc at 50 mM. High concentrations of propylene glycol
may be used in a slow intravenous infusion, but would
produce unwanted hemolysis and pain if given by subcutane-
o_us"or intramuscular injection. It is often the case that the
“safe level” of an excipient may depend on the route of
administration. These are only a few examples of faclors
which must be considercd when designing a fonnulation;
there are dozens more based on empisical information
required for efficient formulation design, but thus far a

Reccived February 16, 1998. Accepied for publication June 1, 1598,
*Auther to whom correspondence should be addressed.
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compendium has not been published. This review was
written to fill this void.

Herein are listed the excipicnts found in most of the
approved and marketcd parenteral formulations, given sys-
tematically by excipient name. In this format it is easy to
determine what concentrations were used, the route of
administration, the main rationale for addition of that
excipient, the drug that was fonnulated, the manufacturer,
brand name, etc. The information found in this table comes
from several sources, including package inserts, the Physi-
cian’s Desk Reference (PDR ‘97), as well as personal
comespondence from the companies supplying the products.
The published excipient concentration was often given in
different units, including: mg/mL, mOs, Molar, sodium °
equivalents, biological Units, Molal, weight percent, etc.,
and provided one of the greatest challenges in putting this
compendium together. We sought to list all the excipients
(where possible) in common units (i.e., mg/mL)}, so that a
rapid comparison of the different formulations could be
made at a glance. (This is not easy to do, for example, when
comparing Tween 20 concentrations at 0.0001 M, 0.01% and
1 mg/mL; fortunately, the average molecular weight is
known for most excipients, permitting a standardization of
excipient concentrations), This standardization of excipient
concentrations is perhaps the greatest value of this compen-
dium, but also represents one of the greatest sources of
potential error, The recalculation of excipient concentra-
tions, often from scant or nondescriptive data, is not trivial
and there may be an occasional discrepancy despite cross-
checking with the original sources.! Nevertheless, this
compendium represents a comprehensive survey of paren-
teral cxcipients used today, and is a rcsource for the
parenteral formulation scientist.

Notes

In putting together this excipient compendium, there were
a number of points that should be noted, so that the reader
understands the limitations and assumptions in some of the
calculations.

1) Concentrations are listed in weight/volume% unless
otherwise noted. In some cases values are listed in volume/
volume% or the manufacturer did not specify what kind of
percentage they were using (and in this case it was assurmned
weight/volume %).

2) Sterile water for Injection is included in the excipient
list when used in solution formulations; however, in most

Hif discrepancies arc found, e-mail them (o nguyen.tue@genc.com for
correction to subsequent compendiums of this nature.,

PDA Journal of Pharmaceuticat Science & Technology

Supplied by The British Library - "The world's knowledge"

L

InnoPharma Exhibit 1020.0179




e

cases the quantity or percentage of water in the formulation
was not indicated by the manufacturer or identified only as
q.s. We have kept the same conventions here.

3} Excipients listed are present in the drug formulation
itself, and do not include excipients present in diluent (for
example, when a lyophilized formulation is diluted with
bacleriostatic water containing benzyl alcohol). In some
cases, a diluent is supplied that contains several additional
excipients and, in the case or provided diluent, these
excipicnts arc listed in the excipient category and designated
with a “D" in addition to their usual excipient type (the D
stand for present in diluent).

4) If no excipients are listed, it means that no excipients
were revealed by the manufacturer. In some cases, this is
because there are no excipients in the formulation, but this
should not be assumed. In some cases, there may be
excipicats present but the manufacturer has not disclosed
them to us, largely for proprictary reasons. Specific follow-
up about these drugs should be referred to the manufacturer.

5) The given drug concentration is usually the concentra-
tion of the compound listed in the drug name category,
unless identified as otherwise. For example, many drugs are
formulated as salts such that the salt name is listed in the
drug name category (for example, mitoxantrone hydrochlo-
ride). However, in the drug concentration calegory, the
concentration of the active component is usually listed (for
example, equivalent to 2 mg/mL mitoxantrone free base), so
as 1o have a correct concentration of the active drug form,

6) When concentrations of excipients and drugs are listed
as a range it implies that these valies.could only be
approximated. Frequently, a range is given because the
product is available in a variety of storage containers, or
having several dilution schemes, The ranges given are
approximations only, based on the available information. In
no way should these ranges be assumed to encompass all
possible dilution schemes or configurations.

7Y Preservatives (such as benzyl alcohol) that are present
only in one configuration of a drug (for example in the
multiple-dose product, but not in the single-use product)
may be listed as a range (0-x%). This was to avoid making
two or more records for essentially the same product
configuration, ’

8) For drugs that are given as a salt form, the counter ion
may not be listed as an cxcibienl. To search for counter ions
(like sodium or potassium) c‘gnc may look in the drug name
fields (where the entire salt is often listed) or in the

Vol. 62, No. 5 / September-October 1598

comments section (where the quantity of the counter ion per
gram of drug is often provided) as well as in the excipient
section.

9) Ifa pH value is listed for a fyophilized product, in most
cases, it is the pH of the drug after its initial reconstitution
with diluent, not the pH at lyophilization,

10) The concentration values given for excipients and
active drug product in lyophilized products are usually those
present at the initial reconstitution step, and arc not necessar-
ily the concentrations present at delivery (often further
dilution occurs). This applics to solution formulations as
well. Further, excipicnt concentrations may not take into
account additive effects from the diluent (for example, a
drug containing sodium chiloride and reconstituted with
0.9% Sodium Chloride usually lists the concentration of
sodium chloride present in the undiluted state).

1f) When the excipient concentration is calculated for a
lyophilized product, it is usually done by dividing the weight
of the material by the volume of liquid added. Note that this
does not take into account the additive volume of mixing
that occurs, so such values are to be considered only
approximations. In cases where the manufaciurer provided
the total volume after mixing, this final volume was used for
calculations.

12) Far drugs requiring reconstitution/dilution, in most
cases a diluent recommended by the manufacturer is identi-
ficd. In cases where multiple compatible diluents are pos-
sible, or when dilution schemes are complicated, onc will
see the note “Consult PDR for appropriate dilution.” In
some cases, often when the recommended diluent is pro-
vided, the manufacturer would not reveal the identity of the
diluent for proprietary reasons.

13) Finally, most of the entries herein have been sent to
the manufacturer for their correction and final notes. Many
manufacturers participated in checking the data; others did
not. We want to make this compendium as correct as
possible, and so if errors are found, please e-mail them to
nguyen.tue@gene.com for correction,
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EXCIPIENTS FOR PARENTERAL FORMULATIONS

Exciplent Conc. pH where Administration Drug Name Brand Name Manufacturer Dosage Storage
%W/ applicable Route Form Contalner
paravestebral ssfracenia Satapin High Chemical Solution muitidose viaf
purpures, pirches Company
plant distitfate
60 - 70 IV - intraverous Provides Rose’s  5.4% NephrAmine © R&D Labontonies Solution glass containers
recommended daily Ine.
infake of essential
ecacia 1.0 D - inwadermal O!d Tuberculin Tubercubin, Old, Tine Test  Ledede Lab Sol disposabl
scacia (gum anibic) 7.0 1D - intradermat fubetculin, purified (PPD)Tine Test Lederle Lab ies  Sol ttiple-p
protein derivative
scetate 0.059 4.0 IV - intrsvenous filgrastim Neupogen & Amgen, Inc. Solution single dose vial
{recambinant
meihionyi human
acente neuttal SC - subcuuancous Lente (RYyhuman  Nevolin® L Novo Nordisk Suspension vials
insulin zine Pharmaceuticals
suspeasion
Kcefate neizal SC - subcutangous Lente (L) Punified  Lente (L) Purified Pork Novo Nordist Suspention vials
Pork Insulia Zino  Insulin Zinc Suspension,  Pharmateuticals
Suspension, USP
acetic acid 0.41% 1V - iniravenous fitodrine Yutopar Astra USA, Inc. Sofution vial
hydrochioride
scetic acid SC - subcutaneous feuprofide wcetate  Lupron Injection TAP Sotution multidose vial
Phaymaceuticals
acetic acld IM - intramuscutar calcitonin-salmon Calcimar ® Injection; Rhone-Poulenc Solution vials
Synthetic Rorer
acetic acid IR bumin (human),  Albumisat ®-2§ Armowy Solution vials
15% Phasmaceutical
scetic acid 69305 V. bumin (human)  Albuminar -5 Arsour Solution bottles
by Pharmacentical
~..
acetic scid 35-355 IV . v suifate, Ontovin ® Eli Lity & Company  Solution vials
usp
acetic acid 0.0t 4.0 IV-i n 1 R ™ Roche Laboratories Sotution vials
acetic acid <2.5 (wiw) SC - subcutaneous goserelin acetate  Zoladen ® Zeneca Solid Imphni  disposable
tmplant Pharmxceaticals
acetic acid 0.46 30- 45 v.i i N Immunex Solution multidose vials
hydrocharide Cotporation
acetic acid 25-45 M - intramuscutar oxytrocin Oxytocin Injection Wyeth-Ayerst Solution sterile cartridge
acetic acid M ! P h Phentrgan Injection Wyeth-Ayetat Solution ampuls
hydrochlaride {ampuls)
acetic acid R IM -] P hazi Ph Injecti Wyeth-Ayerst Solution aterile cartridge
\\ hydrochloride
- i
acetie acid ~5.9 CIM - tgmi Prostigmin Tnjectable ICN P icals  Soluti tidose vial
R , methylauifate
acetic acid 0.225 M. \? X i Miacakin ® Sandoz Solution vial
. Pharmaceuticals
acetic acld §4.72 1M - intrsmuscular 1etanus tmmune Hyper-Tut ® Bayer Solution prefilled
' globulin (human) Cotponition-Diotogi
prmatily 2O
seetic xcid 4.0 IV - & i U ™ Injection Qrganan Solution multidose vial
bromide
acetic acid {ampul) IM « irwamusculsy leuprolide acetate  Lupron Depot 1.3 TAP Lyophitized single dose vials
Phsrmacenticals,
acelic acid (ghacial} 0.2 42+03 V- de acctate S, in® Sandoz Sclution ampulis
injeciian Pharmaceuticals
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EXCIPIENTS FOR PARENTERAL FORMULATIONS

Exciplent Cone. pH where Administration Drug Name Brand Name Manufscturcr Dosage Storage
%W/V  applicable Route Form Contalner
scetic acid NF DM - inramuscutar teaprolide acerate  Lupron Depoi-Ped TAP Lycphilized single dose vial
Pharmaceuticals
seetic xcid NF 401 0] IM - inttamuscalar onyiocin Syntocinon & Sandoz Solution amput
acetone sodivm 0.1 40- 50 M i P factate Talwin Injection Stnoli Winthvop Solution cartidpe needie
(cariridge needic)
acstone sodium o2 40-50 IM - ¥ i P factale Talwin injection Sanofi Winthrep Solution mubidose visls
(multidose vial)
seetone sodium 0.4 spinal anesthesia procaine Novocain Sanoli Winthrop Salution ampuls
hydrochloride
scetone sodium $02 12 -60 spiaal anesthesia ingacsine Pontocaine Nydrochloride Sanofi Winthiop Sclation ampuls
hydrochioride 1% Sclution
atanine 0.668 « 60-7.5 v-i ithrombin {1 Thrombare i1 ® Bayer Lyophilized single dose vials
L1 (human) Corporatian-Riologi
albumin 0.2% 58 -72 iV - inttavenous epoetin alfa Procrit Qniho Biotech, Inc. Salution single dose vial
albumin <10.0 IM - istramuscular rabies virus Imovax ® Rabies Vaccine Coanmaught Freeze-dried single dose vial
prepared from Laboraties Inc.
strain
albumin (tuman) £1.25 IV-innvenous Antihemophitic  Bioclite ™ Amour Lyophilized single.-dose
Factor Phammaceutical
{recombinant)
albursin (humsn) £0.3 68 %04 [V-intrsvenous Immuoe Globulin  Qammagard © S/D Baxter Healihcars Lyophilized single use boiles
Intravenous Corporation
(human} 1GTVY
aibumin (human) 0.04-1.0 IV - {aur ihemophitic  Kogenate ® Bayer Lyophilized  fingle dose vial
~. factor Corpotation-Biotogl
T~ (zecombinant)
aldbumin (human) 1.0 IV - intr ithemophilic Koate ©-HP Bayer Lyophitized single doe botile
factar (Human) Corpotation-Biotogi
stbumin (human) 0.4-1.0 Vi ihemophilio Helixate ™ Amour Lyophilized singte dose
factor Pharmaceutical
(recombinant)
albumin (human) 0.0063 -~ 1M - intranmasculay bowlinum toxin  Botex ® Altergan 1oo. Lyophilized amputs
0.05 ype A
albumin (haman) 5.0 1V « inteavenous urckinase for Abbokinase Abbott Laboratories Lyophilized vial
injection
albumin (human) 0.2% 69 203 iV - Intravenous epoetin alfa Epogen ® Amgen, Inc. Sotution single dose viat
{recombinant
human
albumin (human) 0.28 6110) W - Intravenous epostin atfa Epogen ® « multidose Amgen, Inc. Solution multidose vial
{recombinant
\ human
slbumin (human) 0 68204 | IV.i L globulin  Gammar &IV Amour Lyophilized  #ingle dose vialy
: 1V (human) Pharmaceutical
. ' prmarily IgG
albumin ¢hurman) 10-20 V. tonal Monoclate-P @ Factor Asmour Lyophilized  single dose vial
wtibody purified VI CP. ized Pt ical
human
albumin (human) 1.28 SC - subcutancous interferon beta-1b  Beuseron ® Beriex Laboratories Lyophilized  single use vial
stbumin (human) 1.0 1V - intravenous cytomegalovius  CytoGam ® Medlmmune, Inc. Stenle Liquid  single dose vial
immune globulin
intravenous
atburin (human) 035 §C - subcutancous poliovirus vaccine Poliovax © Connaught Suspension ampoules
inactivated; sype 1 Laboratocies, Inc.
{Mahoney). iype 2
alburnin (haman) 0.5 IM - intramascutar niesfecon sifa-23, Roferon ®-A Roche Laboratories Solution vial
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Exclplent Cenc. pll where  Administration Drug Name Brand Name Manufacturer Dosage Storage
%WV applieable Routc Form Container

aibumin (haman) 0.167 IM - inttamuscular interferon alfa-2a, Roferon ©-A {powdes) Rache Labomtories Powder {sterile} vial
recombinact

albugmin (human) 0.j L « fntralesionat interlesan aifa-2b, Intron A Schering Powder visl
recombinant Corpotation

albumin (humaa} [N 1M - intramuscular interferon af(h-2b, fntron A {solution) Schering Solution vials
recombinant Corparation

albyrtin (humnen) 0.6 iV - inzavenoua nititepiase Eminate & Roberts Lyophilized vial

Pharmaceuties!

sibumin (human) 04-08 V. ik philic Humate-p ™ Asmowr Lyophilized single dose vial
factor (human) Pharmaceutical
{Factar VL ALIFY

albumin homaa USP 1.0 -1 igl Ceredase & Genryme Solution glass bottle
injection Corparation

afcoho} 30,5 (vivie) J0 - 40 Wi Eleposid, VePesid Bristel-Myers Satution multiple dosc

Squibb-Oncology

alcohot 6.8 (viv) Wve.i liothyroni Triostst SmithKlire Bercham  Solution amber-glasa vials
sodibm injection Pharmaceuticals
™

alcobol 10.0 68171 IM - inuaonsculas digoxin Lanoxin Glaxo-Wellcome Solution ampul

alcobol 6.1 (v/v) 36204 M- U dihydroerg DHE. 45® Sandoz Selution ampuls
mesylaie

ateohotl 10.0 ~9.5 M- il pentobaghital Nermbutal Sodium Abbott Laboratocies Solution ampul
sodium injection  Sofutien

alcohol 10.0 68-172 IM - intramuscular digoxin Lanonin (Digoxin) QOtwo Wejicome Solution ampaly

~ Inlection
.

alcohot 10.0 12.0 IV - intravenous phenytoin sodium  Dilantin Paske-Davis Solution steri-vials
{njection, USP

aicohot 10.0 IM - {inrsamuscutar ketorolac Toradol Syntex Laboratorics Solution Tubex cartridge
1romethaming

alcohol (Ph. Helv) 329 (viv) 1V - Intravencus cyclosporine Sandimmune @ Sandoz Solution Ampu)
concentrate for Pharmaceuticals
iniection USP

alcohol (USP) 0.6% (viv) 40x03 M - intrsmuscutar oxytocin Syntocinon ® Sandoz Solution ampul

alcohot (USP) 6.1 (vIv%) 36+ 04 M - inmramuscular dihydroergatamine  .H.E. 45 ® or Dyhdesgot  Sandoz Solution ampuls
mesylate &
injection, USP

alpha 1.0 IM « intramuscalar oxytetracysling Terramyein Reerig Solution muttidose vial

\
aluminum <0.17 b IM-inframuscufar Diphtheria and Acel-imune Lederie Lab Suspension(aft Midose vial
N Tetanua Toxoids
. and Aceliutar

aluminum:, £0.0001 . intravenous antihemophilic Koate ®-HP Bayer Lyophilized single dose botle
factor (Human) Corporation-Biolagi

aluminum £0.034 ~ 74 IM- 1 Diphthera & Trpedia ™ Connsught Solution/Suspe  vial
Tetanus Toxoids Laboratories, Ine.
and Acelluiar

stuminum 50.16 IM - intramuscular cambinantion of  Teunus & Diphthesia Ledale Laboratories Suspension vinl
pefined tetapus &  Toxoids Adsorbed (Adwt
diphtheria toxoids

aluminum 50,18 1M - inramuscular refined tetanus Tetarus Toxeid Adsorbed, Lederle Labomatories Suspension viat
toxoid sminum

aluminum $0.16 IM - intramuscular diphtheris & Tr-Immuno} Lederie Lab Suspension{af lidose vials
fetanus toxoids &
Pertussis Vascine
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Excipient Conc, pH where  Administration Drug Name Brand Name Manufacturer Dasage Storage
%WV applicable Reate Form Container
alumicim 0.65 M - intamusculat hepatitis A vaccine Haveix (Hepatitis A StrithKline Reecham  Suspensioa single dose vial
Vaccine, Inactivaizd} Biologicals
alyminum 0.04. 012 M- bination of  Diphtheds & Tetanus SmithKline Bercham  Suspension vizls
purificd telarus &  Toxoids & Pertussis Pharmaccuticals
diphahesia
slumizum 50,034 M- I bi Diphtberia & Telanu Coanaught TubidLiqid  vist
diphtheria & Toxoids & Penussis Laboratories, fnc.
tetanus Loxolds
aluminum £0.46 I i jon of Diphtheris & Tetanux Lederie Laboratosies Suspensior(aft vial
tefined diphth Toxoids Adsorbed.
& {elapus loxoids
atuminum 5£0.17 M - intremuscular Diphiheria & Tewramane, (DTP-HHOC)  Lederle Labonatories Suspension(sft vial
Tetanut Toxoids
and Pertussis
aluminum 0.048 IM - i h phitus b PedvaxHIB Merck & Company Lyophilized single dose vials
conjugate vaccine
{meningococcsl
aluminum ~0.0% FAY ) kepalitis B R bivax HB Merck & Campany Suspension single dose visi
vaceine
frecombinanty
sluminum 0.0% N - Intesmuscular hepatitis B Engesin-B SouthKline Beockam  Suspemsion single dose vial
vaccine Phatmaceuticals
{recombinant}
aluminum 2.0 M- ) hiog! Solganal Schering Suspension malidose vial
Corporation
alurminam phasphate  £0.2 IM - intramuscular inactivated CVS  Rabics Vaccine Adsorbed  SmithKline Beecham  Suspension vial
’ Kissling/MDPH Pharnusceuticais
rabiey virug
amino acid 0.3 M - intramuscular hepalitis A vaccine Haviix (Hepatitis A SmithKline Beecham  Suspension single dose vial
Vaccine, factivaied) Biologicals
smmonia 0.219 V-l Hothyr Triostat SmithKioe Beeccham  Solution amber-glass visls
N sodiam injection Pharmaceuticals
= (1)
ammonium acclate 0.4 ~1.0 M ~i i b [d Bumex & Roche Laboratofies Solution ampuls
ammonivm hydroxide sC - pentag Pepravion Wyeth-Ayerst Solution ampules
anhydrous citric acid  0.0175 ’ 1V - intravenous liothyronine Triostat SmithKline Brecham  Solution amber-glass vials
sodium Injection Pharmaceuticals
ah
anhydrous citric acid  0.08 68 -72 1M - intramuscolar digoxin Lanoxin Glaxo-Wellcome Solution ampul
anhydrous citric acid 3n-40 V.i dacarbazi DTIC-Dome Sterite Bayer Solid vials
Corporation-Pharma
anhydrous citi¢ acid  0.08 68-172, 1M - iatramuscular digoxin Lanoxin (Digoxin) Glaxo Welfcome Solution ampuls
Iniection
anhydrous dextrose 4.5 30-40 i V- iniraverous fabetalot Trandate Injection & Glaxo Wellcome Solution visls
N hydrachtoride
anhydrous dextrose 4.3 30-.40 1V « intravenous labetalol HC1 Normodyne Schering Solution multidose vial
Corporation
anthydrous dextrose 5.0 A - intrsmusculay bupcerorphine Bupiencx Reckinn & Colman Solution glass anap-ampuls
hydrochloride Pharmaceuticals
aahydrous sodium 6.0 8.5 - 110 wv. Meihohexita} Brevital Sodium Eli Lilly & Company  Freeze-Cried vials
Sodium for
injection
arginine 1.56 - 260 45-75 M- 1} for Azactam for Injection Bristob-Myeis Lyophilized vials
injection Squibb-Oncology
sscorbic acid 0.043 « Q.48 IV -« intraverous doxycycline Vibramyein lnmvmt-;u Roerig Powder vial
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Excipient Ceane. pH where  Administration Drug Name Brand Name Manufacturer Dosape Storage
%W/V  applezble Route Form Contaluer
ascorbic acid 0.1 1M - imitamuscuiar imipramine Tofrani! CibaGeneya Solution ampuls
hydrochloride USP Corporstion
sscorbic acid 0.2 LU isr{sec  chiorp H Th mpat SmithKline Beechurn  Solution ampyle
hydrochloride
ascorblc acid 0.2 M- lar{see chlorp i Thorazi SmithKlire Beech Sob liidoss vials
hydrochloride
ascorbic acid 0.2 34-458 various bupivicaine Mirctine Hydrochloride  Sanofi Winthrop Solution single dose vials
ydrochlor with Epinephsi
epinephrine
sscorbic acid 1.0 §C- Epinephii Sus-phrine & Forest Suspension ampul
Pharmaceuticalt inc.
ascorbic acid USP 0.1 M - intramusculas thiethylperazine  Torccan ® Roxane Solutien ampul
malate USP Laborstories, Inc.
asparagine VS - i feal an dtive TICE®BCQO Osganon Freeze-dried ampules
culture preparation
of BCQ vaccine
benzatkonium 0.02 £8- 72 {D « intradermat b ) Cel Soh Schering Suspension muliidose vial
sodjum phosphate  Suspeasion Corporation
& betamethasone
benzeaesullonic scid 325 - 3.65 V- iniravencus atracuriura besylate Treenum Glaxo Wellcorme Solution single use vial
benzeibonium 0.0 - 00} 50-60 M- | diphenhydrami Benadeyt Parke Davis Solution ampules
hydrochloside
benzethonium 0.0 .001 1M ~ intramuscutar butorphanot Sradol ® Injection Apothecon/Bristol- Solution vial
larirate Myers Squibh
beazyl alcobol 3.0 30 -40 Vi Etoposid VePesid Bristol-Myers Solution multiple dose
Squibb-Oneology
~..
benzyl slcohot 0.9 50.1% M Dex h Datalone D.P. ® Forest Suspension vials
Acelte Pharmaceuticals
Suspension
benzyl alcohol 09 50-10 M- if Conti Acclate  Cortone Acelale Merck & Company Suspension vials
benzyl ateohol 0.9 50-15 M-Intramuscular dexamethasone Decadron-LA Merck & Company Suspension vialy
acefate
benzy! alcohol 0.9 6.0+ 4.0 IAR - i icul Predaisol Hydelta T. B. A. Merck & Company Suspension vialy
Tebutate
benzyl alcohol 0.9 s0-170 AR - inlrgarriculas Hya Ul Hy Acetate Merck & Company Suspension vials
acelste
benzy! atcohol 0.89.0.93 35-70 M- 1 Metbylprednisolo  Depo-Medrol The Upjohn Suspension single dose vial
\ ne soetale Company
benzyl ateohol 0.90 ~60  \ IMei } ! A { Forse (P) Fujisawa Micronized  vial
i diacetate
beazyl aleshol 0.90 ~6.0 1L « intral 1 triameinot Ari Fujisawa USA, Inc. Micronized vial
N diacetate
benzyl aleoho! 0,90 45-65 L - intn} t b Aristgspan Si 5 Fujisawa USA, Inc. Suspension vial
hexacetonide me/mi
suspension
benzyl alcohol 2.02 - iod Hel Cordarone (ntavenous Wyeth-Ayerst Solulicn ampuls
{Cordarone IV}
benzyl aleohot 0.9 v.i Erafapsil Vasotec 1.V. Merck & Company Solution visl
benryl alcohol 1.0 ~).0 V. 1 idazol. Versed HolTman - LaRocke Solution vialy
hydrochloride Int.
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Excipient Cone. pH where  Adminlstration Drug Name Brand Name Manufaciurer Dosage Storage
%WV applicable Route Form Container
beozyl alcoho! 0.9 M < intrsmoseutar hydroxyzine Vistaril Roerig Solation roultidase vialx
hydrochloride
benzyl alcohal [ 3] SE-65 18 < inramascular gold sodium Myochiysine Merck & Company Solution ampuls
thiomafate
enzyl alcohol 1.0 35-60 IM - inlramuseular netilmicin suifgte, Newromycin Injection Schering Eiochem. Solation visls
Corporation
benzyl atcohol 0.9 19.50 .t d f Ni Glaao Welicome Solution muitidose vial
chlonide
benzyl slcohol 1.2 M- ) hajoperidol Haldol Decarcate 50 and  MeNuil Solution (in ampuls
decanate ico Pharmaceutical
benzyl alcohot 1.0 ~5.0 iV - Intraveaous teniposide Vumon Injectisn Bristol-Myers Solution ampules
Concentrale (VM-26) Squibb-Cacology
benzyl alcahol 1.0 ~10.0 iV - intravenous trimethoprim and  Septia LV, Infusion Glaxp Wellcome Solution multidose vials
suifamethoxazole
benzy! alcohol 20 M - intramuscular latazepam Ativan Wyeth-Ayerst Solution sterife carlridge
benzyl alcohol 0.9 ~4.5 IM-§ | thotsl ine Levop immunex Solution visls
ay the Corparation
hvdrochloside sait
benxy!t aicohol 1.5 ~3.0 IM - lsramuscular chierdinzepoxtde  Libaium {nfectable (INM) Roche Products, Inc, Crysutline amber smpuls
hydrochloride
benzy! alcobol 0.945 M- I ti ycin Lintocin atenile wolution  The Upjohn Solution vials
hydrochoride Company
benzyl alcohol 0.9 SC - subcutaneous leuprolide acetate  Lupion Injecton TAR Solution multdose visi
Pharaceuticals,
\\\
benzyl alcoho) 0.84 ICN - intracavernosal  alproatadil Caverject Sterile Powder  The Upjohn Freeze-dried vial
Company
benzyl alcohol 0.9 ~6.8 IV - intravenous aminocaproic acid  Amicar Injection, USP Imeunex Solution vial
Corporalion
benzyl alcohol 2.0 IM - intramuscutar physostigmine Antifirium Forest Solution ampuls
' salicylate
benzyt afcohol 1.0 ~1.0 M~ L b id Bumex ® Roche Laboratories Solution ampuls
benzy! alcoho! 0.945 M- ] lindamycin Cleocin Phosphate Sterile  The Upjohn Solution vials
phosphate Solution Company
benzyl alcoho! LS IM - intaamuscular diazepam Valium Injectable Roche Products Snlution ampuls
benzyl alcohot 2.0 VoM tar (seo lotp i Tix SmithKline Beecham  Solution muhidose viala
: hydrachloride
benxyl alcohol 0.7% IM -1 ! prochlorperszine  Compazine SmithKline Beccham  Solution vials
) a5 ihe edisylate Pharmaceuticals
benzyl aleohol 1o 64103 tV - intraverous epoetin alfs Epogen ® - mulidose Amgen, Inc. Solution multidose vial
{recombinant
thuman
benzyl alcohol 1.2 IM < I fluph Prolixin D Apoth /Brista} Sol single dose
decanoale Myers Squidd
injection
tenzyl alcohol 1.5 M- lar fluphenazine Prolixin Enanthate Apothecon/Bristol- Solution vials
Enanthste Myers Squibb
fnjcction 5
Eenzyl atcohol 0.9 50-70 IN-d i phy di AgquaMephyton Merck & Company Aqueous amputs
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Excipient Caonc. pH where  AdmlInistration Drug Name Brand Name Manulacturer Dosage Storage
%W/Y  applicable Route Form Contalner
banzyl sicokol 0.9 IM - invamuscular chorionic Piegnyl & QOzganoa Powder multidozc vials

gonadotiopin for
injection, USP

benzy! alcohol 0.9 ~8.5 1A - intraartenial methotzexate Methotrexate Sodism {mmunex Selution vial
sodium Injecion Corporatian
benzy! atcohol 1.0 ~10.0 1V - intravenous trimethoprimand  Seplra IV Infusion Tlixe Weilcome Solution vial
sulfamathoxazole
benzy! alcohol 1.0 ~§0.0 IV - inicavendus trimethoprim and ~ Seplra iV Infusion ADD  Glaxo Wellcome Sofution vial
sulfamethoxazole
tenzyl slcohol 00 - 091 710-8.0 M-i hyds i Sclu-Corief Sterite Powder  The Upjohn Powder Act-O-vial
sodium suceinate Campany
benzyi slcahol 0.02 (vfv) 1.9 1V - {ntravenous sodium tetradecyl  Sotradecol ® Elkins-Sinn Inc. Sutution ampul
sulfate injection
benzy} sicohol 0.75 1M \ trift i Stelazi SmithKtine Beech Sof Itidose viat
hydrochletide Pharmaceuticals
benzyl aloohol 20 {viv} 80 .90 IV - intravenous ethanclamine Ethamolin ® Injection Schwarz Solusion ampules
oleate Pharmacentical
benzyl alcohot .0 IV - intravenous gonadorelin » PFactrel . Wyeth-Ayerst Lyophilized single dose Secule
hydrochloride
beazyl alcuhol sl.o 1V - intravenous heparin sodium Hepasin Lock Flush Wyeth-Ayerst Solution Tubex Bluru
Soluion, USP
benzyt alcobol 500 50-75 1V - intravencus hepartin sodium Heparin Sodiam Injection  Wyeth-Ayerst Solution Tubex sterile
usp
benzyl slcohol 0,943 5075 IV - intravenous hepasin zodium Heparin Sodium Injection  The Upfoha Solution vial
Campany
benzyl alcohol 1.0 LV - intravenous hepatin sodium Heparin Sodium Injectio  Eli Lilly & Company  Solution multidose vial
-Eli Lilty
benzyl afcohol NF 0.9 35.350 1V  intravenous doXapram Dopram Injectable A. H. Rebins Solution multidose vials
hydrochlotide Company
iniection USP
benzyl aleohol NF - 0.9 20.20 ™ - intamuseular glycopyrrolate,  Robinu! Injeciable A H. Robins Liquid multidose vial
usp Company
benzy) atcobol 0.90 45.65 AR - i i iamcinol Aristosgan Suspensi: Fujisawa Micronized virls
hexacetontde 20 mg/ml
benzyl ajcoho! (see  0.0.9 325 -3.65 IV - intravenous atracurium besylare Tracnum Glaxo Wellcome Sofution single use vial
benzyl alcobo) {s¢c 0.0 - 0.9 35-350 V- i Mi Injecti Glaxo Wellcome Solution single dose viats
chloride

{

benzy! alcohol (ste 0.0 .09 \ IM «intramusculsr furoscmide Lasix & Hoechs!t-Roussel Solution ampuls
\ Phatmaceuticals

benzyl aleokol (see 0.0 - 0004 65.85 B} 1V - intravenous mesna Maesnex Injaction Brisiol-Myers Solution multidese vial
C Squibb-Oncology
benzyl akokol (sec 0.0 0.9 iV - intcavenous famotidire Pepcid [njection Merck & Company Solution multidese vial
benzyl slcohol (see  0.0- L0 58.72 1V - intravenous epoctin alfa Procrit Ortho Biotech, Inc, Solution single dose vial
benzyl alcohol (see 00 - 892 70-80 IM < inyamuscular meihylptednisola  Solu-Medrol Sterde The Upjohn Powder Act-O-vinl
ne sodivm Powder Company
succinate, USP
bovine seram <0.0004 SC - subculaneous poliovirus vaccine Poliovax & . Connaught Suspension ampoules
inactivated; type i * Laborntorivs, Inc.
{Mahoney), rype 2
uffered sodium §C - subcutsneous typhoid ¥accine Typtoid Vaccine USP Wyeth-Ayerst Suspension vials
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Exciplent Cooc. pll where  Administration Drug Name Brand Name Manufacturer Dosage Storage
%WV applicable Route Form Contalner
bullered sodium 10 - inradermst equal parts of Cholera Vaccine USP Wyeth-Ayerst Suspension vials
Ogawa snd Inaby
serotypes of kilied
butylated 0.0} IM-inteamuscular Vitamin A Aquascl A Patenteral Astza USA, Inc. Solution single-dase vial
Paiminste ax
retinol
busylated 0.03 M inramuscular Vitamin A Aqussol A Parenteral Astra USA, fac, Solulion single-dase vial
Falmitate a3
tetinol
calcium <0 02 V-intravensus Antihemophilic  Ricclate ™ Asmour Lyophilized single-dose
Factor Phasmaceutical
frecombinant)
calcium chiorids 0.022-0.05 V- intr ihemophilic Kogensie @ Bayer Lyophilized single dose vial
6 lctor Corporatian-Biclogi
’ frecombinant}
calcium chleride <0.03327 fv.i phitic Knate &-HP Bayet Lyophitized single dose botfe
fscor (Human) Courporation-Diologi
caleium chloride V. ih hili Helixate ™ Anuour Lyophilized single dose
0.022-0.05 faclor Pharmaceuatical
{recombinant)
calcium chloride 0.01) 45-68 vations plvacal bocai Sanofi Winthrop Solution single dose vialx
hydrochlarid Hydrochlotide-alngl
ealcium chioride 0.048 1.0-75 iTO - intraccular sodium Amo ® Yirax ®@ Allergan [nc, Solution disposable glass
hyalcronaie
calciumy chloride 0022 - V-i fonal M Jate-P* @ Factor Armowr Lyophitized single dose via}
0.036 antibody purified Vil CP i h | .
human
calcium chloride 0.043 72204 ITO - intraocular purified Qcucont Storz Ophthalmics Solution sytinges
hydroaypropylmet
hylcelivlose
ealcium chloside 0004 M. i p h Phenergan Injs Wyath-Ayerst Solution ampuls
hydrochioride {ampuls) .
\\.
cajcium chloride 0.004 M~ 1 p h Pheaesgan Injection Wyeth-Ayerst Solution sterile caruridge
hydrochleride
calcium chioride 0.004 IM - ! park Meperpa Wyeth-Ayerst Solution sterile cartridge
hydrochloride &
promethazine
carbon dioxide 20-.5.0 V- yclophosphamide Lyophilized Neosar ® Pharmacia Lyophitized vials
for injection, USP
catbon dioxide gas IM-i 1 thiethylp Totecan ® Roxane Solution ampud
malate USP Laboratories, Inc.
carbon dioxidc gas M- | idazi Serentil @ Boehringer Solution ampuly
besylate US Ingetheim
carboxymethylcellul 0.58 IM - intramuscular penicillin O Ricillin C-R 900300 Wyeth-Ayerst Suspension sterile cartridge
benzathine and
K venicillia O
carboxymethylcellul 0.6 \. INM - intramusculas penicillin @ Bicillia L-A Wyeth-Ayerst Suspension disposable
i benzathine
: suspension
carboxymethylcellut 0.55 * M - inlramusculag penicillin G Biciflin C-R Wyeth-Ayerst Suspension disposable
" benzsthine and
© peniciltin G
curborymethylceliu!  0.08 50.75 IM-i 1 D % Datalone D.P. ® Forent Suspension  vials
Aceute Pharmaceuticals
Suspension
carboxymethyleellul 0.5 1M - inlramuscular {euprolide acetale  Luproa Depot 3,73 AP Lyophilized singte dose vial
Pharmaceuticaly
carboxymethylceliul 0.5 IM - intramuscutar leuprolide acetste  Lupron Depot-Ped TAF Lyophilized tingle dose vial
Phsrmaccuticals
catboxymethyleellul 0.5 IM - invamuscular teuprolide aceste  Lupros Depot) month,  TAP Pharmaceuticals  Lyophilized visl
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Exciplent Conc. pll where Adm!nistration Drug Name Brand Name Manufacturer Dorage Storage
% WiV applicable Route Form Contatner
carboxymethylcellal 0.9 M - inramuscalar teuprolids acetaze  Lupron Depot 7.8 TAP Lyophlized single dost vials
Pharmaceuticals
chloride 0.155.0.45 iV - tntravenous entihemophilic Kogenate ® Bayer Lyophilized single dose vial
H laetor Corperatioa-Biologi
{recombinaat}
chlarlde 1V « intravenous aniihemophitic Hellnate ™ ARTsout Lyophilized single dose
0.355-0.46 factor Pharmaceutical
N {recombinant}
chloride 0.213 - 56-74 {V - intnavencus alphal-proteinase  Prolastin @ Bayer Lyophilized single dose vialy
0.638 inhibitor (human) Cerporstion-Biotogi
chioride 0.350- 60.75 1V - intravenous aptithrombin 111 Thoombate MIT ® Bayer Lyophilized single dose vhls
0.744 {human) Corporstion-Biologi
chlorobularo} 0.5 IM-intzamuscular Vitamin A Aquasol A Perenteral Astza USA, Inc, Solution single-dose viat
Palmitaie as
retinol
chiorobutane} 0.25 §0.+70 IM - inframuscutar Nydrazsid Inj ApothecorvBristol Soluii viat
Myers Squith
chlorobutano! £0.§ M- 4 L-epinephrine Ans-Kit Bayer Solution syringe
hydrochloride Corporation-Pharma
{injection),
chiorobutanot 0.5 15-45 M - intramuscular oxyfosin Oxytocin Injection Wyeth-Ayerst Solution stenile cagtridge
thloroburanol s N a one Del v BioTechnology Solution single dose
ensnthate General Corp.-BTQ
100me/mL
chlorobutanot 0.5 M- L dicyclomi Bentyl Injection Merrell Daw Solution multidose vial
hydrochloride Pharmaceulicals
chiorobutanol, NF 0.5 40+ 03 1M - inramuscular oxytocin Syntocinon & Sandoz Sojution ampul
chlorobutanot (se¢  0.0-0.5 4.0 IV « infravenous desmaopressin DDAVP ® Injection Rbane-Poulenc Salution ampals
acetate Rarer
chlorobufanol (se2 0.0 - 0.5 IM - inuamusculas papverine Papvetine Hydrochloride  Eli Lilly & Company ~ Solution multidose viats
hydrochtoride Inlection, USP
citrate ~1.0 iV « intravenous alglucerase Coredase ® Genzyme Solution glass toule
injection Corpontion
eliric acid 8.3 IMdntramusculsr Vitamin A Aquasal A Parenteral Astra USA, Inc. Solution single-dose vial
Palmitate a3
retinol
cliic acid 0.2 30-40 IV-i Etoposid VePeud Bristol-Myers Solution mutiiple dose
Squibb-Oncology
citric acid ~8.1 Vi imig} Cereryme ™ Genzyme Lyophilized vial
\ Carpecation
citric acid 0.02 ~5.0 VM- 1 imethob id 1’1;11\ ®-ampuls Roberts Solution ampuls
¢ KCt Pharmaceuticals
titric scid 0.02 ~5.0 M- 1 imethob mid Tigan ®-vials Roberts Solution muliple dose vial
-y e HCI Pharmaceuticals
citric #¢id 0.01 ~5.0 M- { trimethob id  Tigan ®-syringe Raberts Salution disposable
e HCL Pharmaceuticals
citric agid 55465 1V - inravenous atenolol Terormin . V. Injection  Zeneca Solution ampules
Pharmaceuticals
<itric acid ~54 Vi droph Tensilcn [CN Pharmaceuticals  Solution multidose vials
chioride
titic acid IVS - bntravesical an ayenusted live  TICE®RCO . Organoa Frecze-dried ampules
cuinuce preparation
of RC(} vaccine
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EXCIPIENTS FOR PARENTERAL FORMULATIONS

fxciplent Canc. pH where Administration Drug Name Brand Name Manufacturer Dosage Storage
%WV applicable Route Form Contalner

citric acid 0.03 131.55 various tidocaine Xylotaine with Asirt USA_ lac. Solotion mellidose vials
hydrochlorids and  Epipephrine
epincphrine a2

citrie acid 0.02 33-535 variouy {idocaine Xylocsine MPF with Astra USA, Inc. Solution ampules
hydrochloride and  eplneghti
epinephrine aj

citric seid 0.2 M-t hyd h Ditaudid Kaoll Lab § Sal wpul
hydrochioride

citric cid 0.2 18- hyd ph Ditsudid-HP injaction Kneli Laboratories Solution amber smpules
hydrochioride

citric scid 1V « intravenous piopranciol {rdeni Wyeth-Ayerst Sofation ampuis
hydrochloride

cirie scid 1.0 1M - intr ) ¥ yeline  Teramycin Roerig Saiution multidose vis

citric acid 0.078 1744 1V « intravencus diltiszem Cardizem Marion Merrell Dow Solulion vial
hydrochloride Inc.

citric scid V- i perph it Tritafon injection Schering Solujon ampu}

Corporation

citric scid 0.G60€ 65 +03 IV - intravenous epoetin alfa Epogen ® Amgen, Inc. Solution single dose vial
(recombinant
human

citric acid 0.041 61 £0) TV - Sniravenous epoctin alfa Epogen ® - multiduse Amgen, Inc. Sojution multidose vial
(recombinant
buman

citric xcid 68104 IV - inttavenous immune globulin  Gammar @V Asmour Lyophilized single dose vials
IV (human} Pharmaceutical
primarily igG

citric scid 0.02 30-43 virious etidocaine HCl and  Dhuranest Injections AsaUSA, Inc, Solusion single dose vial
spincphrine a3

\\‘_ bitartarate

cigie ncid 60-8S$ 1M - intramuscular pencillin G Buffered Pfizerpen for Roerig Powder vials
potassium tnieerion

cigic acld 0.006 - 58-72 1V « intravenous epoctin alfa Procrit Oitho Biotech, tnc. Solution single dose vial

o.on

citric acid ~5.0 1M - intramuscular pyridosiigmine Mestinon Injectable JCN Phamaceusicals Solution ampals
bromide

¢itzic acid 0,3 IM -i ) P 1 Stadol & Inj Apoth /Bristo} Sol vial
urtnte Myers Squi

ciuie acid 0.0) 67-13 IV - intravenous ranitidine Zantag Injection Premixed  Glaxo Weilcome Solution flexible plasiic
bydrochloride

citric acid 0.052 30-490 - d Zofran ® Injection Glaxo Welicome Solutjon single dose
hydrochloride Prémixed

{ dibvdrute

citric acid 0.023 30-170 \ IV - intzavenous metronidazole Flagyl [V RTU SCS Solution single dose

citric acid {additional) 3.5 v-i dipine HCL  Curdege Wyeih-Ayernt Solution ampuls

ciwic acid anhydrous 3.0 6569 LI - local injection dexamethasone Decadron Phosphate with  Merck & Company Solution vinls

. sodivm Xylotaine Injection

phosphatelidocai

ciuic acid anhydrous 0.2) 4.0 w-i v Norcuron ® Organon Frecze-dried vials
byomide

citric acid 0.02 3)-55 various bupivacaine Sensarcaine ®-MPF with  Astza USA, Inc. éclution single dose vials
epinephrine as

citri¢ acid anhydiows 0.5 1V - intravenous methyldopate HCL  Aldomet Ester Marck & Company Solution vials

Hydrochlozide
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EXCIPIENTS FOR PARENTERAL FORMULATIONS
Exclpient Cone, pH where Administration Drug Name Brand Name Manufacturer Dosage Storage
% W/Y  applicable Route ’ Form Contaliner
ritric scid anhydious 0.3 M - intramuscular methoxamine Vasoxy} Glaxo Welleome Solution ampuly
hydrochloride
cigic acid anhydrous  1.26 IM - sTar tbuphi Nubiin DuPont Pharma Solution ampuls
hydrochioride
cittic acid anhydrous  1.26 M- 3 Ibaphi Nubain (smputes) DuPont Pharma Solution ampulcs
hydrochioride
citric acid anhydrouy 2.2 15-35 1V - [ntravenous streptozocin . Zanosar Sterile Powder ‘The Ugjohn Freszedricd visl
Company
citric acid 0.4 SC - subcunncous phenylephrine Neo-Synephrine Sanoli Winthrop Solution ampuls
hydroehlorid Wydrochlorl
injection
citric acid 30-.40 IV - intravenous {abetalol HCI Nomuodyne Schering Soluiion multidose vist
Corporation
<citrie acid 0.05) 1S V- ieardipine HCt Cardenc Wyelh-Ayerst Solutien ampals
cilric &id 0.05 13- 40 v-i d. Zofran ® Injection Glaxo Wellcome Solution single dose vial
hydrochlorids
dihydrate
citric acid 30. 40 IV . ininvenous laberaio} Trandate Injection @ Glaxo Welicome Sojution vinls
hydrochloride
citric acid US, ’ ~4.5 IM-i i hotrimeprazine Levop immunex Solution vials
" as the . Corporation [
tvdrochlaride salt
colloidal siticon 9.6 {CV - intracervical dineprostana Prepidil Gel The Upjohn Viscous Gel sytinge
Company
creatining 0.5 50-18 IM-i It D h Dahlone D.P. ® Fogest Suspoasion vials
Acetate Pharmaceuticats
SN . Suspansion
creatinine 0.5 50158 M- far dex. h Decadron.LA Merck & Company Suspension vials
aetate
erealinine 0.8 75-30 1V ~ i b Decadron Phosph Merck & Company Solution visls
sodium phosphate  Injection
JUSP
crealinine 0.8 65-69 LI - focat injecti d h Decadron Phosphate with  Merck & Company Solution vials |
sodiom Xylocaine Infection
phosphate-lidacal
it
creatinine 0.8 75-83 IM - ¥ Il hyd i Hy Phosph Merck & Company Solution multidose vial
scdiom phosphate
Cremophor ® EL $2.7 IV - ntavenous paclitaxe! Taxol Bristol-Myezs Nonagueous single dose vials
Squibb-Oncology
Cremophor(R) EL 50.0 ~5.0 [V - intravenous teniposide Vurmon Injection Bristol-Myety Solution ampules
Concentrate (VM.26) Squibb-Oncology
Cremophor(R) EL 65.0 \\ V- cyclospori Sandi. ® Sendoz Solution Ampul
4 concentrale for Phermaceuticals
' injection USP 1
.crosslinked gelatin - 0.5 - 1.2 , IV-i s plokinase Streplase Astra USA, Inc. Lyophilized vial
DL-factic + glycolic  74.3 - 846 SC - subcunancous goserelin acctate  Zoladex ® Zeneca Solid Implant  disposable
(wiw) implant Pharmaceuticals
Demaanitol 0.66 1M - intismusculas leuprolide acelate  Luproa Depat 3.5 TAP Lyophitized single dose vial
Pharmaceuticals
D-mannitol 5.0 IM - ipuamuscular leuprolide acetate  Lupton Depot 3.75 . TAP Lyophilized single dose vizl
Pharmaceuticals
D-mannitol 1.32 1M - intramuscular leuprolide scenate  Lupron Depot 7.5 ™ TAP Lyophilized single dose vials
© Pharmsceuticals
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Exciplent Conc. pH where  Administration Drug Name Brand Name Manufaeturor Doxage Storage
%WiV  applicabile Roufe Form Contalner
D-marnitol 1.32-2.64 IM - inframuscotar feuprolide acetate  Lipton Depot-Ped TAP Lyophilized singie dose vial
Pharmaceuticals
D-marritol 5.0 INf - fntramusculay leuprolide acetate  Lupron Depor-Ped TAP Lyophilized single dose vial
Pharmaceuticals
4-manaitol 5.0 M - [nvamuseular leuprolide acetate  Lupton Depol-d month,  TAP Pharmaceuticsls  Lyophilized vial
22.5
d-mannitol 2.59 IM - intramuscular teuprolide acetate  Lupron Depot-) month,  TAP Pharmaceuticsls  Lyophilized vial
2.5
D-mamitol {ampul) 5.0 IM < feiramuscuiar leupsolide acetate  Lupron Depat 7.5 TAP Lyophilized single dose vials
Pharmaceutieals
d-sorbitol 45.0 6.0 - 80 AR - intraasiicular Prednisolone lydeitra T.B. A. Merck & Company Suspension vials
Tebunaic
dehydnted alcokol 42,7 (viv) ~5.0 1V - intravenous teniposide Vumon [njection Bristol-Myers Solution ampules
Concentrate (VA§-26) Squibb-Oncelogy
dehydrsted slcaliol 49,7 (viv) IV - intravenous pactitaxc} Taxol Bristol-Myers Nonagueous single dosc vials
Squith-Oncology
dehydrated alcohol V. ip dif, Prostin VR Pediaulc The Upjohn Solution ampoules
{ptostaglandin Et) Stetilte Solution Company
dehydrated alcohol,  R0.0 {v/v) 1V « intzavenous uctolimus Prograf Fujisawa USA, Irc. Sofution ampules
injection
dexfrose 8.25 33-55 spinal sneathesia bupivacaing Senyorcaine ®-MPF Astra USA, Ine. Solution ampules
hydrechloride Spinmal
dexiioze 4.4 IM intramusculsr amitriptyline HCI  Etavil Zeneca Solution vials
Pharmaceuticais
\»\
dextrose 5.0 IV - i Jindamycin Cteocin Phosphate 1V The Upjohn Premixed Galaxy {R) plastic
phosphate Solution Company
dextrose 1.2§ 5C- fi beta-1b B [ Berlex Laboratorics Lyophilized single vse vial
dextrose 50 15-46 V-4 iprofloxacin Cipo® 1V Bayer Ready-to-Use  flexible
Corperstion-Pharma
dextrose 8.25 40-65 SA - sutapachnoid bupivacal Mereaine Spinal Sanofi Winthrop Solution single dose ampul
hydrochloride
dexirose 178 50-10 IM - intramuscular phytonsdione AquaMephyton Merck & Company Aqueous ampuls
(viramin K1)
dextrose 3o.0 D - intradermal wberculin, purified (PPD) Tinc Tes! Lederle Lab i Solut Miple-p
protein derivative
dextrose 100 \ U - intraukerine dextsan 70 Hyskon ® Hysteroscopy  Medisan Solution botilea
Fluid Pharmaceuticals
\
dextrose 5.0 3.0-40 V- 4. © Zoftan ® Injection Glaxo Watlcome Solution single dose
' hydrochloride Premixed
e dihvdrate
dexisose 5.0 38.58 IV « intravenous oftoxacin Floxia ® [V - premixed  Ortho Premixed single use fexible
injection Pharmaceuticst
dextrose 3244 50-15 V-4 Nazidime sodium Fortaz ® Injection Glaxo Wellkcome Frozen Calaxy phastic
injestion
dexuose anhydrous 4.7 - 494 32440 IV - intravenous milrinone lactate  Primacor Sanofi Winthrop Sotution single dose vials
injection
dextrose (D-glucose) 7.5 55-70 spinsl snesthesiz lidocaine Xylocaine MPF 1.5%/5%  Astra USA, Irc. Solulion ampules
hydrochloride with 7.5% '
dextrose hydrous 5.6 15- 65 iV - iatravenous fluconazole Diflucan Irjection Roerig Solution Viaflex Plus
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EXCIPIENTS FOR PARENTERAL FORMULATIONS
Excipient Canec. plf where  Adminlstration Drog Name Brand Name Manufacturer Dassge Storage
%W/Y  applicable Reute Form Cantainer
s
dextrose hydsous rd-34 50-125 {V - intravenoos cefolarime sodivm  Premixed Claforan € Hoechst-Roussel Frozen Galaxy vingle
injection Injection Pharmaceuticals
dextrose bydrous 24-)8 iV - imravenous i sodium Recephin Inj Roche Labontosies Premixed QGalaxy single
injection
dextrose hydrous 1240 ~6.5 1V - intravenous ceforitin sodium  Premixed Intravenous Merck & Company Sojution single dose
PR Solution Melt
J]
dextrose hydrous 12-)8 42-62 IV - lntravencus cefmetazole Zefazone ® IV solution  The Upjoha premixed plasiic Galaxy
sodjum ipjection Company
Jexirose hydrous 00-28 50-75 Vi furosime sodiom  Zinacel ® Glaxo Wellcome Frored Galay plastic
injection
dextoss hydrous USP 1.9 - 3.8 55-80 V-k flizoxinte Ceflizox Fujisawa USA, Inc, frozen single dose
sodium injection
dextrose hydrous USP 4.0 - 4.8 1V - intravenous cefarolin sodium  Ancef {solution) SmithKline Beecham  Solution single dase
injection Parmaceuticals
dextyose hydrous USP 3.6 - 4.6 Iv-i fop Cofobid Roerig Division of Premixed plastic containers
sodiym lnjection Phizer
dextruse injection 5.0 15 -50 V- ivacuri Mi P Glago Wellcome Solution Mexible plastic
chloride Infusion
dextross USP 22-38 40-65 v-i F disodt Celotan ® Zencea Premixed Guary (R) plastic
injection Pharmaceuticals
disbasi¢ sodium 044 - 3.1 70-380 M i hyd Solu-Cortef Sterite Powder The Upjoha Powder Act-0-vial
: sodium succinale Company
Gacetylated 5.0 ~8.0 1V - intravenous dixzepim Dizsc Chmeda PPD, Inc. Emulsion slngle dose vial
~ emulsified
~. infection
dibasic potassium 0.24 6.7-17) IM « intramuscular fapitidine Zantag Injection Glaro Wellcome Sotution single dose vial
hydrochlioride
ditasic sodium 0.18 10205 v -il b-CD)  Orthoclone OKTI Oxiha Biotech Inc. Solution smpule
biachemically
purified InG2s
dibasic sodium 0.0226 ~1.5 M- ) pin IDNA. 1D pe ® Eli Lilly & Comparry  Lyophilized vials
ofigin for
infcction
dibasic sodium 63106 IV « intrayenous cladribine Levstatin Injection Oriho Biotech, Inc. Solution single use vials
dibasic sodium 0.7 68-~172 ID - Inradermal by thasone Cel Soluspan Schering Suspension multidose vial
sodium phosphate  Suspension Corposation
& betamethasone
dibasic sodium 0.558 12-74 IM-i ) pegad Adagen ® Enzon Solution single dvse vixls
\ bovine
dibasic sodium 0.530 - 7.3 \..l.\i -k L pegaspargase Oncaspar ® Rhone-Poulenc Solution single dose vials
0.585 ' Rorer
dibasic sodum 0.044 « 044 1M - inttamuseular chorionic Pregnyl ® Drganon Powder mulddose vials
. gonadatropin for
infection, USP
dibasic sodivm 0.16 - 08 1M « intramuscular bumsn ¢horionic  Profasi Serono Laborutories,  Lyophilized  multidose vial
gonsdotropin Ine.
(HCG) for
dibasic sadium 0.089 7278 V. b s idesteuki Prolevkin ® Chiron Therapeutics  Lyophilized  aingle use vial
(recombinant
human
dibasie sodium .18 67-13 TV - intravenous nnitidice Zantac Injection Premixed  Glaxo Wellcome Solution Nexible plastic
hydrochloride
dibasic sodium 0.008 IV - intravenous sermocelin acetate  Geret & " Serorio Laboratories,  Lyophilized  ampule
for injection ine.
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EXCIPIENTS FOR PARENTERAL FORMULATIONS
Exciplent Coane. pll where Administration Drug Name Brand Name Manufacturer Dosage Storage
%W/V  applicable Route Form Container
dibasic sodium 0.072 19 IV - intravenous sodiam tetadesyl  Sotradecol ® Etkins-Sinn Inc Solution ampul J
sulfate injection 1
dibasic sodiom 081 .17 10-80 M - intramusculsr methylpiednisate  Solu-Medeol Sterife The Upjohn Powdes ActO-vial
re sodinm Powder Company
taccinste, USP
dibasic sodium 0.137-0.14 35-710 M - intramuscular Methylptednisolo  Depo-Medrol The Upjohn Suspension single dose vial
4 ne ncelate Company
diethanolamire 0.3 ~10.0 IV - intravenous tiimethoprim snd  Septra LV, Infusion Glaxo Welicome Soluiion multidose vials
suifamethoxazole
disthanolamine 0.} ~10.0 [V - intravenous tiimethoprimand  Sepla [V Infusion Glaxo Welicome Solution vial
wifamethoxszole
disthanolamine 0.3 ~10.0 1V - intravenous trimesboprim and  Septna IV Infusica ADD Glaxo Weltcome Soluation vial
suifamethoxazole
dimethylsulfotide <0.06 Vi istrepl Emingse ® Rabests Lyophitized vial
Pharmaceutical
disodium edetate 0.08 5025 M- 1 dox h Decadron LA Merck & Company Suspension vials
ncefale
disodium edetate 0,05 6569 L1 - focal injection d Decadron Phosphate with  Mecck & Company Solution vials
sodium Xylocaine Injection
phosphate-lidocai
disodium edelate .01 ~5.0 M- \! imethobe, id  Tigan &-syringe Robsrts Solatfon disposable
«HCt Pharmaceuticals
disodiom edatate 0.01 ~3.0 Veir f] idazol Versed HofTman - LaRoche Solution vials
hydrochlezide Inc.
disodium edenate 0.05 V- intr hyldopate HCL  Atd Ester Merck & Company Solution vishs
. Hydeochloride
dizodium edetae 0.05 IM-§ L 1ind i Cicocin Fhosphate Sterile The Upjohn Solution viala
phosphate Solution Company
disodium edctate 0.004 V- tindsmyein Cleocio Phosphaie IV “The Upjoka Premixed Qalaxy (R) plastic
phosphate Solution Compsny
disodium edeuate 0.0 10-80 M- i predniacl Hydeltrasol Merck & Company Solution viz}
sodium phosphate
disodium edotate USP  0.065 ~4.5 M- | hotsimeprazine Levop Immunex Sofution vials
a3 the Corporation
hydrochlorida satt
&sodium EDTA 0.011 27-40 IF - infiltrstion & hlaroprocaine  Nesacaine Jnjecti Asta USA, Ine, Solution muliidose vials
hydsochloride
disodium EDTA 0.011 27-40 1F - infiliration & chioroprocai N, ine-MPF Injecti Astra USA, Inc. Solytion single dose vials
'\ hydrochoride
k! 1
disodium hydrogen  0.34 ~6.1 Vo IV.inia imig! Cerezymo ™ Genzyme Lyophitized vial
i Corporation
disodium hydrogen 015 ' IVS - inravesical BOG Live ThenCys & Connaught Freeze-dried visd
(intravesical) Laboratories
disodium hydrogen  0.028 10-15 ITO « {ntraocutar sodium Heslon ® . Pharmacia, inc. Viscoclistic Disposabie gliss
hyaluronaie Ophthalmics Inc,
disodium hydrogen  0.028 7.0-13 ITO - insraocutar sodium Healon GV . Pharmacia Inc. Viscoelsstic  disposable ghiss
hytluronste 7000 Ophthaimics
disodium phosphate 1.0 1V - intravencus plicamyein Mithracin Bayer Freeza-dried vials

Corporation-Phasma

disodium phosphate 0,013 70+03 IM « inwamuscular nypheid Vi Typhim Vi™ - Connaught Solution syringe
polyssccharide Labotstories
vatcine
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Esclplent Cone. pl where  Administration Droz Name Brand Name Manuofacturer Dosage Storage
%AWV applicabie Route Form Contalner
disodium: phosphate  0.0265 ~6.7 SC - subcutancous somattopin (IDNA  Genotropin ™ Phatmacia Ine. Lyophitized Intn-Mix two
otigin) for
injection
disodium phosphate  0.027 ~6.7 SC - subculancous somatropin (1DNA  Genotropin ™ Injection  Pharmacia, Ine. Lyophilized  Int-Mix rvo
onigin) for
injection
disodium phosphate  0.0125 . -3 B pins for  Humegoa ™' Organan Jnc. Lyophilized vis!
0.015 injection
disodium phosphare  €.098 IM - intramuscutar hepaiitis B Engerix-B SmithKline Beecham  Suspension single dose visl
vaccine Pharmacenticals
{recombinani)
DlL-lactic acid & 3.31 ixt - intramecufar teuprolide acetate  Lupron Depet 3.75 TAP Lyophilized single dose via)
Pharmaceuticals
DL-Tactic acids & 6.62 M - inframuscular leuprolide scetate  Lupron Depat 7.5 TAP Lyophilized single dose vialx
Pharmaceuticals
DLAlactic scids & £.62-11,24 iM - intramuseulat kuprolide acctate  Lupton Depot-Ped TAP Lyophitized single dose vist
Pharmacenticals
E-saminocaproic acid  0.026 IV « inlavenous anisireplase Eminass ® Roberts Lyophilized visl
Pharmaceutical
edelaie calcium 0.01 3443 various hup i Marcsing Hydrochlorid Sancfi Winthrop Solution single dose visls
hydrochlorlde and  with Epincphi
epincohrine
edotare disodium 0.03 50-158 IM-i ) Dexamerh Dahlone D.P. ® Forent Suspention vials
Acelate Pharmazcuticaly
Suspension
edetate disodium 0.01 Jo.65 M- 1 bramy¢in sulfate T ycin Sutfate Elkins-Sinn Solution multidose vials
Inlection, USP
edatate disodium 0.0¢ 3.0.40 1V - intaavenoun tabenatol Trandate Injection ® Glazo Wellcome Solutien vials
| hydinchloride
edetate disodium 0.01 5. 60 1M - intramascular™ netifmicin sulfate, N yein Injecti Schering Biochem. Solution vials
usp Cosporation
edetate disodium 0.01 J0-40 1V . intravenous labetaiol HCH Normodyne Schering Solution mullidose vial
Corporation
edcute disodium 0.05 M- hyd ph Difaudid-vials Knoll Lat i Seluti Itidose visls
hydrochoride
edetate disodium 0.01 ~-1.0 M- i} b i Bumex ® Roche Labentories Solution smpuls
edctate disodivm 0.0t 68.172 1D - intradermat belamethssone Celestone Soluspan Schering Suspension multidose vial
sodium phosphate  Suspension Corporation
& belamethasone
edetate disodivm 0.05 1M .3 ! idazi Serentil @ Boehringer Solution ampals
beaylato USP Tngelheim
edetate disodiem 0.02% 65.85 \ IV - intravenous mosna Mesnex Injection Bristol-Myers Solution multidose vial
\ Bquibb-Oneology
1
_edewate disodium 0.0} ~4.0 ' 1V « inteavenous 1 ! R icon ™ Roche Laboratorics Salution visly
1
edclate disodium 0.01 M - intramuscular tobramycia sulfaie Nebein® Eli Lilly & Company  Solution multidose vials
injection
edetate disodium 0.005 IM - inteamuscutar papverine Papverine Hydrochloside  Eli Lilly & Company  Solution multidose visls
hydrochleride Iniestion, USP
edeate disodivm 001 IM <inir 1 hatine Ph njecti Wyeth-Ayerst Solution ampuls

gydmehtn:id: (nmuut;)

edeiate disodium 0.0 M- \f P hazi Prencigan Injection Wyeth-Ayerst Solution stenile eartridge
hydrochloride .
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EXCIPIENTS FOR PARENTERAL FORMULATIONS
Exciplent Come. pll where  Administration Drug Name Braod Name Manufactarer Doyage Storage
% WiV appllcable Route Form Countainer 3
edetate disodium 0.01 1M - intramusculse meperidine Sepergan Wyreth-Ayetst Solution sterile castridge
hydiochioride &
promeciharine
2dctte disodium 0.01 I\ -inia gent in suffate Q. yein Injectable Sckering . Solution vial
usr Corporttion
EDTA trace SC - subcutancous Varicells Virus Varivax Merck & Company Lyophilized  single-dose vial
Vaccine Live
{OkwMercky
egg lecithin 1.2 7685 1V - intravenous propofol Diptivan ® Injection 1% Zeneca Emuision amputes
Pharmaceuticals
ethancl 10.0 {viv) 56.60 [V - infravenous sterile carmusiine  BiCNU Bristol-Myers Lyophitized single dose vials
{BONUY Squibd-Oncalogy .
ethanol 70.0 (viv) IV « intravenous nitroglycerin Nitro-Bid ® Marion Mestell Dow Salution viuls
injection, USP ine.
ethanol (96%) 52 (vvy IV - intravenous melphsian Alkzran for Injection Glaxo Wellcome Freeze-dried singts use vial
hydrochlorida
eihyl alcohol 10.0 ~10.0 IV - intravenous trimethoprim and  Septia 1Y, Infusion Glaxo Wellcome Solution multidose wials
slfrmethoxazole
ethyl ticohol 10.0 1M - intramuscufar diazepam Valium Injectable Roche Products Solution ampuls
ethyt alcohol 10.0 ~10.0 1V - intravenous trimethoprimand  Scptra IV {nfusion Glaxo Wellcome Sotution vial
sulfamethoxazole
ethyl tlechol le.n ~10.0 1V - intravenous irimethoprim and  Scptsa [V Infusian ADD  Glazo Wellcome Solution vial
suffamethoxnszole
feta] bovine scrum  drace SC - subcutancous Varicella Visus Vativax Merck & Company Lyophilized single-dose vial
Viccina Live
N (Oka/Merek)
formaldchyde £0.02 M-intramuscular Diptubieria and Acel-Tmune Laderle L Suspension{afl hidose vial
Tetanus Toxoids
and Acellular
formaldehyde £0.02 - 74 M Diphtheria & Tripedia ™ Connaught Solution/Suspe vial
Tetanus Toxeids Laboratores, nc.
apd Acetiular
formaldehyde <0.0124 1D - intradermat Mumps Skin Test  MSTA™ Connaught Suspension vial
Antigen Laborstories, Ine,
fsuspension killed
formaldehyde <0.001 M- 1 binallon of  Diphtheria & Tetanus SmithKline Beacham  Suspention vials
purified tetanus &  Toxoids & Pertussis Pharmaceuticals
dipbtheria
formaldehyde $0.02 IN - \} binet Diphtheria & Telanas Connaught Turbid Liquid  vial
diphtheria & Toxoids & Partussis Laboratories, Inc.
1etanus toxoids
formzldehyde $0.02 IM - intamuscular Diphtheris & Teiranwne, (DTP-JHOC)  Lederle Laboratonies Suspension{af vial
Tetanus Toxoids
\ and Perrussin
formaldehyde 0.0027 \ SC » subcutanecus poliovirus vaccine Pollovax ® Connaught Suspension ampaules
4 inactivated; type 1 Laboratoties, Inc.
{Mahoney). tvpe 2
formaldehyde IM - intramuascular hepatitis B Recombivax HB Merck & Company Suspension single dose viul
e, vaceine
{rocombinant)
formaldehyde $0.04 5C . b binstion of {pol ™ Coamaught Suspension syringe
iype | (Mahoney), Laboratories
typed (MEF-1),
formaldehyde <0.01 SC - subcutaneous Japanese Je-Vax ™ Connaught Lyophilized vial
encephalitis virus Laaboratories, Inc.
viceine
fractionated epg yolk 1.2 ~8.0 [V - intravenous diazepam Dizae Ohmeda PPD, Inc. Emulsion single dose visl
emulsified
injectian
fractioriated soybean 15.0 ~3.0 1V - intravenous diazepam Dizac Ohmeda PPD, Inc Emulsion single dose vial
emulsified
injection
k Yol. 52, Mo.5 / September-October 1938 255
Quppifcu’ by ThE”“B’fﬁfﬁh’ffbf’ﬁl b YEhe-workd'skr luw;cdgcﬂ
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definite bearing on the usefulness of any column
packing prepared. The performances of the seven
supports tentioned previously were examined under
the same operating conditions. The supports that
can be used for lightly loaded packings are: glass
beads, Gas Chrom-P, and Chromosorb W-HMDS.
The other four supports cannot be used for lightly
loaded column packing since their interaction with
the antihistamines causes excessive peak tailing.

The hydrogen flame detector used in conjunction
with the 0.010-in. stainless capillary column would
not respond to compounds with boiling points above
330°. This limitation prevented evaluation of this
column for the analysis of these antihistamines.

The 100-ft. 0.065-in. copper open tubular column
was coated with XF-1150 and evaluated using the
above group of antihistamines. The Sr® ionization
detector was used with a column flow of 36 ml./
minute. The retention times obtained were com-
parable to the 6-ft.-XF-1150 packed column, but the
peak base widths were considerably wider. Because
of this increase in base width, the 0,065-in. column
was less efficient than the 6-ft. packed column.

A 250-ft. 0.065-in. column wound on a 1!/in,
diameter mandrel has been reported to be more
efficient than a packed column (15). There are two
possible reasons why efficiency was less than pre-
viously reported: (e¢) the column was shorter (100
ft.), and (?) the winding configuration was markedly
different. The column was wound on a 1!/, X
1/¢in, bar which resulted in a definite flattening of
the tube around the edge of the bar,

891
CONCLUSIONS

The antihistamines investigated, except for
meclizine, can be separated, ideatified, and concen-
tration estifnated using the Carbowax 20M, PDEAS,
and XPF-1150 columns described. The PDEAS
column is the most efficient of the three for the
analysis of antihistamines.

The usefulness of the 0.010-in. capillary and the
0.085-in. open tubular columns cannot be properly
evaluated until the mentioned limitations are re-
moved.
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Castor Oil as a Vehicle for Parenteral
Administration of Steroid Hormones

By C. RIFFKIN, R. HUBER, and C. H. KEYSSER

Steroid hormones may be administered parenterally in high concentrations as oil

solutions.

In this form they exhibit a prolonged action and reduce the number of

injections required. To accommodate the demand for increasingly greater concen-
trations of hormones in solution, castor oil in combination with other suitable oil-
miscible solvents, has been found to fulfill a need. The development of several
formulations together with the results of animal testing, as well as clinical trials in
humans, attest to the acceptability of this oil for the purposes intended.

1XED OI1LS are included in the “United States
Pharmacopeia XVI” as nonaqueous vehicles
for injection and are characterized as being of
vegetable origin, essentially odorless, and with-
out suggestion of rancidity. They must also
comply with certain measurable physical limits
specified for the saponification, acid, and iodine
values.

Received September 9, 1963, from the Pharmacology and
Pharmaceuti: Research & Development Sections, Squibb
Institute for Medical Research, New Brunswick, N. J.

Accepted for publication November 18, 1883.

‘The authors are indebted to the Chemical Control Labora-
tories for their assistance with the assays; to Dr. N, Coy and
H. Roberts of the Physical and Analytical Section, for their
development of special assays; to G. Lockwood of the
Pturmaeol:ﬁy Section for the animal muscle irritstion tests;
and especially to Dr. E. C. Reifenstein, Jr., of the medical
staff, for the information concerning the clinical trials,

After subcutaneous injection, Deanesly and
Parkes (1) observed the persistence of olive oil
and castor oil in animal tissue, Comparing other
oils Brown, et al. (2), reported that sesame and
corn oils were superior to cottonseed and peanut
oils because they were less irritating, less anti-
genic, more quickly released from tissue, and
possessed superior physical properties.

More recently the use of steroid hormone
medication has expanded considerably. Due to
limited water solubility, hormones have been
administered as aqueous suspensions or solu-
tions in oil. It has been claimed that the latter
provided the slow release preferred in cyclical
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TABLE I.~—~ANALYSIS OF COMMERCIAL OTLS AND COMPARISON TO U.S.P. XVI SPECIFICATIONS

ml. 0.02 N NaOH

0Oil
Castor Oil

Lot No.
U.S.P. specs.
23946
25589
23463
33742

Sesame Oil U.S.P. specs.

Cottonseed Oil

Corn 0Qil

Peanut Oil

Equiv. to Free

Fatty Acid in
10-Gm. Sample Sapon. Value Todine Value

35.0 179-185 83-88
14.0 183.3 84.8
4.6 179.8 87.0
7.9 182.7 8.5
9.2 180.4 84.2
3.0 188-195 103-116
0.5 189.6 106.9
1.4 194.0 111.8
0.76 189.6 104.7
0.45 191.7 108.2
2.0 190-198 109-116
AN 195.9 111.8
. 196.3 113.1
2.0 187-183 102-128
1.0 194.5 119.1
1.2 191 .4 124 4
1.2 189.3 125.0
1.0 189.3 123.0
2.0 185-195 84-100
1.2 192.0 94 .4
1.4 191.7 93.2
0.8 193.1 87.8
1.2 190 .4 93.9

% ‘The U.S.P. specifies that the titration of free [atty acids in oral grade castor oil shall not exceed 7 ml. of 0.1 N NaOH

which is equal to 35.0 ml. of 0.02 N NaOH,

TaABLE 1I.—SoLUBILITY OF STEROIDS IN U.S.P.

O1Ls AT 25°
-~ mg./ml.
Castor Sesame Peanut
Steroid 0Oil Qi Oil
17-Hydroxyprogesterone
caproate 55.6 23.4 27.9
Testosterone 38.6 5.4 8.1
Estradiol valerate 60.6 16.1 18.8
Progesterone 52.0 22.9 23.6
therapy (3). Using withdrawal bleeding in

human females as the criterion, Master, e al.
(4), compared the duration of action of an
aqueous suspension of progesterone with an oil
solution, and confirmed the superiority of the
latter. The prolongation of activity was gen-
erally related to storage in the fatty depots of
the body (5).

In 1952 Junkmann (6) determined that a
testosterone ester dissolved in sesame oil pro-
longed the androgenic effects in castrated rats.
Davis and Wied (7) demonstrated that pro-
longed activity was also obtained in humans
when oil solutions of a progesterone derivative
were injected. There was still a limiting factor,
however, in that only a relatively small amount
of hormone could be dissolved in the traditional
oils. To increase the solvent power of the oil
it was necessary to add compatible and non-
irritating cosolvents. Such additions consisted
of benzyl benzoate, benzyl alcohol, ethyl lactate,
ethyl oleate, etc. The U.S.P. recognized the
need for such ‘‘other wvehicles,” with the re-
strictions that they must be safe in the volume
of injection administered, and that they should

not interfere with the therapeutic efficacy of the
preparation or its testing.

Demand for increased hormone concentrations
per dose, furthered the search for an acceptable
oil with greater solubilizing power per se. Bos-
chann (8) in 1954, observed that 17-hydroxypro-
gesterone caproate in a castor oil-ethyl lactate
vehicle was well tolerated. In addition, private
communications from clinicians in West Ger-
many reported good tolerance to Proluton-Depot
containing a castor oil-benzyl benzoate vehicle.
Since then other hormones have been used as
solutions in ricinoleic acid esters, as well as in
castor oil (9-11). Accordingly, an investiga-
tion was undertaken into the suitability of cas-
tor oil as a vehicle for parenteral administration
of steroid hormones.

METHODS AND RESULTS

Representative samples of U.S.P. oils obtained
from commercial sources were tested in accordance
with the official method for free fatty acid content,
saponification, and iodine values. The results are
listed in Table I along with the U.S.P. X VI specifica-
tions for these oils.

Solubility of selected steroids in various oils was
determined in the following manner. An excess of
steroid was stirred for 4 hours at room temperature
(25°) in the test oil, after which the undissolved
solids were removed by filtration, and the clear solu-
tion assayed for steroid content. Table II shows the
results obtained.

An attempt was made to reduce the free fatty acids
in castor oil by treatment with alumina and anhy-

I Dr, Napp, Universitats-Krankenbaus, Hamburg; Dr.
Pots, Humbeoldt-Universitat-Charite Frauenklinik, Berlin:

Dr. Prill, Universitats-Frauenklinik, Wurzburg; and
Dr. Rauscher, Universitats-Fraueaklinik, Vienna,
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TABLR I11.~—~ABSORPTION OF OIL FROM ANIMAL

MuscLg®
Days ml. 0.02 N
after NaOH Residual Oil in
Injection 0il Equiv. Muscle (estd.)
1-3 Castor oil 50 1 day —50%
(aged) 3 days—209%,
1-3 Castor oil 13 1 day —309,
US.P. 3 days—109,
1-3 Sesame oil 1.4 1 day —30%,
U.S.P. 3 days—307%,
7-60 All oils Declining 10
to 29,

% 1 ml. injected into back muscle of rabbit.

drous sodium sulfate. Three grams of dried, pow-
dered, amorphous aluminum oxide (Merck No. 1097)
and 6 Gm. of anhydrous sodium sulfate, reagent
grade, were suspended in 120 ml. of oil and heated
at 80° under a blanket of nitrogen for 1.5 hours.
After allowing the oil to cool to room temperature,
the solids were filtered off and the acids titrated in
the usual manner, A significant reduction in free
fatty acid was not obtained.

The absorption characteristics of oils with varying
fatty acid content were examined and compared on a

biological basis. Aged castor oil with a high free,

fatty acid content was compared to fresh U.S.P.
castor oil with a low acid content and U.S.P. sesame
oil by injecting 1 ml. of oil into the back muscles of
rabbits, approximately 2 in. from the iliac crest. A
rotational pattern of injection was used and the oil
samples were stained to aid visibility in the tissues.
The animals were sacrificed and the muscles excised
and examined grossly. The results were averaged
and appear in Table III.

The test disclosed that oil migrated or was carried
to the fascia, and very small amounts remained for
60 days. Localized degeneration produced by the
high acid value castor oil was essentially healed in 7
days, and the low acid value castor oil appeared to
be no more irritating than sesame oil.?

In a specific test for irritation 0.25 ml. of the above
oil samples were also injected into the vastus lateralis
muscles of rabbits. After 2 days the animals were
sacrificed and the injected muscles examined grossly
for evidence of irritation. It was found that the
castor oil containing a high level of free fatty acid
produced a lesion size measuring approximately 121
mm.!, The lesion itself was characterized mainly by
degeneration of local tissue without necrosis. Cas-
tor oil with low free fatty acid and sesame oil, on
the other hand, produced no measurable lesion at the
injection site.

Combinations of benzyl alcoho! and benzy! benzo-
ate with both castor oil and sesame oil were also
injected into the vastus lateralis muscles of rabbits
and Table IV lists the lesion sizes produced.

Solutions which were formulated for clinical trials
in humans were prepared by dissolving the steroid
hormones in appropriate vehicles at 60° under
nitrogen. The solutions were then filtered through
a coarse sintered-glass filter with the aid of nitrogen
pressure, filled into vials, and sterilized by autoclav-
ing for 2 hours at 121° (15 lb. steam pressure). The
products were then submitted for assay, safety, and

# Due to the apparent increase in free fatty acids with
aging, subseguent work utilized {resh oils which required lor

pneutralization less than Sml. of 0.1 N NaOH (15 ml. of 0.2 N
NaOH) per 10 Gm. of sample,
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animal muscle irritation testing prior to release for
clinical investigation.

DISCUSSION

Throughout the investigation it was desirable to
have a reference oil to serve as a basis for comparison.
Since sesame oil is universally accepted as a paren-
teral oil vehicle, it was chosen as the ‘‘standard”
vegetable oil to be compared to castor oil, with and
without other cosolvents. The physical, chemical,
and biological properties of sesame oil are well
documented and require no comments here,

Chemically, castor oil consists of the triglycerides
of ricinoleic acid, together with small guantities of
glycerides of other acids. The quantitative com-
position is given by Eckey (12) as follows: ricinoleic
acid 879, oleic acid 7.4%, linoleic acid 3.1%, dihy-
droxyricinoleic acid 0.6%, and miscellaneous acids
2.4%,. Two grades are commonly recognized in this
country—U.S. No. 1 which is cold pressed oil, and
U.S. No. 3 which is oil extracted from the pressed
cake. Only the former is used for medicinal purposes.

The high viscosity of castor oil compared to other
vegetable oils is undoubtedly related to hydrogen
bonding and it is probably the hydroxy groups
which contribute to the greater polarity and superior
solvent power of the oil. As indicated in Table I,
the saponification and iodine values of commercial
castor oil appear to be slightly lower than the U.S.P.
XV1 limits for oils used for injection. On the other
hand, the content of free fatty acids even in fresh oil,
varies considerably and exceeds the traditional
limits for injectable oils. The significance of this is
somewhat obscure, although ‘‘Remington’s Practice
of Pharmacy, 12th edition,’’ page 387, states “‘a low
free fatty acid content is essential since it indicates a
fresh and pure product and not one that is likely to
have become old and heavily contaminated with bac-
terial products.”

Despite better solubility of steroids in castor oil,
other cosolvents were necessary to dissolve the

TaBLe IV.—LocAL IRRITATION PRODUCED IN
RaeBiT MuscLe BY INJECTION OF VaArious OIL

VBHICLES®
Lesion size,

Identification Composition mm.3

SHY-47-2 Sesame oil 989, 61
Benzyl alcohol 2,

SHY-47-4 Castor oil 989, Too small to
Benzyl aleohol 29, measure

SHY-47-3 Sesame oil 959, 506
Benzyl alcohol 59,

SHY-47-5 Castor oil 969, 106
Benzyl alcohol §9,

SHY-14-2 Sesame oil 859, 291
Benzyl benzoate 359,

SHY-14-5 Castor oil 859, 184
Benzyl benzoate 359,

SHY-47-6 Sesame oil 839, 207
Benzyl benzoate 359,
Benzyl aleohol 27,

SHY-47-7 Castor oil 639, 262
Benzyl benzoate 359,
Benzyl alcohol 29,

SHY-14-3 Sesame oil 509, 291
Benzyl benzoate 509,

SHY-14-6 Castor oil 509, 158

Benzyl benzoate 509,

% A 0.25-ml. quantity of the oil vehicle was injected into the
vastus lateralés muscle of the rabbit. Two deys later the
muscle was excised and the lesion size measured in mm.3.
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increasingly higher concentrations required by
therapeutic regimens. Often these materials con-
tributed additional advantages. For example, the
addition of benzyl alcohol or benzyl benzoate to
castor oi} resulted in a lower and more favorable
viscosity, making it easier to inject. Also, benzyl
alcohol was an effective preservative and local
anesthetic,

The nature of the irritative response depended on
the particular hormone, its concentration in the
formulations, and/or the composition of the vehicle.
Although rabbit muscles are more sensitive than
human muscles, they were selected primarily because
local changes in the muscle were observed easily.
It was not always possible, however, to correlate
muscle irritation in animals to that of bumans,

A numerical assignment to lesion size was used
solely as a convenience for grading response. The
numbers alone do not adequately describe the
nature of the response, however. More completely
it is characterized by the amount of hemorrhage and
edema and the incidence, degree, and extent of local
degeneration produced by the injection. A slight,
reversible irritative response may cover a large area
and a severe irreversible one may be comparatively
small. A decrease in the size of the degenerated
area indicates a reversible condition. The presence
of mecrosis, which is the most damaging situation,
means that the cellular structure was destroyed and
repair must take place. The debris must be re-
moved and the original cellular mass in the area re-
placed with fibrous connective tissue. The extent
of this fibrosis or formation of scar tissue gives an
index of the amount of irreversible damage. For-
tunately necrosis was not encountered, indicating the
lack of permanent muscle damage. Since these
changes take time, final assessment of the effects of
an injection in the muscle frequently required
observation for 7 days or longer.

It is unfortunate that pain cannot be measured by
any known method of animal testing. The animal
usually does not respond unless the painful stimulus
is marked. Furthermore, the pain caused by injec-
tion into human muscle is not usually proportionate
to the irritation produced either in animal muscle
or in human muscle. Realizing that these limita-
tions are inherent in animal test methods, it re-
mained for final acceptability to be determined in
man,

When it was discovered that 17-hydroxyprogester-
one caproate possessed high progestational activity,
potencies of the order of 85 mg./ml. were used. By
increasing the dose, additional prolongation of ac-
tion was obtained, and eventually concentrations of
the order of 2560 mg./ml. were required. Such a
solution in sesame oil produced acceptable animal
muscle tolerance, but the pain and local reaction in
humans was so great as to prohibit the adoption of
the formulation as a commercial product (see Table
V, Lot Pr. 142-53/15-10).% Solutions were also
prepared using castor oil as the vehicle, and Table V
lists the formulations tested and the results ob-
tained. Information obtained from the -clinical
trials (14-21) attested to the acceptability and
safety of the adopted formulations.

Inherent in the development of an acceptable
formulation of 17-hydroxyprogesterone caproate was

8 Reactions in excess of 589, were considered unaccept-
able.

Journal of Pharmaceutical Sciences

TABLE V.—EvVALUATION OF 250 mg./ml. 17-Hy-
DROXYPROGESTERONE CAPROATE SOLUTIONS IN
VArious O1L VEEICLES

e

Animat
Muscle Lot Number and
Vehicle Lesion Remarks on Clinical
Composition Size, mm.¥ Testing
Sesame oil 509, 1049  Pr.142-53/15-7—238

Benzyl benzoate
50%
Castor oil 589,

injections, 20.8%
reactions, rejected

691 Pr.142-53/15-8—270
Benzyl benzoate injections, 23.29%,
b reactions, rejected
Benzyl alcohol 29,
Sesame oil 609, 697  Pr.142-53/15-10—
Benzyl benzoate 189 injections,
35% 10.79%, reactions,
Benzyl alcohol 5% rejected
Castor oil 549, 258 Pr.142-53/15-11—
Benzyl benzoate 503 injections,
469, 4.2%, reactions,
accepted
Castor oil 529, 633 Pr.142-53/15-13—

Benzyl benzoate

924 injections,
46%
Benzy! alcohol 29,

1.3, reactions,
accepted

8 Injection of 0.25 ml. iato vastus lateralis muscle of rabbits
and lesion size determined 2 days aflter jnjection,

TABLE VI.—EVALUATION OF ESTRADIOL VALERATE
IN VARIOUS O1L VEHICLES

Agimal

Muscle

Lesion Lot Number and
Composition Size, mm,* Remarks

20 mg./ml. in Cas- 197 Es.31-53/15-B—
tor oil 789, Commercially
Benzyl benzoate available
209%, Benzyl al-
cohol 2%

30 mg./ml. in Ses- 308 DEK-98-2—Not
ame oil 60%, tested clinically;
Benzyl benzoate dosage increased
409, to 40 mg./ml.

30 mg./ml. in Cas- 194 Es.31-53-V-—Not
tor oil 809, tested clinically;
Benzyl benzoate dosage increased
20% to 40 mg./ml.

40 mg./ml. in Ses- 803 SHX-94-4—Too
ame oil 5%, irritating; not
Benzyl benzoate tested clinically
309, Benzyl al-
cohol 5%

40 mg./m). in Ses- 496 Es.31-53-8—201 in-
ame oil 589, jections, 2329,
Benzyl benzoate reactions, rejected
409, Benzyl al-
cohol 29,

40 mg./ml, in Cas- 250 Es.31-53-A—826
tor oil 589, injections, 2.67%

reactions (all
mild), accepted

Benzyl benzoate
409, Benzyl al-
cohol 29,

® Ipjection of 0.25 ml. into vastus laleralis muscle of
rabbits and lesion size determined 2 days after injection.

the required development of a suitable assay method.
This was accomplished by Roberts and Florey (13)
using paper-strip chromatography.

Since estrogens are more potent than progestogens
and require less per dose, an acceptable formulation
of estradiol valerate was easier to prepare. Be-
sides use in estrogen therapy, estradiol valerate has
found utility in the treatment of carcinoma, and for
that purpose high dosages were required. Concen-
trations were increased from 10 to 40 mg./ml. and
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again formulations containing castor oil in the ve-
hicle proved to be less irritating than similar prepara-
tions containing sesame oil. Physically and chem-
ically both oil solutions were stable. Based on
acceptable preliminary data, formulations such as
those listed in Table VI were prepared and tested.
Acceptability in humans was confirmed by clinicians
and described in the literature (22, 23) and in case
reports.*

SUMMARY

1. The development and testing of parenteral
steroid hormone formulations has been described,
using castor oil as a vehicle.

2. After ascertaining stability and animal muscle
irritation, selected formulations were evaluated in
humans. They exhibited a prolonged action, were
efiective and well tolerated.

3. Examples of commercially available products
are the estrogen, estradiol valerate! at 20 mg./ml.
and 40 mg./ml., and the progestogen, 17-hydroxy-
progesterone caproate® at 250 mg./ml.

¢ Case reports: estradiol valerate, 20 mg./ml.,in castor oil
78%, beazyl benzoate 20%, benzyl alcohol 2%—90 injec.
tions in 48 patients, Two mild local reactions. Estradiol
valerate 40 mg./ml. in castor oil 58%, benzy! benzoate 409,
benzy! alcobol 2% —51 patients. Number of injections not
completely tabulated. B:e report is in press.

Y‘ lk&nlgke‘tred as Delestrogen by E, R. Squibb & Sons, New
ork, . .

% Marketed as Delalutin by E. R. Squibb & Sons, New
Yorp "N. Y.
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Isolation of Marrubiin, a Sterol, and a
Sesquiterpene from Marrubium vulgare

By HAROLD J. NICHOLAS*

A simple column chromatographic method for isolating the bicyclic diterpene
marrubiin from acetone and ethanol extracts of Marrubium vulgare L. is described.
An unsaturated sterol of the stig:nuunol series, present in esterified form, and a

sesquiterpene (C;Hp

N PREPARATION for radioactive tracer work on

the biosynthesis of marrubiin it was necessary
to examine extracts of the plant for associated
terpenoid substances. A convenient column
chromatographic method was therefore devised
for separating relatively puire marrubiin from
crude acetone extracts. Two new terpenoid
substances were detected in the extracts,

EXPERIMENTAL

Materials and Methods.—Ground M. vulgare L.
was obtained from the Wunderlich-Diez Corp.,
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) have been isolated from the extracts.

Hasbrouck Heights, N. J,! This material was
exhaustively extracted with hot acetone or hot
ethanol. Either solution on removal of solvent
by distillation (the last stages tn wvacuo) yielded
black, viscous material which was used for further
examination. Melting points were determined on a
Fisher-Johns melting point apparatus. Optical
rotations (in CHCl) and C—H analyses were
determined by Drs. G. Weiler and F, B. Strauss,
Microanalytical Laboratory, Oxford, England. An
infrared spectrum of the unidentified diterpene was
determined on a Perkin-Elmer spectrophotometer
by the KBr disk method.? An infrared spectrum
of the sterol was determined in chloroform solution
in a 0.1-mm. sealed cell, compensated with CHCl,,
on a Beckman IR-4 recording infrared spectro-
photometer,? and by the KBr disk method. The

! This firm has given assurance that the material investi-
gated was M. vulgare or white horchound, not Ballola hirsuia
(black horehound).

1 We are indebted to the Department of Pathology,
University of Kansas, for this determination.

¥ Determined by Sadtler Research Laboratories, Phijla-
delphia, Pa.

InnoPharma Exhibit 1020.0202



ATTACHMENT F - COMPILATION
TAB 12

InnoPharma Exhibit 1020.0203



REVIEW ARTICLE

Parenteral Formulations of Small Molecules Therapeutics Marketed in

the United States (1999)—Part |

ROBERT G. STRICKLEY

Axys Pharmaceuticals, Inc., South San Francisco, California

Overview

The chemical structure of a molecule determines the
potential successful formulation approaches available 1o the
parenteral scientist. However, there is no comprechensive
listing of parenteral products with the chemical structure and
formulation. A review of domestically marketed injectable
product formulations of small molecule therapeutics is
presented herein with the intent of compiling a comprehen-
sive source of public information for the formulation
scientist. The compilation lists the drug name, marketed
name, chemical structure of the drug, marketed injectable
formulation, preadministration preparation, rouie of admin-
istration, company and the clinical indication (1-7).

One purpose of this compilation is to assist the formula-
tion scientist in being able to look at a drug’s chemical
structure and then be able to determine possible formulation
approaches. This compilation will also be useful for those
interested in knowing what additives are currentlyused in
injectable products and at what concentrations they are
administered in practice. This compilation only focuses on
marketed formulations and does not delve into the subject of
preclinical or drug discovery formulations associated with
early-stages pharmacokinetics or proof-of-concept pharma-
codynamics, where the formulation scientist is not bound by
regulatory constraints.

There are a few published reviews on parenteral formula-
tions (8) and in an excellent review adicle (9) Lilly
scientists, Sweetana and Akers, discuss the various formula-
tion approaches with detailed tables of examples. In a
compendium of excipients for parenteral formulations (10)
Genentech scienlists, Powell, Nguyen and Baloian, list the
acceptable excipients as well as their percent’s within the
formulations, route of administration 'zlmd pH. The compila-
tion herein is an additional resource to the parenteral
scientist by presenting the chemical structure and the
formulation in a side-by-side fashion. An examination of
this compilation reveals many examples of injectable formu-
lation techniques to improve solubility or provide a sus-
tained release. The next few sections highlight various
formulation approaches with specific examples and tables,
as well as general discussions of parenteral formulations.

Editor’s Note: This review anticle on Injectable Products is being pub-
lished in severa) parts, The next instaliment(s) will appear in subsequent
issues of the Journal.

Correspondence nddress: 180 Kimball Way, South San Francisco, CA
94080.
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Introduction

The word “parenteral” is Latin for *“other than intestine,”
thus by definition the parenteral sciences not only includes
injectable products but also transdermal, pulmonary, nasal,
ophthalmic, and buccal routes of administration. However,
in practice, parenteral usuaily refess to injectable products.
Recently we have seen the commercialization of previously
academic pursuits such as controlled-release formulations
using microspheres, liposomes and polymeric gels, longer In
vivo circulating times using PEGylated liposomes (also
known as stealih liposomes) and PEGylated proteins, and
new excipients such as cyclodextrin derivatives used as
complexing agents for increasing water solubility of poorly
soluble drugs. We have also seen the commercialization of
injection devices such as prefilled syringes, dual chamber
syringes containing solid drug and a liquid for reconstitu-
tion, and will likely soon see needle-free injectors and
pocket-size infusion pumps.

Injectable Formulations

Two key aspects of any successful injectable formulation
are: 1) to achieve the required drug concentration, and 2) the
drug must be chemically and physically stable in order to
have a sufficlent shelf-life, which is generally considered to
be the time for 10% degradation. The ideal injectable
formulation, from an in vivo tolerability point-of-view, is
isotonic with physiological fluids and a neutral pH (i.e.,
PBS: phosphate buffercd saline, 0.01M sodium phosphate
with 0.135M NaCl and 0.003M KCl, pH 7.4). However, in
many instances the drug does not have sufficient water
solubility at pH 7.4, and thus the formulation scientist must
use a wide variety of solubilization techniques. If stability is
insufficient to provide a two-year shelf-life, then the formu-
lation scientist must either change the solution conditions to
achieve both the solubility and stability requirements or
develop a lyophilized product. This manuscript focuses on
solubilization techniques for small molecules, and will not
focus on stability or stabilization techniques.

I. Solubilization Techniques

1. pH Adjustment and Salis

If the drug molecule is ionizable, then pH adjustment can
be utilized to increase water solubility sincc the ionized
nolecular species has higher water solubility than its neutral
species. Indeed, the most common solubilization technique
is pH adjustment and weak acids are normally formulated at

PDA Journal of Pharmaceutical Sclence & Technology

Supplied by The British Library - "The world's knowledge"

InnoPharma Exhibit 1020.0204




Table 1. Exampics of Weak Acid Chemical Functional Groups, Their Approximate pKa's
_ and Formulation pH's.
Functional Functional Group Functional Formulation Selected
Group Name Structure Group pKa pH Examples
G
Sulfonic acid R—3—OH <1 Neutral Aztreonam
0
Fosphenytoin
Phosphate ester R—~o~qu—-0H 2 Neutral Bethamethasone
l Dexamethasone
O Fludarapine
O Penicillin
Carboxylic acid n~<, 2.5-5 5-8 Ketorolac
H
4-Hydroxy
coumarin ~8 8.3 Warfarin
OH
Uracil W .
| ~8 9.2 . Flurouracil
0)\}?§ A
Acetazolamide
Sulforamide I /* 7-9 9-11.6  Clorothiazide
]' Ny Diazoxide
0
Barbituric acid Nj]\‘ Methohexital
HT 7-9 9.5-11 Pentobarbital
o Phenobarbital
. Secobarbital
O . X
Guanine " Acyclovir
| 22,94 11 Gancyclovir
H .
4
Hydantoin R
\ Ry H ~ 10 10-12 Phenytoin
A m\{‘
' 10.5 Liothyronine
- Phenol ‘ 8-10 emulsion Propofil
o organic Etoposide
organic Teniposide

pH > 5 (Table 1), weak bases at pH < 7 (Table II).
Zwitterionic molecules have multiple ionizable groups and
can be either cationic, anionic or neutral (positive and
negative charges cancel each other, for an overall net neutral
molecule) and are usually formulated at a pH in which the
drug is ionic (Table I11). For example, both ciprofloxacin and
sufentanil have a carboxylic acid and an amine, but arc
formulated as the cation at pH < 7. On the other hand, both
ampicillin and cephapirin have a carboxylic acid and an
amine or pyridine, but are formulated as the anion at pH > 5.

Vol. 53, No. 6 / November-Decomber 1939

The range in pH is quite broad and is between pH 2-12,
and thus any molecule with a pKa between 3-11 can be
potentially solubitized by pH adjustment. However, when
using extremes in pH, care must be taken to minimize buffer
capacity in order for the formulation to be in vive compat-
ible. When given intravenously, the formulation components
are quickly diluted by the flow of blood and neutralized by
the buffer capacity of blood. When given via intramuscular
injection, the rate of dilution is reduced but rapid cnough to
still be able to inject in the range pH ~ 3-11. However,
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Table 11 Examples of Weak Base Chemical Functional Groupﬁheir Approximate pKa’s
and Formulation pH’s.
Functional Functional Group Functional Formulation Selected
Group Name Structure Group pKa pH Examples
Fl‘z
IH-Imidazole N Miconazole
{ ) A ~4-6 <6 Ondansetron
Pyridine P\/\ Amronone
L ~5 2-4 Milrinone
Papaverine
N/’ Pyridoxine
R Metoclopramide
\/\ Minocycline
Aniline l (Procaine
y ~5 2-6 Procainamide
also have a
lso h
tertiary amine)
N
H/ \R
4,5-Imidazoline R ~6 3-4 Tolazoline
/AN
R, Atenolol
Amine / 7-10 3-7 Codeine
R—N Daunorubicin
Morphine
R3 Verapamil
morpholine U— 7.4 <5 Doxapram
H
Imidazole R
& \ Cimetidine
\ / 7 3.6.5 Dacarbazine
\ Phentolamine
Rz
: R/~ NH
Amidine o~ ~9-11 <8 Pentamidine
\ 7 N,

when given subcutaneously the rate of dilution is reduced
further with more potential for irritation at the injection site
and thus the range is pH 3-6. For example, chlordiazepoxide
is administered intravenously or intramuscularly and formu-
lated at pH 3 with 20% propylenc glycol and 4% TWEEN
20. Phenytoin sodium is administered either intravenously
or intramuscularly and formulated at pH 10-12 with 40%
propylene glycol and {0% ethanol. Subcutaneous formula-
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tions are slightly acidic such as methadone at pH 3-6, and
levorphanol at pH 4.3.

Water-soluble salt forms (i.e., sodium salts of weak acids,
or hydrochloride salts of weak bases) utilize the same
principle of ionization, and are often the marketed form of
the drug (Table [V). The most common cationic counterion
is sodium which accounts for > 90% of the cations, and
there are three meglumine salts, while only onc salt each of
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[ Table JII, Examples of Zwilterionic Drugs, Approximate pka's and Formulation pi’s.

Acidic Basic
Selected Functional Functional Formulation
Example Chemical Structure Group Name  Group Name pH
and pKa and pKa (ionic state)

”’O 7 Carboxylic Aniline ~ 4 3-4

Ciprofloxacin N N ‘ acid Amine ~9 (Cationic)
choon -4
o

o N/\/D

Sufentanil H,c\)LNJ;) Carquylic Amine ~ 8 3..5-6.
© cooH a.-cn‘f (Cationic)

O0H
Ampicillin 4 i,(“* Carboxylic Amine ~ 8 8-10

N
i acid (Anionic) q
N ~4 i
W, .
s, 1Y '
Cephapirin @’ “or"\&/ﬁr o,  Carboxylic 6-8
H [+

acid Pyridine ~ 5 (Anionic)
~3
. .

the cations potassium, tromethamine and calcium. There are base) or taken away from water (sall of a weak acid). For
many more anionic counterions and the most common is the cxample, gancyclovir is a weak acid with pKa, = 9.4 and
hydrochloride salt followed by sulfate, mesylate, maleate dissolving its sodium salt in water results in pHl ~ 11.
and tartrate. When a salt is dissolved in non-buffered water, In order to maintain a desirable pH range, many formula-
the resulting pH is generally ~2 pKa units away from the tions that utilizc pH adjustment also use buffers to control

pKa, because protons are either added to (salt of a weak pH (Table V). Buffers span the range of pH 2.5-11 and

Table IV. List ‘ ntcr Ion in Salt Forms of Parenteral Drugs.

~ Number of instances

Sodium 55 Hydrochloride
Meglumine 3 Sulfate
Potassium | 1 Mesylate
Calcium 1 Chloride
Tromethamine' 1 Maleate
x Tartrate
Citrate
Bromide
Lactate
Acetate
Phosphate
Besylate
Hydrobromide
Fumarate
Gluceptate
Gluconate
Glucuronate
Lactobionate
Salicylate
Tosylate

_.___.___._._.mmmummo\'ﬂoo;%
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“Table V. List of Buffers Used in Parenteral Formulations
Concentration in  Concentration
Formulation, Administered, Route of
pH Buffer (pKa’s) Molarity Molarity Administration
2.5-4.0 Tartartic acid 0.04 0.04 IM, 1V
(2.9, 4.2)
3 Maleic acid 0.14 0.14 ™
(1.9, 6.2)
3 Glycine 0.2 0.05 1V infusion
(2.3, 9.6)
3.04.5 Sodium lactate/ 0.17 0.17 v
Lactic acid 0.085 IV infusion,
(3.8) 0.02 0.02 SC
3.5 Ascorbic acid 0.02 0.01 m
(4.2, 11.6) 0.02 v
3.0-7 Sodium citrates/ 0.6 0.6 M, IV, IV
Citric acid infusion,
(3.1, 48, 64) 0.1 0.1 SC
4-6 Sodium acetate/ 0.01 0.01 1V, 8C
Acetic acid
(4.75)
4-6.5 Sodium 0.08 0.08 ™M
bicarbonate/ 0.001 v, 1Iv
Carbonic acid infusion
(6.3, 10.3)
4.2-6 Sodium 0.04 0.005 IV infusion,
succinate/ 0.04 SC
Succinic acid
(4.2, 5.6) ™~
6 Histidine 0.005 0.0005 IV infusion
(1.8, 6.0, 9.2) 0.05 0.05 M
6-7 Sodium 0.5 0.5 v
benzoate/
Benzoic acid
(4.2) :
3-8 Sodium 0.08 0.08 IV, 1V infusion
phosphates ™M
(2.2,7.2,12.4)
7.4-9.0 Tris(hydroxy- 0.01 0.01 IM, 1V infusion
methyl)amino- Intra-arterially,
methane Intrathecal
\ (8.3)
8.7-11 Sodium 0.01 0.01 IV, IV infusion,
bicarbonate/ Intravitreal
Sodium (Fomiversen)
carbonate
(6.3, 10.3)
IM = intramuscular
IV = intravenous
SC = subcutaneous
include citrales, acetutes, histidine, phosphate, tristhydroxy- 2. Mixed Organic/Aqucous Formulations
methyl)aminomethane, and carbonates. The buffer concen-
tration must be high enough to maintain the desired pH, but If pH adjustment alone is insufficient in achieving the
must be balanced by in vive tolerability considerations, and desired solution concentration, then a combination of pH
thus it is good practice to minimize buffer capacity of the and organic solvent(s) is often employed. If the drug
administered formulation. molecule is not ionizable then pH has ne effect on solubility,
328 PDA Journal of Pharmaceutical Science & Technology
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but solubility enhancement can often be accomplished by a
combination of aqueous and organic solvents (j.c., a cosol-
vent). The currently used organic solvents used in mixed
organic/aqueous formulations are propyiene glycol, ethanol,
polyethylenc glycol 300 or 400, cremophor EL, TWEEN 80,
sorbito}, glycerin and dimethylacetamide (DMA) (Table VI).

As with any formulation additive, the concentration that is
administered should be minimized to avoid any in vive
complications such as local irritation or precipitation at the
injection site. Many cosolvent formulations are marketed
using rather high concentrutions of organic solvent, and arc
usuatly but not always diluted prior to injection. For
example, propylene glycol is 50% of the fenoldopam
marketed formulation, but is diluted to <1% for 1V infusion.
However, propylene glycol is ~70% of the oxytetracycline
marketed formulation and is injected intramuscularly with-
out dilution.

Similar to formulations using pH adjustment, of the three
main routes of administration (i.e., intravenous, intramuscu-
lar and subcutaneous), the subcutaneous route has the most
constraints when using cosolvent due to the reduced volume
flow away from the injection site compared to intravenous
and intramuscular, As a result, only three cosolvent products
are administered subcutaneously and the amount of organic
solvent is limited to ethanol 6% (dihydroergotamine), glyc-
erin 32% (epineplirine), and propylene glycol 10% (hydrala-
zine). Whereas, the intravenous bolus route can use ethanol
up to 20% (paricalcitrol), PEG 300 up to 50% (methocarba-
mil), and propylene glycol up to 68% (phegnobarbitol). The
intramuscular route has similar iz vive constraints to the
intravenous route, but can tolerate even more organic
solvent (see section 1.3, Totally Organic Solution Formula-
tions).

Surfactant formulations seem to be on the increase with
excipients Cremophor EL and TWEEN 80 leading the way.
These formulations, in general, are supersaturated upon
dilution and must be uscd soon after dilution into IV
compatible fluids. For example, cremophor EL is 11% of the
miconazole marketed formulation, but is diluted to 1% for
1V infusion, Also, TWEEN 80 is 10% of the amiodarone
marketed formulation, but is diluted to 0.4% for 1V infusion.
However, cremophor EL at 10% or TWEEN 80 at 25% can
be administered by 1V infusion \(see section 1.3).

3. Totally Organic Solution Fon“nulalions

Molecules that are non-ionizable (have pKa <2, or
pKa > 11) and non-polar are water insoluble with no effect
of pH on solubility, and thus are the most challenging for the
formulation scientist. These water-insoluble molecules can
be formulated in 100% organic solvent, which is then
usually but not always diluted prior to administration (Table
V1I). For example, busulfan is marketed in 33% dimethyl-
acetamide and 67% PEG 400, but is diluted 10-fold prior to
1V infusion. The lorazepam marketed formulation is 80%
propylene glycol, 18% ethanol and 2% benzy alcohol, but is
diluted 2-fold for IV bolus injcction, but not diluted for
intramuscular injection. Paclitaxe] is marketed with 51%
cremophor EL and 49% ethanol, but is diluted 5- to 20-fold
for 1V infusion. Docetaxel is marketed in 100% TWEEN 80,
but is diluted to 25% for 1V infusion.

Vol. 53, No. 6 / November-December 1833

4. Cyclodextrins

Some molecules can be solubilized by forming an inclu-
sion complex with a cyclodextrin. Cyclodextrins have a
hydrophilic exterior and & hydrophobic interior core of
specific dimensions, and thus molecules with a non-polar,
aromatic or heterocyclic ring can potentiatly fit inside the
core. Increased water solubility through molecular complex-
ation with cyclodexirins has advantages over the cosolvent
approach since upon dilution a 1:1 complex between cyclo-
dextrin and drug will not precipitate, but a drug dissolved in
a cosolvent often precipitates upon dilution. Two cyclodex-
trins have been accepted for human injectable nse with the
approval of alprostidol alfadex and itraconazole. Alprostidol
alfadex is marketed as a lyophilized powder with a-cyclodex-
trin and is administered intracavernosally. Itraconazole was
approved in April 1999 as a solution with 40% hydroxypro-
pyl-B-cyclodextrin and is administered by intravenous infu-
sion after a 2-fold dilution with saline (6). The next
cyclodextrin likely to be approved is sulfobutylether-B-
cyclodextrin, which is in the clinical formulation of ziprasi-
done for intramuscular injection (11).

5. Ennulsions

Qil-soluble molecules are generally neutral uncharged
and non-polar molecules, but can be formulated for intrave-
nous adminisiration by the use an oil-in-water emulsion.
Emulsions can solubilize oil-soluble drugs since the drug
partitions into the oil phase. A typical emulsion is composed
of water with 10-20% soybean and/or safflower oil, 2%
glycerol, 1% egg lecithin and pH 7-8, and is injected by
either IV bolus or IV infusion. The only marketed emulsion
formulation is propofol, which is in a typical emulsion
composed of 10% soybean oil containing 10 mg/mL drug.
The total parenteral nutrition (TPN) formulations are the
lipid emulsions Intralipid and Liposyn, which are adminis-
tered by intravenous infusion as nutritional supplements.

6. Prodrugs

Molecules which contain an alcohol, phenol, carboxylic
acid, amine, hydantoin functional group can potentially be
derivatized as a prodrug. Once the prodrug is administered
in vivo, the promoicty is hydrolyzed by either esterases or
phosphatases releasing the parent drug. Although prodrugs
are normally associated with orally administered producls
for better oral bioavailability, many parenteral products are
prodrugs (Table VIII).

The versatility of the prodrug approach is demonstrated
with prodrugs that in design either increase or decrease
water solubility. A water-soluble prodrug has an electroni-
cally charged prowmoiety, while a water insoluble prodrug
has been derivatized 10 be a neutral molecule (see section
11.7b). Recently, a few water-soluble phosphate ester pro-
drugs have been developed and marketed in order to replace
the original formulations that contain high concentrations of
organic solvent. The phenol-containing etoposide (etoposide
phosphate) is derivatized as a water-soluble phosphate ester.
Water-soluble phosphate esters are also prodrugs for alcohol-
containing betamethasone, clindamycin, dexamethasone,
fludarabine, hydrocortisone, and prednisolone. The hydan-
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Table VI. List of Cosolvents Used in Parenteral Formulations.
% in Marketed % Route of .
- Solvent Formulation  Administered  Administration Examples
Cremophor EL 11 ] 1V infusion Miconazole
20 0.02-0.08 IV infusion Tacrolimus
50 0.1-1 IV infusion Tenoposide
50 18 Intravesical Valrubicin
51 2.5-10 1V infusion Paclitaxel
65 0.65-3.3 1V infusion Cyclosporin
Dimethyl- 6 0.012-0.12 1V infusion Tenoposide
acetamide 33 3 1V infusion Busulfan
(DMA)
Ethanol 3 (diluent for 0.5 1V infusion Medroxy-
LP) progesterone
6 6 IM, SC, IV Dihydroergotamine
10 10 M, IV Diazepam
10 2.5-10 v Digoxin
10 10 IM, IV Ketorolac
10 10 IM, IV Pentobarbital
10 10 M, IV Phenobarbital
10 10 IM, IV Phenytoin
13 (diluent) 10 (diluent) IV infusion Docetaxel
20 20 v Paricalcitol
25 1 IV infusion Esmolol
30 0.3-0.6 Etoposide
35 0.35-1.7 IV infusion Cyclosporin
42 0.084-0.84 IV infusion Teniposide
49 2.5-10 IV infusion Paclitaxel
50 - 18 Intravesical Valrubicin
80 0.08-0.32 IV infusion Tacrolimus
100 (dli,];)cm for 10 IV infusion Carmustine
Glycerin 15 15 IM, SC,IV Dihydroergotamine
25 25 IV infusion Idarubicin
32 32 SC Epinephrine
N-methyl-2- 100 (diluent for 100 Subgingival Doxycycline
pyrrolidone LP)
(Pharmasolve)
Monothio- 10 10 M Oxytetracycline
lycerol
PEG 300 ( 50 50 M, IV Methocarbamil
\ 60 0.6-1.2 v Etoposide
PEG 400 18 18 M Lorazepam
- 18 9 v Lorazepam
67 6-7 1V infusion Busulfan

toin-containing phenytoin prodrug (fosphenytoin) is deriva-
tized in a unique fashion as a water-soluble hydroxymethyl

_'phosphate ester, which after in vive enzymatic phosphate

ester cleavage, the resulting hydroxymethy! intermediate
quickly dissociates to phenytoin and formaldehyde (12).
Other water solubilizing prodrug approaches are a succinale
ester of the alcohol methylprednisolone, and a piperidine
carbamate in irinotecan a prodrug for a phenol drug.
Prodrugs can also be used for stability reasons. For
example, alatrofloxacin is the alaninc-alanine dipeptide
prodrug for the primary amine trovafloxacin which is
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unstable in solution. The prodrug alatrofloxacin is marketed
as a solution at pH 3.44.3.

I Sustained-Release Technlques

The research in controlled release during the 1970s has in
the 1990s become a commercial realization with the ap-
proval of liposemal, polymeric microspherc and polymeric
gel formulations. However, traditional approaches are still in
use such as suspensions, prodrugs and oil depots.

PDA Journal of Pharmaceutical Science & Technology

—

Supplied by The British Library - "The world's knowladge”

InnoPharma Exhibit 1020.0210

e




Table VI (cont.). List of Cosolvents Used in Parenteral Formulations.
% in Marketed % Route of
- Solvent Formulation  Administered Administration Examples
Propylene glycol 10 10 M, SC Hydralazine
PG, 20 (diluent for 20 M Chlordiazepoxide
LP)
25 1 1V infusion Esmolol
30 30 v Paricalcitol
35 35 v Etomidate
40 40 M, IV Diazepam
40 10-40 v Digoxin
40 40 M, IV Pentobarbital
40 40 IM, IV Phenytoin
50 50 M Dimenhydrinate
50 5 IV infusion Dimenhydrinate
50 0.2 1V infusion Fenoldopam
60 (diluent for 6 IV infusion Medroxy-
LP) progesterone
67-75 67-75 ™M Oxytetracycline
68 68 IM, IV Phenobarbital
80 80 ™M Lorazepam
80 40 1\% Lorazepam
Sorbitol 2 2 M Thiethylperazine
4.5 0.1 IV infusion Irinotecan
5 0.2 IV infusion Nicardipine
7 0.7-2 v Diltiazem
50 50 Intra-articular, Triamcinolone
- Intralesional
TWEEN 80 0.075- 0.075 M Dexamethasone
(Polysorbate 80) Acetate
0.4 0.4 IV bolus Calcitriol
4 (diluent for 4 M Chlordiazepoxide
LP)
8 0.08-0.16 v Etoposide
10 0.4 IV infusion Amiodarone
100 25 IV infusion Docetaxel

IM = intramuscular

IV = intravenous

LP = lyophilized powder
PEG = polyethyleneglycol
SC= subcutaneo\us

A

\

7a. Suspension Formulations

Suspension formulations provide a sustained-release de-
pot at the injection site that releases prodrug by dissolution.
Suspensions used for sustained delivery are composed of a
drug dispersion in either an aqueous or oil-based suspension
(Table 1X).

Almost all suspensions are administered intramuscularly,
intralesionally or intra-articularly. The only subcutaneously
administered suspension of a small molecule (many proteins
are administercd subcutaneous, e.g., human insulin) is
epincphrine, which is administered every 6 hours and is
formulated in 32% glycerin providing both rapid (drug in
solution) and sustained activily (crystatline drug in suspen-
sion). The only sesame oil suspension is the anti-rheumatic
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aurothioglucose, which is administercd intramuscularly ev-
ery 1-4 weeks.

7b. Prodrugs in Suspension Fornulations

Most of the other suspension formulations arc aqueous-
based and contain water-insoluble prodrugs which are
lipophilic esters of alcohols. For example, hydrocortisone
acetate and dexamethasone acetate are acetate esters of their
alcohal-containing parent drug, and are administered intra-
muscularly, intralestonally or intra-articularly once cvery
1--3 weeks. The contraceptive medroxyprogesterone acetate
is administered intramuscularly once every {3 weeks. Aque-
ous-based suspensions typically contain TWEEN 80 at
~0.75-4 mg/mL (0.4%) along with a suspending agent such

331
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Table V11, List of Non-Aqueous Solution Formulations for Parenteral Administration,

Drug Name/
Marketed Preadministration Route of Company and
| _Name Structure Formulation ____preparation Administration Indication
Busulfan/ o 6 mg/mL Dilute with saline or 1V infusion Orphan Medical,
Busulfex "~ *K/\/\o.i_m, N, N-dimethylacetamide dextrose 5% to 0.6 Neoplastic
€ b (DMA) 33%, mg/mL.
i PEG 400 at 67%
Cyclosporin/ Cyclic peptide (11 50 mg/mbL Dilute with saline or 1V infusion Novartis,
Sandimmune  amine acids), MW ~ Cremophor EL 65%, dextrose 5% to 1-2.5  over 2-6 hours Immuno-
1200 Ethanol 35%, mg/mL (1 mL into 20- suppressant
blanketed with nitrogen’ 100 mL)
Docetaxel/ 40 mg/mL in Dilute with provided 1V infusion Rhone-Poulenc
Taxotere TWEEN 80 diluent (13% ethyl over 1 hour Rorer ,
Provided diluent of Ethyl alcohol) to 10 mg/mL. Antineoplastic
alcohol 13% in water
Etoposide/ M_% 20 mg/mL Dilute with saline or 1V infusion Astra
Etoposide PEG 300 60%, dextrose 5% to 0.2~ over 30-60 and
injection Ethyl alcohol 30%, 0.4 mg/mL., minutes Bristol-Myers
and TWEEN 80 at 8.0%, Squibb,
VePesid Benzyl alcohol 3.0 %, Antineoplastic
\ Citric acid 2 mg/mL
w/@\ pH =34
OCH;
Haloperidol 1 50-100 mg/mL None M Ortho-McNetl,
Decanoate/ o o in Sesame Oil psychotic
Haldol Benzyl alcohol 1.2% disorders,
decanoate | Tourette's
Disorder

-
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Table V11 (cont.). List of Non-Aqueous Solution Formulations for Parenteral Administration.

Drug Name/

Marketed Preadministration Route of Company and
Name Structure Formulation reparation Administration Indication
Lorazepamy/ Tt 2-4 mg/mL None for IM. For IV v/ Wyeth-Ayerst,
Ativan PEG 400 at 18%, dilute with equal IV bolus at £2 Anxiolytic;

in Propylene glycol volume of saline, mg/min sedation;
Benzyl alcohol 2% dextrose 5% or status epilepticus
lactated Ringer’s.
Paclitaxel/ o Solution Dilute with saline, IV infusion Bristol-Myers
Taxol ? ,.,c)\-° .- 6 mg/mL dextrose 5% or Squibb,
AR %0 Cremophor EL 51% lactated Ringer’s to Antineoplastic
©,‘\)°L°,. (Yo, Ethyl alcohol 49% (v/v)  0.3-1.2 mg/mL.
OH
Tacrolimus 5 mg/mL Dilute 250 or 1000- 1V infusion Fujisawa,
(FK 506)/ Cremophor EL 20%, fold into saline or Immuno-
Prograf Ethyl alcohol 80% dextrose 5% to 0.004- suppresent
0.02 mg/mL (transplant
rejection)
Teniposide 50 mg/mL Dilute with saline or 1V infusion Bristol-Myers
(VM-26)/ Cremophor EL 50%, dextrose 5% to 0.1-1 over 30-60 Squibb,
Vumeon Ethyl alcohol 42%, mg/mL minutes Antineoplastic
Dimethylacetamide 6%,
Benzy! alcohol 30 mg/mL
pH 5 (Maleic acid)
Testosterone 1 200 mg/mL None ™M BTG
Enanthate/ A Sesame oil,
Delatestryl Chlorobutanol 5 mg/mL
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Table VIIL List of Prodrugs for Parenteral Administration.

EDTA 0.1 mg/mL,
Benzatkonium chloride 0.2
mg/mL,

Drug Name/
Marketed Type of Preadministration Route of
Name Structure Formulation prodrug Bm&tion Administration _
Ala- ' ] Solution Amide Dilute to 1-2 IV infusion over 60
trofloxacin e < 5 mg/mL mg/mL with 5% minutes
mesylate/ -/k("fu?@ d pH 3.4-4.3 dextrose
Trovan
Amifostine/ H Lyophilized powder / Phosphor- Reconstitute with 1V infusion over 15-
Ethyol N N N T 500 mg y ylated thiol  saline to 50 mg/mL 30 minutes
H (stable at room
temperature for 5
hours).
May be further
diluted to 5 mg/mL
with saline.’
Betametha- g Suspension Water soluble None M
sone oM Betamethasone sodium phosphate
Phosphate oH, phosphate 3 mg/mL, ester
sodium and Betamethasone acetate 3
Betametha- mg/mL, and
sone Acetate/ ¢ Sodium phosphate dibasic 7.1
Celestone mg/mkL, Water
soluspan Sodium phosphate monobasic insoluble
3.4 mg/mL, acetate ester

pH 6.8-7.2

— el

PO, {
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“Table VI (cont.), List Of ?rodg&s for Parenteral Administration.
Drug Name/
Marketed Type of Preadministration Route of
| Name Structure Formulation prodrug preparation Administration
Cefamandole o . Solid Formateester  Reconstitute to
/Mandol Ck)kw L o, 1-10g - rapid 100-285 mg/mL IV bolus
%{0 }%’SYNE' Sodium carbonate 63 mg/gram  hydrolysis  with WFI, saline or  over 3-5 minutes/
Nt A cefamandole, / after dextrose 5%. IV infusion over 15-
l pH 6-8.5 / dissolution 30 minutes
S RT
H u ™ ?"
L
Cotamandole COOH N-N
Clindamycin Hy 1) Solutton Water soluble  Dilute concentrated IV infusion at 30
Phosphate/ A F e 150 mg/mL, phosphate  solution with saline mg/hour
Cleocin H,c’bb\ ko EDTA 0.5 mg/mL, ester or lactated Ringer’s
phosphate H o Yon Benzyl alcohol 9.4 mg/mL. to < 18 mg/mL.
SCH pH = 5-6.
S o 2) Ready to use solution
0? ou 0.5-18 mgImL
Dextrose 5%,
EDTA 0.04 mg/mL.
Cortisone i Suspension Water None IM only
Acetate/ 50 mg/mL., insoluble
Cortone - OM Sodium carboxymethylcellulose  acetate ester
Hy 5 mg/mL,
TWEEN 80 at 4 mg/mL,
Sodium chloride 9 mg/mL,
Benzyl alcohol 9 mg/mL

SEE
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Table VI (cont.). List of Prodrugs for Parenteral Administration.
Drug Name/
Marketed Type of Preadministration Route of
| Name Structure ___ Formulation prodrug reparation Administration
Dexame- Suspension Water Gentle swirl IM/
thasone 8 mg/mL insoluble contents to Intralesional/
Acetate/ TWEEN 80 at 0.75 mg/mL, acetateester  resuspend settled Intra-articular/
Decadron- Sodium chloride 6.7 mg/mL, particles. Soft tissue
LA Creatinine 5 mg/mL,
EDTA 0.5 mg/mL,
Benzyl alcohol 9 mg/mL,
Sodium bisulfite 1 mg/ml<
pH 5.0-7.5  /
Dexame- Suspension Water Gentle swirl M/
thasone 16 mg/mL insoluble contents to Intra-articular/
Acetate/ Sodium carboxymethylcellulose  acetateester  resuspend settled Soft tissue
Dalalone 5 mg/mL, particles. (Not intralesional)
D.P. TWEEN 80 at 0.75 mg/mL,
Sodium chloride 6.7 mg/mL,
Creatinine 5 mg/mlL.,
EDTA 0.5 mg/mL, |
Benzyl alcohol 9 mg/mL, ‘
Sodium bisulfite 1 mg/mL '
. pH 5.0-7.5
Dexarne- Solution Water soluble ~ For IV infusion IV bolus/
thasone 4 and 24 mg/mL phosphate  dilute with saline or IV infusion/
Phosphate w/wo Lidocaine 10 mg/mL, ester dextrose 5%. ™/
sodium/ Creatinine 8 mg/mL, Intralesional/
Decadron Sodium citrate 10 mg/mL, Intra-articular/
Methylparaben 1.5 mg/mL, Soft tissue
Propylparaben 0.2 mg/mL,
Sodium bisulfite 1 mg/mL
pH 5.0-7.5
under nitrogen
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Table V111 (cont.). List of Prodrugs for Parenteral AGministration.

Drug Name/
Marketed Type of Preadministration Route of
| Name Structure Formulation __prodrug __preparation Administration
Etoposide Lyophilized powder Water soluble  Reconstitute with 1V infusion over 30-
Phosphate/ 100-1000 mg, phosphate WFI, saline or 60 minutes
Etopophos Sodium citrate 32-327 mg/mlL, ester dextrose 5% to 10-
Dextran 40 at 300-3000 mg 20 mg/mL which is
further diluted with
saline or dextrose
/ 5% to 0.2-0.4
/ mg/mL.
Fludarabine NH, Lyophilized powder Water soluble Reconstitute with 2 1V infusion
Phosphate N 50 mg, phosphate mL WFI to 25 over 30 minutes
F/jl\ o> Mannitol 50 mg ester mg/mL then further
N pH 7-8 diluted with 100-
9 125 mL saline or
HO—P—0. o dextrose 5% to ~
oH Ho /] Fludarabine 0.5 mg/mL.
Phosphate
OH
Fos- Solution Water soluble  None for IM. For M/
phenytoin/ 2 R 75 mg/mL hydroxy- IV infusion dilute IV infusion at < 150
Cerebyx - 0w Tromethamine, methyl with saline or PE/minute
H i pH = 8.6-9.0 phosphate  dextrose 5% to 1.5-
ester 25 mg PE/mL.
Haloperidol 1 Non-aqueous solution Water None M
Decanoate/ o i 50-100 mg/mL insoluble
Haldol D,L,v in Sesame Oil deconate ester
decanoate | Benzyl alcohol 1.2%
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Table VIII (cont.). List of Prodrugs for Parenteral Administration.
Drug Name/
Marketed Type of Preadministration Route of
‘ Name Structure Formulation rodru preparation Admigjgmtion
Hydro- T Suspension Water None M/
cortisone 50 mg/mL insoluble Intralesional/
Acetate/ TWEEN 80 at 4 mg/mL, acetate ester Intra-articular
Hydro- Sodium carboxymethylcellulose
cortone 5 mg/mL,
Acetate Sodium chloride 9 mg/mL,
Benzy! alcohol 9 mg/mL/
Hydro- Solution / Water soluble None or dilute with SC/
cortisone 50 mg/mL phosphate saline or dextrose ™Y
Phosphate Creatinine 8 mg/mL, ester 5%. IV bolus/
sodum/ Sodium citrate 10 mg/mL, IV infusion
Hydro- Sodium bisulfite 3.2 mg/mL,
cortone Methylparaben 1.5 mg/mL,
Phosphate Propylparaben 0.2 mg/mL.,
pH 7.5-8.5
Irinotecan Solution Water soluble Dilute with 1V infusion over 90
HCl/ 20 mg/mL, carbamate dextrose 5% or minutes
3 Camptosar Sorbitol 45 mg/mL, saline to 0.12-1.1
z Lactic acid 0.9 mg/mL mg/mL.
§ pH 3.0-3.8
Q
3 Medroxypro Suspension None IM once every 3
g gesterone 150-400 mg/mL, months
B Acetate/ PEG 3350: 20-29 mg/mL,
g Depo- TWEEN 80 at 2.4 mg/mL,
g Provera v Sodium chloride: 8.7 mg/mL,
9 Cn,  (acetale prodoug) Methylparaben: 1.4 mg/mL,
% Propylparaben: 0.15 mg/mL
5
g
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Table V111 (cont.). List of Prodrugs for Parenteral Administration.
Drug Name/
Marketed Type of Preadministration Route of
Name Structure Fq__rmulation g preparation ______Administration
Methyl- Solution Ethyl ester Dilute with IV infusion over 30-
dopate HCl/  *© o, 50 mg/mL dextrose 5% to 10 60 minutes
Aldomet vd o Citric acid 5 mg/mL, mg/mL.
Ester HC] w0 Sodium bisulfite 3.2 mg/mL,
Monothioglycerol 2 mg/mL,
EDTA 0.5 mg/mL,
Methylparaben 1.5 mg/m_L/,
Propylparaben 0.2 mg/mL
~ pH 3-4.2
Methyl- Suspension Water None ™/
prednisolone 20-80 mg/mL insoluble Intrasynovial/
Acetate/ PEG 3350 3%, acetate ester Soft tissue or
Depo- TWEEN 80 at 2 mg/mL, Intralesional
Medrol Sodium phosphates 2 mg/mL,
Benzyl alcohol 9 mg/mL,
Sodium chloride (isotonic),
pH 3.5-7.0
Methy- Lyophilized powder Water soluble  Reconstitute with M/
prednisolone 40-2000 mg succinate WEFI to 40-65 IV bolus/
Succinate Sodium phosphates 18 mg/mL ester mg/mL. For IV IV infusion !
sodium / w/wo Lactose 25 mg/mL, infusion further |
Solu-Medrol Benzyl alcohol 9 mg/mL dilute with saline or ?
pH 7-8 dextrose 5%. :
Prednisolone Solution Water soluble  None or for IV M/
Phosphate 20 mg/mL phosphate  infusion dilute with IV bolus/
sodium/ Niacinamide 25 mg/mL, ester 50-1000 mL saline IV infusion/
Hydeltraso] EDTA 0.5 mg/mL, or dextrose 5%. Soft tissue/
(Not in 1999 Sodium bisulfite 1 mg/mL, Intra-articular/
PDR as Phenol 5 mg/mL Intralesional
injectable) pH 7-8

6€E
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Table VI (cont.). List of Prodrugs for Parenteral Administration.

Drug Name/

Marketed Type of Preadministration Route of

Name Formulation g;gdmL preparation Administration

Testosterone Non-aqueous solution Water None M

Enanthate/ 200 mg/mL insoluble

Delatestryl Sesame oil, heptanate

Chlorobutanol 5 mg/mL ester

“
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as sodium carboxymethylcellulose at ~5 mg/mL (ie.,
dexamethasone acctate), PEG 3350 at 30 mg/mL (ie.,
methylprednisolone acetate) or sorbitol at 50% (i.c., triam-
cinolone hexacetonide).

8. Depots

Sesame oil formuiations of oil-soluble drugs provide a
sustained-releasc depot at the injection site that relcases drug
by diffusion-like uptake of oil. For example, the prodrugs
haloperidol deconate and testosterone enanthate are formu-
lated in 100% sesame oil and administered intramuscularly
once a month.

9. Liposomes

An exciting new era of the parenteral sciences began with
the approval of liposomal products. A liposome is a lipid
bilayer and an aqueous-based multilayered spherical drug
delivery system where the drug is encapsulated inside the
liposome, and is released as the liposome is eroded in vive. A

typical liposome formulation contains water with lipid at ~5 *

mg/mL, an isotonicifier, a pH 5-8 buffer, and with or without
cholesterol. These liposomes are injected either by IV
infusion or intrathecally. Table X lists the six currently
available liposomal products of the four drugs amphotericin
B (3 liposome formulations), cytarabine, daunorubicin and
doxorubicin., The amphotericin B liposomal products are
administcred by IV infusion and have an in vivo elimination
half-life of 40-150 hours. The daunoriibicin liposomal
formulation has an in vivo half-life of 4.4 hours compared to
0.8 hours for the conventional formulation (1, pg. 1970). The
cytarabine liposomal formulation, Dcpocyt, is administered
intrathecally once every 2 weeks, while the conventional
formulation is given twice per week.

To further increase the in vivo circulating times, lipo-
somes can be covalently derivatized with polyethylencgly-
col to produce PEGylated or stealth liposomes. The only
commercially available PEGylated liposome is doxorubicin
in Doxil and is administered by IV infusion and has a
half-life of 50~55 hours (1, pg. 2985). The proteins adeno-
sine deaminase (Adagen) and asparginase (Oncaspar) are
also available as a PEGylated derivative.

\

10. Polymeric Microspheres ",

“The era of controlled relcase using polymeric micro-
spheres began with the approval of the peptide leuprolide as
lupron depot. The drug is incorporated into a biocompatible
polymer and transformed into lyophilized microsphercs
during the manufacturing process. The reconstituted micro-
spheres are injected intramuscularly and slowly erode in
vivo, releasing the drug. In the marketed formulation, leupro-
lide is in lyophilized microspheres with DL-lactic/glycolic
acid copolymer (PLGA), gelatin and mannitol, which is then
reconstituted prior to administration to a suspension using an
aqueous solution of sodium carboxymethylceltulose, TWEEN
80 and mannitol. The microspheres provide a depot of drug
and are administered once every 1-4 months, depending on
the dose (3.75 mg/) month, 30 mg/4 months). One of the
leuprolide formulations uses a dual chamber syringe for ease
of reconstitution and administration,

Vol. 53, No.& / November-December 1999

A polymeric PLGA microsphere formulation of human
growth hormone (Nutropin Depot) finished Phase 111 clinical
trials in 1999 (13). In this formulation, human growth
hormone is made into an insoluble complex with zinc, and
encapsulated into PLGA microspheres in a non-aqueous
cryogenic process (14). The resulting free-flowing powder is
reconstituted lo a suspension prior (0 subcutaneous or
intramuscular administration.

11. Polymeric Gels

Polymeric gels provide a depot of drug that is released
over 1-4 weeks. The era of controlied release using poly-
meric gels began with the approval of doxycycline hyclate
which is available as a 7-day controlled-release system that
is a solution upon subgingival administration, but solidifies
upon contact with the crevicular fluid. This product is
marketed as Atridox® in a Atrigel Delivery System which is
a two-syringe setl-up where syringe A contains the polymer
poly(DL-lactide) dissolved in N-methyl-2-pysrolidone, and
syringe B contains solid doxycyclinc. Upon coupling the
two syringes, the liquid in syringe A is injected into syringe
B and repeatedly mixed to complete dissolution, and then
the yellow viscous liquid is administered subgingivally.

Local delivery directly into tumors of the anti-tumor
cancer drugs fluorouracil and cisplatin, as well a subcutane-
ous injection of leuprolide are in clinical trials using a
polymeric gel formulation.

{ll. Containers/Vials

Most injectable products are still marketed in traditional
vials, ampules and infusion bags. However, there is in-
creased usc of more convenient containers such as prefitled
syringes, dual chamber syringes and pen-type injectors.
Prefilled syringes are especially useful in emergency situa-
tions such as in the use of the antithrombotics dalteparin,
danaparoid and enoxaparin; the analgesics morphine, hydro-
morphone, fentanyl, lidocaine and sumatripan; the sedatives
lorazepam and propofol; and the antihypertensive labetalol.
Dual chamber syringes are vsed to avoid the usual manipula-
tions involved in reconstitution of a lyophilized powder, and
one syringe contains the solid drug while the second syringe
contains the liquid diluent, which are mixed prior to
administration. Products that use a dual chamber set-up
include diltiazem, doxycycline and leuprolide. Pen-type
injectors such as NovoPen® with insulin involve a 1-3 mL
cantridge that goes into the pen-like delivery device, and the
epineplhirine autoinjector for intramuscular self-administra-
tion.

W. Future

The future is promising for the formulation sciences, in
general, and also for the parenteral formulation sciences.
New parentéral achievements will likely include targeted
delivery, more sophisticated controlled delivery, novel for-
mulations and new excipients, which may utilize new
technologies and be marketed in new devices, Biotechnol-
ogy proteins and antibodies will likely continue to be at the
forefronts of the parenteral sciences. The new and exciting
ficld of gene therapy will likely rely on injectable and
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Table IX. List of Suspension Formulations for Parenteral Administration.
: Drug Name/
} Marketed Preadministration Route of
: Name Structure Formulation preparation Administration
i Aurothio- HO, 50 mg/mL None IM (oil)
| glucose/ in sesame oil Prolonged
| Solganal Aluminum monostearate 2%, release due to
: e Propylparaben 0.1% slow
1 absorption
| Hi
l? oa\A“ /
i Betametha- Water soluble phosphate ester prodrug Betamethasone phosphate None M
‘ sone 2 3 mg/mL, :
; Phosphate Betamethasone acetate 3 mg/ml., '
f sodium and EDTA 0.1 mg/mL,
Betametha- Benzalkonium chloride 0.2 mg/mlL,
sone Acetate/ Sodium phosphates 10.5 mg/mL,
Celestone pH 6.8-7.2
soluspan

S

z

[*]

=Y

k) Cortisone oy 50 mg/mL, None M only

:g: Acetate/ TWEEN 80 at 4 mg/mL,

8 Cortone i) P Sodium CMC 5 mg/mL,

£ s Sodium chloride 9 mg/mL,

2 Benzyl alcohol 9 mg/mL

£ o

& Water insoluble ester prodrug

&

g

8
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Table IX (cont.). List of§uspcnsion Formulations for Parenteral Administration.

Drug Name/
Marketed Preadministration Route of
Name Formulation preparation Administration
Dexame- 8 mg/mL Gentle swirl IM/
thasone TWEEN 80 at 0.75 mg/mL, contents to Intralesional/
Acetate/ Sodium chloride 6.7 mg/mL, resuspend settled  Intra-articular/
Decadron- Creatinine 5 mg/mL, particles. Soft tissue
1A EDTA 0.5 mg/mL,
Benzyl alcohol 9 mg/mL,
SodJum bisulfite 1 mg/mL
pH 5.0-7.5
Dexame- 16 mg/mlL. Gentle swirl Myt
thasone TWEEN 80 at 0.75 mg/mL, contents to Intra-articular/
Acetate/ Sodium CMC 5 mg/mL, resuspend settled  Soft tissue
Dalalone Sodium chioride 6.7 mg/mL., particles. (Not
D.P. Creatinine 5 mg/mlL, intralesional)
EDTA 0. hS ;ngg/mmglf
ac r Benzyl alcoho mL,
Water msoluble etate ester prodrug Sodium bisulfite 1 me/mi,
: pH 5.0-7.5 -
Epinephrine QOH 5 mg/mL Shake contents of SC
HCV HO ﬁ\ Glycerin 325 mg/mL, vial to disperse
Susphrine CH, Thioglycolic acid 6.6 mg/mL, particles to
H Ascorbic acid 10 mg/mL, uniformity.
0 Phenol 5 mg/mL,
Hydro- i H 50 mg/mL None My
cortisone o TWEEN 80 at 4 mg/mlL., Intralesional/
Acetate/ <OH Sodium CMC 5 mg/mL, Intra-articular
Hydro- Sodium chloride 9 mg/mL.,
cortone Benzy] alcohol 9 mg/mL
Acetate

Water insoluble acetate ester prodrug
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Table IX (cont.). List of suspension Formulations for Parenteral Administration.

Drug Name/
Marketed Preadministration Route of
Name Structure Formulation preparation Administration
Medroxypro P 150-400 mg/mL, None IM once every
gesterone PEG 3350: 2-3% 3 months
Acetate/ TWEEN 80 at 2.4 mg/mL,
Depo- Sodium chloride 8.7 mg/mL,
Provera Methylparaben: 1.4 mg/mL,
Propylparaben: 0.15 mg/mL
Methyl- / 20-80 mg/mL None ™y
prednisolone / PEG 3350 3%, Intrasynovial/
Acetate/ TWEEN 80 at 2 mg/mL, Soft tissue or
Depo- Sodium phosphates 2 mg/mL, Intralesional
Medrol Benzyl alcohol 9 mg/mL,
. Sodium chloride (isotonic),
Ty pH 3.5-7.0
Water insoluble acetate ester prodrug
Penicillin G 9 Lh 150,000-600,000 units each/mL. Shake vial before M
benzathine Q\)\N i i-S CH, CMC 0.55%, withdrawing the
and ;ul \)<CH, Lecithin 0.5% desired dose.
Penicillin G e £00H Povidone 0.1%,
procaine / Methylparaben 0.1%,
Bicillin Propylparaben 0.01%,
Sodium citrate
pH 6-8.5
Triamcino- O/L 20-40 mg/mL None M/
lone e 3 o PEG 3350 at 3%, Intra-articular/
Diacetate/ X " TWEEN 80 at 0.2% Intrasynovial/
Aristocorte i Sodium chloride 8.5 mg/ml, Intralesional
Benzyl alcohol 9 mg/mL.,
Water insoluble diacetate ester pH~6
prodrug
e—
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Wantero insoluble ester prodrug
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Table IX (cont.). List of Suspension Formulations for Parenteral Administration.
Drug Name/

Marketed Preadministration Route of
| Name Formulation preparation Administration
| Triamcino- 5-20 mg/mL None Intra-articular/ |

lone Hexa- Sorbitol 50%, Intralesional

cetonide/ TWEEN 80 at 0.2-0.4%
Aristospan Benzyl alcohol 9 mg/mL,
pH 4.5- 6.5

CMC = Ciarboxymethylcellulose
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" Table X. List of Liposomal Formulated Parenteral Products for Parenteral AQministration.

Drug Name/
Marketed Lipid-to-drug  Preadministration Route of
Name Structure Formulation molar ratio reparation Administration
Amphoter- : Pl ow Opaque suspension I:1 Diluteto 1-2mg/mL. IV infusion at 2.5
icin B/ o m‘ oo 5 mg/mL with 5% dextrose mg/kg/hr
Abelcet W NENINENIN _ DMPC 3.4 mg/mL,
— R DMPG 1.5 mg/mL, .
Sodium chloride 9 mg/mL
pH = 5-7
Amphoter- Lyophilized powder 1:1 Reconstitute with 1V infusion at 3-4
icin B 50 -100 mg WFIto a5 mg/mL mg/kg/hr
cholesteryl SCS 2.6 mg/mL, / colloidal
sulfate/ Lactose 95 mg/mL, dispersion,.
Amphotec TRIS 0.56 mg/mL, Dilute to 0.16 - 0.83
EDTA 0.037 mg/mL, mg/mL with 5%
dextrose.
Amphoter- Lyophilized powder 4:1 Reconstitute with IV infuston at 3-§
icin B/ S0 mg WFI to a 4 mg/mL mg/kg/hr
Ambisome HSPC 18 mg/mL, translucent
' DSPG 7 mg/mL, suspension,.
Cholesterol 4 mg/mL, Dilute to 1-2 mg/mL
Alpha tocopherol 0.05 mg/mL, with 5% dextrose.
Sucrose 75 mg/mL,
Disodium succinate 2 mg/mL
pH 5.0-6.0
Cytarabine NH, Suspension Multivesicular 1:1 None Intrathecal
(Ara-C)/ Nflj Lipid Particle
DepoCyte oﬂl\N 5 mg/mL
oS o DOPC 5.7 mg/mL,
Q) DPPG 1 mg/mL,
Cholesterol 4 mg/mL,
“ Sodium chloride 9 mg/mL
pH 5.5-8.5
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Table X (cont.). List of Liposomal Formulated Parenteral Products for Parenteral Administration.

Drug Name/
Marketed ‘ Lipid-to-drug  Preadministration Route of
Name Formulation molar ratio reparation Administration
Dauno- Solution I 18:1 Dilute 1:1 with IV infusion over 60
rubicin 2 mg/mL, dextrose 5% to 1 minutes
Citrate/ DSPC: Cholesterol in 2:1 molar mg/mL.
DaunoXome ratio /
/

Doxorubicin o ox 9 Liposomal dispersion 1:1 Dilute the dose into 1V infusion over 30
HCl/ /™ ow 2 mg/mL, 250 mL of dextrose minutes
Doxil O‘O‘ "oH MPEG-DSPE 3.2 mg/mL, 5%.

(Pegylated L. HSPC 9,6 mg/mL,

stealth "y Cholesterol 3.2 mg/mL,
liposome) Ammonium sulfate 2 mg/mL, .
’ on't Histidine

DMPC = L-¢t-dimyristoylphosphatidylcholine

DMPG = L-o-dimyristoylphosphatidylglycerol

DOPC = Dioleoylphosphatidylcholine

DPPG = Dipalmitoylphosphatidylglycerol

DSPC = Distearoylphosphatidylcholine

DSPG = Distearoylphosphatidylglycerol

HSPC = Hydrogenated soy phosphatidylcholine

MPEG-DSPE = N-(carbonyl-methoxypolyethylene glycol 2000)-1,2-distearoyl-sn-glycero-3-phosphoethanolamine sodium
SCS = Sediumn cholesteryl sulfate
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Table X1. Abbreviations Used in the Compilation
Abbre;(’isation Meaning
ACE angiolensin-converting cnzyme
C, G, T (Fomiversen) C = cytosine
G= guanine
T= thymine
CHF congestive heart failure
cMV Cytomegalovirus
EDTA ethylenediamine tetraacetic acid
HCI hydrochloride salt
™M intramuscular
1P intraperitoneal
v intravenous
LH-RH leutenizing hormone-releasing hormone
PCI percutaneous cardiovascular intervention
PDR Physician’s Desk Reference
PEG polyethyleneglycol
PG propylene glycol
PSVT paroxysmal supraventricular tachycardia
SC subcutaneous
TRIS tris(hydroxymethyl)aminomethane
TWEEN polysorbate
WFI water for injection
w/wo with or without

solution formulations for delivery of antisense oligonucleo-
tides (15, 16), such as with the anti-sense ophthalmic
product fomiversen (Vitravene). In general, formulation
approaches along with drug design will be the means to
achicve optimal drug delivery based upon therapeutic needs.

New approaches could include nanoparticles (17), submi-
cron solid particles coated with either natural or semisyn-
thetic phospholipids (18), mixed-micelles, microemulsions
for injection (19), and soluble self-assembled black copoly-
mers to either solubilize drug in 2 micelle-like structure
[PEO-b-PAA-DOX, pely(ethylene oxide)-block-poly(aspar-
tic acid)-doxorubicin] or covalently bind drug (20). ""Sman”
controlled-release systems that deliver drug when needed
could be the next generation in controlled release, including
pulsatile delivery to mimic human circadian rhythms or
normal hormone production. The: release of drug could be
triggered by timed events or more sophisticated means, such
as a chemical stimulus, photosensors, blood pressure sen-
sors, or some type of biofeedback mechanism, New excipi-
ents will likely be approved, such as sulfobutyl ether
B-cyclodextrin, tetraglycol, triglyme, transcutol, 2-pyrrol-
idone (Soluplior® P), glycerol formal, Solutol HS-15, and
poloxamers which wili expand the number of formulation
additives available to the formulation scientist.

. Devices such as needle-free injectors (already in use with
vaccines) for both solutions and solids (21) could revolution-
ize the manner in which injectable drugs are administered.
The increased emphasis on home health core will likely
result in home infusion devices and set-ups such us battery
operated and/or pocket-sized infusion pumps. We are likely
to continue to see more applications of convenient injection
devices, prefilled syringes, dual chamber devices and ready-
to-use solutions.

348

Advanccd technologies will likely be used in commercial
production of future parenteral products; for example, the
use of nanoparticles for injection of water-insoluble drugs.
Supercritical fluid processing to form spherical micropar-
ticles (22) and perhaps a designed distribution of particle
size has tremendous potential in future formulations and
pharmaceutical manufacturing.

Combinations of novel formulations and novel delivery
systems that are in active research (23) will cerainly be
developed. One can imagine the many combinations of
needle-free injection of solutions or solids, controlled-
release systems, “‘stealth” carriers, targeted delivery, vac-
cines, gene therapy, antibodies and specially designed small
molecules. Yes, as the parenteral sciences continue to
mature, future products will be science fiction come true!

Notes on tire Compilation

A few comments on the compilation arc in order to help
the reader understand the table format, chemical structures,
some occasional additional information, highiighted por-
tions, and abbreviations.

1) The order of lines within the formulation box is:
a) Solution or lyophilized powder
b) Drug concentration or amount (i.e., tng/mL, mg,
units/mL, etc.}
¢) Excipicnts and concentration or amount (i.e.,
mg/mL, %, mg, ctc.)
—organic solvent(s)
—suspending agent(s)
—bulking agent(s)
—isotonicifier(s)
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—preservalive(s)
—buffer
d) pH

2) Some drugs have the pKa listed, but this is not compre-
hensive and is added for informative purposes.

3) The chemical structures are drawn in most instances as
the neutral species even though the market product
may be a salt form.

4) Inthe drug name, the counter ion is in lower case, but a
covalently bound prodrug moiety is capitalized.

5) Some entries were not-found in the 1999 PDR at all or
not as injectables, but werc found in other references.
In these cases (Mot in 1999 PDR)” is added under the
marketed name.

6) Various portions of some entrics are highlighted in
bold typcface, in order to help the reader clearly notice
key formulation aspect(s).

7) Some drugs are marketed in multiple formulations,
and in these cases the formulations are numbered,

8) There are some peptide entries to highlight new formu-
lation approaches.

9) Abbreviations used herein (Table XI).
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REVIEW ARTICLE

Parenteral Formulations of Small Molecules Therapeutics Marketed

in the United States (1999) Part Il

ROBERT G. STRICKLEY

Axys Pharmacenticals, Inc., South San Francisco, California

[Editar's Note: This review article on Injectable Products is
being published in three parts. The introduction and sum-
mary appeared in the November/December 1999 issue. The
final Part will appear in the March/April 2000 issue of the
Journal.)

Injectable Products

Sources of Information:

1. Physician’s Desk Reference, 53rd ed., Medical Eco-
nomics Company, Inc., Mentvale, NJ, 1999,
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94080
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. Lowrence A. Trissel, Handbook on Injectable Drugs,

10th ed., American Society of Health-System Pharma-
cists, Inc., Bethesda, MD, 1998,

. Lynn D. Phillips and Merrily A, Kuhn, Manual of IV

Medications, 2nd ed., Lippincotti-Raven Publishers,
Philadelphia, PA, 1999.
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. D. A. Hussar, “New drugs of 1997,” Joumal of the

American Phannaceutical Association, 38, 155 (1998).

. Food and Drug Administration internet website, http://

www.fda.gov/, See human drugs, what’s new, new and
generics approvals.
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Drug Name/

Marketed Preadministration Route of Comgpany and
Name Structure Formulation preparation Administration Indication
Acetazol- f P Solution Constitute with 5 mL IV bolus/ Ledetle,
amide HeC: KM, 500 mg WFIto <100 mg/mL. IV infusion; Antiglaucoma;
sodium/ pH 9.2 . M but may be diuretic in
Diamox painful due to treatment of
pKa=7.2 alkaline pH mountain
sickness
Acyclovir Lyoggilized wder Reconslitute with IV infusion  Glaxo Wellcome,
sodium/ M ~> 500- 1000 mg WFI to 50 mg/mL; over I hour Antiviral
Zovirsx s A7 o pH 105 - 116 Dilute with dextrose
N M Oon 5% orsalineto<7
pKa~ 10 mg/mL.
Adenosine/ H Solution None IV bolus/ - Fujisawa,
Adenocard . 3 mg/mL, IV infusion at Conversion to
1V (bolus), L\ Sodium chloride 9 mg/mL, 0.14 sinus rhythm of
Adenoscan pH 4.5-7.5 mg/kg/min for  PSVT (bolus).
(IV infusion) H 6 minutes Adjunet for
thallium-201
myocardial
o perfusion
scintigraphy
(infusion)
Alatrofloxacin e d ] Solution Dilute with dextrose IV Infusion Pfizer,
mesylate/ o e m"" 5 mg/mL 5% to 1-2 mg/ml.. over 60 Antibiotic
Trovan .JT'\C'\.JAJ pH 3.4-4.3 (potentially minutes
incompatible with
Amide prodrug for saline and lactated
trovafloxacin Ringer’s)
Alfentanil s ® Solution None for bolus. 1V bolus/ Taylor,
HCV “/\L.I 0.5 mg/mL, For IV infusion dilute IV infusion at Analgesic
Alfenta U Sodium chlotide (isotonic) with saline, dextrose 0.5-3.0
pH 4-6 5%, or lactated ug/kg/min
Ringer’s to 0.025-
0.080 mg/mL.
Alprostadil Lyophilized powder Reconstitute with 1.2 Intra- Pharmacia &
(prostaglan- m 6-46 ug mL water preserved cavernosal Upjohn,
dinEV/ > Y Lactose 172 mg, with benzyl alcohol Erectile
Caverject b o Sodium citrate 47 mg, 0.95% wiv. dysfunction
Benzyl alcchol 8.4 mg (~0.5-1.1 ug is lost due
to adsorption to the vial
and syringe.)
Alprostadil 2 Lyophilized powder Reconstitute with 1.2 Intra- Schwarz Pharma,
? fadex m 6-50ug complexegdo with 200- mL saline. cavernosal e ile
prosta- Y . ysfunction
glandinE1/ wo & 1610 uiat::tt';:ecsy:lodextrln
Edex complexed with ¢ it me .
pH 4-8
cyclodextrin
Amifostine/ Lyophilized powder Reconstitute with IV infusion Alza,
Ethyol m\/\)\/\,zEm 500 mg sal(ine l(1> 50 mg/mL over 15-30 Antineoplastic
Prodrug that is stable at room minutes adjuvant
depposphgrylated by temp;ﬁl:sn):. for5 [cytomecuve
ﬂka‘agltfvphfg:gplme o May be further diluted radioprotective
€ with saline to 5 (veduces toxic
mg/mL, effect of
cisplatin)]
Amikacin Solution For IV infusion dilute M/ Elkins-Sinn,
sulfate - A 250 mymL, with saline or IV Infusion Antibiotic
%ﬁﬁ;\ﬁp’* Sodium metablsulfite 0.66%  dextrase 5% 10 2.5-5  over 30- 60
e Sodium citrate 2.8 % mg/mL. minutes
pH35-55
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Drug Name/ 3
Marketed Preadministration Route of Company and |
Name Structure Formulation preparation Administration InJ:i‘calion ;
Aminocaproic Solution Dilute withsalincor IV infusion at 4 Immunex,
acl Hz?/c\ﬁ /GOOH 250 mg/mL dextrose 5% lo ~ 15- grams/hour Enhancing
Benzyl alcohol 09% 20 mg/mL. hemostasis when
pH 6.8 fibrinolysis
contributes to
bleeding
Amino- Solution None IV infusion at Merck,
hippurate 200 mg/mL 6-10 mg/kg and Measures
sodium 10-24 mg/min effective renal
“PAH" “ plasma flow
A.m:odamnc Solution Dilute with dextrose IV infusion Wyeth-Ayerst ,
50 mg/mL, 5%1w0<2mg/mL.  at5-15mg/min  Antiarthythmic,
Cm'damnc TWEEN 80 at 10%, dextrosc Antianginal
Benzyl alcohol 2%
pH 4.1
A:mlnptylme Solution None M Zeneca,
10 mg/mL, Antidcpressant
Elawl Dextrose 44 mg/mL,
Methylparaben 1.5 mg/mL,
ﬁ:& Propylparaben 0.2 mg/mL
pH 4-6
Amphoter- . o Liposome opaque Dilute withdextrose ~ IVinfusionat  The Liposome
icin B/ suspension 5% to 1-2 mg/mL. 2.5 mg/kg/hr Company,
Abeloet 5 mg/mL Antifungal
—— DMPC 3.4 mg/mL,
complexed 1:1 (drug-to- DMPG 1.5 mg/mL,
lipid molar ratio) with [L.- Sodium chloride 9 mg/mL
o-dimyristoylphosphati- pH=5-7
dylcholine (DMPC) and L~
a-dimyristoylphosphati-
dylglycerol (DMPG) in a
7:3 mole ratio]
Ampheter- Lyophilized powder Reconstitute with IV infusion at Sequus
icin B 50 -100 mg WFI to 5 mg/mL. 3-4 mg/kg/hr (Purchased by
cholestery] After reconstitution with WFI  Dilute with dextrose AlzA),
sulfate/ to a 5 mg/mL colloidal 5% to 0.16 - 0.83 Antifungal
Amphotec liposomal dispersion, mg/mL.
: complexed 1:1 molar  Sodium cholest:lrLyl sulfate 2.6
with cholesteryl sulfate
EDTAO, 037 m| mL.
Lactose 95 m
TRIS 0.56 ngmL
Amphoter- - Lyophilized powder Reconstitute with IV infusion at Fugisawa
icin B/ 50m WFI to 4 mg/ml. 3-5 mg/kg/hr (developed by
Ambisome ~ After reconstitution with WFI  Dilute with dextrose NeXstar, now
-— 10 a 4 mg/mL (ranslucent 5% to 1-2 mg/mL. Gilead),
liposomsal suspension, Antifungal-
Hydrogenated soy
phosphatidylcholine 18 mg/mL,
Dzszeamylphosgp)hﬂa‘ifiylglyceml
Cholesterol 4 mg/mL,
Alpha tocopherol 0.05 mg/mL,
Sucrase 75 mg/mL,
Disodium succinate 2 mg/mL
pH 5.0-6.0
Vol. 54, No. 1 / January—February 2000 "
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Ppreparation Administration Indication
Ampicillin N e Powder Reconstitute with ™/ Pfizer,
and 1-2 grams (ampicillin), WFI to 250 mg/mL IV infusion Antibacterial
Sulbactam 0.5-1.0 grams (sulbactam) ampicillin 125 over 10-30 (ampicillin}
sodium/ Ampicillin pH=8-10 mg/mL sutbactam. minutes
Unasyn oo For IV dilute with
o . saline or dextrose 5%
~0 to 3-45 mg/mL.
Sulbactam
Amrinone CH,CHOHCOOH Solution None or Slow IV bolus  Sanofi Winthrop,
lactate/ i Smg/mL, dilute with saline or over 2-3 Inotropic and
Inocor X Sodium metabisulfite 0.25 half-saline to 1-3 minutes vasodilator (short
(not in 1999 N mg/mL, mg/mL. IV infusion at  tcrm management
PDR) pH=34 5-10 ug/kg/min of CHF)
AtenoloV Solution None, or dilution with IV infusion at 1 Zeneca,
Tenormin 0.5 mg/mL, saline or dextrose 5%. mg/min Antihypertensive
Sodium chloride (to isotonic), and treatment of
Citric acid to acute myocardial
pH=55-62 infarction
Atracurum .W. Solution None for [V bolus 1V bolus/ Glaxo Wellcome, i
besylate/ ‘%LJ 10 mg/mL For 1V infusion dilute IV infusion at General :
Tracrium .:'* wlwo Benzyl alcohol 0.9% with saline or 5-13 ug/kg/min anesthesia
pH = 3.2-3.6 dextrose 5% to 0.2- (Skeletal muscle ‘
(benzene sulfonic acid) 0.5 mg/mL. relaxant) ;
Atrophine . Solution None sc/ Elkins-Sinn,
sulfate 0.1-1.0 mg/mL, M/ Astra, and
Scdium chloride 9 mg/ml., IV bolus Baxter,
é oH wiwo Benzyl alcohol 1.5% Anticholinergic,
5 pH 3-6 Antispasmodic
Aurothio- H Suspension None IM (oil) Schering Corp.,
glucose/ 50 mg/mL Prolonged Antitheumatic
Solganal in sesame oil release due to
Aluminum monostearate 2%, slow
Propylparaben 0.1% absorption
H
AU
Azathioprine =N Lyophlhzr.d power Reconstitute with 10 IV bolus/ Glaxo Wellcome,
sodinm/ HC 100 m mL WFL IV Infusion Immuno-
Imuran NO, pH = 9. 8-11 For IV infusion dilute suppressive anti-
with saline or lite;
dextrose 5%. management of
— severe
rheumatoid
arthritis
Azithromy- Lyophdxzcd powder, Reconstitute with 5 IV infuslon of Pfizer,
cin/ 00 mg, mL WFL, and diluteto  500mgat 1 Antibiotic
Zithromax Cmc acid 414 mg 1-2 mg/mL with mg/mL over 3
saline, dextrose 5%, hours, or 2
or factated Ringer’s. mgImL over |
hour
72 PDA Journal of Pharmaceutical Science & Technology
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Drug Name/

; Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication

Aztreonam/ g 1) Lyophilized powder For IM reconstitute Y/ BMS,

Azactam "‘"'(\M e 05.2¢g, with at Jeast 3 mL IV bolus/ Antibiotic
~ uj:" L-arginine 780mg/gram WFI or saline to ~ IV Infusion/
o7 Tsom aztreanam 100-500 mg/mL.. For
HoOCT~en, pH = 4.5-7.5 IV bolus reconstitute
t 2) Frozen Solution with WFI to 50-200
20-40 mg/mlL. mg/mL. For TV
Lactose 14-34 mg/mL., infuston reconstitute
Arginine 16-32 mg/mL with 3 mL WF, then
! pH 4.5-7.5 dilute with saline,
: dextrose 5%, lactated
Ringer'sto <20
m,

Benzguin- Powder Reconstitute with n/ Pfizer,

amide " 50mg WFI to 25 mg/mL. 1V infusion Prevent nausea

(Notin 1999 v pH=34 with surgery

PDR) Sa anesthesia
"

Benztropine Solution None 7 Merck,
mesylate/ 1 mg/mL, (IV bolus is Anticholinergic
Cogentin Sodium chloride 9 mg/mL alright, but has  used in psychotic

\ pH = 5-8 no advantage patients with ;
over IM) acute dystonic i
reactions, and in
Parkinsen's
disease
Betametha- Suspension None ™M Schering,
sone Betamethasone sodium Anti-
Phosphate phosphate 3 mg/mL, inflammatory and
sodium and Betamethasone acetate 3 for allergies

Betametha- mg/mL,

sone Acetate/ Sodium phosphate dibasic
Celestone Water soluble 7.1 mg/mL,
soluspan phosphate ester Sodiun} phosphate

prodrug monobasic 3.4 mg/mL,
EDTA 0.1 mg/mL,
Benzalkonium chloside 0.2
mg/mL,
¢ pH 6.8-7.2
pOO
Water insoluble
acetate ester prodrug
Bethanechol Solution None sC Merck,
chloride/ "’\r"\g\r“’ o 5.1 mg/mL, Cholinergic
Urecholine & pH neutral
Vol. 54, No. 1 / January-February 2000 3
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Drug Name/ .
Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Biperidan Solution None W/ Knoll,
Lactate/ 5 mg/mL ™ Parkinson’s
Akineton Sodium lactate 1.4% Disease
Bretylium Br ( Solution Nene for IV bolus or M/ Astra,
tosylate/ ¥ 50 mp/ml IM. For 1V infusion IV bolus/ Antidysthythmic
Bretylol A CHy pH 4.5-7 dilute with saline, IV infusion at
HC CH, dextrose 5%, or 1-2 mg/min
lactated Ringer’s to 10
H,G-—Q—-SO, ) mg/mL.
Brom- X Solution None for IM/SC/IV SC/ Muro,
pheniramine d 10 mg/mL, bolus. For IV ™/ Antihistamine
maleate Methylparaben 0.18%, infusion dilute with 1V bolus/
(Liquid _cH, Propylparaben 0.02%, saline to 1 mg/mL. 1V infusion/
formu ?tgigg '.;H’ pH = 6.7-7.1
not in
PDR) HODG>=<H
HOOG H
Bumetanide/ Q nH, Solution None for IM or 1V v Baxter,
Bumex “‘”\(;(s\b 0.25 mg/mL, bolus. For IV 1V bolus over Diuretic
Sodium chloride 8.5 mg/mL, infusion dilute with 1-2 minutes/
°’® Benzyl alcohol 10 mg/mL., saline, dextrose 5% or iV infusionat |
WO A EDTA 0.1 mp/m lactated Ringer’s. mg/hr
Ammonium acctate 4 mg/mL,
) pH 6.8-7.8
Bupivacaine KL, Solution None Epidural/ Astra,
HCV W\/\L 2.5-7.5 mg/mL pinal/ Local anesthesia
Sensorcaine WL, Sodium chloride to isotonic, Sympathetic
w/wo Epinephrine 9 ug/mlL, nerve/
Ka = 8.1 Sadium metabisuifite 0.5 Catheter into
pRa=a. 'mL, the area being
Methy! n 1 mg/mL, anesthetized,~
Citric acid 0.2 mg/mL, 175-225 mg/
pH 4-6.5 (not IV)
Buprenor- HO, Salution None Deep IM/ Reckint-Coleman,
phine HCI 0.3 mg/ml., or dilute with saline, IV bolus over 2 Analgesic
(30-times Dextrose 50 mg/mL dextrose 5%, lactated minutes,
more potent 9, pH 3.5-5.5 Ringer’s
than ™~

morphine)  neo

Buprenex .
e
Busulfan/ o Solution Dilute with saline or IV infusion Orphan Medical,
Busulfex ""‘}“’\/\/\;_{.m 6 mg/mL dextrose 5% to 0.6 Neoplastic
PEG 400 at 67% mg/mL,
N, N-dlmethylacelamldc
(DMA) 33%,
Butorphanol HO, Injectable solution: None Nasal Spray BMS,
mg,wou 1-2 mg/mL (1 spray is Analgesic
Stadol Sodium chloride 6.4 mg/mL ~ 1 mginO.1
(Injectable not Citrate buffer 0.045M M
in 1999 PDR, pH 3-5.5. ) ™/
the only Nasal sprny solution: ~ ' IV bolus
product is a 10 mg/mL, (1-4 mg)
nasal Sodium chloride, Citric acid,
formulation.) Benzethonium chloride,
pH 5.0.
1
§
74 PDA Journal of Phammaceutical Science & Technology t
Supplied by The British Library - “The world's knowledge"

InnoPharma Exhibit 1020.0236



Drug Name/

Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Calcitonin -  Polypeplide hormone 32 Solution None ™/ Novartis,
Salmon, amino-acids 200 L.U./mL, s¢/ Treatment of
Miacalcin (H-Cys-Ser-Asn-Leu- Phenol 5 mg/mL, also Nasal postmenopausal
Ser-Thr-Cys-Val-Leu-  Sodium chloride 7.5 mg/mL, spray of 2000 0Steoporosis;
Gly-Lys-Leu-Ser-Gin- Acelate buffer LU./mL, and  Paget's disease,
Glu-Len-His-Lys-Leu- pH~4 one spray and
Gln-Thr-Tyr-Pro-Arg- contains 0.1 hypercalcemia
The-Asn-Thr-Gly-Ser- mL or 200 LU.
Gly-Thr-Pro-NH,)
Calcitriol/ o o Solution None 1V bolus Abbott,
Calcijex 1-2 ug/mlL, Management of
TWEEN 20 at 4 mg/mL, hypocalcemia in
Sodivm ascorbate 10 patients
mg/mL, undergoing
Sodium chloride 1.5 mg/mL, chronic renal
o EDTA 1.1 mg/mL, dialysis
M s Sodium phosphates 9.2
mg/mL,
pH 6.5-8.0
Capreo- (! . Powder Reconstitute with 2 w/ Dura,
mycin "'}J‘-] J)“ 1000 mg mL WFI or saline to IV infusion Antibiotic
sulfate/ AEY 500 mg/mL (~3 over 60
Capastat "v\my\«:. ‘¥ minutes o dissolve). minutes
A RO B cd For IM no dilution,
Cormomela B ReM “TL NS e but may reconstitute
with less water to
200-350 mg/mL
For IV infusion dilute
into 100 mL saline.
Carboplatin/ o Powder Reconstitute with IV infusion of BMS,
Paraplatin NH.. O 50-450 mg, WFI, saline or at least 15 Antineoplastic
N/ Mannitol equal mass as dextrose 5% to 10 minutes using
N carboplatin. mg/mL. Maybe  0.5-10 mg/mL.
NH{ o pH 5-7 further diluted to 0.5
(o] mg/mL with saline or
dextrose 5%.
Carmustine/ /0 Lyophilized solid Reconstitute with IV infusion BMS,
BiCNU N 100 mg supplied 3 mL of over 1-2 hours{ Antineoplastic
'3 n\/\ pH 5-6 ethanol, then further  150-200 mg/m'
oY ¢l dilute with 27 mL
o WEFL to a final 10%
ethanol.

Cefamandole - Solid Reconstitute with ™/ Lilly,
Mandol S anl 1-10g WFI, saline or 1V bolus Antibacterial
(Formate o{ o ¥ Sodium carbonate 63 mg/gram  dextrose 5% to 100- over 3-5

ester Goo - cefamandole, 285 mg/mL. minutes/
prodrug - pH 6-8.5 IV infusion

rapid over 15-30
hydrolysis ®Y o, minutes

after o 3
dissolution) o 8.8

pKa2.6-3.0
75
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formutation preparation Administration Indication
Cefazolin -~ 7% § ww, 1) Lyephilized powder Reconstitute with M/ Smith-Kline
sodiunv s 0.5-10g WFI, or saline to 225- IV bolus Beecham and,
Ancef, o A o H 4.5 - 6. 330 mg/mL for IM, over 3-5 Lilly,
Kefzol 2) lProzen solution and dilute with WFI. minutes/ Antibiotic
10-20 mg/ml., to ~ 100 mg/mL for IV infusion
Dextrose ~ 40-48 mg/mL IV bolus, and dilute
pH 4.5-7. with saline, dextrose
or lactated Ringer's to
10 mg/mL for IV
infusion
Cefepime . Solid mixture Reconstitute with 1% BMS,
HCV “J ! 05-2¢g, saline, dextrose 5% or 1V bolus over Antibiotic
Maxipime W L-Arginine 725 mg/g cefepime  lactated Ringer's to 3-5 minutes/
pH 4.0-6.0 280 mg/mL for IM, 1V infusion
100-160 mg/mL for over 30
IV bolus, 2040 minutes
mg/mL for IV
infusion.
Cefonicid Lyophilized powder Reconstitute with m/ Smith-Kline
sodivm/ (l,ﬁn vk o P05 g, WFI to 225-325 IV bolus Beecham
Monoxid ™ ~"w pH 3.5-6.5 m; for IM and IV over 3-5 Antibiotic
- bolus, and dilute with minutes/
saline, dextrose 5% or IV infusion
lactated Ringer’s to 10 )
mg/mkL for IV ;
infusion. )
Cefopera- wn 1) Crystallinc powder Reconstitute with M/ Phizer,
zone o ) Iy 0.5-1 g, saline or dextrose 5% IV bolus over Antibiotic
sodium/ ° 3 pH45-6, to 280 mg/mL for IV 3-5 minutes/ !
Cefobid 2) Frozen solution bolus. Dilute with IV infusion
20-40 mg/mL., lidocaine 2% to ~ 200 aver 15-30
Dextrose ~ 36-46 mg/mL. mg/mL for IM. Dilute minutes
pH 4.5-7. with saline, dextrose
5% or lactated !
Ringer’s to 2-25 i
mg/mL for IV
infusion.
Cefotaxime L3 v 1) Powder Reconstitute with Deep IM/ Hoechst Marion
sodiom/ " J}\’Lﬂj‘i" 0.5-2 g, WFI10230-330 IV bolus over Roussel,
Claforan ol ™ pH 4.5 -6, mg/mL for IM, 50-  3-5 minutes/ Antibiotic
2) Frozen solution 180 mg/mL for IV IV infusion
20-40 mg/mL, bolus, and dilute with over 15-30
Dextrose ~ 14-34 mg/mL, saline or dextrose to minutes
Sodium citrate 10 mg/mL for IV
pH 5-7.5 infusion.
Cefotetan ¢ ™ 1) Powder For IM, reconstitute Deep IM/ Zeneca,
disodium/ ), 5 1-10g with WFI, saline, 1V bolus over Antibiotic
Cefotan s Y pH 4.5-6.5. 0.5% or 1% lidocaine 3-S5 minutes/
2) Frozen solution to 400-500 mg/mL. IV infusion
2040 mg/mL, For 1V, reconstitute over 20-60
Dextrose ~ 22-38 mg/mL, with WFI to 95-180 minutes
Sodium bicarbonate mg/mL, and dilute
pH 4-6.5 with saline or
dextrose 5% to 10
mg/mL for IV
infusion.
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Name Structure Formulation preparation Administration Indication

Cefoxitin g“:- 1) Powder Reconstitute with 1V bolus over Merck,

sodium/ w]ﬁ 1-10 g WFI to 100-200 3-5 minutes/ Antibiotic
Mefoxin o pH 4.2-7.0. mg/mL for IV bolus. 1V infusion
° 2) Frozen solution For IV infusion over ~ 30
20-40 mg/mL, reconstitute with minutes
Dextrose ~ 22-40 mg/mL, saline or dextrose 5%
Sodium bicarbonate to 100 mg/mL., then
pH 65 dilute to 10 mg/ml

Ceftazidime/ W yu 1) Powder For IM, reconstitute Deep IM/ Glaxo Wellcome,
(Ceptaz, ™% { wiwo Sodium carbonate at 118 with WF], saline, 1V bolvs over Lilly and,
Fortaz, Y ,., mg/g ceftazidime, 0.5% or 1% lidocaine  3-5 minutes/ SmithKline

Tazidime, - wiwa L-Arginine at 349 to 250 mg/mL. IV infusion Beecham,
Tazicef) mg/gram ceftazidime For 1V, reconstitute over -~ 30-60 Antibiotic

pH 5-7. with WFI to 90-170 minutes
2) Frozen solution mg/mL, and dilute
2040 mg/mL, with saline or
Dextrose ~ 50 mg/mL, dextrose 5%,
Sodium bicarbonate to 10-40 mg/mL for
pH 4-6.5 IV infusion.

Ceftizoxime B ® uy Crystalline powder Reconstitute with Deep IMV/ Fujisawa,
sodium/ ek N i 05-2g WFI to 270 mg/mL IV over 3-5 Antibiotic
Cefizox u' ;:N‘ pH=6-8 for IM, 95 mg/mL for minutes/

L 1V bolus, and dilvte 1V Infusion
with IV fluids to 10-
40 mg/ml. for IV
infusion.

Ceftriaxone "_”,4;"\\{%j o, 1) Crysialline powder For IM, reconstitute Deep IM/ Roche,
sodium/ ¥ Ij;l,- o 0.25-10 g, with WFI, saline, IV Infusion Antibiotic

Rocephin oL . pH = 6-8. dextrose 5% or over 30
e 2) Frozen solution lidocalne 1% to 250 minutes
20-40 mg/mL, mg/mL.
Dextrose ~ 24-38 mg/mL, For IV infusion,
pH 6.7 reconstitute with WFI
10 100 mg/mL, then
dilute with saline or
dextrose 5% to 10-40
mg/mL,

Cefuroxime, O\HP‘ oo 1) Cryslallmc powder Reconstitute with Deep IM/ Glaxo Wellcome,
sodium/ i 0.75-1.5 g, WFIt0220mg/mL IV over 3-5 Antibiotic
Zinacef Roe pH = 6.8.5. for IM, and 90 minutes/

2) Frozen solution mg/mL for IV bolus. 1V Infusion
15-30 mg/mL, For IV infusion, over 15-60
Dextrose ~ 28 mg/mL, reconstitute with minutes
Sodium citrate 60-120 mg/mL  saline or dextrose 5%
pH 5-1.5 to 7.5-15 mg/mL.
Cephalathin - 1) Powder Reconstitute with Deep IM/ Lilly,
sodium/ R 1-20 g, saline or dextrose 5% 1V over 3-5 Antibiotic
Keflin o Y°"= Sodium ca:bonalc 30 mg/gram  to 250 mg/mL for IM, minutes/
Neutral alothin 100 mg/mL for 1V, 1V infusion
(Not in 1993 = 6-8.5 and 20-40 mg/mL for
PDR) 2) Frozen solution IV infusion.
2040 mg/mL,
Dextrose ~ 50 mg/mL, Sodium
bicarbonate
pH = 6-8.5
Vol. 654, No. 1 / January—February 2000 77
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Cephapirin ny Powder Reconstitute with Deep IM/ Apothecon,
sodium/ ] o -0,5-20 g, saline or dextrose 5% IV over 3-5 Antibiotic
Cefadyl o v pH = 6-8. to 500 mg/mL for IM, . minutes/
{Not in 1999 50-200 mg/ml. for IV infusion
PDR) IV, and 100 mg/mL
for IV infusion.
Chlordiaz- Powder Reconstitute with Y/ ICN,
epoxide Hy 100 mg, supplied diluentto 50 Slow IV bolus Tranquilizer
CL/ Supplied diluent: mg/mL for IM. over | minute
Librium _ PG 20% Reconstitute with
c "\ TWEEN 80 at 4%, saline or WFI to 20
o Benzyl alcchol 1.5%, mg/mL for IV bolus.
Maleic acid 1.6%
pH=3
Chloro- Solution None Single injection Astra,
procaine 10-30 mg/mL or continuously  Local anesthetic
HCV Sodium chlonde 3.3-6.7 through an :
Nesacaine mg/mL, indwelling
w/wo EDTA 0.1 mg/mL, catheter,
w/wo Methylparaben 1 mg/mL,
pH 2.7-4.0
Chloroquine Solution, None ™ Sanofi Winthrop,
HCV m 50 mg/mi. Antimelaria an
Aralen pH 5.5-6.5 antiamebic
mY\/\N/\CR,
o H
Chloro- o 0 o 0 Lyophilized powder Reconstitute with 18 ™/ Merck,
thiazide i - 500 mg, mL WFI 10 28 1V Infusion Diuretic and
sodiuny HN NH Mannitol 250 mg, mg/mL. hypentensive
Diuril P Thimerasol 0.4 mg,
Cl N pH 9.2-10
Chlorphenir- cl Solution, None IV (not the 100 Schering,
amine CH, 10-100 mg/mL mg/mLyV Antihistamine
maleate/ N pH 4-52 sc/
Chlor- WL L oon M
trimeton NF i

Not in 1999 I ~
PDR as H” “GOOH

injectable)

Chlorproma- ¢Hy Solution None for IM. Deep M in Smith-Kline
zine HCV N 25 mg/mL, Dilute with saline to 1 buttock/ Beecham,
Thorazine (77e, Sodium chioride 6 mg/m, mg/mL forIV.  IVbolusat0.5- Antipsychotic,

o Sodium bisulfite 1 mg/mL, 1 mg/minute anticmetic
Sodium sulfite 1 mg/mL, {nausea),
" w/wo benzy! alcohol 2%, tranquilizer
Ascorbic acid 2 mg/mL,
pH 3-5
78 PDA Joumnal of Pharmaceutical Science & Technology
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Cidofovir/ J Solution Dilute into 100 mL IV infusion Gilead,
Vistide . 75 mg/mL, saline to ~ 3-5 at 5 mg/kg over Antiviral
H pH 74 mg/mL. 1 hour. treatment of
‘J\ Required cytomegalovirus
o g predosc of 2 in AIDS paticnts
H grams
-ﬁ’ i, probenecid
" orally (reduces
renal clearance
by blocking
active renal
tubular
secretion).
Cilastatia " Powder IM: Reconstitute with Merck,
(inhibitor of " 500-750 mg each, lidocaine 1% to 250 IV infusion Antibiotic
renal ) Sodium carbonate 10-20mg  mg/mL suspension. treatment of
dipeptidase, o Cawuada av), IV: Reconstitute with serious infections
dechydro- pH 6.5-7.5 100 mL saline or .
peptidase I) dextrose then diluted
and A& with 100 mL saline or
Imipenam/ < dextrose to 2.5-4
Primaxin belpents mg/mL solution
Cimetidine 1) Solution None for IM. M/ Smith-Kline
HCVY N Hy 2 150-m, Dilute with saline, Slow 1V bolus Beecham,
Tagamet £ s N Phenol 5 mg/mL dextrose 5% or at least 5 Antiulcerative
3\\ u/\/ . pH 4-6. lactated Ringer’s to 15 minutes/ {histamine H2-
H;¢~N 2) Infusion solution mg/mL for 1V bolus 1V Infusion receptor
6 mg/mL and 6 mg/mL for IV over 15-20 antagonist
Sodium chloride 9 mg/mL. infusion. minules
Ciprofloxacin/ 1) Solution Dilute with saline, IV infusion Bayer,
Cipro wy Y 10 mg/mL, dextrose 5% or over 60 Antibacterial
y Lactic acid, lactated Ringer’s to I~ minutes, 200-
— pH 3.3-3.9, 2 mg/mL. 400 mg cvery
5 2) Infusion solution 12 hours
2 mg/mL,
Dextrose 5%,
Lactic acid,
pH 3.5-4.6.
Cisplatin/ N. O 1) Lyophilized powder, Reconstitute with IV infusion Bristol-Meyers
Platinol H, \p{ after reconstitution contains WFI 10 1 mg/mL Oncology,
: HN ] mg/mL, Antineoplastic
2 Mannitol 10 mg/mL,
Sodium chloride 9 mg/mL,
pH = 3.5-5.5.
2) Solution
I mg/mL
Sodium chloride 9 mg/mL.
Cladribine/ Solution Dilute with 500 mL IV infusion Ortho,
Leustatin 1 mg/mL, saline to 0.09 over 24 hours  Antineoplastic
Sodium chloride 9 mg/mL, mg/kg/day (not after
Sodium phophates, recommended to use
pH ;5-5.0 dextrose 5% due to

Vol. 54, No. 1 / January-February 2000
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Clavulanate 1) Powder " Reconstitute with 1V infusion SmithKline
potassium Clavulanate 0.1g, WFI or saline to 8 over 30 Beecham,
and Ticarcillin 3 g. mg/mL clavulanate minutes Antibiotic
ticarcillin gy Sl 2) Frozen solution and 200 mg/mL
disodivm/ Clavulanate 1 mg/mL, ticarcillin, further
Timentin Ticarcillin 30 mg/mL dilute with saline or
Ticweithn lactated Ringer’s to
10-100 mg/mL
Clindamycin b 1) Solution Dilute concentrated IV infusion at Pharmacia &
Phosphate/ o M=o 150 mg/mL, solution with salineor 30 mg/hour Upjohn,
Cleocin Hy & EDTA 0.5 mg/mL, lactated Ringer's to < Antibiatic
phosphate " Yo L Benzyl alcohol 9.4 mg/mL 18 mg/mL.
‘:},o 2) Ready to use solution
©* ou 0.5-18 mg/mL
Water soluble Dextrose 5%,
phosphate ester EDTA 0.04 mg/mL.
prodrug
Clonidine/ Solution None 1V infusion Roxane,
Duraclon 0.1 mg/mL, Analgesic
Sodium chloride 9 mg/mL
pH 5-7
Codeine Solution, None SC/ Elkins-Sinn and
phosphate 15-60 mg/mL, ™/ Wyeth,
(Not in 1999 w/wo Chlorobutanol 5 mg/mL, IV occasionally Analgesic,
PDR as an EDTA 1 mg/mL, anticough
injectable) Sodium metabisulfite 1-2 mg/mL,
Acetate buffer
pH 3-6.
Colfoscedl Lyophilized powder Reconslitute with 8 Intratracheal  Glaxo Wellcome,
palmxtrate DPPC 108 mg mL WFL Suspension Preveation and
(DPPC), 1 Cetylalcoho! 12 mg treatment of
Cctyl alcohnl Catmomtt Polmiy Tyloxapol 8 mg, Respmuory
iy Sodium fonde 4Tmg Disease
'Iyloxapoll Tyloxapo] oxycthylaled pH 5-7 Syndrome in low
Exosurf tertiary octylphenol (A synlheuc lung surfactant) birth weight
neonatal  formaldehyde polymer infants
Cortisone a‘\r"’ Suspension None IM only Merck,
Acetate/ 50 mg/mL, Endocrine
Cortone O Sodium carboxy- disorders,
methylcellulose 5 mg/mL, rheumatoid
TWEEN 80 at 4 mg/mL, arthritis,
. Sodium chloride 9 mg/mlL, allergies
Water insoluble Benzyl alcohol 9 mg/mL.
ester prodrug
Cyanocobal- MW = (355, porphoryn Solution None sSc/ Elkins-Sinn,
amin like with Co (+) at the 0.03-1 mg/mL M Nutrient
(Vitamin center, synthesized by Sodium chioride
B12) bacteda Benzyl alcohol,
pH 4.5-7
Cyclophos- Lyophilized powder Reconstitute with M/ Bristol-Myers
phamide/ 100-2000 mg WFI to 20 mg/mL. 1V bolus/ Squibb,
Cytoxan N Mannitol 75 mg/100 mg For IV infusion dilute 1V infusion/ Antineoplastic
pZ \/\cj cyclophosphamide with saline, dextrose 1P/
pH 3- 5% or lactated intrapleural
NH (o) Ringer's.
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Cyclosporin/ Cyclic peplide (11 Solution, Dilute with saline or 1V infusion Novartis,
Sandimmune  amino acx , MW ~ 50 mg/mL dextrose 5% to 1-2.5  over 2-6 hours Immuno-
Cremophor EL 65%, mg/mL (1 mL into 20- suppresent
Ethanol 35%, 100 mL).
blanketed with nitrogen
Cytarabine Mg Lyophilized powder Reconstitute with Intrathecal/ Pharnmacia &
{Ara-C)Y N?'j 500-2000 mg saline or WFT with sc/ Upjohn,
Cytosar-U o, c:)*"\-N pH 5 benzyl alcohol 0.9% IV bolus/ Anlmeoplastlc.
= “Le 1 to 20-100 mg/ml.. IV Tnfusion/ Antiviral
inl
Cytarabine N, Suspension Multivesicular None Intrathecal Chiron
(Ara-Cyf Nﬁ Lipid Particle (Developed by
DepoCyte o, O S mg/mL DepoTech)
o Cholesterot 4 mg/mL Antincoplastic,
D:oleoylphos;:handylcholmc Antiviral
i Dxpalmntoylggosphandylg!ycerol
(DPPG) I mg/mL.
Sodium chloride 9 mg/mL
pH 5.5-8.5
Dacarbazine/ 0 Solid Reconstitute with IV over | Bayer,
DTIC-Dome 100-200 g WFI to 10 mg/mL. minute/ Antineoplastic
N H Mannito! and Citnc acid, For IV infusion may IV Infusion
« \ : pH 34 be further diluted with  over 15-30
,CH, saline or dextrose 5% minutes
=~ N=N-N to 0.4 mg/mL
CH,
Dactino- 2 Lyophilized powder Reconstitute with 1.1 IV bolus/ Merck,
mycis/ i v 0.5 mg, mL WFI. For IV 1V Infusion/ Antibiotic
Cosmegen Mannitol 20 mg, infusion further dilute
e P pH 5.5-7 with saline or
Verbro dextrose 5%.
A
MeVatSar
Dalteparin/ Low MW heparin Solution None sC Pharmacia &
Fragmin " o e (prefilled syringe and multi-use Upjohn,
- vial) Antithrombotic
. A 64-160 mg/mL
R o Byl sleohol 0.155%
B wiwo Benzyl alcaho!
il pH 5.0-7.5
Danaparoid/  84% heparin sulfate, Solution None sC Organon,
Orgaran 12% dermatan sulfate,  (prefilled syringe or ampule) Antithrombotic
4% chondroitin sulfate 1250 anti-Xa units/mL,
(solalcd from porcine Sodium chloride,
intestinal mucosa) Sodium sulfite 0.15%
pH7
Dantrolene yophilized powder Reconstitute with 60 1V bolus/ Procter &
sodivm/ X)) 0 mg, mL WFI to 0.3 IVinfusion  Gamble Pham.,
Dantrium Manmtol 3000 mg, mg/mL. For IV over | hour,  (Muscle relaxant)
pHY. infusion further dilute Treatment of
with IV fluids. hypermetabolism
and hyperthermia
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Daunosubicin o 9 Lyophilized powder Reconstitute with 4 IV infusion Bedford,
HCV 21.4 mg, mL WFI to 5 mg/mL, Antibiotic
Cerubidine “oH Mannitol 100 mg then further dilute
Y pH 4.5-6.2 with 10-15 mL salinc
oCHO O O and then inject into
HC rapidly flowing IV
T, infusion of saline or
dextrose 5%.
Daunorubicin Solution liposome Dilute 1:1 with 1V infusion NeXstar (now
Citrate/ 2 mg/mL, dextrose 5% 1o 1 over 60 Gilead),
DaunoXome Distearoylphosphatidylcholine: mg/mL. minutes Antibiotic
Cholesterol in 2: 1 molar ratio,
lipid to drug ratio of 18.7:1
diameter of 45 nm
Desmo- Solution None for SC or IV sC/ Rhone-Poulenc,
pressin 4 ug/mL, bolus. For IV IV bolus/ Rorer,
acetate/ Synthetic analog of Sodium chloride 9 mg/mL, infusion dilute with IV infusion Hemophilia
DDAVP natural hormone 8- wiwo Chlorobutanol saline to (0.3 ug/kg) over 15.30 {maintain
argininc vasopressin pH4 in 50 mL. minutes homeostasis)
Dexametha- Suspension Gentle swirl contents o/ Merck,
sone 8 mg/inL to resuspend settled Intralesional/ Anti-
Acetate/ e Sodium chloride 6.7 mg/mlL., particles. Intra-articular/  inflammatory
Decadron- " ' Creatinine 5 mg/mL, Soft tissue
LA f TWEEN 80 at 0.75 mg/mL,
o EDTA 0.5 mg/ml.,
Water insoluble Benzyl alcohol 9 mg/mL,
acetate ester Sodium bisulfite 1 mg/mL
prodrug pH 5.0-7.5
Suspension Gentle swirl contents M/ Forest,
16 mg/mL to resuspend settled  Intra-articular/ Anti-
Sodium carboxy- particles. Soft tissue inflammatory
methylcellulose 5 mg/mL, (Not
TWEEN 80 at 0.75 mg/mL, intralesional)
o Sodiém chlorid; 6.;’:1ﬂg‘lmL,
Water insoluble reatinine 5 mg/nl.,
acetate ester EDTA 0.5 mg/mL.,
prodrug Benzyl aleohol 9 mg/mlL,
Sodium bisulfite 1 mg/mL
pH 5.0-7.5
Dexametha- ™ Solution For IV infusion dilute 1V bolus/ Merck,
sone . 4 and 24 me/mL with saline or IV infusion/ Anti-
Phosphate w/wo Lidocaine 10 mg/mL, dextrose 5%. Y inflammatory
sodum/ ) - Creatinine 8 mg/ Intralesional/
Decadron o Sodium citrate 10 mg/mL., Intra-articular/
i Methylparaben 1.5 mg/ml., Soft tissue
" Propylparaben 0.2 mg/mL,
Water soluble Sodium bisulfite 1 mg/mL
phosphate ester P;'l 5‘91;3‘5 ;
prodrug under nitrogen %
|
Dexrazoxan/ CHs Powder Reconstitute with IV bolus/ Pharmacia & i
Zinecard S 250-500 mg, provided diluentto 10 1V infusion Upjohn, :
Provided diluent: 25 and 50 mL mg/mL. For IV Cardioprotective
of Sodium lactate 0.167 Molar,  infusion dilute with agent used in
pH 3.5-5.5 saline or dextrose 5% conjunction with
pKa = 2.1 to 1.3-5.0 mg/mL. doxorubicin
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Drug Name/

Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Diarizoate Solution None v/ Nycomed and

meglumine o Lo 300-600 mg/mL vy Bracco,
(Not in 1969 )L Sodium citrate, Inira-artecial/ Radi ue
PDR) u,c/m” N e EDTA Intra-articular medium for
pH 67 orselectcdarca  “visualizing” in
O i . for vive
1o “en, visualization
OH
Diazepam/ HC 0 Solution None Y/ Roche,
Valium 3 5 mg/mL 1V through Management of
Propylene glycol 40%, running IV tube anxiety
O = Ethyl alcohol 10%, at 1 minute per disorders,
ct Benzyl alcohol 1.5%, Smgdiazepam  Skeletal muscle
Sodium benzoate 5%, relaxant
O Benzoic acid
pH 6-7
Diazoxide/ 0 0 Solution None 1V bolus/ . Schering,
Hyperstat ¢ \\Sl’\ 15 mg/mL “1V Minibolus”  Antihypertensive
NH pH IL6 (1-3 mg/kg (prompt
, /)[\ cvery 5-15 reduction of
N~ “CH, minutesupto  blood pressure)
150 mg)
Digoxin/ Secondary glycoside Solution Nore IVoverl-5  Glaxo Wellcome,
Lanoxin extracted from the 0.25 mg/mL or can be diluted 4- minutes/ Cardiotonic
leaves of Digitalis Propylene glycol 40%,  fold with WFI, saline  rarely IM due
lanata, Ethy! alcohol 10%, or dextrose 5%, but  to pain with IM
(insoluble in water) Sodium phosphate and 0.08%, must be used injection.
Citric acid. immediately due to
pHof 6.8 10 7.2 precipitation
Solution None IV bolus/ Novartis,
1 mg/mL, M/ Migraine
Glycerln 15%, sC hy hes

Ethyl alcohol 6.1%,
pH 3.6

oH, 1) Solution Reconstitute the IV bolus Hoechst Marion
5 mg/mL, _contents withinthe  over 2 minutes/ Roussel,
\ Sorbitol 71 mg/mL Lyo-ject syringe. For IV Infusion. Antianginal;
Pcn, Citric acid 0.75 mg/mL, IV infusion dilution a Antihypertensive;
TN-0 Sodium citrate 0.65 mg/mL,  solution with saline to Arthythmia;
pH 3.7-4.1. 0.5-1.2 mg/mL, or Atrial Fibrillation;
s 2) Lyophilized powder reconstitute the 100 Calcium Channel
ocH, ina duar chamber syringe mg lyophilized Blocker
Syringe A: Diltiazem 25 mg, powder with saline to
Mannitol 37.5 mg, 1 mg/mL.
Syringe B: 5 mL WFI with
Sodium chloride 0.6% and
Benzyl alcohol 0.5%
pH 4.0-7.0.
3) Lyophilized powder,
100 mg,
Mannitol 75 mg
Dimenhy- o Solution None for IM. v/ Steris,
drinate o G o 50 mg/mL For IV infusion dilute v Antiemetic
(Not in 1939 ol m Propylene glycol 50%,  with saline, dextrose
PDR as an o, Benzyl alcohol 5%, 5% or lactated
injectable) TS o pH 6-7 Ringer’s to 5 mg/mL
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Drug Name/
Marketed Preadministration Route of Company and
Structure Formulation preparation Administration Indication
D;phenhy« Solution None forIMor IV Deep IM/ Parke-Davis,
dranune 50 mg/mL balus. For IV Slow IV bolus/  Antihistamine,
M Benzethonium chloride 0.1% infusion may be 1V Infusion/ also motion
Benadryl pH 5-6 diluted with saline, (Not SC) sickness
dextrose 5% or
lactated Ringer’s
Dobuatamine Solution Dilute with saline, IV infusion Lilly,
HCI WM 12.5 mg/mL, dextrose 5%, lactated Cardiotonic
o Sodium bisulfite 0.24 mg/mL,  Ringer's to 0.5-5.0 (inotropic agent)
pH 2.5-5.5 mg/mL.
Docetaxel/ . Solution Dilute with provided IV infusion Rhone-Poulenc
Taxotere 40 m in diluent (13% ethyl over | hour Rorer,
. ﬁ% TWEEN 80 alcohol) to 10 mg/mL. Antincoplastic
Provided diluent of Ethyl
alcohol 13% in water
Dolasetron Solution None for IV bolus. IV bolus Hoechst Marion
mesylate/ 20 mg/mL For IV infusion dilute  at 100 mg per Roussel,
Anzemet Mannitol 38 mg/mL, with saline, dextrose 30 seconds/ Antinaseant,
Acetate buffer 5% or lactated IV infusion at Antiemetic
pH 3.2-3.8 Ringer's 10 0.25 0.35-1.8 mg/kg
mg/mL. over 15
minutes
Dopamine  HO NH, Solution Dilute with safine, 1V infusion Astra,
40-160 mg/mL, dextrose 5% or Cardiotonic and
Sodium metabisulfite 0.9%,  lactated Ringer's to ~ antihypotensive
HO Sodium citrate buffer, 0.4-3.0 mg/mL
pH 3.3
Doxacurium o e, o Solution None or dilute with IV bolus Glaxo Wellcome,
chloride/ el . I mg/ml. saline or dextrose 5% Skeletal muscle
Noromax  y\5 sl Benzyl alcohol 0.9% to as low as 0.1 relaxant
pH 3.9- mg/mL.
Doxapram N-methyt morpholine Solution None for IV bolus. IV bolus/ Robbins,
HCY pa=74 _ M 20 mg/mL For IV infusion dilute IV infusion Respiratory
Dopram Benzyl alcohol 0.9% with saline or stimulant
pH 3.5-5 dextrose 5% to |
mg/mL
Doxorubicin 1) Lyophilized powder Reconstitute with IV innot less Pharmacia &
HCV 10-150 mg, saline lo 2 mg/mL than 3-5 Upjohn
Adriamycin Lactose 5 mg/mg doxorubicin, minutes and
PFS and Methylparaben 0.1 mg/mg through a Y- Asu-a
RDF; doxorubicin sitc or a 3-way
Rubex pH 3.8-6.5. stopcock of a BMS( wder
2) Solution ftee-ﬂowing Fo
2 mg/mL infusion of Anuncoplaslxc
Sodium chloride 9 mg/mL saline or
pH 3.0 dextrose 5%.
Doxorubicin Liposomal dispersion Dilute the dose into IV infusion Sequus,
HCVY 2 mg/mL, 250 mL of dextrose over 30 Antineoplastic,
® Do:ldl J ho N- (t]:m:}yl- veal . minutes AIES- related
egylate : methox ene glyco aposi's
stealth > 2000)m~dxst)eraroyl—sn~ sarcoma
liposome glycero-3-
formulation) o™ phosphoethanalamine sodium
(MPEG-DSPE) 3.2 mg/mL,
Hydrogenated soy
phosphatidg!cho]ine (HSPC)
9.6 mg/
Cholesterol 3.2 mg/mL.,
Ammonium sulfate 2 mg/mL,
Histidine
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Drug Name/

Marketed Preadministration Route of Company and
Name Structure Formulation preparalion Administration Indication
Doxycycline o, OH t'?"b“‘ Powder Couple syringe A io Subgingival Block, .
hyclate (HC] PRigh Two syringe mixing syringe B and inject  (solution that Antibiotic !
hemihydrate}f PN OH system. liquid contentsinte  solidifies upon
Atnidox I w, Syringe A: Poly(DL-lactide) ~  the powder, then mix  contact with the
o 33 mg/mL dissolved in § mL of 00 time in the crevicular fluid
o 7o o N-methyl-2-pyrrolidone syringe. roviding 7-
(NMP), ay controlled
Syringe B: Doxycycline release
hyclate 42.5 mg
Doxycycline e, o P, Powder, Reconstitute with IV infusion Pfizer,
hyclate (HCI nial¥ 100-200 mg, WFIto 10 mg/mL,  over 14 hours Anlibiotic
hemihydrate) PN Ascorbic acid 480-960 mg then further dilute
Vibramycin J pH 1.8-3.3 with saline, dextrose
ot 5% or lactated
o 6 o o Ringer’s to 0.1-1.0
mg/mL
Droperidol g Solution None for IM or IV M/ .~ Astra,
citeate/ 2.5 mg/mL, belus. For IV 1V bolus/ Tranquilizer,
Fentanyl Fentanyl citrate 0.05 mg/mL, infusion dilute with IV infusion Antipsychotic
Droperidol Lactic acid saline, dextrose 5% or
=0 pH 34 lactated Ringer’s to
0.01-0.05 mg/mL.

Edrophonium HC (1) Solution None 1V bolus/ ICN,
chloride/ . },{\,0“: . 10 mg/mL, 131} Choleringeric
Tensilon CH, () Sodium sulfite 0.2%, SC (inhibition of

w/wo Phenol 0.45%, acetyl-
Citric acid cholinesterase)
pH54

Enalaprilat/ o, Solution None or dilution of IV infusion Merck,
Vasotec * [.25 mg/mL 0.6-1.2 mg with 50  over S minutes  Antihypertensive

Sodium chloride (isotonic) mL saline, dextrose (ACE Inhibitor)
Benzyl alcohol 0.9% 5% or lactated
pH 6.5-7.5 Ringer's.
Enoxaparin oy g 2N Solution None SC Rhone-Poulenc
sodium/ . 1 (Prefilled syrinpes available) Rorer,
Lovenox eewm | hemmeo | S 100 mg/mL Antithrombolytic
(Low molecular weight H 5.5-7.5
heparin) pH 9o
_Ephedrine OH Solution None Slow 1V/ Abbott,
sulfate y 25-50 mg/mL M/ Sympathomimetic
(Not in 1999 ~CH pH 4.5-7 sC (nasal
PDR as an 3 decongestant),
injectable) CH, mydriatic, allergy
in emergency

Epinephrine H Solution None M Dista,

HCU HO. f. 0.5-1.0 mg/mL Emergency
Epipen CH,  Sodium chloride 1.8 mg/mL trealment of

Epinephrine Sodium metabisulfife 0.5%, allergies

autoinjector O pH 2.2-5

(Adrenalin} ;
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Epinephrine Suspension Shake contents of vial SC Fores,
HCV/ HO. X S mg/mL to disperse particles to Asthma
Susphrine CH, Glycerin 325 mg/mL. uniformity.
Ho Thioglycolic acid 6.6
mg/mL,
Phenol 5 mg/mL,
Ascorbic acid 10 mg/mL,
Epinephrine OH Solution None Local Astra,
HCI H. 0.005 mg/mL infiltration ~ Local anesthesia
and CH,  Bupivacaine 2.5-7.5 mg/mL, (Bupivacaine)
Bupivacaine Sodium metabisulfife 0.5%,
HCV HO Citric acid
Sensoscaine pH 3.3-5.5
Epinephrine OH Solution Dilute 20-200-fold IV infusion Astra,
HCI HO. fl. 0.005 mg/mL with saline Anesthesia
and CH, Lidocaine 10-15 mg/mL, (Lidocaine)
Lidocaine Sodium chlori
HCV HO Sodivm metabisulfife 0.5%,
Xylocaine wiwo Methylparaben 1 mg/mL
Gitric acid
pH 5-7
Epoprostenol  we Lyaophilized powder Reconstitute with IVinfusion  Glaxo Wellcome,
sodium/ 0.5-1.5 mg provided difuent to Antihypertensive
Flolan Mannitol 50 mg, 0.003-0.015 mg/mL.
Sodium chloride 2.9 mg
" Glycine 3.8 mg,
pH 10.2-10.8.
Provided diluent:
Water with
Glycine 1.9 mg/mL,
Sodium chloride 1.5 mg/mL.
Eptifibatide/ i Solution None for IV bolus. 1V bolus/ Cor
Integrillin b 0.75-2 mg/mL For1V infusion dilute IV infusion and
1 Citric acid 5.25 mg/mL with saline or Key,
\A pH 5.25 dextrose 5% to 0.75 Treatment of
w mg/mL. acute coronary
J\_. syndrome: In
Y patients
“YO ?In(lllgln;goinlg PICI
~Glv-Asp mimic: nhibits platelet
i e srsaion
(GANEN)|
Ergonovine Solution Dilute with 5 mL v/ Lilly,
maleate/ Y on 0.2 mg/mL, saline. M over 1 Oxytocic
Ergotrate o ook Phenol 0.25%, minute
maleate o, Ethyl lactate 0.1%,
(Not in 1999 oy M Lactic acid 0.1%,
PDR) ) pH 2.7-3.4
Erythro- Powder Reconstitute with 1V infusion Dista,
mycin 1000 mg WFI to 50 mg/mL, Antibiotic |
ghiceptate/ pH 7.7 then further dilute i
Tlotycin with saline, dextrose ;
gluceptate 5% or lactated |
(Not in 1999 Ringer’s to 1.0 |
PDR) mg/mL |
|
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Drug Name/
Marketed - Preadministration Route of Company and
Namea Structure Formulation preparation Administration Indication
(o Powder Reconstitute with 1V infusion Lederle,
mycin 500-1000 mg WFI to 50 mg/mL, Antibiotic
lactobionate pH 7.7 then further dilute
with saline, dextrose
5% or lactated
Ringer’s 1o 1.0
mg/mL
Esmolol Solution Dilute with salinc, IV infusion Ohmeda
HCV 250m dextrose 5% or (Baxter),
Brevibloc "/g’r Propylene glycol 25%,  lactated Ringer’s to 10 Antiarthythmic
Ethyl alcohol 25%, mg/mL.
Sodium acetate
pH 3.3-5.5
Ethacrynate o, CooH Lyophilized powder Reconstitute with 50 Slow 1V bolus/ Merck,
sodium/ ‘/Q(Q" pranas 50 mg, mL saline or dexirose 1V infusion Diuretic
Sodium i Mannitol 62.5 mg 5% to | mg/mL
edecrin o @ pH = 6.3-7
Etidocaine d Solution None Local Aslra,
HCV J 10-15 mg/mL infiltration Local anesthetic
Duranest Epinephrine 0.005 mg/mL,
J 8 Sodium chloride 6-7 mg/mL, ;
Ka=7.7 w/wo Sodium metabisulfite 0.5 :
p . mg/mL, E
wi/wo Citric acid, )
pH 3.0-5.0 %
Etidronate H Solution Dilute with saline to 1V infusion MGI, ;
disodiuny HO— H 50 mg/mL 0.6-1.2 mg/mL over 2 hours Treatment of I
Didroncl | " hypercalcemia !
3
Etomidate/ Solution None IV bolus over Abbott ,
Amidate N"_’\/@ 2 mg/mL 30-60 seconds Hypnotic
(Notin 1999 I Propylene glycol 35%
PDR) . cﬁﬂ
Etoposide/ e Non-aqueous Solution Dilute with saline or 1V infusion Astra
Etoposide 20m, dextrose 5% to 0.2~ over 30-60 and
injection PEG 300 60%, 0.4 mg/mL. minutes Bristol-Myers-
and Ethyl alcohol 30%, Squibb,
VePesid TWEEN 80 at 8.0%, Antineoplastic

pKa=9038
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Drug Name/
Marketed

Preadministration Routc of Company and
Name Structure Formulation preparation Administration Indication

Etoposide e Lyophilized powder Reconstitute with 1V infusion Bristol-Myers-

Phosphate/ 100-1000 mg, WFI, saline or over 30-60 Squibb,

Etopophos Dextran 40 at 300-3000 mg dextrose 5% to 10-20 minutes Antineoplastic

Sodium citrate 32-327 mg/mL, mg/mL which is
further dilnted with
saline or dextrose 5%
to 0.2-0.4 mg/mL.
L7
Water soluble
phosphate ester
prodrug

Famotidine/ % Solution For 1V bolus dilute 1V bolus Merck,

Pepcid ey . 10 mg/mL with saline, dextrose over>2 Antiulcerntive
o, ° L-aspartic acid 4 mg/mL, 5% or lactated minutes/ (inhibition of
pKa 6.7, 11.2 Mannitol 20 mg/mL, Ringer's to 2-4 1V infusion gastric secretion)

Benzyl alcohol 0.9%, mg/mL, and for IV over 15-30
pH 5-6 infusion dilute minutes
t0 0.2 mg/mL.

Fenoldopam o Solution Dilute with saline or IV infusion Neurex,

mesylate/ 10 mg/mL, dextrose 5% to 0.04 Antihypertensive

Corlopam " Propylene glycol 50%, mg/mL.

" Scdium metabisulfite 1 mg/mL,
Citric acid 3.4 mg/mL,
Sodium citrate 0.61 mg/mL
Fentanyl Solution None for IM and IV M/ Asra,
citrate ,\/O 0.050 mg/mL bolus. For IV IV bolus Baxter
Sublimaze  ne._§ (O‘ pH 4-7.5 infusion dilute with over 1-2 and
(See saline or dextrose 5% minutes/ Elkins- Sinn,
Droperidol) @ coon 10 0.0025-0.020 [V infusion Analgesic
cOoH mg/mL
Floxuridine/ Powder Reconstitute with 5 Intra-arterial Roche,
FUDR ) 6 500 mg mL WFI to 100 infusion Antineoplastic
i PH 4-5 mg/mL then further
o, Frorout diluted with saline or
Flontze dextrose 5% to 0.1-
on 0.6 mg/kg/day.

Fluconazole/ ) Solution None [V infusion at < Pfizer,
Diflucan g \ 2 mg/mL 200 mg/hour Antifungal
(selective N/N F  Sodium chloride 9 mg/mL, or

inhibitor of Dextrose 56 mg/mL,

fungal N pH4-8

cytochrome P- ( N

450sterol C- pN==/ OH F
14 alpha-

demethylation)
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Fludarabine NH, Lyophilized powder Reconstitute with 2 IV infusion Betlex,
Phosphate N 50 mg, mL WFI to 25 mg/mL aver 30 Antineoplastic
F/u\ } Mannitol 50 mg then further diluted minutes
pH7-8 with 100-125 mL
2 saline or dextrose 5%
HO=E-C. to ~ 0.5 mg/mL.
o Hy] Fiudarabine
FPhosphate
Water soluble
phosphalte ester
prodrug
Flumazenil/ Hg O Solution None or IV bolus over Roche,
Romazicon o " 0.1 mg/mL, dilute with saline, 15 seconds Treatment of
" Sodium chloride 9 mg/mL., dextrose 5% ar through a freely  benzodiazepine
e o iﬁ; Methyiparaben 1.8 mg/mL, lactated Ringer's. running IV~ overdose (benzo-
Propyl n 0.2 mg/mlL, infusion line diazepine
DTA 0.01%, antagonist)
Acetic acid 0.01%, ’
pH4
Fluorouracil 0 Solution None far IV bolus. 1V bolus/ Roche,
(Not in 1999 F\ﬁ'\m 50 mg/mL For1V infusiondilute IV infusion Antineoplastic
PDR as an ! M’L"’ pH 9.2 with dextrose 5% to
injectable) 1-10 mg/mL.
Fluphenazine Ot Solution, None ™M Apothecon
HCV O 2.5 mg/mL Antipsychotic
Prolixin (\/ Sodium chloride (isotonic),
(Notin 1999 " Methylparaben 0.1%,
PDR as an [:):"Ij‘ ' Propylparaben 0.01%
injectable) s pH S
Fomiversen ANTI-Sense Solution Nane Intravitreal Ciba Vision,
sodium/ oligonucleotide 6.6 mg/mL (0.5 mL/eye) Antiviral
Vitravene  5'-GCG TTT GCT CTT Sodium chloride,
CTT CTT GCG-3’ Sodium carbonate,
Sodium bicarbonate
pH 8.7
Foscamet (o] Solution None for central line IV infusion Astra,
sodiom/ I} 24 mg/mL infusion, but infusion Antiviral
Foscavir HO-——] pH 74 in peripheral line must
be diluted with saline
H or dextrose 5% to 12
mg/mL
Fosphenytoin/ Solution None for IM, For 1V M/ Parke-Davis,
Cerebyx H 75 mg/mL infusion dilute with IV infusion at <  Anticonvulsant
o E 0es (50 mg/mL phenytoin saline or dextrose 5% 150 PE/minute
equivalents, PE) to 1.5- 25 mg PE/mL. .
Tromethamine,
Water soluble pH = 8.6-9.0
hydroxy-methyl
phosphate ester
prodrug
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Drug Name/

Preadministration

Marketed Route of Company and
Name Structure Formulation preparation Administration Indication
Furosemide COOH Solution Noune fos IM or IV v/ Astra
(Frusemide)/ w 10 mg/mL bolus. For IV 1V bolus over and
Formerly HN, o Sodium chloride (isotonic) infusion dilute with 1-2 minutes/ Baxter
Lasix 8¢ pH 8-9 saline, dextrose 5% or IVinfusionat £ and
%o & lactated Ringer's. 4 mg/minute Elkins-Sinn,
Antih ensive;
1retic
Ganciclovir o Lyophilized powder Reconstitute with 10  [Vinfusionat5  Syntex (Roche),
sodium 1oy 500 mg mL WFIto SOmg/mL  mg/kg over 1 Treatment of
(DHPGY/ na S pH 11 then further dilute hour CMV retinitis in
Cytovenc o (Solubility atpH 7 =6 with 100 mL saline, immune-
m-\{_m mg/mL, pKa 2.2, 9.4, active dextrose 5% or compromised
" drug is triphosphate) lactated Ringer's to ~ patfents
5 mg/ml..
Gemcitabine Lyophilized powder Reconstitute with IV infusion Lilly,
HCV 200-1000 mg, salinc to 40 mg/mL over 30 Antincoplastic
Gemzar pH 2.7-3.3 which may be further minutes
diluted with saline to
0.1 mg/ml.
Gentamicin i Solution None for IM. For IV M/ Schering,
sulfate/ " 1040 mg/mL infusion dilute with 1V Infusion Antibiotic
Garamycin Methylparaben 1.8 mg/mL, 50-200 mL saline or over 0,5-2
" Propylparaben 0.2 mg/mL, dextrose 5%. hours
Sodium bisulfite 3.2 mg/mL,
B EDTAO.I'm
He pH 3-5.
Oemamicin C). RinR2=CHY
Gunlagicin C2, Ri=CHY, R1<H
Genamicin Cla, Ri=R2sH
Glucagon His-Ser-GlIn-Gly-Thr- Lyophilized powder Reconstitute with IVats i Lilly,
Phe-Thr-Ser-Asp-Tyr- I mg provided diluentto 1 mg/min Treatment of
Ser-Lys-Tyr-Leu-Asp- Lactose 49 mg. mg/mL. If the dose is hypoglyccmia
Ser-Arg-Arg-Ala.Gin- Provided diluent: >2 mg, then
Asp-Phe-Val-Gin-Trp- Water with Glycerin 1.2% reconstitute with
Leu-Mect-Asn-Thr pli<3 WFL.
Glyco- QP‘» 1) Bty Solution None IM/ Robbins,
pyrrolate/ ) 0.2 mg/mL IV bolus Anticholinergic
Robinul o Benzyl alcohol 0.9%
. pH 2-3
Gold OH Solution None M Merck & Co.,,
thiomaleate 4, ;Q/\ 50 mg/mL (Intragluteally)  Antirheumatic
sodium/ s COOH Benzyl alcohol 0.5%
Aurolate, pH 5.8-6.5
Myochrysine
Granisetron oM, Solution None for IV bolus. 1V bolus Smith-Kline
HCV £ty 1 mg/mL For 1V infusion dilute over 30 Beecham,
Kytril Sodium chloride 9 mg/mL with 20-50 mL saline seconds/ Antinauseant,
,&3 wi/wo Benzyl alcohol 10 ot dextrose 5% (10- [V infusion Antiemetic
| mg/mL 40 ug/kg). over 5 minutes
° wiwo Citric acid 9 mg/mL,
pH 4.7-7
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Drug Name/

Markelted Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Haloperidol Solution None v/ Ortho-McNeil,
lactate/ 5 mg/mL, Scldom via Psychotic
Haldo} Methylparaben 1.8 mg/mL, 1V bolus or disorders,

Propylparaben 0.2 mg/mL., IV infusion Tourette's
Lactic acid Disorder
pH 34
Haloperidol )1 Non-aqueous solution None ™M Ortho-McNeil,
Decanoate/ oy 50-100 mg/mL ychotic
Haldol in Sesame Oil isorders,
decanoate Benzyl alcohol 1.2% Tourette's
Deconate ester Disorder
prodrug for
prolonged effect
Hemin/ Lyophilized powder Reconstitute with 43 IV infusion Abbott,
Panhematin 313 mg, mL WFIto 7mg/mL.  using a 0.45 Treatment of
(a.k.a Sorbitol 300 mg um filter acule intermittent
Hematin) Sodium carbonate 215 mg, porphyria refated
- to menstration
Heparin Solution None or dilute with IV infusion Wyeth-Ayerst
sodium 10-20,000 units/mL, saline or lactated and
o Benzyl alcohol < 10 mg/mL, Ringer's to 10-100 Lilly,
Q’ ﬁ w/wo Sodium chloride 1 units/mL. Anticoagulant
mp/mL
2 LR pH 5-7.5
h 7 AT
Hetastarch/ HO Ry Solution None IV infusion DuPont,
Hespan 60 mg/mL., Plasma volume
Sodium chloride 9 mg/mL expansion
pH 3.5-7.0
*dn
Hewsiarch (Polymer)
Ry Ry Rg + Hor CH,CHOH
Rg = branching peint
Hydralazine NH, Solution None M/ SoloPak and
HCV HN” 20 mg/mL v CibaGeneva,
Apresoline Propylene glycol 10%, Antihypertensive,
(Not in 1999 N Parabens 1 mg/mL Vasodilating
PDR as an I ) pH 34 Agent
injectable) =N
Hydro- /"\‘!}“’ Suspension None M/ Merck,
cortisone 50 mg/mL Intralesional/ Replacement
Acetate/ - o, ) Sodium carboxy- Intra-articular therapy in
Hydrocortone methylcellulose 5 mg/mL, adrenocortical
Acetate TWEEN 80 at 4 mg/mL, deficiency,
(Slow onset Sodiom chloride 9 mg/mL., Anti-
of action, bul ~ Water insoluble Benzyl alcohol 9 mg/mL inflammatory
long duration) acetale ester
prodrug
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Drug Name/

Marketed Preadministration Rottte of Company and
Name Structure Formulation preparation Administration Indication
Hydro- Solution None or dilute with s Merck,

corlisone 50 mg/mL saling or dextrose 5%. v/ Replacement

Phosphate Creatinine 8 mg/mL, IV bolus/ therapy in
sodium / Sodium bisulfite 3.2 mg/mL, 1V infusion adrenccortical

Hydrocortone Methylparaben 1.5 mg/mL, deficiency,
Phosphate Water scluble Prapylparaben 0.2 mg/mL, . Anti-
phosphate ester Sodivm gtl_,'alsc‘éosmg/nm inflammatory
prodrug P 123-8. '
Hydromor- 1) Solution Dilute solution with SC¢/ Knoll,
phone/ 10 mg/mL saline to 2 mg/mL. B/ Analgesic

Dilaudid Sodium citrate 2 mg/mL, Reconstitute powder v

HC Citric acid 2 mg/mL with 25 mL to (over 2-3
pH 4-5.5, 10 mg/mL and minutes)
2) Lyophilized powder dilution with saline to
250 mg 2 mg/mL.
Hydroxyzine OO Solution None M Pfizer,
HCV 25-50 mg/ml., Tranquilizer
Vistaril Benzyl alcohol 0.9%,
pH 3.5-6
Hyoscyamine ™ Solution None sa/ Schwarz,
sulfate/ 0.5 mg/mL M/ Peptic ulcers
Levsin f 1V bolus ’

Ibutitide Racemic Solution None or dilute with IV infusion Phamnacia &

fumarate/ o~ 0.1 mg/mL 50 ml saline or Upjohn,

Corvert _‘_l wn  Sodium chloride 8.9 mg/mL  dextrose 5% to 0.017 Antiarthythmic

pH 4.6 mg/mL.

Idarubicin b Solution None 1V infusion Pharmacia &
HCl 4 I mg/mL over 10-15 Upjohn,
Idamycin o Glycerin 25 mg/mL, minutes in Antineoplastic

& 4 pH 35 running line of
saline or
i dextrose 5%
Ifosfamide/ frrnioe: Kol tvermabols Powder Reconstitute with 1V infusion Bristol-Myers-
Ifex o«.%\,., ,«:%r"j\,,, 1000-3000 mg WFIto 50 mg/ml.  over at least 30 Squibb,
: . pH6 then further dilute minutes with Antineoplastic
Y with saline, dextrose Mesna
ff\" f‘ifj\ﬂ 5% or lactated
- Ringer’s to 0.6-20
mg/mL.
Imipenem
(See

Cilastatin)

Imipramine Solution None ™M Geigy,

fey O O 12,5 mg/mL The original

Tofranil Sodium bisulfite 0.5 mg/mL, tricyclic

(Not in 1999 Sodium sulfite 0.5 mg/mL, antidepressant

PDR as an n,c,‘\c”! Ascorbic acid | mg/mL

injectable) pH 4-5
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Indomethacin o Lyophilized powder, Reconstitute with IV bolus Merck,
sodiurn/ I mg saline to 0.5-1 Nonsteroidal
Indocin LV. o pH 6-2.5 mg/mL. antiinflammatory
H X
Iodipamide o Solution Warm to body IV infusion Squibb,
meglumine/ \d 520 mg/mL, temperature. over 1045 Diagnostic aid
Cralografn P~ Sodium citrate 3 me/mL, minutes (Radiopaque
Meglumine N EDTA 0.04% mcdium)
(Not in 1999 pH 6.5-1.7
PDR) .
ITohexol/ Solution Warm to body v/ Nycomed,
Omnipaque 140-350 mg/mL, temperature, Intra-arterial/ Diagnostic aid
(Not in 1999 EDTA Intrathecal/ (Radiopaque
PDR) TRIS 1.2 mg/mL medium)
pH 6.8-7.7
Topamidol/ Solution Warm to body v/ Braco,
sovue 200-370 mg/mL temperature. Intra-arterial/ Diagnostic aid
(Not in 1999 EDTA, Intrathecal (Radiopaque
PDR) TRIS 1 mg/mL medium
pH 6.5-7.5
Iothalamate Solution Warm to body v/ Mallinckrodt,
meglumine 170-600 mg/mL temperature. Intra-arterial Diagnostic aid
(or sodium)/ (Radicpaque
Conray medium)
(Not in 1999
FDR)
Irinotecan Water soluble Solution Dilute with dextrose IV infusion Pharmacia &
HCV prodrug 20 mp/mL, 5% or saline to 0.12- over 90 Upjohn,
Camptosar " Sorbitol 45 mg/mL, 1.1 mg/mL. minutes Metastastic
O‘OT Lactic acid 0.9 mg/mL carcinoma
l ol pH 3.0-38
0 5 E‘W\
Isoniazid/ Solution None M Apothecon,
Nydrazid NH, 10 mg/mL, Tuberculosis
. S N~ Chlorobutanol 0.25%,
| pH 6.0-7.0
Isoproterenol Solution None for SC or IM. ScC/ Sanofi Winthrop
HCV HO. u\rc"; 0.2 mg/mL For IV bolus dilute 1%} (Elkins-Sinn),
Isupre) HCI o O, Sedium chloride 7 mg/mL, with saline or IV bolus/ Smooth muscle
HO Racemie Sodium metabisulfite 1 mg/mL,  dextrose 5% t0 0,02 IV infusion/ relaxant
Lactic acid 0.12 mg/ mg/mL, for IV (Intracardiac
Sodium lactate 1.8 mg/mL infusion dilute to (extreme
pH 3.5-5.5 0.0004-0.004 emergency)]
mg/mL.
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Drug Name/

Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Itraconazole/ Solution Dilute with saline to 5 IV infusion Janssen,
Sporanox 10 mg/mL mg/mL. Antifungal
. Hydroxypropyl-§-
Mixture of 4 cyclodextrin 40 %,
diastereoisomers (iwo Propylenc glycol 2.5%,
enantiomeric pairs) pH 4.5 ,
Kanamycin Solution None for IM. For IV ™/ Apothecon,
sulfate/ 37-333 mg/mL infusion dilute with IV infusion Antibiotic
Kantrex Sodium bisulfite 0.5%, dextrose 5% or saline over 30-60
(Not in 1999 T Sodjum citrate 2%, to 2.5-5 mg/mL. minutes/ ;
PDR) % pH 45 Intraperiloneal
" w instillation.
s Pt
Xararycn G OM N2
Ketamine Solution None or dilute the 100 ™/ Parke-Davis,
HCV 10-100 mg/mL mg/mL with WFI, IV bolus over Anesthetic
Ketalar Sodium chloride (isotonic) saline or dextrose 5% 60 seconds
(Not in 1999 I” Benzethonium chlaride 0.1%, to 50 mg/mL
PDR) " pKa=75 pH 3.5-5.5
Ketorolac o Solution None Y/ Syntex (Roche),
tro i (vials or cartridge-needle units) v Analgesic,
Toradol \ coon 15-30 mg/mL Nonsteroidal
Ketorolac _Ethyl alcohol 10%, antiinflammatory
racemic, only § Is active Sodium chlo'm'!e 6.?-8.7 mg/mL,
pKaws3s w/wo citric acid 0.1%,
pH7-8
Labetalol Solution None for IV bolus. IV bolusover2  Schering and
HCV Y\/O (vials and prefilled syringes)  For 1V infusion dilute minutes/ Glaxo Wellcome,
Normodyne ' 5 mg/mL with saline, dextrose 1V infusion Antihypertensive
and o ] Dextrose 45 mg/mL, 5% or lactated
Trandate Lot Methylparaben 0.8 mg/mL.  Ringer’s to 1 mg/mL.
RR.=Dilevalol Propylparaben 0.1 mg/mL, .
EDTA 0.1 mg/mL., ’
Citric acid
pH 34
Leucovorin | Lyophilized powder Reconstitute with M/ Immunex,
calciuny/ 50-350 mg WFI to 10-20 mg/mL. IV bolus/ Glaxo Wellcome
Wellcovorin Sodium chloride 40-140 mg IV infusion an,
¢ pH=8.1 (at< 160 Elkins Sinn.
S mg/min) Antidote for folic
priigshdomiy acid antagonist;
(Reduce toxic
effect of high-
dose
methotrexate
therapy in
osteosarcoma
Leuprolide/ 5-Oxo-L-proly)-L~ 1) Solution for SC: None for SC solution. M/ TAP,
Lupron histidyl- L-tryptophyl- 5mg/mL. . For IM reconstitute sC LH-RH agonist,
and L-seryl-L-tyrosyl-D- Sodium chloride (isotonic) the microspheres Prostate cancer;
Lupron leucyl-L-leveyl-L- Benzy! alcohol 9 mg/mL wglh l.q mL of Endqmetﬂosl_s;
Depot arginyl-N-ethyl-L- 2) Lyophilized provided diluent to a In children with
prolinamide microspheres for IM. suspension of 3-25 central
acetate (salt) (Depot dual-chamber syringe or mg/mL. precocious
single-dose vial) puberty, i
Syringe A or in vial: Inhibition of the
Solid 3,75-15 mg leuprotide, growth of certain
Purified gelatin 0.65-2.6 mg, hormone
DL-lactic/glycolic acids dependent tumors
copolymer 33-132 mg
D-mannitol 6.6-26 mg.

Syringe B or supplied
diluent: Aqueous solution of
Sodlum carboxy-
methylcellulose 5 mg,
TWEEN 80 at 1.0 mg,
D-mannitol 50 mg,
Acetic acid
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Levocamitine/ Soluwion None IV over 2-3 Sigma-Tau,
Camitor ) \i/“’o“’ 200 m minutes (50 Treatment in
HsG pH 6.0-6.5 mg/kg) patients lacking
. H endogenous
levocamiline
Levofloxacin/ e 1) Solution Dilute with saline, IV infusion Ortho-McNeil,
Levaquin 25 mg/mL, dextrose 5% or over = 60 Antibacterial
Sodium chloride (isotonic) lactated Ringer's 0 5 minutes.
pH 3.8-5.8 mg/mL.
2) Ready-to-use solution
5 mg/mL,
Dextrose 5%
pH 3.8-5.8
Levorphanol H - Solution None or dilute with 5 SC/ -ICN,
tartrate/ 2 mog/mL, mL saline. M/ Analgesic
Levo- Methylparaben 1.8 mg/mL, IV bolus/
Dromoran Propylparaben 0.2 mg/mL or, IV infusion
Phenol 4.5 mg/mL
pH 4.3
Levo- - Lyophitized powder Reconstitute with 5 ™/ Kroll,
thyroxine ;i—m- 0.2-0.5 mg mL saline. v Hormone
sodium/ Mannitol 10 mg, at 0.1 mg over replacement;
Synthrod Sodium phosphate tribasic 0.7- < ] minute Hypothyroidism
1.7 mg
pH 7.5
Lidocaine s 1) Solution None for IM but for M/ Astra,
HCY/ ﬂY\ N (vials and prefilled syringes) 1V bolus only < 20 IV bolus/ Analgesic;
Xylocaine CH, 5-40 mg/mlL., mg/ml, and for [V 1V infusion/  Antidysthythmic
OH? k Sodium chloride 6-7 mg/mL, infusion dilute with Local (class 1B)
. oty Methylparaben | mg/mL saline, dextrose 5% or infiltration
Udocalne pH 5-7 lactated Ringer’s to 1-
pKa=179 2) Solution 4 mg/mL.
5-20 mp/mL
Sodivm chloride,
Epinephrine 0.005 mg/mL,

Sodivm metabisulfite 0.5

mg/mL,
Methylparaben | mg/mL
Citric acid pH 3.3-5.5.
3) Solution
15 mg/ml.
Dextrose 7.5%
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation preparation Administration Indication
Lincomycin f& Solution None of for IV M/ Upjohn,
HC He 300 mg/mL infusion dilute with IV infusion at Antibacterial
Lincocin GHy Benzyl alcohol 9.5 mg/mL saline or dextrose 5% < 10 mgh
HCI HO-4H pH 3-5.5 to < 10 mg/mL. Sub-
(Not in 1999 ey canjunctival
PDR) 0
Uncomyein
pa=76 OH
Liothyronine Solution Naone IV bolus Jones,
sodium/ ! 0.01 mg/mL Thyroid hormone
Triostat o pH 10.5
Lorazepanm/ Solulion None for IM. For [V v/ Wyeth-Ayerst,
Ativan i 24 mg/mL dilute with equal IVbolusat<2 Anxiolytic;
OH PEG 400 at 0.18 mL/mL, volume of saline, mg/min scdation;
N in Propylene glycol dextrose 5% or status epilepticus
o o Benzyl alcohol 2% lactated Ringer's. .
Lorazepam
Sol, water = 0.08 mg/mL.
pKa=115,13
9 PDA Joumat of Pharmaceutical Science & Technology
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REVIEW ARTICLE

Parenteral Formulations of Small Molecules Therapeutics Marketed in

the Unite'i States (1999) Part il

ROBERT G. STRICKLEY

Axys Pharmaceuticals, Inc., South San Francisco, California

[Editor’s Note: This Review Article on Injectable Prod-
ucts is being published in three parts. The introduction and
summary appeared in the November/December 1999 issue
of the Journal. Part 11 appeared in the January/February
2000 iss--e. This is Part 111.]

Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Administration Indication
Medroxypro Suspension None M once every Pharmacia &
gesterone 150-400 mg/mL, 3 months Upjohn,
Acetate/ PEG 3350: 20-29 mg/mL, Contraceptive
TWEEN 80 at 2.4 mg/ml,
Provera Sodium chloride: 8.7 mg/mL,
Methylparaben: 1.4 mg/mL,
N Propylparaben: 0.15 mg/mL
Water insoluble
acetale ester
prodrug
Melphalan Lyophilized powder Reconstitute 1V infusion  Glaxo-Wellcome,
HCVY 50 mg, vigorously with over 15-20 Antincoplastic,
Alkeran HM, Povidone 20 mg. provided dilucnt to minutes Alkylating agent.
Gy Provided 10 mL dilueat of 5.0 mg/mL, then
o/ Mephain Water 35%, fucther dilute with
pRal = 2.5 Propylene glycol 60%, saline to S 0.45
Ethy! alcohol 5%, mg/mL.
Sodium citrate 0.2 g with
pH 6.5-7.0

Comespondence address; 180 Kimboll Way, South San Francisco, CA
94080
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Drug Name/

Marketed Preadministration Route of Company and

Name Structure Formulation Preparation Administration  Indication
Meperidine CH, Solution None for SC or IM. SC/ Wyeth-Ayerst,
(o1} ) 25 mg/mL For IV infusion dilute ™/ Analgesic,

Mepergan Promethazine 25 mg/mL., with at least 5 mL IV infusion at Sedative,
(a.k.a. EDTA 0.1 mg/mL, saline to 10 mg/ml.. 25 mg/min Anesthetic

Demerol) o Calcium chloride 0.04 mg/mL.,

- Sodium formaldehyde
o CHy sulfoxylate 0.75 mg/mL,
Sodium metabisulfite 0.25
mg/mL,
Sodium acetate,
pH 3.5-6

Mephen- n Solution None for IM or IV my/ Wyeth-Ayerst,
termine “CH. 15-30 mg/mL bolus. For IV IV bolus/ Antihypnotic
sulfate/ @:?(C 5 Parabens 2 mg/mL, infusion dilute with 1V infusion

‘Wyamine 3 Hy Acetate buffer saline or dextrose 5%
sulfate pH 4-6.5 to 1 mg/mL.

(Not in 1999
PDR)
Mepivacaine Solution None Local Astra,
HCY W 10-20 mg/mL Ancsthetic
Polocaine
O
Meropenam/ R O Powder For 1V bolus IV bolus over Zeneca,
Menmem ﬁmﬁ on 500-1000 mg, reconstitute with WFL  3-5 minutes / Antibiotic
Sodium carbonate to 50 mg/mL. IV infusion
pH 7.3-8.3 For IV infusion over 15-30
reconstitute with minutcs
saline or dextrose 5%
to 5 mg/mL.,
Drug Name/

Marketed Preadministration Roule of Company and
Name Structure Formulation Preparation Administration Indication
Mesna/ Solution Dilute with saline, IV bolusover<  Bnstol-Myers
Mesnex 100 mg/mL, dextrose 5% or 1 minute Squibb,

RS Na wiwo Benzyl alcohol 10 lactated Ringer's to 20 Detoxifying agent
mg/imk, mg/mL. {antineoplastic
EDTA 0.25 mg/mL, adjunct in
pH 6.5-8.5 conjunction with i
Ifosfamide ;
administration)
Metaraminol cooH Solution None for SC, IM or sc/ Merck,
bitartrate/ O e, m 10 mg/mL 1V bolus, For IV M/ Adrenergic
Aramine NH, Sodium chloride 4.4 mg/mL, infusion dilute with 1V bolus/ (increases blood
coon Methylparaben 0.15%, 500 mL. saline or IV infusion pressure in
Propylparaben 0.02%, dextrose 5% to 0.03 - treatment of
Sodium bisulfitc 0.2%, 0.2 mg/mL. hypotension)
pH 3.2-45

Methadone Solution None SC/ Reoxane,
HCL/ a 10 mg/raL M Analgesic,

Dolophine Sodium chlonide 9 mg/mL Sedation,
HCL H pH = 3-65 Detoxification for

Hy heroin addiction

Methicillin H H Powder Reconstitute with 157 Apothecon,

sodium/ LI CH, 1000-6000 mg, WFI to 500 mg/mlL. IV bolus/ Antimicrobial

Stapheillin % Sodium citrate 50 mg/gram No dilution for IM. IV infusion

(Not in 1999 o 1 methicillin, For IV dilute with over 20-30
PDR) Goou pH 6-8.5 saline to 20 mg/mL, minutes
and for IV infusion to
2-20 mg/mL.
Vol. 54, No. 2 / March-Aprit 2000 153
Supplied by The British Library - "The world's knowledge"

InnoPharma Exhibit 1020.0261



Drug Name/

Marketed Preadministration Route of Company and
Name Structure Formulation Preparatlon Administration Indlcatlon
Metho- Solution None for IM or IV M/ A.H. Robbins,

carbamil/ - 100 mg/mL, bolus. For IV IVbolusats  Skeletal muscle

Robaxin , PEG 300 at 50%, infusion dilute with< 30 mg/min/ relaxant in the

pH=4-5 250 mL saline or IV infusion treatment of
dextrose 5%. over 10-15 painful
minutes musculoskeletal
condition
Methohexital Powder Reconstitute with IV bolus/ Jones Medical
sodium 500-5000 mg, WFI to 166 mg/mL IV infusion Industries,
Sodium carbonate 30-300 mg, then further dilute Ultra short acting
pH 9-11 with saline or anesthetic
dexirose 5% to 10
mg/mL.
Methotrexale 1) Solution Reconstitute the M/ Immunex,
sodium 25 mg/mL powder with saline or v/ Antineoplastic,
Sodium chloride 2.6-4.9 dextrose 5% to [-50 Infusion/ Immuno-
mg/mL, mg/mL Intra-agterial/ suppressant,
w/wo Benzyl alcchol 9 mg/ml, Intrathecal Antitheumetic
H ~ 8.5.
2) Lyoghilized powder
20-1000 mg,
pH 9-11
Metho- i, CH Solution None M Immunex,
trimeprazine/ N., 20 mg/mlL Analgesic
Levoprine CH, Benzyl alcohol 0.9%,
(Not in 1999 N OCH, EDTA 0.065% (wiv),
PDR) (:C D, Sodium metabisulfite 0.3%,
8 pH 4.5

Drug Name/

Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Adminlstration Indication
Methoxamine Solution None for IM or IV M/ Glaxo Wellcome,

HCV Hy Hy 20 mg/mL bolus. For IV IV bolus Antihypotensive
Vasoxyl Sodium chloride (isotonic) infusion dilute with slowly (increases blood
NH, Citric acid 3 mg/mL, dextrose 5% to 0.1S  (emergency)/ pressure)
CH, Sodium citrate 3 mg/mL, mg/mL. IV infusion
Potassium metabisulfite 1
mg/mL,
pH 3-5
Methoxsalen/ Solution Injected into IV infusion Therakos,
Uvadex 0.02 mg/mL photoactivation bag, Photoactive
Sodium chloride 8 mg/mL, then add 240 mL substance used in
Pr?ylene glycol 5%, buffy coat, 300 mL extracorporeal
ihyl alcohol 5% plasma, and 200 mL treatment of
H, Sodium acetate 1.7 mg/mL,  saline, then reinfused. leukocyte
Acetic acid 1.5 m; endiched buffy
pH not reported coat.
Methyldopate Solution Dilute with dextrose IV infusion Merck,
HCY o oy, 50 mg/mL. 5% to 10 mg/mL. over 30-60 Antihypertensive
Aldomet Ester Monothiogl;;ferol 2 minutes
HCi mg/mL,
Ethyl ester prodrug Sodium bisu%t"ztc 3.2 mg/mL,
EDTA 0.5 mg/mL,
Methylparaben 1.5 mgﬂmi,
Propylparaben 0.2 m .
?tric acid 5 mg/mL,
pH 34.2
154 PDA Journal of Pharmaceutical Science & Technology
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Drug Name/
Marketed . Preadministration Route of Company and
Name Structure Formulation Preparation Administration Indication
Methyl- o Solution None M/ Sandoz,
ergonovine \(\“ : 0.2 mg/mL IV inlife Oxytocic, used to
maleate/ o €0 Sodium chloride 3 mg/mL, threatening control
Methergine oy Tartaric acid 0.25 mg/mL, situation postparium
(Not in 1999 o pH 2.7-3.5 hemarrhage
Methyl- Suspension None ™/ Pharmacia &
prednisolone 20-80 mg/mL Intrasynovial/ Upjohn,
Acctatef PEG 3350 3%, . Soft tissue or Anti-
Depo- TWEEN 80 at 2 mg/mL, Intralesional inflammatory
Medrol Sodium chloride (isotonic), ghlucocorticoid
Benzyl alcohol 9 mg/mL,
™ Sodium phosphates 2 mg/mL,
Water insoluble pH 3.5.7.
acetate ester
prodrug
Meihyl- Lyophilized powder Reconstitute with 1% . Pharmacia &
prednisolone 40-2000 mg WFI to 40-65 mg/mL. 1V bolus/ Upjohn,
Succinate '8 wiwo Lactose 25 mg/mL, For IV infusion IV infusion Anti-
sodium / Benzyl alcohol 9 mg/mL further dilute with inflammatory
Solu-Medrol Sodium phosphates 18 mg/mL  saline or dextrose 5%. glucocorticotd
Water soluble pH7-8
stccinate ester
prodrug
Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Administration Indication
Metoclo- o. B Solution None forIM or IV 1% A.H. Robbins,
pramide TSN e, 5 mg/mL bolus. For IV IV bolus/ Antiemetic,
HCLY OCH, k Sodium chloride 8.5 mg/mL, infusion dilute with 1V infusion Anticholinergic
Reglan CH, pH 4.5.6.5 50 mL saline,
c dextrose 5% or
" lactated Ringer's to ~
* 0.2 mg/mL.,
Metoprelol \/t/me Solution None TV bolus over 2 Novartis,
tartrate/ 1 mg/mL minutes Antihypertensive,
Lopressor prreeligd Sodium chloride 9 mg/mL, Antianginal,
pH 7.5 Antiarrhythmic
Metronidazole/ OH 1) Solution Reconsiitute with 4.4 IV bolus/ SCS, j
Flagyl 5 mg/mL, mL WFI or saline to 1V infusion Antibacterial
Sodium chloride 7.9 mg/mL, 100 mg/mL then
O.N N CH; Sodium phosphate 0.5 mg/mL,  further dilute with
2 \<\’\/[/ Citric acid 022 mg/mL,  saline, dextrose 5% or
N pH 5-7, lactated Ringer’s to <
2) Lyophilized powder 8 mg/mL then
500 mg (HC salt) neutralize with
Mannitol 415 mg Sodium carbonate
pH 0.5.2,0 to pH 6-7
Mezlocillin o % R Crystalline powder Reconstitute with M/ Bayer,
sodiom we S ] 1-20 grams WHFI, saline, dextrose IV bolus/ Antibiotic
Mezlin g oo pH 4.5-8 5% or lidocaine 0.5% IV infusion
(IM only) to 100-300
mg/ml’:. and for IV
infusion further dilute
with saline or
dextrose 5%
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Administration Indication
Miconazole N’% Solution Dilute with saline or IV infusion Janssen,
Monistat i.v. g, o 10mg/mL dextrose 5% to 1 over 30-60 Antifungal
(Not in 1999 Cremophor 11.5%, Lactic mg/mL minutes/
PDR as acid 1 mg/mL, Intrathecal/
injectable, o O Methylparaben 0.5 mg/mL, Bladder
onlyasa Propylparaben 0.05 mg/mL, instiilation
cream) pH 3.7-5.7
Midazolam He Solution None or ditute with M/ Roche,
HCL/ / 1-5 mg/mL saline or dextrose 5%  Slow IV bolus Anesthetic
Versed N Sodium chloride 8 mg/mL, of 1 mg/mL
Q Benzy! alcohol 10 mg/mL,
EDTA 0.01%,
pH 3
Milrinone Solution None or dilute with IV infusion Sanofi Winthrop,
Jactate/ 0.2-1.0 mg/mL saline or dextrose 5% Cardiotonic,
Primacor Dextrose 47 mg/mL, to 0.2 mg/mL. Inotropic/
Lactic acid 0.3-1.3 mg/mL Vasodilator
pH 34
! Minocycline e, HG, cHy Lyophilized powder Reconstitute with IV infusion Lederle,
: HCL/ wowy 100 mg WFI to 20 mg/mL Antibacterial
Minocin N pH 2-3 then diluted with S00-
; ", 1000 mL saline or
S B o dextrose 5% to 0.1~
0.2 mg/mL.
Drug Name/
Marketed : Preadminlistration Route of Company and
Name Structure Formulation Preparation Administration Indication
Mitomycin/ Lyophilized powder Reconstitute with IV infusion Bristol-Myers
Mutamycin oj\ 540 mg WFI to 0.5 mg/mL, Squibb,
) NH, Lactosc 10-80 mg may be further dituted Antineoplastic
pH 6-8 with saline, dextrose
5% or factated
Ringer’s to 0.02-0.04
mg/mL.
Mitoxantronc Solution Dilute with 2 50 mL 1V infusion Immunex,
HCL/ 2 mg/mL, saline or dextrose 5%. Antineoplastic
Novantrone Sodium chlonde 8 mg/mL.,
Acetate buffer 0.5 mg/mL,
| A pH 345
Mivacurium o) - 1) Solution None 1V bolus Glaxo Wellcome,
chloride/ . S 2 mg/mL (2 mg/mL)/ Short-acting
Mivacron K Herpxdod Benzy! alcohol 0.9%, IV infusion muscle relaxant
Mixtore of 3 pH 3.5-5. (0.5 mg/mL)
diasterecoisomers 2) Solution
0.5 mgfmL
Dextrose 5%
pH 3.5-5
Morphine Solution For IV bolus dilute sc/ Astra,
sulfate/ 0.5-25 mg/mL, with 5 mL saline. For ™/ and
Astramorph Sodium chloride 9 mg/mL IVinfusion dilute  Stow IV bolus/ Elkins-Sinn,
and pH 2.5-6 with saline, dextrose IV infusion/ Analgesic
Duramorph 5% or lactated Intrathecal/
Ringer’s 1o 0.1-1 Epidural
mg/mL.
156
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Drug Name/
Marketed Preadminlstration Route of Company and
Name Structure Formulation Preparatlon Administration  Indieation
Moxalactam i Pawder Far IM reconstitute M/ Lilly,
disodium/ —y o 1000-2000 mg with WFI, saline or IV bolus/ Antibacterial
Moxam of ‘\f}. Mannito! 150 mg/g moxalactam lidocaine 0.5% to 333 IV infusion
(Notin 1959 pH 5.5-6.5 mg/mL. For IV bolus
PDR) reconstitute with
‘WFI, saline dextrose
5% 10 100 mg/mlL,
and for infusion
further dilute with
saline or dextrose 5%.
Nafcillin Powder Reconstitute with | ho Wyeth-Ayerst
sodium/ Y e 1000-2000 mg ‘WFI or saline to 250 IV bolus/ and
Unipen hmw’ Sodium citrate 35-70 mg mg/mL then for IV 1V infusion Apothecon,
(Not in 1999 7 i e, pH 6-8.5 infusion further dilute Antibacterial
PDR) 5 coox with saline or
C dextrose 5% to 2-40
mg/mL.
Nalbuphine Ho Solution None SC/ Endo,
HCL/ 10-20 mg/mL ™/ Analgesic
Nubain wi/wo Sodium chloride 2 IV bolus at 10
o, mg/mL, : mg over 3-5
N/\Q Methylparaben 1.8 mg/mL, minutes
R Propylparaben 0.2 mg/mL,
HO Citrates 20 mg/mL,
pH 3.5
Drug Name/
Marketed . Preadminlstration Route of Company and
Name Structure Formulation Preparation Administration Indication
Nalmefene Solution None or for IV bolus S/ Baxter,
HCV 0.1-1.0 mg/mL may be diluted 1:1 M/ Narcotic antidote
Revex Sodium chloride 9 mg/mL., with saline. IV bolus
pH 3.9
Naloxone Solution None or for IV sc/ Endo,
HCL 0.02-1 mg/mL infusion dilute with ™/ Baxter,
Narcan Sodium chloride 8.3-8.6 saline or dextrose 5% IV bolus/ Elkins Sinn,
N to 0.004 mg/mL. IV infusion Narcotic
(wiwo antagonist
Methylparaben 0.18 mg/mL,
Propylparaben 0.02 mg/mL)
pH 34
Neostigmine Ry e Solution None sc/ ICN,
methylsulfate/ NCHY, H.c~§-o = 0.25-1 mg/mL ™/ Cholinergic
Prostigmin wiwo Parabens 2 mg/mL, IV bolus (acetylcholine
oj\m““ w/wo Phenol 4.5 mg/mL, esterase inhibitor) i
s Acetale |
pH 5.9 :
Netilmicin Solution None for IM. For IV ™/ Schering,
sulfate/ 100 mg/mL infusion dilute with IV infusion Antibacterial
Netromycin Benzyl alcohol 10 mg/mL, 50-200 mL saline,
Sodium metabisulfite 2.4 dextrose 5% or
m%ml.. lactated Ringer’s to 2-
o Sodium sulfite 0.8 mg/mL, 3 mg/mL.
EDTA 0.1 mg/mL,
pH 3.5-6
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Drug Name/

Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Administration  Indicatlon
Nicardipine/ ™ Solution Dilute with saline or IV infusion Wyeth-Ayerst,

ene )’—< > 25 m%Im.L dextrose 5% to 0.1 Hypertension
o, X Sorbitel 48 mg/mL, mg/mi. (Calcium influx
Citrates inhibitor)
' pH 35
Nitroglycerin/ H,G—0-NO, Solution Ditute with saline or IV infusion Hoechst Marion
Nitro-Bid 5 mg/ml. dextrose 5% to 25-40 Roussel,
HG—O—NO, Propylene glycol 4.5%, ug/mlL. Angina,
H,C—0~NO, Ethyl alcohol 70% Vasodilator
pH 3-6
Norepinephrine H Solution Dilute with 250-1000 IV infusion  Sanofi Winthrop,
bitartrate HO. NH, 1 mg/mL mL saline or dextrose Adrenergic
(Noradrenaline Sodium chioride 7.5 mg/mL, 5% to 0.004 mg/mL (vasopressor)
acid tartrate)/ Sodium metabisulfite 2 mg/mL, Antihypotensive
Levophed HO pH 3-4.5
(Not in 1999
PDR)
Octreotide Solution None for SC, IM or Nej Novartis,
acelate/ e 0.05-1.0 mg/mL 1V bolus. For IV M/ Antidiarthea,
Sandostatin ~ OPeCpTD TR MOy Mannitol 45 mg/mL, infusion dilute with IV bolus over 3 GI hormone,
Cyclic peptide wiwo Phenol 5 mg/mL, 50-200 mL saline or minutes/ Treatment of
ye Lactic acid 3.4 mg/mL, dextrose 5%. IV infusion acromegaly
Sodium bicarbonate, over 15-30
pH 4.2 minutes
Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Administration Indication
Ofloxacin " o 1) Solution Dilute with saline, IV infusion Ortho-McNeil,
Floxin L.V. 40 mg/mL, dextrose 5% or over 60 Antibacterial
pH 3.5-5.5. lactated Ringer's to 4 minules
2) Ready-to-use solution mgfmL.
. 4 mg/mL,
(Svamer s R
Levofloxacin) pH 3.8-58
pKa's ~4,9
Ondansetron o /=~ 1) Solution For IV bolus inject 32 IV bolus over  Glaxo Wellcome,
HCLf N 2 mg/mL, mg over 3 doses, and  2-5 minutes/ Antiemetic
Zofran O ' YN Sodium chioride 8.3-9.0 for IV infusion IV infusion (preventing
HC mg/mL, dilution with saline or over 15 nausea and
N (wiwo dextrose 5% to 0.64 minutes vomiling induced
CH, Methylparaben 1.2 mg/mL, mg/mL. chemotherapy)
Racemic Propylparaben 0.15 mg/mL),
Citric acid buffer
pH 3.34.
2) Ready-to-use solution
0.64 mg/mL,
Dextrose 5%,
Citric acid buffer
pH 3.0-4.0
Orphenadrine J Solution None 1% 1 M,
citrate/ 30 mg/mL : IVbolusover5  Skeletal muscle
Norflex % sodium chloride 2.9 mg/mL, minutcs relaxant
’ Sodium bisulfite, .
pH<7
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Administration  Indication
Oxacillin Powder Reconstitute with n/ Apothecon,
sediuny/ Y% on 250-4000 mg WFlorsalineto 175 IV bolus over Antibacterial
Prostaphilin FTT X, Sodium phosphates 20 mg/mL for IM, to 100 10 minutes/
- (Not in 1999 o mg/ 10040 mg oxacillin, mg/mL for IV bolus, IV infusion
PDR) pH 6-8.5 and t0 0.5-50 mg/mL  over 6 hours
for IV infusion.
Oxy- Solution None for SC or IM. sC/ ENDO,
morphong 1-1.5 mg/mL, For IV dilute with § Y/ Analgesic
HCL/ Sodium chloride 8 mg/mL, mL saline. v
Numorphan (w/wo Methylparaben 1.8
mg/ml,
Pr@ylparabcn 0 2 mg/mL)
o H 2.7-4.5
pKa's = 8.2, 9.4
Oxytetra- et Solution None ™M Pfizer,
cycline/ % 50-125 mg/mL, Antibiotic
Tecramycin I Lidocaine 20 mg/mL,
Propylene glycol 67-75%, }
wiwo Monothioglycerol 10 :
mglmlg,,
Magnesium chloride 25-60
m‘g/mL.
Sodium formaldehyde
sulfoxylate 3-5 mg/mlL.,
Ethanolamine 17-42 mg/mL,
wiwo Citric acid 10 mg/mL,
wiwo Propyl gallate 0.2 mg/mL
Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparalion Administration Indication
Paclitaxel/ o Solution Dilute with saline, IV infusion Bristol-Myers
Taxol E’ o 6 mg/mL dextrose 5% or Squibb,
.t Cremophor EL 51%, Jactated Ringer’s to Antineoplastic
Cri\,to, XY  Ethyl alcohol 49% (v/v) 0.3-1.2 mg/mL.
o g
Painect O/Z%}-Oﬁ
Taxol
Pamidronate a Lyophilized powder, Recanstitute with 10 IV infusion Novartis,
disodium/ HO—mB—OH 30-90 mg mL WF to 3-9 over 4-24 Inhibition of
Arcdia M | on Mannitol 375470 mg, mg/mL then further hours bone resorption
L pH 65 dilute with 1000 m}’;
Ho—lrow saline or dextrose 5%.
Pancuronium “j’\ Solution None for IV bolus. 1V bolus/ Organon,
bromide/ O 1-2 mg/mL For IV infusion dilutc IV infusion Muscle relaxant
Pavulon @ o ’o Benzyl alcoho) 1%, with saline, dextrose
‘0 = Sodium chloride (isotonic), 5% or lactated
Sodium aceate 2 mg/mL Ringer’s.
ug Pracconium beooide pH4
Papavennc Solution None or dilute 1:1 M/ Lilly,
HCL 30 mg/mL with WK, IV bolus over Vasodilator
(Not in 1999 ocH, Chlorobutanol 0.5%, 1-2 minutes (cerebral)
EDTA 0.005%,
pH 34
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Drug Name/

Marketed Preadministration Route of Company and
Name Structure Formulatlon Preparation Adminlistration Indication
Paricalcitol/ " Solution None IV bolus Abbott,
Zemplar 0.005 mg/mL Treatment of
" Propyiene glycol 30%, secondary
Ethyl alcohol 20% hyperpara-
thyroidism
associated with
chronic failure.
L3
Penicillin G v 2 um Suspension Shake vial before ™ Wyeth-Ayerst,
benzatine (. %It Ls on  150,000-600,000 units withdrawing the Antibacterial
and B J:' CH each/mlL. desired dose.
Penicillin G ¢ ipen Lecithin 0.5%
procaine / Povidone 0.1%,
Bicillin Sodium carboxy-
methylcellulose 0.55%,
Methylparaben 0.1,
Propylparaben 0.01%,
Sodium citrate
pH 6-8.5
Penicillin G . Powder Reconstitute with Y Pfizer,
potassium/ @\)L iis e, 1,000,000-20,000,000 units WFI, saline or IV infusion/ Antibacterial
Pfizetpen H J:u' \)(c,,' Sodium citrate, dextrose 5% to Intrapleural/
o ooM pH 6-8.5 30,000-1,000,000 Intralesional/
units/mL. Intrathceal
Pentamidine - ""E"i*" Powder Reconstitute with v/ Fujisawa,
isethionate/ m{\"/v\ Oftw 300mg WFI or dextrose 5% IV infusion Antiprotozoal
Pentam 300 o pH 4-5.5 to 60-100 mg/mL.
(Notin 1999  Pentamidine isethionate
PDR) (hydroxy ethane sulfonic acid)
Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Administration Indication
Pentazocine M o, Solution None for SC or IM. B vj Sanofi Winthrop,
Tactate/ ey 30 mg/mL For IV bolus dilute ™M/ Analgesic
Talwin < ! Sodium chloride 1.5-2.8 with saline to 5 IV bolus
(Notin 1999 " ¢ mg/mL, mg/mL.
PDR as an Acetone sodium bisulfite 1-2
injectable) mg/mL,
Methylparaben 1 mg/mL
pH 4-5
Pentobarbital n Solution None or dilute with ™/ Abbotr,
sodium/ O. \fo 50 mg/mL saline, dextrose S% or  Slow IV bolus  Anticonvulsant,
Nembutal H Hy N Propylene glycol 40%, lactated Ringer’s. (< 50 mg/min) Sedative,
a3 Ethyl alcohol 10% Hypnotic,
H, O pH 9.5 Anesthetic
Pentostatin/ OH Lyophilized powder Reconstitute withS  Slow 1V bolus/ Supergen,
Nipent 10 mg mL WFI to 2 mg/mL IV infusion Antineoplastic
H 7 N Mannitol S0 mg (1V bolus), which for (transition state
L » pH 7.0-8.5 1V infusion is further inhibitor of
MO N diluted \msﬂ‘;b salige gr adenosine
; dextrose 5% to 0.18- deaminase)
o. | Pentostatin
pKa=52 0.33 mg/mL.
OH
Perphenazine/ (\N/\,OH Solution None for IM. For IV ™/ Schering,
Trilafon W, 5 mg/mL dilute with salineto  rarely IV or IV Antipsychotic,
f\/" Sodium bisulfite, 0.5 mg/mL. infusion at 1 Antinausea
@C‘ a Citric acid, ‘ mg/1-2 minutes
BD/ pH4-55
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Drug Name/
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Marketed Preadministration Route of Company and
Name Structure Formulaticn Preparation Administration Indicatlon
Phenobarbital Solution None M/ Elkins-Sinn,
sodium/ 0. ﬂ\(o 30-130 mg/mL, Slow IV Wyeth-Ayerst,
Hy Propylene glycol 68%, Antipsychotic,
NH
Ethyl alcohol 10%
o pH 9%.2-10.2
Phencbarbital
pKa [=7.3,pKa2 = 11.8
Phentolamine N Lyophilized powder Reconstitute with { M/ Novartis,
mesylate/ ) 5m mL WFI to 5 mg/mL IV bolus/ Antihypertensive
Regitine i Mannitol 25 mg which may be further IV infusion
OH pH 4.5-6.5 diluted with saline to
mc/@’ N\G 0.1-1.0 mg/mL.
Phenyl- oH Solution None for SC or IM. sG Baxter,
ephrine  Ho e 10 mg/mL For IV bolus dilute ™/ Elkins-Sinn
HCL/ *  Sodium chloride 3.5 mg/mL, with saline to 1 IV bolus/ Mydriatic,
Citrate buffer S mg/mL, mg/mL, and for IV 1V infusion Decongestant
Sodium metabisuifite 2mg/mL.  infusion to 0.02-0.04
pH 3-6.5 mg/mlL.
Phenyloin Solution None M/ Eikins-Sinn,
sodium/ 50 mg/mL IVbalusat 50  Anticonvulsant
(a.k.a, Propylene glycol 40%, mg/minute
Dilantin) Ethyl alcohol 10%
m&<“ pH 10-12.3
Drug Name/
Marketed Preadministration Roule of Company and
Name Structure Formulation Preparatlon Administration Indlcation
Physo- Solution None ™/ Forrest,
stigmine 1t mg/mL IVbolusat< 1 Cholinergic
salicylate Benzyl alcchol 2%, mg/minute (Antidote for
: Sodium bisulfite 0.1%, cholinesterase
pH 3.5-5.0 inhibitor)
Hc—HNH
Phytonadione Aqueous dispersion None for SC, IM or s/ Merck,
(ak.a 2-10 mg/ml, 1V bolus. For IV ™Y Vitamin K
Vitamin K1)/ Polyoxyethylated fatty infusion dilute with IV bolusat < | deficiency
Aqua- acid 70 mg/mL, saline, dextrose S% or  mg/minute/
MEPHYTON Dextrose 37 mg/mL, lactated Ringer’s 1V infusion
Benzyl alcohol 0.9%,
pH 3.5-7
Pipe- wes Lyophilized powder Reconstitute with 10 1V bolus Organnon,
curonium “ ) 10 mﬁg mL saline, dextrose Long acting
bromide/ pH 5% or lactated neuromuscular
Arduan X Ringer's to | mg/mL. blocking agent
Piperacillin e o Lyophilized powder Reconstitute with ™/ ‘Lederle,
sodium/ o 2-40 grams WEFI or saline to 400 IV bolus over Antibacterial
Piperacil X pH 5.5-7.5 mg/mL (IM) or 200 3-5 minutes/
L mg/mL (IV bolus), IV infusion
then further dilute over 30
with 50-100 mL minutes
saline, dextrose 5% or
lactated Ringer's IV
infusion)
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Administration  Indication
Plicamycin Lyophilized powder Reconstitute with 5 IV infusion Bayer,
(Mithramycin) . 2.5 mg mL WFI to 0.5 over4-6hours  Antincoplastic
Mithracin Mannitol 100 mg, mg/mL then fusther
e Sodium phosphates dilute with 1000 mL
pH7 dextrose 5% or saline
Pralidoxime H ae Lyophilized powder Reconstitute with 20 IV bolusover2  Wyeth-Ayerst,
chloride/ 1000 mg mL WFI to 50 mg/mL minutes/ Antldote for
Protopam (3 pH 3.5-4.5 for IV bolus, and for IV infusion overdose or
1V infusion further over 15-30 poisoning due to
dilute with 100 mL minutes anticholinesterase
saline.
Prednisolone o Solution None or for IV M/ Merck,
Phosphate (o i 20 mg/ml. infusion dilute with IV bolus/ Anti-
sodium/ PRI Niacinamide 25 mg/mL, 50-1000 mL salineor IV infusion/ inflammatory,
Hydeltrasol 3 Phenol 5 mg/mL dextrose 5%. Soft tissue/ Adrenocortical
(Notin 1999 # EDTA 0.5 mg/mL, Intra-articular/ steroid,
PDR as Sodium bisulfite 1 mg/mL, Intra-lesional Asthma,
injectable) p}l”{,“s‘:;afg’ uble pH 78 Glucocorticoid
: prodrug
{
H Procainamide S Solution None for IM, For IV M/ Elkins-Sinn,
HCl ( 100-500 mg/mL bolus dilute with IVbol  Antianhythmic
Benzyl alcohol 0.9%, dextrose 5% to 10-20 - IV infusion
o Sodium bisulfite < 0.09%, mg/mL, and for IV (25-50
PKna92 pH 4-6 infusion dilute to 220  mg/minute)
mg/mL.
Drug Name/
Marketed . Preadministration Route of Company and
Name Structure Formulation Preparation Administration Indication
Procaine £, Solution None or dilute with Infiltration/ Sanofi Winthrop,
HCL/ ( o 10-100 mg/mL, dextrose 5%. Peripheralor  Local anesthetic
Novocaine o Sodium chloride (isotonic), sympathetic
(Not in 1999 Acetone sodium bisulfite <4 nerve block/
PDR) mg/mL, Subarachoid
pH 3-5.5 block
. Pro- 'S 4 Solution Nene for IM. For [V M/ SmithKline
i chlorperzine oot Koo 5 mg/mL bolus dilute with 1V bolus/ Beecham,
g edisylate/ >j } Sodium saccharin 0.9 mg/mL,  salineto | mg/mL, IV infusion/ Antiemetic,
i Compazine oo Benzyl alcohol 0.75%, and for IV infusion Antipsychotic
| Prociaperior syt 44l Sodium biphosphate 5 mg/mL,  dilute 10 0.01-0.02 -
! Sodium tartrate 12 mg/mL, mg/mi.
: pH 4-6
P"I]-lnCwIIJinc CH, Solution None for IM. Fo{h v wlll:dol Wyeth-Ayerst ,
50 mg/mbL bolus dilute wi lus Antipsychotic,
! Sparine N\:H' Sodium formaldehyde saline to 2.5-25 Tranq):ﬁlimr
(Not in 1999 sulfoxylate < 1 mg/mL, mg/mL.
PDR) Sodium citrate
8 pH 455
Promethazine JCH, Solution None for SC or IM. Sc/ Wyeth-Ayerst,
HCL/ MO 25 mg/mL For IV infusion w/ ﬁenuallg&{ic
(Phenergan) (k Meperidine 25 mg/mL, ditewithatleast5 IVinfusionat  (narcofic),
(See also Gy EDTA 0.1 mgfmL, mL saline to 10 25 mg/min Sedative,
Meperdine/ N € Calcium chloride 0,04 mg/mL, mg/mL. Ancsthetic
Mepergan @: Sodium formaldehyde sulfoxylate
3 0.75 mg/mL,
Sodium metabisulifite 0.25 mg/mL.,
Sodium acetate,
pH 3.5-6
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Administration Indication
Propioma- HEG O Solution None v Wyeth-Ayerst,
zine HCLY 20 mg/mL IV bolus at 10 Tranquilizer,
Largon H\ Cit, Sodium formaldehyde mg/min Sedative,
(Notin 1999 cH, sulfoxylate, Hypnotic
PDR) Sodium acetate
s pH 4.7-5.3
Propafol/ H, OH CH, Emulsion, None IV bolus/ Zeneca,
Diprivan 10 mg/mL, (shake well) IV infusion Anesthetic,
Hyf CH, Soybean oil 100 mg/mL, Sedative
Glycerol 22.5 mg/mL,
Egg lecithin 12 m,
‘pKa=l1 58 EDTA gl
H 7-8.5
{under nitrogen to prevent
oxidation)
Propranolol/ Solution None for IV bolus, IV bolus/ Wyeth-Ayerst,
Inderal o r,c”‘ 1 mg/mL but for IV infusion IV infusion Antiarthythmic,
| LN Citric acid dilute with dextrose Antibypertensive
OO pH 2.8-3.5 5% to 0.02-0.1 emergencies,
. mg/mL. Antianginal
Protirelin/ ; Solution None IV bolus Fermring,
Thyrel o 0.5 mgfmL Diagnostic
o Sodium chloride 9 mg/mL assessment of
"ok, pH 6. thyrold function
Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Admlnistration Indication
Pyridostigmine Rr(=) Solution None M/ ICN,
bromide/ » 2 mg/mL iV bolus Cholinesterase
Mestinon ¢ i Methylparaben 0.2%, inhibitor
o, Propylparaben 0.02%,
Sodium citrate
pHS
Pyridoxine/ CH, Solution None sC/ Steris
(vitamin B6) I 100 m, 3 ™/
(Not in 1995 # “om Benzyl alcohol 1.5%, )\
PDR as an pH 2-3.8
injectable) CH,
Quinidine Solution None for IM. For 1V Y/ Lilly,
gluconate 80 n%hnL dilute with 50 mL 1V infusion Antimalaria,
(Not in 1999 EDTA 0.005%, dextrose 5% to 16 Antiarhythmic
PDR as an Phenol 0.25%, mg/mL
injectable) - p pH 5.5-7
b X
Ranitidine 1) Solution None for IM (25 Y Glaxo Wellcome,
HCL/ WK\’L@ 25 mg/mL, mg/mL). ForIVbolus  IVbolu/  Antiulcerative
Zantac Phenol 5 mg/mlL., ilute with saline 10 IV infusion
Sodium phosphates 3.5 mg/mL. 2.5 mg/mL. For IV
H 6.7-7.3. infusion use the pre-
2) Solution mixed | mg/
1 mg/mL, formulation or dilute
Sodium chloride 4.5 mg/mL,  with dextrose 5% to
Citric acid 0.3 mg/mL, 0.5 mg/mL.
Sodium phosphates 1.8 mg/mL
pH 6.7-73
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Drug Name/
! Mafrketed Preadministration Route of Company and
i Name Structure Formulation Preparation Administration Indlcation
Remifentanil * Lyophilized powder Reconstitute with IV infusion Glaxo Wellcome,
HCY CL 1-5 mg WF1 to 1 mg/mL, Analgesic
Ultiva o Glycine 15 mg then further dilute
e pH3 with salinf. dexgose
- 5% or lactate
pKa =7.07 Ringer’s to 0.02-0.25
Rifampin/ mg/m.
Rifadin LY. Powder Reconstitute with IVinfusion  Hoechst Marion
600 mg WFI 10 60 mg/mL, Roussel,
Sodium formaldehyde then further dilute Antibacterial
suifoxylate 10 mg, with 100-500 mL
pH 7.8-8.8 saline or dextrose 5%.
ampin
pKal = 1.7 (4-phenaxy)
pKa2= 7.9 (3-piperazine)

Rocuronium Solution None for IV bolus. IV bolus/ Organnon,
bromide/ e @ 10 mg/mL ForIV infusion dilute IV infusion Nondepolarizing
Zemuron Sodium acetate 2 mg/mL with saline or neuromuscular

"H pH4 dextrose 5% or blocking agent
Jactated Ringer's to
1 0.5 mg/mL.
! Scopolamine CH, Solution None for SC or IM. sC/ Fujisawa,
' HBr oH 0.4-1 mg/mL For IV bolus and ™M/ Anticholinergic
(Hyoscine / Methylparaben 1.8 mg/mL infusion dilute with 1V bolus/
HBRY i Propylparaben 0.2 mg/mL WFL IV infusion

(Not in 1999 j(\© pH 3.5-6.5
PDR as o
injectable)

Drug Name/

Marketed Preadministration Roule of Company and
Name Structure Formulation Preparation Administration  Indication
Secobarbital o M _orwina Solution None forIM. For IV IM(<5mL)/  Wyeth-Ayerst,

sodium (in He. Y 50 mg/mL dilute with WFI, Slow IV bolus Sedative,
Tubex N Propylene glycol 50%, saline or lactated at < 50 mg/15 Hypnotic,
cartridge) ¢ o Phenol < 2.5 mg/mL Ringer's to 5 mg/mL. seconds Preanesthetic
CH, pﬂ 9.5,-10.5
Streptomy- Solution None for IM. Deep IM/ Pfizer,
cin sulfate jt 400 mg/mL For 1V infusion dilute IV infusion not Antibacterial
o Sodium citrate 12 mg/mL, with 100 mL dextrose recommended,
Suepromycia Phenol 0.25%, 5%. but it may be
oot Sodium metabisulfite 2 mg/mL performed
pH 4.5-7
Sug;ozocin/ HO, Lyophilized powder Reconstitute with 9.5 IV botus/ Pharmacia &
osar 1000 mg mlL saline or dextrose IV infusion Upjohn,
Citric acid 220 mg, 5% to 100 mg/mL (IV over 0.2-6 Antineoplastic,
@ pH 3.54.5 bolus), then further hours (inhibits DNA
'Ok CH, dilute with 10200 mL synthesis)
OH{N. . O saline or dextrose 5%
\ﬂ/ “N* AV infusion).
o
Succinyl- o W Ll Solution None for IM or IV v Glaxo Wellcome,
choline [: 20 mg/mL bolus. For IV IV bolus/ Muscle relaxant -
chloride/ Sodium chloride (isotonic) infusion dilute with IV infusion ultra short acting
Ancctine Methylparaben 0.1%, saline or lactated
pH 3.5 Ringer's to 1-2
mg/mL..
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Drug Name/
Marketed Preadministration Route of Ceompany and
Name Structure Formulation Preparation Administration  Indication i
Sufentanil /\/@ Solution None ™/ Taylor, )
citrate/ W 0.05 mg/mL IV bolus/ Analgesic :
Sufenta m\j\/{) pH 3.5-6 IV infusion/ (narcotic) ;
‘cooH Epidural for !
@ labor or i
delivery
Sulbactam
(See
ampicillin)
Sulfa-
methoxazole
(See
trimethoprim
Sumalriptan X Solution None SC Glaxo Wellcome,
succinale!  me " 12 mg/mL Migraine
Imitrex <, Sodium chloride 7 mg/mL headache
pH 4.2-53
Tacrolimus Non-agqueous Dilute 250 or 1000- IV infusion Fujisawa,
(FK 506)/ Solution fold into saline or Immuno-
Prograf 5 mg/mL dextrose 5% to 0.004- suppresent
Ethyl alcohol 80%, 0.02 mg/mL - (transplant
Cremophor EL 20% rejection)
Drug Name/ .
Marketed : ' Preadministration Route of Company and
Name Structure Formulation Preparation Administration  Indication
Tazobactam o Lyophilized powder Reconstitute with20- TV infusion Lederle,
sodium 3 250 - 500 mg (Tazobactam), 40 mL WFI, saline or Antibacterial
and S 2000-4000 mg (Piperacillin) dextrose 5%, then combination
Piperaciliin o L pH 4.5-5.5 further dilute with
sodium/ SooH saline or dextrose 5%
Zosyn to 50-150 mL.
Teniposide Non-aqueous Solution Diluts with saline or IV infusion Bristol-Myers
-26)/ 50 mg/mlL. dextrose 5% to 0.1-1 over 30-60 Squibb,
Vumon Cremophor EL mg/mL minutes Antineoplastic
500 mp/mL, (causes breaks in
Ethyl afcohol 42%, DNA)
Dimethylacetamide
60 mg/mL,
Benzyl alcohol 30 mg/mL
pH 5 (Malcic acid)
Terbutaline oH Solution None SC Novartis
sulfate/  Ho. K. 1 mg/mL and
Brethine GO §odium chloride 8.9 mg/mL Hoechst Marion
and, Terbutatine pH 3-5 Roussel,
Bricanyl gKa2-10.1 Broncodilator
pKa3=112
Testosterone Non-aqueous solation None M BTG
Enanthate/ 200 mg/mL
Delatestryl Sesame ofl,
Chlorobutanol 5 mg/mL
Water Insoluble
hexanate ester
prodrug
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Drug Name/

Marketed Preadministration  Route of Company and
Name Structure Formulation Preparation Administration Indicatien
Theophylline/ Solution None 1V infusion Abbott, Baxter,
Aerolate e, ] 04 -4mg/mb, cGraw,
(Not in 1999 o~ pH 43 Bronchodilator
PDR as
injectable) Trrophylline
pKaumB7
Thiamine " Solution None for M or IV M/ Elkins-Sinn,
(VitaminBl) | '® 100 mg/mL bolus. For [V IV bolus/ Vitamin
HCL/ 8] Sodivm formaldehyde infusion dilute with IV infusion
& sulfoxylate 1 mg/mL, saline, dextrose 5% or
Chlorobutanol 3.5 mg/mlL Iactated Ringer’s.
pH 2.5-4.5
Thiethyl- (\,(C“s Solution None M Roxane,
perazine N\/) Sm Antiemetic
maleate/ (\/ Sorbitol 20 mg/mL (nausca and
Torecan 8._CH, Sodium metabisulfite vomiting
@( 0.25 mg/mL,
Ascorbic acid 1 mg/mL,
pH 34
Thiopental -3 Na Lyophilized powder Reconstitute. with IV infusion Baxter,
sodium/ 250-5000 mg WHI, saline or Short acting
Pentothal HC Sodium carbonate 60 mg/1000  dextrose 5% to 2-50 anesthetic
sodium t,0 mg thiopental mg/mL.
Thiopental sadium pH 10-11
’l'hiotef)a/ f? Lyophilized powder Reconstitute with 1.5 IV bolus/ Immunex,
Thioplex i 15mg mlL WFI to 10 Intracavitary/ Antineoplastic
4 \a Ng pH 5.5-1.5 mg/mL, then further  Intravesical
A dilute with saline to ~
2 mg/mL.
Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Administration Indicatlon
Thiothixene Hy 1) Lyophilized powder Reconstitute the M Pfizer,
HCL/ 10 mg powder with 2.2 mL Antipsychotic 1
Navane Mannitol 100 mg WFI to 5 mg/mL.
: CHa pH 2.3-3.7
Hy 2) Solution
S 2 mg/mL,
Dextrose 5%,
Benzyl alcohol 0.9%,
Propyl gallate 0.02%
pH 2.5-3.5
Ticarcillin o Lyophilized powder For IM reconstitute. M/ SmithKline
disodivm/ @\)\ U9 o 1-30 grams with WFI, salineor IV bolus/ Beecham,
Ticar } F I ’ pH 6-8 lidocuine 1% (without IV infusion Antibacterial K
o7 N o epinephrine) to 385
cooH mg/mL. For IV bolus
reconstitute with
saline, dextrose 5% or
lactated Ringer’s to
200 mg/mL, then for
1V infusion further
dilute with saline,
dextrose or lactated
Ringer’s to 30-100
mg/mL.
Tirofiban e Solution Dilute with saline or IV infusion Merck,
HCLY Sl 0.05-0.25 mg/mL, dextrose 5% to 0.05 Antithrombolytic
Aggrastat Arg-GIy-A? mimic: Sodium chloride 8-9 mg/mL., mg/mL. (nonpeptide
[binds to (GP) IIb/IIla Citrates 0.6;36n;glml.; antagonist of
o pH 5.5-6. platelet receptor
(@B GPIIb/Ila)
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Administration Indication
Tobramycin OH Solution None for IM. For IV m/ Lilly
sulfate/ ny 10-40 mg/mL infusion dilute into IV infusion and
Nebcin Phenol 1,25-5 mg/mL, 50-200 mL Lederle,
HO Sodium bisulfite 1.6-3.2 Antibacterial
mg/ml.,
WS EDTA 0.1 mg/mL,
; pH 3-6.5
Tolazoline Solation None for SC, IM or sC/ Ciba Geneva,
HCL/ ﬁ 25 mg/mL 1V bolus. For IV v/ Vasodilator)
Priscoline / Tartaric acid 6.5 mg/mL, infusion dilute with IV bolus/
HCL N Sodium citrate 6.5 mg/ml.  saline, dextrose 5% or IV infusion/
(Not in 1999 pH 34 lactated Ringer’s. Intra-arterial
PDR)
‘Tapotecan/ Lyophilized powder Reconstitute with 4 IV infusion SmithKline
Hycamtin oy 4mg mL WFI, then further Beecham,
Mannitol 48 mg, dilute with saline or Antineoplastic
Tartaric acid 20 mg, dextrose 5%.
pH 2.5.3.5
O
o’
Torsemide/ Hy Solution Dilute with saline or IV infusion Roche,
Demadex ()’D 10 mg/mL dextrose 5% to 0.1-1 Diuretic
' H PEG 400 mg/mL.
LCH3 TRIS
S Ha (no details reported)
Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Administration Indication
“Triamcino- Suspension None M/ Fujisawa,
lone 20-40 mg/mL Intra-articular/ Glucocorticoid
Diacetate/ PEG 3350 at 3%, Intrasynovial/
Aristocorte TWEEN 80 at 0.2% Intralesional
Sodium chloride 8.5 mg/mL.,
Benzyl alcohol 9 mg/mL,
pH~6
Triamcino- Suspension None Intra-articular/ Fujisawa,
lone 5-20 mg/ml. Intralesional Glucecerticoid
Hexacetonide/ 2 Sorbitol 50%,
Aristospan 2, TWEEN 80 at 0.2-0.4%
Benzyl alcohol 9 mg/mL,
pH 4.5- 6.5
Trifluo- Solution None M SmithKline
perazine T"'m” 2 mg/mL Beecham,
HCL/ pRa2= 21 Sodium saccharin 0.3 mg/mL, Antipsychotic
Stelazine . Benzyi alcohol 0.75%,
s Sodium tartrate 4.75 mg/mL,
Sodium biphosphate 11.6
mg/mL,
pH 4-5
Triflupro- ) Solution None M/ Apothecon,
mazine 10-20 mg/mL, IV bolus Antipsychotic,
(Not in 1999 oF Benzyl alcohol 1.5%, Tranquilizer
PDR) ' Sodium chloride
. pH 3.5-5.2
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparatlon Administration Indication
Trimethaphan Solution Dilute with dextrose IV infusion Roche,
camsylate/ 50 mg/mL 5% to | mg/mL. Antihypertensive
Arfonad Sodium acetate
(Notin 1999 we ‘““&s)’I’S-o pH 5.2
PDR)
Trenatoghan campgate
Trimetho- ocx, Solution None ™M Roberts,
benzamide DU PERY 100 mg/mL, Antiemetic
HCL/ e L Methyl and propylparabens (control of ,
Tigan 0.1% (or pﬁenol 145%), nausea and '
wiwo EDTA 0.1 mg/mL vomiting)
Sodium citrate 0.5 mg/mL,
Citric acid 0.2 mg/mL
pHS
‘Trimetho- v’c?.?[}\ Solution Dilute 2040 foldinto IV infusion Roche
prim & — 16 mg/mL trimethopdm, dextrose 5%. and
Sulfa- R 80 mg/mL sulfamethoxazole, Monacrh,
methoxazole/ Propylene glycol 40%, Antibacterial
Bactrim Ethyl alcohol 10%, combination
and Diethanaolamime 0.3%,
Septra Benzyl alcchol 1%,
Sodium metabisulfite 0.1%
pH 10
Trimetrexate e Lyophilized powder Reconstitute with IV infusion U.S.
glucuronate/ 25-200 mg WEFI or dextrose 5% Biosciences,
Neutrexin w pH 3.5-4.5 to 12.5 mg/mL then In combination
further dilute with with leucovorin
dextrose 5% to 0.25-2 in treatment of
mg/mL. pneumonia
Drug Name/
Marketed Preadministration Raute of Company and
Name Structure Formulation Preparation Administration Indication
Tubocurarine Solution None ™/ Abbott, Liliy,
chloride 3 mg/mL IV bolus Muscle relaxant
{Not in 1999 Sodium chloride (isotonic),
PDR) Benzyl alcohol 0.9%,
w/wo Chlorobutanol,
wiwo Sodium metabisulfite 1
mg/mL,
w/wo Sodium bisulfite 0.1%,
Citric acid | mg/mL
pH 2.5-5
Valproate HC—(—Clh /0 Solution Dilute with 50 mL IV infusion Abbott,
sodiumy J 100 mg/mL saline, dextrose 5% or Antiepileptic
Depacon HyC—C ”—C\OH EDTA 0.4 mg/mL lactated Ringer's.
H, pH 7.6
Valrubicin/ Nonaqueous solution Dilute 20 mL with 55 Intravesical Anthra,
Valstar 40 mg/mL mL saline to 10.6 instillation in Antineoplastic
Cremophor EL 50%, mg/mL. the urinary
» Ethyl alcohol 50% bladder
Vancomycin Lyophilized powder Reconstitute with Intermittent or Lilly,
HCL/ 500-1000 mg WFLio 50 mg/mL,  continuous IV Antibiotic
Vancocin . pH 2.5-4.5 then further ditute infusion (tricyclic
HCL ? with saline, dextrose glycopeptide)
5% or lactated
Ringer'sto~ 5
mg/mL.
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Drug Name/
Marketed Preadministration Route of Company and
Name Structure Formulation Preparation Administration Indication
Vecuronium w‘ci Lyophilized powder Reconstitute with 1V bolus/ Organon,
bromide/ 10-20 mg WFIto 1 mg/mL IV IV infusion Muscle relaxant
Norcuron Mannitol 97-194 mg, bolus), then further
Citric acid 2041 mg, dilute with saline,
Sodium phos%)hate dibasic 16~ dextrose 5% or
32 m, lactated Ringer’s to
pH 0.1 mg/mL IV
infusion)
Verapamil Solution Naone IV bolus/ Knoll,
HCL/ 2.5 mg/mlL, IV infusion Antianginal,
Isoptin Sadium chloride 8.5 mg/mL Antiarthythmic

(Not in 1999 pH 4-6
PDR as an
injectable)

Versenate Solution For IM to minimize M/ 3M,
disodium 200 mg/mL pain add lidocaineor IV infusion Reduction of
calcium procaine 0.5%. For plasma levels of
(EDTA) IV infusion dilute Jead
with 250-500 mL
saline or dextrose 5%.

Vinblastine fo, Lyophilized powder Reconstitute with IV bolus Lilly,
sulfate/ 10mg saline to | mg/mL. Antineoplastic
Velban S pH 3.5-5.5

w%m
Lerts
Drug Name/
Marketed Preadminlstration Route of Company and
Name Structure Formulation Preparation Administration Indication
Vincristine oy Solution None for IV bolus. IV bolus/ Liily,
sulfate/ 1 mg/mL, For IV infusion dilute IV infusion Antincoplastic
Oncovin o Mannitol 100 mg/mL, with saline or
N Methylparaben 1.3 mg/ml., dextrose 5%
S Propylparaben 0.2 mg/mL,
LI Acetic acid
pH 3.5-5.5
Vinorelbine o, Solution Dilute with saline or TV bolus/ Glaxo Wellcome,
tartrate/ C&? N 10 !Tglml. dexu'os&\.;)% 1{0 2-5 IV infusion Antineoplastic
Navelbine pH 3.5 mg/mL (IV bolus), or
hadl (0 0.5-2 mg/mL (IV
? infusion).
A
Warfarin Lyophilized powder Reconstitute, with ~ Slow1lVover2 Du Pont Pharma,
sodiunm/ 55m WFI to 2 mg/mL. minutes Anticoagulant
Coumadin Mannitol 100 mg,
Sodium chloride 0.3 mg,
Sodium phosphates 14 mg,
pH 8.1-8.3
Zidovudine/ Solution Dilute with 5% IV infusion Glaxo Wellcome,
Retrovir H CHy 10 mg/mL dextrose to < 4 Antiviral
A pH 5.5 mg/mL.
o
HO
Tdovuding (AZT)
”3
Ziprasidone Solution M Pfizer,
mesylate/ mg/mL sC Antipsychotic
Sulfobutylether-8-cyclodextrin (Phase Il
\3:):?_‘ _ pH? completed 1999)
(Details not reported)
Vol. 54, No. 2 / March—April 2000 168
Supplied by The British Library - "The world's knowledge"

InnoPharma Exhibit 1020.0277



ATTACHMENT F - COMPILATION
TAB 15

InnoPharma Exhibit 1020.0278



Review of Exciplents and pH's for Parentoral Products Used In the
United Statas

YU-.CHANG JOHN WANG* ond
ROBERT H. KOWAL?

Squibb Unatitute for Mcdical Research
New Beunawick, New Jeresey

ABSTRACT: Excipients used In t).S. par-
enteral products were categarized according
1o their function. The concentrations used in
contmerclal products were also identifled,
The range of pH value (i carlous producis
was tabulated with emphasis ot products with
extrente pi's, The uses of exciplents in par-
enteral dosage form were discussed,

Intraduction

Tho cholee of exciplents used in parenalceat
products Is nat as Hberal a5 in other dosnge
forms because of two majar cancerns: salety
in parenteral use and fensibility in sterllization,
Acceplance of o substunce lo be used as nn
excipient In parentcral products often invalves
lengthy sufcty testing or production trials. To
avoid uncertainty, most formulators tend to
employ compounds used In existing parenicral
products. This survey Is intended to provide an
averall view of exciplents used in parcnteral
products available in the United States, For
reason of stabiflty or solubility the pH of a
product could not niways be adjusted to
physiolagical pH (7.4), When problems nrlsa
formulators arc often inquisitive nbout the pH
of other products, This revlcw, thercfore, fo-
cuses on products with extreme pi's, and
shows tabulation of pH ronge, acid or busc
used for adjustment, and product idenity.

v ————
Recelved August 4, 1980, Accapied for publication
Scpiember 3, 1980,
* Author to whom inquirics should bo dirgeted,
11919 Extorn Student, College af Pharmacy, Rut-
gers Universlyy,

Method

The Physictan’s Desk Refercuce (PDR),
1977-1980 edltions (1), were tha major source
of information. Far products not deserlbed in
the PDR, manufacturers were cantacted and
the packnge inserts soticlied.

Excipients were categorized necording to
their presumed lunction in the formulation,
Coneentrations werp all culeulated on % (w/v)
base, For dry prodlicts, eoncentratlons were
calculated necording to the commonly dituted
volume, For ench exelpient, nscending con-
centrations were iflustruted by the corres
sponding products and manufncturer, Bxe
amples of enly three products were given If
there were three or more praducts contalning
the snme concentration of exeiplont, Onc ox-
ccption 1s the category of buffer for which only
the highest concentration was Hsted. All of this
{s shown in Table 1,

Many products did not list pH in the PDR,
Novertheless, In these cases informatlon was
gnthered from other references (2, 3),.and
‘Table I itlustrotes the varicty of praducts
emplaying extreme pH's, For concisencas only
one cxumple was glven for cach particular pH
range,

Discussion

This survcy brought to light the usc of o few
exclplents uncommon for parcnteral use such
ns phenylmercurle nitrnte, dloctyl sodium
sulfosuceinate, pectin, etc. Most of these ex-
¢lpients wore found In old formulntions not
covered by the present FDA regulations. On
the other hand, some excipicnis rccommcpdcd

Jouraied of 1he Paceniara! Drug Anodiation
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TABLE 1.

s ]
L. Antimicr,
1) Beng

{ 2) Deng

3 Buti
4) Chlj

5) Mey

6) Met

7) My
8) Phet
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1 the TABLE L, Oxelplents for Porenteral Products
1, Antinticroblal Presercatives !
; {} Denzyl aleohol 0.5% Cleocin Phosphate (Upjohn) :
and 2 0.75%  Stelazine (SKF)
Compazing (SKF)
0.83%  Solu-Medral (Upjohn)
\reh 0.88%  Cortlsonc Acetale (Upjohn)
{ 0.9% Proneaty! (Squibb)
Kenolog (Squibb)
Vistaril (Pfizer)
1.0% Solu-Medral (Upjohn)
T 1L2% Protixin Decancate (Squibb)
1.5% Vallum (Roche)
Vesprin (Squibb)
nee (PDR), 2.0%  Adrenosem (Reecham)
najor source Aminophyltin (Searic)
deserlbed in ! : 4,0% Kestrin (Hyrex)
ntacted and 50%  Durabolin (Drganon)
10.0% Deca-Durabolin (Organon)
_C'-'de‘“B o 2) Benzcthonium chioride 0.01%  Ketaject (Rristol)
ormulatlon, 3 Flexaject (Mayrand)
lon%(w/v} | 3) Butylparaben 0.015%  Duracillin AS, (Lilly)
atlons were | 4) Chiorobutanol 0.25%  Nydrazld (Squibb)
wonly dilated Novoealn (Winthrop)
snding cone 0.5% Hexa-Betalin (Llily)
the corre- Atraplno Sulfote (Lilly)

cturer, Ex-

5) Metacresol 0.16%  NPH Hetln (Lilly)
‘ere glven If

0.1% Demerol Hydrochioride (Winthrop)

B —

scontaining 0.25%  Protamine, Zinc & Hetin (Lilly)
:nt. One exe 6) Methyiparaben 0.01%  Lidgleet-1 (Mayrand)
r which only 0.043% Celbenin (Beecham)
d. Al of this » 0.063% Apresoline Hydrochlorlde (Clba) .
y 0,1%  Bicliin L-A (Wyeth)
In the PDR. ! Prolixin (Squibb)
matlon wos ) ‘Talwin (Winthrop)
(2, 3), and 0.13%  Crysticillin (Squibb)
af preducts 0.15%  Neo<Betalln 12 (Litly)
:Isencss only 0.18%  Goramycln (Schering)
irticular pH Bactocill (Beecham)
T) Myristylgamma ploolinfum chioride  0.17%  Depo-Provera (Upjohn)
: 8) Phenol 0.065% NPH Hetln {Lily)
| 0.18%  Cryatlcllin (Squibb)
usc of o few 0.25%  Brgotrate Malento (LUlly)
ral use such 0.45%  ‘Tenslton (Roche)
ityl sodlum Prostigmin (Rochis)
of these ex- { 0.5% Sus-Phrine (Berlex)
ilations not Togamet (SKF)
Haions. On
commended ' continued
]
Drog Assoctation j NovarberDecember, 1980, vol, M, No. § 453
By, sus—h
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TABLE . Conitnued

9) Phenylmercurle niteate 0.001% Estradurin (Ayerst)
10) Propylparaben 0.005% Bactocill (DBeecham)
Ceibenin (Boecham)
G.01%  Prolixin (Squibb)
Bicfilin L-A (Wyeth)
Blciliin C=R (Wycth)
0.02%  Crysticiliin (Squibb)
Garamyein (Scheriag)
0.035% Apresoline Hydrochloride (Ciba)
11) Thimerasal 0.001% Wydase (Wycth)
0,01%  Test-Estrin (Mariyn)
MICRhoGAM (Ortho)
0,02%  Theelin ReP (Parke-Davis)
1L, Solubiliters, Weiting Agents or
Emulsifiers
1) Dimethylacetamide 00(%  Scrpnsif (Ciba)
2} Dioctyl sodium sulfosucelnale 0.015% Teslofeet (Mayrand)
3) Egg yolk phospholipid 1.2% Intralipid 10% (Cutter)
4) Bthyl aleohot 0.61%  Synlocinon (Sandaz)
3.0% Morrhuate Sodium (Lilly)
6.0% Kestrin (Hyrex)
10.0% Valium (Roche)
Dilantin (Parkc-Davis)
49,0% Crystodigin (Liity)
5) fthyl lactate 0.1% Ergotrate Maleate (Lilly)
6) Gilycerin 14.6% Gynergen (Sandoz)
15.0% Cedilanld-D (Sandoz)
DHE 45 (Sandoz)
25.0% Sus-Phrinc (Berlex)
7) Lecithin 0.5% Biclilin LA (Wycth)
Wyclilin (Wysth)
1.5% Duraciilin AS. (Lilly)
2.3%  Crysticillin (Squibb)
8) PEG-40 Coslor oll? 7.0% AquaMEPHYTON (MSD)
11.5% Monistnt (Junssen)
9) Polycthylens glycol 300 001%  Apresoline Hydrochlaride (Ciba)
5.0% Serpasit (Ciba)
30.0% Sandril (Lilly)
50.0% Sceonal sodium (Litly)
Robaxin (Robins)
10) Polysorbate 20 001%  Tes-Estrin (Marlyn)
11) Polysorbatc 40 0,05%  Bicillin L-A (Wycth)
12) Polysorbate 80 004%  Kenalog (Squibb)
0.18%  Depo-Provera (Upjohn)
0.20%  Aristospon (Lederle)
0.39%  Cortisone Acetate (Upjohn)
mmlnfml
454 Journal of ihe Psrentara! Drog Anccliiin
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TABLE L, (4

13) Povi

14) Prog

18) &adi

1o SOG

16) Sorl
{ 17) Thed
I, Buffers
i) A
2) Adl
3) Be
4) Cit
5) Mal
G) Pot
. 78
8) S
9) La
10) §
1} S
12) 8
13) §
14) 8
15) Ta
1V. Antfoxi
1) A

2) Ascf

Novermber.Decemis
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———
DRSPS PP
caitliied
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T
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TABLE [, Continued
0.40%  Arisiospan (Lederle)
Duracitlin A5, (Litly)
4.0% Librium (Roche)
i3) Povidone 02%  Kestrin (Hyrex)
03%  Crysilcitlin (Squibb)
Wyeltlin (Wyeth)
0.5%  Crysiicillin (Squitb)
0.55%  Dicitlin C-R (Wyclh)
06%  Blclilin L-A (Wyeth)
1.0% Duracillin A S, (Liily)
14) Propylenc glycol 0.2% Estradurin {Ayerst)
20,0% Librlum {Rochc)
40.0% Yallum (Rochg)
Dilnntin {Parke-Davis)
50.0% Dramamine (Searfe)
Dramoject (Mayrand)
15) Sodluth desoxycholnis 0.21%  Funglzone (Squibb)
16) Sorbitan monopaimitnte 0.05%  BDielllin L-A (Wycth)
17) Theophylling 3.0%  Dicurln Procalnc (Lilly)
1. Buffers
1) Acetleacid 0.22%  Nco-betalin 12 Crystalline (Litly)
2) Adiple acid 1.0%  Serpasi! (Ciba) ,
3) Benzoleneld ond sodium benzoate  5.0%  Valium (Roche)
4) Cltricacid 0.5% Aldamet (MSD)
5) Malelc acld 1.6% Librlum (Roche)
6) Potossium phosphate 0.1%  Ounbaln (Lilly)
7) Sodium phasphate monobasic 1.7%  Solu-Medrol (Upjohn)
8} Sodium phogphate dibasle 0.711%  Celestenc (Schering)
9) lactic ncid 0.1%  Ergotrate Maleate (Lilly)
10) Sodium aeetate 08%  Soluject (Mayrand)
11) Sedium blearbonate 0.005% Amipaque (Winthrop)
12) Sodium earbonate 0.06%  Drevital (Lilly) \
13) Sodium eitraie 40%  Duracliliu A5, (Lilly)
14) Sodium tartrate 1.2% Compazine (SKF)
15) Tartarie acid 0.65%  Priscolina (Cibn)
1V. Antloxidanis
1) Acetone sodium bisuifite 02%  ‘Tolwin (Winthrop)
Bronkephrine (Breon)
04%  Novocaln (Winthrop)
0.8% Novacaln (Dreon)
2) Ascorble acld 0.05%  Serpasil (Ciba)
0.1%  Tarccan {(Bochringer)
02%  Thorazine (SKF)
10%  Sus-phrinc (Coaper)
Sondril (Lilly)
30%  Tetracyn 1V (Plizer)
continued
Nuvamber-December, 1980, Yal, 14, No, § 455
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TABLE L Continued TABLEL ¢
3) Maonothioplyceral 0,1% Sandrll (Lilly)
Streptomyein Solfate (Lilly)
0.2% Aldomet (MSD)
0.5% Phencrgan (Wycth) 4) Dext
4) Propy! gallate 0.02%  Navane (Roerig)
§) Sodium bisulfite 0.08%  Amigen (Travenal)
0.08%  A«MecthaPred (Abbotl) 5) Sodid
009%  Pronestyl (Squibb) 6) Sodit
G,i% Deeadron (MS3) 7) Sorb
» Tubocurarine (L"ly) V!, Oloagl
0.16%  A-McthaPred (Abbott) ) o
0.2% Levophed Bltartrate {Breon) |
Nea-Synephrine (Winthrop)
Pronestyl (Squibb) 2) Cot
0.32%  Nebein (Lilly) }
Garamycin (Schering) ) :} g::
Aldomct (MSD) p
0.45%  Kantrex (Bristol)
0.66%  Kantrex (Bristol)
Amikin (Belstol) p g‘c‘::
1.0% tniropin (Arnar=Stone)
6) Sodlum metabisulfite 0025% Phenaject-50 (Mayrand)
! Torecan (Bochringer) 7 Say
0,148% Reglan {Robing) Vil i.l:br;d
1) Sodium formaldchyde 0,005% Bejectal (Abbott) 1) Sid
sulfoxylote 001%  Crysticillin (Squibb) VIIL, Susp
0.03%  Crysticililn (Squibb) 1) G
8) Sodium sulflde 0.004%  Bejectnl (Abbott) . 2 M
Bejos (Abbott) ! oo
9) Sodium sulfite 0.01%  Scrposil (Clbu) _ 3) P
0.!% ThDI‘BZlnD (SKF) " 4) Pd
0.2% Tensilon (Roche)
10) Thioglyeatic acld 0.5%  Sus-Phrine (Derlex)
V. Buiking Substances or Toniclty Mod!flers ‘ 5) S¢
1) Glycerine 1.6% Regulnr fctin (Lilly)
Parathyroid {Lilly)
2.25%  (ntralipid (Cutter)
2) Lactose 0.14%  Wydase {Wyeth)
1.0%  Adrlomeycin (Adria)
25%  Solu-Medrol (Upjohn)
A-MethaPred (Abbott)
4,0% Premorin (Ayerst)
5.0%  Rables Vaceine (Lilly) 5) S
3) Mannitol 04%  Ascllacrin (Calbio) IX. Chelatd
0.5%  Abbokinase (Abbott) 1) Ede|
1,0% Profasi HP (Serony)
coutinued
456 . Jouraal of tha Bareatzral Drug Assoclathon J Novepber-Occem
S — . N
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TABLE L. Conttried

i 2.0% Profast HP (Serono)
illy) Cosmegen (MSD)
2.5% A-MethoPred (Abbott)
4} Ucxiross 115% AquaMEMHYTON (MED)
4,4% Blavil (MSD)
5.0% Heavy Solution Nupercaine (Ciba)
5} Sodium chioride q.5 oo numcroty ta lst
6) Scdlum sulfate 1.4%  Depo-Provera (Upjohin)
7) Sorbitol 20%  Toreean (Bochringer}
VI. Oleaginous Vehicles
1) Denzy! benzeate 200%  BAL in Oll (Hynson, W, & D.)
gun) 400%  Delalutin (Squibb)
rop) 2) Cottonsced ol qs. Mengjeet-L A (Mayrand)
874%  Depo-Testosterons (Upfohn)
3) Custor ail .8, Delalutin (Squibb)
4) Peanut oil 80.0% BAL in Qil (Hynson, W. & D.)
q.8. Pltressin Tannate in Ofl (Parkes
Davis)
5) Sofflower oll® 10%  Liposyn (Abbott)
6) Sesame oil q.8 Delatestryl (Squitb)
Drolban (L1ily)
) Prolixin Decanotte (Squitib)
1) Soybopn olls (0% * Intralipid 10% (Cutter)
VH. Lubricants l.
1) Slmethlcone 0.004% Premarin (Ayerst)
Vil Suspending Agents
1) Gelatin 20%  Rables Vaceine (Lilly)
2) Methyleelluloss D.03%  Testolect-50 (Mayrand)
1,05%  Percorten (Ciba)
3) Pectin 0.2% Solujest (Mayrand)
4) Polyethylene glyeol 4000 2.7% Depo-Provern (Upjohin}
' 2.9% Depo-Medrol (Upjohn)
Jo% Arlstocort (lLederle)
3) Sodium carboxymethyleellulose  0.05%  Crysticlilin (Squibb)
0,075% Crysilclltin (Squibb)
02%  Sternject-30 (Mayrand)
Kesteln {Hyrex)
0.)% Percoten (Ciba)
0.49%  Cortlsone Acctato (Upjohn)
0.55%.  Biclilin CR (Wyeth)
0.G60%  Biclltin LA (Wycth)
0.75%  Kenalog (Squibb)
5) Sorbitol solutlon 50.0% Aristospan (Lederle)
1X. Chelating Agents )
1) Edetate disodlum 0.0036G8% Renovue-DIP (Squibh)
continned continued
ol Drug Amaciatkon J NovambereDecember, 1980, Vol. 34, No. & 457
l .
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TADLR |, Continged

2) Edetoie calclum dispdium

3) Edctate tetrasodium
X, Local Anesthetles

1) Procaine HCI

2) Benzyl alechol /
X1, Specific Stabllizers

1) Creatinlne

2) Qlycine

3) Niacinomlde

5) Sodium caprylate

6) Sedium saccharln

0.005% Paopavering HC (Litly)
Quinldine Gluconate (Lity)

0.01%  Goramycin (Schering)
Nebein (Lilly)
Cholografin Meglumine (Squibb)
0.04%  Renagrafin (Squibh)
0.05%  Clcocin (Upjohn)
Aldomet (MSD)
DecajectsL.A. (Mayrand)
0,04%  Amipaque (Winthrop)
0.01%  Serpasil (Clba)

1,.0% Glukot {Hyrex)
5%  Dramamine (Searle)

0.5% Decadron-L.A. (MSD)
Decajeet-L.A, (Muyrand)

0.8% Decadron (MSD)

1.5% MICRhoGAM (Ortha)

225%  Immu-G (Parke-Davis)
Gamulin Rh (Parke-Davis)
1.25%  Bateadurln (Ayerst)

2.5% Solujest (Mayrand)
0.53%  Normal 8e¢rum Albumin (Parkca
Davls)
Plasbumin.5 (Cutter)
0.4% Normal Serum Albumin (Parke-
Davls)
Plasbumin-5 (Cutter)
Stelazinc (SKF)
Compazine (SKF)

0.00%

¢ Synonym; Emulphor BL-620, ¥ Nutrients in o/ w emulsions,

by textbooks far parenteral preparations were
not found in use by (his survey, e.g., carn oll
(4-6), thlourca (5), and potnssium chioride
(4), It la probable that these exclplents may be
used in forelgn produets ar in U.S. products
that are now no longer marketed, Under the
currenit regulatory climate, the list of excipi-
ents is Hkely w0 become shorter beenuse of
deletion s o result of new toxleologienl flnd-
ings. Some excipients, although employed in
morketed products, may have diffleulty in
galning approval il applicatlons were made
today. The following discusslon is presented

Suppiied by The

British Library - "The werld's knowledae

11 the snme order as shown in the tables.

Benzyl aleohol scemed 1o be the most
commonly used prescrvative In both nqueaus
and rionnqueous vehicles, Although 1.-2% is
the range most often recommended, this sur-
vey shows many products cmploying less than
1% concentration. Higher concentrations, 5 or
10%, were used In one sesamo oil preparation
(Durabolin).

Although not found In this survey, benzal-
konium chlorlde, chlorocresol, phenylethyl
nleahal, phenylmereuric acetate could be
-considered useful preservatlves (6).
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”1

The phydroxybenzole cstors (parnbema) are
often used in pairs for synergistic netivity or
far solubility reasons, The ratio of methyl-
parabento propylparaben varied, for example,
1.9 (Apresoline), 3.3 (Reno-M-30), 6.5
(Garamycin), 7.5 (Nco-Betaling), and 10
(Prolixin). Beequse of iis greater waier solus
bility, methylparaben is often used in nqueous
preparations white butylparaben it used in aily
formulations, Propyiperaben Is populor bes
cause it is intermedinte Lo the aforementioned
parabeng as regnrds water ond all solublliy
ond becnuse it has the greatest actlvity for the
fenst toxicily, compared with ather parabens
(7.

A varicty of surfoctonts were found in the
survey. Sgme reduce surfocs tenslon so thata
hydrophoble surface on the suspended drug
ctin be wetted rapidly; examples include poly
sorbnte 80 in Aristospan und lecithin In
Crystleillin, Also, surfaciants may completely
solubilize the nctive agent, for instance, sodl-
um desoxycholate for amphoterteln B (Fun-
gizonc), and PEQ-40 castor oil for miconnzole
(Monista(). In seleeting surfactanis other than
those on tha list, sorbltan inoncoleate (4) and
Pluronies (6} couid be cunsidered, -

The purpose of labeling excipicnts on par-
cnteral products Is 1o Inform medicnl profes-
sonnls, ‘This practice will be of Hitule value,
however, il the excipients eannat be properly
Identificd. The Merck Index (B) is usunlly
considered o tost comprehensive and handy
referenca for medienl professionals o idemify
chemicals, yet pelysorbate 20 and PEG-40
cnstor oil are not mentioned. Still, It might b
mora informouve if the label on AquaME-
PHYTON stoted “PEG-40 Custor ofl,” rather
that “polycthorylated fatty acid deriva-
tive."

Other than uslng solvents or surfactants,

A A P————— A —

! PMuronlea, manufactured by Wynndott Chemicaly
Corp., arosurface-active polymers of polyonyathylene
und polyoxypropytenes, Pluronie FF+68 wos reforred up
s aurfactont for parenteral use inagvoral U.S, potents,
Ths newly doveloped orsificlat blood (not sold In thix
country) uses Pluronic F-68 10 emutsify Muora
curbon.

NengmbersDecember, {940, Vol, 34, No, 6
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molecular complexation is another way (o
solubllize drug substnace for parentera dosoge
form. One exampie is Dicurin Procaine which
cmploys theophylling to solubllize matcthoxe
yiline. This complex renders the diuretie,
mercthoxylline, more potent and less irritating
at the site of injeetion,

All the buffers used nre nclds or derived
from ncids, namely, phosphoric ucid, carbonle
geld, acetic neld, cte. Alkaline bulfera such as
tromethomine, glycine, ctc,, were not found in
this survey. For high pil's, sodium hydroxide
was used exclusively for pH adjustment, In
most cases the nctive substonecs such us bag-
biturates or sutfonamides were themsclves
contributing bulfer copacity. Since various
umines hod been the cotions of arganic salts In
Injectable products (tromethaming in Prostin,
cthylenedinming in aminophyilin, and me-
glumine in Renografin), these amined con-
ccivably could be used to buffer parenternl
solutions. I the hydtalysis of an active sub-
stnnce iy catalyzed by hydroxide lon, em-
ployment of basle amine buffees could minl
mize hydrolysis at autoclave temperntures
9.

The presence of certuln countei-tons, clther
included in the salt form or added ns buffer,
could reduce paln on intramusculnr {njection,
The former Is exemplified by lysing or arginlie
In ccphalosporin preparations (10) the latter
by malicic acid in Libriwm Hydrochioride
(.

Seleetion of an antloxidant (s the most dif-
fieult task for a formulator, Not only 15 pre-
formulation sercening of antloxldant cfficacy
often misleading (12), but other faeiors such
1% internctlon wlth the stopper, elfectivencss
af nitrogen purge, and siability of the antiox-
Idant lself could complicate the entiro pleture,
Other than the antioxidants listed in Tnblg ([,
tocopherals, nscorbyl palmitate, nnd butylated
hydroxytoluene (BHT), have been recums
mended for aleaglnous vehlcles; and thlourea,
cysteine, and glutathione for nqueous vehicles

1 {nfarmation (urnished by Purenteral” Products
Development Deparsment, Kl Liity and Co,
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(8, 6). Dithiothreiiol is particuinriy effective
Lo protect thio! compounds (13). Hawever, its
safcly in parenteral dosage forns bas not been
established, Oxystearin listed in Upjohn's
Depo-Testosterono is an antiaxidant added to
cottonseed olt by the ol vendor,

Rrequently, n combination of antioxidonts
was cmployed to conler synerglstic effect, For
exomple, Thorazine contains nscorbic ncid,
sodium sulfite, nnd sedlum bisulflte, and To-
rccan employs ascorble acld and sodium me.
tabisulfite. Many oaldation renetions are
catolyzed by transition motals, By inhibiting
metnl catalysls, n proper chiclating agent ofien
enhances the cffectlvencss of andtlosldant
(14).

Other than benzyl benzoale, alenginous
solvents are all fixed olls. Besides those listed,
corn ail Is alse recommended (15), although
no products were found employlng this vehicle.
The USP states certaln speciflcations for xed

ofls. The fixed ol must be of vegetable otigin

ko that it may be metabalized, it must be Hquid
nl room Lemperature, and it must ngt becomo
rancid quickly, Fixed oils of natural origin
such o3 sesume oll and corn oll often contain
significant amounts of peraxlde’, Formulators
shotid take heed, therefare, to choose an olos
aginous vehlele for drugs that are prane 1o be
oxidized, Fractionated coconut oit! or other
semi-synthetic olls? ean bo considered far they
are mostly low in peroxide contentd,

The lack of tissuc irtitation, good absarp-
tlon, low peroxide contemt, nnd favotable

- ——————————————

2 Uiy Amerlean Official Analytical Chemist (AQAC)
method, {he peroaide content, In micro cquivalents
thiouutlate, for the following oils &: sesome oll, 26,2
corn oll, 19.2; glyceryl trincstate, 0.2; and Miglyol, 1.7,

E. vashhiv, Analyticat R&D Report, Syulbb {nstitute .

for Madica! Resedech.

4 Representatives of fractionated coconul ofl are
Miglyol 810 and 8t2, mixture of caprylic apd capric
triglycerides, manufoctured by Dynamit Nobal
Chetnicaly, Sweden,

3 Caample I Neobee M3, o fractionated teiglyceride
of coconut of! arigin that hay been reconatituted to
producs o aleohol soluble oll. Neabee s manufactured
by Drew Chemienl Corp,, Boonton, NJ.

physicociiemicai properiica of giyceryi tri-
acetats recommend it os o potential vehicle for
purenicral uge (16)°, Bthy! gleate hos alse
been recommended (5). Oleaginous formu.
tations have slipped from popularily and re-
placed by aqueous suspensions (17). Thus, one
would find penicillin G procalne, once popular
in a refined vegetable oll (using 2% atuminum
stearste ascsuspending agent), {s now only
available In aqueous suspension. Beeause of
the longer shelf-lifc of penlciilinG procalno in
an ofly preparation rather than an agueous
one, the oily preparotions remaln in veterinary
use,

Procalne is aimost exclusively the only locat
anesthetic used. Instend of being an exciplent,
1t is nlko incorporated 08 a counter-lon in o snlt
form of the actlve subslance such as Peniclllin
Procain and Dicurin Procaln. In Dramamine,
5% benzyl nleohiol Is employed in a 50% pro.
pylene glycol solution, Sinca prapylene glyeol
Is capable of presorving the formulation,
benzyl alcohol may conttibute solvency or
local anesthetlc activity (18)._

Cheluting agents urc added to complex, and
thereby Inactivate, traco amounts of metals
such as copper, lron, and zinc which catalyze
a varlely of reactiony, e.g., oxidation (19),
hydrolysis (20), and deiodination (21). Au-
ioclave sterifizailon, exposurc to light, or
stmply aging, often caused discoloration. In
many cascs the caloring substances cannot be
identificd and the mechanlsm of discoloration
is unknawn, yet chelnting agents effectively
prescrve the eleganey of tha produet. The most
widcly used chelating agents ara salts of edetle
ocid (EDTA), Aa a precautlon (o avold hy-
pocalcemla, the calelum galts of edetate have
recently become the chiclating agent of
cholce.

Citric acid, tortaric acid, glycerln, sorbitol,
cte., can also be constdered s cheluting ngents,
However, formulators should be awarc of the
fact that these compounds are less effective,
or ofien incffective, In preventing metal-cat.
nlyzed renctions, 1t 1s noteworthy that Japa-
nese formulators ofien resort to amino aclds
such as glycine, cystclne, or tryptophan bes
énuga Japan does nat allow the use of EDTA

\

Journs! of thy Parantaral o Atsoclatica
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TABLE IL. |
pH Range

1.8-2.8
2,0-3.8
3
3-s.5
3,0-5.5
3440
375 % 0.
3850,
4.0-5.0
4.0-6.0
4.5-5.2
4.8-3.2
5.0-7.5
! 5.5-6.5
59
6.0-7,0
6.2 40,
6.5-1.7
7-10.5
8.5
8.5
8.6-9.0
8.5+10.5
9.0 ¥
9.2
9.5
9,6-10.4
11.6
! 12
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TABLR L, Parenteral Product pH's

pHl Range Adjusted with Praduct
{.8-2.4 -— Tetracycline HC1(2)
2.0-1.8 HCI/NaOH Hexa«Belnlin (Liily)
h} Malcic acid/NaOH Librium {Rochc)
355 - Lingocin (Upjohn) (3)
J.0-5.5 Sodlum cltrate/citric oeid Neo-Syncphrine (Winthrop)
34402 Lactic acld Haldol {McNeil)
175405 Methanesuifonle acld/NuOH D.H.E. 45 (Sondoz)
3834015 Tactaric ocid Gynerpgen (Sandoz)
4,0-5.0 Lactlc acld /NoOH Talwin (Winthtop}
4.0-6,0 HCI/NaOH Proncatyl (Squibb)
4,5-5.2 HCl/NaOH Vesprin (Squibb)
4.8-5.2 HCl/NaQH Prolixin (Squibb)
5.0-7.5 HCI/NaOH Kenalog (Squlbh}
5.5-6.5 HCI/NaOH Kincvag (Squibb)
59 Acetle acid/NaOH Prostigmin (Roche)
6.0-1.0 HCI/NaOH Nydrazid {Squibb)
62403 Cliric acid Cedilanid-D (Sandoz)
6.5+7.7 Sadium corbonpte/HCI Hypaque (Winthrop)
7-10.8 — Hexodral Phosphate (Organon)
B.5 NaOH Methotresate (Lederle)
] NaOH Mexatc (Bristal)
8.6-9.0 NaOH Adrucil (Adria)
8.5-10.8 -— Sulfadiozine Sodium (2) .
9.0 NaQH Pluorouracil (Roche) i
2.1 NaOM Dinmox (Lederlo) |
9.5 NaOH Dantrium (Norwich-Eaton) .
9.6-10.4 - Amytal Sodlum (Litly) (2)
1.6 NoOH Hyperstat (Schering)
12 NaOH Dilantin (Parke-Davis)

in any parenteral products (22),

In the orea of radiopharmaceuticals,
digthylenctrinmine pentancetic a¢ld {DTPA)
hns been used In varlous products ns a chelnt-

" Ing ngent (exomple: Renotec), Stability cone

stonts for metol-D'TPA comiplex are all greater
than hose of cdetnte (23), DTPA has been
used in Burapo to treat heavy metal palsoning;
thus, it could b safe to use for chelating pur.
poscs (24).

In the eategory of specific stnbitlzers, some
unique examples wers found; the physleal
stability of sterold solutlons prepared with the
phosphates of hydracorilsone, cortlsone,
prednisone, or prednisalong, can be increased

Navetber-Docembee, 1980, Vol, 34, No. 6

461

by the nddition of nincinamlide or crentining,
as exemplified by Bstradurin or Deendron,
reapectively (23). 1L is believed that these nl-
tropen-containing compounds prevent the
formation of precipltates by zalubilizing ste.
rold aleohol which would otherwise precipitate
a1 a result of hydrolysis during storage (26),
Howaver, the chemical stability of these ste-
rolds, as described in nnother patent, were
increased by saccharin (27). Although no
sterold product was found to contain snccha-
rin. The use of u roluble saccharin derivative,
in very small amounts, however, Is efficlent in
stabilizing phenothinzine derivatives (28), The
mechanism of stabilizatlon was antributed to

“‘
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the Tormntion of o “probability complex™
{29). '

In most cascs, enployment of extreme pH's
are necessary for solubllity reasans, At high
phi’s, barblturates and sulfonamides are typ-
leal exanples. In order to solubilize weak basic
substances, low pH's are required, Stability is
another mojor concern in selecting optimal
pH's, Hypersiat is o good example of adjusting
pH tothe minimum (11.6) en o rate-pH pro-
file (30).

Conecivably, a properly designed formus
latlon 13 o key to o successfu! parentcral
product. Formulators should always bear in
mind that the {deal formulation fs (he one
without excipicnt at all. 1€t Is neeessory to use
any caciplents to preserve palency, clegancy,
safety, ete., onc should use cxtrema ¢aution in
selecting proper exciplents and use them at
oplimal ¢oncentratlon, 1t Is hoped that this
review will serve 05 a handy reference for
formulators to learn from oxisting products,
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