TITLE: SALTS OF PEPTIDES WITH. CARBOXY-TERHINATED POLYESTERS

Thls inw ntlon:relates to novel salts composed of a catlon derived
from a peptide _Jnlng at least one_baszc group and an anion derived
' iinated polyester, processes for the manufacture of
r'“;é pf,such salts inﬂthe manufacture of extended
'aifcompositions.. The salts of the invention possess
es:which are useful in the formulation of extended
1 édmpositions, vhether the salts are in pure form
ith'éither an excesé of the peptide in its free,
xcess of the free polyester Such salts are
ompr1sed in part of a peptide, which is hydrophilic
| part a polyester,-vhzch is hydrophobic and

amphipathic, be
and lipophobic{
lipophilic.

The wofd;-pepf?de" is used hereip'in-a generic sense to include
poly(amino aci'. -k h are normally generally referred to as "peptides”,
.'"poiypeptidesi rotezns" and a “baszc peptlde" is a pept1de vhlch is
basic in natup ng from the presence of an excess of basic amino
acids, for exampl

the peptide,

1n1ne or lys;ne, or arlslng from the N-term1nus of

O

ac1d1c amino acid groups. The
ptides, unnatural amino acids
tm of introduced basicity.
‘mean a carboxy-terminated

/ 0 the p0551h111ty of spec1f1c
ehemical.inte act. .2-. ternm arboxyl;c acid group of a
pols ' 2 n°a peptide. Lawter et al.,
er., 14, 19, (1987) and Okada et
(1991), also refer to this

‘ culative in this regard, in

- Proc. Int. §;
g;.,'Pharmade 2T
possibility,
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rticularly describe any such specific peptide-
tfgive any indication of hov such salts can be

that they do n'
polyester salﬁ'_
prepared and: areis ent vith regard to any beneficial effects which

could- arlseff'om he dse of such salts in the manufacture of

pharqacegtlcalf ompgg;tlons

Accbrd;_ 'tbe pfesent’invention, however, there is provided a

composition con . or:’ comprlsing, as 1n1tially made, a salt formed

from- ‘a cation eri d'from a peptide conta1n1ng at least one basic group

and an anion der! rgm,g.carboxy-terminated polyester; the composition

being in the - :g-sqigrion or dispersion of the salt in a solvent

vhich is a Sd_ “éﬁfree polyester but not a solvent for the free

peptide, thegpé é.gizéfof the salt in said dispersion being less than

Sum and_prefg bl éé ;ﬁﬁhﬁ:o.zum; or in the form of microparticles or

an implant fd ;j§¢tiﬁnfﬁrgsub-dermal implantation.

1 ‘”mponent of the salt may be derived from a basic
peptide vhich rmacologlcally active, or from a basic peptide which
is nharmacoldé call ilqgt;iye Vhen the basic peptide is

tive, the salt of the invention itself may be

pharmacologically

. formilated into. x;gnggﬁ release pharmaceutical formulation. Vhen the

basiérpeptid ogically inactive, the salt of the invention
may be_uéedi t in the formulation of extended release
comﬁd$ition§' ﬁéi'acologically active, peptides which either
are:ahidic:if prising an excess of acidic amino acids such as

aspartic aci cid), or are neutral in nature.

ormulations:of-peptides, a further

that the peptide should be substantially

er the périqd'of release envisaged. By

- meant that the drug is not rendered totally
total loss of pharmacolog1cal activity,
isaged for the formulation. '

gically active peptides have a molecular veight
ferably at least 800Da. Examples of such
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be substantially stable in the extended release
11ntended period of release, and which may therefore

be used in the compos1t10ns of this invention, are oxytocin, vasopressin,

adrenocortlcotrophic hormone (ACTH), epidermal growth factor (EGF),

_prolactln, luteln'”1ng hormone, follicle stimulating hormone, luliberin

or lute1n1z1ng ho one releasing hormone. (LHRH), 1nsu11n, somatostat1n,
’ gastr1n, tetragastrln, pentagastrrn, urogastrone,

glucagon, 1nterfe :
secretin, calcitonln, enkephallns, endorphins, kyotorphin, taftsin,
thymopoietin, thymosrn, thymostimulln, thymlc humoral factor, serum
ur necr051s factor, colony stimulating factors,

thymic factor
motilin, bombe51n fd1norph1n, neurotensin, cerulein, bradykinin,

urokinase, kalllk ein, substance P analogues and antagonists,
rve grovth factor, blood coagulation factor VII and IX,

ang1otensin I
lysozyme chlorlde 'renzn, bradykrnln, tyrocidin, gramicidines, growth

hormones, melanoc He stimulating hormone, thytoid hormone releasing
;1mulat1ng hormone, parathyroid hormone, pancreozymin,
eman placental lactogen, human chorionic gonadotrophin,
protein synthes imulatlng peptide, gastrlc inhibitory peptide,
vasoactive intesti 1 peptide, platelet derived growth factor, growth
hormone releasin factor, ‘bone morphogenlc protein, and synthetic

| .icatlons and pharmacolog1cally-act1ve fragments

hormone, thyr

cholecystokine

thereof.
‘ Prefer eptlde_components of the compositions of the invention
are synthet ':of LHRH, and partlcular such analogues include,

1serelin ([D-Ser(Bu ) , des- Gly-NH 10] LHRH(1-
6 des-Gly-;le2 ] -LHRH(1- 9)NHEt), fertirelin

lutrelin ([D-Trpsg HeLeu7,
([DaNal6]-LHRH),-tryptorelin
ctive salts thereof. '

tive basic peptides, which may be
> polyarginine, polylysine and
(co-)polymers'of neutral amino acids, in D-, L-
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or DL-form, with "“ginine and/or lysine in D-, L- or racemic form, or
iypeptides in vhich the peptide chains are terminated
in whole or in’ pa_wgby a basic group at the N-terminus and the backbone

is comprised of. neutral amino acid residues.

The carboxy terminated polyester used as the source of the anion
inventlon may be a homo-polyester or a co-polyester.

in the salt of 1
Preferred such" olyesters are those which degrade or erode in an aqueous -
physiological epv onment, such as that found in intramuscular or

to lov molecular veight vater-soluble fragments. In

subcutaneous tlssue;
he dominant process of degradation is simple bulk

this env1ronmept
'ipg-hydrolytlc scission of ester groups, vhich leads to

lover moleculeff eight homo- or co-polyester fragments, and ultimately to
the disappearanice’of the formulation from the site of administration.
However, it is recognlsed that at these injection or 1mplantat10n sites,
as well as at.other's1tes in living tissue, other degradation mechanisms

h as those mediated by enzymes.

may be involved

o- and co-polyesters are those derived from hydroxy-
'olycondensation of diols and/or polyols, for example
ﬁpolyethylene glycols, polypropylene glycols, 2-10C
ycerol trimethylolpropane, and polyoxyethylated _
nal alcohols such as glycerol, trlmethylolpropane and
oxylic acids and/or polycarboxylic acids, for example
)*(1 10C alkane)dicarboxylic acids, particularly

d. glutarlc acids, phthalic acids, mellitic and
,ptzonally in the presence of hydroxy acid(s) and/or

,d methods of preparlng homo- and co-polyesters based

re by r1ng openlng polymer1sat10n of the cyclic ac1d

polycondensatlon or’ co-polycondensation of the

tures of ‘the hydroxy acids, or lactones derived from
ﬁThese polymerzsat1ons, both of the ring opening type
ion type, are preferably carried out so that the

hydroxy acids.
such hydroxy::
or the polycondensa

resulting ho polyesters contain, in vhole or in part, polymer
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chains having'titﬁ'ijiic acid functionality. Thus the ring opening
‘the acid dimers is carried out in the presence of an
r chain transfer agent or co-initiator which controls

polycondensation
appropriate pdf
both the molecul
co-polyester.liﬁﬁiféﬁie such transfer agents are water, hydroxycarboxylic
acids, monocarboxy  é'acids, dicarboxylic acids and polycarboxylic acids.

_tvéight and the structure of the resulting homo- or

For polyégteré prepared by polycondensation or co-poly-
polymerlsatlon is carried out under conditions such

condensation, t

carboxyllc acid functionality is used, that is, the
o {-0H] is equal to or greater than 1. The structure

that an excessgﬁ
ratio of [-COOH
and molecular:h ight of the polycondensate are determined by the nature
of the alcohols used (vhether mono-ols, diols or polyols, or a mixture),
1 Atids used (wvhether mono-, di- or poly-carboxylic

éj; and the amount of the excess of carboxylic acid

the nature of:t

acids, or a mi#
used. Acids involved in the Krebs cycle are particularly useful.

“ Légitable hydroxy acids or lactones, vhich may be used
; di_or co-polyesters useful in this invention, include

Examples

to manufacture.;
ﬁ—propionolacfé nﬁ;butyrolactone, y-butyrolactone and pivalolactone,
and a-hydroxybuty. ictacid, a-hydroxyisobutyric acid, o-hydroxyvaleric

; Vaiéric'acid a~-hydroxycaproic acid, a-hydroxyiso-
hydroxy-ﬁ—methylvaler1c acid, a-hydroxyheptanoic acid,
"&;ahhydroxymyrlstic acid and a-hydroxystearic acid.

acid, u&hydrc;
caproic acid,  a-~

arhydroxydecan
Preferred sué "d_co-polyesters are those derived from lactic acid
in its D-, L]p form, and glycolic acid or the corresponding dimers
lactide and gi ;de; and a 'preferred optional chain stopper is lactic

acid.

) olecular, ba51c peptlde drug can exist wholly or
ion, and a polyester can exist vholly or in part
| brmation arlslng from acid-base interaction
"”.pecles, using conventional processes of mixing,

or using org :‘é, is extremely difficult or even impossible.
For example,% : ng the tvo components is unsuitable, since it is

Vell'knowﬂ Tl pép ;det do not normally melt, but rather decompose at
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and, in gene

the elevated temperanures commonly used'to melt polymers. However, even '
o melt (vhich it yoes riot), it would be incompatible

a homo- or co-po :éster'for thermodynamic reasons,

if the peptide wer

vith, or 1nsolnble n,-
as follovs. T

Peptides are'macromolecules, and so possess many of the typical
_Ihey are therefore (in the absence

: .ions) totally incompatiblemwith,'
ch-have different chemical and

propertles of conventlonal polymers.

or insoluble inﬂ. mer macromoletules
polymer backbbﬂe” truéture, as the fr
dissimilar polyme types is hrghly posrtrve and so is not thermo-

In the bulk state, peptides are highly polar and
nded .molecules, vith the result that the enthalpy of
wrth homo- or co-polyesters (vhich are relatively

rch hydrogen bondrng is either absent or weak) is

:d thermodynamlcally not favoured.

nergy of mixing of the two

dynamically favou ed
strongly hydroge_
mixing of pepti
non-polar, and in

highly positis 1at:is, endothermic'_
Further, macromol _ules are by def1n1t1on large, and so have a low
esulting in the entropy of mixing of two drfferent

intrinsic entripy

1es being very low or ‘even negative. (See, for
"Prrnclples of Polymer Chemistry", Cornell

555; 'L Bohn, “Pol:ﬂ_r Handbook", 2nd Edition, J Viley
L;Bohn, Rubber Chem ftry and Technology, 1966, 493).

_th a polyester at elevated

example, P J Florey,
Un1versity,;195
1975, III-211; "
Consequently,

temperature -in "glve rise to the mixing on the

tion. to occur. Simple admixture

the peptide,

methane, ar'*
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more volatile and

poth!tﬁe peptide

sulfoxide, dimeth' ﬁ?mide, dimethylacetamide and N-methylpyrrolidone,

have different pf ;jbecause they are relatively non-volatile, have
high boiling poin

because of the unacceptable toxicity of some of these solvents. It has

nd S0 ‘are extremely difficult to remove, and also

been possible to ide ify cértain solvents for both components which are
ch are toxicologically acceptable, but such solvents

present other dif ties. For example; acetic acid is a solvent for

both peptides and eétere, but the use of a large amount of acid

solvent predispos fhefpeptide to exist as the acetate salt (because of

mass action effects), 'so that the removal of the acetic acid at room

temperature (say;ﬁo ?C),‘or by freeze drying, results in phase

separation of the pep f e and the polyester, so that the desired salt

formation tends n “occur.

It is an O_J ‘of the present invention, therefore, to provide a

process for the’ man cture of a salt, comprising a cation of a basic

peptide and an an: fa carboxy-terminated polyester.

?"f the peptide-polyester salts of this invention
homo- or co-polyesters contalnlng carboxyllc

acid groups, and ] s vherein the basic residues occur as the free

base or as saltsc weak acid, preferably a volatile acid, having an

-3

acid dissociatio teht of less than 10 ~ or a pK (pK = log10

vhere Ka is the a 1ssoc1ation constant) of greater than 3. A

particularly pre erre

gch;bas1c peptide salt is a salt with acetic
acid. However, of the inherent incompatibility of the two

particular conditions have to be used in which

ealts can be generated.

1ev1ng th1s is to use a solvent vhich dlssolves.
olyester, to form a solutlon, from which the~
solvent can be r 1reetly, leaving elther firstly the amph1path1c
salt, or setond; ix ure of polyester and peptide in a physical state
vhich is predisp form the amphlpathic salt when processed further.

An exam f the: first approach is to use solvents such as, but
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. particularly uséfu

. of removal by

not limited to;iﬁiﬁeth&lsulfoxide, dimethylformamide, dimethylacetamide
and N-methylpygibl_ one, which are essentially neutral and which can be
:_e3§eptide and the polyester. Under normal

solvents for'hé
diEated above, these solvents are extremely difficult

circumstances,”

to remove, due- thelr high boiling points and relative non-volatllzty.

Vhen a pept1d'j(f0- example as an acetate salt) and a polyester are
dissolved in on o. thgse solvents, the peptide tends to exist as the

salt with the p er, as the more strongly acidic lactic or glycolic

acid group in the
bulk of the solvent and liberated acetic acid (or other weak but volatile

carboxylic aci@)imay.be geﬁoved in vacue, and the residual solution
containing pebiid polyester salt is added to distilled water, to
precipitate the insoluble polymeric salt.

ester displaces the weaker carboxylic acid. The

The dis 1lle water is preferably carbon dioxide-free, to avoid

the formation o carbonate salts by displacement of the polyester anion.
:'e-peptlde-polyester salt may then be removed by

further vaéhiﬁ vater, also preferably carbon dioxide-free. In some

circumstances,: iymeric salt may be isolated by direct precipitation
into vater, wfﬁhb any need to remove any solvent, and this approach is

hen the peptide is used as the base.

‘°g*to a further feature of this invention, there is
the manufacture of a salt comprising a basic
gtminated polyester, vhich comprises dissolving

the basic pep ide; ree base form or in_the form of a salt with a weak

acid, for exégp;' etic acid, and the carboxy-terminated polyester in a

vent in vhich both are'soluble, removing the solvent or
d'add1ng the remainlng concentrated solution to-an
_for the peptlde-polyester salt.

neutral, pola
most of the s

excess of a n

éch, also baéed‘on'ﬁsing a solvent which dissolves

fhe“ﬁdlyestér, relies dh-said'solvent being capable
reezlng_and conventional freeze drying, or by spray
rt of this process is the removal of the solvent

both the pept

from the pep e-polyester mixture at an extremely rapid, almost
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peptide-polyésféf

instantaneous, rat 1
glass transition temperature of the polyester and the peptide. In this
nay be neutral or acidic, and a preferred solvent is

case, the solven
acetic acid.

Such extrem y_rapid removal'of so1vent from. a solution vhich

| }pf viscous flow or visco-elastic behaviour rés%its
of the two incompatible macromolecular types

emely small colloidal scale. That is, the resulting
Xture has an extremely high surface area and surface

exhibits somejaeg;
in phase separéﬁi

occurring on an

energy. As a[édﬁséﬁﬁen¢e,:when another different solvent for the

: ;ﬁbtmglly a non-solvent for the peptide, is added to
free peptide-polyester mixtures of this type, the
high surface: eﬁ is dlsSipated by salt formation, and the
dlsappearance o th ;collo1dal nature of the peptide in the polyester.

f 'this second approach have to be freeze dryable and

polyester, whif
essentially solve

Suitable solvgpts
include, but_af not limited to, acetic acid, dioxan/vater mixtures and

mixtures, or have to be spray dryable.

tert-butanol/wa

. Thus, a ing;to a further feature of this invention, there is

provided a proces
:boxy%terminated polyester, which comprises dissolving

r the manufacture of a salt comprising a basic

peptide and a .

the basic peﬁti ;ﬁﬁfree'base form or in the form of a salt with a weak
acid, for examp“
solvent in which
by freeze-drying

drying the resultin

.-tic acid, and the carboxy-terminated polyester in a
re soluble, and vhich is capable of being removed
ezing the result1ng solution at high speed, freeze-
'frozen mixture, dlsper51ng the resulting mixture in

a solvent fof”th yester component, and allowing the mixture to

dissolve as t Fpolyester salt is formed.

Hore p fy;§in'this pr&jjﬁs the solution of the peptide and-
the polylacti _ ‘al co-polymer of lactic and glycolic acids, in
acetic acid i }aﬁd to'liquzd nitrogen’in a dropvise fashion. This

results in a mi leés'instantaneous freezing of the acetic acid

solution, an less 1nstantaneous generation of an essentially

solvent-fre 1yester mixture. Freeze ~-drying to remove the
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acetic acid solvept;gives a peptide-polyester product mixed on an
loidal scale. For many peptides, the colloidal nature

extremely fine c¢

of such a mater s demonstrated when a solvent for the polyester is

added, for exam ?Hiehloromethane, vhen an extremely fine colloidal

ted, and providing there is an excess of carboxylic
n the mlxture, a clear solutlon can be obtalned

suspension is g
acid finctionalit
. ng, the excess surface energy being lost as

1t is formed. Other procedures to more or less

eventually on sta
peptide-polyester
instantly freeze the peptide/polyester/acetic acid mixture may be used in
dition to liquid nitrogen, for example dropping the

place of dropvree
mixture into a mixture of solid carbon dioxide and hexane.

Hypotherieéily, of course, a totally insoluble compound can be
made to be soluBI Eif it can be reduced to a sufficiently small average
t is assumed that the particle is a sphere of radius

r, having den51ty
will have a surface energy 4mr? vy associated with it. It will also have a

mass of /3.nr3j d so the surface energy per unit mass is 3HY7 .

Consider now twotcases of saturated solutions:-

;; and that it has a surface energy y, such a particle

(1) . when. ekeeezﬁéolid-is exrremely coarse and therefore has very
' lxttle surface energy and the saturated ‘'solution has a
' Then the Gibbs free energy is:

}irif; . _ el .
GisﬁiﬁtiQn = Gy + RTInC_ = G" 4443




I

~ energy is negat

~salt. For lo

-11-

and G;sdlﬁgéqn =Gy + RIInC = 675159 * 7 Vor

Iny;
= G, + RT1nC - /01'

or G 0

- But from (i) -abave, -

3nY/ = G, + BTIn C_,

or e3ny10r
so that,@”éﬁf'decreases, C (hypothetically) increases.
In the'u;ﬁ" fEase, higher than nérmal solubility due to small

Ehstable, and the pa:ticles grov in size, for example
recrystallisation, so that the effect of high surface

particle size is
by dissolution
owever, vith"smalljparticle size peptide-polyester
mixtures, saItf ibn'can-occur, andfthis‘offeré an alﬁernative'meaﬁs
of reducing thf face energy of the dailoidal particles by allowing the

formation of a: ble amphipathic salt, which as a solution offers the

lowest free energy iondltlon

metal, for é#

iar welght polyest,_s, (hav1ng a veight average
SS than about 105 000), the salts with alkalis can -
ifinely dlspersed ‘in water. Addition of such a

solution bp;' per51on to an aqueous solutlon (prererably free of carbon
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dioxide) of théi féﬁide, results in precipitation of the water-insoluble

amphipathic péf ic

é;pplyester salt.

In a 51m11ar -way, the chloride or sulfate salts of ‘pegylated’
basic peptldes ' iyoxyethylene congugates of peptides) are, or can be,
partially compat;blé with, or soluble in, solvents such as dichloro-
methane, and th”_sqdlum or potassium salts of carboxy-terminated
polyesters can} igdjbe soluble in dichloromethane. Thus, when two such
salts are mixed ihﬁihe appropriate proportions, the soluble peptide-poly-
ester salt isfé ﬁgfapéd by double decomposition, with precipitation of

the alkali metéiféhloride or sulfate.

The thermodynamlc incompatibility of different macromolecules,

referred to above tnas been known for many years, but it has rarely
on51derat10n in the prior art of the extended release

entered into
of peptide drug from polyester matrixes. A necessary consequence of

this thermodyn”ﬁ;'ﬂlgcompatibzlity, or insolubility, is that in normal

circumstances :polyesters are totally impermeable to peptide drugs. For
\t'Fickian diffusion of a peptide drug through a

the peptide must have some solubility in the

‘for the reasons discussed above, this 1s not the
case, and so i ansyort of the peptide through the polyester by

partition-depe dgqg_Fick1an diffusion is impossible.

Partition_dep.: e :
polyester .to ¢
p°1YEStér . H

‘even if, for the sake of argument, the peptide drug,
ic analogues, had some solubility in or
e polyester, transport by diffusion through the
still be impossible. It has long been recognised
in the polyester, ﬁhich arises from rotational and
ylye er segment mobility, and which should allow the |
gﬂmoiépules;'ig insufficiently-large to accommodate .
macromolecules baving @olecular ﬁeights greater than
| See, fbr'examﬁle, R ¥ Baker and H X Lonsdale,

the diffusio

"Controlled Hechanisms and Rates" in "Controlled Release of
Biologically

1974, 15 et se

“Agents, ed. A C Tanquary and R E Lacey, Plenum Press,




«13-

Howeverjiévehjthough transport of a peptide drug through a poly-
:_ffhsion is essentially impossible for peptides of more -
'ﬁsso, continuous release of polypeptides has

achieved, European Patent No. 58,481 discloses how

ester by Fickian
than about 500!
nevertheless be
continuous release of a peptide drug from a polyester vas obtained by
using the verﬁidif?erent properties of the two macromolecules, peptines
being hydrophill ;nﬂ vater-soluble, and polyesters being hydrophobic and
in'the formulations described in that patent, peptide
Tnleved primarily through aqueous pores, which are
generated 1n1t1a11y by simple leaching of peptide from domains at the
surface of the formulatlon, or from domains of peptide drug which are
continuous or ‘contiguous with the surface of the formulation. This

| for an initial phase of release, and subsequent bulk

water-insoluble

leaching provid

hydrolytic degg ation of the polyester results in the generation of

ﬂ' ithin the polyester, and so further peptide release,

governed by degradation and erosion, can occur. If the porosity arising

- from hydrolytic polyester degradatlon does not occur quickly enough, the
‘initial release _rem_the leaching phase is complete before sufficient

-eﬁprosity is generated_in the delivery_system, and

se of the.peptide is obtained. The parameters of the

~ degradation-inc
discontinuous ‘tel
formulations di losed in EP 58,481 vere therefore chosen so that

hydrolytic dégradation of the polyester occurred at the right time in
relation to tﬁ _tral leaching release phase, so as to ensure that the
two phases of ‘r ifoverlapped, resulting in continuous release of the

peptide drug

of the peptide-polyester salts of the present
H_y 1n the presence of free polymer. ‘In formulat1ons

Free

the peptlde 1 vholly or -in part the peptide- polyester salt.
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so in formulatio '3‘ng such materrals, true Fickzan, partition-

:Tester alone. Furthermore, in these formulations the

alt by water. This implles an essentially hydrogel
e-polyester salt, and provides an increase in the
ff macromolecular segments_in the polycation-poly-
?is, the effective free volume of the matrrix material

is increased, and so can accommodate a macromolecular peptide.

%”of these properties of the peptide-polyester salt,
esence of free polymer), is to allow Fickian

diffusional trans rt_of a macromolecular peptide through the matrix of
peptlde-polyes t or the mixed salt and free polymer phase. This is
a totally di ferent’ situation from that vhrch occurs with polyester
jadmixtures of peptrdes and polyesters, and 50

lxes or membranes based on the increased

rrom the use of the peptlde -polyester salt are

ormulations for the conﬁrolled release of peptides

. alone, or with
- extended relga
permeabilityi
central to th

vhich'oah be inj
sub-cutaneo planted, by vir
solubility of: the ptide-containing: i
Furthermore; formulations based on thes peptide-polyester salts, in
. ing: polyesters, can also be

'd intramuscularly or.

.on sub-derm

the novel and unexpected

fes in lipophilic solvents.
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admlnlstered by other routes. Of particular importance is the oral
route, in whlch the various combinations of peptide-polyester salt and/or
free peptide Qrug and/or free polyester can be used to good effect. 1In
many instancee, for.oral administration it is preferred to use a
pharcheuticaliy;eoceptable carrier such as a vegetable oil or a variant
thereof, and inelﬁqingrmono~, di- and tri-glycerides either alone or in
admixture vith.other oils. Of less importance are the topical, rectal

and intranasal.foutes of administration.

Other than European Patent No. 58,481 (1982), referred to above,
Lawter et al. (iég:'ggg.) and Okada et al. (loc. cit.) are the only state
of the art knoVn"to_theiapplicants herein vhich refers to the possibility
of obtaining peptide-polyester salts, but both these publications are
speculative, ihfthat they do not disclose how this putative interaction
can be realisedibf:utilized. It is a further object of the present
invention to prdéide extended release pharmaceutical formulations,
comprising various combinations of peptide-polyester salt and/or free
peptide drug and/or free polyester in various proportions to give at
least three difierent profiles of controlled drug release.

_ihﬁs,'eteqréing.to a further feature of the invention there is
provided an egtehﬁe&'reiease pharmaceutical composition comprising a
peptideepolyeeter?eeit, as defined above, and/or free peptide drug and/or
free polyestei;~and_optionally other pharmaceutical excipient or

excipients.

The deéiéh:of the pharmaceutical compositions of this invention is
based upon the follovrng considerations. Whereas a simple peptide drug
is normally soluble in water, both its 'salt vith a polyester, and the
free polyester 1tse1f are normally totally vater-insoluble, (although it
‘t, for very low ollgomerlc forms of polyesters and

is recognleed ”'
co-polyeSterég whrlst they may themselves ‘be vater-insoluble, they may be

water-solublefwhen 1n the form of a peptide- polyester salt). However,

ture of a peptide drug and a polyester, wherein all or
deis present as the peptide-polyester salt, in aqueous
, results in some degradation of the polyester. If

incubation of'a
part of the pe
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these degraded products are water-insoluble, then the degrading
peptlde-polyester salt will continue to be insoluble. On the other hand,
if the polyesterﬁls of sufficiently lov molecular weight initially, or
contains a polymerlc component of equally or similarly low molecular
weight, such that.vater soluble polyester-derived acidic fragments are
produced, theq_rhese fragments (as anions) are co-transportable with the

polypeptide catien; It has been shown for the new peptide-polyester'saltxq '

compositions Oféﬁhiﬁ invention that immediacy of release is strongly
dependent on the:-molecular veight and molecular veight distribution of

the polyester cé;ronent.
Holeculaffyeight distribution is defined as

K :::‘.

vhere H, (veigﬁﬁiaverage molecular weight) = Zwi.Hi = L‘ni.Hi2
v .Zni.H
and H (number average molecular we1ght) = Eni.H
tni

Holecul

Handbook", 2nd ditron, J Vrley 1975 IV~3 ) It_1s generally accepted

distribﬁtioni fal polydispersity, and more than approximately 2.2 is
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a wide or broadﬁ&igtribution or high polydispersity.
For the adm1nzstration of peptide drugs by the parenteral route,

such as intramuscular or sub-cutaneous injection or sub-dermal
epot or delivery system, polyesters -having a number

implantatlon of_u

average molecular welght of more than 2000Da, or an inherent viscosity at_ .

1%w/v at 25°C ir gb;oroform of more than or equal to 0.08 dl/g, and up to
and including 4. dl/g, are preferred. For administration by other

routes, such asfd%ﬁlly, the preferred range of number average molecular
veight is 500 to'.5000Da.

Y

It is ob71ous from the above considerations, which have largely
been ignored in. the state of the art, that the degradation of the
polyesters, partlcularly in the presence of basic peptide, to give even a
small fraction of vater-soluble derived fragments, and the time interval
for this to occur, ‘'will be controlled by molecular weight and molecular
weight dlstrlbution. Essentially immediate degradation to water-soluble
fragments occurs us1ng both narrow and normal distribution polyesters,
having weight av iage molecular weights of less than about 10,000Da and
less than about ?,I'S,OOODa respectively . (dependmg on the type of molecular_
veight dlstributldn), but in general the lower the polydispersity of the
polyester the 1pye;-the veight average molecular weight required for
immediate degraﬁf;ion to water-soluble fragments. For polyesters of
-. ecular weight of greater than 15,000Da, normal or wide
distributions a quired. Again this-depends in part on the nature and
type of the molecii ?r'veight distribution, but in general the higher the
weight average' ecular weight, the higher the polydispersity needed in
order to achieve early degradation to vater-soluble fragments.

weight average

For poly :ter or:co-polyester and peptide compos;tions vhere some
or all the pept“de 15 in the form of a peptide-polyester salt, optlonally
containing freegpolyester, three different release profiles can be
obtained. The 5 st of these is vhen degradation of the polyester occurs
to give esseﬂ:‘gll- immediate generation of acidic water-soluble or
- ! §, which results in immediate release of peptide

hydrophilic fra
lowing mechanism:-
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B ~.0" 1'.0“ + P zmmomooe >PB _y + BT.DY meeeeee > drug
release *
polymer/drug where P-is a ) . vhere PDV is a
salt which i degraded vater- ‘vater-soluble drug
totally inso; jsgluble or hydro- species and P, is
~-uble in water hilic fragment a water-insoluble
" but_Pn_l'D+ is | degraded polymer

water-insoluble

in the presenc 0 free polymer. ‘However, thg polymer degrades to water-
in the presence of peptide, almost immediately, wvith

the consequé: t almost immediate sustained continuous release of the

peptide comme hIt is to be noted that the diffusion of the free

vater-soluble pept de through the degrading composition is facilitated by
the 1ncreased permeability of the matrix due to the presence of the

peptide-polyeste alt in the continuous phase that modulates release.

The .;theée cases is wvhen all the peptide drug is present
ter salt (optionally in the presence of free
olyester does not degrade immediately to
fragments. ‘This results in an initial interval in wh1ch
'eleaseiof peptide drug. Even though the peptide-polyester

atrix increased permeability to free diffusing

vater-solub

there is no 3
salt confers: X
"é ig;nb;free peptide drug available to diffuse. All the

peptide, ’ o
, the form of a vater-insoluble peptide-polyester salt, and
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it is only after some considerable time that the polyester degrades to
water-soluble fragments and gives rise to free and transportable drug.
This results in an extended induction period, during which there is
initially no peptide release, following which induction period, release

commences. This - second case. is ideal for timed and pulsed release of

solublé vaccines and ‘peptides. ' S L

The third case is when a formulation, based on a peptide-polyester
drug system which contains a peptide drug both in its. free form and in
the form of a polymer-drug salt, optionaily also in the presence of free:
polyester, and in which the polyester has a weight average molecular
veight of greater than about 15,000Da, (and preferably greater than about
30,000Da), and having a narrow, or most probable, molecular weight
distribution, is;placed in a physiological environment, such as is found
at intramuscular and sub-cutaneous injection sites, discontinuous release
can result. A first phase of release arises because of the presence of
free peptide drug, and its ability to be transported through the more
permeable peptide;polyester salt system. If this first phase of release
of free peptide drug is complete before degradation of the polyester in

- the- peptlde-polyester salt occurs to give further free peptide drug, then-

discontinuous peptide drug release vill ensue.

0bv1ously, if there is no interval in which free’ peptide drug is
absent from the compos1tion, during its degradat1on, then continuous
release will be obtained. This release profile is similar to that
disclosed in Eurcpean Patent No. 58,481,;but the mechanism of release in
European Patent]ﬁo; 58,481 and the materjals used (no peptide-polyester
salt) are quite_different frcm'the'mechaéisms and materials defined in
this application. 'Depending on release éfpﬁile these mixtures are ideal

‘for continuous telease of.peptides,-p:otéins and soluble vaccines.

As stated above, these peptide-polyester drug salt systems, thelr
physxcochemzcal characteristlcs and the mechanisms by which release of -

the peptide occurs, are qulte different from those disclosed in European

and 52,510, and all other publications relating to

Patents Nos. 58, 4:
peptlde release; rom_homo— and co-polymers of lactic and glycolic acids,
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vhich are known to.the inventor hereof. Of these only European Patent
No. 58,481, Lawter et al (loc. cit.) and Okada et al (loc. cit.) make any
reference to salt formatlon arising from the ionic interaction of
polyester carboxylic_acids groups and basic amino acids in peptides, but
the composition ﬁa&e-as desctibed thereiﬁ contain no peptide drug/-

‘polyester salt. These prior dlsclosures, hovever, are speculative in
this regard, and’ do not establish conclu51ve1y that such interactions do

indeed occur, nor3¢o“they demonstrate hov such peptide-polyester salts
can be preparediadﬁ'isolated, and then used to effect the release of
peptides, with a'sariety of different profiles of release, by virtue of
their unexpected'sEIpbility in lipophilic organic solvents. '
Amongst the propertles of peptlde—polyester mixtures that will
determine release, and which have not been mentioned hitherto, are the
number of basic fqgctronal groups in the peptide and the number of
carboxylic acid grpups in the polyester. The above-mentioned
publications areﬁa;so silent with regard to the remarkable and unexpected
effects arising frEﬁ'the use of the peptide-polyester salts, and the
surprisingly h1gh permeablllty of systems containing, in whole or in
part, the peptlde—polyester salt, compared with the permeability of the
polyester alone,- or ‘mixtures in vhlch the two components are 51mply

mixed, and whlch therefore contain rio- peptlde-polyester salt.

This differeﬁte in permeability can be demonstrated in simple
diffusion cell experiments, vherein a edntiuuous and fault-free polyester

membrane, separating tvo aqueous compart@ents, one containing an aqueous
peptide solutioﬁi _ﬁ{the other cqntainrﬁé the aqueous phase alone, will
not allow pepti . :ransport across it, ﬁrier to significant degradation
of the membrane ifester. In contrast, membranes containing, vholly or
in part, the pep;nde?polyester salt allovs_drug transport across the
salt-containing membrane by partztronfd‘ endent diffusion, even if the

peptlde has a molecular werght of greater'than SOOBa.

olyester 'salts of the inventioh have many other
1 ‘advantageous properties, unknown in any similar

surprising and use:

prior art materia hich are particularly.useful in the design and
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manufacture of pharmaceutical delivery systems. One of the most useful
of these properties is the good solubility of the peptide, when in the
form of a polyester salt, in organic solvents in which peptides are
normally totally insoluble. This offers a great many advantages in

- pharmaceufical manufacture, in that it allows new processes and°
procédures to be used for the manufacture of dfug delivery systemslgand
particularly facilitates aseptic manufacture. These processes and
procedures, and the materials used, are totally different from the
procedures and materials disclosed in the prior art.

Thus, solutions of a peptide-polyester salt, optionally containing
free polymer, and/or free peptide in a solubilised or dispersed form, can
be sterile-filtered, thus easing the problems normally associated with
the sterile manﬁfacture of solid or suspension peptide formulations. A
sterile-filtered solution of a peptide-polyester salt can therefore be
subjected to a vafiety of pharmaceutical drying procedures in an aseptic
environment. Spray-drying, spray-congealing and other drying procedures
vhich generate solid particles are preferred processes which readily lend

themselves to aseptic operation.

' Particﬁlérly useful is the generatidn of microparticles having"
particle sizes in the range from 0.2um to 500um, which can be suspended
in a pharmaceutically acceptable injection vehicle. Such microparticles
can be suspended in an aqueous injection vehicle prior to use, or _
alternatively in an orgéhic injection vehicle which is a non-solvent for
the materials used. For delivery systems based on homo- and co-polymers
of lactic and glycolic acids,fsuitabie such organic vehicles are highly
lipophilic oils, such as (but not limited to) ethyl oleate, isopropyl
myristate, veggtable oils and various fatty glycerides. In certain
ci:cumstances,.it is preferred to use mixtures of such lipophilic

vehicles.

Although such lipophilfc vehicles are non-solvents for delivery
forms based on_i&Ctic and glycolic acids, they are unsuitable for use
- with highly lipéﬁhilic polyesters such as those based on long chain
hydroxy acids, er example hYdroxystearic acids. For such highly
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lipophilic pdl&ééiers or co-polyesters, hydrophilic organic injection
vehicles are?prqférred, such as (but not“limite@.to) propylene glycol and
I fght polyethylene glycol. ‘'Obviously, aqueous injection
suitable for delivery systems based on the more

native means of making mitroparticles utilises another
antageous property of the peptide-polyester salts of

he peptide-polyester salt is comprised of a hydrophilic
ould prefer thermodynamically to exist or dissolve in an
nvironment or phase, and a polyester chain which is

peptide, which'v
aqueous or pola
hydrophobic,fan would prefer thermodynamically to dissolve in a
hydrophobic épgggf That is, the peptide-polyester salt is amphipathic,
and has surgﬁ_ ictive properties which are not present in simple peptide
salts. _This_éﬁiféce activity results in the peptide-polyester salt
preferring td’ 'éi at a phase interface, and because of the general
nature of the-salt {proportion and length of the hydrophobic chain) the
1ly stable type of dispersion in a largely aqueous
ﬁeptide-polyester salﬁito exist as a dispersion in water
micellar concentration is very low, and not all the salt

most thermodynam
phase is fori
(as the criti
can exist at;f 1nterface in many 51tuations ) -

t'en, therefore; that the peptide-polyester salt is an
ve dispersant for mak1ng, as wvell as for malntalnlng,
;In th1s second procedure for

It can
extremely effe
of a ueous dispersions.

alcohol, usi:

to carry out. erations such that ﬁ@é'aqueous dispersion is carried
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:fthe absence of carhqpfdioxide and in an inert
further preferred ;hathhé organic solution of the
dlt be free of carbbnjdioxide, because the

out effectively
atmosphere. I
pept1de-polyeste
concentration of atbbn dioxide in air énd vater under normal conditions
“in comparison vxth the concentrations of polyester

carboxylic éci groups, to enter into competitive salt formation due to

mass action effects, according to the equation:-

vhere P is pol&égféf:énd D is peptide drug. The resultant aqueous
dispersions may then.be dried by a variety of techniques, such as removal
of the organic’ olvent in vacuo followed by freeze drying, or by directly
removing both'ﬁh §d1vent and the vater in a single freeze drying
operation. Thé._elgltant product may;th?ﬁ be used to make suitable

I pre rations for injection in the manner described above.

pharmaceutical p:
A furt:j :g:native means of_@aking microparticulate

.fo milations uses an esséntially dry solution of the

1t, containing colloidally dispersed free peptlde, in

blvent or vehicle.’ (The term "essentlally dry" is

pharmaceutica

a suitable or
used, as it is ally impossible to remove all traces of water from
the peptide,_ ' ﬁhermore it means that_none of the drug exists as an
aqueous solut a 'separate aqueouq;pyase.) Addition of a non-solvent

conditions of vigorous agitation, followed by the

pplygster salt (optionally
taining free drug) to a large
“harden and stabilise the

nal form. Obviously, under the
' oﬁ a suitable surface active
atfy acid esters of sorbitol,

t f'the microparticles be carried out using a single

.fpolyester, for ex__pl' a: ‘paraffin such as hexane.

the precipitat

non-solvent

The m: ious processes described herein

part1 les made by the
are totaily-j 2 he microcapsules prepared

structurally fro
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according to §h methods outlined in European Patent Nos. 52,510 (Syntex) _
and 145,240“ciakQEA), vherein the peptides are encapsulated in a phase of
incrocapsules are defined as one or more cores of one

polyester al é; _
compound of*hﬁtéfiél within a continuous second phase, so that a
continuous c'rtlng of the second phase material totally encloses or

m1croencapsulates:the core material such that none of that mater1al

exists at th ?sufféce of the microcapsules, and mlcroencapsulated core

material retéans 3n all respects the physicochemical and thermodynamic

properties d' th 1unencapsulated core compound or material.

Thus, - i Eﬁ;opean Patent No. 52,510, a phase separation
coacervationiprq iss vas used to coat droplets of an aqueous dilute
he ptide such that the polymer alone comprised a
“around the aqueous droplets. That is, they are true

solution of t

continuous coat :
”h1ch have the geometry and shape of microspheres. After

re@;pltated microcapsules and hardening and drying, a

product was“”btaihéd vherein the peptide drug exists as a discrete core
a polymer envelope. Because of the presence of water in

*the microcapsule prior to drying, its removal during the

microcapsules

or cores with
the interio

~ dehydration p cesg at a temperature which is below the glass transition

: 1polyﬁer can result in a particle which is highly
foraminous. 0 5tage does the process and materials, used or:
described ih ean Patent No. 52,510, involve a peptide-polyester
salt, nor{dbé: th_fdisclosed process allow of sterile filtration of a
peptide-pdly_stefléolution or suspension, if aseptic manufacture is

required.
Furthe this prior patent specifically used the polyesters
based on lac /or glycolic acids descrlbed in US Patent No.

In European:Patent No. 190,833 (Takeda), the peptide was entrapped
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s ‘solution of drug, and -the aqueous gelled phase was
mer solution. This water(aqueous drug gel)-in-oil
ispersion was then ifself dispersed under shear in

dispersed in a.
(polymer solutic

vater, to give _ water- in-oil-in-vater double dispersion. After removal

‘of the organic so ént under vacuum, and lyophllisatlun, microcapsules

“the drug/gellzng agent vas encapsulated by polymer
s of this process re;ain the drug as the simple $alt,
mer salt of the peptidé; The pharmaceutical

resent invention therefore have structures,
cteristics and thermodynamic properties, which are
gdm the products desqribed in European Patents Nos.

vere obtained wh
alone. The prqg
and not as the j
formulations_of;f
physicochemical’
totally differen
52,510, 145,240°
geometry of mic

190,833, wvherein the microcapsules have the shape and
heres in vhich a core, or cores, of drug is totally

laéf (but are not limiﬁed to) microspheres, but either
;psules at all as defined above but rather are
ﬁ'gépolyester salt (optionally also containing free
fé:microcapsules_wherein free peptide drug is
continuous phaée oF cbating of the polymer-drug
so containing free polymer. As .indicated above,.the

polymer), or the

salt, optional

permeability p: ties of such a polymer-drug salt are totally different

fqumer alone, so théiproducts of the present
eir peptide drug load in a manner vhich is totally

from those of 1

invention releas
different fro :the
145,240 and 199

3. described in pridf%%ﬁfopean Patents Nos. 52,510,

Thus, a: thé: embodiment of tﬁ fﬁvention is the preparation of

sules, using a solution of the

either microsphéres vhich are not micro

_ ‘péptide-polyés%ét*sait, optionaliy toﬁé ning free polymer, or the

spheres vhich are m ocapsules,'but which comprise

preparation of.
'ed by a phase or coh 1ng of peptzde polyester salt,

free drug encap
optionally doq; free polymer.

rticles can be_méé?ﬁby a variety of different
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processes such as precipitation, phase separation coacervation, spray
drying and spray congealing. The preferred particle size ranges from
0.2um to 500um, and said particles can be injected as a suspension in a

suitable injection vehicle.

- Particularly effective and useful parenteral pharmaceutical
formulations of peptide drugs can also be prepared in the form of
solutions of a drug-polyester salt, optionally containing free polyester
and optionally containing dispersed or solubilised free drug, in a
pharmaceutically acceptable organic solvent vhich is a solvent for the
free polyester but a non-solvent for peptides and simple salts thereof,

such as for example chlorides and acetates.

Thus, according to the present invention, however, there is
provided a pharmaceutical composition comprising a peptide drug and a
polyester, for extended release of the peptide drug, characterized in
that the composition is in the form of a solution, comprising:

(a) a basic peptide drug, as hereinbefore defined, having a molecular
weight of at leaét 300Da, and preferably at least 800Da, which is
in the form of a salt with the polyester, the salt comprising a
cation of the basic peptide and an anion of a carboxy-terminated
polyester,

(b) a pharmaceutically acceptable organic solvent which is a solvent
for the free polyester but not a solvent for the free peptide,

(c) an excess of the polyester, and optionally

(d) an excess of the free peptide drug in a solubilised or colloidally

dispersed form.

Suitable basic peptides and carboxy-terminated polyesters are
those defined above, and particularly preferred peptides are those

synthetic "LHRH analogues defined above.

For polyester-peptide drug salts wherein the polyester is based on
homo- and co-polymers of lactic and glycolic acids, suitable
pharmaceutically acceptable organic solvents include, but are not limited
to, benzyl benzoate, benzyl alcohol, ethyl lactate, glyceryl triacetate,
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esters of citric acid, and low molecular weight (<1000) polyethylene
glycols, alkoxypolyethylene glycols and polyethylene glycol acetates,
etc., and of these benzyl benzoate and benzyl alcohol are preferred,

especially benzyl benzoate.

" The only requirement”for such an organic solvent is that it is
pharmaceutically acceptable and that the polyester-peptide drug salt 'is
soluble in it. Whether or not a single such solvent is used, or a
mixture of such solvents, the suitability of such solvents can be
determined readily by simple experimentation. Homo- and co-polymers of
lactic and glycolic acid are amongst the most polar and lipophobic
polyesters, and so will not dissolve in such organic injection solvents
as ethyl oleate, vegetable oils and other lipophilic carriers, but homo-
and co-polymers based on lipophilic monomers or co-monomers, or
lipophilic hydroxy'acids such as hydroxystearic acid, are soluble in such

lipophilic injection vehicles.

The ratio of peptide drug to polyester in the solids which are
dissolved to form the solution composition of the invention, will
naturally vary according to the potency of the peptide drug, the nature
of the polyester used, and the period of peptide drug release desired.

The preferred level of peptide drug incorporation is from 0.1 to
30%w/v. In general, the optimal drug loading is dependent upon the
molecular weight of the polyester and its molecular weight distribution,
the period of release desired, and the potency of the peptide drug.
Obviously, for drugs of relatively low potency, higher levels of

incorporation may be required.

Vater uptake by the composition is an important factor in
controlling the rate of hydrolytic scission of the polyester, and the
rate of water uptake is to some degree determined by the drug loading on
the composition. Thus, in cases vhere relatiﬁely rapid drug release is
required over a relatively short period, say three months, up to 30%

peptide drug loading may be appropriate.
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The monomer composition of a co-polyester, for example the ratio
of lactide to glycolide in lactide-co-glycolide polyesters, is also
important in determining the rates of polyester degradation and peptide
drug release. Duration of release is also determined in part by the
veight average molecular weight of the polyester, but the amount of
peptide drug which can be incorporated as drug-polyester salt is
determined by the number average molecular weight. That is,

polydispersity (the ratio of weight average to number average molecular

weights) is an important parameter.

Thus, for durations of peptide drug release of from one to four
months, compositions comprising polyesters of weight average molecular
veight from 4000 to 20000 with polydispersities of from 1.2 to 2.2, and
peptide drug contents of from 0.1 to 30% are preferred. 1In general, the
lover the drug loading, the lower the weight average molecular weight and
the higher the polydispersity of the polyester are required. For longer
release periods, say from two to six months, it is preferred to use
peptide drug loadings of from 0.1 to 20%, and polyesters having weight
average molecular wveights of 8000 to 20000, and polydispersities of from
1.5 to »2.2.  For release periods of greater than six months, peptide
drug loadings of from 0.1 to 10% are preferred, suing polyesters having a
veight average molecular weight of from 20000 to 50000, and
polydispersities of >1.8.

The level of incorporation of total peptide-polyester solids in
the composition of the invention will naturally vary, depending upon the
potency of the peptide component, the period of time over vhich delivery
of the peptide drug is desired, the solubility of the total solids in the
solvent of choice, and the volume and viscosity of the solution

composition which it is desired to administer.

The viscosity of the solution composition of the invention is
determined by the molecular weight of the polyester and the peptide drug
loading. 1In general, solutions containing over about 40% solids w/v
(peptide drug/polyester salt, free drug, free polyester) and vhere the
polyester has a weight average molecular weight of >8000, are difficult
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to administer by injection because of their viscosity. Thus solutions of
€40% w/v are preferred for these polyesters. For solution compositions
comprising polyesters of weight average molecular weight from about 8000
to about 20000, concentrations of <30 w/v are preferred, and for solution
compositions comprising polyesters of molecular weight from about 20000
to about 50000, concentratiéns of £20% w/v are preferred. In some
circumstances, for example if it is desired to inject the compositionm
using a very narrow needle, very low viscosity solutions may be
preferred, and the concentration could be reduced to 2% w/v or even less,
but there will be a balance, of course, between reducing the viscosity

and increasing the volume required to be injected.

According to a further feature of the invention, there is provided
5 process for the manufacture of a composition of the invention, which
comprises:
1. dissolving an intimate mixture of the basic peptide drug and the
polyester in the pharmaceutically acceptable solvent; or
2. slowly adding a solution of the peptide drug in a 1-6C alkanol to a
solution of the polyester in a solvent suitable for injection,
vhereafter if the hydroxylic solvent is not pﬁarmaceutically
acceptable for injection it is removed by evaporation, or if the

hydroxylic solvent is pharmaceutically acceptable for injection, its

removal may not be necessary.

The intimate mixture of the basic peptide drug and the polyester,
used in process 1. above, is preferably obtained by dissolving the basic
peptide and the polyester in a solvent or solvent mixture which is
capable of dissolving both the basic peptide drug and the polyester, and
vhich is capable of being freeze-dried. Suitable examples of such
solvents or solvent mixtures are glacial acetic acid and mixtures of
dioxan and water, followed by freeze drying of the solution so obtained.
Alternatively, the two components may be dissolved in for example

dimethylsulfoxide, and the solvent subsequentiy removed.

The intimate mixture may also be obtained by dissolving the

peptide drug in a hydroxylic solvent, for example methanol, ard adding
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this solution to a solution of the polyester in for example
dichloromethane, followed by removal of the solvents, for example by

evaporation.

Alternatively, an agueous solution of the peptide drug as the
chloride salt may be added to an aqueous solution or dispersion of the
sodium salt of the polyester, and the mixture freeze dried to give a.
mixture of the peptide drug/polyester salt and sodium chloride. The
latter may be removed if desried by mixing the product in an organic

solvent and filtering off the insoluble sodium chloride.

In process 1., dissolution of the intimate mixture in the
pharmaceutically acceptable solvent may be hastened by heating and/or

stirring of the reaction mixture.

In process 2. above, a suitable alkanol solvent for the peptide is

for example, methanol, ethanol or propylene-1,2-diol.

A major advantage of pharmaceutical peptide drug products in the
form of solutions of a polyester-peptide drug salt, optionally containing
free drug and/or free polyester, is that preparation of an injectable
product in sterile form, for immediate use without any need for premixing
prior to administration to a patient, can be manufactured using sterile
filtration. This is a much simpler manufacturing operation than the
sterilisation of a solid or suspension product. An alternative process
for the manufacture of sterile injectable solutions is to dissolve a
sterile polyester-peptide drug salt, optionally containing free drug
and/or free polyester, in the pharmaceutically acceptable organic

injection vehicle.

Although these formulations are primarily those for parenteral
routes of administration, the polyester-drug-salts of the invention may
also be used in the manufacture of orally administrable formulations.

A quite different type of formulation, which can be injected or

implanted sub-dermally, is a drug delivery system based on implants or



-31-

mixtures of different types of implant. These can be prepared from the
polyester-peptide drug salts of the invention, optionally containing free
drug and/or free polyester, using conventional polymer melt-processing
techniques, such as, but not limited to, extrusion, and compression and
injection moulding, wherein elevated temperatures (preferably less than
100°C) are used to melt the polyester-drug salt in the preparation of the
implant. Preparations of such implants can be carried out under aseptic
conditions, or alternatively by terminal sterilisation by irradiation,
using but not limited to y- or X-rays. These solid dosage forms can be
reduced to microparticulate forms by comminution or milling. The
preferred particle sizes may range from lum to 500um, and these
microparticle delivery systems (which are neither microspheres nor
microcapsules) can be suspended in a suitable conventional

pharmaceutically acceptable injection vehicle.

The melt-processing of the peptide-polyester drug salt embodies
and illustrates a most significant and important difference between the
physicochemical and thermodynamic properties of the peptide-polyester
drug salts of this invention, and the free peptides and simple salts
thereof. The peptide-polyester salts of this invention in many instances
melt and flow, in contrast to the free peptides and their simple salts,

such as chlorides and acetates, vhich do not melt, but decompose at

elevated temperature.

Degradation of polyesters is in part dependent on their molecular
weight and polydispersity. Obviously, for degradation to occur mainly by
hydrolytic scission of ester groups, the polyester or a pharmaceutical
formulation containing a polyester, must take up vater. For those
systems vhere the release controlling matrix or membrane contains, in
vhole or in part, peptide-polyester drug salt, there will be a higher
vater uptake by the controlling matrix or membrane when compared to the
polyester alone. Consequently, continuous matrix phases or membranes
containing polyester-drug salt degrade differently from those continuous
matrix phases or membranes based on polyester alone. It will also be
understood that the rate of diffusion of water or physiological fluids

into such a release controlling polyester matrix or membrane will control
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in part the rate of degradation. This diffusion of water or
physiological fluids is also governed by the dimensions and shape of the
formulation, and so drug release from compositions containing polymeric

salts of polypeptides and polyesters is also dependent on these factors.

0f particular interest as the polyester'component of the
peptide-polyester drug salts of this invention, are those based on homo-
and co-polymers of lactic and glycolic acids, wherein the lactic may be
in any one or more of its optically active and racemic forms. Polyesters
of this general type have been known for many years and have been studied
in detail in a variety of controlled release drug delivery systems (see,
for example, "Controlled Release of Bioactive Agents from Lactide/-
Glycolide Polymers", by D H Lewis in "Biodegradable Polymers as Drug
Delivery Systems", ed. M Chasin & R langer, Marcel Dekker, and references

therein).

For example, United States Patent No. 3,773,919 indicates in broad
general terms that controlled release pharmaceutical formulations of
lactide polyesters and lactide co-polyesters containing antimicrobial
polypeptides might be prepared. However, the antimicrobial peptides
disclosed therein are unsatisfactory for generating a polyester salt,
since they either occur as sulfates, or have other features which inhibit
or prevent the formation of a polyester-peptide drug salt. Indeed, when
the Examples shown in this patent are followed, the mixing of the peptide
drug, irrespective of its nature, with a polymer at an elevated
temperature as disclosed, results in catastrophic decomposition of the

peptide drug.

Similarly, an antimicrobial polypeptide, colistin, is disclosed in
European Patent No. 25,698 as one of many listed compounds which
allegedly may be formulated with polylactide, but once again this
compound has structural features which prevent salt formation with the
terminal carboxylic acid groups of the polyester. Colistin is used
pharmaceutically only as colistin sulfate or colistin sulfomethate
sodium, neither of vhich forms allows the manufacture of amphipathic

salts vith polyesters according to the present invention. Other prior
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art vhich discloses the use of polypeptides with biodegradable polymers
based on homo~ and co-polymers of lactic and glycolic acids are European
Patents Nos. 52,510, 58,481, 145,240 and 190,833, previously referred to

above.

Although co-polymers of lactic and glycolic acids have been }povn
for many years, the complexity of their structure with regard to the
distribution of the co-monomer units and their subsequent sequence length
(runs of the same individual co-monomer unit in the co-polymer, which are
other than random), and the effect of such structural variations when
used as drug release matrixes, have largely been ignored in the prior
art. This co-polymer structure determines, in part, both the solubility
or swellability of the polymer in solvents such as benzene, as well as
the rate of degradation. This correlation was first noted by Hutchinson

(European Patent No. 58,481), but has been extended and refined in the

present invention.

To illustrate this point, U.S. Patent No. 3,773,919 discloses
certain controlled release drug formulations using 50/50 co-polyesters of
lactic and glycolic acids which are soluble in benzene, and indeed this
U.S. patent is specifically limited (in respect of lactic/glycolic
copolymers) to those which are benzene-soluble. The utility of these
benzene-soluble co-polyesters has been further reinforced by their
specific use in European Patent No. 52,510. However, earlier US Patent
No. 2,703,316, (which was commonly owned with U.S. Patent. No. 3,773,919)
disclosed 50/50 lactide/glycolide co-polyesters which were insoluble in
benzene. Since these two U.S. patents vere commonly owned (duPont), it
must be assumed that, in the invention claimed in the later of these
patents, the benzene-insoluble co-polymers were inferior in some respect
as compared to those which were benzene-soluble. This view is reinforced

by European Patent No. 52,510, which used only the benzene-soluble
co-polymers of U.S. Patent No. 3,773,919.

The prior art, with the excepticn of our own European Patent No.
58,481, has ignored the effect vhich the structure of co-polyesters of
lactic and glycolic acids has on their solubility and degradability. Ve
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have shown that for polyesters of similar molecular weight and molecular
veight distribution the following general relationship applies in most
cases for polyesters which are soluble in chloroform at 25°C, namely
benzene-insoluble polyesters degrade faster than polyesters wvhich are
swollen but not dissolved by benzene, and such benzene-swellable
polyesters degrade faster than those polyesters which are freely soluble
in benzene, vhen degradation experiments are carried out in aqueous
physiological fluids, or in buffer at pH 7.4 at 37°C. Consequently:-it
is particularly useful to use polyesters which are insoluble in benzene
to provide continuous release of peptides from parenteral formulations

over a relatively short period of time, say from one week to two months.

Thus, for compositions vhich may contain from 0.1% w/v of peptide
up to 75% w/v of peptide, the following holds with respect to polyester
composition, and its relations to structure, viscosity and

polydispersity.

For the manufacture of peptide-polyester drug salts which can be
formulated in accordance with this invention to give continuous drug
release over a period of a week to two months, the molar composition of
such benzene-insoluble polyesters, vhich preferably have a normal to wide
polydispersity, preferably ranges from 60% glycolic acid (or glycolide)/-
40% lactic acid (or lactide) to about 25% glycelic acid (or glycolide)/-
75% lactic acid (or lactide), and such polyesters preferably have an

inherent viscosity at 1% w/v in chloroform at 25°C ranging from 0.08 to

4.0d1l/g.

By suitable choice of the polyester parameters, including
molecular weight and molecular weight distribution, it is also possible
to achieve continuous release of polypeptides over a period of one week
to two months from formulations according to this invention, using
polylactic acid homopolymer or co-polyesters having a molar composition
ranging from 35% glycolic acid (or glycolide)/65% lactic acid (or
lactide) to 10% glycolic acid (or glycolide)/90% lactic acid (or
lactide), which are soluble in benzene, have an inherent viscosity at 1%

in chloroform at 25° of from 0.08 to 0.5d1/g, and have a narrov to wide
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polydispersity.

Continuous release of peptides over a relatively longer period of
time, say 2 to 6 months, from formulations according to this invention,
may be achieved using polylactic acid homopolymer or co-polyesters having
a molar composition ranging from 35% glycolic acid (or glycolide)/65%
lactic acid (or lactide) to 0% glycolic acid (or glycolide)/100% lactic
acid (or lactide), which are benzene-soluble, have an inherent viscosity

at 1% w/v in chloroform at 25°C of from 0.08 to 0.8dl/g, and have a

narrow to wide polydispersity.

Continuous releasé of peptides over a very long period of time,
say up to 2 years, from formulations according to this invention, may be
achieved using polylactic acid homopolymer or co-polyesters having a
molar composition ranging from 25% glycolic acid (or glycolide5/752
lactic acid (or lactide) to 0% glycolic acid (or glycolide)/100% lactic
acid (or lactide), which are benzene-soluble, have an inherent viscosity

at 1% w/v in chloroform at 25°C of from 0.2 to 4.0d1/g, and a normal to

high polydispersity.

Timed or pulsed release (with an induction period prior to
release), or discontinuous release (where there is an initial phase of
release followed by a period of no release or ineffective release,
folloved by a second phase of release), over a relatively short period of
time, say up to 2 months, may be acheived with the formulation according
to this invention, using benzene-insoluble polymers which have a narrow
to most-probable molecular weight distribution, and an inherent viscosity

at 1% w/v in chloroform at 25°C from 0.3 to 4.0d1l/g.

Yet another feature of the present invention, which is novel and
distinguishes this invention from all other previously described
controlled release drug delivery system base@ on polyesters or
co-polyesters, and vhich further controls the rate of release, is the
level of incorporation of peptide as the polyester salt (optionally in
the presence of free drug and/or free polymer). This further controlling

feature differs entirely from those parameters which result in increased
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release rates in more conventional delivery systems based on polyesters,
vhich are directed towards the delivery of highly lipophilic drugs having
relatively low aqueous solubility, such as steroids. In those cases, as
the level of drug incorporation increases, an increased rate of release
is generally seen, even though the vater uptake of such systems is
reduced, due to the increased phase volume of lipophilic drug. In fact,
such increased rates of release of drugs such as steroids are dependent
on the drug retaining its thermodynamic identity, and on simple Fickian
diffusion kinetics (see Baker and Lonsdale, loc. cit.) That is, for
drugs such as steroids, as drug loading increases, and providing the
lipophilic drug has some solubility in the lipophilic polymer, simple

Fickian diffusion rates are increased.

A totally different situation exists, however, with the products
of the present invention. It is now recognised that a major component
part of the degradation of polyesters and co-polyesters is hydrolysis of
ester groups, and the rate at vhich this occurs is dependent on water
uptake (see Pitt and Zhong-wei Gu, J. Controlled Release, 4, 283-292
(1987); Hutchinson and Furr, ibid., 13, 279-294 (1990)). Peptides are
hydrophilic, and their salt formation with polyesters results in a phase
containing polyester-drug salt vhich has a higher water uptake than the
polyester alone.” That is, the polyester chain in the salt can degrade
faster than free polyester alone, which has a similar composition,
molecular veight and polydispersity. As peptide release is strongly
dependent on degradation, then release is governed in part by both the
level of incorporation of the polyester-peptide drug salt in the
composition, and the proportion of peptide in the salt. For polyesters
or co-polyesters of the same composition and structure, increasing one or
both of these parameters results in increased rates of release, and by
implication can reduce, in certain circumstances, the periods of time
over which release can occur. Levels of peptide drug incorporation,
either as polyester-drug salt, or as polyester-drug salt in combination

vith free peptide, preferably range from 0.1% w/w to 75% w/w in the

polyester-drug formulation.

The peptide drug loading in the composition of the invention and



~37-

its variation with polyester molecular weight and polydispersity, is as
follows. For continuous release of a peptide over very long periods of
time, say up to 2 years, low levels of drug incorporation, ranging from
1.0% to 20% w/w, are preferred, using polyesters which have a preferred
veight average molecular_wgight of 20,000Da or more and POlydiSPersities
greater than 2.2 and preferably greater than 3.5. These parameters for
very long term release also depend in part on other features vithih'thé
drug formulation, such as composition with respect to co-monomer content,
structure, solubility/insolubility in benzene, and geometry and
dimensions of the dosage form. A polyester of weight average molecular
weight of about 20000 hgs an inherent viscosity of about 0.2, dependent

upen such factors as its structure, composition and polydispersity.

For continuous release over relatively long periods of time, say
up to 6 months, preferred levels of peptide drug incorporation range from
0.5% to 35% w/v, using polyesters or co-polyesters having weight average
molecular weights of preferably 10,000Da or more, and polydispersities
greater than 1.8 and preferably greater than 2.2, depending on all other
parameters such as composition, structure, solubility/insolubility in

benzene, and geometry and dimensions of the dosage forms.

For continuous release over relatively short periods of time, say
up to 2 months, preferred levels of peptide drug incorporation range from
0.1% to 75% w/w, using polyesters having preferred weight average
molecular weights of 2,000Da or more, and polydispersities greater than
1.2, depending on all other parameters such as composition, structure,

solubility/insolubility in benzene, and geometry and dimensions of the

dosage forms.

An additional parameter which further controls peptide drug
release from formulations according to this invention, and which is
absent from prior art types of delivery systems based on homo- and
co-polymers of lactic acid and glycolic acid, is the functionality of the
peptide, vith regard to the number of basic groups such as arginine and
lysine residues in the peptide drug molecule, and the functionality of

the polyester or co-polyester with respect to the average number of
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carboxylic acid groups contained by the average polymer or co-polymer
chain. 1In general, for continuous release of the peptide drug, the
greater the level of such polyfunctional interaction in the
peptide-polyester polyelectrolyte complex, the greater the polydispersity
required. In contrast, for discontinuous or pulsed release,

polydispersities of less than 2.2 are preferred.

One of the relatively rare occurrences of mutual compatibility or ™~
solubility of two polymer types having different chemical structures, is
represented by mixtures of polyesters, based on homo- and co-polymers of
lactic and glycolic acids, with low molecular weight polyoxyethylenes,
and in particular low molecular weight polyethylene glycols. This
compatibility has been put to good effect in polyester-peptide drug salts
and their preparation, in the present invention, in a novel and
unexpected way. Thus, it is known that certain pharmacologically active
peptides can be ’‘pegylated’, that is conjugated with a polyethylene
glycol or alkoxy-polyethylene glycol, in such a way that the
pharmacological activity of the peptide is retained. The presence in the
pegylated peptide molecule of the conjugated polyoxyethylene chain thus
renders the pegylated peptide partially compatible with the polyester or

co-polyester.

Thus, providing that the remaining lysine or arginine residues in
the pegylated peptide occur as salts of weak acids, this compatibility
facilitates the preparation of the polyester-peptide drug salt, as well
as adding a further element of control of release. Pharmacologically
active conjugates of peptides with other vater-soluble polymers, such as
polysaccharides, synthetic polypeptides and polyvinyl pyrrolidone, are
also useful, but are less preferred as none of these latter water-soluble
polymers is soluble or compatible with the polyester or co-polyester.

This invention preferably applies to pharmacologically active
drugs containing basic functionality. However, it can also be applied to
peptides which are pharmacologically active and.vhich are either neutral
or tend to exist largely as polyanions (polypeptides having excess

carboxylic acid functionality).
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In the first of these instances (a pharmacologically active
neutral polypeptide containing neither acidic nor basic residues) a salt
of a synthetic polypeptide, vhich contains basic functionality and which
is pharmacologically inactive, and the polyester, is used. Such a salt
of the pharmacologically iﬁactive synthetic polypeptide and the polyester
or co-polyester is also amphipathic, and so can act as a dispersing:”
agent for solubilising or colloidally dispersing a pharmacologically

active, but neutral, peptide in an organic phase.

In the second of these cases, (where the pharmacologically active
polypeptide contains residual carboxylic acid functionality), a salt of a
synthetic polypeptide having at least two basic groups in the synthetic
polypeptide chain, and which is pharmacologically inactive, and a
polyester or co-polyester, is used. In this second case, in the salt of
the synthetic polypeptide and polyester, the concentration of basic
functional groups in the salt is greater than the concentration of
carboxylic acid groups in the acidic, pharmacologically active peptide.
This excess basic functionality in the salt can then interact by further
salt formation with the carboxylic acid groups of the acidic
pharmacoiogically active peptide. The resulﬁing salts complex may then
be solubilised or dispersed in an organic solvent or phase which is
normally a total non-solvent for the peptide in question, but which are

solvents for the polyester or co-polyester, in the manner described above

for other polyester-peptide salts.

Because salts of peptides containing basic functionality with
polyesters and co-polyesters containing carboxylic acid functionality are
amphipathic, their surface active properties can be used to facilitate
the dispersion of other hydrophilic drugs, or aqueous suspensions of such
drugs, in an organic solvent or phase containing the polyester-peptide
salt. The use of such amphipathic salts of peptides with polyesters or
co-polyesters as dispersing or solubilising agents forms a further

feature of this invention.

The invention is illustrated, but not limited, by the following
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Examples.

The measurement of viscosities and their relationship to the

various averaged molecular veights are discussed in Sorensen and

Campbell, "Preparative Methods of Polymer Chemistry", 2nd edition, 1968,
Interscience Division of John Viley, pages 43-50. In the Examples
described below herein, an Ubbelohde viscometer giving a flow time. for
chloroform alone of about 100 seconds vas used. Chloroform was used as a
the solvent as this was a solvent for both benzene-soluble and

benzene-insoluble polymers over the composition range disclosed.

Holecular weights and molecular wveight distributions of polyesters
described in this application of molecular veight greater than about
2000Da, were determined by size exclusion chromatography, relative to
polystyrene standards, using 3 x 30cm PL Gel, 10um mixed B columns (ex
Polymer Laboratories, Church Stretton, Shropshire, UK) connected in
series and fitted with a 10um guard column. Tetrahydrofuran was used as
solvent at 40°C with a nominal flow rate of Iml pef minute. Holecular
veight characteristics were calculated using Data Analysis Package

Perkin-Elmer 7700 Professional Computer with GPC software.

For measurement of molecular weights of less than 2000Da, size
exclusion chromatography is not the preferred method of melecular veight
determination, and instead non-aqueous potentiometric titration can be
used, to give either the molecular weight or equivalent weight of the
polyester, by direct measurement of the carboxylic acid content of the
polyester or co-polyester. Non-aqueous potentiometric titrations were
generally carried out using a knovn veight of polyester or co-polyester
dissolved in acetone containing 10% v/v of water. Titrations vere
carried out using dilute sodium hydroxide solutions and using equipment
supplied by Radiometer (Copenhagen, Denmark). This consisted of a
titrator (TIT 80) and autoburette (ABU 80), a pH meter (PHM 83) and a
Russell CMAWK electrode. The titration vas plotted on a Servograph (REC

80) and molecular weight of the polymer is
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v x 1000 x £

vXn

vhere w is the weight of polymer used,

f is the average number of carboxylic acid groups per polymer
chain :
v is the volume of sodium hydroxide used,

n is the normality of the sodium hydroxide used.

Example 1.

Goserelin acetate (100.6mg, equivalent to about 86mg of peptide as
free base), and 50/50% molar D,L-lactide/glycolide co-polymer (300.3mg)
containing one terminal carboxylic acid group per polymer chain and
having a weight average molecular weight of 4300Da and an inherent
viscosity at 1% w/v in chloroform at 25°C of 0.08d1/g, and which was
insoluble in benzene, were dissolved in anhydride-free glacial acetic
acid (3ml). The acetic acid solution of drug and polymer was added
dropwise to liquid nitrogen, and the frozen droplets were freeze-dried
for 24 hours under high vacuum conditions. The freeze-dried product was
finally post-dried at 50°C for 24 hours under high vacuum, to give a
polyester-drug mixture containing nominally about 25% w/v goserelin
acetate (equivalent to about 22.3% w/v peptide as free base).

The dried polyester-drug mixture (400mg) was added to
dichloromethane, and made up to 4ml. Initially, a cloudy colloidal
mixture was obtained, but over the course of 1 hour this gradually
cleared to form a clear solution. This solution was cast as a film, and
alloved to dry at room temperature for about 6 hours, then for 20 hours

at 50°C under high vacuum. A clear, transparent film containing

polyester-drug salt was thus obtained.

(1) The clear, transparent film (100mg) thus obtained wvas melted and
compression moulded at 80°C to give a transparent film, about 0.02cm
thick. On immersion in water at 37°C for 24 hours, the weight of the

hydrated drug/polymer film increased to 225mg. 1In contrast, the
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polyester alone (100mg) similarly treated increased in weight to only
126mg, and a film comprising a simple admixture of goserelin acetate
(25mg) and polymer (75mg) (made by adding drug to a solution of polymer
in dichloromethane, removing the solvent and compression moulding the
resulting material to give film about 0.02cm thick) weighed only 136mg
after 24 hours immersion'iﬂ vater at 37°C. It is apparent from this
experiment that the polyester-drug salt composition is considerably more B
hydrophilic, and has a higher water-uptake, than either the polyester

alone or simple admixtures of drug and polyester.

In the simple admixture of drug and polymer in dichloromethane,
the drug showed no sign of dissolving even after 1 month, and when dried
and compression moulded, the simple admixture gave an opaque film.
Hovever, in a further experiment, the clear, transparent film obtained
above (100mg) was dissolved in dichloromethane (Ilml) to give a clear,
transparent polyester-drug solution. To this solution was added
trifluoroacetic acid (50ul), and the mixture vas stirred vigorously.

There was an immediate precipitate of goserelin as the trifluoroacetate

salt.

" These two experiments show that the clear, transparent film
containing polyester-drug salt, obtained as described above, is capable
of being processed to a shaped delivery system using conventional polymer
melt fabrication techniques. Further, this product contains virtually no
acetic acid or acetate anion, and so the drug must exist in the form of
the polyester salt. The polyester-drug salt arises because the terminal
lactic or glycolic acid groups on the co-polymer are much stronger acids
than acetic acid, and so the weaker acetic acid is displaced by the
polymer. The polymer carboxylic acid in the dichloromethane-soluble
polyester-drug salt can in turn be displaced by a very much stronger
carboxylic acid, such as trifluoroacetic acid. When this occurs, the
trifluoroacetate salt of the peptide is formed and, as it is not soluble

in dichloromethane, is precipitated.

(1i) The clear, transparent film obtained as described above (50mg),
containing the polyester-drug salt, was moulded to give a film about
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0.02cm thick. The film was incubated in phosphate buffered saline
(containing 0.02% sodium azide) at pH 7.4 and 37°C, and the buffer
solution was assayed periodically by UV to determine the amount of

goserelin released. This moulded product released goserelin continuously“
over about 2 weeks, and by 3 weeks had virtually degraded completely, and

disappeared from the incubation medium.

This experiment demonstrates the utility of very low molecular

veight, benzene-insoluble polymers for delivery of drug over a short time

interval.

Similar moulded formulations can be manufactured using, in place
of goserelin acetate, either naturally occuring gonadotrophin releasing
hormones or other highly potent synthetic analogues (agonistic or
antagonistic) of gonadotrophin releasing hormone, such as tryptorelin,
leuprorelin, buserelin and nafarelin, preferably as the acetate salts or
salts with other weak acids; or any other polypeptide hormone which

controls secretion of the intact gonadotrophin or either of the

gonadotrophin subunits.

Example 2

The clear, transparent film product obtained in Example 1 above
(100mg) and a 50/50 molar D,L-lactide/glycolide co-polymer (1.05g) having
a weight average molecular weight of 121,000Da and an inherent viscosity
at 1% w/v in chloroform at 25°C of 0.84dl/g, and which is insoluble in
benzene, were dissolved in dichloromethane (100ml). The solution was
stirred vigorously at 1000 revolutions per minute (rpm), and silicone oil
(50ml) was added slowly over 1 hour, to precipitate both the
polyester-drug salt and the free polyester. After 1 hour, the partially
precipitated mixture of polyester-drug salt, free polyester, silicone oil
and dichloromethane vas added to vigorously stirred hexane (2 litres) to
harden the microparticles of polyester-drug salt and free polyester.

This mixture was stirred for 2 hours and then allowed to settle, and the
hexane layer was discarded. The microparticles (containing about 1.95%
w/w goserelin as free base) were vashed three times with fresh hexane
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(500ml), and finally isolated by filtration and dried at 35°C for 24
hours under high vacuum. The average size of the approximately spherical
microparticles so obtained, which comprise a solution of polyester-drug

salt in free polymer, was about 30um.

A portion of this pfoduct (250mg) was incubated in phosphéte-
buffered saline (containing 0.02% sodium azide) at pH 7.4 and 37°C,- and
the buffer solution was assayed periodically by UV to determine the
amount of goserelin released. The microparticles released drug over
about 5 weeks, and by 7 weeks had virtually disappeared from the

incubation medium.

The polymer composition used in this experiment was a mixture of
two co-polymers of the same lactide/glycolide composition, but having
widely different molecular veighté, and vhich as a mixture, as described
here, was insoluble in benzene, had a veight average molecular weight of
108,000Da, a polydispersity of 5.1, and an inherent viscosity at 1% w/v
in chloroform at 25°C of 0.72dl/g.

These experiments show the utility of benzene-insoluble polyesters
having a high molecular weight and a high polydispersity, for release of

goserelin over relatively short periods of time of 5-7 weeks.

Similar microparticle formulations can be manufactured using, in
place of goserelin acetate, either naturally occurring analogues of
gonadotrophin releasing hormones or other highly potent synthetic
analogues (agonists or antagonists) of gonadotrophin releasing hormone,
such as tryptorelin, leuprorelin, buserelin or nafarelin, preferably as
the acetate salts or salts with other weak acids; or any other
polypeptide hormone which controls or modulates secretion of the intact

gonadotrophins or either of the individual gonadotrophin sub-units.

Example 3

Goserelin acetate (10lmg, equivalent to about 86mg of goserelin as

free base) and a 100% molar poly(D,L-lactic acid), (299.7mg), which was
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soluble in benzene, had a weight average molecular veight of about
5400Da, an inherent viscosity at 1% w/v in chloroform at 25°C of
0.08d1/g, and a polydispersity of 1.8, vere dissolved in anhydride-free
glacial acetic acid (4ml). This acetic acid solution of goserelin and
polyester was added dropwise to liquid nitrogen, and the frozen droplets
vere isolated, freeze-dried under vacuum for 24 hours, and then dried at

55°C for 24 hours under high vacuum.

(1) The resulting dried product vas added to dichloromethane (4ml), to
give a cloudy mixture initially, vhich rapidly dissolved to give a clear
solution vhich was filtered through a 0.2um nylon sterilising filter.

This experiment shows that solutions of the polyester salt of
goserelin can be sterile-~filtered, in contrast to mixtures or dispersions

of simple drug salts in an organic solution of the polyester.

(ii) Trifluorcacetic acid (50ul) was added to the clear dichloromethane
solution from (i) above (1ml), with vigorous agitation. There was an
immediate precipitation of goserelin as its trifluoroacetate salt,

shoving that the goserelin was present in the dichloromethane solution as

the salt with the carboxy-terminated polyester.

Similar sterile solution formulations can be manufactured using,
in place of goserelin acetate, either naturally occurring gonadotrophin
releasing hormones or other highly potent synthetic analogues (agonistic
or antagonistic) of gonadotrophin releasing hormone, such as tryptorelin,
leuprorelin, buserelin or nafarelin, preferably as the acetate salts or
salts with other weak acids; or any other polypeptide hormone which
controls or modulates secretion of the intact gonadotrophins or either of

the individual gonadotrophin sub-units.

Example 4.

The dichloromethane solution of goserelin-polyester obtained in
Example 3 (2ml) vas diluted wvith more dichloromethane and made up to

10ml. This solution wvas sprayed into vigqrously stirred hexane (1
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litre), to give microparticles which, after isolation and drying under
vacuum at 45°C for 24 hours, ranged in size from about 2um to about 30um,
with an average size of about 10um. The goserelin content of these

microparticles was equivalent to about 22% as free base.

These microparticleé vere incubated in saline, buffered with
phosphate to pH 7.4 at 37°C, and the supernatant periodically assayed by
UV for goserelin. Goserelin was released continuously, the release was "
essentially complete by about 8 weeks, and by 11 weeks the microparticles
had totally degraded and disappeared from the incubation medium. This
experiment shows the utility of very low molecular weight benzene-soluble

polyesters in providing continuous peptide release over about 2 months.

If the goserelin acetate in the above experiments is replaced by
the trifluoroacetate salt, then a clear solutioh is not cobtained, but
instead the polyester solution in dichloromethane contains essentially a
dispersion of goserelin trifluoroacetate. This mixture will not pass
through a 0.2um filter, and so is not capable of being sterile-filtered;
and such a dispersion of goserelin trifluoroacetate in the polyester
solution, when sprayed into stirred hexane produced a congealed and

flocculated mass, rather than microparticles.

Thus the goserelin-polyester salt has properties which render it
much easier to formulate into a microparticle form, than mixtures of the

simple salt in a solution of very low molecular weight polymer.

Similar microparticle formulations may be manufactured by using,
in place of goserelin acetate, either naturally occurring gonadotrophin
releasing hormones or other highly potent synthetic analogues (agonists
or antagonists) of gonadotrophin releasing hormone, such as tryptorelin,
leuprorelin, buserelin or nafarelin, preferably as the acetate salts or
salts with other weak acids; or any other pdlypeptide hormone which
controls or modulates secretion of the intact gonadotrophins or either of

the individual gonadotrophin sub-units.
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Example 5.

Goserelin acetate (304mg, equivalent to about 248mg of goserelin
as free base) and 100% molar poly(D,L-lactic acid) (102mg), having a
veight average molecular weight of about 5400, an inherent viscosity at
1% w/v in chloroform at 25°C of 0.08dl/g, and a polydispersity of 1.8,
vere dissolved in anhydride-free glacial acetic acid (2ml). The acetic
acid solution of goserelin and polyester vas then added dropvise to
liquid nitrogen, and the frozen droplets were isolated, freeze-dried
under high vacuum for 24 hours, and then dried under vacuum at 55°C for

24 hours.

The resulting prbduct vas added to dichloromethane (2ml) to give a
cloudy, colloidal mixture which did not clear totally with time. This
mixture in dichloromethane comprised essentially a dispersion of

goserelin acetate in the goserelin-polyester salt.

This dispersion of goserelin acetate in the methylene chloride
solution of the polyester-goserelin salt was formulated into a
microparticulate form, containing goserelin equivalent to about 72% w/w
as free base, vherein the free goserelin acetate is dispersed throughout
a continuous phase of the goserelin-polyester salt, by spray drying,
spray-dongealing, simple precipitation or by phase separation

co-acervation.

Similar microparticle formulaticns may be manufactured by using,
in place of goserelin acetate, either naturally occuring gonadotrophin
releasing hormones or other highly potent synthetic analogues (agonists
or antagonists) of gonadotrophin releasing hormones, such as tryptorelin,
leuprorelin, buserelin or nafarelin, preferably as the acetate salts or
salts wvith other weak acids; or any other polypeptide hormone which

controls or modulates secretion of the intact gonadotrophins or either of

its individual sub-units.
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Example 6.

A co-polyester of D,L-lactic acid and glycolic acid, having a
molar composition of 78% D,L-lactic acid and 22% glycolic acid, was
prepared by co-polycondensation of the two hydroxy acids. After
purification of the co-polﬁmer, by addition of a solution of the
co-polyester in acetone to methanol to precipitate the co-polyester; and
separation and drying the precipitated material, the co-polyester had a
veight average molecular weight of about 11,000Da, a number average
molecular weight (as determined by non-aqueous potentiometric titration
and assuming that each co-polyester chain has only one terminal
carboxylic acid group) of 6100Da, and therefore a polydispersity of 1.6,
and an inherent viscosity at 1% w/v in chloroform at 25°C of 0.15d1/g.

Goserelin acetate (228.9mg, equiéalent to about 200mg of goserelin
as free base) and the above-described co-polyester (1.8g) were dissolved
in anhydride-free glacial acetic acid (10ml). The goserelin-polyester
solution so obtained was added dropwise to liquid nitrogen, and the
frozen droplets were isclated, freeze-dried for 24 hours, and then

finally dried at 50°C for 24 hours under vacuum.

The dried goserelin-polyester mixture was added to dichloromethane
(10ml) to give initially a cloudy colloidal mixture, but after 24 hours
this had changed to a clear solution, vhich could be filtered through a

0.2um nylon sterilising filter.

Vhen trifluorocacetic acid was added to a small aliquot of this
clear solution, there was an immediate precipitate of the goserelin as
its trifluoroacetate salt, showing that, in the clear, transparent
dichloromethane solution, the goserelin in the goserelin-polyester

mixture vas present mainly or vholly as the polyester salt.

The dichloromethane solution of the goserelin-polyester salt was
evaporated to dryness, and the resulting solid was dried at room
temperature for 6 hours and then at 55°C for 20 hours under vacuum, to

give a clear cast film containing goserelin-polyester salt.
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The dried goserelin-polyester mixture, prepared as described
above, (lg) was dissolved in 8ml of dichloromethane. The resulting
solution was placed in a 250ml multinecked round-bottomed flask and swvept °
with a stream of nitrogen to remove all air, and to generate a carbon
dioxide-free atmosphere. Water (90ml), which had previously been
degassed to remove all carbon dioxide and then stored under carbon
dioxide-free nitrogen, was introduced into the flask, and the mixt&fe vas’
stirred vigorously at about 500 rpm under an atmosphere which vas
essentially carbon dioxide-free. The dichloromethane solution of
goserelin-polyester salt rapidly dispersed to give a stable oil
(dichloromethane solution of drug-polymer salt)-in-water dispersion.
Vhilst maintaining stirring at about 200 rpm, a vacuum vas gradually
applied and the bulk of the dichloromethane was evaporated under vacuum,
to give a dispersion of goserelin-polyester salt in water. Freeze-drying
this dispersion produced microparticles, in which the goserelin is
present as the goserelin-polyester salt having an average particle size
of about 20um, which was shown to release goserelin over about 6 weeks,
when incubated in saline, buffered with phosphate to pH 7.4 at 37°C, and

the supernatant periodically assayed by UV for goserelin.

Similar microparticles may also be manufactured by incorporating
in the aqueous phase agents vhich are known to improve polypeptide
stability such as mannitol. Although it is preferred to carry out the
above process in a carbon dioxide-free atmosphere, it is nevertheless
possible to achieve satisfactory results in the presence of traces of

carbon dioxide, depending on polyester molecular weight and drug loading.

Similar sterile solution, cast film and microparticle formulations
may be manufactured in a similar manner ﬁsing, in place of goserelin
acetate, either the natural analogues of gonadotrophin releasing hormones
or other highly potent synthetic analogues (agonists or antagonists) such
as tryptorelin, leuprorelin, buserelin or nafarelin, preferably as
acetate salts or salts with other weak acids; or any other polypeptide
hormone which can control or modulate the secretion of intact

gonadotrophins or either of their sub-units.
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Example 7.

The procedure described in Example 5 was repeated, to give the
clear transpareht film, and this film (lg) vas dissolved in dichloro-
methane (4ml). The solution was warmed to about 35°C, and then an
aqueous solution, at about 40°C, of purified gelatin (15mg) in water
(100ul) was added to the dichloromethane solution of goserelin-polyester
salt, and the mixture vas stirred vigorously at about 35°C to give an
extremely fine dispersion of the agueous gelatin solution in the
dichloromethane solution of the goserelin-polyester salt. On cooling to
room temperature, the coiloidal nature of the suspension was maintained.

This experiment demonstrates that the goserelin-polyester salt has
surface active properties, and can be used to give stable dispersions in
an oily phase, such as dichloromethane, of aqueous solutions of other
vater-soluble agents, such as gelatin, polysaccharides and other

hydrophilic polymers, or vice versa.

The process described in Example 6 was repeated, using the
dispersion of aqueous gelatin in the dichloromethane solution of the
goserelin-polyester salt described above, to give a microcapsule product '

vhich contains both gelatin and goserelin-polyester salt.

Other low molecular weight compounds may be incorporated in the
aqueous polymer phase. In particular, it is sometimes useful to include
compounds such as mannitol, which are known to enhance the stability of
peptides. Alternatively, these stabilising agents may be incorporated in
both aqueous phases of the complex water-in-oil-in-vater dispersion,
comprising aqueous gelatin dispersed in the dichloromethane solution of

the goserelin-polyester salt, and the resulting water-in-oil dispersion

in turn is dispersed in water.

Similar suspension and microparticle formulations may be
manufactured similarly using, in place of goserelin acetate, other highly

potent analogues (agonists or antagonists) of gonadotrophin releasing
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hormone, such as tryptorelin, leuprorelin, buserelin or naferelin,
preferably as the acetate salts or salts with other wveak acids; or any
other polypeptide hormone which can control or modulate the secretion of

intact gonadotrophins or either of their sub-units.

Example 8.

Goserelin acetate (771lmg, equivalent to about 670mg of goserelin
as free base), 95/5 molar D,L-lactide/glycolide co-polymer (1.8g) having
a weight average molecular weight of about 3600Da and an inherent
viscosity at 1% w/v in ;hloroform at 25°C of 0.08d1l/g, and 95/5 molar
D,L-lactide/glycolide cd-polymer having a weight average molecular weight
of about 15,000Da and an inherent viscosity at 1% w/v in chloroform at
25°C of 0.17d1/g (4.2g), were dissolved in anhydride-free glacial acetic
acid (70ml). The combined polymers had a weight average molecular wveight
of about 12,300Da and a polydispersity of about 2.6. The goserelin-
polyester solution vas added dropwise to liquid nitrogen, and the frozen
droplets were isolated and freeze-dried under high vacuum for about 18

hours. The product drug-polymer mixture was finally dried at 55°C for 24

hours under high vacuum.

The dried drug-polymer mixture (6g) was.added to dichloromethane
(60ml) to give an initially cloudy colloidal mixture which, over the
course of 1 hour, gradually cleared to give a clear solution of

goserelin-polyester salt in dichloromethane.

This solution was spray-dried using a Buchi spray dryer, using an
inlet temperature of 60°C and an outlet temperature of 35°C, to produce
approximately spherical microparticles of about lum to about 10um

diameter.

In these microparticles the drug is present essentially completely
as the goserelin-polyester salt, as the acetic acid content, as free acid
or anion, is 0.06% or less, instead of 0.6 to 0.7% which would be

required if the goserelin were present as its acetate salt.
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These microparticles when further processed by compression

moulding at 80°C yielded a clear, transparent and brittle film.

This experiment demonstrates the utility of peptide salts with
benzene-soluble polyesters of low molecular veight polymers, and
optionally of high polydispersity.

Similar solution, microparticle and moulded formulations may be
manufactured using, in place of goserelin acetate, either naturally
occurring gonadotrophin releasing hormones or other highly potent
synthetic analogues (agonists or antagonists) of gonadotrophin releasing
hormone, such as tryptorelin, leuprorelin, buserelin or nafarelin,
preferably as the acetate salts or salts with other weak acids; or any
other polypeptide hormones which controls secretion of the intact

gonadotrophins or either of the gonadotrophin sub-units.

Example 9.

Goserelin acetate and other highly potent synthetic agonists of
gonadotrophin releasing hormone are selective chemical castrating agents
vhich are used in the treatment of hormone dependent cancers such as
prostate cancer in men and premenopausal breast cancer in women. These
drugs are also used to treat non-malignant gynaecological conditions in
vomen, and they work by ultimately suppressing the secretions of
gonadotrophins by the pituitary, which in turn leads to a suppression of

the sex hormones, such as oestrogen in females and testosterone in males.

Consequently, continuous sustained release of such drugs may be
evaluated in vivo in the normal adult female rat having regular ocestrus
cycles. In this animal, the oestrus cycle is about 4 days, and the
occurrence of oestrus is shown by the presence of only cornified cells in
vaginal smears, taken on the day of oestrus. If the animal is chemically
castrated, by a drug such as goserelin, then oestrous does not occur,
leading to the absence of cornified cells in vaginal smears. The animals
will enter a prolonged period of diocestrous, induced by chemical

castration, and dioestrous will be maintained for as long as effective
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amounts of drug are released.

(1) The microparticles obtained in Example 8 (450mg) were dispersed in
vater containing 2% w/v of sodium carboxymethyl cellulose and 0.2% w/v
polysorbate 80, and made up to 3ml with water. 0.2ml (equivalent to
about 3mg of goserelin as free base) was injected sub-cutanebusly into 10
normal adult female rats showving regular cyclicity, and the ensuing,
effect on oestrous cyclicity was determined by microscopic examination of
vaginal smears. The animals entered a continuous phase of dicestrous,

that is chemical castration, lasting 95 # 3 days.

This experiment shows that an agqueous suspension formulation of
goserelin~polyester salt, based on a low molecular weight benzene-soluble
polyester, provides a relatively long period of controlled release of
about three months of a peptide drug vhich has a metabolic half-life of

only 4-6 hours.

(ii)  The microparticles obtained in Example 8 (450mg) were dispersed in
ethyl oleate, and made up to 3ml. Again 0.2ml of formulation vere
administered to (six) female rats shoving regularly cyclicity by

- subcutaneous injection. The animals entered a continuous phase of

dioestrous lasting 81 + 3 days.

This experiment shows that a solution formulation of goserelin-
polyester salt in an organic injection vehicle, which is a non-solvent

for the polyester alone, provides a relatively long period of controlled

peptide drug release.

Example 10.

Leuprorelin acetate (50.3mg) and the co-polyester comprising 78%
molar D,L-lactic acid and 22% molar glycolic acid, described in Example 6
above (453.2mg), were dissolved in anhydride-free glacial acetic acid
(5ml). The resulting solution vas added dropwise to liquid nitrogen, and
the frozen droplets were freeze-dried under high vacuum for 22 hours, and

then further dried at 55°C for 24 hours under high vacuum.
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The resulting product (500mg) was dissolved in redistilled acetone
(10ml) in a 100ml round bottomed flask, to give initially a turbid,
colloidal mixture, which gradually cleared to a transparent solution.
The acetone was evaporated under vacuum, and the resulting clear film was
dried at 55°C for 4 hours under high vacuum. This film of
leuprorelin-polyester salt was redissolved in acetone (10 ml), and.the

solution vas degassed and then purged with nitrogen.

Freshly distilled water (200ml) vas stirred vigorously under
nitrogen, and the acetone solution of leuprorelin-polyester salt was
sprayed onto the surface of the agitated water. Vhen all the acetone
solution had been sprayed, stirring was maintained for a further hour,
and then the mixture vas alloved to settle. The microparticles of the
leuprorelin-polyester salt settled out, and the aqueous supernatant was
discarded. The microparticles were resuspended in a further portion of
carbon-dioxide free water (~200ml), and the suspension was stirred under
nitrogen for a further hour. The microparticles were separated, by
initially allowing the mixture to settle, decanting the aqueous layer,
and then filtering the residue to separate the microparticles from the
excess water. The microparticles were dried at 30°C for 24 hours under

high vacuum, to give a product vhich had an average particle size of

about 15um.

This microparticle formulation of leuprorelin-polyester salt was
incubated in saline, buffered with phosphate to pH 7.4 at 37°C, and the
supernatant vas assayed periodically by UV for leuprorelin. Leuprorelin

vas released continuously for about 5 weeks, by which time the

formulation had totally degraded.

Similar microparticle formulations may be manufactured similarly
using, in place of leuprorelin, either naturally occurring gonadotrophin
releasing hormones or other highly potent synthetic analogues (agonists
or antagonists) of gonadotrophin releasing hormone, such as tryptorelin,
goserelin, buserelin or nafarelin, preferably as the acetate salts or

other salts with veak acids; or any other polypeptide hormones which
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controls secretion of the intact gonadotrophins or either of the

gonadotrophin sub-units.

Example 11.

i) Goserelin acetate (2.28g, equivalent to about 2.00g of goserelin as

free base) was dissolved in anhydride-free glacial acetic acid (60ml). A .

mixture of two 95/5% molar poly(D,L-lactic acid)/polyglycolic acid)
copolymers (12.6g of a copolymer with a weight average molecular weight
of 15,846 and a polydispersity of 1.38, and 5.4g of a copolymer with a
veight average molecular weight of 3,896 and a polydispersity of 1.78)
and therefore providing an excess of copolymer carboxylic acid end groups
relative to basic drug, was dissolved with stirring in anhydride-free
glacial acetic acid (150ml) to give a clear solution. The drug solution
vas added to the copolymer solution and vas mixed thoroughly. This
mixture was then added dropwise to liquid nitrogen to freeze it as small .
beads, and the solid material vas freeze dried for two days using an
Edvards high vacuum freeze drier. The dried material was further dried

at 50-55°C in a vacuum oven for 24 hours.

This dried product (100mg) vas added to dichloromethane (Iml) and
vas found to dissolve totally within 2 hours to give a clear solution.
It is shown by this Example that the formation of the polyester-goserelin

salt confers good solubility upon the drug such that it can be dissolved

in a non-polar solvent.

ii) Goserelin acetate (2.28g, equivalent to about 2.00g of goserelin as
free base) was dissolved in anhydride-free glacial acetic acid (60ml). A
mixture of two 100% molar poly(D,L-lactic acid) polymers (12.6g of a
polymer with a weight average molecular weight 15,178 and a polydispers-
ity of 1.27, and 5.4g of a polymer vith a weight average molecular weight
of 4,204 and a polydispersity of 1.84) and therefore providing an excess
of copolymer carboxylic acid end groups relative to basic drug, was
dissolved with stirring in anhydride-free glacial acetic acid (150ml) to
give a clear solution. The drug solution wvas added to the polymer
solution and was mixed thoroughly, and this mixture was then added
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dropwise to liquid nitrogen to freeze it as small beads. The solid
material was freeze dried for two days using an Edwards high vacuum

freeze drier, and the dried material wvas further dried at 50-55°C in a

vacuum oven for 24 hours.

This dried product (IOOmg) vas added to dichloromethane (1ml) and
vas found to dissolve totally within 2 hours to give a clear solutibn.
It is shown by this Example that the formation of the polyester-goserelin

salt confers good solubility upon the drug such that it can be dissolved

in 2 non-polar solvent.

iii) Goserelin acetate k2.28g, equivalent to about 2.00g of goserelin as
free base) was dissolved in anhydride-free glacial acetic acid (60ml). A
mixture of an 80/20% molar poly(D,L-lactic acid)/polyglycolic acid)
copolymer (12.6g of a copolymer with a weight average molecular weight
106,510 and a polydispersity of 2.27) and a 95%/5% molar poly(D,L-lactic
acid)/polyglycolic acid) copolymer (5.4g of a copolymer with a weight
average molecular weight 3,896 and a polydispersity of 1.78) and
therefore providing an excess of copolymer carboxylic acid end groups
relative to basic drug, was dissolved with stirring in anhydride-free
glacial acetic acid (150ml) to give a clear solution. The drug solution
vas added to the copolymer solution and vas mixed thofoughly. This
mixture was then added dropwise to liquid nitrogen to freeze it as small
beads, the solid material was freeze dried for two days using an Edvards

high vacuum freeze drier, and the dried material was further dried at

50-55°C in a vacuum oven for 24 hours.

This dried product (100mg) vas added to dichloromethane (Iml) and
vas found to dissolve totally within 2 hours to give a clear solution.
It is shown by this Example that the formation of the polyester-goserelin
salt confers good solubility upon the drug spch that it can be dissolved

in 2 non-polar solvent.

iv) Goserelin acetate (2.17g, equivalent to about 1.90g of goserelin as
free base) was dissolved in anhydride-free glacial acetic acid (60ml). A
mixture of two 67/33% molar poly(D,L-lactic acid)/polyglycolic acid) .
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copolymers (12.0g of a copolymer with a weight average molecular weight

of 35,833 and a polydispersity of 1.83, and 5.15g of a polymer with a
veight average molecular weight of 4,116 and a polydispersity of 1.86)

and therefore providing an excess of polymer carboxylic acid end groups
relative to basic drug, was dissolved with stirring in anhydride-free
glacial acetic acid (150ml) to give a clear solution. The drug'solution
vas added to the copolymer solution and was mixed thoroughly. This. .
mixture was then added dropwise to liquid nitrogen to freeze it as small
beads. The solid material was freeze dried for two days using an Edwards
high vacuum freeze drier, and the dried material was further dried at

50-55°C in a vacuum oven for 24 hours.

This dried product (100mg) was added to dichloromethane (lml) and
vas found to dissolve totally within 10 minutes to give a clear solution.
It is shown by this Example that the formation of the polyester-géserelin
salt confers good solubility upon the drug, such that it can be dissolved

in a non-polar solvent.

Comparative Example

Goserelin acetate (2.28g, equivalent to about 2.00g of goserelin
as free base) wvas dissolved in anhydride-free glacial acetic acid (60ml).
4 50/50% molar poly(D,L-lactic acid)/polyglycolic acid) copolymer (18.0gm
polymer with a weight average molecular weight 22,307 and a
polydispersity of 2.07) and therefore providing an approximately
stoichiometric equivalent of copolymer carboxylic acid end groups
relative to basic drug, was dissolved vith stirring in anhydride-free
glacial acetic acid (150ml) to give a clear solution. The drug solution
vas added to the copolymer solution and was mixed thoroughly. This
mixture was then added dropvise to liquid nitrogen to freeze it as small
beads. The solid material was freeze dried for two days using an Edwards

high vacuum freeze drier, and the dried material was further dried at

50-55°C in a vacuum oven for 24 hours.

This dried product (100mg) vas added to dichloromethane (1ml) and
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vas found not to have dissolved totally after 4 hours, but did dissolve
to form a clear solution after 4 days. It is shown by this Example that
the formation of the polyester-goserelin salt, to confer good solubility
upon the drug such that it can be dissolved in a non-polar solvent,
occurs more readily when the copolymer carboxylic acid end groups are

present in excess relative to the basic drug.

The dried products i-iv were dissolved in dichloromethane and
spray dried using a Buchi 190 lab scale spray drier, according to the

folloving table:

Product Ratio product Inlet temp Qutlet temp
to solvent %4 °C °C

i 10 48 32

ii 10 58 38

iii 2 58 44

iv 10 55 35

The spray drying of products i-iv gave small particles with a
diameter approximately 1-10um in size as determined by scanning electron
microscopy. The final particles were assayed for acetic acid content
using a gas chromatography assay with a limit of detection of
approximately 0.03%. No acetic acid vas found in these formulations
using this assay and this demonstrates that the drug is present as the
polyester salt and not the acetate salt, since acetic acid levels of
approximately 0.5% would be expected for the acetate salt.

Spray dried particles (50mg) i-iv above were dissolved in
dichloromethane (0.5ml) to give a clear solution. One drop of
trifluorocacetic acid was added to each, and in each case this resulted in
the formation of a white precipitate. The samples were centrifuged to
collect the precipitates, which were washed with dichloromethane. HPLC
analysis showved the precipitated material to be goserelin. These
Examples show that the drug can be displaced from the drug-polyester salt

in solution in a non-polar solvent by the addition of a strong acid, and
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that this causes the solubility properties of the drug in non-polar
solvent to return to that expected of the acid salt of a peptide drug

{(i.e. not soluble).

Example 12.

The spray dried particles i-iv in Example 11 vere dispersed (18%
v/v) in an aqueous vehicle suitable for injection (2% sodium
carboxymethylcellulose [Fluka, medium viscosity], 0.2% polysorbate 80

[Tween (trade mark), Fluka].

The spray dried particles from Example 11, dispersed in the
injection vehicle described above, were injected into ten female
Vistar-derived rats. Blood samples were taken from the tails of five
rats on days 7, 14 and 28, and these samples were assayed for goserelin
using a radioimmunoassay with known specificity for the drug and proven

lack of cross reactivity to metabolites.

The results of these experiments showed that this formulation achieved

measurable blood levels of goserelin for at least 4 weeks.

Example 13.

Spray dried product ii of Example 11 was dispersed in the following

aqueous vehicles for injection.

a. sodium carboxymethyl cellulose (medium viscosity grade, Fluka) 1.0%,
and polysorbate 80 (Tween) 0.75%.

b. methyl cellulose (15mPa.s, Fluka) 0.75% and polysorbate 80 (Tween)
0.75%.

These formulations dispersed well in‘'these vehicles, and were

suitable for parenteral administration.
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Example 14.

Spray dried product ii of Example 11 (400mg) was dissolved in
dichloromethane (4ml). This was added, using a syringe, to a solution of
0.25% polyvinyl aicohol (PVA) in vater (Aldrich, 75% hydrolysed,
molecular weight 2000) which wvas being stirred at 2500rpm. After two
minutes the rate of stirring was reduced to 800rpm, stirring was
continued for a further 30 minutes. Stirring was then stopped, and the
particles formed were allowd to settle out. The PVA solution was
decanted and the particles were then washed tvice with ice cold vater and
recovered by centrifugation. The particles were finally dried by freeze

drying, and the final product vas a fine particulate material containing

goserelin.

Example 15

Spray dried formulation iv of Example 11 was extruded at 82°C to
give a cylindrical extrudate approximately one millimeter in diameter.
This extrudate was cut to lengths veighing approximately 36mg and
containing approximately 3.6mg of goserelin. This extrudate was
completely clear to light rather than being of a white appearance, the
latter appearance being typical of 2 simple mixture of drug and polymer
produced without forming the salt of the peptide with the polyester (as
in for example the commercially available ‘Zoladex’ depot ~ ‘Zoladex’ is

a trade mark). The clarity of this extrudate indicates that the peptide
goserelin is compatible with the polyester phase, rather than being in a
separate phase, vhich results in light scattering and a wvhite appearance.
This compatibility can only occur if the peptide is in the same phase as
the polymer, i.e. it is present as the salt of the polyester.

Single such 3.6mg depots vere implanted into 21 VWistar-derived
rats under anaesthesia. At subsequent time points groups of three
animals were killed and the depots wvere retrieved. The recovered depots
vere dissolved in glacial acetic acid in a volumetric flask and the

polymer vas precipitated by addition of an excess of water. This vas
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then filtered (Millex 0.5um) and the filtrate assayed for drug content by -
HPLC. The release profile of the depots was calculated by reference to
the drug content of depots which had not been implanted, and which were
included in the same assay. These depots of drug-polyester salt gave
sustained release of goserelin in vivo for a period of at least four

weeks.

Example 16

(1) Lactide/glycolide copolymer (95/5) with a single terminal
carboxylic acid group (8.87g, Mw = 5750, polydispersity = 1.5, molecular
weight by end group titration = 2516g/mole, inherent vicosity at 1% w/v
in chloroform = 0.10 dl/g) was dissolved in dichloromethane (50ml) with
stirring. To this was added 1.13g goserelin acetate, forming a cloudy
suspension. MHethanol (5ml) was added with stirring, and after 30 minutes
the mixture vas completely clear. The solvent was then removed from the
solution by rotary evaporation to leave a clear solid. This solid was
redissolved in dichloromethane (50ml) and the solvent was again removed
by rotary evaporation. The redissolution step and solvent removal step
wvere repeated twice more to leave a very viscous fluid vhich wvas dried
under high vacuum to give a vhite foam. The foam was broken up and dried

under vacuum for a further 24 hours at room temperature to give a fine

amorphous solid.

(ii)  The process described in i) above was repeated, using a
lactide/glycolide copolymer (75/25) vith a single terminal carboxylic
acid (8.87g, Mw = 10900, polydispersity = 1.85, molecular veight by end
group titration = 3210g/mole, inherent viscosity at 1% w/v in chloroform

= 0.14d1/g), to give a fine amorphous solid.

Formulation 1 -

The goserelin-lactide/glycolide polymer salt from (i) above (1g)
was added to benzyl benzoate (99%, ex Janssen, 2ml) and this wvas heated
using a hand held hot-air gun whilst agitating the mixture until the
solid was dissolved. 110pl of this solution formulation contained 3.6 mg
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of goserelin.

Formulation 2

As Formulation 1, except that the solvent was a mixture (1.7ml) of
67% benzyl benzoate (99%, ex Janssen) and 33% benzyl alcohol (anhydrous,
99%, ex Aldrich). 100ul of this solution formulation contained 3.6 mg of

goserelin.

Formulation 3

As Formulation 1, except that the solvent was benzyl alcohol
(1.7ml, anhydrous, 99%, ex Aldrich). 100ul of this solution formulation

contained 3.6 mg of goserelin.

Formulation 4

As Formulation 1, except that the goserelin-lactide/glycolide
polymer salt from (ii) above (lg) and 3ml of benzyl benzoate were used.

-150u1 of this solution formulation contained 3.6 mg of goserelin.

Formulation 5

As Formulation 4, except that the solvent mixture of Formulation 2

wvas used. 100ul of this solution formulation contained 3.6 mg of

goserelin.

Formulation 6

As Formulation 4, except that the solvent of Formulation 3 was

used. 100ul of this solution formulation contained 3.6 mg of goserelin.

Biological evaluation

Release of goserelin from the above Formulations 1 to 6 in vivo

was determined by studying daily vaginal smears of dosed female rats.
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The normal oestrus cycle (oestrus, dicestrus, met-oestrus, pro-oestrus},
can be followed from the proportions of the various cell types
(leucocytic, epithelial and cornified) in the smear. If the release of
drug from the formulations is continuous the normal ocestrus cycle is

interrupted and the rats will remain in diocestrus as long as release of

the goserelin continues.

Formulations 1-6 were dosed to groups (n=6) of regularly cyEiing
female rats at a dose of 3.6mg goserelin per rat. A syringe fitted with
a 20 gauge needle was used for dosing the formulations subcutaneously. An
undosed group of five rats was used as a control group. Vaginal smears
vere taken daily from the rats, and examined to determine the oestrus

state of the animals, and the results obtained were as follows:

Formulation number Average duration of dioestrus (days)
(£ s.e.)
1 100 =+ 2.7
2 120 + 6.3
3 69 £ 5.9
4 59 <+ 1.2
5 61 £ 2.1
6 53 £ 3.7

From these results it can be seen that all six formulations gave
periods of goserelin release in excess of 6 weeks and that formulations 1
and 2 released goserelin for a period of three months or more. It can
further be seen from these examples that the formulations of the
goserelin-polyester salt can be provided as solutions which can be
readily administered parentally using a narrow gauge needle, and that

such formulations are convenient for treatment of hormone dependent

tumours in man.
Example 17

Formulaticn 1
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As Formulation 1 from Example 16.

Formulation 2

The process described in Example 16(1) was repeated, using a
polylactide homopolymer with a single terminal carboxylic acid (Kw =
5092, polydispersity = 1.44, molecular weight by end group titration =
2270g/mole) and goserelin acetate (0.46g). The acetic acid content of
this amorphous solid was determined by gas chromatography and was found

to be 0.14%.

This goserelin-laﬁtide polymer salt (lg) was added to benzyl
benzoate (99%, ex Janssen, 2ml), and this was heated using a hand held
hot-air gun whilst agitating the mixture until the solid was dissolved.

110ul of this solution formulation contained 3.6mg of goserelin.

Formulation 3

A lactide/glycolide copolymer (95/5) with a single terminal
~carboxylic acid (7.86g, KV = 5750, polydispersity = 1.50, molecular
veight by end group titration = 2516g/mole) and goserelin acetate (0.98g)
vere dissolved in glacial acetic acid (100ml). This solution was frozen
by adding dropwise to liquid nitrogen, followed by freeze drying for 2
days. The resulting solid vas then dried for a further 24 hours at 40°C.
The acetic acid content of this freeze dried solid was determined by gas

chromatography and was found to be 0.17%.

This goserelin-lactide/glycolide copolymer mixture (lg) was added
to benzyl benzoate ((2ml, 99%, ex Janssen), and this was heated using a
hand held hot-air gun whilst agitating the mixture until the solid was
dissolved. 110ul of this solution formulation contained 3.6 mg of

goserelin.

It can therefore be seen that formulation of goserelin as the
polyester salt confers good solubility properties upon the drug, such
that it can be dissolved in lipophilic solvents such as benzyl benzoate
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in which goserelin acetate itself is not soluble.

Biological evaluation

Formulations 1-3 were dosed to groups (n=10) of regularly cycling
female rats at a dose of 5.6mg goserelin per rat, as described.in Example
16. Following dosing, the animals vere found to enter a period of-
continuous dioestrus indicating continuous release of goserelin. The
average duration of the diostrus period for each group of rats is given
in the following table. From this table it can be seen that all three

formulations gave periods of goserelin release in excess of fourteen

wveeks.

Formulation No. Average duration of dioestrus
(days) (¢ s.e.)

104 (+ 5.4)
99  (+ 3.9)
3 101 (% 2.8)

It can further be seen from these examples that the formulations
of the goserelin polyester salt can be provided as solutions which can be
readily administered parentally using a narrow gauge needle, and that

such formulations are convenient for the treatment of hormone dependent

tumours in man.

Example 18

Formulation 1

Lactide/glycolide copolymer (95/5).vith a single terminal
carboxylic acid (4.5g, Mv = 6806, polydispérsity = 1.55, molecular weight
by end group titration = 3027g/mole, inherent vicosity at 1% w/v in
chloroform = 0.108d1l/g) was dissolved in glacial acetic acid (50ml). To
this solution was added goserelin acetate (0.56g, equivalent to 0.5g
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goserelin) and the mixture was stirred for 10 minutes to give a clear
colourless solution. This was frozen by adding dropwise to liquid
nitrogen, followed by freeze drying for 2 days. The resulting solid was
then dried for a further 24 hours at 40°C. The acetic acid content of
this freeze dried solid was determined by gas chromatography and was

found to be 0.3%.

This goserelin-lactide/glycolide copolymer mixture (1.0g) was
added to benzyl benzoate (2.0ml, 99%, ex Janssen) and was dissolved with
varming and agitation. The final solution contained 3.67mg of goserelin

in 110ul, and the goserelin content of the final product was 10.0% w/w.

Formulation 2

The process described above for Formulation 1 was repeated, using
a lactide/glycolide copolymer (95/5) vith a single terminal carboxylic
acid (4.0g, Mw = 6011, polydispersity = 1.56, molecular weight by end
group titration = 2700g/mole, inherent vicosity at 1% w/v in chloroform
= 0.099d1l/g and 1.12g of goserelin acetate (equivalent to 1.0g of
goserelin). The acetic acid content of this freeze dried solid was
determined by gas chromatography and was found to be 0.83% and the
goserelin content of the final product was 19.46% w/w.

This goserelin-lactide/glycolide copolymer mixture (0.54g) was
added to benzyl benzoate (2.46ml, 99%, ex Janssen) and was dissolved with
varming and agitation. The final solution contained 3.50mg of goserelin

in 110ul.
Formulation 3

The process described above for Formulation 2 was repeated, using
2.1g of the lactide/glycolide copolymer and 1.0g of goserelin acetate
(equivalent to 0.9g of goserelin). The acetic acid content of this
freeze dried solid was determined by gas chromatography and was found to
be 1.14%, and the goserelin content of the final product was 28.91% w/w.
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This goserelin-lactide/glycolide copolymer mixture (0.36g) was
added to benzyl benzoate (2.64ml, 99%, ex Janssen) and was dissolved with
varming and agitation. The final solution contained 3.47mg of goserelin

in 110pl.

Formulation 4

The process described above for Formulation 1 was repeated, using
a lactide/glycolide copolymer (95/5) with a single terminal carboxylic
acid (8.66g, Hw = 5604, polydispersity = 1.71, molecular weight by end
group titration = 1960g/mole, inherent vicosity at 1% w/v in chloroform =
0.094dl/g and 1.08g of goserelin acetate (equivalent to 0.96g of
goserelin). The acetic acid content of this freeze dried solid was
determined by gas chromatography and was found to be 0.08% and the
goserelin content of the final product was 9.90% w/w.

This goserelin-lactide/glycolide copolymer mixture (1.0g) was
added to benzyl benzoate (2.0ml, 99%, ex Janssen) and was dissolved with
varming and agitation. The final solution contained 3.67mg of goserelin

in 110ul.
Biological evaluation

Formulations 1-4 were dosed to groups (n=9 or 10) of regularly
cycling female rats at a dose of 3.6mg goserelin per rat, as described in
Example 16. Following dosing, the animals were found to enter 2 period
of continuous dioestrus indicating continuous release of goserelin. The
average duration of the diostrus period for each group of rats is given
in the following table. From this table it can be seen that all three

formulations gave periods of goserelin release for a period of about 3

months or more.
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Formulation No. Average duration of dioestrus
(days) (% s.e.)

114
94
97
83

I+

1.8
4.6
5.3
4.3

+ I+

i+

W N e

It can further be seen from these examples that the formulations
of the drug polyester salt can be provided as solutions which can be
readily administered parentally using a narrov gauge needle, and that
such formulations are convenient for treatment of hormone dependent

tumours in man.
Example 19

The goserelin-polyester salt (ii) of Example 16 (3.75g) was
dissolved in dichloromethane (50ml) which had previously been filtered
through a 0.45um filter. This solution vas filtered through a 0.5um
teflon filter membrane (Whatman WIP) into a flask which had been
sterilised using an autoclave. The solvent vas removed using a rotary
evaporator to give a viscous liquid, and air was then admitted to the
rotary evaporator through a 0.5um filter. The viscous liquid vas warmed
and dried under vacuum to give a vhite foam. The foam obtained was
veighed into autoclaved crimp-top vials in a laminar flow cabinef and
freshly distilled solvents were added to give solution formulations of

the goserelin-polyester salt which vere essentially particulate-free.

Formulation 1

1g of the solid was added to benzyl benzoate (distilled, bp 106°C
at 0.3mb, 3ml) and was warmed using a hot-air gun until dissolved. 14511

of this solution formulation contained 3.6 mg of goserelin.
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Formulation 2

lg of the solid vas added to benzyl alcohol (distilled, bp 44°C at
0.3mb, 1.7ml) and vas varmed using a hot-air gun until dissolved. 100ul

of this solution formulation contained 3.6 mg of goserelin.

Biological evaluation.

Two groups of ten female rats vere dosed subcutaneously using a 20
gauge needle with formulations 1 and 2 at a dose of 3.6 mg per rat.
Terminal blood samples vere taken from the rats at subsequent timepoints
(1 veek (n=4), & weeks and 6 veeks (n=3)). The blood samples were
assayed for goserelin by means of radioimmunoassay. Measurable blood
levels of goserelin were found with both formulations, indicating that
the solution formulations gave sustained drug release for several weeks.
The blood level profile of formulation 1 was found to peak at about four
veeks, vhereas with formulation 2 the peak occurred at week one and
thereafter the blood levels were found to decline progressively with
time. The blood level profile of formulation 1 is considered to be more
desirable than that of formulation 2 due to the more constant blood

levels obtained vhen benzyl benzoate is used as the solvent for the

solution formulation.

-~

It can further be seen from these examples that the formulations
of the drug polyester salt can be provided as solutions vhich can be
readily administered parentally using a narrow gauge needle, and that

such formulations are convenient for treatment of hormone dependent

tumours in man.

Example 20

A lactide/glycolide copolymer (95/5) vith a single terminal
carboxylic acid (9.0g, Hv = 6011, polydispersity = 1.56, molecular weight
by end group titration = 2700g/mole, inherent vicosity at 1% v/v in
chloroform = 0.099d1/g) was dissolved in dichloromethane (100ml). To

this was added goserelin acetate (1.124g, equivalent to lg of goserelin)
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vith stirring, followed by the addition of methanol (10ml). The cloudy
suspension obtained was stirred at room temperature for about one hour
until a clear solution was obtained. The solvent was removed using a
rotary evaporator to give a clear viscous liquid. This was then
redissolved in-dichloromethane and redried as before. This step was
repeated twice more, and the viscous liquid finally obtained was d;;ed
under high vacuum to produce a vhite foam, wvhich was further vacuum dried
overnight. The foam was broken to a fine powder wvhich vas vacuum dried
for one day at room temperature. To this powder was added benzyl
benzoate (20ml, 99%, ex Janssen) and the resultant mixture was gently

varmed, with agitation, to obtain a solution.

Biological evaluation.

This solution formulation of goserelin was dosed subcutaneously
using a 20 gauge needle into each of 45 female rats (220ul, equivalent to
7.3 mg goserelin). Groups of five rats vere terminated and blood samples
taken at 1 and 4 days, and 1, 3, 5, 7, 9, 11 and 13 weeks. In addition
blood samples were taken from the tail vein of groups of five rats at
2, 4, 6, 8, 10 and 12 veeks. The samples were analysed for goserelin by
means of radioimmunassay, and the results show that this liquid '
formulation of goserelin-polyester salt gave measurable blood levels of
drug for about 11 weeks after dosing and shows that the formulation gives

sustained release of goserelin in vivo.

It can further be seen from these examples that the formulations
of the drug polyester salt can be provided as solutions which can be
readily administered parentally using a narrow gauge needle, and that
such formulations would be convenient for treatment of hormone dependent

tumours in man.

Example 21

The peptide known as Substance P, in the form of its acetate salt
(ex Sigma, 2mg) was added to dichloromethane (3ml) and thoroughly
agitated. The peptide shoved no indication of dissolving in the solvent,
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and remained as a cloudy suspension.

A lactide/glycolide copolymer (70/30) with a single terminal
carboxylic acid (225mg, Hw = 9755, polydispersity = 1.52, molecular
veight by end group titration = 1800), vas added to dichloromethane
(25ml). This was stirred for 15 minutes to give a clear colourless
solution. To this vas added a solution of Substance P (25mg) in methanol
(0.5ml). The resulting cloudy suspension was stirred for 1 hour, by
which time a completely clear solution had formed. The solvent was
removed by rotary evaporation and the clear ’‘glassy’ solid obtained was
redissolved in dichloromethane (5ml) and reevaporated. This was repeated
twice. The final solid was dissolved in dichloromethane (3ml) and the
solution was dropped slowly onto PTIFE coated cloth, allowing the solvent

to evaporate to form a thin film of a clear colourless glassy solid

(peptide content 9.1% w/w).

This film (96.8mg) was placed in a small vial and phosphate
buffered saline (2ml, pH 7.4) wvas added (buffer was previously filtered
through a 0.2um filter and contained 0.02% sodium azide as a
preservative). The vial was placed in an incubator at 37°C and the
buffer was removed and replaced periodically. The buffer which was
removed vas analysed for release of Substance P, using an ultraviolet
spectrophotometer (Hewlett Packard 8452A) at 210nm, against standard
solutions of substance P. The results show that Substance P can be
dissolved in dichloromethane when formed as the salt of a
carboxy-terminated lactide/glycolide copolymer, and can be processed in

this solvent to give a thin film, vhich gives continuous release of the

peptide for a period of about 4 weeks.

Example 22

An aqueous solution of leuprolide acétate (othervise known as
leuprorelin acetate), (300ul of a 330mg/ml sblution) is added under high
shear conditions, to 20ml of a 10% w/v solution of poly(hydroxystearic
acid) having a number average molecular veight of about 2000, in Higlyol

812 (triglycerides of medium chain saturated fatty acids including
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linolenic acid, ex Dynamit Nobel, UK), to form the leuprolide-polymer
salt, in part, at the oil/aqueous interface, which salt stabilises the

resultant water-in-oil colloidal suspension. The water is removed at
50°C by stirring under high vacuum until the mixture no longer froths and
bubbles, to give an oily composition which exhibits a very faint haze,

and wvhich is suitable for oral administration.

Example 23

Ly58~vasopressin acetate salt (2mg, ex Sigma) was added to
dichloromethane (3ml) and agitated. The peptide showed no indication of

dissolving in the solvent and remained as a cloudy suspension.

A lactide/glycolide copolymer (70/30) with a single terminal
carboxylic acid (225mg, Hv = 9755, polydispersity = 1.52, molecular
veight by end group titration = 1800), was added to dichloromethane
(5ml). This mixture was stirred for 15 minutes to give a clear
colourless solution. To this was added LysB—vasopressin (25mg, ex
Sigma) and methanol (0.5ml)}. The resulting cloudy suspension was stirred
~ for 1 hour, by which time a completely clear solution had formed. The

solvent was removed by rotéry evaporator and the clear ‘glassy’ solid
obtained wvas redissolved in dichloromethane (5ml) and re-evaporated.
This was repeated twice. The final solid was dissolved in
dichloromethane (3ml) and the solution was dropped slowly onto PTFE
coated cloth, allowing the solvent to evaporate to form a thin film of a

clear colourless glassy solid (LysB—vasopressin content 10 % w/w).

This film (97.31lmg) was placed in a small vial and phosphate
buffered saline (2ml, pH 7.4) vas added (buffer was previously filtered
through a 0.2um filter and contained 0.02% sodium azide as a
preservative). The vial was placed in an incubator at 37°C and the
buffer was removed and replaced periodically. The buffer vas analysed
for release of Lysa-vasopressin using an ultraviolet spectrophotometer
(Hewlett Packard 8452A) at 210nm against standard solutions of
_Lyss—vasopressin. The.results of this test are shown in the following

. . 8 . , ,
table. The experiment shovs that Lys -vasopressin can be dissolved in
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dichloromethane, when formed as the salt of a carboxy-terminated
lactide/glycolide copolymer, and that the resulting mixture gives
continuous release of the peptide for a period of at least four weeks.

Release of Lyss-vasopressin in vitro

Release of Lysg—vasopressin

Time (days)
' from film (%)

1 4,11
4 ) 5.45
7 5.55
14 5.75
21 26.82
28 47.27

Example 24

Two formulations of ZENECA ZD6003 ([Het™!, argll, serl?:27.60,65

human G-CSF (granulocyte-colony stimulating factor) modified with
polyethylene glycol 5000 as described in Reference Example 4 or 7 of
European Patent Publication No. 0 473 268) in lactide/glycolide copolymer

]

vere prepared as follows.

(i) Dichloromethane (4ml) was added to a freeze-dried preparation of
ZD6003 (39.72mg). This resulted in an opaque dispersion of drug in the
solvent. A lactide/glycolide copolymer (75/25) with a single terminal
carboxylic acid (363.6mg, Mw = 9963, polydispersity = 2.19, molecular
veight by end group titration = 2815) was added, and a clear solution

formed.

This solution was added to a solution (400ml) of methyl cellulose
(0.25% w/v Hethocel, 15mPa.s, ex Fluka) in water under shear (2150 RPH,
Heidolph RZRS50 stirrer). After stirring at this rate for 3 minutes the

stirring speed was reduced to 800RPH. The resulting particles were then
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allowed to settle under gravity for 30 minutes, whilst keeping the
solution cool over ice. The supernatant was then discarded and the
particles vere washed by resuspending in ice-cold distilled water (50ml),
and centrifugation at 1000 RPM. This was repeated four times and the

particles were then finally freeze dried.

Particles made in this way were of good quality, being spherical
and of a mean size of 32 um as determined by image analysis from optical
microscopy. The drug content of these particles was determined by
extraction followed by HPLC analysis and was found to be 9.45%,
representing an incorporation efficiency of 96% of the drug used to form

the microparticles.

(ii) Dichloromethane (4ml) was added to a freeze-dried preparation of
ZD6003 (44.18mg). This resulted in an opaque dispersion of drug in
solvent. A lactide/glycolide copolymer (75/25, 364.1lmg, Hv = 16,800 by
size exclusion chromatography, polydispersity = 2.2, ex Boehringer
Ingelheim) vas added. An attempt to determine the molecular weight of
the polymer by end group titration vas performed, but was not possible
due to very low levels of titratable moieties, and consequently this
polymer does not have a terminal carboxylic acid. The mixture of the
drug solution and the polymer did not become clear upon addition of the
polymer and the mixture remained as a turbid dispersion, indicating that,
as expected, in the absence of acid end groups in the polymer, no

peptide-polyester salt could form.

This mixture vas added to a solution (400ml) of methyl cellulose
(0.25% w/v Hethocel, 15 mPa.s, Fluka) in vater under shear (2150 RPN,
Heidolph RZR50 stirrer). After stirring at this rate for three minutes
the stirring speed was reduced to 800RPH. The resulting particles were
then allowed to settle under gravity for 30 minutes, whilst keeping the
solution cool over ice. The supernatant was then discarded and the
particles were washed by resuspending in distilled water (50ml) and
centrifugation at 1000 RPH. This was repeated four times and the

particles were then finally freeze dried.
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Particles made in this wvay were of inferior quality, compared with .
those obtained in (i) above, with some being of irregular shape and of a
mean size of 40um as determined by image analysis from optical
microscopy. The drug content of these particles was determined by
extraction followed by HPLC analysis and was found to be 2.05%,

representing an incorporation efficiency of 19% of the drug used to form

the microparticles.

The above example shows that ZD6003 can be dissolved in
dichloromethane when in the presence of a polymer vith a single terminal
carboxylic acid, despite dichloromethane iself being a non-solvent for
the drug. 1In addition such a solution can be used to form microparticles
of drug and polymer with a very high rate of incorporation of drug. 1In
contrast, the above example also shows that ZD6003 cannot be dissolved in
dichloromethane in the presence of a polymer, when such a polymer does
not have a terminal carboxylic acid, and forms only a hazy dispersion.
Furthermore such hazy dispersions of ZD6003 in a solution of polymer with
no terminal carboxylic acid result in poor incorporation of drug when

processed to form microparticles.

Example 25

(1) Goserelin acetate (22.47mg, equivalent to 19.99mg goserelin) was
added to benzyl benzoate (2.21g, 99%, ex Janssen). This mixture was
placed in an incubator at 40°C and vas stirred continuously for 9 days
using a magnetic stirrer. After 2 and 9 days aliquots wvere taken and
centrifuged for 15 minutes at 13,000 RPH to pellet undissolved drug.
Aliquots of supernatant (approx. 100mg) wvere weighed accurately into 50ml
volumetric flasks. To each was added glacial acetic acid (2ml), followed
by making up to volume with an agueous solution of trifluoroacetic acid
(0.5% v/v). A portion of this solution vas placed in a centrifuge tube
and was centrifuged at 13,000 RPY for 15 minutes to separate suspended
material. The supernatant was then assayed for goserelin content, using
HPLC. No goserelin vas detectable in either sample. The limit of
detection of goserelin in this HPLC assay was 0.2ug/ml and the limit of
quantification was 0.5ug/ml. Thus the equilibrium solubility (at 40°C)
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of goserelin in benzyl benzoate can be estimated from the above as less

than 0.2ug/mg.

(ii) A lactide/glycolide copolymer (95/5) with a single terminal
carboxylic acid (291.9mg, Hw = 6742, polydispersity = 1.61, molecular
veight by end group titration = 2565 gm/mole, inherent vicesity at 1% w/v
in chloroform = 0.103dl/g) was added to benzyl benzoate (3.38g, 992; ex
Janssen) to form a solution. To this was added goserelin acetate
(22.52mg, equivalent to 20.03mg goserelin). This mixture was incubated
and sampled as described in (i) above. No goserelin wvas detectable in
the benzyl benzoate at 2 days, but at 9 days a level of approximately
0.2ug goserelin per mg of benzyl benzoate was detected. The limit of
detection of goserelin in this HPLC assay was as indicated in (1) above.
From this it can be shown that the equilibrium solubility (at 40°C) of
goserelin in benzyl benzoate, when present as a simple mixture with a

lactide/glycolide copolymer, can be estimated as 0.2-0.5ug/mg.

(iii) A lactide/glycolide copolymer (95/5) with a single terminal
carboxylic acid (9.0g, Kv = 6011, polydispersity = 1.56, molecular weight
by end group titration = 2700g/mole, inherent vicosity at 1% w/v in
chloroform = 0.099d1/g) was dissolved in dichloromethane (100ml). To
this vas added goserelin acetate (l.124g, equivalent to lg goserelin)
wvith stirring, followed by the addition of methanol (10ml). The cloudy
suspension obtained was stirred at room temperature for about 1 hour
until a clear solution was obtained. The solvent was removed using a
rotary evaporator to give a clear viscous liquid. This vas then
redissolved in dichloromethane and redried as before. This step was then
repeated twice more and the viscous liquid finally obtained was dried
under high vacuum to produce a white foam, which was further vacuum dried
overnight. The foam was broken to a fine powder vhich was vacuum dried
for 1 day at room temperature. To this powder vas added benzyl benzoate

(20ml, 99%, ex Janssen) and the resultant mixture was gently varmed, wvith

agitation, to obtain a solution.

The solution was thoroughly mixed and a lml sample was placed in

a centrifuge and spun at 14,000 RPM for 30 minutes. An aliquot of the
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supernatant vas carefully removed and veighed into a 50ml volumetric
flask. The sample was assayed for goserelin content as described in (i).

The goserelin content of this solution vas found to be 24.6ug/mg benzyl

benzoate.

This example shovs that benzyl benzoate is a very poor solvent for
goserelin acetate. Furthermore, the addition of a lactide/glycolfde
polymer to form a simple mixture with goserelin acetate in benzyl
benzoate does not lead to a marked increase in the equilibrium solubility
of goserelin acetate in benzyl benzoate. However, goserelin/polyester
salt could be dissolved in benzyl benzoate to form a solution containing
goserelin at a concentration very much higher than the estimated

equilibrium solubility of free goserelin in this solvent.
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1. A composition containing or comprising, as initially made, a salt

formed from a cation derived from a peptide containing at least one basic
group and an anion derived from a carboxy-terminated polyester; the
composition being in the form of a solution or dispersion of the salt in
a solvent which is a solvent for the free polyester but not a solvent for
the free peptide, the particle size of the salt in said dispersion being
less than 5um and preferably less than 0.2um; or in the form of
microparticles or an implant, for injection or sub-dermal implantation.

2. A composition as claimed in claim 1 wherein the peptide is
pharmacologically active, and is selected from oxytocin, vasopressin,
adrenocorticotrophic hormone (ACTH), epidermal growth factor (EGF),
prolactin, luteinising hormone, follicle stimulating hormqne, luliberin
or luteinizing hormone releasing hormone (LHRH), insulin, somatostatin,
glucagon, interferon, gastrin, tetragastrin, pentagastrin, urogastrone,
secretin, calcitonin, enkephalins, endorphins, kyotorphin, taftsin,
thymopoietin, thymosin, thymostimulin, thymic humoral factor, serum
thymic factor, tumour necrosis factor, colony stimulating factors,
motilin, bombesin, dinorphin, neurotensin, cerulein, bradykinin,
urokinase, kallikrein, substance P analogues and antagonists, angiotensin
II, ner%e growth factor, blood coagulation factor VII and IX, lysozyme
chloride, renin, bradykinin, tyrocidin, gramicidines, growth hormones,
melanocyte stimulating hormone, thyroid hormone releasing hormone,
thyroid stimulating hormene, parathyroid hormone, pancreozymin,
cholecystokinin, human placental lactogen, human chorionic gonadotrophin,
protein synthesis stimulating peptide, gastric inhibitory peptide,
vasoactive intestinal peptide, platelet derived growth factor, growth
hormone releasing factor, bone morphogenic protein, and synthetic

analogues and modifications and pharmacologically-active fragments

thereof.

3. A composition as claimed in claim 1 wherein the peptide is

pharmacologically inactive and is selected from polyarginine, polylysine

and poly(arginine-co-lysine), (co-)polymers of neutral amino acids, in

A
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D-, L- or DL-form, with arginine and/or lysine in D-, L- or racemic form, .
or peptides or (co-)polypeptides in which the peptide chains are
terminated in whole or in part by a basic group at the N-terminus and the

backbone is comprised of neutral amino acid residues.

-709-

4, A composition as claimed in claim 1 wherein the polyester is
selected from those derived from hydroxy-acids and those derived from the
polycondensation of diols and/or polyols with dicarboxylic acids and/or

polycarboxylic acids.

S. A process for the manufacture of a solution or dispersion of a
salt as claimed in claim 1, which comprises
(a) dissolving the peptide containing at least one basic amino acid,

in free base form or in the form of a salt with a weak acid and
the carboxy-terminated polyester in a neutral, polar solvent in
vhich both are soluble, removing the solvent or most of the
solvent, and adding the remaining concentrated solution to an
excess of a non-solvent for the peptide-polyester salt, or

(b) dissolving the peptide containing at least one basic amino acid,
in free base form or in the form of a salt with a weak acid, and
the carboxy-terminated polyester, in a solvent in which both are
soluble, and which is capable of being removed by freeze-drying,
freezing the resulting solution at high speed, freeze-drying the
resulting frozen mixture, dispersing the resulting mixture in a
solvent for the polyester component, and allowing the mixture to
dissolve as the peptide-polyester salt is formed, or

(c) reacting the peptide, containing at least one basic amino acid, in
the form of a salt with a strong acid, with a polyester wvherein
some or all of the polyester is in the form of a carboxylic acid
salt with a suitable alkali metal or alkaline earth metal.

6. A coﬂﬁ%@%ﬁiﬁ@*as claimed in claim 1, comprising a
pharmacologically active peptide and a polyester, for extended release of
the peptide drug, characterised in that the composition is in the form of

microparticles from 0.2pm to 500um in diameter, suspended in a

pharmaceutically acceptable injection vehicle.
L]
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7. A composition as claimed in claim 6 vherein the injection vehicle

-80-

is aqueous or is an organic vehicle vhich is a non-solvent for the
materials used, or, for highly lipophilic polyesters, is a hydrophilic

organic injection vehicle.

8. A composition as claimed in claim 1, comprising a

pharmacologically active peptide and a polyester, for extended release of

the peptide drug, characterized in that the composition is in the form of

a pharmaceutically acceptable solution, comprising:

(a) a peptide drug, containing at least one basic amino acid, as
hereinbefore defined, having a molecular weight of at least 300Da,
which is in the form of a salt with the polyester, the salt
comprising a cation of the basic peptide and an anion of a

carboxy-terminated polyester,

(b) a solvent which is a solvent for the free polyester but not a
solvent for the free peptide,

(c) an excess of the polyester, and optionally

(d) some of said peptide in solubilised or colloidally dispersed free
form.

9. A composition as claimed in claim 8 vherein the basic peptide drug

is a synthetic analogue of luteinising hormone releasing hormone,
 selected from buserelin ([D-Ser(But)ﬁ, des-GLy-NH,'0] - LHRH(1-9)NHEL) ,
deslorelin ([D Trps, des~ Gly-NH } -LHRH(1-9)NHEt), fertlrelln

([des~ Gly-NH ] LHRH(I 9)NHEt), oserelln ([D- Ser(Bu ) , Azgly ] LHRH),
histrelin ([D- HlS(BZl) , des- Gly-NH ] LHRH(1-9)NHEt), leuprorelin
((D-Lew®, des-Gly-wu,'0]-Lami(1-9)NuEE), lutrelm ([D-Trp®, HeLeu’,
des-Gly-NH 10, _1%RH(1-9)NHEL), nafarelin ([D-Nal®]-LERH), tryptorelin
([b- Trp }-LHRH), and pharmacologically active salts thereof.

10. A composition as claimed in claim 8 vherein the solvent is

selected from benzyl benzoate, benzyl alcohol, ethyl lactate, glyceryl
triacetate, esters of citric acid, and low molecular weight (<1000)

polyethylene glycols, alkoxypolyethylene glycols and polyethylene glycol

I

acetates.
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11. A composition as claimed in claim 8 wherein the ratio of basic

peptide drug-polyester salt to free polyester is from 1:0 to 0.1:10.

-81-~

12. A composition as claimed in claim 8 wherein the ratio of total

solids to solvent is from 2% w/v to 40% w/v.

13. A process for the manufacture of a pharmaceutical composition as

claimed in claim 8 which comprises

(a) dissolving an intimate mixture of the peptide drug and the
polyester in the pharmaceutically acceptable solvent; or

(b) slowly adding a solution of the peptide drug in a 1-6C alkanol to
a solution of the polyester in a solvent suitable for injection,
vhereafter, if the solvent in the starting peptide solution is not

pharmaceutically acceptable for injection, it is removed.
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Claims

10.

11.

w(efer

A pharmaceutical composition comprising a salt formed from a cation derived from a
peptide containing at least one basic group and an anion derived from a carboxy-
terminated polyester.

A pharmaceutical composition according to claim 1 further comprising a
pharmaceutically acceptable excipient.

A pharmaceutical composition according to claims 1 or 2 in the form of a solution or
dispersion of the salt in a solvent which is a solvent for the free polyester but not a
solvent for the free peptide, the particle size of the salt in said dispersion being less
than Spm.

A pharmaceutical composition comprising a salt formed from a cation derived from a
peptide containing at least one basic group and an anion derived from a carboxy-
terminated polyester and a pharmaceutically acceptable excipient, the composition
formed from a solution or dispersion of the salt in a solvent which is a solvent for the
free polyester but not a solvent for the free peptide, the particle size of the salt in said
dispersion being less than 5pim, and a pharmaceutically acceptable excipient.

A pharmaceutical composition according to claims 3 or 4 wherein the particle size of
the salt in said dispersion is less than 0.2jum.

A pharmaceutical composition according to any one of claims 1, 2 or 4 in the form of
microparticles.

A pharmaceutical composition according to claim 1 in the form of an implant.

A pharmaceutical composition in the form of an implant, the composition comprising
a salt formed from a cation derived from a peptide containing at least one basic group
and an anion derived from a carboxy-terminated polyester and formed by melt
processing.

A pharmaceutical composition according to any one of claims 1 to 8 wherein the
peptide is pharmacologically active.

A pharmaceutical composition according to claim 9 wherein the peptide has a
molecular weight of at least 300 Daltons.

A pharmaceutical composition according to claim 10 wherein the peptide has a
molecular weight of at least 800 Daltons.
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A pharmaceutical composition as claimed in claim 9 wherein the peptide is selected
from oxytocin, vasopressin, adrenocorticotrophic hormone (ACTH), epidermal
growth factor (EGF), prolactin, luteinising hormone, follicle stimulating hormone,
luliberin or luteinizing hormone releasing hormone (LHRH), insulin, somatostatin,
glucagon, interferon, gastrin, tetragastrin, pentagastrin, urogastrone, secretin,
calcitonin, enkephalins, endorphins, kyotorphin, taftsin, thymopoietin, thymosin,
thymostimulin, thymic humoral factor, serum thymic factor, tumour necrosis factor,
colony stimulating factors, motilin, bombesin, dinorphin, neurotensin, cerulein,
bradykinin, urokinase, kallikrein, substance P analogues and antagonists, angiotensin
11, nerve growth factor, blood coagulation factor VII and IX, lysozyme chloride,
renin, bradykinin, tyrocidin, gramicidines, growth hormones, melanocyte stimulating
hormone, thyroid hormone releasing hormone, thyroid stimulating hormone,
parathyroid hormone, pancreozymin, cholecystokinin, human placental lactogen,
human chorionic gonadotrophin, protein synthesis stimulating peptide, gastric
inhibitory peptide, vasoactive intestinal peptide, platelet derived growth factor,
growth hormone releasing factor, bone morphogenic protein, and synthetic analogues
and modifications and pharmacologically-active fragments thereof.
A pharmaceutical composition according to claim 12 wherein the peptide is a
synthetic analogue of luteinising hormone releasing hormone (LHRH).
A pharmaceutical composition according to claim 13 wherein the peptide is
buserelin, deslorelin, fertirelin, goserelin, histrelin, leuprorelin, lutrelin, nafarelin,
tryptorelin or a pharmacologically acceptable salt thereof.
A pharmaceutical composition according to claim 14 wherein the peptide is goserelin
or a pharmacologically active salt thereof.
A pharmaceutical composition according to claims 1 or 4 wherein the peptide is
pharmacologically inactive and which further comprises a pharmacologically active
peptide.
A pharmaceutical composition according to claim 16 wherein the pharmacologically
inactive peptide is selected from polyarginine, polylysine and poly(arginine-
co-lysine), (co-)polymers of neutral amino acids, in D-, L- or DL-form, with arginine

and/or lysine in D-, L- or racemic form, or peptides or (co-)polypeptides in which the

QLR
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peptide chains are terminated in whole or part by a basic group at the N-terminus and
the backbone is comprised of neutral amino acid residues.

A pharmaceutical composition according to any one of claims 1 to 17 wherein the
carboxy-terminated polyester used as the source of the anion is a homo-polyester.

A pharmaceutical composition according to any one of claims 1 to 17 wherein the
carboxy-terminated polyester used as the source of the anion is a co-polyester.

A pharmaceutical composition according to claims 18 or 19 wherein the polyester

is selected from those derived from hydroxy-acids and those derived from the
polycondensation of diols and/or polyols with dicarboxylic acids and/or
polycarboxylic acids.

A pharmaceutical composition according to claim 20 wherein the diol and polyols are
selected from polyethylene glycols, polypropylene glycols, 2-10C alkylene glycols,
glycerol, triethylolpropane and polyoxyethylated forms of polyfunctional alcohols.
A pharmaceutical composition according to claim 20 or 21 wherein the dicarboxylic
acid and polycarboxylic acids are selected from malonic, succinic and glutaric acids,
phthalic acids, mellitic and pyromellitic acids.

A pharmaceutical composition according to any one of claims 20 to 22 wherein the
polyester has been prepared by ring opening polymerisation of cyclic acid dimers.

A pharmaceutical composition according to any one of claims 20 to 22 wherein the
polyester has been prepared by direct polycondensation or co-polycondensation of
hydroxy acids or mixtures of hydroxy acids or lactones derived from such hydroxy
acids.

A pharmaceutical composition according to any one of claims 1 to 24 wherein the
polyester is a homo or co-polyester derived from lactic acid in its D-, L- or DL- form
and/or glycolic acid.

A pharmaceutical composition according to any one of claims 1 to 25 wherein the
polyester has a number average molecular weight of more than 2000 Daltons.

A pharmaceutical composition according to any one of claims 1 to 26 wherein the
polyester has an inherent viscosity (at 1% w/v in chloroform at 25°C) in the range
0.08-4.0 dl/g.

A pharmaceutical composition according to any one of claims 1 to 25 wherein the

polyester is benzene-insoluble, has a normal to wide polydispersity, has a glycolic:

N O O O This is the rsplacement sheet

Date: 2 8 AUG 1997



29.

30.

31.

32.

34.

35.

36.

81 .

lactic acid ratio in the range 60:40 to 25:75 and has an inherent viscosity (at 1% w/v
in chloroform at 25°C) in the range from 0.08 to 4.0 dl/g.

A pharmaceutical composition according to any one of claims 1 to 25 wherein the
polyester is benzene-soluble, has a narrow to wide polydispersity, has a glycolic:
lactic ratio in the range 35:65 to 10:90 and has an inherent viscosity (at 1% w/v in
chloroform at 25°C) in the range from 0.08 to 0.5 dl/g.

A pharmaceutical composition according to any one of claims 1 to 25 wherein the
polyester is benzene-soluble, has a narrow to wide polydispersity, has a glycolic:
lactic acid ratio in the range 35:65 to 0:100 and has an inherent viscosity (at 1% w/v
in chloroform at 25°C) in the range from 0.08 to 0.8 dl/g.

A pharmaceutical composition according to any one of claims 1 to 25 wherein the
polyester is benzene-soluble, has a normal to high polydispersity, has glycolic: lactic
ratio in the range 25:75 to 0:100 and has an inherent viscosity (at 1% w/v in
chloroform at 25°C) in the range from 0.2 to 4.0 dl/g.

A pharmaceutical composition according to any one of claims 1 to 6 and 9 to 31
wherein the composition is in the form of a solution, the polyester comprises a homo-
or co-polymer selected from lactic and glycolic acids and the pharmaceutically
acceptable excipent is an organic solvent selected from benzyl benzoate, benzyl
alcohol, ethyl lactate, glyceryl triacetate, esters of citric acid and low molecular
weight (<1000) polyethylene glycols, alkoxypolyethylene glycols and polyethylene
glycol acetate.

A pharmaceutical composition according to claim 32 wherein the solvent is benzy!
benzoate.

A pharmaceutical composition according to any one of claims 1 to 6 and 9 to 31 in
the form of microparticles having particle sizes in the range from 0.2pm to 500um
suspended in a pharmaceutically acceptable injection vehicle.

A pharmaceutical composition according to claim 34 wherein the microparticles are
suspended in an aqueous injection vehicle.

A pharmaceutical composition according to claim 34 wherein the microparticles are

suspended in an organic injection vehicle which is a non-solvent.
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A pharmaceutical composition according to claim 36 wherein the microparticles
comprise a homo- or co-polymer of lactic and glycolic acid and the injection vehicle
is ethyl oleate, isopropyl myristate, vegetable oil or a fatty glyceride.
A pharmaceutical composition in a form suitable for administration to a patient and
comprising a salt formed from a cation derived from a peptide containing at least one
basic group and an anion derived from a carboxy-terminated polyester.
A pharmaceutical composition according to claim 38 further comprising a
pharmaceutically acceptable excipient.
A pharmaceutical composition according to claim 38 in a form suitable for injection
or sub-dermal implanation, the form selected from:- i) a solution or dispersion of the
salt in a solvent which is a solvent for the free polyester but not a solvent for the free
peptide, the particle size of the salt in said dispersion being less than Sum; ii)
microparticles; and iii) an implant.

A pharmaceutical composition according to claim 38 in a form suitable for oral
administration.

A process for preparing a pharmaceutical composition according to any one of claims
2 to 37 which comprises bringing into association a salt formed from a cation derived
from a peptide containing at least one basic group and an anion derived from
carboxy-terminated polyester and a pharmaceutically acceptable excipient.

A process for preparing a pharmaceutical composition according to claims 2 or 4 in
the form of a solution which process comprises dissolving an intimate mixture of the
peptide and the polyester in a pharmaceutically acceptable solvent.
A process for the manufacture of a solution or dispersion of a salt formed
from a cation derived from a peptide containing at least one basic group and
an anion derived from a carboxy-terminated polyester, which comprises
(a) dissolving the peptide containing at least one basic amino acid, in free base
form or in the form of a salt with a weak acid and the carboxy-terminated polyester in
a neutral, polar solvent in which both are soluble, removing the solvent or most of the
solvent, and adding the remaining concentrated solution to an excess <;f a non-solvent
for the peptide-polyester salt, or
(b) dissolving the peptide containing at least one basic amino acid, in free base

form or in the form of a salt with a weak acid, and the carboxy-terminated polyester,
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in a solvent in which both are soluble, and which is capable of being removed by
freeze-drying, freezing the resulting solution at high speed, freeze-drying the
resulting frozen mixture, dispersing the resulting mixture in a solvent for the
polyester component, and allowing the mixture to dissolve as the peptide-polyester
salt is formed, or

(c) reacting the peptide, containing at least one basic amino acid, in the form of a
salt with a strong acid, with a polyester wherein some or all of the polyester is in the
form of a carboxylic acid salt with a suitable alkali metal or alkaline earth metal.

A process according to claim 44 wherein in option (a) the non-solvent is distilled
water free of carbon dioxide.

A process according to claims 44 or 45 wherein in option (a) the peptide-polyester
salt is isolated by direct precipitation into water.

A process according to claim 44 wherein in option (a) the neutral, polar solvent is
dimethyl sulphoxide, dimethylformamide, dimethylacetamide or N-
methylpyrrolidone.

A process according to claim 44 wherein in option (a) the péptide is present as an
acetate salt.

A process according to claim 44 wherein in option (b) the solvent is selected from
acetic acid, dioxan/water and tert-butanol/water.

A process according to claim 44 wherein in option (b) the freeze-drying is performed
at a temperature below the glass transition temperature of the polyester and the
peptide.

A process according to claim 44 wherein in option (b) the carboxy-terminated
polyester is polylactic acid or a co-polymer of lactic and glycolic acids and the
solution of the peptide and the polyester is in acetic acid.

A process according to claim 51 wherein there is more or less instantaneous freezing
of the acetic acid solution.

A process according to claim 52 wherein freezing is performed with liquid nitrogen.
A process according to claim 52 wherein freezing is performed with solid carbon
dioxide in hexane.

A process according to claim 44 wherein in option (¢) the salt of a strong acid is a

chloride or sulfate.
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A process according to claims 44 or 45 wherein in option (c) the alkali metal or
alkaline earth metal is sodium, potassium, calcium or magnesium.

A process according to claim 56 wherein the polyester has an average molecular
weight of less than about 10,000 and the salt is dissolved , or very finely dispersed, in
water.

A salt formed from a cation derived from a peptide containing at least one basic
group and an anion derived from a carboxy-terminated polyester obtainable by a
process according to claim 44.

A salt formed from a cation derived from a peptide containing at least one basic
group and an anion derived from a carboxy-terminated polyester obtained by a
process according to claim 44,

A salt formed from a cation derived from a peptide containing at least one basic
group and an anion derived from a carboxy-terminated polyester.

A salt according to claim 60 in a solution.

A salt according to claim 61 in solution in a neutral polar solvent.

A salt according to claim 62 wherein the neutral, polar solvent is dimethylsulfoxide,
dimethylformamide, dimethylacetamide or N-methylpyrrolidone.

A salt according to claim 61 wherein the solvent is dichloromethane.

A salt according to claim 61 in solution in a solvent capable of removal by freezing
and freeze-drying.

A salt according to claim 65 wherein the solvent is acetic acid, or a mixture of dioxan
and water or a mixture of tert-butanol and water.

A salt according to claim 66 wherein the solvent is acetic acid.

A salt according to claim 61 wherein the solution is capable of being removed by
spray-drying.

Compound according to claims 58 or 59 for use in a method of therapeutic treatment.
Composition according to claims 1 or 4 for use in a method of therapeutic treatment.
A pharmaceutical composition substantially as described in any one of Examples

1 to 25.

A process for preparing a pharmaceutical composition substantially as described in

any one of Examples 1 to 25.
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that they do not particularly describe any such specific peptide-
polyester salt, do not give any indication of how such salts can be
prepared, and are silent with regard to any beneficial effects which
could arise from the use of such salts in the manufacture of

pharmaceutical compositions.

According to the present invention, however, there is provided a
pharmaceutical composition comprising a salt formed from a cation derived
from a peptide containing at least one basic group and an anion derived
from a carboxy~terminated polyester.

According to a further aspect of the present invention, there is
provided a2 composition containing or comprising, as initially made, a
salt formed from a cation derived from a peptide containing at least one
basic group and an anion derived from a carboxy-terminated polyester; the
composition being in the form of a solution or dispersion of the salt in
a solvent vwhich is a solvent for the free polyester but not a solvent for
the free peptide, the particle size of the salt in said dispersion being
less than Sum and preferably less than 0.2um; or in the form of
microparticles or an implant for injection or sub-dermal implantation.

*The cation component of the salt may be derived from a basic
peptide which is pharmacologically active, or from a basic peptide which
is pharmacologically inactive. Vhen the basic peptide is
pharmacologically active, the salt of the invention itself may be
formulated into an extended release pharmaceutical formulation. VWhen the
basic peptide is pharmacologically inactive, the salt of the invention
may be used as an excipient in the formulation of extended release
compositions of othexr, pharmacologically active, peptides which either
are acidic in nature, (comprising an excess of acidic amino acids such as

aspartic acid and glutamic acid), or are neutral in nature.

In extended release formulations of peptides, a further
requirement, of course, is that the peptide should be substantially
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stable in the formulation over the period of release envisaged. By
n"substantially stable™ it is meant that the drug is not rendered totally
insoluble or denatured, with total loss of pharmacological activity,
during the period of use envisaged for the formulation.

Suitable pharmacologically active peptides have a molecular weight
of at least 300Da, and preferably at least 800D2. Examples of such
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ABSTRACT

SALTS OF PEPTIDES WITH CARBOXY-TERMINATED POLYESTERS

This invention relate -t novel salts composed of a cation derived from a peptide
containing at least one basu group and an anion derived from a carboxy-terminated
polyester, processes for' he:"manufacture of such salts, and the use of such salts in
the manufacture of extended release pharmaceutical compositions. The saits of the

invention possess a varlety of properties which are useful in the formulation of

extended release pharmaceutlcal composmons, whether the salts are in pure form or

are in admixture wnth :elth n excess of the peptide in its free, unbound form or in an

excess of the free polyester.
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