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

declares:

l. 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. I have 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, Ihave 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 forrnulator would likely have approached the task of developing a sustained

release injectable 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 245 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 80C 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 “250C” to read “40C”, are also shown in

handwriting in the amended version of Table 3 in Attachment A.
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6‘ l have 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% wfv 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’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 ofbenzyl 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% wfv benzyl
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benzoate to compositions having total alcohol concentrations in castor oil of between

10% to 30% wx’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 Bsz column should have been

under the OIL column; the 20% and 40% figures shown under the BZOH column should

have been under the Bsz 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 column should have been under the BzOH column. This table reports that the

source of this data was J .Phann.Sci (1964) 53(8) 891, which is Riftkin (1964) elsewhere

referred to in this Declaration, and 1 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”

UBristol-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 inj ectable

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

(1M) 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 mgme 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 fonnulation for fulvestrant in about the following mannerr

12. Given the foregoing objective, the experienced formulator would have appreciated that

the traditional administration options to explore were intramuscular (1M) 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 reasonable 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.€., to

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

14. In the preformulation phase, the experienced formulator would have conducted a

literature review or otherwise would have become familiar with commercially marketed

inj ectable formulations, particularly injectable sustained release formulations of steroids

or other relatively insoluble compounds such as those listed in Table l 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 andior 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.”1 Similar

objectives were intended to be served by the compilations of commercial formulations in

Strickley I (1999), Strickley II (2000) and Strickley HI (2000):

This compilation will also be useful for those interested in

knowing What additives are currently used in inj ectable 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.

(Stricklcy 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 detemiine 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 forrnulator would have noted reference to a number of

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

“ Ncma (199?) does caution, however, that there is no guarantee that the new drug product will be safe as excipients
are combined with other additives andfor with a new drug, creating unforeseen potentiation or synergistic toxic
effects.
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commercially marketed:

o Strickley I (1999), Table VII:

Haloperidol Dccanoates’Haldol dccanoate (50-100 mgimL in sesame oil, benzyl

alcohol 12%);

Testosterone Enanthatez’Delatestryl (200 mgme in sesame oil, chlorobutanol 5

mgme);

0 PDR (1973) at pages 1277—1278

Proluton/progesterone (50 mg/mL in sesame oil, 150 mg/ml benzyl benzoate, 5

mgf'ml benzyl alcohol, 1 mgfml propylparaben);

o PDR (1973) at pages 1349-1354

DeladumonefTestosterone Enanthate & Estradiol Valerate (90 & 4 mgme 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 benzoa'te, 2%

benzyl alcohol);

Delatestryl/Testosterone Enanthate (200 mg/mL in sesame oil, 0.5%

chlorobutanol);

Delaluteval 2Xr’hydroxyprogesterone caproate & estradiol valerate (250 mg/mL &

5 mg/mL in castor oil, 45% benzyl benzoate, 1.6% benzyl alcohol);

0 PDR (1973) at pages 1391-1392

Prolixin Enanthate/FluphenazineBnanthate (25 mgme in sesame oil, 1.5% benzyl

alcohol);

a Wang (1980):

Depo-Testosterone/testosterone cypionate (100 mgi’mL in 87.4% cottonseed oil;

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

o Mackey (1995):

Testoviron Depotftcstosterone enanthaie (250 mgme in castor oil and henzyl

DB1!62()42606.1 7

InnoPharma Exhibit 1020.0007



benzoate);

as well as a number of other commercialized oil based long—acting 1M 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 preforrnulation 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 fiilvestrant 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 prefonmulation 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 mgx’rnL could not be achieved with castor oil alone, and that a co—solvent would

be required.

18. A number of the commercialized fonnulations that would have been identified in the

literature review (including the caster 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 fonnulations discussed in Riftkin (1964), “Castor

Oil as a Vehicle for Parenteral Administration of Steroid Hormones” (see Riffkin n. 6).

Deialutin is 250 mg/mL 17-hydr0xyprogesterone caproate dissolved in 52% castor oil,

46% benzyl benzoate and 2% benzyl alcohol. However, Riffldn Table 11 reports that the

solubility of 17-hyd0xyprogesterone 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/rnL (see example 4 of Huber H]S “520) and Attachment E

discussed below). Even if not needed as a cosolvent, Riffkin (1964) notes that “the

addition ofbenzyl 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 forrnulator 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 ijfkin (1964) Table 11 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/rnL 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 Riffldn (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 rug/"ml.2 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 mgme 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 of 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 2.3

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 fimction 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 inj ectable formulations for administration to a human.

2 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).

1 It 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 mgi’mL, and the solubility of fulvestrant in benzyl benzoate alone was again tested and found to be only 3.8
mgme, which further confirms that benzyl benzoate would not be expected to act as a cosolvcnt for fulvcstrant 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 injeetable 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 glyeerine. These components have

intrinsic effects on biologic tissue and can alter the properties of

other exeipients, 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

damage should be included in the product development plan.

See also Gupta (1999), Chapter I 1, titled Cosolvent Use in Injeetable 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 panicular 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 inj eetable

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 alcohol or ethanol would have been

contrary to precedent as shown from the review of commercialized oil-based

intramuscular injectahle 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 presewative 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:

- 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.

- 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”;

- Powell (1998), the benzyl alcohol listing at pages 244—246, particularly those

indicated as being used in M formulations;

- 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;”

- 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%,”

0 Cornelius (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 imitate 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:

- 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;

- Strickleyl (1999), Table VI, “List of Cosolvents Used in Parenteral Fonnulations”

more specifically lists the ethanol content in IM formulations for specifically

identified drugs, which concentrations range only from 2.5 to 10%; an IM/IV

lorazapam formulation in a propylene glycol vehicle is noted at page 329 as having

13% alcohol, but is not included with the 1M formulations in Table VI;
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- Nema (1997), Table I, “Solvents and (Io-solvents” at page 167, lists ethanol as being

in 24 formulations with a concentration range of 06—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;

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

the ethanol concentration for M 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.4

25. Under these circumstances, the discovery by Evans et (21., 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 confirmed 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.

 

4 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 fuither that all statements made herein of his own knowledge are true

and that all statements made on information and belief are believed to be true; and fiirther 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.

H. Mi-

Date: Kw MWE 1‘;ng -
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ATTACHNIENT A

TABLE 3 

33%!" OF BENZYL BE
WEA‘X‘E 02¢ mama?!“

soggfigg i 2 EN (‘15me £233, & gE;
w

1?: W}? 

{imam}? 5 I: 15}

{9e}:
Benzyi 5 ~‘- 5*
.«Ucchoé

lkffizfl 15
licnznaa:

(”@109 Oil to HES I5 161'} :2: 2%

Mean Fiji’s castmm 21"? 36: 46

Seiubihty
I nagmi 4]

. H v 5!» fl
Inméuas 2:13 5” 3

K: 3 5‘6 I 336
M‘Qiufizs “ s

[mgmi‘gj

DB1£62042606J

m 135,3

16

53$ :39

«fie—3 6’3”?
$3 a
:2 ii'

in“;

15 IS

35 15

35

£0180 {01630 {01133 £9186

,98’ WW
air a; ml!

55 s it; I;

7.9? km 3

(”5 slig-

33‘1 “39-6;

InnoPharma Exhibit 1020.0016



ATTACHMENT B:

Experimental Test Procedure for measuring the solubilig 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 ml 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 .5g

of fillvestrant was weighed into each of 3 separate vials (2 dram size) and Smls 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

each 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 i 05°C.

4. After 5 days of stirring at 25 i 05°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 fillvestrant/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 l0ml 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 fillvestrantfcastor oil mixture, 100p] of the supernatant was

removed from the Eppendorf tube and pipetted into a lml 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

DB 1562042606 .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 lvlethod details:

Gradient HPLC Method

Eluent A : 27% Methanol ," 32% Acetonitrile / 41% Water

Eluent B 2 41% Methanol / 49% Acetonitrile f 10% Water

Column ; 150m 3.5um Symmetry C8 4.6mm i.d.

Detection wavelength : 225 nm

Flow rate : 2 mL min~1

Temperature : 40°C

Injection volume ; lO uL

Gradient programme :

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

O 100 O

25 100 O

55 0 100

65 O 100

66 100 0

70 100 0

Retention time of fulvestrant: 21minutes approximately

DB 11’62042606ii 18
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EFFECT OF BENZYL BENZOATE ON FULVESTRANT SOLUBILITY IN CASTOR OIL AT 25°CATTACHMENT 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

ofTable l. The error is apparent from a review of the reference J.Pharm Sci (1964) 53

(8) 891 (Riffkin) which is stated in Table 1 as being the Source of the information for

the Delestrogen and Delalutin products:

0 In the Summary on page 895 of Rifflcin, 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 mgi’ml respectively.

0 Furthermore, details of particular vehicle compositions for estradiol valerate and

17—hydroxy—progesterone caproate are given in Tables V and VI

0 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 In Table VI, the only 40 mg/ml castor oil based formulation of estradiol

valerate, has the composition castor oil 58%, benzyl benzoate 40% and

beggyl 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.

0 None of the vehicle compositions disclosed in Tables V and VI in Riftkin contain

ethanol. Therefore the entries in the Ethanol column of Table l 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.

a It is also apparent from Table VI that the 78% and 58% entries in the Benzyl

Benzoate column of Table l 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

0 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 l for the Delalutin product should

have been l7—hydroxy—progester0ne 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 Riffldn et a1.
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Tabulation of data from Examples of Huber, 3364,5201
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I

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 (l9-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 lip0philicity. 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 man1 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.(=British 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 In], 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

10

15

20

25

3D

35

45

50

55

65

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 (l9-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:

R1

R4
CH3 CH3 CH3

R3 . 0 CH3 CH3R2

where

R1=H, CH3 01' C2H5;
R2=H, CH3 or C2H5;
R3==H, CH3 or Csz;
R4=H, 0H, Ovacyl (1—2 atoms) or O-alkyl (l—Z 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

C
l

(«c—c—c=c—)

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

For tocol itself, R1=R2=R3=H, R4=OH and the
side-chain is saturated. Examples of tocol derivatives
are: 5—methyltocol, 7-methyltocol, 8-methyltocol, 5,7-
dirnethyltocol, 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, 5,7,8-trirnethyltocol(a—tocopherol) or 8-
methyltocol(8—tocopherol). In practice use is generally
made of the racemates dl-tocol, dl-a-tocophcrol and
dl—B-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 toeol or derivative thereof are
possible.

Examples of oestrane, androstane and (19-nor-) preg-
nane compounds with at least a 3-oxo—A4vgroup and an
optionally esterified hydroxy group at position 17 and-
/or 21 (when present) are: testosterone, 19vnor-testost—
erone (nandrolone), progesterone, l9-nor-progesterone,
l7a—hydroxyprogesterone, 17a-hydroxy-l9-nor—prog-
esterone, 21-hydroxy-progesterone, 21-hydroxy-l9-nor-
progesterone, lGa-ethyl-Z1-hydroxy-progesterone,
16a-ethyl—21-hydroxy-l9-nor-progesterone, lé—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-
clohexaneccarboxylic 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 ll, 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, l7a—hydroxy-progesterone caproate and medroxy»
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4

progesterone acetate, are used. Preparations containing
corticosteroids may' be used in those cases in which
rnineralocorticoid, 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 m1, it is possible to suppress oestrus
in dogs for more than 3 months with a single injection of
1 m1. 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 m1) 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 initialphase, 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
826036 and 845613

It is known that certain tocol derivatives possess
vitamin E activity. For many applications, suchas sup-
prssion of oestrus in animals, thisis not objectionable,
but for applications'in-the human sector thevitamin B
activity of a preparation according to the invention maybe a drawback. Itis however known that the various

tocols possess differing vitamin E activities, and that
tocol itself and certain derivatives, for example 5,7-die-
thyltocol and 6-desoxytocol, possess little-’ornovitamin
B activity, so that a formulation" with'the desired 10w
vitamin E activity or a formulatiOn devoid of vitamin B

activity can be prepared according to the choice ofcarrier. .- ~

Theinventionis illustrated bymeansofthe followingexamples. . * g‘ -, It“ 9 ‘- =- e.

’EXAMPLE‘I“ .

Saturated solutions ota number .oftsteroids. in 5,7,8-
trimethyltocol (mtoCopherol) were prepared-aniline.
The concentration of steroid in.mg qugml solution is
given in column a of Table A. Column b gives the'con:
centration ofsteroid in mg per ml in a saturated solution
in a solvent comprising equal parts by‘volujne of q:-

tocopherol and arachis oil, while for comparison col-

umn c shows the concentration ofsteroidin mg permlin a standard solution in arachis oil. A» -
  
 

 

- Table A _
Steroid ‘ ’ A I a M ii 76"};‘50.

testosterone lm‘ .1 40 i “'55
corticosterone ,, '40; ,_ ' 2 ‘ '1
16o-ethy1-2l-hydroxy-progesteroné- ' ’ " ‘ - ’Zldecanoale » ' ‘ $500 "200 . .50
16a-ethyI-2l-hydroxy-progesterone-
21-heptanoate > 225 > 225 1‘0
dinandmlone oxydiacetate 120 20 10
dinandrolone adipatc 180 85 2
testosterone undecanoate >225 >225 85
nandrolone palmitate '400 200 75

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 volume 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 Gatocopherol 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

5.
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way usualin the pharmaceutical technique, this solution
wasencapsulated under aseptic conditionsin soft gela-
tinexcapsules with a volume (contents) of 0.24. ml, so
that the testosterone undecanoate content was'SOVmg
per capsule The capsule ‘wall (113 mg) consisted of

gelatine (77 mg), glycerine (175 mg), sorbitol (15.5 mg),
parabens (0.5 mg), Ti02(0.6 mg) and Cochineal Red A
(l9 ms; dye) . -

A number of other steroids were dissolved in tocol
and encapsulated in soft gelatine Capsulesin a similar

way. Details are given in Table B.
 

 

 

Table B

Capsule mg steroid
Steroid » content (ml) per capsule

Testosterone ci--n1cthyldecunoate 0.12 25
Nandroione detanoute 0.13 50
derolone _a-methyl-t3-cyclo- ‘ 0.0! 20
hexylpropionate '
Dinandrolone oxydiiicetate 0.14 . 15

EXAMPLE IV

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

_ and arachis oil (50:5:20:25) wereprepared 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 m1

Nandrolone phenylpropionnte . zoo
16a-ethyl-11-~hydroxyprogestemne-21-decnno-te 350
Dinandrolone oxydiscetnte 75
Oesmdiol phenylpropionate 50
l7a-hydroxyprogaterone uproot: 150
Nandmlone palmiute/laurlte (2:1) 300

I claim:

I. A highly concentrated liquid pharmmuticel ste-
roid formulation comprising (1) at least one steroid of
the oestrane, androstane or (l9-‘nor-)pregn_ane series
containing at least a 3-oxo-A‘-group and an hydroxy
group at position ’17 and or 21 (if present) and (2) a
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, CH3, or Csz;
R2=H, CH3, or C2Hs;

=H, CH3, or C2115;
R4= H, OH, O-C|.z any], 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 10% by weight of saidformulation.
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2. The formulation of claim 1, wherein said toeol or

derivative thereof is selected from the group Consisting

of tocol, a’tocopherol and 6-tocopherol. L

3. The formulationgof claims 1 or 2,‘wherein said

tocol or derivative thereof constitutesat least 25% by

weight of said formulation. ‘

4. The steroid formulation of claim 1 where the hy.

droxy group of the steroid is esterified.

5. The steroid formulation of claim 1 further contain-

ing at least one fluid carrier selected from the group

consisting of vegetable oils, beuzyl benzoate, and benzyl

alcohol with. theproviso that said tocol or derivative

constitutes at least 19% by weight of said formulation.

6. A process for preparing a highly concentrated

pharmaceutical steroid formulation comprising dis-

solving at least one steroid of the oestrane, androstane,
or (l9-nor‘) pregnane series containing at least a 3-oxo-

A4-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:

10

[5

20

 
where '

R|=H. CH3. or Czfls;
R2=H, CH3, or C2H5;
RJ=H. CH3, or C2H5;
R4=H, 0H, O-C|.2 acyl. or Czfls; and
n: l. 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 atleast 10% by weight of said
formulation.

7. Probess according to claim 6, characterized in that
said tocol or derivative thereof is selected from the
group consisting of tocol, a-tocopherol and 'y—toco~

' pherol.‘
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8. The process ofclaim 6 wherein the hydroxy group
of the steroid is esterified.

9. The prom 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-
ho] to the formulation with the proviso that said tocol
or derivative constitutes at leaSt 10% 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.. O . ‘ t

 

InnoPharma Exhibit 1020.0031



fiwmmmlww
UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. : 4,212,863

DATED 3 July 15, 1980

INVENTORG) 3 Lammert CORNELIUS

nScammdmmmmrmmmsthamw-MMmmdmmMathtwmLdmeMmt
are hereby corrected as shown below:

 
Line 3 of the Abstract, change "comprising" to c-containing--.

Column 2, line 51, change "esters“ to ——ethers-‘.

Column 6, line 63, in claim 1, change "C2H5" to read —-OC2H5—«.

Column 8, line 14, in claim 6, change "or C2H5" to read

3 or C2H5——.

Signed and Scaled this

Fourth Day or May 1982

--OCH

[SEAL]
Arrest:

GERALD J. MOSSINGHOFF

Arresting Officer Commissioner of Patents and Trademarks
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UNITED STATES PATENT AND TRADEMARK OFFICE 3

CERTIFICATE OF CORRECTION

PATENT N0. : 4 .212 .863

DATED : July 15, 1980

INVENTOR(S) : Lammert CORNELIUS

It is certified that error 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

-'-0CH3 or 0C2 5".

Signcd and Scalcd this

Twentieth Day of July 1952
rsmu

Anal:

GERALD Jr MOSSINGHOFF

Arresting Officer Commissioner of Parent: and Trademarks
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@ Therapeutic product. 1

® The invention relates to a therapeutic product comprising an oestrogen and a pure antioestrogen ior
simultaneous. sequential or separate use in selective oestrogen therapy of perimenopausal or postmenopausal
conditions; 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
antioestrogen and to a process for the manufacture of said composition.
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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 perimenopausal or postmenopausal conditions. particularly
perimenopausal or postmenopausal osteoporosis. The invention also relates to a pharmaceutical compost.
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 secrete less of the female sex hormones. particularly oestradiol. Symptoms in women at
this stage include the following: vasomotor disturbances (hot flushes). urogenital atrophy (particularly
affecting the vagina and distal uremra). 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 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 perimenopausal and post-menopausal
symptoms (British Medical Journal. 1987.295 914; American Journal of Obstet. and Gynecol.. 1987 156.

1298 and 1347). However oestrogen replacement therapy can also cause uterine— hyperplasia. irregular
vaginal menstruation and. in a small proportion of women endometrial cancer (American Journal of Obstet.
and Gynecol.. 1957. 156. 1313). T
—To combat the cfii'tinuous unopposed stimulation of oestrogen-responsive tissues an oestrogen 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 periodsis 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 reguired.
it has recently been shown that compounds demonstrating a mixture of oestrogenlc 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.

Volume 15. pages 467 to 519. and a review of tamoxifen 5;, F‘urr et al. in Pharmacofigy and Therapeutics.
1984. Volume 25. pages 127.205. .— .. —

it has also recently been shown that a treatment regime 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 to the partial inhibition of the maximum oestrogen-

induced stimulation of uterine endometrial tissue (A. Kauppila et al., Gynecol. obstet. invest, 1988 _2__5 58
and Arch. Gynecol.. 1983. 2&, 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 selectively 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 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 alone. 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.

it is disclosed in European Patent Specification No. 138504 that certain pr ferred steroidal an-
tioestrogens 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
antioestrogen for simultaneous, s quential or separate use in selective o strogen therapy of perimenopausal
or postmenopausal conditions.
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in a particular product of the invention the oestrogen component of a product of the invention is
oestradloi. ethinyioestradiol. oesb’iol. oestron . natural conjugal d oestrogens. piperazine oestrone sulphate.
mestranol. chiorotrianisene. dienoestrol. stilboestroi or hexoestrol or a pharmaceuticaliy-acceptabie ester
thereof.

A pharmaceuticaliy-acceptable ester of the o strogen component of a product of the invention is. for
example. an aikyi or aryi 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 ”position or at both oi 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 stiiboestrol and hexoestrol. A suitable alkyi ester of up to 12 carbon atoms is. for
example, an acetate. propionate. butyrate. vaierate, hexanoate, heptanoate. octanoate. cyciopentyl-

propionate. nonanoate. decanoate. undecanoate or dodecanoate. A Suitable aryi ester of up to 12 carbon
atoms is. for example. a benzoate. toiuate or naphthoate. A preferred pharmaceuticaliy-acceptable ester of
the oestrogen component of a product of the invention includes. for example. oestradioi benzoate. oestradiol
cyclopentytpropionate. oestradiol dipropionate. oestradioi heptanoate. oestradiol undecanoate. oestradioi
vaierate and stiiboestroi dipropionate.

in a further particular product of the invention the pure antioestrogen is
N-nnvbutyl‘N-methyin N-1H 1H-heptafiuorobutyi-N~methyl- or N,N-(3-methylpentamethyleneH143.1715-

dihydroxyoestra-1.3 .5(10)-trien-7a-yi)undecanamide: - ‘-
N—n-butyi- or N—t H 1H-heptafiuorobutyl-3-p-[4-(3,175—dihydroxyoestra-1.3,5(10)-triene-7a-yi)butyl]-
phenyipropionamide; _ —
7a.(10-p-chlorophenyithiodecyi)-. 7u-(10~p~chiorophenylsulphinyidecyl)-, 7a-[9-(4.4,5.5,5-pentaiiuorop-

entylsui'phinyl)nonyl]-. 7r[10-(4.4.4-trifiuorob-utyisuiphinyl)decyi]- or 7a-[10-(p~chiorobenzylsuiphinyi)decyi]—
oestra-i .3.5(10)triene—3,17fi-dioi; or '-
7u—(9-n‘heptyisuiphinylnonyl)oestra-1.3.5(10)-triene-3.i7E-diol.

in a further particular product of the invention the pure antioestrogen is a compound of the formula:-
NU-A—X-Fl’

wherein NU is 6-hydroxy-2-p~hydroxyphenylnapth-1‘yl and A is -(CHz)m-, -(CH2)H- or ~(CH2)5‘(1-4*

phenylene)-(CH2)2-: '-
or NU is 12.3.4-tetrahydro-6-hydroxy-2-p-hydroxyphenylnaphth-1-yl (either the 1RS.2RS or 1FlS.2$Fl iso-

mer). or 1.2.3.4—tetrahydro~6-hydroxy-ip-hydroxyphenyFZ-methyinapth-1~yl (either the 1RS,2RS or
1FlS.28R isomer). and A is '(CH2)10'. -(CH;)u- or '(CH2)4'(1 Aw-phenylene)(CH2)2-;
or NU is (1RS.2RS)-5-hydroxy-Z-p-hydroxyphenylindan~1-yi or (1R3.ZRS)-5hydroxy«2—p—hydroxyphenyi2-
methylindan~1~yi and A is '(CH2)10“(CH2)11’°r -(CH2)t-(14-phenylene)-(CH2)2-.
and wherein XR’ is -CONFl’Fl2 wherein R2 is hydrogen or methyl and Fll is n-butyl.1H.1H-heptafluorobutyl.

n-pentyi or nahexyi. or XR' is -SR‘. -SOR‘ or -SO:R‘ wherein Fl‘ is n-pentyi. n-hexyi. 4.4.5.5.5-pen-
tafluoropentyi or 1H,1H.2H.2H.3H.3H-—heptaiiuorohexyi.

in a further particular product of the invention the pure antioestrogen is
-Nn-butyiv, N-n--butyi-N-methyi‘. N-n-pentyi N--,(1H1H--heptatluorobutyl)—or N—(iH.1H-—heptafluorobutyi)—N-
methyi-3-p‘[5-(6-hydroxy-2.p-hydroxyphenyinaphth-1-yi)pentyi]phenyipropionamide;
N-methyi-N-(I H 1H-heptaiiuorobutyl)—p-[4-[(1 RS.2RS)-6-hydroxy-2-p-hydroxphenyi-2—methyi-12. 3. 4»
tetrahydronaphth1cyl]butyi]phenyipropionamide;
(1RS.2RS)-1-[4-[p-(2-n-hexylthioethyi)phenyi]butyi]-2-p-hydroxyphenyi-1.2.3.4-tetrahydronaphth-6-oi or the

corresponding 43.5.5.5-pentafluoropentylthio derivative. or the corresponding hexyisuiphinyi, hexyisuiphonyi
or pentatluoropentylsulphinyi derivatives;
2-prhydroxyphenyi-1 -[5-[p-(2-n-hexyithioethyi)phenyi]pentyi]naphth-6-oi or the corresponding hexyisuiphinyi
derivative; or

(1 RSZRSH-{4[p-(2~n-hexylthioethyl)phentyl]butyi]-2-_p-hydroxyphenyi-Z-methyi——1 ..23.Hetrahydronaphth8-
01 or the corresponding 4A5.55~pentaiiuoropentyithio derivative. or the corresponding hexyisuiphinyl or
pentafluoropentytsulphinyi derivative. or the corresponding (1R323R) isomers of both the hexylthio and
hexylsulphinyi derivatives.

A preferred product of the invention comprises an oestrogen and a pure antioestrogen for use as stated
above wherein the oestrogen is oestradioi or ethinyioestradioi. or a pharmaceutically-acceptable ester
thereof. and the pure antidestrogen is 7r[9-(4.4,5.5,5- pentafluoropentyisuiphinyi)nonyi}oestra-1,3.5(10)-
triene—3.17fl-dioi or (1RS.2RS)-2~p-hydroxyphenyl—Z-methyl-1-[9-(4,4.5,5,5-pentafluoropentyisulphinyl)nonyi]—
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 oestradioi. oestradioi benzoate. oestradioi vaierate or

oestradioi undecanoate and the pure antioestrogen is 7a-[9-(4.4.5.5.5-pentaiiuoropentyisulphinyi)nonyi]-
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oestra~l .3.5(10)-trlene-3.17fl-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 postmenopausal 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
provided a pharmaceutical composition which comprises the product of the invention together with a
pharmaceuticaliy-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 antioestrogen components of the product of the invention must be closed
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 pharmaceutical composition according to the present invention includes a
composition comprising an oestrogen, a pure antioestrogen and a phannaceutically-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 pharmaceuticaliy-acceptable diluent or carrier. and a second composition

comprising a pure antioestrogen and a pharmaceuticaliy-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 disperslble powders or granules), for topical use (for
example as creams, ointments. g'eis, or aqueous or oily solutions or suspensions; for example for use within
a transdennal patch), for parenteral administration (for example as a sterile aqueous or oily solution or
suspension for intravenous, subcutaneous, intramuscular or intravascuiar 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
pharmaceutical excipients. well known in the art.

Suitable pharmaceuticaliy 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 ethyl or
propyl 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 example, 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 carboxymethylcellulose. methylcellulose, hydroxypropyl-
methylcellulose, sodium alginate, polyvinyl-pyrrolldone, gum tragacanth and gum acacia; dispersing or
wetting agents such as lecithin or condensation products of an alkylene oxide with fatty acids (tor example
polyoxethylene stearate), or condensation products of ethylene oxide with long chain aliphatic alcohols, for
example heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial esters
derived from fatty acids and a hexitol such as polyoxyethylene sorbitoi monooieate, or condensation

products of ethylen oxide with partial esters derived irom 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 swe'etening agents (such as sucrose. saccharine or aspartame).
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Oily suspensions may be formulated 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 cetyi 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 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 sweetening. flavouring and colouring
agents. may also be present.

The pharmaceutical compositions of the invention may also be in the form of oiHn-water emulsions.
The oily phase may be a vegetable oil. such as castor oil. soya bean oil or arachls 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. 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 anhydn'des (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
parenterallyvacceptable diluent or solvent. for example a solution in 1,3-butanediol. in a vegetable oil (such
as arachls 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 melt

in the rectum to release the drug. Suitable excipients include. for example. cocoa butter and polyethylene
glycois.

Topical formulations. such as creams. olntrnents. gels and aqueous or oily solutions or suspensions.
may generally 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
pharmaceutical composition as defined above which comprises bringing into admixture a product as defined

above together with a pharmaceutically~acceptable diluent or carn'er. ‘
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 wann-
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 conditions.

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 compositions which are useful in a new
method for the treatment or prophylaxis of perimenopausal or postmenopausal condition. Pharmaceutical
compositions comprising an oestrogen and a pure antioestrogen. together with a pharmaceuticele-accept-
able diluent or carrier. are novel. in European Patent Sepcifications Nos. 138504 and 124369 it is disclosed
that the antioestrogenic 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. 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 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 phan'naceutical exclpients 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 pharmaceutical
composition as defined immediately above which comprises bringing into admixture an oestrogen and a
pure antioestrogen together with a pharrnaceutically—acceptabie diluent or carrier.

This aspect of the invention also provides a method of selective oestrogen therapy of perimenopausal
or postmenopausal conditions which comprises administering to a warm-blooded animal an effective

amount of a pharmaceutical composition as defined immediately above. The invention also provides the use
of a phannaceutlcal composition as defined immediately above for the manufacture of a new medicament

for use in selective oestrogen therapy of perimenopausai 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 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-'bTThat 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 compo-un'd-then closed during a test period of 28 days in antagonislng 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 effective 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 mglkg subcutaneously;

(ii) a pure antioestrogen which possesses antioestrogenic activity in the above tests (a) and (b) at
doses in the range. for example. in test (a): EDsq 0.05-5 mglkg orally or EDso 0.01-1.0 mglkg sub-
cutaneously;

in test (b): antiuterotrophic effect:- EDso < 20 mglkglday orally. < 2 mg/kg/day subcutaneously or
intramuscularly and < to mg/kgfinjection when dosed as an intramuscular depot injection: reduction in bone
density:- EDso > 2D mglkg/day orally. > 5 mg/kg/day subcutaneously or intramuscularly and > to

mg/kg/injection 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 degree on
bone.

The size of the dose. for therapeutic or prophylatic purposes. of a product of the invention as defined
above will naturaliy 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 chosen 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 example. 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 example. 0.5 to 2 mg of oestradiol. oestradioi benzoate.
natural conjugated oestrogens or oestradioi 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 ug of oestradiol contained within a transden'nai 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 ml 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 antagonisad 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 transdermai patch. or within a cream suitable for vaginal application. The daily administra-
tion of one or more tablets containing conveniently 50 mg to 5 g, and preferably 50 mg to 500 mg. of a

20 pure antloestrogen 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

..50mg to 5 mgof the pure antioestrogen Preferably an oily solution. for example a solution containing arachis
ercastor oil: an alcohol such as benzyl alcohol and 50 mg to 500mW
WishproVidesa depotofth;pure antioestrogen which thereafter leashes out from

25 me 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 flushes). urogenital atro h (particularly
affecting the vagina and the distal urethra). psychosomatic complaints. changes in the lipid metabolism and

30Wanteffect of the pure antioestrogenlc 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 i
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 component of a product of the invention

as 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 metabolism.

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

“1:.

Example 1
 

  _———.————-mm——.—-~—~~—n

The pure antioestrogen used was (1 FlSZRSH-p-hydroxyphenyl-Z-methyl—1~[9—(4,4,5,5,5-pentafluoropen-
tylsuiphinyl)nonyl]-1.2.3.4-tetrahydronaphth-6—oi. ‘

The compound was given subcutaneously as a solution in arachis oil at doses of 2 mg/kg/day and 10
mglkg/day to two groups of 5 mature rats for a total of 28 days. Further groups of 5 mature rats served as

so 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. 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 1 and ii demonstrate that at a dose of 2 mglkglday subcutaneously
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Treatment

Untreated Controls
Ovariectomised Controls

Test Compound at 2 mg/kg/day s.c.
Untreated Controls
Ovariectomised Controls

Test Compound at 10 mgflcgrday s.c.

Untreated Controls

Ovariectomised Controls

Test Compound at 2 mglkg/day s.c.
Untreated Controls
Ovariectomised Controls

Test Compound at 10 mg/kg/day s.c.

 
 
 

 
 

TABLE 1

 
TABLE li

 

' This level of inhibition was not statistically significant. 

Example 2

382134
111 :14
13528

369247
9925

125:4

 
 

 
 

Calculated
lnh ibition

Treatment Gross Femur Calculated Bone Mlneral Calculated

Denslty (g/ml) lnhlbitlon Density (glml) lnhlbltion

1.612 t 0.010

1.569 1' 0.010
1.604 t 0.006
1.629 2 0.014
1.571 t 0.007
1.580 2 0.004

0.742 3 0.009

0.885 1 0.010
0.730 2 0.007
0.766 1' 0.005

0.704 t 0.005
0.727 2 0.005

the test compound selectively inhibits the action of the animals' endogenous oestrogen on their uteri (90%
inhibition of uterine weight) whereas there was no significant inhibition of either bone mineral density or of
gross femur density.

 
 
 
 

 

  

The experiment described in Example 1 was repeated except that the pure antioeslrogen used was 7::-
[914.455.5-pentafluoropentylsulphinyl)nonyl]oestra—1,3.5(10)‘triene-3,17fi-dioi. This compound was given at
a series 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 (96%), 100 mg oi 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 in and N demonstrate that at all doses tested lhe 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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Calculated
Inhibition

 

TABLE ill

Uterine

Weight

Treatment

(me)

Untreated Controls 302 t. 36
Ovariectomised Controls 70 z 1.3

Test Compound (mg/kg)

0.1
0.3
1

3

TABLE IV

Treatment Gross Femur Calculated

Density (g/ml) Inhibition

Untreated Controls 1.523 : 0.008
Ovarlectomised Controls 1.491 t. 0.006

Test Compound at
(mg/k9)

0.1

0.3
l
3

The pure antioestrogen used was 7a-[9.(4.4.5.5.S-pentalluoropentylsulphlnyl)nonyl]oestra~l .3.5(10)-
triene-3,17fi-diol.

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

alcohol and given by intramuscmar 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. ln 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 determined. in addition the lemurs 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. sewed as an

intact control group. A further group of rats was ovariectomised to serve as another control group.
The results shown below in Tables V and VI demonstrate 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 01 gross lemur density.

   

 
  
  

  
 

  
  

 

 
 

1.528 t 0.005

1.528 a 0.008
1.532 2 0.005
1.533 2 0.005

  
 

 

Example 2
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Calculated
lnhibltion

TABLE V

Uterine

Weight

Treatm nt

(m9)

Intact Controls 318 t 31
Ovartectomlsed Controls 76 1 4

Test Compound
(mg/rat/dose)

0.75
1 .25
2.5

 

 
  

  

TABLE Vl

Treatment Gross Femur Calculated

Denslty(g/ml) Inhibition  

    
 

 
  

0.75 1.562 1 0.004
1.25 1.576 t 0.004
2.5 1.569 2 0.007

intact Controls 1.584 t 0.007
Ovarlectomised Controls 1.521 t. 0.005

Test Compound

(mg/rat/dose)

 

' 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 antloeslrogen is
Nnbutyl-N-methyla N4H.1H-heptailuorobutyl«N-methyl- or N,N-(3-methylpentamethylene)-11-(3.17B‘

ahydroxya'estrad ,3,5(10')-trien-7a-yl)undecanami€é; ' '—
N-n-butyl— or N-l H.1 H-heptafluorobutyl-S—p~[4»(3,1 7fi-dihydroxyoestra-1 .3,5(10)~lrien-7a-yl)buty|]-
Ehenylpropionamide; - '
7a-(10-p-chlorophenyltl'liodecyl). 7a-(10-p-chlorophenylsulphinyldecyly, 7u-[9-(4,4,5,5.5-pentaflucrop-

entylsufiahinyl)nonyl]-. 7a-[10-(4.4,4-trilluoroEutylsulphinyl)decyl]- or 7u-[10-(p-chlorobenzylsulphinyl)decyl]-
oestra-1.3.5(10)-triene-3,17fi-diol; or -
7a-(9-n-heptylsulphinylnonylbostrad ,3,5(10)-triene—3.17B-diol.

3. A product as claimed in claim 1 wherein the pure antioestrogen is a compound of the lormuiaz-
NU-A-X-R‘ ‘

wherein NU is 6~hydroxy-2‘p-hydroxyphenylnaphth-l-yl and A is '(CH2)10‘. -(CH2)n- or -(CH2)5-(1.4-
phenylane).(CH2)2-; -
or NU is 1,2,3.4-tetrahydro-B-hydroxy-Zp-hydroxyphenylnaphth-1 -yl (either 1RS,2RS or 1FtS.25Ft isomer).
or 1.2,3.4—tetrahydro-evhydroxy-Z-p-hydrExyphenyl-Z-methylnaphthot-yl (either the 1HS,2RS or 1RS,28R
isomer). and A is -(CH2)10‘. ~(CH2):1~or -(CH2)¢~(1,4»phenylene)-(CH2)2-:
0r NU is (1R82FtS)-5-hydroxy-2—p-hydroxyphenylindan-1-yl or (1 RS,2RS)—5—hydroxy-2-p-hydroxyphenyt-2~
methylindan-1-yl and A is -(CH2)m”-. -(CH2)1l-or-(CHz)t-(1,4-phenylene)-(CH2)2': "

10
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and wherein XR‘ is -CONR’Fl2 wherein R2 is hydrogen or methyl and Fl‘ is n‘butyi, 1H.1H-heptafluorobutyl.
n~pentyl or n‘hexyl. or XR‘ is ~SR‘. SOR' or ~802R‘ wherein Fl‘ is n-pentyl. n—hexyl. 4.4.5.5.5-pen-
tafluoropentyl or 1H,1H.2H,2H,3H,3H-heptafluorohexyi.

4. A product as claimed in claim 1 wherein the oestrogen is oestradioi, oestradioi benzoatel oestradioi
valerate or oestradiol undecanoate and the pure antioestrogen is his-(4,4,5.5,5-pentatiuoropentylsulphinyi)—
nonyi]oestra-1,3.5(10)-triene-3.17B—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 oestrogen therapy of perimenopausal or post-
menopausal conditions. which process comprises bringing together said oestrogen and said pure an.
tioestrogen.

6. A pharmaceutical Composition comprising a product as claimed in any one of claims 1 to 4 together
with a pharmaceuticallyacceptable diluent 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
pharmaceuticaily-acceptable diluent or carrier.

9. A process for the manufacture of a pharmaceutical composition as claimed in claim 8 which
comprises bringing into admixture an oestrogen and a pure antioestrogen together with a pharmaceutically-
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 perimenopausai 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 oestrogen therapy of perimenopausal or postmenopausal conditions. which

process is characterised by bringing into admixture said oestrogen and said pure antioestrogen.
3. A process as claimed in claim 1 or claim 2 wherein the pure antioestrogen is

N-mbutyl-N-rneihyl~, N-tH.1H-heptatiuorobutyl~N-methyl~ or N.N-(3-methylpentamethyiene)-11-(3.17B-

Ei‘ihydroxyé’estra-t .3,5(15)-trien-7a-yl)undecanamic7é; -~ ’
N-nvbutyi- or N-t H.1 H-heptafluorobutyi—fieprfi-(S.175-dihydroxyoestra-l .3,5(10)-trien~7a-yl)butyl]-
phenylpropionamide: — -
7a-(10-p-chiorophenylthiodecyl)-, 7a-(10-p-chiorophenyisuiphinyldecyl)~, 7a-[9-(4.4.5,5.5-pentafluorop—

entylsulphinyi)nonyl]«. 7a-[10-(4,4,4—trifluor05i.liylsulphinyl)decyl]- or 7a-[10-(p—chlorobenzyisulphinyl)decyl]-
oestra-t .3.5(10)-triene-3,17B~dioi; or _
7a-(9-n-heptylsuiphinyinonyl)oestra.1.3.5(10)-triene-3,17fi-diol.

4. A process as claimed in claim 1 or 2 wherein the pure antioestrogen is a compound of the formula-
NU-A-X—Fl1

wherein NU is 6-hydroxy-2-p-hydroxyphenylnaphth-t-yl and A is -(CH‘2)1o-. -(CHz)n-. or -(CH2)s-(1,4—
phenyieneHCth-z '—
or NU is 1.2,3,4—tetrahydro-6-hydroxy~2—p-hydroxyphenyinaphth-l~yl (either 1RS.2RS or 1RS.2SR isomer).

or 1.2.3,4—tetrahydro-6-hydroxy-»2-p-hydr3xyphenyl-2-methylnaphth~1-yi (either the 1RS.2RS or 1RS.2SR
isomer) and Ais--,(CH2)io° -(CH2)Ti-or '(CH2)¢ -(14—phenyieneHCHz)z—;
or NU is (1 RS2RS}-5-hydroxy-2-p-hydroxyphenylindan.1-yl or (1R32RS)-5-hydroxy-2-p-hydroxyphenyi‘2-
methylindan-1-yl and Ais -(CH2)1o‘ ‘(CH2)t i-or -(CH2)i-(1.;4—phenyiene)—(CH2)2-
and wherein XFi‘ is ~CONR’R2 wherein FF is hydrogen or methyl and R' is n-butyl. 1H.1H-heptafluorobutyl.
n-pentyl or n-hexyl. or XFi‘ is —SFl‘, SOR‘ or -SOzFi‘ wherein R‘ is n-pentyl. n-hexyl. 4.4.5.5.5-pen-
tafluoropentyl or 1 H.1H.2H,2H,3H,3H-heptafluorohexyl.

5. A process as claimed in claim 1 or claim 2 wherein th oestrogen is oestradioi, oestradioi benzoate.
oestradol valerate or oestradiol undecanoate and the pure antioestrogen is 7a-[9~(4.4.5,5,5—pentafl-
uoropeniylsuiphinyi)nonyi]oestra‘1 .3,5(1 0}-triene-3.17fi-dioi.
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6. A process for the manufacture of a pharmaceuticai composition which comprises bringing into
admixture a product as defined in any one of ciaims 1 to 5 together with a phannaceuticailwacceptabie
diluent or carrier.

7. A process for the manufacture of a phannaceutical composition which comprises bringing into

admixture an oestrogen and a pure antioestrogen together with a pharmaceufically—acceptabte diluent or
carrier.
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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
composition.
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SELECTIVE OESTROGEN THERAPY FOR
PERIMENOPAUSAL OR POS'I'MENOPAUSAL

CONDITIONS

This invention relates to a therapeutic product for use
in a new method of medical treatment and, more panic-
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, panic-
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 Obrler. 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 (American Journal of
0175121. 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 Obrlel. 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 to 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 rec
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
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to the partial inhibition of the maximum oestrogen»
induced stimulation of uterine endometrial tissue (A.

Kauppila et a1., Gynecal. absier. 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 oestrogenoresponsive 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~
estrogen 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 pharmaceutical]y-acceptable ester thereof.

A pharmaceutically-acceptable ester of the oestrogen
component ofa product ofthe invention is, for example,
an alkyl or ary1 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, unv
decanoate or dodecanoate. A suitable ary1 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 stilboestrol dipropionate.

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

N-nvbutylsN-methylg N-lH,1H-heptafiuorobuty1-N—
methyl-or N,N-(3-methy1pentamethylene)-11v(3,17B~
dihydroxyoestra-l,3,5(10)trien-7acyl)undecanamide;
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N-n-butyl- or N-1H,]I-I-heptafluorobutyl-J—p—[4.
(3,l7B-dihydroxyoestra—l,3,5(l0)—triene-7a-yl)butyl]~
phenylpropionamide;

7a-(l0-p-chlorophenylthiodecyl)~, 7a-(lO-p-chloro~
phenylsulphinyldecyl)~, 7a-[9-(4,4,5,5,5-penta-
fluoropentylsulphinylhonyl}, 7a-[10-(4,4,4-tri-
fluorobutylsulphinyl)decyl]—or 7a-[lO—(p-chlorobenzyl-
sulphinyl)decyl]-oestra-l,3,5(lO)uiene-3,l7B-diol; or

7a—(9-n-heptylsulphinylnonyl)oestra-l.3,5(l0)-triene-
3,]7B-diol.

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

NUwA—X—R’

wherein NU is 6-hydroxy-2-p-hydroxyphenylnapth-
loyl and A is ~(CH2)io——, -—(CH2)1.1—- or —-(CH2)5—
(l,4~phenylene)-(CH2)2—;

or NU is l,2,3,4—tetrahydro-6.hydroxy-2-p-hydroxy-
phenylnaphth-loyl (either the IRS,2RS or IRS,ZSR
isomer), or I,2,3,4«tetrahydro-6~hydroxy-2-p-hydrox—
yphenyl-2-methylnapth~l.yl (either the IRS,2RS or
IRS,ZSR isomer), and A is ~(CH2):o——, --(CI-I2)n~
or ——-(CH2)4-(1,4-phenylene)-(CH2)2——;

or NU is (1RS,2RS)-5-hydroxy-2~p-hydroxyphenyl-
indan~l-yl or (lRS,2RS)-5-hydroxy-2-pvhydroxyphev
nyl-Z-methylindan-l-yl and A is ——(CI-I2)1o~, ——(CH2)—
”—- or ——(CH2)4-(l,4-phenylene)—(CH2)2-; and
wherein XRl is ~CONR‘R2 wherein R2 is hydrogen or
methyl and RI is n-butyl, lH,lH~heptafluorobutyl, n-
pentyl or n—hexyl, or )(Rl is -—SRl, —-SOR1 or
—~SOzR1 wherein R1 is n-pentyl, n-hexyl, 4,4,5,5,5‘pen~
tafluoropentyl or lH,lH,2H,2H,3H,3H-hepta-
fluorohexyl.

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

N-n-butylo, N~n~butyl~N-methyl—, N-n-pentyl. N-
( l H, l H-heptafluorobutyl)-or N‘(1H,1H-hepta-
fluorobutyl)-N-methyl-3-p—[5-(6-hydroxy-2-pohydroxy-
phenylnaphth'l-yl)pentyl]phenylpropionamide;

N-methyl-N-(l H, l H-heptafluorobutyl)-p-[4-
[( l RS,2RS)—6-hydroxy-2-p-hydroxphenyl-2-methyl~
l,2,3,4-tetrahydronaphth—l-yl]-butyl]phenylpropiona-
mide; (IRS,2RS)~1-[4-[p-(2-n-hexylthioethyl)phenyl]-
butyl]-2-p~hydroxyphenyl-1,2,3,4-tetrahydronaphtho6-
01 or the corresponding 4,4,5,5,5-pentafluoropentylthio
derivative, or the corresponding hexylsulphinyl, hexyl»
Sulphonyl or pentafluoropentylsulphinyl derivatives;
2-p—hydroxyphenyl~l-[5-[p-(2-n-hexylthioethyl)-
phenyl]pentyl]naphth-6-ol or the corresponding hexyl—
sulphinyl derivative; or (lRS,2RS)—l-[4[p»(2'n«hexylthi-
oethyl)phentyl]butyl]~2-p-hydroxyphenyl-Z-methyl-
l,2,3,4-tetrahydronaphth-6-ol or the corresponding
4,4,5,5,5-pentafluoropentylthio derivative, or the corre~
sponding hexylsulphinyl or pentafluoropentylsulphinyl
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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 phannaceutically-acceptable ester thereof,
and the pure antioestrogen is 7a~[9-(4,4,5,5,5-penta-
fluoropentylsulphinyl)nonyl]oestra‘ I ,3,5(lO)-triene-
3,17fi-diol or (lRS,2RS)-2-p—hydroxyphenyl-2~methyl—
l-[9-(4,4,5,5,$pentafluoropentylsulphinyl)nonyl]-
l,2,3,4-tetrahydronaphth-6-ol.

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

65

4
oestradiol benzoate, oestradiol valerate or oestradiol
undecanoate and the pure antioestrogen is 7a-[9—
(4,4,5,5,5-pentafluoropentylsulphinyl)nonyl]oestra-
l,3,5(l0)-triene~3,l7B-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 carn'er.

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

closing), 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 ethyl or propyl 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 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. Sweetening agents, such as
those set out above, and fiavouring 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 ofan 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 fatty 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,
fiavouring 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 liq~
uid 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 theart.

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 phannaceutically—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 ofa 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 124369 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
phannaceutically-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 ofa pharma-
ceutical composition as defined immediately above for
the manufacture of a new medicament for use in selec-
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tive oestrogen therapy of perimenOpausal or postmenos .
pausal conditions.

As stated above a product ofthe 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 ofthe 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 acomp0und 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 ani-
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 antioestrogen.

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

35

45

50

55

60

65

 

8
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 ofa 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,
0.000]—O.l 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): ED500.05—5 mg/kg
orally or EDso 0.01—l.0 mg/kg subcutaneously; in
test (b): antiuterotrophic effect: ED50< 20
mg/kg/day orally, <2 mg/kg/day subcutaneously
or intramuscularly and <10 mg/kg/injection when
closed as an intramuscular depot injection; reduction
in bone density: ED50>20 mg/kg/day orally, >5
mg/kg/day subcutaneously or intramuscularly and
>10 mg/kg/injection when closed as an intramuscu-
lar depot injection.
A product of the invention is thereby seen to be sur-

prisingly 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, ofa 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 to 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 ofa 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 c0nventionally
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-
jugated oestrogens or oestradiol valerate may be admin—
istered daily. Alternatively a tablet containing 10 to 100
pg 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 ofa 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, ofa pure antioestrogen may be
used. Preferably the pure antioestrogen may be admittis~
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 perimenopausa] 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 ofa product of the
invention, as demonstrated by a greater antioestrogenic
effect on the uterus ofa 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 vuo’
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 ofthe Selective Antioestrogenic
Activity of a Pure Antioeetrogen

The pure antioestrogen used was (lRSJRS)-2-p-
hydroxyphenyl-Z-methyl-1—[9-(4,4,5,5,5-penta-
fluoropent ylsulphinyl)nonyl]-l ,2,3,4~tetrahydronaphth-
6-01.

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 ofS 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 ofthe 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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10

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 1 and II demon-

strate that at a 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 1

Uterine Weight Calculated
Treatment (mg) Inhibition
Untreated Controls 382 1 34
Ovariectomised Controls ill 1 14
Test Compound at 135 r: B 91%
2 mg/kg/day s.c.
Untreated Controls 369 t 47
Ovatiectomised Controls 99 1 5
Test Compound at 125 t 4 90%
l0 mg/ltg/day 5.1:.

EXAMPLE 2

The experiment described in Example l was repeated
except that the pure antioestrogen used was 7a-[9-
(4,4,5,5,5-pentafluoropentylsulphinyl)nonyl]oestra~
l,3,5(lO)—triene-3,l7B-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 111 and 1V 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) lnhibition
Untruted Controls 302 i 36
Ovariectomised Controls 70 z 1.3

Test Communal gmggltgl
0.1 208 x 17 41
0.3 174 t 56 55
1 94 z 9 90
3 103 t 2 86

TABLE IV
Gross Femur Calculated

Treatment Density (g/ml) Inhibition
Untreated Controls 1.523 t DIX]!
Ovariectomised Controls 1.491 1- OLDG
Test Com und at m
0.1 1.52! t 0.005 0‘7:
0.3 1.528 t 0.008 0%
I 1.532 :t 0.005 0%
3 l.533 : 0.005 0‘7: 
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EXAMPLE 3

The pure antioestrogen used was 7a-[9-(4,4,5,5,5—pen.
tafluoropentylsulphinyl)nonyl]oestra~l,3,5(lO)—triene-
3,l7B-diol.

Each of a series of selected doses of this compound
was dissolved in a mixture ofcastor oil and benzyl alcov
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) lnhibition
Intact Controls 318 I ll
Ovariectomised Controls 76 I 4
Test Compound
(mg/rat/dose)
0.75 202 2 23 48
1.25 180 :1 [5 57
2.5 123 1 l2 Bl

TABLE VI
Gross Femur Calculated

Treatment Density (g/ml) Inhibition
Intact Controls 1.534 t 0.007
Ovariectomised Controls l.521 1 0.4.135
Test Compound (mam/dose)
0.75 1.562 :t 0.004 35
1.25 1.575 x 0,004 13-
2.5 L559 3: 0.007 23- 
'This level of inhibition was not statistically significant

What we claim is:

l. A method of selective oestrogen therapy of
perimenopausal or postmenopausal conditions which
comprises administering to a warm-blooded animal an
oestrogen and a pure antioestrogen, the oestrogen and

12

pure antioestrogen being present in amounts such that
the oestrogen is effective only in selected oestrogen-
responsive tissues and is selectively opposed in other
ocstrogen~responsive tissues.

5 2. The method as claimed in claim 1 wherein the pure
antioestrogen is

N-n-butyLN—methyl‘, N-lH,leheptafluorobutyl-N-
methyl-or N,N-(3-methylpentamethylene)-l l—
(3,17B-dihydroxyocstra-l,3,5(lO)—trien—7a-yl)un-
decanamide;

N-n~butyl- or N—lH.lH-heptafluorobutyl—S-p-[4»
(3, l 7B-dihydroxyoestra—l ,3,5(10)’trien-7a~
yl)butyl]phenylpropionamide;

7a—(lO-p—chlorophenylthiodecyl}, 7a-(lO—p-chloro.
phenylsulphinyldecyl)-, 7a-[9—(4,4,5,5,5-penta—
fluoropentylsulphinyl)nonyl]-, 7a-[10-(4,4,4-tri-
fluorobutylsulphinyl)decyl]- or 7a-[l 0-(p-
chlorobenzylsulphinyl)decyl]-oestra-l,3-5(IO)-
triene-3,l7B-diol; or 7a-(9-n-heptylsulphinylnonyl-
)oestra-l,3,5(lO)-trienev3,l7B-diol.

3. The method as claimed in claim 1 wherein the pure
antioestrogen is a compound of the formula:

10
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20

NU~A~X—R’
25

wherein NU is 6.hydroxy-2—p-hydroxyphenylnaphth-
1‘y1 and A is --(Cth)io-—. ~(CHz)n- or ”(CH2)5~
(l,4-phenylene)-(CH2)2-;

or NU is l,2,3,4-tetrahydro-6-hydroxy-2~p~hydroxy-
phenylnaphthJ-yl (either lRS,2RS or lRS,2$R
isomer), or l,2,3,4—tetrahydro~6-hydroxy-2-p—
hydroxyphenyl—Z-methylnaphth-l-yl (either the
lRS,2RS or IRS,ZSR isomer), and A is —(CH2).
10—, -(CH2)1i—— or —(CH2)4-(l,4—phenylene)—
(CH2)2-—-;

or NU is (1RS,2RS)«5-hydroxy-2-p~hydroxyphenyl-
indansl-yl or (lRS,2RS)-5'hydroxy-2—p-,hydrox—
yphenyl-2-methylindan-l-yl and A is —~(CH2);o——,
—(CH2)n-—~ or -—(CH2)4—( l ,4—phenylene)-
(CH2)2~—;

and wherein MRI 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 MRI is -SRl,
SORl or ~502Rl wherein R] is n-pentyl, n-hexyl,
4,4,5,5,5-pentafluoropentyl or
lH,lH,2H,2H,3H,3H,-heptafluorohexyl.

4. The method as claimed in claim 1, wherein the
oestrogen is oestradiol. oestradiol benzoate, oestradiol
valerate or oestradiol undecanoate and the pure antioes-

so trogen is 7a-[9-(4,4,5,5,5-pentafluoropentylsulphinyl)-
nonyl]oestra-l,3,5(10)triene.3,l7B-diol.I
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Cosolvent Use in

Injectable Formulations

Susan L. Way

Boehringer lngclheim Pharmaceuticals, inc.
Ridge-field, Connecticut

Gayle Brazeau

University of Florida
Gainesville, Florida

Formulators today must routinely deal with progressively more water—

insoluble compounds. This makes devel0ping solution dosage forms par-

ticularly challenging. Identification and utilization of clinically acceptable

excipients—as well as scalable methods to formulate solubilized com— 1
pounds—has been, and continues to be, a subject of great importance to f
formulation scientists 5'

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).

«we.
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Table 11.1. Cosolvent Composition of Selected Marketed and
lnvestlgational Parenteral Products missel 1996)

Trade Name Manufacturer m Cosolvent Composition
General Name

Digoxin

'll'lmethoprim-
s ulfamethoxazole

Phenytoin

Diazepam

Lorazepam

Pentobarbital

Chlordiazepoxide
HCI

Etoposide

Miconazole

Secobarbltal
sodium

Nitroglycerln

Multivitamins

lnvestlgatlonal
Compounds

9‘Amino-
camptothecin

B ryOstatin

 Diaziqoune

Lzmom'n®

SeptraG’

Dilantln®

Valium®

Ativan®

Nembutal®

Libn'um®

VePesld®

Monistat®

“lubex‘E’

 
cartridge

Nitm-Bid®

M.v.l.®-1z

 

 
 

 
Burroughs
Wellcome

Glaxo
Wellcome

Parke-Davis

Roche

Wyeth—Ayers:

Abbott

Roche

Bristol—Myers
Squibb

Janssen

Wyethfiyerst

Hoechst Marion
Roussel, Abbott

Astra

 
INLIV

IM

IV

[V

IM, IV

IV

[V

 
40% PG. 10% EtOH.
pH 6.8

40% PG. 10% EtOH, 0.3%
diethanolamlne, 1% BA

40% PG, 10% EtOH, pH 12

40% PG, 10% EtOH.
1.5% BA

41% PG. 9% PEG 400,
2% BA

40% PG. 10% EtOH,
pH 9.5

20% PG, 1.5% BA

55% PG, 30.5% EtOH.
8% Tween 3003, 3% BA

11.5% Cremophor‘9 EL

50% PEG. pH 59.5—10.5

70% EtOH.
4.5% PG

30% PG, 15% ’I'Ween ao®.
0.023% ’I'Ween 200

2% DMA. 50% PEG 400

60% PEG 400,
30% dehydrated alcohol,
10% Mean 80®

10% DMA, pH 6.5

Abbreviations: lV: Intravenous; lM: Intramuscular; PG: propylene glycol; PEG: polyethylene glycol; EtOH:
ethanol; BA: benzyl alcohol; DMA: dimethylacetamide 

 

y

m(

of

nit

mi
m:

3p
lik-
co

(3)

gn
du

lec
cal

an

he

sel

ab

lut
tor

ml

the

pn
Tal

sol

aq

ch: i

he l
ad: )
er:

on

sol

the

bra
mc

Ha

tin

Yal

bir.
so:

 
 

InnoPharma Exhibit 1020.0070



 
Cosolvent Use in Injectable FomiulatiOns 217

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

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 mu5cie 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 pr0vide the desired

pharmaceuticaI/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.

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 1V route. There are numerous reports in the fit-

erature regarding cosolvency theory, and potentially useful methods based

on various physicochemi‘cal properties for predicting solubilities in various

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]

bino 1987, 1990; Rubino and Berryhill 1986; Rajagopalanet a'

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)

 
 

 

interracial
Tension

(dyne/cm)

Solubility 

EtOl-l

PG 3203(20’)

Benzyl alcohol 13.1d ——

Glycerin 4.2.5‘1 32. 7“

Water 78.5a 45 .63

 

 
DMSO 46.7-1

Dec: decompOsition
a: Rubino and Yalkowsky (1987)
b: Budavari (1989!

c.- Wade and Weller (1994)
d: Weast and 1hvel1967) 

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;

 

 
 
  
 
  

  

 

Wang and 1

Academy 0

lightly et al.
1990; Doeni

rooqui et al,

high doses -
of different

portant to l
tolerated sol

pediatric pa
Gershanik e

al. 1990). Su

sures for or

presented in
should be us

der to avoic

though they

on the purpc

certain orga

logical studio
following dis
the literature

 
 Polyethyle

PEGS are poi

I
i

where n repr

ignated by a

weight for a
molecular we
mers are neat

enteral dosag

products. tyl:
Weller 1994).

irritating. Tht

taxicological .
1982).

PEGS he

(CNS) effects
et al. 1979). it

mice with 15

 
InnoPharma Exhibit 1020.0072



 
Cosolvent Use in Injectable Formulations 219

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. 1988; 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 imv

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 all 1982, Lorch et al. 1985; MacDonald et al. 1987; Huggon et

ai. 1990). Summaries of single dose LD50 values and reported human expo-

sures for organic solvents commanly 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 LD50 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«CH2v(CH2—O~CH2)HvCHZOH

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). Kiugmann and coworkers (1984) found that pretreatment of

mice with 15 percent PEG 400 at 20 mng given three hours prior to the
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Table 11.3. Single Dose LD50 Values in Rodents for Various Organic

 
 

 
 

Solvents Commonly Encountered in Parenteral Formulations _ 3
Parenteral LD50 Values (g/kg) for Various Species E.I

m eereeeeeee i E
Solvent 1p iv 1p 5: [V g :31

pEG 300 17 7.1 Rowe and Wolf (1982); 3 "5
Carpenter and Shaffer % ’55
(1952)

PEG 400 13.2—14.5 8.6 2,344.7 4.7—7.3 Budden et al. (1976); :
Rowe and Wolf (1982}: i
Bartsch et al. (1976) i

PG 95—114 6.6—8.0 6.7435 6.4—6.8 DaVis ahd Jenner (1959); l
Bartsch e1 31. (1976); e
Latven and Molitor (1939) ‘

EtOH 1.2—3.2 8.3—105 2.0-2.5 4.1~5.0 1.4—1.8 Latven and Molitor (1939);
Bartsch et al. (1976);
Tl-émoliéres and Lowy
(1964)

Glycerin 8.7—9.0 ODS—10.0 4.3—6.2 8.7 0.10 5.6 Budden et al.(1978);
Latven et al. (1939);
Anderson et al. (1950);
Bartsch et 21(1976);
Tao et al. (1983)

(1within2—3hnost—  
ClinicalObservations..-...__---—--Wm-..“. lobinuriaobservedfollowingadministrationof

DMA 2.3—3.5 2.5—3.0 2.8-4.4 5.3 2.6—4.8 Davis and Jenner (1959);
Sherman et a]. (1978).
Bartsch et al. (1976);
Aucialr and Hameau (1964);
Wiles and Narcisse (1971);
miersch (1962)

20-40%solutions.whichcleare
Hemog

  

 

  
  

l
x a

DMF 1.2-5.9 2.8-3.5 4.4—6.1 6.1 2.8—5.7 Davis and Jenner (1959); l 12, ‘g
Bartsch et a]. (1976); F E 503
Auclair and Hameau (1964); § V’

Wiles and Narcisse (1964); E 832
Theirsch (1962) E c'U 0-1

Cremo- < 9.
phor® EL 2.642 ._ BASF (1988)

DMSO 25-133 3.4—7.6 82-101 5.4—8.1 Bartsch et al (1976);
Wiles and Narcisse (1971);
Willson et ai. (1965)

   BA 1.0 < 0.52 0.05—

0.08 McCloskey et al. (1986);
0.9" > 52 > 41.6 Kimura et al (1971)  
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Table 11.4. Human Exposures to Selected Organic Solvents Commonly Encomtered in Parenteral Formulations 

 

   
Solvent Dose Route Administered As Clinical Observations

DMSO ‘1 gin/kg N 10 to 40% solutions Hemoglobinuria observed following administration of
20—40% solutions. which cleared within 2—3 h post:
infusion; No indication of shortoterm nephrotoxicity
following evaluation of betao2»microglobulin.

DMA 100—610 10% solution Dose-related side effects included nausea and vomiting
mg/lcg/day administered over within 14 h of administration, anorexia; liver toxicity
for 2—5 days IV 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—w—
depression, lethargy, confusion, hallucinations-—
returning to normal within several days after therapy;
hypotension and high fever observed at high doses

Cremo- incremental doses Small transient fall in blood pressure and rise in
phor® EL 2-20 mL lV administered every pulse rate following each Close. No marked changes

4 min, each over a in respiratory rate and no consistent alterations in
30 sec period central venous pressure observed. Statistically

significant effects only observed after the 20 mL dose.

PG 5—21 g/day [V Administered as an No alterations in plasma osmolality, free hemoglobin,
infusion over a or haptoglobin.
4 h period

BA 130—405 0.9% BA Neonates: Progressive metabolic acidosis, bradycardia,
mg/kg/day lV (bacteriostatic gasping respirations, seizures, and subsequent death in

concentration) low birth weight neonates.
Adults: 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 parabensv
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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 i
showed that PEG 400 decreased both the acute high«dose and chronic low- i
dose adriamycin-associated lethality, as weU as afforded protection against S

cardiomyopathy—one of the dose-limiting side effects observed in patients.

Additionally, PEG 400 did not interfere with the antitumor activity of the 1
compound. Laine et al. [1995) reported nephrotoxicity due to PEG 400 sec- ‘

ondary to chronic high-dose intravenous administration of lorazepam. f
PEG 300, PEG 400, and PEG 4000 administered intraperitoneally have

been shown to have adverse effects onrat gastrointestinal physiology (Cho E
et al. 1992). The PEGs caused a decrease in gastric mucosal blood flow l
(GMBF) as well as gastric secretory function. They also exacerbated l
ethanol‘induced gastric damage in a dose-dependent manner. The gastric
damage appeared to be inversely related to molecular weight (PEG 300 > 1
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 (Hellman et al. 1972). PEG 300 has also been implicated

as the causative agent responsible for fatalities and near fatalities due to se—

54% - vere metabolic acidosis in patients (Sweet 1958).

Smith and Cadwailader (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

7 a 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

 
‘:1was»on

 
W

InnoPharma Exhibit 10200076



  
Cosolvent Use in Injectable Fomiulations 223

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

d m al~ L and hemolysis. Reed and Yalkowsky (1985) reported that the in vitro he-
ey also molytic LD50 value (total volume percent cosolvent required to produce
"C low- 50 percent hemolysis of healthy erythrocytes) for PEG 400 was 30.0 (total
aqalmt volume percent). This indicated that red blood cells were relatively tolerant i
at‘ems‘ of PEG 400. E
I of the i
00 sec-
1m. f

[Y have i Propylene Glycol
1y (C110 l PG, a dihydroxy alcohol, is one of the more common solvents encoun-
"1 “0W : tered in pharmaceutical cosolvent formulations, for both parenteral and
:rbated l nonparenteral dosage forms. PG is generally regarded as nontoxic. It is
gastric more hygroscopic than glycerin and has excellent solubilizing power for a

3 300 > : wide variety of compounds. In addition, it has excellent bacteriocidal and
S affect preservative properties (Heine et al. 1950).
EC 600 g PG is metabolized to carbon dioxide and water via lactic and pyruvic
a dose- acid intermediates; therefore, it is not prone to the severe toxicities associ-
sphrine l 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

E safe (GRAS) listed material (Federal Register 1982). The World Health Or-

rocytes i ganization (WHO) has established an acceptable daily intake (ADI) at
1 water ’ 25 mg/kg body weight (FAQ/WHO 1974).
400 or When used in large concentrations, PG has been associated with

By con~ marked hyperosmolality (Bekeris et al. 1979; Glasgow et al. 1983; Flinger at
an eryv ) 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
rved to 1978; Lolin et al. 1988); intoxication (Cate and Hendrick 1980; Demey et al.
45 con- i 1984); augmentation of muscle twitch induced by benzodiazepines
't' They I (Driessen et al. 1985); contact dermatitis in sensitive individuals (Fisher
ireased 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),
me sus~ : as well as allergic reactions leading to hypersensitivity myocardltis. These
2::qu complications can be particularly serious in infants. Other investigators

l have suggested that the main toxic effect of PG is depression of the CNS
“0 055 % (Martin and Finberg 1970; Zarolinski et al. 1971). Additionally, there have
'wmg a i been numerous reported side effects following nitroglycerin (Hill et al.
2 m re' i 1981; Col et al. 1985; Demey et al. 1988) and etomidate therapies (Morgan
OttC so- , et all 1977; Doenicke et al. 1982; Fellows et al. 1983; Bedichek and

of mlx~ Kirschbaum 1991; Doenicke et al 1994; Moon 1994; Levy et al. 1995; Van de
and in Wiele et al. 1995). . _

of 3:25 :l‘here are numerous reports regarding the use of PG based on safety/
:55 was toxic1ty data (Seidenfeld and Hanzlik 1932; Braun and Cartland 1936;
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Weatherby and Head; 1938,- Morris et a1. 1942; Dominguez-Gil and

Cadorniga 1971a, b; Zarolinski et ai. 1971; Ruddick 1972]. Seidenfeld and :

Hanzlik [1932) reported single fatal doses of PG administered intramuscu- E

iarly and intravenously to rats and rabbits. No symptoms were reported in :

rats and rabbits until [M 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. IV 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 2

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- i
peritoneal (IP) administration in mice [Lampe and Easterday 1953; Braun
and Cartiand 1936).

The hemolytic potential of PG has been well documented by numerous ;

investigators (Weatherby and Haag 1938; Randolph and Mallery 1944,- .
Potter 1958; Brittain and D’Arcy 1962). Weatherby and Haag (1938) evalu- i
ated hemolysis of various PG—saiine mixtures using an in vitro method. ‘
They observed hemolysis in cases where the PG concentration was greater i

than or equal to 0.14 M. They believed that PC permeated the erythrocytes 1
so rapidly that it did not exert an appreciable osmotic effect on the cell.

Brittain and D‘Arcy (1962) later evaluated hematologic effects following [V i
administration of PG to rabbits. The rabbits were given a single dose of l
4 mng 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 i
count, or hemoglobin concentration. However, they observed a marked de— l

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 5
blood cell membranes. Fort and coworkers (1984] evaluated hemolysis due I

to PG—containing formulations by both in vitro (using dog blood) and in i
vivo (rats) methods. The compositions evaluated ranged from 10 to 60 per~ i
cent PG, 0 to 40 percent ethanol diluted with either water or 0.9 percent i

NaCl. All of these formulations caused hemolysis in vitro. However, only

the 1:3:6 PGzethanolzsaline mixture resulted in no hematuria when admin» , .

istered to rats, while all other compositions caused hematuria. Reed and § i

Yalkowsky (1985) determined the in vitro red blood cell hemolytic LD50 for ' ‘
PC to be 5.7, which indicated that it was fairly hemolytic relative to the

other solvents tested. Only glycerin and DMSO were found to be more he

molytic than PG by this method. .

There has been some work conducted in humans evaluating hemoly~ i

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
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from 5.1 to 21.0 g/day, with Cmax values up to 425 ug/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/m2, with
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 formulation (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; however, 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

parenteral formulations for such compounds as diazepam, phenytoin, and

digoxin. However, parenteral administration of EtOchontaining formula-

tions has been associated with various complications. Such cases have

been reported with IV 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 EtOl-l me-

tabolism of 10 mth (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 a]. 1970). It is fairly toxic when

administered intraperitoneally. Heistand (1952) reported that mortality in‘

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 EtOl—l (20 percent w/v) produced a fa—

tal chemical peritonitis. Maling (1970) determined the IV LD5D to be 2.0 g/kg

and 4.2 g/kg in mice and rats, respectively. The LD50 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
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
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more severe effects including lethargy, stupor, coma, respiratory depres- pa;

sion, and possibly death. These same effects have been observed following lutions ;

IV administration. There are also reports of fatalities in neonates and chil- E 1974)_ 1,
dren following IV administration of ethanol (Gettler and St. George 1935; longed ;
Jung et al. 1980). l cases W

Fort et al. (1984) evaluated hemolysis due to various EtOH-containing l Howevt

concentrations ranging from 30 to 40 percent diluted in either water or l have be
0.9 percent NaCl. They found that all mixtures caused hemolysis in vitro; ' 1958; N

however, the 3:7 EtOH:O.9 percent NaCl caused no hematuria in vivo. Reed ’ (1974) r:and Yalkowsky (1985] determined the in vitro hemolytic LD50 to be 21.2 (to- to three

tal volume percent) for EtOl—l, indicating that it was fairly well tolerated by I (2) mass
erythrocytes. vere he

Howeve

Glycerin more re
prevtou:

Glycerin (glycerol) is one of the oldest and most widely used excipients in Side eff:
pharmaceutical products. It is a clear, colorless liquid that is miscible with Ea:
water and alcohol. Glycerol is hygroscopic, stable to mild acidic and basic dire“ 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 5'

timicrobial agent. It has good solubilizing power and is a commonly used 30 perc:
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 obtainei
involved with triglyceride synthesis or glycolysis (Frank et al. 1981). It is a ShOUId 1
GRAS—listed excipient and is typically used at levels of up to 50 percent in to the Pi
parenteral formulations (Wade and Weller 1994). H0

Glycerol is a naturally existing sugar alcohol that is endogenous to huw ing flu“
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‘OE

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 (Hamma ;

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~ 3 0f NaCl
gery (Guindon et al. 1981), and improve hearing loss associated with Me— ; degree C

niere’s disease (Angleborg et al. 1982; Lunsford 1982). } tonicity
Somewhat surprisingly, there are numerous reports of adverse effects l ported t

following administration of this endogenous substance, including hemoly- 3 uated, V‘
sis, hemoglobinuria, renal damage, hyperglycemia, hyperosmolality, and l
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- 1
ports that glycerol is approximately 20 times more toxic when administered 1 The crer

intraperitoneally or subcutanecausly, as compared to the IV route (Tao et al. 3 that are
1983). However, some of this sensitivity to IP administration may be related maceufi,

to strain differences (Uche et al. 1987). oil) anc’

 
 '
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“ Patients with acute cerebral infarction received 10 percent glycerol soc _

9 lutions administered daily for 7 to 10 days over a 6 h period (Welch et al. ;
E‘ g 1974). In these reports, there were no reported side effects even with pro— 3:
’F 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

r 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

E vere hemolysis and hemoglobinuria, as well as serious renal damage.
3 However, the rates of administration that resulted in these side effects were

more rapid—60 g/15 min, 70 g/30 min, and 80 9/50 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

3 direct toxic effect on erythrocytes, which seems reasonable since it is

E used as a cryoprotectant to prevent hemolysis during freeze-thaw studies.ll

.‘7(Q

Klu—

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

3 obtained when the glycerol solution was prepared in normal saline. It

E should be noted that the absence of hemolysis could have been in part due

to the presence of the various salt solutions.

3 However, glycerol is knowu to permeate red blood cells rapidly, caus-

- E ing fluid influx and subsequent hemolysis (Tourtellotte et al. 1972). Early
; ' work by Husa and Adams (1944) showed that glycerol was hemolytic even
I r 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 E
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 glycerol-saline solutions. Reed and YalkOWSky (1985) re-

ported that glycerol was the most hemolytic of the 15 organic solvents eval—

uated, with a hemolytic L050 value of 3.7 (total volume percent).

wanH-Ii—‘ni-Ju-J

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 4O hydrogenated castor oil). .awoaww44Mn\vm.-7Al:qm

—
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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® BL 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

at. (1987) reported that this formulation was well tolerated in patients. Pa—

tients treated with miconazole preparations containing cremophors have

also 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
l travascular flush solutions at a level of 0.9 percent The WHO has estab-

% lished an ADI of 5 mg/kg (FAQ/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? 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

l neonates, respectively (McCloskey et al. 1986). The data showed that the

‘ acute LD50 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,

1 resulting in a revised LD50 value of 650 mg/kg.
Macht (1920) reported on the toxicity of intravenously administered

i alcohols to cats. He reported that BA was approximately 8 times more toxic
than ethanol, with lethal doses of 5.0 mng and 0.6 mng, 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 mng to dogs and monkeys. They found no changes in complete blood

counts or blood chemistry values. They also reported that rapid lV injec-

tions of 0.9 percent BA could be safely given to mice to a maximum volume

of 50 mng. 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-

3 lutions 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 5' é
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 Q follox
been implicated as the causative agent in ”gasping syndrome” in neonates ”‘80
(Gershanik et al. 1982). This syndrome is characterized by a progression of lowet
symptoms from gradual neurological deterioration, severe metabolic aci— dogs
dosis, gasping respiration, hematologic abnormalities, skin breakdown, he- At 23
patic and renal failure, hypotension, to cardiovascular collapse. 0f 47

Several investigators have reported that BA caused hemolysis of my .

throcytes (Kimura et al. 1971; Ohmiya and Nakai 1978,- McOrmond et al. ratio
1980). Ohmiya and Nakai [1978) later reported that the hemolytic potential a?“
of BA was time, dose, and temperature dependent. They also showed that man
the concentration of erythrocytes had a profound effect on the amount of mlce’

hemolysis observed. They determined that the hemolytic in vitro LD50 us- .

ing their method was 100 mM following incubation for 60 min at 37°C. wals.
Kimura and coworkers (1971) evaluated blood chemistry profiles following “a 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 nil/kg. They determined that the icity
lethal IV dose of0.9 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 a
to rats resulted in no fatalities. oxalt

com)

Amide Solvents £93:
. . letha

[\LN-Dimethylacetamide 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- l CED“

cible with water and alcohols and very soluble in organic solvents and min» l (3130‘
eral oil. It is mildly hygroscopic, stable to heat and hydrolysis, and has a low CIUdl

vapor pressure. DMA is sequentially metabolized to monomethylac- 915 fl
etamide, and subsequently to acetamide (Kim 1988). be e;

Caujolle et al. (1970) reported ”maximum doses never fatal” (MDNF)

and “minimum doses always fatal" (MDAF), for DMA as 2.5 g/kg and ; hem:
6.0 g/kg for mice, and 2.5 g/kg and 3.7 g/kg for rats, respectively. They also é cent,

reported 24 h LD50 values for DMA as 4.19 g/kg and 3.84 g/kg for mice and l

rats, respectively. Testicular injury was reported following a single IP dose i 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 celle
1V and [P administration to mice and rabbits. They observed the same signs l 9?“!
of toxicity by both routes of administration, which included decreased ac~ l (11le .
tivity, weakness, anesthesia, analgesia, labored breathing, cyanosis, col— ’ W‘th '
lapse, and convulsions accompanied by hemorrhage prior to death. They

“'7' found that toxicity was dose related, with faster onset of toxic signs ther
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following administration of higher doses. 1V administration of 708 to

1,480 mg/kg DMA to rats resulted in a rapid period of hypotension, fol-

3f lowed by a long-lasting hypertensive period. 1V administration of DMA to i
dogs and cats at a dose of 95 mg/kg caused no changes in blood pressure.

At 236 mg/kg, mild hypotension was observed over a 5 min period. A dose

of 472 mg/kg was lethal to cats (Auclair and Hameau 1964).

DMA has been used as a solvent for numerous pharmaceutical prepa—

‘l rations, including oxytetracyciine, chloramphenicol, and reserpine (Spiegel
and Noseworthy 1963). DMA has also been used as a solvent for certain an‘

. ticancer compounds, including amsacrine. in vehicle studies conducted in

of i mice, the single IV dose LD50 was found to be 2,341 mg/kg.
DMA was believed to possess some inherent antitumor activity and

at...

E was Subsequently taken into Phase I clinical trials in 17 patients as a poten- l
1g tial antitumor agent (Weiss et al. 1962). DMA was administered at doses . *
1d 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. Toxicitya—specifically gastrointestinal, he-
1e patic, and CNSwwas observed at the high doses. However, all signs of tox-
ly ; icity appeared to be reversible, returning to normal following completion g
:A: a of the therapy. Gastrointestinal signs of toxicity included nausea, vomiting, T

1 and anorexia. Hepatic toxicity was manifested by elevated serum glutamic‘ i
l oxaloacetic acid transaminase (SGOT) levels up to several days after the

5 completion of therapy, which returned to normal 2 to 5 days after reaching
peak levels. No evidence of hepatic toxicity was observed on biopsy

1, 3 weeks after therapy was completed. CNS effects (including depression,

l lethargy, occasional confusion and disorientation) were observed after the
E second or third day of therapy. The degree of lethargy and confusion

‘or ; ranged from mild to severe. Some patients deveioped 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 3 cluding hypotension and high fever, in 3 patients. However, typical use lev-
lc— els for parenteral applications are approximately 30 mg/kg, and would not

3 be expected to cause these side effects (Spiegel and Noseworthy 1963).
lF) : Reed and Yalkowsky (1985) determined that DMA was very non—

nd ' hemolytic with an in vitro hemolytic LDSO value of 37.0 (total volume per—
so cent). Only dimethylisosorbide was found to be less hemolytic (395).
nd

'58 N,N~Dimethylformamide
3c— _

., N,N—dimethylformamide (DMF) is a widely used organic solvent with ex—

by 1 cellent solubilizing capacity. it has been referred to as the ”universal or-
ns , ganic solvent” due to its small size, electron‘donating pmperties, and high

,c- dielectric constant (Budavari 1989). it is a colorless liquid that is miscible

01- with water and other organic solvents.

fey Following parenteral administration, DMF is metabolized in vivo to ei-
ms ther monomethylformamide or N-(hydroxymethyl)—N-methylformamide. it

3
i
i

l
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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 t
toxicity (LDSO 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 LD50 values

following IP administration to mice to be 1.1 g/kg. Reported IP L050 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 3

solvent with blood at 37°C for 45 min. In general, DMF was the best toler— l
ated of the solvents evaluated in both of these studies. DMF has been re- .

ported to be hemolytic when incubated with human erythrocytes for z

45 min at 37°C {Cadwallader and Phillips 1969). These amides have been 1
l

i

3

 

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 i

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

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 2

their lethality or cellular penetration (Dixon et al. 1965). E

Toxicity studies have shown that DMSO possesses a relatively low or— 5

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

1 toxicity from IV and W 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 [V 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.

 
”

InnoPharma Exhibit 1020.0086



  
Cosolvent Use in injectable Formulations 233

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

0f toxrcrty studies also showed no short—term nephrotoxicity.
lthe acute DMSO has been shOWn to exert cryoprotective effects in the preser—
35' gumea vation of red blood cells, platelets, bone marrow, and tissue culture cells

'ely. HOW“ E (Lovelock and Bishop 1959; Pyle and Boyer 1962; Porterfield and Ashwood-
’ doses 0f Smith 1962). Additionally, DMSO in concentrations up to approximately
350 values , 20 percent has been shown to reduce the hemolytic activity of various an-

350 values ; timicrobial preservatives, including phenols, BA, thimerosal, and benzalko—
3- , “ nium chloride (Ansel and Leake 1956; Ansel and Cabre 1970).
tentials 0f 3 However, there are numerous in vitro and .in vivo reports of the he-
0)! 5‘0“: 5 molytic nature of DMSO. Cadwallader and Drinkard (1967) evaluated the
that DMF behavior of human erythrocytes in the presence of water—DMSO cosolvent
annals (in systems ranging from 5 to 40 percent DMSO. They found that hemolysis

£25339 occurred in all DMSO-containing solutions, and those with compositions0 I“
. greater than 35 percent DMSO resulted in discoloration and precipitation.

‘ been re- 5 Norred et al. (1970) speculated that DMSO was capable of removing fatty
rcytes for acids from the erythrocyte membrane in a concentration-dependent man—
lave been ner. The leaching of fatty acids led to the formation of lesions, which sub-
rd little ‘0 sequently disrupted the integrity of the membrane. Reed and Yalkowsky

(1985) determined the in vitro hemolytic LD50 value for DMSO to be 5.1 (to—

tal volume percent). Only glycerin 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 g 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;
weight at 5 Willson et al. 1965). These effects have been reported to be markedly re~

ionally, it ’ duced when the DMSO solutions were diluted with saline.

3 showed 3:
ntly alter i

y low or- HEMOLY'I‘IC POTENTIAL OF SOLVENTS/COSOLVENTS
iple d°S_e It is preferable to utilize injectables that are totally biocompatible with body
and mm fluids. However, the incorporation of cosolvents into parenteral formula-
)f DM50 tions has long been recognized as having the potential to destroy red blood
[8,55 dally cells, as does the addition of water alone. These solvents have the ability to
‘90" and hemolyze cells via either membrane disruption/interaction or by osmotic
‘lS‘ra‘T‘m action. Early investigators have shown that the composition of parenteral
tistration dosage forms directly influenced the hemolysis of erythrocytes (Husa and

:igh'r: Rossi 1942; Easterly and Husa 1954; Grosicki and Husa 1954; Hartman and
Husa 1957; Cadwallader and Husa 1958; Thomasson and Husa 1958; Ansel

and Husa 1959; Marcus and Husa 1959; Winters and Husa 1960; Schneli

 
W

InnoPharma Exhibit 1020.0087



  
234 Injectable Drug Development

i§1
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E

i
and Husa 1962; Cadwallader 1963; Ansel 1964, 1965; Ku and Cadwallader

  
 

 

1975}. These authors have also shown that the effect on the erythrocytes de- in
pends not only on the concentration of the organic in the cosolvent but also 0‘
its ability to penetrate or disrupt the cell membrane. Therefore, there have 53

been numerous investigations as to which vehicles are more tolerated for m

parenteral applications. Tables 11.551 and 11.5b summarize the in vitro he~ d’
molytic LD50 values for several common organic solvents encountered in p;

parenteral formulations and the effects of increasing concentrations of C:
NaCl on the observed hemolytic potentials (Reed and Yalkowsky 1985, 1‘
1986). K

S ta
2 ol

5 l

p. l
d)

Table 11.53. LD50 Values Expressed as Total Volume Percents of Var- (1\
ious Cosolvents for Lysis of Erythrocytes (Reed and Yalkowsky 1985)

- Cosolvent L050 (‘1‘,

Glycerin 3.7 h'

0 w
a DMS 5.1 a

PG 57 v:

10% EtOH. 40% PG 10.3 C(

EtOH 212 T

PEG 400 30.0 aC1

DMA , 37.0 (a
0M: 39.5 t»

fr

Table 11.51). Effect of Increasing Sodium Chloride Concentrations it

on LD50 Values Expressed as Total Volume Percents of Various y:

Cosolvents for Lysis of Erythrocytes (Reed and Yalkowsky 1986) p

Aqueous NaCl Concentration § fC

Cosolvent 0.9% 1.3% 2.7% 3.6% 3 (SI
Glycerin 3.3 8.3 12.7 11.9 Y
PC 6.2 14.7 20.0 19.3 a:

PEG 200 10.2 22.4 26.6 27,9 ‘ P

DMA 36.6 40.4 39.3 36.9 br1

PEG 400 29.6 33.5 27.6 23.9 3 a
DMI 17.9 16.6 15.9 9.6 tl

a?» ’ EtOH 20.5 20.0 20.5 19.7 L n 
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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, c). 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~

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 LD50 values for various cosolvent systems.
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 LD50 value approximately

twofold greater than the very hemolytic solvents DMSO and PG.

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

reports for simple alcohols (Ku and Cadwallader 1984) and both anionic

and cationic detergents (Ross and Silverstein 1954). They also observed

that decreasing steric bulk attached to the hydroxyl groups, and decreasing

the number of hydroxyl groups resulted in a decreased hemolytic potential,
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Although they were unable to determine a relationship between LD50 E
values and physicochemical properties for all of the solvents tested, they E
did observe a good correlation between LD50 values and log partition co- E
efficient { PC) values when only the simple alcohols were included in the re- *

gression analysis. Similar attempts to correlate physical parameters with E
hemolytic potential have been made for drug molecules using dielectric '
constants,pH values, hydrogen bonding numbers, van der Waals volume, E
pKa, octanol—water partition coefficients, and lipid spin labeling. However, i

no clear association has been made between any single parameter and re- [
sulting damage to the erythrocytes. E

Ward and Yalkowsky (1992) later proposed that the hemolytic poten- E
tial of a cosolvent was most accurately described by a single parameter, the 5

effective concentration (EC), which could be used to generate dose- E
response hemolysis curves. They used the data obtained by Obeng and i
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:

 
i

. solution volume E

PG concentration XEME
EC injection time

- 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 facv

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- E
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 potentiai rank order

  

 

 W
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for these tested solvents to be: glycerin > PG > PEG 300 > EtOH, although
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 IV 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/ln 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 EtOI—l

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 (13:25) 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 (1997c) 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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882Table 11.6. Detection of Hemolysis by In Vivo and In Vitro Methods (Krzyzaniak 1997a)
  

 

  
 
 
 
 
 
  
 

 

  

I: In Vitro Method (% Hemolysis Detected)
Hemolysis Husa and Fort et al. Reed and Krzyzaniak __

Formulation Compofluon Observed in viva ”Adams (1944) (1984) ‘ Yalkowsky (1985) el al. (1997c) 6%.
1 Normal saline (NS) noaJJ-C 0.0 0.0 0.0 0.0 S '« ‘ «Ma
2 10% EtOH in N5 noc 1.7 1.7 0.0 0.7 g

3 30% EtOH in NS noa 92.4 89.2 0.0 0.5 E
4 40% PC in NS yesC 50.7 23.3 61.0 5.6 g
5 60% PC in water yes'3 87.3 100.0 100.0 9.5 g
6 10% PC + 30% EtOH in NS noa 82.3 85.3 0.0 1.2 g
7 10% EIOH + 20% PC in water nob 89.5 81.3 8.8 2.0 a}
a 10% EtOH + 40% PC in water yesab 63.0 76.9 69.2 10.3 51
9 20% EtOH

 
 
 

+ 30% PEG 400 in water 44.1 37.4 0.0 0.3 

a: Fon e! a). (1984)
1); Gerald (1988)
c: 11mm) (1996]W  

‘ mHm-lo

.— m wcwm—gcc E U'Om_."m_fia)" gammy) m nm UOEEAQN I (D Dug-v: '10 05m
5% gag'ggQE-"EE'P- 35‘g$§”:.§a§g%83555—<3m agflsanw
2‘8 qu-s.=28“8:re "=1..,-1--::< m- ._ ..
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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-

i sessing the degree of hemolysis in vivo, they can be useful in assessing

‘ potential cellular damage resulting from [M 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 (Na2504), 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

E 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-
3 cent PEG 400.

2 Over the years, Husa and coworkers found that hemolysis occurred in
f: solutions containing less than 0.45 percent NaCl, 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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3
They showed that monovalent amine salts typically resulted in hemolysis, injt

whereas divalent and trivalent amine salts usually protected from hemoly— pla

sis. They also showed that the addition of either NaCl or N32504 was able ita'
to prevent hemolysis of erythrocytes exposed to various iso-osmotic solu- lut

tions of ephedrine. They found that an iso'osmotic solution of EtOl-l

(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 wt

various compounds (NaCl, calcium chloride, dextrose, lactose, potassium 91)

bromide, sodium citrate, sodium bromide, sodium iodide, and sodium sali- stu

cylate) prevented hemolysis in aqueous solutions containing 5 to 40 per. i ter
cent DMSO. These studies again illustrate the difference between iso» he

osmotic concentrations and isotonic concentrations. E bir
Cadwallader (1963) calculated ”hemolytic” isotonic coefficients for l 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- t0

branes. Therefore, isotonicity calculations were not valid for these applica— tht

tions. They also showed that PG was more hemolytic than glycerin,
consistent with Jacobs and coworkers’ [1935) observation that each addi~

tional hydroxyl group added to the propane molecule decreased the rate of

penetration into erythrocytes.

Reed and Yalkowsky (1986) showed the effect of increasing amounts of

NaCl on the hemolytic LD50 values of the common organic solvents found
in parenteral formulations (Table 11.5b). They showed differences in the de- St!

grees of protection afforded by NaCl between the various solvents. For ex- an

1 mi
ample, the presence of NaCl had essentially no effect on the LD50 value for t m!

i

['86

EtOH, whereas it decreased the LD50 value for glycerol by almost fourfold. of
Fu et al. (1987) investigated several parenteral vehicles for hemolytic tht

potential both in vitro and in vivo following IV administration to rats. The

animals were dosed daily with a single bolus dose of 2.5 mng through the

tail vein for 2 weeks. They reported a high degree of hemolysis for a ‘15 per-

cent PG solution, which was significantly reduced by the addition of either

1.8 percent NaCl or 20 percent sorbitol (concentrations higher than those

yielding isotonic solutions). They also showed that PEG 400 had the ability

to reduce the hemolytic potential of a 15 percent PG solution from approx‘

wi

he

ist

imately 80 percent hemolysis (with no added PEG 400) to approximately ra

20 percent hemolysis with addition of 20—45 percent PEG 400. This is use- th'

ful to formulators in that it makes the vehicle more biocompatible, as well f’ P8

as provides increased solubilization power for the cosolvent system. 2 dr
. wn

Use of Slow Infusion Rates. One of the easiest ways to minimize hemolytic 50

consequences of administration of parenteral products containing cosol- bl!

;

l

i
il

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

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

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

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.
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MUSCLE DAMAGE

Administration of formulations by the IM and SC routes is somewhat more

flexible than formulations administered by the 1V 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 solubility 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 soiubilization 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, glyceryl triacetate, sesame oil:

benzyl benzoate [1:1], sesame oil) and were well absorbed; several caused

moderate irritation (butyl lactate, 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 formulations. They evaluated

pH, osmotic ratio, hemolytic potential, cytotoxic effects on cultured cells,

and muscle lesions following lM 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. 3
Svendson (1983) and Svendson and coworkers (1985) evaluated the I

muscle damage resulting from IM injections of several neuroleptic drugs in

aqueous and oil vehicles, including Viscoleo®, sesame oil, methyl oleate, 4

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)-c10penthixol, 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
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much less damage than the aqueous solutions, Formulation of haIOperidol. .3,

cis'(Z)~clopenthixol. or chlorpromazine in any of the oil vehicles essentially

eliminated the observed muscle damage that resulted from administration

greater CK release than glycerol formal. They also showed that local mus-

cle damage (as indicated by weight of the isolated damaged muscle tissue)

correlated with relative CK activity depletion in the muscle.

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 (20—40 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 1M administration of 40 per-

cent PG, 40 percent PEG 400, or normal saline. They showed that in all

cases serum CK levels increased following the injection. However, the Iev- 3 5
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

l
3;: E of the aqueous solutions-necrotic areas were reduced from 5— to 34-fold
,la- E when the Olly vehicles were used instead of the aqueous formulations.
".8 It has been observed that one of the consequences of 1M injections is
ch E release of the enzyme creatine kinase (CK) into plasma, which is found in
01- E large amounts in skeletal muscle. This enzyme has been used as a marker
. is , of muscle damage (Attar and Matta 1971; AnderSOn and Damsgaard 1976;
Ies E Greenblatt et al. 1976; Steiness et al. 1974, 1978,- Svendson et al. 1979; Di«
m . ness 1985). Steiness et al. (1974) reported that the size of the resulting
m . necrotic area following 1M administration ofdigoxin or the vehicle control
or to pigs was related to the injection volume (ranging from 1.5 to 4.0 mL). The
31- l necrotic areas resulting were, however, much smaller for the vehicle
to 3 groups than those receiving the digoxin formulation, indicating that the

i drug itself contributed greatly to the necrosis.

s E Several investigators evaluated the effects of PG and glycerol formal
:i- i vehicles on muscle necrosis (Rasmussen and Svendson 1975; Svendson et
yl 1 al. 1979). Svendsen et al. (1979) evaluated the effects of different dilutions of

ll E PG or glycerol formal in distilled water or 0.9 percent saline on the mea- "“d sored 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
, _ depletion from the muscle, which subsequently appeared in the plasma,

: E was dependent on the PG or glycerol formal content of the vehicle—highere cosolvent compositions led to higher plasma CK levels, with PG causing

l
lS
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i
l
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In more recent studies, we have investigated the in vitro myotoxici
of DMA. Cremophor® EL, polysorbate 80, safflower oil, and Labrafil® 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, FBSpec-
tively). The toxicity of all these solvents, with the exception of safflower Oil
and 30% Cremophor® EL (very close to the negative saline control Value)
was intermediate between the positive and negative control values 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. " if
myotoxicity response between the concentrations of CremOphor@ EL. Of all
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 1
leading to release of CK.

In an attempt to elucidate the factors responsible for muscle damage',l
Brazeau and Fung (1989c) evaluated how physicochemical properties of the; '

vehicle composition affected muscle damage following [M administration ’ _,
of various cosolvents, including PG-water, EtOH—water and PEG 400-; .-

water mixtures. The properties that were evaluated were dielectric con- ‘ If
stant, apparent pH, surface tension, and viscosity. They made several

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 an ’1 I
single parameter or a combination of the four parameters evaluated.

 

Table 11.7. Myotoxicity of Selected Solvent Vehicles 

 Vehicle Myotoxiclty - Cumulative CK Release over 2 It
Mean CK (x 100) and (SEM); n = 4-6

20% DMA 9.50 12.60}

30% DMA 13.4 (2.10}

20% Cremophor® EL 637 (1.59)

30% Cremophor® EL 4.94 (0.83)

5% 'IWeen 8049 20.1 (3.21)

Safflower oil 289(1147)

20% Labrarii® 7.901155)

30% Labrafil® 3.94 (1.69)

Positive control Dilantin® injection 70.! (4.71)

Negative control normal saline injection 5106 (0.50)

‘vfrmniwu‘uflw-gw.‘wm‘filri‘l1a,
all.”atworng“

ww,~vMW"

Chu and i

enl effects on

W ofthe calcit
lcant effect on
findings furl”

induced muscl

They also prov

solvents in the

myoplasmlc ca

Co:

The use of par

tation at the Si

the properties

many times ap

larly those that
osmolalities. I!
or different cl

fewer incident

(Bjork et al. ‘19
al. 1979).

i There has
to the assessn

Ohnhaus and z
erski et a]. 198

be characteriz»

conscious escz

fighting), and

gree of subject
this book.

CoSolvents

Glycerin has by

flammation at

dermal reactio

apy solutions.

serve potency
Prior to admin

ministered in v

 
InnoPharma Exhibit 1020.0098



Cosolvent Use in lnjectable Formulations 245

cm: and Brazeau {1994) also showed that PG and PEG 400 had differ—
t t effects on skeletal muscle sarc0piasmic reticulum calcium uptake and
Ln e They showed that 10.5 percent PEG 400 stimulated calcium uptake
wistfzut significantly altering the adenosine triphosphatase (ATPase) activ—
;:;tgr the calcium pump. However, at 10.5 percent PG, there was no signif-
icant effect on either calcium uptake or ATPase activity of the pump. These
findings further supported the role of calcium in mediating cosolvent-
induced muscle damage, as suggested earlier (Brazeau and Fung 1990b).
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-

tation 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—
larly 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,- Almen and Tragardh 1973; Almen 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 all 1992; Gupta et al. 1994). These methods can

be characterized as reflexive (tail-f lick, paw—lick, hot plate, or pinch test),

conscious escape (f linch~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

GIVeerin has been recognized as an irritating agent that caused pain and in-
flammation at the site ofinjection. 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-
“We P0tency 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

u.is...
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l
l

pain scores of subjects given glycerin increased significantly as both giyc- t
erin concentration and dose volume increased. I

When used undiluted, PG can cause considerable pain and irritation

at the site of injection. These effects have been reported for parenteral ad— E
ministration of nitroglycerin {Demey et al. 1984; Shook et al. 1984; Col et al. 2

1985; Demey et al. 1984,1988); etomidate [Bedichek and Kirschbaum 1991,- i
Levy et al 1995), multivitamins (Glasgow et ai. 1983), and phenytoin (Hitot-

sumatsu et al. 1995). Other investigators have shown that altered formula»

tions of various cosolvent‘containing preparations, containing either i

reduced organic fractions or using a mixture of different organic solvents E

to minimize the load of a particular solvent, were less painful than when ad~ g

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. 1
Diazepam, which contains 40 percent PG, has been associated with

many incidences of pain on injection, which has been related to the com~ i
position of the formulation vehicle. Pain on injection has been reported in l
up to 22 percent of patients, with subsequent development of venous ‘

sequelae (phlebitis, thrombosis, or thrombophlebitis) appearing in up to l

30 percent of patients (McClish 1966; Brown and Dundee 1968). It is sus~ i
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 ”threshoid 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— 2

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) l

as a function of the cosolvent composition. Therefore, one must be cautious E

when interpreting data from these pain models, since pain may not correa

late with damage resulting from the injection of the formulation.
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“h QIYC‘ : Methods to Minimize Pain

rritation % There have been numerous investigations as to how to reduce the pain fol‘
teral ad- 1 lowing parenteral administration of various formulations. in many cases,

:01 et al. é 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 (“HOP ‘ of the dose via a large vessel; [2) dilution of the formulation in some man-
'ormula- . ner that does not result in precipitation, or similariy, administration of the
1 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 § anesthetic or analgesic agent, such as lidocaine or morphine, to reduce the
- formu- i pain.
3 of PG, .;

Ed W’”‘ i Administration Via Large Vessels
1e com- ;

thed 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

it up to greatest incidence of pain occurred when administering various formulaa
: 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. i use of large veins rather than small veins, and selecting the antecubital

ijection 1 space rather than the back of the hand or wrist consistently showed better
i tolerability, regardless of whether the formulation contained 0.9 percent

»us par- saline or various cosolvents.

vorkers 1 Similarly, Langdon et al. (1973) reported that venous sequelae cc
of ob- i curred less frequently when administering IV doses of diazepam through

ducing ; larger veins. They noticed that phlebitis almost always resulted when ad-
1 these E ministering the doses through small veins. The incidence of pain resulting

t in in“ i from administration of propofol, an anesthetic agent, has been reported to
some- i range from 25 to 100 percent if given via a vein on the dorsal side of the

iations 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.

EIOH. 1988; Gehan et al. 1991).
prepa-

‘Ow'ng Dilution of the Formulation
image) »

tuti0us \ 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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8f?' 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 é‘

% Frequency of Pain % FreQuency of m Xntecubitpwfiggzrw a “me
Drug/Formulation Primary Solvent Venous Sequelae Large Medium Fossa Hand + Wrist "6’.

03% Saline Water 0 (50) O (18) 3 (32) 0 (23) 4 (27) g
2.5% Thiopentone Water 9 (100) 5 (20) 3 (30) 17 (12) o (38) E

1.0% Methohexitone Water 12 [100) 12 (24) 8 (26) 12 (33) 6 (17) g
1.0% [Cl 35868 g
(Disoprofoll Cremophor® EL 4 (50) 12 (24) 8 [26) 8 (48) 50 (2) g
0.5% Diazepam 3

Valium® Propylene glycol 37 (100) 18 (28) 32 (22) 17 (30) SD (20} 3.
Diazemuls® Soya bean oil 060) o (31) 5 (19) 0 (32) 6 {18)

0.5% Midazoiam Water 1 (400) 11 (65) 3 (35) 11 (TO) 0 (30)
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‘l5 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 lV

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 lM 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 Vallum® and Diapam® formulations contained the same c0“

solvent composition (41 percent PG, 85 percent EtOH). These formulations

provided no statistical differences in plasma ievels 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

thr0ugh which the dose was administered, and the frequency of venous see

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-

mophor® 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 oiiebased vehicle was essentially the same

as the saline controls, suggesting that these sequeiae were the result of the
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i

cosolvent. E
Administration of Anesthetic/Analgesic Agents

of various parenteral formulations has been studied using agents ranging

from aspirin to morphine (Comerski et al. 1986; King et al. 1992,- Marcek et

al. 1992; Doenicke et al. 1996i Comereski et al. [1986) observed that coad» g
ministration oflidocaine [0.5 to 1 percent} offered protection from pain but i

not from the associated muscle damage resulting from the injection. is

Marcek and coworkers (1992) reported the effect of morphine administered i
g
i

ii

The use of anesthetic/analgesic agents to minimize pain following injection 3
l
i

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 [lidocainel 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 a}. 1991; King et a]. 1992). King and coworkers (1992) showed that

coadministration of lidocaine [ranging from 5 to 20 mg doses] resulted in i

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 soiubilization enhancers in parenteral formula-
tions has been, and continues to be, a valuable tool for the formulation 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

 Mun-M
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their physicochemical properties, which in turn can result in varying de-

grees of adverse effects such as hemolysis, muscle damage, and pain at

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 dimethylsul-

foxide—have been highlighted in this chapter. Furthermore, cosolvent-

related factors, mechanisms, and approaches to offset the hemolysis. mus«

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

that the formulator can rationally select and incorporate these agents into

the design of injectables.
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I Parenteral products significantly contribute to global heaith by providing
'; effective and immediate therapy through direct delivery of therapeutic
I 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 strategy 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 allowed

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-

tributorsl. and the container/closure system. Scaleaup 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.
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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.

Preformulatlon 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)

82. pH profile

8.3. Temperature effects

8.4. Partition coefficient

9. Stability -

9.1. Selected solvents

9.2. pH profile

10. ionization constant (pK or pl)

11. Optical activity
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Additional Characterization for Protein Drugs deflation
A fects. It is

1. Physical stability 7 damage i

. ‘ pain and1.1. A re ation . .
99 g 3 pain or ti

2. Solubility 5 fully. Sev

. . . ‘ 1 are pr0vi
3. Chemical stability ’ Sigi

3.1. Beta-elimination , data and
, provide 1

3.2. Deamidation I : formulat

3.3. lsomerization/cyclization proachet‘ dermal i;

3.4. Oxidation (IV) adm

. . . lnje
3.5. Thiol disulfide exchange formulat

4. Analytical methods b359d 0‘
volume :

4.1. Fluorescence spectroscopy { have a v

4.2. Electrophoresis ' y i; rate may
l are norn

4.3. Calorimetry ” tions tot

4.4, Size exclusion chromatography l pendg‘;
4.5. Reverse phase high performance liquid chromatography 1 ysis cau:

(HPLC) i substani
46 C‘ l d‘ h . TableiT

. . ircu ar ic roism diluting

4.7. Mass spectrometry g choice C

4.8. Light scattering ,
i

Formulation : Table 1

Formulation activities include the identification and selection of a suitable 1 Ana"
vehicle (aqueous, nonaqueous, or cosolvent system). necessary excipients

with appropriate concentrations (buffers, antioxidants, antimicrobials,

chelating agents, and tonicity contributors), and the container/closure sys-

tern. 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 (1M) and intravenous ;
(lVl 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 TV 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 iv 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 

  

i

Anatomical Section Volume (cm3) Velocity {cm/sec) i

w” Aorta 100 40 {i

Arteries 325 40-100 :
Arlerioles 50 1040.1 3

Capillaries 250 0.1 :'
Venules 300 0.3 E

Veins 2,200 043—5 i

Vena cava 300 $30 ' i 

 
M
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as noted above imparts volume limitations. and on drug solubility in the se'. . . . . . T
lected solvent. IV Injectmns are typically restricted to dilute aqueOus solu‘ ..

tions to ensure compatibility with the blood; however, IM or SC injections 0

allow for oily solutions, cosolvent systems, suspensions, or emulsions. A

Pain, soreness, and inflammation oftissues 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

lM 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 ‘ A1

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 (ESE). This concern is i

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 3
goal to minimize both the number ofproduct 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

multiple functions. Therefore, the decision whether or not to include a an

preservative in a single-use product may be product specific. The rationale ati

  
M
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Table 17.2. Additives Commonly Used in Parenteral Products 

Substance Concentration (percent) 

Antimicrobial

Benzaikonium chloride 0,01

Benzethonium chloride 0.01

Benzyl alcohol 1«2

Chiorobutanol 025—05

Chiorocresoi 0.1413

5 Mctacresoi 0.1—0.3
Phenol 0.5

Methyl p-hydroxybcnzoate 0.18

Propyi p~hydroxybenzoate 0.02

Butyi p-hydroxybenzoate 0.015

Antioxidants

I Acetone sodium bisuii‘ite 0.2

;. Ascorbic acid 0.1

: Ascorbic acid esters 0.015
Butylhydroxyanisole [BHAi 0.02

.5 Butyihydroxytoiuene (BHT) 0,02

3; Cysteine 0.5
l Monothiogiyceroi 0.5
' Sodium bssuuue 0.15

Sodium metabisuifite 0.2

Tocopherois 0.5
Giutathionc 0.1

Surfactants

Poiyoxethyiene sorbitan monooieate 0.1—0.5

Sorbitan monooteate 0.05-05 

for any preservative addition should be a part of the product deveIOpment

report.

Common antimicrobial agents are given in Table 17.2. These agents

are grouped into five chemical classes: quaternary ammonium com—

pounds, alcohois, esters, mercuriais, and acids. The alcohols and esters are

commonly used in parenteral products. The quaternary compounds, which

are commonly used in ophthalmic products, are not compatible with neg-

ativeiy Charged ions or molecules.

 

i
ii

ii
l

il
g
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Table 17.3. Common Buffers Used in Parenteral Formulations ‘_, (33::
I Buffer 33Ka Usual Buffering Range 1 “on
Acetic acid 4.8 3.5-5.7 [he 1

Citric acid 3.14. 4.8, 52 2.1-6.2 091T

Glutamic acid 2.2, 4.3, 9.7 82-102 phto;
Phosphoric acid 2.1. 7.2, 12.7 2.31, 5242.2 uc

Benzoic acid 4.2 3.2«52 2 Ant
Lactic acid 3.1 2.1-4.1

. . E PrefAscorbic acxd 4.2. 11.6 3.2~5.2 ; ‘

’ ; radi

Tartaric acid 3.0. 4.3 2.0-5.3 3 St ab
SucCiniC acid 42, 56 32-166 are 1

Adipic acid 4.4, 5.28 3.4—6.3 ‘ accc

Glycine 2.34, 9.6 15415, same f (ENS
i lion,

Malic acid 14,51 2,4—6.1 { gas
’l‘riethanolamine 8.0 7—9 9 vials

Diethanolamine 9.0 8,040.0 E gas.
Tromethamine 3.1 7.1414 E Spec

, the (

l caus

E with, is n(

The literature reports interactions of the parabens with surfactants E tial:
and formation of molecular complexes with gelatin, methylcellulose, ‘v 53"”

polyvinyl pyrrolidone, and polyethylene glycol. These interactions may de- ._

crease preservative efficacy. Some antimicrobial compounds. such as ben- ‘ tathi

zyl alcohol, may be adsorbed by the container closure. Thus, microbial I W'Ith
preservation must be demonstrated for the final formulated product. . quer

l a bi:

Buffers ) orth
hol (

The buffer system establishes and maintains the product pH. A specific in W

buffer system is selected such that the lea 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 ofthe 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 50““

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 53””
buffer system have been shown to shift during c00ling due to precipitation PFOd
of sodium phosphate species. These pH shifts during freezing may cause

 
_"M
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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 selec-

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 moiecular oxygen mediates oxidation, and several alternative

stabilization approaches are available. In many cases, several approaches

are utilized concurrently. One approach is lowering 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 overlaid 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 iife-

saving product.

Examples of antioxidants include sodium bisuifite, ascorbic acid, glu-

tathione, and propyl 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

Cheiating 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 pr0vide measurable benefits for some

products.

.

i
ii

i
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Surfactants issu
forn

Surfactants are used to solubilize a drug and, for protein products, to min-

imize adsorption ofthe protein on surfaces. Most polysorbates are derived

 
from animal sources, and their use in Europe is becoming problematic due , OS,
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. 501“

3. potc

Tonicity Agents i 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 ll

sufficient to provide an isotonic solution, then tonicity agents, such as dex- i is m

trose, sodium chloride (NaCl), sodium sulfate, or mannitol can be added. l for ;
Additional details are provided in the osmolality section below. i 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- selet

centrations, the container/closure system, and on demonstrating adequate l extr:
stability. * bari

nece

Focus on Osmolality, Cosolvents, Oils, and pH 9553l

The contribution of isotoniclty in reducing injection pain is not always V, Mea

clear but, at a minimum, it may reduce tissue irritation. injection pain may ; surii
occur during and immediately following product administration but may i num
be delayed or prolonged, with an increase in severity with subsequent in— l (2) b

jections. Pain can be difficult to assess because significant patient variation i sure
exists, and there are few preclinical methods for evaluation. l pres

Literature describing pain associated with parenteral products has fo- '2 tivel

cused on three areas: osmolality, cosolvents, and pH. This is a pragmatic are I

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 l
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 i ferei

cases, formulations must be delivered at a low drug concentration or in 1 men
complex formulations (such as emulsions or liposomes), in. an attempt to i: iden

"hide” the drug from pain receptors. Due to volume constraints, these are I, is th

not always a viable alternative for [M or SC injections, leaving the formu~ lutio

later 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 [M 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 ifsodium 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 ner

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 eievation. 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.

isoeosmolality, 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 difv

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
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Although physical methods such as freezing point depression and vav § 2'
por pressure are valuable tools in formulation development and quality i

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 e

cellular effects are given below, and methods to evaluate tissue effects are E 4'
provided in other chapters of this book. The references provide additional

information, and formulators are encouraged to include them in their ‘ ,

library. 1 “‘5 m‘enterai

Determining Tonicity (Hemolysis). A common in vitro method to evalu~ smce th
ate a product is by measuring erythocyte hemolysis. Typically the release

of hemoglobin from the damaged cells is measured spectrophotometri- Calcula
cally; however, a more sensitive method is to directly observe the changes mam:
in cell volume. An aqueous isotonic NaCl solution is used as the standard. (
Several protocols are available that describe incubating the product with amount
erythrocytes suspended in defibrinated blood for a specified time, cen- éomupl

trifuging to separate the erythrocytes and ghost cells, and then using a 10kg]:
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. 51’: 31%
Concerns that this ratio is not realistic and can often give misleading re- a c
sults has lead investigators to use dilutions of 1:10—a complete reversal of aflenit
proportions—with no hemolysis found. 1 :0;

Others have evaluated product effects by directly observing varia- (have ti
tions of red blood cell volume when suspended in solution. This method is l tio
more sensitive to small tonicity differences than the hemolysis method. 22;“.

An alternative method to determine the compatibility of a product . .‘

with blood is proposed by lto et al. (1965). The coil planet centrifuge (CFC) specng
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 “mo“
coil, and a scanning spectrophotometer for recording a hemolytic pattern amour
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— 1' A C?"
sures that the centrifugal force is Constant irrespective of the distance from eq’uivi
the main axis. It has been found that measuring the hemolysis of oil injec- i this IS.
tions and those of high concentration or viscosity by this method is diff i~ (‘
cult, if not impossible. g 0f 091

The "osmogram” output shows red blood cell hemolysis as a function g Obta"
of the osmotic gradient. The hemolytic pattern of injections are divided 3 ‘ ‘ (
into the following four patterns: C'f'c ‘

, meth<

1. Hemolysis is remarkable, or erythrocyte is coagulated and does to m.

not move. metht
comn
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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 evaluation of par-

enteral products; however, the full potential of the method is unknown
since there is little information available.

Calculating Tonicity. Several 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 aqueous

solution is iso-osmotic with 0.9 percent NaCl, it will be isotonic with phys-

iologic 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 3

NaCl E value of 1.00. The freezing temperature of serum is 052°C, equiv-

alent to the freezing temperature ofa 0.9 percent NaCl solution. Therefore,

if a 1 percent solution of a specific compound has a freezing temperature

of v0.058°C, then it has an E value of 0.1. Thus, 1.0 g of this compound will

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-

iution 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 9 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 ofdrug. 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 ofthe 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.
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(4] Other calculations such as the Lisa method can be used for estima~ (
tions when values for a specific compound are not available. The mathe— ; ”Ct e)

matical relationship of Liso to the NaCl equivalent, E, is: i the p
; SPBClt

E = 17 (Lisa/M) . cal mt
. . l indire

where M IS the molecular weight of the compound. Average Liso values for i 1
different types of compounds are given in Table 17.4. are tl

. soybt‘
Cosolvents and Oils ouzec

Cosolvents are commonly used to enhance drug solubility and stability. ; Eon“?
Cosolvents may include ethanol, propylene glycol, polyethylene glycols, l atai/it‘
and glycerin. These components have intrinsic effects on biologic tissue g n Id
and can alter the properties of other excipients, thus influencing the tissue E ,50 ll '
damage or pain caused by the product. There is a dearth of literature on _, 1th :1;
the pain caused by cosolvents. but 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 i pH

of both pain on injection and potential for tissue damage should be in» 1
cluded in the product development plan. A pr:

In studies by Brazeau and Fung (1989a, b), moderate concentrations i whicl
of organic cosolvents (20 to 40 percent v/v) show the following relative my- : uct. 'l

otoxicity ranking: propylene glycol > ethanol > polyethylene glycol 400. sponl

These investigators also discovered that total myotoxicity equaled the sum I concc
of the individual myotoxicity of each component, with the exception of . uct dl

preparations containing polyethylene glycol 400, which apparently has a l effici
protective effect. the d

' 1 to 2
used

Table 17.4. Average Lisa Values for Different Types of Compounds i 33::
Compound Type Llso Example > acce‘

Nonelectrolyte 1.9 Sucrose

Weak electrolyte 2.0 Phenobarbital, boric acid and t

DiAdivalent electrolyte 2.0 Zinc sulfate :13:
Uni-univalent electrolyte 3.4 Sodium chloride since

Uni-divalent electrolyte 4.3 Sodium sulfate. atropine sulfate depri

Di‘univalem electrolyte 4.8 Calcium chloride Sore:

Uni-trivalent electrolyte 5.2 Sodium phosphate surettontc

Tri—unlvaicnt electrolyte 6.0 Aluminum chloride a Na
Tetraborates 7.6 Sodium horate 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 pKa of the buffer
species. It is best to evaluate biological compatibility using direct biologi

cal methods, because cosolvents may have both specific cellular effects and

indirect excipient effects.

Another class of nonaqueous vehicles used in parenteral formulations

are the fixed oils, including com, cottonseed, olive, peanut, sesame, and

soybean. Oils 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 US. 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

efficient at its pKa, thus, buffers are generally chosen within one pH unit of

the desired product pH.

The buffer concentrations typically chosen for a product range from

1 to 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 pKal values and usual pH buffer ranges.
Buffer systems are in an equilibrium that is sensitive to temperature

and the concentration ofeach 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. formL

A vapor pressure osmometer provides an alternative to the freezing and h
point method and may be particularly useful when the data for tempera—

I

e c

ture and concentration effects on ionization constants are not available. A g” :35”
limitation of the vapor pressure method includes interference by volatile i (

substances such as ethanol. ' ; istrati
. erin o

. of the

POST-FORMULATION PROCEDURES : topica

Despite efforts to minimize or eliminate pain through formulation opti- i 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 prope
have been noted, and the point is frequently made that children are short- i jectiot
changed with respect to pain management. Post-formulation efforts to howl'

alleviate pain which are discussed in this chapter are included in the fol— é pertin
lowing categories: pH, additives or solvent adjustments; devices or physi~ p

cal manipulations, and psychological. This p
efficie

- . vide ac
pH, Additives, and Solvents . .admin

Drugs stable only in acidic conditions are purposefully formulated to en-

sure an adequate commercial shelf life. Because these acidic products are I SUbCl

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 ‘ tions ‘

local anesthetics; however, studies with other products have been equivo— g ””id‘ '
cal. For anesthetics, this increased pH will alter the stability of the product .3 25 93‘
and may result in the precipitation of the less soluble, nonionized species. I cleanil
The amount of sodium bicarbonate that can be safely added is variable a penetr

given the range of anesthetic products (pH of 3.5 to 5.5), the concentration the 3‘”
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- V'des ’
creasing product pH is to shift the equilibrium of anesthetics to the un- ' needle
charged species that may diffuse more rapidly and consequently inhibit l- dl‘? be‘
pain perceptions. Individual drugs or drug species (charged or uncharged) ‘ 5km to ‘
may have different intrinsic pain induction potential, independent of pH. tion 0f -
The study design and product ingredients must be considered when eval~ Aftert
uating data, because some excipients such as benzyl alcohol have local the 5'“
anesthetic properties. distrib

 
M
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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

t0pical 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 ofthe patient and

efficiency ofthe 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

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

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.

After the injection, remove the needle quickly. Cover the skin and massage

the site gently (unless contraindicated as with heparin or insuiin) to help

distribute the drug and reduce pain.
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lntradermal Injection

i t

lntradermal injections are typically used only for local effects or diagnos l 2}
tic purposes in volumes of 0.5 mL or less. Needles of 26 or 27 gauge and l m
1/2 to 5/8 in. in length are used. The injection is given at a 15° angle about i

1/8 in. below the epidermis at sites 2 in. apart. Stop when the needle bevel i m

tip is under the skin and inject slowly; some resistance should be felt. A § f0
wheat should form; if it does not, the injection is too deep. Withdraw the 2 m
needle at the same angle as the entry. Do not massage the site, as this may i bt

cause irritation. :} is

intramuscular injection ‘ T:

[M injections deliver medication into highly vascularized deep muscle tis— H

sue. Because there are few sensory nerves in these tissues, pain is mini~ _‘ ol

mized when injecting irritating drugs. The volume for 1M injection can be th

I‘ up to 5 mL, although it is typically less than 3 mL. A 20 to 25 gauge needle 3 dl

‘ of 1 to 3 in. in length is used. Once the appropriate injection site has been i th
selected and properly prepared, gently tap it to stimulate nerve endings l ut

i and minimize pain when the needle is inserted. The gluteal muscles should 3 pi
not be used for a child under the age of 3, nor for someone who has not i b:
been walking for the prior year. Never inject into sensitive muscles, espea i. in

cially those that twitch or tremble when you assess site landmarks. Injec~ I tr

tions in these trigger areas may cause sharp or referred pain, such as pain ; tc
caused by nerve trauma. i or

3 0i

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), i Tl
or for drugs that are too toxic or irritating for other routes of administra- j 3'

tion. A 20 gauge needle is typically used. Bolus injections are given l V5
through the largest vein suitable, since the larger the vein, the more dilute ' 13
the drug becomes, thus minimizing vascular irritation. An in—depth dis-

cussion of specific routes of administration, techniques, equipment, and u

cautions is readily available in the literature referenced at the end of this P‘
chapter. a:52

Devices Ct

Devices offer significant opportunities to reduce the fear and increase the IE
consistency of parenteral injections. Some of these devices are needle free, 65

with the product propelled through the skin under pressure. Some studies 0‘

have demonstrated reduced pain during administration. These devices in

may affect the quality of a shearvsensitive macromolecule or alter drug tt

i
l

W
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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—

mains on whether they can deliver an lM injection.

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

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-

uct temperature is more significant to the product formulator. Warming

propofol to 37°C has been demonstrated to decrease the incidence of pain

by 37 percent. Since both cooling and warming have been shown to reduce

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.

Psychological

The contribution of psychological factors to injection pain is substantial
and has been considered in the design of the new devices mentioned pre-

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 disliked 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
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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.
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No Drawing. Filed Oct. 29, 1962, Ser. No._233,931
4 Claims. (Cl. 167—53) '

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

The actiVe medicament which” may be incorporated in
the novel compositions of this invention may be any one
which is administered for use in comparatively large unit
dosages, for example, 10 mg./ml. to 500 rug/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-h}!-
droxyprogesterone and the esters thereof, testosterone,
estradiol and the acid esters thereof, progesterone and its
derivatives and AI—testololactone and its derivatives. In
the most preferable embodiment of this invention the ac-
tive medicament is a steroid hormone although other
pharmaceutically active compounds may also be em-
ployed, with satisfactory results.

Heretofore it has been well recognized in the prepara-
tion ofparenterally administrable pharmaceutical com-
positions that a suitable solvent must be employed to
render the composition injectable. However, as the
science of medicine has progressed .ithas :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-
dicamentsrinvolved and the lessening of the total number
of individual injections which are needed to obtain the
same results. ,. _

Additionally, it “has been found that new chemical
modifications of medicaments are continually being dis—
covered and the solubility of thesemodified 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 med-icaments
in parenterally acceptable vehicles. It is well-known that
certain pharmaceutical vehiclesiyield 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 withsrnall
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 found that certain ,
undesirable disadvantages exist. 5 .

The undesirable disadvantages which are present when
the prior artpvehicles 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 compositions 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 admin-istrable 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 animals 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 as 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 thata 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 additchs
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 omission
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,.composit~ion 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 results are ob-
tained when an intramuscular route of administration is
employed, although other methods of administration will
also giVe satisfactory results; ‘

The invention is merefparticularly illustrated by the
following examples: , _ .

Example '1 j .

Two 3. of the acctophenone derivative of 16,17-dihy-
droxyprogesterone are dissolved in 10 ml. of benzyl ben—
zoate with stirring and warming. The resultant solutlon
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 15 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 m1. of castor oil inraccordance 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 aceto-
phenone derivative of l6,17-dihydroxyprogesterone of
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. rWhen 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 m1.‘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 Ai-testololactone is prepared by dis-
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solving 50 mg./ml. in benzyl benzoate and after auto-
claving to steriliZe, 0.25 ml. of the solution 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 m1. of benzyl benzoate and 2.5 m1. 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 injectable 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: ,

l. 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 benzoatc.

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~liydroxy~
progesterone, the caproate ester of 17—hydroxyprogester-
one, testosterone, the enanthate ester of testosterone, the
palmitate ester of testosterone, estradiol, progesterone,
and AMestololactone, and a pharmaceutical carrier, said
carrier being at least 75 % by volume of benzyl benzoatc.
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USE OF NONAQUEOUS SOLVENTS T0 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 has

been described in the literature. These can be divided into three basic classes: aqueous, 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 avnumber 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; c) 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 Oncolog, 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.
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N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
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TABLE 1. Most Important Characteristics of Vegetable Oils Used

to Prepare Injection Solutions 

specifica-
   . Iodine Acid Refractive De sit011 ion N0. number I No. i index n Y

Almond oil 190—195 93—402 1 <2!) l,4?0-i,472 0,9!3~0,918
Peanut oil 185-497 85—405 <2.0 l,468«i,47250 0,9i0—0,920

(40")
Cottonseed oil 190—198 109—l16 <0,4 i,4645~l,4655 O,915~—0.921

. (40”)
Sunflower. 011 [88‘294 125—136 <0,5 —- (MIN—0,924
Com oil 187—493 {02—428 <0.4 -— 0314—0321
Olive oil 190%195 79~—88 <02 ._. 0910—0315
Peach oil 187-195 96—103 <2,5 2.4704373 03324—0920
Sesame oil 188—195 103~116 <2 l.472—~l,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 nonaqueous

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

"cosolvents" (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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ETHY L 0L EAT E

c,s,coocn,c,n,

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

 

 

   

5,2,3 3 A odor. It is insoluble in water, but mixes with fatty oils, alcohol,
:35 g E or ether. Its specific gravity is 0.869~0.870 (at 20°). Its acid num—
is E g; her is 0.3-0.5 mg KOH/g: peroxide number, 0.07% iodine (notmore);

A :E E :5 r: iodine number, 73-82. ,
IE I 33: gfié's According to the recommendation of the International Phar—
g 5 5‘ 'i': a; Z 3:“ macopoeia, it should be used as the solvent for desoxycorticoster~

‘5 <3 §5g 3; one acetate, menadiol, estradiol monobenzoate, progesterone, and
Q 0 “g “:2 Egg E0 testosterone propionate. Ethyl oleate is described also in the phar-
g g nag nag nag maceutical codes of England (1963) and the U. S. A. (volume XXV),

”M as well as in the pharmacopeias of France (1958) and England(1958,
t gee

gig Egg 5:3 g g In distinction from vegetable oils, ethyl oleate has a greater
52;” S3; Egg 2 ,2 dissolving power and a constant chemical composition. Like the
he E g 33 gig E F: fatty oils, it is well tolerated by the 111, with this sole difference ~—

.:>‘ (9:2 '= 0&3 525 55 E 't is less viscous and is absorbed more ra idl into the tissue A
3: y B ,9, -m HG": m m l p y .
g 53' 5 :E-E :53 f; 3:; greater intensity and duration of action of testosterone phenylprop-
3 fig 5: :3 gig §§§ E Efi ionate or testosterone propionate in ethyl oleate has been noted,

3 Egg ::§ 25:; %2 EB as compared with preparations in corn oil [4]. A greater activity
3‘ 35Egg:3: 38% :2: g? of hormones in ethyl oleate Solution has also been reported more
g gg‘égég 'ggg g; 2% recently [5].
E mW Ethyl oleate is sterilized by heating at 150° for 1 h. The co-

L E” to . ii . efficient of thermal expansion is rather large (over 10% on heating
g l: g. Egggcfifi :- to 150°). It is recommended to sterilize solutions in closed vessels,
an“ i m " $5); 9" which are filled with an inert gas (nitrogen). If the substances to
g m "" be dissolved in it do not withstand sterilization, then the ethyl oleate,
: is sterilized separately. It is recommended to add 2 or 3% of ben~

“on m __g g N gs zyl alcohol [6]. Ethyl oleate reacts with rubber to a greater extent
*5 v E: 55.3. 8. 5'3. E than fatty oils.

2 O 0'" M 0 Ii),
3 v BENZYL BENZOATE.H

3 ..: 2 25: E o 3 CH3 (canton = CH(CHt)7COOC2H.o 3 <1: use; m" 36 as“

E 3' " “’2 z s : This is the ester of benzyl alcohol with benzoic acid. It is
‘5 E a transparent, colorless, oily liquid with an agreeable aromatic

i3 odor; its taste is sharp and stinging. It hardly dissolves at all in
g % water or glycerine, but it mixes with alcohol, chloroform, ether,

5 E i or fatty oils. Its Specific gravity is 1.118; bp, 323°.
.3 ”=5“ E; ::" 5 According to the literature [5], the toxicity of this ester is
g g g, I 8" 38%” slight; however, it exerts its own pharmacological action (a de—

g 5 E o“ 8 @533 5 pressive action on the operation of the heart and respiratory or—
e; 2 fig ,g 5 Eng 5 5.5% g gans), which should apparently limit its use. In the USSR it was
is E E; a 5 g 313/: Q authorized for medicinal use by order No. 182 of the Ministry of
:1 23.5 E? 5;: o; 8:"; 5“ Public Health of the USSR, March 30, 1970. As a medicinal prep-
<3 azagrzzsu: a; . .. . . . .
H 23 ”SEE {31E 0 g 5 U aration it 15 used In dermatological practice for treating all forms

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 Alcohol Group  

  Name, formula I’Mol. wt] d I Bp (in deg) f Solubility Toxicity, LDsa
Ethyl alcohol 4607 0.789 78.32 Readfly soluble in Intravenous, 1973

CZHSOH water, ether, mg/kg (mice); sub—
chloroform, or cutaneously, 8285

methanol mg/kg.

Benzyl alcohol 108.14 1.050 (15715) 205.2 Solubility in 100 ml Toxic. Used in con~

CGH5CH20H 1.0427 (19) ‘ of water, 4 g of centrations of not
preparation; in over 3%. Has ir—
100 ml of alcohol ritant action in

66.7 g. Very concentration of 5%.
readily soluble i

ether, acetone,

methanol, or chloroform.

1~Phenylethanol 122.17 1.013 205 Insoluble in water.

CGH5CH(OH)CH3 Readily soluble
in alcohol or
ether.

2-Pheny1ethanol 122.17 1.0235 (25/4) 219—227 Solubility in 100 ml

CGH5CH20HZOH of water, 1.6 g of

  
preparation. Sol—
uble in alcohol 0

ether.

 
i

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 rm; 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 cosoIvent 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 a1—

cohols are good solvents for many substances widely used in pharmaceutical practice (alkaloids, sulfanil-
amides, antibiotics, barbiturates, and anesthetics), and the solutions obtained are more stable than the cor~

responding aqueous solutions. 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 .1 —.

 

     

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

Ethylene glycol 62.07 1.1155 (20/4) 198~200 Soluble in water, Toxic
CHZOHCH20H , ethanol, or ether

(7.39 g/100 ml).
Propylene glycol 76.10 1.0364 188 Misclble with water nitraperitoneally,

CH3CH(OH)CHZOH acetone, or chlor 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 inwater, or Subcutaneously, 16.5

CHa—CH- CHZCHZOH alcohol; insoluble ml/kg (mice): sub—
] in ether. cutaneously, 20.06

OH ml/kg (rats).

CH3CH(OH)CH20H20H
Diethylene glycol 106.0 1.118 244.33 Miscible with water,By mouth, 23-25 ml/

CH20HCH20CH2CHZOH alcohol, or glycols kg (mice).
insoluble in hy~
drocarbons.

Polyethylene glycols 200 1.11 Soluble in water, Intraperitoneally,

(polyethylene oxides) 300 1.14 i 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).

Glycerin? 92.10 1.261 290 Misclble with water Subcutaneously, 10

CHZOHCHOHCHZOH v or alcohol. ml/kg; intraven—
ously, 6 nil/kg:
subcutaneously, 12

ml/kg: intraven—

ously, 7 ml/kg.

 
*Freezing point, 2&6".

717.9, 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 LD50 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 (tetracycline, 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 muscinar 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 m1 [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 hydrochloride 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 

 

   
 
 

\°° OXiCitY» Time required for filtration
A :11 Use

a sV I dough .on or" _ throu h filter V0. 4

123 E 5&0 filter No. 3 g zo . ,_, : a—e. A
Lu ; m C a: E f?C“ . >‘ 2 he: \“- ,_. '4.» A >\ CC 50
0 0 5:3 ,>< “4,, :1 20° 20a 40% 50°0 E 0 E u—d ""
I34 - 0 I 'u 0" V
>. > .fi 0 >. «g 3

, E—c < > >4 2 Eu: 2e . . .
200 190...?20 45—55 533—589 7.7532.5 imin 3053.; 30mm 12 min _7 min
300 285—31550——85 356-392 9.25 35.6 2mm 50 sec 2 2 12mm 30 sec 7 min 305st:
wot 180.420,85«1i5 fit—29911.75 49,0 2mm 35 ) 10mm 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 desaxycorticosterone 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 (LDSO

on intraperitoneal injection, 9.7 g/kg; intravenously, 8 g/kg; subcutaneously, 18.5 g/kg) than ethylene glycol

or glycerin (LD50 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 preparation in 1 ml, melarsoprol and sodium phenobarbital in a mixture of 90 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 a 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. S. 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 .— [oat-12cm}n _. 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 VHS 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 M01. wt. Solubility Toxicity, LDso

N_Methylacetamide* CHacONHCHS 73.0 Soluble in water Intravenously, 4.2 g/kg
(mice)

N,N-Dimethylacetamide 87.12 Miscible with water, sol— Intraperitoneally, 3236 mg/
CH3CON(CH3)2 uble in organic solvents kg (mice): intraperiton-

and mineral oils eally, 5012 mg/kg (mice)

N-B«Hydroxyethyllactamide't 133 Readily miscible with Subcutaneously, 15.8 g/kg

CH3CH(OH)CONHCH2CH20H 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 toxic action

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 can differ

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-
anal 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 tendencytoform

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 establishedthat 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 m1 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 barely 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, NHZ, 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 PEG—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—hydroxycthyl)imidazolidone].

HOC HZCHZ-N » o = oi t
CH N~GH
\2/ 3
CH2

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": n3 1.496; viscosity at 20°, 25 CR Its LD50 is 5600 mg/kg
for rats on intravenous injection of a 50% solution in water. Clonic convulsions set in after introduction
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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 10~15 ml/kg, LD50>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 a 20% aqueous solution to cats in a dose of 1000 rug/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). CHSSOCHa. 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“; 11D 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 LD50 of DMSO on intravenous introduction is 5.75—8.8 g/kg: on oral in—
troduction, 21.4—28.3 g/kg; the LD50 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 intensifir 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

SOIVents 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 nonaqueous solvent may be new in essence, and should be approprl~

ately studied.
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Telex-ability of intramuswlar injections of testosterone
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We undertook a prospective survey of the tolerability of ~
deep i.m. injections of testosterone enanthate in o castor oil
vehicle, the most widely used form of androgen replacement
therapy. Over a period of 8 months, 26 men received 551
weekly Injections into the gluteal, deltoid or thigh muscle
and side-meets were recorded immediately and 1 week
after each injection by the same nurse using a standardized
quafionnaire Mosr injections caused no complaints [389/
551, 70.6% (95% confidance interval 66.6—74.4%)] hut
minor loml side-effects, mostly pain and bleeding. were
common [1671551, 29.4% (25.6—33.4%)]; no serious slde-
effects were observed. Considering all side-effects, the
gluten] site had fewer complaints and was less prone to

bleeding but was painful more often than deltoid or thigh
injection sites. The laterality of lnjectiou at any site had
no significant effect on side-eitects. The only systemic side-
efl’ect was episodes of sudden-onset, non-productive cough
associated with l’aintness following eight injections [1.5 %
cos—2.9%): which we Speculate may have been due to
pulmonary oil ndcioemboiism. We conclude that. when
administered by an experienced nurse, deep hm. iruection
of testosterone cnanthate iii a aster oil vehicle is generally

sate 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 thempMnuamuscular injec-
tionflaterality/side-effectsltcstostcmno 

Introduction

Testosraronc has been used clinically in androgen replacement
therapy for over 50 years (Nieschleg and Behrc. 1990). Over
the past few decades the most frequent mode of adminisrcring
restosrerone has been deep i.m. injections of testosromne esters
in a vegetable oil vehicle. Despite this long usage. no systematic
Studies of side~effects from oil-based Lm. injections of

362

 . res 5-h',~ve ,

tesrorteronc esters could be located after extensive computer-

based and manual library searching. The Opportunity to Study
systematically the tolerabillty ofrhese injections and the pattern
of slde-effcas was provided by an ongoing mole contraceptive
study requiring healthy men to have weekly hm. injections of
testosmrone cnanthare in castor oil vehicle administered by

the same menarch nurse for up to 18 months. The aims of this
study were to esrirnaie prospectively the pattern and incidence
of side-effects of oil-based. deep i.m. injections in normal men
and to determine whether anatomical site and/or lateraliry of

injection influences the incidence of these sidc~effecrs

Materials and methods

Study design

This was a prospective survey of adverse effects from i.m.
injections of oil-based tesrosrcrone enanthale. The injections
were given during a World Health Organization (WHO)
contraceptive efficacy study of a prororype hormonal male
contraceptive and the design and results of that study have
been described in detail elsewhere (WHO Task Force on

Methods for the Regulation of Male Fertility. 1990). Injections
were given and side-effects recorded by the same right-handed
research nurse (MAM) both immediately following and 1
week after injection using a standard questicvnnaire. The
quesriomrairc recorded dare. site and side of injection as

well as eliciting specific responses to potential side—effects.
including pain or stinging. bleeding or bruising, swelling.
numbness, muscle twitch. eryrhema. thinners, 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
and delayed reports. The criierioh for recognition of pain was
the subjecr‘s response to the question ‘Was that injection
painful? and was applied and recorded consistently for each
subjoCt. ‘

Subject: and injection:

Men involved in this study were 26 healthy males aged
between 21 and 45 years recruited from the general population
to participate in a mulriccntre mule conu-aeepb‘ve study (WHO
Task Force on Methods for the Regulation of Male Fertility,
1990). Entry criteria were that men had to be healthy. in a

stable relationship and requiring conntepiion. Volunteers
were required to have their injection administered by the study
nurse (M.A.M.) on the same day (:t' 1 day) each week for up
to l8 months. The viols'ol’ testosterone cnanrhale (250 mg in

6 Oxford University Press
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1 ml cnstor oil. Testoviron Depot; Schering AG. Berlin.
Germany) were kept at unconditioned room temperature and
injections of 200 mg (0.8 ml) were administered with a 2)
gauge (0.80><38 mm) needle into one of three muscular sites:
the anatomical site of the injection (gluteal. dcltoid. thigh) was
chosen by the subjects and injections were routinely alternated
from side to side. Deep ”rm. injecrions were given according
to Standard methods. including aspirating the syringe to exclude
vascular puncture before injection and injecting slowly.

Data andlysir

Data were cross-tabulated and analysed by appropriatemethods
for categorical data using BMDP software (BMDP Sterisrical
Software l'nc., Los Angeles. CA, USA) implemented on a
VAX computer network. Power was esdmatcd using Poisson
confidence intervals (Gardner and Altman, 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 for
by injections adminismd when men were out of Sydney for
work or holidays. During this period. only two out of 26 men
changed their preferred site of injection. ‘

Most injections caused no complaints [389/55l. 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.

"l‘here were no significant differences in rate of complaints of
side-effects according to laterality of injection for glutcal [left

19/68 (27.9%) versus right 27/151 ( 17.9%)1. thigh [left 17/51
(33.3%) versus right 27/85 (31.8%)] and deltoid [left 49/114

(43.0%) versus right 29/82 (35.4%)]. The overall pooled
(Mantel-financed) relative risk was L40 [95% (confidence

interval 0.95-2.06). test fer homogeneity of risk across strata
P = 0.61).

Considering all advorse effects (Table I). the total number
of complaints was significantly higher for deltoid (2.0 (1.5—
2.8)] and thigh [1.6 ( 1.1-2.3)1 than for g‘luteal sites of injection.
Considering specific adverse effoCts. gluteal injections caused
more complaints of pain [relati ve n‘sk 2.4 ( Lil—4.3)] and fewer
of bleeding [0.16 (ODE—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 recorded in terrospect as minor bloodspot staining of
 

hole I. Side-effects slim. injections ' 

 Side-effect Deltoid Thigh Gluten) Total P

Nil 119 (5“!) 94 (69%) 176 (50%) 389 (70.6%) (0.001
Bleeding 49 (25%) 27 (20%; a (4st) 84 (15.3%) <o.oot
Fun 13 (7%) s (4%) 23 (11%) 4! (7.4%) 0050
Muscle 10 (59b) 5 (4%) ~ 7 (3%) 22 (4%) 0.598twitch

fCtmgh = 4 (2%) 3 (2%) 2 (Hi) 9 (1.6%) 0.552mm

Other last) 2 (We) 3 (m) 6 (met) 0.62:
Total 196(l00‘b) “(100%) 2l9(100‘l£) 55l 000%) 

, r .u-au'H: 1“?!" "‘ '

Testosterone tolerabilily and intramusmlar injections

clothing or slight bruising. Fain was usually not sufficient to
require analgesia; at worst. discomfon 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 episodes. all
reported reactions were considered by volunteers and investig-
ators as minor; none ceased injections due to such side~effects
during the study.

The only systemic side-offer: was coughing fits observed
immediately after eight injections [prevalence 1.5% (0.6-

2.9%)]. associated with falntness and sweating on one occasion.
On another occasion. faintness and sweating occurred without
coughing. No characteristic cases are described. In the first.

a 25 year old man without know asthma or allergies developed
an intense, non-productive cough without wheeze immediately
after having received 21 pmvioru i.m. injections into the

gluten] muscle uneVentfully. He also developed an injection
site reaction after withdrawal of the injection needle which
required him to remain recumbent until the coughing subsided
(5 min). After this episode he had six further weekly injections
without recurrence or complaint before be discontinued from
the study to initiate a planned pregnancy. In the secOnd, a 35
year old man without known asthma or allergies and having
received 2.4 injections into the dcltoid muscle. including one

previous similar episode. developed an intense non-productive
cough with associated pallor, nausea and chesr tightness but
no wheeze or injection site reacdon which gradually subsided
after 10 min He subsequently had another 35 injections into
the gluten) muscle without experiencing further such episodes.

The power of this study was >50, >80 and >90% to detect
(one-sided. ct = 0.05) events with underlying prevalence Bf
1.3. 1.7 and 2.0% respectively. Conversely in order to detect
events with a prevalence of 1.0% with 80% power, a same
size of 4000 obserVations would have been required. For
adverse effects nor observed in this study, the upper 95%
(Poisson) confidence limit was 0.67%.

Discussion

Depot formulations are widely used to enhance drampeutic
compliance and Convenience by prolonging. the duration of
drug action. Among the mos: widely used depot formulations
are drug eaters administered in an oil vehicle. Esterlfication of

base drugs with appropriate lipophilic fatty acids forms a pro-
drug ester whOSe hydrophobic side~cbains partition preferen-
tially into the oil vehicle. Pmlongation of pro-drug release is .

provided by the rate-limiting retarded diffusion of the pro-
dmg ester into the exnacellular fluid where ubiquitous non-
specific cstentses hydrolyse the ester bond to liberate active

drug. In addition to forming a hydrophobic depot. the oil
vehicle limits local chemical irritation and cytotoxicity caused .

by some drugs (Svendsen and‘Blom, 19851). This oil-based
formulation has been widely and successfully used for sex
Steroids including androgens. oescrogens and progestins as
well as psychotrophic drugs such as fiuphenazinaxhaloperidol
end related major tranquilizers (Gilman er aL. 1990). Oils
derived from vegetable sources such as castor 0r sesame seeds
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or peanuts (Arachis) have been widely used whereas mineral
oils are too irritating (Symmers. [955).
‘r‘ Tcsrosrerone esters in an oil vehicle have'been for decades the

moat widely used modality of delivering androgen replacement
therapy in male hyp0g0nadi5m (Behre er aL. 1990). Despite

"this lung usage. or perhaps because of it, there have been few
systematic studies of tolerability of i.m. administration of
tastosterone esters in oil-based formulations. The general
pharmacology of i.m. injections. has been reviewed (Schou,
1971; Greenblatt and Koch-Weser, 1976: Zuidema er al. 1988)

but most Studies concern aqueous formulations of drugs
administered to hospitalized patients. For example, the only
large survey of i.m. injections reported adverse local effccur
in only 0.4% of l2 134 hospitalized patients renewing i.m.
injections of drugs in aqueous formulations (Greenblatt and
Allen, 1978). No comparable surveys in ambulatory care
settings or involving oil-based steroid ester formulations are
available to Our knowledge.

Overall, while nearly 30% of our subjects had some com-
plainrs. they were considered by patients and investigators as
minor in name and serious adverse effects were not observed.

Satisfaction was greatest for the glurcal site, lowest for the
dcltoid. with the thigh being intermediate. Discretiancies in
patterns of pain and bleeding accounted for these differences.
The level of recorded complaints may be conservative B
determined among highly motivated volunteers agreeing to
participate in a prolonged study requiring weekly i.m. injection
for up to 18 months. Administration by less expert staff or by
self-injection may lead more frequently to dissatisfaction.
Furthermore, the tolerancevof discomfort among hypogonadal
men requiring life-long androgen replacement therapy or fertile
men considering hormonal male contraception among other
family planning methods may be lower. Although the sites of
injection were not randomized but were selected by the

subjects, it is unlikely. that this significantly biased the out-
comes. unless men predisposed to complain of side-effects
were systematically more likély to choose a particular injection
site. which seems unlikely. Although this survey included

nearly $50 injections. it could provide reliable estimates for
only relatively common (>296) side-effects. The frequency of
rare side-effeco. especially than: not observed during the
survey period, could not be reliably estimated. For example.
the power of this survey was adequate (>80%) for events
with a true underlying rate of occurrence of 31.7%, but would
need to include more than seven times as many injecrions to
detect evens with a 1.0% prevalence.

The lower risk of minor bleeding at the glureal injection
site may be attributed to its lower blood flow (Evans et al..

1975) as well as the fact that most gluteal i.m. injections are
actually intralipomatous (Coclrshott et at, 1982) and adipose
tissue blood flow is even lower than muscle. Conversely, the
reason for the higher rate of discomfort followmg gluten)
injections is unclear and conflicts with experimental observa-
tions that intralipotnatous injection causes less local toxicity
than i.m. injection of irritant psychoactive drugs in rabbits
(Svendsen er aL. 1985). The precise cause of injection pain
remains unclear (Travail. 1955). although presumably local
cytotoxicity due to insertion of the injection needle as well as

> ‘ '. ,1” s».iw...—tz'_:....»...,.- ........... .o‘

 

the chemical nature of the dmg. 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 pmsure on the injection site may
be more common after gluteal injections (cg. during sleeping
or sitting) than for Other sites.

More serious local injection site side—effects. including
sciatic nerve damage, muscular fibrosis, gu gangrene, and

diatai'ischaemia following intra-arren’al injection were not
observed in this survey. consistent with their rarity among
adults. We also observed no evidence of either acute or chronic

infiartunatory reactions which have been reported rarely to
cause lipogranuiomas and/or pseudoturnour foreign body reac-
tions (Symmets. i955: Balagh. 1986; Hamann 9! (IL. 1990;
Khankhanian and Hammers. 1992) causing diagnostic confu.
slon and serious clinical consequences. As inflammatory rear:-
tions have been reported following subdcrmal injections of
vegetable oils alone (Brovvn at at, 1944) or cOnraining non-
sreroidal drug esters (Hamann et at. 1990) while aqueous
suspensions of testosterone errors are non»irtitating (Behre and
Nieschlag, 1992). the sidcaeffccts observed in this Study are
most likely to be attributable 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 at least 2%, this figure provides an upper limit for the
likelihood of such reactions which were not observed during

our study. 5/
The only systemic side—effect observed was coughing ruc-

tions consisting of sudden-onset. non-productive coughing
'with or without faintncss which was observed on eight occa-

sions giving a prevalence of 15% [95% (confidence interval
0.6—2.9%)]. AlthOugh disturbing to subjecs. the c'oughing was
transient. lasting for 10 min at most and subsided spontaneously
without known sequelae. Acute drug-related respiratory distress

not due to branchospasm or laryngopulmonary oedema is rare
but has been. described after i.m. administration of an oil-
based solution of pitrcasin tannate (Hoigne er cl. I990). The
sudden onset of coughing without wheeze or injection site

reaction together with a history of uneventful injections before

and after the episodes suggests an idiosyncratic. mechanical
phenomenon related to a particular injection. Neither allergy
to testosreronc cnanthare or.the castor oil vehicle have been

reported and would seem clinically unlikely given the isolated
occurrence of the events and speed of onset. We speculate that
these respiratory rcacrions may be due to pulmonary oil
microcmbolizat‘ton following lymphogenic (Svendsen et aL.
1980) or venous abSOrption of oil (Svendsen and Aces.
lorgensen, 1979). leading to nutrient acute pulmonary hyper-
tension possibly related to mechanical vascular occlusion and
or inuavascular liberation of free fatty acids from hydrolysis
of the oil (Hofmann at at. 1976; Szabo er al, 1977). Clinicall:

significant pulmonary manifestations of oil embolism ham
been reported following injection of 2.5 m1 oil reaching thl

bloodstream (Bron er 0].. 1963; Cough and Thomas. l964)
The relatively mild clinical manifestations observed with on

Smaller injection volume (0.8 ml) are consistent with thi
mechanism. An alternative. albeit unlikely, explanation tha
cannot be fully excluded is that intralipomatous injcctim
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may rarely provoke embolism of cellular fragments such as
adipocyte lipids. “lite low frequency and mild clinical features
observed do not require any major change in current Standard
clinical practice but suggest caution when injecring larger
volumes of oil i.m. Apart from the recent addition of warnings
concerning the occurrence of ‘coughing fits. urge to cough and
respiratory disrress' to the product infonntttion for testosterone
enonthare. such side-effects do not appear to have been reported
previously. -

We conclude that deep i.m. injections of testosterone man.
that: in castor oil vehicle are generally safe and reasonably
tolerated when administered by n single experiment! research
nurse. Minor sideeeffects, mainly pain and bleeding, are
relatively common but serious side-effects are rare. The
anatomical site. but not-laterality, of injections influences
tolerance. as the gluvcal site has fewer overall side-effects and
is less prone to bleeding but more liable to pain then the
deltoid or thigh sites. Coughing reactions, nor previously
reported but observed after 1.5% of injections. we Speculate
may be due to pulmonary oil microembolization. As our
observations reflect the properties of an oil vehicle, similar
findings would be expected with other similarly. formulated
drugs. These findings highlight the need for better depot
testosterone formulations for patients requiring life-long andro-
gen replacement therapy. as well as for future regimens for
hormonal male contraception.
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REVIEW ARTICLE

Excipients and Their Use in lnjectable Products

SANDEEP NEMA‘, Fl. J. WASHKUHN, and B. J. BRENDEL

Mallinckratlt Medical, Incorporated, Saint Louis, Missouri
 

ABSTRACT: Formulation ofa new drug product with excipients, that have been previously added to an approved
injectable product, may save pharmaceutical companies developmental time and cost. The Pltysicians’ Desk
Reference (PDR) and Handbook on lty'ectable Drugs were reviewed, extracting all information on excipt'ents. The
information was consolidated into eigltt tables, categorizing excipients as l) Solvents and Coco/rents. 2)
Solttbilizing, Wetting. Snspending, Enntlsifi'ing or Thickening agents, 3) Cltelatt'ng Agents, 4) Antioxidants and
Reducing Agents, 5) Antimicrobial Presen'atires, 6) [infers and pH Adjusting Agents, 7) Bulking Agents.
Protectants, and Tonicity Adjusters, and 8) Special Additives. Where applicable, tables list frequency of use,
concentration, and an example ofa commercial product containing the excipient. Excipients which are included in
the [996 FDA ‘luactire ingredient Guide, ' but do not appear in the PDR or Handbook on lnjectable Drugs, were
included as a separate list.
 

Introduction

lnjectable products require a unique formulation strategy.
The fortnulatcd product has to be sterile. pyrogen free and,
in the case of solutions. free of particulate matter. Preferably,
the formulation will be isotonic, and depending on the route
of administration (for instance, for intro-spinal or intra—
cistcmai 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-
parenternl route. The requirement for sterility demands that
the excipients be able to withstand autoclaving or other
sterilization processes. These factors limit the choice of
excipicnts available to the formulators.

Generally. a knowledge of which cxciplents 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 cxcipients are combined with other
additives and/or with a new drug, creating unforeseen
polentiation or synergistic toxic cffects. Regulatory bodies
may view an cxcipicnt previously approved in an injectablc
dosage form favorably, and will frequently require less
safety data. A new additive in a formulated product will
always require additional studies adding to the cost and
titncline 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 this was published in 1980 (1).
Products approved outside the US are not covered in this
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review. Also, sterile dosage forms not administered parenter-
ally, such as solutions for irrigation, ophthalmic or otic
drops, and ointmeitts were excluded.

Methodology

Physicians’ Desk Reference published in l994 & 1996 (2,
3), and Handbook on Injcctabie Drugs (4) were used as the
primary source of information. Entries on all injectablc
drugs were summarized in an Excel worksheet. Each

product was classified by Manufactui'er, Trade name, Drug
name, Route of Administration, SVP/LVP, pH of Product,
Solvent Used. Solubilizinnguspending Agent, Prcservalive,
Antioxidant. Chelntor 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 classified as buffers and not as chelah
ing agents, and ascorbatcs 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 ‘audicnce with
easy-to’rcad tables.

Some duplication was unavoidable. Tables VII and VIII
contain some excipients which may have also been listed in
the first six tables. Whenever the reference specifically
designated a specific function to an ingredient it was
re—listed in Tables VII and VIII. For example, glycine can be
used as a buffer or as a stabilizing (protecting) agent.

Therefore, glycine is listed in Tables Y1 and VII. Methyl
paraben is a preservative (Table V) but also has a special
function in Adriamycin RDF“ fonnulation'(Table VIII).

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-solvents 

Exeipient Frequency Range

 

ExampleWWW

Bcnzyl Benzoate 2 20% vlv Demeestosterone“ (Upjohn) 20% v/v
Cottonseed Oil X 73.6% wlv Dcpo~’1'estoslerone1D (Upjohn) 73.6% wlv
N.N Dimethylaoetamide l 6% \v/v Vumon9 (Bristol Myers) 6% \v/v
Ethanol 24 06-80% Progral'a (Fujisawa) 80% vlv
Glycerin (Glycerol) 9 1.640% wlv Multitest CHI“ (Connaught) 70% wlv
Peanut oil I " Bal in Oil” (Becton Dickinson)
Polyethylene glycol

PEG 4 0. l 540% Secobarbital sodium (Wycth~Ayerst) 50%
PEG 300 2 50—65% Vel’esidEl (Bristol Myers) 65 ‘32 wlv
PEG 400 2 “ Alivanfi> (Wyeth-Ayers!)
PEG 3350 5 0.34% Dcpo—Medrol" (Upjohn) 2.95% w/v

Poppyseed oil I 1% Ethiodots (Sayage) 1%
Propylene Glycol 25 02.75% Temtfiycan Solution (Roerig) 75.2%
Sal'llowcr oil 2 5—1090 Liposyn itJD (Abbott) 10%
Seasmc oil 6 * Solganal lnj.” (Schering)
Soybean oil 4 54.0% wlv lntmllpidfl (Clin,tce)_20%2
Vegetable oil * Virilon IM lnj.up (StaFPgan‘naceuticals)

‘ No data available.

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 excipient. specifically
those which use extremely low or high concentrations.

. Discussions

Table I list solvents and co-solvents used in parenteral
products. Water for injection 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
salllower 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% ofparcnleral co-solvcnt systems. It is surprising to
see propylene glycol used more often than polyethylene

glycols (PEGs) in spite of its higher myotoxieity and
hemolyzing effects (5. 6). Probably, the presence or genera—

tion of peroxides in PEGs is a majorlimitation.
Table It includes a broad category of exclpients whose

function in formulation could lac—(I) Viscosity imparting or

suspending agents like carboxy methyl cellulose, sodium
carboxy methyl cellulose, sorbitol, acacia, Povidone, hydro—

lyzed gelatin; (2) Solubilizing. wetting or emulsifying
agents like Cremophore EL, sodiumdesoxycholate. Polysor’
bate 20 or 80, PEG 40 castor oil. PEG 60 castor oil, sodium

dodecyl sulfate, lecithin or egg yolk phospholipid: (3)
4 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, wetting and
emulsifying agent.

Only a limited number of chelating agents are used in
parenteral products (Table III). They serve to complex heavy

 

 

TAB LE ll

Solubillzing. Wetting, Suspending. Emulsifying or Thickening Agents

Excipienl Frequeney Range Example

Acacia 2 7% Tuberculin Old TestE (Lederle) 7%
Aluminum monosteantle l 2% Solganal lnj.db (Schering) 2%
Carboxy methyl cellulose 4 l% Bicillin” (\Vyeth-Ayerst) 0.55%
Carboxy methyl cellulose. sodium 9 (ll—0.75% Lupron Depot1b (TAP) 0.75% wlv
Cremophore EL" 3 50—65% \v/v Sandintmune” (Sandoz) 65% wlv
Desoxychotate sodium 1 0.4% \v/v Fungizone” (Bristol Myers) 0.41% wlv
Egg york phospholipid 3 I29: lntmlipidfl' (Clinlec) 1.2%
Gelatin, Hydrolzyed l l6% wlv Cottonci9 (Merck) 16% w/v
Lecithin 7 0.4— l 2% \vlv Diprivan‘D (Zeneca) 1.2% wlv
Polyoxyethylatcd fatty acid , l 7% wlv AquaMcphyton” (Merck) 7% wlv
Polysorbate 80 (Tween 80) 31 0.014296 Cordarone X Lit“. (Wyeth-Ayers!) 10%
Polysorbate 20 (Tween 20) 5 0.01-0.49: Calcijex“ (Abbott) 0.4% \v/v
PEG 40 caster oilM l I 1.5% v/v Mon’tstnt“ (Janssen) H.556 v/v
PEG 60 caster oil‘" I 20% \v/v Progral's (Fujisawa) 20% wlv
Povidone (Polyvinyl pyrrolidone) 6 05—06% \v/v Bicillin" (\VyetltcAyerst) 0.6% wlv
Sodium dodecyi sulfate (Na lauryl sulfate) 1 0.018% wlv Proleukina (Cetus) 0018% “W
Sorbitol 3 25—50% Aristrospan’ (Fujlsawa) 50% v/v 

' Cremophur EL: Etocas 35. polyethoxylalcd castor oil. potyosyelhylcnc 35 castor oil.
” PEG 40 caster oil; polyuxyl 40 raster oil. castor oil POE40, Croduret 40. polyoxyethylenc 40 Castor oil. Pmtachcm CA—to.
"' PEG 60 hydrogenated castor oil; Crcmophor RH 60, hydrogenated pastor oil P0560. Protachem CAH-oo.
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TABLE lll

 

 

Chelating Agents

Exclplent Frequency Range Example

Calcium disodium 9 001—0.] % Wydascs (Wyeth-
EDTA‘ Ayerst) 01% \v/v

Disodium EDTA 34 OBI-0.1% Calcijexa‘ (Abbott)
0.11% wlv

Sodium EDTA 1 0.20% Folvitc" (Lederle)
0.2%

DTP/5W"l l 0.04% Magnevisr‘ (Berlex)
0.04% 

“ EDTA - Ethlenediaminetetraacetic acid.
“ DTPA = Dicthylenetriamincpcntaacetic acid; Pentctic 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 calcium 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 majority of antioxidants used in parenteral
products despite several repons of incompatibilities and

toxicity (7, 8). Butylatcd hydroxy anisole, 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 formulations (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 propyl paraben. Thimerosal was
surprisingly common, especially in vaccines, even though
some individuals have sensitivity to mercuriCs. Chlorocresol

is purported to be a good preservative for parenterals, but
our survey did not find any examples of commercial
products containing chloroeresol.

Table VI lists buffers and chemicals used to adjust the pH
of formulations. Phosphate, citrate, and acetate are the 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),

sulfate (Nebcin, Tobramycin sulfate. Lilly), besylate

 
 

 

 

 

 

 

TABLE IV
Antioxidants and Reducing Agents

Excipient Frequency Range Example

Acetone sodium bisulfite 4 02—04% w/v Novocaine0 (Stimuli-Winthrop) 0.4% w/v
Ascorbatc (sodium/acid) 7 0.1—4.8‘7o wlv \r'lbramycin8 (Roerig) 4.8% wlv
Bisulfite sodium 28 0.02—0.66% w/v Amikina (Bristol Myers) 0.66% w/v
Butylated hydroxy anisole (BHA) 3 0.00028—0.03% w/v Aquasol’3 (Astra) 0.03%
Butylated hydroxy toluene (BHT) 3 0.001 164.03% w/v Aquasol” (Astra) 0.03%
Cystein/Cysteinate HCl 2 0.07—0.10‘7a wlv Acthar GelE (Rhone-Poulanc) 0.l% w/v
Dithionite sodium (Na hydrosulllte, Na sulf- l 0.10% Numorphan1g (DuPont) 0.10%

oxylate)
Gentisic acid l 0.02% \vlv OctreoScan” (Mallinckrodt)
Gentisic acid ethanolamine l 2% M.V.l. 123' (Astra) 2%
Glutamate monosodium 2 0.1% \v/v Varivas” (Merck) (11% “IN
Formaldehyde sulfoxylate sodium 9 0075—0596 w/v Terramycin Solution (Roerig) 0.5% w/v
Metabisulfite potassium l 0.10% Vasoxylz’ (Glaxo-Wellcome) 0.10%
Metabisulfite sodium 29 0.02—1 % w/v Intmpin® (DuPont) 1% wlv
Monothioglycerol (thicglycerol) 6 0.14% Terramycin Solution (Rocrig) 1%
Propyl gallate 2 0.02% Navanc” (Roerig)
Sulfite sodium 7 ODS—0.2% w/v Enion" (Ohmeda) 0.2% w/v
'l‘hioglycolate sodium 1 0.66% \v/v Sus~Phrine9 (Forest) 0.66% \v/v

TABLE V
Antimicrobial Preservatives

Exciplcnt Frequency Range Example

Benzalkonlum chloride 1 0.02% \v/v Celestone Soluspan” (Schering) 0.02% w/v
Benzethonium chloride 4 0.01% Benadryl” (Parke‘Davis) 0.0t% wlv
Benzyl alcohol 74 075—579 Dimenhydt’inutea (Steris) 5%
Chlorobutanol 17 0.25—0.5% Codinc phosphate (\Vycth-Ayerst) 0.5%
m-Cresol 3 0.|-—0.3% I'lumatrope3 (Lilly) 0.30%
Myristyl gamma-picclinium chloride 2 00195—016956 w/v Dope—Prevent” (Upjohn) 0.169% w/v

Paraben methyl 50 ODS-0.18% lnapsine‘” (Jansscn) 0.l8% w/v
Paraben propyl 40 0.01—0.1% Xylocaine wIEpinephrine (Astra) 0.1% \vlv
Phenol 48 02—05% Calcimar” (Rhone Poulanc) 0.5% WIv
2-Phcnoxyelhanol 3 0.50% l-lavriirit (SmithKiinc Beecham) 0.50% \vlv
Phenyl mercuric nitrate 3 0.001% Antivenin‘ (Wyeth'Ayerst) 0.001%
Thimcrosal 46 0.003—0.0l 9i: Atgam9 (Upjohn) 0.01%
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TABLE VI

Buffers and pH Adjusting Agents 

 Exclpicnt Example
Acetate

Sodium Miacatcin Injection13 (Sandoz)Acetic acid
Glacial acetic acid
Ammonium

Ammonium hydroxide

Miacalcin Injection? (Sandoz)
Brevibioc Injection” (Ohmcda)
Bumex Injection” (Roche)
Triostat I njection’l‘l (SmithKIine

Beecham)
Tracrium Injection” (Glaxo-Welloome)
Valium Injection” (Roche)
Cefotan Injectionm (Zeneca)
HypoRho-D1c (Bayer)

Benzene sulfonic acid
D enzoate Sodium/acid
Bicarbonate Sodium
Carbonate Sodium
Citrate

Acid DTlC—Domefl (Bayer)
Sodium Ceredasela (Gonzymc)
Disodiurn Cerezyme9 (Genzyme)
Trisodium Ccrezyme" (Genzymc)

Diethanolamine Bactrim IV‘D (Roche)
Glucono delta lactone Quinidineflt (Lilly)
Glycine Hep‘B Gammagcefl (Merck)
Hydrochloric acid Amicafi’ (Immuncx)
Hydrogen bromide ScapoIamine (UDL)
Lactate acid/Sodium Fentenyl citrate & Dropcridol (Astra)
Lysine Eminase Injectiona (Roberts)
Malcic acid Librium Injectiona (Roche)
Methanesulfonic acid
Monoethanolamine
Phosphate

Acid (phosphoric) I-lumegons (Organon)
Monobasic potassium Zantac Injection” (Glaxo-Welleome)
Monobaslc sodium‘ Pregnyl8 (Organon)

DHE-45 Injection” (Sandoz)
Ten‘amycin‘Sqution (Roerig)

 

Dibasic sodium” Prolastln" (Bayer)
Tribasic sodium Synthroidm (Knoll)!

Sodium hydroxide 0ptiray® (Mallinckrodt)
Sulfuric acid Nebcin“ (Lilly)
Tartrate acid/sodium Methergine lnjectlon‘E (Sandoz)
Trometharnine Optimy® (Mallinckrodt)

* Sodium biphosphate. Sodium dihydrogcn phosphate or Na dihydrogen
unhaphosphate. '

” Sodium phosphate, Disodium hydrogen phosphate.

(Tracrium Inj., Atmcurium besylate) or mesylate (DHE 45
Injection, Dihydroergotaminc mcsylate) salts. Glucono delta
lactone is used to adjust the pH of Quinldine gluconate
(Lilly). Benzoate buffer. at a concentration of 5%, is used in
Valium Injection. Citratcs are common buffers that can have

a dual role as chelating agents. Lysine and glycine are amino
acids which funttion as buffers and stabilize protein and
peptide formulations. Those amino acids are also used as
lyo—additives and may prevent cold denaturation. Lactate
and tartrate are occasionally used as buchr systems.

Table VII lists additives which are used to modify
osmolality, and as bulking or lyo-cryo protective agents.

Dextrose and sodium chloride are used to adjust tonicity in
the majority of formulations. Some amino acids,‘gtycinc,
alanine, histidinc, imidazote, argittine, asparagine, aspartic
acid, are used as bulking agents for lyophilization and may
serve as stabilizers for proteins or peptides and as buffers.
Monosaccharides (dextrose, glucose, lactose), disaccharide

(sucrose), polyhydric alcohols (inositol. mannitol, sorbitol),
glycol (PEG 3350), Povidone (polyvinylpyrrolidone), and

- proteins (albumin, gelatin) are commonly used as lyo—
additives. I
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TABLE VII

Bulking Agents. Protectanls. and Tonicity AdjustersWW

Exciplent ExampleWWW

Alanine Thrombate lll1° (Bayer)
Albumin Biot:latt:"‘1 (Arco)
Albumin human Botmtea (Allergan)

Amino acids Haw-ixa (SmithKline Bcccham)

 

L-Arginine Activasc” (Genentech)
ASpamgine Trce ECGm (Oganon)
L‘Aspanic acid Pepcidv (Merck)
Calcium chloride Phenergan Injection” (Wyeth~Ayerst)
Citric acid SensorcaineoMPF‘ (Astra)
Dextrose Betaseron” (Berlex)
Gelatin hydrolyzed Acthar" (Rhonc—Poulanc Rorer)
Glucose Ivcegam“ (immuno—US)
Glycerin 'I'rce BCG3 (Oganon)
Glycine Atgam Injection’a (Upjohn)
Histidine Antihemophilic Factor, human

(A In. Red Cross)
Imidazolc Helixate” (Armour)
lnositol OctreoS can19 (Mallinckrodt)
Lactose Caverjects (Upjohn)
Magnesium chloride Terramycin SolutionID (Rocrig)
Magnesium sulfate 'I'ice BCG" (Oganon)
Mannitol Elspara (Merck)
Polyethylene glycol 3350 Bioclate” (Arco)
Polysorbate 80 Hclefllc‘B (Armour)
Potassium chloride Varivax” (Merck)
Povid one Alkcmn’ (GIaxo-Wellcomc)
Sodium chloride WinRho SD19 (Univax)
Sodium succinate Actimmunc” (Gcncntcch)
Sodium sulfate Depo—Provera” (Upjohn)
SorbitoI Panhetnatin” (Abbott)
Sucrose Prolastin‘B (Bayer)

Special Additives

These additives have been included in pharmaceutical
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
saturated solution of 10% wlv; calcium d-saccharate

tetrahydrate 0.46% wlv is added to prevent crystalli-
zation during temperature fluctuations.

(2) Cipro IV® (Ciprot'loxacin, Bayer) contains lactic
acid as a solubiliziag agent for the antibiotic.

(3) Premarin Injection” (Conjugated Esrrogens. Wyeth-
Ayerst Labs) is a lyophilized product that contains
simetlticone to prevent fomaation of foam duriu
reconstitution. ‘

(4) Dexamethasone acetate (Dalalonc DP. Forest,
Dccadron-LA, Merck. Dalalone DP Injection, UAD
Labs) and Dexarnethasone Na phosphate (Merck)
are available as suspension or solution. These dexa~
methasone formulations contain creatinc or creati-
nine as an additive.

(5) Adriamycin RDF® (Doxorubicin hydrochloride,
Pharmacia) contains methyl paraben. 0.2 mg/mL, to
increase dissolution (10).

(6) Ergotrate maleate (Ergonovine maleate, Lilly) con-
tains 0.1% ethyl lactate as a solubilizing agent.

(7) Estradurin lnjection® (Polyestradiol phosphate,
' Wyeth«Ayerst Labs) uses Niacinamide (12.5 mg/ml)
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TABLE Vlll

Special Additives 

Exciplcnt Example 

Acctyl tryptophanate

Aluminum hydroxide
Aluminum phosphate

Aluminum potassium sulfate

E—Aminocaproic acid
Calcium d~sacchamte

Caprylatc sodium

S—Chlorothcophylli ne
Creatine
Creati nine

Diatrizoic acid

Gamma Cyclodextrin
Ethyl lactate
Ethylenediamine
L—Glutamate sodium
Iron ammonium citrate
Lactic acid

D.L—Lactie and Glycolic acid
copolymer

Maltosc

Meglumine
Niacinamide
l‘araben methyl
Protaminc

Simethicone

Sodium sacchutin

Tri-nsbutyl phosphate

von Willebmnd factor
Zinc

Human Albumin {American Red
Cross)

Recombinant HBE‘ (Merck)
Tetanus Toxoid Faisal-bed1p

(Lederle)
TD Adsorbed Adult”

(Connaught)
Eminase” (Roberts)
Calcium Gluconatc (American

Regent) .
Human Albumin (Ame‘n'can Red

Cross)
Dimcnhydrinnte (Steris)
Dalalone DPE (Forest)
Hydrocortone Phosphate

(Merck)
Conray (Mallinckrodt)
Cardiotec (Squibb)
Ergotrate maleate” (Lilly)
titminophyllinea (Abbott)
Kabikinase” (Pharmacia)
the BCG3’ (Oganon)
Cipro 1V3 (Bayer)
Zoladcx® (checa)

Gamimune“ (Bayer)
Magnevist1D (Berlex)
Estradurin‘9 (Wyeth~Aycrsl)
Adriamycin RDFs (Pharmacia) '

I Insulutartl NPH" (Novo
Nordisk)

Premarin Injection” (Wyeth-
Ayerst)

Compazine Injection” (Smith-
Kline Beccham)

Venoglobtrlina (Apha Thera~
peutic)

Bioclatc” (Arco)
Lentc Insulin” (Novo Nordisk) 

TABLE lX

List of Excipient from 1996 FDA ‘lnactivo Ingredient Guide’ 

Ammonium sulfate

Benzyl chloride
Butyl paraben
Caldiamide sodium
Callen’dol calcium
Castor oi}

Cellulose (microcrystullinc)
Cholesterol
Deoxychotic acid
Diatrizoic acid

Dicyclohexyl carbodiimide
Diethyl amine ’
Dimyristoyl lecithin
Dimyristoyl pltosphatidyl-

glycerol
Disol'enin
Docusate sodium
Edamine
Exametazime

Gluceptate sodium
Gluccptate calcium
Glucuronic acid
Guanidinc HCl
[ofetamine HCl
Laclobionic acid

Lecithin hydrogenated soy
Lidofenin
Mcdrofenin
Medronate disodium
Medronie acid

Methyl boronic acid
Methyl cellulose
Methylene blue
Nv(carbamoyl~mcthoxy poly-

ethyleneglycol 2000)cl,2-
distearoyl

Nell-.hydroxyethyl piperazine
N’-2' ethane sulphonic acid

Nioxime
Nitric acid

Oxyquinoline

i
g
i
lPentetatc (DTPA) calcium

trisodium
Poloxamcr i65
PEG 4000
PEG 600

Polyglactin
Polylactide
Poiyoxyethlenc fatty acidesters

Polyoxyethylcne sorbitan
monosterate

Polyoxyl 35 Castor oil
Polysorbate 40 t
Polysorbate 85
Potassium hydroxide
Potassium phosphate, dihasic
Sodiu m bisull'ate
Sodium chlorate

Sodium hypochloride
Sodium iodide

Sodium pymphosphate ]

Sodium thiosulfate. anhydrous lSodium trimetaphosphate .
Sorbitan monopalrnitate
Stannous chloride
Statlnous fluoride 3
Stannous tartrate 1
Starch
Succimer
Succinic acid ‘ t
Sulfurous acid

Tetrultis (l-isocyano-Z—me-
thoxy-thetltyl-propante)
copper (i) To

Thiazoximic acid
Trilhiazoximic acid
Urea
Zinc acetate
Zinc chloride
Zinc oxide

2-ethyl hexanoic acid i
PEG Vegetable oil

  

 

(8)

(9)

(10)

(ll)

(12)
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as a solubilizing agent. Hydeltrasolfit (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. checa) is adminis-
tered subcutaneously as microspheres. These spheres
are made of D,L-[actic and glycolic acid copolymer.
Lupron Depot Injection. (TAP) are lyophilized mi-
crospheres of gelatin and glycolic-lactic acid for
intramuscular injection.
Gamma cyclodextn‘n is used as a stabilizer in
CardiotecCB at a concentration of 50 mg/mL.
Sodium caprylate (sodium octoate) has antifungal
properties, 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 (Nmethylglucamine) is used as an ex-

(13)

(14)

(15)

cipient 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 (I l). Meglumine is also added to Magnevist‘l’, a
magnetic resonance contrast agent, formulation.
Surprisingly, sodium saccharine is used in Stelazine®
and Compazine‘? formulations; our guess is that it
serves as a stabilizer and tonicity adjuster.
Tri-n-butyl phosphate is present as an excipicnt in
human immune globulin solution (Vcnoglobulin®).
Its exact function in the formulation is not known,

but it may serve us a scavenging agent.
von Willebrand factor is used to stabilize recombi-

nant antiltcmophilic factor (Bioclate®).
(16) Maltese serves as a tonicity adjuster and stabilizer in

(i7)

(13)

immune globulin formulation (Gamimune N3).
Epsilon amino caproic acid (6-nmino hexanoic acid)
is used as a stabilizer in anistrcplase (Eminase injec~
tion®).

Zinc and protaminc have been added to insulin to
form complexes and control the duration of action.

FDA Journal of Phannaeeutlcat Science 8. Technotogy
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Recently, FDA has published ‘lnactive Ingredient Guide’ 5. K. \V. Rccd and SI Y5]khws}9‘.j.‘zLysis of human red blood cells in the : if

which lists all Ihe excipicnts in alphabetical order. Each gégcs'iccdm’m“ c“‘“"“““*“ J- ”mm" 3“ 75d”’”’~39(2)v54 % ‘;
ingredient ‘5 followed by the route or admlmslralion (for 6. G.A.Bazcau and H0~Leung Fung. “Use ofnn ln-vilro modcl for the ‘.. . a l
example, 1v, oral) and, m some cases, the range ofconcentm— assessment ofmusclc damage from intramusculnl injections: Inwilro. ; I
lion used in the approved drug product. However, this list Era-vim camlation andlprcdictabiluy wnh mixed solvent systems," ‘‘ . P (arm. Res. 6(9). 766( 989).
does hot pl'OVlde the name of commerclal product(s) corre- 7‘ 1. W. Mum“, A. Hussain. and R. Biluus. upmammnary new for use
spondmg to each excipiem. Table [X is a summary of all the 0’ bisulfilc in phannaceufical formulation" J. Pharm. Sci. 66( 12»
cxci ' nts w ‘ch :1 i ‘ ‘ ' ‘ "75097” ._ple’ 1" re ncluded m the Inactive Ingredient B. L. C. Schmeter, “Sulfurous acid salts as pharmaceutical antmxidams."
Guide, but do not appear 1n PDR or Handbook on Injeclable I, mam 5d“ 5001). 39; “95”
Drugs. 9. R. Dnbbnh. “The usc «preservatives in compendial anicles.“lerma-

mpeial Forum, 22(4), 2696 ( I996).
. , [0. T. J. Human. M. A. Smfihe. K. Kaufmann. Z Miloboszcwski, J.

References ‘ l O’Mallcy, and R. P. Fudgc, “Dissolution times of adriamycin and
ndriamycin RDF,"Am. J. Haxp. I’lmrm.. 4S, 1667 (I938).

I. Y. J. Wang and R. R. Kowal, “Rcview of cxcipients and pH‘s for H. Y. J. Wang. T. C. Duh], G. D‘ Lecsrnan. and D. C. Monkhouse,
parenteral products used in the United Sum-s." J. Parcmcr. Sci. thh- “Opfimiution of autoclave cycles and selection of formulation for
"0]., 34(6). 452 “980). pan-Metal product, Pan H: EIcht of counteroion on pl! and slability of

2. Physicians‘ Desk Rcfcrcntc.ed. 48, I994. diatrizoic acid at autoclave {umpcmlumfi‘ J. Pnrcmu: Scf. Teclmol.,
3. Physicians‘ Desk Refermcc,cd. 50, [996. _ 38(2). 72 (1984).
4. L. A. Tassel, “Handbook on Injectable Drugs," cd. 8. American 12. ‘lmctivclngredicnl Guide,‘ Division of Drug Information Resources,

Society of Hospital Pharmacists, Inc, 1994. FDA. CDER. January 1996.
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Copyri ht 6; mo. i973. Selleriag Corpora—
tion. A riuhlil reserved

PRGLWDN"
arsed ai progesterone iniaation, N.F.
Injection
Description: PROLU'I‘GN nohiavos all al‘ the
definitely established eli‘ecta ei‘the corpus Iu-
taum hormone on the uterus. it causes the
secretory phase of the andemetrium to doveli

Continued on next pageW

information on Beharlno products appearing
on these pages ls atieeilve as of September
30, “in Ballerina product: when active in-
gredients ars listed in Medicare-approved
oharmaeouuoai somoandia appear at the ba-
glnnlng oi the Behaving Product lnlormutian

 
aeolian.

 
in the skin. Either method. though imedllfi V

plantation are the inil'alcapulur region or the :
poeterior axillary line. Mouth: monolithic »
must be obeervcd 'es lbr any musical meat ‘

mm. deep) into the oidn with a 's‘nare mnpei
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Schering—Cont.

o and uttsin u to Ian times its ori no!
tgicknnu. with dfltontlon and activity a the
lands and orolbund hyporumlo. Gmoiost of-

ilntironoss ol‘ pmflmienmo doponds on provi-
nus primingoi‘ iho endomotrlum with ash-o-

iis. PROLU'I‘ON (bf introrhusoulnr nomin-tion coninlns in each no. of solution to.

Moreno. NE. 50 mg; bansgi alcohol. .171.mg; bonsyi bsnsooto. 15.6. ., the in»; pro

. Wyombon, um. 1.0 my and solemn oil.Indlooliousi PROLU'T‘ON is infiltrated in he-
liituol and threatened abortion. premium in-
bar. mnstiunni uterine bleeding. Nnouonnl

dymnonorrhoo. (flmmsnltl'fl-fl-i. tension. psi-mory and sooon i7 nmnnnn‘unn and femnio
l ’ pananndlsm.
G‘lmtremdiootionu Hypersensitivity or ton
in reactions to any of this component: non-
trulodlootos its use. ngnstemns is also oon-
trolndisstod in silonts with im aired ronni
function. mim or incomplete o rtlon. eon-
oinoom of tho broom and undingnoeod [Izmir
till biwding.

A history or the frescoes oi‘ thrombophlobi-us. thrombnombo lo disorders. comm-ovation-
Inr nosldoot, or pulmunsr umbollsm also con-
u-eindisntos tho use of th s product.
Pmluilnm Administer cautiously in po-
tionts who hnvo hi6 periodic- attic-its of oath-
ms. mlmino. or epilepsy: theeo condition:

may be oxnoerbeted lay pmgostorono. Pn-tiuntn with o histo of psyo io dnpression
should be usefully rved: tho drug should
he disoentinuod if‘ this depression recurs to n
sorious degree. Fluid rotontion may occur; ohv
sons outlooks with onnlino or mini dysnmo-
tion moth").
Advsrsn [inaction Edema. urtiosrin. pruri-
his vulvne. nstrointostinni disturhunm
(onunoo. vomit no. dlnrrhon). uioorotlvu stu-
mstitis hondncho, weight gain. and loco! lrri»
inlloo.
Dosage and Admioiztrotlom ”ultimo!

fihoi‘lwnwl’ROLll'NN '5 to an mm. shouldwon throe tlmos o wank. commencing
this W with tho early diagnosis of reminis-
iiy and continuing ihsvughtho oi hi; month.

' Alli-1m“ of stress end soloists momma. 25
" mqi‘shoulil be givon dull . Threatened Abon‘: ” . =4“ titlo’ltlor. ill issue. marinara PRQLLL

Wall in? tow in .doin thould ho ndmlnis-
Wins ion as oro nro polns nnd bleedlnf.

. on s nip ova subsided. tho dunno I' mafia; ill toilfims. dolly. ondmuihto. nod
a tliisi'lo’vol tlirouiit the ei hth month or

. anus. when n t are is pros
2 during ism, P 'OOYNO (outm-

fy,,‘Béiiioete. “380' my. may. be live" at

‘ mail u “intervals until symptoms Mo cori-' ‘ Sifikmhiunbubur—PRQLUTONRBLO
“in all?!“ ho ulvonxloiiy until symptoms

. is. “(notional Uiorins Bleeding—lilo.. idol or its in . on titan-into days.
' to to; s mom-Janina ei ht on...

s bolhts no patient is oxpoo to mom

.fibiwvm usual. 60 mg. dolly mos ho' i- . ‘nctionoimsmnorrhso, anmstru»

{an lonhilooommondod dosage is in to 253” during the lost oi hi to too closeto mostrusio.. ”ifI‘M ti“”i.iont‘is

‘ '. MilaBfimndong‘i-féifigtfi ”in:m
- ”of n onioulnlod momma! cycle altar

gamers“? during tho first two nooks.. i omission lilo;
' _Lli‘l'ON‘ shoe be-‘inlootod intramuscuu

, msusr'intrevooousiy. Bubeutnnoous inn
n at limos may give rise to poinnii local

9' , ctiooslmrnersloo oftho rinimomtnriiy
" .RLIWW water will facilitate ssoimtion into
- the syringe. A Signage. iV.-lnsh needle is

V is” milled (in {roosting tho all solution well

 
 

Product information

into the mussulor tissue. For ohm patiente.
n 30.5w . z-Inoh noodlo inn: be used. The
site ulun ly selocmd lhr illthilm is the upper
mim- quorlrnnt or the gluten! region. Anoint-
tion ehouid be dono boioro unveiling the com
tools oftho ringo in order to make cumin
n blood some hes not boon entered.
How Suppllodi PROLU‘IUN lidooiluo. 10 co.
multiplo-doso vials. boxes oi'l and ii.
NOTE: In cool wonthor, crystals mny uppcur
in tho vials. in which caso the viola should ho
warmed to bring the crystals book into solu-
tli’m before using,
Copyi‘i hi. (3) 1965. 1970 Boiierin Co o-
domA rlilhls rosorvod.' I rpor

HELLO . ii
brand of whoprooni

Trial-ts

Description: Cari-uprodol is Ndsopropyi-z-
mothyl-B-prooyid. li-prupnnotiiol dioorhs.mow
Aotinnsx Garim rodoi reduces muscle reins-
ntlnn in enimn by booking interneuronnl
activity in the descending rotioulur lbrmutlon
nnd spinal cord. Those are no periphorol or
nutonomic 0m“. Relini' oi‘ symptoms usual-
ly begins within 30 minutos nnd loom lbu: to
six hours,

Indications

Boson! on n rovlms ol‘this drug by tho Na.
tionul Academy pl Bellanca-Notional
Research Coimoli null!or othns innit-mm
tlun. FDA hse classified the indications
on lbllowt ‘
"Possibly" emseiive: lin- symptomatic re-
lief in conditions ohnrsttorlzed by nkeio-
to] muscle spasm and milti to moderoto
pain,
Finn} classification ol’ the lass-hhnn-omsc»

tin: Indicntlons roquiros further lnvosii-not on.

Contxuindiostlonn Corisoorodol is oontrnirr
dicntod in patients who hnvo huti oliornic or
idiosyncratic reactions to it or to minted 9mm;
pounds such on rneprobnmnte or mnbutnmnte
and also In isthmus Who have porphyrle or In
Whom noon min is ifiwfii
Warnings: The Lient should bo nomad
thnt norinopmdo may lmpsir the mental
sndlor physical abilities roqulrotl l'br tho pon-
lhrrnnooe of hounlous tasks such in driving
a motor vehicle or ummtlurmochiner .
Use onrisoprodol with motion In a lotion-
prnno individuals. Withdrnwsl eyinptnms in-
oludin shdomlnnl mmps, Insomnin, chilli-
ness. osdooho. and mum hs‘vo oceurrod
Following abrupt cessation of higher than reo-
ommootlozi domino There hsre been run: is-
stsnoes ol' psycholooicei dooondonss.
0n vary mro occosions. the ilrsi: doso ol‘oori-
suprodui he: been foliowoti by idiosynornLio
symptoms spoon-inn within minutns or
hours. Symptoms reported iiioludo “mime
ruinous. trensiml; numiripionin. dlulnsss.
outdo. temporary low oi‘vlsioo. dl lupin. my.
drlnsls. dysorthrin, agitation, oup orln, con.
fission. and disoriontniion. Symptoms usually
subsido ovor tho course all the nest. luvorul
home. Supportivo and symptomatic thernpy,
inoludlnl hospitalisation may bo nomssery.
Usage in premium Elslb usngo orthis drug
in promont worrien hos not boon ostsbllsh’od.
Thoroihro. tho expected benefits mun: he
wished tannins! tho mmntioi hounds. in [so
toting mothors receiving corlsoorodoi. tho
conconlrotion in bonnet milk is two to low-
time: that ol‘ motornol plume. This new
should in Milan into account when use of tho
drug is contomplolnd in nursing mothers.

  

 

Always consult!

Use or this drug in chlldrun i.

3"“de mic of .two a ts carleo ‘ '

or cnéimiamrl and 0%??ngmay on vo,op ro rim ’V
beoxcrcisod. p p to mi on ‘
Promotion-i Coriso ol is ‘ ‘

tho liver nnd more bytho kidnm' ‘ 'its Elm accumulation. caution ‘ "
omlsod in administration is poem,“ ’ ,
compromisod liver or kidney magmaAdrenal Reactions: Central is: -
motions: Drowelno- and other .
may roquirodosnge reduction. ‘ ' .
motion include dining“. .333":
tremor. agitation. irritnhiilt . no“ -
premise reactions. syncope. rum“3
Alismio or idiosyncratic "actions.
idiosynu'ntic reactions occasionslly .
3210;; are ulzifldmn within the:3 mm molo elion -

no passions costs“ with ilm i1! 1min;oryt omn mu rmo. r1 :
and lined drug omptiopnmwitwhl'e‘m. _
to meprobnnioie hnvo been Notified Vi ‘
lsopi-odol. Severe reaction: hassling
iii-ted by nslhmntic npisodns. film ‘
nous. diuinuss. nngioneurotie axioms;
log «you. hypotenuion, nnd unnehyshock. , '
ll‘such reactions do Damn. diwflflhuo
Drodol nod inidotn appropriate gym;
therapy. utilizis opinsphrina. ”on
minus. sod b y cortlomtamids.;in s
ntlng possib o allergic reactions, slsa t ‘allergy in nxclpionts , ‘ ~ l
Cardiovascular reactions; Tim " “sdlgf '7
turn! hypotension, and i‘hclei unhin'a .boon roportnd. " '
Gmiminlssiinni rmoilow Notions, Willi
hiccup. nod oplmistrie distres- hats
poi-sod. , ..
Hematologic motionl‘ W ‘
which othor drugs or viral in ‘ti
tho been nelhio. and pen ‘ .

bimodfio mylbufimiiaa h . .. n one and m. . W111
Egon nitributod to eerioopmdol. fbosons sod Administration:

grandad}: ti ihrndifits lining =.mg. ui' mos do 3‘. the. "

takgin at bedtime. Use ofthis soil; . . . .is not momrnoiideci ' ‘ ‘ ‘
- Ovoodou'aot OVerdosage oftsri
omducedstn r.con\n.shock

revision, eti , very mmly .
rornolninu in the stomach: « 4
end symptomatic thompy xi "l;
iiirotisn or blood preneu'ire ‘ _, .
mined. respiratory nosistoncer
vous system stimulaniil, nod . 'should be administered cu
oniod. ,
Cnrisopsodoi is inotnboiiseii.
excreted by tho kidney. A
do] MOI'dOIllfllJ espeflenu ill
liming ' oi‘ treatment
macaroni] y with the salami! ..
mote: diurseie, osmotic (mos
poritonool dialysis. and Ham -
pmdnlisdiolysoblo). . _
Curoi'ul monitoring of Mo . g ;,emery, and caution should. .,

hydrofluo- Garieopwd .1
mired In biologists! fluids’b

Eggimmies JF. oi oh .1
Hnuzdifluppliodtwlgfiuiink'l‘obm was , p is .,
with a brown Schoriog trades»
uni: ldantilloetion Molar-1.3;. will
tablets. ~ '
'ernwd under U5. Put. Nag ; ',

Copy/min was. 1972. Balm}. 'tion. rig is more-xi. -
[Elwwn in Product Men

is ’ 
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Squibb—.COnt.

dumone has been discontinued for 60 days be-
fore the test. Because of osteoblastic action of
estmgens, patients un‘th metabolic bone dis- ,
once or renal disease should be carefully oh- 1
served, Because of a Whle decrease in glu»
case tolerance, diabetic patients should be fol-
lowed closely. Any effect of prolonged use of 3
this drug on pituitary, ovarian, adrenal, he
Patio, of uterine function awaits further stud-IES. '

Adverse Reactions: In therapeutic doses,
undesirable hormonal effects are generally
minimal. However, because of exoesflve an.
drogenic or estrogenic stimulation, they mayW.
The following adverse reactions have been
observed following Doladumone therapy:
Virilization. manifested by hirsutism,
changes in the voice (hoax-senses or deepen-
ing), and acne. The phenomena ofvirilization
appear to be reversible except for some in-
stances of voice changes. Virilizntion 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, excessive and prolonged vagi-
nal bleeding, mastodynia, edema, erythems
and edema of the vulva, convulsions, pain at
the site of injection, sterile abscess, incom»
plate suppression of lactation and/or breast
sngorgsmant, and localized dermatitis.
Dosage and Administration: The usual doo-
sge for all indications except prevention of
postpartum lactation, 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.) rather than in the
time interval between injections.
For the prevention of postpartum lactation,
breast engorgement. and subsequent pain, 4
cc. should be given as a single injection Just
prior to the onset ofthe 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-
zion is not recommended.
Care should be taken to inject Deladumone
iaaply into the upper, outer quadrant of the
gluten] muscle following the usual precau-
ions for intramuscular administration. A dry
needle and syringe should be used. Use of a
vet needle or syringe may cause the solution
0 become cloudy; however, this does not af-
'ect the potency of the material.
ltorage: Vials of Deladumone may be stored
.1: room temperature. Storage at low temper-
,tures may result in the separation of some
rystalline material which redissolves readily
n warming. Deladumone in Union-aidea sin-
ledose preassembled syringes and car-
ridgo-ueedle units should be stored at rOOmamperature,

low Sugplied: Deladumone, vials of 5 cc;fnimatic single dose preassembled syringes
f 1 cc. and cartridge-needle units ot‘1 cc.

 

lELADUMONE® OB
'estostsrona Enanthata [360 mg] And
madlol Valarats [16 mg.) infection)
cecrlption: Deladumone OH is a sterile,
ng—acting preparation for the prevention of 5
station, providing a precisely balanced com-
nation of the naturally-occurring testicular
id follicular hormones in ester form dis—
lved in a vehicle of sesame oil with 2% (w/

3

Product Information

barons enanthate and 16 mg. estradiol valern
ate. (180 mg. testosterone ananthnte and 8
mg. eotrsdiol valsrate per cc}.
Actions.- Deladumone OB is a longnacting an-
drogeu-estrogen preparation. When used for
the prevention of lactation, a single 2 cc. in-
jection, administered as direcmd, effectively
inhibits the release of lactogenic hormone

 

- from the pituitary, thereby preventing lacta-
tion and the painful breast angorgement
which accompanies it. However, if breast
feeding is desired after Deladumone OB has
been administered, satisfactory release ofthe
lactogenic hormone and lactation may be hr
duced by the stimulus of suckling by the in.
fact. Involution of the uterus and resumption
ofmenstrual cycles are generally not affected
by Delsdumono 0B. ’
Deladumone OB contains the same hormonal
agents as Deladumone (Testosterone Enem-
thste and Estradiol Valerate Injection) but at
twice the potency, in order to provide a high
dosage concentration 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 virilizatlon, withdrawal
bleeding, or other unwanted efl'ects.
Indications: Deladumons OB is specifically
indicated for the prevention of postpartum
lactation, breast engorgement, and subae
quent pain.
Contraindications Deladumone OB is 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 responsive
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 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 0B are generally
well tolerated. In therapeutic doses, undesir-
able hormonal efl‘ects are generally minimal.
The following adverse reactions have been re
ported: Virilization, manifested by hirsutism,
changes in the voice (houseness or deepen-
ing), and acne. The phenomena ofvirilization
appear to be reversible except for some in-
stances of voice changes. Virilization may be
controlled by use ofsupplementary injections

or breast stimulation has been reported;

thate.
Other adverse reactions that have been re-
ported are pain at the sits of injection, cun-
vulsions, sterile abscess, incomplete suppree
sion of lactation and/or breast engorgement,
uterine bleeding, mastodynia, and localizeddermatib's.
Dosage and Administration: For the pre-
vention of postpartum lactation, breast en»
gorgement. and subsequent pain, 2 cc. of De»
ladumone OB should be given as a single in-
tramuscular iniection. It appears that the op

013 is just prior to the onset of the second
stage of labor. It is Worthwhile noting, how-
ever, that the preparation has been success-
fully used from the early first stage of labor

‘ to as late as 10 hours after expulsion of the

 
benzyl alcohol as a preservau‘ve, Each 2 cc.
'Deladumone 013 contains 360 mg, testos~ :

placenta. A second injection is not recom-
mended.

and to patients with epilepsy, migraine, or -

of estradiol valerate. Excessive endometrial ’
i

these efi‘ects may be controlled by the use of l, supplemental injections of testosterone anan~

, timal time for adminisn‘ation of Daladumone l

“bis revisions  
 

 

  

  

Always consult Suppl
Care should be taken to iniect D 1..
OB deeply into the upper, outer quan‘ .
the gluteal muscle following the mug].
cautions ibr intramuscular administrating
dry needle and syringe should be um U
a wet needle or syringe may cause thetion to become cloudy; however, this
aired: the potency of the material.
Because ofthe viscosity of the pram
and since Deladumone OB provides 5’ "
concentration in a small volume, para ’
care should be taken to administer the '
dose. A slow, steady pressure on the

glungar is recommended. 'e: Vials of Deladumone OB 3110,1115 1??

~ missed‘ abortion. and in
fhypersensitivity to the .

- regimens requiring escroge
‘cated in women with a kno

genital malignancy, and i
unambophlehitzs, thrmnboe

cerebral apoplexy. or a i g :. .
nditions. ,

gs: Discontinue the medl ,
-: ”nation if there is a sud.

. late loss of Vining; lrgathoV' tofpmptosm. po l', .
‘ 'Steion should be stopped me

papilledema or retinal

   
 

   
  
  
  

    
  

 
  
 

 
   

  

.le amounts of 91'0ng 
 

 
  

stored at room temperature. Storage at i. in the milk of path
temperatures may result in the separation , g_ The effect of this on
some crystalline material which re ' ' ;. has not been determined.
readily on warming. Deladumone 08 1‘11pr ' 'nization of the female f9

   

 

' caproate is contraindicated in P9”

matic single dose preassemhled Syringes when pros‘esfim have ‘ “cartridge—needle units should be
room temperature.
How Supplied: Vials of 2 cc. (Military
# rsucsosazmsoa), Unimatico single
needle units of 2 cc.
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If 3:13:12 discontinued imme
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DELALUTING
(Hydroxyprogsslsrona '
Caproate Injection U.S.P.)

n‘y

 
 

. - MOB . - .

Description: Delaluh'n is a sterile, long- ’ particularly .the luteimu
i115 Preparation of the caproate ester of chormonesi this 5110211? be *naturally occurring presentational homons, management of son: y—ma 

 
hydroxyprogesterone, in an all solution.
intramuscular use. _
Actions: Hydroxyprogesterone is a pole];
long-acting, progestational steroid ester
which transforms proliferatlve endotheli
into secretory endothelium, induces m
ry gland duct development, and inhibits
production and/or release of gonadotro
hormone; it also shows slight estrogenic,
drogenic, or corticoid effects as well.
should not be relied upon for these effecu;In advanced adonocarc‘inonm of the atom!

regular comal men” d“
ofthe ovarian cycle. ‘

r0 terone caproate .
"3”. flash caution to Chm"

riodic attacks ofcertam
mpe ch as asthma,mi8?aine

 
 

  
 
 
 

    
  

 

  

 
 

  

 
 

 

relation to irregular bleedin

 

 

 

 

. ' the h
corpus, Delalutm (HydroxyprogestetoneCflli: respond predictably to
route Injection U.S.P.) in a dosage of 100 Ill,» nonfunctional causes 530m
or more, one or more times each Week, often ' u and adequate diagnos c Iinduces regressive changes. 

  induce fluid retention.
Y influence of. prolonged s

cation on pituitary, ovarian
‘0 or uterine function on

 
  

  
  

    
  
 

  

Indications ,

Based on a review ofthis drug by the Nfi‘.
tional Academy of Sciences-Nationallfla-r:search Council and/or other information, 9
FDA has classified the indications as {bl-1,. .lows: '
Effective: In nompregnant women. D911? .
lutin is indicated ibr the treatment ofyd‘,
vanced adenocarcinoma of the ulel'lnd'”
corpus (Stage III or IV) and if: the man-57
agement of amenorrhoa (primary and
secondary) and abnormal uterine-bleed- ,
ing due to hormonal imbalance m ,
absence of organic patholong such an
submucous fibroids or uterine 033w

Delalutin (Hydroxyprogestarope ‘ Cg: ,mate Injection USP.) is also mdmfl 1
fbr use as a test for continuous will" .

nous progesterone production (a g; ,
sumptive test for pregnancy), 35 a ‘on‘
for endogenous estrogen product! 0‘
("Medical 1) and c"), and for the pros" _tion of secretory endometriuxn and 8"

 

 
3pathologist should be advis
e therapy when relevant s

    us degree. -
Watory test results, party

d docrine functionai
hya‘groggstemne and/or eat!

We to evaluate endocnne a
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' ' v * ' l t :

quamation. A statistically significan
Probably efl‘ective: Habitual and thrash , been demonstrated betwee
ened abortion. , hogen.pmgester0n2 com
Final classification of the enchant”?
Live indications requires further “3"
gaficn.

’ tbro ho hlebitis, pulmor

and xliner-allowsocular lacfcidAltho h such a re a 101
“Eitheurgconfirmed nor re:
EVidencs is suggestive of
between the use of prop

   
  

 Contraindications: Hydroxyprqgesngfl'entfl   
markedly impaired liver function, 68mm.

 
 

 
of the breast. undiagnosed abnormal gen!
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If possible revisions
'ng, missed abortion, and in those with a

My ufhypersensitivity to the drug. .I, regimens requiring escrogons are con-
‘ 434112de in women with a known or sun-
W‘ ,3 geniml malignancy, and in patients
fig” mrmnbophlebitis, thmmboembolic die-
‘Wg, cerebral apoplexy, or a past history ofconditions.

"rump: Discontinue the medication pend-aaminatiOn if there is a sudden partial
W mplete loss of vision, or if there is a sud.

 

 

  
   

E ‘cfl . . , . . . l
e, Dani k" uset 01‘ PrOptOSlB, d1p.opla, 0r migraine.
Stel’ the M ”(ligation should be stopped if examination
lthe ”Tina M papillederna or retinal vascular 12-

)B would}. W 1e amounts of progestins have been .
Bragg at I“ « mailed in the milk of mothers receiving
iePainting“ i119 drug. The effect of this on the nursingl ' , ‘

e on launch. flamenco]. of the female fetus has oc~
syringe...“ “mad when progestins have been used in
’9 Stored It twomen.
, ‘ g physician should watch for the earliest

ghlfaflrdtocfi wifmtations of thrombotic disorders
single don Wommphlebitis, cerebrovascular disorders.

“deem-id“ ”known? embolism, and retinal thrombo-
‘3; Ethnic occur or are suspected the (11113
M be discontinued immediately (see
NWINDICATIONS). 4

l ”cautions: Like other progmtogens, hy-
mgyprogesterone caproate may inhibit pro-

. M503 and!or release of gonadotropic hor-
rile, l ut- weg particularly the luteinizing and luteo-
,. Beta: 0 a, g mic hormones; this should be considered in531110

noon. 'llfl management of sexually—mature women
Bolufionjh: in; regular normal menses, during the first
. of the Marian cycle.
15 (1 What, , rogeetaronc caproata should be ad—

ieflml esta- ministered with caution to those patients in
Bndothelhun 'Inm periodic attacks ofcertain medical con-

1959 {1115mm difionfi such as asthma, migraine, epilepsy, or x
1 Inhibit! the mdiac or renal dysfunction, are known to be
30W .; mosrbated by progesterone
ii”9891110. In- ' ' The retreatment physical examination

“3 fight, } include examination of the breasts”5‘3 e ' mi pelvic organs, and a Papanicolaou smear.
' the uterine la relation to irregular bleeding which does
eateroue mt mpond predictably to the hormone ther~
39 Of 100 ml spy, nonfiluctional causes should be borne in
h week, 9'“ mind and adequate diagnostic measuroe insti-
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hated
Buns compounds with progestational activity
may induce fluid retention.
Any influence of prolonged sex hormone
mdication on pituitary, ovarian, adrenal, be-

:fit; or uterine fimctiOn awaits further a
lie pathologist should be advised of progee
hone therapy when relevant specimens are
Ilbml'tted.
Patients who have a history of psychic de—
mssion should be carefully observed and the
“E discontinued if the depression recurs to
i Ierious degree.

A tory test results, particularly of he
like and endocrine functions. may be affect-
Idby progesterone and/or estro on therapy.
79338 in evaluate endocrine and liver flinc-
him should not be considered definitive un-
lm therapy has been discontinued for at
law» 60 days.
Worse Reactions: The following informa-

' .131! is pern'nent whenever progmterone
tions are used with estrogens; it is not
at the present time if these statements

, , "9 applicable to progesterones alone.
_ L A statistically significant association has' , been demonstrated between the use ofco

hogan-progesterone combinations and
7 thrombophlebitis, pulmonary embolism,
l and cerebrovascular accidents. ‘. Although such a relationship has been

neither confirmed nor refuted, available
evidence is suggestive of an amociatiou

: between the use of progesterones with
estrogens and the following untoward ef-
fEcts: neuroocular lesions (eg. retinal

 

 

 
\U.S.P,) and 5 mg. Estradiol Valerate Injection
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thrombosis and optic neuritis); nausea;
vomiting; anorexia; gastrointestinal
symptoms (such as abdominal cramps 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; pom-injection flare; reactivation of 5endometriosis; aggravation of migraine
headaches; and hepatic cutaneous por-
phyria becoming manifest.

C. The following adverse reactions are .
known to Occur in patients receiving both iprogesterone? and eatrogens: chloasma
or melaema, cholestatic jaundice, rice in
blood pressure in susceptible individuals,
mental depression, and amenorrhca dur—
ing or after treatment. _

D. The following adverse reactions have
been reported with the concomitant use
of progesteroncs and canogens; a cause
and efi'ect relationship has been neither 3
confirmed our refuted: posttmatment
anovulation, cystitis-like syndrome, hir-
sutism, loss of scalp hair, erythema nodo-
sum, hemorrhag’c eruption, premenstru-
al-llke syndrome, changes in libido,
changes in appetite, nervousness, dizzi-
nem, fatigue, backache, erythema multi-
fonne, 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 i
lunction (increased aulfobronmphthalein
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 FBI
and butanol extractable pmteinbound io-
dine, decrease in T3 uptake values, and
poeaible diminution in lactation when
given immediale postpartum).

Female fetal masculinizstion has been ob-
served in patients who received hydroxypro—
gesterone caproate.
A few instances of coughing, dyspnea, con-
sin-lotion of the chest, and/0r allergic-like re
actions have occurred following hydroxypro-
gesterone caproate therapy; the likelihood of
those occurring may be increased at higher
dosage levels.
Dosage and Administration: Suggested
dosages are presented below. Because of the
low viscosity of the vehiCIe, Delnlutin (Hy-
droxyprogeaterone Caproate Iniecuon USP.)
may be administered with a small gauge nee-
dle. (The Unimatic single dose syringe con-
tains a 20 gauge needle.) Care should be talc
on to inject the preparation deeply into the
upper outer quadrant of the gluteal muscle
following the usual precautions for intramus-
cular injection. Since the 250 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 nmdle or syringe may
cause the solution to become cloudy; how-
ever, this does not afi'ect the potency of the
material. . .
Cyclic therapy is a 28-day cycle repeated av-
cry 4 weeks, The Cyclic 'l'herapy Schedule is
as follows: 20 mg. Estradlol Valemte Iru'eo
tion U.S.P. is administered on Day 1 of each
cycle; two Weeks after Day L 250 mg. Delalu-
tin (Hydroxyprogesterone Caproate Injection

l

U.S.P. are administered four weeks alter
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- i
monal imbalance in. the absence of organic

 
pathology, such as submucoua fibroids or

1351

uterine cancer. Administer 375 mg. Delalutin
(Hydroxyprogesterone Caproate Injection
UZSP.) any time. After 4 days of desquama-
tiou or, if there is no bleeding, 21 days after
Delalutin (Hydroxypmgesterone Caproate
Injection U.S.P.) alone, start Cyclic Therapy
Schedule; repeat Cyclic Therapy Schedule ev-
ery 4 weeks; etc after 4 cycles. Genital roa-
lignancy should be exeluded before hormone
therapy is started. Hydroxyprogesterone up

v route is used as o,“Medical D and C" to elimi‘
note any proliferated endometrium from pre
vious estrogem‘c action by conversion to se-
cretory endometrium and desquamation. To
determine onset ofnormal cyclic fimcfion, pa-
tient should be observed for 2 to 3 cycles after
cessation oftherapy.
Production of secretory endomeirium and
desquamozion. 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 ‘verl
for several months. In patients curl-en y on
echogen therapy, administer 375 mg. Delalu-
tin (H droxyprogestemns Caproate Injection
U.S.P. any time; start Cyclic Therapy Sched»
ule after 4 days of deequamation or, if there .
is no bleeding, 21 days after Delalutin (Hy-
droxyprogestemne Glproate Injection U.S.P.)
alone; repeat Cyclic Therapy Schedule every
4 weeks; stop when cyclic therapy is no long-
er required. If ecu-ogen deficiency has been
prolonged, menstruation may not Occur until
estrogen has been given for several months.
Suggested Non-Cyclic Rogimen—Non-Prag-
nant Women: Adenocarcinoma of uterine cor»
pus in. advanced stage (Stage III or IV). 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 II) 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 Welldifl'erenfialed
forms of endometrial adenocarcinoma.
Pregnant Women: Habitual Abortion. 250
mg. or more as soon 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 by
dmryprogeeterone caproate are required.
Tests: As a Test for Endogenous Estrogen
Production ("Medical D and C”). 250 mg. as a
single injection. In non-pregnant patients
with responsive endometn'um, bleeding 7 to
14 days after injection indicates endogenous
estrogen. The tat may be confirmed by a sec-
ond iniecfion 4 weeks after the first.
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
endomtrium and endogenous estrogen pro-
duction, We to 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 inieCtion.
Storage: Delalutin '(Hydroxyprogeeterone

Continued on next page 

For information on Squibb product: write to:
Squibb Professional Services Department
Lewroncavillo—Princaton Rd» Princeton, NJ.
08540. 
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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 redissolves readily
on heating the vials in boiling water. Delalu~
tin (Hydroxyprogesterone Caproats Injection
U.S.P.) in Unimatic single dose preaasembled
syringes and cartridge-needle units should be
stored at room temperature.
How Supplied: Delalutin (Hydroxyproges-
terone Caproate Injection U.S.P.) is available
in vials providing hydroxyprogesterone cap-
roate in potencies of 125 mg. and 250 mg. per
en. The 125 mg. potency is formulated in 593‘
me oil and 30% benzyl benzoate and the 250
mg. potency is formulated in caster oil and
46% henzyl henzoste; both potencies also con-
tain 2% (w/v) bonzyl alcohol as a preserva-
tive. The 125 mg. potency is supplied in vials
of 10 cc. (Military Stock # BEN-65054556»
1022) and vials on cc. The 250 mg. potency is
supplied in vials of 5 cc. (Military Stock #
BEN—65058646221), Unimstico single dose
presssembled syringes of 1 cc. and cartridge-
needle units of 1 cc.

DELATESTRYL®
(Testosterone Enanthate Injection U.S.P.)
Description: Delatestryl (Testosterone Enan—
thate Injection U.S.P.) is a sterile solution oftestosterone enanthate for intramuscular
use.
Actions: Dolates‘lryl 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 is thought to resemble
closely the endogenous production of testos.terone.
Testosterone enanthatc 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 osseous 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 ‘to young children. They sup-
press the gonadotropic functions of the pitui—
tary and may exert a direct effect upon thetestes.
Indications: In males, Delatestryl (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 mondary
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 no
phrasis or the nephrotic phase of nephritis.
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occurs, discontinue androgen therapy and in—
sti tute appropriate measures.
Caution is required in administering andro-
gens to patients with cardiac, renal, or he
patic disease. Edema may occur occasionally.
Concomitant administration with adrenal ste~
raids or ACTH may add to the edema.

anticoagu
may have to be decreased in order to main-

lants. Dosage of the anticoagulant

therapeutic level.Anabolic steroids have been shown to alter
glucose tolerance tests. Diabetics should be
followed carefully and the insulin or oral hy~
poglyccmic dosage adjusted accordingly.
Serum cholesterol may increase or decrease
during therapy. Because of its hypercholest-
erolemic effects, caution is required when ads
ministering this drug to patients with a histo-
ry of myocardial infarction or coronary ar-
tery disease. Serial determinations of serum
choluterol 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, tear
ticular atrophy and oligospermia, impotence,
chronic priapism, gynecomastia, epididymi—
tie, 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, leucopenia,
and bleeding in patients on concomitant anti
coagulant therapy.
Intramuscular preparations of anabolic ate
roids have been associated with urticaria at
the injection site, postinjection inclination,and furunculosis.
Alterations may Occur in the following clini-
cal laboratory tests: metyrapone test. fasting
blood sugar (FBS) and glucose tolerance test,
thyroid function tests [decrease in protein
bound iodine (PBX), thyroxine~binding capaci-
ty, and radioactive iodine uptake, and an in-
crease in Ta uptake by the red blood cells or
resin: free thyroxine levels remain normal
and the alterecl tests usually persist for 23
weeks after stopping anabolic therapy], elec-
trolytes (retention of sodium, chloride, water,
potassium, calcium, and inorganic phos’
photos), blood coagulation tests (increase in
clotting factors II, V, VII, and X), and miscel-
laneous laboratory tests (decreased creati-
nine and creatins excretion lasting up to two
weeks after discontinuing therapy and in-
creased 17-ketosteroid excretion).
Dosage and Administration: When proper-4
ly given, injections of Delatestryl (Testoster-
one Enanthate Injection U.S.P.) are well tol-
erated. Care should be taken to iru’ect 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 a wet needle or wet syringe may cause the
solution to become cloudy: however, this does

: not affect the potency of the material.
i1" male hyposonadism (is. eunuchism, en.
gnuchoidism, severe deficiency after castra.

3
lion, male climacteric-like symptoms when
secondary to androgen deficiency), the sug-
gested dosage is 200-400 mg. every four

Precautions: If symptomatic hypercalcamia weeks. Androgen therapy is regarded as m
   

Anabolic steroids may increase sensitivity to ' bound stimulation, the recommended do
 

Always consult Supplement

 
placement therapy, being effective only a
long as continued; prolonged treatment will:
chorionic gonadotropin is also recommended
In the treatment of oligospermia, the suggegt/
ed dosage is 100-200 mg. every 1&6 weeks to,
the development and maintenance of testicu.
lar tubular function: for suppression and re.

is 200 mg. every week for 6-12 weeks. sage
Storage: Vials should be stored at room tem.

, perature. Warming and shaking the vial will
redissolve any crystals that may have formed
during storage at low temperatures. Unimai.
ic single dose presssembled syringes and car.
tridge-needle units should be stored at roomtemperature.
How Supplied: Delatestryl (Testostemne
Enanthate Injection U.S.P.) is available in vi.
als of 5 cc. and Unimaljc® single dose press.
rambled syringes of 1 cc. and cartridge-needle
units of 1 cc. Each cc. of sterile solution pro-
vides 200 rug. testosterone enanthste in sec-
ame oil with 0.5% chlorobutanol (chloral de-
rivative) as a preservative.

DELESTROGENQ l;
(Estradiol Valerate Injection U.S.P.)
Description: Delostrogen (Estradiol Vales
ate Injection U.S.P.) is a long-acting sterile os-
n-ogen preparation for intramuscular use. It
is available in potencies of 10 mg, 20 mg.
and. 40 mg. per cc. The 10 mg. potency is for-
mulated in a sesame oil vehicle with 0.5%
chlorobutanol (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% henzyl benzoate; both also contain 2%
(wlv) benzyl alcohol as a preservative.
Actions: Estradiol valerate is 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 or»
curs soon after administration and lasts (01'
approximately two to three weeks after a so»
313 intramuscular injection.
Indications: Delestrogen (Est-radio] Valelnw
Iru'ection U.S.P.) is indicated for r-eplacernfl"I
therapy of estrogen deficiency asset-Halal
with menopausal syndrome, amenorrhefl. fe'
male castration, primary ovarian failure
senile vaginitis, and kraurosis vulvae with of
without pruritus. Delestrogsn is also mdr
sated for the prevention ofpostpartum breasl
engorgement and abnormal uterine bleeding
due to hormonal imbalance in the absence 'of
organic pathology. Delestrogen {3693mm
Valerate Injection U.S.P.) may also be used "I
treat inoperable; progressing prostatic cancer

 
(for palliation only when castration is HOt Fea-
sible or when castration failures or delayfll
escape following a response to casti'am”
have not occurred). . ‘
Contraindications: Estradiol valerate 15 cm.»
traindicated in patients with a known 0" “5'
posted mammary or genital malignancy m
rep! prostatic carcinoma). It is also contra)?"
dicated in thrombophlebitis, thromboerflbolfc,
disorders, cerebral apoplexy, or a 1385?- his“???
of these conditions, as well as in patients “W:
pulmonary embolism, liver dysfunCl-IC’? £2,disease, undiagnosed abnormal genital 13.9 v"
ing, or a history of hypersensitivity to [2503‘t dial velerate.

Warnings: The physician should watch fit”.
the earliest manifestations of thrombotic (“5,
orders (thrombophlehitis, cerebrovasclllil!"
disorders, pulmonary embolism. and ”a”;
thrombosis). If these occur or are Sufiliwfihfthe drug Should be discontinued immedmw‘ 4
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"ntinue medication pending examination has been discontinued for at least 60 days. I For Castration; Primary ovarian failure;
. were is a sudden partial or complete loss of
“ no. or a sudden onset of proptosis, diplo-

of migraine. Medication should be
if examination reveals papilladema

’nal vascular lesions.
swristically significant association has

reported between maternal ingestion of
ylstilbeatrol during pregnancy and the

ryeDCe of vaginal carcinoma in the cit

fig This occurred with the use of diethyl~ ;
who} for the treatment of threatened 3
Mon or high risk pregnancies. Whether ‘

1301 such an association is applicable to all
gens is not known at this time. In view

a‘lhis finding, however, the use of any estrtr" in pregnancy is not recommended.
the safety of atrogeus and progester-

given in conjunction with each other in '
gammy has not been demonstrated, it is

”commended that for any patient who hasaged two consecutive periods, pregnancy
W5 be ruled out before continuing the reg-

{Jge normal endogenous hormone pro
ion varies individually, certain patients

y be unusually responsive to estrogenic 2
spy and may respond with undesirable

* manifestations of excessive estrogenic stimu-l '., such as abnormal or excessive uterine
- ’ . : , mastodynia, edema, etc.

.x 7 large doses of estrogens are used, uri-
strees incontinence may occur in non.

.gnant females.
. gens may be excreted in the mother’s

and an estrogenic effect upon the nurs—
“infant has been described. The long rangeon the nursing infant is not known attime.

, xisting fibroid tumors of the uterus may
silsrge during therapy.

:l’r'ecautions: The pretreatment physical ex—‘ tion should include examination of the
.' sis and pelvic organs, and a Papanico—

an smear. In cases of irregular bleeding
'cb does not respond predictably to the

Home therapy, non-functional causes
stand be borne in mind and adequate diag-

measuros instituted
hogan therapy may induce fluid retention.

use in cardiac failure, in disease states as.
‘ated with edema, and with epilepsy
uld be carefully controlled Estrogen ther-

y should be used with caution in patients
a history of cerebrovascular accident.’

decrease in glucose tolerance has been ob-
ed in patients receiving estrogenic drugs.

Ezabetic patients should be carefully ob-

uae of the affects of estrogen: on epiphy-
lclosure, estradiol valerate should be used

ously in young patients in whom bone
.Wth is not complete.

. y influence of prolonged sex humane
‘ edication on pituitary, ovarian, adrenal, he-

‘s, or uterine function awaits further
Ihilly. It is known, however, that prolonged

.518}: doses of estrogens will inhibit anterior
xillitary functions. This should be borne in

Mad when treating patients in whom fertili-
, In desired.

Befiance esn'ogens influence the metabolism
“f‘fllclum and phosphorus, they should be
M with caution in patients with certain
Michelle bone diseases that are associated
With hypercalccmia or in patients with renal

,mciency.
’Eedlcafion should be discontinued in pa.

; lights with a history of psychic abnormalities
‘ ‘feXaggeration of symptoms occurs.

En{loci-ins and liver function may be influc
by estrogen therapy. Estrogens mayan elevation in the FBI and the BEL

a decrease in the T3 uptake. Tests to
Whats endocrine and liver function should
“9? be considered definitive unless therapy

The pathologist should be advised of estrogen
therapy when relevant specimens are submit-

Advorse 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 applicable to estrogens alone.

. A A statistically significant association has
been demonstrated between the use of es-
hogan-progesterone combinations and
thrombOphlebitis, pulmonary embolism,and cerebrovascular accidents

. Although such a relationship has been
neither confirmed nor refined, available
evidence is suggestive of an association
between the use of estrogens with pro-
gesterones and the following untoward
effects neuroocular lesions (e g. retinal
thrombosis and optic neuritis); nausea;
vomiting; anorexia; gastrointestinal
symptoms (such as abdominal cramps 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; loss of libido and gynecornastia in
the male; sterile abscess; pain at the in.
jection sits; post-injection flare; reactiva-
tion of endometriogis; aggravation of mi-
graine headaches; and hepatic cutaneous
porphyria becoming manifest.

. The following adverse reactions are
known to occur in patients receiving both
estrogens and progesterones: chloasma
or malasma, 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: posttreatment
snovulation, cystitis-like syndrome, hir-
sutlsm, loss of scalp hair, srythema nodo
mm, hemorrhagic eruption, premenstru.
al-like syndrome, changes in libido,
changes in appetite, nervousness, dizzi—
nem, fatigue, backache, erythema multi-
forme. itching, hypomenorrhea, oligome-
norrhes, 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
teat; pregnanediol detemination; and
thyroid function tests (increase in PEI
and butane] extractable proteinhound io-
dine, decrease in T3 uptake values, and
possible diminution in lactation when
given immediately postpartum).

When estrogens are used for the treatment of
prostatic Carcinoma, hypercalcernia may de-
Velop.
Dosage and Administration: Care’should
be taken to inject deeply into the upper, outer
quadrant of the gluteal mUaCle following the
usual precautions for intramuscular adminis-
tration. By virtue of the low viscosity of the

l vehlclm, the various preparations of Dales
ltrogsn (Eatradiol Valernte Iniection USP.)
may be administered with a small gauge nee
dls. Since the 40 mg. potency provides a high
concentration in a small volume, particular

flare should be observed to administer the fulluse.

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

2 material.

 
l Menopausal syndrome; Smile vaginitis;
l Kraurosic vulvae with or withoutpruritus.Administer 10-20 mg. Delestrogon (Estradiol
Valerste Injection U.S.P.) any time; repeat 2—
3 weeks after initial infection; stop after sea
and injection. Continuous therapy with estro
gen alone may induce dysfunctional uterine
bleeding. »
For Inoperoble, progressing prostatic carcino-
ma (for palliation only when castration is not
feasible or when castration failures or de~
laycd escape following a rmponse to castra-
tion have not occurred). 30 mg. or more every
1 to 2 weeks. Close medical supervision is
mandatory. Suspend therapy if there is a re’
lapse. Soreness of the breasts or gynecomas-
tia may occur; hypercnlcomia may doveIOp.
For Prevention ofpostpartum breast engOrge-
merit. 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.S.P.) is administered on Day 1 of each cy-

 

l Note: A dry needle and syringe should be ‘

ole; two weeks after Day 1, 250 mg. Hydroxy—
progesterone Caproate Injection U.S.P. and 5
mg. Dclestrogen (Estradiol Valerste Injection
USP.) are administered; four wasks after
Day 1 is Day 1 of next cycle.
Amenarrhec; 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 days after hydroxy—
progesterone caproate alone, start Cyclic
Therapy Schedule; repeat Cyclic Therapy
Schedule every 4 weeks; stop after 4 cycles.
Genital malignancy should be excluded be
fore harmone therapy is started. Hydroxy~
progesterone caproate is used as a “Medical
D and C“ to eliminate any proliferated endo-
metrium from previous estmgenic action by
conversion to secretory endometrium and
desquamafion. To determine onset of normal
cyclic function, patient should be observed
for 2 to 3 cycles alter cessation of therapy.
Storage: Vials should be stored at room mm
percture. 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 cartridgeneadle units should be stored at
room temperature.
How Supplied: The 10 mg. potency is availa-
ble in 1 cc. and 5 cc. vials. The 20 mg. potency
is available in 5 cc. vials and in 1 cc. Unimatr
icO single dose presseembled syringes and
cartridge-needle units. The 40 mg. potency is
available in 5 cc. vials.

DELUTEVAL® 2X 1;
[Hydroxyprogsstcrons Caproate and Estradiot
Vslorata Injection)
Description: Deluteval 2X is a long-acting
sterile preparation for intramuscular use pro
viding an esterified derivatiVB of the naturalu
ly-occurring progestational hon-none, hy.
droxyprogesterone, and the Valeric acid ester
of naturallycccm-ring estradlol. Each cc. of
Delutoval 2X provides 250 mg. hydroxypro—
gesterone caproste and 5 mg. estradiol valer-
ate in castor oil and 45% benzyl benmate
with 1.6% (w/v) benzyl alcohol as a preserva-Live.

Continued on next page

For information on Squibb products write to:
Squibb Professional Services Department.

Lavgrencavillo-Princaton Rd" Princeton, NJ.08 40.
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igéfiavai‘éd and tiolpredlifi on cc.
cl f ”bacilli! with droopin- culi-
m5 on 9.25 min. 1 oz. (0.5 mall. 1.5
ling), and 2 co (1 mm): and in pint
toenail.

‘ . uifiploodooo viola of 10 con. Unla
rigid am p assembled syringe: of 1
(first "(z-n .e hallo ci‘l on.

in mdbct Identification Section]

mi Humane o
no Enonihatn lniolnlon NJ.)

om mliilii‘lllnanthém {Fluphono-

5%: indexation MP3} in no ectoriiiodqtiyi phonothlnxina doriiratlvo.

% «Swim_ tad at M . Mtfifluormno
,- ' cthlntlmmayllpropf ldxplpnrnzino.

l heptnnoato iouontho a) it in a highly‘ vior’ mono with a markedly or
duration ol' eflhcl. available “11' intro-

av or ougcutonaouc adminlltroticn in_ nimtlc single dam vruummbiod ly-
‘nnd cartridge-noodle unit. providing

'« iluphonazine onohtlmto par cc. in in
mail Vehicle, with 1.8% (it/Ml benul ni-
itl‘na‘u prmrvatlvo. At tlmatimo quanu.
. , this air in tho vinll l: rouluced by ni-
cm: The bonic 0mm of nuphenazlno
mate :1 poor to be no dlii‘oront n-om

offlup nenoslno hydrochloride. with tho
It on of duration of Milan Tho Interm-
nn ornuphenooine mnfkodiy prolun tho

( 3': duration ol‘ oi‘i‘ect without undo y no
i, outing in: beneficial acfi'on. The onset or

on lcnomlly appears botwaon 21 to Til
nflm' lrdactlon. and tho «MEL! of the

ion psychotic symptoms bacomu llflllm-ithln ill to 96 hour-n. Amolinration of
Whom: than continue: for l to 3 wealu or

.with an cvcrage dumtlon oi‘ oi‘ihct of
i - til wool“.
will honnzine hon activity at II levels of the

e iii ' loo-Noun nystem on we noun multipla
o systems. Tho mochunlmn wharoby ltn

,..l ‘pcutic action in exortod la unknown.
.1 iinhonnclnc dll'ihro il-om other phenothlnv
nine derivations in neVerol mpoctr ii I. more

- "ton in milligram basis; it hits ion pollen—
ling mom on control nofioul Iyltum do--' nto and unmathotics than do will! of tho

3 oothlucluoo nnd appuarn to ho loan sedat-""l3‘ and it in loan likely than oomo orthu oldor
Wohathimlncu to produce hyuolonnlim {nov-

' llama, appropriate caution: should be ob-
" Nari—nee sections an "Promotions" nnd
Adverse Reactiom").
"‘ . motions: Prolixin Enanihnta (Fluphomh
ill-lo Ennnthaio lnloction Nil) ls indicator! in
( manogomont ui‘ munll'bniotium oi‘ psy-

. _ c disorders. in tho Lruatmonl of those
‘Mfldme, ‘, drug nihm mnlntnlno roilcl‘ ni‘

symptom: on agitation. liontility‘
. chalet . Frolixin Emnthato (Pluphcno-

Vilma Emmi aLc inloction NF.) find: unuml
glvflicntinu not only in tho limpltnl nuliau.till! alto in the long-torn: mainicnnnco thor-
lfl? ol‘ chronically psychotic pntlcntl who am

Q table on :n outpatient hotly.
‘fiontmlndlcntlonai Phenothlnclnes arc can.
iflindlcntod in pntlontu wiih cuspuctod or on-

. #13th Inbcorticol brain dnmnfiu
1“moishiiullne compound: should not be used

, in nationta receiving large doses of hypnotic:
ilxih Ennnthntc (Fluplionnxino Ennnthntll

“incl-inn NJ.) is contraindicated in comatonu
_,"‘ lovoroly dupreaaod minim
“'9 pro-once of blood dyncraala. iivor dnm‘

$9 or renal lniuillcinncy procludeo the umduphenecimi cnnnthnlan,
HWhehocino cilanthulze in not indicated ibr

:‘3.0 ill! children undor i2 you" nl‘ nan
fpffiilxin Knnnthnbi in mnirnlndicotud in pa»
“9'18 who have shown hypornomltlvlty

 
l

‘i i . t

‘ a 8 .ihliornhition a
iiuphemnlnei amnion to phenom»
zinc doliivutim may occur. -

Warning: Tho m or this drug may infall-the mental and physical obllltlu require nu-

«invoice car or o rntlnxlienv machlno' .Phynlonnt {than be aim to 0 WW t?
that mm ultimo reactions may occur
which require immodicw niodlcnl attantlen.
Poinntlutlon Of‘tlm om of alcohol may on
oar‘with the ulo or this drug.
finale in Pro mom-Ame nullity-For tho “In
of thin drug min pro cy hon not been
established; that» re. no possible hazards

should ha woinhod axiom the potential hono-nt. when odmiolata o the drug to pregnantUOHU.

titanium Bounce or the pomlblll orcrosoocndfivlw. fluphonnzloo want to
ahould to ucod coulioualy in patimito who
hcvo daveloped cholcomtlc qulidlae. doma-
ioooo. or othar allergic reactions to phonemic.

ulna Idog‘lvnlzlvoa. d 1‘ hoa o n'otionboninrga man u’ Mn
maniac Agog who arc undorunlhi new”!
Ihould be watched commily lhr po-lble hy-
potonana plummet-lo. Moroovnr. it should ho
remembered that reduced amounts of Inel-
lhatica or control nonouo lynblam dopmanuu
may be necessary.

Tho affect: ‘tfi'iitfiiflfifi may be Whil‘ltii‘fi‘n‘i inname wont: recs vinx llu henoclno boom-o
oi‘nd ad ontlvchcllnoraie a Tech.
F‘iuphonaalno oncothnio nhould be used cou-
tiouoly in patient: exposed to alumna hunt or

Rhoophorua inmolicldoo or in chnl-I whonvo a hitter)! ofulcor diam-u. a min unwave-
llon oi'pepiic uicor hill occurred.
Tho pmparallon Ihould bo used with caution
in potionts with a history oi‘cunvulsive dlson
den. sinco mod mnl convulsion: have been
known to occur.
Una with cauiJon in patients with special
medical dlmrdei-I such «I mitml insufficiency
of othor cardiovascular disease: and photo-
chromocytomn;
'l‘ha pouibilliy of liver dnmnno. pimoniary
ratio-apathy, lentlcular and corneal domain.
and dimlopmont oi‘ lrrevmibio dyaklncolo
should be mmombored when uotlnnts are on

groionued therapyutalilo ointc hoopltnls or other psychiatric
institutions, ilunhanazinu enonthnta ahould
bo adnilnlltcrod under the direction ol‘o phy-
ulclnn axperlancnd in the clinical uso ci'
psychctr in drugs. particularly phanothlc.
oino Lie vatlvoa, Furthermore. noting.
should be available M periodic chucking of
hepatic function. room! function. and tho
blood picturoi iicnal llmction of Dnilonis on
long-tom thorapy thoulll be monitorod: li'
BUN (blood uroa nitrogen) become. abnor-
mal. troatment should lac diecontinuod,
A: with any phenothlntlno, thc physician

should be alort to the rumble dnvoio moot of“client “ammonia.” r. patient: Lln.‘_I!‘ .lrcmr
moat with iluphonozlno onnnthntu‘Adi/om Fanatic-nu: Comml Nuruoba Syn
tent: The nidu oilbcl-I maul: Million"! report-
ed with phenothiazinu compounds aro altru-
yramldnl mptoma lncludi pneud n

Elnwninm, ”conic, dyskinoe n. aimth in,cculoat'rlc crises. cplethhlcmc. and hypanre-
Halli)» Mont anon than onlrapyrnmidnl
symptoms oro rcvnrniblo; however. they may
ho )crslstent (coo bolow). The Macao-cf of
In: mentions in mini-ml in nrt to chomlonl
structuro: one can oxpoct o l hor incldanco
with iluphcnatlne enahthnm an with lace
pecan: piperuxlnc dcrlvotlveu or with
otrnlghtocholn phanoihluzinon ouch as chlor-
pmmnnino With any given phonuthinxlne do-
rlvntivo, Lhu incidence and severity or such
reactions do nd mom on individual patient
muniiivlty i an on other motors; but down
lovol nnd potionl. ago on) Him daturminnnto
Exirnpyramldnl reactions may be alarming,
and tho patlont nhould be ibrewnmsd and re.

  

 
anaconda M fiction: can who 55.8%
trailed by commutation of noti-iifikilioi;
on drugs cushion Eamon ‘no Mecyloto or»

Unveil“! Canhlnc‘omi lum Booming;
‘53:“? Mill“. and by cub-aquarium on:aon o. ‘ l
A cannibal: Mudopcrkln‘sonlnn cynil‘ ‘
may devalue altar chronic adminima’ilhn
phonoi‘hlncino woodland; ’i'ise nyniifntn ,
characterized by rhythmic. unmanned ii in
lawn inhalants? tomemcnwnurticulh . ’
the footarmouth. tongue and Jaw. mob
lhu ihclal' grlmnc'eo o automation. '1‘
may be accompani 4 ‘y chooilfhfim in
ments of the limbo. c optimum: partials all?her only within-cool no .2: mo tuitiohtg lip

pear to he imvo‘rnlhle. llié'g

E“

H tiltinlrhln'nflontl cm seldom oi‘ banal“. he cit
pnnl'lmbi! Min eideriyihmaie nation .
with arena 'bruln (licence or nomagoxw‘l
have boon receiving fairly largo done: ol‘pho-
fluthilminu ibr a prolonged imrhxlu = f
Examining or lethargy. it‘ they r« hilly
nmitato a induction in classical; the indq
Han nl‘a cahohmlollke state hail boon Isanh
ta nocur with dunno iiuphonuslun nil-l
canon of tho momma»: od amounlo As wll
otharpiionothiacino compounda. motivntlon:
or aggravation ofpnychutlc plume; my heencountered; ' ‘ ‘
Phanothlnzino derivative: how boon Known
to cause. in homo unlienllh ruthenium onecltomant. or bizarre droamc. »
Autonomic Nervous Symm: H Reunion
and fluctuation)- in blood manure Va been
PEPDflnd with iluphanaslnc annnumto.

lemaion hos rarely presented a Dmblen-iwt iluphennzinn ilmveVer. potionln with
phcochromocytemo, cambral vascular or ro-
nal lnsuiilcloncy. or n Iovoro cardiac muorvo
deficiency such an mlh‘nl lnauillcle appear
to ho particularly mono to hypotenn vc mo
Hunt with phonothlnaino compound: and
Ihuuld thoroibre be oboorvail clooely when
tho drug in ‘ndminiltorod. li' naval-o hypotem
slon Ibouid occur. oupportlve monum- in-
cluding the an of intravenous vow moor
drug: should be loltitutod ilnmedlawfi. Lov-nrteranol Bil-"unto I notion UBJ’. in tho
most Iuitnblo drug flu- in purports; «pincph-
rim: shouhirwi be used Ilnco phenothiaslnodurivailms mm boon round to rovone its no
Lion. resulting in n lurthor iaworinn of blood
prouuro.
Autonomic roactlom including noucon and
ion crappetiio. pollution. polyurln. poncho-
Hon. dry mouth, hondnche, and chmtlpation
may on: . Autonomic Inhab- con uaually be
controiiiigby reducing or temporarily diacan.
linulng doc: u.
in mnm pot onto. phonothiociho darivatlvoo
have council blurrod vision. Ilnucmna. bind-
der para sin. ihccl impaction. paralytic ileuc,
tochyca a. or nasal connection,
Metabolic and Endocrine: Weight change, po-
riphomi odomn. abnormal lactation. {THES-
moctln. mountruol irrozulnriilflh (Elbe Mull!
on pf: oncy teats. lmpotancy in man and in.
area libido in woman have all boon known
to occur in coma patients on phanothinclno
thump 4 V
Alloy-pl: Reaction: Skin diwrdcrs such 9,.
iwiiln .er‘ythemo. urticaria. cohorrhec. pho-
tnaon tlvl . name and avon oxi‘ollatlve
dermntlfl: vo boon raportud with henothl»
azlna derivatlvoc ’l‘hc possibility o amnion
icctolcl raactlona occurring in some patients
should ho harm: in mind.
Hcmamlogic: Routine blood counlo arc advic-

Continuod on out page
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able during thornsiy nlnco blood riyacmaiua in-cluding leukeoeo o. aoranu ocyteain. throm-

bocytoronic or nonthrombooyw nia purpo-ra. coo nophilia. and porn tovon i have boon
cleaned with phanoth ealno derivativoe.
FurthermorI, ii‘ any coronoac ol' the mouth.
some. or throat, or any symptom of upper
roe iratory infection occur and confirmatory
ion ooyte wont indicate: cellular demolition,
tharn y chouid be discontinued and other up

roo nto medium inctitntod immediately.
cpuiic: Liver damage on manlibltod by chm

lecmtleJaumlice may be encountered. p-rtla-ulariy urlng the first month: elf lhampyi
treatment should ho discontinued if thin oe-
aura. An incraaca in ceohniin flocculation.
madman accompanied by alterations in
other iivur “motion tam. has boon repurtod
in patient; receiving fluolie‘nczlho onanthato
who have had no clinical evidence of liver
‘1me , ,
Dillon: Sudden. unexpected and unex lainod
deaths have been reported in has unlined

chotlc pationia receiving oheno incinoe.
mvioue brain damage or cultural may be
profiopeain ihctora: high decal ahould be
avoided in newn aalcure patienta. Buvoral

patient: have Ihown rudden flare-up- ei‘ ray-ehotlc behavior patterns chortly be bro

death. Autopsy iindimzc have ucucliy ro-vealed acute in minating pneumonia or pneuu
monitic. no iratioo or anctric coal-ante, or In-
tramyoea lei ill-lone.
Altlwu ll Hill In not a fioflomi “nature of l'lu~
phonon no. potantiotlon of control nervousI Item (learn-conic (opinion. chaise-loo, anti:
i1 linmiiml, berbilurutol. alcohol) may occur‘
The following adverse mention: have ciao oe-
aurrad with phonothiuine derivations: hypo
tonnion severe enough to more ihtal cardiac
emit. niterod aieotmtardieeraphic and nice-
hoeacephnlogrephic tracings. altered ‘coro-
browinal fluid melon. cerebral enema,

asthma. largo e edema. and angianaurotlo: edema; wit one-term one—akin pigmenta-
tion, and lontlcuinr and corneal 0 cities.

, imitations of iiuphannaine chant mm are ol-
homely well tolerated. local tlnua reaction:
Downing only rarely.
Denise and Adminbtmtiom Prailxln Enca-

‘ hate {Fluphanccloe Enanthate lrdection
ill.” may be given intramuaouieriy or Iubcu-
tntiemm A drfi ayrlnge and needlo al' atlens till one u out! be mad, Use oi'a wot

. _ n or lyrlnoo may onuco' the noiutlon to
comb cloudy. , ‘ . rbegin there’s with i-‘rodma Enantitcto
. nhonaclne onetime inlectlon NJ!) Hie

lowing regimens are congested:.' r loo-t lienul a done a 26 m ‘(1 cc.) av-
er“ we rhouhi prove to he a minute. and
therapy may ho atorted on that barit- Butane:
dent ediuetmnm in the amountund the don

t ageintarvaimafi' "medallion ..,;!n cc.5. rdance witht e utlon Imwm.

. Lt‘ ay‘lio advieab a that patient: who have-‘ A no hiat'ary of taking lienothiucinoo
id betrauted initially wit a charter och

ll‘crm oi'iiuph‘eoanlna beibro adminiatar-
ill-the enanthm to downtime tho etlent‘a

,“ Willie, t0 fidphonazinn and to eatelliirh un-
" ” ‘riato dunno. Since thedoanue com ro-

» will; bl'thbohortet‘vectinx ibrmc of iiup ana-

fi‘o to the imam-noun onnnthnte in not'4' , _ . lapecioi ooution a cold be marched
on; wilahihs 03am tho shorter-action

h to tho elmotheto.

offiéijiéstgitotcd‘fiiioms may he'tmnind int.ei 3' with a tutti atlas phonothiacino cem-
[ginllzldrnlahr at Prolixin Mention (Elophenae

gin *in hloride it'd-mica Nail-«earn»; , redo For~ neati oooampe infighat p‘ molete‘fiinmmnticg.‘ an acute cym
- Willi?” auboldod.‘ ., mg. (t or.) of“ Prolic n

 

Product information

Enanthaie (F‘lugixennclne Enunthnto Inlnc:tion but) may administered; cubaeqnent
dmfio iI adjusted no memory.
"Poor mp" poncho: [then with know hy-
porroncltivlty to hunotlxiuainu, or with die»
orders that prod pone to undue muctianr):
“iflmpy may he initiated caution-i with
oral or parenteral l'luphonnnlno h roohio-
rillo (we package insert: accompany rig them
product.- for complete inihrmntloni. When
the pharmacolozic ai‘i'ectc and an appropriate
than are on rent. an equivalent done of
Proiixln Extent ate (Fluphenecine Enonthate
[Mention N F) may bl; ndminletered. Bub»
quant deluge adiuatmanu are made in ac-
cordenco with the reopen-e ol' the potiont.
The optimal amount of the drug and the he
quency ofndmlniatratien mutt be determined
lhr each patient. since dunno requirement-
hovo been found to Va with clinical circnm~
etnneea on wall as with ndlviduai romance to
the drum Althea h in a lame cerhnl of pa-
tianta the optima rim wan urueliy 25 ml.
every 2 wake. tho amount required ranged
ii-em 13.5 to 100 mg. (0.5 to d on), The littor-
vel between dnlnl ranged mm i wait to a
weeks in moot thanceI. but Ioml patient-
ranulrod down an often on once a day ibr the
lirat lbw dnyl of treatment. while the re
loonee to o einnlo linen wan ibund to loci: on
long as 6 weelu in a few patient: on mainta-

nanoe iJmi-nprDung: about (1 not exceed 100 mg. if dam
greater than 50 inu- are doomed name-arm
the neat done and succeeding doeoe thuuiti ho
increaced cautiously in increment: of ME
mi.
How Sup lied: Viola oi‘B m. Unlrnatic 5|“-
uie Done milled Byrinaee ai‘ 1 cc“ and
cartridge-needle unlnl of ice.

PRONEB'TYLa CAPSULES H
i’moainamido Hvdmahimidv Cami" Una-VJ
RONEOTYLiNJEQTlON ll(Proecinnmido Hydrochloride injection i5.i.F.i

Dancrlptlom Pronohtyi in the amide ana-
lows of procaine ll rochiorlde. it in availa-
bia an gelatin ceow es supplying 260 mm, 575
mm, and 500 mg. ihr «uni um and al a 10%
cteriio anuooun solution (100 mph/cc.) lbr perventer-oi mm
The parenteral Ioiution mntalnn 0.9% (w/v)
boncyi alcohol and 0.09% Indium bilulnte an

pmervatlvea; tho ll” has been IdJuctoci to4.06.0 with hydmc loric nelti or eodlum hy-
drnxidla. The solution. which in colorluae lnl:
tiaily. may in time develop a Iilgiitly yellow
color. This doul not indicate a cilange which
would prevent it- uee. but a Iolutlnn any
darker than lieht amber or diecolored in any
other way ahould not to wed.
Aotlonn Procnlnnmido doom-eel the onclb
ability oi'linrdlou muscle to electrical stimula-
iJun. and claw: conduction in the atrium. the
bundle of Hie. and the ventricle. ’l‘hairan-ac-
tory period of the atrium in considerably
more prolonged than that or the ventricle.
Cantrncillity oi‘ the heart ll usually not all
looted our ill curdi'ao output decreased to any
intent union myocardial dorm: oxlnto. in
the elegance of any arrhythmia, to heart rate
may MWlOflklly be accelerated by enliven»
lionei deaea, contacting that the drug nah-
aeeeoe ontichollnergic prevention. largerdance ‘can induce ctrievaotriclder block and
ventricular extmnyctoloc which may roceed
to ventricular illiriiiotion. ’i‘licae e is on
the myocnrdium are reflected in tho cinctre~
cardlogrmn; a widening ol‘ the QRS oomplos

gm". mt canal-tenth: lea regularly. the4!. and QT lntervulure prolonged. and the
fins and ’1' wave! thaw coma doorman ll'i voilea e. .

The notion ofprocainmulde begin: almoct im-
mediately altar intramuwuim or intravenous

 

 

. a l J
Aiweye cannons

ndminlltmtlon. Plaitmn levoh' '* v
oulor lrertlon are at their 1):“ng 1
mihiutae. Following and admin ‘ 'ma eveieu the lli'u’ iii-o com or

iflhmln'i‘ad petal-Item) ytmld ”Emil?“ ‘I! ll“ our: ernpeu ic evnln a - Milli

33$ in “flrli‘l'il‘l'l- time. m W". 13‘ It.“numioaoumndii it w

procaino. and plasma levee dishonhmum
about 10% to 30% per hour. The . “in
crotod primarily in the urine. about 035‘ .
”a? iti-lé’i‘iié" ”tat-“ammoll u 11 um: 11 ‘. .

a??? remainder: iI illYI'tknDEln. limo The M! . ,n onions: enact: nl'Pro *

mlnamido Hydrochlorido). are £513?m
dial in ventricular than in auricularWmica Ventricular extranysi-aioa and 7 ' * .
iar tachycardia are controlled within (m >
after oral or intramuccuior admin-mum
within a lbw minutes after inn-avenue; [5%
lion. Disitalioinduwd ventricular extm .tuiea and toehymrdie may at timer 59‘ ' ‘
proceed by careful and Judlaloua admin . -
than at“ the drug. Praises-7y} may alto be of —
value in the control of an auricular “pi-ting"min rticulnriy if the condition in or
dave pmont. Atrial fibrillation afghan 5“than may be converted to a normal
rhythm, and chronic atrial fibrillation .
occdeionaiiy benefit on well. The drug i;
worthy ol'trial in onroxycmoi otriaitnehy
did that cannot be controlled by reflex ‘utimulation or other moueu me.
The corructlan of cardiac arrhythmiaa «rid
may occur (luring anesthesia constitute;
important indication ibr pmcdnarnido.
drug in especially valuable with cycle ‘
anesthesia and ibr intruthemclc nursery}.
dcwlchuei intubntion, or curnory in '

Potion“ ibr whom the incidence of notchy severe arrhythmia: la high. it may be

on imphyiecticaliy bui‘oro Iurgery towit known heart Conditlonl or to l. on
domain thoracic aumery. '

Centre. ndlcetionsu it has been so lastthat proooinnmillo be contraindicaw:LlontI with myacthenia avls. l
ity in the drug in an n lute central ~-
tioa; in this connection, crash neneitlvity
procaine and related drone muat be borne, .,
mind. Procuinnmide ahould not bi) pdflil (
towed to patient: «1th complete otrlovoo ‘ i‘. ‘ihr hoeri: biooki
Precautions: During administration of .
drug. evidence of untoward mwmrdldl 2‘
cponlee should be extremity watched librl “
patientc. in tho prmntte of an abnormal
ocrdlum. nroculnnmlde may nttimotl . .
untoward reeoonm in an-ial flbrliieti
flutter. the Ventricular rate mayo '
incident In the atrial rum in tin
qunm (igltailmizitm radiation, but .

gaboiich hhlll (languid lfmyoagnilisipmifiIto. veetr on or tachyayato on
hazardous. Correction or atrial iihrlllfi"
with resultant tbrcaihl contractions ..
atrium. may cnubo n dielodnemont
thrombi and produce an anabolic
However, it has been Roam-med the
tiont who in already dischargini ea
cainemido in more likely to clap than 1“

vote the proces- _

momma to adieu: the heart rate in itwho haI dare oped ventricular tacit
dutino m1 occiuclvo coronary epi '
be carried out with, extreme caution;
in ciao required in. marked dictItriovenn'icular conduction ouch
bloc bundle branch block, or neonate
into mtlunuwhep‘e tho use of pi'm»
may ronult in additional dopraieioo

flooded and Yenhl‘lditlilr ueyatoie or.on.

Parenteral mimlninrtratioa _ahouid
Lumd electrocurdlomplucaiiy vi
practicable. li‘ electrocardiograms
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REVIEW ARTICLE

Compendium of Excipients for Parenteral Formulations

MICHAEL F. POWELL, TUE NGUYEN', and LISA BALOIAN

Pharmaceutical Research and Developrrtent, Gertenlech, Inc. Sort!!! San Francisco, Calrfiznn'u

Overview

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) Ionicitiers are added for biocompatibility, iii) surfactants
are added when necessary to prevent aggregation, adsorp‘
tion to surfaces, or increase solubility, iv) antioxidants are
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

emcr excipient used is for front rational; it is empirical in the
first order, satisfying only one question, “Has it been used
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 excipicnts with striking favorable
properties, such as trehalose with its ability to confer solid
state stabilimtion of several types of proteins, or EDTA and
its antioxidants by metal ion 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 has been added to several
parenteral formulations, but what about PEG [200, or PEG

4000? And at what concentratioris, and by what route?
Sodium citrate is an excellent buffei for many formulations
at 5 mM. but is too painful in most instances for subcutane-
ous use 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-
ous‘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 factors
which must be considered when designing a formulation;
there are dozens more based on empirical information
required for efficient formulation design, but thus far a
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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 marketed 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

excipicnt, the drug that was formulated, the manufacturer,
brand name, etc. The infomtation found in this table comes

from several sources, including package inserts, the Physi-
cian‘s Desk Reference (PDR ’97), as well as personal

correspondence from the companies supplying the products.
The published excipient concentration was often given in
different unit5, 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. “It: 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 0.000] M, 0.01% and
l mglmL', fonunately, 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 nondcscriptivc data, is not trivial

and there may be an occasional discrepancy deSpite cross—
checking with the original sottrces.‘ Nevertheless, this
compendium represents a comprehensive survey of paren-
teral cxcipients used today, and is a resource for the
parenteral formulation scientist.

Notes

In putting together this excipicnt 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‘k unless
otherwise noted. in some cases values are listed itt volume/

volume% or the manufacturer did not specify what kind of
percentage they were using (and in this case it was assumed
weight/volume ‘22).

2) Sterile water for injection is included in the excipient
list when used in solution fomutlations; however, in most

 

‘if discrepancies are found. e—mail them to nguycn.tue@genc.com for
correction to subsequent compendium; of this nature.
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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) Excipicnts listed are present in the dmg formulation
itself, and do not include excipients present in diluent (for
example, when a lyophilized formulation is diluted with
bacteriostatic 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 an: listed in the excipient category and designated
with a "D" in addition to their usual cxcipient type (the D
stand for present in diluent).

4) If no cxcipicnts are listed, it means that no excipicnts
were revealed by the manufacturer. In some cases, this is
because there are no excipicnts in tlte formulation, but this
should not be assumcd. In some cases, there may be
excipients present but the manufacturer has not disclosed
them to us, largely for proprietary reasons. Specific follow-
up about these drugs should be referred to the manufacturer.

5) The givendrug 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, mitoxantnone hydrocltlo~
ride). However, in the drug concentration category, the
concentration of the active component is usually listed (for
example, equivalent to 2 mg/mL mitoxantmne free base), so
as to 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 valites_ 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.

7)’ 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 givigtt as a salt form, the counter ion
may not be listed as an cxcipient. To search for counter ions
(like sodium or potassium) one may look in the drug name
fields (where the entire salt is often listed) or in the

Vol. 52. No.5 I September—OctobertQQB

comments section (where the quantity of the counter ion per
gram of drug is often provided) as well as in the cxcipient
section.

9) lfa pH vaiuc is listed for a iyophilized product. in most

cases, it is the pH of thcdrug after its initial reconstitution
with diluent, not the pH at lyophilizalion.

l0) The concentration values given for excipicnts and
active drug product in lyophilized products are usually those
present at the initial reconstitution step, and are not ncccssar~
ily the concentrations present at delivery (often funher
dilution occurs). This applies to solution formulations as

well. Further, excipicnt concentrations may not take into
account additive effects from the diluent (for example. a
drug containing sodium chloride and reconstituted with
0.9% Sodium Chloride usually lists the concentration of
sodium chloride present in the undiluted state).

ll) 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 manufacturer provided
the total volume after mixing, this final volume was uSed for
calculations.

12) For drugs requiring reconstitution/dilution, in most
cases a diluent recommended by the manufacturer is identi-
lied. In cases where multiple compatible diluents are pos—
sible, or when dilution schemes are complicated, one 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 masons.
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
nguycn.tue®gcnc.com for correction.
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EXCIPIENTS FOR PARENTERAL FORMULATIONS

EltiPlanc Corn. [3“ where Admlnlurctlon Drug Name Brand Name Manulaclurrr Dosage Stony:
VJWV applicable Route Form Container

panvtmbeal aauacenia Saupin High Chemical Snluxion mullidoxe vlal
purpum. pilclxcr Company
clan: distal“:

670 » 7.0 W . imavenour Provide] Rose’s 5.4% NephMmSne " MD Laboratozier Solution glass container:
recommended daily Inc.finish of essential

acacia 7.0 {0— inuadmrul Old Tubcrwlin TMbemrlin, OldJina Tm Lederle Labnmon‘a-a Solulion dilpoflbie

acacia (gum arable} 7.0 I!) - inuadermal mbetculin. purified (PPD)Tu-e Teri mm Laboratories Suturion mitipze‘puncnrreprotein derivative

aeeutc 0.059 6.0 [V - inlrarenous filsnalim Neupogen an Ansell, incl Snlulion single dose vial(recombinant
melniorm human

meme neutral SC - subcutaneous Lents (R) human Novolin D L Novo Nordisk Super-anion vial:insulin line Pharmaceulicals
auroenaicn

acetate neusral SC - Immune-om Leruc (L) Purified [cm (L) Purified Pork Ndvo Nordibk Suapcnaion vialsPork Insulin Zion lnmlin Zinc Suave-Minn. Phlmaacmlicah
Sumemiou. USP

well: acid 0.415 [V - inlnwnnur ritodrlne Yulopar Aura USAJM, Solution vial
hydrochloridc

acetic acid SC - mbaalaneoua leuprollda acclale Luplan injection TAP Solutidn mullidon vialPharmaceulicals

acetic acid [H - inlrunuacular “lanolin-salmon Calcimar 0 lrljecliun; Rhona—Poulenc Solution vialssynthetic Rotor

acelic add 1V - lnlravemur albumin (barman), Albumin" 0-25 Armour Solution vial:15% Pharmaceutical

acetic acid 69 1 0.5 W ~ innuemaa albumin (human) Albumin" 0-5 Am Solution bullies
574 Pharmaceutical

\\

acetic acid 3.5 - 5.5 W . intravenous vlncrlarlne sulfate, Oncovin 0 Eli Lilly a: Company Solution vialsUSI‘

acetic acid 0.0! --l.0 W - intravenous Human-nil Romuicon 7" Roche Labontoriea Solution vial:

acetic acid (2.3 («r/w) SC - aubculaneoua smetefln acetate Zoladea 0 Zeneca Sulid Implant dirpasable
Implant Pharmaceutical:

acclio acid 0.46 3.0 - 4,! [V - iarlravcmux milonnmane Novanlaune lmmunrx Solution mullidoae vials
hydrochloride Corporation

acelic acid 1.5 — 4.5 l.“ ’lnmmurcular oayrocin Oxylocin Injection Wyelh-Ayrm Solulion alvrilo camidge

acetic acid N 'Inmmosenlu promelhazine Phenergan Injection WyellI-Ayeru Solution ampula
hydrochloride (amuulal

acelic acid \ 1M - intramuscular promcxhazine Flanagan lnjrction Wyelh~Ayeul Solution alerlie cartridge
‘1 hydrochloride

acetic acid ~55 ; I.\l - intramurcular neonigmine Pronigmln Injeclable lCN Pharmaceuticals Solution mulridoae vial. , melhylauifale

acetic acid 0.225 I.“ ~ intramuscular calcitonin-aalmon Miaulcin O Sandor. Solution vial
Phamneeulicala

acetic acid H - 7.2 I“ - inlrlrnuacular leranua‘ immune HypahTal i) Bayer Solution pzefiUrd
' globulin (human) Corpolalian-Biulogi

Drlrnarilv no

acetic acid 4.0 IV - intrawnoua rocumnium Zcmumn 1“ injection Organ-ran Solution mullidose \‘lalbromide

acetic acid (ampul) I)! . intramuscular Icuplolidu acetate Lupmn Drool 1‘} -_ TAP Lyophilized single dose Vial:
Pharmacruliulr,

“Eli: acid (glacial) 0.2 4 2 : OJ l‘v’ - intravenous octlcolide acclatc Sanduslalirr G) Sandal Solmion ampula
injeciion Phamuceuticair
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EXCIPIENTS FOR PARENTERAL FORMULATIONS

 
Eaclplout Cone. pH whzre Admlnlmacian Drug Name Brand Name Manufacmrcr Dense Stung:

”AWN applicabh Route Faun ContainerW A
“:ch acid NF 1.“ - inuamuscuhr improlidc acem: Lumen DepoH’cd TAP Lyophilizad aingie don vialPharmacuunnii

antic acid NF 40 t 0.3 N - innamuxuiar onyaocin Synlocinon a Smdoz Solution ampu!

amen: Indium DJ 4.0 . 5.0 m «intramuscular pcnlazccina {mm Tan-in injection Smori \Vinehrnp Sol-anion cartridge nudic(mm‘dsa needle)

acacia: sodium 0,? {a - 5.0 N ~innamuscum pentazocine hclalz Talwin lnjccfion Snnol'i Winthrop Saluu‘on mukidose vial:(muitiduaz via!)

uetone sodium OJ Ipina! anutheaia pzocaine Navocain Sanufl Wimrvop Solution ampulx
hydloahloxidc

mum: Indium s 0.2 1.2 - 6.0 spinal «lnflfllflil imanino Punmain: “ydmthloiide Swen Winihmp Sunni-m ampuh
hydrochloaida 1% Solution

alanine 0.668 - 6.0 - 7.5 W - inmvanmu anlilbwmbin m Thrumhaic I]! 0 Bay: Lyophiiiud single dose. vial:
I. H (human) Corporatian-Bioiozi

albumin 0.25 5.8 - 7.1 W — intuvcnoua apnafln alra Ptucn't (Juno Biotech. in. Solution aind: do» vial

albumin «0.0 [M ‘iauamuicuiat uni-a vim lmuvax 0 Rabin Vaccine Connauzh: Freeze-dried single dose vial
pleparud from hbunlin Inc.main

albumin (human) 51.15 N‘imravznom Antihenwphili: Biotin: W Amour Lyophilind aingtedusaFaun: Phannauuucal
(vacombinann

albumin (Yunnan) 50.3 6.3 i 0.4 [V-imravenmls Immun: Globulin Gammagaxd c SID Balm Huhhcar- Lyophilized single use buululntnvamul Corporation
flwnunmolV)

albumin (human) 0,044.0 1V . inuavamua anlihzmophilic Kozenm a Bay" Lyophilizcd ainlxe dos: vial
\ factor CarpalliionaBiologl"‘ (mombinanu

albumin (human) $1.0 IV ~ intravenoui amihcmophilil: Km: 9%? Bayer Lyophiiizcd nun do" haul:
factor (Human) Co motalion—Biotogi

aibumin (human) 0.44.0 [V - intravenwi aniihemnphilin Hannah" Arman Lyophilized :insla doseradar l‘hnmaccun'cal
lrccmnlflnanl)

albumin (human) 0.0061 - I.“ - Inmnnuwlaa bolulinum train chox Q Aflngan Inn. Lyophilized ampui:
0.05 Iypc A

aibamin (human) 5.0 [V . intravenous urokinase for Abbolinan Abbe“ Labomuviea Lyophilized will i
injeclion %

aibnmin (human) 0.25 6.9 2 0..) iv - lnmvenous epouin alfa Epogcn Q Amgen. Inc. Sciulian aingla dose vial i
(tacombinanx i
human }

albumin (human) 0.25 6.1 a: 0.] w - intravenous :yoolin alra Epogen ® . multidou Nngzn. Inc. Soimion mumdou will i
\ (recombinant E
\ human !albumin (human) 10 6.8 2 0.4 , IV - inmvamiu immune globulin Gamma: 0N Amour Lyophilized single dose vials i' W (human) Pharmaceulkal 5

primarily/130 i
Albumin (human) 1.0 — 2.0 1v - intravenous mnocznmi MonoclaM-P a Factor mm Lynphmnd Lint: dose vial “

anu‘body purified V111: C Pamwizcd Phaamaccmir. 1!human

albumin (Plum-M) 1.25 50- nbcuuncoul inmfemn beta-lb Beuumn :8 Belle: Labonronn Lyophila’zad final: in: Via!

“59min (“1““) U3 (V - intuvanmu cytomegalnvim CytoGa-n Q Medlmmunc. Inc. Smila Liquid single don via!
immune dobutinintravcnaul

Ilbumin (hon-m1) 0.5 5C — aubwuncous puiinvims vaccine Poiiovu 0 Connaughz Suapzmion ampauics
immvmd; aype l leomodn. Inc.
iMlhoney). type 2 ‘.

Albumin (human) 0.5 3M - imam-Jam!" imam-(on mm, Rural-on 0% Roth: leorflofics Summon viai
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Exclpienl Conn

0/, “‘{V

aibumin (hu mm) 0.167

libumin (humn) DJ

Albumin (human) oil

Albumin (hunch) Q6

0.4 - 0.8libvmin (human)

Illmmin hnnun USP 1.0

“coho! 30.5 «was;

nacho: 6.! (UN)

dank-31 10.0

Alcohol 6.] (vlv)

alcohol 10.0

Ilcohal [0.0

dcohol "3.0

11420110! 10.0

mom (1m New) 32.9 (m)

AlcohoHUSP) ass My)

Ilcohol (USP) 6.} (vhf/9)

liphA 1.0

Imminum $0.11

numlnum; 50.0001

Aluminum $0014

Ituxninum $016

aluminum 50.56

Aluminum $016
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m - inn-mum

I.“ - inmmuxuht

diohthuin laxoid:
nfincd 1mm:
taxoid

diphthetil a:
mum mold: a
Pcmulix Vaccine

 
pl! Minn: Administration Drug Name Bram! Name Mnnul‘arturcr

applicable Route

i.“ - inmmuscuhr inierfuon lifpzl, Rnfcmn “Io-A (pawns) Rocha Labonxoyiu
rzcumhinanl

3L ~ insulcsioml inmkmn “flab. [man A Schning
recombinant Corporuion

1M dutumuxcuhr intetftmn otl'er. [mm A (minim-i) Schexing
runmbimm Corpcnxiun

iV - inmvznou- nnimepiuc Eminm ® RobertsPhatmlccuiicn!

W - immune: mtihemophiiic Hulmlb-P N Mmour
(new: (human) Phazmueufiul
{Fun-u VIII. AliF)

1V - bunny-nus ligtuaerue Cmdasr. E Gamma
iru'ection CcrponIiun

3.0 ‘ 4 0 W~imuvcms Ebrolidc VzPuid Bristol-Myer:
Squibb-Oncology

“I ~ inmvmous iiolhvylom'nu Twain Smilhxlim Betcha»
Iodium injeciion Phumneeuliuis
mi

63 - 1.2 N - inunmusniht digulin lanolin GIno—Wdlmmc

3.6 t 0:! 1M dummnnlu dihydrocrgulminu DRE. 45 0 Smdnz
umyiue

~95 m ~|nuarmucuhr pentobuhiu! szbuu! Sodium Abbott LAbomorics
Indium im‘wion Soiminn

6.8 ~ 1.2 [M —inlnmuu.1|hr diplin Lmnlln (Diloxin) Oluo Waite-mu
\ Inicclinn

\“u.

31.0 IV - inznwnom phenyloin Indium Dihmin Puke-Duh
injeclion, USP

L\l — imminent" humane Termini Syntax LnbomoxiesImmelhnmina

IV - lmuvenmn cyclosporim Sundimmum 8‘ Sandalcementum tar Plumcmicuu
inicclicn USP

u: t 0.] SM - imnmuuuhr oxytocin Symocinon G Slndoz

3.6 t 0.4 N - imnmuscuilt dihydrmuunminr D.H.E. 45 a m Dyhdcum Snndnz
muyllte 8‘
inieclion. USP

N - inunmuswhr onylclucyfline Tcmlnycin Rani:

\
‘2 lhI-inmmuuuhv Diphtherin and Aral-inning Ledcm hbotalorin
" Tannin Toxoid:Ind Acciiuiar

‘iv . inrnunaul Imilumophilic “mam Bay"faclormunnn) Corponflan—Biolngi

~ 7.4 [hi-intramuscular Diphtheria & Tiipodia W Cunmughi
Tmnul Toxuids hbomotiu, inc.
and Indium

l.\! - inmrmuuhr cambim Minn of Teunns & Diphlhui: 1:40:11: leomorils
"fined (ennui & Tnzoid: Adsorbtd (Adult

Tmmu Touid Adscrbcd. Leda}: Libel-twin
mminum

Tfl‘immunoi
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Lirdrric leonlon'os

Storag-
Container

Dung:
Farm 

Pcwdct (in-rile} vill

Powder will

Solulion villa

Lyophilized viii

Lyuphilizcd singiz dun n]!

Sohniun aim hauls

Suiution mulliple dun:

Solution Amberghn vial:

Soluiion nmpul

Suluiion Ami:

Solution "up“!

Soiulion unpnh

Soluiion Ami-villi

Solution Tube: :mridgu

Solutian Ampul

Solulion nmpui

Soluliun nmpul:

Snlmion muilidose Vin)

Suxpamicnufr multiduse vm

Lyophiiizcd single dose bculc

Solution/Snipe viai

Suspension viii

Suspcnsion Vin!

Suxpmsionhfl muisidou vial:
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EXCIPIENTS FOR PARENTERAL FORMULATIONS

 
Exclpimt Cone. pil \Tbm Administration Drug Nam: Brand Name Manufaclunr Dang: Stat-age

°/-WI\’ applltablc [lance Form Container

aluminum 0.05 [M - intramuscutnt hepatitis A vaccine Hawk (mp-um A SmithKlinc Enchant Suspension single dose via!
Vaccine. Inactivated) Biological: ‘

aluminum 0‘04 « 032 I.“ ~ intramuscular combination of Diphtheda a: Tatum SmithKl‘me Enchant Suxpcruion vial: épail’wd Mama & Tomas a: Ptmnis Phunuccuu‘uh ‘
dfiphlhcxia ’

aluminum 50.034 3.“ - innamunulat combine: Diphtheria a Tmmn Conn-unfit Turbld Liquid via!
diphtlmia a Tonia: la Pen-mix Labomorlu, Inc t

tetanus toxoldt i 'aluminum $0.} 6 I.“ . inrnmaculxr combination or Diyhthcrit a. 'l'aumn Lcdcrle leonlndu Suspended“! vial
“fined diphthcria Toxoids Admiral ;A (Ilium maid! '

aluminum $017 I.“ . intramuscular Dip-luau“ & Tum-mm. (DTlHlbOC) Lennie Labontwiu Suxpuuioqan vialTum." Toxoldt
and 9:1de

aluminum (1045 N dmnmuaculu hum-whim: b PcdvaxlllB Muck a Company Lyoph‘lized any. date vial:
mitts-u- vaccinetnuninxocaccal

aluminum ~0‘05 N - intramuscular lupatiti: B anmbivn HB Match :9. Company Suspension single dose vial
vaccine
(recombinant)

:lumlnutn 0.05 N Jutlamuscular hepatiti! B Engcria-B SmiIhKline Enchant Susponsinn Iingla dole tial
vaccinn Phatmmulicals
(Ieoombimnu

aluminum 2.0 N ~inmmuscular Iurmhinilumu salpnal Schuin; Sutpcnsion multidosc vhl
Cmporalintl

aluminum phatpltate 50.2 IN - intramuscular inactivated CVS Rabin Vucina Adsotbcd SmithKliM Enchant Suspanaion vial
' Kiwi-IUMDPII Pharmaceuticals

rahiu vim:

aminn acid 0.] N -intramuacular mama. A vaccine Hawk (Hepflilis A Snumxline Bedlam Sumcusiun aingk due vial
Vacciru. lmclivalcd) Biological!

ammonia 0.1m IV - intravenous lluthymnlne Trimtat SmithKlinc Bccclum Solution amber-gun vial:
\‘ sodium injection Phamtauuticah“ (Tl)

ammonium acctate DJ ~10 I.“ intramuscular hmzlanldc Damn 6; Rachel Label-lion“ Sululion Impul:

Immonium hydroxide SC - subcutaneous pcntagatttiu Pcpuvlon Wyeth/urea! Solution ampules

anhydrous citric "id 0.017! V W- imam-nous liolhyraninz Tritmat SmithKlin: Buzham Snlutian ambcrvglan vial:
sodium lnitctlon Pharmaccut‘uall
rm

anhydml citric acid 0.03 6.! - 12 lM vinnamutcuhr digoxin Lanuin Glam-Wellcoma Solution ampul

anhydrous cltric acid 3‘!) - 40 N - intrawnous dacuhazlnc MIC-Dome Sterile Bay" Solid Vllit
Corpomion-Pharma

anhydrous citric acid 0.08 6.8 — 7.2, I.“ -lnttamusculu disalln Lanuin (Dublin) Glaxo Wcllmmc Solution ampuls
‘ Inieclion

Inhyflmua dam-me 4.5 10 - 4 0 l W - {nlrlvcmul labctalol Trandala lnjtctiun ® Glam \Vzllcomc Solution vial:
‘ hydrochloride

anhyclrciu dunno}: 4.5 10 - 4 0 IV . intuvcnnua lalxtalul HE] Nnmodync Schcring Solution mullidusa vial
Comamian

anhydmus dcxtrasc 5.0 lelnIrarnuscum buprcmrphine Bupunc: RICH" & Colman Salutinn glass amp-ampul:
hydrochloride Pharmaceuticals

uhydmul Indium 6,0 95 - 13.0 W - inttavmous Matboluxlul Bruital Sodium Eli Lilly k Company Punt-aim vials
Sodium for
inicction

"liniflc Lss - 260 4.5 . 75 IM’ inmmmcular umanam [or Mactam for Injectlon Banal-My": Lyuphll‘ucd vials
injection ‘ Squibb-Oncology

ascotbic arid 0.0:! ~ 0,43 IV . inttaunous duxycycfin: Vibxamwin lutravcnmu Rout: Powder vial
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EXCIPIENTS FOR PARENTERAL FORMULATIONS

  

E
Exclplonl Cnnc. pH when Administration Drug Name Brand Nome Mlnllhflurer Doug: Storage '

9’. WV applicahle Route Form Container 4
”cubic acid 0.! 131‘ inmmuscum imipnminc Tatum! CihlGIntV-l Solution tmpols :hydmlzlofidc USP Corponlion gi

ascorbic acid 0.2 N - inmmmI-rm: :hlupwmuin: figurine-Impala Smixhxlwr acnlum Solution mill!"
hydrochloxid:

”cubic add 0.2 m -lnlnmuuulnlm chimpmmuine Thur-zine SmllhKlin: Beecham Soluo’on mullidosu vials
hydrochlmidc

acerbic will 0.2 M - 4.5 mien: bupivtuine Mlmine Hydrochlodde S-nofi Win-.luop Solution single dose viall
hydrochloride Ind with Evin-9hr!“
Ipimphrin:

mom: acid 1.0 SC ‘ snbcuunznm Epinephxin: Surphrine 0 Foxw Suxpcnsiou unpulPmrmluuliflh Inc.

”cowl: mid USP 0,! IM - ink-museum lhialhylpefllin: Torccuu fl Roam: Solution amp-ll
mnlau USP leonlmiu, Inc,

npangine IVS - lnlnwsinl an llkmulcd llve TICEO ECG 013nm: Finn-did ampules
CUM”: pupmlion
0! ECU ":an

blnzlllmnium 0.02 8.8 - 1.2 lD- Madam! bunnuhmnc Ccimonc Soluspan Schering Suspcnlion mullidoa- vial
sodium phosphate Suloenlian Carper-lion&. bcumolhunne

bamocsullom‘o Add 3.25 . 3.65 [V - inlnvenoua Imwtium beryhu Tun-Sum Glaxo erloom: Solution Iingle use Vin!

benzclbonium 0.0 - our 50 - 6.0 IM - mun-mum diphcnhyduminc Bundryl l'arkc Daviu Solution Impule:
hydtochloxldc

benzullouium 0.0 - 0 0! N ‘ inulmuxcuhr bumrphn no! Sadat GI lojzclion Apmluconmxiuol- Solution vial
lulnl: Hym Squibb

benzyl alcohol 1.0 3,0 — 4.0 lV~inluvannuJ Elogmid: VePuid BristoHly-n Solution multiple dose
Squibb-DMDIDB)’

\\
bully} denim! 0.9 5.0 . 1,5 lM‘ianumulu Denmalmonc D-hlona D.P. 02 Form Sulpamlon villa

Annie Phnmumtiuls
Sunnuion

benzyl alcohol 0.9 5.0 - 1.0 lM-Inmmuwulu Conlsone Meme Canon: Meme Maul: & Company Suspension vials

hcnzyl Alcohol 0.9 5.0 - 1.5 N~lnlmnmohr duamelhawnc Dmdron—LA Mud: a Company Sulpcmion villa. new:9

hem! nloohol 0.9 6.0 - 8.0 but - inmmizuln Pudnilolone Hydellu T. B. A. Muck & Complny Snipenaion vimTabuulc
i

' benzyl Ilcohol 0.9 5.0 - 1.0 MR - lnlmniculn Hydmcorliwna llydroconone Aunt: Muck & Compnny Suspcnzion vial:lCllch

hem! Ilcohol 0.!9’033 3.5 . 1.0 lM—imunmcular Mclhylpradnimln Dcpo-Mcdml m Upjohn Suspension Ling}: don vial

\ nu meme Company
benzyl llrohnl 0.9 0 «6.0 ‘\ 1M . laummcmu Iximcinolone Amman Pom (P) Fujinw: Micronlzzd vill“ dhnm:

”Wilhelm! 0.90 { ~6.0 ‘ IL ‘ in'lrlluioml ln‘lmninolon: Miltocon Fujium USA. Inc. Mitmnized vii!‘ diactme

benzyl nacho! 0.90 is - 6.5 ll. « inmluioml lxilmcinolooe .Uiflulpnn Suspension 5 Fujiuw: USA, Inc. Sulpcnxion villhencmnide Inn/ml
mlmmion

benzyl Iloohol 2.02 IV - inhuman! unioduon: He! Cotonou: lnmvcnou; WycmoAycm Solulion Imp-Au
(Cordamm IV)

bully} Iloahol 0.9 [V - inlnvcnou; Enlllprilfl Vault: LV. Mutt a Complny Solution will

benryl Ilcohol L0 ‘10 IV - mum-nous midnolxm Vmcd . Hon'nun . knock: Solulion viii:
hydrocNoddc Inc.
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EXCIPIENTS FOR PARENTERAL FORMULATIONS

 
Eulpi-nt Cunt. pll when- Admlnlurallun

7.;le appllcablr Route

) benzyl “coho! 0.9 m Julnmusculn

5 bznzyl limlml 0.5 S! - 6.5 lM-lnlumusmlu
bxnzyl Ilwhol [.0 3.5 « 6.0 m vl‘mmmueulu

banzyl 11:11th 0.9 19 - 5‘0 lV . lnmwnnm

benzyl :lcohcl kl L\l Jamaican!“

hcnzyl alcohol 5.0 ~51) 1V . Intravenous

buxzyl alcohol LG 40.0 W . inlnvcnaus

banzyl Ilmbol 1.0 N ~inllllmuflllll’

bully! alcohol 0.9 ~4.S 1M — inuumsnuhr

hem! Ikohnl LS ~J.0 IM - lulnmmculu

benzyl llwhol 0.945 L\l-inmmscular

Mm} Alcohol 0.9 SC ~ nlhcuumux

\‘\
balmy! alcohol 0." {CH ‘ lumen-maul

benzyl alcohol 0.9 ~63 IV - inmvcmus

ban!“ Alcohol 2.0 I.“ . lnlunusculu

bonny! Anabel 1.0 ~11) 1M -imnnmsculu

hem! Alcohol 0.945 Ndnulmusculu

bmzyl Iltohnl (.5 N -inmmusculat

'\
benzyl Ilcohol 2.0 ‘- m . inlnmuxutulsco

hem} ulcohol 0.15 I.“ - lnulmusculu

benzyl Alcohol 1.0 6.! 1 0.) IV - immanent

benzyl alcohol L: [M - Snuumuuuur

1 luxury! alcohol 1.5 N > inmmuuullr

: tcnzyl alcohol 0.9 5.0 - 7.0 I.“ -inulmux:ulu

Vol.52. No.5 I September—Oclobertssa

 

Drug Name

hydroxyzinc
hydmelede

gold Iodium
llu'amlhl:

nelilmicin mm“.USP

doxuurlum
:hlotids

In I opelidnl
decannm

ltniposide

trimelhowim mdsuit-Immunol-

lnuupnm

methouhmpmimu (h:
hvdmchloxide nix
chloralunpaid:
hydruthlodd:

limomynin
hydroclllmidc

leupnlid: Meme

nlploalndil

Imlmnprolc m‘d

physosligmlne
Illicyllle

bur-mania:

:lim‘llmycin
phosphal:

diucpam

chlurplomazine
hydrochlmlde

pzochlaxperlzine
u Ihc odisylale

cpoelin IlYI
(:ecombinmthulmn

fluphlmu‘ncdrum-Ila
inimion

[luphcmzinoEnmtlm-
Inlzcuon
phymmdiun:
(vlurnln K33

 
Brand NImL‘ Manuhcmnr Dnngc Slang:

Form Container

Vislatil Reed: Sclulion mullidon vi-ls

Myccmyxint Muck a. Cumpmy Saluu’an Impala

Neuomycin Injection Sdurin; Biochzm. Solution vial:
Corpamlon

Nummu Glue Wdlromr Solution mullidux: vial

Hatdol Deanna: 50 and Mchil Solution (in lmpuls
ma Phlunlcllllifll

Vumon Injection Bristol-My!" Solulion unyulcs
Cantu-mu (VIA-16] Squibb-Oncology

Sepm LV. Innuion Gluu Wellconu Solulion mullidaae vim

Minn \Vyelh’Ayflu Solution null: cuuidgu

Levoprome Immunu Solution villa
Cnrporllion

Libulum kuzmhlc (1M) Roche lels, Ina. Clylnllint amber Impuh

Lincocln unit: wlun‘on TM Upinhn Sulullun vim
Company

Lupron Injcclion 'I‘M‘ Snlulion mullldon vhi
Phunmulinls,

Cuveljtcl Smile Powder TM- Upjohn Fnezc-drlnl vm
Compmy

Amklrlnjmion USP lmmunex Sululion vial
Carponlinn

Antilirium For": Sulullon nmpul:

Bumsx 9 Roche Labomatiu Solution lrnpuh

Clmcin Phosphate smile The Upjohn Solution vim
Salulion Comp-hr

Valium Iniemhle Roche Products 5nluxion Imyuls

Thouzine SmilhKline Beeclum Solmion multldos: vials

Compulm SmilhKlinc Bet-chain Solution will:Pharmceuliuh

Epogcn ® - mulu‘dose Amgen, Inc, Solution muhidou vm

Prolixin Decimal: Aposhzcon/Blixqu Suluu'bn tingle duu
Mym Squihb

Prolixin Enamhal: Apnlhunrv'flriunl- Suluu‘on villa
Myers Squibb

AquaMcphymn Merck a Company Aqueous Impul:
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Eulptent Conn. p" when Admlnlnrsnion

'I-WIV applicable Route
bmzyl IICDhDI 0.9 N ~intflmusoulu

benzyl mono) 0.9 ~|.5 M . inunnuial

bonzyl Ilmhot Lo -to.0 lv- intravenous

benzyl alcohol Lo ~lo.0 IV . inmvmom

benzyl alcohol 00 - 0.9) 1.0 . 3.0 [kl-inuamnscutlr

bent“ limhol 0.02 (Viv) 7.9 N - lnmunous

bully} licohol 0.7! N - intramuscular

benzyl Alcohol 10 (Viv) 3.0 . 90 IV 4 inuavenous

benzyl IIODI'IOI 1.0 W - intuvcnous

beam IIcuhol SI .0 IV - inmvmout

hem! alcohol no 5.0 . 1.5 W - intravenous

benzyl alcohol 0.905 5.0 - 7.5 [V - inlnvenotu

blnzyl Alcohol 1.0 IV - inn-venous

boozy! Ilcohol NF 0.9 1.5 . 5.0 W . iuthlnmu

bcmyl Ilwbol NF 0.9 2.0 . 1.0 N -inmmxeulnr

. benzyl nlcobul 0.90 4.5 . 6.5 IAR- lntmrficulu

} benzyl Ilcohol (tr: 0 - 0.9 125 - 3.65 IV ~ Intravenout
!
: txnzyl Alcohol (3:: 0.0 - 0.9 3,5 - 5.0 [V - Intravenous

benzyl mono” us 0.0 . 0.9 KI m ~lntnmuuolar
‘V

bcnzyl “who! (toe on . 0.“)! 6.5 . 3.5 x“ IV - inmnmm

bemyl Akohol (sec 0.0 - 0.9 [V - iotmrnoux

benzyl IIEGMI (:2: 0.0 . 1.0 5.8 - 1.2 IV - inttlvcnous

bcnryl Alcohol (are 0.0 ~ 8.92 7.0 - 8.0 I.\I -iolnmuuuhr

bovine serum (0.000! 5C - wbcuuneous

bumnd Indium SC - subcuuneom

246
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Drug Name

chotionlt
nomdouoptn for
lnizctinn, USP
methouu: to
sodium

tritnrthnprimlnd
“Hun-thou“)!-

trhnefltoptim andnull-methanol:

hydrocortisonc
Indium ouccltute

Indium mndccyl
tulnlc itu‘zction

trinuoperuinc
nydroohtotidc

oth anal-mine
olntc

gonadutelx'n
hydrochlorid:

heparin sodium

heparin sodium

heparin sodium

hrmtin sodium

don-yum
hydtocllotid:
iniwinn USP
glycopynolne,
USP

triamcinolono
hexacctontde

anon: rium boxy-tun

minculium
chlorid:

(um-en“:

"I!!!“

nmafldin:

epoct’m Illa

methylptcdniuolo
M sodium
:ucdnztl. USP

poliovirur "rein:
imclivatod; type I
Mammy]. ma: 1

typhoid Vaccine

 
  

Brand Name Munurzclurrr Dosage Storage
I-‘orm Contnlncr

Pteznyt o; Org-no.1 Powdcr multidou viah

Mailman“: Sodium Inururnu Solution Vii!
lnimion Commotion

Stpua IV Infusion Glaxo WIlknmo Solution Vial

Scott: W Infusion/ml) Glut: Wclkomc Solution vhl

Solo-Com! Sterile Patton ”nu Upjohn Fourier Aol~0~vhl
Company

Sou-duo] 0 Emu-Sim! Ino. Solution Impul

Slehfine SmithKllm Beccham Solution multldoso vial
Phlnmceulicals

Ethlmd‘m 0 Injection Schwm Solution lmpule:
Phumlcruticnl

Fund \VyflthYlul Lyophilized single dose Senate

Heparin Look Flush Wyath~Ay¢m Solution Tuba Blunt
Solution. USP

Heparin Sodium Injection Wyeth-Aye!“ Solution Tuba sterileUSP

Heparin Sodium Injection Tn: Upjohn Solution Vin!
Company

Heparin Sodium Injzctto Eli Lilly :9. Complny Solution multidou vlat
-Etl Llllv

Dapnm Injccubll A H. Robin! Solution mullldase vials
Comploy

Robinu! IndCIIbIB A. II. Robin: liquid multidon vial
Compnny

Arlstoqun Suspension Fujiuwa Micronlzed VIII!10 MM!

Trlrrlum Glaxo \Veflcomo Solution angle use Viol

MiVuron Injection Oluo WeIII‘anmr Solution linglo dose vials

[Mix 8‘ Hocchtt-Routsrl Solution output:
Pn-tmauulinls

Mun-.1 Inf-morn Bxiatol-Myers Solution multidoxe vial
Squibb~0noolcgy

Pcpcid Injection Mutt; a; Company Solution muttiooae vial

Procrit Ottho Biollch, Inc. Solution tingle dou- Viol

SoluAlcdroI Smut.- The Upjohn Powdu Ail-015'!
Pond" Complny

Potion: ® I‘ Conmughl Suspcntion ImpoolesL-bontutiu, Inc.

Wyeth-Ayn“ Suspension muTyphoid Vaccint US P
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Exciplaot

burfmd Iodium

mrylmd

butylmd

uizium

ukium chloride

ukium thiatid:

calcium amide

atrium chloride

ultium chloride

ulcium thloride

ulcium :hlnrid:

ulcium chlasida

uicinm chloride

ulcium chloride

urban dioxide

when dioxide :15

Cuban dionidc y!

ulboxymuhylnllnl

cuboxymethylcellul

‘ cub ox‘y‘meihyiceiiut

urban ymnihytccllu!

nrboxymexhytnuui

cuboxymetnymuul

cuboxymelhylcdlu!

EXCH’IENTS FOR PARENTERAL FORMULATIONS

Cont. pl! when:
’appflcablr'/a \W\'

0.0)

0. 0]

SO 02

0.03-0.05
6

30.03317

0012-005

0.0)] A5 - 6.!

0.048 7.0 - 7.5

0.022 ‘
0.056

0.048 7.2 1 0.4

00m

0.001

0,004

8.0 - 9.0

0.55

0.6

0.55

0.05 10 . 7.5

0.5

0.5

0.5

Adminlurauon
Route

Drug Name Brand Nam:
 

ID - inundermal

lM-inmmuscuur

lM-inmmumuhr

[V-inmvonou:

IV ~ (nu-venous

1V - inunmou:

IV . lnmvrmu:

minus

:10 - binocular

IV . inlnnnous

[T0 - Samoan!“

I.“ . in":mum!"

\~\
m - inklmuflilll'

I.“ — intramuscular

W - lnlnvcnou:

1M ‘ inn-muscular

1M - inmmuuuhf

1M - ink-mus:um

I.“ - inmmouum

' I)! - inlumuscuh:

lM-inmmucum

I.“ - inlnmuxc um

I.“ - inlnrnauuur

I.“ - inmmuscutn

Vol. 52. No.5 / Septemher—October 1998

«on! pm! of
031m Ind Ina!»
IEIDWPGI n! kitted
Vimnln A
Purim: u
minol
Vimnin A
Pslnime u
retina!

Anlih tmophih’c
Fulor
(recombinant)

nnlillemophilicfactor
(recombinant)
Inlfhcmophiiic
Into! (Humm)

Intihamophilicruler
(unambinnnn

rneplvmine
hydmchloridc

sodium
nyaluwnm

rum-laden]!
lnlibody puvificd
hanun
puri find
hydroaypmpylmac
thcelluloIe

prom-«huh:
hydrochloride

pmmIthuino
hydrochloflde

mop- Mint
hydrochloride &
promlhuin:

cyclophmphamide
for injurion, USP

shielhflpenzine
mil-1c US?

mnm‘duine
buylm USP

poniciilin 0
hmuxhim Ind
uznlcfllin 0
pmidllin O
bonnthinu
implosion
penicillin Gbenznthlne Ind
oznicimn G
[human-Ion:
Aunt:
Suweluion
Imptolide Item:

leuprolide ltflnie

lluprolida new:

Chum- Vaccine: US;|

Aquuou PIIEMEII‘I

Aqmw! A Pmnlcni

Ritchie 0'

Kogemle E

Knm @HP

”clinic V“

Carbonlm
livdrochiocid‘ndmlc

Ami: o Viuu 0

Moment»? 0 Fum-
Vlll: C Pulmizcd

Ocucoal

Phencrgtn )njmion
(lmwh)

Fhencrpn Injection

Mepcmn

Lyophilizcd Neon: 0

Tout-n0

Scream CD

flicillin C~R 900000

Bicillin L—A

memo. C—R

Dahlonz DP. 0

Luprnn Depot 3.75

Lupmn Dcpot~Pcd

Lupmn Depot) menu}.22.5

 
Mmutacturer Dong! Storage

Form Cuntalncr

Wyahfiyns! Suspenu‘on vials

Ann USAJnIL Solution iingirdau Vil'.

Mm USA. inc. Soluliun Jingle-dose will

Amour Lyophiliud single-dose
Phumantuiiul

Bay“ Lyophiiind lingte dun vial
Corporliion-Bidogi

Buyer Lyophflizm single dou- bunk
Corporation-Dialog

Arman Lyophiuzod lingie donPbumoccutiu!

Smut; thhrop Soimion single don vim

Allugin Inc. Soiuilon dimanbh glass

Armor Lyophiiizcd ling]: dose via!
lemachicu ,

Saar; Ophzmhnica Solution Iytingu

Wyatt-Ayers! Soluiion nmpub

Wyeth-Avert: Solution smile cuflidg:

Wyzlrmycrn Solmion 5min urm‘dga

Plume“ Lyophilizrd vim

Roxane Solution ampul
Lahonl‘orin, Inc.

Bmhringor Solution Impala
lngdlnim

Wyethdlycm Suspension Hui!- wlridae

\VyulhAycm Sulpunlion dilponbl:

Wyzm-Ayem Suspension dilpoflbk

Fem! Suspension via):
Phumaceuiiclls

TAP Lyophilizcd single dos: Vin!Phlrmlceuiiuls

TAP Lyopflfiztd tingle do" vii!
Pharmaceuxiuh

TAP Phsrmzmtizats Lyophiliztd vill
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9 EXCIPIENTS FOR PARENTERAL FORMULATIONS

   

  

InnoPharma Exhibit 1020.0189

 
L'- Elriplmt Cone. pl] when Admlnlltrltlou Drug Name Brand Nam: Manufacturer Dong: Stung:

7.le applicable Route Form Contztncr

cuboxymclhytullul 0.5 N - inmmuuuhr twpmlidz Itch": Lupmn Depot 75 TAP Lynphililed sing}: dose vim
.yi Phumtccuticm

E
: chloride OJSLO.“ W‘ intravenous Inlihomophilic Kogenm 0 Buyer Lyuphilénd tingle dos: vie!
! 3 from: CorporationoBiotogt

(recombinant)

chloride IV - inmvenoul entihemoptdlic Hem": "‘ Armour Lyophitized tingle dos:
0.3550.“ rule: l’lnrmnuuticd
‘ (rlcombt’runtl

chloride 0.213 - 6.6 - 1.4 {V ‘ immrcms ASphll-wotcimso ProLmin 0 Buyer Lyophilized singte dose Villl
i 0.613 inhibitor (humn) Corpomion-Biotogi

chloride 0390» 6.0 - 7.5 W - lrunrenou: antithrombin to “confine Ill 0 Buyer Lyophilized tingle dose vim
0.7“ [It-Irma) Curpontiomflioiozi

:Mornbuh no! a. 5 IM-tntmruuculn Viumln A Aquaxoi A Perentm! Ann USA. Inc, Solution stash-don vhlPelmiute a:
ruiuol

:blornbullnol 0.25 6.0 - 7.0 I.“ ~ inunnuxuhr Nydnzsid lnjocfion ApotheoonlBrinol- Solution vm
Myer: Squat:

chlorobutanot $0.5 t.\! - momma-flu L-epirnphrine Au‘Kit my" Solution twinge
hydrochloride Corporation-Mum:
linicotiun).

chlorobutmol 0.5 2.5 . 4.5 I.“ -lnulrmmuhr uyloeln nyloein Injection Wyeth—Ayala Sotulion sterile cartridge

«Mom human] 0. 5 Bi . imnmucnm (enamonc Duhtulryi EioTeehnolu" Solution tingle dose
cnmtha to Gene"! Com-3T0
ZWmIImL

ehIorobutmnt 0.5 m dnmrnmuhr dicyciomine Henry! Injection MemltDow Solution multidnse vint
hydrochloride Pharmauuliul:

chiorobuhm], NF 0.: 420 :t DJ {M - intramuscular oxytocin syntocinon ¢| Sends: Scintion ampul

ehlotobululol (lee 0.0-0.5 4.0 [V - intravenous dermopruatn DDAVP 0 Injection Rhone-Paula: Solution nmpulsname Rom

:hlorobuhnol (see 0.0 - 05 IM - inunmumm plpverinu hpvnin: Hydrochloride Eli Lilly 3; Compmy Solution multidose via}:
hydmuhtorirk Inlettr'nn. USP

stir-to ~l.D w - inhuman; ahlunnsc C-mhuG Gcnzymo Scimion glass bouts
injection Carper-Hon

dot: 1ch D. I lMdnmmutcuIIr Vitamin A Aquaml A Pmnlcul Am: USA, Inc. Solution tingle-don vie!Pun-Lime u
ruinot

ctuic m’d 0.2 1.0 - 4.0 IVJntrnvcnou: Etopoxtde VePeaM BrittalnMyers Solution mutripte dos:
5quibb~0ncalogy

i

citric acid ~6.) 1V - tnmvmou: imigfiuzcmc Comma“ Oenzyrne Lyophiltzed vinl
Cnryonrion

citric ncid 0,02 ~51) Lu . intramuscular nimethobcnumid Ttilrt O-Impulx Robert: Solution Impu‘i9 KC! Pturmaoeuu'w:

citric Icid 0.02 ~S.O N dun-muuular trimnthobonnmid Tram O-vm: Robert: Solution multiple dose viz!
' V t 2 KC! Phunuuutx'uls

citric 3ch 0.02 ~30 IM - lnmnmtuhr lrimuhobenumtd Tignn O-ayringc Robert: Solution dizpoublea HC! Pharmacoutiut:

citric new 5.5 ‘ 6.5 IV . inmvencui Ilenolol Tommi" l. V. Injection Zfltlcl Solution nmpuluPhamuuutinl:

:in‘ic mid ~ 5.4 IV . imuvenour Ntophonium Temilon tCN Phenmczuriuh Solution mntfidase vimfluoride

n’ui: acid IVS - lnmvesint an attenuated Its-e TICEGDBCO .' Orgznoa Frenzedrizd moniesmime prcptm'mn
of RN} vaccine

! 3t
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Exdplem
W

citric Hid

gini: ncid

gsm‘c “id

céuic mid

citric acid

citric laid

civic laid

citric laid

citric 0cm

citric add

this add

civic Icid

ciuin Icld

:iuic add

um: acid

ciuic acid

tilde acid

fink Izid

this: acid

tinic’njid (addition!)

um: mid nnhydtous 1.0

ciui: acid lnhydlou: 0.2!

citric acid

citric uid Inhydwus 0.5

EXClPlENTS FOR PARENTERAL FORMULATIONS

 
Ca M. pH Mame ddmlnlltrmlon Drug Name Brznd Name Mlnuhttunr Douge Slnrng:
'AW/V applicable Route Farm Container

0.02 l! < 5.5 Valium Iidoux‘nr Xybnx‘nc wish Ann USA, 1.1:. Suluficn mailman: vials
hydmchlcxldo Ind Epincrfluine
cpincpluin: -:

0.02 3.3 - 5.5 v-rimu Hdncline Xylouim MPF Mm Asm USA, Inc. Snluucm ImplIIBI
hydrochloride 1nd epinephrine
ammonia: I:

0.: 1M - mmmnum hydmmntphuna DilnudEd Km“ leonuxits Schwinn Imam
hydrochloride

0.1 Is! - ininmuscuhr hydmmmhanc Dmumm Inimicn Km}! Labonmiu Soimion amber unpules
hydroddmidz

W ‘ inlm'enoux pmpunolol Indenl Wyeth-Ayn“ Suhuion Impuis
hydmchlorid:

[.0 I)! -inmmuu:uhr oxylmuycxine Ttmmycin Rauig somion mullidase Vin

0.015 3.7 - 4.) [V - lnmvemus diniazem Cudimn Marion Mend! Dow Solulion via!
lydmchlotiu lnc.

IV « inmvonous pcrphemzino TnMon lnjmhn Schuin; Sohnion Imp“:
Cnrpoutinn

0.0 as 6.9 x 0.3 N . bummmu cpoczin alf- Epogcn a Amgcn. 3m. Solution 1th: do“ will
(uwmbimnt
human

0.0!] 6.: t 0.) W - inlnvcnous lpoflin a!!! Epopn 0 - mullidusa Amgen, Inc. Suhnion mullidoae vii!(yuan-153mm
humm

6.! 1 0.4 N - intravenous lmmunz globulin ammmv Arman: Lyophilized mingle dose villa
IV (human) Human-min!
nrimully an

0.02 3.0 - 4.5 vnions “Mania: “Cl Ind [Nmmt hjwliom As": USA, Inc. Sululion ninlla don vial
npincpivins u

\\‘ Hurt-me
6.0 - 0.5 I.“ - {nu-mam penciuin 0 Bul’fmd Pfiznpan I'm Rom; Powder VIII:

pounium luimion

0.006 - 5.! ‘ 1.2 IV . immenoul upoctin 1m Proclil Onho Biotrch, Inc. Soluxion link dose Vii!
0.0!!

~10 1M . intnmuuuhr pyridoxlnmine Mullnon [rum-bio lCN Phumumaicm Snlulion ampullbromide

0.33 [M - imamuscuhr bumphnnol Slade! 0 Injeclion ApotbcconlBristnl- Soluunn vinl
unme My": Squibb

0.0! 6.1 - 1.) IV - lnluvcmus nnixitfine 1mm.- Injection Premixed Glue Wfllcome Solurinn flexible plum:
hydrochloride

0.052 3.0 - 4.0 W — inlunmus ondanmmn Zulun 0 Injection Gino Weucome Solution single dos:
hydrochlofide Planned
dihvdme

0.023 5.0 » 1.0 \ W . immenous mdronidazol: Fluyl [VRTU SCS Sotuiinn linglv dose

3.5 W . inmvmous nicudx'pine HC! Cndene \Vyclh-Aycm Suluxion Impuls

6.5 ~ 6.9 Ll - Inc-l injmion denmuhamm Dec-drum Phulphau: with Much J: Company Sclulinn villi
- sodium leouine Inimion

Momma-Maui

(.0 1V - inn-venous vuutonium Nonumn <8 Organon Frecu-dricd vhl;
blomidc

0.02 J.) - 5.5 urine: bnpiuu‘mc Samson-in: Q-MPF with Am: USAJnc. éclution :Engle time vialshydxochloddc and evincphxine
wiMDhILnI n

W - imnwncus mgxhyldopuxe HCX Aldome! Eu“ ‘ Muck a: Company Solution vimHvdtmhlodd:
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Exclplcnl Cont. pfi Mme Administration Drug Name Brand Name Manutactunr Dong: Storage
%WI\’ applicable Route ’ Farm Cnnlainar

citric Acid Inhydmus 0.3 [M — inmmnscnhr muhnumin: Vuony} Glue Walloon: Suiution unpuh
hydrochlorid:

citric Acid Inhydmu: 1.26 [M - inhuman!" naibuphinc Nublin DuPont Phamn Solulinn Impuls
hydmchioridc

citric Acid mhyantu L26 N - inulmuswhr Mibuphin: Kubain (Impuiu) DuPont thnm Soluiiun Impuzu
hydrochtuxida

civic acid mhydrou: 2.2 3.5 . 3.5 W ~ lnflmnou: unplomcin bnonr Sum: Powdet The Upjnhn Ftnzedn'ai vill
Complny

citric Acid 0.} SC - Inbculnncuus phenylcphrin: Neo-Syncphrine Slnofi Winthmp Soluiion Input:
hydvuthlwidc hvdmchlaflde
iniczliaon

citric acid 1.0 - 40 [V — inmvmou: labenld RC! Romany" Sclming Soiuiinn muhidnsa vii!
Corpominn

citric acid 0.05.! 5.5 W - lumvmnm niurdipim “Cl Cardenc Wyeth-Mam Solution Impuls

citric acid 0.05 3.3 - 4.0 [V . inmrcnous nndanulmn bfnn D injminn Ohm Walker's: Solution linglc do" will
hydrochlntidu
dim/arm

did: «in 1.0 - to IV - burmnous ubcmoi Tundaie Injection 0 Glue wmcome Solution will:
hydrochloride

writ: laid Us. «.5 1M - 'uunmuxuhr muhauimepnzin: Luvoyram: Immune: Solution villi
' I: III: _ Col-pulliun

hvdrochiolidc nit

colloidal Iilicnn 9.6 (CV - imnnnriul dinupmnnnu Pnpidil 0:! The Upjohn Vimu: Gel Iytinge
Company

:rnu'nin: 0.5 5.0 — 1.5 lM-inmmunuhr Dun-methuane Dzhlone DP. 0 Fun! Sulpcnlion vilhAnni: Phumlcoun‘ul:

\\ ~-, Suimnshm
nuiininu 0.5 5,0 . 1.5 lM—inmmuuuhr dlemelhuanc madman-LA Mack in Conway Suspcmion vixl:«cine

unllninc 0.8 7.5 - [0 W ~ inlnwnmu Dumihunne Decadmn Phosplme Memk & Company Salution vials
Indium phosphai: lnieciion
. USP

cmlinine 0.0 6.5 - 6.9 LI - [out injection duunuhuonc Deudwn Phsphnlc wilh Merck a. Company Soiulion viii!
indium leauine lnicdion
nhclnhIIe-liduul

cmlininc 0.3 7.5 . 3.5 N -inmmu:cuinr hydroconisnn: Hydtocomne Phosphate Muck A Conway Solution multidou will
Minn: pImph-tc

Crmophm 0 EL 52.7 W . InIrlvenou! padilml Tlxol Minot-Myer: Nanawtoul Sinai: dose vim
Squibb-Oncology

Cremphodk) EL 50.0 —5.0 [V - inmvcnou; uniposid: Vnmon Median Bristol-Myer: Solution Impum
Commute {VM-N) Squibb-Oncology

Cxcmophmm) EL 65.0 \l IV ~ lair-venous cyclosporin: Sandimm 0 Smdez Solution Anl'pI'J\ mnccnmlc tar Phltmlceutiuh
“ mimic». usr

,cmsslinlad “min 0.5 . 1.25 IV - inluvenou: lucplolinuo Sircplnc Am: USAan. Lyo‘leizrd vii!

ELL-tank: + giymh'c 14.1 ~ 84 6 5C - muhmu: gonereIin new: Zohdu 0 2mm Solid Impunl disposabk
(wrw) impinnl Phlnmuutiuh

Emanaiwl 066 N . inmnuucnllr Ilupmlidn 1mm Lupmn Dcpcl 3.15 TAP Lyuphilizcd lillgk dose willthnuculiulc

D‘mnnixol 5‘0 2M . inuamuscum knpmlid: anuie Lupmn Depox 3.15 A TAP Lyciphiiind single daze via}Fhlrmluuticlk

D-mlnniiol 1.12 “Linn-museum icuproiide Item: Lupmn Depot 1.5 TAP Lynphilizzd ling}: dose vial:Phatmmuiims
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Exclpicm Cont. pl! \rhnc Adminmntlon Drug Name Brand Name Manuhcxurur Dnuge Stung:
"/oWIV applicabtn Home Form Container

D-m-nniloi LII-2.64, N . inmmuscum {euptouds mum: 1.2:an DepolvPcd TAP Lyophiflzzd :ingl: dose fin!I’hamucwxicux

D-mlnnixol 5.0 N ‘ inflamuuulu hupmfide Item: Luplon Dcpot-Pcd TAP Lymphilizm ring}: 00:: win!Wlmluuliuh

a~mnnnitot 5.0 (M . [nmmnscum Impxolide lcflfle Luplon Drpol-J mumh, TAPPlunnIccuficlll Lyophiliud will22.5

¢Hmnnirol 2.59 N ~ inmmuscuhx Implozidc «mic Lupmn Duper-J monm, TAP Pumuzutkm Lyopmized Vin!22.5

D-rnnmiiol (Impul) 5.0 N - imnmuxuhr [cupmiide accuse anwn Dz-pm 7.5 TAP Lyapnilizzd single day: via}:Phumuwlinl:

d—mIbiml 45.0 6.0 . 80 {AR . inlruuirulu Prudnimlnnr Hydelm T. B. A. Muck a: Company Susptnsinn vimTabulaie

dehydmed AlcohaI 42.7 (Vh) 4.0 W - inlnvcnotu Ilniposidv Vumon Injection Brixtol-Nytn Soluiion ampules
Commute (nus: Squibbancotagy

dehydmed alcohol 49.7 (vlv) IV - immemu: paclimcl Tuol Bliuol-Myen Nommmu mule dos: vials
SquithOncotcsy

dchydnxcd IIcohnl IV - inlnwnous dpsonudil, Ploxlin VR Padilnlc Thu Upjahn Solufian nmpoulu
{pmmglunfin E!) 5mm Solution Camp-n,

dIMdm'd IlthI, 110.0 (v/v) 1V -5nmvcnou1 ucauiinux Prom! Fujisaw: USA. In. SoSuxion lmpulfl
inimion

dcxlmxe 3.15 1.3 - 5,5 [pins] Inulbolin bupiuuinc Slum-inn ®~MPF Mm USAJnr. Solution ampules
hydrochladde Suiml

021110" 4.4 m - inmmmcuhr nmiuipayline 11C! Etavil chcu Solulion vim
Pharmcemicli:

\‘
dunes: 5.0 IV - intravenous clinaamycln thdn Phoqmlc IV The Upjohn Pmnucd Galaxy (E) plum:

phosphate Solution Company

dexuosv [.15 5C - iubcuunaous inmrcmn beta-lb Barnum» 0 Burn llbomofin Lyoplu’lizcd final: an vhl

dunes: 5.0 1.5 - 1.6 IV — inlrxvcnom cipmfloncin Cipro O W Blylr Rudy-£04111: flexible
CorpomionPhuma

dunes: 3.25 4.0 . 5.! SA - mhnchnoid bupivacnlne 34-min: Spinal Smafi \Vimhrop Soluiion ling}: dos: ampul
hydmchluidl

outrun 3.75 5.0 - 7.0 I“ - intramural-r phywnldione AquaMephyton Math 0: Company Mum: unpuis
ivilunin Kl)

dextrose 10.0 [D ~ inundennnl Iubuwfin. purifizd [PPD)Tim Tm udcrle Lnbonluries Solution muifipk-puncxure
protcin duivniva

dellrou 10 0 \ IUdnuamcrim duInn 10 Ilynkan Q Hymroxcopy Median Svlusion bottle:
\ Fluid Phlimucuticnh.

durum: 5.0 1.0 - 4.0 ’ IV . intnvmom ondanmmn ‘ Zufnn G) Injcclian Glaxo \chle Solution Iinlh don
s hydrochloride chmixtd

‘ W dilwdme

duttou 5.0 3.! ~ 5.8 IV : intravenoul ol'loucin Huxin 0 [V . plan-0nd 0mm anixcd single 1m flexible
Malina Phumuzulicfi

dextrosc 3.2 - 4.4 5,0 - 7.5 IV . Inn-venom cenuldime sodium Fem: 0 Injtcxion Glut: \Vllkume waen Onluy plmic
injection

demo“ tnhydmun 4.7 - 4.9-! 1.2 . {.0 IV . inmwmux milrinnm ham: Primacy Swan Whammy Salmon 3013!: don vhls
injection

dextrose (D-glucosc) 7.5 5.5 - 7.0 Ipinll menhesi: Iidocuine Xylocu’ne MPF l.5W5'/. Am- USA, Inc. Salulim: ampulu
hydmchlolide with 75% ‘

dukes: hydrant 5.6 3.5 ‘ 6.5 W ~ inmvennus flucannol: Difluun Irjnlion Rocrig Solution Vinflu PM
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EXCIPIENTS FOR PARENTERAL FORMULATIONS

 E‘glphnt Cane. pl] when- Admlnlslrsllon Drug Name Brand Name Manulasmrsr Dosage Storageyawn! applicable Rouse Form ContalncrW

do: nus: hydmus H - 1.4 5.0 ~ 7.5 W - inuavennus «(Maximo sodium Premixed (II-futon ® Hoechst-Roussel Frozen Galsxy singleinjection Infusion Phsnuseemiesls

dextrose hydloux 2.4 — 3.8 1V - imrsvsmus centiuone sodium Rocsphin Median Roche stomories Ptemued Galaxy single
injection

dcxuose mm. 1.2 - to ~65 IV - intravenous esroxllin sodium Premixed :ntnvcnous Merck a. Company Solution single dose
injoclion Solulion Msfoxiu

dexuose hydrous 1.1 - 3.2 4 2 - 6.1 W - lnmvenous cefmemole Zel’szone 0 W solution The Upjohn premixed plum: Galuy
sodium injection Company

dexhose hydmus 0.0 - 2.5 5.0 . 7.5 W - inmvenous “Milli-DIE sodium Zinaulo Glaxo \Vellcomc Furled Oafuy plaslic
injection

duo-m hyfious USP [.9 — 3.8 5.5 - so IV - inmvsnous eenizosime Cenizox mum USA, Inc. nozen single dose
sodium injection

dexlxoso hydrws USP 4.0 - 4.! IV ~ {nu-venous cel’uzolin sodium Amer (solution) Smirnmine Bet-Chan) Salmon single dose
injecliou Pharmaceulieals

delimit hydlcul USP 1.6 — {.6 IV - inllavenous eefopuuone Cofobid Raul; Division of Premixed plsslic :onuioen
sodium Injection Pfizer

who“ injeclion 5.0 3.5 . 5.0 W . Intravenous mivaoufium Mivacton Premixed Glam Welleome Solution flssible plasticchloride Infusion

dexn'osa USP 1.2 - 5.8 4.0 . 6.5 W - Intravenous celoldln rhodium Celotsn w Zeneea Premixed Gal-1y (R) plastic
injeelion Phannseeusicsls

dhbuic sodium 0.44 - l.) 7.0 - 8.0 !M elnlllmuszuhr hydroconlsone SoluConefSu-rile Powder The Upjohn Powder Afl-O-Vill
sodium xuseinue Company

Gscclyhled S ‘0 4.0 IV . inmvsnous diuepm Din: Ohmeda PPDJM. Emulsion slush dose fill

\ emulsifisd‘._ intention
oihsle pclusium 0.24 6.7 - 7.) 1M ~inlun~uscuht sauiridim Zantao Injection Glun Welleome Solmion sinih ‘10“ V1"

hydrochloride

dibui: sodium 0.” 1.0 t 0.1 W - inlnvenous muromonah~CDJ Orlhoclone 0K1”! Dxlho Blanch Inc. Solution ampulz
biochemicmy
puylfiud lam:

dibuin sodium 0.02 26 ~75 2M - Sou-musculsr Iomalmpin IDNA Humauopo ® Eli Lilly & Company Lyoplsilizeu vials
origin (or
inloction

dibau’e sodium 6,3 1 0.6 W . imravenous eladribine Lmsmln lniedion our-o Biotech. Inc. Solution single use vials

dibuic sodium 0." 63 - 7.2 ID» [nlrldcn'oal beumthnonc Celessone Suluspan Schcting Suspension muuidou vial
Iodium phosphate Suspension Corpomion
a. beumelhuone

diblsic sodium 0.558 7.2 . 7.4 1M. intramuscular pepdsmue Adagen ® Euzon Solulion single: dose vials

‘ bovine
dibnic sodium 0.530 - 7.) \lM . inlramuseulu peg-sparse“ Oncaspu so Rhone-Poole“ Solution single dose vials0.5 as E Rom

dibasio sooium 0044 ~ 0.4-! I“ Jonsmuuulu chur'usnlc Pregnyl ® Organ-m Powder mullldosc \dals‘ aonadolmpin for
iuieclion. USP

dibuio sodium 0.16 - 0.3 m oinmrnuscular human chorionic Profasi Serum stomoxlcs, Lyophllized mullidose vial
gouadolmpin Inc.
lHCO) {or

dsblsi: sodium 0.089 7.2 - 7.! W . Inn-venous sldssleukin Ptolrulu‘n 0 China Thenpeulics Lyophilizld single uxe vial
(recombinant
human

diblsic sodium 0. I! 6.1 - 7.3 N - inn-venous nnilidint lama: lnjrction Premixed Gino Welleome Solution flexible plxsfic
hydrochloride

dibuic sodium 0.003 [V - inlnvemus sermoulin aeeme Guess ‘ Serena Labor-mils, Lyophilized ampulu
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EXCII’IENTS FOR PARENTERAL FORMULATiONS

  
Eltiplznt Done. '3“ whcrc Administration Drug Name Brand Name Manutnclurer Doug: Storage 2

SQWIV appNCIblc Rout: Form Concainer ‘

dibaxic aodium 0.012 1.9 W ~ inuavenoua sodium lundccyl Sotradccnl ab Ethan-Sim In: Sch-(inn lmpul :mm: injectinn ,

dibasic mdiurn 0.31 . L13 1.0 - 3.0 [M -lnmmuacu!ar methylpxudnimio Sulunucdwl 5min Th1: Upjohn Powdzr Arno-vial
M sodium Pawdu Comp-ray 3

mains“. US? i
dibaai: sodium 0.IJ1-0.I4 3.3 - 1.0 KM —inhamuscu!ar Methytptrduianla Dcpo-Mtdml The Upjohn Suspemian iinflc done via‘ :

4 us name Company :1.

dialhanohmine DJ -10.0 [V - inmvcnoux nimzlhoprim and Slpm LV. Inmszion Gino Wflicuma Solution maltidose vial: 3lulfamcxhnxamh z

diuhunolamin: 0.) 40.0 N - inuavcmus uimcxhoprimand Sept:- [V Inmiun (Hun Wuhan-w Sohnicn vialautramedmnzol:

diamanalamine o.) 40.0 IV . inmnnaus uimsbnprim and Sepm N Infusion ADD 61am Wamom solmion Vial
auifamzlhoxazale

dimau‘ylaulroxide <0.06 IV - inlnvenoux anlamplu- Eminue Q Rabam Lyophflind vialPhumucutiu)

disadiurn detain: 0.05 5.0 - 7.5 “Limamuaculu daumuhlwn: Dre-51mm Match & Complny Suspenlion vialslax-I:

disodium edema 0.05 6.5 > £9 [.1 . local injection duammasane Dandton Phomhala with Mud: & Company Salmon vial:
sodium Xylocaim lniulion
Dhowhau-lidocai

dim-Siam tdulllt 0.0! ~s.o 1M - inmamaculu trimcthobenumid Tiun Q-Iflingl Mum SuluIIun diapusabll
0 “6| Mum-seminal:

fisofium Maul: 0.01 -3.0 1V - inlnvcnnua midunlam Venn! Huffman - leoche Soluiion vials
hydmclduid: Int.

disufium edema 0.05 [V - [Mum-sou: muhyldopau “Cl Atrium Eater Muck & Company Solution vim
\ Hydrochlorid-

rhodium cdcme 0.05 N ~inuamuscu1ar clindamydn Cumin Phoaphm sum: The Upjohn Sninlion vial:
phmphm Solulinn Company

disodium cdculc 0.0M IV - inltavenous dindamycin Cleocin lephm IV Thu Upjohn Pumixcd Galaxy (R) phxli:
phmphau Suturinn Company

dimdlum edema 0.05 1.0 - 8.0 [M v intramuscular prcdniaolant Hydellusal Monk & Company Sotulion via!
sodium phmphlla

dimfium Mama USP 0.065 «.5 IM - inn-museum mexholrimtprazine LIVDpwmI: Immun-x Snmiun villa .
n m Cmpoudun
hvdmchloride nu

dsodiwn EDTA 0.0” 2.1 ~ 4.0 1F - infiltration £1 chlampmcaine Ncucaine Injection Aaln USAJM. Sniuiinn nullidnn vim E

hymochlofidc ;
disotfium EDTA 0.0! l 1.1 - 4.0 If - infllmlim a. chloropmuinc NoucalnerMPF [njlclicn Mm USA, Inc. Solution single dose vim i

'\ hydmchloridc 1:
disodium hydmgen 0.34 -6.l ‘1 1V . inmvmoul imigiuunn: Ccrrzyma r" Olnzym: Lyophithnd vial -

a. Corpomion

disodiurn hydrogen 0.15 : IVS - imnmiul Em Live Thu-Cy: 0 Connaugh! Funrdried viii(ink-vain!) [About-mu

dimdium hydragen 0.023 7.0 - 7.5 [To 4mm!" aodium Halon 9 7 Phumuia. Inc. Viscoelaatic Disposabie glm
hyaluwnau: Oplmxalmiu Inc.

diwdium hydrugm 0.023 1.0 . 1.3 no - {Mr-ocular Indium linhn 0V . Pharmada Inc. Visual-aria dixpoaablz 31m
hyaiuromk 1000 Ophibalmica

dimdium phoxphu: 1.0 {V - (ntravcnou-x pliumycln Mimacin Bay" Fun-«dried vim
Corpontion-Phllma

dimdiurn phosphato 0.0” 1.0 .t 0,) m -inuanv.lscuhr typhoid Vi Typhim Vim V ' Connaugh: Suluflon ayringepolynecharide ubcmoriuwantin-
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Exflplcnt Cont. 1)“ Micro Admfinhlrnllnn

“AW/V nppficnblc Route

disodium phcsphnlt 0.0265 ~6 7 SC . subcunncoux

disodiurn phosphau 0.011 ~63! SC - subcuunmu

(medium phospharc 00125 ~ I.“ dnmmuuum0.015

disodium phosphnrc 0 098 I.“ dnmmuuuht

Dlrhcfic uid & 1 J! m - inmmuuuhr

DL'IIEIJE nomad; & 01 IM . imam-mum

DL-laclic with 51 6.614124 m - iniumnnculat

E—Iminotlpm'u: Icid 0.016 W . bun-emu:

edmknlclum 0.01 3.4 - 4.5 variant

adam- dixodinm 0.05 5.0 - 1.5 lM-innamuscuht

edema: dimdhun 0.0! 1.0 ‘ 6.5 KM - imnmuwuln

udohk dimdium 0.0! 1.0 v (.0 3V . intuvcnoun

\\adcule dilodium 0.01 15 > 6.0 I.“ .ininmusculni'

edema dimdium 0.0! 1.0 - an IV . inmvanmu

edema disodiurn 0. 05 N ‘ lnmmuscnhr

edem: disodium 0. 0] -7.0 N - inlmnuscul-I!

edcule duodinrn 0.01 6.3 - 7.2 ID - incrtdermn

edema disodiurn 0.05 N - Snmmuxhlu

edema dilodium 0.013 6.5 - 8.5 \ IV - intravenoun
‘9,

fidcuxc disndiurn 00) ~41) I IV - inlnvcmux

odour: disodium 0.0! I.“ - inlnnmscum

edema divodium 0.005 N ~ intramuscuhr

edema dixodSum 0.01 m ‘ Smmnuuzum

ream: diiodium 0.0! N - immnusculu

254

  
Drug Nam: Brand Name Mannhclnur Dang: Sung:

Form Cont-In"

:ommopin(xDNA Gmmmpin m Phlzmacin Inc. Lyuphifizzd Inn-Mix Mo
origin) for
inluxion

muoplnCIDNA Genolrupin l" Inlzclion thmch. Inc. Lyophiliud Inna-Mix two
origin) {or
inimiau
menolropim {or “meson” 011an In. Lyaphih'zcd vm
injzclion

thmm B Engerix-B Smithkline Bucham Suxprndcm single dose vinlVictim Phlrmluuficlh
(ruumbinml)

kuprolidc Item: Lupmii Depot 3.15 TAP Lyoph‘liud single dose vii]Phlmuuuziuts

loupmlidc nut-0a Lupron Dem: 7.} TM“ Lyophmzed that: done vialsPhnmmuiul:

kuprulldc “clan: Lupxon Drpobl‘fil TAP Lyophilizcd single dose msPblvmlnmiuh

nnislrtpm: Eminasc 0 Roberll Lyoph‘liud vm
Phumuuliul

bupiucainc Mnuim Hydrochlolidc Snnof: Winehrop Solution single dose vim
hydmclflorldc Ind wkh Epincphlina
unincohxin:

Deumuhsone Bil-lone DP. 9 Form Sulpemian viii:Meme Phflmluuu’nll
Suspension

tolmrnycin mum: Tuhnmycin Sultan Bikini-Sim: Solution mukiduse vhf;lnkuihn. USP

nbeulol Tnndm Injmion ® Gino thkome Solution vim
hydrnclulmido

nuilmicin “Hue. Nexmmyfin Injcci‘wn Sahering Biochcm. Solution vim
USP Cowomion
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EXCIPIENTS FOR PARENTERAL FORMULATIONS

EHIPIL‘M Cont. p“ where Administration Drug Name Brand Name Manulactuur Doug: Storag:
%\\'!\' appucabte Rout: Farm Carmina:WM

rectal: d§sodiom 0 0} N - inmmusanla: mepcridino {cpcsgan Wyath:Ayc-rsx Samoan main :uuidg:
hyomchtodde &
aroma-maxim

edema dEsodEurn 0.0! m -ir.uamuaou’nr genumldn auifalo flaramycin Injcczabic Schuing . Sonatina via!USI' Corpoxllion

ETTA "are SC - subcuuncoua Varican Vim Varivu Muck A. Company Lyophiiized single-dost vfial
Vaccine Liv:
(Oh/Muck)

egg lecithin 1.2 7.0 . 3.5 w . innavcnuus pmpofol Diprivao m Injmiun W. Igneu Emulsion ampuiuPhanmcomicalx

ethane! 10.0 (viv) 5.5 - 6.0 [V - Wraunws smile carmusline BR‘U Bristol‘Mycn Lyophitiaed aingk dos: vSaIa
(WU) Squibenoolo" ‘

nhanol 70.0 (vlv) Iv . intm‘enaus niuoglycuin Kym-Bid 49 Marion Hem“ Dow Solution vma
Mention, USP Inc.

th‘unol (96%) 5,2 (v/v) IV - intravenous mclphalau Alkaran rot Injcuion Glaxo Willwme Flrnlra‘icd singio use viathydrochlolide

ethyl alcoho} HM! ~10.0 W - inmvenous :rimelhoprim and Seplu 1v. Infusion G|uo Wfllwme Solution mumdou r‘ulxsulfzmuhoxuol-

any! alcohol [0.0 I.“ ~ imramumrfa: diznpam Vlléum Woctahle Rocha Prod-nu Solulion ampula

((hyt alcohol 10.0 ~)D.O IV ‘ wyavenoui lrimolhoprimand Sept” IV inNfinn Glue Wellmm: Squlion via)surf-malhonzole

exhyt Ik‘ohol 10,0 ~In.o IV - inn-venom lrimuhopxlm and Scpua W Infusion ADD Oluo Wdlcom: Solution willsuifamcthouwle

foul bovine acrum {race SC - subcutaneous Vaxiulh Vim: Vorivu Mud. a. Compony Lyopniliud mutt-dose vialVaccina Liv:

‘\‘ [Oh/Merck)
Inmaldchyd: $0.01 Iii-inuamuacuiat Diphthefi: and AceHmum leezle Laboraéorioa Stuponsionhn mullidou via}Tot-mas Toxoida

and Aceuulu

formaldehydl: $0.02 ~ 7.4 lM-inlnmusculn Dipluhon’a a! Tripodia" Connaught Solnlionrsuspe villTmnua Tnaoida Laboralodu. Inc.
and Accllulu

formaldchydo (0.0125 In - intradcnna) Mumps Skin Tut MSTA’“ Connaugm Suapenaion vialAmigen Lat-omen“. Inc.{susoemion killed
[Unnfldthydl <0.00l N — lnlramusculu combination of Divhihcria a Tcunua Smithlflim Bentham Suapenaion vial:

purified Mama: at: Toxoida & Pertussis Phannauulicah
diohihuil 3

[Unfilldthydc 5002 m -innamuacu1ar combine! Diphlhoria & Tclanua Connaughl Tuflid ”quid vial :
diphnmia & Toxnida a. Ponuxaia Laboratories. lnr. 'manna aoaatda

formaldehyde $0.02 W! . inmmuoular Diphlhoria 8L Tunrmmc. (DTI'vaOC) Laden: Laboraion'e: S‘Hvflfllifllfiln ViflTuaoua Toxoida

K and l'ctnmia ‘
formaldehyde 0,0017 \ SC . mbcutanouul poliovirua vaccine Pollovu a) Connaughx Soapansion ampaulu 53 inmivaud; type I Lahomoziu. Inc.

. (Mahatma. mac 1 ,
fonnatdchyde I.“ ~ inmmuacular hepatitia o Rlcombivan HB Mm: a Company Suxpznsion aingie doaa vial_, vaccine

(racombinan!)

fomlldehyda $001 5C » subcuzamcoua combination of ion! "" CMMHIM Swpflfliflfl Irrinz'
typo I (Mahoncy). Labotacoriesnoel mEF-n.

formaldchydc (00! SC - mbcutancoua Japanese Je-Vax" Connaugm Lyophilizad vial
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fractional"! egg yolk L2 4.0 [V - imrannnua dlueplm Dino Ohmeda PPDJm: Emullion iinglo dose vialomuflilied
inlxlian

fxaczionmd aoybcan {5.0 ~S.O w ’ imnvcnoua diacham Dino I' 011111ch PPD,Inc. Emulsion ainfl: doso vialomumficd
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definite bearing on the usefulnss of any column
packing prepared. The performances of the seven
supports mentioned 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 pmk 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 loo-ft. 0.065-in. copper open tubular column
was coated with XF~1150 and evaluated using the
above group of antihistamines. The Sr"J 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-H. packed column.

A 250-ft. 0.065-in. column wound on a ll/rin.
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: (a) the column was shorter (100
it.), and (b) the winding configuration was markedly
difl'erent. The column was wound on a 11/. X
I/‘-in. bar which resulted in a definite flattening of
the tube around the edge of the bar.

891

CONCLUSIONS

The antihistamines invmtigated, except for
meclizine. can be separated, identified, and concen—
tration estimated using the Carbowax 20M, PDEAS,
and XF’1150 columns described. The PDEAS
column is the most efiicient of the three for the

analysis of antihistamines.
The usefulnas of the 0.010-in. capillary and the

0.065-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 maybe administered parenterally in high concentrations as oil
solutions. In this form they exhibit a prolonged action and reduce the number of
injections required. To eccyommodstc the demand for increasingly greater concen-
trations of hormones'in solution, castor oilit: 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 testing3, as well as clinical trialsin

humans, attest to the acceptability of this oil for the purpose: intended.

Ixan 011.5 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 Se tember 9 1963 from the Pharmacology and
Pharmaceuti Research & Development Sections. Squibb
Institute for Medical Research NewyBrunswick N. 3.

Accepted for publication November 19,1953.
The authors are indebted to the Chemical Control Labora-

tories for their assistance with the assays; to Dr. N. Coy and
H Robert: of the Physical and Analytiul Section for their
development of special assays; toy.G Lockwood of the

we}? Section for the animal muscle irritation testsand espoci to Dr 3 c Ramada, Jr. at 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, at 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

InnoPharma Exhibit 1020.0198



892 Journal of Pharmaceutical Science:

TABLE I.——ANALvsrs or COMMERCIAL OILS AND COMPARISON r0 U.S.P. XVI SPECIFICATIONS

ml, 0.02 N NaOH
Equiv. to Free
Fatty Acid in

Oil Lot No. 10~Gm. Sample Sapon. Value Iodine Value

Castor Oil U.S.P. specs. 35.0' 179—185 83-88
23946 14.0 183.3 84.8
25589 4.6 179. 8 87.0
23463 7 .9 182 . 7 84.5
33742 9.2 180.4 84.2

Sesame Oil U.S.P. specs. 3 .0 188—195 103—1 16
23549A 0.5 189.6 106.9
26953 1.4 194.0 111.8
33646 0 . 75 189.6 104. 7
29981 0 .45 191.7 108.2

Cottonseed Oil U.S.P. specs. 2.0 190—198 109—116
49684 195.9 111.8
44441 . . . 196.3 113. 1

Corn Oil U.S.P. specs. 2.0 187-193 102—128
52148 1.0 194.5 119.1
36716 1.2 191.4 124.4
33436 1.2 189.3 125.0
33715 1.0 189.3 123.0

Peanut Oil U.S.P. specs. 2.0 185—195 84-100
22160 1.2 192.0 94.4
20993 1.4 191.7 93.2
33622 0.8 193.1 87.8
26147 1.2 190.4 93.9

" The U.S.P. specifies that the titration of free fatty acids in oral grade eastor oil shall not exceed 7 ml. of 0.1 N NaOH
which is equal to 35.0 ml. of 0.02 N NaOH.

TABLE ll.'*—'SOLUBILITY OF STEROIDS IN U.S.P.
01L8A125°  

rv—m—mgjml.
Castor Sesame Peanut

Steroid Oil Oil 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 23.5

therapy (3). Using withdrawal bleeding in
human females as the criterion, Master, at a].

(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-

a’ally 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 vehicles," 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-

many1 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. XVI 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~

| Dr. Napp, Universiuts-Krankenhaus. Hamburg; Dr.
Pots, Humboldt-Universitat-Charite Frauenklinik. Berlin'
Dr. Prill, Universitnts-Frauenklinik, Wurzburg; andDr. Rauscher, Universitats—Frauenklinik, Vienna.
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TABLE III.-—~Ansoapnon or On. raou Ammo.
Moscur'

Days ml. 0.02 N
after NaOH Residual Oil in

Injection Oil Equiv. Muscle (std)

1—3 Castor oil 50 1 day —50%

(aged ). 3 days—20%
1—3 Castor Oil 13 1 day -—30%

USP. 3 days—40%
1—3 Sesame oil 1.4 1 day w~30 o

USP. 3 days—~30 a
7—60 All oils Declining 10

to 2%

° 1 ml. injected into M 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 m1. 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 ofi 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 m1. 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 astor 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 warm: 141670111:
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 alcohol and benzyl benzo—
ate with both castor oil and sesame oil were also

injected into the aortas 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, subsequent work utilized fresh oils which required for
neutralization less than 3 ml. 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 quantities of
glycerida of other acids. The quantitative com-
position is given by Eckey (12) as follows: ricinoleic
acid 87%, 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—US. No. 1 which is cold pressed oil, and
US. No. 3 which is oil extracted from the pressed
cake. Only the formu' 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 USP.
XVI 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 Paooucao m

erarr MUSCLE BY INJECTION or VARIOUS On.
Vamems‘

Lesion size,
Identification Composition rum.I

SHY-47—2 Sesame oil 98% 61
Benzyl alcohol 2%

SHY-47-4 Castor oil 98% Too small to
Benzyl alcohol 2% measure

SHY-47-3 Sesame oil 95% 506
Benzyl alcohol 5%

SHY—47-5 Castor oil 95% 106
Benzyl alcohol 5%

SKY-1+2 Sesame oil 65% 291
Benzyl benzoate 35%

SKY-1+5 Castor oil 65% 184
Benzyl benzoate 35%

SKY-47.6 Sesame oil 83% 207
Benzyl benzoate 35%
Benzyl alcohol 2%

SHY-47-7 Castor oil 63% 262
Benzyl benzoate 35%
Benzyl alcohol 2%

SHY-14¢3 Sesame oil 50% 291
Benzyl benzoate 50%

SKY-1+6 Castor oil 50% 158
Benzyl benzoate 50% 

° A 0.25-rnl. quantity of the oil vehicle was injected into the
min lalzrah'r muscle of the rabbit. Two days later themuscle was excised and the lesion size measured in mm.'.
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increasingly higher concentrations required by
therapeutic regimens. Often thse materials con-
tributed additional advantages. For example. the
addition of benzyl alcohol or bcnzyl benzoate to
castor oil 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 humans.

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 necrosis, 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 smr 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 efiects 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 musele
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 ordu' of 65 mg./ml. were used. By
increasing the dose, additional prolongation of ac-
tion was obtained, and eventually concentrations of
the order of 250 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-
rained. 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-hydroxyprogcsterone caproate was

'Renctions in excess of 5—6% were considered unaccept—able.

Journal of Pharmaceutical Science:

TABLE V.-EVALUA'I10N 01? 250 mg./ml. 17-Hv-
naoxvraooasrnaoun Canoe-rs Sow'rxons m

Vmous 0n. Vamcurs  
Animal
Muscle Lot Number and

Vehicle Lesion Remarks on Clinical
Composition Size. mm." Testing

Sesame oil 50% 1049 Pr.142—53/15-7-238
Benzyl benzoate injections, 20.5%

50% reactions, rejected
Castor oil 58% 691 Pr.142~53/15-8—270
Benzyl benzoate injections, 23.2%

40% reactions. rejected
Benzyl alcohol 2%
Sesame oil 60% 697 Pr.142v53/15-10——
Benzyl benzoate 189 injections,

35% 10.7% reactions.
Benzyl alcohol 5% rejected
Castor oil 54% 258 Pr.142~53/15-11-
Benzyl benzoate 503 injections,

46% 4.2% reactions,
accepted

Castor oil 52% 633 Pr.142-53/15—13-—-
Benzyl benzoate 924 injections.

46% 1.3% reactions,
Benzyl alcohol 2% accepted 

' Injection of 0.25 ml. into warm: latrrulir muscle or rabbits
and lesion size determined 2 days after injection.

TABLE VI.——EvALUA'rmN or Esrrunror. VALBRATB
1N VARIOUS Orr. VaHrans

Animal
Muscle
Lesion Lot Number and

Composition Size, mm."I Remarks

20 mg./ml. in Cas— 197 E5.31-53/ 15-13—-
tor oil 78%. Commercially
Benzyl benzoate available
20%. Benzyl al—
cohol 2%

30 mg./ml. in Ses- 306 DEK-98-2—Not
ame oil 60%, tested clinically;
Benzyl benzoate dosage increased
40% to 40 mg./ml.

30 mg./ml. in C35. 194
tor oil 80%,

Es.3l-53-V«-Not
tested clinically;

Benzyl benzoate dosage increased
20% to 40 mg. /ml.

40 mg./ml. in Ses— 803 SHX-94-4—Too
ame oil 65%, irritating; not
Benzyl benzoate
30%. Benzyl al-

tested clinically

cohol 5%
40 mg./ml. in Sos- 496 Es.31-53~8«—201 in.

ame oil 58%, jections, 23.2%
Benzyl benzoate reactions, rejected
40%, Benzyl al-
cohol 2%

40 mg./rnl. in Cas- 250 Es.31-53-A——826
tor oil 58%, injections, 2.67%
Benzyl bennoate
40%. Benzyl al-
coh012%

‘ Injection of 0.25 ml. into norm: lalnalir muscle of
rabbits and lesion size determined 2 days after injection.

reactions (all
mild), accepted

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 progestogeus
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 tated.
Aoceptability 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
eflective 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: estrediol valerste,20 m ./ml. in outer oil
18%, .benzyi benzoate 20%. benzyl nice 01 2%90 injecctrons In 46 patients. Two mild local reactions. Estradiol
valerate 40 m ./ml. in castor oil 58%. benzyl benzoste 40%,

benzyl ulcoho 2%»61 Batientl. Number of injections notcompletely tabulated. ne report is in press.

Y. refike‘tred as Delestrogen by E. R. Squibb & Sons. Newor . . .
I Marketed as Delalutin by E. R. Squibb a: Sons, New

York‘N. Y.
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Isolation of Marmbiin, a Sterol, and a

Sesquiterpene from Marmbz'um vulgare

By HAROLD J. NICHOLAS“

A simple column chromatographic method for isolating the bicyclic ditcrpene
marrubiin from acetone and ethanol extracts of Mambium wlgare L. is described.

An unsaturated sterol of the sfiginsstanol series, present in esterified form, and asesquiterpene (CuHu

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 pure marrubiin from

crude acetone extracts. Two new terpenoid
substances were detected in the extracts.

EXPERIMENTAL

Materials and Methode—Ground M. vulgar: L.
was obtained from the Wunderlich-Dia Corp.,

Received Angst 15, 1963, from the Department ofObstetrics and ynecology, University of Kansas Medical
Center, Kansas City.

Accepted for publication November 6. 1963.
This investigation was mpported by a grant from the
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The author is indebted to Fund Jujoura and Sharon
Moriarity for their technical assistance.

‘ Present address: institute of Medical Education and
Research, St. Louis, Mo., and Department of Bioche ‘
St. Louis University School of Medicine, St. Louis. Mo.

 

) have been isolated from the extracts.

Hasbrouck Heights, N. I.1 This material was
exhaustively extracted with hot acetone or hot
ethanol. Either solution on removal of solvent

by distillation (the last stages in town) yielded
black, viscous material which was used for further
examination. Melting points were determined on a
FisheroJohns melting point apparatus. Optical
rotations (in CHCl.) and 0—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 (ll-mm. sealed cell, compensated with CHCla,
on a Beckman IR-4 recording infrared spectro-
photometer,‘ and by the KBr disk method. The

1 This firm has given assurance that the material investi-
gated was M. Vulgate or white horehnund, not Ballots hirrua
(black borehound).

I We are indebted to the Department of Pathology.
University of Kansas, for this determination.

l Determined by Sadtler Research Laboratories, Phil»
dolphin, PI.
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REVIEW ARTICLE

Parenteral Formulations of Small Molecules Therapeutics Marketed in
the United States (1999)—Partl

ROBERT G. STRICKLEY

Axys Pharmaceuticals, Inc, South San Francisco, Cali orm’a

Overview

The chemical structure of a molecule determines the

potential successful formulation approaches available to the

parenteral scientist. However, there is no comprehensive
listing ofparenteral products with the chemical stmcture 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, route 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 tool; at a drug's chemical
structure and then be able to determine possible formulation

approaches. This compilation will also be usefuLfor 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 phamracokinetics 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 article (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)

Gcncntech scientists, Powell, Nguyd‘n and Baloian, list the
acceptable exeipients as well as their percent‘s within the

formulations, route of administration and 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 anicle on lnjectable Products is being pub—
iishcd in several parts. The next installment(s) will appear in subsequent
issues of theJonrrml.

Correspondence address: iSO Kimball Way, South San Francisco, CA
94080.
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lntroductlon

The word “parenteral" is Latin for “other than intestine,”
thus by definition the parenteral sciences not only includes
injectable products but also transdemtal, pulmonary, nasal,
ophthalmic. and buccal routes of administration. However,
in practice, parenteral usually refers to injectable products.
Recently we have seen the commercialization of previously
academic pursuits such as controlled-release formulations
using mierospheres. liposomes and polymeric gels, longer In
viva ‘circulating times using PEGylated liposomes (also

known as stealth 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 rcconstitu~
tion. and will likely soon see needle-free injectors and
pocket‘size infusion pumps.

lnlectable Formulations

Two key aspects of any successful injectable formulation
are: l) to achieve the required dmg concentration, and 2) the
drug must be chemically and physically stable in order to
have a sufficient shelf-life, which is generally considered to
be the time for l0% degradation. The ideal injectable
formulation, from an in viva tolerability point'of’view, is
isotonic with physiological fluids and a neutral pH (i.e..
PBS: phosphate buffered saline, 0.0lM 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.

l. Solubltlzation Technlques

1. pH Arfitrsrmertr‘and Salts

If the drug molecule is ionizablc. then pH adjustment can
be utilized to increase water solubility since the ionized
molecular 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

FDA Journal at Pharmaceutical Science 8. Technology

Supplied by The British Library - "The world‘s knowledge"

 

 

InnoPharma Exhibit 1020.0204



 

WW~~WM ' r '4 Wm

Table . xamples 0 Weak Acid hemtcal Functional Groups, T err Approximate pKa's
and Formulation H's.

Functiona Functtona Group Functiona emulation Selected
Grou: .Ka H Examiles  
 

Grou s Name Structure
    

  
 
 

Sulfonic acid

0

Phosphate ester Rflwfimm

Carboxylic acid R

 

  
 
 

 
 
 
 
 

  
 

 

 

 4~Hydroxy
coumarin

Sulfonamide mid/*2
' \

  
  

Barbituric acid

Guanine WmH

Hydantoin

Phenol ’ OOH

pH > 5 (Table 1), weak bases at pH < 7 (Table 11).
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 iii). For example, bolh ciprofloxacin and
sufentanil have a carboxylic acid and an amine. but are
formulated as the cation at pH < 7. On the other hand, both

ampicillin and cephapirin have a carboxylic acid and an
amine or pyridine, butare formulated as the anion at pH > 5.
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7-9 9—1 [.6 Clorothiazide

7-9 9.5-] 1 Pentobarbital

2.2, 9.4 l l Gancyelovir'

10.5 Liothyronine
8—10 emulsion Propofil

organic Etoposide
or anic Tent oside

svawuw. - .-W...

  Neutral Aztreonam

 osphenytoin
Bethamethasone
Dexamethasone

Fludara a inc

Penicillin
Kctorol ac

Neutral

 
 

 
 Warfarin

Flurouracil

Acetamlamtde  
  

 
 

 
  
  

 
 

Diazoxide

 
 Methohexital

Phenobarbital
Secobarbital

Acyclovir

Phenytoin

 
  
   

 

v
 

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 solubilizcd 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 viva 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 enough to
still be able to inject in the range pH ~ 3—ll. However,
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when given subcutaneously the rate of dilution is reduced

Table II. Examples 0 Weak Base Chemtca Functional Groups, Their . pproximate pKa s
and Formulation .H’s.

Functional Functiona Group Functional Formulation Selected
Grou Name Structure Grou Ka H Examles

  

  
  
 

 

 

 

 

Miconazole
Ondansetron

Pyridine P\ Amronone
0 ~ 5 2-4 Miln’nonePapaverine
/ Pyridoxine

Metoclopramtdc
Minocycline

(Procaine
~ 5 26 Procainamide

/ also have a
tertiary amine)

 lH-Imidazole

 

 
   

   
  
   Aniline I

 

 
  
 
 

4,5-Imidazolinc Tolazoline

  
Ateno ol

/ 7—10 3-7 Codeine

\

 
 

Daunorubicin

Morphine
R3 Vera o .

 

  
 

 

mil  

 
 

N—Alky
morpholine 7.4 < 5 Doxapram

 
 
 

  
Imidazole

 
 

i \ Cimetidine/ ~ 7 3-6.5 Dacarbazine
Phentolamine  
 
  Amidine ~ 9-l l < 8 Pcntamidine 
 

further with more potential for irritation at the injection site levorphanol at pH 4.3.
and thus the range is pH 3-6. For example, chlordiazepoxide
is administered intravenously or intramuscularly and formu-
lated at pH 3 with 20% propylene glycol and 4% TWEEN
20. Phenytoin sodium is administered either intravenously
or intramuscularly and formulated at pH 10-” with 40%
propylene glycol and [0% ethanol. Subcutaneous fonnula-
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tions are slightly acidic such as methadone at pH 3—6, and

Waterosolublc 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 dntg (Table W). The most common cationic counterion
is sodium which accounts for > 90% of the cations, and

there are three meglumine salts, while only one salt each of

 Mum................_.....“.m...”-........

 

_ WWW—A
i
l
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Cephapirin 

‘ \

the cations potassium. trometltnmine and calcium. There are
many more anionic counterions and the most common is the
hydrochloride salt followed by sulfate. mesylate, maleate
and tartrate. When a salt is dissolved in non~buffered water.

the resulting pH is generally ~2 pKa units away from the
pKa. because protons are either added to (salt of a weak

" . ‘ ist 0 center Ion in Salt Forms of Parenteral Dru5.

Nut instances

Meglumine
Potassium \
Calcium i

Tromethamine‘r

Vol. 53. No.6 / November—December 1999

Acrdic Basic

Selected Functional Functional Formulation

Example Chemical Structure Group Name Group Name pH
and Ka Ka , (ionic state)

Carboxylic Aniline ~ 4 3—4

Ciprofloxacin l\/"’ ” § acid Amine ~ 9 (Cationic)
coon ~ 4
 

«Do N \

Sufentanil H,c\/1LN,© Carboxylic Amine ~ 8 3.5-6
(5 co acid (Cationic)OH ~ 4

00

Ampicillin ° "1,8“ Carboxylic Amine~8 3-10
gig—L‘s ”i

Carboxylic 6-8

 

  
  

   
  
 
 

 

 

 
 

 
 
 

   acid (Anionic)
~ 4  

 

  
aciéi Pyridine ~ 5 (Anionic)  
 

base) or taken away from water (salt of a weak acid). For
exampic, gancyclovir is a weak acid with pKaz = 9.4 and
dissolving its sodium salt in water results in pH ~ 1].

In order to maintain a desirable pH range, many formula-
tions that utilize pH adjustment also use buffers to control
pH (Table V). Buffers span the range of pH 2.5.” and

_fl _,.,A_.w._«‘WW l
. ntons Number 0 instances

Hydrochloride 2
Sulfate i

Mesylate 5
Chloride _ g
Maleate %
Tartratc ;
Citrate

B romide
Laetate
Acetate

Phosphate
Besylate

Hydrobromide
Fumarate
Gluceptate
Gluconate

Glucuronate
Lactobionate

Salicylatc
T05 late
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Concentration in Concentration

Formulation, Administered, Route of
Buffer ( Ka's) Molarit Moiarit Administration
’t‘artartic acid

(2.9, 4.2)
Maleic acid

( 1.9, 6.2)

Glycine

Sodium lactate!
Lactic acid

3.8)
Aseorbic acid

4.2, l 1.6)
Sodium citrates/

Citric acid

(3.1, 4.8, 6.4)
o tum acetate!
Acetic acid

Sodium
bicarbonate!

Carbonic acid

succinatc/
Succinic acid

(4.2, 5.6) \~~
Histidine

(1.8, 6.0, 9.2)

phosphates
(2.2, 7.2. 12.4)

ris(hydroxy—
methyl)amino-

., ium
bicarbonate!

Sodium
carbonate

(6.3, 10.3
=intramuscu ar

IV = intravenous
SC = subcutaneous

ineiude citrates, acetates, histidinc, phosphate. tris(hydroxy-
methyl)aminomethane. and carbonates. The buffer concen«

tration must be high enough to maintain the desired pH, but
must be balanced by in viva tolerability considerations, and
thus it is good practice to minimize buffer capacity of the
administered formulation.
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IV

IV infusion,

  
infusion

IV mfuston,
SC

IV infusion

1M, IV infusion
Intra-arterially.

(Fomiversen)

2. Mixed Organic/Aqueous Fanmrimions

lf pH adjustment alone is insufficient in achieving the
desired solution concentration. than a combination of pH
and organic soivent(s) is often employed. If the drug
molecule is not ionimblc then pH has no effect on solubility.

PDA JOUrnal 0! Pharmaceutical Science a Technology

l
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but solubility enhancement can often be accomplished by a
cembination of aqueous and organic solvents (Le. a cosol~
vent). The currently used organic solvents used in mixed
organic/aqueous formulations are propylene glycol, ethanol,

polyethylene glycol 300 or 400. cremophor EL, TWEEN 80,
sorbitol, glycerin and dimethylacetamide (DMA) (Table VI).

As with any formulation additive, the concentration that is
administered should be minimized to avoid any in viva
complications such as local irritation or precipitation at the
injection site. Many cosolvent formulations are marketed

using rather high concentmtions of organic solvent, and are
usually but not always diluted prior to injection. For
example, propylene glycol is 50% of the fenoldopam
marketed formulation, but is diluted to <1% for IV infusion.

However. propylene glycol is ~70% of the oxytetracycline
marketed formulation and is injected intramuscularly with-
out dilution.

Similar to formulations using pli adjustment, ofthe three
main routes of administration (i.c., 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% (epinephrine). and propylene glycol 10% (hydrala-
zine). Whereas, the intravenous bolus route can use ethanol
up to 20% (paricalcitml), PEG 300 up to 50% (methocarba-

mil), and propylene glycol up to 68% (phtmobarbitol). Theintramuscular route has similar in viva 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 used soon after dilution into IV

compatible fluids. For example, cremophor EL is 11% of the
miconazole marketed formulation, but is diluted to 1% for

IV infusion. Also, TWEEN 80 is 10% of the amiodarone
marketed formulation, but is diluted to 0.4% for IV infusion.

However, cremophor EL at 10 or TWEEN 80 at 25% can

be administered by IV infusion \(see section 1.3).

3. Totally Organic Solution Formulations

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 arethe most challenging for the
formulation scientist. These \vatcrsinsoluble molecules can
be formulated in 100% organic solvent, which is then

usually but not always diluted prior to administration (Table
V11). For example, busulfan is marketed in 33% dimethy|~
acetamide and 67% PEG 400, but is diluted 10-fold prior to

IV infusion. The lorazepam marketed formulation is 80%
propylene glycol, 18% ethanol and 2% benzyl alcohol, but is
diluted 2-fold for 1V bolus injcction, but not diluted for
intramuscular injection. Paclitaxel is marketed with 51%
cremophor EL and 49% ethanol. but is diluted 5— to 20~fold
for [V infusion. Doectaxel is marketed in 100% TWEEN 80.
but is diluted to 25% for IV infusion.

Vol. 53. No.6 1 November~December1999

4. Cyclodextritts

Some molecules can be soiubilized by forming an inclu-
sion complex with a cyclodextrin. Cyclodcxtrins have a
hydrophilic exterior and a hydrophobic interior core of
specific dimensions, and thus molecules with a non~polar,
aromatic or heterocyclic ring can potentially fit inside the
core. Increased water solubility through molecular complex»
ation with cyclodexlrins 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. ']\vo cyclodex-
trins have been accepted for human injectable use with the
approval of alprostidol alfndex and itraconazole. Alprostidol
alfadex is marketed as a lyophilized powder with n-cyclodex-
trin and is administered intracavemosally. [traconazole was
approved in April 1999 as a solution with 40% hydroxyproo
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 (1 1).

5. Enmlsions

Oil-soluble molecules are generally neutral uncharged

and non-polar molecules, but can be formulated for intrave-
nous administration by the use an oil~in—water emulsion.
Emulsions can solubilizc oi|~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 mglmL drug.
The total parenteral nutrition ('I‘PN) formulations are the ‘
lipid emulsions Intralipid and Liposyn, which are adminis-
tered by intravenous infusion as nutritional supplements.

6. Pradmgs

Molecules which contain an alcohol. phenol, carboxylic
acid, amine, hydantoin functional group can potentially be
derivatized as a prodrug. Once the prodmg is administered
In viva, the promoiety is hydrolyzed by either esterases or
phosphatases releasing the parent drug. Although prodrugs
are normally associated with orally administered products
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-
eally charged promoiety, while a water insoluble prodrug

has been derivatized to 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 phenobcontaining etoposide (etoposide
phosphate) is derivatized as a water-soluble phosphate ester.
Water‘soluble phosphate esters are also prodrugs for alcohol-
containing betamethasonc, clindamycin, dexamethasone,
fludarabinc, hydroconisonc, and prednisolone. The hydan-
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, Table VI. List 0 osolvents Usedin Parenteral Formulations
%m Marketed

__FormulationSolvent

CremophorEL

nmethy —
acetamide

(DMA)

5 (diluent for

LP)
6
10
IO

10
10
10

; 10
f 13 (diluent)

;; 2025

i; 30
it 35

ll 42
t 49\

50\
80

100 (diluent for
LP)

5 G ycerin 15
‘ 25

i 32
i ~met yl—2- 100 (diluent for

i pyrrolidone LP)
1

l
l

l
l

I

 

(Pharmasolve)
Monothio-

l cerol

Administered

Route of

I
0.02-0.08

0.1 -l
18

25-10
065-33

0.01 2-0. 12
3

0.5

6
10

25—10
10

IO
10
IO

[0 (diluent)
20
l

0.3-0.6
0.35-l.7

0.084~0.84
2 .5-10

18
0.08-0.32

10

I .
25
32

100

V infusion
IV infusion
IV infusion
Intravesical

IV infusion
IV infusion
IV infusron

IV infusion

IV infusion

1M, SC, IV
IM, IV

IV

IM, IV
IM, IV
IM, IV
IM, IV

IV infusion
IV

IV infusion
IV

IV infusion
IV infusion
IV infusion
Intravesical
IV infusion
IV infusion

1M, SC, IV
IV infusion

SC

Su ogingrval

IV infusion

Administration Exam I les

Miconazole
Tacrolimus

Tenoposide
Valrubicin
Paclitaxel

C clos t orin

Tenoposrde
Busulfan

Medroxy-
progesterone

Dihydroergotamine
Diazepam
Digoxin

Ketorolac
Pentobarbital
Phenobarbital

Phenytoin
Docetaxel

Paricalcitol
Esmolol

Btoposide
Cyclosporin
Teniposide
Paclitaxel
Valmbicin
Tacrolimus
Carmustine

Dihydroergotamine
Idarubicin

E . inc - hrine

Doxycyclme

Oxytetracycline

Etoposidc
Lorazepam
Lorazepam
Busulfan

 
toimcontaining phenyloin prodrug (fosphenytoln) is deriva-
tized in a unique fashion as a water-soluble hydroxymethyl

‘ 'ph05phate ester. which after in viva enzymatic phosphate
ester cleavage, the resulting hydroxymethyl intermediate
quickly dissociates to plienytoin and formaldehyde ([2).
Other water solubilizing prodrug approaches are a succinale
ester of the alcohol methylprednisolone. and a piperidine
carbamare in irinotecan a prodnig for a phenol drug.

Prodrugs can also be used for stability reasons. For
example, alatroiloxacin is the alanine~alanine dipeptide
prodrug for the primary amine trovalloxacin which is

830

unstable in solution. The prodmg alatroiloxacin is marketed
as a solution at pH 3.4-4.3.

ll. Sustained~fieiease Techniques

The research in controlled release during the 1970s has in
the 19905 become a commercial realization with the ap-

proval of Iiposomal, polymeric micrOSphere and polymeric
gel fonnulations. However, traditional approaches are still in
use such as suspensions, prodrugs and oil depots.

PDAJournal of Pharmaceutical Science a Technology
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Tab 6 VI (cont). List of Cosolvents Used in Parenteral Formulations.

Solvent

Propylene glycol
(PG)

Sorbitol

TWEEN 80

(Polysorbate 80)

== intramuscu ar

IV = intravenous

% in Marketed
Formulation

10

20 (diluent for
LP)
25
30
35
40
40
40
40
50
50
50

60 (diluent for
LP)

67-75
68
80
80

0.675

0.4

4 (diluent for
LP)

8
10

100

LP = Iyophilized powder
PEG = polyethyleneglycol

 

%

Administered

0.075

0.4
4

0.08-0.16
0.4
25

Route of

Adminiswton
IM, SC

1M

IV infusion
IV
IV

IM, 1V
IV

IM, IV
IM, IV

IM

IV infusion
IV infusion
IV infusion

1M

IM, IV

IV infusion
IV infusion

IV

Inna-articular,
Intralesional

1M

IV bolus
1M

IV

IV infusion
IV infusion

Exam olCS

Hydralazine
Chlordiazepoxide

Esmolol
Paricalcitol
Etomidate

Diazepam
Digoxin

Pentobarbital

Phenytoin
Dimenhydrinate
Dimenhydrinate

Fcnoldopam
Medroxy-

progesterone

Oxytetracycline
Phenobarbital

Lorazepam
Loraze u am

hiet ylperazine
Irinotecan

Nicardipine
Diltiazem

Triamcinolone

Dexamethasone
Acetate '

Calcittiol

Chlordiazepoxide

Et0poside
Amiodarone

Docetttxel

 
SC 2 subcutaneousI

"t
70. Suspension Fommlmians ;

Suspension fomtulations 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.
intmlcsionally or intra—articularly. The only subcutaneously
administered suspension of a small molecule (many proteins
are administered subcutaneous. e.g.. human insulin) is
epinephrine, which is administered every 6 hours and is
formulated in 32% glycerin providing both rapid (drug in
solution) and sustained activity (crystalline drug in suspen.
sion). The only sesame oil suspension is the anti-rheumatic

Vol. 53. No.6 I November-December 1999

 

aurotltioglucose, which is administered intramuscularly ev—
ery 1—4 weeks.

71). Pradrngs in Suspension Farnmlntions

Most of the other suspension formulations are 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

alcohol~containing parent drug, and are administered intra-
muscularly, intralesionally or intra-articularly once every
l—3 weeks. The contraceptive medroxyprogestetone 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 VII. List of Non-Au ueous Solution Formulations for Parenteral Administration.

   Drug Name!

  
  

 
  

     
  

 
   

   
  
 

Marketed Preadministration Route of Company and

m,...n M . Admiwdicon

Busulfan/ L o g/ Dilute with saline or IV infusion Orphan Medical,
Busulfex ”"8 W.“ N, N-dimethylacetamide dextrose 5% to 0.6 Neoplastic, , V,. (DMA) 33 %, mg/mL.

    

  

PEG 400 at 67%  
  

   Cyclosporin/ Cyclic peptide (1 l Dilute with saline or IV infusion Novartis,
Sandimmune amino acids), MW - Cremophor EL 65%, dextrose 5% to l—2.5 over 2-6 hours Immuno-

1200 Ethanol 35%, / mglmL (1 mL into 20- suppressant
blanketed with nitro ~ err 100 mL)

  

    
  

 
 

  
 

  
 

  
 

40 mg/mL in D ilute with provided 1V infusion Rhone-Poulenc
TWEEN 80 diluent (13% ethyl over 1 hour Rorer ,

Provided diluent of Ethyl alcohol) to 10 mg/mL. Antineoplastic
  alcohol 13% in water 

 
   

     
  
 

Etoposide/ "“JlT 20 mgme Dilute with saline or I infusxon AstraEtoposide 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

pH = 3-4

Haloperidol ' 50-100 rug/ml. Ortho-McNeil,
Decanoate/ M“ in Sesame Oil psychoticHaldol fi Benzyl alcohol 1.2% disorders,
decanoate Tourette’s

Disorder
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Paclitaxel/
Taxol

Tacrolimus

(FK 506)/
Prograf

Teniposide
(VM-26)l
Vumon

Testosterone
Enanthate/

Delatestryl

Structure Formulation

24mg/ml.
PEG 400 at 18%,

in Propylene glycol
Benzyl alcohol 2%

Solution

6mg/mL /
Cremophor EL 51%;

Ethyl alcohol 49% (v/v)

5 mg/mL
Cremophor EL 20%,
Ethyl alcohol 80%

50 mg/mL
Cremophor EL 50%,
Ethyl alcohol 42%,

Dimethylacetamide 6% ,

Benzyl alcohol 30 mg/mL
pH 5 (Maleic acid)

200 mg/mL
Sesame oil,

Chlorobutanol 5 mg/mL

Preadministration
re aration

None for M. For IV

dilute with equal
volume of saline.
dextrose 5% or

lactated Rin er’s.

Dilute with saline,
dextrose 5% or

lactated Ringer’s to
0.3-1.2 mg/mL.

Dilute 250 or 1000-
fold into saline or

dextrose 5% to 0.004—

0.02 mg/mL

Dilute with saline or
dextrose 5% to 0.1—]

mg/mL

Table VII (cont). List of Non‘Aueous Solution Formulations for Parenteral Administration.

Route of
Administration

lM/
IV bolus at S 2

mg/min

1V infusion

IV infusion
over 30—60

minutes

InnoPharma Exhibit 1020.0213

Company and
Indication

Wyeth—Ayerst,
Anxiolytic;
sedation;

stams epilepticus

Bristol-Myers
Squibb,

Antineoplastic

Fujisawa,
Immuno-

suppresent

(transplant
rejection)

Bristol-Myers
Squibb,

Antineoplasfic 
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Table V . List of Prodms for Parenteral Administration.

Drug Name!

Ala-
trofloxaein

mesylate/
Trovan

Betametha-
sone

Phosphate
sodium and
Betametha—

sone Acetate!
Celestone

soluspan

Formulation

Solution

5 mglmL
pH 3.4-4.3

Lyophiltzed powder /
500 mg /

Suspension
Betamethasone sodium

phosphate 3 mg/mL,
Betamethasone acetate 3

mg/mL,
Sodium phosphate dibasic 7.1

mg/mL,
Sodium phosphate monobasic

3.4 mg/mL,
EDTA 0.1 mg/mL,

Benzalkonium chloride 0.2

mg/mL,
H 6.8—7.2

Type of Preadministtation
rodru II’BI tion

Dilute to 1-2

mg/mL with 5%
dextrose

Phosphor— Reconstitute with
ylated thiol saline to 50 mg/mL

(stable at room

temperature for 5
hours).

May be further
diluted to 5 mg/mL

with saline.’

Water soluble

phosphate
ester

and

Water
insoluble

acetate ester

 
Route of

Administration ,
IV infuswn over 0

minutes

lV infusion over 15~
30 minutes
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Clindamycin
Phosphate!

Cleocin

phosphate

Cortisone
Acetate!
Cortone

g

Sodium carbonate 63 mg/gram

cefamandole, /
pH 6-8.5 /

150 mg/mL,
EDTA 0.5 mg/mL,

Benzyl alcohol 9.4 mg/mL
pH = 5-6.

2) Ready to use solution
0.5«18 mglmL
Dextrose 5%.

EDTA 0.04 m- mL.
v

uspension
50 mg/mL,

Sodium carboxymethylcellulose
5 mg/mL,

TWEEN 80 at 4 mg/mL,
Sodium chloride 9 mg/mL,
Benz 1 alcohol 9 m ' mL

Table VH1 (cont). List of Prodrus for Parenteral Administmtton.

Type of Preadtninistmtion
rodru

Formate ester Reconstitute to

- rapid 100-285 mg/mL
hydrolysis with WFI, saline or

after dextrose 5%.

dissolution

Water soluble Dilute concentrated

phosphate solution with saline
ester or lactated Ringer's

to S 18 mg/mL.

Water
insoluble

acetate ester

 
Route of

Adnunistration

IV bolus

over 3-5 minutes/
IV infusion over 15-

30 minutes

IV infusion at 30

mg/hour
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Table V111 (cont). List of Prodm for Parenteral Administration.

Drug Name/
Marketed Type of Preadministration

Name MW Fwo .rodru; v re-IL‘aratio
Dexame- ' ' Suspension Water Gentle swirl
thasone l 8 mglmL insoluble contents to
Acetate/ - TWEEN 80 at 0.75 mg/mL, acetate ester resuspend settled

Decadron- . Sodium chloride 6.7 mg/mL. particles.
LA " ' Creatinine 5 mg/mL,

EDTA 0.5 mg/mL,
Benzyl alcohol 9 mg/mL,
Sodium bisulfite 1 mg/mE

.H 5.0-7.5 /'

Dexame- , Suspension Water Gentle swirl
thasone 16 mg/mL insoluble contents to
Acetate! Sodium carboxymethyleellulose acetate ester resusPend settled
Dalalone 5 mg/mL, particles.

D.P. , ‘ : TWEEN 80 at 0.75 mg/mL,
. Sodium chloride 6.7 mg/mL,

Creatinine 5 mglmL,
EDTA 0.5 mg/mL.

Benzyl alcohol 9 mglmL,
Sodium bisulfite 1 mg/mL

, H 5.0-7.5

Dexame- ' Solution Water soluble For IV infusion

thasone 4 and 24 mg/mL phosphate dilute with saline or
Phosphate w/wo Lidocaine 10 mg/mL, ester dextrose 5%.
sodium/ .. Creatinine 8 mg/mL,

Decadron Sodium citrate 10 mg/mL,
= Methylparaben 1.5 mg/mL.

Propylparaben 0.2 mg/mL,
Sodium bisulfite 1 mg/mL

pH 5.0-7.5
under nitro en

Route of

Administration

1M!

Intralesional/
Intra-articular/

Soft tissue

1M!
Inn'a~a.t'ticular/

Soft tissue

(Not intmlesional)

IV bolus!
IV infusion/

1M!
Inunlesional/

Intraonrticular/
Soft tissue
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Table VIII (cont). List of Prodru _s for Parenteral Administration.   

  
 
 
 

Drug Name/
Marketed Type of Preadministration Route of

Name Structure Formulationw rodru1-maratio__t ‘ Adwivistration m
 

 
   
   

   
 

  
 

 
 

 

 
 

 
 

 
  

 
   

6561Jeqwaaaa—JaqwehonI9"N‘99Wt Etoposide Lyophilized powder Water soluble Reconsntute with IV infusion over 30—
Phosphatef 100-1000 mg, phosphate WFI, saline or 60 minutes
Etopophos Sodium citrate 32-327 mg/mL. 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
a' mg/mL.

 

 

  

  

 Fludarabine 1% Lyophilized powder Water soluble Reconstitute with 2 V infusion
Phosphate \ N 50 mg, phosphate mL WFI to 25 over 30 minutes

{1L / \) Mannitol 50 mg ester mg/mL then further
N pH 7-8 diluted with 100—

$? 125 mL saline or

”0”?“0 o dextrose 5% to ~
OH HO Fludarabine 0'5 mg/mL‘Phosphate

  

 

  

  
  

  
  

  
  

  

  Fos- Solution Water soluble None for M. or

phenytoin/ ° 75 mg/mL hydroxy- IV infusion dilute IV infusion at .<. 150
Cerebyx 4 4t”, Tromethamine, methyl with saline or PE/minute

n pH = 8.6-9.0 phosphate dextrose 5% to 1.5-
ester 25 mg PE/mL.

 Haloperidol Water' Non-aqueous solution
Decanoate/ a “H“ 50-100 mg/mL insoluble

Haldol WV in Sesame Oil deconate esterdecanoate ‘ Benzyl alcohol 1.2%
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Marketed

Name

Hydro-
contisone
Acetate!

Hydro-
cortone

Acetate

Hydro»cortisone

Phosphate
sodium/

Hydro—
cortone

Phosphate

Irinotecan
HCI/

Camptosar

Medroxypro
gesterone
Acetate/

Depo-
Provera

Structure

W865
(acetate pmdmg)

 

Formulation

SusPension
50 mg/mL

TWEEN 80 at 4 mg/mL,
Sodium carboxymethylcellulose

5 mg/mL,
Sodium chloride 9 trig/um,
Benz 1 alcohol 9 m mL/

Solution /

50 mg/mL
Creatinine 8 mg/mL,

Sodium citrate 10 mg/mL,
Sodium bisulfite 3.2 mg/mL,

Methylparaben 1.5 mg/mL,
Propylpamben 0.2 mg/mL,

H 7.5-8.5
Solution

20 mg/mL,
Sorbitol 45 mg/mL,

Lactic acid 0.9 mg/mL
pH 3.0-3.8

Suspension
150-400 mg/mL.

PEG 3350: 20-29 mg/mL,
TWEEN 80 at 2.4 mg/mL,

Sodium chloride: 8.7 mg/mL,
Methylparaben: 1.4 mg/mL,
P iamben: 0.15 m/mL

Typeof
1'0de ;

Water
insoluble

acetate ester

Water soluble None or dilute with
saline or dextrosephosphate

ester

Water soluble
carbamate

Table VIII (cont). List of Prodrus for Parenteral Administration.

Drug Name!
Preadministration

- ’ oration

5%.

Dilute with
dextrose 5% or

saline to 0.12—1.l

mg/mL. 
Route of

Wm
M

Intmlesional/
Intra‘articular

SCI
IM/

IV bolus/
IV infusion

IV infusion over 90
minutes 1

1M once every 3
months
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Table VIII cont). List of Prodru s for Parenteral Administration.  
  

 
 

  
 

Dnig Name!
Marketed Type of Preadministration Route of

Name Structure Formuation . rodru ; o to aration Administration  

 
 
 
 

  

  

 
 

  

 

  
  
  

 

Methyl- Solution Ethyl ester Dilute with IV infusion over 30—
dopate HCl/ ”20H, 50 mg/mL dextrose 5% to 10 60 minutes

Aldomet "“" Citric acid 5 mg/mL, mg/mL.
Ester HCl “0 Sodium bisulfite 3.2 mg/mL,

Monothioglycerol 2 mg/mL,
EDTA 0.5 mg/mL,

Methylparaben 1.5 mg/mll,
Propylpamben 0.2 mg/mL

.H 3-4.2

uspension Water 1M!
20-80 mg/mL insoluble Intrasynovial/

 
 
 
 

 

 
  

  
  
 

   
 

 
 

 

 
 

 
  

Methyl—
prednisolone

Acetate/ PEG 3350 3%, acetate ester Soft tissue or

TWEEN 80 at 2 mg/mL, Intralesional
Sodium phosphates 2 mg/mL,

Benzyl alcohol 9 mg/mL.
Sodium chloride (isotonic),

H 3.5—7.0  

 

 
 
 
 

 
 

  

  
 

 
  

  

 
 
 
 
 

Lyophilized powder Water soluble Reconstitute with 1M!
prednisolone 40-2000 mg succinate WFI 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
oH 7-8 dextrose 5%.

 
 
  

  

  
 
 

 
  

 

 

  
 

  

 

 

 
 
  

 

Preclnisolone Solution Water soluble None or for IV lM/

Phosphate 20 mg/mL phosphate infusion dilute with IV bolus/
sodium! Niacinamide 25 mg/mL, ester 50-1000 mL saline IV infusion]

Hydeltrasol EDTA 0.5 mg/mL, or dextrose 5%. Soft tissue!
(Not in 1999 Sodium bisulfite 1 mg/mL, Intm-articular/

PDR as Phenol 5 mg/mL Intralesional

  

 

in'ectable) nH 7-8
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Testosterone
Enanthatel

 

 Type of Preadnfinistration Route of

Formulaion ; we Adnumstration
Non-aqueous solution

200 mglmL insoluble
Sesame oil, heptanate

Chlorobutanol 5 mg/mL ester

l
l

 

WWW— _.
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as sodium carboxymethylcellulose at ~5 mglmL (i.c.,
dexamcthasone acetate), PEG 3350 at 30 mglmL (i.e.,
methylprednisolonc acetate) or sorbitol at 50% (Le, triam-
cinolonc hexacetonide).

8. Depots

Sesame oil formulations of oil-soluble drugs provide a
sustained-release depot at the injection site that releases drug
by diffusion-like uptake of oil. For example, the prodrugs
haloperidol deconate and testosterone enanthate are formu-
later] in l00% sesame oil and administered intramuscularly
once a month.

9. Liposomcs

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 vivo. A
typical liposomc formulation contains water with lipid at ~5 ‘
mg/mL, an isotonicifter. 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), cytarabinc, daunorubicin and
doxorubicin. The amphotericin B liposomal products are
administered by IV infusion and have an in viva elimination

half-life of 40-l50 hours. _The daunoritbicin liposomal
formulation has an in viva half-life of 4.4 hours compared to
0.8 hours for tlte conventional formulation (1, pg. [970). The
cytarabine liposomal formulation, Dcpocyt. is administered
intrathccally once every 2 weeks, while the conventional
formulation is given twice per week.

To further increase the in viva circulating times, lipo-
somcs can be covalently derivatized with polycthylcncgly-
col to produce PEGylated or stealth liposomes. The only
commercially available PEGylated liposome is doxorubicin
in Doxil and is administered by [V infusion and has a
half~|ife of 50—55 hours (1. pg. 2985). The proteins adenOv

sine deaminase (Adagon) and asparginase (Oncaspar) are
also available as a PEGylated derivative.

\lu

I0. Polymeric M(nowhere:

"The era of controlled release using polymeric micro»
spheres began with the approval of the peptide leuprolidc as
lupron depot. The drug is incorporated into a biocontpatible
polymer and transformed into lyophilized microspheres
during the manufacturing process. The reconstituted micro~
spheres are injected intramuscularly and slowly erode in
viva, releasing the drug. In the marketed formulation. lcupro-
lide is in lyophilized microsphercs with DL-loctic/glycolic
acid copolymer (PLGA), gelatin and mannitol, which is then
reconstituted prior to administration to a suspension using an
aqueous solution of sodium carboxymethylcellulose. TWEEN
80 and mannitol. The nticrospheres provide a depot of drug
and are administered once every 1—4 months, depending on
the dose (3.75 mg!) month, 30 tug/4 months). One of the

leuprolidc formulations uses a dual chamber syringe for ease
of reconstitution and administration.

Vot. 53. No.6 I November—December1999

A polymeric PLGA microsphere formulation of human
growth hormone (Nutropin Depot) finished Phase III clinical
trials in l999 ([3). In this formulation, human growth
hormone is made into an insoluble complex with zinc, and
encapsulated into PLGA microsphcrcs in a non-aqueous
cryogenic process (14). The resulting free-flowing powder is
reconstituted to a suspension prior to subcutaneous or
intramuscular administration.

11. Polymeric Gels

Polymeric gels provide a depot of drug that is released
over 1—4 weeks. The era of controlled release using poly-
rneric gels began with the approval of doxycyclinc hyciate
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 aAtrigel DeliVCry System which is

a two-syringe set—up where syringe A contains the polymer
poly(DL-lactide) dissolved in N-methylazepyrrolidone, and
syringe B contains solid doxycycline. 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 direetly 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.

lll. Containerleals

Most injectable products are still marketed in traditional
vials. ampules and infusion bags. Howover, there is in‘
creased use of more convenient containers such as prelilled

syringes, dual chamber syringes and pen-type injectors.
Prefillcd syringes are especially useful in emergency situa—
tions such as in the use of the antithrombotics dalteparin,

danaparoid and enoxaparin; the analgesics morphine, hydro-
morphonc. fentanyl. lidocaine and sumatripan; the sedatives
loracham and propofol; and the antihypertensive labetalol.
Dual chamber syringes are used to avoid the usual manipula—
tions involved in reconstitution of a lyophilizcd 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 sctAup
include diltiazem. doxycycline and leuprolide. Pen-type

injectors such as NovoPcn® with insulin involve a 1-3 mL
cartridge that goes into the pen-like delivery device, and the
epinephrine autoinjector for intramuscular self~administra-
tion.

IV. Future

The future is promising for the formulation sciences, in
general. and also for the parenteral formulation sciences.
New parenteral 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
field of gene therapy will likely rely on injectable and

341
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Table 1X. List of 3115 . - nsion Formulations for Parenteral Administration.

Drug Name!
Marketed

Name

Betametha~
sone

Phosphate
sodium and
Betametha-

some Acetate]
Celestone

soluspan

Cortisone
Acetate/
Cortone

w Structure formulation
50 mg/mL

in sesame oil

Aluminum monostearate 2%,

Propylparaben 0.1%

/

Betamethasonc phosphate
3 mg/mL,

Betamethasone acetate 3 mg/mL,
EDTA 0.1 mg/mL.

Benzalkonium chloride 0.2 mg/mL,
Sodium phosphates 10.5 mg/mL,

pH 6.8-7.2

50 mg/mL,
TWEEN 80 at 4 mg/mL,
Sodium CMC 5 mg/mL,

Sodium chloride 9 mg/mL,
Benzyl alcohol 9 mglrnL

Preadministration
. re . arauon

Route of

Administration

(oil)

Prolonged
release due to

slow

absorption
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  Table IX (cont). List of Sus ension Formulations for Parenteral Administration.

Drug Name/
Marketed  

 
 

 
 
 

  

Preadministration Route of

Folatrn .re. aration Administration
8 tug/mi. mm."Gene "WWW“M

 
 

 
 

 - ,y..._.___..~c_....

   

 
 
 
 

 

 

 
 
 

656iJeqweoeo—JeqwanowI9‘ON‘ss'zOA 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
LA EDTA 0.5 mg/mL,

  Benzylalcohol 9 mg/mL,Sodium bisulfite l rug/ml.
H 5.0-7.5

 

 
 
  
  

- Gentle swirl lM/l

TWEEN 80 at 0.75 mg/mL, contents to Intra-articular/

  
    
 

 
  

  

Sodium CMC 5 mg/mL, resuspend settled Soft tissue
Sodium chloride 6.7 mg/mL, particles. (Not

Creatininc 5 mg/mL, intmlesional)
, EDTA 0.5 mg/mL,

Water insoluble acetate ester prodrug £63311! giggligieglmrfilgI/Infli
H 5.0-7.5  
 

 
 

 
  

 Epinephrine 5 mg/mL Shake contents of

  
  
  
 

 

   
 

 
 

  

..efipeiMOU>|SPlJOMautt.-~2anusuuaeuiAqpetsddns
  

HCl/ H0 FL Glycerin 325 mg/mL, vial to disperse
Susphn‘ne CH3 Thioglycolic acid 6.6 mg/mL, particles to

H0 Ascorbic acid 10 mg/mL, uniformity.
Phenol 5 m mL,

Hydro a, 50 mglmL 1M!
cortisone o TWEEN 80 at 4 mg/mL, Intralesional/  

 Acetate! ~°H Sodium CMC 5 mg/mL, Inna-articular
Hydro- Sodium chloride 9 mg/mL,
cortone Benzyl alcohol 9 mglmL
Acetate o

 

  
   
   

l
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Afiogouqaai'9aauapsiaanneaewieud:0{Humorqu

 
Drug Name!

Marketed
Name 

geslcronc
Acetate/

Dew
Provem

 
 

Methyl-
prednisolonc

Acetate/

Penicillin G
benzathine

and

Penicillin G

procaine /
Biciliin

 

  
 

 Triamcino~

. lone
Diacetate/

Aristocone

  
 

 
 
 
  
 

 

  

Water0 insoluble diacetate ester
arrodru

 

150,000‘600,

Table 1X (cont). List 0 Bus ension Formulations for Parenteral Administration.

Preadministration Route of
Formulation

150-400 mymL,
PEG 3350: 2-3 %

'I'WEEN 80 at 2.4 mg/mL,
Sodium chloride 8.7 mg/mL,
Methylparaben; 1.4 mg/mL,
Propylparaben: 0.15 mg/mL

/ 20~80 mg/mL
, PEG 3350 3%,

TWEEN so at 2 mg/mL,

 
 

 

 

Sodium phosphates 2 mg/mL,
Benzyl alcohol 9 mg/ml..,

Sodium chloride (isotonic),

 

CMC 0.55%.
Lecithin 0.5%

Povidone 0.1%,

Methyiparaben 0.1%,
Propylparaben 0.01%,

Sodium citrate
.H 6-8.5

20-40 mg/mL
PEG 3350 at 3%,

TWEEN 80 at 0.2%

Sodium chloride 8.5 mglmL,
Benzyl alcohol 9 mg/mL,

pH ~ 6

We units each/mL Shake vial before

  

 
 
 
 

 
 

 
 
 

. re . aration Administration

1M once every
3 months

 

  
 

   

 

1M!

Intrasynovial/
Soft tissue or
Intralesionai    

  

 

    withdrawing the
desired dose.  

  
  

  
  {Ml

Inna-articular!

Intrasynovial/
Intmlesionai
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Table IX (coon). List of Sus r' nsion Formulations for Parenteral Administration.

Drug Name!
Marketed Preadnfinisu'ation Route of
WW

Triamcino- ’
W _ WWWWWW W...”

" ~ Inna-articular!

lone Hexa— . Sorbitol 50%, Intralesional
cctonide/ TWEEN 80 at 0.2-0.4%

Aristospan Benzyl alcohol 9 mg/mL,
pH 4.5- 6.5  

.. Water° insoluble ester

CMC = CarboxymethylcelluloseHefipewouxspun/w9%.—~2anuswa9H1Kqpealddns
9178
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Amp oter-
icin B

cholesteryl
sulfate!

Amphotec 
Amphoter-

icin B/

Ambisome

Cytarabine
(Ara-CV

DepoCyte

Retinal-Mows‘pmM91H...~£19anustaSuiAqpenddns
AficiouqaaiI9oauogas{eogznaaawquxogeumorqu 

Formulation -_
Opaque suspension

5 mg/mL
DM‘PC 3.4 mglmL,
DMPG 1.5 mg/mL,

Sodium chloride 9 mg/mL
H = 5-7

Lyophilized powder
50 ~100 mg /

SCS 2.6 mg/mL, /
Lactose 95 mg/mL,
TRIS 0.56 mg/mL,

EDTA 0.037 mg/mL,

Lyophilized powder
50 mg

HSPC 18 mg/mL,
DSPG 7 mg/mL,

Cholesterol 4 mg/mL,
Alpha tocopherol 0.05 mg/mL,

Sucrose 75 mg/mL,
Disodium succinate 2 mg/mL

pH 5.0-6.0

Suspension Multivesicular

Lipid Particle
5 mg/mL

DOPC 5.7 mg/mL,

DPPG 1 mg/mL
Cholesterol 4 mg/mL,

Sodium chloride 9 mg/mL
H 5.5~8.5

Lipid-to-drug
molar ratio

Table X. List of Li nosomal Formulated Parenteral Products for Parenteral Administration.

with 5% dextrose

' onstitute with

WFI to a 5 mg/mL
colloidal

dispersion,.
Dilute to 0.16 - 0.83

mg/mL with 5%
dextrose.

Reconstitute with

WFI to a 4 mg/mL
translucent

suspension,.

Dilute to 1-2 mg/mL
with 5% dextrose.

Route of
Administration

mg/kg/hr

1V infusxon at 3-4

mg/kg/hr

IV infusion at 3-5

mg/kg/hr

Intrathecal 
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Table X (cont.). List of Li uosomal Formulated Parenteral Products for Parenteral Administration.

Drug Name!
Marketed ‘ Lipid-to-drug Preadminisnation Route of

Formulation molar ratio . re aration Admiistration

Solution Dilute ll: with IV~ infusion over 60

2 mg/mL, dextrose 5% to 1 minutes
DSPC: Cholesterol in 2:1 molar mg/mL.

ratio /Il

Doxombicin Liposomal dispersion : Dilute the dose into 1V infusion over 30
HCl/ ‘ OH 2 mg/mL, 250 mL of dextrose minutes
Doxil ' MPEG-DSPE 3.2 mg/mL, 5%.

(Pegylated = HSPC 9,6 mg/mL,
stealth Cholesterol 3.2 mg/mL,

Iiposome) Ammonium sulfate 2 mg/mL, .
" Histidine

DMPC = L-a—dimyxistoylphosphatidylcholine

DMPG = L-ocudimyristoylphosphatidylglycerol

DOPC = Di0]eoylphosphatidylcholine
DPPG :2 Dipalmitoylphosphatidylglycerol
DSPC = Distearoylphosphatidylcholine
DSPG == Distearoylphosphatidylglycerol
HSPC = Hydrogenated soy phosphatidylcholine
MPEG-DSPE = N—(carbonyl~methoxypolyethylene glycol 2000M ,2—distearoyl-sn-glycero-3—phosphoethanolaminc sodium
SCS 2 Sodium cholesteryl sulfate
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Table XI. Abbreviations Used in the Compilation

w. Abrevbafion

C, G, T (Fomiversen)

CHF
CMV
EUI‘A
HCi
1M
IP
IV

Lil-RH
PCI
FDR
PEG
PG

PSVT

SC
TRIS

TWEEN
WFI
w/wo

solution formulations for delivery of antisense oligonucleo~
tides (15, I6). such as with the anti-sense ophthalmic

product fomiversen (Vitravene). In general,\fornlulation
approaches along with drug design will be the‘means to
achieve optimal drug delivery based upon therapeutic needs.

New approaches could include nanopanicles (l7). submi-
cron solid particles coated with either natural or semisyn‘
thetic phospholipids (18), mixed-micelles, microemulsions
for injection (19). and soluble self—assembled block copoly~
mers to either solubilize drug in a micelle—like structure
[PEO-b-PAA-DOX. poly(ethylene oxide)-block-poly(aspar»
tic acid)-doxorubicin] or covalently bind drug (20). "Smart"
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, photosens‘ors, 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 (SolupltorqD P), glycerol formal, Solutol HS—lS, 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) forboth solutions and solids(2l ) could revoiution-

ize the manner in which injectable drugs are administered.
The increased emphasis on home health care will likely
result in home infusion devices and setups such as battery
operated and/or pockct~sized infusion pumps. We are likely
to continue to see more applications of convenient injection
devices, prcftlled syringes, dual chamber devices and ready-
loouse solutions.

348

 
Meanin;

angiotcnsm-converting enzyme
C r: cytosine
G: guanine
T: thymine

congestive heart failure
Cytomegalovirus

ethylenediamine tetraacetic acid
hydrochloride salt

intramuscular

intrapcritoneal
intravenous

leutenizing honnonc~releasing hormone
percutaneous cardiovascular intervention

Physician's Desk Reference

polyethylencglycol
propylene glycol

paroxysmal supraventricular tachycardia
subcutaneous

tris(hydroxymethyl)aminomethane
polysorbate

water for injection
with or without

Advanced technologies will likely be used in commercial
production of future parenteral products; for example, the
use of nanoparticles for injection of water-insoluble drugs.
Supercn'tical 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 certainly 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 the Compilation

A few comments on the compilation are in order to help
the reader understand the table fomtat, chemical structures,

some occasional additional information, highiighted por»
tions, and abbreviations.

l) The order of lines within the formulation box is:

a) Solution or Iyophilized powder
b) Dmg concentration or amount (i.e., tng/mL, mg,

units/mL, etc.)

c) Excipients and concentration or amount (i.e.,
mg/mL. 7a., mg, ctc.)

—organic solvent(s)
—-suspcnding agent(s)
-—-bulking agent(s)
——-isotonicifier(s)

PDAJournat at Pharmaceutical Science & Technology
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-preservative(s)
—buffer

d) pH

2) Some drugs have the pKu 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) lathe 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 wow found in other references.
In these cases “(Not in 1999 PDR)” is added under the
marketed name.

6) Various portions of some entries are highlighted in
bold typeface, 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 X1).
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being published in three parts. The introduction and sum—
mary appeared in the NovemberfDeccmber [999 issue. The
final Part will appear in the March/April 2000 issue of the
lawman

Injectable Products

Sounce: ofIrrfammtt'orr:

l. Physician's Desk Reference. 53rd cd.. Medical Eco—
nomics Company. Inc., Montvale, NJ. I999.
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Drug Namt'J

 
Marketed Prcadministration Route of Company and

Name Structure Formulation preparation Administration Indication

Accoazol- u 1’ Solution Constitute with 5 mL IV bolus] Lederle,
amide “1‘7 \m 500 mg WFI to S 100 mgme. IV infusion: Antigtaucoma;

sodium! pH 9.2 . IM but may be diuretic in
Diamox painful due to treatment of

pKa = 7.2 alkaline pH mountainsicknesr

Acyclovir Lyoggilized wder Reoonslimte with IV infusion Glaxo Wellcome.
sodium! m N) 5 < 1 mg WFI to 50 mglmL; over I hour AntiviralZovirux ix ‘ 0 pH 10.5 — 11.6 Dilute with dextrose“s“ "V Won 5% orsalineto<7

pKa ~ IO mglmL.

Adenosint-J "a Solution None IV bolus! ‘ Fujisawa,
Adenoeard ,, 3 mg/mL. IV infusion at Conversion to

IV (bolus). LN Sodium chloride 9 mglmL, 0.14 sinus rhythm ofAdenoscan pH 4.5-7.5 mg/kglrnin for PSVT (bolus).
(IV infusion) H 6 minutes Adjunct for

mum-2m
myocardial

on perfusion
scintigraphy
(infusion)

Alaml‘loxacin . " “ ‘ Solution Dilute with dextrose W Infusion Pfizer.
mesylatel it . 205* 5 mg/mL 5% to 1-2 mglmL. over so Antibiotic
Trovan JT'M pH 3.4-4.3 (potentially minutes

incompatible with
Amide prodrug for saltneendlnctnted

trovafloxacin nge’ s)

Alfcntanil a " Solution None for bolus. lV boius/ Taylor,

HCl/ “/14 0.5 mglmL, For IV infusion dilute IV infusion at AnalgesicAlfcnta \0 Sodium chloride (isotonic) with saline, dextrose 0.5-3.0
pH 4-6 5%, or lactated ug/kymin

Ringer's to 0.025-
0.080 mglmL.

Alpnostadil Lyophilizcd powder Reconstitute with 1.2 Intra‘ Pharmacia &

(prostaglam M 6-46 ug mL water preserved cavemosal Upjohn.dinEll , = Lactose 172 mg, with ban: 1 alcohol Erectile
Cavetjcct “0 °" Sodium citrate 47 mg. 0.95 a wlv. dysfunction

Benzyl alcohol 8.4 mg (~ 0.5-1.1 ug is lost due
to adsorption to the vial

and syringe.)

Al rostadil ° Lyophiilzed wdcr Reconstitute with 1.2 Intra— Schwm Pharma.

a fadex m 6-50 ug complexgdowith 200- mL saline. cavemosal Ercfile(prosta- .. , , dys unction
glandinEl/ m m [610 ué$;?;gdextrln

Edex complexed with u‘ H 4-8 3 'P
cyclodextrln ‘

Amitostine/ Lyophflized powder Reconstitute with IV infusion Alla.

Ethyol “WW/E“ 500 mg sal(ine I? 50 mglmI. over 15-30 Antineoplastic
Prodru that is stab e at room minutes adJuvant_

dephosphgrylated by tempfirjgusr; for 5 [cytoparlo‘tlccuve
mfivphfiglm to May be further diluted mdioprotective

a with saline to 5 (reduces toxic
mglmL. effect of

cispiatlnfl

Amikacin Solution For IV infusion dilute [Ml Elkins-Sinn.
sulfate H- A 250 m , with saline or IV In fusion Antibiotic

“flow Sodium metabtsulfite 0.66% dextrose 5% to 2.5-5 over 30 - so.v. Sodium citrate 2.8 ‘75 mglmL minutes
pH 3.5 - 5.5

70
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Drug Name!
Marketed

Name Structure Formulation

Aminoca ic Solution

acAm'ica: tam/DEM 250 mgImL.Benzyl alcohol 0.9%
pH 6.8

Amino— Solution
hippurate 200 mglmLsodium

IQPAHQ! K

Amiodarone "' Solution

um 50 mg/mL,
Cordamne TWEEN 80 at 10%,

Benzyl alcohol 2%
pH 4.]

Antitriptyline Solution
HCl/ 10 mg/mL,
Elavil Dextrose 44 mg/mL,

Mathylpamben 1.5 mg/mL,
2:38 Propylparaben 0.2 mglmL

pH 4-6

Amphoter- .5 ,0. Liposome opaque
icrn Bl suspension
Abeloet 5 mini.

-~ DMPC 3.4 mg/mL.
complexed lzi (dnlg-to— DMPG 1.5 mg/mL,
lipid molar ratio) with [L- Sodium chloride 9 mglmL

mdimytistoyiphosphaci- P“ = 5’7
dylcholine (DMPC) and L.

u-dimyristoylphosphati—

dylglycerol (DMPG)in a
7.3 mole ratio]

Amphoter- Lyophiiized powder
icin B 50 -l00 mg

choiesteryl After reconstitution with WFI
sulfate! to a 5 mgImL colloidal

Amphotec liposomal dispersion,
complexed 1:1 molar

with cholesteryl sulfate Sodium cholestgLyl sulfate 2.6
EDTA (Lg,037 m 1111.,
Lactose 95 m mL,
TRIS 0.56 mg/mL

Lyophilized powder
50 mg

After reconstitution with WFI
to a 4 mgImL translucent
liposomet suspension,

Hgydroenated soy
phosphatidylghoiine 18 mg/mL,
Disteamylphosphatidylglycetol7mg/mL.

Cholesterol 4 mg/mL,
Alpha tocophero] 0.05 mglmL.

Sucrose 75 mg/mL,
Disodium succinate 2 mg/mL

pH 5.0-6.0

 

Vol. 54, No.1 l January—February2000
 

Preadministmtion
prepamtion

Dilute with saline or
dextrose 5% to ~ 15-

20 mg/mL.

None

Dilute with dextrose
5% to < 2 ngmL.

None

Dilute with dextrose

5% to 1-2 mglmL.

Reconstitute with
W to 5 mg/mL.Dilute with dextrose
5% to 0.16 - 0.83

mg/mL.

Reconstitute with

WFI to 4 mg/mL
Dilute with dextrose
5% to 1-2 mymL

 

Route of
Administration

IV infusion at 4
gramslholll'

[V infusion :11

640 mg/kg and
lO~24 mg/min

IV infusion
at 5-l5 mglmln

dextrose

IV infusion at
2.5 mg/kglhr

IV infusion at
3-4 mg/kg/hr

IV infusion at
3-5 mglkg/hr
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Immunex.
Enhancing

hemostnsis when
fibrinolysis

contributes to
bleeding

Merck,
Measures

effective renal
plasma flow

Wyeth—Ayers! .
Antiarrhythmic,

Antianginal

Zeneca.
Antidepressant

The Liposome
Company,
Antifungal

Fugisawa
(developed by
NeXstar, now

Gilead),
Antifungal >
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Drug Name!
Marketed

Name.flnuwwflu-..-mm

Ampicillinand
Sulbaclnm
sodium!
Unasyn

Amrinone
lmmtel
Inocor

(not in 1999
PDR)

Atenolol.’
Tenormin

Atracnrlurn
besylatd
Tracrium

Atro hine
sul ate

Aurothio-
glucose/
Solganal

Azalifioprine
sodium]

Azithromy»cin/
Zithromax

72

H

u-

no“i”

Structure 

0535?:
AmpkoillinO 1

*0

Sulbaclam

A

1%

i

ca,
l

[YOH

NH:

.0'»:

H

H

H Au

-N
",0

NO.

l0 616
W

In
I

W

/N

i3

.L—

-fi

Formulation 

Powder

[—2 grams (ampicillin),
0.54.0 grams (sulbaclam)

pH = 8-10

Solution

5 mglmL,
Sodium metabisulfite 0.25

mgImL.
pH = 3-4

Solution
0.5 mglmL.

Sodium chloride (to isotonic),
Citric acid to

pH = 5.5 - 6.2

Solution
10 mglmL

wlwo Benzyl alcohol 0.9%
pH = 3.2-3.6

(benzene sulfonic acid)

Solution
0.1-1.0 mg/mL.

Sodium chloride 9 mglmL.
wlwo Benzyl alcohol 1.5%

pH 36

Suspension
50 mglmL

in sesame oil
Aluminum monostearatc 2%,

Propylparaben 0.1%

Lyophilized power
100 mg

I)“ = 9.3-11

Lyophilized powder,
‘ 500 mg.

Citric acid 414 mg

Supplied by The British Library - "The wor1d‘s knowledge"

 
Preadministration Route of Company and

preparation Administration Indication

Reoonstitute with 1M! Pfizer,
WFI to 750 ngmL IV infusion Antibacterial
ampicillin and 125 over 10.30 (arnpicillin)
mgme sulbectam. minutes
For IV dilute with

saline or dextrose 5%
to 3-45 mg/mL.

None or Slow IV bolus Sanofi Winthrop.
dilute with saline or over 2-3 Inoiropic and

halfisaline to 1-3 minutes vusodilator (shun
mg/mL. IV infusion at term management

5-10 ugfkglmin of CHF)

None, or dilution with IV infusion at 1 2mm,
saline or dextrose 5%. mg/min Anti hypertensivo

and treatment of

acute myocardialinfarction

None for IV bolus IV bolus! Glaxo Wellcome,
For N infusion dilute IV infusion at General

with saline or 543 ug/kglmin anesthesia
dextrose 5% to Q2. (Skeletal muscle

0.5 mglmL. relaxant)

None SCI Elkins-Sinn.
[Ml Astra. and

IV bolus Baxter,
Anticholinergic,
Antispasmodic

None IM (oil) Schering Corp.,
Prolonged Antirheumauc

release due to
slow

absorption

Reconstitute with 10 IV bolus! Glaxo Wellcome,
mL WFL lV infusion Immuno-

For IV infusion dilute suppressive ami-
with saline or metabolite:
dextrose 5%. management ofsevere

rheumatoid
arthritis

Reconstitute with 5 IV infusion of Pfizer.
ml. WFI. and dilute to 500 mg at l Antibiotic

1-2 rug/ml. with mglmL over 3
saline. dextrose 5% hours, or 2

or lactated Ringer's. my? over Iour

PDAJournal ol Phannaceutleal Science & Technology
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Marketed
Name Structure

Azueonaml 3

Amtam “#43591 a 9"
N. ino ‘30,}!

WE“

Ben nin—
anzii’de "a

(Not in 1999 “N"
PDR) km»rt

Benztropine
mesylatr-J
Cogentin

Betametha—
sone

Phosphate
sodiude
Betametlw

sane Acetate}
Celcslone Water soluble

soluspan phosphate ester

prodrug a

Water insoluble
acetate ester prodrug

Bethanechol

chloride] WM", ut—rUrecholine in.

Vol.54.No.1 I January—FebruaIyZOOO
 

  

 
Preadministration

Formulation PWIion

l) Lyophilized powder For M reconstitute
0.5~2 g. with at least 3 ml.

L—arginine 780mglgmm WFI or saline to ~
aztreonam [00600 mglrnL. For

pH = 4.5-7.5 IV bolus reconstitute
2) Frozen Solution with WFI to 50-200

20-40 mg/mL mgImL. For IV
Lactose 1434 mgImL, infusion moonstimte
Arginine 16-32 mglml. with 3 mL WFI, then

pH 4.5.7.5 dilute with saline.
dextrose 5%, lactated

Ringer's to s 20
mymL.

Powder Recomtitute with
50 mg WFI to 25 mglmL.

pH = 3-4

Solution None
1 mg/ml..

Sodium chloride 9 mglmL
pH = 58

Suspension None
Betamethasone sodium

phosphate 3 mglmL,
Betamethasonc acetate 3

. mm... .
Sodium phosphate dihasxc

7.1 m mL,
Sodium p osphnte

monobasic 3.4 mglmL.
EDTA 0.1 mg/mL.

Benzalkonium chloride 02
mglmL.

pH 6.8-7.2

Solution None
5.] mg/mL,
pH neutral

Supplied by The British Library — "The worid's knowledg 

 
Route of Com y and

Administration In icalion

1M! HMS,
IV bolus! Antibiotic

IV Infusion!

IMJ Pfizer.
1V infusion Prevent nausea

with surgery
anesthesia

1M! Merck,
(IV bolus is Anticholinergic

alright. but has used in psychotic
no advantage patients with

over IM) acute dystonic
reactions, and in

Parkinson's
disease

1M Schering.Anti-
inflammatory and

for allergies

SC Merck.
Cholinergic

73
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Drug Name!
Marketed

Name Structure

"Ease—iiizfi’wmmmLactate!
Akineton

 

Bretylium Br
tosylatel
Bretylol

Li uid
t‘onnu ation .
not in [999 5“:

FDR)

Bur'netanidel 0“ «W:Bumex

Bupivacainc
HCll

Sensortaine

Buprenor— "0
phirle HCI
(SO-times

more potent °r_than
mrphine)/ moo
Buprcnex

$5138?0":

"5"Mfl

Butorphanol "0
tartrate/ ”figment
Stadol on

(In‘eetabie not
J m “oin 1999 FDR.
the only

product is a
nasal

formulation.)

Busulfrm/
Busulfex

74

.........--.......--........_....

Supplied by The British Libra

Formulation 

Solution
5 mglmL

Sodium lactate 1.4%

Solution
50m mL

pH .5—7

Solution
10 mg/mL.

Methylparobcn 0.18%.
Propylparabcn 0.02%,

pH = 6.7—7.1

Solution
0.25 mglrnL,

Sodium chloride 8.5 mglmL,
Benzyl alcohol 10 m mL.

EDTA 0.l mglm
Ammonium acetate 4 mg/mL.

pH 6.8-7.8

Solution
2.5-7.5 mg/mL

Sodium chloride to isotonic.
w/wo Epinephrine 9 ugImL,Sodium metabisulfitc 0.5

mL.

Methyl n 1 mg/mL,
Citric acid 0.2 mg/mL.

pH 4-6.5

Solution
0.3 mglmL,

Dextrose 50 my’mL
pH 3.5-5.5

Solution
6 mg/mL

PEG 400 at 61%
N, N-dlmethylacetamidc

(DMA) 33%,

lnjectable solution:
l-2 mgI‘mL

Sodium chloride 6.4 mglmL
Citrate buffer 0.045M

pH 3.5.5.
Nasal spray solution: '

[0 mglmL,
Sodium chloride, Citric acid,

Benzelhonium chloride.
pH 5.0.

 

 

--.«m.--~..—m

ry - "The world's knowledge"

   
Preadministmtion Route of Company and

preparation Administration indication

None WI Knoll.
IM Parkinson‘s

Disease

None for IV bolus or [Ml Astra.
1M. For IV infusion IV bolus! Antidysrhythmic
dilute with saline. IV infusion at
dextrose 5%, or 1-2 mga‘min

lactated Ringer's to 10
mglmL.

None for IMISCJIV SCI Muro.
bolus. For IV IMI Antlhistamine

infusion dilute with IV bolus]
saline to l mglmL. 1V infusion!

None forIM or IV lM/ Baxter.
bolus. For IV IV bolus over Diuretic

infusion dilute with 1-2 minutes!
saline, dextrose 5% or iV infusion at l

lactated Ringer’s. mg/hr

None E idumll Astra,
pinall Local anesthesia

Sympatheticnerve!
Catheter into
the area being
anesthetized.~

175—225 mg}
(not IV) E

None Deep IMI Reckitl—Coleman. i
or dilute with saline. IV bolus over 2 Analguic
dextrose 5 96. lactated minutes.

Ringer’s

Dilute with saline or IV infusion Orphan Medical.
dextrose 5% to 0.6 Neoplastic

mglmL.

None Nasal Spray BMS.
(l spray is Analgesic~ l m in 0.1

mi)!M
IV bolus
(1-4 mg)

PDA Journal of Pharmaceutical Science 8‘ Technology
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Drug Name!

 

Marketed
Name Structure

75536331”:'“inimfié’fiE83fiESim'wm“
Salmon, amino-acids

Miaculein (H—Cys-Ser»Asn~Leu-
Scr—Thr-(ys-Val-Lew
Gly—Lys-LewSer—le
GIu~Leu~His~LysLeu~
Gln-Thr-Tyr-ProoArg-
Thr-Asn-Tltr—Giy-Ser—

GlyoThrvPrmNHg

Calcitrioll " ».

Calcijex

as

N C“

Capreo- .
myein
sulfatel

Capastat

Carboplalin/ 0

Paraplattn NH“ ’0Pt

”Ha/l ‘0
O

CarmustineJ ['0
BiCNU NI

WNYMCIo

Cefamandole o R "
Mandel : ‘ ’ 9:,
(Formula 0 o

ester ‘10 m 600! if}.
prodqug -I

hydrolysis ’t‘ ’t‘
after in 9"

dissolution) a, °,. .4?
pKa 2.6 - 3.0

Vol. 54. No.1 I January-Februaryzooo

Formulation 

Solution
200 LUJmL,

Phenol 5 mg/ml...
Sodium chloride 7.5 mglmL

Acclate buffer
pH ~ 4

Solution

1.2 uglmL,
TWEEN 20 at 4 mglmL.

Sodium ascorhate Io
mglmL.

Sodium chloride l.5 mglmL.
BDTA 1.1mgImL.

Sodium phosphates 9.2
mglmL,

pH 6.5-8.0

Powder
1000 mg

Powder

50450 mg.
Mannitol equal mass as

carboplalin.
pH 5-7

Lyophilized solid
l00 mg
pH 5-6

Solid
1-10 3

Sodium carbonate 63 mglgram
ceiamandoie,

pH 6-8.5

  

Pmadmi nistnalion
preparation

None

None

Reconstitute with 2
mL WFI or saline to

500 mglntl. (~ 3
minutes to dissolve).
For M no dilution.
but may reconstitute
with less water to
200-350 mglmL

For N infusion dilute
into 100 mL saline.

Reconstitute with
WFI. saline or

dextrose 5% to lo

mg/mL. May befurther diluted to 0.5

mg/mL with saline or
dextrose 5%.

Reconstitute with
supplied 3 mL of
ethanol, then further

dilute with 27 mL
WFI. to a final 10%

ethanol.

Reconstitute with
WFI, saline or

dextrose 5% to l 00-
285 mglmL.

Supplied by The British Library - "The world's knowledge" 

.....—-~...mm.....—..._-...-...._... .m--~—._m.....—m_m.... .. 
Route of Company and ’

Administration Indication 7

IMI Novattis,
SCI Treatment of

also Nasal postmenopausal l
spray of 2000 osteoporosis:
LUJmL, and Paget's disease, E

one spray and l
contains 0.1 hyperealcemia 2

ml. or 200 LU. i
IV bolus Abbott, i

Management of l
hypocaieentia in I

patients
undergoing

chronic renal
dialysis

1M] Dura,
IV infusion Antibiotic

over 60
minutes

[V infusion of EMS,
at least l5 Antineoplastie

minutes using
0.5-10 mg/mL.

IV infusion BMS.

over [—2 hours& Antineoplastic150-200 mg/m

IMI Lilly,
IV bolus Antibacnrial
over 3-5
minutes!

IV infusion
over 15-30

minutes

75
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Drug Name!

  
Marketed Preadmlnistration Route of Company and

Name Structure Permutation preparation Administration Indication

Cefazolin ,3?“ g Dy . l) Lyophilized powder Reconstitute with 1M! Smith-Kline
sodium] , , 0.540 g WFI. or saline to 225- IV bolus Beecham and,
Ancef, ° 13’“ H 4.5 - 6. 330 ngmL for IM. over 36 Lilly,
Kefzol 2) frozen solution and dilute with WFI. minutes/ Anttbiotic

IOvZO mg/mL, to ~ lDO mglmL for IV infusion
Dextrose ~ 4048 rug/m1. IV bolus, and dilute

pH 4.5-7. with saline. dextrose
or lactated Ringer‘s to

10 mglml. for IV
infusion

Cefepime _ Solid mixture Reconstitute with 1M! BMS,
ch “t Y 0.5-2 g. saline, dextrose 5% or IV bolus over Antibiotic

Maxipime W bArginine 725 mglg cet‘epime lactated Ringer's to 3—5 minutes!pH 4.0-6.0 280 m mL for M, IV infusion
too-I mglmL for over 30

IV bolus, 20-40 minutes
mgme for IV

infusion.

Cefonicid Lyo hilized powder Reconstitute with [W Smith-Kline
sodium} iii“ “ "' r” P 05-1 g, WFI to 225.375 IV bolus Beeclmm,
Monocid °' Rf"): pH 3.5 — 6.5 m for 1le and IV over 3'5 Antibiotic

H be us. and dilute with minutesl
saline, dextrose 5% or IV infusion
lactated Ringer’s to It)

rug/m1. for IV
infusion.

Cefopera- .. .. l) Crystalline powder ReconSIJtute with IMI Pfizer.
zone ° ’ ‘ 2: 0.5-] g, saline or dextrose 5% IV b0 us over Antibiotic

sodium! ° Rh 1)}! 4.5 - 6. to 280 m mL for IV 3-5 minutes]
Cefobid 2) Frozen solution bolus. State with IV Infusion

20-40 mglmL. lidocaine 2% to ~ 200 over 15.30
Dextrose ~ 36—46 mg/ml. mglmL for M. Dilute minutes

pH 4.54. with saline, dextrose5% or lactated
Ringer‘s to 2.25

mglmL for IV
infusion.

Cefolaxime i " a r, 1) Powder Reconstitute with Deep IM/ Hoechst Marion
sodium! '9' Mil" 0.5-2 g. WFI to 230-330 IV bolus over Roussel.
Claforan no: “1:“ pH 4.5 - 6. mg/mL for 1M. 50- 3-5 minutes! Antibiotic

2) Frozen solution 180 mg/mL for IV IV infusion
20-40 mglmL. bolus, and dilute with over 15-30

Dextrose ~ 14-34 mg/mL. saline or dextrose lo minutes
Sodium citrate 10 mglmL for IV

pH 5-7.5 infusion.

Cefotetan 0 f“: 1) Powder For IM, reconstitute Deep IMI Zeneca,
disodium/ ' i ‘ t“- l~l0 g with WFI, saline, IV bolus over Antibiotic
Cefotan «- ., ‘9 pH 4.5-6.5. 0.5% or 1% lidocaine 3-5 mlnutes/

2) Frozen solution to 400.500 mgimL. IV infusion
20-40 mg/mL, For IV, reconstitute over 20450

Dextrose - 22—38 mgme, with WFI to 95-180 minutes
Sodium bicarbonate mglmL, and dilute

pH 4-6.5 with saline ordextrose 5% to 10
mg/mL for IVinfusion.

76 PDA Journal at Phanneceuticat Science & Technology
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Drug Name!
Marketed Preadministration Route of Company and

Name Structure Formulation preparation Administration Indication

Cefoxittn g“;- 1) Powder Reconstrtute wrth IV bolus over Merck,
sodium! wry-j! l-lo g WFI to loo-200 3-5 minutes! AntibioticMefoxin a pH 4.2-7.0. mglmL for IV bolus. IV infusion

o 2) Frozen solution For IV infusion over ~ 30
20-40 mgirnL, reconstitute with minutes

Dextrose ~ 22-40 mglmL, saline or dextrose 5%
Sodium bicarbonate to I00 rng/mL. then

pH 6.5 dilute to 10 mglmL

Ceftnzidime/ W a; u 1) Powder For IM, reconstitute Deep [Ml Glaxo Wellcome.(Ceptaz. .. ' wlwo Sodium carbonate at l 18 with WFI, saline, IV bolus over Lilly and.
Fortaz, ‘ o H mg/g ceflazidimc. 0.5% or 1% lidocaine 3-5 minutes/ SmithKline

Tazidime, a", w/wo L-Arginine at 349 to 250 mg/rnL. IV infusion Beecham,
Tazicet) mg/gram ceftazidime For IV. reconstitute over ~ 30-60 Antibiotic

pH 5-7. with WFI ID 90470 minutes
2) Frozen solution mglmL, and dilute

20-40 mg/mL with saline or
Dextrose ~ 50 mg/mL, dextrose 5%.

Sodium bicarbonate to 10-40 mglmL for
pH 4.6.5 IV infusion.

Ceftizoximc s 0 .5 R Crystalline powder Reconstitute with ‘ Decpl'Ml Fujisawa.
sodium] M ii i " 0.5—2 g WFI to 270 mglmL IV over 3-5 Antibiotic
Ceftzox J Li pH = 6-8 for IM. 95 mglmL for minutes/

GORP coon IV bolus, and dilute IV Infusionwith IV fluids to 10-
40 mg/mL for IV

infusion.

Ceftriaxone “WAVE? at . I) Crystalline powder For IM. reconstitute DeepIM/ Roche.
sodium] ' . 9; 025-10 3, with WFI. saline, IV Infusion Antibiotic

Rocephin K‘W’ can: if 0 pH = 6—B. dextrose 5% or over 30
o 2) Frozen solution lidocalne 1% to 250 minutes

20-40 mglmL, rn ml...
Dextrose - 24-38 mglmL, For infusion,

pH 6.7 reconstitute with WFI
to 100m L. then
dilute wit saline or

dextrose 5% to [0-40

   

 

mglmL.

Cefumxime, W gt .5 1) Crystalline powder Reconstitute with Deep lMI Glaxo Wellcome.sodium! ‘ ' 0.75-7.5 g. WFI to 220 mglmL IV over 3-5 Antibiotic
Zinaoef “ms pH .-= 6~8.5. for M, and 90 minutes!

2) Frozen solution rug/ml. for IV bolus. IV Infusion
15-30 mg/mL, For IV infusion, over 15-60 ' i

Dextrose ~ 28 mglmL. reconstitute with minutes ‘ Z
Sodium citrate 60-120 mglmL saline or dextrose 5%

pH 5-7.5 to 7.5-l5 mglmL.

Ccphalothin ,, n 1) Powder Reconstitutc with Deep lMl Lilly,
sodium! ‘ ’ . l-20 g, saline or dextrose 5% 1V over 3-5 Antibiotic
Keflin ,, y“: Sodium carbonate 30 mg/gram to 250 mglmL for IM. minutes/

Neutral 0 cephalothin 100 mg/mL for IV. IV infusion
(Not in 1999 pH = 6-85 and 20-40 mglmL for

FDR) 2) Frozen solution IV infusron.
2040 mg/mL.

Dextrose ~ 50 mg/mL, Sodium
bicarbonate
pH = 641.5

Vol. 54, No. 1 l January-February 2000 77
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Drug Norm-J

   
Marketed Preadministration Route of Company and

Name Structure Formulation preparation Administration Indication

Cephapmn ., g. Powder Reconstitutc with Deep lMl Apothecon.
sodium! ' 0 05—20 g. saline or dextrose 5% IV over 3-5 Antibiotic
Cefadyl o ‘3’“ pH = 68. m 500 rug/ml. for 1M, . minutes!

(Not in I999 50~200 mymL for IV infusion
FDR) IV. and 100 mg/mL

for IV infusion.

Chlordiaz~ Powder Reconsfirute with M ICN.

e xide H‘ 100 mg. supplied diluent to 50 Slow IV bolus Tranquilizer
CIJ Supplied diluent: mg/mL for IM. over I minute

Librium M PG 20 9b Reconstimte with
c: ”\ TWEEN so a: 4%, saline or WFI lo 20

o Benzyl alcohol l.5%. mg/mI. forIV bolus.Maleic acid 1.6%

pH = 3

Chloro- Solution None Single injection Astra,
procaine [0-30 mglml. or continuously Local anesthetic

HCII Sodium chlonde 3.3-6.7 through an ‘
Nesacaine mg/mL. indwelling

w/wo EDTA 0.] mg/mL. catheter.
w/wo Methylparaben 1 mg/mL,

pH 2.7-4.0

Chloroquine Solution. None IM Sanofi Winthro .

ch am 50 mg/mL Antimalaria anAmlen pH 5.5-5.5 antiamebic
WW9“:

m' H.

Chloro- 0 ’0 0 lo Lyophilizcd powder Reconstitute with 18 Ni Merck,
thiazide js’ *5: 500 mg, mL WFI to 28 IV Infusion Diuretic and
sodium] HzN NH Mannilol 250 mg. mglmL. hypertensive
Diuril ,J Thimerasol 0.4 mg.C! N pH 9.2-10

Chlorphenir- CI Solution, None IV (not the 100 Schcring,
amine 9H, Ill-100 mglmL mg/mLy Antihistamine

maleate/ ,N pH 4-5.2 SC!
Chlor— ”memo” 1M ,

trimeton l N/ 1 iWot in 1999 \ g
FDR as H coon [I

injectable) Ii

Chlorpt'oma- gfiH, Solution None for IM. Deep [Min Smith-Kline
zine HCI/ N\ 25 mg/mL. Dilute with saline to 1 buttock! Beecham,
Thorazine {V CH; Sodium chlonde 6 mg/mL, mg/rnL for IV. IV bolus at 0.5- Antipsychotic,

cg Sodium bisulfite l mglmL. l mg/minute antiemetic
Sodium sulfite 1 mg/mL, (nausea),

s w/wa benzyl alcohol 2%. uanquilrzerAscorbic acid 2 mg/mL,
pH 3‘5

73 FDA Journal of Phannacoutiool Science a Technology
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Drug Name!
Marketed

Namemnmu.-.-.-n-m.ma-w.._«mmn...a...an"....mammm--—m---.-m-n.mu-ma~-......”m.u-m.---...«..u-uwm-u.-

Cidofovirl
Vistide

Cilastatin
(inhibitor of

renal

dipeptidase,
dehydro-

peplidase I)and

lmipenaml
Primaxin

Cimetidine
HCU

Tagamct

Ciproi'loxacinl
Cipro

Cisplatinl
Platinol

Cladribind
Leustatin

Structure

9N

&
mos“

am

“2

W8”

”film0

N [Ci
\Pl

HZN’ Cl

Vot.54,No.1 I January—Februaryzooo

Formulation

Solution
75 mg/mL,

pH 7.4

Powder
500-750 mg each,

Sodium carbonate 1020 mg
(1").

pH 6.5-7.5

1; Solution1 0 mglml.
Phenol 5 mglml.

. pH 46.
2) Infusion solution

6 mglmL
Sodium chloride 9 mglmL.

1) Solution
10 mg/mL.
Lactic acid,
pH 3.3-3.9.

2) Infusion solution
2 mg/mL.

Dextrose 5%,
Lactic acid.
pH 3.5~4.6.

l) Lyophilized powder.
after reconstitution contains

1 mg/mL.
Mannitol l0 mglmL,

Sodium chloride 9 mglmL,
pH = 3.56.5.

2) Solution
1 mglmL

Sodium chloride 9 mglml...

Solution
1 mg/mL.

Sodium chloride 9 mg/mL,
Sodium ho hates,

pH ES-gfl

Preadministration

preparation

Dilute into 100 mL
saline to ~ 3-5

mglmL

lM: Reconstitute with
Mouth: 1% to 250

mg/mL suspension.
IV: Reconstitute with

[00 ml. saline or
dextrose then diluted

with 100 ml. saline or
dextrose to 2.5-4
mg/mL solution

None for IM.
Dilute with saline,

dextrose 5% or

lactaled Ringer's to l5
mg/mL for IV bolus
and 6 mg/mL for IV

infusion.

Dilute with saline.
dextrose 5% or

lactated Ringer’s to l-
2 mg/mL.

Reconstitute with
WFl to l mglmL

Dilute with 500 mL
saiine to 0.09

mg/kg/day (notrecommended to use
dextrose 5% due to

increased drug
degradation)

 

Supplied by Th   e British Library - ”The world‘s knowledge" 

Route of
Administration

IV infusion
at 5 mglkg over

1 hour.

Required
predose of 2

grams
probenccid

orally (reduces
renal clearance

by blocking
active renal

tubular
secretion).

1M]
IV infusion

lM/
Slow IV bolus

at least 5
minutes/

lV Infusion
over 15-20

minutes

IV infusion
over 60

minutes, 200-
400 mg every

12 hours

IV infusion

IV infusion
over 24 hours

after
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Company and
Indication

Gilead.
Antiviral

treatment of

cytornegalovints
in AIDS patian

Merck,
Antibiotic

treatment of
serious infections

Smith-Kline
Beecham,

Antiulcerative
(histamine H2-

receptor
antagonist

Bayer.
Antibacterial

Bristol-Meyers
Oncology.

Antineoplastic

Ortho.
Antineoplastic

79

 
 



Drug Name}

 

 

 
Marketed Preadministration Route of Com y and

Name Slructure Formulation preparation Administration In ication

Clavulanate 1) Powder ' Reconstitute with IV infusion SmithKline
potassium Clavulanate 0.13, WFI or saline to 8 over 30 Beecham,

and Trcarcillin 3 g. mglmL clavulannte minutes Antibiotic
ticarcillin W W 2) Frozen solution and 200 mgmL
disodium/ Clavulanatel mg/mL. tlcarcillin, further
'l‘imentin 'l‘icarcillin 30 mg/mL dilute with saline or

one. lactated Ringer’s to
l0~100 mg/mL

Clindamycin 9S 1) Solution Dilute concentrated IV infusion at Pharmacia &
Phosphate! “Du. ‘°' [50 rug/ml... solution with saline or 30 rug/hour Upjohn,

Cleocin H, M EDTA 0.5 mg/mL. lactated Ringer‘s to S Anttbiotic
phosphate " on Benzyl alcohol 9.4 rug/ml. 18 mg/mL.

99" pH = 5-6.

3,0 2) Ready to use solutiona 5.. 05-18 rug/ml.
Water soluble Dcxuose 5%.

phosphate ester EDTA 00“ mgme.
prodrug

Clonidinel Solution None 1V infusion Roxane,
Duraclon 0.] mglmL. Analgesic

Sodium chloride 9 mglmL
" pH 5-7

Codeine Solution, None SCI Elkins—Sinn and
phosphate l5-60 mg/mL. IMI Wyeth,

(Not in 1999 wlwo Chlorobutanol 5 mglmL, IV occasionally Analgesic.
PDR as an ED’I‘A l mglmL, anticough
injedable) Sodium metabisulfite 1.2 mg/mL.Acetate buffer

pH 3-6.

Colfosceril Lyophilized powder Reconstitute with 8 Intratmcheal Glaxo Wellcome,
palmitt'ate “°‘ , DPPC ")8 mg mL WFI. Suspension Prevention and
(DPPC), M ‘ I. Cetyl alcohol l2gmg treatment of

Cetyl alcohol mm TyWloxa l 8 mg. Respiratory
and “mg Sodium chfon'de 47 mg Dim

Tyloxapol/ Tyloxapol: oxyethylaled pH 57 Syndromem low
Exosurf tertiary 0c 1phenol (A synthetic lung surfactant) birth weight
“W03“! formaldehy e polymer infants

Cortisone Sns enslon None 1M onl Merck, i
Acetate! ”TM 50 gym. y Endocrine I
Cortone -0" Sodium carboxy- disorders. '

methylcellulose 5 mgImL, rheumatoid ’
TWEEN 80 at 4 mglrnL, arthritis,

0 Sodium chloride 9 mglmL, allergies
Water insoluble Benzyl alcohol 9 mg/mL
ester prodrug

Cyanocobal- MW - 1355. porphoryn Solution None SCI Elkins-Sinn,
amin like with Co (+) at the 003-] m mi. N Nutrient

(Vitamin center, synthesized by Sodium ch oxide
13 12) bacteria Benzyl alcohol.

pH 4.5-7

Cyclophos- Lyophilized powder Reconstitute with 1M] Bristol-Myers

phamidcl (\01 loo-2000 mg WFI to 20 mg/mL IV bolus/ Squibb,
Cytoxan N Mannitol 75 mgllOO mg For IV infusion dilute 1V infusion} Antineoplasu’c

p’ \/\c; cycloph hamide with saline. dextrose IPI01\ pH -9 5% or lactated inuaplcural
NH 0 Ringer‘s.

an FDA-Journal of Pharmaceutical Science a Technology
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Drug Name.I

 
Marketed Preadministmtion

Name Structure Formulation preparation

Cyctosporinl Cyclicpe ide (1 1 Solution, Dilute with saline or
Sandimmune ammo aei ), MW - 50 mg/ml. dextrose 5% to 1-25

1200 Cremophor EL 65%, mg/mL (1 mL into 20-
Ethnnol 35%, 100 mL).

blanketed with nitrogen

Cytambine NH- Lyophilized powder Reconstitute with

(Am-C)! Div/’Jj 5004000 mg saline or WFI with
Cytosar‘U Ho ov'xN pH 5 benzylalcoh010.9%

\l o l to 20—100 mgme.
H

Cytarabine NH: Suspension Multlveslcular None

(Ara-C)! N21, Lipid Particle
DepoCyte HO oéL—N 5 mg/mL

0 Cholesterol 4 mgimL

DDioleoylphos hatidylcholineH (DOPC) .7 mglmL,

palmitgyl hosphatldylglyccrol)l mglmL
Sodium chloride 9 mg/mL

pH 5.5-8.5

Dacarbazine! Solid Reconstitute with
D'l'lC—Dome 100-200 mg WFI to 10 mglmL.

Mannitol and Citric acid. For 1V infusion may
pH 3-4 be further diluted with

(CH: saline or dextrose 5%
N=N"‘N: to 0.4 mg/mL

CHa

Dactino— ° Lyophilized powder Reconstitute with 1.1

myeinl "‘ v.19!» 05 mg. mL WFI. For IV
Cosmcgen ”mm, Mannitol 20 mg, infusion further dilute

“.0 ° pH 5.5-7 with saline or
v dextrose 5%.

o 't’” “rHAVILSII

Daltep:lrinl Low MW hepan Solution None

Fragmin '” "‘ «a. (prefllled syringe and multi-useall
{1}“ 64 160 mglmL

_ :..amt... Sodium chloride,
323:" wlwo Benzyl alcohol 0.15%
"" pH 5.0-7.5

Danaparoid! 84% heparin sulfate, Solution None
Orgaran 12% dermntnn sulfate. (prefilled syringe or nmpule)

4% chondroitin sulfate 1250 anti-Xe unitslmL

(isolated from porcine Sodium chloride,
intestinal mucosa) Sodium sulfite 0.15%

pH 7

Dantlolene Lyophillzed powder Reconstitute with 60
sodium! “‘09" 20 mg. mL WFI to 0,3

Dantrium Mannitol 3000 mg. mg/mL. For IV
pH 9.5 infusion funher dilute

with IV fluids.

Vol.54.No.1 I January-February 2000
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Route of Company and :
Administration Indication 1'

"”"iv infill}? No:afli5,
over 2-6 hours Immuno- ‘

suppresent 3
g

Intrathecal/ Pharmacia & 5
SC! Upjohn

IV bolus] Antineoplastic.
IV In fusion! Antiviral

Immthecal Chimn
(Developed by

DepoTech)
Antineoplastic,

Antiviral

IV over 1 Bayer,
minute} Antineoplastic

IV Infusion
over 15~30

minutes

IVbolus/ Memk.
IV Infusion] Antibiotic

SC Phannacia &
Upjohn,

Antithrornbotie

SC Organon.
Antithrombotic

IV bolus! Procter &
IV infusion Gamble Pharm..
over 1 hour. (Muscle relaxant)

Treatment of

hypermelabolism
and hypenhennia

81
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Drug Name!

 

  

 

Marketed Preadminislration Route of Company and
Name Structure Formulation preparation Administration Indication

Daunorubicin o 0 Lyophilized powder Reconstitute with 4 [V infusion Redford.
HCII a 21.4 mg. ml. WFI to 5 mg/mL, Antibiotic

Cerubidine “on Mannitol [00 mg then further dilute
: pH 4.5.6.2 with 1045 mL saline

069:0 0“ ° and then inject into
"9 rapidly flowing [V

m... infusion of saline ordextrose 5%.

Daunorubicin Solution liposome Dilute 1:1 with IV infusion NeXstar (now
Citrate! 2 mgImL. dextrose 5% to l over60 Gilead),

DatmoXome Distemylphosphalidylcholioe: mg/mL. minutes Antibiotic ,
Cholesterol in 2: 1 molar ratio, i

lipid to drug ratio of mmdiameter of 45 nm

Dcsmo- m“ Solution None for SC or IV SCI Rhone‘Poulenc.
pressin \’T' 4 uglmL, bolus. For IV IV bolus] Rorer,
acetate] Synthetic analog of Sodium chloride 9 mglmL, infusion dilute with [V infusion Hemophilia

DDAVP natural hormone 3. wfwo Chlorobutanol saline to (0.3 uglkg) over 15-30 (maintain
argininc vasopressin pH 4 in 50 1111.. minutes homeostasis)

(ADH)

Dexametha— Suspension Gentle swirl contents [Ml Merck.
sone 8 mg/mL to resuspend settled Intralcsionall Anti-

Aoctatel «n Sodium chloride 6.7 mg/mL. particles. Intro-articular! inflammatory
Decadron- u. ' Creatinine 5 mglmL, Soft tissue

1A ,i TWEEN 80 at 0.75 mg/mL.
o ED’I‘A 0.5 mgme,

Water insoluble Benzyl alcohol 9 rug/ml...
acetate ester Sodium bisulfite l mgImL

prodrug pH 5.0-7.5

Dexametha- Susp ension Gentle swirl contents 1M! Forest,
sone 16 mglmL to resuspend settled Intro-articular] Anti-

Acetatel Sodium carhoxy- particles. Soft tissue inflammatory
Dalalone methylcellulose 5 mglmL, (Not

D.P. 'I'WEEN 80 at 0.75 mgImL. intralesional)

o Sodigm chlorid; 6.7 mglmL,Water Insoluble rcatinine mglmL. l
acetate ester EDTA 0-5 mg/mL. i

prodrug Benzyl alcohol 9 mglmL,Sodium bisultite 1 mg/mL
pH 5.0-7.5 j

Dexametha- °“ S olu tion For N in fusion dilute IV bolus! Merck.

some ‘5‘“ 4 and 24 m mL will) saline or IV infusion] Anti-
Phosphate w/wo Lidocoine 0 m mL, dextrose 5%. 1M! inflammatory g
50le on Creatinine 8 my Intralesional/ :

Decadron Sodium citrate 10 mg/mL, Intro-articular]
; Mclhylparaben 1.5 mglmL, Soft tissue E

“ Progylparaber;i 0.2 mglmlf ES ium bisu] to l mglm :
Water soluble PH 104‘5

phosphate ester d .m ;
prodrug un erm gen iI

Dexrazoxanl pa. Powder Reconstitute with IV bolus] Pharmacia & ;
Zinecard " 250-500 mg. provided diluent to 10 1V infusion Upjohn, 1

Provided diluent: 25 and 50 ml. mynm. For IV Cardioprotective I
of Sodium lactate 0.167 Molar. infusion dilute with agent used in i

pH 3.5-5.5 saline or dextrose 5% conjunction with
pKa. = 2.1 to 1.3-5.0 mgImL. doxombicin ‘

l

82 PDA Journat 0! Pharmaceutical Science & Technology
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Drug Name!

 

Marketed
Name Structure Formulation

Diatrizoate Solution

meglumine O t l 0 3004500 myml.
(Not in I999 J’x Sodium citrate,FDR) ”A” :2 on, EDTA

pH 6-7on

if.“0 ex,
on

Dimpaml Has 0 Solution
Valium ‘ 5 mg/mL

Propylene glycol 40%,
O , Ethyl alcohol 10%,

ct Benzyl alcohol 1.5%.Sodium bemoate 5 %.

O Benzoic acidpH 6-7

Dinzoxidd 0 0 Solution
Hyperstat c, \‘g‘; 15 mg/mL

N/ CH3

Digoxin/ Secondary glycoside Solution
Lanoxin extracted from the 0.25 mglmL

leaves ofDigitalis Propylene glycol 40%,
lanata. Ethyl alcohol 10%,

(insoluble in water) Sodium phosphate and 0.08%.Citric acid.

pH of 6.8 to 7.2

Dihydro- Solution
ergotamine l mglmL,
mcsylalcl Glycerln 15%,
D.H.E 45 Ethyl alcohol 6.1%,

pH 3.6

Diltiazeml <5“. 1) Solution
Cardizem “.6“ 5 mgImL,

o Sorbltol 71 mg/mL
Ht, Citric acid 0.75 mglmL,

N 0 Sodium citrate 0.65 mg/mL,
Q pI-I 3.7-4.l.

s 2) Lygrhilized powder
0°“. in a du chamber syringe

Syringe A: Diltiazem 25 mg,
Mannitol 37.5 mg.

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~ 0 Solution
drinate m It}: “' 50 mgme

(Not in 1999 9/» ”m Propylene glycol 50 96,
PDR as an as Benzyl alcohol 5%,
injectable) WWW pH 6‘7

Vol. 54. No.1 I January—February 2000

 

 

Preadministration Route of Company and
preparation Administration Indication

None IVI Nycomed and
IM/ Braeeo.

Intraanrteriall Radi ue
Inua~ar1icular medium or

or selected area “visualizing” infor viva

visualization 1:

i
None IMI Roche, 3

1V through Management of
running IV tube anxiety .
at I minute per disorders, !
5 mg dincham Skeletal muscle irelaxant

None IV bolus! . Schering.
"lV Minibolus" Antihypertensivc

(1-3 mm (pmmpt
every S-IS reduction of

minutes up to blood pressure) ,
150 mg) 5

None N over 1-5 Glaxo Wellcome,
or can be diluted 4- minutes! Cardiotonic

fold with WP], saline rarely [M due
or dextrose 5%, but to pain with IM

must be used injection.
immediately due to

precipitation

None IV bolus! Novartis.
1M! Mi ne
SC h hes

Reconstitute the IV bolus Hoechst Marion ‘
. contents within the over 2 minutoal RouSsel.
Lyo-ject syringe. For IV Infusion. Antianginal;
IV infusion dilution a Antihypertensive; .
solution with saline to Arrhythmia; l

0.5-1.2 mglmL, or Atrial fibrillation;
reconstitute the loo Calcium Channel

mg lyophilized Blocker ‘
powder wnh saline to l

1 mglmL. l i

l

i
None for IM. [Ml Steris. !

For IV infusion dilute IV Antiemetic l
with saline. dextrose l

5% or lactated 3
Ringer's to 5 mglmL it

ll

83
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Drug Name!
Marketed

Structure

"fiifipiaéfiy?“‘"MWW‘MWWMWM”dramine

Benadryl Ni:

Dobutamine

HCI ”Mto

Docetaxell ‘

Taxotere %

Dolasetmn

mesylatd
Anzemet

Dopamine HOD/villi;HO

Doxacurium o.

chloride] :2 kNoromax "' V~ T“ n"

N— thyl holine

DOEanl-film ”ohm f0”:nun

DOP °\,J O o
Doxorubicin 0 on 0

HCII . on
Adriamycin ‘0"

FPS and -
RDF; cargo on o
Rubex

WI

Doxorubicin
HCII
Doxil

(Pegylated o =stealth
llposome

formulation) on“

84

 

Formulation

Solution
50 mg/mL

Benzethonium chloride 0.1%
pH 5-6

Solution
12.5 mgImL,

Sodium bisulfite 0.24 mglmL.
pH 2.5-5.5

Solution
40 m in
TW EN 80

Provided diluent of Ethyl
alcohol 13% in water

Solution

20 mglml.
Mannitol 38 mg/mL,

Acetate buffer
pH 3.2-3.8

Solution
40-160 mg/mL.

Sodium metabisulfite 0.9%.
Sodium citrate buffer.

pH 3.3

Solution

l mg/mI.
Benzyl alcohol 0.9%

pH 3.9-5

Solution

20 mg/mL
Benzyl alcohol 0.9%

pH 3.5-5

1) Lyophilized powder
Ill-150 mg.

lactose 5 mymg doxorubicin.
Methylpetuben 0.] mg/mg

doxorubicin
pH 3.8-6.5.
2) Solution
2 m

Sodium chloride 9 mglmL
pH 3.0

Llposomal dispersion
2 mg/mL.

tho Nigger?y" l 1me x 3.- one g yco
2000modistearoyl-snc

lycero—3-
phosphoethanolamine sodium
(MPEG-DSPE) 32 mg/mL,

Hydrogenated soy

phosphatgidéylcholine (HSPC)
Cholesterol 3.2 mg/mL,

Ammonium sulfate 2 mglmL.
Histidine

 

Prendministrution

preparation 

None for [M or IV
bolus. For IV

infusion may be
diluted with saline.

dextrose 5% or
lactated Ringer’s

Dilute with saline.
dextrose 5%, lactated
Ringer‘s to 0.56.0

mg/mL.

Dilute with provided
diluent (13% ethyl

alcohol) to ID mg/mL.

None for IV bolus.
For N infusion dilute
with saline, dextrose

5% or lactated
Ringer‘s to 0.25

mglml.

Dilute with saline.
dextrose 5% or

lectured Ringer’s to ~
0.4.3.0 mglmL

None or dilute with
saline or dextrose 5%

to as low as 0.]
ngmL.

None for IV bolus.
For IV infusion dilute

with saline or
dextrose 5% to I

mglmL

Reconstitute with
saline to 2 mgImL

Dilute the dose into
250 ml. of dextrose

5 %.

PDAJoumal of Pharmaceutical Science 3: Technology
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Route of Company and .

Administmtion Indication ; t
Deep IMI Parke-Davis, ‘.

Slow IV bolus] Antihistamine. é
IV Infusion! also motion

(Not SC) sickness E
i

W infusion Lilly.Cardiotonic

(inotmptt: agent) ;

IV infusion Rhone-Poulenc
over 1 hour Rorer ,

Antincoplastic

IV bolus Hoechst Marion

at 100 mg per Roussel,
30 seconds] Antinaseant,

IV infusion at Antiemetic
0.35-L8 mglkg

over 15
minutes

IV infusion Astra,
Cardiotonic and
antihypotensive

IV bolus Glaxo Wellcome,
Skeletal muscle

relaxant

[V bolus! Robbins,
[V infusion Respiratorystimulant

IV in not less Phannacia &

than 3-5 Upjohn 5
minutes and f

through a Y« Astra 4
site or a 3-way

opoock of a BMS ( wder
sfree-flowing uni;o
infusion of Antineoplasticsaline or

dextrose 5%.

IV infusion Sequus.
over 30 Antlneoplastic,
minutes AIDS. related

sarcoma

:
i
il
l
tl

i:

Kaposi's i
ili
l
l

llll
i
l
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Drug Name!

    

 

Marketed Preadministmtion Route of Company and
Name Structure Formulation prepnmlion Administration Indication :

Doxycycline w: o" 3:“ Powder Couple syringe A to Subgingival Block. , ihyclate (HCl H H : Two syringe mixing syringe B and inject (solution that Antibiotic g i
hemihydmte)! = = °“ system. liquid contents into solidifies upon : ;

Atridox . N“: Syringe A: Poly(DL-laetide) ~ the wder, then mix contact with the é
a... 33 mgfml. dissolved in 5 mL of 00 time in the crevieular fluid 1 g

°“ 0‘ ° ° N—methyi-Z-pymlidone syringe. roviding 1- i t
(NMP). ay controlled ‘

Syringe B: Doxyeycline release
hyclate 42.5 mg

Doxycycline c“, 0“ WM Powder, Reconstitute with IV infusion Pfizer.
hyclate (HCl g H a Y 100—200 mg. WFI to 10 mg/mL, over I-4 hours Antibiotic
hemihydrate)! ‘ = Ascorbic acid 480-960 mg then further dilute
Vibramycin . pH [3-3.3 with saline,dextrose

6“ 5% or Iuctated
°“ O on ° ° Ringer‘s to 0.1-1.0

mg/mL

Dropen'dol Solution None for [M or IV [M] ‘ Astra.
citrate] 2.5 tug/ml... bolus. For IV IV bolus/ Tranquilizer.

Fentanyl o Fontanyl citrate 0.05 mg/mL. infusion dilute with [V infusion Antipsychotic
Dropcridol Lactic acid saline, dextrose 5% or

)==° pH 3-4 lactated Ringer’s to
0.01—0.05 mg/mL.

Edrophonium H30 (+) Solution None IV bolus] [CN,
chloride! HO li‘JCH’ . l0 m mL. 11w Cholen'ngeric
Tensilon CH3 Ct (“J Sodium su lite 0.2%. SC (inhibition ofwlwo Phenol 0.45%, acetyl~

Citric acid cholinesterase)

pH 5.4 :

Enalaprilatl no Solution None or dilution of IV infusion Merck, ;
Vasotee [.25 mglml. 064.2 mg with 50 over 5 minutes Antihypertensive ‘

Sodium chloride (isotonic) ml. saline, dextrose (ACE inhibitor) E
Benzyl alcohol 0.9% 5% or lactated l

pH 6.5-7.5 Ringer's. :
Enoxaparin "" "" ‘ Solution None SC Rhone-Poulenc t

sodium! ,_ 1 (Prefilled syringes available) Rorer. 5unn- lvmonl F I ‘ ‘ i

Lovenox (MW molecular weight 1210 gnsgfrlng. Antithrombolytrc l
heparin) 1’ ' ' ,

. Ephedrine OH Solution None Slow IVI Abbott, i
sulfate n 25-50 mglmL nw Sympathomimetic 1

(Not in 1999 ‘CH pH 4.5-1 SC (nasal l
PDR as an 3 decongestant), i
injectabte) CH3 mydriatic, allergy E

in emergency i

Epinephrine H Solution None 1M Dista, i
HCU H0 fix 0.5-1.0 mglmL Emergency l

Epipen CH; Sodium chloride [.8 mglrnL treatment of 5
Epinephrine Sodium metabisull’tfe 0.5%, allergies I
autoinjector H0 pH 2.2-5 ’
(Adrenalin)

Vol.54, No. 1 l January-February 2000
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Drug Name!

 

 

Marketed
Name Structure Formulation

Epinephrine Sue ension
HCII no it 5531.111.

Susphrine CH: Glycerin 325 mglmL.

Ho Thiaglyeolic acid 6.6mglmL.
Phenol 5 mgImL,

Ascorbic acid 10 mg/mL,

Epinephrine OH Solution
Her tL 0.005 mgme
and CH; Bupivacaine 2.5.7.5 to mL,

Bupivacaine Sodium metabisulfife 5%.
Hell "0 Citric acid

Sensorcaine pI—I 3.3.5.5

Epinephrine OH Solution
HCl HO {L 0.005 mgImL
and CH: Lidocaine 1045 m mL,

Lidocaine Sodium chlori
HCl/ no Sodium metabisulfife 0.5%.

Xylocaine wlwo Methylpamben I mglml.
Guic acid

pH 5—7

Epoprostcnol m Lyophilized powder
sodium! 0.5-1.5 mg
Holan Mannitol 50 mg.

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 LS mg/mL.

Eptifibatidel " Solution
lnlegrillin "' 0.75-2 mglmL

° Citric acid 5.25 org/ml.

A f i pH 5.25J\_.\ 0
“YO

ArvaIy-Asp mimic:
[binds to (GP) llblHIa

(amBJn

Ergonovine Solution
malmte’ Y‘w 0.2 mg/mL.

Ergotrate 5”- °°°“ Phenol 0.25%,

maleate c”. Ethyl lactate 0.1%,
(Not in I999 "m“ "'°°“ Lactic acid 0.1%,

FDR) ii ' pH 2.7-3.4
Erythro- Powder
mycin 1000 mg

gluceptatel pH 1.7
Iloryein

gluceptate
(Not in 1999

FDR)

86

 

 

Prendministrntion

preparation 

uniformity.

None

Dilute 20-200—foid
with saline

Reconstitute with

provided diluent to
0.0030015 mgImL.

None for IV bolus.
For 1V infusion dilute

with saline or
dextrose 5% to 0.15

mg/mL

Dilute with 5 ml.
saline.

Reconstitlue with
WFI to 50 mg/rnL,
then further dilute

with saline. dextrose
5% or [aerated
Ringer‘s to 1.0

mgImL

FDA Journal of Phannaceutlcat Science 8. Technology

 

Route of
Administrationum-n-~.«---..”mu-w--w..

Shake contents of vial
to disperse particles to

SC

Local
infiltration

IV infusion

IV infusion

IV bolus]
IV infusion

IV/
IM over I

minute

1V infusion

 

Supplied by The British Library ~ "The world's knowledge“

Company and
Indication .......-«

Fores,
Asthma

Astra,
Local anesthesia

(Bupivacaine)

Astra,
Anesthesia
(Lidocaine)

Glaxo Wellcome,
Antihypertensive

Cor
and

Key.
Treatment of

acute coronary
syndrome: In

patients
undergoing PCI
(Inhibits platelet

aggregation)

Lilly.
Oxytocic

Dista.
Antibiotic
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Structure

"M0-
mycin

lactobionnte

 
Esmolol

HCII
Brevibloc

Etidronate
disodium/
Didmncl

Etomldatel
Amidate

(Not in 1999

FDR) “w

Etoposidel
Eloposide
injectionand
VcPcsid

pKa = 9.8

Vol. 54, No.1 1 January~Februaty 2000
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Prendministmtion

Formulation preparation

Powder Reconstitutc with
500-1000 mg WFI to 50 mgme,

pH 7.7 then further dilute
with saline. dextrose

5% or lactated
Ringer’s to 1.0

mg/mL

Solution Dilute with saline,
250 m dextrose 5% or

Propylene g ycol 25%, lactated Ringer’s to 10
Ethyl alcohol 25%, mglmL.

Sodium acetate

pH 3.3-5.5

Lyophilizcd powder Reconstitute with $0
50 mg. ml. saline or dextrose

Mannitol 62.5 mg 5% to l mg/mL
pH := 6.3-7

Solution None
10-15 m mL

Epinephrine 0. 5 mg/mL.
Sodium chloride 6-7 mglmL,

w/wo Sodium metabisulfite 0.5
111 mL.

w/wo itric acid.
pH 3.0-5.0

Solution Dilute with saline to
50 mgImL 0.6-1.2 mgImL

Solution None
2 mglmL

Propylene glycol 35%

Non-aqueous Solution Dilute with saline or
20 mgme dextrose 5% to 02.

PEG 300 60%, 0.4 mglmL.
Ethyl alcohol 30%,

TWEEN 80 at 8.0%,
Benzyl alcohol 3.0 %,

Citric acid 2 mg/ml.
pH = 3-4

 

 
 

Route of Company and
Administration Indication

IV infusion Lcdcrle, _.....Antibiotic

l

[V infusion Ohmeda i
(Baxter), 3

Antinrrhythmie 5

Slow IV bolus! Merck, i

W infusion Diuretic 3
l

Local Astra, E
infiltration Local anesthetic i

f

1
IV infusion MG], 3

over 2 hours Treatment of ;
hyperealcemia ;

IV bolus over Abbott .
30—60 seconds Hypnotic

IV infusion Astra
over 30-60 and

minutes BristolvMyers‘
Squibb.

Antineoplastic

87
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Drug Name!

 

 

  

 
Marketed ‘ Preadministration Route of Company and

Name Structure Formulation preparation Administration Indication

Etoposide Lyophillzzd powder Reconstimte with IV infusion BristohMyers-

Phosphate] leO-IOOO mg. WFI, saline or over 30-60 Squibb,Etopophos Dextran 40 at 300. 000 mg dextrose 5% to l0-20 minutes Antineoplaslic
Sodium citrate 32-327 mg/mL. mglmL which isfurther diluted with

saline or dextrose 5%
to 0.2—0.4 mg/mL.

l
lWater soluble

phosphate ester l
prod rug 2i

Famotidinef . ° Solution For IV bolus dilute IV bolus Merck, g
Pepcid my» 10 mgme with saline, dextrose over > 2 Antiuloemtive E

m. ' Laspartic acid 4 mg/mL, 5% or lactnted minutes! (inhibition of lpKa 6.7, l l.2 Mannitol 20 mglmL, Ringer‘s to 2-4 IV infusion gastric secretion) , i
Benzyl alcohol 0.9%. mg/mL, and for IV over IS«30 ‘ l

pH 5-6 infusion dilute minutes lto 0.2 mg/mL. ,

Fenoldopam °‘ Solution Dilute with saline or IV infusion Neurex, E
mesylatcl IO mglmL. dextrose 5% to 0.04 Antihypcrlcnslve l
Corlopam a Propylene glycol 50% , mg/mL. l,, Sodium metabisulfite I mg/mL,

Citric acid 3.4 mgflnL.
Sodium citrate 0.61 mg/mL

l
!

Fentanyl Solution None for [M and IV IM/ Asm, l
chm ,VQ 0.050 mg/mL bolus. For IV rv bolus Baxter l

Sublimnze déomfi: pH 4-7.5 infusion dilute with over 1-2 and ;(See saline or dextrose 5% minutes] Elkins- Sinn, i

Dropcridol) °°°"‘ lo 03025—0020 IV infusion Analgcslc ;mglrnL ;

Floxun'dinel Powder Reconstitutc with 5 Intmarterial Roche. 5
FUDR 500 mg mL WFI to 100 infusion Antineoplastie ,

pH 45 mglrnL then further ‘
diluted with saline or ;
dextrose 5% to 0.1-

0.6 mglkg/day.

FIuconazoleJ “N‘l Solution None IV Infusion at S Pfizer,
Diflucan ( \ 2 mg/mL 200 mg/hour Antifungal
(selective N’N F Sodium chloride 9 mglmL, or ;

inhibitor of Dextrose 56 m I
fungal pH 48 |

cytochrome P— (/N‘N l
450 store! C- N=~J 0“ F I

I4 alpha- l
demethylation) g

l

l
l
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Drug Name]

Formulation
Marketed

Name Structure

Fludarabine NH.
Phosphate \

m
9

HO-‘t'h-OOH Fluduzhlne

“0 Phosphate

Water soluble

phosphate ester
prodrug

Fluorouracil 0

(Not in 1999 REL”.PDR as an

injectable) ”A0
Fluphenazine N0”

RC]; 0
Prolixin (\1

(Not in 1999 F.
PDR as an winjectable) e

Fomiversen ANTI-Sense
sodium! oligonucleotide

Vitravene 5’-GCG 'I'I'I‘ GCI‘ CI'I‘
CIT C'IT (ECG-3’

Foscarnet 0

sodium! IiFoscavir HO“

H

Fosphenytoin/
Cerebyx °

uni—Em
Water soluble

hydroxy-methyl
phosphate ester

prodrug

Vol.54, Not I Januarvaebmary 2000

 

Lyophilized powder
50 mg,

Mannitol 50 mg
pH 7-8

Solution
0.1 mg/mL.

Sodium chloride 9 rug/mL.
Methylparaben 1.8 mglmL,
Propyl n 0.2 mglmL.

DTA 0.01%,
Acetic acid 0.01%.

pH 4

Solution
50 mg/mL

pH 9.2

Solution,
2.5 mg/mL

Sodium chloride (isotonic),
Methylpamben 0.1%.
Propylparaben 0.01%

pH 5

Solution
6.6 mg/mL -

Sodium chloride,
Sodium carbonate,

Sodium bicarbonate

pH 8.7

Solution
24 mg/ml.

pH 7.4

Solution
75 mglmL

(50 mglml. phenytoin
equivalents. PE)
Tmmethamine,
pH = 8.6-9.0

Supplied by The British Library - “The world‘s knowledge"  

Preadministration Route of Com any and
preparation Administration I 'cation

Reoonstitute with 2 IV infusion Berlex,
ml. WFI to 25 mg/mL over 30 Antineoplastic

then further diluted minutes
with 100-125 mL

saline or dextrose 5%

to - 0.5 mgImL

None or IV bolus over Roche,
dilute with saline. 15 seconds Treatment of

dextrose 5% or through a freely benzodiazepine
lactated Ringer's. running IV overdose (benze-

infusion line diazeptne
antagonist)

None for IV bolus. IV bolus! Roche.
For IV infusion dilute IV infusion Antineoplastic
with dextrose 5% to

1-10 mg/mL.

None 1M Apothecon
Antipsychotic

None Intravitreat Ciba Vision,
(0.5 mUeye) Antiviral

None for central line IV infusion Astra.
infusion. but infusion Antiviral
in peripheral line must
be diluted with saline
or dextrose 5% to 12

mg/mL.

None for IM. For 1V IM/ ParkevDavis.
infusion dilute with [V infusion at S Antieonvulsant

saline or dextrose 5% 150 PIE/minute
to [5- 25 mg PEfrnI. ‘

89
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Drug Name/ ‘
Marketed headministmtion Route of Com y and

Name Structure Formulation preparation Administration In ication
Furosemidc (30°M Solution None for IM or IV [MI Astra

(Frusemidc)! w 10 ngmL bolus. For IV IV bolus over and
Formerly "I" 0 Sodium chloride (isotonic) infusion dilute with 1-2 minutes! Baxter

Lasix ;s‘. pH 8~9 saline, dextrose 5% or IV infusion at S and
° 0 a lactated Ringer's. 4 mgfminute Elkins-Sinn,

Antih ensive:
luretic

Ganclclovlr ° Lyophilized powder Reconstitute wilh IO IV infusion at 5 Syntex (Roche),
sodium in 500 mg mL WFI to 50 mg/mL mg/lcg over I Treatment of

(DHPG)! MA ,. pH [1 then further dilute hour CMV retinitis in
Cytovenc OJ (Solubility at pH 7 e 6 with 100 mL saline, immune-We“ mglmL, pKa 2.2. 9.4. active dextrose 5% or compromised

" drug is triphosphate) lactated Ringer's to ~ patients
5 mg’mL.

Gemcimbine Lyophilized powder Reconstitute with IV infusion Lilly .
HCI/ 200-1000 mg. saline to 40 m mL over 30 Antinooplastic

Gcmznr pH 2.7-3.3 which may be unher minutes
diluted with saline to

0.1 mg/mL.

Gentamicin “3 Solution None for IM. For IV IMI Schcring.
sulfate! m 10-40 mglmL infusion dilute with IV Infusion Antibiotic

Gammycin Mcthylparnben L8 mglmL, 50-200 rnL saline or over 0.5-2
N‘ Propylparaben 0.2 mg/ml... dextrose 5%. hours

Sodium bisulfile 3.2 mglmL.
"° )0. EDTA 0.1 m

N: pH 3-5.ammo. RI-lwfl
mind ll-CIIJ.I.1-ll

Until-kin Ch. [lulu-H

Glucagon His-Ser—Gln-Oly-Thr— Lyophilized powder Reconstitutc with IV at S I Lilly,
Phe-Thr—Ser—Asp-Tyr— I mg provided diluent to 1 mg/nun Treatment of
Scr~Lys-Tyr-Lcu-A5p- Lactose 49 mg. mg/mL If the dose IS hypoglycemia
Ser-Arg-Arg-Alafiln‘ Provided diluent: > 2 mg. than
Asp-Phe—Val-Gtm’l‘rp- Water with Glycerin 1.2% reconstitute wrth

[qu-MeI-Asn-Thr 1311 < 3 WP].

Glyco— D5”: M a.“ Solution None IM/ Robbins. _pyrrolalel a ‘0". 0.2 mg/mL IV bolus Anticholmergie
Robinul on Benzyl alcohol 0.9%

, pH 2—3

Gold 0“ Solution None 1M Merck & Co...
thiomaleate Au b 50 mg/ml. (Intmgluteally) Antirheumattcsodium I \s coon Benzyl alcohol 0.5%
Aurolate, pH 5.8-6.5

Myochrysine

Granisetron 9“, Solution None for IV bolus. IV bolus Smith-Kline
HCI/ 9'" 1 mg/mL For IV infusion dilute over 30 Beecham,Kytril Sodium chloride 9 mg/mL with 20-50 ml. saline seconds/ Antinausennt.

,$:1 w/wo Benzyl alcohol 10 or dextrose 5% (l0 IV infusion Antiemetic
:1 mg/mL 40 ug/kg). over 5 minutes

° wlwo Citric acid 9 mg/mL,
pH 4.7-7

90 PDA Journal of Pharmaceutical Science 8. Technology
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Drug Name!
Marketed

Name”Dim“.“1.—vau-.-awmwmwn-mm.flmm.

M
Haloperidol

lactate!
Haldo!

Hemln/
Parthematin

(a.k.:|
Hematin)

He arin
s ium

Hetastarchl

Hespan

HydralazineHCII

Apresoline
(Not in I999

. FDR as an
injectable)

Hydro-
cortisone
Acetate! -

Hydrocortone
Acetate

(Slow onset
of action. but
long duration)

 

Structure

Deconate ester

prodrug for
prolonged effect

 
if}:

S
Heparin hallo-era ’ tyneSim:2al>trh

“:09:

z
n

Hanna-b (Polymer)
R1. R1. R.s e HorCHZCHIOH

R6: branching point

NHZ
I

HN

\

l '3N

fir":~04

Water insoluble
acetate ester

prodrug

Vat. 54, No.1 I January-February 2000

Formulation

Solution

5 mglmL,
Methylparaben 1.8 ngmL.
Propylparaben 0.2 mglmL,

Lactic acid

pH 3-4

Non—aqueous solution
50-100 myml.
in Saame Oil

Benzyl alcohol 1.2%

Lyophilized powder
313 mg.

Sorbitol 300 mg
Sodium carbonate 215 mg,

Solution
l0—20,000 unilslmL.

Benzyl alcohol 5 10 mymL
wlwo Sodium chloride 1

mtg/ml-
pH 5-7.5

Solution

60 mglmL,
Sodium chloride 9 mg/mL

pH 3.54.0

Solution
20 ngmL

Propylene glycol 10%,
Parabens l mglmL

pH 3-4

Suspcnsion
50 mgImL

Sodium cat-boxy-
methylcellulose 5 mg/mL,

TWEEN 80 at 4 mglmL,
Sodium chloride 9 mglmL,

Benzyl alcohol 9 mglmL

Preadministration

preparation

None

None

Reconstimte with 43
mL WFI to 7 mglmL.

None or dilute with
saline or lactatod

Ringer's to lO-IOO
unitslmL.

None

None

None

Route of
AdministrationmU-"CU-«Quwnmucuwflato».hn..“”“4~an“‘—<nmnomu-“W“

1M!
Seldom via
1V botus or
IV infusion

IV infusion
using a 0.45um filter

IV infusion

IV infusion

lMl
Intralesional/
Intro-articular

  

m

Supplied by The British Library - "The world's knowledge"
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Com any and
In ication

Coho-McNeil.
Psychotic
disorders,
Tourette‘s
Disorder

Coho-McNeil,
ychotic

isonders.
Tourette's
Disorder

Abbott,
mutant of

acute intermittent

porphyria related
to mensttation

Wyeth~Ayerst
and

Lilly,
Anticoagulant

DuPont,
Plasma volume

expansion

SoloPak and
CibaGeneva,

Antihypcnensive,
Vasodilating

Agent

Merck.
Replacement
metapy inadrenoconical

deficiency,
Anti-

inflammatory

91

 



v

DrugNomel

 

 

Marketed
Name Stmclure Formulation

Hydro- Solution
cortisone 50 mg/mL

Phosphate Creatinine 8 mglmL.
sodium I Sodium bisulfite 3.2 mgImL,

Harmon)!one idemyllpmben 1.5 mg/mL,
osp ate Water soluble rep}! parnben 0.2 mg/mL,

phosphate ester SMruggualg‘éilsmg/nmprodrug

Hydromor— H0 1) Solution

 
phone! 10 mg/mL

Dilaudid Sodium citrate 2 mglmL,
HCI Citric acid 2 mg/mL

”’5”: pH 4-5.5.
2) Lyophilized powder

0 250 mg

Hydirloxyzine W! SolutionCl/ 25-50 mglmL.
Vistaril Benzyl alcohol 0.9%.

pH 3.5-6

Hyoscyamine Solution
sulfate} 0.5 mgImL
chsin

Ibutilide Raeemic A oSolutiontomato! .1 m mL

Corvcrt “4mm Sodium chip-[:4 68.9 mglmLp .

Idafiubli’cln 0 Solutionc .. I rug/ml-Idamycin CW? Glycerin 25 mglmL.a = pH 3.5

NR.

Ifosl‘arnidel m wrg-xk- 10030;?thlfex ° . mg

. %““zl’:ffw pH 6n . ........

-1?“ “fl”

Imipcnem
(See

Cilsttatin)

lmi mine Solution

C" ”W“
Tofranil Sodium bisulfite 0.5 mglml...

(Not in I999 v Sodium sullite 0.5 m ml...
PDR as an 0)ka Ascorbic acid 1 m mLinjectable) “a pH 4.5

92

Preadministmtlon

preparation

None or dilute with
saline or dextrose 5%.

Dilute solution with
saline to 2 mglmLReconstitute wder
with 75 mL

10 mg/mL and
dilution with saline to

2 mg/mL.

None

None

None or dilute with
50 ml. saline or

dextrose 5% to 0.017
mg/ml...

None

Reconstitute with

W to 50 ngmL
then further dilute

with saline, dextrose
5% or lactated

Ringer’s to 0.6—2.0
mglmL

None

Route of
Administrationum..-.-.-mmmw.w~~__-m.umonn--.-

SCI
[W

IV bolus!
IV infusion

SCI

(over 23
minutes)

SCI

IV bolus

IV infusion

iv infusion
over 1045
minutes in

running line ofsaline or
dextrose 5%

IV infusion
over at least 30
minutes with

Mesna

Com any and
In ication

Merck,
laccment

therapy inudrenocortical

deficiency,Anti-
inflammatory

 

Knoll,
Analgesic

Pfizer,
Tranquilizer

Schwarz,

Ftptic ulcers

Phannacia &
Upjohn,

Antiarrhythmic

Pharmacia &

Upjohn,
Antineoplastic

Bristol’Myers—
Squibb.

Antineoplastic

Geigy,
The original

trlcyclic
antidepressant

PDA Joumal of Pharmaceutical Science & Technology
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Drug Name!
Preadministration

preparation

 

-mummu-«-u-mum..............-...u.nm.~-..—nm..---v—«...~-—m...“—.._.....“W---.....--..-.-.....MW...-....-.....m—-—w

 

Marketed
Name Stnrcture Formulation

lndomcthacin or Lyophilizcd powder.
sodium! 1 mg

Indocin LV. pH 6-7.5ca,
moo

Iodilaamide Solutionumincln “f? 520 mg/mL.010103me Sodium citrate 3 mghnl...
Meg]glumine EDTA 0.04%

(Not in l999 pH 6.5-7.7
FDR) ,

lohexol/ Solution
Omnipaque ”0-350 mgImL,

(Not in [999 HDTA
PDR) TRIS [.2 mglmL

pH 6.8-7.7

10 amidoll Solution
sovue 200-370 mgme

(Not in 1999 EDTA,
PDR) TRIS r m m].

pH 6.5— .5

Iothalamate CODH Solution

mcglumine o I l70-600 mglmL
(or sodium)! )L ifConray rgc ‘cu,
(Not in I999 I o

PDR)

lrinotecan Water soluble Solution
HCU prodrug 20 m mL,

Camptosar . Sorbitol S mglmL,

GOT Lactic acid 0.9 rug/ml.

l __ pH 3.0-3.8
un- 5 EW

lsoniazidl Solution

'Nydrazid l0 mglmL,
. \. u/NH’ Chlorobutanoi 0.25%.

J pH 6.0-7.0

Isoprotcrenol 0“ Solution

Hey no ”You, 0.2 mg/mL
lsuprel HCI m A c“: Sodium chloride 7 mglmL,"0 “m Sodium metabisulflte l m mL,

Lactic acid 0.12 mg/
Sodium lactate LS mglmL

pH 3.5-5.5

Vol. 54, No. 1 I January—Februaryzooo

Reconstitute with
saline to 0.5-]

mgv’mL.

Warm to body
temperature.

Warm to body
temperature.

Warm to body
temperature.

Warm to body
temperature.

Dilute with dcxlmse
5% or saline to 0.12.

M mglmL.

None

None for SC or 1M.
For IV bolus dilute

with saline or
dextrose 5% to 0.02

mg/mL for IV
infusion dilute to

00004—0004
mg/mL.

 

Supplied by The British Library - “The world‘s knowledge"

Route of Company and
Administration Indication

IV bolus Merck,
Nonsteroidal

antiinflammatory

IV infusion Squibb.
over 10-45 Diagnostic aid

minutes (Radiopaque
medium)

IV! Nycomed,
Intra‘artcn'all Diagnostic aid
Intrathecal/ (Radiopaquc

medium)

IVI Braco,
Intta~arteriall Diagnostic aid
lntrathccai (Radio

medium

IV} Mallinckrodt.
Inna-arterial Diagnostic aid

(Radiopaque
medium)

IV infusion Phanmia &
over 90 Upjohn,
minutes Metastatic

carcinoma

1M Apothccon.Tuberculosis

SCI Sanofi Winthrop
IM (Elkins-Sinn),

IV bolus! Smooth muscle
IV infusion] relaxant
[lntramrdiac

(extreme
cmergcncyfl

93
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Drug Norrie!
Marketed

Name SIructute

Itraoonazolcl
Sporanox

Mixture of4
diestereoisomers (two

cnantiomeric pairs)

Kanamycin
sulfate!
Kantnex

(Not in I999 k
PDR) u R If

Wm: 33 3':we on m:

Ketuminc
HCll

Ketalar

(Not in 1999 I”FDR) "I pKa = 7.5
Ketorolne 0

unmdranfincl
Toradol \ 50°”

Ketorolac
uremic. only S is active

0K3 a 3.5

Labctalol

Nonnoaiyne I“ C“:311 no I a I I I
Tmndale mmu=fikvflol

Leucovorin "
calcium!

Wellcovorin JO

[Imiflkg moumm

Leuprolidcl 5-0xo-L-prolyl-L-
Lupron histidyl~ Lotryptophyl-

and L-serylvbtyrosyl-D-
Lupron leucyl~bleucyl—L~
Depot arginyleethyl-L‘

prolinnmide
acetate (salt)

Supplied by The British Library - "The world's knowledge"

Formulation

Solution
10 mglmL

HydroxypropyI-B-
cyclodextrin 40 %,
Propylene glycol 2.55%.

pH 45

Solution
37-333 m ml.

Sodium bisul tte 0.5%.
Sodium citrate 2%.

pH 4.5

Solution
10-100 mglmL

Sodium chloride (isotonic)
Benlethonium chloride 0.1%.

pH 3.5-5.5

Solution
(vials or cartridge-needle units)

15.30 mm.
Ethyl alcohol 10%.

Sodium chloride 6.7.8.7 mglmL,
wlwo citric acid 0.l%,

pH 7-8

Solution

(vials and prefilled syringes)
5 mgImL

Dextrose 45 mglm]...
Metltylparaben 0.8 mglmL.
Propylparaben 0.1 mglmL.

EDTA 0.1 mg/mL,
Citric acid

pH 3-4

Lyophilized powder
50-350 mg

Sodium chloride 40440 mg
pH = 3.l

1) Solution for SC:
5 mg/mL

Sodium chloride (isotonic)
Benzyl alcohol 9 mgfml.

2) Lfiophilized
mic-Ens firesbeg‘or 1M.(Depot u -c am syringe or

single-dose vial)
Syringe A or In vial:

Solid 3.7545 mg leuprolide,
Purified gelatin 0.65.2.6 mg,
DLolacticlglycolic acids
copolymer 33-132 mg

D~mannitol 6.6-26 mg.
Syringe B or supplied

diluent: Aqueous solution of
Sodium carboxy-

methylcellulose 5 mg,
TWEEN 80 at 1.0 mg.

D-mannitol 50 mg,
Acetic acid

 

Pteadministration Route of

preparation Administration

Dilute with saline to 5 iv infusion
mymL.

None for M. For [V IMI
infusion dilute with

dextrose 5% or saline over 30.60
to 2.55 mglntL. minutes]

[ntraperiloneal
instillation.

None or dilute the 100 IMI
mg/mL with WFI, IV bolus over

saline or dextrose 5% 60 seconds
to 50 mglmL

None IMI
IV

None for iv bolus. IV bolus over 2
For N infusion dilute minutes!
with saline, dextrose IV infusion

5% or lactated

Ringer's to 1 mg/mL.

Reconstitute with IMI
WFi to lU~20 mglmL. IV bolus!

IV infusion
(at< 160
mg/min)

None for SC solution. M
For [M reconstitute SC
the microspheres

with 1.5 ml. of

provided diluent to a
suspension of 3-25

mg/mL.

PDA Joumat ct Pharmaceutical Science 8t Technology

IV infusion

Company and
Indication

Janssen.
Antit'ungal

Apothecon.
Antibiotic

Parke-Davis.
Antstltetie

Syntex (Roche).
Analgesic,

Nonsteroidal
antiini'lammatory

Schering and
Glaxo Wellcome,
Antihypertcnsive

Immunex,
Glaxo Welicome

and
Elicins Sinn.

Antidote for folic
acid antagonist;
(Reduce toxic
effect of high-dose
methotrexate

therapy inosteosarcoma

TAP.
Lil-RH agonist,
Prostate cancer:
Endometriosis;
in children with

central

precocious
Pubcny. lInhibition of the

growth of certainhormone

dependent tumors
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Drug Name!
Marketed Preodministmtion Route of Company and

Name Structure Formulation preparation Administration Indication

[evocmtitind Solution None N over 2-3 Sigma—Tau.
Camitor W \i/mo‘.) 200 m minutes (50 Treatment to

H36 pH 6. «6.5 mglkg) patients lacking
‘ ”3 endogenous

levocamitlne

Levofloxacin/ ‘7“ 1) Solution Dilute with saline, IV infusion Oahu-McNeil.
Levaquin 25 mglmL, dextrose 5% or over 2 60 Antibacterial

Sodium chloride (isotonic) lactated Ringer's to 5 minutes.
can pH 3.8-5.8 mgImL

2) Ready-to—use solution
5 mg/mL

Dextrose 5%

pH 3.8-5.8

levorphartol H . Solution None or dilute with 5 SCI , lCN.
inmate! 2 mglmL, mL saline. lM/ Analgcsic
Levo« Methylpamben 1.8 mglmL, [V bolus!

Dromoran Propylparaben 0.2 mg/mL or. iv infusion
Phenol 4.5 mg/ml.

0“) pH 4.3

Levo- N Lyophiiized powder Reconstitute with 5 BW Knoll,

thyroxine 71—w- 0.205 mg mL saline. IV Hormonesodium! Marmitol 10 mg. at 0.] mg over replacement;
Synthrod Sodium phosphate tribasic 0.7~ < 1 minute Hypothyroidism1.7 m

pH 7%

Lidocaine , 1) Solution None for [M but for 1M! Astra.

HClI {Sm/NA (vials and prefillcd syringes) IV bolus only < 20 iv bolus! Analgesic;Xylocaine G": 5-40 mglmL. ngmL, and for IV 1V infusion! Amid srh thmic
CH? K Sodium chloride 64'! mgme. lnfusion dilute with Local (c ass l3)

CH3 Methylparaben l mg/mL saline, dextrose 5% or infiltration
Udocalne pH 5.7 lactated Ringer's to I-
pKa = 7.9 2) Solution 4 mg/mL.

5-20 mglmL
Sodium chloride.

Epinephrine 0.005 ngmL,
Sodium metabisulfite 0.5

mglml.,
Methylparabcn l mglmL
Citric acid H 3.3—5.5.

 

   

3) So ution
15 mg/ml.

Dextrose 7.5%

Vot.54.No.1 / January-February 2000 95
m

l
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Drug Name]
Marketed Proadministralion Route of Company and

Name Structure Formulation preparation Administration Indication

Lincom do in Solution None or for IV M U john.HC “sc 300 mglml. infusion dilute with IV infusion at Anti rial
Lincocin W Benzyl alcohol 95 mg/mL saline or dcxtmsc 5% < 10 mglmlj

HCl “‘3‘?” pH 3~5.5 to S I0 tug/ml. Sub-

(Not in 1999 o If“ conjunctival
FDR) °

Umomyfin
DKI l 7.5 OH

Lioth ronine Solution None IV bolus Jones.
5 iuml ' 0.0] mg/mL Thyroid hormonc
Trioslat M. pH 10.5

Lomepam/ Solution None for lM. For [V [MI Wyethq’tycrst.
Alivnn {3 2-4 mg/ml. dilute with equal IV bolus at s 2 Anxiolytic;

OH PEG 400 at 0.18 mUmL, volume of saline, mg/min sedation;
/N in Propylene glycol dextrose 5% or slams cpilcpticus

a c. Benzyl alcohol 2% lactoted Ringer‘s. .

Lame pain
Sol. water = 0.08 “151ml.

pKu z: I l5. I]

E

l
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ATTACHMENT F - COMPILATION
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REVIEW ARTICLE

Parenterai Formulations of Small Molecules Therapeutics Marketed in
the Uniteéi States (1999) Part III
ROBERT G srmcxusv

Axys Pkarmflceufl'cals, 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 |999 issue
of the Jerrmal. Part 11 appeared in the January/February
2000 issvre. This is Part 111.]

 

Drug Name]
Marketed Preadminlstration Raute of Company and

Name Structure Formulation Preparaflo“ Administration Indication

Medroxypro Suspension None IM once every Pharmacia &
gesterone . ,0 150-400 in mL. 3 months Upjohn,
Acetate! 1,“ PEG 3350: 20’ 9 mgImL, Contraceptive
Depo- 'I'WEEN 80 at 2.4 mg/mL,

Provera Sodium chloride: 8.7 mglmL,
a ' " _ Methyiparaben: 1.4 mg/mL.

a”. Propylparahen: 0.15 mglmL
Water insoluble

acetate ester

prodrug

Mclphalan Lyophilized powder Roconstitute 1V infusion Glaxo-Welloomo,
HCl/ 50 mg. vigorously with over 15-20 Antineoplastic,

Alkeran W, Povidone 20 mg. provided diluent to minutes Alkylating agent.
\AN Provided to mL diluent of 5.0 mglmL. than

a fag Water 35%, further dilute with
pKIl .25 Propylene glycol 60%. saline to 5 0.45

Ethyl alcohol 5%, mg/mL.
Sodium citrate 0.2 g with

pH 6.54.0

 

Correspondence address: l80 Kimball Way, South San Francisco. CA94080
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Dmg Name!
Marketed

Name Structure Fonnulation
Preadministration

Preparation

Route of
Administration

 

Comps ny and
Indication...m.mm-a...«..nnu-..u-»..-mu-«m-u.an.-."..u-..--...-.~.«.oco...-m.~.—-—.»....--...”__..-...-..uom...wm-.-m-m_.....-...m..

M ridinc
Cl/

Mepcrgan
(a.k.a.

Dcmeml)

Mephen-
termine
sulfate!

Wyamine
sulfate

(Not in 1999
FDR)

Mepivacaine
HClI

Polocainc

Meropenamf
Menem

Drug Name!
Marketed

Name

i“:

Structure

Solution

25 mglmL
Promethazine 25 mglmL,

EDTA 0.1 mgme.
Calcium chloride 0.04 mglmL.

Sodium fem-aldehyde
sulfoxylate 0.75 my‘mL,
Sodium metabisulfite 0.25

mglmL
Sodium acetate.

pH 3.56

Solution

IS~30 mglmL
Parabcns 2 mgImL,Acetate buffer

pH 4-6.5

Solution
10—20 mg/mL

Powder

5004000 mg.Sodium carbonate

pH 7.3-8.3

Formulation

None for SC or IM.
For IV infusion dilute

with at least 5 mL

saline to 10 mglmL.

None for IM or IV
bolus. For IV

infusion dilute with
saline or dextrose 5%

to I mg/mL.

None

For IV bolus
reconstitute with WFI

to 50 mglmL.
For IV infusion
reconstitute with

saline or dextrose 5%

to 5 mgImL.

Preadministratlon

Preparation

SCI
M

[V infusion at
25 ngmin

[Ml
IV bolus!

IV infusion

IV bolus over
3-5 minutes]
IV infilsion
over 15-30

minutes

Route of
Administration

Wyetthyerst,
Analgesic.
Sedative,
Anesthetic

Wyeth-Ayerst,
Antihypnotic

Astra,
Anesthetic

checa.
Antibiotic

Company and
Indication.."u.---_--_--._..__-.-u......—-”-___-..._...-..-..--_--______._.-_.._..-._-.......--..,..- .--m.---m-.oo.-—-~---—.... .n....-»...............".m-.....-.

Mesna/
Mesnex

Mctatamiuol
bitartratd
Aramine

Methadone
HCIJ

DolophineHCL

Methicillin
sodium]

Staphcillin
(Not in 1999

PDR)

Hs—c—o— Na
H2 H2

*3 it

0 ':GOO“

VOL 54. No. 2 I MEICh—Aptii 2000

Solution

100 mg/mL,
w/wo Benzyl alcohol 10

mglmL.
EDTA 0.25 mg/mL.

pH 6.58.5

Solution
10 mgme

Sodium chloride 4.4 mglmL.
Methylparaben 0.15%,
Propylparaben 0.02%.
Sodium bisulfite 0.2%,

pH 3.2-4.5

Solution

10 mg/mL
Sodium chloride 9 mglmL

pH = 36.5

Powder

1000-6000 mg,
Sodium citrate 50 mg/gxam

methicillin.
pH 6-85

 

Dilute with saline,
dextrose 5% or

lactated Ringer's to 20
mglmL.

None for SC. IM or
IV bolus. For 1V

infusion dilute with
500 ml. saline or

dextrose 5% to 0.03 -

0.2 mg/mL.

None

Reconstitute with

WFI to 500 mg/mL.
No dilution for I'M.
For IV dilute with

saline to 20 mglmL.
and for IV infusion to

2-20 mg/mL.

 

IV bolus over S
1 minute

30
[Ml

IV bolus]
IV infusion

IMI
IV bolus!

IV infusion
over 20-30

minutes

Supptied by The British Library - "The world's knowledge"

Bn‘stol-Myers
S uibb,

Dctoxi ying agent
(antineoplastic

adjunct in
conjunction with

Il‘osfamide
administration)

Merck,
Adlenergic

(increases blood
pressute intreatment of

hypotension)

Roxane,
Analgesic,
Sedation,

Detoxification for
heroin addiction

Apothccon,
Antimicrobial
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Drug Name!
Marketed

Nameu.-..m~.........~.--.-“-..-._“Mmmwu.m«-ouo.fl-.uw.-m.....--....am

We
Metho-

carbamill
Robaxin

Methohexital
sodium

Metllotrexate
sodium

Metho-

trimeprazinel
Levoprine

(Not in I999
PDR)

rug Name]
Marketed

Name

Structure

 

Structure

 

Formulation

Solution
lOO mymL.

PEG 300 at 50%,
pH = 4-5

Powder

500-5000 mg.
Sodium carbonate 30-300 mg.

pl{ 9-11

1) Solution
75 mg/mL

Sodium chloride 2.6-4.9

mgij,
wlwo Benzyl alcohol 9 rug/ml.

pH~ 8.5.
2) Lyophilized powder

2&flm0mg
pH 9-11

Solution
20 mg/mI.

Benzyl alcohol 0.9%,
EDTA 0.065% (wlv),

Sodium metahisulfite 0.3%,
pH 4.5

Formulation

Prendministration

Preparotlun 

None for M or IV
bolus. For [V

infusion dilute with S
250 ml. saline or

dextrose 5%.

Reconstitute with
“IE to 166 m mL
then further lute

with saline or
dextrose 5% to 10

mymL.

Reconstitnle the
powder with saline or
dextrose 5% to l-SO

mg/mL

None

Preadministratlon

Preparation

Route of
Administrationmw-“-mw—_Wanw-u--mm..—mn.-.

Company Ind
lndlcatlon

mam-..m.n__-_____._.--_...-.. ...-...-----. .-......-..«u..—..___-..“mm.“-0..«...._.....-..—--_____-........-.-...m......-..-—-.. .u...._..o.._-«.—..

Medtoxaminc

HClI n,
Vasoxyl

Methoxsalenl
Uvadex

MethyldopateHCU
Aldomet Ester

HCi

"a

N

CH3”:

:méw
Ethyl ester prodrug

Solution

20 rug/ml.
Sodium chloride (isotonic)

Citric acid 3 mg/mL.
Sodium citrate 3 mg/mL.
Potassium metabisult'ne l

mglmL,
pH 3-5

Solution

0.02 mglmL
Sodium chloride 8 mglmL.
Pro ylene glycol 5%,

thyl alcohol 5%
Sodium acetate L7 mymL.

Acetic acid 1.5 mgfml.
pH not reported

Solution
50 mg/mL

Monothioglycerol 2
mglmL,

Sodium bisulfite 3.2 mg/mL.
EDTA 0.5 mglmL,

Methylpambcn 1.5 mg/mL.
Pray n o2 mgImL,5mamid 5 mg/mL.

pH 3-4.2

 

None for IM or IV
bolus. For IV

infusion dilute with
dextrose 5% to 0.15

mg/ml...

Injected into
photoactivation bag.

then add 240 mL
buffy coat. 300 mL
plasma, and 200 mL

saline. then reinfused.

Dilute with dextrose
5% to lo mglmL.

lM/ All. Robbins,
IV bolus at S Skeletal muscle
30 mglminl relaxant in the
IV infusion treatment of

over Iii-15 painful
minutes musculoskeletal

condition

IV bolus] Jones Medical
IV infusion Industries.

Ultra Short actinganesthetic

1M! Immunex,
IV] Amineoplastic,

Infusion! Immune»

Intro-arterial! suppressant,Intrathoca] Antimeumetic

[M lmmunex,
Analgesic

Route of Company and
Adminlstration Indication

IMI Glaxo Wellcomc,
IV bolus Antihypotensive
slowly (increases blood

(emergency)! pressure)
l'V infusion

IV infusion Therakos,
Photoactivc

substance used in

exu'acorporcaltreatment of

leukocyte
enriched buffycoat.

[V infusion Merck,
over 30-60 Antihypertensive

minutes

PDA Journal of Fhamraceutical Science a Technology

Supplied by The British Library-"Theworld‘s knowledge 

 

InnoPharma Exhibit 1020.0262

 



 

 

Drug Name!
Marketed - Preadmlnlstration Route of Company and

Name Structure Formulation Preparation Administration Indication

Methyl‘ o it?“ Solution None 1M} Sandoz,ergomvine ‘ 0.2 mgme iv in life Oxytocic, used to
maleatel Sodium chloride 3 mg/mL. threatening control

Methergine Tartaric acid 0.25 mg/mL, situation postpartum
(Not in I999 pH 2.7-3.5 hemorrhage

FDR)

Methyl- Suspension None IMI Pharmacia &
prednisolone 20-80 mglmL Intrasynoviall Upjohn.

Acetate! PEG 3350 3%, V Soft tissue or Anti-
Depo— TWBEN 80 at 2 mg/rnL, Intralesional inflammatory
Medrol Sodium chloride (isotonic). glucoeortlcoid

Benzyl alcohol 9 mg/mL.
3:». Sodium phosphates 2 mg/mL.

Water insoluble 91-! 3.5.10acetate ester

prodrug

Mediyl— Lyophilized powder Reconstitute with M V Phannacia &
prodnisolone 40—2000 mg WFI to 40-65 mglmL. IV bolus/ Upjohn,

Succinate “ wlwo Lactose 25 mg/mL, For IV infusion [V infusion Anti-
sodium 1 Bcnzy1 alcohol 9 mglmL further dilute with inflammatoty

Solu—Medrol Sodium phosghates 18 mglmL saline or dextrose 5%. glucocorticotdWater soluble
sucelnatc ester

prodrug

Drug Name]
Marketed Preadministration Route of Company and

Name Structure Formulation Preparation Administration Indication

Metoclo- ‘3 Solution None for M or [V M - AH. Robbins.
pramlde ° x/‘mAcm 5mg/mL bolus. For 1v IV bolus/ Antiemetic.
HCIJ om, k Sodium chloride 8.5 mgI'mL, infusion dilute with IV infusion Anticholinergic

Region CH, pH 4.5.6.5 50 mL saline,
c dextrose 5% or

NH lactated Ringer‘ s to ~3 0.2 mgImL.

Mtctopmlol Solution None IV bolus over 2 Novartis.”$68 1 mg/ml. minutes Antihypertensive,Lopressor pg...“ “9 Sodium chloride 9 mglmL, Antianglnal
pil 75 Anlianhythmie

Meuonidmld OH 1) Solution Reconstitute with 4.4 IV bolus] SCS,
Flagyl (\ 5 mg/mL ml. WFl or saline to 1v infusion AntibacterialSodium chloride 7.9 mglmL. 100 mglmL then

0 N N CH3 Sodium phOSphate 0.5 mglmL further dilute with
2 KY Citric acid 0.22 mg/mL. saline. dextmse 5% orN pH 5~7. lactated Ringer's to S

2) Lyophilized powder 8 mg/mL then
500 mg (HCI salt) neutralize with
Mannitol 4t5 mg Sodium carbonate

pH 0.5-2.0 to pH 6-7

Mulocillin o f,\ H , Crystalline powder Reconstitute with M Ba er,
sodium new , 1-20 grams WP], saline, dextrose iv bolus! Ann iotic
Mezlin o M pH 4.54! 5% or lidocaine 0.5% IV infusion

(M on] J to [00800
mg;l and for IV

infusion funhcr dilute
with saline or
dextrose 5%

Vol. 54. No. 2 I March-April 2000 155
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Drug Name]
Marketed

Name Structure_.‘.-._...—..._.-.-—...«...-...._-mmuc..-.-_..........._-m...-........-......-..-........._-..__.._w..c-....---...---..-...-..--_.-.ummu...--.

“gig”,
MiconazoleMonistatI.v.

(Not in 1999
FDR as

injectable

only as)a
Midaznlam

HCIJ “’6 ’ /

Versed I N /N

:1§

9 Minocycline may”: “9..0":

Drug Name!
Ma rkeled

Name Structure

Mitomycinl
Mummycin 01,,H

 

 
Mitoxantrone

HCU
Novantrone

Mivacurium " -

. .5 ‘ , EMixture of 3
diastereoisomers

chloride!
Mivacron 
 

156

 
‘ HCU a a?

o Io o

 

-..-...-..... ..-...---.....-. ..--.....-......_.-....-.-.._......-.........-..__........._--...-...........-..........mm-~--—-..-......u.—.~—-_--.-........-----....---

Preadmlnlstration

Formulation Preparation
Solution Dilute with saline or

10 mg/mL dextrose 5% to l
CremopItor 11.5%, Lactic mg/mL

ylacid 1 mg/mLparaben 05 mg/mL.
Propylparaben 0.05 mg/mL.

pH 3.7-57

Solution None or dilute with
1-5 mglmL saline or dextrose 5%

Sodium chloride 8 mglmL,
Benzyl alcohol 10 mgImL,

EDTA 0.01%.
pH 3

Solution None or dilute with
0.2-1.0 mglrnL saline or dextrose 5%

Dextrose 47 mg/mL, to 0.2 mgimL.
Lactic acid 0.3—1.3 mglml.

pH 3-4

Lyophilized powder Reconstitute with
100 mg WFI to 20 mg/mL

pH 2-3 then diluted with 500—
1000 m1. saline or

dextrose 5% to 0.1-
0.2 mg/mL

Prcadminlstration

Formulation Preparation

Lyophilized powder Reconstitute with
5-40 mg WFI to 0.5 mglmL,

Lactose Hit-80 m5 may be further diluted
pH 6-8 with saline. dextrose

5% or iaetated

Ringer’s to 0.02004
mglmL.

Solution Dilute with 2 50 mL

2 mglmL, saline or dextrose 5%.
Sodium chloride 8 mg/mL.
Acetate buffer 05 mglmL,

pH 34.5

1) Solution None
2 mg/mL

Benzyl alcohol 0.9%.
pH 3.5-5.
2) Solution
0.5 mglmL

Dextrose 5%

pH 3.5—5

Solution For IV bolus dilute
0.5»25 mg/mL, with 5 mL saline. For

Sodium chloride 9 mgImL IV infusion dilute
pH 2.5-6 with saline, dextrose5% or lactated

Ringer's to 0.1-1
mg/mL.

PDA Journal of Pharmaceutical Science at Technology
 

SuppliedbyThe British Library- “The world’sknowledge"

Route of Company and
Ad ministration Indication

iv infusion Janssen,
over 30-60 Antifungal

minutes!
Intrathecal/

Bladder
instillation

IMI Roche,
Slow IV bolus Anesthetic
of l mglmL

IV infusion Sanofi Winthrop,
Cardiotonic,

[notropicl
Vasodilator

IV infusion Lederle,
Antibacterial

Route of Company and
Ad ministration Indication

IV infusion Bristol~Myers
Squibb,

Antineoplastlc

1V infusion Immunex,
Antineoplastie

IV bolus Glaxo Wellcome,
(2 mglmL)l Short-acting
IV infusion muscle relaxant
(0.5 mg/mL)

SC! Astra.
1M] and

Slow IV bolus] Elkins-Sinn,
IV infusion! AnalgesicIntrathemll

Epidural
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Drug Name!
Marketed

Name Structure....w---.........-m-..-....--.-.-m.........”mama."u«.---w---—m.m-...-.......n.-«~».»

Moxalactam ‘3“;disodiuml '

Moxam ‘1’}
(Not in I999

FDR)

Nafcillin
sodium!

FDR)

anbuphineHCU
Nubain

 

Drug Name!
Marketed

Name Structure....m.......m..-_--.---........m-_._-..-.-_--.u..........-...-_.......”uwwm.---m.~.._-..-u..-...--....-..-u-.--.m..---W-_..——.‘.._

Nalmefenc
HCII
Revox

Natoxone
HCU
Naman

Ncostigmine
methylsulfatc/ «MW: “9‘3"0 (‘3

Prostigmin aair:
Netilmicin

sulfate!

Netromycin

Vol. 54. No.2 I Mardt-AprilEOOfl
 

Mannitol ISO mglg

‘ H H

U ' : : s w‘motlfigw (Eigi;"i:;fi.

 

Formulation

Powder

1000400) mg

pH 5.5-5.5

Powder

1000-2000 mg
Sodium citrate 35-70 mg

pH 6-8.5

Solution
10-20 mg/mL

wlwa Sodium chloride 2

mglmL,
Memylparabcn 1.8 mglmL,
Propylparaben 0.2 mg/mL.

Citratcs 20 mglmL,
pH 3.5

Formulation

Solution

0.1-1.0 mg/mL
Sodium chloride 9 mgij.

pH 3.9

Solution
0.02-l mgImL

Sodium chloride 8.3.8.6
Ins/mL.
(wlwo

Methylparaben 0.l8 mglmL.
Propylparaben 0.02 mg/mL)

pH 3-4

Solution

0.25-1 mg/mL
wlwo Pambens 2 mg/mL.
wlwo Phenol 4.5 mg/mL,

Acetate
pH 5.9

Solution

100 mg/mL
Benzyl alcohol 10 mglmLSodium metabisulfite 2.4

mL.
Sodium sul tte 0.8 mglmL,

EDTA at mg/mL.
pH 3.5-6

Supplied by The British Library "The world‘sltnowledge"

moxalactam

  
 

 
 
 

 
 
 

 
 
 

 
 
 

 

 
 
 

 
 

 

  
Preadmlnlstratlon Route of Company and

Preparaflon Administration Indication

For M reconstitute IMI Lilly.
with WFI, saline or iv bolus! Antibacterial

lidocainc 0.5% to 333 IV infusion
mglmL. For IV bolus

reconstitute with
WFI, saline dextrose

5 % to 100 mglmL,
and for infusion

further dilute with
saline or dextrose 5%.

Reoonstitute with IMI Wyeth-Ayerst
WFI or saline to 250 IV bolus! and
mglmL then for IV IV infusion Apothecon,

infusion further dilute Antibacterial
with saline or

dextrose 5% to 2-40
rug/ml...

None SCI Endo,
[Ml Analgesic

iv bolus at 10
mg over 3-5

minutes

Preadminlstration Route of Company and
Preparation Admlnlstratlon Indication

None or for IV bolus SCI Baxter.
may be diluted [:1 1M! Narcotic antidote

with saline. IV bolus

None or for IV SCI Endo,
infusion dilute with 11W Baxter.

saline or dextrose 5% IV bolus] Etkins Sinn, g
to 0.004 ngmL. IV infusion Narcotic i

antagonist gi
l

E
None SCI ICN, g

M Cholinerglc
IV bolus (acctylcholine ;

cstemse inhibitor) l

None for M. For IV IMI Schering.
infusion dilute with IV infusion Antibacterial
50-200 mL saline.

dextrose 5% or
inflated Ringer's to 2~

3 mg/mL.
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Drug Name!

 

 

 

Marketed Preadmlnlstration Route of Company and
Name Structure Formulation Preparation Administration Indication

Nicardipind "” Solution Dilute with saline or IV infusion WyetleAyetst.

Cardcne 2—0 org/ml. dextrose 5% to 0.] Hypertensionas a Sorbitol 4 glrnL mg/mL. (Calcium influx
Citrates inhibitor)

’ pH 3.5

Nitroglycerinf (3—0-4102 Solution Dilute with saline or IV infusion Hoeehst Marion
Nimflid 5 mgl'mL dextrose 5% to 25-40 Roussel,

“0"0—"02 Propylene gl col 4.5 %, uglmL Angina,
ch~o—Noz Ethyl alto ol 70 % Vasodflator

pH 36

Norepincphdnc it Solution Dilute with 250-1000 IV infusion Sanofi Winthrop.
bitanrate H0 NH: 1 mg/ml. mL saline or dextrose Admnergic

(Noradrenalinc Sodium chloride 7.5 mglmL. 5% to 0.004 mgImL (vasopressor)
acid tartmte)! Sodium metabisulfite 2 mglmL, Antihypotensive

Levophed H0 pH 3-4.5
(Not in 1999

FDR)

Octreotide Solution None for SC, IM or SCI Novanis,
acetate! neg/W (105‘ 1.0 mglmL IV bolus. For IV IM/ Antidiarrhea.

Sandostatin WWM‘W‘W Mannitol 45 mg/mL. infusion dilute with IV bolus over 3 GI hormone.

welie peptide wlwo Phenol 5 mg/mL, 50400 ml. saline or minutes! Treatment of
3" Lactic acid 3.4 mg/mL. dextrose 5%. IV infusion aeromegaly

‘ Sodium bicarbonate. over 15.30

I pH 4.2 minutes
i

. Drug Name!
3 Marketed Prcadmlnistration Route of Company and

Name Structure Formulation Preparation Administration Indication

Ofloxacin " a‘ 1) Solution Dilute with saline, IV infitsion Ortho-McNeil,
Floxin LV. 40 mglml., dextrose 5% or over 60 Anu‘bacterial

pH 3.5-5.5. lactated Ringer's to 4 minutes
2) Ready-to-use solution ngmL.

. 4 mglmL.

(s’i‘é‘é‘é'lfss WWW"
Levofloxacin) P" 3'8 5.3
pKa’s ~ 4, 9

Ondansetron o m 1) Solution For IV bolus inject 32 IV bolus over Glaxo Wellcome.
‘ .' l-ICU N , 2 mglmL, mg over 3 doses. and 2-5 minutes] Antiemetje

I Zot'ran O O Y" Sodium chloride 8.34.30 for IV infusion IV infusion (preventingg ”:0 mglmL. dilution with saline or over 15 nausea and
é i (wlwo dextrose 5% to 0.64 minutes vomiting induced

! 0“, Methylparaben 1.2 mg/mL, mg/mL chemotherapy)
Raeernie Propylpamben 0.15 mg/mL),

Citric acid buffer
pH 3.3-4.

E 2) Ready-tmuse solution
i 0.64 mglmL,
* Dextrose 5%.

Citric acid buffer

pH 3.04.0

Orphenadrine ‘ Solution None 1M] 3M.
citrate] 30 mglml. , IV bolus over 5 Skeletal muscle

; Norflex M Sodium chloride 2.9 mg/mL. minutes relaxant
i , Sodium bisutfite, .

i pH < 7
l \
, 158 PDA Joumai ot Pharmaceutiwt Science a. Technology
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Drug Name!

 

 

Marketed Preadministmtion Route of Company nnd
Name Structure Formulation Preparation Administration Indication

Oxaciiiin Powder Reconstitute with 11W Apothecon,

sodium! "i‘m 250-4000 mg WFI or saline to 175 IV bolus over AntibacterialPmstaphiiin CH' SodiumgIfourfihosphates 20 mgI‘mL for M, to 100 l0 minutes]~ Not in 1999 mg oxaciilin, mglmL for IV bolus, IV infusion
PDR) pH 6.8.5 and to 05—50 mglmL over 6 hours

for IV infusion.

0107- Solution None for SC or IM. SCI ENDO.
morphone Li 5 mgImL. For IV dilute with 5 [MI Analgesic

HCIJ Sodium chloride 8 mglmL. mL saline. IV
Numorphan (wlwo Methyiparabcn 1.8

mg/mL.
Prqiylparaben 0.2 mgImL)

pH 2.7-4.5

Solution None 1M Pfizer.
50-125 mg/mL, Antibiotic

Lidocaine 20 mglmL,
Propylene 3!)?col 67.75%,

wlwo hicnothiofiiycerol 10
Magnesiumchloride 2560

m mL.
Sodium onnaldeh dc

sulfoxylate 3-5 m mL.
Ethanolamine ”-42 mgImL.
wlwo Citric acid l0 mglmL

wlwo Propyl goiiate 0.2 mg/mL

Drug' Name]

 
    

 

V Marketed Proodmlnistratlon Route of Company and
Nnme Structure Formulation Prepa ration Administration Indication

Paciitzntellr o - Solution Dilute with saline. IV‘infusion Bristol-Myers
Tami SE, ”lg/LO ' _ - 6 mg/mL dextrose 5% or Squibb.

o m .mo Cremophor EL 51%, lactated Ringer‘s to Antineoplastic~ 0, O!» . ., Ethyl alcohol 49 % (tr/v) 0.3-1.2 mglmLOm

racism-d 00Mhaul

Pamidronate ° Lyophiiized powder, Reconstitute with ID [V infusion Novanis.
disodium/ tic—Loo 3o90 mg mLWFI to 3-9 over4.24 Inhibition of

Aredia H Manniloi 375-470 mg, mg/mL then further hours bone rfiorption
pH 6.5 dilute with 1000 mL

H saline or dextrose 5%.

Pancuronium “j Solution None for IV bolus. IV bolus] Organon,

bromide] @H [-2 mglmL For N infusion dilute IV infusion Muscle relaxantPavulon @ 6' ,0. BenZyi alcohol 1%, with saline, dextrose
.flai Sodium chloride (isotonic). 5% or lactated

of» Sodium acetate 2 mglmL Ringer’s.as Inna-Mm PH 4

Papaverine Solution None or dilute lzl IM! Lilly. ;
HCL 30 mglmL with WFI. IV bolus over Vasodilator .

(NotIn 1999 OCH, Chlorobutonol 0.5%. 1.2 minutes (cerebral) i
FDR) EDTA 0.005%. i

pH 3-4 3i

Vol. 54, No.2 I March~Apn12000 159 :

Supplied byThe British Library "The world‘s knowledge i ‘
 

InnoPharma Exhibit 1020.0267



Drug Name!
Marketed

Name Structureu.-.~-......-..........--us.m~.~-.-u—-.muu-m~ww.m-nwn«».m....m-m........

Paricalcitoll _
Zcmplar

Penicillin G
benmthine

and
Penicillin G

procaine IBicillin

en,

Penicillin G 0
potassium!
Pfizer-pen

H Na
25 CH,

0 J3000M

Pentamidine ..

Preadminlstration Route of Company and
Formulation Preparafion Administration Indication

Solution None IV bolus Abbott.
0.005 mg/mL Treatment of

Propylene glycol 30%, secondary
Ethyl alcohol 20% hyperpam

thyroidism
associated with
chronic failure.

Suspension Shake vial before 1M WyethnAyerst.
150,000-600,000 units withdrawing the Antibacterialeach/ml. desired dose.

Lecithin 0.5%
Povidonc 0.1%,

Sodium carboxy-
methylcellulose 0.55 79,

Methylparaben 0.1%.
Propylparahen 0.01%.

Sodium citrate
pH 6-8.5

Powder Reconstitute with M Pfizer.
l,000.000-20.000,000 units WFI, saline or IV infusion! Antibacterial

Sodium citrate, dextrose 5% to lntrapleuml/
pH 68.5 30,000<l.000,000 lntralesionnllunitslmL. Intmthccul

Powder Reconstimte with 1M] Fujisawa,
isethionate/ 300 mg WFl or dextrose 5% IV infusion Antiprotozoal
Pentam 300 pH 4-5.5 to 60-100 mgImL.

(Not in I999 Pentamidine isethionate
FDR) (hydroxy ethane sulfonic acid)

Drug Name]
Marketed Preadministration Route of Company and

Name Structure Formulation Preparation Administrntion indication

Pentamcine ,9 a”: Solution None for SC or lM. SCI Sanofi Winthrop,
lactate} 30 mglmL For IV bolus dilute [Ml Analgesic
Talwin C ' Sodium chloride l.5~2.8 with saline to 5 IV bolus

(Not in 1999 "° we" mgr-1L mg/ml...FDR as an Acetone sodium bisulftte l-2

injectabie) mg/mL,
Methylparaben 1 mg/mL

pH 4-5

Pentobzubital a Solution None or dilute with 1M! Abbott,
sodium! 0 Y0 50 mglmL saline. dextrose 5% or Slow [V bolus Anticonvulsant, ,

Nembutal H “3 NH Propylene glycol 40%, lactated Ringer's. (S 50 ngmin) Sedative, i
a Ethyl alcohol 10% Hypnotic. ;

”3 pH 9.5 Anesthetic il

Pentostatiul OH Lyophilized powder Reconstitute with 5 Slow iv bolus/ Supergen. i
Nipent IO mg mL WFI to 2 mglmL IV infusion Antineoplastic ‘

H / N Mannitol 50 mg (1V bolus), which for (transition statek » pH 7.0-8.5 Iv infusion is further inhibitor of
Ho , N diluted wistgbsalige gr adenosine ,- dextrose to .l - dearmnasc) :o Pentoslalm 1

pKa = 5.2 0.33 mg/ml... g

0H

Perpbenazinel (mm/0" Solution None for 1M. For IV [Ml Schering,
Trilat'on V} 5 mg/mL dilute with saline to rarely IV or IV Antipsychotic.

N Sodium bisulfile, 0.5 mg/mL. infusion at l Antinausea

CC 5' Citric acid, ‘ mgIl—z minutes312/ pH 4—5.5
160
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Drug Naml'j
Marketed

Name Structure Formulation
Company and

Indication-o-..---uw.._..__...._-.....uu.......w--m-...m...n--....u--._-_.....”non-«o.-«-----.-«-...w.mm-mn.~~m-m...w-...-......-—.«...

Phenobarbital
sodium] o No

H: NH
O

Phenobarbital
pKn t: 7.3. pm a [1.8

Phentolaminc N

mesylatd 33
Regitine ll

WOW?”

“00,31“
Phenyl-
ephrine
HCU

Phenyloin
sodium!
(a.k.a.

Dilantin)

MK?

Drug Name]
Marketed

Name Structure

Solution
30.130 mglmL,

Propylene glycol 68%.
Ethyl alcohol 10%

pH 9340.2

Lyophilizcd powder
5 mg

Mannitol 7.5 mg
pH 4.5-6.5

Solution
to mg/mL

Sodium chloride 3.5 mglmL.
Citrate buffer 5 mglmL,

Sodium metabisulfite 2mglmL
pH 3.5.5

Solution

50 mgi'mL
Propylene glycol 40%,

Ethyl alcohol 10%
pH 10-123;

Formulation

Elkins-Sinn.
Wyeth—Ayerst.
Antipsychotic,

Novartis.
Antihypenensivc

Baxter,
Elkins-Sinn .

Mydriatic.
Deoongestanl

Eikins-Sinn,
Anticonvulsant

Company and
Indication.u.uuoo..c....-..- .— ..n-«o.a—o--....,...-..... ....n..“........_......-.m--auwwmm-nm.-m-m-wmu.-.u..--.m-...-»......-m.un...-ou.-

Physo~ ”1°
stigmine
salicylate

  
“pain

W

ona
I\

D

O

Phytonadionc
(a.k.a

Vitamin Kl).l
A a-

MEP Y'I‘ON

Pipe-
curonium
bromide!
Arduan

Pipemcillin
sodium!

Pipcracil

"F on
21,

mag° ‘com

Vol. 54, No. 2 I March—April 2000

Supplied by

Solution
1 mglmL

Benzyl alcohol 2%.
Sodium bisulfitc 0.1%,

pH 3.5-5.0

Aqueous dlsperslon
2-10 mg/mL

Polyoxyethylated t‘atty
acid 70 InglmL,

Dextrose 37 mg/mL,
Benzyl alcohol 0.9%,

pH 3.5-?

Lyophilized powder
10 in

pH

Lyophilized powder
2-40 grams
pH 5.5-7.5

The British Library - "The world's knowledge"

Proadministratlon Route of

Preparafion Administration
None [MI

Slow IV

Reconstitule with l M

mL WFI to 5 mg/ml. IV bolus/
which may be further IV infusiondiluted Willi saline to

O.l-—l.0 mglmL.

None for SC or IM. SCJ
For IV bolus dilute M

with saline to 1 IV bolus!
mg/mL, and for IV 1V infusion

infusion to 0.02-0.04

mglmL

None M
N bolus at 50

mg/minute

Preadmln istmtion Route of

Preparation Administration
None IMI

IV bolus at S 1

mg/minutc

None for SC, IM or SCI
IV bolus. For {V M

infusion dilute with IV bolus at S l

saline, dextrose 5% or mglminutc/
lactated Ringer’s IV infusion

Reconstitute with IO IV bolus
mL saline. dextrose

5% or lactated

Ringer's to 1 mg/mL.

Reconstitutc with 1M!
WFI or saline to 400 IV bolus over
mgi'ml. (IM) or 200 3-5 minutes!
mg/mL (IV bolus), [V infusion
then further dilute over 30
with 50- 100 mL minutes

saline. dextrose 5% or
lactated Ringer's (iv

infusion)
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Forrest,
Cholincrgic
(Antidote for
cholinesterase

inhibitor)

Merck,
Vitamin K
deficiency

Organnon,
Long acting

neuromuscular
blocking agent

- Lederle.
Antibacterial

161

 
 



 

Drug Name]
Marketed

Name----....-.....—....-u..—----.-._..-....—.. .maou-

Piicamycin
(Mitluamycin)

J'Mithmcin

Prolidoxime
chloride!
Protopam

Prednisolone

Phosphatesodium!

Hydeltmsol
(Not in 1999FDR as

injectable)

Procainamide
HCl

Drug Name!
Marketed

Name

Structure Formulation

Lyophilized powder ‘
2.5 mg

Manoitol 100 mg.
Sodium phosphates

pH 7

H
a H Lyophilized powder1000 mg

(+3 pH 3.5-4.5

:10 Solutionoar-0;) 20 mglml.Mu. Niaeinamide 25 mglmL,
, Phenol 5 mg/ml.
” EDTA 0.5 mg’mL,

Water soluble Sodium bisulfite 1 mgImL,
phOSPhate ester pH 7-8

prodrug

9‘. Solution
100-500 mg/mL

Benzyl alcohol 0.9%,
Sodium bisulflte < 0.09%.

pH 4-6

Structure Formulation

~-“m.m»-w..-amoum-  
Company and

Indication

Bayer,
Antineopiastie

WyethoAyetst,Antidote for
overdose or

poisoning due to
anticholinstemse

Merck.
Amie

inflammatory,
Admiocom‘cal

steroid,
Astluna,

Giucocorticoid

Bikinis-Sinn,
Anhanixyth'mic

Company and
Indication

HCIJe
Novocaine

(Not in 1999
PDR)

chlolzprzru
edisylatelne

Compan'ne

Pmmazine
HCU

Sparine
(Not in 1999

FDR)

Promethazine
HCU

(Pitchergan)
(See also

Mcpetdinel
Mepergan

162

New

(155?:1.“

Solution

10-100 mglmL.
Sodium chloride (isotonic).
Acetone sodium bisullite <4

mg/mL,
pH 3-5.5

Solution
5 mglml.

Sodium saccharin 0.9 mglmL,
_Benzyl alcohol 0.75%,

Sodium biphosphate 5 mg/mL,
Sodium tartrate 12 mglmL.

pH 4-6

‘5": Solution
so trig/mi.

N? Sodium formaldehyde
GNU sulfoxylate < 1 mg/mL,s

“.0le,6“. Solution25 mgimL

(km. Me

Sodium citrate

peridine 25 mglmL,

mum-“m

pH 4—5.5

EDTA 0.1 mg'mL.
Calcium chloride 0.04 mg/mL.

Sodium formaldehyde sulfoxylate
0.75 mglmL.

Sodium metabisuitite 0.25 mg/mL.
Sodium acetate,

pH 3.5-6

 

 

Preadminlstratlon Route of

Prepamflon Administration
Reconstitute with 5 IV infusion

mL WFI to 0.5 over 4-6 hours

mglmL then further
dilute with 1000 mL

dextrose 5% or saline

Reconstitute with 20 IV bolus over 2
mL WFI to 50 mgImL minutes:r
for IV bolus, and for IV infusion
IV infusion further over 1530
dilute with 100 ml. minutes

saline.

None or for IV 1M!
infusion dilute with IV bolus]

50-1000 ml. saline or IV infusion]
dextrose 5%. Soft tissue!

Inua~atficuiarl
Intra—lesional

None for M. For IV 1M!
bolus dilute with IV bolus!

dextrose 5% to 10-20 , IV infusion
mg/mL. and for IV (25-50

infusion dilute to 2.20 mglminute)
mglmL.

Preadministration Route of

Preparation Administration
None or dilute with Infiltration!

dextrose 5%. Peripheral or
sympathetic
nerve block]
Subarachoid

block

None for 1M. For IV 1M!
bolus dilute with W bolus!

saline to l 111 mL, IV infusion]
and for IV in usion
dilute to 0.01-0.02

mg/mL

None for N. For IV IMI
bolus dilute with IV bolus
saline to 2525

mglml...

None for SC or IM. SCI
Foer infusion 1M]

dilute with at least 5 IV infusion at
mL saline to 10 25 tug/min

mgrmL

Sanol'i Winthrop,
Local anesthetic

SmithKline
Beecham.

Antiemetic,
Antipsychotic

Wyeth—Ayerst,
Antlpsychotic.
Tranquilieer

WyethcAyersL
Analgesic
(narcotic),
Sedative,
Anesthetic

FDA Joumat of Pharmaceutical Science & Technology
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Drug Name!

 

 

Administration

Route of Company and
Administratlon Indication

1M! Wyeth-Ayflst,
IV bolus at 10 Tran uihzer,

mg/min S tive,
Hypnotic

IV bolus] kneca,
IV infusion Anesthetic,

Sedative

IV bolusl Wyethvkyerst,
IV infusion . Anfiatrhythmic.

Antihypenensive
emergencies,
Antianginal

IV bolus Ferring,
Diagnostic

assessment of

thyroid function

Route of Company and
Indication

Marketed Preadmlnlstratlon

Name Structure Formulation Preparation

Propioma~ ”£3,435 Solution None
zine HClJ 20 mg/mL

[argon XV”, Sodium formaldehyde
(Not in 1999 0”: sulfoxylate.

PDR) Sodium acetate
8 pH 4.7-5.3

Propofoll HJ H CH3 Emulsion. None
Diptrivan 10 mglmL. (shake well)

H, CH, Soybean oil 100 mg/mL,
Glycerol 225 mglmL,

E lecithin 12 m
‘pKa =1 l 33 EDTA gm!“

pH 78.5
(under muogen to prevent

oxidation)

Propranololl j: Salami; :0“; {cg/IV thalos,Indeml l m ut or in usion

_ “fl? “= Citric acid dilute with dextrose
30 pH 2.8-3.5 5% to 0.02-D.l‘ mg/mL.

Protirelinl ° Solution None

Thyrel c 0.5 mg/mL
0 Sodium chloride 9 mg/mL

” in, pH 6.5

Drug Name!
Marketed Preadmlnlstration

Name Structure Formulation Preparation

Pyridostigminc “(.3 Solution None
bromide! ZmymL
Mestinon “’ p!- Methylparaben 0.2%.

\cu' Propylparaben 0.02%,Sodium citmte
pH 5

Pyridoxlnel N\ 0“. Solution None
(vitamin 86) I ma mg/mL,
(Not in 1999 / 0H Benzyl alcohol 1.5%,

PDR as an pH 2-3.8
injectable) CH.

Quinidinc Solution None for [M. For 1V
gluconale 80 mL dilute with 50 ml.

(Not in 1999 EDTA 005%. dextrose 5% to to
FDR as an Phenol 0.25%, mgij
lnjectoble) m pH 5.5-7

"out"

Ranitidine 1) Solution None for IM (75

Hey W’J‘fi 25 mg/mL. m mL). For IV bolusZantac Phenol 5 mglmL, ”lute with saline to
Sodium phosphates 3.5 mgImL 2.5 mgImL For N

pH 6.7—7.3. infusion use the -
2) Solution mixed I mg!

l m ml... formulation or dilute
Sodium chl dc 4.5 mg/mL. with dextrose 5% to

Citric acid 03 mgme. 0.5 mg/mL.
Sodium phosphates 1.8 mg/ntL

pH 6.7-7.3

Vol. 54. No. 2 I March—AptilZOUO
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1M] ICN.
IV bolus Cholinestemse

inhibitor
l

i

SCI Steris i
M l
N 1L

l

M Lilly,
IV infusion Antimalaria,

Antimhyflunic

IMI Glaxo Wellcome,
IV bolus! Antiulcemtive

IV infusion

1 63

My 
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Drug Nnmd
g Marketed Preadministration Route of Company and
. Name Structure Formulation Preparation Administration Indication

Remifentanil * Lyophilizcd powder Reconstitute with IV infusion Glaxo Weiicome.
ch CL 15 mg wn to 1 mglmL. Analgesic

- Ultiva Glycine l5 mg then further dilute
1 pH 3 with saline. dextrose5% or lactated

Ringer's to 0.02-0.25
m mL.

Rifatnpinl g/
Rifadm I-V. Powder Reconstitute with IV infusion Hoochst Marion

600 mg WFI to 60 m mL. Roussel,
Sodium formaldehyde then further ”lute Antibacterial

sulfoxylate 10 mg, with [00-500 ml.
pH 7.8-8.8 saline or dextrose 5%.

 
mph

pKIl u 0.7 “-phennxy)
pm= 1.9 (l-pipenziue)

Rocuronium Solution None for IV bolus. IV bolus/ Organnon,

bromide! "" ® 10 mglmL For IV infusion dilute IV infusion Nondopolarizing
Zemuron H Sodium acetate 2 mg/mL with saline or neuromuscular

4
pH 4 dextrose 5% or blocking agent

lactated Ringer's to
0.5 mglmL.

; Scopolarnine CH, Solution None for SC or IM. SCI Fu‘isawa,
f HBr OH 0.4-1 mg/mL For IV bolus and [MI Antic olinergic

(Hyoscine :’ Melhylparaben 1.8 mglmL infusion dilute with IV bolus!
HER)! ‘ Propylparaben 0.2 mg/ml. WF]. IV infusion

(Not in 1999 m pH 3.5.6.5FDR as 0

injectabie)

Drug Name]
Marketed Preadmlnlstration Route of Company and

Name Structure Formulation preparation Administration Indication

Secobarbital 0 ii comma Solution None for IM. For [V IN! (< 5 mL)! Wyeth-Ayerst,
sodium (in "‘c Y 50 mglmL dilute with WFI, Slow IV bolus Sedative,

Tubex “ Propylene glycol 50%, saline or lactated at < 50 mglis Hypnotic,
cartridge) “:0 o Phenol < 2.5 mglmL Ringer's to 5 mg/mL. seconds Preaneslhetie

cu, pH 15:10.5

Streptomy- Solution None for IM. Deep IMI Pfizer.

cin sulfate I 400 mgImL For IV infusion dilute IV infusion not Antibacterial*9“ Sodium citrate 12 mglmL. with 100 mL dextrose recommended,
Streptomycin Phenol 0.25%, 5 ‘70. but it may be
am Sodium metabisulfite 2 mg/mL performed

pH 45-7

Stre tozocinl Ho Lyophilized powder Reconstitutc with 9.5 IV bolus! Pharmacia &
osar 1000 mg ml. saline or dextrose IV infusion Upjohn.

Citric acid 220 mg, 5% to 100 mg/mL (IV over 0.2—6 Antineoplastie,

- {a pH 3.54.5 bolus), then further hours (inhibits DNA
OH CH; dilute with 10-200mL synthesis)

on "N '5’ o saline or dextrose 5%
T ‘N‘ (IV infusion).x o

E

Succinyl» Wm. Solution None for [M or IV IM/ Glaxo Wellcome,choline [: 20 mglmL bolus. For IV ‘ IV bolus! Muscle relaxant -
chloride! Sodium chloride (isotonic) infusion dilute wtth IV infusion ultra short acting
Anectine Methyipamben 0.1%, saline or lactated

pH 3.5 Ringer‘s to 1-2
mgImL.

164 _ PDA Joumai oi Pharmaceutical Science 8. Technology
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Drug Name!

 

 

 

Marketed Prcadmintstration Route of Company and
Name Structure Formulation Preparation Administration Indication l

Sufentanil A/Q Solution None M Taylor.citratd u 0.05 mglmL 7 IV bolus] Analgesic

Sufenta “\ir/gl pH 3.545 IV infusion] (narcotic) :
coon Epidural for 1

Q labor or ‘
l delivery

5 Sulbactam
(See

; ampiciilin)
Suifa~

methoxazoie
(See.

tnmethoprim

Sumatriptan " Solution None SC Glaxo Wellcome.

succinatel WK” “a 12 mg/mL Migrainelmitrex m Sodium chloride 7 mymL t headache
pH 4.25.3

Taerolimus Non-aqueous Dilute 250 or 1000- IV infusion Fujisawa,
(FK 506)! Solution fold into saline or Irrununo-
Prograf 5 mgImL (lemma 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 g Lyophilized powder Reconstitute with 20- IV infusion Lederie,
sodium ‘ 250 - 500 mg ('l‘azobactam), 40 ml. WFI. saline or Antibacterial

and , u/‘l‘ 2000-4000 mg (Piperaeillin) dextrose 5%. then 4 combination
. Piperaeiiiin o g“, V pH 4.5-5.5 further dilute with
.' sodium] 300“ saline or dextrose 5% i
' Zosyn to 50.150 mL. gl

Teni side Non-aqueous Solution Dilute with saline or IV infusion Bristol-Myers !
~26)! 50 mglmL dextrose 5% to 0.1-] over 30450 Squibb. ;

Vumon Cremophor EL mglml. minutes Amineoplastic i
500 1113/th (causes breaks in i

Ethyl alcohol 42%. DNA) tDimethylaeetamlde V
60 rug/ml),

Benzyl alcohol 30 mglmL
pH 5 (Maleic acid) .

Terbutaline 0H Solution None SC Novartis

sulfate] :40 ills lmglmL and
; Brethine “”9: Sodium chloride 3.9 mglrnL Hoechst Marion
l and. “'21:? pH 3-5 Roussel,

Bricanyl {imam aneodiiator; pKI3=tL2

{ Testosterone Non -aqueous solution None 1M 31‘G3 Enenthntel 200 rug/m].
3 Deletestryi Sesame oil,

Chlorobutanol 5 mglmL

Water insoluble
hexamte ester

prodrug

Vol. 54, No. 2 I March-April 2000 ‘ 165
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Drug Name!
Marketed

Name_-...-..-.mnfl-m~.“.0m......_-.-.a--- .__m..m..-..---m..--......-......um-.--—...~......m-.-.u........-..«.............m.-.... to.

'l‘heophytltnelAerolate

(Not in I999
PDR as

injectable)

Thiamine
(VitaminBl)

HClJ

Thiethyl-per-am:
maleate/
Torecan

Thio ntal
sadism!

Pentathal
sodium

Thiote
Thiopfgt/

Drug Name!
Marketed

Name_---.......--m------—.u-..—..--.-m-u---"-——...-.....---.u--..-.._._.._.-..._____.__..._...-....-fl..-...-.._..-.....N...._.....m_“.m--..~..~..

Thtothtxene
HCU

Navane

'I‘icamiltin
disodluml

Timur

Tirofiban
HCL/

Aggtastat

156

Structure

““513Oak
in,Wynim

pin-8.1

s

i: ii’

(0) G“:

We“

0(th

HM“!

“3c

cit“3
W104i!!!

3
TV

Structure

"3

Q )CH3

3 "3

o H n

\i 3 t s on,
cool“ '33:! . 0"-o .

WW
Arg-Gly-A mimic:

[binds to (G% [lb/Illa
(“will

Formulation

Solution
04 - 4 mglmL

pH 4.3

Solution
100 mg/mL

Sodium formaldehyde
sulfoxylate l m mL,

ChlorobutanolB. mg/mL
[111 2.54.5

Solution
5 m

Sorbltol 20 mglmL
Sodium metabisulfite

0.25 mg/mL,
Ascorbic acid 1 mg/mL

pH 3-4

Lyophilizcd powder
250-5000 mg

Sodium carbonate 60 mgl1000
mgthio ntal
pH 1 -11

Lyophilized powder
15 mg

pH 5.5-7.5

Formulation

1) Lyophilized powder
l0 mg

Mannitol 100 mg
pH 2.33.7
2) Solution
2 mg/mL.

Dextrose 5%,
Benzyl alcohol 0.9%,
Propyl gnllate 0.02%

pH 2.5-3.5

Lyophilized powder
l~30 grams

pH 6-8

Solution
0.05-0.25 mglmL,

Sodium chloride 8-9 mglmL.
Citrates 0.6-3 mglmL;

pH 5.5-6.5
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Preadministration Route of Company and
Preparation Administration Indication

None 1V infusion Abbott, Baxter,
MeGraw,

Bronchodilator

None for [M or IV IM/ Eikins-Sinn,
bolus. For [V _ IV bolus] Wtamin

infusion dilute with IV infusion
saline. dextrose 5% or

lactated Ringer’s.

None IM Roxane,
Antiemetic

(nausea and
vomiting

Reconstitute. with W infusion Baxter.
WFI. saline or Short acting

dextrose 5% to 2-50 anesthetic

mglml.

Reconstitute with [.5 IV bolus] lmmunex.
mL WFl to 10 lntramvitaryl Antineoplutic

mglmL. then further Intravcsimldilute with saline to ~

2 mg/mL.

Prendministmllon Route of Company and
Prepay-gun“ Administration lndlcatlon

Roconstitute the 1M Pfizer.
powder with 2.2 mL Antipsychotic

WFl to 5 mglmL.

For [M reconstitute. IMI SmithKlino
with WEI, saline or IV bolus! Beecham,

lidocuine 1% (without IV infusion Antibacterial
epinephrine) to 385 5

mglmL. For IV bolus §

r'econstitute with isaline, dextrose 5% or ;
[aerated Ringer's to i

200 111 m then for E
IVi usion further i
dilute with saline, i

dextrose or lacmted 1
Ringer‘s to 30-100 g

mg/mL

Dilute with saline or Ninfusion Merck, %
dextrose 5% to 0.05 Antithx‘omboiytic 3'

mglrnL. (nonpeptide
antagonist of

platelet receptor
GPIIb/Illa )

PDAJoumat ot Pharmaceutical Science & Technotogy
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Drug Name!
Marketed

Name Structure“-WWW-n“-..m—".--‘__._..-----.---om«.-.----........- .--m...«.a....-.w--w-...mu..-....--..-~-...ummum...»—

Tobramycin 0“
sulfate! ”anNcbcin

no

”gt ““1

Topotecanl
Hycamtin ‘6'.

Tolazoline

Pnscolme

(Not in 1999
FDR)

Torsomidel

D¢madex

Drug Name!Marketed
Na me Structure

Formulation

Solution
1M0 mglmL

Phenol 1.25-5 mg/mla
Sodium bisulfite 1.6—3.2

mgImL.
EDTA 0l mgImL.

pH 3—6.5

Solution
25 mg/mL

'rgnm'c'acid 6.5 mg/mL.
Sodium citrate 6.5 mglmL

pH 3—4

Lyophilized powder
4 mg

Mannltol 48 mg.
Tartanc acid 20 mg,

pH 2.5-3.5

Solution

[0 mg/mL
PEG 400

TRIS
H

(no detaES reported)

Formulation

Prcadminlstration

Preparation

None for 1M. For IV
infusion dilute into

50400 mL

None for SC, IM or
iv bolus. For N

infusion dilute with
saline, dextrose 5% or

Iactatcd Ringer's.

Reconstitute with 4
mL WFI, then further
dilute with saline or

dextrose 5%.

Dilute with saline or
dextrose 5% to 0.1-1

mg/mL.

Preadministratlon

Preparationu.nw...»-....--.----_..-......--..__.—-.......-.--.....-.“a------ .-----.. . .--..._-_....-....M...w-..-.m._--........-..-..-—---..—.-.----...-—...u"um”..-

*Tn‘amcino—
lone

Dianetatel
Aristooorte

Trial-mino-
lone

Huacetonidel

Aristospan

Trifltto- mpermune “”3“”
my lic‘Lii

Stclazinc '
3

Triflupro— 94:mazmo

(Not in 1999
PDR)

Vol. 54, No. 2 I March—AprilZOOO

 

 

gospension0-40 mg/mL
PEG 3350 at 3%,
TWEEN 80 at 02%

Sodium chloride 3.5 mglmL
Benzylalcohol 9 mglmL,

pH~~6

Suspension
5-20 mg/rnL

Sorbltol 50%,
TWESN 80 at 02-04%

Benzyl alcohol 9 mg/mL.
pH 4.5- 6.5

Solution
2 mg/mL

Sodium saccharin 0.3 mg/mL,
Benzyi alcohol 0.75%.

Sodium tam-ate 4.75 mgImL,
Sodium biphosphate l [.6

rug/mu
pH 4-5

Solution
10-20 mg/mL,

Benzyl alcohol 1.5%,
Sodium chloride

pH 3.5-5.2

   

None

None

None

None

Suppliedby The BritishLibrary “The world‘s knowledge" 

 

Route of Company and
Administration Indication

lMl Lilly '-
IV infusion and

Lederle,
Antibacterial

SCI Ciba Gcncva ,
1M! Vasodilator)

IV bolus/
IV infusion!
Intro-arterial

IV infusion SmithKlinc
Beecham,

Antinooplastic

IV infusion Roche,
Diuretic

Route of Company and
Administrntion Indication

[Ml Fujisawa,
Intm~articularl Glucoconicoid
lntrasynoviall
Intralesional

Intro-articular! Fujisawa,
Inu-alesional Glucoconicoid

1M SmithKlinc
Beecham.

Antipsychotic

M A othccon,

IV bolus Anupsychotic. ;
Tranquilizer i3

i
E
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Drug Name!lt'lnrkeled
Name Structure.n....—-....-..~_..__..--..---..-....-...-...---...... .-...-..-......-........um..-.mmnm~.

Trimethuphan

camsylatd p
Monad so.“ ,3”(Not in 1999 “F sFDR) &» 0,11

trauma-cm-

Trimctho~ 00sbenzamide

ch W" MM
Tigan

Trimetho— WWSulfao
orthoxazold

Bactn'm
and

Septra

Trimeuexate “"
glucuronatel
Neutrcxin ,,

Drug Name!Marketed
Name Structure-....-..»-....._--«....~..m-.-m-.-m-mum-u«wuwwum.u..........-.._-_~.mm-n.

Tubocurarine
chloride

(Not in 1999
FDR)  

Vairoate H .c
iumf “ S, ‘

Velrubicin/

VaJstar for“

Vancomycin

Vancocin ‘HCL '

 

Formulation

sgoiutionmg/mL
Sodium acetate

pH 5.2

Solution
100 mglmL.

Melth l and ropyl amber-ts(or phenol .45‘36),
w/wo EDTA 0.] mglmL

Sodium citrate 0.5 mg/mL,
Citric acid 0.2 mglmL

pH 5

Solution

16 mgImL uimethoprim,
80 ngmL sulfamethoxazolc.
Propylene glycol 40%,

Ethyl alcohol 10 %,
Diethanolamime 0.3%,

Benzyl alcohol 1%,
Sodium metabisulfite 0.1%

pH 10
Lyophilized powder

25-200 mg
pH 3.5—4.5

Formulation

Solution
3 mg/mL

Sodium chloride (isotonic).
Benzyl alcohol 0.9 ‘7a,
wlwo Chlorobutanol.

wlwo Sodium metabisulfite l
rug/ml».

wlwo Sodium bisuli'itc 0.1%.
Citric acid 1 mg/mL

pH 25.5

Solution
100 rug/ml.

EUI‘A 0.4 mg/mL
pH 7.6

Nonaqueous solution
40mg/ntl.

Cremaphor EL 50%,
Ethyl I,Ilcoitol 50%

Lyophilized powder
500-1000 mg
pH 2.5-4.5

 

 

 

 

Preadministration Route of

Preparaflnn Administration
Dilute with dextrose IV infusion

5% to l mg/mL.

None N

Dilute 20-40 fold into IV infusion
dextrose 5%.

Reconstitute with IV infusion
WFI or dextrose 5%
to 12.5 mg/mL then
fuuher dilute with

dextrose 5% to 0.252

mg/mL

Preadmlnlstration Route of

Preparation Administration
None M

IV bolus

Dilute with 50 mL IV infusion
saline, dextrose 5% or

lactated Ringer's.

Dilute 20 mL with 55 lnuavcsical
mL saline to 10.6 instillation in

mymL the urinary
bladder

Roconstitute with Intermittent or

W to 50 mg{mL, continuous Nthen further dilute infusion
with saline, dextrose

5% or lactated
Ringer‘s to ~ 5

mg/mL.

PDA Journal at Pharmaceutical Science a: Technology

Supplied by The BritishLibrary "The world‘s knowledge"

Company and
Indication.-.am-mm-.~.--W"w-.mw.-....--.......

Roche,
Antihypenensive

Roberts,
Antiernetic
(control of
nausea and

vomiting]

Roche
and

Monacrh,
Antibacterial
combination

U . S .
Biosciences,

In combination
with leucovorin
in treatment of

pneumonia

Company andIndicationu...-...m.--...-...o........ ._-.....--....

Abbott. Liliy,
Muscle relaxant

Abbott,
Ansepnepfic

Anthra,
Antineoplastic

Lilly,
Antibiotic

(uicyciic
glympepude)

 

 

 

 

 
 

 

 

InnoPharma Exhibit 1020.0276



 

Drug Name}

 

 

 

Marketed Prcadminlstrution Route of Campany and
Name Structure Formulation pnpamum Administration Indication

Vecm-onium Lyophilluci powder Reconstimte with IV bolus! Organon,
bromide! 10-20 mg WFI to 1 mg/mL (IV IV infusion Muscle rclaxant
Norcuron Mannitol 97-194 mg. bolus). then further

Citric acid 20-41 mgg, dilute with saline,

Sodium phosghate dibasic l6- dextrose 5% orlactated Ringerfs to
pl-I 0.1 mymL (IV

infusion)

Vempamil Solution None IV bolus! Knoll.
HCU 2.5 mgImL. IV infusion Anfianginal.
Isoptin Sodium chloride 8.5 mg/mL Antianhythmic

(Not in 1999 pH 4-5
PDR as an

‘2 mjoctable)i

‘ Vet-senate Solution For M to minimize IMI 3M,
disodium 200 mph]. pain mid lidocaine or IV infusion Reduction of
calcium procaine O.5%. For plasma levels of
(EDTA) IV infusion dilutr: lead

with 250-500 mL
saline or dextrose 5%.

Vinblastine NM Lyophilized powder Reconstitute with IV bolus Lilly.
sulfate! i0 mg saline to 1 mg/mL. Antinooplastic

Velban :\~ pH 3.5.55var.

Bigot“

Drug Name!
Marketed Preadminlstratlon Route of Company and

Name Structure Formulation Preparation Administration Indication

Vincristine V... Solution None for IV bolus. IV bolus! Llily,
sulfate! 1 rug/m]... For IV infusion dilute IV infusion Antineopiastic

Oncovin M Mannitol 100 mglmL. with saline or
Methylparaben 1.3 mg/mL. dextrose 5%

" Propylpamben 02 mgImL
'm Acetic acid

pH 3H545

Vinorelbine Solution Dilute with saline or IV bolus] Glaxo Weiicomo,
tamato/ 10 mg/mL dextrose 5% to 2-5 IV infusion Antineopiastic

Navelbine pH 3.5 mgImL (IV bolus), or

to 0.5-2 mg/mL (IV l
infusion). g

Warfarin Lyophilized powder Roconstitute. with Slow 1V over 2 Du Pont Pharma. 3
sodium] 5.5 m WFI to 2 mg/mL. minutes Anticoagulant iCoumadin Mannitol l m , t

Sodium chloride 0.3 mg. ‘
Sodium phosphates 14 mg.

pH 8.1.8.3

Zidovudind Solution Diluto with 5% IV infusion Glaxo Wellcome,
Retrovir u 0H. 10 mg/mL dextmse to < 4 Antiviral

A pH 5.5 mglmL.0
HO

m:WT)

Ziprasidone Solution 1M Pfiur,
mesylatcl mg/mL S C Anflpsychotio

Sulfobutylether'flrcyclodextrin (Phue III
‘ pH 7 complctcd l999)

(Details not reported)
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Review at Exeiniants and pits tar Parenteral Products Used In the
United States

VII-CHANG JOHN wauo‘ and
ROBERT a. ttowALt

Squibb Institute for Medical Research
New Brunswick. New Jersey 

ABSTRACT: Exclptents used In US. par-
micro! products Wen: categorized according
to theirfunction. The concerttralloru used in
comnmcfaf products were also identified.
The range of pH calm: in various products
was tabulated with emphasis- onproducts with
extreme pll’s. The uses ofexcl/stems r‘n pa‘r-
enter-a! dosageform were discussed. 

Introduction
The chain: ofcxciplents used in parenteral

products is not as liberal as in other dosage
terms because of two major concerns: safety
in parenteral use and feasibility tn sterilization.
Acceptance of a substance to be used as an
excipient in parenteral products often involves
lengthy su fety testing or production trials. To
avoid uncertainty. most formulators tend to
employ compounds used in existing parenteral
products. This survey is intended to provide an
overall view of exciplenta used in parenteral
products available in the United States. For
reason of stability or solubility the pH of a
product could not always be adjusted to
physiological pl-t (7.4). When problems arise
formulators are often inquisitive about the pH
ofother products. This review. therefore, fo-
cuses on products with extreme pli’s, and
shows tabulation of pH range. acid at- base
used for adjustment. and product identity.
 

Received Aulust ‘. t9lt'l. Accepted for publication
September J. 1980.

' Author to whom inquiries should be directed.
l ”19 Eatern Student. College of Pharmacy. Rut-

:crs University.

Method

The Physletau’: Desk Reference (FDR).
l971-l930 editions (l). were the major source
aflni'ormation. For products not described in
the l'DR. manufacturers were contacted and

the package inserts solicited.
Excipients were categorized aeoordlng to

their presumed function in the formulation.
Concentrations wer all calculated on % (wlv)
base. For dry prod cts. concentrations were
calculated according to the commonly diluted
volume. For each exclpient. ascending con-
ecntratlons were illustrated by the corre-
sponding products and manufacturer. Ett-
amples of only three products were given if
there Were three or more products containing
the same concentration of exeiplont. One ex-
ception Is the category of buffer for which only
the highest concentration was listed. All ofthis
is shown in Table l.

Many products did not list pH in the PDR.
Nevertheless. In these cases information was

gathered from other references (2. 3)..and
Table ll illustrates the variety of products
employing extreme pH' . For conciscncss only
one example was given for each particular pH
range.

Discussion

This sunny brought to light the use of a few
cxciptents uncommon for parenteral use such
as phenylmercuric nitrate. dloetyi sodium
sulfosueolnate. pectin. etc. Most of these cit-
clplents were found in old formulations not.
covered by the present FDA regulations. On

the other hand, some excipients recommended

452 Jautaslot’tbe hmntmt DruAIsodetion
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ending oonv
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sconlulning
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rul use such
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-b-_’<-b.l-‘* w

l.-5.--...“—.__.....,~..

TABLE !. Emmi-mo for Parenteral Products

I. Antimicrobial Preservatives

l) flcnzyiulcohol

2) Benzcihonlum chloride

3) fluiylpurobcn
4) Chlorobulunol

5) Mciucrcsol

6) Mothylporobcn

'1) M yrisiylpnmmo plcolinium chloride
8) Phenol

WW
continued

lembwuucemhr. 1'80. Vol. )4. Nail

 

0.5%
0.75%

0.83%
0.88%
0.9%

l .00:
' L235

1.5%

2.0%

4.0%
5.0%

l0.0%
0.0036

0.01 5%
0.25%

0.5%

0.16%
0.1%
0.25%
0.0 l %
0.045%
0.065%
0. I 'h:

0.13%
0.l5%
0.18%

0. i 7%
0.065%
0. l 8%
0.25%
0.45%

0.5%

453

 

Clcocin Phosphate (Upjohn)
Sleluzinc (SKF)
Conrpozinc (SKF)
Solo-Moduli (Upjohn)
Conlsonc Aceiolc (Upjohn)
Pronoiuyi (Squibb)
Kc nolog (Squibb)
Violuril (Pillar)
Solu-Mcdrol (Upjohn)
Proilxln Dconnouic (Squibb)
Vollum (Roche)
Vcsprin (Squibb)
Adrcnoocm (flccchnm)
Aminophyllln (Soorlo)
Kcslrin (l-iyrox)
Durobolin (Brannon)
Dom-Durnbolin (Orgnnun)
Keiujocl ([lrlslol)
Flelojoci (Mnymnd)
Durnclllln AS. (Lilly)
Nydrnzld (Squibb)
Novocnln (Winthrop)
Hexu-Beiolin (Lilly)
Atropine Sulfol: (Lilly)
NPH llotln (Lilly)
Dcmcrol Hydrochloride (Winthrop)
Proinminc. Zinc & llelln (Lilly)
Lidojcci=l (Moyrond)
Colbcnln (Beccbom)
Apresollnc Hydrochloride (Clbn)
Blolllln L-A (\Vyelh)
Prollxln (Squibb)
'i'nlwln (Winihrop)
Crysiicillin (Squibb)
Ncoailoiolln l2 (Lilly)
Gummycln (Sohcring)
Bnciocill (Bcochum)
Dcpo-Provero (Upjohn)
N PH llciln (Lilly)
Crysllcillln (Squibb)
Ergolrnio Moioolo (Lilly)
Tonsllan (Rocha)
Prosilgmln (Rocha)
Sus-Phrlno (Berle!)
Tugnmcl (SKF)

Supplied by The British Library - 'The world's knowledge"
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TA BLE I. Continued

9) Phenylmcrcurla nltmte
l0) Propylpnmbcn

 

ll) Thlmcrolnl

II. So!ublllfi¢r:, llv'ml'ng Agni" or
Ennimflen

l) Dimcthylncctumlilc
2) Dlaclylaodlum .Iull'oaucclnntu
3) Egg yolk phosphnllpld
4) Ethylnlcohol

5) Ethyl luclnln
6) Glycerin

7) Lecithin

ll) PEG-40 Cantor all“

9) Polyethylene glycol 300

)0) Palywrbate 20
l t) Polymrbntc 40
I2) Polyiorbnlc 80

 

 
0.00MB BtrudurlntAycrst)
0.005%

0.0M:

0.02%

0.035%
0.00l%
0,0l%

0.02%

0.01%
0.0I5%
1.2%
0.6”:
3.0%
6.0%

[0.0%

49.0%
0. l %

H.696
t 5.0%

25.0%
0.5%

l .579

2.3%~
7.0%

1 1.5%
0.01%
5.0%

30.0%
50.0%

0.01%
0.05%
0.04%
0. l 8%
0.20%
0.39%

454

Bnctuclll (Becchnm)
Cclbcnln (Bentham)
Prollxin (Squibb)
chlllin bA (Wyeth)
Blclllln CnR (Wyeth)
Crysticlllln (Squibb)
Gumnycln (Schwinn)
Apmmllnu Hydrochloride (Clbu)
\Vydnal: (Wyeth)
Tcu-Ealrln (Marlyn)
MlCRhOClAM (OI-tho]
Thcclln R-P (Parke-Davis)

Scrpnsll (Clbn)
Tealnjcct (Muyrund)
lmrnllpid Wit: (Cutler)
Synloclnun (Sundoz)
Morrhunlu Sudlum (Lllly)
Keslrln (Hymn)
anlum (Roche)
Dllnntln (Pnrkc-Dnvla)
Crysludlgln (Lllly)
Ergotrutc Mulcnte (Lllly)
Gyncrgcn (Sandal)
Ccdltnnld-D (Sn ndoz)
Dl-IE 45 (Snndoz)
Sus-Phrlnu (Berta)
lllclllln LaA (Wyeth)
Wyclllln (\Vyflh)
Dumclllln AS. (Lllly)
Crystlclllln (Squibb)
AquaMEPHYTON (MSD)
Monlalnt (Junnscn)
Aprcmllno lilydmchlurldc (Cibu)
Snrpasll (Clbn)
Snndrll (Lilly)
Seconnl sodium (Lilly)
Rubnxln (Rnblnsl
Tul-Estrln (Marlyn)
Blclllln L-A (Wyeth)
Kenning (Squibb)
Dcpo-I’rovcm (Upjohn)
Aristoapun (Lcdcrle)
Corllsone Acetate (UPJOhfl)

Jamil oftln Pmmul DmI Anahllou

 

‘ TABLE I. (1%
l 3) Povli
14) PmJ

‘ l
l5) Scd‘

  
camlmml

Nmmher-9mm

---—...._.‘_.__.-”__...__-v—.———.~—__....—
Supplled by The British lerary - "The world's knowledge“
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(Cilia)

l)

(Clba)

)__.._.-
._...y J
rumrimt‘u

w. Auodmioa

 
TABLE I. Continued 

0.40% Arisioapon (Lcdcric)
Dumciilin A5. (Lilly)

11.0% Librium (Roche)
l3) Poviciono 0.2% Kcnirln (Hyrex)

0.3% Crysticiilin (Squibb)
Wyclllin (Wyeth)

0.5% Cryttioiliin (Squibb)
0.55% Bicillln C-R (Wyeth)
0.6% Bloiilln L-A (Wyeth)
i.0% Durocillin AS. (Lilly)

l4) Propylene glycol 0.2% Eatrndurin (Ayorat)
20.0% lerium (Rocha)

'1 40.0% Valium (Rocha)
Dllnniin (Parke-Davin

50.0% Drnmnmlno (Scorio)
Dromojeci. (Mnymnd)

i5) Sodium dcsoxyohoinio 0.2191. Funalzonc (Squibb)
i6) Sorbllnn monopoimltuio 0.05% lllcillln L—A (Wyeth)
i7) Thoophyillno 5.0% churin Procnlnc (Lilly)

III. 0w”:

1) Acetic acid 0.22% Nco-bciulln 12 Crystalline (Lilly)
2) Adlplc ocld I095 Scrpnsil (Ciba) .
J) flcnzolc Mid and sodium benzouio 5.0% Valium (Rocho)
4) Citric acid 0.5% Aldomcl (M50)
5) Mnlcic acid l.6% Llhrium (Roche)

I 6) Potassium phosphntu 0.1% Ouulmin (Lilly) ‘7) Sodium phosphate monobtulc it”: Solu-Modrol (Upjohn)
. 8) swam phosphnta dibaslc 0.7!”!!- C=lmton= (Schcrlng)

1 9) Lactic acid 0.1% Emirate Mnicnte (Lilly), l0) Sodium nootnto 0.8% Soiujccl (Moymnd)
‘ ll) Sodium bicarbonate 0.005% Amlpuquo (Winthrop)

) 42) Sodium carbonnto 0.06% limvitol (Lilly) \
i3) Sodium citrate 4.0% Duroclllin A5. (Liiq)

l 14) Sodium tnrtralc i.2% Compnzlnc (SKF)
I 5) antnrio acid 0.65% Priscoiino (Clbn)

IV. Antioxidant:} l) Acetone sodium bisuli'itc 0.2% Tniwin (Winthrop)
. Eronkophrlno (BI-con)

0.4% Novocnln (Winthrop)
. 0.8% Novocnln (Briton)

2) Ascorbic acid 0.05% Scrpasii (Ciba)
l OAR: Torcmn (Bochrlngcr)

’ 0.2% Thorozlno (SKF)i.0% Sus-phrinc (Cooper)
Sundrll (Lilly)

} 1.0% Tctrncyn lV (Pfizer) ... whikwd

J Nuvllnbu-Dccqmlm. mow. u. M a 455
.l 
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TABLE 1. Continued (
3) Munothiugiyccml 0.1% Sandrii (Liiiy)

Streptomycin Suirntc (Liiiy)
0.2% Aidomet (MSD)
0.5% Phcncrgnn (Wyclb)

4) Frapyi gaunt: 0.02% Nuvnnc (Rucrig)
5) Sodium bisulme 0.05% Amigcn (Trnvcnoi)

0.00% A-Mcthul’rcd (Abboll)
0.09% Prancttyi (Squibb)
0.1% ficcudron (M50)

: Tubocurnrlnc (Liiiy)
0.16% A-Mclhni’rcd (Abbott)
0.2% chophcd Bilnrtrulc (Brcon)

Neo-Synnphrinc (Winthrop)

i
i

i’mnustyi (Squibb) 1%

i

i
i
i

 

0.31% Ncbcin(L111y)

 
Gnmmycin (Schcring)
A1domct(MSD) .

0.45% Knmm (Bristol)
0.66% Kuntrcx (Bristol)

Amikin (Bristol) _ g; :2:
1.0% intrepin (Arnnr-Sionuj

6) Sodium mclnbituli'ltn 0.025% Phcnojcct-SU (Mnyrnnd)

~ Torccnn (Bochringcr) H St!“
0.148% Reginn (Robins) y"_ ital»;

1) Sodium formnidchydc 0.005% Ecjecml (Abbott) {) Si
tuii'osyintc 0.01% Crysiiciilin (Squibb) VIII. Snap

0.03% Crysticiiiin (Squibb) l) G
8) Sadium sulfide 0.00451: chcctni (Abbott) 2‘ A

Bcjcx (Abbott) ' "

9) Sodium mm: 0.01% Scrpnsll (Clbtt) ‘ 3) p
0.1% Thornzinn (SKF) ' 4) 1’
0.2% Tet-mien (Roche) 1

10) Thianiycuiic acid 0.5% Sus-i'hrim: (Berlnx)

V. Bulkhtg Substitute: or Tonic-Hy Modifier: . 5) S
1) Glycerino 1.6% Regulttr iiciin (Liily)

Parathyroid (Lilly)

2.25% lntrulipiti (Cutter) i
2) Lactose 0.14% \Vydasc (Wyeth) .

1.0% Adriumcycin (Adria)
2.5% Soiu-Medrol (Upjohn)

A-Mctthrcd (Abbott) . ‘
4.0% i'mmnrin (Aycnt)
5.0% Rubles Vaccine (Liiiy)

3) Munnilul 0.4% Asciincrin (Cnibiu) ‘ i
0.5% Abbokinuse (Abbott)
1.0% Prafnsi HP (Scrum) 

rattllnum‘

 
 456 . Jauwi arm hmtmi Dru Ambit-m J

i
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MI TA BLE l. Cannmmd
: 2.0% Profnal H P (Scrum)

my) Cosmcgcn (MSD)
2.5% A- Mclhnl’rcd (Abbot!)

4) ficxil‘ofifi 3,75% [\quflh’EPHYTGN ("‘nuD)
l 4.4% Elnvll (MSD)

5.0% Heavy Salullan Nupcrcnlnc (Clbn)
5) Sodium chloride q.5 loo numeral): to list
6) Sodlum sulfate 1 l% Dena-Prove": (Upjohn)
7) Surllltol 2.0% Torccnn (Baehringu)

VI. Olcagfnau: VehIcIes
l) ncnzyl benznalo 20.0% DAL ln Oll (l-lynson. W. 34 D.)

can) 1 40.0% Delnlulln (Squlbb)

WP) I 2) Canonsccd all q.s. Mcnajcct-l. A (Mnyrnnd)87.4% Dcpn-Tmmtcmnn (Upjohn)
J) Cnslar all q.s. Dclnlmln (Squlbb)
4) Pcnnul all 80.0% HAL In 011 (Hynson, W. & D.)

q.s. Pltrculn Tnnnnlc ln Oll (Pm-kc-
Davis)

5) Snl'l'lowcr oll" 10% Lipoayn (Abbott)
6) Sesame all - q.s. Dclntulryl (Squlhh)

Drolbnn (Lllly)
) Prollxln Dccnnonlo (Squibb)

7) Soybean. call" 10% ' lnlrnllpld 10% (Culler)
VII. Lubrlmms l.

3 I) Slmnlhlconc 0.004% Prcmnrln (Aycrat)
VIII. Smpendlng Agent:

1 l) Oclnlln 2.0% Rubles Vncclna (Lllly)
2) I'lc-thylcellulasr. 0.03% Teaches-50 (Mnyrend)

l 1.05% Pcrcorlcn (Clbn)
3) Pcclln 0.2% Solujccl (Mnyrnnd)
4) Polyethylene glycol 4000 2.7% Dcpo-vacrn (Upjohn)

' 2.9% Depo-Mcdrul (Upjohn)) 3.0% Arlnlocorl (Lederlu)
5) Sodium cnrhoxymelhylcellulusc 0.05% Crystlclllln (Squlbb)

0.075% Crysllclllln (Squlbb)
0.2% Slcmjccl-SO (Mnyrnnd)

Kean-In (Hyrcx)
i 0.3% Pcrcolcn (Clbn)

‘ 0.49% Corllsonc Acetate (Upjohn)0.55%~ Illclllln CR (Wyeth)
0.60% Blclllln LA (Wyclh)

l 0.75% Knnnlog (Squlbb)
I 5) Sorhllolaolullun 50.0% Arlaloapnn (Lcdcrlc)

IX. CAL-Immg Agent: '

I l) Edalutedlaodlum 0.00368%Rcmvuc-DIP (Squibb)WWW—m

«am-l...) ‘ continued

,. a," “a...” J Marimba-Deanna". may“; me 457
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TA DLE l. Continued
 

0.005% Papovcrine HCI (Lilly)
Quinldine Glucnnate (Lilly)

0.01% Garamycin (Schering)
Ncbcin (Lilly)
Choiogrnfin Meglumlne (Squibb)

0.04% Renograf‘ln (Squibb)
0.05% Cleocin (Upjohn)

Aldomct (MSD)
Deeded-LA. (Moyrand)

2) Edctate calcium dlsodium 0.04% Amipaque (Winthrop)
J) Edctatc tetralodium 0.0m Scrpnsil (Ciba)

X. local Arrcsrltrrlcr

!) Proealnc l-lCl LN: Glukor (Hyrex)
2) Benzyl alcohol I 5% Dramamlnc (Scarle)

XI. Specific Stabilizer:
l) Creatlnlno 0.5% Decadrnn-L.A. (MSD)

Duajcet-LA. (Moyrand)
0.8% Decadron (MED)

2) mm“; sta MtCRhactAM (Ortho)
2.25% Immu-G (Parke-Davis)

Gamulin Rh (ParkeiDavis)
J) Niacinumldc t.25% Batrrtdurln (Met-st)

15% Solujcet (Mayrantl)
4) Sodiunt acetyitryptonhflnalc 0.53% Normal Serum Albumln (Parke-

Davis)
Plashumln-S (Cutter)

5) Sodium euprytate 0.4% NormoISerum Albumin (Parke-
Davis)

Plasbumln—S (Cutter)
6) Sodium saccharln 0.03% Stclazinc(SKF)

Compazinc (SKF) 

0 Synonym: Emulphat- [EL-620. " Nutrients in o/w emulsions.

by textbooks for parenteral preparations were
not found in use by this survey. e.g.. earn oll
(4-6). thlourea (5), and potassium chloride
(4). [t is probable that these exclotenu may be
used in foreign products or in U.S. products
that are now no longer marketed. Under the
current regulatory cllrntttc. the list of cxeipi-
enttt is likely to become shorter because of
deletion or a rcsuit of new toxicological find-
ings. Some eselpicnts. although employed in
marketed products. may hit": difficulty in
gaining approval if applications were made
today. The following discussion is presented

in the same order as shown in the tahics.
Benzyl alcohol ttcemcd to be the most

458

commonly used preservative in both aqueous
and nonaqueoua vehicles. Although l-27o is
the range most often recommended, this aur-
vcy shows many products employing less than
l‘ib concentration. Higher concentrations. 5 or
two. were used in one seen me oil preparation
(Durabolin).

Although not found In this survey. b'cnzni-
konium chloride, chloroereaal. phenylclhyl
alcohol. phcnylrnereuric acetate could be
considered useful preservatives (6). '.
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The p-hydroxybenzelc eaters (potatoes) are

often used in pairs for synergistic activity or
for solubility reasons. The ratio of methyl-
parabense prepylparaben varied, for example.
1.9 (Apresoline), 3.3 (RenarM-Zifl). 6.5
(Garamycin). 7.5 (Nemfletaiine). and t0
(Proiixln). Because of its greater water solu-
bility. methyiparaben is often used in aqueous
preparations while butylparuben is used in oily
formulations. Propylparaben ls popular bo-
eause it is intermediate to the aforementioned

parebeas as regards water and oil solubility
and because it has the greatest activity for the
least toxicity. compared with other parabens
(7%

A variety of surfactants tvere found in the
survey. Some reduce surface tension so that a
hydrophobic surface on the suspended drug
can be wotted rapidly; examples include poly-
sorbate 80 in Aristospan and Iecitltin in

Crystleillin. Also. surfactants may completely
solubiiize the active agent. for instance. sadl-
utn desosycholate for ampbotcricln 1! (Fun-
glzonc). and PEG-40 caster oil for mieonazoie
(Monistat). In selecting surfactants other than
those on the list. aarbilan monoolcato (4) and
I’luronlcs (6)i could he considered. -

The purpose of labeling exeipients on par-
enteral producer is to Inform mcdical profes-
sionals. This practice will be of little value.
however. if the cselpieats cannot be properly
identified. The Merck Index (8) is usually
considered tt most comprehensive and handy
reference for medical professionals to identify
chemicals. yet poly-sorbale 20 anti PEG-4t)
caster all are not mentioned. Still. It might be
more Informative if the label on AquaMIl-
Pl-IYTON slated “PEG-40 Castor oil." rather

than “polyethosyinted fatty acid deriva-
live."

Other than using solvents or surfactants,

 

' I‘lumales. manufactured by \Vyundott Chemicals
Corp... are surface-active polymers of polyosyothylene
and polyesyprapylenes. I‘luraaic F-oll We: referred as
a surfactant for parenteral use in several US. patents.
The newly developed artificial blood [not sold In this
country) uses Piaronlc F-GB to entutsify fluoro-curl-sort.

Hmemhhbecember. "IO. Volt 14. No. a 459

 
Molecular contplesatlon is another way to
solubiiizcdrug substance for parenteral dome:
form. One example is Die-trio Proceiae which
employs lheophylliac to solubilize met-ethos-
yiiine, This complex renders the diuretic.
marathoxyilinc. more potent and less irritating
at the site of injection’.

All the buffers used are acids or derived

from acids. namely. phosphoric acid. carbonic
acid. acetic acid. etc. Alkaline buffers such as
tromethamiae. glycine. etc.. were not found in
this survey. For high pl I‘s, sodium hydroxide
was used exclusively for pH adjustment. in
most cases the active substances such as bar-
biturates or suit’onemldes were themselves

contributing buffer capacity. Since various
amines had been the cations of organic salts in
Injeetahh: products (trometltaminein Prostin.
ethylenedinmine in antlnophyllla. and ate-
glumlne in Renografln). these amines eon-
ceivably could be used to buffer parenteral
solutions. If the hydrolysis of an active sub-
stance'is catalyzed by hydroxide ion, em-
ployment of basic amino buffers could minl-
mizc hydrolysis at autoclave temperatures
(9).

The presence ofcertain counter-ions. either
included in the salt form or added as buffer.
could reduce pain on intramuscular injection.
The fortner ls exemplified by lysine or nrginlne
in ccphalasporin preparations (iii) the latter
by malelc acid in Librlum i-iyd roc‘a‘toric‘tc
(l I).

Selection of an antioxidant is the most dif-

ficult task for a formulator. Not only In pre-
fermulation screening of antioxidant efficacy
often misleading ([2), but other factors such
as interaction with the stopper. effectiveness
ofnitrogen purge. and stability of the antiox-
ldaut Itself could complicate the entire picture.
Other than the antioxidants listed in Table I.

toeopherols. ascorhyl palmitatc. and hutylntcd
hydrosytoluene (Ill-IT), have been recom-
tnendeti for aleaglnous vehicles; and thiourett.
cysteine. and glutathlone for aqueous vehicles

 

linformatlon furnished by Parenteral'Produets
Development Department. Eli Itilly and Co.
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(5. ti]. Eithiothreitoi is particularly effective
to protect thiol compounds (i 3). However. its
safety in parenteral dosage forms has not been
established. Osystcarin listed in Upjohn's

Dope-Testosterone is an antioxidant added to
cottonseed all by the all vendor.

Frequently. a combination of antioxidants
was employed to confer synergistic effect. For
example. Thorazlne contains ascorbic acid.
sodium sulflte. and sodium bisotflte. and To-
reeon employs ascorbic acid and sodium me-
tabisull'itc. Many oxidation reactions are
catalyzed by transition metals. By inhibiting
metal catalysis. a proper ehelating agent ol‘len
enhances the effectiveness of antioxidant
(14).

Other than bensyl benzoate. oleaalnaus
solvents are all titted oils. Besides those listed.
corn all is also recommended (l5). although

no products were found employing this vehicle.
The USP states certain specifications for llxcd
oils. The fined all must be of vegetable origin
so that it may be metabolized. it must be liquid
at room temperature. and it must not become
rancid quickly. Fixed oils of natural origin
such as sesame all and corn oil often contain

significant amounts of peroxide‘. Formulators
should talte heed. therefore. to choose an ale-

aainous velalcte for drugs that are prone to be
oxidized. Fractionated coconut oil4 or other

semi-synthetic oils’ can be considered for they
are mostly low in peroxide contentl.

The lack of tissue irritation. good absorp-
tion. low peroxide content. and favorable

 

3' lly American Official Analytical Chemist [AOAC)
method, the peroxide content. in micro equivalents
thiosulfate. for the following oils ts: sesame all. 26.2.-
corn oil. 19.2: alyeeryl triacctate. 0.1: and Mlglyoi. M.
E. lvashtiv, Anoty1leal RAD Report. Squibb institute ,
for Medical Research.

‘ Representatives of "actionatcd coconut all are
Miglyot tilt] and Ill. misture of‘caprylic and comic
triglycerides. manufactured by Dynnntlt Nobel
Chemicals. Sweden.

5 [Lumpte is Neobce his. a fractionated triglyceride
of coconut oil origin that has been reconstituted to
pro!“ on alcohol solublooil. Neobce is manufactured
by Drew Chemical Corp. qunton. NJ.
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physicoencmicoi properties of giyeeryi tri-
acctnte recommend it as a potential vehicle for
parenteral use (16)”. Ethyl oicate has also
been recommended (5). Oleaginetts formu-
lations have slipped from popularity and re-
placed by aqueous suspensions (17). Thus. one
would find penicillin G procaine. once popular
in a refined Vegetable oil [using 2% aluminum
stearate astsuspcncllng agent). is now only
available in aqueous suspension. Because of
the longer shelf-life ofpenicillinG procaine in
an oily preparation rather than an aqueous
one, the oily preparations remain in veterinary
use.

Procaine is almost exclusively the only local
anesthetic used. instead ofbeing an exelpicnt,
it is also incorporated as o counter-ton in a salt
form of the active substance such as Penicillin

Procain and Dieurin Procaln. In Dramaminc,
5% benzyl alcoltol is employed in a 50% pro-
pylene glycol solution. Since propylene glycol
is capable of preserving the formulation.
benzyl alcohol may Contribute solvency or
local anesthetic activity (lino

Chclatlng agents are added to complex. and
thereby inactivate. trace amounts of metals
such as copper. iron. and zinc which catalyze
a variety of reactions. e.g.. oxidation (l9).
hydrolysis (20). and dciodlnation (2i). Auv
toeiave sterilization. exposure to light. or
simply aging, often caused discoloration. in
many cases the coloring substances cannot be
identified and the mechanism of discoloration

is unknown. yet eltelatlns agents cffectitIcly
preserve the eleganey of the product. The most
widely used cheloting agents are salts ofedetlc
acid (EDTA). As a precaution to avoid hy-
pocalcemta. the calcium salts ofedetate have
recently become the chelating agent of
choice.

Citric acid. tartaric acid. glycerin. sorbitoi.
ete.. can also becomldered as chelatingagcnls.
However. formulatcrs should be aware of the
feet that these Compounds are less effective.

or often ineffective. in preventing metal-eat-
nlyzed reactions. It is noteworthy that Japa-
nese formulators often resort to amino acids

such as glycine. cysteine. or tryptaphan be-
égnsg Japan dogs not allow the use of EDTAi

Supplied by The British Library - "The world‘s knowledge”
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TABLE Ii. Parenteral Produet pH's  
 pll Range Adjusted with Product

1.84.8 - Tetracycline "Cl (2)
2.0-3.8 HCl/NaOi-i Henn-lielniin (Liily)

J Maieic acid] NaOH lerium (Roche)
3—5.5 mm Lineoein (Upjohn) (3)

3.0-5.5 Sodium citrate/citric acid Neo-Synephrine (Winthrop)
5.4 sis 0.2 Lactic acid l-ieidoi (McNeil)

5.75 :l: 0.5 Methancsull‘onie aeid/NuDi-l D.H.E. 45 (Sandal)
5.85 :i: 0.l5 Tartarle aeid Gyneraen (Sander)
4.0-5.0 Laetle aeld/NaOH Telwln (Winthrop)
|1.0-5.0 HCl/NaOH Pronestyl (Squibb)
4.54.2 HCl/NuOI-l Vesprin (Squibb)
4.0-5.2 HCl/NaOi-i Prollxin (Squibb)
5.0-7.5 HCl/ NaOH Kenalog (Squibb)
5.5-6.5 HCi/NuDH Klnevne (Squibb)

5.9 Acetic aeitl/NaOH Prostigmin (Roche)
5.0—7.0 HCl/NaOl-l Nydrazid (Sauibb)
6.2 a: 0.3 Citric acid Cedilanid-D (Sundae)
6.5-7.7 Sodium carbonate] HCi liypnque (Winthrop)

740.5 -- l‘lexadral Phosphate (Brannon)
M MD” Methotrexate (Lederla)
5.5 NaDH Mexnte (Bristol)

3.6-9.0 NaOH Adrucil (Adria)
0.5-l0.5 - Suifadiazlne Sodium (2)

9.0 NaOH Fluorouruell (Roche)
9.! Nat)“ Diamox (Lederlo)
?.5 MO)! Deatsium (Mandela-Eaten)

9.6-l0.4 -~ Amytal Sodium (Llliy) (2)
l 1.6 NaDH Hyperslet (Seherlng)

12 MD“ Dilantin (Parke-Davis) 

in any parenteral products (22).
In the area of radiophnrmaceutlcais.

diethylenetrlnmlne pentnaeetie acid (DTPA)
has been used In varlous products as a ehelat-

‘ lag agent (example: llenotee). Stability eon-
stanls for metal-DTPA complex are all greater
than these oi‘edetnte (25]. DTPA has been
used in Europe to treat heavy metal poisoning;
thus, it could be safe to use for chaintlns Pur-
poses (24).

in the category of specific stabilizers, some
unique examples were found; the physical
stability of steroid solutions prepared with the
phosphates of hydroeortlsone. cortisone.
prednisonc. or prednlselone. can be increased

November-December. use. Val. 54. No. s

 

MI

by the addition of nlneinumlde or creatinine.
as exemplified by Estrudurln or Decadron.
respectively (25). It is believed that these ni-
trogen-containing compounds prevent the
formation ol‘ precipitates by soiubilizing ste-
rold alcohol which would otherwise precipitate
as a result of hydrolysis during storage (26).
However. the chemical stability of these ste-
roids. as deseribed in another patent. were
increased by suecharin (’27). Although no
steroid product was found to Contain saccha-
rin. The use or is soluble sneelta rin derivatIVe.
in very small amounts. however. is efficient in
stabilizing phenothinzlne derivatives (23). The
mechanism of stabilisation was attrlbuted te

Supplied by The British Library - "The world‘s knowledge"
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(in The Strl
the formation of a “probability complex“
(19% '

in most eases. employment of extreme pl-l‘e
are necessary for solubility reasons. At high
pi-i’s. barbiturates and aull'onomidee are typ-
ical examples. in order to solubillne Weak haste
substances. low pi-l’e are required. Stability is
another major concern in selecting opttmni
pH'o. Hyperstat in a good example o'fadjueting
pH lathe minimum (1 l.6)on a rate-pit pro-
file (30).

Coneeivebly. a properly designed formu-
lation in a key to a successful parenteral
product. Formulator: should always hear- in
mind that the ideal formulation is the one

without exelpient at. all. if it is memory to use
any eaclplenu to preserve potency. eleganey,
safety. ete. one should use extreme caution in
selecting proper exeipiente end use them gt
optimal Concentration. it is hoped that this
review will serve a: a handy reference for
formulate” to learn from existing products.
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