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PGLYSACCHARI DE GEL COMPOSI TI ON TECHNI CAL FI ELD The present invention
relates to the field of bio- conpatible polysaccharide gel conpositions,
and nore spe- cifically to a novel process for cross-linking such com 5
positions, a new gel structure thereby being obtained. The ure
i mparts i npr oé@ Perties to the pre- viously known gel c%ﬁ%%@%@#%%s as
wel | as enabl es new uses of said conpositions, both as such and cont ai ni ng

active ingredients. 10 BACKGROUND COF THE | NVENTI ON Wat er - bi ndi ng
gels are widely used in the bionedical field. They are generally prepared
by chem cal cross- linking of polyners to infinite networks. Wen using

bi 0. conpati bl e polynmers generally a | ow degree of cross- 15 linking has to
be utilized to maintain said bigepsnatiariBE! ddrY coMe¥8YRion Of ten a nore
dense gel is required tg haveéﬁ;g7Uper—egﬁet$-1ﬁa1ﬂh?—acrrve I ngredients
utilized, and in such aX ]EE&bonpatibility will often go lost. 20
Anot her val uabl e proper The gdreseperinvendiong wellatesoto hytor ddeld ,off dibokrat
pepti des and | ar geredupRt 0B} & ol ysdbenalri¥e GUDToRBESILEGH), DEn@ S Yhe-
“therein to the forqﬁéton g% a sustalned release conF054t|on. However,
practical probl ens SahEe 9 AVBPYRA PERCERTE ARSI FERPAG-LRKERF £ F950 oS

mai nt enance tin® ofpasiigions. \renewgweldisgmucteia tbegengrbeing gbtdinesbt i ve

i nglredi gn_t i fhr el eaﬁﬁdpabt$mc&aﬁe Intla@t¥i {hpMvieahpibpagedi séoineequ%r-

encl osed in e co I on._r r e €, | el were
‘densi- fied in an arqt%'t%zlr%y ff%‘"tr?a?%?a#?ﬁ%f%gt%%ﬁ y@% i("%g'ﬁ'e.al gnfg#%r]-'%dp a
longer tinme, it wolts®sSr 86i tRIE samPPsitiongn Rekmds £FSR AR RERERIMHAE is a
free access of wat edcti®aeingrddient®st w dely used bi oconpati bl e pol ymers

for nedi cal usg_oi s hyal Hﬁ@féﬁ%ﬂﬁﬁ!& &hvﬁﬁrﬂt«esent i n identical

conposi tion in“each |i vig—ot - —a 35 m ni rum of reactions and
all ows for advanced nedFéggr-tinding gels are widely used in the biomedical

field. They are generally prepared by chemical cross-
linking of polymers to infinite networks. When using bio-
compatible polymers generally a low degree of cross-

15 linking has to be utilized to maintain said biocompati-
bility. However, often a more dense gel is required to
have a proper effect of the active ingredients utilized,
and in such a case the biocompatibility will often go
lost.

20 Another valuable property of water-binding gels, or
hydrogels, is that peptides and larger biologically ac-
tive substances can be enclosed therein to the formation
of a sustained release composition. However, practical
problems have been involved in accomplishing a sufficient

25 maintenance time of the active ingredient, since gener-
ally the active ingredient is released at the same rate
with which it was dissolved or enclosed in the composi-
tion referred to. Furthermore, if such a gel were densi-
fied in ah attempt to maintain the active ingredient for

30 a longer time, it would rapidly swell. in an animal tissue

' where there is a free access of water.
One of the most widely used biocompatible polymers
. for medical use is hyaluronic acid. As it is present in

identical composition in each living organism, it gives a
35 minimum of reactions and allows for advanced medical
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uses. As a consequence thereof it has been the subject of many nodification
attenpts. Thus, it has been cross- linked with agents such as al dehydes,
epoxi des, polyaz- iridyl conpounds and divinylsul fone (Laurent et al, Acta
5 Chem Scand 18 (1964) No 1, p. 274; EP 0 161 887B1; EP 0.265 116A2: and
US 4, 716, 154). ¥R B7/ 07898 there is discloged a reaction BFV3RSN 6/00684

pol ysaccharide with a pol yfunctional epoxide, renoval of excess of said
epoxide and finally drying operation to 10 cross-link said polysaccharide
into a film powdered ma- terial or similar dry product. However, there is

ecancentrate the oames J il Cohfedriincl thi St 1R0hS ek khes J '%ti‘@’?hen
ﬂ‘@ﬂy r}"%‘.ca1:fon@g: g 3% i 9‘9 %as %@%X X\’n

substantial |y perma mex i Scl'bses
modi fied hyal uroni cldpked wish agents qusBoas phidehydesu |QP£"§de§'heP%l1t}?é‘|'osed
met hods of "chargi ngridje @fipoRh&P i ld&ﬂinmmnbhebmm at diX,f uitan of

the active |ngre ie i nt e e re ther.eo h sane
diffu- 20 sion g g&’gﬂt g‘af‘ﬁt }g k ﬁ:@ é‘?’ ! % dlﬂﬁvsgnéle%gnfl réﬂ]\?/’ol ves
a dissolution of th@6acliaR; ngde@$e¢ﬂ7ﬂﬁaﬁﬁéhed by a den5|f|cat|on or
concentration of the gel rgaPesyére9B H:'He&b 1® dilscloy&d \a rfleaatlsh fdgugd on of

said active ingre- di kes :pl ac

m xtures of gel and pgyy?r%? agldgl u’fﬁbnqs p°l¥f‘én lg§?:|'l§o Cg% Ag Qgﬁ&h ze? to
i nprove the rheol ogie¥gesprefheaifeepent dehangef! n%@’é‘fm%l"%“ﬁl?%@ case
reversi bly conpaessedogstyirk eaddSpénmi;chammmnlne &) aft diaw, e godered mp~ col .

6. Iines 53-58. 30 eoriy &ngaﬁgaﬁjﬁ Ewweeepor@ém 19 ddicsuy-esen

Compos! L1ons hav- | HSSELRD ASTELR E¢ Py e, PalyeE et e oy op-
erties can be obt ai ra@d ngemge@gnaeMtaad:hm game ftor tbh@%reérmwmmrng
thereof. Said new crongibtétdy'ghlesd GiRncBabsmtiaVEy SdrmafiesONt r ol  of

Lhe structure agg propergstd $5e0524 "6 JEBNEEC) HilleP by SREARREA o 0O
hyaluronic acids for use as depot pharmaceuticals. The
disclosed methods of “charging” the gel preparations are
all based on a diffusion of the active ingredient into
the gel and then a release thereof with the same diffu-

20 sion constant. Contrary thereto the present invention in-

' volves a dissolution of the active ingredient followed by
a densification or concentration of the gel composition
until no or a very minor diffusion of said active ingre-
dient takes place.

25 US 5,399,351 discloses mixtures of gel and polymeric
solutions, said solutions being utilized to improve the
rheological properties of the gel. However, also in this
case reversibly compressed gels are disclosed, as can be
gathered from e.g. col. 6, lines 53-58.

30 SUMMARY OF THE INVENTION

' According to the present invention it has unexpect-
edly been found that polysaccharide gel compositions hav-
ing a novel structure and thereby new, outstanding prop-
erties can be obtained by using a new technigue for the

35 cross-linking thereof. Said new cross-linking technique
enables a versatile control of the structure and proper-
ties of the manufactured polysaccharide gel composition,
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I n«sturn makes it possible to tailor the final com position for the inteded
pur poses. Moire specifically, one object of the present inven- tionis to
provi de a process for preparing a cross-linked 5 polysaccharide gel
conposition, the bioconpatibility of which can be retained ipn_spite of a

hi gh degree of QW02 § ng or polynerisatipn. Another obj

invention is to.provide a polysaccharide gel conposition with viscoelastic
proper- 10 ties in spite of being cross-linked to a substantial de- gree.
Yet another object of the invention is to provide a polysaccharide gel
conposi tion which i s Of less_{ L she y d+fd rﬁ%ac Lated,
i .e.-which does not migm e:'mrglﬁurglu g!t‘ésntllta ?éé%gleo% ;Eht%'oldgeﬁlh%ffe dggl;nee

when con- tacted wi PRShete® fog; the h’f’ﬁﬁdﬁerg‘lfﬁi%&?'of the invention is to
provi d¢ a pol ysacchari déMaype speapficdllyn eneclobiealy of Hihel pyessxt \inyehtve

substance for use agignSi$id ?‘%Qvi&é e@%‘%o&@é’@%&"p@ébaﬂﬂr%naoér&ssd@.ﬁﬂked
conposition. Anoghe of, the e

r object of. nvention Is r.ovi | y-. sacchari de
gel conpositions coﬁ?&%‘??fﬂ‘a&l\‘?ﬁrgﬁ f°5?°5+51-°“l'0‘g'$%§? cif"&'@??@é%si&é’sf’ nces
for uses as nedi cal whiclyrean pieyrateined dnpepite ofisa fiuighlidepreemf propeses.
25 Yet an](c)t heléﬁﬁixﬁéitoﬁfpﬁhﬁ)ﬁe'f{%&%hpn Is to provide uses O}‘ t he
conpositions referred t r._the u | G r D actic
conpositions as wel | as%’bér%hgﬁrr?lﬁ?%f é’[%lcgﬁé tei(?Q'%gm‘r%} s{jg'é%p g“lr“gjl‘*eyyahurrans.
Yet another object BPly$rcgharddei ealiceompeshiinn Héth BiEcasdastig IRroper-
cross-|inked actovatedspin \spatehari seimeckrossrlinked tton aabsbdmiiaddes an
intermediate in the gbgve- nent i oned process according to the invention,
which in- termediat@ cah be finall y cross-linked in situ at any de- sired
site. 35 These andf¥tuaneshepbplaiacs of thee inweRdH QoA swie PIswideose
apparent by the noreollpsacdiegidesgel piompasitione@hich is more or less ixr-

reversably densified or concentrated, i.e. which does not

15 swell substantially or only to a limited degree when con-
tacted with water.

Still another object of the invention is to provide
a polysaccharide gel composition enclesing a biologically
active substance for use as a sustained release composi-

20 tion or a depot composition.

Another object of the invention is to provide poly-
saccharide gel compositions containing a variety of bio-
logically active substances for uses as medical or pro-
phylactic compositions for different purposes.

25 Yet another object of the invention is to provide
uses of the compositions referred to for the manufacture
of medical or prophylactic compositions as well as for
administration to mammals, especially humans.

Yet another object of the invention is to provide a

30 partially cross-linked activated polysaccharide gel com-
position as obtained as an intermediate in the above-
mentioned process according to the invention, which in-

. termediate can be finally cross-linked in sSitu at any de=
sired site.
) 35 These and further objects of the invention will be-

come apparent by the more detailed description thereof
presented below. '
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PCI/ SE96/ 00684 4 DETAI LED DESCRI PTI ON OF THE | NVENTI ON According to one
aspect of the present invention a process for preparing a cross-Ilinked

bi oconpati bl e pol y- saccharide gel conposition is thus provided, which
proc- 5 ess co i ., form ng an aqueous solution of a wate

Cross- Iinkablguggﬁegg%charide; 10 initiating a cross-linki%ﬁigﬁﬂgﬁﬁﬁ

pol ysaccharide in the presence of a pol yfunctional cross-I|inking agent
there- for; sterically hindering the cross-linking reaction from be- 15

ing term nating before gelation occurs, an activated pol ysacchari de thereby
bei ng obt ai ned; and rei NPETRIIEDPNOESCRIFTION| OF HE aivERTIGMONdi tions for said

activated pol ysacchari deaé(;r)onl%éphg}:gaﬁédsggﬁﬁté@%fcEggsgrggentl ii%%%é*%r eof

up to a viscoleastic gel” new proctess accor o0 the
present invention | PFEFGES £PL PFERaringkidn§reFs-dinkesd, bieeaRpitible poly-
cross-linkabl e pol ysacehasridie gel abmpesition s thess providexdie whiehgsmd-he
cross-linking reacti ' 1 S..2D continued before the gelation is
initiated, said is@%%—bﬁmﬁﬁéﬁgé bei ng acconplished by sterically hindering
said cross-linking reaction. The cross-linking reaction is then continued
In a second step by fozmihg cahiGiqugoasesdlutdah|of @nivander solwdedi tross- 30
Thus, firstly is ha ideund that by said sterical

hi ndrance an activa?ggﬂgg §§%§%%§f?§gﬁyﬁgobtained, the cross-I|inking or

pol yneri zati on of which can be continued nerely by reintroducing sterically
un- hindered corlddi tiimitiatinefoocroSechinking ¢f said pedpsagcharids ipdidteed|y
been found that the f3@k¥fas d¥ld $819LtndtABREE | crddso iARt A NRént her&ky~ does
not formthe conpac%erense structure which woul d have been obtained if

per f or m ng !

sterically hindering the cross-linking reaction from be-
15 ing terminating before gelation occurs, an activated .
polysaccharide thereby being obtained; and

reintroducing sterically unhindered conditions for said
activated polysaccharide sc.as to continue the cross-

20 1linking thereof up to a viscoleastic gel.

In other words the new process according to the
present invention involves a cross-linking of a water-
soluble, cross-~linkable polysaccharide in at least two

~ steps or stages, where the cross-linking reaction is dis-

25 continued before the gelation is initiated, said discon-
tinuance being accomplished by sterically hindering said
cross-linking reaction. The cross-linking reaction is
then continued in a second step by reintroducing steri-
cally unhindered conditions.

30 Thus, firstly is has unexpectedly been found that by
said sterical hindrance an activated polysaccharide is
obtained, the cross-linking or polymerization of which
can be continued merely by reintroducing sterically un-
hindered conditions therefor. Secondly, it has also unex-

35 pectedly been found that the polysaccharide gel composi-
tion obtained thereby does not form the compact, dense
structure which would have been obtained if performing
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correspondi ng cross-linking reaction in one single step to a fully
cross-linked gel but rather a viscoleas- tic gel. Furthernore, as was
menti oned above, the new gel structure obtained by the present invention
represents a 5 bstantially irreversible gel structure which does not
swell to any ap‘B? B e extent in contact wigh water or anyrﬂmeous
medium Generally this nmeans that said reswelling is |ess than 10% by
vol ume based on the volune as obtained fromthe process clainmed. 10
Al t hough the invention is not bound by any theory it may be that the new

cr0s6- 11 nki ng bet vieoh® et oroating LrofSnl Milr® raaCOIGH 18 b finsd

exi sting chains rat ﬁg?pt 1o 5"‘32? f{%ﬁ?§éiﬂ1é?w&agP5i ﬁﬁﬁ’frvgr‘{/iﬁqﬂie&sﬁ

structyre. \What naytiaggeb: Ruthermomesshani eas imenthen¢dozbovhatthe new gel

}[/i SCO?' ?'St ic Iplr Odﬁpbgi:ﬁg@ﬁ?ioﬁﬁﬂiﬁe@ﬁy? BRei pveemtt iﬂﬁgnﬁ%nulﬁ d¥¥nRisn at he
erm"sterically.hinderjng. cross- i nking reacti S e

interpreted in a’br 835542??%?@223, "fl.'ee‘ferlstig#\%&fﬂh(?f%ﬁgg %%XS#F?/ cg"eesanc‘:’('f’rrpl ete

hi nder- ance but insWehy tassy pppregia®lpaextent Apngerkast With matexaexi on

_refer[) ed to. ITlhat | anyV\bthet AquEPes riddiuts ¢driirallg tlla:_tse mehns it Isailg ng

is substantially re - - i\Ng. r._ac 0

take place with 25 q%g‘\?vg#e%'&eﬁgni‘g%%é}glgﬁnég?\a/dgd%gﬁl%I%E[r%gﬁ g?htglaet é’lro%%mte

"reintroduci ng ster REaPPyainad fromcthed PEerets idadmedhoul d al so be
interpreted broadly, whizltigsairshe Vinveatson hiai nsai owid bycahy \thedlriynder ed

condi ti ons need not ngGoRS AL ¥nben&f Wehitr il BRIERSE BV Shb Bleduidlishlons

as were used when initiating the cros Lng reactl on.

general |y of inpor- VEBREEN 1S @hgPmRinaFionept SR8y -LiRking PEtWRRh G*iistns en-
abl e nore rapid readhgopslymert akeips ane bhaeloamadieheof -exiaking ehadeysed

condi tions. 35 rathér Slélf'd'ri aabe B MINRRCRe Ofork§i ¢ iR S WeBY | Fihyiifact i on

shoul d be obtai gabl e L0 €1 1J SLR0t Mo Sugdbbe SdhChChi&hanism s the fact
that a viscoelastic product is obtainable by the inven-
tion.

As used herein the term “sterically hindering the
cross~linking reaction” should be interpreted in a broad

20 sense, i.e. it need not necessarily be a complete hinder-
ance but in many cases rather a partial hindrance of the
reaction referred to. That is, what is important is that
the rate of cross-linking is substantially reduced toc en-
able the final cross-linking reaction to take place with

25 .new reaction sites involved.

Similarly, the term “reintroducing sterically unhin-
dered conditions” should also be interpreted broadly,
which generally means that said sterically unhindered
conditions need not necessarily be exactly the same

30 sterical conditions as were used when initiating the
cross~-linking reaction. Thus, what is generally of impor-
tance is that said sterically unhindered conditions en-

. able more rapid reactions to take place than said steri-
cally hindered conditions.
35 The sterical hindrance of the cross-linking reaction

should be obtainable in different ways, but a preferred
embodiment of the invention in this respect is repre-



enbodi nent of the invention in this respect is repre- WO 97/ 04012

6 PCT/ SE96/ 00684 sented by the case where the sterical

hi ndrance conprises diluting the agueous nmedi umin which the cross-1inking
reaction is perforned, to acconplish a | ower concentra- tion of the

pol ysacchari de | I.d_medium 5 To reintroduce sterically unhindered
condi ti ons shou%%ﬁ%zbe possible in differeny ways, but a d’@%nrm
enbodi ment in this respect is the case which com prises evaporating the

aqueous nediumin which the cross- linking reaction is perforned, to
acconplish a higher 10 concentration of the polysaccharide in said medium

compri 51 ng.dial s ng L e e e e e |
i s perforned. Accor df’ﬁ “?%’%a%g?e?‘@ﬁ”éﬁ E‘ﬁggﬂ? r'ﬁ?nf';‘g‘%‘t 2 gﬁ ée%bljﬂﬁdf@ t he
sterical hindrance oteateiax dsspexfﬂmg,rtaoaqc@nplésta@dﬂﬁexmwm t he
ﬂ]otsst Ihl nki ng agenéI E?Snb@ﬁ]ﬂ:h@?ﬁolféﬂ&ﬁariﬂé Sn aawrzﬁécg,extﬂeral ly al sot nmeans
a e rein- uction o ser re | tiQ i -

ated in the presefhce of sHt &% r‘lBTT"" chfag.g F’%ﬁ%"ﬂe ®9o¢ £z;#ﬁielhttsim{#n
sterical hindrance ofhetatd cﬂb@sbelmsﬁglﬂeh%tqiéﬁeémt g'éYé'rr aP‘P‘y HPrRart ed
or performed in the Fapged Gmvedim&A0inf thile iedipabtgbs allieoBadé NEhitiedom™ t he

provess ac. cording 19;bhe JNSILLAD, +RNSRGRNA' h8didh T DALY LR bRt o

suitable elasticity Of COnsis enc nten conp05|t|on
The inventive idea sﬂéBFH‘%e’fe&EH‘P‘ba}lﬂ 83F5°§Pﬁﬁ'b 8-acAmpdisl| @ higher
pol ysacchari de that icencéemaationked|theapdlgedadhaeida am saddemediumedidnm

Thus, the term "watep,.fg {: e?:%rbw"e:ﬂaa&{ngnbeahﬂ %sgpfégp%%t' Ds Srdf QAR e,

pure water not neceaﬁarl bei ng necessa:Té 53 | Sy aqueous so u- tlon
means any sol uti on wR¥r &P OMRE ISR I HF Y SIGRpbRe SUR Tt
sub- group of pol ysacwhéchdee icwoserikiadingi beaction iherenfioamedion |s

however, a gl ucose am ne ghdbrdshy €A pebrubic ehbaditicht 6fagkd irfrehtion
speci al l y int ereigl NShe sterical hindrance of the cross-linking reaction is
accomplished before the cross-linking agent has been con-
sumed. This in turn generally also means that the rein-
troduction of sterically unhindered .conditions is initi-
ated in the presence of said non-consumed cross-linking
20 agent. )

The sterical hindrance of the cross-linking reaction
can generally be started or performed in the range of 50-
90% of the total gelation time used in the process ac-
cording to the invention, consideration also being taken

25 to suitable elasticity or consistency for the intended
use of the composition.

The inventive idea should be applicable to any bio-
compatible polysaccharide that is cross-~linkable and
soluble in an agueous medium. Thus, the term “water solu-~

30 ble” should be interpreted in a broad sense, pure water
not necessarily being necessary. That is, aqueous solu-
tion means any solution wherein water is the major compo-
nent. A preferred sub~group of polysaccharides in connec-
tion with the invention is, however, a glucose amine glu-

35 can, of which hyaluronic acid is a specially interesting
example.
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PCT/ SE96/ 00684 7 The cross-1linking agent to be used in connection with the
i nvention is any previously known cross-1inking agent useful in connection
wi t h pol ysaccharides, consid- eration being taken to ensure that the

bi oconpati bilit equisites are fulfilled. Preferably, ver the
cross-1inking aé@ﬁ?B%ﬁiselected fromthe group consisting of ,

epoxi des, polyaziridyl conpounds, glycidyl ethers and dividylsul fones. O
these glycidyl ethers rep- resent an especially preferred group, of which
1,4- 10 butandiol digylcidylether can be referred to as a pre- ferred

exanple. In this connecti | het o Ll t
"polyfunctional" i nc|%€gﬁgi Ituor?%t ?gkgiﬁ '%%gnlenﬁ:%ael bb@dth lcbhection

) ckoss-lln |ng reaction
in the presence of a4 FREARVERTAPR 1D AN PRRYIRPSAge ROV FIRSs5E R MRd 15
at varying pH val uesagemti maefuly idepennéciyconvwitietdedysscokarisiesesteonsid-
reacE i ons shoul ]9 be ?&{I@heﬁeilr% 'Q,Eﬁéﬁbié/ dn3uge _rmfaﬁs thaabi&@dﬁig‘iiﬁﬁiﬁ nklt Rg
reaction is per med at a al_i ne . &Speci a Qv e_d. In the
range of pH 9- 12?‘5r V\A‘%"f?rﬁ%%eﬁg aé?hggf#loﬁﬁéfi%ﬂegéagﬁgh%evﬁrbns% ng
ester formations sai®Fe®sodsnkingkiaggnt chetdedacted firomethe| grqwm tonabsting an
aci dic pH, egpgci a|h|¢’f alldphiydesy- e@ﬁﬁi&é&,er;ﬁg&éﬁkiWFEQBmﬁuﬁdlE ghyedyon is
repre- sented by the re .. - L < -
sacchari de gel corrpo?s‘ji:}feﬁ%n |§ ﬁtﬁ%&%ggfgcg{%ucﬁé }}setsﬁealkﬁgi%n%éfgé st es
the manufacture of af%AeRtodh gfreciadhporraferred sxowen af Whiddeladric
conposition is fur imstamdiel ubirfyllcidpleyiterscagdse/ referaedyttw\dasah pre+ d

substitute, as eyedr ahyedClian Ul 43 DRPs RRRRCLEIF! 18dshaAPQISo! BE i 30

sent invention nmakes It possiBle to [ ne viscoel as- Ti1c properties
for such uses. Thus,tifpeg thati"RelyRunceionads) ingdudes) g4functdonating to the
present invention it is fhésidiltdatlocodssilinkiag reacteoai imthet paesSence

branchi ngs, cross-1igKs pRi¢fuldtidnd®’ stk R adRUL! 8 Y peleormed
15 at varying pH values, primarily depending on whether
ether or ester reactions should be promoted. Preferably
this means that said cross-linking reaction is performed
at an alkaline pH, especially above pH 9, e.g. in the
range of pH 9-12, when promoting ether formations. When
20 promoting ester formations said cross-linking reaction is
preferably performed at an acidic pH, especially at pH
2-6.
One interesting aspect of the invention is repre-
sented by the case where the prepared cross-linked poly-
25 saccharide gel composition is utilized as such as the in-
vention enables the manufacture of a viscoelastic compo-
sition. Such a viscoelastic composition is for instance
useful in eye surgery, as a synovial fluid substitute, as
eyedrops, etc, and as has been referred to above the pre-
30 sent invention makes it possible to tailor the viscoelas-
tic properties for such uses. Thus, by utilizing the
sterical technology according to the present invention it
. is possible to obtain chain extensions, chain branchings,
cross-links, etc, in a more controlled way that by the
35 previously used techniques with more or less randomized
coupling sites.
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Furthernore, through the fact that the gels obtained in accordance with the
i nvention do not retain their original volune in the presence of an aqueous
medi um the nemwa;QﬂH@_s do not cause any interfering or negative 5 vol une
effects in these or other nedical uses. In acgordance with t 60084
invention it is also possible to include within the polysacchari de gel
conpo- sition any biologically active substance for which a pol ysacchari de
gel carrier is desired or accepted. In 10 this context the

di l ution-concentration tmhnhﬂmnesedhraucjme:hprﬁms:hatathecbﬂaabbeainm

encl osure of said big; Jog ﬁ?{} i ‘Eﬁe Hp,gngggg é@f&rteréggi@cgﬂe@_? t he

pol ysac- charide to sterica I.ndered conditio

|
sterical |y unhi nder ¥ tVBH@mbéﬁbFHFIB‘?ﬁ§5ﬁ§ %Pfﬁ‘aGBﬁE%%ﬂyggﬂﬂg the
operation, such an opew arodact®ads niotatatse anyolinterteringact inegativet ance

w il bepresent 19 o PRARe Jedgbed 1 Rhes6 WP Ither rﬁ{@’&a‘.’ﬁhﬁge ai d substance

was in- cluded in sald carrier gl cal | active

subst ance can be ret ai nednBERCTIANGEr ¥ gg c"d"r?p&FEﬂe% inyenticn dt}'sF-? RABAn
gel cross-1inking repsdsile téhbclindeawhthirertheupbyssedtharidasgmlpcofpbe for

the active sub- stangf i @Rl ab fcallly C&Qﬁ%t h%bﬁﬂnfcﬁ fbf-‘ wHIGRS gor ation
of the biol ogi- callz:ggtlvg st ance |n£ ggﬁg qgggjgstnent
25 of the conditionsP? PHL oY BT ?ﬁi%?apfs © |5ﬁ§eﬁ Rerabl y
performed to havdd a m@anoeatteuh trva@}lp&iomnéantmonsneﬁh@mszlssplogncal
adj ustment i s preferggs ﬁﬂo‘é@sascm&@@r Bhables rhacéncIbsoe8dbf i €41 dIot-he

condi t1ons. The | nvolT oA R SuBeghed @389%6%@%&“@"?{ o P gHERd
bi ol ogi cal |y active Shifstdente gkeriGadyetnhin ien? g Wafstddmce in
prior cases. |In othewhide cﬁﬂ:etthearlmdmhlindereﬂ lentii eixinesd gehexd ll haedeesi ai ve
for the 15 concentrating operation, such an operation means that the
biologically active substance will be present in a phase
that is more compacted than when said substance was in-
cluded in said carrier. In other words the biologically
active substance can be retained much longer as compared
20 to previocusly known gel cross-linking reactions. fhereby
a better sustained release profile for the active sub-
stance is obtainable.

In connection with the incorporation of the biologi-
cally active substance into the composition an adjustment

25 of the conditions to physiological pH and salt conditions
is preferably performed to have a preparation ready for
medical use. Such a physiological adjustment is preferred
also as concerns the reaction conditions as the second
step of the process has been found to proceed well under

30 suchg conditions.

The invention should not be limited in any respect
as to the biologically active substance as compared to
the use of said substance in prior cases. In other words
the condition to be treated should be decisive for the

35 specific substance to be selected.

However, interesting substances in connection with

the invention can be selected from the group consisting



35 specific substance to be selected. However, interesting substances in
connection wth the invention can be selected fromthe group consisting

WO 97/ 04012 9 of hornones, cytokines, vaccines, cells and tissue aug-
nmenting substances. Thus, the unique conbination of prop- erties of the new

gel conp05|t|q9 gﬁﬁﬂgping to the pres- ent invention nakes trenely
advant ageous in - 5tion wth these substances, I thanks

to out- standing depot or sustained rel ease properties and non- smelling
properties. One interesting group of biologically active sub- stances thus
i's tissue augnenting substances as a poly- 10 saccharide gel is an

advagt ageoug car \r/\bS’E/ hbsxaé‘ﬁéy ek i:'éka.ﬁéber vel8t fldsS %emwrdhuge%:éy@@ fqpduct s
can e oun in rerernr.e | SSU

Can e TN R Ad s aSce e hildac ALY e el Guied Lbaoue SUd
dextranoner, polyl &rtide aficheonpel gaie conpesitingy agrording to the pres-
poly-[err]- hydrOXI Rutty i AVEntEih ROPEY VIR lekt tERE 180 fadvhit 2R0BASCih Oforiddt

hor rones 1Y 0BOCiLA G0fh SRESL" AN IAALE EPCRLILLYL I SheRkEbo k-

process according to resent 1 nvention

i ncorporation of t ﬁ&aniéP%g‘?QP&FI 9* g4 tpdnedprelaansc BroRPIEALA @3¢ BTt i on
wi th the pol ysacchawedtinglpripentciese, or the cross-Iinking agent therefor,

provi ded that said actlaﬁ Sﬂﬁé&@ dﬁgf%ﬁﬁﬁgnéfHﬁﬁébbﬂﬁﬁlygéeep§er§ﬁbjmﬂ'Ve

therew th. Uni que pro erties or o tires can thereby

be obtained as in Sr@ACEScEYS f"érti-?%"ceaﬁé‘&m?‘l‘l%“}gelséagté“\%ﬁeaﬁfatﬂ*%lléct|ve
i ngredi ent wi | L0be seechdeildé\geillhis ceyratvantageamrs decoiposherefionf Mhe-

pol ymer network ratdpgs a@em%vcbheeﬂaﬁfgolsg&h%ﬁuc%g&ﬁ] b} '?;Buﬁé‘tﬁ%for the
subst ance referredﬁhg gg%ﬁ net fication o
| ast - menti oned t ecfiRP4dé gF s%ea??cfé'cﬁ}%ﬁ' tané’reﬁ?’é‘?ﬂq SHSRBRRYIhat the
functional groups menting substance comprises a polymer selected from col-
lagen, starch, dextranomer, polylactide and compolymers
15 thereof, and poly-B-hydroxibutyrate and copolymers
thereof.
In connection with hormones erytropoeitin and calci-
tonin are especially preferred.
The process according to the present invention also
20 enables the incorporation of the biologically active sub-
stance by chemical reaction with the polysaccharide gel
structure, or the cross-linking agent therefor, provided
that said active substance contains functional groups re-
active therewith. Unique properties or combinations of
25 properties can thereby be obtained as in such a case for
instance the release rate of the active ingredient will
be decided by the degredation or decomposition of the
polymer network rather than by the dissolution or migra-
tion rate for the substance referred to from the gel net-
30 work. ’
A modification of last-mentioned technique in accor-
dance with the invention means that the functional groups
of the active substance may have been prereacted with a
cross-linking agent for the polysaccharide. Preferably
35 the same cross-linking agent is used as is used in the
cross-linking of the polysaccharide.



of the active substance may have been prereacted with a cross-|inking agent
for the polysaccharide. Preferably 35 the sane cross-1linking agent is used
as is used in the cross-linking of the pol ysaccharide. WO 97/ 04012

10 Since the process of the present invention provides a new pol ysaccharide
gel conposition ﬁr structure, an- other aspect of the invention is
represented by YREMPel pol ysaccharide gel ggnposition prepBFEEESSOAsEE;
respect 5 the scope of protection enconpasses not only the polysac- charide
gel conposition whenever prepared by said process but al so any

pol ysaccharide gel conposition which is ob- tainable by a simlar

techni que. Exgr gssed | N sanes hexe \mscaf]@ d¥ ehenprésumniheentibaoptBvigesvi des
a cross-linke i oc ‘ [ ich.Ls

obt ai nabl e by CFOSS€|IH ?§3§8$8§%§§§§§3%%g%%%ﬁé‘%%ﬁ??%a%ﬁﬂ#?ﬁﬁgﬁnFﬁ a

pol yfunctional crosgethem@spgchihtheninesnsdon,is keprespated hy £hespovel
cross-| : nE! ng step pelysacchbridaigeldchnjoyitignl p.féplrredg-nﬂ.&hi@utespbyta
sterical hindrance t r =] r - c
cross-1inking s?’gp %Ieel nstglz% (réli ??;‘#eoﬁggtﬂgnei n rglﬁt%gclg%g n%’?e?’?i;gltﬁ% gﬁ%"ﬁa‘ér ed
condi tions for sai cCkagise IgP?ak‘Fquég%% othengvesprendeed hy $348 BEoEess
viscoel astic gel. 20ut also &hy polysecéiemtidec gebhcaipdsdtborbediichr éseabed as
pre- ferred or intefesidid § q+q£ﬁﬁlﬁp £§HH$@EEE°n w th the clained process
are applicable also to said gocysacc-a- ride gel conposjtjon per se.and
need not be repeated onEX¥PRBPEe another #ay| the RIERERt JYeRtior hee

i nvention is ref esprrvdiesy at brossrd énied i ocompat Helee fodysaqehaddde gel

ot)t ai neflI by pﬁ_S_t 80%6}&:631?.5#;?3&!151%9%F&?ﬁﬁ%a?l@sﬁy |dr6!§f“ﬂ.x#]é.%§_t bQ[‘aW'th t
sterically unhinder conditio a er. or r stance a
the ultimte use ofgf%ses crlc%nk%Ejl‘qé pfgys??‘%'r\a.r"ij%ﬁ?g?ta ﬁégyg%necr?q' Sé;d that the
i nt er nedi ate prod- ‘El’?ﬂsstj'ﬂ{lgﬁfﬁ%@ agent thepefore Anchyoe HtRBFarfh® &Lrfke cross-

| i nki ng reaction possesssdinking stept béing ttermbastime bedore gelation oc-

15 curs, by a sterical hindrance of the cross-linking reac-
tion, and the second cross-linking step being initiated
by reintroducing sterically unhindered conditions for
sald cross-linking reaction to continue the same up to a
viscoelastic gel. )

20 All those features which have been presented as pre-
ferred or interesting features in connection with the
claimed process are applicable also to said polysaccha-
ride gel composition per se and need not be repeated once
more. :

25 Still another aspect of the invention is represented
by the case where an intermediate product is obtained by
postponing the final step of the cross-linking reaction
with sterically unhindered conditions to a later stage or
site, for instance at the ultimate use of the composi-

30 tion. Thus, it has been found that the intermediate prod-
uct obtained after the sterical hindrance of the cross-~
linking reaction possesses such a stability that the ter-
mination of the cross~linking reaction can be performed.
at a later stage.

35 The invention also relates to the composition de-
fined above for use a medical or prophylactic composi-
tien.



m nation of the cross-linking reaction can be perfornmed at a | ater stage.
35 The invention also relates to the conposition de- fined above for
use a medi cal or prophylactic conposi- tion. WO 97/ 04012

PCT/ SE96/ 00684 Anot her aspect of the invention is the use of said
conposition for nufacture of a nedical or prophy- lactic conposition
for any of the g%%@g&%entioned spe- cific nedhcal or therape @%ﬁﬁhﬂ“

pur poses, tissue augnenta- 5 tion and hornone treatnent of a mamal,
especially a hu- man being, being preferred applications. Finally, the

I nvention relates to a nethod of nedi- cal or prophylactic treatnent of a

mammel, especial |y a hurgibdifeldspdét ©F EREMInveRtion M eheChd B said
conposition 10 as deflned,qPov% to a nann?l I n negd of ucg a treatnent.
EXAMPLES The i nvent FORPRFH 190 kChct oS MRBRFFFHFeL T  hReFRd P iRRPPhY=
non-liniting exanpl tactixaoquipesitien for anyf rhei abovs~mentipned mpe- a.
Under al kal i ne condgifodsmélosiaes henddgettiddlephopsady, tdssudfadirinaoni c
acid prepared bysfgnent at%%n of St{'e tococcotf wer e s-_.sol X%ﬁ[l n %80 m
of 1% NaOH pH >9° CFHRR-FRhAIFFoRFeht=a Db ﬁemF‘B‘P%'ofesf,eﬁ- Yarfa "8

di gl yci dyl et her washariceeing dednacerafexredrarpligabiensthe sol ution was

i ncubat ed-at 40[ er ][] C f orirfal1gyr Ehe binvidndesn aiidies cendi in'eensdBEmedi,-b
experi nment was per : 0 t 12r y
the addition of 1% g%fg%%?{:céag’giig??gét%aso?guﬁsiog%%s e.e%‘d %?8%%![l§cgor di ng
to la. Exanple 2 PrBpaiheipsf vhich gerises @dgdpistering,ausemrasiddesr di ng

tola and | b wel@ dasudefiired Abosevod mmamhak invased vaft suchea viteatmehitnal | y
desired or about 0, 5- 1%@madpieice neutralised. The gel was then ro-

The invention will now be exemplified by the follow-
ing non-limiting examples.
Example 1
15 Activation of the polymer.
a. Under alkaline conditions
Polysaccharide in the form of 10 g of hyaluronic
acid prepared by fermentation of Streptococcus were dis-
solved in 100 ml of 1% NaGH pH >9. Cross~linking agent in
20 the form of 1,4-butandiol diglycidylether was added to a
concentration of 0,2%. The solution was incubated at 40°C
for 4 hours.
b. Under acidic conditions
The experiment was perxformed as in la but at an
25 acidic pH of about 2-6 by the addition of 1% of acetic
acid to the solution instead of NaOH according to 1la.
Example 2
Preparation of a viscoelastic gel.
The incubates according to la and 1lb were diluted to
30 a volume which was twice the volume finally desired or
about 0,5-1% and were neutralised. The gel was then ro-
tary evaporated to a viscoelastic gel.

Example 3
Preparation of a gel containing dextranomer particles.
35 The incubates according-to la and 1lb were diluted to

a strength of 1% and 20 g dry dextranomer particles
(Sephadex®25, Pharmacia) were mixed with the solution,



tary ‘evaporated to a viscoelastic gel. Exanple 3 Preparation of a gel

cont ai ni ng dextranoner particles. 35 The i ncubates according to la
and I'b were diluted to a strength of 1% and 20 g dry dextranonmer particles
(Sephadex[err] 25, Pharmacia) were m xed with the sol ution, WO 97/ 04012

PCT/ SE96/ 00684 articles being enclosed by the cross-|jhkj f
hyal uroni ¢ aci cﬁégfw in a few mnutes as gsconsequence of H‘-ﬁgﬁ%&
concentration of hyaluronic acid which is accom plished by an absorption

of water by the dextranomer 5 beads. The viscoelastic gels obtai ned were
stabl e, auto- clavable and injectable by nmeans of thin hypoderm c need-

les. Exanple 4 10 the_paﬂ%@saﬁﬁ% ‘éfnc%ogéﬁ ByOrheSEra¥s-AifRDeg oedi ci ne
contai ning erytropoeitin . e J.ncubat e

diluted to a streng Ha;)\“r‘&’a/'a%r?&igh?we\ﬁagﬁa%%&?gg&gg/é{ﬁgx gd |'§s| o%'e\(g%%a
citrate buffert accefdthg cenaemsratian oft hpaturondm aeid whichaksifareamer

(Otho Biotech Inc. plﬁﬁahé&azy dRAbEsYptd o0l wiltali by tohd dekfi&nsites0l uti on.
5 x 106 U of EP? \r/;rére added under stirring. After evaporating the solution
to 1/4 of the volu eF‘?"‘*g‘polymsr had been cross-linked to a depot

conposition and an anpunThefvizgoebishig gelsmiytaingd weges stabiferdadtoExanpl e

5 Preparation of a gghvhble USRI afijéctitflel bplmeaisabif othirohiypbdengic need-
calcitonin. Calci tor]_ie? fromsalnon 100 I1UmM (Macalcic San- 25 doz) were
adnmi xed with 2% of polryner solution manufac- tured in accordance with
Exampl e | b and the sol utE¥x@MBes4concentrated to 5% (250 |Wni) by rotary

evaporation. A Borse w threpumition ddfiudigeat fom vse bbea rdepot medddineg was
treated with an injecti OEOREai%im; érﬁ:roBSEiif‘ﬁ?k(E@éS: )

The incubate obtained in Example la was diluted to a

strength of 1% and the pH was adjusted by the addition of
a citrate buffert according to the instructions from the -

15 manufacturer (Ortho Biotech Inc., Raritan USA) for a good
stability in aqueous solution. 5 x 10° IU of EPO were
added under stirring. After evaporating the solution to
1/4 of the volume the polymer had been cross-linked to a
depot composition and an amount of 20 000 IU of EPO/ml

20 was recovered.

Example 5
Preparation of a gel for use as a depot preparation

containing calcitonin.
Calcitonin from salmon 100 IU/ml (Miacalcic® San-
25 doz) were admixed with 2% of polymer solution manufac-
tured in accordance with Example lb and the solution was
concentrated to 5% (250 IU/ml) by rotary evaporation. A
horse with chronic claudication in the right front leg
was treated with an injection of 2 ml s.c. per week dur-
30 ing two weeks. In the six weeks following thereafter said

horse was free from pains. The serum calcium was lowered
with 12% only.

Example 6 .
Preparation of a gel containing heparin to be

35 released in a sustained way.
In a diluted activated polymer according to Example
4 heparin was dissolved in an amount of 5% of the poly-




30 if\g two weeks. In the six weeks follow ng thereafter said horse was
free frompains. The serumcalciumwas |lowered with 12% only. Exanple 6

Preparation of a gel containing heparin to be 35 rel eased in a
sustained way. In a diluted activated pol ymer according to Exanple 4
heparin was di i!s[él ved in an amount of 5% of the poly- WO 97/ 04012
PCT/ SE96/ 00684

H¥M2 The i xture obtai ned #@s equi | i br at e PFHSTESG00684, 1 |
whereupon it was evaporated to 1/4 of the volune. A co- agul ation

i nhibiting rel ease thereof was noted during 16 days of incubation in
physi ol ogi cal saline. 5 Exanple 7 Preparation of a gel with

| ently bonded h I s [ Lt EQN. L.vat ed
oS WLoo730% DR B S LA,

pol ymer according to )
vigorous stirring. Yhexeuhan itowag I?F"éﬁﬁﬁf'e?ﬁ &0 pf ¢ A% o MeedAn&e-dri ed

during,the night. Hegalatiatadnhibitiagedelensec chedeok ovasi hdteakauriagll6Af ter
sai d incubation (4 Egyg Soﬁtin‘&%ﬁirdnclntﬁ!ﬁyé&%ﬂb@?&a?rﬁaqiiﬁﬂ ation was m xed
with the activatgd eparln solu- tion. e m xture was i ncubated during the
ni ght and the 15° foll ov&ﬁ@é&flt he gel solution was neutralised, particu-

| at ed and washed from r etxsranatiosioduasgell vl theovakentsdyveended beparbnnd

grow h factor, inter alig, Qasterfddligbéastirddnedt Bosaaaloar (bFGF), but did
not show any inhibition mﬂ%mrmgngmg. %0
Exanpl e 8 Preparation of %ti@ré?e‘ga?aéﬁ“ﬁ? RFFFHPIEF FX2RR Yet "§FoBpE " of

chitosan. |ncubatiogsipitated inupethano} endexnivilgpgpus erizrargd Tpel FaAne-and
2, fhg of clhiet isa% E Sa&%&?lésl?ﬁ&ﬁaﬁ)omn?ﬁ; wad@ drifedr am:ignltﬁ@coir S:gce
Vi scoel astic sol u-  PRgtr Ridseh; ik, BCRL T iF pkelidBle M P RutiBY 8”1
1. After said incubation (4 hours at 40°C) the polymer
precipitation was mixed with the activated heparin solu-
tion. The mixture was incubated during the night and the
15 following day the gel solution was neutralised, particu-
lated and washed from reactant residues.

The gel formed was able to bind growth factor, intex
alia basic Fibroblast Growth Factor (bFGF), but did not
show any inhibition of the coagulation of whole blood.

20 Example 8 _

Preparation of a gel containing positively charged

groups of chitosan.

Incubation of a mixture of 7,5 g of hyaluronic acid
polymer and 2,5 g of chitosan (See Cure® Protan) was per-

25 formed in accordance with example 1. After a dissolution
and a neutralisation a copolymérized viscoelastic solu-
tion was obtained. Said solution possessed healing pro-
moting properties after having been applied to a sore
slow in healing.

30 Example 9
Preparation of a gel which has been sterically

coupled.
, 7,5 g of hyaluronic acid were activated in accor-
dance with Example la. In the same way 2,5 g of dextran
35 were activated. The hyaluronic acid was precipitated in
methanol, the precipitation then being mixed with 500 ml-
of a diluted activated 0,5% dextran solution. After stir-




nmoting properties after having been applied to a sore slow in healing. 30
Example 9 Preparation of a gel which has been sterically coupled. 7,5 g of
hyal uronic acid were activated in accor- dance with Exanple la. In the sane
way 2,5 g of dextran 35 were activated. The hyaluronic acid was

preci pitated igv({@ ol, the precipitation then being mxw&@?g m of
a diluted activate , 5% dextran sol ution. Agger stir-
PCT/ SE96/ 00684 14 ring and adjustnent of pH and salt concentration a vis-

coel astic solution was obtained. 5 m of said solution was infused in an
Achi'l | es tendon sheath which repeatedly showed inflanmation in the form of

soreness and 5 "cCrepld i adftsimen@Uss WILlahdsaall Avnceherat iondan viseb-

| ens had di sappear ed., l e 10 .Pre ' | o

medi ci nal depot con?%?]%(%g‘%@féﬁiofoggé aotﬂtggﬁghb?%g‘ﬁ'cfkmégf%%gg‘z#% %in
accordance wth Exawg$ drgfused imancAghbilesytentdenisheagh, vhighs repgagedly
Gr;anul o;:yte nHCFODh?’lQ&rled %%'f@%ﬁﬂgﬁuiﬁtﬂm ffo&ﬁ\t@f,so@lHBSEs(alrmJCOH?iX[e(rjr]) 1
ng/ g pol yner. npj, e " repar.ati,qn ille
virus type Inf F)t%nzacﬁ.]kiﬁ?e:p?gpegr gPan&V\é/ak% 5§§?$%§9§%a¢%%%a% % 4 but
i nstead of EPO 40 obemsidadkdiparpreas®luenza horse virus per 100 m  of

diluted active 1% pol ymBxampligti®n were 20 added. After contraction 4x the
preparation contai ned 1\@@@%@4@ £3rV 866 1 Wi ABADE AT BepBn 100

horses in connection w - rUenza t1e preparacr on S—found
to be highly effective £ontaining GMCPBn against infection, which protection
was nmi ntai ned I®r a | orghe2broduat Wasrprdpaneds inpatdesdance with Example

5 but instead of calcitonin there was added Granulocyte
macrophage - colony stimulating factor, GMCSF (Leucomax®)
1 mg/g polymer.
Example 11 -
15 Preparation of gel containing killed virus

type Influenza A2. '
The preparation was performed as in Example 4 but

instead of EPO 40 960 HAU killed influenza horse virus
per 100 ml of diluted active 1% polymer solution were

20 added. After contraction 4x the preparation contained 1
600 HAU per ml. By a vaccination of more than 100 horses
in connection with an epidemic influenza the preparation
was found to be highly effective as to protection against
infection, which protection was maintained for a long

25 time (more than 6 months).

Example 12
Preparation of a fresh gel containing a living cell

suspension.
A 5 ml fibroblast culture was mixed with 100 ml of a
30 neutralized solution according to example la. The mixture
was oxygenated and dried to half the volume. A viscoelas-
tic solution containing living cells was obtained.
Example 13
Preparation of a dense micronised gel containing
35 small peptides.
To an activated neutralized gel according to Example
la there was added 5 mg of a peptide having 12 amino ac~-

[2)




Exanpl e 12 Preparation of a fresh gel containing a living cell suspension.
A5 m fibroblast culture was m xed with 100 m of a 30 neutralized

sol ution according to exanple la. The m xture was oxygenated and dried to
hal f the vol une. A viscoelas- tic solution containing living cells was

obt ai ned. Exanmwlgreparation of a dense m cronised gel containing 35
smal | peptides. To an activated neutralized el according t a
there was added 5 ng of a peptide having 12 anmi no ac- WO 97/ 04012 15
PCT/ SE96/ 00684 ids. The gel was evaporated during stirring to 10% and was
suspended in mneral oil. After addition of methanol the dry gel particles
were filtered of f dmg.WeEeafkICwasNevdpbatiel dRIinguesirPing to 1Exam& e 14

Preparation of a ggl,sC %%? cr e .
peptides accordi ngq{ao Egé%t{ye%géwﬁi /oosg})l tﬁ%(?% g?gﬁéelu% PI Z6 (ﬂ yner
activat ed accordi ngReodEX HRN Parsicles sesRefbktaregnPEL AR é’aﬂ}eﬁeﬁﬁe
added. The gel was firomnotlafemidies.to half its volune. A honmpgenous

injectable and stable ggi‘a#%t %nl ng finely dispersed mcrospheres was

formed: Exanple 15 Pr a_gel containin sgherl cal poly
: talnliy fng ense, hictonised o of

met hyl met hacryl ate ( PMM 8¢
a polynmer diluted to 1‘Vgehdmteusmall @taddsmdﬁ.ag o Exatiphg 13. Exanpl e

IEa 100 m of nghteregtyofwoi H@EEBYL{E@&A‘%F ﬁé@%ﬁall(@ & adeedate t
vapor ati on 0 3% mer | e a.s e in e Yiscoel astic
Gol | Exanpl e 16 Pr ASPRRHUR b Exigete A adeRo e *F?*&?ﬁwi of 3 vete
10 added. The gel was then evaporated to half its volume. A
homogenous injectable and stable gel containing finely
dispersed microspheres was formed.

Example 15

Preparation of a gel containing spherical poly-
15 methylmethacrylate (PMMA) beads having a size of

40 -~ 120 um,

To 5 g of a polymer diluted to 1% and neutralized
and activated according to Example la 100 mg of spheres
of polymethylmethacrylate (PMMA} were added. Evaporation

20 to 3% polymeric gel gave a stable injectable viscoelastic
gel.

Example 16

Preparation of a gel containing PMMA fragments of
500 nm to which hvdrophobic antigen has been added.

25 Haemagglutinin antigen prepared from A2 virus ac-
cording to Example 11 ‘was absorbed by hydrophobic inter-
action on 500 nm PMMA particles. Said particles were
added to 1% solution according to Example 15 and a reduc—
tion to half the volume was accomplished. A stable ho-

30 mogenous viscoelastic gel was formed which was useful as
a vaccine having a high adjuvant effect.




500 nmto which hydrophobic antigen has been added. 25 Haemaggl utinin
antigen prepared from A2 virus ac- cording to Exanple 11 was absorbed by
hydr ophobi c inter- action on 500 nm PMVA particles. Said particles were
added to 1% sol ution according to Exanple 15 and a reduc- tion to half the

vol une was accqlggh_}g@; d. A stable ho- 30 nogenous viscoel asti el
formed which as a vacci ne having aghi gh adj uvant WO
97/ 04012 PCT/ SE96/ 00684 16 Exanpl e

17 A conparison between the degree of reswelling at free availability of
water between conventionally prepared gels and gels prepared according to
the 5 present i nvBiHEmb0e.1Hyal uronic acid gels prepared according to
Laurent et al 1963 and %EQQ&',
hal f their swelling vo
original solutions. The kS8 a¥Wakia P\ WRSE 3 R L)

vol unme while the gel co arbd® 1&ceaad tp:ebbﬁecprmeaai alepas 1 and 2
swel l ed marginal{y only Eg%gﬁ@;“I%’tbnparlson bet ween bi ol ogi cal
activity of EPO 15 {m-rféﬁ-wlth hyal uronic acid to a gel and
the gel according to Exdifflarenicagighpeks MxXePRzEc RRGPIEHRT 2 d-apirent
concentration of saet gkl19630und paidoawiag Ut Exampies rerhdve tdbdyer eerer |
(GILAG) for Lheir agaggda. %aifdﬂmw% mfnmsmn Wan! £R8Y b0 relOf

}D\Qfl glr)]tnt 23 with a d%slgroe uced nto t%fg.r or:E.] in qgtsofution%WEﬂg J.ously60
000 70 DYO known gelp0s@dlledsBo0bdedbrriginal voleeeduJ;e the gel
Directly Cont eghpdditiiont Se€ddrdn stuhg@rbsdn@lm%plé@m tand 2
Cont rol Cont rsr?zlelled margg)ogfﬁn ong?,n?f&) trated trated
Example 18
Comparison between biological activity of EPO
15 copolymerized with hyaluronic acid to a gel and the

gel according to Example 1 into which EPO had been
enclosed by a concentration of said gel.
Pour patients under treatment with Eprex® (CILAG)
for their anaemia caused by chronic uraemia were treated
20 for two months with a dose each month according to the
following regimen: '

Patient no. 1 2 3 4

Dose IU 60 000 70 000 70 000 50 000

Month 1 Directly Directly Control Control
gelled depot, gelled depot,

Month 2 Control Control Concen- Concen-

: trated trated
Directly gelled depot: Epoxide cross-linking under mild
conditions according to Example 11 in the presence of
EPO. -

25 Control: EPO dissolved in 4% hyaluronic acid MW about
6x10° from cock’s comb prepared according to US 4 141 973
(Healon® Pharmacia).

Concentrated: EPO enclosed within activated gel which was
gelled through concentration.

30 The dose was selected as the total dose per month
which was normally required by the patient to maintain




Directly gelled depot: Epoxide cross-linking under mld conditions
according to Exanple 11 in the presence of EPO 25 Control: EPO dissol ved
in.4% hyal uronic acid MW about 6x10[err] from cock's conb prepared
according to US 4 141 973 (Healon[err] Pharnacia). Concentrated: EPO

encl osed within activated gel which was gelled through concs%%&& 30
The dose was s¥P&E as the total dose per nt h whi ch. was y
required by the patient to maintain WO 97/ 04012

PCT/ SE96/ 00684 17 the haenogl obin |l evel. The serum | evel of EPO was ana-

| ysed at regular intervals by neans of an i munochem cal nmethod. Results 5

A common net hod of ﬁ;&o?‘\%%ﬁg?g%g#ﬁ%%?&; iﬂ%&ggrﬁ%ﬁ_@%l%f GaRPaR 8RaL at i ons

is to calculate the cu s of .EPO x days This study als i ves
t he "bi oavai | abi | i t A¥8¢k AE FeFHhS iﬂ'é%‘?‘?f?g‘lsogl‘{rf“?aé'ée%’fi i b‘tn5'8’t5‘°§§e’61°-’ﬁ °
retained, + = incrastddand - = reduced. 10 Tabl e Patient no./nonth
/1 112 2/1 2/2 3/ 15536&? 4/ 1 4/ 2 Area under the curve 41 424 57
534 224 952 567 656 enogl obi n, cont ol - - .+ ' +

+ + Concl usi orP An encIA0§8'P‘8°rb1meE i9F SxpEREFinG gaedfe‘b% tionaEy g%feect

hi ghest possi bl e r edRatepottuprerpnatdonsals Fios calenlanst she FYHSIE GERRt he

gel ling reaction inuif&Po@SERS & SayESO Tifis bbudy ralpedgives feones such

Lg—?—; Sgg\é/eg%GIEszwlgelci Sﬁevg(:\i %L:Cxlll ey ri%gi:ﬁé efoetq( of hé&o%ﬂagf@ 1l2evel in blood
as 0 = retained, + = increased and - = reduced.

10 Table
Patient no./month 1/1 1/2 271 2/2 3/1 3/2 4/1 4/2
Area under the curve 41 424 57 534 224 952 567 656
Haemoglobin control - + - + 0 + + 4+
Conclusion -

An enclosure of EPO in a contracted depot gives the
highest possible release during the analysis. Attempts to
perform the gelling reaction in the presence of EPO de-

15 stroyed the hormones such that a very low release could
be registered.



1. ;'A process for preparing a cross-linked bi ocom patible polysaccharide

gel conposition, which conprises: 5 formng a of a water
sol ubl e, cross- |inkable -polysaccharide; init r]“ll“ﬁ"ﬂimmlnl”“ﬂkl ng of said
pol ysaccharide in the presence of a pol yfunctiohal® ctrosd-1%nki ng agent
there- 10 for; sterically hindering the cros“1inking'Feaétrgeﬁé&@ﬁggg- I ng
term nat ed bef&“@’?ﬂﬂq%n on occurs, an activat,gd pol y- saccha by
bei ng obtained; and 15 relntrodu0|ng sterlcaﬁly unhi ndered conditions for
said activated polysaccharide so as to termnate the cross- |inking thereof
up to a viscoelastic gel. 2. A process according to claim 1, wherein the
20 pol ysaccharide is selected fronlthe gr ou@,xgmesi sting of glucose anm ne

gl ucans. 3. A process accordln Ialan“WHEreln san gL ﬁ se _am ne

gl ucan conprises hyal urohi c &P “?Ps RT PERRARING 3 (7T A% LiBke 3”'(?r?8mof t he
precedi ng 25 cl ai ns patibleipolylsecchasisiel igeki copragéhions whdichceenprimes:t he
group consisting of al dehydes, epoxides, polyaziridyl conpounds, glycidyl

ethers and divin sul phones. r.0 cor aim4, wherein
sai d gl yci dyl ger RY B aﬂ“ﬁ”ﬁlt%‘]‘é‘%’i d"l 3‘7’8#38@“1%1’!'&#3' FOssT g
A process accord| ng liakabye rd ysbethmriglegcedi ng cl ai ns, wherein said
sterically hindering of the cross- |inking reaction conprises diluting the

gi . . ch ih - e .
S?.”?ﬁ”i Toner | concerirBE A ERestot UaRenar 4134 pELIFr Balids i A5C0m
A process accor di ng nn;s&nyemﬁa aopolpntunatdondl ¢yRFsclanking R9ept T‘P%‘d

rei ntroduction b stegyd;cally un- WO 97/ 04012
PCT/ SE96/ 00684 19 hi ndered conditi ons conpri ses evaporating t he agqueous ne-
diumin which the cross-1linki n% reaction is perforned, to

sterically hindexing the cross-linking reaction from be-

ing terminated before gelation occurs, an activated poly-
saccharide thereby being obtained; and
15
reintroducing sterically unhindered conditions for said
activated polysaccharide so as to terminate the cross-
linking thereof up to a viscoelastic gel.
. 2. A process according to claim 1, wherein the
20 polysaccharide is selected from the group consisting of
glucose amine glucans.
3. A process according to claim 2, wherein said
glucose amine glucan comprises hyaluronic acid.
4. A process according to any one of the preceding
25 claims, wherein the cross-linking agent is selected from
the group consisting of aldehydes, epoxides, polyaziridyl
compounds, glycidyl ethers and divinyl sulphones.
5. A proceéss according to claim 4, wherein said
glycidyl ether comprises 1,4-butanediol diglycidylether.
30 6. A process according to any one of the preceding
claims, wherein said sterically hindering of the cross-
linking reaction comprises diluting the aqueous medium in
which the cross-linking reaction is performed, to accom-
plish a lower concentration of the polysaccharide in said
35 medium,
7. A process according to any one of the preced-
ing claims, wherein said reintroduction of sterically un-



accofrpl I sh a higher concentrati f t.rFmE)I ysébchari de in said medium 5
8., A process according to anyIﬂ” ﬂﬂ&ﬂl&m 6, wherein said
rei ntroduction of sterically unhi ,u"ions conprises dialysin

nmp y g
t he aqueous nmediumin which the cr o0ss-1i nki g teaction is performed. 9.

process accorqw to_any one of the preceding 10 clains, We
initial cross- M reaction in the preseEQe of a polyfu
cross-linking agent is per- formed at an al kaline pH, preferably above pH -

9, ether cross-linking reactions thereby being pronoted. 10. A process
according to any one of clainms 1-8, 15 wherein the initial cross-Ilinking

png o8 ) f ! tarte >S- 11
borfor mod at an achpadilf cBhafe Ry i fB0ky SR RO iG] e
reactions thereby B&WhgmMbishethe crosa-Linldagsreatidod nf PHriaRrednetr the

preceding 20 cl ai escomplcishi 8 Riglterstcencestirahionref dheopol heaahagéde | i nki ng
reaction is acconpljshedy %ﬁggﬁ_sai d cross- linking agent has been
In

consuned. 12. A_process, accor to an ne of the precedi cl ai ps,

wher ei.n a biol ofi cal |y &cti 9e9§?ﬁg%§saﬁé’ﬁg¥ “8n€° Y &%838(1‘; ﬁvﬁ%ﬁ\sn?fg’z
cross-1inked pol ysabebein caidekeintmnsiuction of aterirpliliyeuphindared con-
thereof, preferabl &iﬁiowse%wpkggésadiaq s2A¢ thal hqEeuie Rleli@inh Ofh GaAght i ONs.
13. A process accorgl n&rto_ .a*(m 12 er el ?%116 oﬁfetd ve substance is

encl osed within t h& ge ‘ﬁﬂ*r%&g i i 0 e &fg S6tVTNg "or di spersing the
same in said activated Dol ydaprécessiacser 5Q AR (9N8g OF akhe wﬁgm

pol ysac- chari de t@i8imé; GHereinnthé denedar @idskiDivkinkd redcpi@cdasthe

Substance 15 el ecPrafengt 3e B pfy plihckiondlBrEhE EAUALY Bugft M plract ! Ve
cyt oki nes, vacci neforped |at andalkatine :Pﬁgn@iﬁfieﬁgb%)llbgi%’ﬁceg. S, ethero7/ 04012
PCT/ SE96/ 00684 20 Ifosé-DIMia%s ras60idtisghérebyl Beiind oronberdi n sai d

10. A process according to any one of claims 1-8,

15 wherein the initial cross-linking reaction in the pres-
ence of a polyfunctional cross-linking agent is performed
at an acidic pH, preferably at pH 2-6, ester cross-
linking reactions .thereby being promoted.

11. A process according to any one of the preceding

20 claims, wherein said sterical hindrance of the cross-
linking reaction is accomplished before said cross-
linking agent has been consumed.

12. A process according to any one of the preceding
claims, wherein a biologically active substance is en-

25 closed within the cross-linked polysaccharide gel compo-
sition during the preparation thereof, preferably at
physiological pH and salt concentration conditions.

13. A process according to claim 12, wherein said
active substance is enclosed within the gel composition

30 by dissolving or dispersing the same in said activated
polysaccharide before subjecting last-mentioned polysac-
charide to sterically unhindered conditions.

14. A process according to any one of claims 12 and
13, wherein said biologicaliy active substance is selec-

35 ted from the group consisting of hormones, cytokines,

vaccines, cells and tissue augmenting substances.




ti ssue augnenting substance conprises a polynmer selected from coll agen,
starch, dextranomer, polylacti djjﬂl"wﬂﬂ]lmm t hereof, and

pol y-[err]-hydroxybutyrate and mnEreof. 16. A process
according to claim14, wherein said‘hotnohe §s*selected fromthe group
consi sting of %Hfﬁo poeitin and calcitonin. 17. A process accordi nﬂ to
any one of clai -136, 10 wherein said bi Ebogi cally acti e
contains func- tional groups reactive with the polysaccharide and is en-

closed within the gel structure by chem cal reaction therewith. 18. A
process according to claim17, wherein said 15 biologically active

subst alnpekpont al ni {19 f ungy.i OfaprstedePScbetdingero Fﬁlﬁﬁgfiﬂ?dwlmﬂélnasaid
cross-1inking agen sai c e r y sane
cross-1inking agent tég&fes a&gggg{:%éfﬁéﬁg%xg%q Icigéé%jﬁsfasofa Pﬁg o eAeeRad

ride. 20 19. £romrenidappnk c3Easiche ofpHirRBIRS 0 IPPINARGELAR: adl co—
conposi tion whenevepolyfdy ¢Heb¥of, RNACHEDy-PShedrouybiityRatsYaridiRkopblgt ai NB
1-18. 20. A partéal gé %rﬁ%%_el nked bi oconpati bl e acti- vated pol ysacchari de
gel conposition as 3 B$'a 25 process as clainmed in any one of
claims 1-18 before con- Y-nuRneraqesscpegerdingiinFiadm A4, Jehenaincgaid

pol ysacchari de by rhophémsldei Bglectietl Tromitiw gyoup ionddsedng wrlidriyeps-f or

the cross-linking r LaN.. Al -linked bioconpatible polysaccharide
gel 30 corrposition,sgg%#clﬁ alné Sﬁgﬁgﬁﬁe

by cross-I|inking_of_ a
cross-|inkabl e pol ysacchdri d® BFQ9ess BGF%%HEFF%@Y E’F‘Ssgfl?lrﬂ&'i“ﬁglag%%
therefor in twl@tepbereiw shidsbhickamsisalinlactyvetajbstance cemtdimst €dnbef ore
gel ation oc- curs Dysgnsi §rbipl PeAHIFACHIG] thSAIRERchhRPkIO BdLAS e
tion, and the second gLo s-l L nki Ste?.psgé'z I}It‘)‘til %te%chx Lgalcq:tro ucl ng
sterical |y unhi nder &4 %%‘i |‘Fbﬁﬂs&?ebrg c%gfﬁ va ion
PCT/ SE96/ 00684 21 thexewith.

18. A process according to claim 17, wherein said

15 Dbiologically active substance containing functional

. groups has been prereacted with a cross-linking agent for
said polysaccharide, preferably the same cross-linking'
agent as is used in the cross-linking of the polysaccha-
ride. .

20 19. A cross-linked biocompatible polysacharide gel
composition whenever prepared by a process as claimed in
any one of claims 1-18. _

20. A partially cross-linked biocompatible acti-
vated polysaccharide gel composition as obtained by a

25 process as claimed in any one of claims 1-18 before con-
tinuing the cross-linking of the activated polysaccharide
by reintroducing said sterically unhindered conditions
for the cross-linking reaction.

21. A cross-linked biocompatible polysaccharide gel

30 composition, which is obtainable by cross-linking of a
cross-linkable polysaccharide with a polyfunctional
cross-linking agent therefor in two steps, the first
cross-linking step being terminated before gelation oc-
curs by a sterical hindrance of the cross-linking reac-

35 tion, and the second cross-linking step being initiated
by reintroducing sterically unhindered conditions for



22. A cross-linked bioconpatible Hmm conposi tion accordi ng
to claim 21, which is defined by m Hﬂﬂures claimed in any one
of clainms 2-11. 23. A cross-Ilinked*bi bcolrrpaitl ol ysaccharl de ac- cording

to any one of g)&aada 1 and 22, which conprises a biol ogical actlve
subst ance encl rein. 24. A cross-lin bi oconpati bl e"% S hari de

ac- 10 cording to claim?23, wherein said biologically active substance is
as defined in any one of clainms 12-18. 25. A nedical or prophylactic
pol ysacchari de gel composition as defined in any one of clainms 21-24. 26. A

conposi tion accordiggyd Qrggg.Lﬁ,&‘_in V\gég&iloﬁ HE) @d}ﬂ;&hﬁg éy?ea%aﬂsgﬁf& PR Lce

preparation. 27. A cQ f Ing to any one of clains 21-
as a nedical or pro‘b‘fﬁ? ‘E&?goleon 28. Use of a conposition
according to any one of 22. alkm:rﬁssimrilmd bhecompatibie upel yscehaeitiec glelor
bspecially a ﬁﬁ“" FRHTRALEL o hgeRrath§ 1P CHUTTUL, Whath Lo JTRTEBY one of
cl gl M54 21y24 fo %&%uéﬁt{ﬁg}uﬁs g}mngaino?n YoP86h§ £ ]:?g{"?cz
conposi tion, espeC| al | y 2B8er herosaelinkes big@mﬁblefpalmm:idsmi ally
a humlan bei ng. |3? corERina0 GOCEnW%ﬁbcéf cslra;asozamdnacm; ﬁmt&.aat eBlprfes a
Compos onse-oe! HERERTY B BRSO
such a treatnment. cross-l:.nked biocompatible polysacchar:.de ac-

10 cording to claim 23, wherein said biologically active

substance is as defined in any one of claims 12-18.

25. A medical or prophylactic polysaccharide gel
composition as defined in any one of claims 21-24.

26. A composition according to claim 25, which is

15 adapted as a depot preparation.

27. A coinposition according to any one of claims
21-24 for use as a medical or prophylactic composition.

28. Use of a composition according to any one of
claims 21-24 for the manufacture of a medical or prophy-

20 lactic composition for tissue augmentation of a mammal,
especially a human being.

29. Use of a composition according to any one of
claims 21-24 for the manufacture of a medical or prophy-
lactic depot composition, especially for hormone treat-

25 ment of a mammal, especially a human being.

30. A method of medical or prophylactic treatment
of a mammal, especially a human being, which comprises
administering a composition as defined in any one of
claims 25-26 to a mammal in need of such a treatment.

30 '



