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“ingention.relates to pharmaceutical conpositions conpri sing polyneric
ri‘ces, ‘especially those. containing IL-6 for use in treating diseases - _
di-ated by 1Lt and/or TNFa, e.g., chronic inflanmatory conditions. The =
spgcific polymers of the invention, especially the poly(ethylene carbonate)
pol ynmers déscri bed herein, however, are shown to be nore generally useful
as matrix materials in sustained rel ease conposi tions cont ai ni ng
phar macol ogi cal |y active conpounds, and in particular to have the novel,
unexpected, and highly desirable property of undergoi ng nonhydrol ytic
surface erosion in vivo. Therefore, matrices conprising other drugs are
al so exenplified and provi ded, POIYNMERINE MAPRICESSeS for preparing the
pol ymers and to pharnaceutlcal EﬁﬁﬁﬁETTT?ﬁET?Rﬁﬂ?ﬁTT ng then1 Mbr eover, the
use of I1L-6 to tr ANDCEHEIR{USE ARMACEUTICAL(CE INSovel and
unexpected (many such condltlons wer e preV|oust bel i eved to be exacerbated
by IL-6), thus the invention further provides a new use for IL-6 in the
treatnment of, e.g. chronic pathogen- induced inflammatory conditions,

denyellnatlng di seases, and acute and hyperacute inflammatory condltlons
such as septi Jhisipvention relates to pharmaceutical composmons comprising polymeric matrices,

especially those containing IL-6 for use in treating diseases mediated by IL-1 and/or TNFc,

e.g., chronic mﬂammatory conditions. The specific polymers of the invention, espec;ally the
poly(ethylene carbomate) polymers described herein, however, are shown.to be more
generally useful as matrix materials in sustained release compositions containing
pharmacologically active compbunds, and in particular to have the novel, unexpected, and
highly desirable property of undergoing 'nonhydrolyti'c surface erosion in vivo. Therefore,
matrices comprising other drugs are also exemplified and provided, together with processes
for preparing the polymers and to pharmaceutical compositions containing them. Moreover,
the use of IL-6 to treat conditions mediated by IL-1 and/or TNFo. is novel and unexpected
(many such conditions were previously believed to be exacerbated by IL-6), thus the
invention further provides a new use for IL-6 in the treatment of, e.g, chronic pathogen-
induced inflammatory conditions, demyelinating diseases, and acute and hyperacute

inflammatory conditions such as septic shock.

1. Treatment of diseases mediated by IL-1 and/or TNFa

Many spontaneously occuring, chronic inflammatory conditions have an unknown,
(possibly autoimmune) etiology and are believed to be mediated by IL-1 and/or TNFo.. For
’ example, multiple sclerosis (MS), a crippling nerve disorder characterized by .djsscminated
patches of demyelination in ;hé brain and spinal cord, has occupied the attention of research

organizations for many years. Although the precise etiology of multiple sclerosis is not fully
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1.l reat ment of diseases nediated by IL-1 and/or TNF[err] Many
spont aneously occuring, chroni-c.inflammuatory conditions have an unknown,

{ possi bl y aut oi mmune) etiol ogy:and are believed toibe nediated by IL-1
and/or TNF[err] For exanple, mul t'#lpl e sclerosis (MS), a crippling nerve.
disorder characterized by dissenifidted patches of denyelination in the
brain and -spi nal cord, has occupied the attention of research organi zations
for many years. Although the precise etiology of nultiple sclerosis is not
fully -2 - understood, it is believed to have a strong autoi mmune
conponenendesstoad; dti is believedcatochayve laystriohg aitoimemae ¢omponeht,\ascindicated; ¢.g8i, byHha

antigens, in tients having, t di sease, Currently ayai) abl e
ant i gl nf INETPRY ?ﬂﬁ'ﬂ‘i?g‘gf - _@A@%ﬁ%ﬂ‘r%&@%"éﬁ ;d‘%%rmﬂyor
cor t i cos{\ahghid SntiSnfammiiopy BhiREch 89 ACYH (Rirbitbiitolr8hie Rirthohé) Gicut e

attacks, especially when adm nistered early in the episSode, but do not
af fect tdorticostbeoidy,i e:g;, predoisongy appearite haster senoverydngcuterattagkisriespeciallyt when of

corti Cosédenrxi%isije%cp traariyn}irxu Oseijaﬁs&rie% it db o %ffreclztetﬁe %aéfyxggf etio E)i 'of the disease.
Long term administration of corticosteroids or immunosuppressants carries risks of serious
side effects. A recombinant form of IFN-B; was recently shown to reduce short term plaque
formation, but has not been shown to affect the long term progression of the disease.
Evaluation of treatment efficacy is complicated by the fact that the natural progression of the
disease is one of spontaneous remission and chronic relapse. In short, despite many years of
intensive research, there is so far no generally accepted specific therapy for this very serious

disease. .

Other chronic inﬂar_mnatory conditions are believed to be induced by external agents,
e.g., pathogens. For example, Lyme disease is a serious chronic condition initiated by
infection with the tick-born spirochete Borrelia burgdorferi. Following an initial acute phase
characterized by skin lesions and flu-like symptoms, the disease progresses to a chronic
phase which may be characterized by arthritis and chronic neurologic abnormalities. The
disease is usually treated with éntibiotics and nonsteroidal anti-inflammatory agents, but an

optimal therapy, particularly for the established disease, is not yet established.

Acute or hyperacute, uncontrolled inflammatory conditions may also be caused by
external agents, e.g., severe burns or severe infections. For example, septic shock, and in
particular adult respiratory distress syndrome (ARDS), is a life threatening condition for
which no effective treatment exists at present. Onset is rapid, and mortality generally
exceeds 50%. Septic shock usually results from severe bacterial infection and is typically
characterized by fe\_rer often followed by hypothcrmja in the later stages, fluctuating blood
pressure (hyperdynamic syndrome) followed by hypotension in the later stages, metabolic
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lesgP?ects. A reconbinant formof IFN-B[err] was recently shown to
teduce short term plaque formation, but has not been shown to affect the
| ong term progression of the disease. Evaluation of treatnent efficacy is
conplicated by the fact that the hatural progression of the disease is one
of spontaneous remi ssion and chifohic rel apse. In short, despite many years
of intensive research, there is so far no generally accepted specific
therapy for this very serious disease. Qther chronic inflarmatory
conditions are believed to be induced by external agents e. pat hogens.
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al so be &Pﬂéﬁﬂ%n?ééﬂéﬁtﬁbﬁféspm@t@ gratn-flegative \batterillinfection. severe infections.

For exanple, septic 'shock,  and i n parti cuI ar adult respiratory distress
syndrome (ARDS), is a life threatening condition for

IL-6 is a known cytokine. It is known to be useful in the treatment of various

conditions, e.g., thrombocytopenia and certain cancers. It is produced by the body usually in
response to bacterial infections and has been implicated in the mediation of inflammation,
fever, and septic shock. It is a potent immunostimulant and indeed some literature suggests
that IL-6 driven mechanisms cause certain autoimmune or inflammatory diseases, including
systemic lupus erythematosis, multiple sclerosis, and rheumatoid arthritis, as well as septic

shock.

It is thus very surprising to discover that IL-6 is useful in the treatment of chronic
inflammatory diseases (other than glomerulonephritis), e.g., multiple sclerosis, and in the
treatment of acute and hyperacute inflammatory conditions, e.g., septic shock. The
mechanism of this action is unclear, but without intending to be bound by any particular
theory, we believe that, through a feedback mechanism, IL-6 can suppress or inhibit the
expression, release or function of other cytokines, particularly TNFo. and/or IL-I, possibly by
uprcgulatmg the release of soluble TNFo receptor and/or IL-I receptor antagonist, thereby
suppressing the activity and resulting autoimmune, mﬂammatory, or shock conditions that are
principally mediated by these cytokines. In the case of conditions characterized by IL-6
mediated complement-activating antigen-antibody (IgG) complexes, particularly
glomerulonephritis (which is usually caused by aggregation of such complexes in the kidney),
however, .IL-6 is shown to exacerbate the condition. Thus, we have shown that IL-6 is

curative in animal models for MS and Lyme arthritis, for example, which are believed to be
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{L-6 is therefore cons 1dcred to be useful as an agent for suppressing of inhibiting

expression, release or function of TNFo. and/or 1L, and especially in the treatment of

ns other than glomerulone ephritis, and in the treatment of septic shock.
using IL-6 include, for example, arthritic

for example, Lyme disease

inflammatory condmo

Inflammatory condi

conditions, particularly pathogen—mduced

arthritis, bacterially induced arthritis, and pohoarttn'ms multiple s¢
erized by demyelinatio

demyelinating diseases (i€, diseases charact
multiple sclerosis, acute disseminated encephalomyelms
diffuse cercbral sclerosis,

cord, including, €-8-
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tions which may be treated
arthritic condmons,
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ination, especially autoimmune-
such as burns, septic shock,

including polychondrms, sclerodoma,

and pneumoma, and autoimmune diseases 1
chronic active hepatitis, myasthenia gravis,

‘Wegener granulamatosxs, dermatomyosms,
me, idiopathic spruc. autoimmune

psoriasis, psoriatic arthritis, Steven-Johnson syndrom

inflammatory powel disease ('mclud'mg e.g. ulcerative colitis and Crohn’s dxsqase), endocrine

ophthalmopathy. Graves disease, sarcoidosis, primary pilliary cirrhosis, juvenile diabetes
uveitis (anterior and posterior), keratoconjunctivitis sicca and

neuromyelitis, tinnitus,

Schilder’ tertiary Lyme disease,

and other diseases wherein demyl

major symptom); acute severe inflammatory conditions §

meningitis,

(diabetes mellitus type D,

vernal keratoconjunctiviﬁs, and interstitial lung fibrosis.

The invention thus provides:

i) A method of
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rég?)-onse to bacterial infections and has been inplicated in the nediation

of inflammtion, fever, and septic shock. It is a potent inmunostinul ant
and i ndeed sone literature suggests that IL-6 driven nmechani sns cause
certain autoi mmune or inflammtory di seases, including system c |upus
erythematosis, multiple sclerosféf and rheumatoid arthritis, as well as
septic shock. It is thus very surprising to discover that IL-6 is useful in
the treatnment of chronic inflanmatory di seases (other than

gl omer ul onephritis), e.g., nultiple sclerosis, and in the treatnent of
acute and hyinhibiting thei expteasion,t rslease-onfiinctiom of ToFgt anddeplli-E shock. The
mechani sm of this action is unclear, but wthout intending to be bound by
any particular theory, we believe that, through a feedback nmechanism 1L-6
can Suppr esSofkedtinlid?iprevelifing 4R ikflarhaitory Eéiﬁﬁﬁéhﬁmcfﬂi&ﬁtgleﬁeﬁﬁoﬂé?&%s; :
cytoki nes, particularly TNF[érr] and/or 1L-1, possibly by upregulating the
rel ease of soluble TNFa receptor and/or |IL-1 receptor antagonist, thereby

suppressing the activity apnd resuk.t.i ' , ot | fory, or shock
conditions t atfeaiipgoﬁ Yol %Pf%@%‘?ﬁ?’é‘?‘%‘%%ﬁ 3&9{05 > In the case of
conditions characterized by IL-6 nediated conpl enent -activati ng
antigen-anti body (19gG conplexes, particularly glonerul onephritis (which is
usual | y causefdtréajing g peeyenting agy omt,ew@d*mﬁé%mbndtahequi dney),

of treating or preventing' a demyelinating disease, e.g., multiple sclerosis;
of treating or preventing an externally induced inflammatory condition;

of treating or preventing an inflammatory response to a severe acute infection, e.g.,

septic shock, meningitis, or pneumonia;
of treating burns;

of treating or preventing a chronic pathogen-induced inflammatory condition, e.g.,

Lyme disease;

said method comprising administering a therapeutically or pfophylactically effective amount
of IL-6, e.g., a TNFa and/or IL-I inhibiting amount of IL-6, e.g., thIL-6, (e.g., especially
wherein IL-6 is administered as the sole therapeutic or prophylactic agent, or optionally
administered in conjunction with antimicrobial or vasoactive agents, e.g., optionally not in
conjunction with TNFo agonists or antagonists or with anti-TNFo antibody); optionally in
slow release or depot form, e.g., in association with a polymeric matrix, e.g., a poly(ethylene
carbonate) matrix as further described herein, to a subject, e.g., 2 mammal, e.g., 28 human

being, in need of such treatment or prophylaxis;
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) h%)wever, IL-6 is shown to exacerbate the condition. Thus, we have shown

that IL-6 is curative in animl nodels for M5 and Lyne arthritis, for
~exanpl e, which are believed to be -4 - driven primarily by IL-1 and/or
TNF[err], but exacerbates the gl onmerul onephritis in |upus mce, which is
believed to be directly driven By~IL-6. W have al so shown that IL-6 is
curative by itself in nouse nodels of endotoxic shock, which is |ikew se
hypot hesi zed to be driven principally by IL-1 and/or TNF[err]. IL-6 is
t herefore considered to be useful as an agent for suppressing or inhibiting
t he expr essiiynThe useaf B.-6; e.gumbiLi-6,indhe Manufaghuié of alrhedicament doparse dn khe i n
amat.ory caondi L.i ons ot he

e bR, LB R Sl B S0 b Rl TS IeR S LS o1
t r eat edyhgrbiahé melidafieht! foptioRally 1P Si8Wreleasd fiirin; E@.,%ﬁﬁﬁhamfﬁﬁmepaf ticularly
pat hogen-induced arthritic conditions, for exanple, Lyne disease arthritis,
bact er i compyisingcr pelymeric imatrix s¢.g a apolx(ethylenc icarbonate) malrix p¢ further desesibed and
ot her herein: :

iii) The use of IL-6, e.g., thIL-6, for the treatment or prevention of any of the
conditions listed under (i) above; and o

iv) A pharmaceutical composition comprising IL-6, e.g., rhIL-6, for use in the method
of (i), e.g., for treating or preventing any of the conditions described in (i) above, optionally
in slow release form, optionally further comprising a polymeric matrix, e.g., a poly(ethylene
carbonate) matrix as further described herein; for example, a sustained release composition
(i.e., a composition which biodegrades in vivo over a period of days, weeks, or months)
comprising IL-6 in a polymeric matrix, e.g., in the form of a microparticle or depot, e.g., -
where the polymer exhibits nonhydrolytic surface erosion in vivo, especially any of the drug
delivery systems described herein, for use in the treatment of any of the above-mentioned

conditions, e.g., for the treatment of a chronic inflammatory condition.

By IL-6 is meant any compound corresponding to the known varieties of interleukin-6
(also known as interferon beta-2 (IFN-B,, ), B-cell stimulatory factor 2 (BSF-2), interleukin
HP-1 (HR1), hepatocyte stimulating factor (HSF), hybridoma plasmacytoma growth factor
(HPGF), -and 26kD factor). Recombinant IL-6 is preferred, although nonrecombinant IL.-6
can also be used, e.g., as produced by IL-6 secreting cancer cell lines. IL-6 is commercially
available or may be produced by known methods, e.g., as described in EPA 0 220 574, EPA
0 257 406, EPA 0 326 120, WO 88/00206, GB 2 063 882, or GB 2 217 327, the contents of
which applications are incorporated herein by reference. The IL-6 may be glycosylated,
e.g., as produced by eukaryotic cells, e.g., CHO cells, or nonglycosylated, e.g., as produced
by prokaryotic cells, e.g., E. coli. Recombinant human IL-6 (rhIL-6) is preferred, although

IL-6 is known to be active cross-species, so that IL-6 derived from nonhuman sources could



deyakpgﬁﬁting,diseases (i.e., diseases characterized by denmyelination in

t ke nerves, brain, and/or spinal cord, including, e.g., nultiple sclerosis,
acut e di ssem nated encephal onyelitis or postinfectuous encephalitis, optic
neuronyelitis, tinnitus, diffuse cerebral sclerosis, Schilder's disease,
adr enol eukodystrophy, tertiary Lyﬁe di sease, tropical spastic parapoesis,
and ot her di seases wherein denylination, especially autoi mmune-nedi ated
denyelination, is a major synpton); acute severe inflammtory conditions
such as buns, septic shock, neningitis, and pneunonia; and autoi nmruune

di seasesalisé bk wed 8ndoi3! iElaaE withinSthe 36¢aRINFICHEL-6 \Hefeix © I Proteiiblhavifi findT,
dermat onyositis, chronic active hepatitis, ﬁg‘yast heni a gravis, psoriasis,
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provides: i) A method of

Suitable pharmaceutical compositions comprising IL-6 together with a
pharmaceutically acceptable diluent or carrier are known. The IL-6 may be administered
parentally, e.g., in the form of an injectable solution or suspension, e.g., accordiﬁg to or
analogously to description in Remington’s Pharmaceutical Science, 16th ed. (Mack
Publishing Company, Easton, PA 1980). Suitable carriers include aqueous carriers such as
saline solution, Ringer’s solution, dextrose solution, and Hank’s solution, as well as
nonaqueous carriers such as fixed oils and ethyl oleate, For ordinary parental administration,
the IL-6 is available in lyophilized form in unit dose amounts which may be mixed with the

carrier to form a suitable solution or suspension for injection.

Alternatively, the IL-6 may be administered using an implantable or sustained release
drug delivery system, e.g., in microparticle or depot form in association with a polymer, to
form a polymeric matrix whereby the drug is released sldwly from the matrix. This is
preferred, e.g., where the condition to be treated is chronic, e.g., a chronic inflammatory
condition, and the requisite treatement extends over a period of weeks or months. By
polymer is meant any suitable (e.g., pharmacologically accéptable) linear, high molecular
weight molecule formed of repeating units (including homopolymers, co—polymém, and
heteropolymers), optionally branched or crosslinked, which may be made, e.g., by
polymerization of a single molecule or from the co-polymerization of more than one
molecule (e.g., poly(ethylene carbonate) from ethylene oxide and carbon dioxide as described
below), and optionally confaining interruptions in the polymer chain with other units.

Preferably, the polymer is linear and is composed of carbon, oxygen and hydrogen, e.g.,



-5-19¢#Hqgti ng the expression, release or function of TNFa and/or IL-1; of
tréating or preventing an inflamuatory condition other than

gl onerul onephritis; of treating or preventing a condition nediated by IL-I
and/or TNFa; of treating or preventing any of the conditions described
above; of treating or preventing anenyeIinating di sease, e.g., multiple
sclerosis; of treating or preventing an externally induced inflammatory
condition; of treating or preventing an inflanmatory response to a severe
acute infection e.g., septic shock, nmeningitis, or pneunonia; of treating

burns; of pdly Wd&ﬁd@éo%lﬁéﬁﬂé lpwyemhyléueoglycolpet polyethylemkucarboriatd)) d?mietahly,
condi ti on .., | sease; said nethod, conprising adm nisteri n%

t her apeut the g0 Ssln@'re mpn-hydrolyti surface ££9siof el ROLY(sthylenascarponate) as hergin
and/ or | Lgl 'ngesgn&dqg anDunt of IL-6, e.g.,. rhlL-6, (e.g., especially

The dosage will of bourse vary depending on the exact type of IL-6 employed, the
host, the mode of administration, and the nature and severity of the condition being treated.
The IL-6 is administered to larger mammals, e.g., man, by subcutaneous injection or in
sustained release form to provide a dosage of from 0.5 pg/kg/day to 30 ug/kg/day, preferably
from 2.5 pg/kg/day to 10 pglkglday, or in any other dosage which is safe and effective for in
vivo activity in known therapeutic applications of IL-6, e.g., in a platelet-increasing dosage.
In the case of severe acute inflammatory conditions, e.g., septic shock, higher dosages
administered i.v. may be desirable to achieve a rapid and strong response. Frequency of IL-6
administration may optionally be reduced from daily to every other day or every week, or
longer in the case of sustained release forms, which are preférred when the treatment is given
over longer periods of time. IL-6 treatment may result in chills, fever, and flu-like
symptoms, which normally can be treated or prevented with co-administration of nonnarcotic
analgesics such as aspirin, acetaminophen or indometacin. Other significant side effects
ordinarily appear only at higher dosages, e.g., above 10 pg/kg/day, and can ordinarily be

relieved by reducing the dosage.

II. Polymeric matrices for sustained release

| The invention further provides pharmaceutical compositions suitable for sustained
release of drugs, which are suitable, e.g., for administration of IL-6, e.g. in the above
described indications, as well as for other drugs.- The pharmaceutical compositions are
especially those comprising polymers of poly(ethylene carbonate), sometimes referred to as

as poly(ethylene carbonate)s or PECs.
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mheHSPﬁ“Fﬁ-e I's adm ni stered as the sole therapeutic or prophylactic agent,
or soptionally adm nistered in conjunction with antimcrobial or vasoactive
agents, e.g., optionally not in conjunction with TNF[ err] agonists or
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for the t Thatpaienartaisopdees ot disolosd suchydrag delivery systems for the delivery of certain of
the particular drugs disclosed herein, e.g., IL.-6, nor does it suggest that a sustained release
system would be desirable for delivery of such drugs.

Particularly surprising are the degradation characteristics of the polymers of the
invention. On the basis of general chemical knowledge, it is expected that carbonate ester
bonds are in principle cleavable. However, polycarbonates have been proved to be stable

under moderate conditions in vitro.

According to Chem. Pharm. Bull. 31(4), 1400 - 1403 (1983) poly(ethylene carbonate)s
are degradable in vivo, but the polymer tested was not clearly identified, e.g. by modern
spectroscopical methods. According to page 1402, in vivo degradation was only explainable

as due to the influence of hydrolytic enzymes.

According to Chem. Pharm. Bull. 32 (7), 2795-2802 (1984) microparticles were made
of poly(ethylene carbonate) containing Dibucaine. Alfhough the description relates to the
firstly cited art, the release of Dibucaine was not seen to be related to in vitro or in vivo
degradation pattern of the polymer, but to diffusion through the polymer. Also here the
physical and chemical properties of the poly(ethylene carbonate) tested were not sufficiently

evaluated.

According to Makromol. Chem. 183, 2085 - 2092 (1982), especially page 2086,
carbon dioxide epoxide polymers are considered to be biodegradable and it is said that
preliminary results confirmed the biodegradability of carbon dioxide - ethylene oxide

polymers and thus their use in controlled drug release. For support of the allegation regarding
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by IL-6 secretlng cancer cell lines. IL-6 is commercially avail able or may

be pr.odliskscbfSymun diemetertand 25 mg weightzte l@e@slmlbmm ang/5 ;M LpQL2H,Ocpn,
phosphate-buffered saline (PBS) of pH 7.4 and to 10 mg/ml pronase E and 5 mM
CaCl,.2H,0 in phosphate-buffered saline of pH 7.4 (at 37°C) and no degradation could be

observed (see Fig. 1). The pronase solution was renewed every day.

It is now surprisingly discovered that a selection of poly(ethylene carbonate)s having a
special ethylene carbonate content, viscosity and glass transition temperature range, which are
not degradable by hydrolysis (e.g., in the presence of hydrolytic enzymes, e.g. pronase, or
under basic conditions) are nevertheless degradable in vitro and in vivo, namely and
exclusively by surface erosion. The expression "surface erosion” is used in the literature,
especially in relation to the hydrolytic degradation of polyanhydrides and polyortho esters,

but was never clearly defined.

Surface erosion occurs, if there is a mass degradation merely at the surface of the
polymer particles, without reduction of the molecular weight of the remaining polymer
residue. Where in the literature it was alleged that surface erosion was observed, molecular
weight determinations of the residual mass parallel to mass loss determinations were never

carried out, and thus in fact surface erosion never was proved.

In fact, in almost all the hitherto tested polymers, polymer bulk erosion was observed.
- Systems exhibiting polymer bulk erosion have the significant disadvantage that if the |
polymer is loaded with a drug compound, e.g. a peptide, which is relatively unstable under
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0 257 406, EPA 0 326 120, WD 88/ 00206, GB 2 063 882 or GB 2 217 327, the

contents of which applications are incorporated here| n by reference The

IL-6 may be gl ycosylated, e.g., as produced by eukaryotic cells, e.g., CHO
e.

celI's, or nonglycosylated, e.g., as prdduced by prokaryotic cel s, g., E
coli. Reconbinant human IL6 ([err]IL-6) is preferred, although IL-6 is
known to be active cross-species, so that |IL-6 derived from nonhuman
sources coul d -7- also be used and is included within the nmeani ng of
I'L-6 herein. gquEﬁcJ@me%m@ea ﬂi&ﬁiuﬁttb vHich L willebeSRIEASH; theddiruls cofnpound is
e.g., addition, deletion ation of 1, 2, or nore am no acl ds;

f usi on prot ei mk‘eaﬂymnmmte@withtﬁe madﬁummtherbu&mm canlosqasfam*gnelwg before lt is
| L- 6;- and/ or other ,such wvariant u t ed, at e orns of. | Ls:6, i C
have IL-6 act ircieaspd the; PRlyReEr- #){bﬁ gﬁ?ﬂrﬁ%@ééﬂaﬁﬁ sf'l‘r{aﬁee%’é’ﬂr he'% 6
I'L-6 herein. Ma’a&ﬁnmg&ﬁeumbe&ed%ﬂgesmbw@ e30 MR péptiae, would r&mtﬂefected

with a pharmaceutically acceptable diluent or carrier aré known. The -
may be admi ni tom ¢he detrimental znﬂuence of the biological medium just until the moment that the

progressive surface erosion reaches the drug particles and the drug particle is released from
the surface of the residual polymer mass. In case of polymer matrix drug delivery systems
exhibiting surface erosion as opposed to bulk erosion, the drug particle is thus exposed to the
detrimental influence of the biological medium during a shorter period of time, thereby
allowing for longer, higher and more consistant release of pharmacalogically active drug
from the polymer matrix.

For polyanhydrides in recent publications ih Proc. Nat. Acad. Sci. USA 90, 552-556
(1993) and 90, 4176-4180 (1993) some characteristics of a surface erosion - like behaviour
were described. However, the whole bulk seemed to be influenced and no molecular weight
determinations were performed. Further, this erosion is of the hydrolytic type.

It was now discovered, that a selected group of poly(ethylene carbonate)s, defined below,

shows, in vitro as well as in vivo, exclusively a non-hydrolytic surface erosion.

The invention provides a polymer degradable in vivo and in vitro by surface erosion
which is governed by a non-hydrolytic mechanism and having ethylene carbonate units of the

formula A
-(-C(0)-0-CH,-CH,-O-)- A
having an ethylene carbonate content of 70 to 100 Mol%, having an intrinsic viscosity of 0.

to 4.0 dl/g, measured in chloroform at 20°C, and having a glass transition temperature of
from 15 to 50°C.
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parentally, e.g., in the formof an injectable solution or suspension,

erg., according to or anal ogously to description in Rem ngton's

Phar maceuti cal Science 16th ed. (Mack Publishing Conpany, Easton, PA 1980).
Sui tabl e carriers include aqueous,carriers such as saline solution,
R'nger's sol ution, dextrose sol atd n, and Hank's solution, as well as
nonaqueous carriers such as fixed oils and ethyl oleate. For ordinary
parental adm nistration, the IL-6 is available in lyophilized formin unit
dose amounts which may be mxed with the carrier to forma suitable

sgl ution or %methmMMTMg to ﬂg inI!elgmln_aiy fogn 70
Syot om 18100 Mot eyt 80 300 o hrgfiaties fbes 203939 b 48 500 430 89 e
to for mppeRatnERY viScodRy of &e‘"ﬁkgyﬁl%’ Winstﬁ‘&nfb.dl% 40 diF, Prcusared iR hibréfoRi at he

matrix. This is preferred, e.g., where the condition to be treated is
chr oni c¢,208CgPreferably ths pelymer hasram inherent yisgosityo measured ah201Coand 8 iconcentration

treat enent, exten er r weeks or nonths. By pol yner is neant
any sui t% k}léié'tg‘. .? E?fgf %@%I%S’?%gp{gy acceptabl e) |inear, high nolecul ar

wei ght nol ecul e formed of repeating units (including honopol yners,

co-pol ynmers, _and heteropol yners), optionally branched or _crosslinked, which

may be made, 1% glass tiapsition yeraperatire isifrom 13° £ 501G preferbly fromy 18 1to A0 Ge
co-pol ynmeri zati on of nore than one |
In the literature poly(ethylene carbonate)s have been described having a glass

transition temperature of from 5 to 17°C.

The polymers of the invention are preferably made by co-polymerization of ethylene
oxide and carbon dioxide, which production process is also a part of this invention. As a
consequence of this production method, the polymer contains in most cases as a co-unit the

ethylene oxide unit of the formula B
-(-CH,CH,0-) B

If the polymers of the invention are exposed to an aqueous medium, e.g. a
phosphate-buffered saline of pH 7.4, practically no medium will be transported to their bulk
part, e.g. as is seen from Fig. 2. Therefore no bulk erosion will occur and the remaining mass
will be kept constant (100%) for a period of at Jeast 28 days, e.g. as shown in the right graph
of Fig. 3.

Poly-DL-lactide-co-glycolides are at present the most commonly used matrix materials
for sustained drug release systems. Such polymers, however, unlike the polymers of the
“invention, are degraded by hydrolysis. For example, mass degradation in PBS as shown in

the left part of Fig. 3 for one of the most sophisticated poly-DL-lactide-co-glycolide types,
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nmol ecule (e.g., poly(ethylene carbonate) from ethyl ene oxide and carbon

di oxi de as described below), and optionally containing interruptions in the
“polymer chain with other units. Preferably, the polyner is linear and is
conposed of carbon, oxygen and D¥§E099”1 e.g., -8 -

- pol y-DL-1actide-co-glycolide, polyethylene glycol, or poly(ethylene
carbonate). Preferably, the polyner exhibits non-hydrol ytic surface
erosion, e.g., a poly(ethylene carbonate) as herein further described. The

dosage will of course vary depending on the exact type of |IL-6 enployed
the hostamalna shaerse Sritialedipahs DLaersie-corgircelie Ml FLOGIAD, deviaihed jh she ik

condi ti | d. The IL-6 is adm nistered to larger mammal s, e.g.,
| PRRGRS LSBE

man, b ahedus TI'njection or in sustained release formto provide a
dosage of from 0.5 pg/kg/day to 30 pg/kg/day, preferably from2.5
[err]g/kg/day to 10 [err] g/ kg/day,, or, in any other dosage which is safe and
effective forhediffgrepee abfwsra%}m haviowr mﬁ%@emqu(aw?qnemw»f of theg

€. 0., | fvéniin?dnd tht PoREDEARLIR-OSPESides (DL-PLG) of the art in vivo is also shown in
Fig. 3. Whereas the polylactide-co-glycolide undergoes bulk erosion; as is seen from the
decreasing molecular weight of the residual mass of DL-PLGGLU, the molecular weight of
the residual mass of the poly(ethylene carbonate)s remains constant (100%).

The residual mass of the total implant decreases in vivo in both cases to zero within 1
- month, which means that the poly(ethylene carbonate) undergoes surface erosion, rather than
bulk erosion. As a consequence of the absence of bulk erosion, the loaded polymer is during
storage, i.e. before its administration, impervious to moisture and remains in the same dry
condition in which it has been produced. Its embedded drug, if sensitive to moisture,

remains stable.

The invention also provides a process for the production of the polymer in which
ethylene oxide and CO, are polymerized in a molar ratio of from 1:4 to 1:5 under the
influence of a catalyst. It is clear that in the scope of this reaction the introduction of
ethylene oxide units in the polymer chain is possible, if two epoxide molecules react with
each other without intervention of a CO, molecule, i.e. if an oxy anion intermediate attacks
another ethylene oxide molecule before being carboxylated by CO,. It is thus probable that
the polymer contains several ethylene oxide units. The polymer of the invention, if
containing ethylene oxide units, has a random distribution of ethylene carbonate and ethylene

oxide units according to the sum formula A_-B, =

~(C(0)-0-CH,-CH,-0-)-,,-(-CH,-CH,-0-)-,
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In the case of severe acute inflammtory conditions, e.g., septic shock,

hi gher dosages adninistered i.v. may be desirable to achieve a rapid and
strong response. Frequency of IL-6 administration may optionally be reduced
fromdaily to every other day orygvery week, or longer in the case of

sustai ned rel ease fornms, which are preferred when the treatnent is given
over longer periods of time. IL-6 treatnent may result in chills, fever,
and flu-1ike synptons, which normally can be treated or prevented with

co- adnrnrstratron of nonnarcotic anal gesics such as aspirin, acetam nophen
or i ndonet adR Whiek her significant side effects ordinarily appear only at

hi gher dosages, e.g., above 10 pg/kg/day, and can ordinarily be relieved by
reduci ng the dosage. Il. Polyneric nmatrices for sustained rel ease The

i nvention fum herl0Pr=099 ¢e20Phar maceut i cal conpositions suitable for

sustai ned rel ease of drugs, which are suitable, e.g., for adm nistration of
|L-6, e.g. ™™ he above described indications, as well as for other drugs.
The pharnaceutical conpositions are especrally t hose conprising pol yners of
pol y(et hyl ene carbonate), sonetines referred to as as pol y(ethyl ene

car bondiayevenr mesE@f.the ethylene oxide units in the polymers of the invention have, statistically,

adjacent ethylene carbonate units, especially in those cases, in which the molar ratio of
ethylene oxide units is small. That means that in these cases most of the resulting ether
functions are distributed randomly between carbonate functions along the polymer chain.
'H-NMR spectra of the products of the invention in CDCl, confirm this assumption.

They exhibit signals at 8 = ca. 4.37 ppm (Integral Ia) of the ethylene carbonate units
(ethylene units between two carbonate functions), at ca. 4.29 and 3.73 ppm (Integrals Ib and
Ic) of ethylene units between one carbonate and one ether function, and at ca. 3.65 ppm
(Integral Id) of ethylene units between two ether functions. The proportion of ethylene

carbonate units (A) is then calculated within NMR accuracy limits according to the formula:

Mol % of ethylene carbonate units (A): Ia . 100
Ia+Ib+Ic+1d

As a structural feature of poly(ethylene carbonate)s, in the literature often their content of
ether functions, instead of their ethylene carbonate content is given. The ratio of ether

functions (E) in the polymers of the invention may be calculated according to the formula:

Mol % of ether functions (E) = Ic + Id . 100
Ila+Ib+Ic+1d

According to the PCT-Patent Application WO 92/22600 poly(ethylene carbonate)s are

prepared which contain ethylene oxide units and ethylene carbonate units in a molar ratio of
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-9- Al'though the prior art provides sone exarrpl es of poly(ethylene

éarbonate)s for use in drug delivery systens, the prior art does not

di scl ose the particular polymers of the invention and does not disclose
pol ymers capabl e of undergoi ng nqghydrolytlc surface erosion in vivo. The
prior art also does not disclosé such drug delivery systens for the
delivery of certain of the particular drugs disclosed herein, e.g., IL-6,
nor does it suggest that a sustained rel ease system woul d be desirabl e for
delivery of such drugs. Particularly surprising are the degradation

char act @rto #00¢<2, ovhichhmepas theethe mlymﬁecqmaﬁ least 50-Molfe of sthydensfoxidmand|

oo ok aERa B G b . TR BURR GRS B o

under NBRRAgaBaLIYf the Polymikry hhd menﬁib@%(hwodlbleﬁh&ﬁce?f&rtﬁ% stiithihed 31(4) ,
1400 - 1403 (1983) pol y(et hyl ene carbonate s are degradable in vivo, but
the pol yelease of pharnagalogicelly @rtve cqmpaynds.i Hosvever, ng dagg hanedogen given that the

SPeCt ! OB L TRAA HloaepRiftbH e} $6t?end Brbbte N HA urE
numbers of ether functions are scarcely biodegradable. The application does not mention any

hint as to the possibility of surface erosion of the polymers.

In the Examples of the US-Patent 3 248 415 low molecular weight poly(ethylene
carbonate)s of Mw = 700 - 5000 are described having less than 70 Mol% of ethylene
carbonate units, different from the polymers of the invention and nothing has been mentioned
about their biodegradability.

According to the PCT-Application WO 89/05664 poly(ethylene carbonate)s are
described which contain in the described structure II ethylene oxide and ethylene carbonate
units in a molar ratio of 1 to 8 : 1, which means that the polymer contains at least 50 Mol%
of ethylene oxide and thus at most S0 Mol% of ethylene carbonate units, different from the
polymers of the invention. Although, the polymers are described as to be used for
biodegradable medical devices, e.g. implants which may contain a drug compound, no

information have been given about surface erosion.

In the process of the invention the ethylene oxide unit content and thus the content of
ether functions, which delays or inhibits the biodegradation speed of the polymer, is reduced
considerably by specifying the reaction conditions such as the described molar ratio’s of the
reaction components, the reaction temperature and further by choosing an appropriate
catalyst, e.g. such prepared from Zn (C,H;), and water or acetone or a di- or a triphenol e.g.

phloroglucin, in a molar ratio of from 0.9:1 to 1:0.9 or 2:1 to 1:2 respectively, or preferably
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as due to the influence of hydrolytic enzymes. According to Chem Pharm

Bull. 32 (7), 2795-2802 (1984) mcroparticles were nade of poly(ethylene
car bonat e) containing Di bucai ne. Al though the description relates to the
firstly cited art, the rel ease of D bucaine was not seen to be related to
in vitro or in vivo degradatiod’Lﬁftern of the polymer, but to diffusion

t hrough the polynmer. Al so here the physical and chem cal properties of the
pol y(et hyl ene carbonate) tested were not sufficiently eval uated. According
to Makronol. Chem 183, 2085 - 2092 (1982), especially page 2086, carbon
di oxi deprepurd fronpdn(Cstk); and @ dich cspesially ethylere glycelein aseolarratiodfifrom 9.%4i d
that preljpgi,nary results confirned the biodegradability of carbon dioxide -
ethyleﬁ@:tgbde polymers and thus their use in controlled drug rel ease. For
support of the allegation regarding - 10- the biodegradability Jinko

Zoki 3 (Suppl.), 212 (1974) was cited. In this publication it was
The process is preferably carried out in a solvent or dispersing agent system of an

~ organic solvent, e.g. dioxane and CO,. CO, is preferably applied in liquid form and is present
in an excess. The pressure is preferably from 20 to 70 bar and the temperature preferably
from 10 to 80°C, especially from 20 to 70°C.

The polymers of the invention thus obtained comprise usually less than 15% of ether
functions, preferably less than 10%, particularly less than 5%, e.g. less than 3%.
The poly(ethylene carbonate)s of the invention, if prepared using the catalyst from ethylene
glycol or acetone and diethylzinc exhibit low polydispersities (Mw/Mn), usually less than 5,

such as less than 2.5.

In the process according to the invention the catalyst or a part of it is considered to be
the chain initiator for the (co)-polymer. When the reaction is finished and the chain is
complete, its final terminal group is a hydroxyl group. The opposite site of the chain, there
were the chain was started up, may be occupied by the catalyst group or a fragment of it. If
the catalyst is prepared from ethylene glycol and diethylzinc or water and diethylzinc, both
ends of a polymer chain are supposed to be identical. However, if the catalyst is prepared
from a di- or triphenol and diethylzinc, the aromatic group will be incorporated into the end
of a chain, where the chain starts up, whereas the other end of the chain will be a hydroxyl
group. From Fig. 4 it is seen, that poly(ethylene carbonate), if one of its terminal groups is
blocked, e.g. by an aromatic initiator such as phloroglucin, is slower biodegradable. For that
reason, it is assumed, that the polymer chain degradation starts at the terminal hydroxyl
group(s). Alternatively, a later derivatization of a terminal hydroxyl group may aiso be
considered, e.g. by esterification, to block terminal hydroxy! groups and to control the

biodegradation of the poly(ethylenecarbonate)s of the invention. Suitable terminal ester



saﬂ%m?ﬁg% pol y(et hyl ene carbonate) belongs to the group of conpounds which
are nost easily hydrol ysed and even the enzyne pronase had no difficulty in
deconposing it. This neans that an enzymatic hydrolysis in vitro and in
vivo woul d be possible, since proTise I s conposed of a m xture of

hydrol ytic enzymes. However, this*C6ment seens very doubtful. W have

subj ected the poly(ethylene carbonate)s of our invention in the form of
pressed disks of 5 mmdianeter and 25 ng weight to 10 ng/nferr] pronase and
5 mMderr](err]Herr] in phosphate-buffered saline (PBS) of pH 7.4 and to

10I mg/ m fgmupmamd:i(&cmhtﬁlumdt?[gou%sqm 5(]22& W]acliddestg‘rmppﬁlp%fu(ablye«édo).
saline of pH Z. t 370 .and no degradation cou opser.ed . (see Fi
T The  ssmbrtal (Cum fa eirsior reibe o hey Sier FOTES GLoachi, S g <Lror A
di scover g, bivBbni2 R 86k @BuPE P HloRyIN BRBofiAL BRHD! 61 thelltidi0 adidRas | al
et hyl ene carbonate content, viscosity and glass transition tenperature
range, waioah omradactixt origlycelitatr polyiactic/ar polyglysolicorypolylagtic-ne-ghycolie acid esfer
hydrol yti c enzynes, e.g. pronase, or under basic conditions) are

nevert heP®O¥B- degradable in vitro and in vivo, nanely and exclusively by

surface erosion. The expression "surface erosion” is used in the
literature, especially in relation to the hydrolytic degradation of

pol yanhydr i deEheapaly(sthyjenet dacbansteds of thyinvension e, stable| for seweral diourscia, hot
water (90-100°C) without considerable molecular weight reduction. A significant increase of
the glass transition temperature is observed after exposure to boiling bidistilled water during
5 hours, e.g. up to above 18°C, e.g 28°C. By performing this reaction step, a higher polymer
purity is attained. We have found that polymers treated in this manner are also better

processable.

The poly(ethylene carbonate) portion of the polymers of the invention. is, as said
before, not hydrolysable, that is to say during at least 1 month by hydrolytic enzymes under
physiological conditions or by water at pH 12 and 37°C (see Fig. 1 and 8). However, it was
discovered that the polymers of the invention degrade in vivo and in vitro by surface erosion
under the influence of the superoxide radical anion 0,”. Superoxide radical anions 0, are
generated in inflammatory cells in vivo and ex vivo in the presence of the poly(ethylene
carbonate)s of the invention as is seen from Fig. 5. Polylactide-co-glycolides, the most
commonly used matrix materials for sustained drug release systems nowadays and degraded
by bulk hydrolysis, do not induce the generation of superoxide radical anions 0,", which is
shown in the same figure for the glucose initiated poly-DL-lactide-co-glycolide, which was

also used for Fig. 3.

In vitro, an aqueous system was established, containing potassium superoxide as

source of 0,” and showing surface erosion of the poly(ethylene carbonate)s of the invention



Suquoé%ogoerosi on occurs, if there is a nmass degradation nerely at the
surface of the polyner particles, wthout reduction of the nol ecular weight
of the remai ning polyner residue. Wiere in the literature it was all eged
that surface erosion was observed,, nol ecul ar wei ght determ nations of the
resi dual mass parallel to nmass I'o%'determ’ nations were never carried out,
and thus in fact surface erosion never was proved. In fact, in alnost all
the hitherto tested polyners, polyner bulk erosion was observed. Systens
exhi bi ting polynmer bul k erosion have the significant disadvantage that |f

t he pol y@es Figs 8).0fuleitrond pH 12 wasighesenpsinesithed), jradicab isosuffieient siable af this pH
relatively unstabl e under - 11 - the influence of the biol ogical nedium
to whi chvd¥€.wi || be rel eased, the drug conpound is already contacted with
the nediumin the bulk part and can lose its activity long before it is

rel eased fromthe polyner. |If the polynmer would undergo a surface eraosion,
i .e. when no Iniekdstinglyspoly(propyiens, carbonata)ydifferant ffom pely(gihylere carbepate)Ry

pept i de, su st?gugoxg %Pgihr}]'dporgg}l of tt:l?'\edethylene unit by a m&yl group, is not at all biodegradable,
as shown by Japanese authors in Chem. Pharm. Bull 31(4), 1400-1403 (1983).

Using microparticle suspensions of poly(ethylene carbonate)s of the invention a
toxicological study was conducted in 48 rats for 21 days and in 24 dogs for 35 days. Two
applications were done in each species at day 1 and day 17. After subcutaneous and
intramuscular application of 10 and 40 mg of polymer microparticles /kg body weight no
clinical signs of systemic toxicity, no relevant effects on hematological parameters, on
parameters of clinical blood chemistry, on body weight, and on food consumption were
observed. The appliéation sites were tested for histophathological changes 4 and 21 days after
application in rats, and 18 and 35 days after application in dogs. Besides the expected

inflammation reaction no unusual histophathological changes were found.

The degradation rate of the polymers of the invention méy be adjusted within wide
limits, depending on their molecular weight, their ethylene oxide content, the identity .of the
terminal groups, e.g. biocompatible ester groups, and the presence of 0, radical scavengers,
e.g. vitamin C, and may last between 5 days and 6 months or longer, e.g. up to 1 year. A

radical scavenger may preferably be embedded in the polymer as an additive.

The molecular weight Mw of the (co)-polymers of the invention is from 80,000,
preferably from 100,000, particularly from 200,000 to 2,000,000 Daltons, determined by gel
permeation chromatography with methylene chloride as the eluant and polystyrene as the

reference.



fr'onl10toF1e 8etr| mental influence of the biological nediumjust until the

nomment that the progressive surface erosion reaches the drug particles and
the drug particle is released fromthe surface of the residual polyner
mass. In case of polymer matrix drug delivery systens exhibiting surface
er osi on as opposed to bul k erosi o, Bthe drug particle is thus exposed to
the detrinmental influence of the biological nediumduring a shorter period
of time, thereby allow ng for |onger, higher and nore consistant rel ease of
pharmacal ogi cally active drug fromthe polynmer matrix. For polyanhydrides
in recent publ Cheini Pharm. Bull. 32. (7N2795-28G21(1984), .disdbssed @bobd; Anéritiong H#3) and

90, 4176-4180 1993) one characteristics of .a rfa osi - |ike
behavi our PR °)PI6%¥’«P& f?@% l?? gﬁéﬁ& lg@(’pﬂh%ﬂié’&m

and no nolecil ﬁu‘.("‘%f\ﬁ) fﬂé?lﬁ&l

erosion is %‘Wﬁh‘ﬂ%&i}%ﬁ&ﬁtﬁ&ﬁ%\é&b%ﬂ was now di scovgre ggk a ge?me%t ed
group of puhméé%yls@nia@mytpmpﬂ;lm)m wMafmmumléfmlwwelgnmboYI_thQOﬂO ,(preferabiy |
as in vivo Qn C_sur e, erosion e invention
provi des ébﬁ\‘ﬂ M&%@%ﬁ@aﬂr’%lﬁ %Pﬁ?‘?f\é’dam‘?trf’ \}ﬁ? iYeBYOR 1 f ace erosion whi ch
I s governed by a non-hydrol ytic nmechani smand havi ng et hyl ene carbonate

units of the fornula A
The polymers of the invention may be used in pharmaceutical compositions, especially

as matrix materials for embedding pharmacologically active compounds. Since under in vitro
and in vivo conditions no bulk erosion occurs and the active compound is protected by the
polymer, the active compound is released as soon as (and not before) it appears at the matrix
surface due to surfa_tee erosion of the matrix. In an aqueous system inl vitro at pH 7.4

containing no 0,”, only traces of active compound were released (see Fig. 9).

A further advantage of surface erosion is that the size of the pharmacologically active

compound molecule does not influence its release rate.

The invention therefore provides a pharmaceutical composition of a pharmacologically
active compound in a polymer, showing non-hydrolytic surface erosion, especially with a
linear, especially a 1:1 linear correlation of active compound release and non-hydrolytic

polymer mass degradation and active compound protection in the polymer matrix.
The compositions are preferably used in the form of microparticles or of implants.

The preparation of the pharmaceutical forms according to the invention may be carried
out by methods known per se, the microparticles by appropriate spray drying or emulsifying
techniques, the implants by mixing the drug compound and the poly(ethylene carbonate)s
both in particulated, solid state at higher temperatures at which the poly(ethylene carbonate)s
become soft and thus processable, optionally followed by cooling the mixture to solid state



_(_1&&0_3% CHerr]-CHerr]-0)- A havi ng an et hyl ene carbonate content of
70 to 100 Mol % having an intrinsic viscosity of 0.4 to 4.0 dl/g, neasured
in chloroformat 20C, and having a glass transition tenperature of from 15
to 50C. - 12 - The ethyl ene car Bonate content of the polynmer according
tG the invention is from70 to 108 Mol % particularly 80 - 100 %
preferably from 90-99.9% such as from94 to 99.9% The intinsic viscosity
of the polymer is from0.4 to 4.0 dlg, neasured in chloroformat 20" C
Preferably the polymer has an inherent viscosity, nmeasured at 20-C and a
concent r ahd modellmg iytald smmbMShapamnsmlsb possibledo 3nig the Amg ¢orspayindsn

o[ or 1] Cosplvedar dspused S HOF aciitoh oo ol Extncsteh b h¥arraisg

having aggl ﬁ:‘i\?eni,rﬁﬂ:? W Hi G thle SBRE rédidticCis Ghapedad s'ﬁlthﬂe;ﬂlﬁlam forms.

Pharmaceutical compositions containing microparticles may be made by working them
up with suitable galenical excipients and optidnally bringing them in appropriate dispensers.

Depending on the drug propertfés and the production process the drug loading content
can vary between wide limits, in the order of 0.001 to about 70%, e.g. 0.001 to 20%,
preferably of 0.001 to 5% of weight. Percolation of medium into the polymer due to a high
drug loading should be avoided and restricts the upper value of the loading content.

In the medical practice of administering drug compounds every type of
pharmacologically active compound may be used in combination with the poly(ethylene
carbonate) of the invention. In the case of .microparticlcs preferably those types of drug
compounds are used, which are pharmacologically active in low amounts and need to have

- an uninterrupted blood level during extended periods, e.g. hormones, peptides or proteins,
e.g. somatostatins, interferons, or interleukins, but in particular those that are unstable and
will desintegrate after oral use in the gastro-intestinal system and thus preferably are

administered parenterally.

The depot formulation according to the invention may be used to administer a wide
variety of classes of active agents, e.g. pharmacologically active agents such as
contraceptives, sedatives, steroids, sulphonamides, vaccines, vitamines, anti-migraine drugs,
enzymes, bronchodilators, cardiovascular drugs, analgesics, antibiotics, antigens,
ahti-convulsive drugs, anti-inflammatory drugs, anti-parkinson drugs, prolactin secretion

inhibitors, anti-asthmatic drugs, geriatics and anti-malarial drugs. The active agent may be



Tﬁgog%?gners of the invention are preferably nade by co-pol yneri zation of
et hyl ene oxi de and carbon di oxi de, which production process is also a part
of this invention. As a consequence of this production nmethod, the pol yner
contains in nost cases as a co-uqht the ethylene oxide unit of the fornula
B-(-CHerr]-CHerr]-0)- BTIf* The polyners of the invention are
exposed to an aqueous nedium e.g. a phosphate-buffered saline of pH 7.4,
practically no mediumw Il be transported to their bulk part, e.g. as is
seen fromFig. 2. Therefore no bulk erosion will occur and the renaining

nmass Wi Ichoien fremta wirestasiety ¢ficiemicdl compopnds, e¢. dipophilic end/or hpdrophidic astive as

or esont agoriBaiding hraitcs. st onkeption tfesrrinedan e U pait B8 523 306 e
systens. Such polynmers, however, unlike the polyners of the invention, are

degraded by hydrol ysis. For exanple, mass degradation in PBS as shown in
the | eft par Thefactiveyprogifiser paptides ancipreferably cytokines.ecgtintgrleukins, G-CSF,

pol y- DL_I\l'I-a(.cé'Ei', ‘EM?&]Q |o¥i. ,i i(leteertte}{&%,s érythropoetins, cyclosporins, or hormones, or their
analogues, e.g. octreotide.

The pharmaceutical compositions may be used for

immunomodulation wherein the active ingredient comprisies a cytokine, e.g. an
interleukin (IL-3, IL-6), or hematopoietic colony stimulating factors (G-CSF e.g. Filgrastim,
GM-CSF, e.g. Molgramostim, Sargramostim, M-CSF), e.g. as a vaccine adjuvant

achieving hematopoietic reconstitution after myelosuppresive therapy or after bone
marrow transplantation, wherein the active ingredient comprises a hematopoetic growth
factor, e.g. GM-CSF, G-CSF, IL-3, IL-6, Leukemia Inhibitory Factor (LIF), Stem Cell Factor

(SCF), or combinations‘thereof

achieving high local concentration of active ingredient, e.g., wherein the active
ingredient comprises a drug or cytokine, GM-CSF, IL-6, IL-2, IL-4 or combinations thereof,
to stimulate protective immune response, e.g., when administered together with irradiated
tumor cells or vaccine antigens (an analogy to irradiated tumor cells transfected with the

respective cytokine genes)

inducing potent immune responses wherein the active ingredient comprises, e.g.,
GM-CSF adminstered in combination with antigens, especially tumor antigens, viral antigens

or bacterial antigens



- llfgozsor?grrel y a glucose initiated poly-DL-I|actide-co-glycolide (DL-PLGEU),
deScribed in the UK Patent GB 2 145 422. The difference in degradation
behavi our between the poly(ethylene carbonate)s of the invention and the
pol y-DL-| acti de-co-glycolides (DL-PLG of the art in vivo is also shown in
Fig. 3. Wiereas the polylacti de-_Cc?=7gT ycol i de undergoes bulk erosion, as is
seen from t-he decreasi ng nol ecul ar wei ght of the residual nass of
DL- PLGELU, the nol ecul ar weight of the residual nass of the poly(ethylene
carbonate)s remains constant (100% . The residual mass of the total inplant
decreases i n wdooingwéounidbealing svitholozalrinjection ofithe commpdsitions,i e4., sherein tieat
t he pol y(ethyl| ene, carbonate) u [goes surface erosion, rather than bulk
er osi on. %V%‘W@%GQH’@QWGP#&gEbsence of bul k erosion, the |oaded
polymer is during storage, i.e. before its adm nistration, inpervious to
noi sture and remains in the sanme dry condition in which it has been
produced. |t s indubingddgl specifis immuse tolérancecwhereinothe tactive ingeediem ds, 2 ah GM-CBie
vent o iaPu A iiedt BE BS8sory SotdchfesoR Tebebhodd), Slpetiafy BHE for
CD28-B7 interaction, for CD40-CD40 ligand interaction, for adhesion factor interactions

accompanying therapy with a cytostatic treatment, or as a vaccine adjuvant, wherein
the active ingredient is e.g. a cytokine, especially an interleukin (JL-3, IL-6) or cytokine
secretion inducer, e.g. a lipid derivative, e.g. the compound described in EP 0309411,
especially in Example 1, also known as MRL 953

specific immune suppression, e.g. wherein the active ingredient is an immunophilin-
binding immunosuppressant, e.g., a cyclosporin (e.g., Cyclosporin A), an ascomycin (e.g.,
FK506), or a rapamycin (e.g. rapamycin or derivative as described in WO 94/09010, e.g., 40-
O-hydroxyethyl-rapamycin)

treatment or prophylaxis of autoimmune diseases and inflammatory conditions by slow
release of anti-inflammatory cytokines, e.g., IL-6, IL-10, or TGFp; or interferons, e.g., IFN-
B, or Betaseron; or soluble cytokine receptors or cytokine receptor antagonists e.g., for IL-],
TNFa, or IL-4

treatment or prophylaxis of allergic diseases by slow release of the soluble a-chain of

the high affinity receptor for IgE (Fcg RI)

cancer treatment, ¢.g. with octreotide, cytokines especially interleukins,



et esrﬂgooxide and CJerr] are polynerized in a nolar ratio of from1l:4 to

1:5 under the influence of a catalyst. It is clear that in the scope of
this reaction the introduction of ethylene oxide units in the polynmer chain
is _possible, if two epoxide nol ecules react with each other w thout
infervention of a CO2 nolecule, i~%8.-if an oxy anion internediate attacks
anot her et hyl ene oxi de nol ecul e before being carboxylated by CQ2. -1t is

t hus probabl e that the polymer contains several ethylene oxide units. The
pol yner of the invention, if containing ethylene oxide units, has a random
di stribution eélestiveytarpeting aigh forathe treatthent bff leistemaniasit; ofi fartgus dnfectiatisngf t o
the sumfornula Alerr]-Blerr] =

- (C( 0) - 0-eapyTee storageyilpessesy(Bay Sachen Ganckerilngss) 11-0-)- - 14 - in which m
X 100 =70 to 100. n+m

AIDS or ARC therapy,
vaccination e.g. with tetanus toxoid vaccine
hematapoesis, e.g., wherein the active ingredient is erythropoetin

intraarticular injection into inflamed joints wherein the active ingredient is an
antiinflammatory drug, especially one which are not orally bioavailable or has a very short
half life e.g. IL-1B converting enzyme inhibitors, metalloprotease inhibitors.

A-method for enhancing an immune 'response of a mammal to a vaccine comprising
administering to 2 mammal in need of vaccination an effective amount of GM-CSF in
conjunctidn with a vaccine has been described in the international PCT-application WO
94/01133. However, the GM-CSF was not carefully retarded in the manner according to the
instant invention, which gives a nearly constant release of the active compound over a longer
period of time by which the times of repeated administration of GM-CSF can be diminished.

The invention especially provides a pharmaceutical composition of a
pharmacologically active compound in a polymer showing non-hydrolytic surface erosion for
parenteral administration of an interleukin or CSF, particularly in a polymer as defined

hereinbefore.

The invention also provides a method of administration such a composition to a

subject which comprises administering it parenterally to a subject in need of such treatment.
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HO\}VE‘VgI‘, nost of the ethylene oxide units in the polyners of the invention

have, statistically, adjacent ethylene carbonate units, especially in those
cases, in which the nolar ratio of ethylene oxide units is snmall. That
means that in these cases nost of ,the resulting ether functions are

di stributed randomy between carbdhiate functions al ong the pol ymer chain.
[err] HNWR spectra of the products of the invention in CDCl[err] confirm
this assunption. They exhibit signals at 8 = ca. 4.37 ppm (Integral I[err])
of the ethylene carbonate units (ethylene units between two carbonate
functions), aThedepot foramudatibng afCorgdimg toIthe inyentien iray dbecusked dor the ksowat hyl ene
units between one, carbonate and one ether functjon, .and at ca. 3.65 ppm

(1 nt egr alndicRfion} °%ﬁﬁﬁwiﬂrﬂ%9%°mm°@?¢WCt i ons. The proportion
of ethylene carbonate units (A) is then cal culated within NVR accuracy

limts according to the formula: Ml % of ethylene carbonate units (A):
I[err] The-exat0 @mpfumats of drug compaindrantl of the| depot fogpulation, txmbe administered

ly(et hyl b el the L . i hei : h
Fanct s onSePePRE BB RBRUS 00 freoe Bt Balbithdo B iBl el sBR) Bffechf, 011
of et her ybithieht, MESratd-bf teledst Bf Eﬂig%’é@ﬁ%mﬁﬁ dnliehé aaga%%mgr@m@gowt?%kgé leg

according to the fornmula: Ml % of ether functions
100 carbonate). -

The desired formulations may be produced in known manner. The amount of the
pharmacologically active agent required and the release rate thereof may be determined on
the basis of known in vitro or in vivo techniques, e.g. how long a particular active agent
concentration in the blood plasma remains at an acceptable level. The degradability of the
matrix may also be obtained by in vitro or especially in vivo techniques, for example
wherein the amount of matrix materials in the subcutaneous tissue is determined after

particular time periods.

The depot formulations of the invention may be administered in the form of e.g.
- microparticles by oral, nasal or pulmonal, preferably subcutaneous, intramuscularly or
intraveneous administration, particularly as a suspension in a suitable liquid carrier or in the

form of implants, e.g. subcutaneously.

Repeated administration of the depot formulations of the invention may be effected
when the polymer matrix has sufficiently been degraded, e.g. after 1, 2 or 3 weeks or 1

month.

An advantage of the poly(ethylene carbonate) matrices of the invention is that during
the release of the drug compound the polymer chains are degraded to parts of a small
molecular size, which are transported by the body fluids from the site of administration.



|a19078§39, I'c + 1d According to the PCT-Patent Application WD 92/ 22600

pol y(et hyl ene carbonate)s are prepared which contain ethyl ene oxide units
and et hyl ene carbonate units in a nolar ratio of 15 - 2 to 400 2, which
nmeans that the polymer contains at,Jeast 50 Merr]l% of ethylene oxide and
thus | ess than 50 Mol % of et hyl efid>carbonate units. The application
mentions the biodegradability of the polynmers and their use as bioerodible
matrices for the sustained rel ease of pharnacol ogically active conmpounds.
However, no data have been given that the polyners are indeed

bi odegr adabl eExﬁhplesanlf ldyug badipgefémhewfwedawmp@nd dcaneptide srechor lacnogregaly,
nunbers of ether ns e _scarc bi qQ bl The plication, does
ot ment A arpe g dppot et E?\?ips FRGPBERErS atich GOMBH F PERRSS in a0
pol ymers 382 03 férmy@% mam%ﬂwéxgﬁt FeRtvERLRRS!

pol y(et hfl‘ﬂggg”c}glrngagnate S %}% = 700 - 5000 are described havi K\?)I ess than
70 M er r mheaix,f prefenabliy a@ to 10, especxally 3 to 6% of weight. The total dose of octreotide is 20

to 30 mg in acromegaly and up to 100 to 200 mg in breast cancer, e.g. for 1 month of
treatment.

The release time of the peptide from the microparticles may be from 5 days to about 2

weeks or longer.

Conveniently the sustained release formulation comprises the octreotide in the
(co)-polymer carrier, which, when administered to a rabbit or a rat subcutaneously at a
dosage of 2 mg of octreotide per kg of animal body weight, exhibits a concentration of
octreotide in the blood plasma of at least 0.3 ng/ml and preferably less than 20 ng/ml during

a Jonger period.

The pharmaceutical compositions of the invention may contain further additives,
preferably also embedded in the (co)-polymer e.g. a radical scavenger, especially as
scavenger of the superoxide radical anion O,". The presence of such a scavenger, e.g.
menadione or vitamin C, decreases the degradation rate of the poly(ethylene carbonate) (Fig.
7).

Another type of additive is a scavenger of the hydroxyl radical, possibly developed
under the influence of the superoxide radical anion O,", e.g. a polyol, especially a sugar
alcohol, particularly mannitol. This additive was found to have also a favourable influence on
body weight gain of test animals to which e.g. microencapsulated IL-3 is administered.
Without this additive the body weight gain was delayed. When the composition is in the

form of microparticles the same additive or another may be added externally to the existing.



ca#ﬁ%ﬁ%?% units, different fromthe polyners of the invention and nothing
has been mentioned about their biodegradability. According to the

PCT- Appl i cation WD 89105664 pol y(ethyl ene carbonate)s are descri bed which
cqontain in the described structurf Il ethylene oxide and et hyl ene carbonate
units in a nolar ratio of 1 to & QI whi ch neans that the polyner contains
at |l east 50 Mol % of ethylene oxide and thus at nost 50 Mol % of et hyl ene
carbonat.e units, different fromthe polynmers of the invention. Although,
the polyners are described as to be used for biodegradable medical devices,

e. g. i npinivpopartid¢ies; isince )it thenthas a favairabje infigeacerdn theostabiligr ofia imticropartizldreen
gi ven about surface.ergsion..|n the process of the invention the ethylene
oxi de unfuSPERSIAN-HR8ANFY %PFER% RHAlQD. ot her functions, which del ays or
i nhibits the biodegradati on speed of the polyner, is reduced consi derabl y
by specifying the reaction conditions such as the described nolar ratio's
of the react ilfanadditiveénpreserththen @mfetiably ineanmpamontnt rof 180000 % rof veaighity related

ch005| ng a tal g. such prepared fromZ err]
(err] HPe‘B?]“;)‘F]eY’g‘Fh%lﬂfg"’ﬁgP@'ﬁﬁ? llacetone or a di- or a triphenol e.g.
phl oroglucin, in a nmolar ratio of fromO0.9:1 to 1:0.9 or 2:1 to 1:2

respectively, or preferably
: The favourable in vitro and in vivo mass degradation under the mﬂuence of the

superoxide radical anion O,” may be seen from Fig. 8. The degradation curves for the
residual mass are approximately linear and have a different slope, since the degradation
conditions in vivo and in vitro are different. The amount of degraded mass per time unit is

. almost constant.

"The curves for the in vivo release of a pharmacologically active compound, e.g.
human IL-3, under the influence of the superoxide radical anion O, are, like the degradation
curves approximately linear (Fig. 10), which means that also the amount of released drug

compound per time unit is almost constant.

A combination of both in vivo human IL-3 release and in vivo mass degradation was
recorded in Fig. 11, showing an 1:1 correlation between in vivo mass degradation and drug

release.



-log'go?opr'epared fromZerr]((err]Herr])[err] and a diol, especially

et hyl ene glycol, in a nolar ratio of fromO0.9:1 to 1:0.9. The process is

- preferably carried out in a solvent or dispersing agent system of an
organi c solvent, e.g. dioxane agq C2. CO2 is preferably applied in liquid
formand is present in an exce§s’ The pressure is preferably from20 to 70
bar and the tenperature preferably from 10 to 80[err]C, especially from 20
to 70C. The polymers of the invention thus obtained conprise usually |ess
t han 15% of et her functlons} preferably | ess than 10% particularly |ess

than SEXAMPLES: 1¢5:tGemerabipr urecfor (the isyhthesis of poly(ethy)eneof t he i nventi on,
I f prepared usij ng he caj'& |.ycol acet one and

di et hy| sarhenate)s Wi BW‘*? é @5@83"1‘1‘@‘5 : ‘P §ge<ﬂly |l ess than 5, such
as less than 2.5. In the process according to the i nvention the catal yst or
a part of it is considered to be the chain initiator for the (co)-polyner.
When t he reFot amountoffreactaits; dolvedt, chtalystieicnfarsa particular experiment see table 1.

200 ml dry dioxane and 19.5 g (158 mmole) Zn(C,H,), were placed in a 750 ml flask
under a N,-atmosphere. The flask was equipped with a mechanical stil"rer, dropping funnel,
thermometer and a N,-inlet. The dropping funnel was equipped with a CaCl,-tube. The
solution was cooled _-_aown to 10°C in an ice bath and a solution of 2.7 m! of H,O in dioxane,
see table 1) was adégﬁ""“sﬂt)wly so that the temperature was kept between 10-15°C. The
reaction mixture was stirred for additional 45 min. at room temperature, until the initially
colorless solution turned pale yellow. This catalyst solution was transferred to the autoclave,
treated with 40 g of CO, and heated at 125°C for the time indicated in table 1. The mixture
was then cooled down to room temperature and 560 g (12.7 mole) CO, was added, followed
by slow addition of 132 g (3 mole) of ethylene oxide over a time period of 1 hour.

The reaction was allowed to proceed for the time indicated in table 1. After this time, the
pressure was released slowly during several hours. The product, a sticky slurry, was diluted
with dioxane and precipitated by pouring the dioxane solution into 0.25 M of aqueous HCI.
The precipitate was dissolved in a proper amount of CH,Cl, (2-4 liter), washed with aqueous
0.5 M HCI (2x) and with H,O (1x). The solution was dried over anhydrous Na,SO, and
evaporated to a final volurhe of 0.5 to 1.5 liter, depending on the viscosity of the solution.
The product was precipitated by pouring the CH,Cl, solution into a 4 fold volume of
methanol. The white precipitate was filtered off and dried overnight at 0.5 mbar/SO0°C. The
crude product was reprecipitated from acetone for further purification, see table 2. All

| products provided identical 'H-NMR spectra except the relative intensities of the signals at
3.65, 3.73, 4.29 and 4.37 ppm due to the differences in ethylene carbonate unit content.
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conplete, its final termnal group is a hydroxyl group. The opposite site
of ‘the chain, there were the-chain was started up, may be occupied by the
catal yst group or a fragnment .of it. If the catalyst is prepared from
et hyl ene gl ycol and diethyl zinc oraglat er and diethylzinc, both ends of a
pol ymer chain are supposed to be Td®ntical . However if the catal yst is
prepared froma di- or triphenol and diethylzinc; the aromatic group wll
be incorporated into the end of a chain, where the chain starts up, whereas
the other end of the chain will be a hydroxyl group. FromFig. 4 it is
seen, thaTABLE (ecExpériments domthe preparation afipoly(ethylenetcarbonaw)s gr oups is
bl ocked, e.g. by an aromatic initiator such as phloroglucin, is slower
bi odegradable For that reason, it is assumed, that the polymer chain
degradat i pRagher ts at t rgxﬂﬁl hydr o group(s %ﬁemh qggﬂ,
| at er der| vat zat| on ofi?'g1 %egém nal hydr o%j gr oup mgil;l/l 3 be consi dér é‘é"’
e.g. by esterification,[ma]bl ocknelpr mi nafmmpl)r oxyl {mups ab€l{h] control
t he bi odegradati on of the pol y(et hyl enecar bonat e)s of the invention.
Suitabl e term nal ester - 17 -

1 3 13.6 158 300 5064
2 3 9.1 158 " 500 2064
3 3 13.6 158 300 20 240
4 3 13.6 158 300 2040
5 3 13.6 158 300 . 2022
6 3 13.6 238 300 5064

All experiments were run in a 1.0 litre autoclave NB2. Mol ratio H,0: Zn(C,H,), = 0.95 for
all experiments. The catalyst was pre-treated with 40 g of CO, at 125°C for 1 hour except in
Example 1 (10 hours). |

TABLE 2: Selected physical properties of the synthesized poly(ethylene carbonate)s
Example Mw Mn Mw/Mn Tg | "inhEthylene
[kDa] [kDa] | [°C] {dV/g]Carbonate

in CHCI, a) Content [%]

1 141.9 322 4.40 19.3 0.6087

2 627.3 1335 4.70 23.5 1.4691
3 471.0 83.6 571 18.7 1.2791
4 758.0 97.5 1.7 20.6 1.7590
5 721.6 80.7 8.95 22.9 ' 2.44 b)90



bﬂggﬁgsgre bi oconpati bl e ester groups, like (Cferr][err]) fatty acid ester
groups, preferably ((err]:[err]), especially (Clerr]) fatty acid ester
groups, e.g. the ester groups.df acetic acid and stearic acid, or a
carbonic acid ester group e.g. the ethylene carbonate group, or the parnoic
acid ester group or a lactic or'gpycolic or polylactic or polyglycolic or
pol yl actie-co-glycolic acid ester group. The pol y(éthyl ene carbonate)s of
the invention are stable for several hours in hot water (90-100[err] Q)

wi t hout consi derabl e nol ecul ar wei ght reduction. A significant increase of
the gl ags trangig.oon gexperat ug®2i s obQ0rlved after &B8posure to boiling
bidistilled water during 5 hours, e.g. up to above 18[err]C, e.g 28[err].
By performng this reaction step, a higher polynmer purity is attained. W

have found ' : .23k e al so better

pr ocességP%é&%%n%g%%%%%%ﬁépgba%%@%?tglisgiralg of the polyners of the

i nvent i onjrdgcateds Sai d before, not hydrol ysable, that is to say during at

| east 1 nonth by hydrol ytic enzymes under physiol ogical conditions or by
water at pH 12 and 37[err]C (see Fig. 1 and 8). However, it was discovered
t hat the, ppl A i tion degrade in vivo and in vitro by surface
erosion%&ﬁg§¥g@%§n?%?#§€%c gﬂ t he superoxi de radical anion 02[err]-.

Super oxi de radi cal anions O[err] are '



ge%%%‘%%’d in inflammatory cébds,.jn vivo and ex vivo in the presence of the
. pol y(et hyl ene carbonate)s of the invention as is seen fromFig. 5.

Pol yl acti de-co-gl ycol i des, the nost conmonly used matrix materials for
syst ai ned drug rel ease systens nﬁdays and degr aded..by bul k hydrolysis, do
‘not induce the generation of superoXide radical anions 02[err], which is
shown in the sane figure for the glucose initiated

pol y-DL-1 acti de-co-gl ycolide, which was also used for Fig. 3. In vitro, an
agueous system was established, containing potassium superoxi de as source
of O[er rEXAMPBEdXMlthaneMpmmdnse for thie Syhehqmsl of (paly(etirylenecearbonate)s) withf
the inventio E| 8 I n tro a pH 12 was chosen, since
the Of er® P‘PB’GF B&?qugdg{ﬂq’ldé?tm %‘Pﬂ th| s pH value. Interestingly,
pol y(propyl ene carbonate), different from pol y(et hyl ene carbonate) by
substitution of a hydrogen of the ethylene unit by a nethyl group, is not
at all bl.odegr ad®rémaration of the catalyst

200 ml of dry dioxane were placed in a dry, 4-necked 750 ml flask under a nitrogen

" atmosphere. 19.50 g (158 mmol) diethylzinc were added by the mean of a glass syringe. The
flask was equipped with a mechanical stirrer, dropping funnel, thermometer and an argon
inlet. The dropping funnel was charged with 100 ml of dry dioxane and equipped with a
calcium chloride tube. The apparatus was then set under an argon stream. 9.00 g (145 mmol,
0.92 molequiv.) of fresh distilled, dry ethylene glycol, (kept on molecular sieves) were added
to the dioxane in the dropping funnel under an argon stream. Thé mechanically stirred flask

- was cooled down to 10°C in an ice bath while under argon. The solution of ethylene glycol
in dioxane was added dropwise to the stirred solution of diethyl zinc in dioxane over a time
period of 30 minutes, during which time the temperature was kept between 10-14°C. An
‘evolution of ethane gas and precipitation was observed simultaneously on addition of the
ethylene glycol solution. After the addition was completed, the cooling bath was removed
and the mixture was stirred for additional 60 minutes, while allowing to warm up to room
temperature. The heterogeneous mixture was then transferred to an autoclave (1 litre
autoclave NB2) while under argon. The autoclave was charged with ca. 40 g (0.9 mol) of
carbon dioxide and heated at 125°C for 1 hour under stirring to pre-treat the catalyst with
carbon dioxide. |

2. Polymerization
The autoclave with the pre-treated catalyst was cooled down to room temperature and

was charged with additional 560 g (12.7 mol) of carbon dioxide. Then, 132 g (3 mol) of

ethylene oxide (99.8%) were added to the stirred mixture in the autoclave by slow injection



aslg%ggzoby Japanese authors in Chem Pharm Bull 31(4), 1400-1403 (1983).
USi ng microparticle suspensions of poly(ethylene carbonate)s of the

i nvention a toxicological study was conducted in 48 rats for 21 days and in
24 dogs for 35 days. Two applications were done in each species at day 1
and day 17. After subcutaneous and’intranuscul ar application of 10 and 40
nmg of pol ymer mcroparticles /kg body weight no clinical signs of systemc
toxicity, no relevant effects on hematol ogi cal paraneters, on paraneters of
clinircal blood chem stry, on body weight, and on food consunption were

obser veddurinige1 dppt. i Afterithe additiors wae completeds the autotlave wpsh heated tytheaemperatige s
4 and 21, days after. applicati.on in rats nd, 18.and. 35 s, after
appl i cat Ingiraped ’Bd&]f’%sﬁ’adi tgaggnqu,)ée &?ﬁé—&?ﬁ‘b?ﬁ’fﬁ?‘?mqm af&é%WUnusual

hi st ophat hol ogi cal changes were found. The degradation rate of the polyners
of the invention may be adjusted within wde limts, depending on their

mol ecul aB. wei ght , Wokeap et hyl ene oxi de content, the identity of the

term nal groups, e.g. bioconpatible ester groups, and the presence of 02-
radi cal scavengers, e.g. vitamn C, and nay | ast between 5 days and 6

nont hs or | opRe hutoSlade wab chéled db@a'to réomh detpératse an® tHepresiaye Wastaéabdy be
enbedded in the polynmer as an additive. The nol ecul ar wei ght Mwv of the

(co) - pol sinwlystoostomespherio pnessers. The producia@ wiite, sticky slurry, was taken up in a total

of 7 liter of dichloromethane, 1035 ml of a 0.4 M HCI solution were added and the n_ﬁxture

was stirred for 3 hours at room temperature. The phases were separated and the organic layer -
was washed twice with 3 liters of 0.5 M HCI and twice with 4.5 liters of water. The
dichloromethane solution was then dried on 120 g of sodiuin sulfate and concentrated to a

final volume of ca. 2 liters. The product was precipitated by slow addition of this solution

into 6 liters of methanol. The precipiate was dried 16 hours in vacuo at 40°C to give the |

crude polymer, which was purified further as follows:

The crude product was dissolved in dichloromethane and the solution was poured into a
5 fold volume of aceton during 15 minutes to precipitate the product. The precipitate was
dried 16 hours in vacuo at 40°C to give the corresponding poly(ethylene carbonate). The
physical properties of the products are set forth in Table 4. All products showed strong
IR-absorptions at 1750 and 1225 cm-1. The 1H-NMR-signal of the ethylene carbonate units
appeared at 4.37 ppm.
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preferably from 100, 000, particularly from 200,000 to 2,000, 000 Dal tons,

determined by gel perneation chromatography with methyl ene chloride as the
el uant and pol ystyrene as the reference. - 19 - Chem Pharm Bull. 32
(7) 2795-2802 (1984), discussed apove, nentions that poly(ethylene
carbonat e)s having a nol ecul ar wel“ght of from 50,000 to 150, 000 Dal t ons
were used.” W have found that an in vitro and in vivo degradation of the
polymer may only be attained in a satisfactory proportion when the

nmol ecul ar wei ght is above 80, 000, preferably above 100,000 (Fig. 6); this
is a préﬁﬁBLEUBa%p@hmﬂ&ﬂfpﬂhﬁemwkmnt natp)scwith a catalyst prenamd framedicthylzineay
be used 'H ‘gaga maceut i cal conp03|t|ons especially as matrix materials for
enbeddi ﬁh col ogically active conpounds. Since under in vitro and in
vivo conditions no bul k erosion occurs and the active conpound is protected
by the polyner, the active conpound |sf{eleased as soop as (and not before)

it appedixemple ﬁshylm ri ¥£0,[mol] Solven on Reaction
Oxide [ml] [mmol] [mmol] tempera- time
[mol] ture ['C]  [hrs]
7 3,0 136 300 158 145 20 96
' 3,0 13,6 300 158 145 50 96
9 3,0 13,6 300 158 145 60 96
10 3,0 13,6 3007 158 145 50 144

11 3,0 13,6 300 158 1459 50 96

a) Dioxan, if nothing else indicated
b) Ethylene glycol, if nothing else indicated
c) Tetrahydrofuran as solvent instead of dioxan

d) 1,4-Butandiol instead of ethylene glycol

TABLE 4: Selected physical properties of poly(ethylene carbonate)s synthesized using a

catalyst prepared from diethylzinc and a diol

Example Mw Mn Mw/Mn Tg "an[dV/g] ethylene carbonate
[kDa] [kDa] 'cl in CHCL,®  content [%]

7 - - - 16.7 2.88 b 98

8 328.0 149.0 2.20 16.4 0.97 95
207.0 103.0 2,00 212 0.65 92

10 231.0 83.8 2.76 32.6 0.72 96



su#?%gg3%ue to surface erosion of the matrix. In an aqueous systemin vitro
at pH 7.4 containing no O[err], only traces of active conpound were

rel eased (see Fig. 9). A further advantage of surface erosion is that the
size of the pharnacol ogically act'ée conpound nol ecul e does not influence
its release rate. The invention THerefore provides a pharnaceuti cal
conposition of a pharmacol ogically active conpound in a polynmer, show ng
non- hydrol ytic surface erosion, especially with a linear, especially a 1:1
| i near correlation of active conpound rel ease and non-hydrol ytic pol yner
mass degihdati on dd0l0acti §B4conp@féd protHcti on DA%t he pol yVWer matri x. The
conpositions are preferably used in the formof mcroparticles or of

i npl ants.. The preparation of the pharmaceutical forns according to the

| nvent | o) §eeuna édiendition'dt IPRBRAE it HtRgRMe gC, Lhe M Croparticles by
appropriate spray drying or emul sifying technrques, the inplants by m xing
t he drug cindicatedd and t he pol y(et hyl ene carbonate)s both in particul at ed,
solid state at higher tenperatures at which the pol y(ethylene carbonate)s
beconme soft and thus processable, optionally foll owed by cooling the

M Xture {pasSPbbdtefiratich of 1 mg/mi
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-,20 - and"nodelling it to a suitable shape. It is also possible to nix the

drug conpound in dissol ved or dispersed state with a solution of the

pol y(et hyl ene carbonate) and to evaporate the solvent, after which the
salid residue is shaped to suitabbg I npl ant forns. Pharnaceutical

conposi tions containing mcropartfclfes may be made by working themup with
sui tabl e gal eni cal excipients and optionally bringing themin appropriate
di spensers. Depending on the drug properties and the production process the
drug | oadi ng content can vary between wide limts, in the order of 0.001 to

about 7OEXAEMELE)122(Expmmm&l prosedued for thie syntipsistof pwly(ethyleneytarbonate)

Per col at i um i nt t he h drug | oadi ng shoul d be
avoi ded }!ﬁﬁ Eﬁtgfstpgew r‘ﬁ?}ﬁﬁg“b f?&ﬂﬂrﬂﬁﬁfﬂ’g content. In the

medi cal practice of adm ni ster| ng drug conpounds every type of

phar macol ogi cal | y active conpound may be used in conbination with the

pol y( et h{l endPreparatiomotthedCatalyst i nvention. In the case of mcroparticles
preferably those types of drug conpounds are used, which are

phar macol ogi cally active in | ow amobunts and need to have an uninterrupted

bl ood | evel 200 nhof @iy ioslast Werel placed ifitada dRQ4ORNEREd 756 Rl RR uddeP4 QitRIgeR .
atmosphere. 19.60 g (158.7 mmol) of diethylzinc were added by the mean of a glass syrige.
The flask was equipped with a mechanical stirrer, dropping funnel, thermometer and an
argon inlet. The dropping funnel was charged with 100 ml of dry dioxane and equipped with
a calcium chloride tube. The apparatus was set under an argon stream. 13.34 g (105.8 mmol, |

- 0.92 molequiv.) of dry phloroglucin in the dropping funnel were added to the dioxane under
an argon stream. The mechanically stirred flask was cooled down to 10°C in an ice bath
while under argon. The solutidn of phloroglucin in dioxane was added dropwise to the stirred
solution of diethylzinc in dioxane over a time period of 30 minutes, during which time the
temperature was kept between 10-14°C. An evolution of ethane gas and precipitation was
observed simultaneously on addition of phloroglucin solution. After the addition was
completed, the cooling bath was removed and the mixture was stirred for additional 30
minutes, while allowing to warm up to room temperature. The heterogeneous mixture was
then transferred to an autoclave (1 liter autoclave BN2) while under argon. The autoclave
was charged with ca. 40 g (0.9 mol) carbon dioxide and heated at 125°C for 1 hour under

stirring to pretreat the catalyst with carbon dioxide.
2. Polymerization
The autoclave with the pre-treated catalyst was cooled down to room tempcratdre and

was charged with additional 560 g (12.7 mol) of carbon dioxide. Then, 132 g (3 mol) of

ethlyene oxide (99.8%) were added to the stirred mixture in the autoclave by slow injection



e.]d).o'éogr?at-ostati ns, interferons, or interleukins, but in particular those
that are unstable and wll desintegrate after oral use in the
gastro-intestinal systemand thus preferably are adm ni stered parenterally.
The depot fornul ation according to the invention may be used to adm nister
a wde variety of classes of acti3fe agents, e.g. pharmacologically active
agents such as contraceptives, sedatives, steroids, sul phonam des,

vacci nes, vitam nes, anti-mgraine drugs, enzynmes, bronchodil ators,

cardi ovascul ar drugs, anal gesics, antibiotics, antigens, anti-convul sive
drugs, afiringi INhdENAREDthe aliditiom, ofcethylepmokide was cdmpleted, (the hatotiave was Isttredn

inhibitors, anti-asthmatic drugs, geriatics and anti-malarial drugs. The
active 4@AiC fign26Qhours.. 51 . chosen from a wide variety of chenical
conmpounds, e.g. lipophilic and/or hydrophilic active agents, including
pepti des, such as octreotide (described in the UK patent GB 2 234 896 A).
The active pWoskiups or peptides are preferably cytokines, e.g.

i nterl euki ns, G CSF,

The pressure of the autoclave was released slowly to atmospheric pressure. The product
was taken up in a total of 4 liter of dichloromethane, 1035 ml of a 0.4 M HCI solution were
added and the mixture was stirred for 3 hours at room temperature. The phases were

- separated and the organic layer was washed twice with 1.5 liters of 0.5 M CHI and tiwce
with 2 liters of water. The dichloromethane solution was then dried on 120 g of sodium
sulfate and concentrated to a final volume of ca. 1 liter. The product was precipitated by
slow addition of this solution into 3 liters of methanol. The precipitate was dried 16 hours in
vacuo at 40°C to give the crude polymer, which was purified further as following:

The crude product was dissolved in dichloromethane and the solution was added into a 5 fold
volume of aceton during 15 minutes to precipiate the product. The precipitate was dissolved
again in dichloromethane, reprecipitated from methanol and dried 16 hours in vacuo at 40°C

to give the corresponding poly(ethylene carbonate).

Physical properties of the product:

Mw = 258000 Da, Mn = 35600 Da, Tg = 15.4°C.

IR: Strong absorbtions at 1751 and 1225 cm-1.

According to 1H-NMR, the product had an ethylene carbonate content of ca. 96%.

EXAMPLE 13: Experimental procedure for the synthesis of poly(ethylene carbonate)

with a catalyst prepared from diethylzinc and acetone



Mlgg-lis,os%\A'CSF or LIF, interferons, erythropoetins, cyclosporins, or
hornones, or their anal ogues, e.g. octreotide. The pharnmaceuti cal
conpositions may be used for i mrunonodul ati on wherein the active ingredient
conprisies a cytokine, e.g. an i gt erleukin (IL-3, IL-6), or hematopoietic
colony stinulating factors (G CS 6cs. g. Filgrastim GWCSF, e.g.

Mol granpbstim Sargranostim MCSF), e.g. as a vacci ne adjuvant achi eving
hemat opoi etic reconstitution after nyel osuppresive therapy or after bone
marrow transpl antati on, wherein the active ingredient conprises a .

henat opoet i ¢ 132 gWBIMbh aif ethylenepxidé\Wwelsrco-polgftierizéd with 600-&(13.6Ma)CO, at
Inhibitary Facgtor (LIF),, Stem Cell Facgtor (SGF), onbi_pati ons t heyeof
achi evi By%Fgﬁns 3@&!‘5 Bhg 8 st mﬁéﬁ?mfkgﬁé?gﬂémdgp acelgRte? n t he

active ilgm@g@tmﬁﬁmﬂaaﬁyﬁiﬂyug or cytokine, GWCSF, IL-6, IL-2, IL-4 or
conmbi nat1ons thereof, to stinulate protective i mMmune response, e.g., when

admi ni s{The grepacagionofrthevcatalyst asawel as the polpmedzition were\pediormed similagdo the( an
L RN NP e PP S PERTEOE RS MM E
Conpri sgpepafe fhe catalyst. - _
~ The poly(ethylene carbonate) thus obtained had a ethylene carbonate content of 93% and the
following properties: '
Mw = 233 kDa, Mn = 109 kDa, Mw/Mn = 2.14, Tg = 22.4°C.

EXAMPLE 14: Synthesis of the endgroup - stearoylated poly(ethylene carbonate)

1 g of poly(ethylene carbonate) having Mw = 153000 Da, Mn = 68900 Da, Tg = 29.1
°C) was dissolved in 30 ml of dry dichloromethane. The solution was treated subsequently
with 0.98 g (12.38 mmol) of pyridine and 10 g (33.0 mmol) of stearoyl chloride. The
reaction mixture ws stirred at room temperature for 48 hours, than diluted with 50 ml of
dichloromethane and washed successively with 2 x 150 ml saturated sodium bicarbonate and
water. The organic layer was dried over anhydrous sodium sulfate and the product was
precipiated by dropwise addition of the dichloromethane solutioh into 300 ml of n-hexane.

- The crude product thus obtained was purified further by dissolving in dichloromethane and
precipitation from a 3 fold volume of diethyl ether. Finally, the product was dried in vacuo at

40°C for 16 hours to give the endgroup - stearoylated poly(ethylene carbonate).
Mw = 144000 Da, Mn = 71000 Da, Tg = 25.6°C.

EXAMPLE 15: Synthesis of the endgroup - acetylated poly(ethylene carbonate)



ém&?%fpgﬁninstered In conbination with anti [ [

: gens, especially tunor antigens,
viral antigens or bacterial antigens -22 - inducing wound healing with

| ocal injection of the conpositions, e.g., wherein the active ingredient
cqnpri ses Gt CSF i nduci ng Ag speci&ic i mmune tol erance wherein the active
ingredient is, e.g., GWCSF conbt Aéd wi th inhibitors of accessory nol ecul es
(co-receptors), especially inhibitors for CD28-B7 interaction, for
CD40-CD40 ligand interaction, for adhesion factor interactions acconpanyi ng
therapy with a cytostatic treatnment, or as a vaccine adjuvant, wherein the

active ingredi gnpoly(ethyleme carbopamk (lnmngamesl E33000 32, Mn er6890RiDa, (Tg=3,

L o AL s ek oof o o 356 i (L5 136 o0 Sr Byl .

i %mnﬁnop hddef, toliBWRR b@ttn@raa&i&beraf 10.08 ¢ rm Birflol} Bsaaaicl afhybAGE. efficent s
reaction mixture was stirred at room temperature for 120 hours. Then, it was diluted with 50
ml of dichloromethane and was poured slowly onto 200 ml of saturated sodium bicarbonate.
The mixture was stirred for 30 minutes and then the layers were separated. The organic layer
was washed again with 150 ml of saturated sodium carbonate and finally with water. The
dichloromethane solution was dried over anhydrous sodium sulfate and the product was
precipitated by dropwise additional of this solution into 300 mi of diethyl ether.
The precipitate was dissolved again in dichloromethane and reprecipitated from diethyl ether.
The product was dried for 16 hours at 40°C in vacuo to give the poly(ethlyene carbonate)

with the terminal acetate ester group.
Mw = 150000 Da, Mn = 69100 Da, Tg = 26.8°C.
EXAMPLE 16: Purification of poly(ethylene carbonate) by treatment with boiling water

1 g of poly(ethylene carbonate) (of Example 8 having Mw = 328000 Da, Mn =
149000 Da, Tg = 16.4°C) were cut into small pieces and stirred in 50 ml of boiling bidest
water for 2 hours. The water was removed and replaced by fresh water, which was heated
again to boiling temperature. After additional 3 hours, the polymer pieces were isolated and
dried in vacuo at 40°C for 16 hours. The product obtained had the following physical
properties: Mw = 340000 Da, Mn = 148000 Da, Tg = 28.3°C. Thus, a dramatic increase of
the glass transition temperature was observed which is not attributable to a change in the

molecular weight of the polymer.

EXAMPLE 17: Composition (microparticles) with 1% hIL-3 drug loading -



bi'nc}pg'go?%mnosuppressant, e.g., a cyclosporin (e.g., Cyclosporin A), an
astonycin (e.g., FK506), or a rapanycin (e.g. rapanycin or derivative as
described in WO 94/09010, e.g., 40- O hydroxyethyl -rapamycin) treatnent or
prophyl axi s of autoi mmune di seases and inflanmmatory conditions by sl ow

rel ease of anti-inflammatory cytokBBes, e.g., IL6, |L-10, or TGFB; or
interferons, e.g., IFN- B[err] or Betaseron; or soluble cytokine receptors
or cytokine receptor antagonists e.g., for IL-1, TNFa, or IL[err] treatnent
or prophylaxis of allergic diseases by slow release of the soluble a-chain

of the high af P_i'eﬂ Moﬁgpamﬁo,ftﬂﬁianﬁg@ég!d@s RI) cancer treatnent, e.qg.

W th octreotide; cytokines especially 1nterleukins, - 23 - selective

targeting e.g. for the treatnent of |eishmaniasis, of fungus infections, of

enzyme stor age igl cJ)tn foﬁ?@ﬁlyicggkaﬁﬁ(ﬁgé), ﬁ@}‘& %%'Obb Q)?ﬁc)ample 8 (PEC) was dissolved in
10 ml of methylene chloride while stirring, followed by the addition of 12.1 mg of human
interleukin 3 (hIL-3) dissolved in 0.6 ml of water. The mixture was intensively mixed with
the Ultra-Turrax for one minute at 20,000 rpm (= inner W/O-phase). 1 g of Gelatine A was
dissolved in 2000 ml of deionized water at 50°C and the solution was cooled down to 20°C
(= outer W phase). The W/O-phase and the W-phase were intensively mixed. Thereby the
inner W/O-phase was dispersed homogenously in the outer-W-phase to fine droplets. The
resulting triple emusion was slowly stirred for 1 hour. Hereby the methylene chloride was
evaporated and microparticles were generated from the droplets of the inner phase and
hardened.

After sedimentation of the microparticles the supernatant was sucked off and the

microparticles were recovered by vacuum filtration or centrifugation and rinsed with water to
eliminate gelatine. Finally, microparticles were either freeze-dried by using inannitol as a
bulking agent or dried in a vacuum oven (mannitol free formulations) for 72 hours and

sieved (0.125 mm mesh size) to obtain the fmél product.

2. Placebo formulation

1 g of PEC Mw = 328.000 of Example 8 was dissolved in 10 ml of methylene
chloride while stirring (inner O-phase). 1 g of Gelatine A was dissolved in 2000 ml of
deionized water at 50°C and the solution cooled down to 20°C (=outer W phase). The O- and
the W-phase were intensively mixed. Thereby the O-phase was homogenously dispersed to
fine droplets in the outer W-phase. The resulting emulsion was slowly stirred for 1 hour and

treated further in the manner described above.

EXAMPLES 18-26:



AI or3OARC t herapy, vaccination e.g. with tetanus toxoid vaccine

Remat apoesi s, e.g., wherein the active ingredient is erythropoetin
intraarticular inj ection into inflamed joints wherein the active ingredient
i,s an antiinflammtory drug, especially one which are not orally

bi oavai | abl e or has a very short IFatf fife e g. IL-1B converting enzyne

I nhibitors, netall oprotease inhibitors. A nethod for enhancing an i mmune
response of a mammal to a vaccine conprising admnistering to a manmal in
need of vaccination an effective anmount of GWCSF in conjunction with a
vacci ne has bﬂBgaldﬁaﬂrfohﬁﬁlaﬁ@nstmwdehmhhMabe@Gfepamﬂ using PEC’3\O

94/ 01133. However, the CSF was, not carefu retarded in the manner
accor di rsgn&hsswweaqm@%so Eﬁ%@iﬁ&)ﬂ Tahle &rang;f b‘@gefei’ ysdied|ip acwaRnes similan tease

of t he r f t of
repeate alblér‘n&m gg&%ﬁ lglw@ggcan :i{lngln?fts Wﬁ hveh?ﬁ: e{Hyﬁﬂ?ﬁ
especi alcatbopste\cofieat of moss than &4% and adtgmtthintthemanye of WSOICOI ogi cal l'y

active compound in a polyner showi ng non-hydrol ytic surface erosion for
parenteral adm nistration of an interleukin or CSF;, particularly in a

pol ymer gga NPEE98: Confpdiifon {diicroparticles) having a 0.2% hIL-2 loading

2.9 mg of human interleukin 2 (h IL-2) was dissolved in 1.5 ml of water and IL-2
containing microparticles were prepared as described in examﬁle 17.
The microparticles were freeze-dried by using mannitol as a bulking agent and sieved (0.125
mm mesh size) to obtain the final product.

EXAMPLE 19: Composition (microparticles) having 0.2% hIL-2 loading (water-free)

The formulation was prepared as described in example 18, however, 2,9 mg of human
Interleukin 2 were dispersed directly in the organic phase (PEC dissolved in methylene
chloride).

EXAMPLE 20: Composition (implants) having a 0.8% hIL-3 loading

1. Compression moulding

25 mg of microparticles, consisting of 100% (w/w) poly(ethylene carbonate) (placebo),
99% (w/w poly(ethylene carbonate) and 1% (w/w) human interleukin-3 or 79.2% (w/w)
poly(ethylene carbonate), 20% (w/w) mannitol and 0.8% (w/w) human interleukin-3, were
compression moulded for 3 min at 60-70°C and 160 bar to implants (tablets) of 5 mm
diameter. The tablets were stored at 4°C in closed glas vials until use for drug release

experiments in vitro and in vivo.



Théopﬁvgﬂtion al so provides a nmethod of adm nistration such a conposition
to a subject which conprises admnistering it parenterally to a subject in
need of such treatnent. -24 - The depot fornul ations dccording to the

i nvention may be used for the known indications of the particular drug
conpound incorporated therein. Thd0exact anobunts of drug compound and of
the depot formulation to be adm ni stered depends on a nunber of factors,
e.g. the condition to be treated, the desired duration of treatnent, the
rate of release of drug compound and the degradability of the poly(ethylene

car bonat @) . Tmulgﬁmdx@@ﬁhgm ¢ ey be produced in known manner. The
anount of the pharnacol ogically active agent required and the rel ease rate
t hereof nay be determ ned on the basis of known in vitro or in vivo

bl 000 aama PrgitAYet Bath B ARRAAGIAE' il i R S Rig RS BBy’ "°

formulations and placebo formulation were shaken at 37°C in synthetic culture medium

D,

containing 2.5% (v/v) N-[2-hydroxyethyl]- piperazine-N’-[2-ethanesulfonic acid] (1 m), 10%
(v/v) fetal calf serum, and 2% (v/v) penicillin/streptomycin solution. Samples were drawn
from the medium at 0.5, 1, 2, 5 h and 1, 2, 3, 7, 14, 20 days and, subsequently, the medium
was renewed. Human interleukin-3 content of the samples was measured Iby ELISA.

3. Drug release experiment in vivo

Male rats, kept under optimal conditions, were anaesthesized by an inhalation narcotic
and in each rat one tablet of the human interleukin-3 formulations and the placebo
formulation was implanted in a subcutaneous skin pouch. After 1, 4, 7, 14, 21 days the rats
were killed by an overdose of the inhalation narcotic. The remaining tablets were taken out,
freed from adhering tissue, and dried. Mass loss of the tablets was determined
gravimetrically. Subsequently, the human interleukin-3 content of the remaining tablets was
measured by HPLC and ELISA.

Example 21:

Composition (w/o/w microparticles) having a 0.0002% - 2% hIL-2 loading

4 g PEC were dissolved in 80 ml of methylene chioride with magnetic stirring. To
this solution an appropriate amount of IL-2 (113.2 mg for 2%, 11.32 mg for 0.2% etc.)
dissolved in 6 ml of distilled water or water with some drops of ethanol was added. The
mixture was intensively mixed with an Ultra-Turax to disperse the IL-2 solution in the

polymer phase (= inner W/O phase). 1 g of gelatin A was dissolved in 200 ml of 1/15 M
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matri x may-al so be obtained by in vitro or especially in vivo techniques,

for exanple wherein the anmount of matrix nmaterials in the subcutaneous
tissue is determ ned after particular time periods. The depot fornulations
of /the invention may be adm nistergd in the formof e.g. mcroparticles by
oral, nasal or pulnonal, preferabl™ subcutaneous, intramuscularly or

I ntraveneous adm nistration, particularly as a suspension in a suitable
liquid carrier or in the formof inplants, e.g. subcutaneously. Repeated
adm ni stration of the depot fornmulations of the invention nmay be effected
when t he mwp}wbufidr (PH Tdsat<S0f 10 andothel splisionrcooledr dovanito 20°6. (-ct(mtelr W1 ph&epr

of "The ?{@:ej\w %th’?%p%é?“ R nfrosteoRSiels Theky e pato R0 et as

pol yner  chdirisd &éllﬂézstmwwese aispas&méﬂméabﬁa lif the biiter WiBh£sB. #he
transported by the body fluids fromthe site of adm n?st ration.
resulting triple emulsion was slowly stirred for 1 hr. Hereby the methylene chloride was

evaporated and the microparticles were hardened from the droplets of the inner phase.

After sedimentation (or centrifugation) of the microparticles the supernatant was
sucked off and the microparticles were recovered by vacuum filtration and rinsed with water
to eliminate gelatin. Finally, microparticles were dried in a vacuum oven for 24 hr and sieved

to obtain the final product.

"The encapsulation efficiency, tested with HPLC and bioassay, was between 10 and
100%.

Example 22:

Compesition (s/o/w microparticles) having a 0.0002% - 2% of IL-2 loading

The formulations were prepared as desribed in Example 21, except that IL.-2 was not
dissolved in water. Instead of dissolving IL-2, the drug was dispersed directly into the
polymer phase (= O-phase). The encapsulation efficiency, tested with HPLC and bioassay,
was between 10 and 100%.

Note: The amount of polymer, methylene chloride, water and drug are varied in a broad
range without changing the product quality. Higher drug loadings up to 20% are obtained. In
the outer phase the gelatin is replaced by other emulsifiers such as polyvinylalcoho! etc.,

and/or the concentration of the emulsifier/buffer are changed. Separation and drying
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-25 - Exanpl es of drug | oadings for the preferred conpound octreotide are

for acromegaly, in a parenteral liquid depot fornulation having

m croparticles which contain the peptide in an anobunt fromat least 0.1
preferably 0.5 to 20 percent by | ght relative to the (co)-polymer matrix,
preferably 2.0 to 10, especially 3to 6% of weight. The total dose of
octreotide is 20 to 30 ng in acronegaly and up to 100 to 200 ng in breast
cancer, e.g. for 1 nonth of treatnment. The release tinme of the peptide from
the microparticles may be from5 days to about 2 weeks or |onger.

Conveni epro¢edurasedeserihedi ave seplaged byecother well known pbarmaceutical téchnwgques suchi ase i n
t he (co)g,p0l. r Lri.er, ich,,when adm nistered to a rabbit or a rat
subcut arm%’ﬁa@/’irrq%?l’%i’;’a‘&?&@ﬁh&?ﬁ’! drﬂﬁmgf octreotide per kg of animal body

wei ght, exhibits a concentration of octreotide in the blood plasm of at

| east 0.3 ng/m _and preferably |less than 20 ng/m during a | onger period.
The'pharﬁm%al conpositions of the invention may contain further

additives, preferably al so enbedded in the (co)-polyner e.g. a radical
scavenger, especially as

Composition (w/o/w and s/o/w microparticles) having an 1% hGM-CSF loading

The preparation was carried out according to the process described in Examples 21
and 22. As described there S/O/W and W/O/W-preparations are prepared. However, the
encapsulation efficiency of W/O/W formlulations was 60%, whereas S/O/W formulations

showed lower encapsulation efficiencies.

Examples 24:

Composition (w/o/w and s/o/w microparticles) having an 1 to 10%_Octreotide-pamoate
(SMS-PA) loading

. The preparation was carried out according to the method described in Examples 19
and 20. However, SMS-PA is not water soluble. Thus, the drug.w“as dispersed, not dissolved,
in water, for W/O/W formulations. The encapsulation efficiency was determined by HPLC
and was between 20 and 100%.

Example 25:

Composition (w/o/w and s/o/w microparticles) héving' an 1 to 10% Octreotide-acetate
loading .



scavenger of the superoxide radical anion (Qerr]. The presence of such a
scavenger, e.g. nenadione or vitamn C decreases the degradation rate of
t he pol y(et hyl ene carbonate) (Fig. 7). Another type of additive is a
scavenger of the hydroxyl radical, éfOSSl bly devel oped under the influence
of the superoxide radical anion J e.g. a polyol, especially a sugar
al cohol, particularly mannitol. This additive was found to have also a
favour abl e i nfl uence on body wei ght gain of test animals to which e.qg.

m croencapsul ated IL-3 is administered. Wthout this additive the body
wei ght gai n welFhedpreparation Was parried woammdmgmrhsmeﬁlodmesdrmed\mﬁxmnples 21

m croparti cl es the sanme. additjive or her ernal I

exi sting and Z%éfhemmﬁaéﬁﬂp ency ‘Hﬂse ﬁgﬁg’&ﬁ%‘g g’ﬁ r#ﬂfgﬁé%
on the St@ﬂichh&)ﬁ%eﬁfly% 2P ri the i OQMS-PA_ - against flocculation and
precipitation an additive is present, then preferably in an anmount of 1
t o 90% of HigherWalpes weret ahdained in S/O/W formulations_ after using lyophilized active compound

material (smaller drug particle).

Example 26: Octreotide pamoate (SMS-PA) release from microparticles in rabbits and

implants in rabbits and rats

Subcutaneous implantation of poly(ethylene carbonate) disks or injection of
poly(ethylene carbonate) microparticles (drug loading 1.95%) in an amount of about 2 mg of
drug substance/kg body weight were performed in male rabbits (chinchilla bastard, body
weight about 3 kg) and subcutaneous implantation of disks in male rats (Wistar, body weight
about 375 g). Per rat and rabbit amounts of about 40 resp. 300 mg of drug containing
polymer in the form of microparticles resp. pressed to an implant or as suspension were

administered.

The implants disks for rats and rabbits had a diameter of 0.5 and 1 cm resp. and were

produced as described in example 20.

To determine the drug release, blood samples were collected for 14 and 21 days in
rats and rabbits resp. and drug residues were measured in implants by radioimmunoassay and
HPLC. '

A linear correlation of mass loss of poly(ethylene carbonate) and release of SMS-PA
could be found (Fig. 13) as shown for high molecular mass hil-3 (Fig. 11). A maximum of
75% of implanted material was degraded in 3 weeks after administration in rabbits, a

maximum of 95% of implanted material was degraded in 2 weeks after administration in rats.



to H?é’s?sc?t al weight of the formulation. The favourable in vitro and in vivo
nmass degradation under the influence of the superoxide radical anion O[err]
may be seen fromFig. 8 The degradation curves for the residual nmass are
approximately linear and have a different slope, since the degradation
conditions in vivo and in vitro ar€¢"different. The anmount of degraded nass
per time unit is alnost constant. The curves for the in vivo release of a
phar macol ogi cal |y active conpound, e.g. human IL-3, under the influence of
t he superoxide radical anion JQerr] are, |ike the degradation curves
appr oxi meAr linflimmation felctipn (Efgludmpiinvasionaofpdymorphbaurledrdewnooytes and other
rel eased drug. conpound, per . upif 1S a t. constant. conbi natj on of
bot b ieWS i hEReraRisyE fon bindeerdasion, ot golieRIeae samoata). T GRIESe Wy dec
hpug' ?él éi%xggﬁﬂﬁ%ﬂge&ﬂo& cdn B ekfdctld b §lelfe83pddifi¢’ pivingd RSS 1 §RERIIpdAM: 2nd
plasxﬁa level profiles of a drug. This was found for SMS-PA (Fig. 12). In rats,
biodegradation of poly(ethylene carbonate) is much faster than in rabbits. In rabbits, plasma
levels of SMS-PA increase slowly to reach the phase of constant release at about day 9

lasting until at least day 21.

Example 27:

Composition (w/o/w microparticles) having a 0.0002% - 2% rhil -6 loading

4 g PEC are dissolved in 80 ml of methylene chloride with magnetic stirring. To this
solution an appropriate amount of thil.-6 (113.2 mg for 2%, 11.32 mg for 0.2% etc.)
dissolved in 6 ml of distilled water or water with some drops of ethanol is added. The
mixture is intensively mixed with an Ultra-Turax to disperse the IL-6 solution in the polymer
phase (= inner W/O phase). 1 g of gelatin A is dissolved in 200 ml of 1/15 M phosphate
buffer (pH 7.4) at 50° C and the solution cooled down to 20°C (= outer W phase). The
W/O- and the W—phase are intensively mixed. Thereby the inner W/O-phase is separated into
small droplets which were dispersed homogenously in the outer W-phase. The resulting triple
emuision is slowly stirred for 1 hr. , the methylene chloride is evaporated, and the

microparticles are hardened from the droplets of the inner phase.

After sedimentation (or centrifugation) of the microparticles the supernatant is sucked
off and the microparticles are recovered by vacuum filtration and rinsed with water to
eliminate gelatin. Finally, microparticles are dried in a vacuum oven for 24 hr and sieved to

obtain the final product.



- l307'8(-)30E>(ANPLES 1-5: Ceneral pocedure for the synthesis of poly(ethyl ene
‘carbonate)s with a catalyt prepared fromdiethyl zinc and water For anount
of reactants, solvent, catalyst etc. for a particular experinent see table
1. 200 M dry dioxane and 19.5 g,£158 mmle) Zn(C2H5)2 were placed in a 750
m flask under a N2-at rmsphere."f' € flask was equi pped with a nechani cal
stirrer, -dropping funnel, thernoneter and a N2-inlet. The droppi ng funnel
was equipped with a (Jerr]C[err] tube. The solution-was cooled down to
10[err] in an ice bath and a solution of 2.7 ml of H20 in dioxane, see

tabl e 1) wasThe emmpsilatidnyefficienty ttestéd- with HRELG rand digassayk ipbetweend @ qnd
10-15[er{ﬂ. The reaction m xture was stirred for additional 45 mn. at room
t_errperat1 %, until the initiall y colorless solution turned pale yell ow.
This catal yst solution was transferred to the autoclave, treated with 40 g
of CO2 and heated at 125[err]C for the tine indicatéd in table 1. The

m xt ur eExaraple!®8) cool ed down to roomtenperature and 560 g (12.7 nole) CO2
was added, followed by slow addition of 132 g (3 nole) of ethylene oxide
over a time period of 1 hour. The reaction was allowed to proceed for the

time in flion(s/oM rfticte hivvifig tal 000002%¢- 2%<65 1l -deading cased
e product, a sticky slurry, was diluted

The formulations are prepared as described in Example 27, except that IL-6 is not
dissolved in water. Instead of dissolving IL-6, the drug is dispersed directly into the polymer
phase (= O-phase). The encapsulation efficiency, tested with HPLC and bioassay, is between
10 and 100%.

Note: The amount of polymer, methylene chloride, water and drug are varied in a broad
range without changing the product quality. Higher drug loadings up to 20% are obtained. In
the outer phase the gelatin is replaced by other emulsifiers such as polyvinylalcohol etc.,
and/or the concentration of the emulsifier/buffer are changed. Separation and drying
procedures described are replaced by other well known pharmaceutical techniques such as

filtration, lyophilization and spray drying.

Examples 29-31: Use of IL-6 in treating conditions mediated by TNFo/and or IL-1

Example 29:
Animal model for multiple sclerosis: Chronic relapsing experimentally induced allergic

encephalomvyelitis model in the Lewis rat (CR-EAE).

Experimentally induced allergic encephalomyelitis (EAE) in the rat is a well studied
experimental model for multiple sclerosis in humans. [Paterson, ADV. IMMUNOL. 5 (1966)
131-208; Levine et al., AM. J. PATH. 47 (1965) 61; McFarlin et al, J. IMMUNOL. 113



Wi tlﬂo'gpg‘?(ane and precipitated by pouring the dioxane solution into 0.25 M
of aqueous HClI. The precipitate was dissolved in a proper anount of CH2C12
(2-4 liter), washed with agqueous 0.5 M HCl (2x) and with H20 (Ix). The
solution was dried over anhydrous Na2SO4 and evaporated to a final vol une
of 0.5to 1.5 liter, depending on 46ite vi scosity of the solution. The
product was precipitated by pouring the CH2Cl2 solution into a 4 fold

vol une of nethanol. The white precipitate was filtered off and dried
overnight at 0.5 nbar/50[err]. The crude product was reprecipitated from

‘acet one {1974) 712 Boreh TRANSRLANT &SCEINANMMUNORL 13 (1981) 3]s Raoaredajcted
identical 'H- NVR spectra except the relative intensities of the signals at
3. 65, 3. With meryeytissug from anpfhes sneeies dogether with an adjuyant; apd-theraiiing allergicat o

unit con ~ ﬁﬁﬁ! : ARRL S : :
pol y(et hé‘/% nréseclar otﬁgl?sé?s g’r?p]l?ne@%p&%r I‘:‘i Hyi eﬁhée Q@)‘(’%@Bﬁé ?Jsio%gf%duced m
ZEﬂer r]( Chﬁﬂﬁ;}lH[sekrds%]sL €Tl fatsoberome paniallyTomeompietely paralyzed, Jand the fewerity of the
L] dist[xs%rig ]n%agur]ed with and without administration of the test drugs. A number of drugs,
such as steroids and immunosuppressants, are active in slowing the onset of the disease but

are not capable of preventing relapses once the disease is established.

The chronic relapsing experimentally induced allergic encephalomyelitis model (CR-
"EAE) [Feiirer, et al., J. NEUROIMMUNOL: 10 (1985) 159-166] is therefore considered a

particularly demanding model which closely mimics actual difficulties in treating multiple
sclerosis patients who have established disease. In this model, the disease is induced by
injection of a mixture of guinea pig spinal cord and Freund’s complete adjuvant enriched
with Mycobacterium tuberculosis. Typically 75 - 80 % of the sensitized rats develop a
CR-EAE showing 2 - 3 clinical relapses during the first 40 days. After 60 - 80 days,
approximately 50 % of the rats with CR-EAE have a further relapse which is followed by
complete recovery in only 35 % of all cases. The remaining 65 % of these animals show a
progressive state of the disease. Drug treatment starts on day 16, after recovery from the

first disease bout,

Recombinant human interleukin 6 (rh IL-6, Sandoz) dissolved in saline was injected
i.p. every 2nd day starting on day 16 using 10 micrograms of IL-6 per rat (ca. 50 pg/kg).
Control animals and animals in the IL-6 group had the usual severe disease bout (acute) at
days 11-14. On a scale of severity from 0 = no disease to 4 = complete paralysis of the
animal, the control group averaged 3.0 and the IL-6 group averaged 3.2. Application of IL-6
every second day from day 16 to day 30 (7 applications total) resulted in an almost complete
inhibition of the disease. Only one out of 5 IL-6 treated rats showed a slight second disease

bout (severity 0.4). Five out of 5 control animals had a second disease bout with a mean
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1 3 13.6 158 300 5064 2

3 9.1 158 500 2064 3 3

13.6 158 300 20 240 4 3 13.6
158 300 2040 5 3 13.6 158

300 2022 6 3-47- 136 238 300

5064 All experinents were run in a 1.0 litre autoclave NB2. Mol ratio
Herr]0: Z[err](Cerr]Herr])[err] = 0.95 for all experinments. The catal yst

was pre-treated with 40 g of CO2 at 125[err]Cfor 1 hour except in Exanple
1 (10 hoggvetity Tatifigfof 2.8 ftéreddyelb, angd =i thirll diseageeattick vnodays (28 <3t Nesotherd

pol y(et hyl en b t Vvh Mn/ IVh T
[err]|nhé?@ﬁiﬁﬁgﬁ[g@f@%{‘g&&mwg’o@ [[err]C]” )

[d/ g] Carbonate in CHC13 a) Content [9%4 141.9 32.2 4. 40 19.3
0. 6087 2 627.3 133.5 4.70 23.5 1.4691 3
477.0 Exanfple 30: 5. 71 18. 7 1.2791 :
Animal model for arthritis: Borrelia-induced arthritis in severe combined immunodeficienc
(SCID) mice.

Lyme arthritis (or Lyme disease arthritis) represents a unique form of chronic arthritis
because the initiating event is known with certainty. The disease is one of the prominent
features induced by infection with the. tick-born spirochete Borrelia burgdorferi. The
characteristics of synovial lesions in patients with Lyme arthritis resemble closely those in
the synovium of patients with rheumatoid arthritis. In both patient groups synovial lining cell
hyperthrophy, synovial cell hyperplasia, vascular proliferation and infiltration of mononuclear
cells in the subsynovial lining areas can be observed. Many plasma cells, high endothelial
venules, scattered macrophages and few dendritic cells are found with intense MHC class I
antigen presentation. In addition, cytokines, such as IL-1, IL-6 and TNF-alpha have been
detected in synovial fluid from patients with various arthritides, suggesting that these
cytokines may contribute to the pathogenesis of joint destruction.  Recently, a mouse model
for Lyme arthritis has been developed in SCID mice which lack functional T and B cells (M.
M. Simon, et al. (1991) Immunology Today 12: 11). The infection of the immunodeficient
mice with Borrelia burgdorferi leads to a prominent and persistant oligoarthritis. The
Borrelia-induced arthritis in SCID mice responds to corticosteroids (prednisolon 30 mg/kg sc)
but not to immunosuppressive agents like SIM (cyclosporin A) up to doses of 30 mg/kg s.c.
It is considered a good model for cytokine-driven arthritis, including other types of arthritis

for which the initiating event is not known with certainty.

Six week old C.B-17 SCID mice (homozygous for the SCID mutation, obtained from

Bombholtgard, Denmark, 5-6 animals/group) were inoculated with 100 mio. Borrelia



N 3
4 100-80 0758. 0 97.5 7.77 20. 6 1.7590 5 721.6

80.7 8. 95 22.9 2.44 b)90 -29 - 6 310.9 103.1
3.02 - 20.1 88 a) at 20[err]C and a concentration of 10 ng/ m
i f,nothing else is indicated b) at_a concentration of 1 ng/m - 30-

EXAMPLE 7-11: Ceneral procedure 788 -t he synt hesi s of poly(ethylene
carbonate)s with a catal yst prepared fromdiethyl zinc and a di ol

burgdorferi organisms by s.c. tailbase injection. Immunocompetent C.B-17 mice (same
source) were used as control animals. They do not develop any disease upon injection of
Borrelia burgdorferi. Recombinant human IL-6 (thIL-6, Sandoz, stock sol. 5 mg/ml) was
diluted with physiological saline and was given 5 times per week for a total of 17 injections
at a dose of 10 microgram/mouse i.p. Mice were monitored daily in blinded fashion for
clinical signs of arthritis in the tibiotarsal and ulnacarpal joints. Clinical arthritis was scored

accc;rding to the following parameters:

- no signs

? signs questionable

(+) reddening of joints
+ slight swelling

++ moderate swelling

+++ severe swelling of the tibiotarsal and ulnacarpal joints.

At the peak of clinical arthritis, mice were sacrificed and the joints were fixed in Schaffer’s

solution, embedded in plastic 9100 and stained with hematoxilin eosin.

Group clinical signs (number of swollen joints/total) on days
13 14 15 16 17 20
Control 0/30 0/30 0/30 0/30 0/30 0/30

SCID, no IL-6 6.5/36 12.5/36  15/36 21736 30/36 35/36
% w. arthrit. 18 % 35 % 2% - 58% 83 % 97 %

SCID, IL-6 treated 4/30 3.5/30 11730 7.5/30 12/30 10.5/30
% w. arthrit. 13 % 12 % 37 % 25 % 40 % 35 %
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1. Preparation of the catal yst 200 ml of dry dioxane were placed in

a'dry, 4-necked 750 m flask under a nitrogen atnosphere.
mrol ) di et hyl zinc were added by the nmean of a glass syringe.
stirrer,

equi pped with a nmechani cal
argon inlet. The dropping funnel s charged with 100 nl of dry di oxane and

equi pped with a cal cium chl ori de tube.
argon stream 9.00 g (145 mol,

droppi ng funnel,

19.50 g (158
The fl ask was

t her nonet er and an

The apparatus was then set under an
0.92 nolequiv.) of fresh distilled, dry

et hyl ene glycol, (kept on mol ecular sieves) were added to the dioxane in

t he dr oppireg-

was cooled down to 10C in an ice bath while under argon.
i n di oxane was added dropwi se to the stirred solution of
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allowing to warmup to room tenperature.
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The het erogeneous m xture was then

transferred to an autoclave (1 litre autoclave NB2) while under argon. The

aut ocl avExample Bir Qdurine triodelofor 4éptiz shock ol ) of

It was decided to investigate the effects of IL-6 in the mouse endotoxic shock model

using d-galactosamine sensitized mice, since this is widely used as a model for human septic

shock. Our methods and result are as follows:

Female OF1 mice weighing 18-22 g, were challenged with a 0.2 ml i.p. injection of a

PBS solution containing 0.15 mg/kg lipopolysaccharide endotoxin (LPS) and 500 mg/kg d-

galactosamine. Mice were divided in groups of 10 mice each and treated as follows:

Experiment 1

Time

Group 1:
Group 2:
Group 3:
Group 4:

Experiment 2

Time

Group 1:
Group 2:
Group 3:

11;
PBS
IL-6 (50 pg)
PBS
PBS

8

IL-6 (50 pg)
PBS

14:
LPS + d-GAL
LPS + d-GAL
LPS + d-GAL + IL-6 (50 pg)
LPS + d-GAL

8

14:00

LPS + d-GAL

LPS + d-GAL

LPS + d-GAL + IL-6 (100 pg)

PBS
IL-5 (50 pg)



carlbogFlsogPox-i de and heated at 125[err]C for 1 hour under stirring to
pre-treat the catalyst with carbon dioxide. 2. Pol yneri zati on The
autoclave with the pre-treated catal yst was cool ed down to roomtenperature
and was charged with additional 5 g (12.7 nol) of carbon dioxide. Then,
132 g (3 nol) of ethylene oxide (99.8% were added to the stirred m xture
In the autoclave by slow injection - 31 - during 1 hour. After the

addi tion was conpl eted, the autoclave was heated to the tenperature
indicated in table 3 and the m xture was stirred for the given tine at this
t enper at Wreup 3: PBS Wor k- up IRSe+abGAL - IB-6020 @gdl eBBSown to room

e pr ocou & whi FBS o1 cky SRES Y CGAL Ik, P88 01 “or 771 rer of

di chl oroggpligee: 1@ n of a Qps MdEhIselLie @B gy © paged and the mixture

Group 7: PBS LPS + d-GAL + IL-2 (100 pg) PBS
Group 8: PBS LPS + d-GAL + IL-4 (SOpg) PBS
Group 9: PBS LPS + d-GAL IL-6 (50 pg)

rhIL-6 (ILS 969, Sandoz), rhIL-2 (Sandoz) and rhlL-4 (Sandoz) were diluted in PBS. All
injections (0.2 ml volume) were given intraperitoneally. In group 3 (exp. 1) and group 3 to 8
(exp. 2) IL-6 and IL-2 were diluted into the LPS/d-GAL solution so that mice received a
single 0.2 ml injection. Numbers in parenthesis indicate the dose of interleukin given to each
mouse. The multiple dosing of PBS was required to control inter-group variability due to

stress induced responses due to handling at different times prior or post LPS challenge.

Mouse survival was observed for 48 hours. For statistical calculation, we used the Chi
square test. As shown in Figure 1, after 24 hours from LPS challenge, 9 out of 10 control
mice died. IL-6 treatment 3 hours prior to LPS injection or 2 hours after LPS after LPS
injection, reduced the mortality respectively to 60% (p = 0.12) and 70% (p = 0.26). On the
other hand, IL-6 given at the time of LPS challenge reduced the group mortality to 10% (p<
0.01). The protective effets were long lasting, since after 48 hours the mortality in group 3
increased slightly , i.e. to 30%, still indicating a highly significant protection respect to the
control group (p<0.01). The mortality of group 4 passed from70% to 80%; whereas no

changes were observed in group 1 and 2.

Based on these results, we tested the effect of IL-6 at different doses. We gave IL-6
at the time of LPS injection, since according to the first experiment this was the optimal
time. We explored as well the effect of IL-3 and IL-4 given at the time of LPS as a way to
exclude possible artifacts due to the use of recombinant proteins in the LPS/d-GAL



was lg?'lspzr;%d-for 3 hours at roomtenperature. The phases were separated and
thé organic | ayer was washed twice with 3 liters of 0.5 MHC and tw'ce
with 4.5 liters of water. The dichl oronet hane solution was then dried on
120. g of sodium sulfate and concentrated to a final volunme of ca. 2 liters.
The product was precipitated by st &b~addi tion of this solution into 6
liters of nmethanol. The precipiate was dried 16 hours in vacuo at 40[err]C
to give the crude polynmer, which was purified further as foll ows: The crude
product was dissolved in dichloronethane and the solution was poured into a
5 fol d vopieperatibn.ad¢ allodestédwhéthenlinGtvess éffectiveii protetting toiiee ffifont esdotoxibe
precipitate was dried 16 hours in vacuo at 40[err]C to give the

cor r espondeath asiess of A0 peireouse givendedore oraftepkPSi cal properties of the
products are set forth in Table 4. Al products showed strong

| R-absorptions at 1750 and 1225 .cm[err]. The | H NVR-signal of the ethylene
car bonat e uni t Thepgsaks ofl exgeridnent 2(Figure 2) are3n line with those of experiment 1. Also in

this experiment, treatment with IL-6 protected mice from endotoxic death. When IL-6 was
given together with LPS, the resulting protection 24 hours after LPS was dose dependent at
the dose of 20 (30% deaths, p = 0.03), 4 (50% deaths, p = 0.16) and 0.8 (70% deaths, p =
0.61) pg/mouse, whereas at the dose of 100 pg/mouse (60% deaths, p = 33) mice were
protected less efficiently than at a 20 pg/mouse. Pre- or post- treatment with 100 pg IL-6 /
mouse resulted in a protection comparable to that observed when the same dose of IL-6 was
given together with LPS. Similar mouse survival results were obtained 48 hours after LPS.
IL-4 given at the time of LPS challenge was ineffective in protecting mice from

endotoxic death, whereas IL-2 decreased mouse survival.



TABLEO':§ Synt hesi s .of poly(ethyl ene carbonate)s wth a catal yst prepared
from diethyl zinc and a diol Exanple Ethylene Cderr](nmol] Sol vent[err]
(C[err]H[err])[err]Z[err] Di ol b) Reaction Reaction Oxide

[ m.] [ Mol ] [ mmol ] terrpera-_ &IITE [ ol ]

ture [[err]C] [hrs] 7 13, 6 \4#;8\16@
20 96 8 3,0 13, 6 300 45

96 9 3,0 13,6 300 158 14H”lmwwi 6 .10
3,0 13,6 300c) " 158 145 50 ’ﬂ
13,6 300 158 145d) ChaIMS: 96 a) Dioxan, if fothing
el se i ndi cat ed b) Ethylene glycol, if nothing else indicated c)

Tetrahydr of uran as sol vent instead of di oxan d) 1,4-Butandiol instead of
ethyl ene glycol TABLE 4: Selected physical properties of poly(ethylene
carbonate)s synthesized using a catalyst prepared fromdiethylzinc and a
di ol 1. A biodegradable polymer, compnsmgmg ethylene carbonate units of the formula A

-(-C(0)-O-CH,-CH,-O-)- A

and having an ethylene carbonate content of 70 to 100 Mol%, an intrinsic viscosity of 0.4 to
4.0 dVg in chloroform and a glass transition temperature of from 15 to 50°C.

2. A Iiolymer according to claim 1, having a molecular weight (Mw) of 100,000 to
2,000,000, determined by gel permeation chromatography, with methylene chloride as the

eluant and polystyrene as the reference.

3. A polymer according to claim I, having an ethylene carbonate content of 90 - 100
Mol %.
4, A polymer accoiding to claim 1, having an inherent viscosity, measured at a

concentration of 1 g/dl in chloroform of 0.4 - 3.0 dl/g.

5. A polymer according to claim 1, having a glass transition temperature of 18 to 50°C.

6. A polymer according to claim 1, having ethy'lene carbonate units and ethylene oxide
units.
7. A polymer according to claim 1, which is not significantly degradable during at least

1 month by hydrolytic enzymes under physiological conditions or by water at pH 12 and
37°C.
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Eia}%}%mol\/[err] o Merr] Merr]/Merr] Tlerr]
[err][dl/g] et hyl ene carbonate [kD[err]] [ D[er__]_]/

[[errr]
16.7
95 9
231.0
110.0

C in CHCl[err]) conten

PN e R ERY, 1T TR

83. 8 2.76 32.6 0.72
53. 4 2.06 31. 1 0. 49 90 a) at 20[err]C and a

concentration of 10 nmg/m, if nothing else is indicated b) at a
concent r a8.i on Afpolymey atcording to claim 7, which after exposure to boiling bidistilled water

during 5 hours, has a glass transition temperature of 18 to 50°C.

9. A polymer according to claim 1, degrading in vivo and in vitro by surface erosion
under the influence of the superoxide radical anionb,".

10. A polymer according to claim 9, which shows a continuous mass degradation without

reduction of molecular weight of the residual mass.

11. A polymer according to claim 10, being biodegradable in a period of time of 5 days

to 6 months.

12. A polymer according to any one of claims 1-11, having as a co- unit the ethylene

oxide unit of the formula B
-(-CH,-CH,-0-)- B

13. A polymer according to any one of claims 1-12, having a hydroxyl group as a

polymer terminal group.

14. A polymer according to any one of claims 1 to 12 having an ester group as a polymer

terminal group.

15. A polymer according to claim 14, with a surface erosion rate adjustable by choice of

the terminal ester group.
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-BAOO'E%(?\/PLE 12: Experimental procedure for the synthesis of pol y(et hyI ene
carbonate) with a catal yst prepared from diethyl zi rc—and—ptitor ogrucin—1.
Preparation of the Catalyst 200 ml of dry di oxane we dry,
4-necked 750 m fl ask under a nltrggen at nosphere. Hmemm m ) of
di et hyl zi nc were added by the mear’ 6f a gl ass syrige. L

equi pped with a nechanical stirrer, dropping funnel, thernonmeter and an
argon inlet. The dropping funnel was charged with 100 M of dry di oxane and

equi pped with a calciumchloride tube. The apparatus was set under an argon
stream 135.34 gﬁm@&sﬁorninlpromxcﬁﬁn rwlaqq:hymcx)hmiﬁnglaye;tbi group |as @i polymer he

dr oppi ng fun wer e de ane under, an argon s am _The
nechani clfRip STQ“P&? ‘P'%%P&mvﬁg ﬁ‘bl i9g 49 ApY-Opf, O, ﬁﬁ"@é l%&?ﬁz\/ﬂ?ﬁl e
under ar *) ﬁ,gjégdg Qb deferificasdn g@ol n di oxane was added dropw se to

t he stlr n of ethylzinc in xane over a tinme period of 30
m nut es, durlng which time the tenperature was kept betmeen 10-14[err]C. An

evol utiop of ethane g: i tati.on was, obser,ved ltaneousl .on
addi ti on26f p%&‘&&? S opfiostioh chtipufe o obampcr acalx Abive Yeatptind if 3

polymer showing non-hydrolytic surface erosion.

27. A pharmaceutical composition of a pharmacologically active compound in a polymer
according to claim 26 showing a linear correlation of active compound release and
non-hydrolytic polymer mass degradation and active compound' protection in the polymer

matrix.
28. A pharmaceutical composition in a polymer according to any one of claims 1-15.

29. A pharmaceutical composition according to claim 26 or 27 containing an active

protein or peptide.
30. A pharmaceutical composition according to claim 29 containing a cytokine.
31. A pharmaceutical composition according to claim 30 containing an interleukin.

32. A pharmaceutical composition according to claim 26 in the form of microparticles or

an implant.

33. A pharmaceutical composition according to any one of claims 26 - 29 containing, in

or on the polymer, an additive.

—_—
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corrp‘ogt'seog,o t-he cooling bath was renmoved and the m xture was stirred for
additional 30 minutes, while allowing to warmup to roomtenperature. The
het er ogeneous m xture was then transferred to an a

autocl ave BN2) whil e under argon. The autocl ave m!ﬂ“ﬂﬂmmlm ll 40 g
(0.9 nol) carbon di oxi de and heat Pt 125[err] C for* 1¢hobr Yinder *stirring
to pretreat-the catal yst with carbon di oxide. 2. Pol ymert zati on The
autoclave with the pre-treated catal yst was cool ed down to roomtenperature
and was charged with additional 560 g (12.7 nol) of carbon dioxide. Then,
132 g (3 my.) QA peodeby furehoprodacticiboBie pakymerazwedimg)tdm cie of eldims k10 in
in the autoclave by slowin - - during 1 After the

addi ti on Jvhigh gthylene omec@cﬂ/ﬁci é%%ﬂlweezedﬂﬁea m!ase?%ef ﬁa@ LA torJepy updersthe
for 250 NQhfiGencs of a ARt UP

17. A process according to claim 16, in which a catalyst is used, prepared from Zn(C,H;),

and water or acetone in a molar ratio of from 0.9:1 to 1:0.9. _

18. A process according to claim 16, in which a catalyst is used, prepared from Zn
(C,H;), and a di- or triphenol in a molar ratio of from 2:1 to 1:2.

19. A process according to claim 16, in which a catalyst is used, prepared from Zn
(C,H,), and a diol in a molar ratio of 0.9:1 to 1:0.9. |

20. A process according to claim 19 in which a catalyst is used, prepared from in(Csz)2
and ethylene glycol.

21. A process according to claim 18, in which a catalyst is used, prepared from Zn
(C,H,), and phloroglucin.

22. A process according to any one of claims 16 to 21 in a solvent or dispersing agent

system of an organic solvent and CO,.

23. A process according to any one of claims 16 - 22, under a pressure of from 20 to 70

bar and a temperature of 10 to 80°C.

24. A process for the production of a polymer having a hydroxyl group as a (co)-polymer

terminal group according to claim 13, performed according to any one of claims 17 to 22.

-_—
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The1 esgg%re of the autoclave was rel eased sl oWy to atnospheric pressure.

Thé product was taken up in a total of 4 liter of dichl oromettrane—1635—m—

of a 0.4 MHCI solution were added and the m xture was st
at yoomtenperature. The phases vver% separated and t he: orlgmm"mi“ﬁ"@m[ )
washed twice with 1.5 liters of 0-3OM CH and tiwce with lct eLs .
~The dichl oronet hane sol ution was then dried on 120 g of sodium sul fate and
concentrated to a final volume of ca. 1 liter. The product was precipitated
by slow addition of this solution into 3 liters of nethanol. The '
preci pi t aB4. waA pharagcdfticabeompositionsaccording th0¢leim BE contaiyiing atrhdicalrscaeenger as
pol ymer, which was purified further as follow ng: The crude product was

- di ssol ved thenaddit¥e. or onet hane and the sol ution was added into a 5 fold
-volunme of aceton during 15 mnutes to precipiate the product. The

i precipitate was dissolved again in dichloronmethane, reprecipitated from
et hanol 38d dA pharfiacémicalscompositinmoaceordityf ter clhith 83 containinghe polyol as ghendi ng

- pol y(ethyl ene carbonate). Physical properties of the product: Mv = 258000
Da, Mh = 883H¥e-Da, Tg = 15.4C. IR Strong absorbtions at 1751 and 1225
-cml. According to I|HNVR the product had an ethyl ene carbonate content of
- ca. 96%

36. A pharmaceutical composition according to claim 35 containing a sugar alcohol as the

additive.

37. A pharmaceutical composition according to claim 36 containing mannitol as the
additive.

38. A pharmaceutical composition according to any one of claims 33-35 containing 1 to |
90% of weight of the additive, related to the total weight.

39. A pharmaceutical composition according to claim 26 for parenteral administration of

an interleukin or CSF.

40. A pharmaceutical composition claimed in claim 39 wherein the interleukin or CSF is

in a polymer having the formula A as defined in claim 1.

41. A method of administering a composition according to claim 39 to a subject which

comprises administering it parenterally to a subject in need of such treatment.

42. A pharmaceutical composition according to any one of claims 26-40 comprising IL-6

as an active ingredient.
43. A pharmaceutical composition comprising IL-6 in a polymeric matrix.

-—
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EXAWBL%BQS Experimental procedure for the synthesis of poly(ethylene
cdarbonate) with a catal yst prepared fromdiethyl zin 36 -

132 g (3 Mol) of ethyl ene oxide were co- polynerlzed 00

CO2 at 50[err]C during 96 hrs usi nq%ng cat al yst prepar Wﬂéﬂﬂm 45. 16
mol ) of acetone and 19.62 g (159 | ) of diethylzin n of
the catalyst as well as the polynerization were perforrred siml'ar °t 0o* t he-
procedure descri bed for exanples 7-11, except that acetone was used i nstead
of a diol to prepare the catalyst. The pol y(ethyl ene carbonate) thus

-obt ai ned 44ad oA phiwyhazsaticah chrapaesitiors actoadihg of claitfiod3rid micropartidleor implantable
properties: Mv = 233 kDa, M = 109 kDa, MW Mh = 2.14, Tg = 22.4[err]C
EXAMPLE fﬂ*.'m-Synt hesis of the endgroup - stearoyl ated pol y(ethyl ene

car bonat e)

45. A pharmaceutical composition according to claim 44 for treatment of an autoimmune

or mﬂammatory condition.

46. A pharmaceutical composition according to claim 45 when the condition to be treated

is multiple sclerosis.

47. A pharmaceutical composition according to claim 45 When the condition to be treated
is rheumatoid arthritis.

'48. A pharmaceutical composition according to claim 45 when the condition to be treated

is Lyme disease.

49.  The use of IL-6 in the manufacture of a medicament for downregulation or inhibition
of IL-I and/or TNFa.

50. The use of IL-6 according to claim 49 in the manufacture of a medicament for the
treatment of a chronic or acute pathogen-induced inflammatory condition or a demyelinating
disease. '

51.  The use according to claim 50 when the disease or condition is septic shock.

52.  The use according to claim 50 when the disease or condition is multiple sclerosis.

53.  The use of IL-6 according to claim 50 where the disease or condition is Lyme

disease,
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100'?"p0| y(et hyl ene carbonate) having Mv = 153000 Da, M = 68900 Da, Tg =
29 1 © was dissolved in 30 mi of dry dichloronet hane. The sol ution Was"
treated subsequently with 0.98 g (12.38 mmol) of pyr mummﬂ"ﬂm 0
mwl ) of stearoyl chloride. The rggctl on mxture ws s ul" "r
tenmperature for 48 hours, than diPefed with 50 m of di*chFor bme't hane *and
washed successively with 2 x 150 ml saturated sodi um bi carbonate and wat er.
The organic | ayer was dried over anhydrous sodium sul fate and the product
was precipiated by dropw se addition of the dichloronmethane solution into
300 m  0$4.n- hEhense actbriing todanypomelof ¢lainin 49-63 twhiendhie Ha is recambivarit humasr by
di ssol ving_in dichl oronethane and precipitation froma 3 fold vol une of
di et hyl Hefer. Fi nally, the product was dried in vacuo at 40[err]C for 16
hours to give the endgroup - stearoyl ated pol y(et hyl ene carbonate). Mwv =
144000 Da, Wnh = 71000 Da, Tg = 25.6C. EXAMPLE 15: Synthesis of the endgroup
- acetyl ated pol y(ethyl ene carbonate) - 37 -

\
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1 éog'()?ethylene carbonate) (having Mv = 153000 Da, Mh = 68900 Da, Tg =
29.1C) was dissolved in 10 ml of dry dichloronmethane. 0.98 g (12.38 nmol)
of pyridine were added, followed by the addition of 10.08 g (98.7 mmol) of
acetic anhydride. The reaction mxture was stirred at roomtenperature for
120 hours. Then, it was diluted Wi¥H 50 nml of dichl oronethane and was
poured slowly onto 200 m of saturated sodi um bi carbonate. The m xture was
stirred for 30 mi nutes and then the | ayers were separated. The organic

| ayer was washed again with 150 ml of saturated sodi um carbonate and
finally with water. The dichloronethane solution was dried over anhydrous
sodium sul fate and t he product dropwi se additional of
this solution into 300 m of di *'Clpltate was di ssol ved
again in dichlorogs ' he product

was dried for 16 mour 1 ' ' y nryene

car bonat e) mnth t he ternlnal acetate ester group NW = 150000 Da, M =
69100 Da,, T 8 C, EXAMPLE 16: Purification of poly(ethylene carbonate)
by treat SHEE water | g of poly(ethylene carbonate) (of Exanple

8 having Mv = 328000 Da, M = 149000 Da, .Tg = 16.4[err]C) were cut into
smal | pieces and stirred in 50 mM of boiling bidest
This invention provides pharmaceutical compositions comprising polymeric matrices,

especially those comprising IL-6 as an active ingredient. Specific novel poly(ethylene
carbomate) polymers are also provided for more general use as matrix materials in sustained
release compositions containing pharmacologically active compounds, as are methods of
using of IL-6 for treatment of conditions mediated by IL-1 and/or TNFa, e.g., certain

autoimmune and inflammatory conditions, as well as septic shock.

_—
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wat er for 2 hours. The water was renoved and replaced by fresh water, which
was heated again to boiling tenperature. After additional 3 hours, the
pol ynmer pieces were isolated and dried in vacuo at 40[err]C §pr 16 hours.

The product obtained had the foll owi ng physical properties: T = 340000-Ba,
M1 = 148000 Da, Tg = 28.3C. Thus, a dramatic.increase of the¢ glass L
transition tenperatureghas observed which is not attributable to a changg
in the nol ecul ar wei ght} of the polynmer. EXAMPLE 17: Conposi{ipn n
(microparticles) with 16 hlL-3 drug | oadi ng - 38 - 1. TPeeparation cg
drug containffig mcropaticles 1 g of poly(ethylene carbonate), Mv = .~
328. 000 of pnpl e 8 (HEC) was dissolved in 10 m of nethyl gne chlori @&+
while stirrifg, followgd by the addition of 12.1 ng of huma_lqbnterleu@rg?)
(hl'L-3) dissqQlved in 0. m of water. The m xture was intengrvely m X€l~—
with the UB@-Turrax flor one mnute at 20,000 rpm (= inner WOphaseEu} g
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di ssolved in 2000 nl of deionized water at 50[err] C and the sol ution was

cool ed down to 20[err]C (= outer W phase).
were intensively m xed. Thereby the inner WO) -phase was di spersed

The W O phase and the W phase

honogenously in the outer-Wphase to fine droplets. The resulting triple

enusion was slowy stirred for 1 hour.

Her eby the net hyl ene chl ori dg

evaporat ed- and m croparticles were generated fromthe droplets of tH

phase and hardened. After sedinentation of the microparticles the@®
super nat ant was~sucked off and the m croparticles were recovered
filtration or ntrifugation and rinsed with water to elimnate g
Finally, mcroparticles were either freeze-dried by using mannito
bul ki ng agent or dried in a vacuumoven (rmannitol free fornulatio
hours and siewég (0.125 nm nesh size) to obtain the final product
g of PEC Mv = 328. 000 of Exanple 8 was diss

b |

Pl acebo fornfil @i on |
10 m of netby!®ne chloride while stirring (inner 0-phase). | g of

D

1S

by ]

A
[e
A
A
Vi

)
\
(

A was di ssol¥td in 2000 nl of deionized water at 50[err]C and the|sq
cool ed down Ep~20[err]C (=outer Wphase). The 0- and the Wphase \er
intensively m xed. Thereby the O phase was honpbgenously dispersedjtd
®
o
—
N
=2 ®
(P

Swelling of Poly(ethylene carbonate) Imp

30

was
e i nner

O
wacuum
iti ne.
1S a
for 72
ed in
€Dat i ne
1t i on
e

L O
v

incubation time'(days)

20

10

20+

Phosphate-Buffered Saline (PBS) pH 7.4 (means g
404

100
80+
PBS uptake

relative
(%)

Wi



Tfine droplets in the outer Wphase. The resulting emul sion was slowy
stirred for 1 hour and treated further in the manner described above.
EXAMPLES 18- 26: -39 - Al galenical fornul ations described hereinafter
were prepared using PEC s synthesi zed accordi ng to Exanple in Table 3 and
further purified in a manner simlar to that, described inféxanple 16. All
of them had a Mwv of 300, 000 $o 450, 000, an ethyl ene carborfht e cont ent- of
nore than 94% and a Tg withih the range of 18 to 50[err]C. | EXAMPLE 18: —~
Conposi tiong(m cé_opart i cl es)g having a 0.2% hlL-2 | oadi ng 9 nmg of hurréfa
interleuking (hwl L-2) was dissolved in 1.5 ml of water arg |IL-2 contaiming
m croparticl \égre pr epar edﬁ‘has described in exanple 17. ghe m cropartitel es

®
were freezegrdd by using mannitol as a bul ki ng agent a eved (0.1256 mMm
mesh size) o gormin the final product. —
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EXAMPLE 19:, Conposition (mcroparticles) having 0.2% hlL-2 | oadi ng
(water-free) The fornul ati on was prepared as described in exanple 18,

however, 2,9 ng of human Interleukin 2 were dispersed directly in the".f

organi ¢ phase (PEC di ssolved in nethylene chloride). EXAMPLE 20: e T ot
Conposition (inmplants) having a 0.8% hlL-3 | oading I. Conpression "=y ALhY
nmoul di ng 25. ng of m croparticles, consisting of % (W w pal@ethyl ene

carbonate) (placebo), 99% (W w pol y(ethyl ene carbghate) and 10w w) hunman
interleukin-3 or 79.2% (W w) poly(ethylene carbongte), 20% (wfw) nannitol

—A— poly(ethylene carbonate) phloroglucin

—0~— poly(ethylene carbonate)

and 0.8% (w human i nterl eukin-3, were conpressfon nmoulded {for 3 mn at
60-70[err] C ghd 160 bar to inplants (tablets) of p nmdiametey. The tablets
were stored a Cin closed glas vials until usg for drug release
experiments IR yitro and in vivo. -40 -
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/
2, Drug rel ease experinents in vitro Three tablets each of mannitol -free
and manni t ol - cont ai ni ng human interl eukin-3 fornul ati ons and pl acebo
f-ormul ati on were shaken at 37[err]C in synthetic cul ture medi um cont ai ni ng
2.5% (v/v) N[2-hydroxyethyl]- piperazine-N -[2-ethanesulfonic acid] (1 m,

10% (v/v) fetal calf seru and 2% (v/v) penicillin/strepto in solution
Sanpl es were drawn fromthe<gediumat 0.5, 1, ray h and 1; 3, 7, 14, 20
days and, subsequently, the nedium was renewed. jHunman i nter|¥ukin-3 congent
of the sanpl@% was neasured by ELI SA. 3. Drug grel ease experinment in vivo

Mal e rats, kept under opti mal ‘fonditions, were
inhalation negr cotic and in egetP-+Hat one table

naest hesi zgd by an pad
interleukinﬂ%

fornulationsshnd the placebo foxnulation was i mjl anted in subcut aneou®’
skin pouch. A ger 1, 4, 7, 14, Al days the ratsjwere killeddy an overdpse
of the inhal upn narcotlc The kemai ning tabl efs were tak ut, freedr
from adheri ssue, and dried—@vps | oss of tabl ets S determ ned_
gravinetricaby.: Subsequently, th& human interl ¢ukin-3 contlent of the .~
remaining tgplers was nmeasured by \HPLC and ELI Sf. Exanple 41: - <
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-CorrpOSition (wOwmcroparticles) having a 0.0002% - 2% hlL-2 |loading 4 ¢
*PEC were dissolved in 80 ml of nethylene chloride with nmagnetic stirring.

To this solution an appropriate amount of I1L-2 (113.2 ng for 2%

for 0.2%etc.) dissolved in 6 mM of distilled water or water with some
drops of ethanol was added. The m xture was intensively m'x;d wi th an

Utra-Turax-to disperse the IL-2 solution in the polyner ph
phase). 1 gpof gelatin A was dissolved in 200 mM of 1115 M
phosphat e ’qglffer (pH 7.4) at 50[err] C and the solution coof
20[err] C (gouter Wphase). The WO and the Wphase were i
m xed. The@bw the inner WO phase was separated into small
were di spe&éﬁ honogenously in the outer Wphase. The resgl
emul sion waB ~loWMy stirred for 1 hr. Hereby the nethylen
evapor ated @nol the nicroparticles were hardened fromthe d

i nner phasey After sedinentation (or centrifugation) of t

t he supern%asn.t was

Fig.6/13
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sucked of f rand the microparticles were recovered by vacuumfiltration and
rfnsed with water to elimnate gelatin. Finally, mcroparticles were dried
i-n a vacuum oven for 24 hr and sieved to obtain the final product. The
encapsul ation efficiency, tested with HPLC and bi oassay, was between 10 and
100% Exanple 22: Conposition (s/o/w mcroparticles) having a 0.0002% - 2%
of IL-2 loading The fornul ati ons were prepared as desribed in Exanple 21,
except that 1L-2 was not dissolved in water. Instead of dissolving IL-2,
the drug was dispersed directly into the polynmer phase (= 0-phase). The
encapsul ation efficiency, tested wwth HPLC and bi oassay, was between 10 and
100% Note: The anmount of polyner, nethylene chloride, water and drug are
varied in a broad range w thout changing the product quality. Hi gher drug

| oadi ngs up to 20% are obtained. In the outer phase the gelatin is replaced
by other emul sifiers such as pol yvinylal cohol etc., and/or the
concentration of the emulsifier/buffer are changed. Separation and drying

n=3)

.
H

,4

Fig.7/13
[ ] poly(ethylene carbonate)

Influence of Superoxide Radical Scavengers on Mass
Degradation of Poly(ethylene carbonate) 14 Days after

Subcutaneous Application in Rats (means +/- sem
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-42 - procedures described are-replaced by other well known pharnmaceuti cal
;echniques such as filtration, lyophilization and spray drying. Exanple 23:
Conposition (wolw and s/o/w mcroparticles) having an 1% hGw CSF | oadi ng
The preparation was carried out according to the process dggcribed in
Exanpl es 21 and 22. As described there Sl O Wand WO Wpireparations a

prepared.. However, the encapsul ation efficiencysof WQ WFornl ul ati onsqwas
60% whereas S/ O Wfornglations showed | ower e psul atiéh efficiencies.
Exanpl es 24: Conpositioh (wo/w and slolw mcroparticles) hayin an 1 tq-g_10%
Cctreoti de- Panpat e (SMs5t PA) | oadi ng The preparfati on was CR(N i ed out -
according @ the nethod|described in Exanples/ 19 and 20. However, SI\/B—?A S
not wat er sgl ubl e. Thus| the drug was disperged, not dissplved, =
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in water, for WO Wfornul ati ons. The encapsul ati on efficiency was
determ ned by HPLC and was between 20 and 100% Exanple 25: Conposition
(w o/w and s/o/w mcroparticles) having an 1 to 10% Cctreoti de-acetate

| oadi ng -43 - The preparation was carried out according tQ the method

described in Exanples 21 and 22. The encapsul ati on efficieréﬁ was
determ ned.by HPLC and was between 2 and 40% which is cleguby | ower than
for the |ipgphilic SMs-PA. Hi gher values were obtained in $£/W
formul ati ongoafter using |yophilized active conpound materi (smal | er drug
particle). %Eanple 26: Cctreotide panoate (SM5-PA) rel from —
m croparticl&s in rabbits and inplants in rabbits and rgt o
p nmp
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Subcut'aneowus i npl antation of pol y(ethyl ene carbonate) disks or injection of

pol y(et hyl ene carbonate) mcroparticles (drug | oading 1.95%

in an anount

of- about 2 ng of drug substance/ kg body wei ght were perforned in nmale
rapbits (chinchilla bastard, body weight about 3 kg) and subcutaneous

inmpl antation of disks in nale rats (Wstar, body wei ght abou
rat- and rabbit anmounts ofjgabout 40 ggsp. 300 ng of drug cont

375 g). Per
i ng pol ymer

in the formf i cropart Al es resp. p essed to an inplant or {as suspension
wer e. adm ni éﬁed The inmpNants disks\for rats and rabbits had a di aneter

of 0.5 and cm resp. and wire producel as described in exa
determne tNe drug rel ease, Wl ood sanples were collected for
inrats andgpagbits resp. and\drug residues were neasured in
radi oi munoags@y and HPLC. A | Nnear corrglation of nass | 0ssH
pol y(ethyl erff Qarbonate) and re\ease of SVB-PA coul d be f oung
shown for highinol ecul ar mass hi\-3 (Fig. \1 1). A nmaxi num of
i mpl ant ed ne®éri al was degraded iy 3 weeks\after administrati

le 20. To

14 and 21 days
i npl ants by o
-80 -
| (Fig. 13) &%
75% of )Baé
on in rabBPt

¢ ) . A
arraX|rrumofm9§%of i npl anted mat exi al was degraded in 2 weelfs after c
adm nistrati@n®in rats. C R
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~44 -, An inflation reaction (including invasion of pol ynor phonucl ear
Leucocytes and other cells) is a prerequisite for biodegradation of

Pol y(et hyl ene carbonate). The course of an inflammation reaction can be
expected to be species-specific giving rise to species-specific plasm

| evel profiles of a.drug. This was found for SM5-PA (Fig.

In rats,

12
bi odegr adati on of poly(ethylene carbonate) is nuch faster_LE%n in rabbits
In rabbits, plasma | evel ®of SMS-PA increase slowy to reagllthe phase of ¢
constant rel ease at about day 9 lasting until at |east day|21. Exanple 27
Conposi ti on A/ w nicroparticles) having a 0.0002% - 2% r[err]1L-6 | oadi
4 g PEC areddissolved in 80 of nethylenen§2%9r|de w th pagnetic o
stirring. Téfthas sol ution an appropriate a rhiL-6§(113.2 ng for &
2% 11.32 ngA@y 0.2%etc. M<ﬂrsso|ved in 6 ntDQB distilled{water or waterg
with some dng{ of ethanol is added The b4 -
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M xtuke i intensively mxed with an Utra- Turax to;diéperse the IL-6
solution in the polyner phase (= inner WO phase). 1 g of gelatin Ais

di ssolved in 200 mM of 1/15 M phosphate buffer (pH 7.4) at

50[err] C and

the solution cooled down to 20[err]C (= outer Wphase). The WO and the

W phase are intensively m xed. Thereby the inner WO phase-

into small. droplets which were di spersed honbgenously in th
The resulting triple emulsion is slowy stirred A ,
chloride is evaporated, and the mcroparticles arg ardenec
droplets of the inner phase. After sedi-nentation ,or qentr;
m croparticles the supernatant is sucked of f and,the i crof
recovered by vacuumfiltration and rinsed wntm_mgpgqﬁgaEel

Finally, mcroparticles are dried in a vacuum oven for 24 h
obtain the final product. -45 - The encapsul atli on éfflCl
with HPLC a@@ bi oassay, is between 10 and

L o

separ at ed

e outer Wphase.
t he net hyl ene
fromthe

{Q@gat i on) of the
ticles are

m nate gel atin.

r and sieved to

ency, tested
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100% ¢ Example 28: Conposition (slo/w mcroparticles) having a 0.0002% - 2%
of rhiL-6 loading The formul ations are prepared as described in Exanple 27,
except that IL-6 is not dissolved in water. Instead of dissolving IL-6, the
drug is dispersed directly into the polynmer phase (= O phase). The

encapsul ation efficiency, tested wth HPLC and bi oassay, is between 10 and
100% Note: The anmount of polyner, nethylene chloride, water and drug are
varied in a broad range w thout changing the product quality. Hi gher drug

| oadi ngs up to 20% are obtained. In the outer phase the gelatin is replaced
by other emulsifiers such as pol yvinylal cohol etc., and/or the
concentration of the emulsifier/buffer are changed. Separation and drying
procedures described are replaced by other well known p maceuti ca

t echni ques such as fil®ation, |yophilization and spray prying. Exagpl es
29-31. Use of IL-6 in treatlng conditions mediated by TNF[err]/and & IL-1
Exanpl e 2% Animal nodel JYor nmultiple sclero%gs: Chronicf{relapsing
experlnenﬁﬁlly i nduced alferglc o -
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encephalonyclltls model in the Lewis rat (CR-EAE). Experinental | ysprtiiedd
»allerglc encephal onyelitis (EAE) in the rat is a well studied experinental
nmodel for multiple sclefoSis in humans. [Paterson, ADV. |MVUNOL. 5 (1966)
131-208; Levine et ‘al., AM -J. PATH. 47 (1965) 61; MFarlin et al, J.

| MMUNOL. 113 -46 - (1974) 712; Borel, TRANSPLANT & CLIN. | MVUNOL. 13
(1981) 3]. Rats are injected mﬁth nerve tissue from anot her species
together with an adjuvant, and the resulting allergic response |eads to

| esions on the rat nerves which mmc the autoi nmune | esions produced in
mul tiple sclerosis.—+he rats beconme partially or conpletely paralyzed, and
thefSEVérd&y -0f 43 liéEHilsease i s-8B8asured with and without adm nistration of
t he it est d_ zrA nunfder of drugs, such as steroids and inmmunosuppressants,
are acti.ve i-A-slewing~the onset of the disease but are not capable of
preventing rel apses once the disease is established. The chronic rel apsing
experinmental |y induced all ergic encephal onyelitis nodel (CR- _

POLYMERIC MATRICES
AND THEIR USES IN PHARMACEUTICAL COMPOSITIONS

Abtract of the disclosure
This invexition provides pharmaceutical compositions comprising polymeric matrices,
* especially those comprising IL-6 as an active ingredient. Specific novel poly(ethylene
. carbomate) polymers are also provided for more general use as matrix materials in sustained
release compositions containing pharmacologically active compounds, as are methods of
using of IL-6 for treatment of conditions mediated by IL-1 and/or TNFa, e.g., certain

autoimmune and inflammatory conditions, as well as septic shock.

FIGURE 13
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EAE) [Feurer et al., J. NEURO MMUNOL: 10 (1985) 159-166] is therefore
“considered a parti cuI arly demandi ng nodel which closely m m cs actual
difficulties in treating nultiple sclerosis patients who have establi shed
di sease. In this nodel, the disease is induced by injection of a mxture of
gui nea pig spinal cord and Freund's conpl ete adjuvant enriched with
Mycobact eri um t ubercul osis. Typi cal'ly1 - 80 %of the sensitized rats
devel op a CR-EAE showing 2 - 3 clinical relapses during the first 40 days.
After 60 - 80 days, approximately 50 %of the rats wth -NAE have a
further relapse which is followed by conplete recovery in d‘Ny 35 % of~all
cases. The remai ni ng % of these animals-show a progressj ve state of % he
di sease. Drug treatne starts on day 16, after recovery fromthe firs®
di sease bout. Reconbi gant human interleukin 6 (rh IL-6, S z) dissol (ﬂed
in saline was injected i.p. every 2nd day starting on day |® using 10 c
mcrogranms @f |L-6 pef rat (ca. 50 [err]g/kg). Control anijmals and ani-al s
inthe IL-6M roup had{the usual severe disease bout (acuteg) at days gfcj
1-14. On a scale of sgverity fromO = no disease to 4 = ¢ ete pargl gsi s
of the argLng, the coftrol group averaged 3.0 and the I|L-6Group avegaged
C

3.2. Appl©cggion of I'}-6 every second day fromday 16 to y 30 (7 < wi
applicatigne total) ré¢sulted in an al nost conplete Q
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inhibition of the disease. Only one out of 5 IL-6 treated rats showed a
slight second di sease bout (severity 0.4). Five out of 5 control animls
had a second di sease bout with a nean -47 - severity rating of 1.8 after
day 16, and a third di sease attack on days 22 - 29. No other rel apses were
observed in the IL-6 treated group. Exgmple 30: Aninal nodel for arthritis:

Borrelia-induced arthritis in severe cé&nbi ned i nmunodeficiency (SQ D) nice.
Lyme arthritis (or Lyne disease arthritis) represents a uni que form of
chronic arthritis because the initiating event is known with ceMajagy. The
di sease is om of the prom nent features induced by infection wifthf¥he
tick-born spi:\l':ochete Borrelia burgdorferi. The characteristics df |synovi al
| esions in palTients with Lyme arthritis resenble closely those ijn [t he
synovi um of=patients with rheumatoid arthritis. In both patient |grjoups
synovi al |+nigg cell
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hypert hrophy, synovial cell hyperplasia, vascular proliferation and
infiltration of nononuclear cells in the subsynovial |ining areas can be
observed. Many plasma cells, high endothelial venules, scattered

macr ophages and few dendritic cells are found with intense VMHC cl ass |
antigen presentation. In addition, cytaqkines, such as IL-1, IL-6 and

TNF- al pha have been detected in synoV|§I‘fIU|d fron1pat|ents w th various
arthritides, suggesting that these cytokines nay contribu to the

pat hogenesi s ‘of joint destruction. Recently, a nouse nodef %or Lynme
arthritis has been developep in SCID mce which lack funational T and B
cells (M M Sinon, et al. {1991) Imunol ogy Today 12: 11). The infecihon
of the |nﬁunodah10|ent n1ce with Borrelia burgdorferi |egfls to a pronment

and persi s&ant Ilgoarthrltls The Borrelia-induced arthrfftis in SCIDEﬁice
responds tg- @rgi costeroidsi (prednisol on 30 ny/ kg sc) byl not to L
|nnunosupp:E$§|ve agents Iﬂke SIM (cycl osporin A) up to ‘9§§s of 30 kg

s.c. It isTcapgidered a good nodel for cytokine-driven/ar itis, incliding.
ot her typea;dﬁlarthrltls for which the initiating eveit i§ not known with
certainty. «<Sgx Gweek old C B— he SQOD nut g i on,
obt ai ned fPﬁnlSEhholtgard e |ndbulate wi~t h
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-48 - burgdorferi organisns by s.c. tail base injection. |Immunoconpetent
C.B-17 nmice (same source) were used as control aninals. They do not devel op
any di sease upon injection of Borrelia burgdorferi. Reconbinant human IL-6
(rhL-6, Sandoz, stock sol. 5 ng/m) was diluted with physiol ogical saline
and was given 5 tinmes per week for a tqgtal of 17 injections at a dose of 10
m crogram nouse i.p. Mce were nnnitd?éﬁ'ﬁaily I n blinded fashion for
clinical signs of arthritis in the tibiotarsal and ul nacarpal joints.
Clinical arthritis was scored according to the foll ow ng paraneters: - no
signs ? signs questionable (+) reddening of joints + slight pwelling ++ -
moderate swelling +++ severe swelling of the tifggotarsal aniiylnacarpal

j oints. -
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At the peak of clinical arthritis, mce were sacrificed and the joints were
fixed in Schaffer's solution, enbedded in plastic 9100 and stained with

hemat oxi lin eosin. Goup clinical signs . (nunber of swollen
joints/total) on days 13 14 15 16 17 20
Cont r ol 0/ 30 -0/ 30 0/ 3Q 0/ 30 0/ 30 0/ 30
SCID, no IL-6 6.5/ 36 12.5/ 36 T5P36 21/ 36 30/ 36 35/36 %
w. arthrit. 18 % 35 % 42 % 58 % 83 % 97 % SCI D,
IL-6 treated 4/30 3.5/30 11/ 30 7.5/ 30 12/ 30 0.5/30 % w.
arthrit. 13 % 12 % 37 % 25 9 40 % 4535 %
100-8030 -49 - SCID mce th are not treated With |L-6 dewm®l op sever
arthritis d to infection with Borrelia burgdofferi start{ng around day 13
after antig injection. A loy dose of rh IL-6 4&;
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reduces the severity of arthritis by an average of 60 - 75 %in all
afflicted animals. Exanple 31: Miurine nodel for septic shock It was deci ded
to investigate the effects of IL-6 in the nouse endotoxic shock nodel using
d- gal act osam ne sensitized mce, since this is wdely used as a nodel for

human septic shock. Qur nethods and result are as follows: Female OF1 m ce
. p. injecti(Pn of a PBS

wei ghing 18-22 g, were chal |l enged with 2 0.2 nl
sol ution cogfaining 0.15 ng/ kg |ipopol ysacchari de endotoxin (&pS) and 50eN
ng/ kg d- gakbctosamine. Mce were divided in groups of 10 m ¢®each and
treated as |l ows: Experinent | Tine 11: 00 a5 00 T
16: 00 G oupol;_ PBS LPS + d- GAL €8BS G oup 2.Q
I L-6 (50 pg-E\gLPS+d-GAL . PBS G oup 3: P . —
LPS + d-GALg+ I L-6 (50 [err]) PBS Goup 4: PBS TPs + d-GALS
IL-5 (50 pg® Bkperinent 2 Time 11700 14: 00 E
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Group 1: PBS LPS + d- GAL PBS Group 2: | L-6

(50 pg) LPS + d- GAL PBS G oup 3: PBS LPS +
d-g&; + I1L-6 (100 [err]) PBS - 50- Goup 4: PBS LPS +
d-GAL + IL-6 (20 pg) PBS Goup 5: PBS LPS + d-GAL + IL-6 (5
[err]) PBS G oup 6: PBS LPS + d-GAL + IL-6 (0.8 [err]) PBS
G oup 7: PBS LPS + d-GAL™+7I -2 (100-[err]) PBS Goup 8:

PBS LPS .+ d-GAL + IL-4 (50 [err]) PBS Goup 9: PBS

LPS + d-GAL IL-6 (50 pg) rhiL-6 (ILS 969, Sandoz), rhlL-2

(Sandoz) and rhlL-4 (Sandoz) were diluted in PBS. Al injections (0.2 m
vol unme) were given intraperitoneally. In group 3 (exp. 1) and group 3 to 8
(exp. 2) IL-6 and IL-2 were diluted into the LPS/ d-GAL solution so that

m ce received a

n=3)

Fig.7. .
Radical Scavengers on Mass

lene carbonate) 14 Days after

Subcutaneous Application in Rats (means +/- sem

poly(ethylene carbonate)

80+

60+

404

204

0
) poly(ethy]ene'carbonate) + 10% menadione
NNy Poly(ethylene carbonate) + 10% vitamin C

Influence of Superoxide
Degradation of Poly(eth
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single 0.2 m injection. Nunbers in parenthesis indicate the dose of
rnterleukin given to each nmouse. The nultiple dosing of PBS was required to
control inter-group variability due to stress induced responses due to
handling at different tinmes prior or post LPS challenge. Muse survival was
observed for 48 hours. For statistical galculation, we used the Chi square
test. As shown in Figure 1, after 24 hoturS from LPS chal |l enge, 9 out of 10
control mce died. IL-6 treatment 3 hours prior to LPS injection or 2 hours
after LPS after LPS injection, reduced the nortaljty resp vely to 60% (p
= 0.12) and 70% (p = 0.26). On the other hand, IL-6 given the tinme &
LPS chal | enge reduced t group nortality to 10%(p< 0.014 The protectdve
effets were long lasting, since after 48 hours e nortalifty in group

~

increased slightly , i.ef to 30% still indicat/ing a high ignifican
protection spect to thie control group (p<0.0A). The nortfdNty of group 4
passed fro % to 80% ereas no changes wer¢ observed in group 1 anqg?.

Based on these results, e tested the effect jof IL-6 at diffferent doseg W
gave IL-6 aéfthe time off LPS injection, sincg according taahe first
experinent #his was the pptimal time. W exyglored as well [tRe effect &3

|L-3 and | L4 given at the time of LPS as way to excludg possible - =t
artifacts dge to the use of reconbinant prgteins in the LHS/ d- GAs ~
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- 51 - preparation. We also tested whether IL-6 was effective in protecting
m ce from endotoxic death a dose of 100 ig/nouse given before or after LPS.
The results of experinent 2 (Figure 2) are in line with those of experinment
1. Also in this experiment, treatment with IL-6 protected mce from

endot oxi ¢ death. When IL-6 was given together with LPS, the resulting
protection 24 hours after LPS was dos® dependent at the dose of 20 (30%
deaths, p = 0.03), 4 (50% deaths, p = 0.16) and 0.8 (70% deaths, p = 0.61)
[err]/mouse, whereas at the dose of 100 [err]/nouse (60% degaths, p = 33)
mce were protected less efficiently than at a 20 pg/ nousd. *Pre- or post-
treat nent mnth 100 [err] IL-6 / nouse resulted in a protetE%on conpar abl e
to that obggrved when the sane dose of IL-6 was given togqgtder with LPS.
Sim|ar nousge survival results were obtained 48 hours 4riLPS. 1L-4 given
at the tlnéﬁpf LPS chal l enge was ineffective in protecfiig mice from e

endot oxi ¢ daath whereas | L-2 decreased nouse survival, jg
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- 52-~ 1. A bi odegr adabl e pol yner, conprsinging ethylene carbonate units
of the formula A -(-C(O-OCHerr]-CHerr]-0O)- A and having an

et hyl ene carbonate content of 70 to 100 Mol % an intrinsic viscosity of 0.4
to 4.0 d/g in chloroformand a glass transition tenperature of from15 to

50C. 2. A polymer according to claim11, having a nol ecul ar wei ght (M)
of 100,000 to 2,000,000, determ ned by1§el- perneati on chromat ography, with
nmet hyl ene chl oride as the eluant and pol ystyrene as the reference. 3. A
pol ynmer according to claim1, having an ethyl ene carbonate content of 90 -
100 Mol % 4. A pol r according to claimi. having an | nherent
viscosity, neasured at oncentr on of I g/dl in chl orofpffmof 0.4 - 3.0
dl/g. 5. ¢ épolyner acoprding to claim1l1, having a glass jransition
tenperaturalof 18 to 50[erN]C.
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6. A pol ymer according to claim11, having ethylene carbonate units and

et hyl ene oxide units. 7. A pol ynmer according to claiml1, which is not
significantly degradable during at least | nonth by hydrolytic enzynes
under physiol ogical conditions or by water at pH 12 and 37[err]C -53 -
8. ° A polyner according to claim?7, which after exposure to boiling
bidistilled water during 5 hours, has z}]gl"ass transition tenperature of 18
to 50C. 9. A pol yner according to claim1, degrading in vivo and in
vitro by surface erosion under the influence of the superqgyde radical
anion (JQerr]. 10. A pogyner according to claim?9, whichjsbDows a ®
conti nuous mass degradati9n wi thout reduction of nolecul arfWei ght of the®
resi dual magss. 11. A polymer -according to claim10, being bi odegradabl g
inaperio@f time of 5 days — —
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'to 6 nonths. 12. A pol yner according to any one of clains 1-11, having as
a co- unit the ethylene oxide unit of the fornmula B -(-CHerr]CH err]-0O) -

B 13. A pol yner according to any one of clainms 1-12, having a hydroxyl
group as a polyner term nal group. 14. A pol yner according to any one of
clainms T to 12 having an ester group as a polyner term nal group. 15. A
pol ynmer "according to claim14, with & &% face erosion rate adj ust abl e by
choice of the term nal ester group. -54 - 16. A process for the
production of - the polymer according to any one of clainms HFdg, I n which
ethyl ene oxide and CJerr] are polynerized in a nolar ratijo of from1l:4 to
1:5 under the _ a4 HH
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i nfluence of a catalyst. 17. A process according to claim 16, in which a
catalyst is used, prepared fromZerr](derr]Herr])[err] and water or
acetone in a nolar ratio of fromO0.9:1 to 1:0.9. 18. A process according
to claim16, in which a catalyst is used, prepared from Zn
(derr]Herr])[err] and a di- or triphenol in a nolar ratio of from2:1 to
1.2. 19. A process according to cleﬁr%316; in which a catalyst is used,
prepared fromzn (C2H5)2 and a diol in a nolar ratio of 0.9:1 to 1:0.9. 20.
A process according to claim19 in which a catalyst is used, prepared from

Z[err](Cerr]Herr])[err] and ethylene glycol. 21. A process according to
claim18, in which a catalyst is used, prepared fromzn (Cerr]H/[err] and
phl orogl ucin. 22. A process according to any one of clains 16 to 21 in a
sol vent or dispersing agght system of an organic sol vent C02. 23.4 A
process according to any gne of clains 16 - 22, under a prig&sure of feom 20
to 70 bar agg'a tenperature of 10 to 80[err]C. 24. A process for thg
producti on bl a polymer having a hydroxyl grou%;as a (co)-jpol yner S
. - . 8 [ 5%
Loy
o< . o
oh S 2
gmr\ Q. +O ©
=N © ~ -
a9vy : .- ) -
[ C [95.( o n (7))
o - © © 172]
O . ea O o e o
OE O\ —
. - -~ [/5)
cond o © 0o
o™ 0 P/
=8 - - o 2 8gs8
g VW c w_®
prer - L.
ol wn ~ O
g>’c‘g‘° ©C <<
— S o o. ©a
b @ O e
(@] o~ ‘... __O L (@]
Jeo ¥ 4 xOox
w ST O}EH - Ben
) —{
o x : O ‘O\--O
—lc ~ . g .
ee . 1] = 4
0w n 2] e
n Q O L ee O ..
O X - — N 0
znl-“ '._ O b -
m)i -, --N 172) coc
« 8~ ", » o©oCo
Qmm ‘. [1¢] e op— g
c &, E a~no
Co < E E
o ° e pe epme
-0 T w
S AN XS
.9 o w
ks T T
Pl &+ K
| 5 : 1 [] 1 I 1 E
i S 8§ g g g o qeo
© o 3] 0 < ~ P
H .
> _ -
o REPLACEMENT SHEET
<’ '
. @© 4 7
L @ G 05 FEB 159
N e
= O
) e
B
_ S




acc

22. 25 A process for fhe production of a polynmer having an
as a poI yner_termnal._group according to claiml4, perforned

,/ﬂup aCSEHR@HOR(EPOIRHIB Apelieaen i 98007 ® ng to any on; of
0
p

TﬁxqgomHEyApsmepl ains 17 to 22 and optlonal l'y conpl et ed W|th an

ann ef A.

£
ccp ;u ) pluucoo Ot LﬂC pluuUbUTUH UI LHC pUIynCI

prdl ng to any one of clains 1-12, in which ethylene oxide and CO2 are
ymerized in a nolar ratio of from1:4to 1: 5 under the influence of a
pl yst. 17. A process according to claim 16, in which a catalyst is

usefl, prepared from Zn(C2H5)2 and water or acetone in a nolar ratio of from

S
of
cat
0.9

0.9{1 to 1:0.9. 18. processp@pypmmmﬂ@gn 16 I n which a catal yst
prTE GRHR AR ALEUTICAT ot

ised, prepared ,

MEOSITIONS™! ar ratio
rom2:1 to 1: . 1n which a :

3.|1yt5 E)'I'}Iies Ollxjageexgxonp I'p? aiagsd Jhraxc')mrgc%ﬁtléa(ljz CO&)pOSlPOl’]S complnsmg poTytx)xll% gc l%itlt!l'lceSOf

‘especially those comprising IL-6 as an active ingredient. Specific novel poly(ethylene
carbonate) polymers are also provided for more general use as matrix materials in sustained
release compositions containing pharmacologically active compounds, as are methods of
using of IL-6 for treatment of conditions mediated by IL-1 and/or TNFc, e.g., certain
autoimmune and inflammatory conditions, as well as septic shock.
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20. . A process’ according to claim19-in whi ch a cat alyst is: used ,,%gp_g;,ed :
from Zn(G’ZHS)Z and et hyl ene glycol..-217" - A process according to cI arm18, -
in which a catalyst is used, prepared from Zn (CZH5)2 and phl or.ogl uci n. 22. .

A process according to any one of clains 16 to 21 in a solvent or B

di spersing agent system of an organic solvent and CO2: 23. ' A process
according to any one of clains 16 - 22, under a pressure of from20 to 70 -
bar and a tenperature of 10 to 80C. 24. A process for the production of a
pol ymer havi ng a- hydroxyl group as a (co)-polyner term nal group according
to claim13, perforned according to any one of clains 17 to 22. -56- 34. -
A pharnmaceutical conposition accg§d| ng to claim33 containing a radical
scavenger as the additive. - REPLAGEMENT SHEET'

AND THEIR  USES IN PHARMACEUTICAE. COMPOSITIONS
Abtract of the disclosure

' This invention ‘provides pharmaceutical compositions comprising polymeric matrices,
especially those compnsmg IL:-6 as 4n active ingredient. Specific novel poly(ethylene
carbonate) polymers are also provided for more.general use as matrix. malenals in sustained
 release compositions containing pharmacologically active compounds, as are methods of
- using of IL-6 for treatment of conditions medmed by IL-1 and/or TNFa,, ¢.g., certain
autoimmune and inflammatory conditions, as well as septic shock.

' FIGURE 13
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35" YA phar maceut i ca[ corrp05| ti on accordl ng to cI aim 33" cont ai-ni n% '
'po,Lon »as the additive. 36. A phar naceuti-cal corrp05| tion accotd f

- cli m 35 cont aini ng-a SLE}&T‘ al cohol “as the: addi tive. 37. A phar rraceutl cal
conposi tion according to claim 36 cont ai-niing mannitol as the additive. '38 '
A phar maceutlcal corrp05|t|on accoréy ng to.-any.one -of clai-ms 33-35
containing 1 to 90% of weight of the addltlve related to.the total wei ght o

39. A_pharr—maceeu{—l—ea—cmﬂ“pom tion according to claim26 for pareﬁteral

adnmi ni stragi | ¢ukin or CSF. 40. A phar "ﬁﬁﬁla{i(ﬁ\ﬁé | tion
clained i iﬂ ﬂﬂ“‘&&ﬁmn the interl or CSF is yne avi ng
theforrru niclaiml. “ " met hod of admnlsterlnga :
conposi tion accordl ng to claim39 to a: subj ect which . conprises '
admnistering it parenterally to a subject in need of such treatnent. 42.

A pharmaceutical conposition according to any one of clainms 26-40

- conprising IL- Q W& ¥Slyhiaf)" ggzbﬁgﬂlgmg e:hylene carbonate imits of the formula A
(COOCHCHOF A

and having an ethylene carbonate content of 70 to 100 Mol%, an intrinsic viscosity of 0.4 to
4.0 di/g in chloroform and a glass transition temperature of from 15 to 50°C.

2. A polymer according to claim 1, having a molecular weight (Mw) of 100,000 to
2,000,000, determined by gcl ‘permeation 'chromatography, with methylene chloride as the

cluant ar_xd polystyrene as the reference.

3. A polymei' according to claim 1, having an ethylene carbonate content of 90 - 100
Mol %. ' |

4. A polymer acbording to claim 1, having an inherent viscosity, measured at a
- concentration of 1 g/dl in chloroform of 0.4 - 3.0 dUg.

s A polymer according to claim 1, having a glass transition temperature of 18 to 50°C.

6. A polymer according to claim 1, having ethylene carbonate units and ethylene oxide
units. '

7. A polymer according to claim 1, which is not significantly degradable during at least -
1 month by hydrolytic enzymes under physiological conditions or by water at pH 12 and
37°C. '
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43 A pharrraceutlcal corrp05|t|on corrpr|5| ng I'L- 6 I n neric matrix.
4 57 -« 44, "A pharmaceutical corrp05|t|0n acc mmum& “l 3:in
m'Cropartch e or inplantable form 45 - A phgu osi tion-
according to claim44 for .treatment of. an autoi*nmfine* or" mflammtory

condition. 46. A pharmaceutical conpositi.on accordl ng to claim45 when
the condition to be treated is nut88ple sclerosis;

opgeptical
conposi ti on accordi ng to claima45 when the conditi on Egl‘ée @?ggt edis "

rheumatoi'd arthritis. 48. A pharmaceutical. conposition according to claim
45 when the condition to be treated is Lyne disease.. 49, The use of IL:6 -

in the m&rsif actal wlya{eracmrgmmmfwwm/m@ubﬁwa Wiliiig) bidistilled water
- during 5 hours. has a glass transmon temperamrc of 18 to 50°C.

9. A polymer according to claim 1, degrading in vivo and in vitro by surface erosion
under the influence of the superoxide radical anion O,". |

10. A polymer according to claim 9, whxch shows a continuous mass dcgmdatxon without
reduction of molecular weight of the resulual mass.

11. A polymer according to claim 10, being biodegradable in a period of time of 5 days
to 6 months.

12 A polymer according to any one of claims 1-11, having as a co- unit the ethylene
oxide unit of the formula B

'('C}Iz‘mz‘O')‘ B

13. A polymer according to any one of claims 1-12, having a hydroxy! group as a
polymer terminal group.

14. A polymer according to any one of claims 1 to 12 having an ester group as a polymer
terminal group. 3

15. A polymer according to claim 14, with a surface erosion rate adjustable by choice of
the terminal ester group.




of IL-1 and/or- TNFa. 50. The use. of cIa|m49|nthe_
manuf acture of ~a nedi‘cament. for the t “ !ﬁﬂ@‘:m Mﬂ“‘om c or acute -
pat hogen-i nduced i nfl amgat ory condi t| I mat ing di sease. 51 T
The use ‘according-to-claimb50 when the disease or condition.i's' s E.ltj
shock. 52.: .The use accordl ng to claimb50 when the REP&A&EMEM Sé‘g itionis

rmltlple scler05|s 53. " The: useﬂf +L-6 according to claimb50 where the

di sease or conditi on is Lyne di sease. Th| s -Sheet Has Been Replaced -58 -

54. The use accordlng to any one of clalns 49- 53 when the IL-6 is

reconbl nant . human ‘1 L- 6. i _ : '
16. A process for the producuon of the polymer aecordmg to any one of clauns 1-12,in
which ethylene oxide and COz are polymenzed in a molar ratio of from 1:4 to 1:5 under the
mﬂuence ofacatalyst.

17. A process eceording to claim 16, in which a catalyst is used, prepared from Za(C,H,), |
~ and water or acetone in a molar ratio of from 0.9:1 to 1:09. '

18. A process according to claim 16, in which a catalyst is used, prepaied from Zn |
(C,Hs), and a di- or triphenol in a molar ratio of from 2:1 to 1:2.

19. A process according to claim 16, mwhxchacatalystxsused,prepared from Zn
(C,H,),andadxolmamolarratxoof09lto109

20. A process aceording to claim 19 in which a catalyst is used, prepared from Zn(C,H,),
and ethylene glycol.

21. A process according to claim 18, mwhxchacatalystxsused,preparedfmmln
(C,Hy), and phioroglucin.

2. A process according to any one of claims 16 to 21 in a solvent or dispersing agent
system of an organic solvent and CO,. '

23. | A process according to any one of claims 16 - 22, under a pressure of from 20 to 70
bar and a temperature of 10 to 80°C.

24. A process for the production of a polymer having a hydroxyl group as a (co)-polymer
terminal group according to claim 13, performed according to any one of claims 17 to 22.

25. A process for the production of a polymer having an ester group as a polymer
terminal group accordmg to claim 14, performed accordmg to any one of claims 17 to 2. and
optionally completed with an esterification step.
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POLYMERIC MATRICES
AND THEIR USES IN' PB’ARM?ACEUTICAL COMPOSITIONS

" Abtract of the disclosure

' This invention provides pharmaceutical compositions comprising polymeric matrices,
especially fhgse comprising IL-6 as an active ingredient. Specific novel poly(ethylene
carbonate) polymers are also provided for more general use as matrix. materials in sustained
release compositions containing pharmacologically active compounds, as are- methods of
using of IL-6 for treatment of condiﬁons mediz.ued by IL-1 and/or TNFa, e.g., certain

autoimmune and inflammatory conditions, as well as septic shock.

FIGURE 13




