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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents Date: June 22, 2004

US. Patent and Trademark Office

220 20th Street S

Customer Window, Mail Stop Patent Application

Crystal Plaza Two, Lobby, Room 1B03

Arlington, VA 22202

Prior Application No. 09/756,291 Prior Group Art Unit: 1617

Prior Application Filing Date: January 9, 2001 Prior Examiner: Hui, San Ming R.

CONTINUATION PATENT APPLICATION TRANSMITTAL UNDER 37 C.F.R.

§ 1.530»)

This is a request for filing a patent application under 37 C.F.R. § 1.53(b).

1. This application is a Continuation patent application under 37 C.F.R. § 1.53(b), of

copending prior application No. 09/756,291, filed January 9, 2001, of:

Inventors: John R. EVANS and Rosalind U. GRUNDY

For: FORMULATION

2. The papers enclosed are as follows:

Application of 24 pages including:

19 Page(s) of specification

3 Page(s) of claims (23 numbered claims)

1 Page of abstract

1 Pages of Drawings (Figure 1)

3. Oath or Declaration

X A copy of an oath or declaration (1 page) filed in prior parent application No.
09/756,291 is enclosed under 37 C.F.R. § 1.63(d). The entire disclosure of the

prior application, from which a copy of the oath or declaration is supplied is

considered as part of the disclosure of the accompanying application andIS hereby
incorporated by reference therein.

1~WA/2211553 . 1
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4. Relate Back - 35 U.S.C.§ 120

IE A Preliminary Amendment is being filed concurrently herewith amending the

specification by inserting before the first line the sentence:

This is a Continuation of copending Application No. 09/756,291, filed_January 9,
2001.

Each listed US. Patent and/or application is entirely incorporated herein by

reference in its entirety.

5. Domestic/International priority is claimed under 35 USC 119(e)/120/365(c) based on the

following provisional, nonprovisional and/or PCT international applications(s):

""""""""""-""""" Filing Date -5-Anlcaion No. “FilmDate "7
1 09/756,291 Janua 9,2001

__!   
6. Priority - foreign applications under 35 USC. § 119(a)-(d) or § 365(b) or PCT

international applications under 35 USC. § 365(a) designating at least one country other
than the US.

IX] Priority of the following foreign application(s) is/are claimed:

00003137 January 10, 2000

00088377 April 12,2000

Certified copy(ies): [:1 is/are attached.
[:1 will follow.

was/were filed in prior US. Application No. 09/756,291

filed January 9, 2001.

  
  

7. Assignment

[Z Prior application No. 09/756,291 is assigned of record to ASTRAZENECA AB
on March 27, 2001, at Reel/Frame 011635/0063.

[:I An Assignment of the invention and Form 1595, Recordation Form Cover Sheet,
is enclosed.

l-WA/2211568 .l

InnoPharma Exhibit 1046.0002



0

170339

;——=—~=: 3K3: PATENT
.T:——=:’ 93 ATTORNEY DOCKET NO. 056291-5004-01

Continuation of Application No.2 09/756,29l
C:
0') . Page 3

"-o .

6 8. Fee Calculatlon (37 CPR. § 1.16)

=._..-
__._—_—._.._._—
——._...

 lBasic Fee

Filed Afler Utility $770.00
Preliminary
Amendment Total Fees

ma] C'alms x $18.00 each-
(37 CPR. §l.16(c))

Independent Clalms . x $86 each—
(37 C.F.R.§l.16(b))

: B First presentation of Multiple Dependent Claim(s)

i‘ D Assignment Recording Fee $ 0 00
 S

$

0.00

0.00

l

l TOTAL FEE = s 0 00L.___k—“u , _ __ i.*__4

9. Power of Attorney

E] The power of attorney in the prior application is to at least one of the registered

practitioners ofMorgan, Lewis & Bockius LLP included in the Customer Number

provided below to prosecute this application and to transact all business in the

Patent and Trademark Office connected therewith, and all correspondence shall be
addressed to that Customer Number.

Please address all correspondence to Morgan, Lewis & Bockius LLP at Customer
Number: 09629

IE PETITION FOR EXTENSION OF TIME. If any extension of time is

necessary for the filing of this application, including any extension in the prior

application, application No. 09/756,291, filed January 9, 2001, for the purpose of

maintaining copendency between the prior application and the present application,

and such extension has not otherwise been requested, such an extension is hereby

requested, and the Commissioner is authorized to charge necessary fees for such

an extension to Deposit Account No. 50-0310.

l-WA/2211568.1
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10. Fee Payment

[Z] No Fee is being paid at this time.

 itte ,

B ckiu LLP

  Date: June 22, 2004 By:

Morgan Lewis & Bockius LLP
Customer No. 09629 .

1111 Pennsylvania Avenue, NW. 0.: (202) 739-5320

Washington, DC. 20004 Fax No.: (202) 739-3001
Tel. No.: 202-739~3000

Dlemk

1-WA/2211568 . 1
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FORMULATION

The invention relates to a novel sustained release phannaceutical formulation adapted

for administration by injection containing the compound

5 70c-[9-(4,4,5,5,5-pentafluoropentylsulphinyl)nonyl]oestra-1,3,5(10)—triene-3,17B-diol, more

particularly to a formulation adapted for administration by injection containing the compound

70L—[9-(4,4,5,S ,5-pentafluoropentylsulphinyl)nonyl]oestra-1 ,3 ,5(10)-triene-3 ,17B-diol in

solution in- a ricinoleate vehicle which additionally comprises at least one alcohol and a non-

aqueous ester solvent which is miscible in the ricinoleate vehicle. -

10 Oestrogen deprivation is fimdamental to the treatment ofmany benign and malignant

diseases of the breast and reproductive tract. In premenopausal women, this is achieved by

the ablation of ovarian function through surgical, radiotherapeutic, or medical means, and, in

postmenopausal women, by the use of aromatase inhibitors.

An alternative approach to oestrogen withdrawal is to antagonise oestrogens with

15 antioestrogens. These are drugs that bind to and compete for oestrogen receptors (ER) present

in the nuclei of oestrogen-responsive tissue. Conventional nonsteroidal antioestrogens, such

as tamoxifen, competeefficiently for ER binding but their effectiveness is often limited by the

partial agonism they display, which results in an. incomplete blockade of oestrogen-mediated

activity (Furr and Jordan 1984, May and Westley 1987). i

20 The potential for nonsteroidal antioestrogens to display agonistic properties prompted

the search for novel compounds that would bind ER with high affinity without activating any i

of the normal transcriptional hormone responses and consequent manifestations of oestrogens.

Such molecules would be “pure” antioestrogens, clearly distinguished from tamoxifen-like

i ligands and capable of eliciting complete ablation of the trophic effects of oestrogens. Such

25 compounds are referred to as Estrogen Receptor-Downregulators (E.R.D.). The rationale for

the 'design and testing of novel, pure antioestrogens has been described in: Bowler et a1 1989,

Wakeling 1990a, 1990b, 1990c. Wakeling and Bowler 1987, 1988.

Steroidal analogues of oestradiol, with an alkylsulphinyl side chain in the 70c position,

provided the first examples of compounds devoid of oestrogenic activity (Bowler et a1 1989).

30 One of these, 70t-[9-(4,4,5,5,5-pentafluoropentyl sulphinyl)nonyl]oestra—l ,3,5-(10)triene—

3,17B-diol was selected for intensive study on the basis of its pure oestrogen antagonist

activity and significantly increased antioestrogenic potency over other available

InnoPharma Exhibit 1046.0005
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antioestrogens. In vitro findings and early clinical experience with

70t‘[9-(4,4,5,5,5-pentafluoropentylsulphinyl)nonyl]oestra-1,3-5(10)-triene—3,17B-diol have

promoted interest in the development of the drug as a therapeutic agent for oestrogen-

dependent indications such as breast cancer and certain benign gynaecological conditions.

7(1-[9-(4,4,5,5 ,5-Pentafluoropentylsulphjny1)nonyl]oestra-l ,3-5(lO)-triene-3,17B-diol,

or ICI 182,780, has been allocated the international non-proprietary name fulvestrant, which is

used hereinafter. When referring to fulvestrant we include pharmaceutically—acceptable salts

thereof and any possible solvates of either thereof.

Fulvestrant binds to ER with an affinity similar to that of oestradiol and completely

blocks the growth stimulatory action of oestradiol on human breast cancer cells in vitro; it is .7_

more potent and more effective than tamoxifen in this respect. Fulvestrant blocks completely

the uterotrophic action of oestradiol in rats, mice and monkeys, and also blocks the

uterotrophic activity of tamoxifen.

Because firlvestrant has none of the oestrogen-like stimulatory activity that is

characteristic of clinically available antioestrogens such as tamoxifen or toremifene, it may

offer improved therapeutic activity characterised by more rapid, complete, or longer-lasting

tumour regression; a loWer incidence or rate of development of resistance to treatment; and a

reduction of tumour invasiveness.

In intact adult rats, fulvestrant achieves maximum regression of the uterus at a dose

which does not adversely affect bone density or lead to'increased gonadotrophin secretion. If

also true in humans, these findingshcould be of extreme importance clinically. Reduced bone
density limits the duration of oestrogen-ablative treatment for endometriosis. Fulvestrant does

not block hypothalamic ER. Oestrogen ablation also causes or exacerbates hot flushes and

other menopausal symptoms; fulvestrant will not cause such effects because it does not cross

the blood-brain barrier.

European Patent Application No. 0 138 504 discloses that certain steroid derivatives

are effective antioestrogenic agents. The disclosure includes information relating to the

preparation of the steroid derivatives. In particular there is the disclosure within Example 35

of the compound 7a—[9—(4,4,5,5,5-pentafluoropentylsulphinyl)nony1]oestra-

1,3,5(10)—triene-3,17B-diol, which compound is specifically named in Claim 4. It is also ’

disclosed that the compounds of that invention may be provided for use in the form of a

pharmaceutical composition comprising a steroid derivative of the invention together with a

InnoPharma Exhibit 1046.0006
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pharmaceutically-acceptable diluent or carrier. It is stated therein that the composition can be

in a form suitable for oral or parenteral administration.

Fulvestrant shows, along with other steroidal based compounds, certain physical

properties which make formulation of these compounds difficult. Fulvestrant is a particularly

lipophilic molecule, even when compared with other steroidal compounds, and its aqueous

solubility is extremely low at around 10 ngrnl’l (this is an estimate from a water/solvent

mixture solute since measurements this low could not be achieved in a water only solute).

Currently there are a number of sustained release inj ectable steroidal formulations

which have been commercialised. Commonly these formulations use oil as a solvent and

wherein additional excipients may be present. Below in Table 1 are described a few
commercialised sustained release injectable formulations.-

In the formulations within Table 1 a number of different oils are used to solubilise the

compound and additional excipients such as benzyl benzoate, benzyl alcohol and ethanol have

‘ been used. Volumes of oil needed to solubilise the steroid active ingredient are low. Extended

15

20

.25

release is achievable for periods from 1' to 8 Weeks.
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Table 1 - OIL BASED LONG-ACTING INTRAMUSCULAR INJECTIONS

   
PRODUCT NAME STEROID ; DOSE ME C MP’. SOURCE . OIL . Bsz BzOH §_tO_Ij I_)_O_S_E_ DOSING '

SUSTANON 100 Testosterone proprionate 30mg Androgen Organon ABPI Data Arachis 0.1m! 1ml 3 weeks

Testosterone 60mg ' ' Sheet

phenylproprionate Comp. 1999

Testosterone isocaproate , 60mg ,

Testosterone decanoate 100mg ‘
PROLUTON Hydroxy progesterone 250mgml'I Progestogen Schering ‘ ABPI Data Castor up to 1 or 1 week w.
DEPOT hexanoate , HC Sheet . 46% 2ml

Comp.1999
TOCOGESTAN Hydroxy progesterone 200mg Progestogen Theramax Diet. Vidal Ethyl I“40% Zml < lweek

enantate 1999 oleate

Progesterone 50mg

a-Tocopherol 250mg

TROPHOBOLENE Estrapronicate 1.3mg Mixed Theramax Dict. Vidal Olive 45% _1m] 15 to 30
Nandrolone undecanoate 50mg 1997 ' days

Hydroxyprogesterone 80mg ‘
heptanoate

NORISTERAT Norethisterone 200mg Contraceptive Schering - ABPI Data Castor YES lrnl 8 weeks
oenanthoate HC Sheet

. Comp.1999

BENZO- Estradiol 5mg Estradiol Roussel Dict. Vidal Arachis 1m] 1 week
GYNOESTRYL hexahydrobenzoate . 199 8 i . '

PROGESTERONE Hydroxy progesterone 250mgml'l Progestogen Pharlon Diet. Vidal Castor YES 1 or 1 week H.
-RETARD caproate 1999 2m]

GRAVIBINAN Estradiol 17-[3ovalerate 5mgml'l Mixed Schering Diet. Vidal Castor YES 1 or 1 - 2
Hydroxyprogesterone 250mgmr‘ HC 1995 2m] weeks
caproate

InnoPharma Exhibit 1046.0008



Z70635

PARABOLAN Trenbolone 76mg Androgen Negma Diet. Vidal Arachis * 75mg 45mg 1.5ml Zweeks
. 1997 .

DELESTROGEN Estradiol 20mgml" Estradiol BMS J.Pharm. Castor 78% 20% 2%
valerate 40mgml‘| Sci 58% 40% 2%

(1964)

53(8) 891

DELALUTIN l7-Hydroxy 250mgml'l Progestmgen DMS J.Phann. Castor YES YES up to
progesterone . Sci.(1964) 2% -

53(8) 891 g v

Bsz = benzylbenzoate BzOH = benzylalcohol EtOH = ethanol Dict. Vidal = Dictionnaire Vidal

5 % are w/v and “' approximate as measured directly from a single sample

InnoPharma Exhibit 1046.0009
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described which comprises 50mg of fulvestrant,400mg of benzyl alcohol and sufficient castor

oil to bring the solution to a volume of 1 m1. Manufacture at a commercial scale of a

formulation as described in US 5,183,814 will be complicated by the high alcohol

concentration. Therefore, there is a need to lower the alcohol concentration in fulvestrant

formulations whilst preventing precipitation of fulvestrant from the formulation.

Table 2 shows the solubility of fiilvestrant in a number of different solvents.

Table 2 - SOLUBILITY OF FULVESTRANT

SOLVENT SOLUBILITY

(mgrnl‘ at 25°C)

Water 0.001

Arachis oil 0.45

Sesame oi] 0.58

Castor oil 20

Miglyol 810 3.06

Miglyol 812 ' 2.72

Ethyl oleate p 1.25

Benzyl benzoate 6.15

Isopropyl myristate ' 0.80

Span 85 (surfactant) I 3.79 i ‘
Ethanol >200

Benzyl Alcohol >200

As can be seen fiilvestrant is significantly more soluble in castor oil than any of the

other oils tested. The greater solvating ability ofcastor oil for steroidal compounds is known

and is attributed to the high number of hydroxygroups of ricinoleic acid, which is the major

I constituent of the fatty acids within the triglycerides present in castor oil - see (Riffldn et.a1. J.

Pharm. Sci., (1964), 53, 891).

However, even when using the best oil based solvent, castor oil, we have found that it

is not possible to dissolve fulvestrant in an oil based solvent alone so as to achieve a high

enough concentration to dose a patient in a low volume injection and achieve a therapeutically

InnoPharma Exhibit 1046.0010
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significant release rate. To achieve a therapeutically significant release rate the amount of ’

fulvestrant needed would require the formulation volume to be large, at least 10 m1. This

requires the doctor to inject an excessively large volume of formulation to administer a dose

significantly high enough for human therapy.

Currently guidelines recommend that no more than 5mls of liquid is injected

intramuscularly in a single injection. Pharmacologically active doses required for a 1 month

long acting depot formulation of fulvestrant is around 250mg. Therefore, when dissolved in

just castor oil, fulvestrant would need to be administered in at least 10ml of castor oil.

The addition of organic solvents in, which fulvestrant is freely soluble, and which are

miscible with castor oil, may be used, such as an alcohol. With the addition of high

concentrations of an alcohol concentrations of >50mgml‘l of fulvestrant in a castor oil

formulation is achievable, thereby giving an injection volumes of <5ml - see Table 3 below.

We have surprisingly found that the introduction of a non-aqueous ester solvent which is

miscible in the castor oil and an alcohol surprisingly eases the solubilisation of fulvestrant into

a concentration of at least 50 mgrnl'1 - see Table 3 below. The finding is surprising since the

solubility of fulvestrant in nomaqueous ester solvents - see Table 2'above - is significantly

lower than the solubilityiof fiilvestrant in an alcohol. The solubility of fulvestrant is also lower

A in non-aqueous ester solvents than is the solubility of fulvestrant in castor oil.

Therefore, we present as a feature of the invention a pharmaceutical formulation

comprising fiilvestrant (preferably fulvestrant is present at 3-10%w/v, 4-9%w/v, 4—8%w/v,

4-7%w/v, 4-6%w/v and most preferably at about 5%w/v) in a ricinoleate vehicle, a

pharmaceutically acceptable non-aqueous ester solvent, and a pharmaceutically acceptable

alcohol wherein the formulation is adapted for intramuscular administration and attaining a

therapeutically significant blood plasma fulvestrant concentration for at least 2 weeks.

Another feature of the invention is a pharmaceutical formulation comprising

fulvestrant in which the formulation is adapted for intra—muscular injection into a human and

which is capable afier injection of attaining a therapeutically significant blood plasma
fulvestrant concentration for at least 2 weeks.

Further features of the invention include a pharmaceutical formulation adapted for

intra-niuscular injection cemprising fulvestrant, 30% or less weight of a pharmaceutically—

aCCeptable alcohol per volume of formulation, at least 1% weight of a pharmaceutically—

acceptable non-aqueous ester solvent miscible in a ricinoleate vehicle per volume of

InnoPharma Exhibit 1046.0011
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formulation and a sufficient amount of a ricinoleate vehicle so as to prepare a formulation

which is capable after injection of attaining a therapeutically significant blood plasma

fiilvestrant concentration for at least 2 weeks.

Further features of the invention include a pharmaceutical formulation adapted for

S intra—muscular injection comprising fulvestrant; 35% (preferably 30% and ideally 25%) or less

weight of a pharrnaceutically—acceptable alcohol per volume of formulation, at least 1%

(preferably at least 5% or ideally 10%) weight of a pharmaceutically-acceptable non-aqueous

ester solvent miscible within a ricinoleate vehicle per volume of formulation and a sufficient

amount of a ricinoleate vehicle so as to prepare a formulation of at least 45mgml" of

10 fulvestrant. ‘ i i

For the avoidance of any doubt when using the term % weight per volume of

formulation for the constituents of the formulation we mean that Within a unit volume of the

formulation a certain percentage of the constituent by weight will be present, for example a_

1% weight per volume formulation will contain within a 100ml volume of formulation lg of

15 the constituent. By way of further illustration

 
Preferred pharmaceutical formulations of the invention are as described above

wherein:

20 l. The total volume of the formulation is 6m], or less, and the concentration of

fulvestrant is at least 45mgml" .

2. The total amount of fillvestrant in the formulation is 250mg, or more, and the total

volume of the formulation is 6ml, or less.

3. The total amount of fulvestrant in the formulation is 250mg and the total volume of

25 the formulation is 5-5.25ml.

InnoPharma Exhibit 1046.0012
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It is appreciated that in the formulation an excess of formulation may be included to

allow the attendant physician or care giver to be able to deliver the required dose. Therefore,

when a 5ml dose is required it would be appreciated that an excess of up to 0.25m1, preferably

up to 0.15ml will also be present in the formulation. Typically the formulation will be

5 presented in a vial or a prefilled syringe, preferably a prefilled syringe, containing a unit

dosage of the formulation as described herein, these being further features of the invention.

Preferred concentrations of a pharmaceutically-acceptable alcohol present in any of the

above'formulations are; at least 3%w7v, at least 5%w/v, at least 7%w/v, at least 10% w/v, at

least 11% w/v, at least 12% w/v, at least 13% w/v, at least 14% w/v, at least 15% w/v and,

10 preferably, at least 16% w/v. Preferred maximal concentrations of pharrnaceutically-

acceptable alcohol present in the formulation are ;2 8% w/v or less, 22% w/v or less and 20%

w/v or less.. Preferred ranges of pharmaceutically-acceptable alcohol present in any of the

above formulations are selected from any minimum or maximum value described above and

preferably are; 3—3 5%w/v, 4-35%w/v, 5-35%w/v, 5-32%w/v, 7-32%w/v, 10—30%w/v, 12—

15 28%w/v, 15-25%w/v, 17-23%w/v, 18-22%w/v and ideally 19-21%w/v.

The pharmaceutically-acceptable alcoholmay consist of one alcohol or a mixture of

two or more alcohols, preferably a mixture of two alcohols. Preferred pharmaceutically-

acceptable alcohols for parenteral administration are ethanol, benzyl alcohol or a mixture of

both ethanol and benzyl alcohol, preferably the ethanol and benzyl alcohol are present in the

20 formulation in the same w/v amounts. Preferably the formulation alcohol contains 10% w/v

‘ ethanol and 10% w/v benzyl alcohol.

The pharmaceutically—acceptable non-aqueous ester solvent may consist of one or a

mixture of two or more phannaceutically-acceptable non-aqueous ester solvents, preferably

just one. A preferred pharmaceutically-acceptable non-aqueous ester solvent for parenteral

25 administration is selected fi'orn benzyl benzoate, ethyl oleate, isopropyl myristate,isopropyl

palmitate or a mixture of any thereof.

The ricinoleate vehicle should preferably be present in the formulation in a proportion

of at least 30% weight per volume of the formulation, ideally at least 40% or at least 50%

weight per volume of formulation.

30 It will be understood by the skilled person that the phannaceutically-acceptable

alcohol will be of a quality such that it will meet pharmacopoeial standards (such as are

described in the US, British, European and Japanese pharmacopoeias) and as such will contain

InnoPharma Exhibit 1046.0013
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some water and possibly other organic solvents, for example ethanol in the US Pharmacopeia

contains not less than 94.9% by volume and not more than 96.0% by volume of ethanol when

measured at 15.56°C. Dehydrated alcohol in the US Pharrnacopeia contains not less than

99.5% ethanol by volume when measured at 15.56°C.

Preferred concentrations of the pharrnaceutically-acceptable non—aqueous ester solvent
present in any of the above formulations are; at least 5% w/v, at least 8% w/v, at least 10%

w/v, at least 11% w/v, at least 12% w/v, at least 13% w/v, at least 15% w/v, at least 16% w/v,

at least 17% w/v, at least 18% w/v, at least 19% w/v and at least 20% w/v. Preferred maximal

concentrations of the pharmaceutically-acceptable non-aqueous ester solvent are; 60% w/v or

less, 50%w/v or less, 45% w/v or less, 40% w/v or less, 35% w/v or less, 30% w/v or less and

25% w/v or less. A preferred concentration is 15% w/v. Preferred ranges ofpharmaceutically-

acceptable non-aqueous ester solvent present in any of the above formulations are selected

fiom any minimum or maximum value described above and preferably are; 5-60%w/v,‘ 7-

55%w/v, 8-50%w/v, 10-50%w/v, 10-45%vv/v, 10-40%w/v, 10-35%w/v, 10-30%w/v, 10-

25%w/v, 12-25%w/v, 12-22%w/v, 12-20%w/v,-12-18%w/v, 13-17%w/v and ideally 14-

16%w/v. Preferably the ester solvent is benzyl benzoate, most preferably at about 15%w/v.

It will be understood by the skilled person that the pharmaceutically-acceptable non-

aqueous ester solvent will be of a quality that it will meet pharmacopoeial standards (such as

described in the US, British, European and Japanese pharmacopoeias).

Preferred combinations ofpharmaceutically-acceptable alcohol and pharmaceutically—

acceptable non-aqueous ester solvent in the formulation are set out below:

Pharmaceutically-acceptable Pharmaceutically-acceptable non-aqueous

alcohol(%w/v) ‘ ester (%w/v)

5-60, 7—55, 8-50, 10-50, 10—45, 10-40, 10-35, 10-

30, 10-25, 12-25, 12—22, 12-20, 12-18, 13-17 and

ideally 14-16.
 

InnoPharma Exhibit 1046.0014
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5-60,.7-55, 8—50, 10—50, 10—45, 10—40, 10-35, 10-

30, 10-25, 12-25, 12-22, 12-20, 12-18, 13—17 and

ideally 14-16.

3—35, 4-35, 5-35, 5-32, 7-32, 10-30, 12-

28, 15-25, 17—23, 18-22 and ideally 19-

10

15

20

3-35, 4-35, 5-35, 5,-32, 7-32, 10-30, 12-

28, 15-25, 17-23, 18-22 and ideally 19-

21.

ethanol and benzyl alcohol, most benzyl benzoate, most preferably at about 15%

preferably each at about 10%

 
By the use of the term ricinoleate vehicle we mean an oil which has'as a proportion (at

least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or‘95% w/v) of its composition as

triglycerides of ricinoleic acid. The ricinoleate vehicle may be a synthetic oil or conveniently

is castor oil, ideally of pharmacopoeial standards, as described above.

We have surprisingly found that the‘above formulations of the invention provide, afier

intra-muscular injection, satisfactory release of fulvestrant over an extended period of time.

This finding is indeed surprising for the following reasons.

1. Previously tested by the applicants have been intra—mtiscular injections of fulvestrant

in the form of an aqueous suspension. We have found entensive local tissue irritation at the

injection site as well as a poor release profile. It is believed that the tissue

irritation/inflammation was due to the presence of fulvestJant in the form of solid particles.

The release profile appeared to be determined by the extent of inflammation/irritation present

at the injection site and this was variable and difficult to control. Also the fulvestrant release

rate was not sufficiently high to be clinically significant.

2. Our findings from studies using 14C labelled benzyl alcohol show that it dissipates

rapidly from the injection site and is removed from the body Within 24 hours of

administration.

It would be expected that ethanol will dissipate at least as quickly, if not more rapidly,

from the injection site.

InnoPharma Exhibit 1046.0015
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It is known that benzyl benzoate is metabolised by conjugation to glycine to form

hippuric acid by the human liver and excreted into the urine - Martindale: The Extra

Pharmacopoeia 32nd edition page 1 103, and, therefore, it is unlikely that benzyl benzoate,

when used, is present at the injection site during the whole of the extended release period.

5 We have found that despite the rapid elimination of the additional solubilising

excipients, i.e. the alcohol and pharmaceutically-acceptable non-aqueous ester solvent, from

the fonnulation vehicle and the site of injection afier injection of the formulation, extended

release at therapeutically significant levels of fulvestrant over an extended period can still

achieved by the formulation of the invention.

10 By use of the term “therapeutically significant levels” we mean that blood plasma

concentrations of at least 2.5 ngml'l, ideally at least 3 ngml‘l, at least 8.5 ngml'l, and up to 12

rigml‘1 of fulvestrant are achieved in the patient. Preferably blood plasma levels shouldbe less

than 15 ngml“.

By use of the term “extended release” we mean at least two weeks, at least three

15 weeks, and, preferably at least four weeks of continuous release of fulvestrant is achieved. In a

preferred feature extended release is achieved for 36 days.»Preferably extended release of

fulvestrant is for at least 2- 5 weeks and more preferably for the following periods (weeks)

2.5-5, 25-4, 3-4, 3.5-4 and most preferably for at least about 4 weeks.

It will be understood that the attendant physician may Wish to administer the

20 intramuscular injection as a divided dose, i.e. a 5ml formulation is sequentially administered

in two separate injections of 2.5ml, this is a further feature of the invention

Simply solubilising fulvestrant in an oil based liquid formulation is not predictive of a

good release profile or lack of precipitation of drug after injection at the injection site.

Table 3 shows the solubility of fulvestrant in a castor oil vehicle additionally

25 containing alcohols ethanol and benzyl alcohol with or without benzyl benzoate.'The results

clearly show the positive effect of benzyl benzoate on fulvestrant solubility in castor oil,

despite fulvestrant having a lower solubility in benzyl benzoate than in either alcohol or castor

oil.

30

InnoPharma Exhibit 1046.0016



Z70635

Ethanol

(96%)

Benzyl

Alcohol

Benzyl

Benzoaté

Castor Oil

Fulvestrant

Solubility

[mgml'l ]

Table 3 

Table 3 - EFFECT OF BENZYL BENZOATE ON FULVESTRANT SOLUBILITY IN CASTOR OIL AT 250C

to 100

27 '

15

tolOO

36

10

to 100

46

0/0 W/V

10

15

to 100

54

10

10

to 100

45

10

10

15

to 100

65

15 ' 15 '—/

15 15

15

to 100 to 100

76 ' 102

k

InnoPharma Exhibit 1046.0017



Z70635 " " ’ 3 ' A l

-14-

The following Table 4 shows the solubility of fulvestrant in a range of oil based

fonnulations which contain the same amounts of alcohol and benzyl benzoate but in which the

oil is changed. The data also shows solubility of fulvestrant after removal of the alcohols.

 

 

Table 4

5 Solubility comparisons of fulvestrant in oil based formulations with and without
alcohols

Fulvestrant Solubility mg ml'1 @ 25°C

10 Formulation (a) Complete vehicle Vehicle minus alcohols

Castor oil based . 81.2 - ' 12.6

is Miglyol 812-N based 86.8 1.7

Sesame seed/Castor oil (1:1) based 70.1 V 4.4

Sesame seed oil based 45.7 0.7
20

' Arachis oil-based 40.2 < 0.2

 

(a) Complete Vehicle Formulations comprised ethanol [96%](10%), benzyl alcohol (10%) and benzyl benzoate
25 (15%) made to volume with the stated oil. Excess fulvestrant was added to each solvent mixture and solubility

determined.

Effect of formulation on precipitation of fulvestrant at the injection site

30 Days

Formulation ” 2 3 4 ‘ 7 10 30 51

Formulation F1 0 0 0 0 0 0 0
35 castor oil based . . ‘

Formulation F2 ++ b -l—l-l- -l—H- 4—H- -l—l-l- -1—|- 0

Miglyol 812-N based

4o Formulation F3 + ° 4—:- -l-l- 4—a—r 4+ + +
sesame seed oil/caster
oil based

0, + , H, 4-H- = Degree ofprecipitation (None detected, Mild, Moderate, Severe)
45 a Formulations comprised fulvestrant (5%), ethanol [96%] (10%), benzyl alcohol (10%) and benzyl benzoate

(15%) made to volume with the stated oil.

b Mainly large needle shaped crystals
° Small needles and/or sheafs of crystals
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Precipitation of fulvestrant and the release profile was determined with the above

formulations in an in vivo rabbit study.

Figure 1 shows the release profile in vivo of the four formulations from the second part

of Table 4 and shows the effect of the fixed oil component on fulvestrant-plasma profile over

five days following intramuscular administration in rabbits (data normalised to 50mg per 3kg;

mean given; number of animals per timepoint = 8, plasma samples assayed for fulvestrant

content using lc-ms/ms detection following solvent extraction). As can be seen the castor oil

formulation showed a particularly even release profile with no evidence ofprecipitation of

fulvestrant at the injection site.

Therefore we present as a further feature of the invention an extended release '

pharmaceutical formulation adapted for intramuscular injection comprising fulvestrant; 35%

(preferably 30% or ideally 25%) or less weight of a pharmaceutically—acceptable alcohol per
volume of formulation, at least 1% (preferably at least 5% or ideally 10%) weight of a

pharmaceutically-acceptable non-aqueous ester solvent miscible in a ricinoleate vehicle per

volume of formulation and sufficient amount or a ricinoleate vehicle, taking into account the

addition of any further optional phannaceutically-acceptable excipients, so as to prepare a

formulation of at least 45mgml" of fulvestrant. I

A further feature of the invention is a pharmaceutical formulationadapted for

intramuscular injection, as defined above, for use in medical therapy.

A further feature of the invention is a‘ method of treating a benign or malignant

diseases of the breast or reproductive tract, preferably treating breast cancer, by administration

to a human in need of such treatment by intramuscular injection an extended release

ricinoleate vehicle based pharmaceutical formulation comprising at least 45mgml" of

fulvestrant; 35% (preferably 30% or ideally 25%) or less weight of a pharmaceutically-

acceptable alcohol per volume of formulation, at least 1% (preferably at least 5% or ideally

10%) weight of a pharmaceutically—acceptable non-aqueous ester solvent miscible in a

ricinoleate vehicle per volume of formulation.

Preferably 5ml of the intramuscular injection is administered.

A further feature of the invention is use of fulvestrant in the preparation of a

pharmaceutical formulation as describe hereinabove, for the treatment of a benign or

malignant disease of the breast or reproductive tract, preferably treating breast cancer.
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Additional excipients commonly used in the formulation field including, for example,

an antioxidant preservative, a colorant or a surfactant may be used. A preferred optional

excipient is a surfactant.

As described above fulvestrant is useful in the treatment of oestrogen-dependent

S indications such as breast cancer and gynaecological conditions, such as endometriosis.

In addition to fulvestrant another similar type of molecule is currently under clinical

investigation. SH-646 (l 1B-fluoro— 70L—(14,14,15,1 5,15-pentafluoro-6-

methyl-1 0-thia—6-azapentadecy1)estra-1,3,5(10)-tn'ene-3,17B-diol) is also putatively a
compound with the same mode of action as fulvestrant and has a very similar chemical

10 structure. It is believed that the compound will also share with fulvestrant similar physical

properties and therefore the current invention will also have application with this compound.

. . A firrther feature of the invention is a pharmaceutical formulation adapted for

intra-muscular injection comprising 11B—fluoro- 7a-(14,14,15,1 5,15-pentafluoro-6-

methyl-'10-thia-6-azapentadecyl)estra-1,3,5(10)-trien'e~3,17B-diol; 35% or less weight of a

15 pharmaceutically-acceptable alcohol per volume of formulation, at least 1% weight of a

pharmaceutically-acceptable non-aqueous ester solvent miscible within a ricinoleate vehicle

per volume of formulation and a sufficient amount of a ricinoleate vehicle so as to prepare a

formulation of at least 45mgml-I of l 1 B-fluoro- 70L-(l4,14,15,15,15-pentafluoro-6-

methyl-10-thia-6-azapentadecyl)estra-1,3,5(10)-triene-3,l7B-diol.

20 Further features of the invention are those as described above but in which SH—646 is

substituted for fulvestrant.

Formulation Example

25 Fulvestrant is mixed 'With alcohol and benzyl alcohol, stirring until completely

dissolved. Benzyl benzoate is added and the solution is made to final weight with castor oil

and stirred, (for convenience weight is used rather than volume by using the weight to volume

ratio). The bulk solution is overlaid with Nitrogen. The solution is sterilised by filtration

using one or two filters of 0.2m porosity. The sterile filtrate is kept under a nitrogen overlay

30 as it is filled under aseptic conditions into washed and depyrogenised, sterile primary

containers, for example vials or pre-filled syringes. An overage is included in the primary
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pack to facilitate removal of the dose volume. The primary packs are overlaid with sterile

nitrogen, before aseptically sealing.

See also processflow diagram below

Quantities of each component of the formulation is chosen according to the required

formulation specification, examples are described above. For example quantities are added of

each component to prepare a formulation which contains

' 10% weight per volume of benzyl alcohol

10 10% weight per volume of ethanol

15% weight per volume of benzyl benzoate

250mg of fulvestrant for each Sml of finished formulation

and the remaining amount as castor oil

InnoPharma Exhibit 1046.0021
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FLOW DIAGRAM OF MANUFACTURING

Ingredients/Components Process

Fulvestrant STAGE 1: DISSOLUTION OF

Alcohol ) ACTIVE AGENT

_’ W“

_ ____> STAGE 3: MAKE TO

I
STAGE 4: STERILE, FILTRATION

(02pm) -
INTO BULK RECEIVING VESSEL

I
STAGE 5; STERILE (0.2m)
lN-LINE FILTRATION

Benzyl Alcohol 

STAGtG: ASEPTIC FILLING,
AND STOPPERING

STAGtT VISUAL
INSPECTION
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Claims

1. A pharmaceutical formulation adapted for intra—muscular injection comprising

fulvestrant, 30% or less weight of a pharmaceutically—acceptable alcohol per volume of

5 formulation, at least 1% weight of a phannaceutically-acceptable non-aqueous ester solvent

miscible in a ricinoleate vehicle per volume of formulation and a sufficient amount of a

ricinoleate vehicle so as to prepare a formulation which is capable afier injection of attaining a

therapeutically significant blood plasma fulvestrant concentration of at least 2.5ng,ml'1 for at

least 2 weeks.

10 2. ‘A pharmaceutical formulation as claimed in claim 1 wherein the blood plasma

fulvestrant concentration is attained for at least 4 weeks.

3. A pharmaceutical formulation as claimed in claim 1 wherein the blood plasma

fulvestrant concentration is attained for 2 to 5 weeks.

15 4. A pharmaceutical formulation adapted for intra-muscular injection comprising

fulvestrant, 30% or less weight of a pharmaceutically-acceptable alcohol per volume of

formulation, at least 1% weight of a pharmaceutically-acceptable non-aqueous ester solvent

miscible in a ricinoleate vehicle per volume of formulation and a sufficient amount of a
ricinoleate vehicle so as to prepare a formulation of at least 45mgml'1 of fulvestrant.

20 ' '

5. A pharmaceutical formulation as claimed in claim 1 to 4 which contains 25% w/v or

less of a pharmaceutically-acceptable alcohol.

6. A pharmaceutical formulation as claimed in claim 5 which contains 20% w/v or less of

25 7 a pharmaceutically-acceptable alcohol.

7. - A pharmaceutical formulation as claimed in any claim from 1 to 6 which contains 60%

w/v or less of a pharmaceutically—acceptable non-aqueous ester solvent.

30 8. A pharmaceutical formulation as claimed in claim 7 which contains 50%w/v or less of

a pharmaceutically-acceptable non-aqueous ester solvent .

InnoPharma Exhibit 1046.0024



zioess ' - " ‘ ) ' _).

-21-

9. A pharmaceutical formulation as claimed in claim 7 which contains 45% w/v or less of

a pharmaceutically-acceptable non-aqueous ester solvent.

5 l0. A pharmaceutical formulation as claimed in claim 7 which contains 40% w/v or less of

a phannaceutically—acceptable non-aqueous ester solvent.

1 l. A pharmaceutical formulation as claimed in claim 7 which contains 35% w/v or less

of a pharmaceutically—acceptable non-aqueous ester solvent.

10

12. A pharmaceutical formulation as claimed in claim 7 which contains 30% w/v or less

of a pharmaceutically-acceptable non-aqueous ester solvent.

13. A pharmaceutical formulation as claimed in claim 7 which contains 25% w/v or less

15 of a pharmaceutically—acceptable non-aqueous ester solvent.

14. A pharmaceutical formulation as claimed in any claim from 1 to 13 wherein the

'phaimaceutically-acceptable alcohol is a mixture of ethanol and benzyl alcohol.

20 15. A pharmaceutical formulation as claimed in any claim from 1 to 14 wherein the

phannaceutically—acceptable non-aqueous ester solvent is selected from benzyl benzoate, ethyl

oleate, isopropyl myristate, iSOpropyl palmitate or a mixture of any thereof.

16. A pharmaceutical formulation as claimed in any claim from 1 to 15 wherein the

25 pharmaceutically—acceptable non-aqueous ester solvent is benzyl benzoate.

17. A pharmaceutical formulation as claimed in any claim from 1 to 16 wherein the total

volume of the formulation is 6ml, or less, and the concentration of fulvestrant is at least

45mgml‘l .

3O
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18. A pharmaceutical formulation as claimed in any claim from 1 to 13 wherein the total

amount of fulvestrant in the formulation is 250mg, or more, and the total volume of the

formulation is 6m], or less.

19. A pharmaceutical formulation as claimed in claim 18 wherein the total amount of

fulvestrant in the formulation is 250mg and the total volume of the formulation is 5 to 5.25ml.

20. A pharmaceutical formulation as claimed in any of claims 1-19 wherein the

phamaceutically-acceptable alcohol is a mixture of 10% weight of ethanol per volume of

formulation, 10% weight of benzyl alcohol per volume of formulation and 15% weight of

benzyl benzoate per volume of formulation and the ricinoleate vehicle is castor oil.

21. ' A method of treating a benign or malignant diseases of the breast or reproductive tract

by administration to a human in need of such treatment by intramuscular a pharmaceutical

formulation as claimed in claims 1 to 19.

22. A method as claimed in claim 21 for treating breast cancer.

23. A syringe or vial containing a pharmaceutical formulation as defined in claim 20.

InnoPharma Exhibit 1046.0026



270635 ' " ‘ ) )

-23..

A B S T R A C T

TITLE: Formulation

The invention relates to a novel sustained release pharmaceutical formulation adapted

5 for administration by injection containing the compound

7a-[9-(4,4,5 ,5,5-pentafluoropentylsulphinyl)nonyl]oestIa-I ,3,5(1 0)-triene-3 ,17B-diol, more

particularly to a formulation adapted for administration by injection containing the compound

7a-[9-(4,4,5,5,5—pentafluoropentylsulphinyl)nonyl]oestra-I ,3, 5(10)-triene—3 ,17B-diol in

solution in a ricinoleate vehicle which additionally comprises at least one alcohol and a non-

10 aqueous ester solvent which is miscible in the ricinoleate v‘ehicle.
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PATENT

ATTORNEY DOCKET NO.: 056291—5004-01

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re CONTINUATION APPLICATION of: )

EVANS et al. 3

Parent Application No.: 09/756,291 3 Prior Group Art Unit: 1617

Parent Application Filed: January 9, 2001 3 Prior Examiner: Hui, San Ming R.

For: FORMULATION ;

Commissioner for Patents Dat June 22, 2004

US. Patent and Trademark Office e:

220 20th Street S V

Customer Window, Mail Stop Patent Application

Crystal Plaza Two, Lobby, Room 1B03

Arlington, VA 22202

Sir:

PRELIMINARY AMENDMENT

Prior to examination of the above—identified application on the merits, please amend

the application as follows:

l-WA/221 1579.1
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ATTORNEY DOCKET NO. : 056291-5004-01

Continuation of Application No.: 09/756,291
Page 2

IN THE SPECIFICATION:

Please insert the following paragraph on page 1 of the specification between the title

of the invention and the first paragraph of the specification:

-- This is a Continuation of copending Application No. 09/756,291, filed

January 9, 2001.--.

l-WA/22l 1579.1
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ATTORNEY DOCKET NO. : 056291-5004-01

Continuation of Application No.: 09/756,291
Page 3

REMARKS

Entry of these amendments is respectfully requested prior to considering this

application and issuing a first Action on the merits.

  

 
Respectfu Sub itted,

Morgan ewis Bock'  

Date: June 22, 2004 By:

Morgan Lewis & Bockius LLP
 

 
Customer No. 009629 Registration .

1111 Pennsylvania Avenue, NW. Tel. No.: 2) 739-5320

Washington, DC. 20004 Fax No.: (202) 739-3001
Tel. No.: 202-739—3000
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Date Mailed: 08/16/2004

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,

however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by

filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

. The statutory basic filing fee is missing.
Applicant must submit $ 770 to complete the basic filing fee for a non-small entity. If appropriate, applicant

may make a written assertion of entitlement to small entity status and pay the small entity filing fee (37
CFR 1.27).

0 To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of

$130 for a non~small entity, must be submitted with the missing items identified in this letter.

The applicant needs to satisfy supplemental fees problems indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

0 Additional claim fees of $452 as a non-small entity, including any required multiple dependent claim fee, are
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are due.

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $1352 for a Large Entity

. $770 Statutory basic filing fee.
0 $130 Late oath or declaration Surcharge.

. Total additional claim fee(s) for this application is $452

InnoPharma Exhibit 1046.0034
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- $162 for 9 total claims over 20.

I $290 for multiple dependent claim surcharge.

Replies should be mailed to: Mail Stop Missing Parts

Commissioner for Patents

PO. Box 1450

Alexandria VA 22313—1450

A copy ofthis notice MUST be returned with the reply.

15. To
Customer Service Center

Initial Patent Examination Division (703) 308-1202
' PART 3 - OFFICE COPY
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PATENT

ATTORNEY DOCKET NO.: 056291-5004-01

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

 * PATENT APPLICATION of: )

)
v .r’ t 1

key" whoa, ANS e a 3
Application No.: 10/872,784 ) Prior Group Art Unit: 1617

)

Filed: June 22, 2004 ) Prior Examiner: Hui, Sang Ming R.

)

FOR: FORMULATION )

Commissioner for Patents Date: October 18, 2004

US. Patent and Trademark Office October 16 = Saturday
2011 South Clark Place

Customer Window, Mail Stop __

Crystal Plaza Two, Lobby, Room 1B03

Arlington, VA 22202

Sir:

RESPONSE TO NOTICE TO FILE MISSING PARTS

1. This replies to the Notice to File Missing Parts of Nonprovisional Application mailed

August 16, 2004.

A copy of the Notice To File Missing Parts OfNonprovisional Application is
enclosed.

2. Declaration Or Oath

D A copy of the original Combined Declaration and Power of Attorney was
filed on June 22, 2004.

3. Extension of Time

The proceedings herein are for a patent application and the provisions of 37 C.F.R. § 1.136(a)

apply.

IX Applicant believes that no extension of time is required. However, this
conditional petition is being made to provide for the possibility that applicant
has inadvertently overlooked the need for a petition and fee for extension of
time.

l-WA/2277493‘l
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[XI If an additional extension of time is required, please consider this a Petition
therefor.

4. Assignment

An assignment of the invention to ASTRAZENECA AB and a PTO Fonn-
1595, Recordation Form Cover Sheet, are enclosed.

5. Additional papers enclosed:

Second Preliminary Amendment

First Information Disclosure Statement with Form PTO-1449 (4 pages)
Second Information Disclosure Statement

Third First Information Disclosure Statement with Form PTO—1449 ( 1 page)

and copies of cited references
Terminal Disclaimer

EEEEE
6. Fee Calculation (37 C.F.R. §1.16) (Including Preliminary Amendment)

Application Filing Fee   

Claims

Remaining
After Claims included Present

Amendment in Filin Fee Extra

Total Claims minus 20 x $1 8/$9 each= S 0.00
(37 C.F.R. §1.l6(c))

Independent Claims 2 3 x 333/544 each= $ 0.00
(37 C.F.R.§1.16(b))

First presentation of Multiple dependent claim(s)

Fee for Terminal Disclaimer ($1 10.00)

TOTAL FEE =

  
[XI The Commissioner is hereby authorized to charge $1,370.00 to Deposit

Account No. 50-0310 for Application Filing Fee ($790.00), Multiple

Dependent Claims Fee ($300.00), Late Filing Surcharge ($130.00),

Assignment Recordal Fee ($40.00) and Terminal Disclaimer Fee ($110.00).

l-WA/2277493J
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IE The Commissioner is hereby authorized to charge any additional fees which

may be required, including fees due under 37 CPR. §§ 1.16 and 1.17, or

credit any overpayment to Deposit Account 50—03 10.

Respectfull mittcd,

Morgan L Wis Bockius LLP

Date: October 18, 2004 By:

Morgan Lewis & Bockius LLP
Customer No. 09629

1111 Pennsylvania Avenue, NW. Tel. No.: ( 02) 739—5320

Washington, DC. 20004 Fax No.: (202) 739-3001
Tel. No.: 202-739-3000

DJB:mk

 

l-WA/2277493.1
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trad-1m» rlv. Orrilff".
Adah-cu: COMMISSIONER FOR PATENTS

RODmlHSO ,vauhw.Virgiiua 22313-1450wwwuxpluguv

APPLICATION NUMBER FELING OR 37] (c) DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER

10/872,784 06/22/2004 John R, Evans 0562916004—01

 

 
   

1 CONFIRMATION N0. 2093
09629 FORMALITIES LETTER

MORGAN LEW'S 8‘ BOCK'US LLP ||||l|||||||||l||IllllllllllllllllllllIll Illlllllll||||llllllllllllllllllllllllllllllll
wgéglihéfigLEV§cN£g$gE NU E NW '06000000013539810'

10/20/2004SSESHE1 00000045 500310 10870704

 

Date Mailed: 08/16/2004
01 FD:1‘001 790.00 00
02 FC:1051 130.00 Dll
03 FC:1203 300.00 DR

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:
 

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given 1W0 MONTHS from the date of this Notice within which to file all

required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by

filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

o The statutory basic filing fee is missing.

Applicant must submit $ 770 to complete the basic filing fee for a non-small entity. If appropriate, applicant

may make a written assertion of entitlement to small entity status and pay the small entity filing fee (37
CFR 1.27).

c To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of
$130 fora non-small entity, must be submitted with the missing items identified in this letter.

The applicant needs tosatisfy supplemental fees problems indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

0 Additional claim fees of $452 as a non—small entity, including any required multiple dependent claim fee, are

required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are due.

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $1352 fora Large Entity

0 $770 Statutory basic filing fee. RECEIVTJT ‘
0 $130 Late oath or declaration Surcharge.

Alia *

c Total additional claim fee(s) for this application is $452 MORGAN LEVI/"<1 r- , iu DUE ,Vv NJ)
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- $162 for 9 total claims over 20.

- $290 for multiple dependent claim surcharge.

Replies should be mailed to: Mail Stop Missing Parts
Commissioner for Patents

PO. Box 1450

Alexandria VA 22313-1450

A copy ofthis notice MUST be returned with the reply.

9. To
Customer Service Center

Initial Patent Examirigtion Division (703) 308-1202
PART 2 - COPY TO BE RETURNED WITH RESPONSE

Page 2 of 2
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ATTORNEY DOCKET NO. : 056291-5004-01

 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

US. Patent Application of EVANS et al. )

Application No.: 10/872,784 i Prior Group Art Unit: 1617

Filed June 22, 2004 i Prior Examiner: Hui, San Ming R.

For: FORMULATION i

Commissioner for Patents Date: October 18, 2004
US. Patent and Trademark Office

2011 South Clark Place

Customer Window, Mail Stop

Crystal Plaza Two, Lobby, Room 1B03

Arlington, VA 22202

Sir:

SECOND PRELIMINARY AMENDMENT

Prior to examination of the above-identified application on the merits, please amend

the application as follows:

l-WA/2211579v1
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IN THE CLAIMS:

Claims 1-23 (cancelled).

Claim 24 (new): A method of treating a hormonal dependent benign or malignant

disease of the breast or reproductive tract by administration to a human in need of such

treatment an intra-muscular injection of a pharmaceutical formulation comprising fulvestrant,

a mixture of from 8.5 to 11.5 % weight of ethanol per volume of formulation, from 8.5 to

11.5 % weight of benzyl alcohol per volume of formulation and 12 to 18 % weight of benzyl

benzoate per volume of formulation and a sufficient amount of a castor oil vehicle, whereby

a therapeutically significant blood plasma fulvestrant concentration of at least 2.5ngml‘] is

attained for at least 2 weeks after injection.

Claim 25 (new): The method of claim 24 wherein the amount of benzyl benzoate is

13 to 17 % weight per volume of fomiulation.

Claim 26 (new): The method as claimed in claim 24 or claim 25 wherein the benign

or malignant disease is breast cancer.

Claim 27 (new): The method as claimed in claim 24 or claim 25 wherein the blood

plasma fulvestrant concentration is attained for at least 4 weeks after injection.

Claim 28 (new): The method as claimed in claim 24 or claim 25 wherein the blood

plasma fulvestrant concentration is attained for 2 to 5 weeks after injection.

Claim 29 (new): A method of treating a hormonal dependent benign or malignant

disease of the breast or reproductive tract by administration to a human in need of such

treatment an intra—muscular injection of a pharmaceutical formulation comprising fileestrant,

a mixture of from 8.5 to 11.5 % weight of ethanol per volume of formulation, from 8.5 to

11.5 % weight of benzyl alcohol per volume of formulation and 12 to 18 % weight of benzyl

l-WA/221 1579.1
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benzoate per volume of formulation and a sufficient amount of a castor oil vehicle, whereby

the formulation comprises at least 45mng'1 of fulvestrant.

Claim 30 (new): The method of claim 29 wherein the amount of benzyl benzoate is

13 to 17 % weight per volume of formulation.

Claim 31 (new): The method as claimed in claim 29 or claim 30 wherein the benign

or malignant disease is breast cancer.

Claim 32 (new): The method as claimed in claim 24 or claim 29 wherein the total

volume of the formulation administered to said human is 6m1 or less, and the concentration

of fulvestrant in said formulation is at least 45mgm1'1.

Claim 33 (new): The method as claimed in claim 24 or claim 29 wherein the total

volume of the formulation administered to said human is 6m1 or less, and the total amount of

fulvestrant in said volume of formulation is 250mg or more.

Claim 34 (new): The method as claimed in claim 33 wherein the total volume of the

formulation is from 5 to 5.25m], and the total amount of fulvestrant in said volume of

formulation is 250mg.

l-WA/221 1579.1
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REMARKS

This application is a continuation of parent Application No. 09/756,291 (now US

Patent No. 6,774,122; hereinafter “the ‘ 122 Patent”), wherein the quantity of the recited

components in the formulation administered in the amended method claims is given as a

relatively narrow range around the preferred quantities of these components recited in the

formulation administered in the method claimed in the ‘ 122 Patent. Specification support for

these amendments is discussed further below.

Entry of these amendments is respectfully requested prior to considering this

application and issuing a first Action on the merits. Following entry of these amendments,

claims 24 to 34 remain pending in this application.

Claim Amendments

Original claims 1*23 have been cancelled and replaced with new method of treatment

claims 24-34. All claims are directed toward a method of treating a hormonal dependent

benign or malignant disease of the breast or reproductive tract by intra-muscular injection of

a pharmaceutical formulation as recited in the variOus claims. Claims 26 and 31 are

specifically directed toward the method wherein the hormonal dependent benign or

malignant disease is breast cancer. For the Examiner’s convenience, support for the particular

ranges now claimed is found in the specification as follows:

0 Support for the recitation in claims 24 and 29 of “from 8.5 to 11.5 % weight of ethanol

per volume of formulation,” and “from 8.5 to 11.5 % weight of benzyl alcohol per

volume of formulation” is found in the specification, inter alia, at page 9, lines 12-15,

wherein one of the preferred ranges of pharmaceutically-acceptable alcohol (total) is

l-WA/221 1579.1

InnoPharma Exhibit 1046.0044



(I

ATTORNEY DOCKET NO. : 056291-5004—01

Application No.: 10/872,784
Page 5

“17-23%w/v” at line 15. The immediately following paragraph at page 9, lines 16-20,

discloses that the pharmaceutically-acceptable alcohol is “preferably a mixture of two

alcohols,” specifically noting a mixture of ethanol and benzyl alcohol, and that

“preferably the ethanol and benzyl alcohol are present in the formulation in the same w/v

amounts.”

0 Support for the recitation in claims 24 and 29 of “12 to 18 % weight of benzyl benzoate

per volume of formulation” is found, inter alia, at page 10, lines 11-16, wherein one of

the preferred ranges of pharmaceutically—acceptable non-aqueous ester solvent present in

any of the above formulations is 12~18%w/v(specif1cally at line 15), and in the statement

that preferably the ester solvent is benzyl benzoate at line 16.

0 Support in dependent claims 25 and 30 for the recitation that “the amount of benzyl

benzoate is 13 to 17 % weight per volume of formulation” is found, inter alia, at page 10,

lines 11-16, wherein one of the preferred ranges of phannaceutically-acceptablc non-

aqueous ester solvent present in any of the above formulations is 13—17%w/v (specifically

at line 15).

Terminal Disclaimer

Inasmuch as the component ranges recited in the present claims encompass the

preferred component amounts recited in the ‘122 Patent claims, a terminal disclaimer is being

filed herein relative to the ‘ 122 Patent. This terminal disclaimer is being filed solely for the

purpose of expediting prosecution of this continuing application. As provided in MPEP

§804.02.II, this terminal disclaimer is not an acknowledgement, and does not raise any

l-WA/2211579.1
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presumption, that any obviousness-type double patenting rejection, if raised, would have

been appropriate in the present application relative to the claims of the ‘ 122 Patent.

Information Disclosure Statements

Submitted herewith are three information disclosure statements as follows,

consideration of which by the Examiner is respectfully requested when taking up this

continuing application for a first Action on the merits:

o A First Information Disclosure Statement comprising a form PTO-1449 on which is

listed each patent and literature document cited by Applicants or by the Examiner during

prosecution of the parent application. It is understood that copies of these previously cited

and provided documents are in the file from the parent application, and that Applicants

need not provide further copies in this continuing application. However, if the Examiner

finds that any such document is missing from the file, it is requested that he telephone the

undersigned, and a further copy will be quickly provided.

0 A Second Information Disclosure Statement comprising a copy of the Second

Information Disclosure Statement filed in the parent application on September 13, 2002,

in which Applicants make of record the circumstances regarding the controlled,

confidential and non-commercial testing of compositions falling within the scope of

“pharmaceutical formulation,” as used in the present method of treatment claims, which

was carried out in the United States more than one year before the filing date of the

parent application in preparation for and during the testing (IND) phase of the regulatory

review of such formulation by the FDA.

l-WA/2211579.l
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o A Third Information Disclosure Statement comprising a further form PTO-1449 on

which is recited several additional documents that were cited by the Japanese Examiner

in a related Japanese application after close of prosecution of the parent application, and a
 

copy of each additional document cited. None of these documents is believed to be more

pertinent to the claims than documents already cited in the parent application, but since

they were cited in a related international application, the Examiner’s consideration

thereof is thought to be appropriate.

It is respectfully requested that the Examiner consider each of the above—noted items

of information disclosure when this application is taken up for a first Action on the merits.

Moreover, to insure that each document is listed on the face of the patent issuing from this

application, it is respectfully requested that the Examiner acknowledge consideration of each

cited document by initialing each form PTO-1449 in the spaces provided, and return an

initialed copy to the undersigned.

EXCEPT for issue fees payable under 37 C.F.R. § 1.18, the Director is hereby

authorized by this paper to charge any additional fees during the entire pendency of this

application including fees due under 37 C.F.R. §§ 1.16 and 1.17 which may be required,

including any required extension of time fees, or credit any overpayment to Deposit

l-WA/22l 1579.1
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Account 50-0310. This paragraph is intended to be a CONSTRUCTIVE PETITION FOR

EXTENSION OF TIME in accordance with 37 C.F.R. § 1.136(a)(3).

Date: October 18, 2004 By:

Morgan Lewis & Bockius LLP
Customer No. 009629

1111 Pennsylvania Avenue, NW.

Washington, DC. 20004
Tel. No.: 202-739-3000

Dlemk
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PATENT

ATTORNEY DOCKET NO.: 056291-5004-01 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT APPLICATION of: )

EVANS et a1. 3

Application. No.: 10/872,784 3 Prior Group Art Unit: 1617
Filed: June 22, 2004 3 Prior Examiner: Hui, Sang Ming R.
FOR: FORMULATION )

Commissioner for Patents Date: October 18, 2004

US. Patent and Trademark Office

2011 South Clark Place

Customer Window, Mail Stop

Crystal Plaza Two, Lobby, Room 1B03

Mlington, VA 22202

Sir:

FIRST INFORMATION DISCLOSURE STATEMENT

Attached is a Form PTO—1449 listing the cited references.

Copies of the listed documents were previously submitted or cited by the Examiner in

parent Application No. 09/756,291. Accordingly, no copies of the listed documents are

provided herewith. Applicants respectfully request that the Examiner consider the listed

documents and evidence that consideration by making appropriate notations on the attached

form.

The present Information Disclosure Statement is being filed before the mailing date

of a first Office Action, and therefore no certification under 37 CFR §1.97(e) or fee under 37

CFR §1.17(p) is required.

This Information Disclosure Statement is intended to be in full compliance with the

rules, but should the Examiner find any part of its required content to have been omitted,

l—WN2276941.1
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prompt notice to that effect is earnestly solicited, along with additional time under Rule 97(f),

to enable Applicant to fiilly comply.

Consideration of the foregoing and enclosures plus the return of a copy of the

herewith filed Form PTO~1449 with the Examiner’s initials in the left column per MPEP 609

along with an early action on the merits of this application are earnestly solicited.

EXCEPT for issue fees payable under 37 CPR. § 1.18, the Director is hereby

authorized by this paper to charge any additional fees during the entire pendency of this

application including fees due under 37 CPR. §§ 1.16 and 1.17 which may be required,

including any required extension of time fees, or credit any overpayment to Deposit

Account 50-0310. This paragraph is intended to be a CONSTRUCTIVE PETITION FOR

EXTENSION OF TIME in accordance with 37 C.F.R. § 1.136(a)(3).

Date: October 18, 2004 By:

Morgan Lewis & Bockius LLP

Customer No. 09629 Regis tion No. 25,323

1111 Pennsylvania Avenue, NW. Tel. 0.: (202) 739-5320

Washington, DC. 20004 Fax No.: (202) 739-3001
Tel. No.: 202-739-3000

Dlemk
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To: US. Department of Commerce
Patent and Trademark Office

0 \ R 5 - 056291-5004—01
I SCLOSURE~§ ATEMENT Applicant: Evans et al.

 
 

INFORMATION

BY APPLICANT
 
 
 

Appln. No.: 10/872,784

, “'33,. Filino Date: June 22, 20041 ' .
Date: October 18, 20:1 ‘05 Page 1 0f 4 Prior Examiner: Hur, San Mino R. Prior Grou Art Unit: 1617

US. PATENT DOCUMENTS

Examiner's Document Date

Initials' Number

 

 

Sub

Class
Filing
Date

(if appropriate)
(Family Name of First Inventor)

2 822 316 02/1958 Richter et al

  
:0

05/1961 Ercolietal.

11/197

09/197

09/197

 
30

IG)71O>Efiififilfil 04/1987

12/1989

03/1992

.92/193

FOREIGN TENT DOCUMENTS

Document Date Country Inventor Name

Number

_ —
04/198 PA

12/1989 ‘

M

'<E
E

\l\loE
mm m

  
  
  
 

Translation

Readily
Available

English
Abstract

‘0:9

 

i

EncloseEnclosed-
-
-

-
-
-
-

ll
00

R

LR France

_— 07/195 98
06/198 B

1207571 10/197 ' ' .

R

O (D\ _I (D 0)

OOO
CD

9

09/68

Africa

South Ufer et al

Africa

R

QR 681014 02/1968
 

682530 04/1968 

J>

OTHER Includino in this order Author, Title, Periodical Name, Date, Pertinent Paoes, etc.

Anschel, "Losungsmittel und Losungsvermittler in Injektionen", Pharm, Ind., 1965, Vol. 27 11a oo 781-787

Davis et al., "17-Alpha~Hydroxyprogesterone—Caproate:...with Chemically Pure
Pmoesterone", J. Clin. Endocrinol. And Metabolism, 1955 Vol. 15, oo 923-930

UR Dukes et al., "Antiuterotrophic effects of the pure antioestrogen ICI 182, 780

...quantitative magnetic resonance imaging"; J. Endocrinology, 1992, Vol. 138, pp.
203-209

Dukes et al., "Antiuterotrophic effects of pure antioestrogen. ICI 182,780, ...the
uterus in ovariectomized monke s", J. Endocrinol0o . 1992, Vol. 135, . 239~247

Examiner Date Considered:

*EXAMINER: Initial if citation considered, whether or not citatiOn is in conformance with MPEP § 609. Draw line through citation if
not in conformance and not considered. Include 00o of this form with next communication to Ao olicant.
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Any‘ DkL No‘ _Client Ref‘
056291-5004-01

INFORMATION DISCLOSURE STATEMENT Applicant: EVENTS 918'-

FORM PTO-1449 (modified)
To: US. Department of Commerce

Patent and Trademark Office

  BY APPLICANT

Appln, No.: 10/872,784

Filin- Date: June 22, 2004

Date: October 18, 2004 Prior Examiner: Hui. Sane Min R.

US. PATENT DOCUMENTS 
Name

(Family Name of First Inventor)

 

 
  
  

 
 

 
 

Examiner's Document

lnitials" Number

--
-I—_
—ma
_Ea
--

 

Translation

Readily
Available

FOREIGN PATENT DOCUMENTS

Document Date Country Inventor Name  

 
— —----

_- 549118 03/1977 E--—- 676284 07/1979 Soviet Union--
-fi wo 95/12383“-
-- WO 96/19997———-
-- WO97/21440———-
_-_—_--
—m wo 97/40823 11/1997 Per etal. -
-I!fi wo98/11902-—__-

   OTHER Includino in this order Author, Title, Periodical Name, Date, Pertinent Pa-

Howell et al., "Pharmacokinetics, pharmacological and anti-tumour effects of the

specific anti—oestrogen lCl 182780 in women with advanced breast cancer", British
Journal of Cancer, 1996, Vol. 74, n. 300-308

Martindale, 32nd Ed., "Alcohol", Pharmaceutical Press, 1999, 0- 1099—1 101

Martindale, 32nd Ed., "Benzoates" and "Benzyl Alcohol"; Pharmaceutical Press,
1999, pp. 1102-1104

Martindale, 32nd Ed., "Caster Oil"; 32nd Ed., Pharmaceutical Press, 1999, o. 1560

Migally. "Effect of Castor Oil and Benzyl Benzoate Used as a Vehicle for
Antiandroens on the Adrenal Cortex", Archives of AndroIOo 2, 1979 . ., 365-369

Pellegrino, "Use Of 17 0 Hydroxyprogesterone Caproate in Threatened Abortion",
Current Theraoeutic Research, Vol. 4, No. 6, June, 1962, . .. 301-305

Piver et al., "Medroxyprogesterone Acetate (Depo-Provera) vs. , . . Women with
Metastatic Endometrial Adenocarcinoma", Cancer, Vol. 45, American Cancer

Societ , 1980, n . 268-272

 

  
 

 
 
 

 

  
 
 

 
 

 
 
 

 

 

  
R

 
 

C—1U)-flflfiflfifl
   

  Examiner Date Considered:

*EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through citation if
not in conformance and not considered. Include cc of this form with next communication to A olicant. 
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 FORM PTO-1449 (modified)

To: US. Department of Commerce
Patent and Trademark Office Atty. Dkt. No. _cuentRef.

056291 -5004-01

Applicant: Evans et al.INFORMATION DISCLOSURE STATEMENT

BY APPLICANT

 
 
Appln. No.: 10/872,784

Filino Date: June 22, 2004

Date: October 18,2004 Prior Examiner: Hui, San- Min R. Prior Grou Art Unit: 1617   

 U.S. PATENT DOCUMENTS

Examiner's

Initials‘

Name

(Family Name of First Inventor)

Document

Number

  
  

  
 

Translation

Readily
AvailableDocument Date Country Inventor Name

Number

 

 
 
  

 

 

 
  

 
  

LR Riffkin et al., "Castor Oil as a Vehicle for Parenteral Administration of Steroid

Hormones", Journal of Pharmaceutical Sciences, Vol. 53, No. 8, August 1964, pp.
891-895

Sawada et al., "Estrogen Receptor Antagonist |Cli82,780 Exacerbates lschemic

Injury in Female Mouse", Journal of Cerebral Blood Flow and Metabolism, Vol. 20.
No. 1, 2000, u 112-118.

Vidal, Le Dictionnaire, “Benzo-G noest I Retard”, 1998 n. 201

-
-

I

-
Vidal, Le Dictionnaire, “Gravibinan”, 1995. . - 660-661 -

-

I

 

 

 

_.

flmflfififififi Vidal, Le Dictionnaire, “Parabolan”, 1997, . o. 1245

Vidal. Le Dictionnaire, “Trohobolene”, 1997, o . 1706-1707

Wakeling et al., "A Potent Specific Pure Antiestrogen with Clinical Potential",
Cancer Research, 1991, Vol. 51, M. 3867-3873

Waterton et al., "A Case of Adenomyosis in a Pigtailed Monkey...Treated with the
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PATENT

ATTORNEY DOCKET NO.: 056291e5004-01

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Patent Application of EVANS et al. )

Application. No.: 10/872,784 i Prior Group Art Unit: 1617
Filed: June 22, 2004 3 Prior Examiner: Hui, San Ming R.
FOR: FORMULATION )

Commissionerfor Patents Date: October 18, 2004
US Patent and Trademark Office

2011 South Clark Place

Customer Window, Mail Stop

Crystal Plaza Two, Lobby, Room 1B03

Arlington, VA 22202

Sir:

SECOND INFORMATION DISCLOSURE STATEMENT

Applicants wish to specifically call to the Examiner’s attention in this continuing

application the same circumstances as detailed in the Second Information Disclosure

Statement filed September 13, 2002 in the pire_nt application, a copy of this is attached hereto

for convenience. Specifically, the attached Second Information Disclosure Statement details

circumstances regarding the controlled, confidential and non-commercial testing of

compositions falling within the scope of the definition of “pharmaceutical formulation”, as

used in the present method of treatment claims, which was carried out in the United States

more than one year before the filing date of the parent application in preparation for and

during the testing (IND) phase of the regulatory review of such formulation by the FDA.

The present Information Disclosure Statement is being filed before the mailing date

of a first Office Action, and therefore no certification under 37 CFR §1.97(e) or fee under 37

CFR §1.17(p) is required.

l-WA/2277482.l
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This Information Disclosure Statement is intended to be in full compliance with the

rules, but should the Examiner find any part of its required content to have been omitted,

prompt notice to that effect is earnestly solicited, along with additional time under Rule 97(1),

to enable Applicant to fully comply.

Consideration by the Examiner of the circumstances detailed in the attached

document is respectfully requested when taking up this continuing application for a first

Action on the merits.

EXCEPT for issue fees payable under 37 C.F.R. § 1.18, the Director is hereby

authorized by this paper to charge any additional fees during the entire pendency of this

application including fees due under 37 C.F.R. §§ 1.16 and 1.17 which may be required,

including any required extension of time fees, or credit any overpayment to Deposit

Account 50—0310. This paragraph is intended to be a CONSTRUCTIVE PETITION FOR

EXTENSION OF TIME in accordance with 37 C.F.R. § 1.136(a)(3).

Date: October 18, 2004 By:

Morgan Lewis & Bockius LLP

Customer No. 09629 Regist v. tion No. 25,323

1111 Pennsylvania Avenue, NW. Tel. No.: (202) 739—5320

Washington, DC. 20004 Fax No.: (202) 739-3001
Tel. No.: 202-739-3000

DJB:mk
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PATENT

ATTORNEY DOCKET NO.: 056291-5004
 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT APPLICATION of:

Group Art Unit: 1617
EVANS et al.

Examiner: Hui, San—ming

Appln.No.: 09/756,291

Filed: January 9, 2001

FOR: FORMULATION

September 13, 2002
Commissioner of Patents

Washington, no. 20231

Sir:

SECOND INFORMATION DISCLOSURE STATEMENT

Applicant wishes to make of record the following circumstances regarding the

controlled, confidential and non—commercial testing of compositions meeting the definition

of “pharmaceutical formulation”, as used in the present method of treatment claims, which

was carried out in the‘United States more than one year before the filing date of the present

application in preparation for and during the testing (IND) phase of the regulatory review of

such formulation by the FDA.

1. The elected invention as presently claimed is directed toward a method for treating a

benign or malignant disease of the breast or reproductive tract of a human by intra-

muscular injection of a particular pharmaceutical formulation comprising the active drug

fulvestrant in a vehicle comprising ricinoleate, a pharmaceutically-acceptable alcohol,

and a pharmaceutically—acceptable non-aqueous ester solvent miscible in ricinoleate, as

detailed in the claims.
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2. Fulvestrant is the international non-prOprietary (generic) name for the compound 7—

alpha-[9—(4,4, 5,5 ,5 —p entafluoropentylsulphinyl)nonyl]estra—l ,3 —5 (l O)-t1iene—3 , l 7‘beta-

diol, “which compound is encompassed by claims of US. Patent No. 4,659,516 issued to

Bowler et al. in 1987 (hereinafter the “Bowler ‘5 l6 patent”).

3. The present specification acknowledges that fulvestrant is included among the steroid

derivatives disclosed in Eur0pean Patent Application No. 0 138 504 (corresponding to the

Bowler ‘5 16 patent) as being effective antioestrogenic agents. The Bowler ‘516 patent

notes at the bottom of column 7 that compositions of the disclosed steroid derivatives

may be in a form suitable for oral or parenteral administration, and that compounds

having antioestrogenic effect may have value in the treatment of, e.g. , anovulatory

infertility, breast tumors and menstrual disorders.

4. However, certain characteristics of fulvestrant make it very difficult to formulate a

pharmaceutically acceptable and effective composition for administration to humans. In

particular, fulvestrant is an extremely lipophilic molecule, even when compared with

other steroidal compounds, and its aqueous solubility is extremely low, placing severe

limitations on the manner and mechanism by which it can be administered.

5. Subsequent to grant of the Bowler ‘5 l6 patent, applicants developed an inj ectable

extended release formulation of fulvestrant by which it became feasible to effectively

utilize the known pharmacological properties of fulvestrant in the treatment ofbenign or

malignant diseases of the breast or reproductive tract in humans, as presently claimed.

This injectable extended release formulation of fulvestrant was subjected to extensive in
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vitro and in viva testing in animals, and eventually in clinical trials as detailed below,

leading up to the first FDA approval of this formulation in April 2002.

. In brief chronology, fulvestrant was initially put into development by Imperial Chemical

Industries PLC (hereinafter “ICI”), under the product designation ICI 182,780.

Development of fulvestrant was continued by Zeneca Limited (formed from ICI in 1993)

under the product designation ZD9238. By December 6, 1996, preliminary testing of an

injectable formulation containing fulvestrant as active ingredient had progressed to the

point that an IND (Investigational New Drug) application was filed with the FDA for

FASLODEX® (fulvestrant) Injection. As of the January 5, 1997 effective date of the IND

application, clinical testing could, for the first time, commence in human subjects in the

United States.

. Clinical testing under the [ND continued on behalf ofAstraZeneca (formed by merger in

1999) until it was believed that sufficient evidence of safety and efficacy of the

formulation had been obtained, and on March 28, 2001 an NBA (New Drug Application)

was submitted to the FDA. Meanwhile, the subject application for patent, Application

. No. 09/756,291, was filed in the United States on January 9, 2001, claiming priority from

GB Application 00003137, filed January 10, 2000, and GB Application 00088377, filed

April 12, 2000. Thereafter, on April 25, 2002, the NDA for the Faslodex (injectable A

fulvestrant formulation) was approved by the FDA, whereupon Faslodex was approved

for commercial marketing for the treatment. of certain breast cancers.

. The inj ectable fulvestrant formulation constituting Faslodex comes within the definition

of “pharmaceutical formulation” as used in the method of treatment claims presently
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pending in this application. The April 25, 2002 approval date constitutes the earliest

possible date for commercial marketing in the United States of a formulation for use in

accordance with the present claims.

9. This FDA approval came after the present application was filed, and was the culmination

ofmany years of testing and gathering of data on the injectable formulation of fiilvestrant

(ICI 182,780 or ZD923 8), both in the United States and abroad, in animals and eventually

in human clinical trials. As will be evident below, all such testing in the United States

more than one year before this application was filed was carried out under agreements

which imposed obligations of confidentiality on the involved institutions and/or

investigators, gave AstraZeneca strict control over the permitted use and disposition of

the test samples of formulation, and provided that AstraZeneca was entitled to all

information or data derived from the testing.1 Moreover, all persons enrolled in the

clinical trials were advised of the experimental nature of the formulation, and

acknowledged this in signed informed consent formsas a precondition to their

enrollment. AstraZeneca received no payment for the samples, and was not otherwise

compensated for the use of these samples in the clinical trials. Under these conditions and

the applicable case law discussed later below, these tests of the fulvestrant formulation in

the United States did not constitute a “public use” under 35 U.S.C. § 102(b) of the

present invention because the tests were carried out under strict obligations of

confidentiallty, and the tests and the use and dispos1t10n of the formulatlon, remained

1 Reference to AstraZeneca hereinafter should be understood to refer to AstraZeneca and/or its predecessors in
interest, ICI and Zeneca, unless the context indicates otherwise.
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under the control of AstraZeneca throughout the entire period. These tests did not place

the formulation in the public domain or cause the public to believe that the formulation of

the invention was freely available, and certainly did not constitute a commercial

exploitation of the invention more than one year before this application was filed.

10. Prior to the January 5, 1997 effective date of the ]ND application, all testing of

fulvestrant formulation in the United States was necessarily carried out in vitro or in

animals, and therefore cannot come within the Scope of the present method of treatment

claims. Nevertheless, it should be noted that all such testing was carried out under strict

conditions of confidentiality and limitations of use imposed by a Statement of.Proposed

Investigation (SOPI) form that each investigator was required to sign as a condition to

receiving samples of fulvestrant formulation.

11. The SOPI forms used by ICI in the early 19905 required a statement ofproposed use of

the material (necessarily not including any use in humans) that had to be approved by

ICI, and stated just above the required signature of the investigator:

“If samples are supplied, I undertake:-

‘ 1. to make available all results to ICI;

2. that the results will not be submitted for publication or disclosed in any other

way prior to disclosure to ICI;

3. to use the samples only for the purposes {described above and not to pass the

samples or any portion thereof to any investigators for any other purpose;

4. not to use the samples for any commercial purpose or for any study

requested by a commercial organization.”

InnoPharma Exhibit 10460061
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12. The SOPI forms used by Zeneca and AstraZeneca (even after the effective date of the

1ND, for any samples provided to investigators outside of formal protocols for clinical or

compassionate use trials discussed below) similarly required a statement of proposed use

of the material that had to be approved by Zeneca or AstraZeneca, and explicitly stated,

“Laboratory studies/tests on animals only. (Not for human use).” Again, just above the

signature of the investigator, the following undertaking was printed on each form:

“1. All results acquired as a direct result of the use of the samp1e(s) will be promptly

furnished to AstraZeneca.

2. The results will not be submitted for publication or disclosed in any other way

without prior consent from AstraZeneca, which will not be unreasonably

withheld.

3:. The sarnple(s) will only be used for the purpose described above and shall not be

passed to a third party. Any unused material will be returned to AstraZeneca.

4. The sample(s) will not be used to support the development of any commercial

product containing the compound(s) supplied by AstraZeneca.

5. AstraZeneca shall be granted first option of a license to all rights in any

discoveries or inventions made as a direct result of the investigations described

above (Whether patentable or not). In particular, the option will include an option

for a license under any patents and patent applications relating to the use of the

samp1e(s).

6. AstraZeneca requires assurance from all external investigators that all studies

carried out on behalf of AstraZeneca and/or involving AstraZeneca compounds

are carried out in compliance with all animal welfare legislation, regulations and

policies applicable in that country/state. Please let us have your confirmation in

writing that this is the case. We would also like to receive any additional
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information on your in—house animal welfare arrangements which you are able to

provide.”

13. It is understood that no investigator receiving fulvestrant formulation pursuant to a SOPI,

at least in the United States and prior to the filing of the present application for patent,

was informed of the components and/or proportions thereof constituting the inj ectable

vehicle in which the fulvestrant was carried, and that no investigator publication of

results approved by AstraZeneca included such a disclosure.

14. Two clinical studies involving Faslodex were carried out at least in part in the United

States prior to the filing date of the present application for patent.

0 Clinical Study 923 BIL/0021 began, in the United States, in April 1997 and extended

to June 2000; was carried out in 69 centers involving 414 patients; and had the

objective of comparing the effect, in terms of time to progression, of two doses of

Faslodex (125 and 250 mg) with one dose of Arimidex (1 mg) in postmenopausal

women with advanced breast cancer.

- Clinical Study 92381L/0025 began, in the United States, in November 1998 and

extended to July 2001; was carried out in‘32 centers involving 51 patients; and had

the objective of comparing the effect, in terms of time to progression, of Faslodex

(250 mg) with Nolvadex (20 mg) as‘first-line therapy in postmenopausal women with

advanced breast cancer.

15. Each clinical study was carried out under a Clinical Study Agreement entered into by

each Institution and Investigator taking part in the study.
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16. A representative Clinical Study Agreement for Clinical Study 923 SIL/0021 provided in

relevant part:

“The clinical Study to be performed pursuant to this Agreement shall be that set

forth in the Protocol entitled “A Double-blind, Randomized, Multicenter Trial

comparing the Efficacy and Tolerability of 125 and 250 mg of FASLODEXTM
(Long—acting ICI 182,780) With 1 mg ARIMIDEXTM (Anastrozole) in

Postmenopausal Women With Advanced Breast Cancer” (hereinafter referred to

as “Protocol”). Institution shall use its best efforts to ensure that the work

required under the Protocol is properly performed in accordance therewith.”

*****

“ZENECA reserves the right to terminate this Agreement and Study at any time

in its sole discretion upon thirty (30) days prior written notice. However,

ZENECA may terminate this agreement upon five (5) days written notice for

safety, regulatory or ethical reasons. In the event of termination, all unused Study

materials shall be returned to’ ZENECA and ZENECA shall reimburse Institution

for all actual costs reasonably incurred up until the effective termination date.”

*****

“All rights to all data, inventions or discoveries Institution may make or conceive

in the course of their work for ZENECA in their performance under this

Agreement and using product in accordance with the detailed protocol provided

by ZENECA will be the property of ZENECA and will be assigned to ZENECA,

and Institution will assist ZENECA, at ’ZENECA’S expense, by executing

rightful papers for obtaining proper patent protection in such inventions or

discoveries in any country which ZENECA at ZENECA’s option, desires to

obtain patent protection. All control of and decisions regarding such patent

filings and prosecution, whether US. or foreign, and all costs and fees associated

therewith, shall be exercised and/or borne by ZENECA.”
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*****

“It may be necessary for Zeneca to disclose to Institution certain information

considered proprietary or confidential (hereinafter ‘Confidential Information’) to

aid Institution in effecting or completing their performance under this

Agreement. Institution agrees to maintain in confidence all Confidential

Information Institution obtains from ZENECA relating to this Agreement and not

to disclose any of said Confidential Information to a third party for a period of

three (3) years after the termination of this Agreement without the prior written

consent of ZENECA. Notwithstanding the foregoing, it is understood that

Confidential Information shall not include the following: (i) information that is

now publicly available, (ii) information that later becomes publicly available,

after it has become publicly available, (iii) information which Institution obtain

from some third party not under any obligation to ZENECA with respect to such

information, or (iv) information which Institution already have in their

possession, prior to any disclosure by ZENECA, as evidenced by written records,

(v) is independently developed by Institution or (vi) is required by law or

regulation to be disclosed, provided, however, that Institution notifies and

consults with Zeneca prior to such disclosure.

“Subject to the provisions of confidentiality set forth in Section 6(d) above,

ZENECA agrees to grant” Institution the right to publish its findings in the

scientific literature, provided that ZENECA shall have the right to review, at

least 30 days prior to submission for publication, copies of any and all final draft

manuscripts which are authored or co-authored by Institution or by anyone in

their research group and which are based in whole or in part on research

conducted under this Agreement. Upon request by ZENECA, in order to protect

intellectual property rights, Institution agrees to delay submission of such final

drafl manuscripts for publication for a period not exceeding six (6) months from

the date on which ZENECA receives such final draft manuscripts. Institution

agrees to implement any reasonable suggestions made to preserve ZENECA’s
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right in its Confidential Information before any disclosure for publication or

presentation; Investigator and Institution agrees to take appropriate cognizance of '

any other suggestions by ZENECA before any disclosure for publication or

presentation.”

17. A representative Clinical Study Agreement for Clinical Study 923 81L/0025 similarly

provided in relevant part:

“The clinical Study to be performed pursuant to this Agreement shall be that set

forth in the Protocol which is attached hereto as Exhibit A and incorporated

herein by reference. Institution and Investigator shall use their best efforts to

ensure that the work required under the Protocol is properly performed in

accordance therewit .”

*****

“Zeneca reserves the right to terminate this Agreement and Study at any time in.

its sole discretion upon five (5) days prior written notice. In the event of

termination, all unused Study materials shall be returned to Zeneca and Zeneca

shall reimburse Institution and Investigator for all actual costs reasonably

incurred up until the effective termination date.”

*****

“All rights to all data, inventions or discoveries Institution and Investigator may

make or conceive in the Course of their work for Zeneca in their performance

under this Agreement will be the property of Zeneca and will be assigned to

Zeneca, and Institution and Investigator will assist Zeneca, at Zeneca’s expense,

by executing rightful papers for obtaining proper patent protection in such

inventions or discoveries.”

*****

“It may be necessary for Zeneca to disclose to Investigator and Institution certain

information considered proprietary or confidential (hereinafter “Confidential
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Information”) to aid Investigator and Institution in effecting or completing their

performance under this Agreement. Confidential Information shall also include

Study data; however, Investigator’s and Institution’s right to publish pursuant to

Section (d) below“. shall not be affected by this provision. Investigator and ‘

Institution agree to maintain in confidence all Confidential Information

Investigator and Institution obtain from Zeneca relating to this Agreement and

not to disclose any of said Confidential Information to a third party without the

prior written consent of Zeneca. Notwithstanding the foregoing, it is understood

that Confidential Information shall not include the following; (i) information that

is now publicly available, (ii) information that later becomes publicly available,

afier it has become publicly available, (iii) information which Investigator and

Institution obtain from some third party not under any Obligation to Zeneca with

respect to such information, or (iv) information which Investigator and

Institution already have in their possession, prior to any disclosure by Zeneca, as

evidenced by written records.

“Nothing herein shall prevent Investigator and Institution fiom complying with

the legal obligation to disclose Confidential Information so long as Investigator

and Institution (i) provide Zeneca prompt notice of its intent to disclose (or to

resist disclosure) (ii) take reasonable steps to require the recipient to preserve the

confidential nature of the information once disclosed and (iii) afford Zeneca the

opportunity to attempt to prevent the disclosure (whether or not Investigator and

Institution have sought to resist disclosure) or obtain protection for the

information disclosed.”

*****

*[(d)] “Subject to the provisions of confidentiality set forth in Section 6(c)

above, Zeneca agrees to grant Investigator and Institution the right to publish

their findings in the scientific literature, provided that Zeneca shall have the right

to review, at least 30 days prior to submission for publication, copies of any and

all final draft manuscripts which are authored or co—authored by Investigator and
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Institution or by anyone in their research group and which are based in whole or

in part on research conducted under this Agreement. In the event it is necessary

for Zeneca to prepare a patent application(s) and other-documentation, and upon

request by Zeneca, Investigator and Institution agree to delay submission of such

final draft manuscripts for publication for a period not exceeding six (6) months

frOm the date on which Zeneca receives such final draft manuscripts. Investigator

and Institution agree to implement any reasonable suggestions made to preserve

Zeneca’s right in its Confidential Information before any disclosure for

publication or presentation; Investigator and Institution agree to take appropriate

cognizance of any other suggestions by Zeneca before any disclbsure for

publication or presentation.”

*****

“Zeneca shall be entitled to make copies, at Zeneca’s expense, of any and all

documents and data generated from the Study. In addition, Institution and

Investigator agree to allow Zeneca to audit the Study records (including

administrative files and source documents such as hospital charts, office records

and written results of laboratory and diagnostic tests) of Institution and

Investigator at mutually convenient times.

18. An additional clinical study involving Faslodex was commenced in the United States

more than one year prior to the filing date of the present application for patent, being

Clinical Study 923 BIL/003 7, a compassionate—use trial under a protocol initially entitled

“An Open-label, Treatment—use Protocol of 250 mg of FASLODEXTM (Long—acting ICI

182,780) in Postmenopausal Women With Advanced Breast Cancer.” It is understood

that as of one year prior to the filing date of this application, seven subjects had been

enrolled in Clinical Study 923 BIL/0037.
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19. A “Confidentiality and Proprietary Rights Agreement” was entered into by each

Investigator prior to his involvement in Clinical Study P238E/0037, in which the

Investigator acknowledged that “he will have access to and obtain knowledge of certain

. proprietary and confidential Information of Zeneca and that as a condition of receiving

such information” the parties agreed, in part as here relevant:

“1. ’Confidential Information’ shall mean all information (a) disclosed by

Zeneca to Investigator, either orally or in writing or (b) obtained by the

Investigator from a third party or any other source, regarding the protocol

entitled ‘An Open-label, Treatment—use Protocol of 250 mg of FASLODEXTM

(Long—acting ICI 182,780) in Postmenopausal Women With Advanced Breast

Cancer, Study No. 923 81L/0037’ (‘Study’)

“Confidential Information shall not include information that: (i) was

already in the possession of Investigator before disclosure thereof by Zeneca to

Investigator as evidenced by Investigator’s written records (ii) is independently

developed by Investigator as evidenced by Investigator’s written records, (iii) is

or becomes publicly available through no fault of Investigator, or (iv) is obtained

by Investigator from a third party under no obligation not to disclose same.

“Nothing herein shall prevent Investigator from complying with a legal

obligation to disclose Confidential Information so long as Investigator (i)

provides Zeneca prompt notice of its intent to disclose (or to resist disclosure) (ii)

takes reasonable steps to require the recipient to preserve the confidential nature.

of the information once disclosed and (iii) affords Zeneca the opportunity to

attempt to prevent the disclosure (whether or not Investigator has sought to resist

disclosure) or obtain protection for the Information disclosed.

“2. The purpose of the disclosure of Confidential Information is to allow

Investigator to participate in the Treatment~use Protocol.

InnoPharma Exhibit 1046.0069



ATTORNEY DOCKET NO. : 056291—5004

‘ Application No.: 09/756,291
Page 14

“3. Investigator agrees to maintain in strictest confidence and to take all

reasonable steps to maintain the confidentiality of the Confidential Information.

Investigator also agrees not to disclose Confidential Information to any third

party, and to use Confidential Information only for the purposes stated in

paragraph 2 of this Agreement.

“4. Investigator recognizes that all documents and records received by

Investigator from Zeneca and all copies of such records and documents shall be

Zeneca’s property exclusively. The Investigator shall at all times keep all such

documents, records and copies of documents and records in Investigator’s

custody and subject to Investigator’s control and shall surrender the same upon

request by Zeneca.

”5. Investigator shall not disclose any Confidential Information to any of

its employees, except employees of Investigator who have a need to know the

Confidential Information-for the purposes stated in paragraph 2 of this

Agreement and who have assumed an obligation to maintain Zeneca’s

Confidential Information in confidence at least to the extent that Investigator is

bound hereunder. Investigator shall advise each such employee of the

confidential nature of the Confidential Information received from Zeneca and the

existence and importance of the confidentiality provisions of this Agreement and

shall be responsible for ensuring that such employees maintain the Confidential

Information in confidence in accordance with the terms of this Agreement.

“6. Because of the unique nature of the Confidential Information,

Investigator understands and agrees that Zeneca will suffer irreparable harm in

the event that Investigator fails to comply with any of its obligations contained

hereinabove and that monetary damages will be inadequate to compensate

Zeneca for such breach. Accordingly, Investigator agrees that Zeneca shall have

the right to seek immediate injunctive relief to enforce the confidentiality

obligations contained herein.

InnoPharma Exhibit 1046.0070
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“7. All rights to all data, inventions or discoveries Investigator may make

or conceive in the course of Investigator participation in the Study will be the

property of Zeneca and will be assigned to Zeneca, and Investigator will assist

Zeneca, at Zeneca’s expense, by executing rightful papers for obtaining proper

patent protection in such inventions or discoveries. Investigator agrees to make

no claim which will restrict the rights of Zeneca to use and disclose to others any

information, knowledge, and ideas which are disclosed to Zeneca by Investigator

in the course ofperformance of the Study.

“8. Subject to the provisions of confidentiality set forth herein, Zeneca

I agrees to grant Investigator the right to publish his findings in the scientific

literature, provided that Zeneca shall have the right to review, at least 30 days

prior to submission for publication, copies of any and all final draft manuscripts

which are authored by Investigator or by anyone in his research group and which

are based in whole or in part on research conducted pursuant to this Study. In the

event it is necessary for Zeneca to prepare a patent application(s) and other

documentation, and upon request by Zeneca, Investigator agrees to delay

submission of such final draft manuscripts for publication for a period not

exceeding six (6) months fiom the date on which Zeneca receives such final draft

manuscripts. Investigator agrees to implement any reasonable suggestions made

to preserve Zeneca’s right in its Confidential Information before any disclosure

for publication or presentation; Investigator agrees to take appropriate

cognizance of any other suggestions by Zeneca before any disclosure for

publication or presentation.”

20. The Protocols referenced with respect to the above-noted Studies No. 9238IL/0021, No.1

9238IL/0025 and No. 923 BIL/0037 provided details of, inter alia, the:

0 criteria for the selection and screening for eligibility of subjects for entry into the

trial, as well as exclusion criteria;

InnoPharma Exhibit 1046.0071
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o route, dose and regimen for administration of the respective drugs to individual

subj ects;

0 procedures for drug accountability, including maintenance of accurate records on

receipt and disposition of investigational materials, and return or destruction of any

unused drug;

0 frequency and procedures for clinical and laboratory evaluations;

- regular recordation of data on case report forms, record retention and submission of

records to Asn'aZeneca; and

0 trial monitoring and data verification by representatives of AstraZeneca.

21. These Protocols furthermore required that each subject be given appropriate information

on the treatment prior to its commencement, including the experimental aspects of the

treatment and the risks involved, and sign an informed consent form approved by

AstraZeneca, and conforming to the requirements of 21 CPR. 50.20 et seq. , which

requires as a basic element of informed consent, that each subject be provided with, inter

alia, a “statement that the study involves research, an explanation of the purposes of the

research and the expected duration of the subj ect‘s participation, a description of the

procedures to be followed, and identification of any procedures which are experimental.”

21 C.F.R. 50.25(a)(1).

In evaluating the above circumstances in context of 35 U.S.C. § 102(b), the

Examiner’s attention is called to MZPEP 1] 2133.03 “Rejections Based on ‘Public Use’ or ‘On

Sale’, and particularly MPEP 1[ 2-133.03(a) “Public Use”, section B. headed “Use by Third
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Parties Deriving the Invention from Applicant.” It is respectfully submitted that the above

circumstances do not constitute a “public use” of the presently claimed invention under the

criteria set forth in the MPEP, and as established by decisions of the Federal Circuit, because

of the strict confidentiality and control imposed and maintained by AstraZeneca throughout

the relevant trial periods. NIPEP 11 2133.03(a)B. provides:

An Invention Is in Public Use If the Inventor Allows Another To Use the

Invention Without Restriction or Obligation of Secrecy

"Public use" of a claimed invention under 35 U.S.C. 102(b) occurs when the

inventor allows another person to use the invention without limitation, restriction

or obligation of secrecy to the inventor." In re Smith, 714 F.2d 1127, 1134, 218

USPQ 976, 983 (Fed. Cir. 1983). The presence or absence of a confidentiality

agreement is not itself determinative of the public use issue, but is one factor to be

considered along with the time, place, and circumstances of the use which show
the amount of control the inventor retained over the invention. Moleculon

Research Corp. v. CBS, Inc., 793 F.2d 1261, 1265, 229 USPQ 805, 809 (Fed. Cir.

1986). See Ex parte C, 27 USPQ2d 1492, 1499 (Ed. Pat. App. & Inter. 1992)

(Inventor sold inventive soybean seeds to growers who contracted and were paid

to plant the seeds to increase stock for later sale. The commercial nature of the use

of the seed coupled with the "on-sale" aspects of the contract and apparent lack of

confidentiality requirements rose to the level of a "public use" ban); Egbert v.

Lippmann, 104 US. 333, 336 (1881) (Public use found where inventor allowed

another to use inventive corset insert, though hidden from View during use, '

because he did not impose an obligation of secrecy or restrictions on its use).

The samples of fulvestrant formulation provided under the SOPI forms was not for

human use, and therefore outside of the scope of the present method of use claims.

Nevertheless, the tests conducted on these samples by the third party Investigators did not

constitute a “public use”. Through the SOPI forms, AstraZeneca maintained strict

confidentiality over the samples and tests conducted therewith, maintained control over the

use and disposition of the samples, and was entitled to all data developed in the course of the
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tests. (W 10—13, supra). Moreover, AstraZeneca received no payment or other commercial

benefit from providing these samples

Similarly, the three clinical trials or studies conducted in human subjects did not

constitute a “public use” under the definition thereof set out in the MPEP as developed by the

courts. Prior to the release of any materials or formulations on which to carry out these

studies, the institutions and/or investigatorsinvolved were required to sign an agreement

whereunder strict confidentiality was required, and all information provided to or developed

by the institution/investigator during the course of such studies remained or became the

property of AstraZeneca. (111] 16, 17 and 19, supra). Through the Clinical Study Agreements,

and the Protocols under which all'three studies were conducted, AstraZeneca maintained full

control over the use and disposition of the study materials or formulation that it provided to

the institutions/investigators throughout the course of these studies, and the right to receive

the data and records that were produced. (71] 16, 17 and 20, supra). Moreover, each subject

of these studies was fully informed of the experimental nature of the formulation and its use,

as acknowledged in signed informed consent forms, and clearly did not have any basis to

believe that the formulation or its use in the treatments was in the public domain or otherwise

freely available. (fl 21, supra). Again, AstraZeneca received no payment for the formulation

used in these studies, and these studies did not constitute a commercial exploitation of the

formulation.

Therefore, under the case law as developed by the courts, and its application by the

Patent and Trademark Office as set out in the above-quoted paragraph from the MPEP, it is
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respectfully submitted that the foregoing circumstances do not constitute a “public use”

under 35 U.S.C. § 102(b).

September 13, 2002

Morgan Lewis & BockiuS'LLP
Customer No. 009629

111 1 Pennsylvania Avenue, NW.

Washington, DC. 20004
Tel. No.: 202-739—3000

DIB:

  

 
Resp tfully Sub

Morga Lewis &

. 0.: (202) 739—5320

Fax No.: (202) 739-3001
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ATTORNEY DOCKET NO.: 056291-5004-01 )

)

)

) c
Application No.: 10/872,784 ) Prior Group Art Unit: 1617

)

Filed: June 22, 2004 ) Prior Examiner: Hui, Sang Ming R.

)

FOR: FORMULATION )

Commissioner for Patents ' Date: October 18, 2004

US. Patent and Trademark Office

2011 South Clark Place

Customer Window, Mail Stop

Crystal Plaza Two, Lobby, Room 1BO3

Arlington, VA 22202

Sir:

THIRD INFORMATION DISCLOSURE STATEMENT

Pursuant to 37 C.F.R. §§ 1.56 and l.97(b), Applicant brings to the attention of the

Examiner the documents listed on the attached PTO—1449. This Information Disclosure

Statement is being filed before the mailing date of a first Office Action on the merits for the

above-referenced application.

A copy of each listed document is attached.

Applicant respectfully requests that the Examiner consider the listed document and

evidence that consideration by making appropriate notations on the attached form.

This submission does not represent that a search has been made or that no better art

exists and does not constitute an admission that the listed document is material or constitutes

"prior art." If it should be determined that the listed document does not constitute "prior art"

under United States law, Applicant reserve the right to present to the Office the relevant facts

and law regarding the appropriate status of such document. Applicant further reserve the

l-WA/227703l .1
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right to take appropriate action to establish the patentability of the disclosed invention over

the listed document, should the document be applied against the claims of the present

application.

For the Examiner’s assistance, the following correlation of English language

documents to the Japanese documents is noted:

1. US 2001/0006963 A1 (English equivalent of JP-l 1-501649-A)

2. GB 1 270571 (English equivalent of JP-43-27327-B)

3. English Abstract of JP09—208496 and translation of paragraph [00056]
thereof

4. English Abstract ofJP10—152438 and translation of paragraph [003 8] thereof

5. EP 819 431 A1 (English equivalent of JP-10-203982)

6. EP 905—143 A2 (English equivalent of JP 11—158200)

EXCEPT for issue fees payable under 37 C.F.R. § 1.18, the Director is hereby

authorized by this paper to charge any additional fees during the entire pendency of this

application including fees due under 37 C.F.R. §§ 1.16 and 1.17 which may be required,

including any required extension of time fees, or credit any overpayment to Deposit

Account 50-0310. This paragraph is intended to be a CONSTRUCTIVE PETITION FOR

Date: October 18, 2004 By:

Morgan Lewis & Bockius LLP
Customer No. 09629 4

1 111 Pennsylvania Avenue, NW. Tel. 0.: (202) 739-5320

Washington, DC. 20004 Fax No.: (202) 739—3001
Tel. No.: 202-739-3000

DJB:mk

 
l~WA/2277031.l
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FORM PTO-1449 (modified), , Atty. Dkt. No. Client Ref.
To: U.S. Department of Commerce

Patent and Trademark Office

056291 -5004-01

Applicant: Evans et al.

 

    

 
 

 
Appln. No.: 10/872,784

\ 9'0“" :5 Filin Date: June 22, 2004U.

093%; Octoar 18. 2004 Page 1 of 1 Prior Prior Group Art
"(4‘ Q" Examiner: Hui, Sano Mino R. Unit: 1617
 

    

 

 

 
 

   
 

 

  

 
 
 
 
 

 

Examiner's Document Date Name Class Sub Filing

lnitials” Number MM/YYYY (Family Name of First Inventor) Class Dateif a v n r0oriate

'Enlish e uivalent of JP 11-501649 ----93- _
--—_----
_EEI————-—
_E--——-—
—-_-———-
—-—-____
—-____-_
_lliI—____—

FOREIGN PATENT DOCUMENTS V Eng'iSh Tran-Elation
Abstract Readily

Document Date Country inventor Name Available-I --—
_--—_—--EEIEEI
_-_—_—---l
_-__—---I

Enolish eouivalent of JP-43-27327~B

—ma———_—I-l
_l!El—_--I
—E____---I

i0819431 A1 EP Yamagata et al. l-lEnglish equivalent of JP Pub.
10-203892

1'1-158200 06/1999 JP I-IRR 0905143 A2 03/1999 EP Yamagata et al. IIIEnglish equivalent of JP Pub.
11—158200

-——__---I

OTHER lncludino in this order Author, Title, Periodical Name, Date, Pertinent Paoes, etc. -'-I--
---I

.- ---I
-- -I-I
Examiner Date Considered:

*EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through citation if

 
not in conformance and not considered. Include cm of this form with next communication to A olicant.

—WA/2275945.1
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(54) INJECTABLE COMPOSITION

(71) We, TAKEDA YAKUHIN Koovo
KABUSHIKI KAISHA (TAKEDA CHEMICAL
INDUSTRIES. 1.113..) of 27. Doshomachi
Z-chome, Higashi-lm. Osaka. Japan, a cor-
porate bodygaorganised under the laws of
Japan, do hereby declare the invention.
for which pray that a patent may begran
ted to us, and the method by which it is
to be performed. to be particularly de-
scribed in and by the following statement:

This inventionyrelatzs to an oily inject—
able composition and to the production
thereof.

It is well known that such hormones as
estradiol divalerate. estradiol cyclopentyl—
propionate, testosterone propionate, hex-
estrol dicaprylate and diehylstilbestrol di-
propionate haVe their specific actions on
humans and animals. InP order to produce
the specific effects of the hormones effec-
tively, it is necessary to prepare such hor-
mones in the form of injectable prepara-
tions. For the purpose of preparing injec-
tions of such hormones. attempts were
made, for example, to dissolve such hor-
mones in vegetable oils such as sesame
oil, cotton-seed oil, peanut oil and olive
oil. However, these vegetable oil solutions
of the hormones have so high a viscosity
that they cannot be administered parenter-
ally without giving local pain or necrosis
to the host. Attempts were made to reduce
the local pain by adding benzyl alcohol to
the vegetable oil solution of the hormones,
but the high viscosity was not reduced to asufficient degree.

The concentmtion of the lipophilic hor-
mones in the injectable preparations is
usually higher than about 0.5 weight per-
cent, and is desirably often as high as 5
weight per cent or even up to 10 weight
per cent.

Therefore. the solvent. 1.1:. the injectable
vehicle for the lipophilic hormones, is also
requ:red to have the capacity to keep the

!'.—--——\.__.._ -

hormones dissolved therein at a desired

concentration, at a. number of tempera-
tures. e.g. —-20° C. to 40°C.

Under such circumstances. attempts
have been made to find a suitable vehicle 50
composition for making

satisfactorily injectable.
The present invention provides an oily

vehicle composition for injection of the
hormones. an oily injectable solution of
the hormones which can be satisfacton'ly
administered and methods of preparing
the oily vehicle and the oily injectable
solution.

The oily vehicle of the present inven-
tion is prepared by admixing benzyl ben-
zoate. chlorohutanol and vegetable oil.

The benzyl benzoate is used in an
amount of from 10 to 50 weight per cent.
especially from 15 to 30 weight per cent,
relative to the total Weight of the vehicle
composition.
, The chlorobutanol is used in a propor-
tion of from 0.5 to 5 weight per cent, es-
pecially from about 1 to about 3 weight
per cent. relative to the vehicle composi-tion.

When the amount of the benzyl ben-
zoate of the present invention is less than
10 weightper cent, the viscosity of the
oily vehicleperis not sufficiently low to make
the resulting solution in]ecta-ble without
harm. When the amount of the chloro-
butanol of the present invention is less
than about 0.5 weight per cent, the anti-
septic effect of the oily vehicle is remark-
ably reduced. The upper limits of the
benzyl benzoate and chlorobutanol of the
present inVCntion are provided for prac-
tical purpose On preparing the oily
vehicle of the present invention. the re-
spectiVe ingredients may be admixed in
any order. The vegetable oil of the
present invention is exemplified. by sesame
oil. cottonseed oil. peanut oil and olive

the hormones

BEST AVAILABLE C01:
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The 0in vehicle thus prepared is em-
ployed for preparing an injectable solu-
tion of the hormones of the present inven-

5 ticn. The injectable solution of the present
invention is prepared by incorporatin the
hormones into the oily vehicle pr uced
in the manner mentioned above. The re-
spective ingredients constituting the in~

10 jectable solution of the present invention
may be admixed in any order. Of course,
the injection solution of the present
invention should be prepared under sterile
conditions.

15 The injectable solution of the present
invention thus prepared preferably has a
viscosity which is such that it is satis-
factorily injected without any undesirable
effects. Furthermore, the injectable solu-

20 tion of the present invention gives only
slight pain upon injection due to the in-
corporation of chlorobutanol in the solu-
tion.

An example of the present invention is
25 now given. Throughout the escription

and claims. part is on a weight basis un—
less otherwise stated.
EXAMPLE

2.5 Parts of 4-hydroxy-l9-nor-testoste-
3o rone l7 - cyclopentylpropionate and 2

parts of chlorobutanol are admixed with
20 parts of benzyl benzoate. The resulting
mixture is dissolved in a suflicient amount

of sterilised pure sesame oil to make the
35 total up to 100 parts. The resulting oil

solution is filtered under sterile condition

and then filled up into ampules.
As the control. an oily solution is simi-

larly prepared employing 2.5 parts of the
40 same steroid compound as the above and

10 parts of benzyl alcohol.
The viscosity of each of the two kinds

of oily solution thus preparedis examined
to give the following result when mea-

45 sured by rotary viscometer at 20°C..

Viscosity
Oily solution (centipoises)

The present invention 50
Control 80

50 An oily iniectable vehicle (solvent) is
prepared according to the following for
mulae. and the viscosity of each of the
oily solutions is similarly examined to
give the results shown below.

55 Formula: _
Chlorobntanol 3 parts
Benzyl benzoate 30 parts
Sterilised pure
sesame oil 67 parts

60 This vehicle is suitable for dissolving 2
parts of hexestrol dieaprylate to give a
satisfactorily injecta-ble solution.

The viscosity of the injectable preparv

1 207571 2

ation containing 2 parts of hexestrol di-
eaprylate dissolved in the vehicle compos- 65
irion prepared as above is compared with
that of a hitherto-employed preparation
which has the following formula:

Hexestrol dieaprylate 2 parts
Benzyl alcohol 3 parts 70
Sterilised sesame oil Added to make

me5 parts in total.

Viscosity

 

0in solution

Oily solution of the formula 40
Control solution of the 75

formula 90

 

 

WHAT WE CLAIM IS:—

1. An oily injection vehicle for lipo-
philic hormone injections. which consists 80
substantially of (a) from 10 to 50 weight
per cent of benzyl benzoate. (b) from 0.5
to 5 weight per cent of chlorobutanol and
(c) remainder vegetable oil.

2. 'An injection vehicle according to 35
claim I. wherein the amount of benzyl
benzoate is from .15 to 30 weight per
cent.

3. An injection vehicle according to
claim I or 2. wherein the amount of chlor- 90
obutanol is from l to 3 weight per cent. >

4. An injectable solution which con-
sists substantially of (a) from l0 to 50
weight per cent of benzyl benzoate. (b)
from 0.5 to 5 weight per cent of chloro- 95
butanol. (c) lipophilic hormone and (d)
remainder vegetable oil, wherein percent-
ages are based on the total weight of the
iniection vehicle comprising (a), (b) and
(d). IOO

5. An injectable solution according
to claim 4. wherein the amount of the
hormone is from 0.5 to 10 weight per
cent, based on the total weight of the in-
jectable solution. 105

6. An injectable solution according to
claim 4 or 5. wherein the hormone is
4-hydroxy-l9-nor- testosterone-l7 - cyclo-
pentyl propionate.

7. An injectable solution awording to “0
claim 4 or 5. wherein the hormone is
hexestrol dieaprylate. '
. 8. A method of preparing an oily in.
fiction vehicle for lipophilic hormones
wl’uchcomprises admixing (a) from 10 to 115
50 weight per cent of benzyl benzoate. (b)
from 0.5 to 5 weight per cent of chloro-
butanol and (c) remainder vegetable oil.
. 9. A method of preparing an oily in-
Jection solution which comprises admixing 120
a_ lrpophilic hormone with the oily injec-
tion vehicle claimed in claim l.

10. A method according to claim 8 or
9. wherein the amount of the benzyl ben-
zoatc is from 15 to 30 weight per cent. 125

11. A method according to any of

InnoPharma Exhibit 10460081
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claims 8 to 10, wherein the amount of the
chlorobutanol is from 1 to 3 weight per
cent.

12. A method according
5 claims 8 to 11 wherein the vegetable oil

is sesame oil, cotton-seed oil. peanut oil
or olive oil.

13. A method according to any of
claims 8 to 12, wherein the lipophilic hor-

10 mone is hexestrol dicaprylate.
14. A method according to any of

claims 8 to 12 wherein the lipophilic hor-
mone is 4-hydroxy-l9-nor-testosterone-l7—
cyclopentylpropionate.

15 15. A method according to any of
claims 8 to 14, wherein the amount of the
lipophilic hormone is from 0.5 to 10
weight per cent. based on the total weight
of the injectable solution.

to any of

 

16. An 9in injection vehicle as 20
claimed in claim 1 substantially as herein
described with reference to the specific
example.

17. An injectable solution as claimed
in claim 4 substantially as herein de- 25
scribed with reference to the specific
example.

18. 'A method as claimed in claim 8
or 9 substantially as herein described with
reference to the specific example. 30

ELKINGTON AND FIFE.

Chartered Patent Agents,
High Holborn House,
52-54 High Holborn.

London W.C.l.

Agents for the Applicants.

Printed for Her Majesty’s Stationery Office by The Tweeddale Press Ltd- Berwick-upon-Tweed. 1970Published at the Patent Office. 25 Southampton Buildings. London WC2A JAY from which copies
may be oblained.

D'I:5T AVAILABLE COPY
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(54) COMPOSITION CONTAINING LH-RH ANTAGONIST

(57)Abstract?

PROBLEM TO BE SOLVEDi To obtain a medicine

having heightened solubility in water, cutaneous

absorption and drug stability, particularly a

T- composition containing a luteinizing hormone

releasing hormone (LH-RH) antagonist useful as a

'LH'RH antagonist.

SOLUTION3 This composition contains a

nonpeptide-based LH'RH antagonist of formula I

(R1 and R2 are each H or a group through C, N, O

or S; R3 is a homocyclic or a heterocyclic ring; R4 is

H, formyl, carbonyl, etc; R5 is H or a group

through C; (n) is 0'3) or formula II (R6 is H, an

ll alkyl, etc.; R7 is H, an alkyl, an aryl, etc.; R8 is an

amino; R9 is an aryl, (r) is 0'3) and a branched

cyclodextrin‘carbonic acid. For 1 mole of the

LH‘RH antagonist, 0.1‘20 moles of the branched

cyclodextrin’carbonic acid are included. This

composition suppresses secretion of a gonadotropic

hormone, controls concentration of a sex hormone in blood and is useful for prostatO'tumor,

gynecological tumor, leukemia, large intestine tumor, gastiritis, Hodgkin's disease,

malignant melanoma, peptic ulcer, etc., and oestrous control of an animal, flesh

improvement for an edible meat, growth promotion, etc., in a field of stockbreeding.
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English translation of paraggaph 10056] of Citation D

[0056] As suitable examples of the aforesaid excipient, lactose, white soft sugar,

D'mannitol, starch, crystalline cellulose, light anhydrous silicic acid, etc. are. mentioned.

As suitable examples of the aforesaid lubricant, magnesium steerate, calcium stearate,

talc,'a colloidal silica, etc. are mentioned, for example. As suitable examples of the

aforesaid binder, white soft sugar, D'mannitol, dextrin, hydroxypropyl cellulose,

hydrOxypropyl methylcellulose, polyvinyl pyrrolidone, etc. are mentioned; As suitable

examples of the aforesaid disintegrator, starch, carboxymethyl cellulose,

carboxymethyl-cellulose calcium. cmss carmellose sodium, carboxy-methyl-starch

sodium, etc- are mentioned. As suitable examples of the aforesaid solvent, water for

injection, alcohol, propylene glycol,» macrogol, sesame oil, corn oil, etc. are mentioned.

Aas suitable examples of the aforesaid solubilizing agent, polyethylene glycol, propylene

glycol, D‘mannitol, henzyl_j:benzoate ethanol, trisaminometbane, cholesterol,

triethanolamine, sodium carbonate, sodium citrate, etc. are mentioned. As suitable

examples of the aforesaid suspending agent, a surface active agent such as stearyl

triethanolamine, sodium lauryl sulfate, lauryl aminopropionic acid, lecithin,

C benzalkonium chloride and benzethonium chloride ; and a hydrophilic polymer such as

polyvinyl alcohol, polyvinyl pyrrolidone, carhoxymethyl'cellulose sodium,

methylcellulose, hydroxymethylcellulose, hydrquyethylcellulose, hydroxypropylcellulose

are mentioned. As suitable examples of the aforesaid isotonizing agent, sodium chloride,

\.

glycerine, D-mannitol, etc. are mentioned. As suitable examples of the aforesaid bufl'er,

phosphates, acetates, carbonates, citrates, etc. are mentioned.As suitable examples of a

soothing agent, benzyl alcohol, etc. are mentioned. As suitable examples of the aforesaid

antiseptic, p-hydroxybenzoic esters, cblorobutanol, benzylaloohol, phenethyl alcohol,

dehydroacetic acid, sorbic acid, etc. are mentioned. As suitable examples of the aforesaid

antioxidant, sulfite salts, ascorbic acid, etc. are mentoined.
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(54) STABILIZATION OF 1‘AZAXANTHONE DERIVATIVE OR ITS SALT AND

1-AZAXANTHONE DERIVATIVE-CONTAINING COMPOSITION

 

 (CH3)ICE

(57)Abstract3

PROBLEM TO BE SOLVEDZ To obtain a clinically

advantageous pharmaceutical composition by

adding a phenolic hydroxyl group-containing

compound to the subject specific derivative or its
salt.

SOLUTION: This composition is obtained by

adding 0.001-1(W/V)% compound selected from

p-hydroxybenzoic acid, phenol, cresol and

dibutylhydroxytoluene to 0.01‘2.0(W/V)%

compound of the formula (A ring may be

substituted; R1 is H or an amino group; R2 is a

group capable of releasing proton) or its salt. The

composition is stabilized in the compound of the

formula and excellent in feeling to user and useful

as a pharmaceutical preparation for

administration for local part of an eye. When the

composition is administered as an eye drop to

adult, the composition is administered in a daily

dose of one or several drops one to several times per day according to the symptom as an

aqueous eye drop containing about 0.01-2.0% compound of the formula or its salt.

InnoPharma Exhibit 10460087



 

English translation of paraglaph [0038] of Citation E

[0038] As a suitable example of a solvent, water for injection, alcohols (an example,

ethanol, propylene glycol, macro gall, glycerol, etc.), and fats and oils (an example, olive

oil, sesame oil, peanut oil, cotton seed oil, castor oil, corn oil, etc.) are mentioned, for

example. As a suitable example of a solubilizing agent, a polyvinyl pyrrolidone,

cyclodextrin, caffeine, a polyethylene glycol, propylene glycol, a mannitol

V ethanol, tris aminomethane, cholesterol, triethanolamine, a sodium

carbonate, a sodium citrate, etc. are mentioned, for example. As a suitable example of a

suspending agent, hydrophilic macromolecules, such as surface active agents, for

example, polyvinyl alcohol, such as stearyl triethanolamine, sodium lauryl sulfate,

lauryl aminopropionic acid, lecithin, glyceryl monostearate, and polysorbate 80, a

polyvinyl pyrrolidone, carboxymethylcellulose sodium, methyl cellulose, a

hydroxymethyl cellulose, hydroxyethyl cellulose, hydroxypropylcellulose,

hydroxypropyl methylcellulose, gum arabic, gelatin, and albumin, etc. are mentioned,

for example, As a suitable example of a thickener, yolk lecithin, gelatin, gum arabic,

tragacanth gum, methyl cellulose, carboxymethylcellulose sodium, hydroxyethyl

cellulose, hydroxypropylcellulose, polyvinyl aloohol, sodium polyacrylate, sodium

alginate, pectin, etc. are mentioned, for example. As a suitable example of an

isotonizing agent, a sorbitol, a glycerol, a polyethylene glycol, propylene glycol, a

glucose, a sodium chloride, etc. are mentioned, for example. As a suitable example of a

buffer, a phosphoric-acid buffer, a boriC‘acid buffer, a citric‘acid buffer, a tartaric-acid

buffer, an acetiC'acid bufi‘er, etc. are mentioned, for example. As a suitable example of

an apoma-ized agent, benzyl alcohol etc. is mentioned, for example.
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(54) Agent for prophylaxis and treatment of disturbance of visual function

(57) An agent for the prophylaxis and treatment of disturbance of visual function, which comprises a compound of
the formula [[1

9 O N R1
6 \ 2

. [I]
1 s /

a t R:
0

wherein

A ring is optionally substituted:
R1 is a hydrogen or an optionally protected amino; and
R2 is a group capable of releasing a proton.

or a salt thereof.

The agent for the prophylaxis and treatment of disturbance of visual function of the present invention has superior
preventive and therapeutic effect on asthenopia. and shows suppression of axial elongation. suppression of degrada-
tion of retinal functions and retinal function-recovery action. Hence. the agent can be advantageously used as a clini-
cally applicable agent for the prophylaxis and treatment of disturbance of visual function.

Printed by Xerox (UK) Business Services2.15.5134
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Description

TECHNICAL FIELD OF THE INVENTION

The present invention relates to an agent for the prophylaxis and treatment ofdisturbance of visual function. By dis-
turbance of visual function is meant a condition where normal vision cannot be obtained. which condition inclusive of

myopia, hypermetropia. strabismus. disorders of retina which is a receptor of light. the condition where normal vision of
an object is temporarily prevented by systemic or local fatigue of eyes. and other conditions

BACKGROUND OF THE INVENTION

Of the disturbances of visual function, myopia and hypemtetropia refer to the condition wherein the light that
passed through cornea cannot form an image on the retina. and thus cannot grasp the image clearly. Of these. myopia
is divided into axial myopia and refractive myopia according to the cause of the condition. The refractive myopia is
caused by an increased refraction of cornea and lens. while axial myopia is caused by an elongation of the eyeball in
the direction of optic axis. i.e. axial direction. It is nevertheless not easy to sirrply divide these two. The etiology of myo-
pia has not been fully elucidated and a pharmaceutical agent to completely cure myopia has not been found yet.

in most cases. myopia is treated by a means utilizing correction of optical retraction. Correction of optical refraction
by wearing glasses is not an ideal means as far as the quality of life and convenience for studying etc. are concerned.
Correction of optical refraction using contact lenses often causes complications. and corneal ulcer may occur. which
could possibly lead to the loss of sight in severe cases. in addition, recent application of corneal surgery to cure myopia
is sometimes associated with failure to achieve expected levels of refraction, as well as occurrence of pain during oper-

ation and postoperative corneal cpacity. in view of the fact that the correction of optical refraction and surgical operation
such as the above-mentioned cannot be a perfect cure of myopia. treatment of myopia by the use of a drug is desired.

As the pharmaceutical agent to suppress axial elongation, the usefulness of muscarine l receptor antagonist and
doparrine receptor agonist has been documented. However, a pharmaceutical agent which can be clinically applied
has not been created so far.

Meanwhile, the retina consists of photoreceptor cells, bipolar cells, ganglion cells. horizontal cells. amacrine cells
and the like. which transmit optical information to the central nerves The functions of these cells contribute to the ful-
fillment of retinal function to organize the received optical information and transmit same to the central nerves.

When the retina is damaged, visual loss. disturbance of light sense and disturbance of visual field are induced.
thereby causing central retinal artery and vein occlusions. congenital stationary night blindness. diabetic retinopathy,
pigmentary retinal degeneration, retinal detachment. uveitis and the like.

While the therapeutics of retinal diseases and convalescence thereof vary depending on the kind and degree of the
diseases. in particular. central retinal artery occlusion. dhabetic retin apathy and retinal detachment scarcely allow com-
plete recovery of retinal functions. It may happen that visual acuity does not improve alter all and even an operation
does not result in full recovery of visual acuity. What is more. no effective cure is currently available for pigmentary ret-
inal degeneration but a symptomatic therapy such as use of sun glasses to avoid direct sun light.

in the internal treatment currently applied to cure retinal diseases. a pharmaceutical agent capable of suppressing
degradation of retinal functions and achieving remarkable recovery of retinal function has not been found.

The aslhenopia refers to a condition involving a kiml of acoomrnodation disorder of ciliary muscle due to systemic
or local latigue of the eye. Fatigue of eyes results in progressively growing distance of near point. which proceeds to the
point that the eyes cannot recognize an object terrporarily. However. recovery from fatigue can restore the original con-
dition.

The treatment of asthmopia has heretofore included administration of medicaments such as vitamins (e.g.. vitamin
B, and vitamin B12), ATP and the like, though sufficient therapeutic effects against asthenopia have not been attained.

As mentioned supra, no medicament that purportedly is useful for the prophylaxis and treatment of disturbance of
visual function is satisfactory, and the development of an agent for the prophylaxis and treatment of disturbance of vis-
ual function has been desired by both doctors and patients.

SUMMARY OF THE INVENTION

According to the present invention, there has now been provided an agent for the prophylaxis and treatment of dis-
turbance of visual function. Thus, the present invention provides:

(1) an agent for the prophylaxis and treatment of disturbance of visual function. which comprises a compound of
the formula [I]
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[I J 
wherein

A ring is optionally substituted :

Fl, is a hydrogen or an optionally protected amino: and
R2 is a group capable of releasing a proton.

or a salt thereof;

(2) the agent tor the prophylaxis and treatment of disturbance of visual function according to (1) above. wherein the
A ring is optionally substituted by halogen atom. nitro. alkyl. alloxy or butadienylene (-CH=CH-CH=CH-) which
forms a benzene ring with two adjacent carbon atoms at two of the 6, 7. 8 and 9 positions;
(3) the agent for the prophylaxis and treatment of disturbance of visual function according to (1) above, wherein the
group capable of releasing a proton is carboxyl or tetrazolyl;
(4) the agent for the prophylaxis and treatment of disturbance of visual function according to (1) above, wherein the
compound is represented by the formula [ll] '

O N RI
\

‘ [II]
/

R R2

wherein

Ft is an alkyl;
F11 is a hydrogen or an optionally protected amino; and
F12 is a group capable of releasing a proton;

(5) the agentfor the prophylaxis and treatment of disturbance of visual function according to (4) above. wherein the
alkyl has 1 to 6 carbon atoms;
(6) the agentfor the prophylaxis and treatment of disturbance of visual function according to (4) above. wherein the
alkyl:5 isoprmyl;
(7) the agent for the prophylaxis and treatment of disturbance of visual tunction according to (1) or (4) above,
wherein 81'Is an amino;
(8) the agent for the prophylaxis and treatment of disturbance of visual function according to (1) or (4) above
wherein H2'Is a carboxyl;
(9) the agent for the prophylaxis and treatment of disturbance of visual function according to (1) above wherein the
compoundIs represented by the formula [Ill]

0 N NH:
. \

[III 3
/

(CH3 ) 2 CH ‘ COOH
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(10) the agent for the prophylaxis and treatment of disturbance of visual function according to (1) above which is
used tor local administration to he eye;

(11) the agent for the prophylaxis and treatment of disturbance of visual function according to (1) above. whichIs -
in the form of a liquid preparation;
(12) the agent for the prophylaxis and treatment of disturbance of visual function according to (10) or (11) above.
which is in the form of an ophthalmic solution;
(13) he agent for the prophylaxis and treatment of disturbance of visual function according to (12) above. which is
in the form of an aqueous ophthalmic solution;
(14) he agent for the prophylaxis and treatment of disturbance of visual function according to (11) above, which is
in the form of an injection;
(15) the agent for the prophylaxis and treatment of disturbance of visual function according to (13) or (14) above,
which further comprises a solubilizer;

(16) the agent for the prophylaxis and treatment of disturbance of visual function according to (15) above, wherein
the solubilizer‘Is polyvinylpyrrolidone;
(17) he agent for the prophylaxis and treatment of disturbance of visual function according to (16) above. wherein
the polyvinylpyrrotidone is contained in a concentration of 0.2 - 20 (WN)%;
(18) the agent for the prophylaxis and treatment of disturbance of visual function according to any one of (13) to
(17) above. which comprises the compound of the formula [l] or a salt hereof in a concentration of 0.01 - 2.0
(WN)%;
(19) the agent for the prophylaxis and treatment of disturbance of visual function according to any one of (1)111 (18)
above, wherein the disturbance of visual functionIs asthenopia, axial myopia or a retinal disease; and the like.

The compound to be the active ingrechent in the presem invention is disclosed to have potent antiallergic action and

antiinfiammatory action in, for example. Japanese Patent Unexamined Publication No. 10587l1986. Japanese Patent
Unexamined Publication No. 25808311995 discioses that the compound to be used in the present invention has prophy-
lactic and therapeutic effects on myopia caused by relaxation of ciliary muscle. it is not until the present invention has
been made that he compound to be used in the present invention has been found to have superior prophylactic and
therapeutic effects on asthenopia, suppressive action on aidal elongation. and herefore. superior prophylactic and ther-
apeutic effects on axial myopia, and suppressive action on degradation of retinal functions and retinal function-recovery
action, and therefore. superior prophylactic and therapeutic effects on retinal diseases.

BRIEF DESCREPTION OF THE DRAWINGS

Fig. 1 is a graph showing CV(T)ICV(O) as determined in Experimental Example 1 with regard to coefficient of var-
iation (CV) of 6 patients A to F before administration of test drug (Day 0). 7 days and 14 days after administration
hereof, wherein the average coefficient of variation before administration (Day 0) is CV(O) and the average coefficient
of variation at 7 days and 14 days after administration is CV(T) wherein T is 7 or 14. in the Figure, he horizontal axis
shows the period of drug administration (7 days and 14 days) and the vertical axis shows CV(T)ICV(O).

fig. 2 shows amplitude of a wave of ERG at 2 days alter eyelid suture, wherein each column shows meanistandard
enon

Fig. 3 shows amplitude of t_> wave of ERG at 2 days alter eyelid suture. wherein each column shows meardstan‘dard
error.

Hg. 4 straws amplitude of oscillatory potential of ERG at 2 days after eyelid suture, wherein each column shows
meanistandard error.

DETAILED DESCRIPTION OF THE INVENTION

In the formula [I]. the substituents on he A ring may be, for example. halogen atom. nitro. alkyl. alkoxy butadi-
enytene (-CH=CH~CH=CH-) which forms a benzene ring with two adjacent carbon atoms at two of the 6. 7. 8 and 9
positions. and the like.

The halogen atom is exemplified by chlorine, bromine, fluorine and the like.
The alkyl is preferably linear or branched alkyl having 1 to 6 carbon atoms Examples of said alkyl include methyl.

ethyl. n-propyl, isopropyl. n-butyl. isobutyl. sec-butyl. tert-butyf. n-pentyl. isopentyl. neopentyl. n-haxyl and he like. More
preferred is linear or branched alkyl having 1 to 3 carbon atoms.

The alkoxy preferably has 1 to 4 carbon atoms. Examples of said alkoxy include methoxy. ehoxy, n-propoxy. iso-
propoxy. n-butcxy. isobutoxy. sec-butoxy. tert-butoxy and the like.

One or more han one, the same or different substituent(s) may be substituted at optional position(s) of the A ring.
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In the formulas [l] and [II], the protecting group at R1 of optionally protected amino group is, for example, (1)
alkanoyt having 2 to 7 carbon atoms which may have 1 to 3 substituents selected from (a) halogen atom (e.g.. chlorine.
bromine and fluorine). (b) alkanoyl having 1 to 7 carbon atoms (e.g.. formyl. acetyl, propionyl. isopropionyl. n-butyryl,
isobutyryl. n-valeryl. isovaleryl. pivaloyl and n-hexanoyt) and (c) nitro, which atkanoyl is exemplified by acetyl, propionyl.

5 isopropionyl. n-butyryl. isobulyryl. n-valeryi. isovaleryl. pivaloyl and n-hexanoyl; (2) arylcarbonyl having 7 to 11 carbon
atoms which may have 1 to 3 substituents selected from the above-mentioned (a), (b) and (c). which arylcarbonyl is
exemplified by benzoyl. p-toluoyl, 1-naphthcyl and 2-naphthoyl: (3) alkoxywrbonyl having 2 to 7 carbon atoms which
may have 1 to 3 substituents selected from the above-mentioned (a). (b) and (c). which alkoxycarbonyl is exemplified
by methoxycarbonyt. ethoxycarbonyl. n-propoxycarbonyl. isopropoxycarbonyl and tert—butoxycarbonyt; (4) aryloxycarb-

w onyl having 7 to 11 carbon atoms which may have 1 to 3 substituents selected from the above-mentioned (a), (b) and
(c). which aryloxycarbonyl is exemplified by phenoxycarbonyl; (5) aralkylcarbonyl having 8 to 13 carbon atoms which
mayhave 1 to 3 substituents selected from the above-mentioned (a). (b) and (c). which aralkylmrbonyl is exempiified
by benzylcarbonyl and phenethylcarbonyt: (6) aralkyloxycarbonyl having 8 to 13 carbon atoms which may have 1 to 3
substituents selected from the above-mentioned (a), (b) and (c). which aralkyloxycarbonyl is exemplified by benzyloxy-

15 carbonyl and phenethyloxycarbonyl; (7) pl'rthaloyl opfionally having 1 to 3 substituents selected from the above-men-
tioned (a). (b) and (c). (8) arylsulfonyl having 6 to 10 carbon atoms which may have 1 to 3 substituents selected from
the above-mentioned (a). (b) and (c). which arylsulfonyl is exemplified by phenylsulfonyl and tosyl: (9) alkylsulfonyl hav-
ing 1 to 6 carbon atoms which may have 1 to 3 substituents selected from the above-mentioned (a). (b) and (c), which
alkylsulfonyl is exemplified by methytsulfonyl. ethylsulfonyl and n-propylsulfonyl; (10) alkyl having 1 to 6 carbon atoms

20 which may have 1 to 3 substituents selected from the above-mentioned (a). (b) and (c) and amino. which alkyl is exem-
plified by methyl. ethyl. n-propyl. isopropyl, n-butyl. isobutyl. sec-butyl. tert—butyl. n-pentyl and n-hexyl; (11) aralkyl hav-
ing 7 to 19 carbon atorrrs which may have 1 to 3 substituents selected from the above-mentioned (a). (b) and (c), which
aralkyl is exemplified by benzyi, phenethyl. benzhydryl and trityl; and the like. ‘ ' '

The protecting group at amino includes, for example. alkanoyl having 2 to 7 carbon atoms, arylcerbonyl having 7 to
25 11 carbon atoms. alknxycarbonyl having 2 to 7 carbon atoms. aryloxycarbonyi having 7 to 11 carbon atoms. aralkylcar-

bonyl having 8 to 13 carbon atoms and aralkyloxycarbonyl having 8 to 13 carbon atoms. all of which may have 1 to 3
substituents selected from the above-mentioned (a) halogen atom. (b) alkanoyl having 1 to 7 carbon atoms and (c) nitro.

As R1, preferred is an unsubstituted amino.
in the formulas [I] and [ll]. the group capable of releasing proton and represented by H2 is exemplified by a group

30 which easily. releases H+ and becomes an anion. such as carboxyl. tetrazolyl, trifluoromethanesulfonylamino (-
NHSOZCFa). phosphono and suite, which may be any as long as it can release proton under biological or physiological
conditions (e.g.. reactions in the body such as oxidation. reduction and hydrolysis by biological enzymes) or chemically,
or a group capable ofconverting to such group. and which may be protected by alkyl optionally substituted by a suitable
substituerrt (e.g.. alkyl having 1 to 4 carbon atoms such as methyl and n—butyl). optionally substituted acyl (e.g.. alkanoyl

35 having 2 to 4 carbon atoms such as acetyl and propionyl which are optionally substituted by halogen atom. and benzoyl
optionally substituted by halogen atom or amino) and the like.

The group capable of releasing proton is. for exarrple. preferably wrboxyi and tetrazolyl. with particular preference
given to carboxyl.

In the formula [II], the alkyl represented by Fl is preferably linear or branched alkyl having 1 to 6 carbon atoms.
40 Examples of said alkyl include methyl, ethyl, n-propyl. isopropyl. n-butyl, isobutyl, sec-butyl. tert—butyl. n-pentyl. iso-

pentyl, neopentyl and n—hexyl. Preferred is linear or branched alkyl having 1 to 3 carbon atoms. Fl is particularly prefer—
ably isopropyl.

The compound of the formula [I] is preferably a compound of the formula [II]. and more preferablya compound of
the formula [ill].

45 The compound of the formula [t] can be produced by. for example, reacting a compound of the forrrula [1V]

0 NH:

[IV]5H

CHO
D

55 wherein each symbol is as defined above. and an active methylene compound or acetylenecarboxylic acid derivative,
followed by hydrolysis.

Examples of active methylene compound include methyl acetoacetate, ethyl acetoacetate. methyl cyanoacetate.
ethyl cyanoacetate. cyanoacetamide, malononitrile. ethyl oxalacetate. diethyl malonate, dimethyl malonate, ethyl ben-
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zoylacetate. methyl a-oxo-n-caproate and the like. These active methylene compounds are used in amounts practically
corresponding to about t to 10-fold moles per mole of starting compound [IV] or a salt thereof.

Examples of acetylenecarboxylic acid derivative include dimethyl acetylenedicarboxylate. diethyl acetylenedicarbo-
xylate, methyl propiolate, ethyl propiolate and the like. When propiolic acid ester is used. an intermediate eminoacrylete
derivative can be isolated. Alternatively. it an be subjected to ring-closing reaction without isolation. These acetylene-
carboxylic acid derivatives are used in amounts practically corresponding to about 1 to 10-fold moles per mote of start-
ing compound [N] or a salt thereof.

In generality. the reaction preferably proceeds in the presence of a base which is exemplified by organic amines
such as primary amine (e.g.. n—butylamine, benzylamine and aniline). secondary amine (e.g.. diethylamine. dipro—
pylamine. dibutylamine. piperidine. pyrrolidine and morpholine). tertiary amine (e.g.. 1,8—diazabicyclo[5.4,0]-7-
undecene and triethylamine). and heterocyclic base (e.g.. imidazole and 2-methylimidazole). These organic bases are
used in amounts corresponding to about catalytic amount to 5-fold moles per mole of starting compound [IV] or a salt
thereof.

The reaction preferably proceeds in an organic solvent which is exemplified by alcohols such as methanol. ethanol,
propanol and butanol. aromatic hydrocarbons such as benzene and toluene. dimethyilormamide. and the like. The
reaction temperature. reaction time and other conditions for the reaction are not particularly limited. The reaction is gen-
erally carried out at a temperature of from room temperature to near boiling point of the solvent used. for about 1 to 24
hours. When desired. amino group of cyanoacetamide. which is an active methylene compound. may be protected in
the instant production step. Said protection can be carried out according to a conventional method in the pertinent field.

.The conditions of hydrolysis are those for conventional acid hydrolysis For example. sulfuric acid. hydrochloric
acid. phosphoric acid and the like are used in excess and hydrolysis is performed by the action of said acids alone; or
in an organic solvent such as organic acids (e.g.. formic acid and acetic acid) or alcohols such as methanol. ethanol,
propancl and butanol. after which the mixture is generally heated to about 50-150°C. While the reaction time varies
depending on the kind of compound to be used. it is generally about 1 hour to several days. .

The compound [I] can be also used after being converted to a pharmacologically acceptable salt. Examples of such
salt include salts with a base such as inorganic base and organic base and add addition salts with inorganic acid.
organic acid. basic or acidic amino acid and the like.

The inorganic base is exemplified by alkali metals such as sodium and potassium; alkaline earth metals such as
calcium and magnesium; aluminum; ammonium and the like.

The organic base is exemplified by primary amine (e.g.. ethanolamine). secondary amine (e.g.. diethylamine. dieth-
anolamine. dicyclohexylamine and N.N'-dibenzytethylenediamine). tertiary amine (e.g.. trimethylarnine, triethylamine.
pyridine, picofine and triethanolamine). and the iike.

The inorganic acid is exemplified by hydrochloric acid. hydrobromic acid. nitric acid. sulfuric acid. phosphoric acid
and the like.

The organic acid is exemplified by formic acid. acetic acid. trifluoroacetic acid. fumaric acid, oxalic acid. tartaric
acid. rnaleic acid, citric acid. succinic acid. malic acid. methanesulfonic acid. benzenesutfonic acid. p-toluenesutfonic
acid. and the like.

The basic amino acid is aremplified by arginine. lysine and ornithine. and acidic amino acid is exemplified by aspar-
tic acid and glutamic acid.

The salt of compound [I] can be produced according to the method described in. for example. Japanese Patent

Unexamined Publication Nos 10587l1986, 1058811986 and 88298l1979. USA-4267332 or a method analogous to
these methods. '

The con-pound [l] and a salt thereof have, as is evident from Experimental Examples to be mentioned later. supe—
rior therapeutic effect on asthenopia. suppressive action on axial elongation. suppressive action on degradation of ret-
inal functions. and retinal function-recovery action. Therefore. they are useful as agents for the prophylaxis and
treatment of disturbance of visual functions. '

The agents for the prophylaxis and treatment of disturbance of vi5ual function of the present invention have low tox-
icity and can be administered safely to mammals such as human. rabbit, dog. cat. cow. horse. monkey and the like by
an oral or parenteral route. .

The agents for the prophylaxis and treatment of disturbance of visual function of the present invention can be pro-
duced by. for example. admixing the compound [I] or a salt thereof with a pharmaceutimlly acceptable carrier.

The pharrnaceutically acceptable carrier includes, for example. various organic and inorganic carriers commonly
used as materials for preparations. such as, for solid preparations. excipients. lubricants. binders. disintegrators and the
like. and. for liquid preparations. solvents. solubilizers. suspending agents, tackifiers. isotonizing agents. buffers. anal-
gesic agents and the like. which can be used as appropriate. Where necessary. preservatives. chelating agents, anti-
oxidants. colorings. sweeteners. flavors. aromatics, and other additives for preparations may be added by a
conventional method. ,

Examples of suitable excipients include lactose. sucrose, mannitot. starch. crystalline cellulose. light anhydrous sil-
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icic acid and the like.

Examples of suitable lubricants include magnesium stearate, calcium stearate, talc. colloidal silica and the like.
Examples of suitable binders include sucrose. mannitol. maltitol. starch. gelatin. gum arabic, tragacanth. crystalline

cellulose. dextrin. hydroxypropylcellulose. hydroxypropylmethylcellulose. polyvinylpyrroiidone, sodium arginate, chitin,
chitosan and the like.

Examples of suitable disintegrators include starch. carboxymethylcellulose. calcium carboxymethylcellulose, cro-
scarmellose sodium. sodium carboxymethyl starch. chitin, chitosan and the like.

Examples of suitable solveme include water for injection. alcohols (e.g.. ethanol. propylene glycol. macrogol. glyc-
erine and the like). tats and oils (e.g.. olive oil. sesame oil, peanut oil. cotton seed oil, castor oil, corn oil and the like),
and the like.

Examples of suitable soiubilizers include polyvinylpyrrolidone. cyclodextrin. cafteine. polyethylene glycol. propylene
glycol, rnannitol. benzyl benzoate, ethanol, hisaminomethane. cholesterol. triethanolamine. satium carbonate. sodium
citrate and the like.

Examples of suitable suspending agents include surlactants (e.g.. stearyl triethanolamine. sodium lauryl sulfate.
laurylaminopropionic acid, lecithine. glyceryl monostearate and Polysorbate BO), hydrophilic polymers (e.g.. polyvinyl
alcohol. polyvinylpyrrolidone. sodium carboxymethylcelluiose, methylcellulose. hydroxymethylcellulose, hydroxyethyl-
cellulose. hydroxypropylcellulose. hydroxypropylmethylcellulose. gum arabic. gelatin, albumin. and the like) and the like.

Examples of suitable tadciliers include egg yolk lecithine. gelatin. gum arabic, tragamnth. methylcellulose. sodium
carboxymethytceliulose. hydroxyethylcellulose. hydroxypropylcellulose. polyvinyl alcohol, sodium polyacrylate. sodium
alginate. pectin and the like.

Examples of suitable isotonizing agents include sorbitol. glycerol. polyethylene glycol. propylene glycol. glucose.
sodium chloride and the like.

Examples of suitable buffers include phosphate butler. borate butler. citrate butter. tartrate buffer, acetate buffer and
the like.

Examples of suitable analgesic agents include benzyl alcohol and the like.
Examples of suitable preservatives include p-hydroxybenzoate. benzalknnium chloride, benzethonium chloride.

chlorobutanol. benzyt alcohol, phenethyl alcohol. dehydroacetic acid. sorbic acid and salt thereof. pchlorometaxylenoi.
chlorocresol. thimerosai and the like.

Examples of suitable chelating agents include disodium edetate. sodium citrate. condensed sodium phosphate and
the like.

Examples of suitable antioxidants include sullite. ascorbic acid. a-tocopherol. cysteine and the like.
Examples of suitable colorants include tar pigment. glycyrrhiza extract. riboflavin. zinc oxide and the like. .
Examples of suitable sweeteners include glucose. sucrose, tructose. honey. saccharic acid. glycyrrhiza and the

like.

Examples of suitable flavors include vanillin. menthol. rose oil and the like.
Examples of suitable aromatics include fennel oil. borneol. menthol and the like.
Besides the above-mentioned. agar, casein. collagen and the like are pharmaceutically acceptable carriers.
Other agents for the prophylaxis and treatment at asth enopia such as a drug containing. as an active ingredient,

vitamins (e.g.. vitamin B1, vitamin B12 and the like). ATP and the like: agents for the prophylaxis and treatment ct myopia
such as neostigmine methylsultate. tropicarnide and a drug containing these as an active ingredient; other drugs having
retinal function-improving action such as tocopherol nicotinate [Juvela N (trademrk. manufacture by ElSAl 60.. LTD.)];
and other ingredients having different efficacy, may be added to the preparation as appropriate.

When the agent for the prophylaxis and treatment at disturbance of visual function of the present invention is used
in the form of an aqueous liquid, its pH is 4 to 9 in view of the stability of the compound [I] and a salt thereof.

The oral preparations may be. for example. solid preparations (e.g., powders, granule. tablets and capsules) or liq-
uid preparations (e.g.. emulsions. syrups and suspensions).

For example. tablets can be produced by adding the above-mentioned excipiems. disintegrators. binders. lubricants
and the like as appropriate to compound [l] or a salt thereot and compression formulating the mixture. In so doing. the
above-mentioned sweetners. llavors. aromatics and the like may be further added on demand after compression formu-

lation, or coating may be applied by a method known perse for enten‘c use or controlled release of the preparation. The
coating agent used for this end includes. for atample. hydroxypropylcellulose. hydroxypmpylmethylcelluicse. cellulose
acetate phthalate. hydroxypropyimethylcellulose phthalate. hydroxypropylmethylcellulose acetate succinate, ethylcellu-
lose and the like.

A suspending agent can be produced by. for example, suspending the compound II] or a salt thereof in the afore-
mentioned solvenl. When desired. the above-mentioned suspending agents may be used as appropriate.

Parenteral preparation includes, for example. injections. preparations for local administration to the eye. and the
like. The injection includes sibcutaneous injection. intravenous iniection. intramuscular injection and the like. injections
may be aqueous or non-aqueous. and a solution or suspension.
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The preparations for local administration to the eye include ophthalmic solution, ophthalmic ointment. gel and the
like, with particular preference given to ophthalmic solution which may be aqueous or non-aqueous. and a solution or
suspension. .

The agent for the prophylaxis and treatment of disturbance of visual function of the present invention is preferably
used as a preparation for local administration to the eye. More preferably. it is used as an ophthalmic solution. particu-
larly an aqueous ophthalmic solution.

An aqueous injection can be prepared by. for example. dissolving compound [I] or a salt thereof in water for injection
together with the above-mentioned preservatives. isotonizing agents, solubilizers and the like. An oily injection can be
prepared by dissolving or suspending compound [1] or a salt thereof in propylene glycol. olive oil. sesame oil. cotton
seed oil and the lite.

An aqueous ophthalmic solution can be prepared by. for exampie. heating distilled water, dissolving a preservative
therein. adding a solubilizer, and adding and completely dissolving compound [I] or a salt thereof. Where necessary.
buffers. isotonizing agents, chelating agents. tackifiers and the like may be also added.

The solubilizer is preferably polyvinyipyrrolidone. cyclodextrin, caffeine and the like. with particular preference given
to polyvinytpyrrolidone. When polyvinylpynolidone is used. compound II] and a salt thereof are noticeably improved in
solubility and come to have greater stability [see Japanese Patent Unexamined Publication No. 12311611987. i.e., Jap-
anese Patent Examined Publication No. 78614/1992]. ‘

For example. poiyvinylpyrrolidone to be used has an average molecular weight of about 25.000 to about 1 20.000,
preferably about 40.000 (e.g., polyvinylpyrrolidone K30). Polyvinytpynolidone is generally added in a concentration of
0.2 t020 (WN)%. preferably 0.5to 15 (WN)%, particularly preferably 1 to 10 (WN)%.

The buffer is particularly preferably a borate buffer. When borate buffer is used, a less irritant liquid as compared to
other buffers. such as phosphate buffer. can be obtained. in this case. boric acid is added in a concentration of 0.2 to 4
(WN)%. preferably 0.5 to 2 (WN)%.

The aqueous ophthalmic suspension can be prepared by acuing. besides the above-mentioned additives used for
aqueous ophthalmic solutions. the aforementioned suspending agents as appropriate.

The pH of the above-mentioned aqueous ophthalmic solution and aqueous ophthalmic suspension is preferably 4
to 9, particularly preferably 5 to 8.

A non-aqueous ophthalmic solution can be prepared by dissolving or suspending compound [I] or a salt thereof in
an aqueous solvent such as alcohols (e.g.. ethanol. ethylene glycol, macrogol. propytene glycol, glycerol and the like)
and an oily solvent such as fats and oils (e.g.. olive oil. sesame oil. peanut oil. cotton seed oil. caster oil. corn oil and
the like).

An ophthalmic ointment can be prepared by appropriately using, for example, petrolatum. plastibase. liquid paraffin
and the like as a base. .

An ophthalmic gel can be prepared by appropriately using. for example. carboxyvinyl polymer, polymer of ethylene
maleic anhydride. polyoxyethylene-polyoxypropyiene block copolymer, gellan gum and the like as a base.

While the dose of the agent for the prophylaxis and treatment of disturbance of visual function of the present inven—
tion varies depending on the administration route. kind of diseases, symptoms, age and body weight of patients. and
the like. for example. it is preferably administered to an adult patient with asthenopia. axial myopia or retinal disease as
an aqueous ophthalmic solution comprising compound [I] or a salt thereof, which is an active ingredient. in a concen-
tration of 0.01 to 2.0 (WN)%, preferably 0.1 to 1.0 (WN)%. in a single dose of one to several drops thereof according
to symptoms. once to several times a day. preferably 2 to 5 times a day. to one eye of a patient.

The present invention is descrflied in more detail in the following by way of Examples. and the effects of the inven-
tion are clarified by way of Experimental Examples, which should not be construed as limiting the invention.
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m1

aqueous ophthalmic solution

  
(Formulation)

compound [m1

boric acid

sodium tetraborate

polyvinylpyrrolidone K30

methyl p-hydroxybenzoate 0.26 g

propyl p-hydroxybenzoate 0.14 g

hydrochloric acid suitable amount

sterile purified water amount to make the total 1.000 ml

(pH 6.0)

(Preparation method)

Sterile purified water (800 ml) was heated and methyl p-hydroxybenzoate and propyl p-hydroxybenzoate were dis-
solved therein. Then. boric acid, sodium tetraborate, polyvinylpyrrolidone K30 and compound [lll] were successively
added and dissolved. After cooling, hydrochloric acid was added to adjust the pH to 6.0 and sterile purified water was
added to make the total amount 1.000 ml. The mixture was sterilized by filtration through a 022 um membrane filter and
filled in a predetermined container to give an aqueous ophthalmic solution.

Exa le 2

aqueous ophthalmic solution

(Formulation)

compound [Ill]

boric acid

sodium tetraborate

poiyvinylpyrrolidone K30
caffeine

polyethylene glycol (average molecular weight 4,000)

methyl p—hydroxy’oenzoate

propyl p—hydroxybenzoate

hydrochloric acid suitable amount

sterile purified water amoum to make the total 1.000 ml

(pH 6.0)

 
(Preparation method)

Sterile purified water (800 ml) was heated and methyl p-hydroxybenzoate and propyl p-hydroxybenzoate were dis-
solved therein. Then. boric acid. sodium tetraborete. polyvinylpyrrolidone K30. caffeine. polyethylene glycol and com-
p0und [Ill] were successively added and dissolved. After cooling. hydrochloric acid was added to adjust the pH to 6.0
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and sterile purified water was added to make the total amount 1.000 ml. The mixture was steritized by filtration through
a 0.22 pm membrane filter and filled in a predetermined container to give an aqueous ophthalmic solution.

Examolefi

aqueous ophthalmic solution

(Formulation)

(Preparation method)

compound [ill]

boric acid

sodium tetraborate

polyvinylpyrrolidone K30

methyl p-hydroxybenzoate

propyl p-hydroxybenzoate

sodium hydroxide

sterile purified water

026 g

0.14 9

suitable amount

amount to make the total 1.000 ml
 

(pH 7.5)

Sterile purified water (800 ml) was heated. and methyl p-hydroxybenzoate and propyl p-hydroxybenzoate were dis-
solved therein by heating and the solution was cooled to room temperature. Then. boric acid. sodium tetreborate and
polyvinylpyrroiidone K30 were successively added and dissolved. Compound [lll] was added and dissolved therein.
Sodium hydroxide was added to adjust the pH to 7.5 and sterile purified water was added to make the total amount
1.000 ml. The mixture was sterilized by filtration thrOugh a 0.22 pm membrane filter and filled in a predetermined con-
tainer to give an aqueous ophthalmic solution.

M

aqueous ophthalmic solution

(Formulation)

(Preparation method)

compound [ill]
boric acid

sodium tetraborate

polyvinylpyrrolidone K30

methyl p-hydroxybenzoate

propyi p-hydroxybenzoate

sodium hydroxide

sterile purified water

0.26 g

0.14 9

suitable amount

amount to make the totat 1.000 ml 
(pH 3.0)

Sterile purified water (800 ml) was heated, and methyl p-hydroxybenzoate and propyl p-hydroxybenzoate were dis-
solved therein by heating and the solution was cooled to room terrperature. Then. boric acid. socfium tetraborate and

10
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polyvinylpyrrolidone K30 were successiveiy added and dissolved. Compound [ill] was added and dissolved therein.
Sodium hydroxide was added to adjust the pH to 8.0 and sterile purified water was added to make the total amount
1,000 mi. The mixture was sterilized by filtration through a 0.22 pm membrane filter and filled in a predetermined con-
tainer to give an aqueous ophthaimic solution.

Example §

aqueous ophthalmic solution

(Formulation)

compound [Ill]

boric acid

sodium tetraborate

polyvinylpyrrolidone K30

methyl p-hydroxybenzoate 0.26 g

propyl p-hydroxybenzoate 0.14 g
sodium hydroxide suitable amount

sterile purified water amount to make the total 1.000 ml

(pH 8.0)

 
(Preparation method)

Sterile purified water (800 ml) was heated. and methyl p-hydroxybenzoate and propyl p—hydroxybenzoate were dis-
solved therein by heating and the solution was cooled to room temperature. Then. boric acid. sodium tetraborate and
polyvinylpyrrolidone K30 were successively added and dissolved. Compound [Ill] was added and dissolved therein.
Sodium hydroxide was added to adjust the pH to 8.0 arr! sterile purified water was added to make the total amount
1.000 ml. The mixture was sterilized by filtration through a 0.22 pm membrane filter and filled in a predetermined con-
tainer to give an aqueous ophthalmic solution.

Example 6

aqueous ophthalmic suspension

(Formulation)

compound [ill]

sodium dihydrogenphosphate

sodium chloride

polysorbate 80

chiorobutanol g

sodium hydroxide suitable amount

sterile purified water amount to make the total 1.000 ml

(pH 5.0)

 
(Preparation method)

Sterile purified water (800 ml) was heated. and chlorobulanol was dissolved therein. Then. sodium dihydrogen-

11
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phosphate, sodium chloride and polysorbate 80 were successively added and dissolved. The solution was cooled to
room temperature. Sodium hydroxide was added to adjust the pH to 5.0 and sterile purified water was added to make
the total amount 1.000 ml. The mixture was sterilized by filtrationthrough a 0.22 pm membrane tilter, thereby to uni-
formly disperse compound [lll] sterilized in advance. whereby an aqueous ophthalmic suspension was prepared.

Example 7

oily ophthalm'c solution

(Formulation)

compound [Ill] 20 g

cotton seed oil amount to make the total 1.000 ml

Compound [III] was added to cotton seed oil sterilized in arhmnce to give an oiiy cphthalmic solution.

(Preparation method)

 

Example 8

ophthalmic ointment

(Formulation)

compourd [Ill]

liquid paraffin

white petrolatum

(Preparation method)

10 g

1009

amount to make the total 1.000 9

Liquid paraffin and white petralatum were sterilized by heating in advance. Then. compound [Ill] was thoroughly
admixed with liquid paraffin and then sufficiently admixed with white petrolatum to give an ophthalmic ointment.

Examle 9

ophthaimic gel

(Formulation)

compound [lll]

carboxyvinyl polymer

phenethyl alcohol

sodium hydroxide

sterile purified water

(Preparation method)

suitable amount

amount to make the total 1.000 g 
(pH 7.0)

Phenethyl alcohol was dissolved in sterile purified water (800 ml) and sterilized by titration through a 0.22 pm memo

12
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brane filter. Compound [lll] sterilized in advance was suspended in this solution and the suspension was vigorously
stirred. during which sterilized carboxyvinyl polymer was added and dissolved. The obtained solution was adjusted to
pH 7.0 with sodium hydroxide. and sterile purified water was added to make the total amount 1.000 g to give an oph-
thalmic gel.

Exa le 1

tablet

(Formulation)

compound [Ill]

lactose

corn starch

microcrystalline cellulose

magnesium stearate

per tablet

(Preparation method)

 
Compound [ill]. lactose. corn starch. 2I3 amount of microcrystalline cellulose and 1/2 amount of magnesium stea-

rate were admixed and granulated. The rest of microcrystalline cellulose and magnesium steamte was added and the
mixture was compression formed to give tablets.

Examle 11

capsule

(Formulation)

compound [Ill]

lactose

microcrystalline cellulose

magnesium stearate

per capsule

(Preparation method)

 
Compound [lll], lactose. microcrystalline cellulose and 1/2 amount of magnesium stearate were admixed and gran-

ulated. The rest ol magnesium stearate was added and the mixture was concealed in gelatin capsules to give capsules

13
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Example 12

injection

5 (Formuiation)

compound [Ill]

inositolto

benzyl alcohol

per ampoule 
15 (Preparation method)

Compound [ill], inositol and benzyl alcohol were dissolved in distilled water for injection to the total amount of 2 ml
and the solution was concealed in an ampoule. The entire procedure was carried out under sterile conditions.

20 Experimental Example 1

 

According to the near point determination method proposed by Taturo Himi [Drug Effect on Asthenopia-Analysis of
25 Drug Effect by Age. Atarashii Ganka (Journal of the Eye). vol. 3, No. 9, pp. 1247-1253 (1986)]. therapeutic effect of the

preparation of the present invention an asthenopia was investigated.
Six patients A-F (age 20-26) who visited hospital for asthenopia underwent instillation of the preparation of the

present invention (aqueous ophthalmic solution obtained in Example 1) into one eye and placebo (aqueous ophthalmic
solution prepared by removing the main drug. compound [Ill], from the preparation of the present invention) into the

30 other eye by 2 drops per time and four times a day (9 o'clock. 13 0'01on 17 o'clock and 21 o'clock), which was contin-
ued for 14 days. The patients A to F underwent 10 repeats of near point determination using an acoommodopoiyre-
corder HS-9E equipped with continuous near pointometer (manufactured by Kowa Corp.) before instillation, and 7 and
14 days after instillation. Note that the values used for the evaluation this time were near point disappearance values,
and the distance to the point(position) at which a near point table (index) drawing near blurred was recorded as the

as determination values This is somewhat different from the measurement method generally employed. The reason this
method was employed was that, from experience. this method is known to give stable and most tine responses when

test subjects have different age, educational and environmental backgrounds (see publication supra. pp. 1248 and
1252)

Then, mean (M) and standard error (SD) of the near point as detemtined to times in the above with respect to the
40 preparation of the present invention and placwo were calculated. and based on the obtained results. coefficient of var-

iation CV (SD/M) was calculated. it is known that the progression of asthenopia leads to greater CV values. The aver-
age coefficients of variation (CV) of the six patients A-F was calculated with respect to the results obtained before
instillation (day 0). ‘7 days after instillation and 14 days alter instillation, and CV (T)ICV (0) (where T is 7 or 14) of the
preparation of the present invention and placebo was calculated using the average of coefficient at variation before

45 instillation (day 0) as CV (O). and that of 7 days after instillation and 14 days after instillation as CV (T) where T is 7 or
14. The results are shown in Table 1 and Fig. 1.

Table 1

test drug 14 days after instillation
CV (7)/CV (0) CV (14)/CV (0)

preparation of invention 0.78 0.87

A5 is evident from Table 1 and Fig. 1. the eyes instilled with the preparation of the present invention showed lower

50

  

  
 

55
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CV values (smaller than 1) at 7 days and 14 days after instillation. as compared to that before instillation. in contrast.
the eyes instilled with placebo did not show decrease in CV values (greater than 1). Thus, the preparation of the present
invention showed superior therapeutic effect on asthencpia in clinical tests. and was found to be clinically useful for the
treatment oi asthenopia.

Ezgerimentgl Example 2

Theragegic effect on axial mia by administgation of the agent of the inventign

(Method)

As test animals. 7 days old male white leghorn chicks were used. The chicks were raised under 12 hour (8:00-
20:00) lighting of 600 lux illumination. A mixture of ketamine hydrochloride [Ketalar (trademark. Sankyo Company. Lim-
ited)] and xytazine hydrochloride [Celactal (trademark, Bayer. Ltd.)] was intramuscularly injected to the chicks for gen-
eral anesthesia. The upper and lower eyelids of one eye were sutured at the edge (hereinafter the eye sutured in this
way may be referred to as sutured eye). At 4 days post—suture. the eyelids were opened and anterior chamber depth.
lens thickness and vitreous chamber depth of both eyes were measured using A scan mode ultrasound (2-1000. Gen-
eral). As a test drug. an aqueous ophthalmic solution containing compound [ill] (content 0.5% and 1%) obtained in
Examples 4 and 5 was subconjunctivally administered by 10 pl under ether anesthesia to the sutured eye twice on the
day of suture and measurement day, and 4 times a day from day 1 to day 3. In the same manner. physiological saline
was subconjunctivally administered to the sutured eye of the control group. The other eye of the chicks of both groups
was untreated to suture and administration of the test drug (hereinafter the other eye may be referred to as non-sutured

eye).

(Results)

The difference in vitreous chamber depth of sutured eye and non-sutured eye at 4 days post—suture is shown in
Table 2.

group vitreous chamber depth (mm)

sutured eye - non-
sutured eye

aqueous ophthalmic solution of Ex. 5 (1% compound [llln 03410.03‘

 physiological saline 0.48.1903

aqueous ophthalmic solution of Ex 4 (0.5% compound [lll]) 0.37:0.03‘

' : significance level less than 5% by Student's t-test

The vitreous chamber depth of control group at 4 days after eyelid suture was 0.46 mm significantly longer than that
of non-sutured eye. The difference between sutured eye and non-sutured eye at the group administered with 0.5% and
1% compound [III] was 0.37 and 0.34 mm. respectively Thus, compound [Ill] significantly suppressed elongation of vit-
reous chamber depth. As regards anterior chamber depth and lens thiclmess. no difference was observed between
sutured eye and non-sutured eye of the control group and the group administered with compound [III].

From the above results. it is evident that compound [ill] suppressed elongation of vitreous chamber depth due to
eyelid suture in chick eya.

The pharmaceutical preparation of the present invention significantly suppressed elongation of vitreous chamber
depth due to eyelid suture in chick eyes. The involvement of retinal neurotransmitter is speculated in the onset mecha-
nism of myopia induced by eyelid suture, though not yet fully elucidated. Most of the changes seen in model with axial
myopia. such as elongation of vitreous chamber depth. extension of sclera. and thinning of choroid and retinal pigment
epithelial layer. resembles the changes found in myopia of human. inasmuch as compound [Ill] suppressed elongation
of vitreous chamber depth in the instant models. the pharmaceutical preparation of the present invention is considered
to be effective for the prevention and treatment of axial myopia in human.

15
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Eflerimegtgl Examle 3

 

(Method)

ERG (electroretinogram) which is one of the methods to examine retinal functions can detect action potential of ret-
ina in response to light. from the surface of an eyeball. When a retinal disorder occurs. utension of peak latency and
reduced amplitude are found. Inasmuch as ERG changes in central retinal artery and vein occlusions, congenital sta-
tionary night blindness. diabetic retinopathy, pigmentary retinal degeneration, retinal detachment. uveitis and the like. it
has been used as useful objective auxiliary diagnostic of these diseases. Meanwhile. a report has documented that
eye-occluded chicks showed the reduction of amplitude of oscillatory potential in ERG and thinning of retina (Taleshi

Fuiikado, Nihon Ganka Kin), 42:1189-1194, 1991). g
In this Experimental Example. white leghorn chicks were used as test animals, and action potential of retina was

induced and recorded by ERG to evaluate retinal functions. The method therefor are described in the following.
The chicks were raised under 12 hour (8200-20130) lighting of 600 lux illumination at temperature 3113‘0, humidity

50:1096. Six days old chicks were accommodated in a complete dark room for 30 minutes. and a 1 :1 mixture at keta-

mine hydrochloride [Ketalar (trademark. Sankyo Company, Limited)] and xylazine hydrochloride [Celactal (trademark.
Bayer. Ltd.)) was intramuscularly iniected to the chicks by 10 pl per 10 g body weight for general anesthesia. The head
was fixed in a brain stereotaxis apparatus. and different and indifferent electrodes were respectively connected to the
center of cornea and bulbar conjunctiva ot the left eye by the use of a 0.5 mm diameter platinum wire, with grounding
electrode led from under the skin of the head. After acclimation in the dark for one minute, 3 joule xenon light was irra-
diated 8 times from 20 cm before the cornea at 10-second intervals. and the averaged consecutive responses were
evaluated using a potential recorder. The ERG obtained here is taken as the initial value.

A mixed solution of ketamine hydrochloride and xylazine hydrochloride was intran'uscularly injected to the chicks
for general anesthesia. The upper and lower eyelids were cut off under a stereoscopic microscope. and the left eye was
sutured 5 stitches using 8-0 silk suture thread with needle (hereinafter the eye sutured in this way may be referred to as
sutured eye). ‘

As the test drug. compound [III] was dissolved in 0.1 M NaH2P04 (pl-l 10) solution to a concentration of 0.5% (pH
7.8 after adjustment) and intraperitoneally administered 3 times a day on the day and the next day of suture. and once
a day at two days after suture. The dose was 50 mg/kg. In the same manner, physiological saline was administered to
the control group.

At 2 days post-suture. ERG was taken in the same manner as above after administration of the drug, and the aver~
aged consecutive responses were evaluated using a potential recorder.

The a wave amplitude of ERG as determined at 2 days post-suture is shown in Fig. 2; b wave arrplitude is shown
in Fig. 3; and amplitude of oscillatory potential is shown in Fig. 4. The amplitude of a wave decreased to 6% oi the initial
value as a result of eyelid suture. In contrast, the group administered with compound [Ill] showed decrease to 42% of
the initial value. thus showing significant suppression of amplitude decrease as compared to the control group. The
amplitude of 9wave decreased to 8% of the initial value as a result of eyelid suture. In contrast. the group administered
with compound [ill] showed decrease to 37% of the initial value. thus showing significant suppression of amplitude
decrease as compared to the control group. The amplitude of oscillatory potential decreased to 10% of the initial value
as a result of eyelid suture. in contrast. the group administered with compound [lll) showed decrease to 37% of the ini-
tial value, thus showing significant suppression of amplitude decrease as compared to the control group.

From these results. it is appreciated that compound [Ill] significantly suppressed decrease of the amplitude of a
wave, 9 wave and oscillatory potential of ERG caused by eyelid suture of chick eyes. Theretrom it is clear that com-
pound [lll] suppresses lowering of retinal functions. and therefore, the pharmaceutical agent of the present invention is
useful as an agent for the prophylaxis and treatment of retinal diseases.

The agent for the prophylaxis and treatment of disturbance of visual function of the present invention has superior
preventive and therapeutic effect on asthenopia. and shows suppression of axial elongation. suppression of degrada-
tion of retinal functions and retinal function-recovery action. Hence, the agent can be advantagewsly used as a clini-
cally applicable agent for the prophylaxis and treatment of disturbance of visual function.

This application is based on application Nos. 176933/1996. 213941/1996 and 31403311996wa in Japan. the con-
tents of which are incorporated hereinto by reference.

Claims

1. Use of a compound of the formula [I]

16
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wherein

A ring is optionally substituted:
R1 is a hydrogen or an optionally protected amino: and
R2 is a group capable of reteasing a proton,

[I]

or a salt thereof for the manufacture of a pharmaceutical agent for the prophylaxis and treatment 01 disturbance of
visual function.

The use of claim 1, wherein the A ring is optionally substituted by halogen atom, nitro, alkyl. atkoxy or butadienylene
(-CH=CH-CH=CH-) which forms a benzene ring with two acfiacent carbon atoms at two of the 6, 7. 8 and 9 posi-
tions.

The use of ciaim 1. wherein the group capable of releasing a proton is carboxyl or tetrazolyl.

The use 01 claim 1, wherein the compound is represented by the torrruta [ll]

0 RIN
\

/
R R2

wherein

R is an alkyl;
R1 is a hydrogen or an optionally protected amino; and
Hg is a group capable of releasing a proton.

The use of claim 4. wherein the alkyl has 1 to 6 carbon atoms

The use 01 claim 4, wherein the alkyl is isopropyl.

The use of claim 1 or claim 4. wherein R1 is an amino.

The use of claim 1 or claim 4. wherein R2 is a carboxyt.

The use of claim 1, wherein the compound is represented by the forn'ula [Ill]

17
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0 N\ NH:
I [III]

/’

(CH3)2CH COOH

10. The use 01 claim 1 wherein the pharmaceutical agent is for local administration to the eye.

11. The use at claim 1 wherein the pharmaceutical agent is in the form of a liquid preparation.

12. The use 01 claim 10 wherein the phannaceutical agent is in the form 01 an ophthalmic solution.

13. The use 01 claim 12. wherein the ophthalmic solution is an aqueous ophthalmic solution.

14. The use of claim 11 wherein the pharmaceutical agent is in the form of an injection.

15. The use of claim 13 or claim 14, wherein the pharmaceutical agent further comprises a solubilizer.

16. The use 01 claim 15. wherein the solubilizer is polyvinylpyrrolidone.

17. The use at claim 16. wherein the pharmaceutical agent comprises the poiyvinylpyrrolidone in a concentration of 0.2
- 20 (WN)%.

18. The use 01 claim 13 or claim 14. wherein the pharmaceutical agent comprises the corr'pound oi the formula [I] or a
salt thereof in a concentration of 0.01 - 2.0 (WN)%.

19. The use 01 claim 1. wherein the disturbance of visual function is asthenopia, axial myopia or a retinal disease.

18
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IE preparation of present inVention

E] placebo

7 days 14 days

period of drug administration
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I normal group (n=9)

:1 control group (n=8)

group administered with compound [III] (n=9)-

g 140

a; 120
g 100

“5 80

q— » >|<
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"S 404.:
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g o _

* p<0.001 (Dunnet's test)‘
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I normaI group (n=9)

1: contro'l group (n=8)

I, group administered with compound [III] (n=9)
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2 100
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* p<0.01 (Dunnet's test)
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I normal group (n=9)

1: control group (n=8)

I group administered with compound [III] (n=9)

 
>1: p<0.01 (Dunnet's test)
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(54) Complex of human growth hormone and zinc and use

(57) The present invention provides a complex of which comprises the complex 01 human growth hor-
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growth hormone and zinc at a molar ratio of about 1:15 has a high entrapment ratio 01 human growth hormone
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Description

[0001] The present invention relates to a complex of human growth hormone and zinc containing human growth
' hormone and zinc at a molar ratio of about 111.6 to about 1:24, a sustained-release preparation which comprises the
complex of human growth hormone and zinc and a biodegradable polymer. and so on.

Background Art

[0002] In recent years, human growth hormone (hereinalter abbreviated as GH) has been produced on a large scale
by utilizing genetic engineering technology, and is used widely, for example. being clinically applied to Turner‘s syn-
drome, infantile chronic renal diseases, achondroplasia and adult GH hyposecretion as well as pituitary dwarfism.
Further, applications for osteoporosis in an aging society and static heart diseases are expected.
[0003] Since GH is usually administered by intramuscular or subcutaneous injection repeatedly and over a long term,
due to consideration of stability in the body, a significant physical burden on patients is a problem. For instance, in the
case of pituitary dwarfism, a daily subcutaneous administration to infants or young patients over a long period of time
ranging trom a few months to at least 10 years is practised On the one hand, development 01 a sustained release
preparation containing GH, which is medicinally el'lective with an administration ranging from once every few weeks
to few months, has been reported (SIP. Pharma.Sci.. 4(6), pages 437-441, 1994; Nature Med, 2(7), pages 795-799,
1996; J.Pharm.Exp.Ther.. 281, pages 1431-1439, 1997,; W0 94112158; W0 95/29664; WO 97/015131).

Brief Explanation of Drawings

[0004] Figure 1 shows the changes in particle size distribution according to the changes in the composition ratio of
GH and zinc in a compiex of GH and zinc.
[0005] Figure 2 shows the changes in solubility of a complex according to the changes of the composition ratio of
GH and zinc in a complex of GH and zinc.

Detailed Descrigtion of invention

[0006] Current sustained-release preparations containing GH have been produced by a method which comprises
making GH in water (in water phase) and dispersing the water phase in organic solvent (in oil phase) containing a
biodegradable polymer to make a water-in-oil emulsion. But. in this method, GH is remarkably denaturalized in the
production process or on the shelves and a sufficient entrapment ratio and release is not obtained. On the one hand,
a method which comprises dispersing GH powder into organic solvent (in oil phase) containing a biodegradable polymer
to make a solid-in—oil dispersion is not appropriate lor producing a sustained-release preparation on a large scale,
since it is necessary to maintain stability by spraying the solid-in-oil dispersion into liquid nitrogen. Furthen'nore, since
GH is not in the form of fine particles and is usually used after atomizing, the activity ol GH is remarkably lowered by
atomization 01 GH and it is ditficult to make a solid-in-oil dispersion containing GH having a high content.
[0007] Thus, it is very difficult to maintain stability 01 GH and micronize GH in the process lor producing preparations.
Further, it is very difficult to produce quality sustained-release preparations containing a high content of GH on a large—
scale, without lowering the activity at GH but at the same time maintaining quality and stability.
[0008] Therelore. a clinically useful preparation comprising GH which overcomes the above problems and has con—
stant release over a long period of time, and a method for producing the sustained-release preparation on a large scale
at high yield, are desired.
[0009] The present inventors made extensive and intensive studies and as a result. made a complex of GH and zinc
containing GH and zinc at a molar ratio of about 1:1.6 to about 1:24 for the first time. Further, they lound that the
complex is substantially water-soluble and the micronization of the complex is easier than GH itself, without lowering
the activity of GH. and when the obtained complex of GH and zinc having a small particle diameter is used to produce
a sustained-release preparation, the sustained-release preparation can be produced on a large scale with assured
stability and without denaturalizing GH in the process, having also an enhanced entrapment 01 GH and an improvement
in release properties.
[0010] Namely, the present invention provides

(1) a complex 01 human growth hormone and zinc containing human growth hormone and zinc at a molar ratio of
about 1:1.6 to about 122.4,

(2) a complex of the above (1 ), which is water—soluble,
(3) a complex ot the above (1 ), wherein the mean particle diameter of the complex is less than about 10 pm,
(4) a sustained-release preparation, which comprises the complex 01 the above (1) and a biodegradable polymer,
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(5) a preparation of the above (4), wherein the biodegradable polymer is an aliphatic polyester.
(6) a preparation of the above (5), wherein the aliphatic polyester is a polymer of lactic acid and glycolic acid,
(7) a preparation of the above (6), wherein the content ratio of a polymer of lactic acid and glycolic acid is 100/0
to 40/60 (mole We), '
(8) a preparation at the above (5), wherein the weight-average molecular weight of the aliphatic polyester is about
3,000 to about 20,000,

(9) a preparation of the above (5), wherein the aliphatic polyester is a salt of polyvalent metal,
(10) a preparation of the above (9), wherein the polyvalent metal is zinc,
(11) a preparation of the above (4), wherein the preparation is a microcapsule,
(12) a preparation of the above (11), wherein the microcapsule is tor injection,
(13) a preparation of the above (4), wherein the initial burst ratio 01 GH is less than about 50%,
(14) a method for producing a complex of human growth hormone and zinc, which comprises mixing human growth
hormone and zinc salt at a molar ratio at about 1:16 to about 1:24,

(15) a method lor producing micronized human growth hormone, which comprises forming a complex of human
growth hormone and zinc containing human growth hormone and zinc at a molar ratio of about 1:16 to about 1:
2.4 and atomizing them,
(16) use 01 a complex of human growth hormone and zinc containing human growth hormone and zinc at a molar
ratio of about 1 11.6 to about 1:2.4lor producing a sustained-release preparation containing human growth hormone.
(17) a method tor producing a sustained-release preparation containing human growth hormone, which comprises

- dispersing a complex 01 hUman-growth'hon'none and zinc containing human growth hormone and zinc at a molar
ratio of about 1:1 .6 to about 1:24 in an oil phase containing a biodegradable polymer to makea solid-in-oil emulsion,
adding the soiid-in-oil emulsion to waler phase to make a solid-in-oil-in-water emulsion, and then “in-water drying
the solid-in-oil-in-water emulsion,

(18) a pharmaceutical composition which comprises the complex 01 the above (1), and
(19) a pharmaceutical composition for treating or preventing pituitary drawlism, which comprises the complex of
the above (1).

[0011] GH used in the present invention may be any type, for example, natural type (extracted products. etc.) or
genetic recombinant type GH (Nature Vol.281, page 544 (1979), Vol.293, page 408 (1981), Proc. Natl, Acad. Sci. USA,
Vol. 80, page 397 (1983), Biotechnol, , Vol. 5, page 161 (1981), etc_), and genetic recombinant type GH is prelerred
in terms of its salety and quality. Further, in the present invention. muteins. derivatives, analogous and active lragments
of GH may be used as GH (J.Biol.Chem., Vol.253, page 2679 (1979), B.B.Fi.C., Vol.92, page 511 (1990), Endocrinol..
Vol.109, page 1301 (1981), Protein Eng. Vol.3, page 49 (1989),etc_).
[0012] Complexes ol GH and zinc according to the present invention may be produced by any method, for example,
methods generally used in the production of complexes, suitable for a molar ratio of GH and zinc in the range of from
about 1:16 to about 12.4. The said oompiex of GH and zinc is usually produced by bringing GH into contact with a
water—soluble zinc salt. This contact reaction is preterably employed in a solvent, for example, aqueous—solvent. The
reaction time ranges lrom 1 minute to 1 hour. The reaction temperature ranges lrorn 4°C to 37°C. Water-soluble zinc
salts used in this method, include salts ol zinc and inorganic acids, salts of zinc and organic acids and so on. inorganic
acids include hydrochloric acid, sulfuric acid, nitric acid, thiocyanic acid and so on and organic acids include aliphatic
carboxylic acids, aromatic acids and so on.
[0013] Examples of aliphatic carboxylic acids used as organic acids, are aliphatic monocarboxylic acids. aliphatic
dicarboxylic acids. and aliphatic tricarboxylic acids. These aliphatic carboxylic acids may be saturated or unsaturated.

' The aliphatic carboxylic acid is preferably an aliphatic carboxylic acid having 2 to 9 carbon atoms.
[0014] Examples 01 aliphatic monocarboxylic acids are saturated aliphatic monocarboxylic acids having 2 to 9 carbon
atoms (9.9., acetic acid, propionic acid, butyric acid, valeric acid, caproic acid, enanthic acid, caprylic acid, pelargonic
acid. caprynic acid etc.) and unsaturated aliphatic monocarboxylic acids having 2 to 9 carbon atoms (99.. acrylic acid,
propiolic acid, methacrylic acid, crotonic acid, isocrotonic acid etc.).
[0015] Examples of aliphatic dicarboxylic acids are saturated aliphatic dicarboxylic acids having 2 to 9 carbon atoms
(e.g.. malonic acid. succinic acid. glutaric acid. adipic acid, pimelic acid etc.) and unsaturated aliphatic dicarboxylic
acids having 2 to 9 carbon atoms (e.g., rnaleic acid, lumaric acid, citraconic acid, mesaconic acid etc.).
[0016] Examples 01 aliphatic tricarboxylic acids are saturated aliphatic tricarboxylic acids having 210 9 carbon atoms
(e.g., tricarballylic acid, 1,2,3—butanetricarboxyiic acid etc.).
[0017] The above-mentioned aliphatic carboxylic acids may have 1 or 2 hydroxyl groups. Such aliphatic carboxylic
acids include glycolic acid, lactic acid, glyceric acid, tartronic acid, malic acid, tartaric acid, citric acid and so on.
[0018] The aliphatic carboxylic acid is preferably an aliphatic monocarboxyiic acid, more preferably an aliphatic mono-
carboxylic acid having 2 to 9 carbon atoms, and still more prelerably a saturated aliphatic monocarboxylic acid having
2 or 3 carbon atoms. Examples of particularly prelerable aliphatic carboxylic acids include acetic acid and so on.
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[0019] Examples of aromatic carboxylic acids used as the above-organic acid are benzoic acid and salicylic acid,
with preference given to benzoic acid.
[0020] For example, a complex of GH and zinc in the present invention is produced by mixing GH and a water-soluble
zinc salt at a mixing ratio (molar ratio) of about 1:16 to about 122.4, preferably about 121.8 to about 1:22 in a aqueous
solvent (e.g., aqueous solutions containing ethanol, acetonitril or acetone at a concentration (for example. about 1 to
about tO%(W/W)) which does not exert an adverse influence on the solubility of GH and a water-soluble zinc salt,
preferably water). The said complex may be a compound (complex salt, double salt, salt, and organic metal compound
etc. ) formed by intermolecular binding between GH and zinc or a mixture of compounds which differ in their binding
pattems. The composition ratio (molar ratio) of GH and zinc in the complex of GH and in the present invention is within
the scope of about 121.6 to about 1:24, preferably about 121.8 to about '1 :2.2, more preferably about 1:2. in complex
of GH and zinc of the present invention, although it is preferred that all of GH and zinc contained at a molar ratio of
about 111.6 to about 1:24 is in the form of a complex, GH and/or zinc which do not form a complex may be present.
[0021] The pH of the aqueous solution resulting from the above mixing must be such that the bioactivity of GH is not
affected, and such that each solubility of GH and zinc salt is not lowered in excess. Although the mixing procedure is
normally conducted in distilled water, it may be conducted in water adjusted to be weakly acidic, neutral, or weakly
alkaline pH (pH 6 to 9) as necessary. The concentration of GH and water-soluble zinc salt in the water may range
within each solubility.
[0022] The thus-obtained complex of GH and zinc in water is substantially water-soluble since no precipitate is visibly
found in the water. A substantially water~soluble complex of GH and zinc means that the solubility of the complex in
lml of water (pH 6 to 8) at normal temperature is more than about 2mg:
[0023] This complex of GH and zinc inwater is used for producing a pharmaceutical composition. preferably a sus-
tained-release preparation after being vacuum dried or fyophylized and micronized.
[0024] The obtained powder of the complex of GH and zinc is fine-grained and is easier to handle than bulky powder
of GH free from zinc, and is very useful for producing a sustained-release preparation on a large scale. For example,
a complex of GH and zinc can be obtained as a powder with a mean particle diameter of less than about 10 pm,
preferably about 4 to about 7 pm.

[0025] in the case where the complex is dispersed into an organic solvent containing hereinafter-mentioned biode-
gradable polymer. particles having a small diameter are very useful for obtaining an enhanced entrapment ratio of GH
and an improved release. For example, an entrapment ratio of GH in the sustained-release preparation is preferably
more than about 90% with regard to the sustained-release of GH, an initial burst ratio of GH is preferable less than
about 50%,
[0026] The content of the complex of GH and zinc in the sustained—release preparation of the present invention is
normally about 0.1% (WAN) to about 40% (W/W). preferably about 1% (WM) to about 20% (WM).
[0027] The biodegradable polymer is exemplified by high-molecular polymers being slightly soluble or insoluble in
water, such as aliphatic polyesters (e.g., homopolymers, copolymers or mixtures thereof synthesized from one or more
a-hydroxycarboxylic acids such as glycolic acid, lactic acid, hydroxybutyric acid etc), hydroxydicarboxyllc acids such
as malic acid etc. hydroxytricarboxylic acids such as citric acid etc. and others, poly-a—cyanoacrylic acid esters,
polyamino acids such as poly- y—benzyI-L-glutamic acid and so on. These may be used in mixture at appropriate ratios.
The type of polymerization may be random, block or graft. ' '
[0028] The biodegradable polymer is preferably an aliphatic polyester (e.g., a homopolymer, copolymer or mixture
thereof synthesized from one or more a—hydroxycarboxylic acids such as glycolic acid, lactic acid, hydroxybutyric acid
etc., hydroxydicarboxylic acids such as malic acid etc., hydroxytricarboxylic acids such as citric acid etc. and others).
[0029] Among the above-mentioned aliphatic polyesters, homopolymers or copolymers synthesized from one or
more a -hydroxycarboxylic acids (e.g., glycolic acid, lactic acid, hydroxybutyric acid etc) are preferred trorn the view.
point of reliable biodegradability and biocompatibility. More preferably, the aliphatic polyester is a copolymer synthe—
sized from one or more a-hydroxycarboxylic acids (9.9., glycolic acid, lactic acid, hydroxybutyric acid etc). Also, these
copolymers may be used in mixture.
[0030] Although the above—described a-hydroxycarboxylic acid may be of the D—. L- or D,L—configuration, it is pref-
erable that the ratio of the D-IL-configuration (mole%) falls within the range from about 75125 to about 25/75. The ratio
of the D—r’L—configuration (mole%) is more preferably about 60/40 to about 30/70.
[0031] Examples of copolymers of the above-described u-hydroxy~carboxylic acid include copolymers of glycolic
acid with another a-hydroxy acid, which is preferably lactic acid, 2vhydroxybutyric acid etc.
[0032] The a ~hydroxycarboxylic acid copolymer is preferably a lactic acid-glycolic acid copolymer, a 2~hydroxybutyric
acid-glycolic acid copolymer etc., more preferably, the a-hydroxycarboxylic acid copolymer is a tactic acid-glycolic acid
copolymer etc.
[0033] With respect to the lactic acid-glycolic acid copolymer (hereinafter generally called lactic acid-glycolic acid
polymer or PLGA), it is preferable that the content ratio (lactic acid/glycolic acid ratio, hereinafter called UG) (mole/
mole %) be about 10010 to about 40/60. The content ratio is more preferably about 90/10 to about 45/55, and more
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preferably about 80/20 to about 45/55. The weight-average molecular weight of the lactic acid-glycolic acid copolymer
is about 3,000 to about 20,000, preferably about 3,000 to about 16,000 more preferably about 3,000 to about 14,000.
[0034] Also, the degree of dispersion of the lactic acid-glycolic acid copolymer (weight—average molecular weight!
number-average molecular weight) is preferably about 1.2 to about 4.0, more preferably about 1.5 to about 3.5.
[0035] The lactic acid—glycolic acid copolymer can be synthesized by a known process, such as the method described
in Japanese Patent Unexamined Publication No. 28521/1986. It is preferable that the copolymer be synthesized by
catalyst-free dehydration polymerization condensation.
[0035] With respect to the 2-hydroxybutyn'c acid-glycolic acid-copolymer, it is preferable that glycolic acid amounts
for about 10 to about 75 mole % and 2-hydroxybutyric acid for the remaining portion. More preferably, glycolic acid
accounts for about 20 to about 75 mole %, and still more preterably about 30 to about 70 mole ‘l’a. The weight-average
molecular weight of the 2-hydroxybutyric acid-glycolic acid copolymer is preferably about 2,000 to about 20,000. The
degree 01 dispersion ol the 2-hydroxybutyric acid-glycolic acid copolymer (weight-average molecular weight/number-
average molecular weight) is preferably about 1.2 to about 4.0, more preferably about 1.5 to about 3.5. A 2-hydroxy-
butyric acid-glycolic acid copolymer can be synthesized by a known process, such as that described in Japanese
Patent Unexamined Publication Nos. 28521/1986 and 112465/1993. it is preferable that the copolymer be synthesized
by catalyst-free dehydration polymerization condensation.
[0037] Preferable example homopolymers of the above-described u-hydroxycarboxylic acid include homopolymer
of lactic acid. The weight—average molecular weight 01 the homopolymer ol lactic acid is about 3.000 to about 20,000,
preferably about 3,000 to about 14,000.
[0038] A homopolymer of lactic acid can be synthesized by a known process, such as that described in Japanese
Patent Unexamined Publication No. 28521/1986..lt is preferable that the homopolymer be synthesized by catalyst-free
dehydration polymerization condensation.
[0039] The above-described 2~hydroxybutyric acid-glycolic acid copolymer may be used in a mixture with polylactic
acid. Although the polylactic acid may be of the D- or L-configuration or a mixture thereof, it is prelerable that the ratio
of the D-lL-configuration (mole%) fall within the range from about 75/25 to about 20/80. The ratio of the D-lL-configu-
ration (mole%) is more preterably about 60/40 to about 25/75, and still more preferably about 55/45 to about 25/75.
The weight-average molecular weight of polylactic acid is preferably about 1.500 to about 20,000, more preferably
about t500 to about 10000. Also the degree 01 dispersion of the polylactic acid is preferably about 1.2 to about 4.0,
more preferably about 1. 5 to about 3.5.
[0040] For producing polylactic acid, two methods are known: ring-opening polymerization of lactide, a dimer of lactic
acid, and dehydration polymerization condensation of lactic acid. For obtaining a polylactic acid of relatively low mo-
lecular weight torthe present invention, direct dehydration polymerization condensation of lactic acid is preferred. This
method is. for example, described in Japanese Patent Unexamined Publication No. 28521/1985.
[0041] When a 2-hydroxybutyric acid-glycolic acid copolymer and polylactic acid are used in mixture. their mixing
ratio is about 10/90to about 90/10 (% by weight). The mixing ratio is preferably about 20/80 to about 80/20, and more
preferably about 30/70 to about 70/30.
[0042] in the present specification, weight-average molecular weight is defined as the molecular weight obtained by
gel permeation chromatography (GPC) with 9 polystyrenes as reterence substances with respective weight-average
molecular weights of 120,000, 52,000, 22,000, 9,200, 5,050, 2,950, 1,050, 580 and 152. Number-average molecular

weight based on GPC measurement is also calculated. The degree of dispersion is calculated from the weightaverage
molecular weight and the number-average molecular weight. Measurements are taken using a GPC column KF804L
X 2 (produced by Showa Denko) and an Fll monitor L-3300 (produced by Hitachi, Ltd.) with chloroform as the mobile
phase.
[0043] The above—described copolymer synthesized by catalyst—tree dehydration polymerization condensation usu-
ally has a terminal carboxyl group.
[0044] in the present invention, the biodegradable polymer preferably has a terminal carboxyl group.
[0045] A biodegradable polymer having a terminal carboxyl group is a polymer in which the number-average molec-
ular weight by GPC determination and that by terminal group determination almost agree.
{0045] By terminal group quantitation, number-average molecular weight is calculated as follows:
[0047] About 1 to 3 g of the biodegradable polymer is dissolved in a mixed solvent of acetone (25 ml) and methanol
(5 ml), and the solution is quickly titrated with a 0.05 N alcoholic solution of potassium hydroxide while being stirred at
room temperature with phenolphthalein as an indicator to determine the terminal carboxyl group content; the number-
average molecular weight based on terminal group quantitation is calculated using the tollowing equation:

Number—average molecular weight based on ten'ninal group quantitation = 20,000 A/B

A: Weight mass (9) of the biodegradable polymer
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B: Amount (ml) of the 0.05 N alcoholic solution of potassium hydroxide added until the titration end point is reached.

[0048] For example. in the case of a polymer having a terminal carboxyl group synthesized from one or more a
-hydroxy acids by catalyst-free dehydration polymerization condensation, the numbebaverage molecular weight based
on GPC measurement and the number-average molecular weight based on terminal group quantitation almost agree.
On the other hand, in the case of a polymer having essentially no terminal carboxyl group synthesized from a cyclic '
dimer by ring-opening polymerization using a catalyst. the number-average molecular weight based on terminal group
quantitation is significantly higher than the number-average molecular weight based on GPC determination. This dif-
ference makes it possible to clearly differentiate a polymer having a terminal carboxyl group from a polymer having no
terminal carboxyl group.
[0049] While the number-average molecular weight based on terminal group quantitation is an absolute value. the
number-average molecular weight based on GPC determination is a relative value that varies depending on various
analyti~cal conditions (9.9., kind of mobile phase, kind of column. reference substance, slice width chosen, baseline
chosen etc); it is therefore difficult to have an absolute numerical representation of the latter. However, the fact that
the number-average molecular Weight based on GPC determination almost agrees with the number-average molecular
weight based on terminal group quantitation means that the number-average molecular weight based on terminal group
quantitation falls within the range from about 0.5 to about 2 times, preferably from about 0.8 to about 1.5 times as high
as the number-average molecular weight based on GPC determination. Also, the fact that the number-average mo-
lecular weight based on terminal group quantitation is significantly higher than the number-average molecular weight
based on GPC determination means that the number-average molecular weight based on terminal group quantitation
is about 2 times or more as high as the number-average molecular weight based on GPC determination”
[0050] As the biodegradable polymer of the present invention, a metal salt (also referred to as a complex) of the
above-described biodegradable polymer is preferably used. For instance, a polyvalent metal salt of each kind of bio-
degradable polymer disclosed in WO 97/01331, preferably a divalent metal salt, especially a zinc salt of lactic acid-
glycolic acid copolymer, is preferably used. Biodegradable polymers can be produced by a process described in WO
97/01331 and modifications thereof.

[0051] When the polyvalent metal salt of the biodegradable polymer is zinc, the polymer may be produced by reacting
the biodegradable polymer with zinc oxide in an organic solvent.
[0052] in said process. the biodegradable polymer and zinc oxide are first allowed to exist together in an organic
solvent to prepare a solution of a complex of a biodegradable polymer and zinc oxide in the organic solvent. Although
the concentration of the biodegradable polymer in the solution varies depending on the molecular weight and the type
of the organic solvent, it is, for instance, about 0.1 to about 80%(W/W). preferably about 1 to about 70%(W/W) and
more preferably about 2 to about 60%(W/W). Although the amount of zinc oxide added varies depending on the type
of organic solvent, it is, for instance. about 0.001 to about 2% (WM), preferably about 0.01 to about 1.5%(W/W) and
more preferably about 0.1 to about 1%(W/W), based on the amount of the biodegradable polymer.
[0053] Flegarding the order of addition of the biodegradable polymer and zinc oxide to the organic solvent, zinc oxide
both in a powder state or in a dispersed state in the organic solvent can be added to a solution of the biodegradable
polymer in the organic solvent, conversely. a solution of the biodegradable polymer in the organic solvent can be added
to a dispersion of zinc oxide in the organic solvent. Furthermore. the organic solvent can be added after the biode-
gradable polymer and zinc oxide both in a powder state have been admixed.
[0054] The conditions required to produce a solution of a complex of a biodegradable polymer and zinc oxide. such
as complex of PLGA and zinc oxide, from a biodegradable polymer and zinc oxide can be changed according to the
type of biodegradable polymer used. the particle diameter of zinc oxide, the type of organic solvent, and the composition
ratio. When PLGA is, for example, employed as the polymer. a complex of PLGA and zinc oxide can be obtained by
the above reaction usually at about 0 to about 30°C, preferably about 2 to about 25°C, for about 1 to about 158 hours,
preferably about 12 to about 96 hours, more preferably about 24 to about 72 hours. The production of a complex of
PLGA and zinc oxide in the present invention can be confirmed visibly since zinc oxide which is in a dispersed state
at the time of addition dissolves in the organic solvent to give a clear solution. The reaction time is not limited to the
above ranges and can be determined using turbidity as an index.
[0055] Although this reaction proceeds simply by the co-presence of PLGA and zinc oxide in the organic solvent,
the reaction carried out under stirring or shaking advantageously reduces the reaction time. Furthermore, the reaction
carried out under ultrasonication is equally preferred. As the reaction temperature becomes higher, the reaction time
becomes shorter.

[0056] The thus obtained complex of biodegradable polymer and zinc oxide is applied to the next process, preferably
as a solution in an organic solvent, or if necessary as a solid after removal of the organic solvent,
[0057] The sustainedsrelease preparation of the present invention is produced by removing the organic solvent from
dispersion, preferably a solid-in-oil dispersion in which a GH and zinc containing complex at molar ratio of about 1:16
to about 112.4, preferably as a powder, is dispersed into a solution of a biodegradable polymer (hereafter also means
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'biodegradable polymer“ including a metal salt of the biodegradable polymer) in an organic solvent (oil phase). Methods
of producing a sustained-release preparation include the in-water drying method, phase separation method, spray
drying method, and modifications thereof. '
[0053] Methods of producing a sustained-release preparation, e.g., microcapsules, are described below,

(a) ln-water drying method (S/O/W method)

[0059] in this method, a solution cl a biodegradable polymer in an organic solvent is first prepared. The organic
solvent used to produce the sustained~reiease preparation of the present invention preferably has a boiling point not
higher than 120 “C. Such organic solvents include halogenated hydrocarbons (eg, dichloromethane, chloro-iorrn,
carbon tetrachloride etc), alcohols (e.g., ethanol, methanol). acetonitrile and so on. These may be used as a mixture
at appropriate ratios. The organic solvent is preferably dichloromethane and acetonitrile, and still more preferably
dichloromethane. The concentration of the biodegradable polymer in the organic solvent solution is normally about
0.01 to about 80% (WAN), preferably about 0.1 to about 70% (WW), and more preferably about 1 to about 60% (WI
W), depending on the molecular weight of the biodegradable polymer, kinds of organic solvent and so on.
[0060] To the organic solvent solution (oil phase) of the biodegradable 'polymer thus obtained, a complex of GH and
zinc is added or dispersed. in this operation, the amount of complex of GH and zinc added is set so that the complex
of GH and zinc weight ratioto biodegradable polymer is up to about 0.4, preferably about 0.2. As a method of dispersing.
a powder of a complex of GH and zinc may be added and dispersed uniformly, and the lyophilized bulk of the complex
of GH and zinc is added directly and dispersed uniformly by atomizing and mixing in an oil phase.
[0061]. The organic solvent suspension (S/O type dispersion) thus prepared is added to an aqueous phase(water .
phase) toiorm an SfO/W type emulsion using a turbine type mechanical stirrer. ultrasonic equipment or the like, followed
by evaporation oi the solvent in the oil phase, to yield microcapsuies. The volume of the aqueous phase is normally
chosen over the range of about 1 to about 10,000 times, preferably about 5 to about 2,000 times, and more preferably
about 10 to about 1.000 times, the volume of the oil phase.
[0062] An emulsifier may be added to the external aqueous phase. The emulsifier may be any one, as long as it is
capable of iorming a stable S/Ofw type emulsion. Examples of such emulsifiers include anionic surfactants, nonionic
surfactants. polyoxyethylene castor oil derivatives. polyvinylpyrrolidone, polyvinyl alcohol. carboxymethyf cellulose.
lecithin, gelatin, hyaluronic acid and so on. These may be used in combination as appropriate. The emulsifier concen-
tration in the external aqueous phase is preferably about 0.001 to about 20% (WN), more preferably about 0.01 to
about 10% (WN). and still more preferably about 0.05 to about 5% (WN).
[0063] The thus obtained microcapsules are recovered by centriiugation or filtration. washed with distilled water to
remove the emulsifier etc. adhering to the suriace oi microcapsules, redispersed in distilled water, and lyophilized.
Then, if necessary, water and the organic solvent in the microcapsules are further removed by heating. The heating
may be conducted under reduced pressure. Regarding the heating conditions, heating and drying are conducted at a
temperature not lower than a glass transition temperature of the biodegradable polymer and not so high as to cause
aggregation oi each microcapsule particle. The heating and drying are conducted preferably at a temperature ranging
from the glass transition temperature of the biodegradable polymer to a temperature Mitch is about 309C higher than
the glass transition point obtained using a differential scanning calorimeter when the temperature is increased at a rate
of about 10 to about 20°C per minute.

(b) Phase separation method (Coacervation method)

[0064] In this method, a coacervating agent is gradually added to the above described S/O type dispersion under
stirring to precipitate and solidify microcapsufes. The amount of the coacervating agent used is about 0.01 to about
1,000 times by volume, preferably about 0.05 to about 500 times by volume. especially preferably about 0.1 to about
200 times by volume. Any coacervating agent can be used, as long as it is a polymeric, mineral oil or vegetable oil
compound miscible with the organic solvent ior dissolution oi a biodegradable polymer and it does not dissolve the
biodegradable polymer used. Specifically. examples of such coacervating agents include silicone oil, sesame oil, soy-
bean oil, corn oil, cottonseed oil, coconut oil. linseed oil, mineral oil. n-hexane and n-heptane. Two or more oi these
may be used in combination. The thus obtained microcapsufe are recovered by filtration. and washed repeatedly with
heptane etc. to remove the coacervating agent. Further, washing is conducted in the same manner as in the above
(a), followed by lyophilization.

(c) Spray-drying method

[0065] in this method. the above described 810 type dispersion is sprayed via a nozzle into the drying chamber of
a spray drier to volatilize the organic solvent in fine droplets in a very short time to yield microcapsufes. Examples of
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the nozzle include, for instance, a two-fluid nozzle type, a pressure nozzle type and a rotary disc type. it is also ad-
vantageous, if necessary. to spray an aqueous solution of the above-described antiaggregation agent via another
nozzle in order to prevent aggregation ot each microcapsule‘panicle, The thus obtained microcapsule is washed in
the same manner as in the above (a), if necessary followed by heating (it necessary under reduced pressure) to remove

water and the organic solvent. '
[0066] The sustained-release preparation of the present invention is preferably used in the form of fine particles.
This is so that the sustained—release preparation does not cause undue pain to the patient when administered via an
injection needle for ordinary subcutaneous or intramuscular injection. The mean particle diameter of the sustained-
release preparation, for example. is about 0.1 to about 300 pm, preferably about 1 to about 150p. m, and more preferably
about 2 to about 100 pm, , .
[0067] In the present invention, the microcapsule may be fine particles (called microspheres) comprising the active
ingredient (complex of GH and zinc) and a base for the microcapsule (biodegradable polymer). Typically, they include
microcapsules containing one core of active ingredient in one particle, or microcapsules containing many cores of
active ingredient in one particle.
[0068] The sustained-release preparation of the present invention, for example, can be administered as microcap-
sules, in the form of various dosage forms of non-oral preparations (e.g., intramuscular, subcutaneous or visceral
injections or indwellable preparations, nasal. rectal or uterine transmuoosa! preparations etc.) or oral preparations (e.
9., capsules such as hard capsules, soft capsules etc, solid preparations such as granules and powders etc., liquid
preparations such as suspensions etc.).
[0069] in the present invention, the sustained-release preparation is preferably used for injection. When the sus-
tained-release preparation is a microcapsule, for instance, it can be_prepared as an aqueous suspension by suspending
microcapsules in water, along with a dispersing agent (e.g., surfactants such as polysorbate (Tween 80, Bio Rad) and
HOD-60 (Nikko Chemicals), polysaccharides such as carboxymethyl cellulose, sodium alginate and sodium hyaluro-
nate etc.), a preservative (e,g., methyl paraben, propyl paraben etc), an isotonizing agent (e.g. sodium chloride,
mannitol, sorbitol, glucose etc.), etc., to yield a sustained-release preparation for injection of practical use. Alternatively,
the sustained-release preparation of the present invention is prepared as an oily suspension by dispersing microcap-
sules, along with a vegetable oil such as sesame oil or corn oil with or without a phospholipid such as lecithin, or a
medium-chain fatty acid triglyceride (e.g., MIGLYOL 812, Huls A.G. (Marl, Germany», to yield a sustained-release
preparation for injection of practical use.
[0070] When the sustained-release preparation is a microcapsule, for instance, its mean particle size is chosen over
the range from about 0.1 to about 300 pm as long as the requirements concerning degree of dispersion and needle
passage are met, when it is to be used as an injectable suspension. Preterably, the particle size falls within the range
from about 1 to about 150 pm, more preferably about 2 to about 100 pm.
[0071] The above-described microcapsuie can be prepared as a sterile preparation, without limitation, for example,
by the method in which the entire production process is sterile, the method in which gamma rays are used as sterilant,
and the method in which an antiseptic is added.
[0072] The sustained-release preparation of the present invention is of low toxicity and can be safely used in mam-
mals (e.g.. humans, bovines, swines, dogs, cats, mice, rats, rabbits etc.).
[0073] The sustained-release preparation of the present invention is useful for treating or preventing adult GH hy-
posecretion, Turners syndrome, pituitary dwarfism, chronic renal diseases, achondroplasia, adult hypopituitarism,
Down syndrome. Silver syndrome, hypochondroplasia, juvenile chronic arthritis and static heart diseases etc.
[0074] Depending on duration of the release, target disease, subject animal species and other factors, the dose of
the sustained-release preparation may be set at any level. as long as the reflective concentration of GH in the body is
maintained. For instance, when the sustained-release preparation is designed for two weeks release and administered
to patients for pituitary dwarfism, the dose of an effective ingredient can be chosen from the range of preferably about
0.01 to about 5mg/kg body weight, more preferably about 0.03 to about lmg/kg body weight, per an adult, administered
once every two weeks.
[0075] The complex of GH and zinc of the present invention has low toxicity and while the complex of GH and zinc
can be administrated as it is, it is usually administered in the form of a composition formulated by conventional methods
using pharmaceutically acceptable carriers or diluents for pharmaceutical compositions adequately selected from ex-

cipients (e.g. calcium carbonate, kaolin, sodium hydrogencarbonate, lactose, corn starch, crystalline cellulose, talc,
fine granulated sugar and porous substance), binders (e.g. dextrin, gurn, car-starch, gelatin, hydroxypropyl cellulose.
hydroxypropylmethyl cellulose and furran), thickeners (e.g. natural rubbers and cellulose derivatives). disintegrants (e.
g. carboxymethyl cellulose calcium, closcarrnellose sodium, clospovidone, low-substituted hydroxypropyi cellulose and
partial car—starch), solvents (e.g. water for injection, physiological saline, ringels solution, alcohol, propylene glycol, ses-
ame oil and com oil), dispersing agents (e.g. Tween 80, HCO 60, carboxymethyl cellulose and sodium alginate), sus-
pending agents (eg. sodium lauryl sulfate and benzalkonium chloride). dissolution acids (e.g. polyethylene glycol,
propylene glycol, D-mannitol, benzyl benzoate, ethanol, torisaminomethane, triethanolamine. sodium carbonate and
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sodium citrate), anesthetizing agents (99. benzylalcohol). butters (e.9. phosphate. acetate. carbonate and citrate).
lubricants (e.g. magnesium stearate, calcium stearate, talc, starch and sodium benzoate). colorants (9.9. tar pigment,
caramel. iron sesquioxide. titanium oxide and riboflavins). lalvbring agents (6.9. sweeteners and per1ume). stabilizers
(9.9. sodium sullite and ascorbic acid) and preservatives (9.9. parabens and sorbic acid) in adequate amounts respec~
tively. The pharmaceutical composition of the present invention which may contain the above-mentioned carriers or
diluents for pharmaceutical compositions. contains an effective amount of the complex of GH and zinc for preventing
and treating the above-diseases in a similar way to the above-sustained-release preparation. The content ol the com—
plex of GH and zinc of the present invention in the pharmaceutical composition ranges usually from about 0.1 to about
100 weight % relative to the whole weight of the pharmaceutical composition.
[0076] Although the sustained-release preparation may be stored at normal temperature or in a cold place. it is
prelerable to store it in a cold place. Normal temperature and a cold place as mentioned herein are as defined by the
Pharmacopoeia of Japan. specifically. 15 to 25°C lor normal temperatures and under 15°C lor cold places.

Examples

[0077] The present invention will be explained in more detail by the lollowing Examples, Reference Examples. Com-
parative Examples and Experimental Examples. The scope ol the present invention is not intended to be restricted by
said Examples. in the present specification and Examples, amino acid abbreviations are based on those recommended

by the lUPAC-IUB Commission on Biochemical Nomenclature. or those used commonly in the related field, and as
shown below. in the case that amino acids have optical isomers. they represent L-type unless otherwise specified.

805: Sodium dodecylsullate
Gly: Glycine
Ala: Alanine
Val: Valine
Leu: Leucine
lle: lsoleucine
Ser. Serine
Thr: Threonine

Cys: Cystein
Met: Methionine
Glu: Glutamic acid
Gin: Glutamine

Asp: Aspartic acid
Asn: Asparagine
Lys: Lysine
Arg: Arginine
His: Histidine

Phe: Phenylalanine
Tyr: Tyrosine
Trp: Tryptophan
Pro: Proiine

Asx: Asp + Asn
Glx: Glu + Gin

Reference Example 1

Construction ol expression vector for GH using T7 promoter

[0073] The structure gene of GH was isolated as about 0.75 kb of EcoRl-EcoRV fragment from plasmid pHGH107
(ATCC 31538 or ATCC 40011) described in Japanese Patent Publication No. 12996/1994. On the other hand, 17
promoter and ampicillln resistant gene were isolated as about 4.6 kb of Ndel-BamHI lragment lrom pET-BC [Rosenberg
et al., Gene. 56, 125 (1987)]. Both of the two lragments were treated with T4 DNA polymerase (DNA blunting kit; Takara
Shuzo, Inc.) and ligated with T4 DNA ligase. followed by introduction into Escherichia coli JM109 and selection oi
ampicillin resistant translormant. From the obtained 12 colonies. plasmids were prepared and digested with Pstl. As
a result. it was found that GH gene was inserted in a correct direction in the plasmids from the 6 colonies. The plasmid
obtained from one translormant among the 6 colonies was named as pTGA201.
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Reference Example 2

Expression of Met-GH in Escherichia coli

[0079] Escherichia coli JM109 was transformed with A phage (Studie. Supura) having RNA potymerase gene of T7
phage. Thereafter, into the obtained Escherichia ooli JM109 (DES), GH expression vector pTGA201 obtained in Ref-
erence Example 1 was introduced to obtain Escherichia coli JM109 (DE3)/pTGA201.
[0080] Escherichia coli JM109 (DEsypTGA201 was inoculated into a flask of 2 liter capacity containing 1 liter of LB
medium [1% peptone, 0.5% yeast extract, 0.5% sodium chloride] and 50 u g/rnl ampicillin and then subjected to rotary
shaking cultivation at 30°C for 16 hours. The resultant culture liquid was then transferred to a 50 liter jar lermentor
containing 20 liter of LB medium [002 % antiforming agent (New Poie LB-625; San-yo Kasei Kogyo), 50 [1 g/ml amp-
icillin], after which it was subjected to cultivation under aeration and agitation at 37°C for 6 hours. The resultant culture
liquid was then transferred to a 500 liter jar lermentor containing 360 liter of a liquid production medium [1.58 % sodium
hydrogen phosphate. 0.3 % potassium dihydrogen phosphate, 0.1 % ammonium chloride, 0.05 % sodium chloride,
0.024 % magnesium sulfate. 0.02 % antiforming agent (New Pole LB-625). 0.0005 "lo thiamine hydrochloride. 1.5 %
glucose. 1.5 % casamino acid], after which it was subjected to cuitivation under aeration and agitation at 37°C. When »
the Klett value was about 500, 5.95 mglUminute of isopropyl- B —D-thiogalactopyronoside (lPTG) was added to the
medium and the cultivation was further continued for 4 hours. The cuiture liquid was centrifuged to obtain about 4.5
kg of wet ceils which were frozen at —80"C.
[0081] The above-described transformant Escherichia coli JM109 (DanpTGA201 has been deposited FERM BP-
5632 at the NtBH (National Institute of Bioscience and Human-Technology) and lFO 16001 at the lFO (instituteFer-
mentation Osaka).

Reference Example 3

Activation of Met-GH

[0082] Two kg of wet cells obmined in Reference Exampie 2 was dissolved in 6 1 of 50 mM Tris-HCl and guanidine
hydrochioride (pH 8.0), followed by centrifugation (10000 rpm, 120 minutes). To 6 liters of the resultant supernatant.
was added 18 liter of a solution (pH 8.0) containing 50 mM Tris-HCI, 0.28 mM 6356 and 0.7 M Arg to adjust pH 8.0,
followed by standing at 4°C for 5 days to continue activation of Met—GH.

Reference Example 4

Purification of Met-GH

[0083] The solution obtained in Reference Example 3 was subjected to sailing-out and concentration by Pellicon
cassette system (PTGC membrane; Millipore Corporation) and with adding a solution (pH 8.0) of 20 mM Tris-HCl and
2.5 M urea until electric conduction became not more than 10 ms. The obtained concentrate was centrifuged (10000
rpm, 60 minutes) to obtain 5 liter of supematant. The supernatant was ioaded on DEAE-Toyopearl 650M coiumn (20
cm it; x 84 cm. Tosoh) equilibrated with a solution (pH 8.0) of 20 mM Tris-HCi and 2.5 M urea, followed by adsorption
and washing. The coiumn was eluted with using a linear concentration gradient consisting of 0—25 % solution B (B =
20 mM Tris-HCI. 2.5 M urea, 1M NaCl, pH 8.0) at 300 mI/minute of flow rate for 100 minutes. The eiuted soiution
containing Met—GH of 10 liter was again subjected to salting-out and concentration by Pellicon cassette system (PTGC
membrane; Miliipore). The concentrated solution was passed through DEAE-SPW column (21 cm it x 30 cm, Tosoh)
using HPLC method (Gilson HPLC system; Gilson). The column was eluted using a pH gradient consisting of 70-85
% solution B (A = 50 mM Tris-HCl and 2,5 M urea (pH 8.0); B = 50 mM MES [2-(N-morpholino)ethane sulfonate] and
2.5 M urea (pH 4.0)} at 320 ml/minute of flow rate for 70 minutes. To the obtained Met-GH fraction 6 titer, was added
2 M Tris-HCI (pH 7.8) to adjust to pH 7.2, followed by sailing-out and concentration by Pellioon cassette system (PTGC
membrane; Millipore) to obtain 9.979 mg of Met—GH.

Reference Example 5

Removal of N-terminal Met

[0084] To 1650 ml soiution of Met-GH obtained in Reference Example 4, was added 413 ml of a solution containing
35 mM copper sulfate, 25 M glyoxylic acid and 6 M pyridine and the mixture was stirred and allowed to stand at 25°C
for 1 hour. The reaction solution was passed at a flow rate of 3 liter/h through Sephadex G-25 column (11.3 cm 4: x
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125 cm. Pharmacia) equilibrated with a solution (pH 8.010120 mM Tris-HCl and 2.5 M urea and the column was washed
with the same solution to collect the traction of diketone derivative of Met-GH. The eluted fraction was directly added

to a 4 liter solution 01 4M acetic acid, 4 M sodium acetate. 80 mM o-phenylenediamine and 3 M urea with stirring. Alter
the elution; the reaction solution (8 liters) was allowed to stand at 4°C tor 3 days The solution was subjectedto setting-
out by Pellicon cassette system (PTGC membrane; Miliipore). The concentrated solution (4 liters) was passed at a
flow rate of 3 liter/h through Sephadex G—25 column (11.8 cm q: x 140 cm. Pharmacia) equilibrated with a solution (pH
8.0) of 20 mM Tris-HCl and 2.5 M urea to collect the traction 01 GH (4.7 liter). The obtained fraction was passed through
a DEAE-SPW column (21 cm ¢ x 30 cm, Tosoh) using HPLC method (Gilson HPLC system; Gilson). The coiumn was
eluted using a pH gradient consisting of 70-85 % solution B (A = 50 mM Tris-HCI and 2.5 M urea (pH 8.0); B = 50 mM
MES [2-(N-morpholino)ethane suitonate} and 2.5 M urea (pH 4.0)) at a flow rate of 320 ml/minute for 70 minutes to
collect 10 liter fraction 01 GH. To the obtained GH fraction was added 500 ml solution of 2 M Tris—HCl (pH 7.8) to adjust
to pH 7.2. followed by concentration with Minitan ll (PTGC membrane; Millipore). The concentrated solution 500 ml
was passed at a flow rate 01 2 liter/h through Sephacryl 3-100 column (11.3 cm q: x 50 cm, Pharmacia) equilibrated
with distilled water to collect the GH fraction 1651 ml. and followed by filtration with Millipack 60 (Millipore) to obtain
GH soiution 1487 ml (3309 mg of GH).

Reference Example 6

Determination of Feature of GH

(a) Analysis with SDS~polyacrylamide gel electrophoresis

[0085] To the GH solution obtained in Reference Example 5 was added the same volume of Sample bulier [LaemmlL
Nature, 227‘ 680 (1970)] containing 100 mM DTT. and the mixture was heated at 95°C for 2 minutes. followed by
electrophoresis with Multi Gel 10/20 (Daiichi Pure Chemicals). After electrophoresis, the gel was stained with Coomas-
sie brilliant blue and only one singie band at about 22 kd of the purified protein was obtained.

(b) Analysis of amino acid composition

[0086] Analysis of amino acid was used for the determination of amino acid composition was done with an amino
acid analyzer (L—BSOOA, Hitachi). The amino acid composition of GH obtained agreed with that predicted from cDNA
sequence 01 GH (Table 1). -

Table 1

Analysis of amino acid composition

Amino acid Number of residues per 1 mole Values predicted from cDNA sequence of GH
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[0087] Acid hydrolysis (5N HCl. 4% thioglycolic acid. 110°C, Mean value of those obtained alter 24 and 48 hours at
hydrolysis)

1) Value extrapolated on the assumption that hydrolysis time was 0 hours.
2) Undetected

Analysis was carried out using about 20 u g 01 GH.

(c) Analysis of N-terminal amino acid sequence

[0088] The N-terminal amino acid sequence of GH was determined using ages-phase protein sequencer (Applied
Biosystems. 477A model). The N-terminal amino acid sequence of GH obtained agreed with that predicted lrom cDNA
sequence ol GH (Table 2).

Table 2

Anatysis of N-terminal amino acid sequence

Residue No. PTH'Lamino acid detected (pmol) amino acid predicted from cDNA sequence at GH

Phe (949)
Pro (404)

Thr (422)
Its (744)
Pro (283)
Leu (514)

Ser (136)
Arg (36)
Leu (377)
Phe (408)
‘Asp (77)

Asn (230)
Ala (435)

Met (334)
Leu (398)
Arg (67)
Ala (488)

His (30)

Arg (42)
Leu (406)

mflmwbwm—t 
1) phenylthiohydantoin

[0089] Analysis was carried out using 1nmol 01 GH.

(d) Analysis of C—terminal amino acid

[0090] Analysis of C-terminal amino acid was done by determination of C-terminal amino acid with amino acid ana-
lyzer (L-BSOOA, Hitachi). The C-terminal amino acid of GH obtained agreed with that predicted from cDNA sequence
of GH (Table 3).

Table 3

Analysis at C-terminal amino acid

we
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Vapor-phase hydrazinolysis (1000, 3.5 hours)
Analysis was carried out using 18nmoi oi GH.

(e)Determination oi GH activity

[0091] GH purified and obtained in Heterence Example 5 had a cell growth enhancing activity to Nb 2 cells according
to the method described in Journal of Clinical Endocrinology and Metabolism. 51. 1058 (1980) almost similar to a
standard product (Chemicon international. USA).

Example 1

(1 )Production oi complex of GH and 2inc

[0092] To 120ml oi aqueous solution of genetic recombinant type GH (2mg/ml) obtained according to Reference

Example 5, 0.5 ml oi two kinds oi aqueous solution of zinc acetate whose concentration was set so that the molar ratio
oi zinc to 1 mole oi GH was 1.8 and 20, were added independently and were lyophilized to yield complex oi GH and
zinc (about 230mg).

(2)Production oi microcapsule containing GH

[0093] 1.89 g of lactic-glycoiic acid copoiymer (lactic acidiglyoollc acid = 50/50, average molecular weight converted
into polystyrene = 12,000, viscosity 2 0.145dl/g) was dissolved in 4 ml at dichloromethane, and after 10 mg oi zinc
oxide was added, it was stirred (60mm) at 25°C to be dissolved completely. To this solution of polymer in an organic
solution, 100mg of complex of GH and zinc obtained in the above (1) was added and was atomized by Polytron(Kine
ematica). The obtained S/O dispersion was added to 800ml oi 0.1% aqueous solution oi polyvinyl alcohol, and stirred
and emulsified by homomixer. After drying in water ior 2 hours, it was washed with distilled water and Iyophilized to
yield microcapsules containing GH (1.079(1 :1 .8), 0,91g(1:2.0)).

Comparative Example 1

(1) Production of GH powder

[0094] To 120ml of aqueous solution oi genetic recombinant type GH (2mg/ml) obtained according to Reierence
Example 5, 0.5 ml oi various kinds oi aqueous solution 01 zinc acetate whose concentration was set so that the molar
ratio oi zinc to 1 mole of GH were 0. 3.0, 4.0, 5.0 and 6.0. were added independently and was lyophiiized to yield GH
powder (about 230mg)

(2) Production of microcapsule containing GH

[0095] By the same method 01 Example 1-(2)‘ microcapsule containing GH (0.959(1:0), 1.239(123), 1.139(1z4), 1.29
(1 :5), 1.27g(1:6)) was obtained by using the GH powder described in the above-described (1),

Experimental Example 1

[0096] By using microcapsules produced in Example 1—(2) and Comparative Example 1 -(2), theioilowing experiments
were conducted.

(1 )Content of GH

[0097] 300 u i of acetonitrile was added to 4 mg oi m icrocapsules produced in Example 1-(2) or Comparative Example
1-(2), the base lactic acid-glycolic acid copolymer was dissolved in it, and 700 p. l of aqueous solution which contained
0.02% bovine serum albumin-0.05% trifluoro acetic acid was added by stirring to elute GH. In the supernatant obtained
by the centritugation, the content oi GH in the microcapsule was determinated by high performance liquid chromatog-
raphy. The result is shown in Table 4.
[0098] As illustrated by Table 4. more than 90% entrapment ratio oi GH was obtained in the case of using the complex
of the present invention which contains GH and zinc at a molar ratio oi 1.8 or 2.0 oi zinc to 1 mole oi GH.
[0099] it is clear that the sustained-release preparation containing a complex of GH and zinc in the present invention
has an excellent entrapment ratio 01 GH

13
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(2) Release in vivo

[0100] Microcapsules produced in Example 1-{2) and Comparative Example 1-(2) were subcutaneously administered
to imunosuppressed SD rats (male, 6 weeks old) in the amount at 6 mg GH/rat. Blood was collected periodically and
the serum concentration was assayed with radioimuunoassay kit (Ab beads HGH : Eiken Kagaku). lmmunosuppressed
SD rats were obtained by administering Prograph® (Fujisawa Pharm.) in the amount of 0.4 mg/rat on 3 days before
administration of microcapsule and in the amount oi 0.2 mg/rat on the administration day and 4, 7, 11 and 14 days
after the administration. The amount of GH released on the first day and 1-18 days after the administration of micro-
capsule were calculated based on pharmaco kinetic parameters (AUC and clearance) obtained by the changes oi
serum GH concentration. The initial burst amount GH was obtained by ratio oi the amount oi GH released during the
first day alter the administration to the amount oi GH administered. The result is shown in the Table 4.
[0101] As shown in Table 4, in microcapsules containing the complex of GH and zinc at a molar ratio of 1:1.8 or 1:
2.0, the initial burst amount 01 GH (amount released until 1 day (24 hours) alter administration) was low (less than
about 30%) and the amount of GH release alter 1 day (amount released from 1 day aiter administration (24 hours to
18 days after administration» was high (more than about 50 %). In the microcapsule produced in Comparative Example
1-(2). an effective sustained release was not obtained because the initial burst amount was high and the amount 01
release after it was low.

[0102] It is clear that the sustained-release preparation containing a complex 01G H and zinc in the present invention
has an excellent sustained-release.

 
« _ 7 _, . 7 Table 4 y ,

microcapsule GH/zinc molar ratio entrapment ratio(%)_—

1:1.8 92 . Example 1 1:2.0

 Comparative

Example 1

Experimental Example 2

[0103] To 2m! oi aqueous solution of genetic recombinant type GH (2mg/ml) obtained according to Reference Ex-
ample 5, 50 p l oi various kinds 01 aqueous solution oi zinc acetate whose concentration was set so that the meter
ratio oi zinc to 1 mole 01 GH were 0. 1.4. 1.5, 1.8, 2.0. 2.2. 2.4. 3.0, 4.0. 5.0 and 5.0, were added independently and
lyophilized. The obtained lyophilized powder was dispersed in 2 ml oi dichloromethane, atomized and micronized by
Vortex mixer. The distribution oi particle size was determined by using laser diffraction apparatus at determining dis-
tribution of particle size (SALDZOOOA; Shimazu). The results are shown in Figure 1. In Figure 1, particle size(mean
particle diameter: p. rn) is shown by O.
[0104] As shown by Figure 1, the complex 01 GH and zinc at a molar ratio of 1:15 to 1:24 in the present invention
showed the mean particle diameter being less than 5 pm.
[0105] It is clear that the complex oi GH and zinc in the present invention is fine particle.

Experimental Example 3

[0106] To 1ml oi aqueous solution of genetic recombinant type GH (2mg/ml) obtained accordingto Reference Ex-
ample 5, 25 p l 01 various kinds oi aqueous solution of zinc acetate whose concentration was set so that the molar
ratio of zinc to 1 mole of GH were 0, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0 and 8.0 were added independently, and was
centrifugated for 5 minutes at 12,000 rpm/minute. The obtained supernatant was filtered through 0.45 p m filter and
the concentration 01 GH was quantitatively analyzed by high perlormance liquid chromatography to calculate the ratio
formed of water-insoluble complex (ratio ol GH in water-insoluble complex to total amount of GH added (‘73)). The result
is shown in Figure 2. In Figure 2. the ratio 01 water-insoluble complex formed is shown by O.
[0107] As shown by Figure 2, in the case that the zinc molar ratio to 1 mole 01 GH is less than 2.0, the oo-existing
water-insoluble component was less than 30% and the complex was substantially water-soluble.

14

InnoPharma Exhibit 1046.012?



10

15

20

25

30

35

4o

50

EP 0 905 143 A2

[0108] it is clear that the complex ol GH and zinc in the present invention is substantially water-soluble.

Claims

10.

11.

12.

13.

14.

15.

16.

17.

1B.

19.

A complex of human growth hormone and zinc containing human growth hormone and zinc at a molar ratio of
about 1:1.6 to about 1:24.

A complex ol claim 1. which is water-soluble.

A complex at claim 1, wherein the mean panicle diameter at the complex is less than about 10 p m.

A sustained-release preparation. which comprises the complex ol any ol claims 1 to 3 and a biodegradable polymer.

A preparation of claim 4. wherein the biodegradable polymer is an aliphatic polyester.

A preparation 01 claim 5, wherein the aliphatic polyester is a polymer of lactic acid and glycolic acid.

A preparation 01 claim 6, wherein the content ratio of a copolymer ot lactic acid and glycoiic acid is 100/0 to 40/60
(mole %). '

A preparation ot claim 5, wherein the weight-average molecular weight of the aliphatic polyester is about 3,000 to
about 20,000.

A preparation ol claim 5, wherein the aliphatic polyester is a salt 01 polyvalent metal.

A preparation at claim 9. wherein the polyvaient metal is zinc.

A preparation of claim 4, wherein the preparation is a microcapsule.

A preparation 01 claim 12, wherein the microcapsule is for injection,

A preparation at claim 4, wherein the initial burst ratio at growth hormone is less than about 50%.

A method for producing a complex of human growth hon-none and zinc, which comprises mixing human growth
hormone and zinc salt at a molar ratio ol about 111.6 to about 1 :2.4. '

A method tor producing micronized human growth hormone, which comprises forming a complex ol human growth
hormone and zinc containing human growth hormone and zinc at a molar ratio of about 1:16 to about 12.4 and
atomizing them.

Use 01a complex of human growth hormone and zinc containing human growth hormone and zinc at a molar ratio
of about 121.6 to about 122.4 lor producing a sustained-release preparation containing human growth hormone.

A method for producing a sustained-release preparation containing human growth hormone, which comprises
dispersing a complex of human growth hormone and zinc containing human growth hormone and zinc at a molar
ratio ol about 1:1 .6 to about 1 :24 in an oil phase containing a biodegradable polymerto make a solid-in-oil emulsion,
adding the solid-in-oil emulsion to water phase to make a solid-in-oil-in-water emulsion, and then in-water drying
the solid—in-oil-in-water emulsion.

A pharmaceutical composition which comprises an effective amount of the complex of claim 1 in admixture with a
pharmaceutically acceptable carrier or diluent.

A pharmaceutical composition for treating or preventing pituitary drawfism, which comprises an effective amount
01 the complex ol claim 1 in admixture with a pharmaceutically acceptable carrier or diluent.
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earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)I:I Responsive to communication(s) filed on

2a)I:I This action is FINAL. 2b)IZI This action is non-final.

3)I:I Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213.

Disposition of Claims

4)IZ Claim(s) 24-34 is/are pending in the application.

4a) Of the above Claim(s) is/are withdrawn from consideration.

5)I:I Claim(s)_ is/are allowed.

6)IZI Claim(s) M is/are rejected.

7)I:I Claim(s)_ is/are objected to.

8)I:I Claim(s)_are subject to restriction and/or election requirement.

Application Papers

9)I:I The specification is objected to by the Examiner.

10)I:I The drawing(s) filed on is/are: a)I:I accepted or b)I:I objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)I:I The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)I:I Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)—(d) or (f).

a)I:I All b)I:I Some * c)I:I None of:

Certified copies of the priority documents have been received.

Certified copies of the priority documents have been received in Application No.

Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

Attach ment(s)

1) D Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)

2) D Notice of Draftsperson‘s Patent Drawing Review (PTO-948) Paper No(s)/Mai| Date._
3) IZI Information Disclosure Statement(s) (PTO/SB/08) 5) I:I Notice of Informal Patent Application

Paper No(s)/Mai| Date 10-18-2004. 6) D Other:

 
U.S. Patent and Trademark Office

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mai| Date 20080303
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Application/Control Number: 10/872,784 Page 2

Art Unit: 1617

DETAILED ACTION

This is a continuation of US 09/756,291, filed 1/9/2001, now patent 6,774,122.

The instant application also claims the benefit of UNITED KINGDOM 00003137, filed

01/10/2000 and UNITED KINGDOM 00088377, filed 04/12/2000.

Claim Rejections - 35 USC § 103

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148

USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under 35 U.S.C. 103(a) are summarized as follows:

Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.

Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating
obviousness or nonobviousness.

99°F)?
Claims 24-34 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Dukes (EP 0 346 014) in view of Lehmann et al. (US Patent Re. 28,690), GB 1 569 286

(herein after referred as ‘286), Osborne et al., Journal of National Cancer Institute,

1995;87(10):746-750, and Remington (Remington’s Pharmaceutical Sciences, 18th ed.,

1990, page 219), all of the references are of record in the parent application.
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Dukes teaches antiestrogen agents, including fulvestrant, are useful in treating

postmenopausal symptoms such as urogenital atrophy affecting the vagina (See page

3, lines 56-page 4, line 1; also page 7, line 28-29). Dukes teaches that antiestrogen

agent, including fulvestrant, may be used in a dosage of 50mg to 5g in vehicle

comprising castor oil and benzyl alcohol (See page 7, line 20-24).

Dukes does not expressly teach the dosage of fulvestrant to be 45mg. Dukes

does not expressly teach the employment of benzyl benzoate, in the percent amount of

60% w/v or less, or 50% w/v or less, or 45% w/v or less, 40% w/v or less, or 35% w/v or

less, or 30% w/v or less, 25% w/v or less, or 10-25% w/v, or 12-18% w/v, as part of the

vehicle herein. Dukes does not expressly teach the total amount of the fulvestrant-

containing composition administered. Dukes does not expressly teach weight amount

of castor oil and benzyl alcohol. Dukes does not expressly teach the employment of

ethanol as part of the vehicle herein. Dukes does not expressly teach the dosage of

fulvestrant to be 250mg. Dukes does not expressly teach the plasma concentration of

fulvestrant herein.

Lehmann et al. teaches that benzyl benzoate and castor oil are well-known

solvent useful as conventional carriers for steroids (See col. 1, line 21-26).

‘286 teaches an intramuscular injection of testosterone derivative containing

castor oil/benzoate in a ratio of 6:4 (See page 1, line 17).

Osborne et al. teaches fulvestrant as useful in treating human breast cancer (See

pages 747- 748, Result Section).
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Remington teaches that ethanol is one of the most commonly used solvents in

pharmaceutical industry (See page 219).

It would have been obvious to one of ordinary skill in the art at the time the

invention was made to employ benzyl benzoate, ethanol, castor oil, and benzyl alcohol,

in the herein claimed weight percent, with fulvestrant in the dosage herein, in a method

of treating postmenopausal symptoms such as urogenital atrophy in the vagina.

One of ordinary skill in the art would have been motivated to employ benzyl

benzoate, ethanol, castor oil, and benzyl alcohol, in the herein claimed weight percent,

with fulvestrant, in the dosage herein, in a method of treating postmenopausal

symptoms such as urogenital atrophy or treating breast cancer because fulvestrant is

known to be useful in treating urogenital atrophy, a benign disease of the female

reproductive tract in the vagina and breast cancer. Castor oil and benzyl alcohol are

known to be effective as vehicle for fulvestrant. Ethanol is a commonly used

pharmaceutical solvent. Benzyl benozate is known to be effective as solvent for

steroidal compounds. Since fulvestrant is a estrogen derivative, benzyl benzoate would

be reasonably expected to be useful as a solvent for fulvestrant. Therefore, combining

one or more agents, which are known to be useful as commonly used solvents, such as

benzyl benzoate, ethanol, castor oil, and benzyl alcohol, together and incorporated such

combination with an estrogen derivatives, fulvestrant, would be reasonably expected to

be useful in formulating a pharmaceutical composition. Furthermore, employing such

fulvestrant-containing composition to treat urogenital atrophy in vagina would be

reasonably expected to be effective. Moreover, the optimization of result effect
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parameters (e.g., amount of excipients, dosage range, and dosing regimens) is obvious

as being within the skill of the artisan, absent evidence to the contrary.

One of ordinary skill in the art would have been motivated to maintain the plasma

concentration of fulvestrant herein because maintaining the therapeutic plasma level of

the active compounds would be considered obvious as being within the purview of the

skilled artisan, absent evidence to the contrary.

No claims are allowed.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to San-ming Hui whose telephone number is (571) 272-

0626. The examiner can normally be reached on Mon 9:00 to 1:00, Tu - Fri from 9:00 to

6:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Sreeni Padmanabhan, PhD., can be reached on (571) 272-0629. The fax

phone number for the organization where this application or proceeding is assigned is

571 -273-8300.
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Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

San-ming Hui

Primary Examiner
Art Unit 1617

/San-ming Hui/

Primary Examiner, Art Unit 1617
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PATENT

ATTORNEY DOCKET NO.: 056291-5004-01

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT APPLICATION of: ) Confirmation No. 2093

EVANS et al. 3

Application No.: 10/872,784 i Group Art Unit: 1617

Filed: June 22, 2004 i Examiner: Hui, San-ming R
FOR: FORMULATION 3

) Date: August 21, 2008

AMENDMENT AND RESPONSE

This is in response to the Action mailed March 17, 2008, the time for responding to

which has been extended to and including September 17, 2008 by Petition and authorization for

payment of fees submitted herewith. Please amend the claims as presented below.

Table of Contents is presented on page 2 of this paper.

Table of References discussed is presented on page 3 of this paper.

Amendments to the Claims begin on page 4 of this paper.

Remarks/Arguments begin on page 6 of this paper.

Applicants wish to express their appreciation to the Examiner for taking the time for the

personal interview on July 15, 2008, with the undersigned, Dr. Gellert and two other

representatives of Applicants’ assignee, which interview will also be discussed further below.

The Examiner’s attention is called to the accompanying Declaration of Dr. Paul Richard

Gellert and Attachments thereto (hereinafter “the Gellert Declaration”), portions of which were

presented at the interview, and additional portions of which provide further factual and

documentary support for the patentability arguments presented during the interview.

It is believed that arguments presented in this response and the factual and documentary

support provided by the Gellert Declaration establish the patentability of the amended claims

presented below and should place this application in condition for allowance. Therefore early

and favorable consideration is respectfully requested. However, if any outstanding issues

nevertheless remain, it is respectfully requested that the Examiner telephone the undersigned to

expedite the resolution of such issues and the allowance of this application.

DB l/62070163.l
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For convenience of reference, the Remarks will be presented under the section headings

listed in the following Table of Contents, beginning on the page noted:

TABLE OF CONTENTS  

 

   
Section Pag:
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TABLE OF REFERENCES........................................................................................... 3

CLAIM AMENDMENTS............................................................................................... 4
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(1) Applicants’ Summary ofPersonal Interview July 15, 2008 ................................ 6

(2) Introduction and Background .............................................................................. 8

(3) Discussion of Claim Amendments ........................................................................ 10

(4) Claim Rejections - 35 USC§ 103 ......................................................................... 13

(5) Applicants’ Response, Arguments and Declaration Supportfor the

Patentability ofthe Presently Pending Claims .................................................... 14

(6) Corrections/Clarifications to Evans Application.................................................. 26

(7) Additional Tests and Data in Attachment C ........................................................ 27

(8) Fourth Information Disclosure Statement ........................................................... 29
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IN THE CLAIMS:

This listing of claims will replace all prior versions and listing of claims in the application.

Listing of the claims:

Claims l~34 (cancelled).

Claim 35 (new): A method of treating a hormonal dependent benign or malignant disease

of the breast or reproductive tract by administration to a human in need of such treatment an

intra—muscular injection of a pharmaceutical formulation comprising fulvestrant, a mixture of

from 10 to 30 % weight of a mixture of ethanol and benzyl alcohol per volume of formulation

and from 10 to 25 % weight of benzyl benzoate per volume of formulation and a sufficient

amount of a castor oil vehicle, whereby a therapeutically significant blood plasma fulvestrant

concentration of at least 2.5ngrnl‘1 is attained for at least 2 weeks after injection.

Claim 36 (new): A method of treating a hormonal dependent benign or malignant disease

of the breast or reproductive tract by administration to a human in need of such treatment an

intra—muscular injection of a pharmaceutical formulation comprising fulvestrant, a mixture of

from 10 to 30 % weight of a mixture of ethanol and benzyl alcohol per volume of formulation

and from 10 to 25 % weight of benzyl benzoate per volume of formulation and a sufficient

amount of a castor oil vehicle, whereby the formulation comprises at least 45mgml'l of

fulvestrant.

Claim 37 (new): The method as claimed in claim 35 or 36 wherein the formulation

comprises a mixture of from 15 to 25 % weight of a mixture of ethanol and benzyl alcohol per

volume of formulation and from 12 to 20 % weight of benzyl benzoate per volume of

formulation.

Claim 38 (new): The method as claimed in claim 35 or 36 wherein the formulation

comprises a mixture of from 8.5 to 11.5 % weight of ethanol per volume of formulation, from

8.5 to 11.5 % weight ofbenzyl alcohol per volume of formulation and 12 to 18 0/0 weight of

DBl/6207O 163.1
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benzyl benzoate per volume of formulation.

Claim 39 (new): The method as claimed in claim 35 wherein the blood plasma fulvestrant

concentration is attained for at least 3 weeks after injection.

Claim 40 (new): The method as claimed in claim 35 wherein the blood plasma fulvestrant

concentration is attained for at least 4 weeks after injection.

Claim 41 (new): The method as claimed in claim 35 wherein a therapeutically significant

blood plasma fulvestrant concentration of at least 3ng;ml'1 is attained for at least 2 weeks after

inj ection.

Claim 42 (new): The method as claimed in claim 35 wherein a therapeutically significant

blood plasma fulvestrant concentration of at least 8.5ng;rnl‘l is attained for at least 2 weeks after

injection.

Claim 43 (new): The method as claimed in claim 35 wherein a therapeutically significant

blood plasma fulvestrant concentration of at least 8.5ng;rnl‘1 is attained for at least 4 weeks after

injection.

Claim 44 (new): The method as claimed in claim 35 or 36 wherein the total volume of

the formulation administered to said human is 6ml or less, and the concentration of fulvestrant in

said formulation is at least 45mgml'l.

Claim 45 (new): The method as claimed in claim 35 or 36 wherein the total volume of

the formulation administered to said human is 6ml or less, and the total amount of fulvestrant in

said volume of formulation is 250mg or more.

Claim 46 (new): The method as claimed in claim 35 or 36 wherein the benign or

malignant disease is breast cancer.

DB 1/62070163 .1
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REMARKS

This Amendment and Response is being filed as a follow-up to the personal interview

with Examiner Hui on July 15, 2008, in order to formally present the amended claims and the

patentability arguments that were discussed at the interview, and to formally present and

supplement by means of the accompanying Gellert Declaration the factual and documentary

support for the arguments presented at the interview.

(1) Applicants’ Summary ofPersonal Interview July 15, 2008

Applicants wish to thank the Examiner for extending a personal interview in this

Application on July 15, 2008 to the undersigned and three representatives of Applicants’

assignee, AstraZeneca AB.

Attending this interview on behalf of Applicants, in addition to the undersigned US

attorney, were Dr. Paul Gellert, the declarant on the attached Gellert Declaration and a Senior

Principal Scientist for AstraZeneca; Dr. Allen Giles, a European Patent Attorney with

AstraZeneca; and Dr. Balvinder Matharu, a patent trainee for AstraZeneca, all working out of the

AstraZeneca facilities at Mereside, Alderley Park, Macclesfiled, England.

In order to facilitate the discussion during the interview, the undersigned faxed to

Examiner Hui on July 14, 2008, a partial draft of the Gellert Declaration (having the substantive

content of paragraphs 1-9 of the attached Gellert Declaration and Attachments A, B and C), and

a partial draft of this Amendment and Response, including the amended claims and the substance

of the “Introduction and Background” and “Claim Amendment” portions of the present

Amendment and Response (Sections (2) and (3) of the Remarks).

During the course of the interview the Examiner was also given a copy of a corrected

version of Table 1 from the present application with an attached explanation of the corrections

(see Attachment D to the Gellert Declaration); a two page document showing the structure and

solubility of certain steroids in castor oil and sesame oil compared to the structure and solubility

of fulvestrant, and the solubility of certain steroids in benzyl benzoate (see Attachment E to the

Gellert Declaration); and a copy of Huber (US ‘520) referred to in Attachment E, which is

included as Tab 5 of the Compendium of Attachment F to the Gellert Declaration.

All of the above-noted drafts and documents that were provided to Examiner Hui were

DB1/62070163.1
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discussed during the interview, as were the subject application (as published), the present Action

and, generally, the applied references.

The undersigned briefly commented on the prior art cited in the obviousness rejection as

disclosing, separately or in various sub-combinations, each of the fulvestrant, castor oil, ethanol,

benzyl alcohol and benzyl benzoate components of the formulation administered in the claimed

method. Then the undersigned and Dr. Gellert went through a summary of Applicants’ argument

as outlined in the Introduction and Background portion of partial draft response and the

additional data presented with the draft portion of the Gellert Declaration that had been sent to

the Examiner prior to the interview.

In brief summary it was argued (and it is believed was demonstrated) that the skilled

formulator tasked with developing an intramuscular (IM) injectable formulation for the sustained

release of fulvestrant, would have conducted a literature review for previously approved and/or

commercially marketed injectable formulations to identify potential solvents and cosolvents

meriting further consideration. A preformulation solubility screen would then have been

conducted to determine the solubility of fulvestrant separately in a range of pure solvents,

including potential solvents and cosolvents identified in the literature review. Based on the

results of these preformulation investigations, the experienced formulator would have selected a

castor oil based vehicle, but would have been led away from adding benzyl benzoate as a

co solvent for fulvestrant when attempting to increase the fulvestrant concentration in the castor

oil vehicle up to the target level. Many commercialized steroids were more soluble in benzyl

benzoate than in the oil base of the vehicle as disclosed in Riffldn (1965), l and benzyl benzoate

could thus act as a cosolvent. However, fulvestrant is even less soluble in benzyl benzoate than it

is in castor oil and therefore its addition to castor oil would have been expected (and has been

shown) to further decrease the ability of the resulting castor oil-based vehicle to dissolve

fulvestrant.

It was therefore unexpected and surprising when Applicants found that the addition of

benzyl benzoate to a castor oil/alcohol mixture would increase the solubility of fulvestrant in the

formulation as presently claimed, permitting the target fulvestrant concentration to be attained

1 See Table of References at page 3 above; a copy of each reference is included in Attachment F to the Gellert
Declaration under the Tab number indicated in the Table of References.

DB 15620701 63.1
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with a more desirable lower level of alcohol cosolvent. It was pointed out at the interview that

this unexpected positive effect of benzyl benzoate on the solubility of fillvestrant in the castor

oil/alcohol mixture is shown by the data in Table 3 of the Evans specification. Moreover, the

data from the additional testing overseen by Dr. Gellert and presented in Attachment C to his

Declaration demonstrates that this unexpected positive benzyl benzoate effect is present across

the broader range of formulation composition as presently claimed.

Dr. Gellert additionally commented at the interview on certain transcription and other

errors in Tables 3 and l of the Evans Application relative to the underlying laboratory notebook

data and other source materials, and provided clarification by means of handwritten notations on

copies of these Tables, which are Attachments A and D to his Declaration.

At the conclusion of the interview Examiner Hui indicated that the allowability of the

amended claims would be Viewed favorably in light of the factual presentation of the draft

Gellert Declaration and the arguments presented at the interview. The recitations and

Attachments to the draft Gellert Declaration discussed at the interview have been retained in the

executed Gellert Declaration submitted herewith. The executed Gellert Declaration also includes

additional support for the unobviousness of the presently claimed invention, backed up by

literature and patent documents in the Compendium and discussion filrther below.

(2) Introduction and Background

The invention as presently claimed and disclosed in the subject application is broadly

directed toward a method of treating a hormonal dependent benign or malignant disease of the

breast or reproductive tract in a human by administration of an intramuscular injection of a

sustained release pharmaceutical formulation comprising fulvestrant.

Even relative to other difficult to formulate steroidal based compounds, fillvestrant is a

particularly lipophilic molecule having extremely low aqueous solubility. The invention

therefore addresses the objective of defining (a) a pharmaceutically acceptable solvent or mixture

of solvents (b) that will dissolve a sufficient quantity of fulvestrant [at least 250 mg] (c) to form a

small enough volume of formulation that is acceptable for injection [6 ml or less] and will

provide (d) a fillvestrant concentration of at least 45mgml'I [claim 36] and/or (e) the sustained

DB 15620701631

InnoPharma Exhibit 1046.015?



ATTORNEY DOCKET NO. : 056291-5004-01

Application No.: 10/872,784
Page 9

release of fulvestrant whereby a therapeutically significant blood plasma fulvestrant

concentration of at least 2.5ngml'1 is attained for at least 2 weeks [claim 35].

The person of ordinary skill in the art involved in developing formulations for the

parenteral administration of new, difficultly soluble compounds such as fulvestrant would be a

person having specialized training and experience in developing pharmaceutical formulations

and methods for their administration. Such person would be aware of commercialized sustained

release injectable steroidal formulations, such as those included in Table 1 of the Evans

specification, which commonly use oil to solubilize the compound and may have various

additional excipients. The Evans specification acknowledges, as relevant here, that such known

formulations include oils such as castor oil and may include one or more other excipients such as

benzyl alcohol, ethanol and bemyl benzoate. However, such person would begin the

development of a suitable formulation for fulvestrant by determining the solubility of fulvestrant

in various single solvents that have previously been used in injectable formulations.

A selection of such solubility data for fulvestrant is listed in Table 2 of the Evans

specification, from which it can be seen that fulvestrant is significantly more soluble in castor oil

than any of the other oils tested. However, as noted in paragraph [0017] of the Evans

specification, 2 the solubility of fulvestrant in castor oil alone would not meet the above criteria.

Table 2 shows a very high solubility of fulvestrant in benzyl alcohol and ethanol, and adding an

alcohol component to the castor oil would be seen as a clear choice to the skilled person. Dukes

(US ‘814) took this approach in his Example 3, where his formulation contained 50 mg of

fulvestrant, 400 mg of benzyl alcohol and sufficient castor oil to bring the solution to a volume

of 1 ml, or about 40% w/v benzyl alcohol. While this may have provided acceptable solubility of

fulvestth in an experimental quantity of formulation to demonstrate selective oestrogen therapy

in rats, the Evans specification in paragraph [0015] notes that this very high alcohol

concentration would complicate manufacture on a commercial scale, and that there is a need to

lower the alcohol concentration whilst preventing precipitation of fulvestrant from the

formulation. Moreover, the skilled person would want to reduce the level of alcohol cosolvents

to minimize their potential to adversely impact performance including tolerability.

2 Reference made herein and in the Gellert Declaration to paragraphs of the Evans specification refer to the
numbered paragraphs of the published application, US 20055004328 5 A1, published February 24, 2005.

DBlf62070163.1

InnoPharma Exhibit 1046.0158



ATTORNEY DOCKET NO. : 056291—5004—01

Application No.: 10/872,784
Page 10

The focus of the present invention, therefore, resulted from the discovery by Applicants

of the unexpected positive effect of benzyl benzoate in significantly increasing the solubility of

fulvestrant when added to a castor oil;"alcohol mixture, whereby the needed therapeutic amount

of fulvestrant could be dissolved in a small enough volume of formulation for injection without

need for an excessive amount of alcohol. This was truly surprising since the solubility of

fulvestrant in benzyl benzoate is significantly lower than the solubility of fulvestrant either in the

alcohol component or in castor oil. See Table 2 and specification paragraphs [0019] and [0051]

of the Evans Application. This positive effect of benzyl benzoate in significantly increasing

fulvestrant solubility in the castor oil/alcohol mixture is demonstrated by the data in Table 3 of

the specification, and is confirmed and amplified by the further evidence presented in the Gellert

Declaration and tabulated in Attachment C thereto.

The Examiner will note that the claims presented above cover a broader range of total

alcohol and benzyl benzoate content than the rejected previously pending claims. However, it

will be apparent from the above summary and the following discussion that the inventive step

(non-obviousness) of the present invention does not reside in any particular range of solvent

concentration, but lies in Applicants’ counter-intuitive addition of benzyl benzoate to the

fulvestrant formulation, and the unexpected positive effect of this benzyl benzoate addition on

increasing fulvestrant solubility. The further data provided by the Gellert Declaration confirms

that the addition of benzyl benzoate unexpectedly significantly increases the solubility of

fulvestrant over the broader range of formulation composition as presently claimed.

(3) Discussion of Claim Amendments

Claims 24—34 are newly cancelled above (claims 1-23 having been previously cancelled)

and replaced by new claims 35-46. The cancellation of these claims is without disclaimer or

prejudice to Applicant’s right to prosecute any subject matter that may have been deleted thereby

in one or more continuing applications.

As with cancelled claims 24-34, new claims 35—46 are directed toward a method of

treating a hormonal dependent benign or malignant disease of the breast or reproductive tract by

administration to a human in need of such treatment an intra—muscular injection of a

DB 15620701611
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pharmaceutical formulation as recited in the various claims. As in cancelled claim 24, the

method of new independent claim 35 provides that “a therapeutically significant blood plasma

fulvestrant concentration of at least 2.5ngrnl'l is attained for at least 2 weeks after injection.” As

in cancelled claim 29, the method of new independent claim 36 provides a formulation that

“comprises at least 45mgrnl‘1 of fulvestrant.” As in cancelled claims 26 and 31, new dependent

claim 46 is specifically directed toward the method wherein the hormonal dependent benign or

malignant disease is breast cancer.

The particular ranges of formulation composition or other characteristics recited in new

claims 35-46 find support in the specification as follows:

0 Support for the recitation in new independent claims 35 and 36 of “from 10 to 30 %

weight of a mixture of ethanol and benzyl alcohol per volume of formulation and from 10

to 25 % weight of benzyl benzoate per volume of formulation” is found in the published

specification, inter alia, at line 13 of paragraph [0031] and at line 16 of paragraph [0036].

0 Support for the recitation in new dependent claim 37 of “from 15 to 25 % weight of a

mixture of ethanol and benzyl alcohol per volume of formulation and from 12 to 20 %

Weight of benzyl benzoate per volume of formulation” is found in the published

specification, inter alia, at line 13 of paragraph [0031] and at line 17 of paragraph [003 6].

0 As with cancelled claims 24 and 29, support for the recitation in new dependent claim 38

of “from 8.5 to 11.5 % weight of ethanol per volume of formulation” and “from 8.5 to

11.5 % weight of benzyl alcohol per volume of formulation” is found in the published

specification, inter alia, at lines 9—14 of paragraph [0031] wherein one of the preferred

ranges of pharmaceutically-acceptable alcohol (total) is “17-23%w/v” at line 14. The

immediately following paragraph [0032], lines 3-7, discloses that the pharmaceutically—

acceptable alcohol is “preferably a mixture of two alcohols,” specifically noting a

mixture of ethanol and benzyl alcohol, and that “preferably the ethanol and benzyl

alcohol are present in the formulation in the same w/v amounts.” Support for the

recitation of “12 to 18 % weight of benzyl benzoate per volume of formulation” is found,

inter alia, at line 17 of paragraph [0036].

0 Support for the recitation in new dependent claim 39 of “wherein the blood plasma

DB1/620701631
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fulvestrant concentration is attained for at least 3 weeks after injection” is found in the

published specification, inter alia, at lines 1-2 of paragraph [0048].

0 Support for the recitation in new dependent claim 40 of “wherein the blood plasma

fulvestrant concentration is attained for at least 4 weeks after injection” is found in the

published specification, inter alia, at lines 2—3 of paragraph [0048].

0 Support for the recitation in new dependent claim 41 of “wherein a therapeutically

significant blood plasma fulvestrant concentration of at least 3ngml'l is attained” is found

in the published specification, inter alia, at line 3 of paragraph [0047].

0 Support for the recitation in new dependent claim 42 of “wherein a therapeutically

significant blood plasma fulvestrant concentration of at least 8.5ngml'l is attained” is

found in the published specification, inter alia, at line 3 of paragraph [0047].

0 Support for the recitation in new dependent claim 43 of “wherein a therapeutically

significant blood plasma fulvestrant concentration of at least 8.5ngml‘l is attained for at

least 4 weeks after injection” is found in the published specification, inter alia, at line 3

of paragraph [0047] and at lines 2-3 of paragraph [0048].

0 Support for the recitation in new dependent claim 44 of “wherein the total volume of the

formulation administered to said human is 6ml or less, and the concentration of

fulvestrant in said formulation is at least 45mgml'1” is found in the published

specification in paragraph [0027].

0 Support for the recitation in new dependent claim 45 of “wherein the total volume of the

formulation administered to said human is 6ml or less, and the total amount of fulvestrant

in said volume of formulation is 250mg or more” is found in the published specification

in paragraph [0028].

0 Support for the recitation in new dependent claim 46 of “wherein the benign or malignant

disease is breast cancer” is found in the published specification, inter alia, at lines 1-7 of

paragraph [0058] and in paragraph [0062].

It should be clear from the above paragraphs, all limitations of new claims 35-46 find

support in the specification, and these new claims are believed to be in proper form in all

respects. Accordingly, entry of these amendments is believed to be in order and is respectfully
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requested. Following entry of these amendments, claims 35—46 remain pending in this

application.

(4) Claim Rejections - 35 USC § 103

Claims 24~34 have been rejected under 35 USC § 103(a) as being unpatentable over

Dukes, EP 0 346 014 mereinafter “Dukes (EP ‘014)”)3 in view of Lehmann et al, US Patent Re

28,690 mereinafter “Lehmann”), GB 1 569 286 (hereinafter “GB ‘286), Osborne et al., Journal

of National Cancer Institute, l995;87(lO):746-750 (hereinafter “Osborne”), and Remington’s

Pharmaceutical Sciences (hereinafter “Remington”). The Examiner applies these references to

the rejection as follows:

0 Dukes is said to teach that antiestrogen agents, including fulvestrant, are useful in treating

postmenopausal symptoms such as urogenital atrophy affecting the vagina (citing page 3,

lines 56-page 4, line 1; also page 7, line 28—29). Dukes is said to further teach that

antiestrogen agents, including fulvestrant, may be used in a dosage of 50mg to 5g in

vehicle comprising castor oil and benzyl alcohol (citing page 7, 20-24).

0 Lehmann et al. is said to teach that benzyl benzoate and castor oil are well—known solvent

useful as conventional carriers for steroids (citing col. 1, line 21~26).

0 GB ‘286 (also by Lehmann) is said to teach an intramuscular injection of testosterone

derivative containing castor oil/benzoate in the ratio of 6:4 (citing page 1, line 17).

o Osborne et al. is said to teach fulvestrant as useful in treating human breast cancer (citing

pages 747—748).

0 Remington is said to teach that ethanol is one of the most commonly used solvents in

pharmaceutical industry (citing page 219).

The Examiner concluded at page 4 of the Action that combining one or more agents,

which are known to be useful as commonly used solvents, such as benzyl benzoate, ethanol,

castor oil, and benzyl alcohol, together and incorporating such combination with an estrogen

derivative, fulvestrant, would be reasonably expected to be useful in formulating a

3 This Dukes reference (Dukes (EP ‘014)) is the European counterpart of US 5,183,814 (Dukes (US ‘814)) noted in
paragraph [0014] of the published specification.
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pharmaceutical composition; and that employing such fiilvestrant-containing composition to treat

urogenital atrophy would be reasonably expected to be effective.

The Examiner further concluded that the optimization of parameters such as the amount

of excipients, dosage range, and dosing regimens, is “obvious as being within the skill of the

artisan, absent evidence to the contrary,” and that maintaining the plasma concentration of the

active compound as claimed would be considered “obvious as being within the purview of the

skilled artisan, absent evidence to the contrary.”

Applicants respectfully traverse this obviousness ground for rejection based on the

following arguments and the support therefore provided by the Gellert Declaration.

(5) Applicants’ Response, Arguments and Declaration Support

for the Patentability ofthe Presently Pending Claims

The invention as disclosed and presently claimed in the subject application is broadly

directed toward a method of treating a hormonal dependent benign or malignant disease of the

breast or reproductive tract in a human by administration of an intramuscular (1M) injection of a

sustained release pharmaceutical formulation comprising fulvestrant. Fulvestrant is the non—

proprietary name for the subsequently approved and commercialized drug now known as

Faslodex®.

The invention is focused in particular on the discovery of a novel and unobvious

formulation for this extremely difficult to formulate molecule, which formulation is suitable for

intramuscular injection to a human patient and is capable of dissolving the therapeutic target

amount of fulvestrant in a small enough volume for IM administration, and which formulation

provides for the satisfactory sustained release of fulvestrant over an extended period of time as

specified in the present claims.

Oestrogen deprivation is fundamental to the treatment of many benign and malignant

diseases of the breast and reproductive tract. One approach to oestrogen deprivation is to

antagonize oestrogens with antioestrogens, that is, to administer drugs that bind to and compete

for oestrogen receptors present in the nuclei of oestrogen—responsive tissue. Conventional

nonsteroidal antioestrogens, such as tamoxifen, compete efficiently for oestrogen receptor

binding but their effectiveness is often limited by the partial agonism they display, which results
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in incomplete blockade of oestrogen-mediated activity (specification paragraphs [0002—0003]).

Fulvestrant, on the other hand, binds oestrogen receptors with high affinity, but without the

partial agonism of the traditional non—steroidal antioestrogens. Fulvestrant therefore is capable of

eliciting complete ablation of the trophic effects of oestrogens, and is thus characterized as a

“pure” antioestrogen, or an Estrogen Receptor-Downregulator (E.R.D) (specification paragraph

[0004]. As such, fulvestrant completely blocks the grth stimulatory action of oestradiol on

human breast cancer cells, and the uterotrophic action of oestradiol, and is useful in the treatment

of oestrogen~dependent indications such as breast cancer and gynaecological conditions, such as

endometriosis (specification paragraphs [0007], [0058] and [0062]).

However, developing an IM injectable formulation for fulvestrant that would achieve the

satisfactory sustained release of the drug over an extended period of weeks presented a

particularly difficult challenge to the experienced formulator. Fulvestrant is aparticularly

lipophilic molecule having extremely low aqueous solubility, even relative to other difficult to

formulate steroidal based compounds, and it is also poorly soluble in most of the oils and

cosolvents that have been used in formulating commercialized steroidal compositions

(specification paragraphs [0011—0013], including Table l, and [0015], including Table 2).

Dr. Gellert notes in 1] ll of his Declaration that in about early 2000 [the earliest priority

claimed for the Evans Application] the skilled person responsible for developing a sustained

release injectable formulation suitable for administration to humans for a new steroidal

compound such as fulvestrant, would have had specialized training and experience in developing

pharmaceutical formulations and methods for their administration. In developing such a

formulation for fulvestrant, the objective would have been to formulate an intramuscular (IM)

injection that would provide for the satisfactory sustained release of fulvestrant over a period of

at least two weeks and preferably over a period of at least four weeks to reduce the frequency of

administration, and would have a target fulvestrant content of at least 45 mg/mL so as to provide

a fulvestrant dose of at least 250 mg in a single 5-6 mL injection. (Gellert Declaration, ‘1] 11).

Given the nature of fulvestrant and above objectives, the traditional administration

options to explore were intramuscular injection of a sustained release aqueous or oil suspension

or an oil-based solution (depot) containing at least 250 mg of fulvestrant that could be

administered in a single injection volume of no more than 5 or 6 mL. (Gellert Declaration 1] 12).
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Because of the extremely low solubility of fulvestrant in water and the objective of

formulating a single injection to contain at least 250 mg of fulvestrant, a reasonable starting point

would have been to investigate administering fulvestrant as a suspension ~- as an 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. (Gellert Declaration 11 13).

Once finding that inj ectable suspensions were not an acceptable option with fulvestrant,

the experienced formulator would then have moved on to further explore whether fulvestrant

could be administered in the form of a sustained release oil—based solution at the target

fulvestrant concentration of at least 45 mg/mL. (Gellert Declaration 11 13). This would require a

determination as to whether 250 mg of fulvestrant could be solubilized in no more that than 5-6

mL of an oil~based vehicle that is suitable for IM injection in a human and also provides

satisfactory sustained release of fulvestrant.

The experienced formulator, knowing the complexity of this task, would have adopted a

rational, systematic approach to identify specific oils, cosolvents and other excipients that were

possible candidates for further consideration to meet the formulation objectives. This would have

included a literature review of approved and/or commercially marketed inj ectable formulations

in order to identify candidate oils, cosolvents and other excipients (as well as their

concentrations) that had already been determined to be safe and effective in similar formulations,

in hope of simplifying the regulatory approval process. A preformulation solubility screen would

then have been conducted, separately measuring the solubility of fulvestrant in a range of pure

solvents, including the potential oil and cosolvent candidates that had been identified in the

literature review, to identify those that could help to achieve the target fulvestrant concentration.

Such a preformulation approach is explained in detail and documented with contemporaneous

texts in paragraphs 14-24 of the Gellert Declaration. Moreover, the text and tables in the Evans

Application indicate that a similar approach had been followed. (Gellert Declaration ‘J 14 et

seq.)

Thus, in paragraph 14 of his Declaration, Dr. Gellert notes that as a part of the

preformulation phase, the experienced formulator would have conducted a literature review or
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otherwise would have become familiar with commercially marketed injectable formulations,

particularly injectable sustained release formulations of steroids or other relatively insoluble

compounds such as those listed in Table 1 of the Evans Application, with the objective of

identifying potential oil vehicles, co-solvents and other excipients that already had been found to

be tolerated and/or to have passed through regulatory review, and which might be candidates for

further consideration and testing for the fulvestrant formulation. This review also would have

provided guidance with respect to concentration levels of such co-solvents and other excipients

that generally had been found acceptable in sustained release oil-based intramuscular injections

administered to humans.

Dr. Gellert documents the objectives for carrying out such a preforrnulation review, at

about the time of the Evans et a]. invention, with quotations from contemporaneous

pharmaceutical formulation texts, including 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 forrnulator that these excipients

will probably be safe for their new drug product. Regulatory

bodies may View an excipient previously approved in an inj ectable

dosage form favorably, and will frequently require less safety data.

noting that 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.”4

Similar objectives were intended to be served by the compilations of commercial

formulations in Strickley I (1999), Strickley II (2000) and Strickley III (2000):

This compilation will also be useful for those interested in

knowing what additives are currently used in injectable products

and at what concentrations they are administered in practice. This

compilation only focuses on marketed formulations and does not

delve into the subject of preclinical or drug discovery formulations

associated with early~stages pharmacokinetics or proof-of-concept

pharmacodynamics, where the formulation scientist is not bound

by regulatory constraints.

 

4 Nema (1997) does caution, however, that there is no guarantee that the new drug product will be safe as excipients
are combined with other additives and/or with a new drug, creating unforeseen potentiation or synergistic toxic
effects.
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(Strickley I (1999) at 324). Powell (1998) similarly states at page 238 with respect to its

compilation of commercially used excipients:

Thus, the formulation scientist is often faced with a dilemma ——

which excipients are truly available for use (based on what has

been used previously), and which are not? And at what

concentrations, and by what route?

Herein are listed the excipients found in most of the approved

and marketed parenteral formulations, given systematically by

excipient name. In this format it is easy to determine what

concentrations were used, the route of administration, the main

rationale for addition of that excipient, the drug that was

formulated, the manufacturer, brand name, etc.

(Gellert Declaration 11 14).

Dr. Gellert reports in paragraph 15 of his Declaration that the formulator, in conducting

this literature review, would have noted reference to a number of intramuscular inj ectable

sustained release oil-based steroidal formulations that had been commercially marketed. Dr.

Gellert lists, for example, the following formulations found in the literature references cited

below:

- Strickley I (1999), Table VII:

Haloperidol Decanoate/Haldol decanoate (50-100 mg/mL in sesame oil, benzyl

alcohol 1.2%);

Testosterone Enanthate/Delatestryl (200 mg/mL in sesame oil, chlorobutanol 5

mg/mL);

- PDR (1973) at pages 1277-1278

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

mg/ml benzyl alcohol, 1 mg/ml propylparaben);

o PDR (1973) at pages 1349-1354

Deladumone/Testosterone Enanthate & Estradiol Valerate (90 & 4 mg/mL in

sesame oil, 0.5% chlorobutanol);

Deladumone OB/Testosterone Enanthate & Estradiol Valerate (180 & 8 mg/mL in

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

benzyl benzoate, 2% benzyl alcohol);

Delestrogenfestradiol valerate (20 mg/mL in 78% castor oil, 20% benzyl

benzoate, 2% benzyl alcohol and 40 mg/mL in 58% castor oil, 40% benzyl

benzoate, 2% benzyl alcohol);

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

chlorobutanol);

Delaluteval 2thdroxyprogesterone caproate & estradiol valerate (250 mg/mL &

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

- PDR (1973) at pages 1391—1392

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

alcohol);

0 Wang (1980):

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

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

- Mackey (1995):

Testoviron Depot/testosterone enanthate (250 mg/mL in castor oil and benzyl

benzoate);

as well as a number of other commercialized oil based long—acting IM injectable formulations

reported on Table 1 of the Evans Application. (Gellert Declaration 11 15).

As a filrther part of the preformulation phase, Dr. Gellert explains in paragraph 16 of his

Declaration that the experienced formulator would have conducted a preformulation solubility

screen, separately measuring the solubility of fileestrant 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. This is documented, for

example, in Gupta (1999), Chapter 17 at page 402, under the heading “Formulation

Development”:
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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.

Such “Preformulation studies” are said in Gupta (1999) to “provide fundamental data and

experience necessary to develop formulations for a specific compound” including, as item 8.1 in

the outline of areas of specific interest, a determination of “solubility” in “selected solvents” (at

403). “Significant formulation activities begin with initial preformulation data and knowledge of

the specific route of administration” (at 405), which “formulation activities include the

identification and selection of a suitable vehicle (aqueous, nonaqueous or co—solvent system) ...”

(at 404). It is further noted that “injection volume is one of the most important considerations in

the formulation development of a commercial product” (at 405). When carrying out such a

preformulation solubility screen with fulvestrant, the formulator would have found that

fulvestrant had extremely low solubility in water, low solubility in most oils (but highest in

castor oil), low solubility in benzyl benzoate, and the highest solubility in ethanol and benzyl

alcohol, such as reported in Table 2 of the Evans Application. (Gellert Declaration 1] 16).

With the information on prior commercialized formulations and the fulvestrant solubility

data from the preformulation screen (such as reported in Table 2 of the Evans Application), Dr.

Gellert notes that the experienced formulator would have selected castor oil as the oil vehicle

because of the higher solubility of fulvestrant in castor oil relative to the other oils tested.

Nevertheless, he would have appreciated that the target fulvestrant concentration of at least 45

mg/mL could not be achieved with castor oil alone, and that a co-solvent would be required.

(Gellert Declaration 11 17).

Dr. Gellert further explains in paragraph 18 of his Declaration that a number of the

commercialized formulations that would have been identified in the literature review (including

the castor oil-based formulations) have a substantial benzyl benzoate component, which may be

present as a co-solvent. He cites, for example, Delalutin noted in paragraph 15 above, which is

reported in PDR (1973) and noted in Table 1 0f the Evans Application, and is one of the
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formulations discussed in the Riffkin (1964) article entitled, “Castor Oil as a Vehicle for

Parenteral Administration of Steroid Hormones” (see Riffkin n. 6). Delalutin is 250 mgI’mL

17—hydroxyprogesterone caproate dissolved in 52% castor oil, 46% benzyl benzoate and 2%

benzyl alcohol. However, Riffkin Table 11 reports that the solubility of l7~hydoxyprogesterone

caproate in castor oil alone is only 55.6 mg/mL, but the solubility of 17-hydroxyprogesterone

caproate in benzyl benzoate is substantially higher, being at least 250 mg/mL (see example 4 of

Huber (US ‘520) and Attachment E discussed below). Even if not needed as a cosolvent, Riffkin

(1964) notes that “the addition of benzyl alcohol or benzyl benzoate to castor oil resulted in a

lower and more favorable viscosity, making it easier to inject” (paragraph bridging pages 893—

894). (Geller: Declaration 11 18).

However, Dr. Gellert points out that in paragraph 19 of his Declaration that the skilled

formulator would have appreciated from the fillvestrant solubility data generated in the

preformulation screen that fillvestrant had very different solubility characteristics relative to the

steroids of previous commercial formulations. Attachment E is a compilation showing the

chemical structures and relative solubilities in castor oil and sesame oil of the compounds named

in Riffkin (1964) Table 11 compared to the structure and the solubility of fillvestrant in these oils.

It can be seen that the solubility of fulvestrant in castor oil and in sesame oil (20 mg/mL and 0.58

mg/mL, respectively, from Table 2 of the Evans Application) is appreciably lower than the

solubility of the other steroids in these oils (taken from Table II of Riffkin ( 1964)). The second

page of Attachment E tabulates the concentration in benzyl benzoate of five named steroids,

taken from Examples 1-5 of Huber (US ‘520), ranging from 200 to 400 mg/ml.5 By comparison,

the solubility of fillvestrant in benzyl benzoate is reported in Table 2 of the Evans Application as

being only 6.15 mg’mL, and only 3.8 mg/mL as determined in the recently conducted tests

reported in Attachment C. (Geller: Declaration 11 19).

He concludes in paragraph 20 of his Declaration that the experienced forrnulator 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

5 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 Riffldn (1964).
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solubility in castor oil. Dr. Gellert further notes that 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 2.6 (Gellert Declaration 1] 20).

Based on the solubility data determined in the preformulation screen (such as reported in

Table 2 of the Evans Application), Dr. Gellert notes in paragraph 21 of his Declaration that

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

mgmL fulvestrant in the castor oil—based formulation used in the experimental rat studies of his

Example 3. It thus would have been apparent that 40% w/v benzyl alcohol could function as a

co—solvent in castor oil to achieve the target fulvestrant concentration. Nevertheless, Dr. Gellert

states that the skilled formulator would have been concerned with using such a high alcohol

content in intramuscular injectable formulations for administration to a human. (Gellert

Declaration 1] 21).

First of all, he notes, the experienced formulator would want to minimize the amount of

co—solvents and excipients in any inj ectable 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 glycerin. These components have

intrinsic effects on biologic tissue and can alter the properties of

other excipients, thus influencing the tissue damage or pain caused

by a product. There is a dearth of literature on the pain caused by

6 Dr. Gellert also notes that in the further tests that were recently conducted under his guidance (paragraphs 7—9 and
Attachments B and C to the Gellert Declaration), the solubility of fulvestrant in castor oil alone was again tested and
found to be 21.4 mg/mL, and the solubility of fulvestrant in benzyl benzoate alone was again tested and found to be

only 3.8 mg/mL, which further confirms that benzyl benzoate would not be expected to act as a cosolvent for
fulvestrant in castor oil.
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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.

Dr. Gellert finds further support from Gupta (1999), Chapter 11, titled Cosolvent Use in

Inj ectable Formulations, page 217:

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

the solubility of the compound. Maximizing the solubility of a

compound in a particular cosolvent system would result in lower

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

patient, thereby lowering the chance for potential side effects.

Although this quotation from Gupta (1999) is focusing on non—aqueous solvents in

aqueous formulation, Dr. Gellert points out that 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 ectable 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. (Gellert Declaration 11 22).

Thus, in paragraph 23 of his Declaration, Dr. Gellert documents that the 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 injectable sustained release

formulations. The literature review as of early 2000 would have shown that any benzyl alcohol in

such formulations was almost always present as a preservative in a concentration of about 2% or

less, occasionally at a concentration of up to 5%, but only rarely at higher concentrations. With

respect to benzyl alcohol Dr. Gellert notes, for example:

0 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.

DB 1/62070163.1
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0 Nema (1997), Table V at page 168, reporting that benzyl alcohol was present as an

antimicrobial preservative in 74 inj ectable 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”);

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

indicated as being used in IM formulations;

0 Strickley l (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;”

o 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 irritate the tissues.”

The literature review as of early 2000 also would have shown that, with few exceptions, ethanol

was not included in such formulations in excess of about 10%. With respect to ethanol, Dr.

Gellert cites, for example:

0 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;

0 Strickley l (1999), Table VI, “List of Cosolvents Used in Parenteral Formulations”

more specifically lists the ethanol content in 1M 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

18% alcohol, but is not included with the IM formulations in Table VI;

0 Nema (1997), Table I, “Solvents and Co-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,

DB1/62070163.l
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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 IM formulations ranges from 0.61-10%.

(Gellert Declaration 1] 23).

Thus, Dr. Gellert continues in paragraph 24 of this Declaration, even though Dukes (US

‘8 14) 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.7 (Gellert Declaration 1]

24).

Dr. Gellert thus concludes, in paragraph 25 of his Declaration, that under these

circumstances, the discovery by Evans et al., that the addition ofbenzyl 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 his guidance and discussed in paragraphs 7—9 of the Gellert

 

? 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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Declaration, the results of which are reported in Attachment C. (Gellert Declaration 1] 25). These

additional experiments will be discussed further in Section (7) below of these Remarks.

(6) Corrections/Clarifications t0 Evans Application

During the course of Dr. Gellert’s study of the Evans Application and the underlying

data, he became aware of several transcription or other errors between certain disclosures of

Tables 1, 2 and 3 of the Evans Application and the underlying laboratory notebook data or other

source material for these disclosures. Dr. Gellert points out the existence and nature of these

errors in paragraphs 4, 5 and 10 of his Declaration.

Thus, in paragraph 4 of his Declaration, Dr. Gellert points out that in Table 2 of the

Evans Application, the solubility of fulvestrant in castor oil appears to have been transcribed

incorrectly from the original source, the laboratory notebook. The value in the latter is 24.5

mg/ml and not 20 mg/ml. He also reports that in other experiments to determine the solubility of

fulvestrant in castor oil and also in benzyl benzoate, some variability was observed. (Gellert

Declaration fl 4).

In paragraph 5 of his Declaration, Dr. Gellert points out that 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. He also notes that for fulvestrant formulations, it is preferable that the

fulvestrant remains completely in solution at both 4°C and 25°C, and that the 4°C temperature

corresponds to the storage temperature (2°C to 8°C in the FDA approved label for Faslodex), and

the 25°C temperature corresponds to the administration temperature (ambient temperature). In

addition, Dr. Gellert notes that 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 to his Declaration. He

additionally notes that it appears that the mean values for the last three compositions in Table 3

have been incorrectly calculated. The corrected mean values, together with the correction of the

temperature from “25°C” to read “4°C”, are also shown in handwriting in the amended version

of Table 3 in Attachment A. (Gellert Declaration fl 5).

Dr. Gellert evaluated the transcription and other errors against the original application

disclosures and concluded that these do not change the ultimate conclusions made from the data

DBl/62070163.l
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as originally reported. He specifically confirmed that the addition of 15% w/v benzyl benzoate

to compositions having total alcohol concentrations in castor oil of 10%, 15%, 20% and 30% w/v

unexpectedly provides a positive effect on fulvestrant solubility, significantly increasing the

solubility of fulvestrant in the compositions despite fulvestrant having a lower solubility in

benzyl benzoate than in either alcohol or castor oil. (Gellert Declaration 1i 6).

Moreover, an additional set of experiments has been conducted at 25°C under Dr.

Gellert’s 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 presented herein. These additional experiments will be discussed in Section (7) of these

Remarks below.

Dr. Gellert additionally points out in paragraph 10 of his Declaration that during the

course of his study of the Evans Application and the underlying source materials it was drawn to

his 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 1

reports that the source of this data was J .Pharm.Sci (1964) 53(8) 891, which is Riffkin (1964),

and Dr. Gellert 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 to the

Gellert Declaration, on which the above corrections have been made in handwriting, as well as

additional minor corrections as noted in paragraph 10 of his Declaration. Attachment D also

includes a one page explanation by Dr. Gellert of the corrections to this Table l. (Gellert

Declaration 11 10).

(7) Additional Tests and Data in Attachment C

In paragraphs 4 and 5 of his Declaration Dr. Gellert has pointed out several transcription

and/or other errors relating to the solubility data reported in Tables 2 and 3 of the Evans
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Application relative to the underlying laboratory notebook data. Thus in Table 2, the solubility of

fulvestrant in castor oil has been reported as 20 mg/ml whereas the value in the underlying

laboratory notebook is 24.5 mgiml. Dr. Gellert also observed some variability in other

experiments to determine the solubility of fulvestrant in castor oil and also in benzyl benzoate. It

was also observed that the solubility values in Table 3 had been generated at 4°C and not at 25°C

as stated in the title of Table 3. Moreover, the specified solubility values on Table 3 are mean

values calculated from analysis of replicate samples from one or more trials.

Therefore, an additional set of experiments was conducted at 25°C under Dr. Gellert’s

guidance to obtain consistent data with reduced variability from a single set of rigorously

controlled solubility experiments, 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 amended

claims presented above. The solubility of fulvestrant in benzyl benzoate and in castor oil was

also measured in the same set of experiments using the same batch of benzyl benzoate and the

same batch of castor oil as were used to make up the compositions. The Experimental Test

Procedure is described in Attachment B to Dr. Gellert’s Declaration. (Gellert Declaration 11 7).

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. (Gellert Declaration 11

8).

As Dr. Gellert Observes in paragraph 9 of his Declaration, the results that were obtained

from these experiments conducted under rigorously controlled conditions and with an expanded

range of compositions, as shown in Attachment C, confirm the ultimate conclusions drawn from

the results shown in Table 3 of the original application disclosure, namely that the addition of

10% to 25% w/V benzyl benzoate to compositions having total alcohol concentrations in castor

oil of between 10% to 30% w/V unexpectedly provides a positive effect on fulvestrant solubility,

significantly increasing the solubility of fulvestrant in the compositions despite fulvestrant
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having a lower solubility in benzyl benzoate than in either alcohol or castor oil. (Gellert

Declaration 11 9).

(8) Fourth Information Disclosure Statement

A Fourth Information Disclosure Statement is submitted herewith together with a form

PTO-1449 formally citing those references discussed in the Gellert Declaration in support of

patentability that were not previously cited in this Application. A copy of each of the cited

references (except for US. patents) is also submitted with this Information Disclosure Statement.

Also submitted with this Fourth Information Disclosure Statement as Attachment I is a

copy of European patent 1250138 which granted on the European counterpart of the present

application; as Attachment II is a copy of the file from the European Patent Office for the

opposition pending against European patent 1250138. Attachment I is included to give the

Examiner easy reference to the 33 claims in issue in the Opposition.

The Examiner will note that all of documents Dl through D7 cited in the opposition have

already been cited and considered by the Examiner in the present application exceptfor

document D5, being US Patent 4,388,307 to Cavanak (Cavanak US ‘307), and document D6,

being German language EP 0310542Al to Schneider (Schneider EP ‘542). As discussed further

below, Cavanak US ‘307 is no more relevant to the present claims than the documents already

cited and considered in this Application, and any relevant subject matter in Schneider EP ‘542 is

already in the present record through US 5,733,902 to Schneider (Schneider US ‘902), which has

been formally cited and acknowledged as having been considered by the Examiner. While not

identical in wording, both Schneider EP ‘542 and Schneider US ‘902 claim priority from

application DE 37 33478 filed October 1, 1987.

However, to complete the present record, Cavanak US ‘307 and Schneider EP ‘542 (with

English language translation) are formally cited on the form PTO~1449 accompanying the Fourth

Information Disclosure Statement.

Cavanak US ‘307 refers to galenic compositions containing “hydrophobic and;/or

lipophilic peptides which are insoluble or difficulty soluble in conventional pharmaceutical

vehicles, in particular cyclosporins” (col. 1, line 66 to col. 2, line 2). The focus of this reference

is on the particular benefits to cyclosporin compositions of carriers comprising certain classes of
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glycerides (col. 1, lines 51-56), specifically at least one of component (a), being “a trans

esterification product of a natural or hydrogenated vegetable oil triglyceride and a polyalkylene

polyol,” component (b) being “a saturated fatty acid triglyceride,” and component (c) being “a

mono- or di—glyceride” (col. 1, lines 57-65). The Opposer (at pages 5—6 of the Opposition) cites

as the relevant portion of this document the discussion of “further excipients” that may be

included in the cyclosporin/glyceride composition, specifically the disclosure at column 5, lines

25, 31-32 and 34, which in context read as follows:

The pharmaceutical compositions according to the invention

may be formulated with or without further excipients.

In particular solubilizing agents and solvents may be present in

a concentration of up to 60% of the total composition, if desired, in

order to attain satisfactory concentration of peptide.

(i) Ethanol may be used as a further solubilizing agent/solvent.

The ethanol content by weight may befor example 2 to 5%for

parenteral compositions and l to 20% for oral compositions,

calculated on the total composition.

(ii) For parenteral composition, an alternative further

solubilizing agent/solvent is benzoic acid benzyl ester. This may be

present atfrom 5 to 40% ofby weight.

(iii) A vegetable oil, such as olive oil or corn oil, may be

present in both oral and parenteral compositions as Vehicle. The

vegetable oil content by weight may be for example for 35 to 60%,

calculated on the total composition.

(Cavanak US ‘307, col. 5, lines 18-3 8). The reference notes as “especially advantageous” a

composition comprising “a cyclosporin and a carrier comprising a component (a) together with

(i) ethanol and (iii) a vegetable oil” (col. 5, lines 48-53), and all claims are directed toward such

a composition. Ethanol and the benzoic acid benzyl ester are taught and exemplified as

alternative solubilizing agents (see above quote and the examples, wherein the exemplified

compositions contain either ethanol or benzoic acid benzyl ester).

It is respectfully submitted that the prior art commercialized oil based sustained release

inj ectable steroidal compositions listed in Table l of the present application, which include an

ethanol-containing oil—based steroidal composition (Parabolan) and several benzyl benzoate-

containing oil-based steroidal compositions, are more relevant to the present invention than the

disclosure of Cavanak US ‘3 07, which relates to a cyclosporin composition in a glyceride—
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containing vehicle. In any event, most significantly, there very clearly is no suggestion in this

reference of the unexpected benzyl benzoate positive effect on the solubility of fulvestrant in a

castor oil/alcohol mixture vehicle, as detailed above and in the Gellert Declaration.

Document D6 (Schneider EP ‘542) is cited in the opposition for the disclosure in example

8, of “an oily solution in castor oil/benzyl benzoate of an antioestrogenic steroid.” Example 8 in

Schneider EP ‘542 is identical to example 8 in Schneider US ‘902, which has already been

considered by the Examiner. Moreover, Table 1 in the present Application already acknowledges

several steroidal compositions in castor oil and benzyl benzoate.

Also submitted with this further Information Disclosure Statement as Attachment III is a

copy of the Supplementary European Search Report in a divisional application filed from

European Patent 1250138, the European counterpart of the present application. This Search

Report is based on the same claims that are involved in the Opposition, a copy of which has been

included in Attachment I to this Information Disclosure Statement. It will be noted that

documents D6 and D7 in this Search Report correspond to documents D6 and D5, respectively,

discussed above with respect to the Opposition, and are categorized only as “A: technological

background.”

(9) Conclusion

As detailed in the Gellert Declaration and the supporting contemporaneous literature

references, the skilled person taxed with developing an IM injectable formulation for the

sustained release of fulvestrant would have followed a systematic approach, including a

preformulation literature review and preformulation solubility screen. In doing so, the skilled

forrnulator would have been led away from adding benzyl benzoate as a cosolvent for fulvestrant

when attempting to increase the fulvestrant concentration in the castor oil vehicle up to the target

level. Instead, considering the low solubility of fulvestrant in benzyl benzoate relative to castor

oil, it would have been expected that the addition of benzyl benzoate would havefurther

decreased the ability of the resulting castor oil-based vehicle to dissolve fulvestrant. Therefore it

was unexpected and surprising when Applicants found that the addition of benzyl benzoate to a

castor oilfalcohol mixture would increase the solubility of fulvestrant in the formulation as

presently claimed, permitting the target fulvestrant concentration to be attained with a more

desirable lower level of alcohol cosolvent.
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In View of this teaching away, and the surprising and unexpected benzyl benzoate

positive effect on fulvestrant solubility found when Applicants nevertheless added benzyl

benzoate to a castor oil/alcohol mixture, it is submitted that the present claims are not rendered

obvious by the prior art. Moreover, the additional test data generated under Dr. Gellert’s

direction establishes that this positive benzyl benzoate effect applies to the broader range of

formulation composition as presently claimed. Accordingly, it is believed that all claims are in

condition for allowance, and a Notice to that effect is respectfully requested. However, if any

issues remain, it is respectfully requested that the Examiner telephone the undersigned to

expedite the resolution of any such issues and the allowance of this application.

EXCEPT for issue fees payable under 37 C.F.R. § 1.18, the Director is hereby

authorized by this paper to charge any additional fees during the entire pendency of this

application including fees due under 37 C.F.R. §§ 1.16 and 1.17 which may be required,

including any required extension of time fees, or credit any overpayment to Deposit

Account 50-0310 This paragraph1S intended to be aWRUCTIVE PETITION FOR
EXTENSION OF TIMEin accordance with 37 CFER § 1. 136(a)(3).

Respeétfully Submitted, /

Morgan Lewis &BockmsLLP/\\E 2 .(I E i ’ i

E E if ‘6! ,1/E   
 

  
Date: August 21, 2008 By: E35,...»f’T; 3/
Morgan Lewis & Bockius LLP Donald J.

Customer No. 09629 Regist 1011 No. 25 ,323

1111 Pennsylvania Avenue, NW. Tel. No.: (202) 7395320

Washington, DC. 20004 Fax No.: (202) 739—3001
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Application No.: 10/872,784 ) Group Art Unit: 1617

)

)

)

FOR: FORMULATION )
)

DECLARATION UNDER 35 U.S.C. § 1.132
OF PAUL RICHARD GELLERT

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
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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 -

 

DB1J620426061 14

InnoPharma Exhibit 1046.0195



Author/Inventor

Cornelius (US “863)

TABLE OF REFERENCES

Reference Citation/Patent

US Patent 4,212,863 

 
Dukes (EP ‘014)

Dukes (US ‘814)

Gupta (1999)

Huber (US ‘520)

Lopatin (1972)

Mackey (1995)

Nema (1997)

PDR (1973)

Powell (1998)

Riffkin (1964)

StrickleyI (1999)

Strickley 11 (2000)

Stfickley 111 (2000)

Wang (1980)

DB15‘62042606.1

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

US Patent 5,183,814 (corresponds to EP 0 346 013 A1)

P.K. Gupta and G.A. Brazeau (eds). Injectable Drug

Development: Techniques to Reduce Pain and Irritation. Chapters 11 &

17 Interpharm Press, Denver, Colorado (1999)

US Patent 3 ,164,520

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

of nonaqueous solvents to prepare injection solutions. Pharm. Chem. J.

6:724-733 (1972)

M.A. Mackey, A.J. Conway and DJ. Handelsman. Tolerability of

intramuscular injections of testosterone ester in oil vehicle. Hum.

‘ Reprod. 10: 862-865 (1995)

S- Nema, RJ. Washkuhn, and R.J. Brendel. Excipients and their

; use in injectable products. PDA J. Pharm. Sci. Technol. 511166-71

;(1997)

:Physicians DeskReference (27th edition). 1277-1278, 1350—1354, 1391‘
1392 Medical Economics Company, Oradell, NJ (1973)

 
E M. F. Powell, T. Nguyen, and L. Baloian. Compendium of excipients for

parenteral formulations. PDA J. Pharm. Sci. Technol. 52:23 8311 (1998)

C. Riffkin, R. Huber and CH. Keysser. Castor oil as a vehicle for

parenteral adminstation of steroid hormones. JPharm.Sci. 53: 891-5

(1964)

R. G. Strickley. Parenteral formulations of small molecule therapeutics

marketed in the United States (1999) —Part 1. FDA J. Pharm. Sci. Technol.

5332477349 (1999)

R. G. Strickley. Parenteral formulations of small molecule therapeutics

marketed in the United States (1999) - Part 11 PDA J. Pharm. Sci.

Technol. 54:69—96 (2000)

R. G. Strickley. Parenteral formulations of small molecule therapeutics

marketed in the United States (1999) — Part 111. PDA J. Pharm. Sci.

2 Technol. 54:152469 (2000)

Y.C J. Wang and R R. Kowal. Review of excipients and pH’s for

Eiparenteral products usedin the United States. J. Parenteral Drug Assoc.

' 34452—462(1980)

  
15

InnoPharma Exhibit 1046.0196



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 1046.019?



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
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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
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EFFECT OF BENZYL BENZOATE ON FULVESTRANT SOLUBILITY IN CASTOR OIL AT 25°CATTACHMENT C
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ATTACHMENT D
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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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[57] ABSTRACT,

The invention relate: to highly concentrated liquid
pharnueeutical formulations of steroid: 01' the outrane,
androstane and (19-n0r-)pregnane aeriee comprising
tocol or a derivative thereof that in fluid at normal tem-

perature, or mixtures thereof, in an amount of at least
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or more of the usual fluid carriers, such an vegetable oil,
benzyl benzoate and/or benzyl alcohol.
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4,212,863
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.
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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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3

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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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.‘

25

30

35
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55
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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
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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]-

11/20/2002,‘ EAST Ver51on 1030002 ,, ,, ,,
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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.

11
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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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The invention relates to a therapeutic product compris~
ing an oestrogen and a pure antioestrogen for simulta‘
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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.

4 Claims, No Drawings

InnoPharma Exhibit 1046.0230



 

5,183,814
1

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

10

15

20

25

30

35

40

45

50

55

60

65

2

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
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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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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
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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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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: 

InnoPharma Exhibit 1046.0235



5,183,814
11

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

15

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.

2‘15
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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 
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in terms of solubility enhancement, the use of cosolvents is one of the

most powerful methods available to formulators. The solubilizing potential

of cosolvents compares very favorably to other generally accepted tech—

niques used for solubilization of water-insoluble compounds, including

micellar solubilization, complexation, prodrugs, and salt formation. In

many instances, cosolvents may be the technique of choice for parenteral

applications given that (1) micellarization using surface active agents could

likely be problematic from an irritation/toxicity perspective, (2) suitable

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;
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Wang and Kowal 1980; Singh et al. 1982; Smith and Dodd 1982; American

Academy of Pediatrics Committee on Drugs 1985; Demey et al. 1988; Go-

lightly et al. 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

 

References  
Bennett and Muthcr
(1981)

Weiss et al (1962)

Savege et al. (1973}

Speth et al. (1987)

Brown et al. [1982);
Santiero (1989):
Evens [1975);
Gershanik (1982):
Naval: et al. (1972]

suonernuuodamalgam;u;asnJUQAIOS‘OD
[ZZ 

InnoPharma Exhibit 1046.0256



 
222 Injectable Drug Development

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
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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

 
InnoPharma Exhibit 1046.0266



  
232 lnjectable Drug Development

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 90:9, 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.

 
”
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trelatively Studies conducted in humans at doses of 1 gm/kg administered intra-
and Short venously from 10 to 40 percent solutions resulted in transient hemoglobin~

. , uria, which resolved within 2 to 3 hours (Bennet and Muther 1981). These

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
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i§1
i
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
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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- ._ ..

InnoPharma Exhibit 1046.0273



  
Cosolvent Use in Injectable Formulations 239

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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l

ll
l

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

.,.mWr-mnflw-mw
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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
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244 Injectable Drug Development

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)
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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.

 
 
W

InnoPharma Exhibit 1046.0281



 
Cosolvent Use in Injectable Formulations 247

“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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Cosolvcnt Use in lnicctable Formulations 251

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

InnoPharma Exhibit 10460307



 
Formulation and Administration Techniques 407

 

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

M
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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
3a)
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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

l
l
i

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.

 

 
M
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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;

 

 
InnoPharma Exhibit 1046.0316



  
416 lnjectable Drug Development

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
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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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418 lnjectable Drug Development  
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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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.

 

01973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permissicn oft/1e publisher. A copy of this article is available from the publisher for 515.00.
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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 0,9iD—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 0,9}4—0,9‘20
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—

726

InnoPharma Exhibit 1046.0329



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
ester in oil vehicle
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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

Received October I, 1996. Accepted for publication May to. 1997.
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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.
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parenteral products used in the United Sum-s." J. Parcmcr. Sci. thh- “Opfimiution of autoclave cycles and selection of formulation for
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