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The invention relates to hydrogel compositions, Which can be 
applied as biodegradable materials and to the processes to 
prepare such hydrogels. The hydro gel of the present invention 
comprises a stereocomplex gel structure Which is the result of 
the interaction of oligomeriZed monomers of one chirality 
With that of oligomeriZed monomers of the opposite chirality, 
both grafted to hydrophilic polymers. The grafts form an 
interaction Which is different from a covalent chemical inter 
action and thus provide the gel With the required coherence. 



Patent Application Publication Oct. 7, 2010 Sheet 1 0f 11 US 2010/0255098 A1 



Patent Application Publication Oct. 7, 2010 Sheet 2 0f 11 US 2010/0255098 A1 

?g $2M.“ E, “ME "9% gum???Egg? 1: 1m 2Q aim “V2 is dug 55%-03.68%? i»v E ?aw 
wg? , . . Q83 mg? , mag $83. 

@214”. 
coca . x ‘A . > .. 

05% i 83 M. 8%.‘ 
8% w ,, iii? . 

‘3E. .. . a???gém + 2%2315 n a 



Patent Application Publication Oct. 7, 2010 Sheet 3 0f 11 US 2010/0255098 A1 

a? “a? g “NE nuam??wwé5mgam. Q i an‘ “5% g.“ E‘: dog némmméim?mowm x i E Eu $25M go? 803 SEN Q Q 

w / i 3 , 1, M v 1“ 1, i A L i K 1.: X 32 v i i - 8E 

BEQESZMQ u M ‘ 

82 . . “g2 
3%, ax 5 g3 

‘ ., éq?k ., 

3mm . ‘ g3. 
, a . ,wsmWm, ®¢...wt®.:wT¢i¢\$\¢i¢.¢\ I Egg-51mm + HEQESYMQQ a Q . , , , comm , eomm g9? 5%? 5.? gm .mg?a $2-5: 

(M) .i 

Figure 3 



Patent Application Publication Oct. 7, 2010 Sheet 4 0f 11 US 2010/0255098 A1 

Figure 4 



Patent Application Publication 

m 

£113: 

W21 5 (IE. 

21% 

Oct. 7, 2010 Sheet 5 0f 11 US 2010/0255098 A1 

w as 

512mg: 

Figure 5 



Patent Application Publication Oct. 7, 2010 Sheet 6 0f 11 US 2010/0255098 A1 

fpx“ if 

Figure 6 

ziaxéé? Eingtimggj 

i m! 

Figure 7 



Patent Application Publication 

, 3.11" I 
in. 

Oct. 7, 2010 Sheet 7 0f 11 US 2010/0255098 A1 

Figure 8 



Patent Application Publication Oct. 7, 2010 Sheet 8 0f 11 US 2010/0255098 A1 

Figure 9 



Patent Application Publication US 2010/0255098 A1 Oct. 7, 2010 Sheet 9 0f 11 

12281353 i 

Figure 10 



Patent Application Publication Oct. 7, 2010 Sheet 10 0f 11 US 2010/0255098 A1 

Figure 11. 



Patent Application Publication Oct. 7, 2010 Sheet 11 0f 11 US 2010/0255098 A1 

i5 2 3 

Ema {d aw} 

Figure 12 



US 2010/0255098 A1 

STEREOCOMPLEX HYDROGELS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. Ser. No. 
09/913,967 ?led Dec. 31, 2001, Which is a national phase of 
PCT/NL00/00108 ?led Feb. 21, 2000, Which claims priority 
to EP 99200472.1 ?led Feb. 19, 1999. The contents ofeach of 
these applications are incorporated herein by reference in 
their entirety. 

TECHNICAL FIELD 

[0002] The present invention relates to hydrogel composi 
tions comprised of mixtures of Water soluble or Water dis 
persible polymers in an aqueous system, at least part of Which 
polymers contain at least tWo groups, Which groups can give 
an interaction. Furthermore, the present invention relates to 
processes for preparing such hydrogels, and the use of oligo 
meric or co-oligomeric groups onpolymers for gel formation. 

BACKGROUND 

[0003] The fast developments in the ?eld of molecular biol 
ogy and biotechnology have made it possible to produce a 
large number of pharmaceutically interesting products in 
large quantities. For instance, pharmaceutically active pep 
tides and proteins can suitably be used as drugs in the treat 
ment of life-threatening diseases, e.g., cancer, and of several 
types of viral, bacterial and parasital diseases; in the treatment 
of, e.g., diabetes; in vaccines, e. g., for prophylactic aims, and 
for anticonception purposes. 
[0004] Especially the specialiZed biological activities of 
these types of drugs provide tremendous advantages over 
other types of pharmaceutics. 
[0005] To illustrate the fast developments, it has been 
reported (see, e.g., Soeterboek and Verheggen, Pharm. Week 
blad 130, pp. 670-675 (1995); R. P. Evens and R. D. Sindelar, 
‘ Biotechnology products in the pipeline’, In: Pharmaceutical 
Biotechnology (D. J. A. Crommelin and R. D. Sindelar, eds.), 
HarWord Academic Publishers, pp. 337-355 (1997)) that in 
the United States of America, about 275 biotechnological 
products are in phase IV studies, While more than 500 prod 
ucts are under investigation. 
[0006] Examples of (recombinant) proteins, Which are con 
sidered very interesting from a pharmacological point of 
vieW, are cytokines, such as interleukines, interferons, tumor 
necrosis factor (TNF), insulin, proteins for use in vaccines, 
and groWth hormones. 
[0007] Due to their nature, proteins and proteinaceous 
products, including peptides, Which group of products Will be 
referred to as protein drugs herein-beloW, cannot be admin 
istered orally, at least not effectively. These products tend to 
degrade rapidly in the gastro-intestinal tract, in particular 
because of the acidic environment and the presence of pro 
teolytic enZymes therein. 
[0008] Moreover, to a high extent protein drugs are not able 
to pass endothelial and epithelial barriers, due to their siZe 
and, generally, polar character. 
[0009] For these reasons, protein drugs have to be brought 
in the system parenterally, i.e., by injection. The pharmaco 
kinetical pro?le of these products is, hoWever, such that inj ec 
tion of the product per se requires a frequent administration. 
For, it is a knoWn fact that proteinaceous material is elimi 
nated from the blood circulation Within minutes. 
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[0010] In other Words, since protein drugs are chemically 
and/or physically unstable and generally have a short half-life 
in the human or animal body, multiple daily injections or 
continuous infusions are required for the protein drug to have 
a desired therapeutic effect. It Will be evident that this is 
inconvenient for patients requiring these protein drugs. Fur 
thermore, this type of application often requires hospitaliZa 
tion and has logistic drawbacks. 
[0011] In addition, it appears that at least for certain classes 
of pharmaceutical proteins, such as cytokines Which are pres 
ently used in, e. g., cancer treatments, the therapeutic e?icacy 
is strongly dependent on effective delivery, e. g., intra-or peri 
tumoral. In such cases, the protein drugs should be directed to 
the sites Where their activity is needed during a prolonged 
period of time. 
[0012] Hence, there is a need for delivery systems Which 
have the capacity for controlled release. In the art, delivery 
systems consisting of a matrix of biodegradable polymers, 
(e.g., poly (DL-lactide-co-glycolide), see for example: J . L. 
Cleland, ‘Protein delivery from biodegradable micro 
spheres’ , in: Protein Delivery, Physical Systems, Pharmaceu 
tical Biotechnology, Vol. 10, (L. M. Sanders and R. W. Hen 
dren, eds.), Plenum Press, pp. 1-39 (1997) or L. Brannon 
Peppas, ‘Recent advances on the use of biodegradable 
microparticles and nanoparticles in controlled drug delivery’, 
Int. .1. Pharm., 116, pp. 1-9 (1995)) in Which matrix proteins 
are present and from Which they are gradually released, have 
been propose. 
[0013] Delivery systems can be obtained by using such 
biodegradable polymers for example in microspheres. HoW 
ever, in vitro or in vivo application of such systems based on 
poly (lactic acid) or poly (lactic-co-glycolic acid) have some 
inherent drawbacks. First, organic solvents have to be used to 
encapsulate proteins in the microspheres. Second, acidic 
products are formed during degradation, Which might result 
in a loWering of the pH. Both a loW pH and organic solvents 
can affect protein stability. Furthermore, it appears to be 
dif?cult to control the protein release from these systems, 
Which can lead to a burst release. 

[0014] A hydrogel system consisting of biodegradable 
polymers Would overcome such objections. Hydrogels can be 
obtained by crosslinking of hydrophilic polymers. Crosslink 
ing can be established by using aggressive and toxic cross 
linking agents Which are not compatible With proteins, such 
as bisfunctional agents, e.g., glutaraldehyde, diisocyanates 
and epichlorohydrin (See: Biodegradable hydrogels for drug 
delivery (K. Park, W. S. W. Shalaby and H. Park, eds.) Tech 
nomic Publishing Co. Inc., p. 75 (1993)). These are toxic 
compounds Which have to be extracted from the gels before 
these gels can be therapeutically applied. Moreover, these 
compounds can also react With, e. g., epsilon amine residues 
or lysine side chains of the protein that is present in the 
hydrogel matrix. This is highly unWanted because these reac 
tions might result in loss or reduction of biological activity of 
the protein. 
[0015] PCT/NL97/00374 describes a delivery system that 
provides one solution for this problem that improves the 
degradation properties. The hydrogel described in said PCT 
application is based on biodegradable polymers. More in 
particular, chains of these biodegradable polymers are inter 
molecularly crosslinked through linking groups, and these 
linking groups that keep the hydrogel together, are hydrolys 
able under physiological conditions, Which effects the degra 
dation of the hydrogel. 
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[0016] Although these hydrolysable hydrogels provide a 
gel With enhanced release properties, some disadvantages 
remain. The polymerization of dextran (-derivatives), for 
example, requires peroxydisulfate and TEMED as initiator/ 
accelerator, Which compounds are essentially incompatible 
With in vivo application. Furthermore, the use of an initiator 
may give rise to oxidation of proteins to sulfoxides. There 
fore, it is required that these compounds are carefully 
removed. 

BRIEF SUMMARY 

[0017] It is the object of the present invention to provide a 
release delivery system that consists of a biodegradable 
hydrogel that can be applied in vitro and in vivo as a release 
system, Wherein the crosslinks are not of a chemical nature, in 
the sense that the crosslinks are not covalent bonds. Conse 
quently, such crosslinks do not require cleavage of chemical 
bonds. 
[0018] To obtain a hydrogel composition that meets the 
demands set out in the above, several Ways to modify poly 
meric chains have been investigated, and the present inven 
tors have noW found that When a hydrophilic polymer is 
substituted With grafts that contain elements With chiral dif 
ferences, in particular elements that are enantiomers, a gel, 
i.e., a crosslinked structure, is obtained that has excellent 
properties, for the application as a release system, and in 
particular a controlled release system, for example for protein 
drugs. 
[0019] Without Wishing to be limited to a certain theory, the 
formation of this gelled structure is believed to be caused by 
the interaction of the grafts, Which is believed to be similar to 
the interaction betWeen the constituents of so called stereo 
complexes. These stereocomplexes are racemic crystallites 
that are knoWn to be formed from racemic mixtures of certain 
polymers. For example, it has been found (see, e.g., De Jong, 
et al., Macromolecules, 31, pp. 6397-6402, (1998)) that the 
melting temperature of stereocomplexes of poly (lactic acid) 
is considerably higher than the melting temperature of both 
the enantiomer crystallites. 
[0020] According to the present invention, the stereocom 
plex gel structure is the result of the interaction of oligomer 
iZed monomers of one chirality With that of oligomeriZed 
monomers of the opposite chirality, Which oligomeriZed 
monomers are both present on hydrophilic polymers. The 
groups of oligomeriZed monomers can be present anyWhere 
on the polymer chains, viZ. also on the head or tail positions 
of the polymer chains. Preferably hoWever, the groups of 
oligomeriZed monomers are present as branches or grafts on 
different polymer chains that constitute the gel structure. For 
clarity’s sake it is noted that in the present description and 
claims, the term “graft” does not encompass oligomeriZed 
comonomers at the head and tail of a polymer backbone nor 
blocks of such oligomeriZed comonomers incorporated in a 
polymer backbone. 
[0021] The gel is formed by mixing at least tWo different 
systems (A) and (B), each system being a solution or a dis 
persion of Water soluble or Water dispersible polymers, Which 
polymers have oligomeric grafts. The grafts are obtained by 
polymeriZation of preferably one type of chiral monomer 
(e.g., D or L lactic acid). 
[0022] The hydrogel composition according to the present 
invention is thus comprised of a mixture of (A) a Water 
soluble or Water dispersible polymer in an aqueous system at 
least part of Which polymer contains at least tWo groups, 
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Which groups are oligomers or co-oligomers at least partly 
formed from chiral monomers, and (B) a Water soluble or 
Water dispersible polymer in an aqueous system at least part 
of Which polymer contains at least tWo groups, Which groups 
are oligomers or co-oligomers Which are at least partly 
formed from chiral monomers With a chirality that is opposite 
to that of said monomers in mixture (A), such that the chiral 
part of the oligomers or co-oligomers in mixture (B) are in 
essence complementary to that of said groups of mixture (A); 
in Which hydrogel composition the groups on the polymers 
from mixture (A) give a physical interaction With the groups 
from mixture (B). 
[0023] System (A) comprises Water soluble or Water dis 
persible polymers With grafts formed from monomers of a 
certain chirality. System (B) comprises Water soluble or Water 
dispersible polymers With groups formed from monomers of 
an opposite chirality, viZ. the enantiomers of the monomers 
used in system (A). 
[0024] Optionally, a small mole percentage of another 
monomer (e.g., glycolic acid) randomly placed in the group 
of oligomeriZed monomers is present. The presence of this 
comonomer should not prevent the ability of the groups, e. g., 
graft to give an interaction to form an associated complex 
With groups, e.g., grafts of the opposite chirality. 
[0025] Alternatively, the graft is a co-oligomer that com 
prises a block-like structure, such as X-Y, in Which X is 
formed from non-chiral monomers (e.g., a polyethylene gly 
col block) andY is formed from chiral monomers (e. g., a poly 
(D or L lactic acid) block). 

BRIEF DESCRIPTION OF FIGURES 

[0026] FIG. 1 shoWs the reaction scheme for the synthesis 
of dex-lactate (8). 
[0027] FIGS. 2 and 3 shoW the development of the storage 
moduli in time of dex-lactate products. 
[0028] FIG. 4 shoWs the rheological characteristics as a 
function of time of dex-(L)lactate solution and a mixture of 
dex-(L)lactate and dex-(D)lactate solutions. 
[0029] FIG. 5 shoWs the strain as a function of time in creep 
experiments for (A) dex-(L)lactate, and (B) dex-lactate mix 
ture. 

[0030] FIG. 6 shoWs the storage modulus (G') of dex-lac 
tate hydrogel and chemically cross-linked methacrylated 
dextran gel as a function of temperature. 

[0031] FIG. 7 shoWs the storage modulus (G') of dex-lac 
tate hydrogel and chemically cross-linked methacrylated 
dextran gel as a function of frequency. 

[0032] FIG. 8 shoWs the storage modulus (G')(A) and strain 
(B) of dex-(L)lactate and dex-lactate mixture as a function of 
time. 

[0033] FIG. 9 shoWs the in?uence of (A) the degree of 
polymerization, and (B) the Water content and the degree of 
substitution on the storage modulus (G') of dex-lactate mix 
ture and of dex-(L)lactate. 
[0034] FIG. 10 shoWs the FTIR-transmission spectrum of 
the free monodisperse lactic acid oligomers (DP 8) and its 
corresponding blend. 
[0035] FIG. 11 shoWs the IR spectra of the dried dex 
(monodisperse)lactate products at Wavenumbers betWeen (A) 
2000-1000 cm_l, and (B) 1500-1100 cm_l. 
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[0036] FIG. 12 shows the cumulative amount of (A) protein 
IgG, and (B) lysoZyme, released from dextran gels as a func 
tion of time. 

DETAILED DESCRIPTION 

[0037] According to the present invention, a hydrogel can 
be obtained by mixing tWo or more Water soluble or Water 
dispersible polymers of the invention, Which hydrogel has 
excellent release characteristics, is easily loaded With, e.g., 
protein material, and that can be prepared Without the use of 
organic solvents. 
[0038] Preferably the oligomeriZed monomers, Which are 
referred to as “grafts” herein-beloW are biodegradable. The 
grafts are preferably coupled to the polymer through 
hydrolysable bindings. The entire release system can be bio 
degradable or biocompatible. 
[0039] It is also possible to obtain the desired effect, viZ. the 
stereocomplex interaction, When grafts formed of monomers 
of one chirality and grafts formed of monomers of an opposite 
chirality are present on the same polymer chain. When such 
grafted polymers are present in the mixture, they are also able 
to display the stereocomplex interaction. Preferably, hoW 
ever, each polymeric chain is grafted With oligomers formed 
from monomers of the same chirality. More preferably, the 
grafts have a monodispersed distribution of the chain length, 
i.e., all grafts have essentially the same length. 
[0040] It Will be understood from the above that the char 
acteristics of the formed gel Will be determined to a great 
extent by the type, the number and the length of the grafts 
applied. 
[0041] In the hydrogel according to the present invention, 
the average chain length of the oligomeric or co-oligomeric 
groups is preferably suf?ciently loW to render the polymer 
soluble or dispersible in Water. 
[0042] The hydrogel according the present invention com 
prises Water soluble or Water dispersible polymers in Which 
the average chain length of the graft groups is preferably 
suf?ciently high to obtain physical interaction betWeen the 
grafts formed from monomers of opposite chirality, Which 
physical interaction is different from the physical interaction 
that occurs When the grafts Were formed from a racemic 
mixture of the same monomers. 

[0043] Different amounts of enantiomers can be applied in 
one graft. It Will be understood that the interaction betWeen 
the grafts Will be highest When the grafts on the polymer in 
one system is formed by monomers of one chirality, While the 
other portion of the grafts has an opposite chirality. Alterna 
tively, it is also possible to use grafts that are enriched in 
monomers having one chirality instead of being exclusively 
formed by monomers of one chirality, as long as the grafts of 
the polymer in the other system is enriched in a fashion that it 
is in essence complementary to that of the ?rst. This can be 
realiZed by, e.g., oligomers or co-oligomers in the form of 
blocks of monomers With the same chirality. 
[0044] In order to form the hydrogel of the present inven 
tion it is required that for a polymer chain, in order to con 
tribute to the coherency of the gel structure, that it is grafted 
With at least tWo grafts. In this Way a netWork can be formed. 
[0045] The number of grafts is represented by the degree of 
substitution (DS) of the Water soluble or Water dispersible 
polymer. A DS of 100 refers to a polymer in Which each 
monomeric unit of the polymer is substituted by a graft, 
Whereas a DS of 0 refers to an ungrafted polymer. A minimum 
DS is required for a gel to be formed. DS can be varied by 
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changing the synthesis conditions, in particular the condi 
tions during the coupling of the grafts to the polymer. 
[0046] This can be carried out for example, by changing the 
ratio of oligomeric grafts/polymer in the synthesis mixture. 
Other parameters Which may be used to control DS comprise 
reaction temperature and reaction time. As explained in the 
previous hereinabove, the minimum DS, for the portion of the 
polymer chains that contribute to the gel structure, should 
correspond to tWo grafts per polymeric chain. 
[0047] On the other hand, in order for the constituent to be 
Water soluble or Water dispersible, it is required that DS is not 
too large. The value of DS required for the desired solubility 
or dispersibility can be experimentally obtained in an experi 
mental procedure Which procedure per se is standard for the 
person skilled in the art. Preferably the number of grafts per 
polymer chain is larger than 2, more preferably it is betWeen 
2 and a number that corresponds to a DS of about 25. The 
corresponding value of DS Will depend on the molecular 
Weight of the polymer. 
[0048] In a preferred embodiment of the hydrogel compo 
sition according to the present invention, the average degree 
of substitution of the Water dispersible polymer With oligo 
meric or co-oligomeric groups is suf?ciently high to obtain a 
netWork in Which the crosslinks are formed by physical inter 
action of the Water soluble or Water dispersible polymers. 
[0049] Preferably, the average degree of substitution is suf 
?ciently loW to render the polymeric structure Water soluble 
or Water dispersible. 

[0050] The graft length is represented by the degree of 
polymeriZation (DP), Which is the amount of monomers that 
constitute a graft. DP can be varied by changing the synthesis 
conditions, e.g., by changing the initiator/ graft monomers 
ratio. 
[0051] The DP should be suf?ciently high in order for the 
grafts to interact so that a gel can be formed. On the other 
hand, When the grafts are too long, the Water solubility or 
Water dispersibility becomes insuf?cient. Typically, for a 
poly (lactic acid) graft the average DP is greater than 6, more 
preferably it is betWeen 7 and 25, but of course this value Will 
depend on the type of oligomer used as graft as Well as on the 
type of polymer. 
[0052] For a hydrogel that comprises or is comprised of 
Water soluble polymers, such as dextran polymers, part of 
Which are grafted With poly (D-lactic acid) and the other part 
With poly (L-lactic acid), the loWer value of DS is preferably 
a value that corresponds to 2 grafts per polymer chain. The 
upper value is preferably about 25, and average DP is betWeen 
6 and 25. Preferably both said parts are equal. 
[0053] It Will be understood that the preferable values for 
DS and DP depend essentially on the type of grafts and the 
required properties of the resulting gel, although also the type 
of polymer used and other conditions can be of in?uence. For 
example, When the oligomeric or co-oligomeric groups of one 
mixture comprise poly (D-lactic acid) and the oligomeric or 
co-oligomeric groups of the other mixture of the hydrogel 
composition according to the invention comprises poly 
(L-lactic acid), it is preferred that both oligomeric or co 
oligomeric groups have an average chain length of 7-25 
monomers. 

[0054] In fact, the release properties and other properties of 
the resulting gel, When applied in controlled release, can be 
?ne-tuned and adopted to a speci?c application by varying 
DP and DS, Which is a tremendous advantage of the present 
invention. 
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[0055] It is also possible that the grafts are co-oligomers of 
different monomers, as long as at least one of the monomers 
used has a chirality that is opposite from at least one of the 
monomers that is used in the grafts of the polymer of the other 
system. 
[0056] In one embodiment of the present invention, the 
grafts of the polymer in system (A) are in essence formed 
from the L-enantiomers of a monomer and the grafts of the 
polymer in system (B) are in essence formed from D-enanti 
omers of the same monomer. 

[0057] In a preferred embodiment of the hydrogel accord 
ing to the present invention, the said oligomers or co-oligo 
mers of mixtures (A) or (B) are chosen from the group com 
prising homo-oligomers of D-lactic acid, random 
co-oligomers of D-lactide/s-caprolactone, di- and triblock 
blends of D-rich poly (lactic acid), poly(D-lactide-co-gly 
colide), di-and triblock co-oligomers of poly(ethylene gly 
col)/poly(D-lactic acid), poly(methyl methacrylate), poly(ot 
methyl-ot-ethyl-[3-propiolactone), poly(tert-butylethylene 
oxide), poly(tert-butylethylene sul?de), poly[[3,-(l,l-dichlo 
ropropyl)-[3-propiolactone], poly(ot-benzyl glutamate), poly 
(methylbenZyl methacrylate), poly(vinyl-N-butylpyridium 
bromide), poly(sodium styrenesulfonate), poly(tert-butylthi 
irane), poly(ot-methylbenzyl methacrylate), poly[[3-(l,l 
dichloroethyl)-[3-propiolactone], and mixtures thereof; and 
said monomers of the other mixture are formed by the enan 
tiomers of said monomers of the ?rst mixture. 
[0058] In another preferred embodiment the Water soluble 
or Water dispersible polymer of the hydrogel of the present 
invention is chosen from the group consisting of dextran, 
starch, cellulose derivates, albumin, lysoZym, poly(aminoac 
ids), poly(lysine) and related copolymers, poly(glutamic 
acid) and related copolymers, poly((meth) acrylates)/((meth) 
acrylamides), poly(vinylalcohol), poly(ethylene glycol), 
Water soluble polyphosphaZenes, or mixtures thereof. 
[0059] When applied as a controlled release system, the 
drug to be released is incorporated after the formation of the 
gel, viZ. after the addition of mixtures (A) and (B). 
[0060] Alternatively, because the gel of the present inven 
tion is prepared in the absence of organic solvents, the drug to 
be released can be added to the composition prior to the 
formation of the gel, viZ. prior to the addition of system (A) 
and system (B). The drug is thus mixed With system (A) 
and/or system (B), Which systems are subsequently mixed, 
upon Which the gel Will be formed under suitable reaction 
conditions. 
[0061] The graft groups can be linked directly to the poly 
mers or by means of a linking group, depending on the reac 
tivity of the groups and the polymer. An example of such a 
linking group is carbonyldiimidaZole (CDI). Such linking 
groups are converted further When the grafts are linked to the 
polymer. The linking group could also be applied to enhance 
the biodegradability of the product. According to a preferred 
embodiment of the present invention there is a linking group 
betWeen the Water soluble or Water dispersible polymer and 
the oligomeric or co-oligomeric group, Which linking group 
comprises a hydrolysable group. 
[0062] The grafts can be formed by oligomeriZation of the 
monomers, Which is preferably carried out by using an ini 
tiator. The initiator is usually incorporated in the oligomeric 
graft. Such initiators are compounds With a primary or sec 
ondary hydroxyl group, e. g.: ethyl lactate or other aliphatic or 
aromatic lactate esters, benZyl alcohol, lauryl alcohol, 1,4 
butanediol, adipic acid, (monomethoxy)PEG, 2-(2-methoxy 
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ethoxy)ethanol, or mixtures thereof. Care should be taken 
that the use of these initiators does not give rise to toxic levels 
of (reaction products of) these initiators in the resulting gel 
When applied in vivo. For this reason it is preferred to use 
endogenous compounds or compounds derived from endog 
enous compounds as an initiator. The use of such compounds 
as initiator prevents unacceptable (i.e., toxic) levels of these 
compounds or the reaction products thereof. An example of a 
suitable initiator is ethyl lactate, Which is easily hydrolyZed to 
the relatively harmless compounds ethanol and lactate in, 
e.g., mammals. 
[0063] When an initiator is applied, the grafts in the result 
ing product may carry (part of) the initiator as an end group. 
The amount of initiator relative to the amount of graft mono 
mers can be used to tailor the value of DP. 
[0064] The oligomeriZation is carried out in the presence of 
a suitable catalyst. Such a catalyst can be chosen from the 
group comprising: stannous octoate, aluminum alkoxides 
(e.g., aluminum tris (2-propanolate), Zinc poWder, CaH2, 
Sn(IV)tris-2-ethylhexanoate, tetraphenylporphinatoalumi 
num, aluminum triisopropoxide, chiral Schiff s base/alumi 
num alkoxides, Al (Acac), SALEN-AI4OCH3, t-BuOLi, 
Bu3SnOCH3, PbO, Zinc oxide, diethyl Zinc, Zinc chloride, 
stannous chloride, magnesium salt, Zn(Acac)2, ZnEtZ-Al 
(OiPr)3, (ZnEt2+AlEt3+nH2O), yttrium oxide, or mixtures 
thereof. 
[0065] The grafting of the polymers can be effected by 
mixing the grafts With or Without the linking groups and the 
polymers in a suitable solvent. Preferably the grafts are mixed 
With the linking groups. Such solvents can be chosen from 
aprotic solvents, depending on the polymer used, e.g., dim 
ethyl sulfoxide for, e.g., polydextrans, after Which the graft 
ing reaction is carried out under suitable conditions, Which 
conditions can be easily determined by a skilled person. After 
this the solvent is removed. 
[0066] The degree of substitution can be controlled by 
changing the amount of (co-)oligomeric graft and Water 
soluble polymer, e.g., the ratio of lactides to dextran. 
[0067] Another parameter that can be used in the hydrogels 
according to the present invention is the presence of (co-) 
oligomers in the hydrogel Which are not grafted to the poly 
mer. Such non-bonded (co-)oligomers form physical interac 
tion, Which interaction is similar as described in the above. 
The non-bonded (co-)oligomers interact With the grafts 
present on the polymer, thus ‘occupying’ the grafts and con 
sequently reduce the interaction betWeen the different poly 
mer chains through the grafts, rendering a gel Which is softer 
and/or has a loWer shear modulus. 

[0068] The oligomeric groups can be coupled to the poly 
mer by a coupling reaction, e.g., by forming a carbonate or 
ester bond betWeen hydroxyl moieties present on the polymer 
With hydroxyl groups (carbonate bond) or carboxylic acid 
groups (ester bond) of the oligomeric groups. 
[0069] Some oligomeric groups Which ?ndparticularuse in 
the present invention are bifunctional, i.e., have tWo func 
tional groups With Which the coupling to the polymer can be 
carried out. Lactic acid oligomers, for example, bear a 
hydroxyl group on one end and a carboxylic acid group on the 
other end of the chain. This carboxylic acid end group may be 
in its free form or may be blocked, e. g., in the form of an ester 
With a group derived, e. g., from the initiator. 
[0070] Stereocomplexes may be formed from a mixture of 
such oligomers (i.e., the non-bonded oligomeric groups per 
se), i.e., a racemic mixture of oligomers formed from 
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D-monomers and oligomers formed from L-monomers 
(Which Will be referred to as “D-oligomers” and “L-oligo 
mers”, respectively). It is found that the stereocomplex for 
mation takes place in either the so-called parallel or anti 
parallel orientation of the chirally different oligomers. 
[0071] In stereocomplexes With the parallel orientation 
each D-oligomer is paired With an L-oligomer, such that the 
beginning (ot-position) of each D-oligomer is next to the 
ot-position of an L-oligomer With Which it forms the stereo 
complex Likewise, the end position uu-position) of the 
chirally different oligomers are paired 00-00. 
[0072] In anti-parallel stereocomplexes, hoWever, the 
D-oligomers shoW a preference for pairing such that their 
ot-position is next to the uu-position (end position) of the 
L-oligomers. 
[0073] Whether parallel or anti-parallel stereocomplexes 
are formed, depends mainly on the type of oligomers, viZ. the 
monomers used to make these oligomers. For example, in a 
mixture of poly(D-lactide) and poly(D-lactide), a poly(L 
lactide) segment and poly(D-lactide) segment are packed in 
parallel fashion (Okihara, T.; Tsuji, M.; KaWaguchi, A.; 
Katayama, K. 1.; Tsuji, H.; Hyon, S. H.; lkada, Y. J. Macro 
mol. Sci. Phys. 1991, B30 (1&2), 119-140). 
[0074] It Was found that this preference for parallel or anti 
parallel orientation of the oligomers can be employed to 
obtain a hydrogel Which has particular favorable rheological 
behavior. 
[0075] For example, a hydrogel can be prepared from a 
mixture (A) and (B) as described above of polymers grafted 
With groups derived from bifunctional oligomers that shoW 
preference to parallel orientation. When the majority of the 
oligomeric groups on the polymers in mixture (A) are linked 
to the polymer through a moiety (for example the moiety at 
the ot-position), While the oligomers in mixture (B) are linked 
to the polymer through the moiety at the opposite position of 
the bifunctional oligomer (i.e., the moiety at the uu-position), 
a mixture is obtained Which shoWs enhanced gel formation, 
viZ. stronger gels (higher value of G') compared With poly 
mers grafted With oligomeric groups Which are linked to the 
polymer by the same functional group in both mixtures (A) 
and (B), having the same DP and DS. 
[0076] By choosing the synthesis conditions for grafting 
the polymers in mixture (A) differently from the synthesis 
conditions for grafting the polymers in mixture (B), a gel can 
be obtained in Which the parallel orientation of the oligomeric 
groups is facilitated. When the parallel orientation of the 
corresponding oligomers is preferred, this Will result in a 
stronger gel than When the same oligomeric groups are in 
anti-parallel orientation (Which orientation is facilitated by 
employing the same synthesis conditions for grafting in both 
mixtures). 
[0077] Conversely, When grafts are used derived from oli 
gomers that form anti-parallel stereocomplexes, the stronger 
gel is obtained When synthesis conditions for grafting are the 
same in both mixtures. 

[0078] Therefore, according to a further embodiment of the 
invention, there is provided a hydrogel composition as 
described above, in Which the oligomeric groups are derived 
from bifunctional oligomers that form parallel stereocom 
plexes, in Which a substantial part of the oligomeric groups 
are coupled to the polymer in mixture (A) through a chemical 
moiety that is different from the corresponding moiety 
through Which a substantial part of the oligomeric groups are 
coupled to the polymer in mixture (B). 
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[0079] Conversely, When anti-parallel oligomeric groups 
(i.e., groups derived from oligomers that form anti-parallel 
stereocomplexes) are employed, stronger gels are obtained 
When the groups are coupled to the polymer in mixtures (A) 
and (B) through the same group. Coupling through different 
groups, as described above, could in this case be employed to 
loWer the strength (value of G') of the resulting gels. 
[0080] Facilitating the parallel or anti-parallel orientation 
of the oligomeric groups can be obtained easily by choosing 
proper synthesis conditions. For example, When polymers 
having hydroxyl groups are used in mixtures (A) and (B) and 
parallel complexing oligomers are used as oligomeric groups, 
Which oligomers are bifunctional in that they have an 
hydroxyl group on one end and a carboxylic acid group on the 
other end, the skilled person can choose synthesis conditions 
in mixture (A) Which result in the formation of a carbonate 
bond. The carbonate bond is formed betWeen the hydroxyl 
group of the oligomeric group and the hydroxyl group of the 
polymer. The synthesis conditions in mixture (B) can be 
chosen such that an ester bond is formed betWeen the car 
boxylic acid group of the oligomeric group and the hydroxyl 
group of the polymer. When the tWo mixtures (A) and (B) are 
subsequently mixed together, gel formation is enhanced by 
the anti-parallel orientation of the oligomeric groups. 
[0081] Prior to mixing (A) and (B) the individual mixtures 
can be subjected to solvatation, Which comprises mixing for a 
certain period of time. 
[0082] An interesting possible use of the invention is the 
use of mixture (A) and (B) for the in vivo formation of the 
hydro gel. When mixtures (A) and (B) are mixed, the resulting 
mixture Will initially be liquid, since the formation of a hydro 
gel Will take some time. When this mixture is injected before 
the formation of a hydrogel is completed, the hydrogel Will be 
formed in vivo. This is carried out by mixing ex vivo the 
mixtures (A) and (B) and injecting this mixture in liquid form 
after Which said hydrogel forms in vivo. 
[0083] The stereocomplex hydrogels according to the 
present invention, are macroscopic gels. The gels can be used 
in their macroscopic form, applied, e.g., in implants. The 
stereocomplex hydrogels may also be used for topical appli 
cation in Which an active ingredient can be administered, by 
applying the drug loaded gel to skin This can be used, e.g., in 
the treatment of bums and scalds. 
[0084] Alternatively, the gels can be formed in micro 
spheres, for example by spray drying. Another possibility for 
forming microspheres is described in PCT/N L97/ 00625 
Which discloses a tWo phase method in Which a tWo phase 
system is formed from tWo incompatible Water soluble poly 
mers and at least one releasable compound. According to the 
present invention, a process for the preparation of a hydrogel 
in the form of microspheres comprises the formation of a tWo 
phase system, optionally in the presence of a releasable com 
pound, by choosing tWo of said Water soluble or Water dis 
persible polymers such that they are incompatible; from 
Which tWo phase system the hydrogel is formed. 
[0085] lnj ectable microspheres, suitable for controlled 
release of an active ingredient, Which is incorporated prefer 
ably before the gel formation takes place, can thus be 
obtained. 
[0086] Another interesting application of the gels of the 
present invention is to encapsulate cell material, in particular 
living cells. This is of particular interest for tissue engineer 
ing. This encapsulation can be effected by mixing the cells 
and/or another active ingredients, such as groWth factors, in 
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one of the mixtures (A) or (B), after Which the other mixture 
is added, by Which the gel is formed. Instead of cells, other 
biological or non-biological compounds can be used as active 
ingredient. Examples are plasmid DNA, viral vectors, and 
colloidal carriers such as liposomes, iscoms, polyplexes (i.e., 
combinations of (cationic) polymersisuch as organic poly 
phosphaZenes or polyacrylatesiand DNA), lipoplexes (i.e., 
combinations of (cationic) lipids and DNA), nanoparticles, 
(i.e., polymer based spheres in the nanometer siZe range), 
solid lipid particles in the colloidal siZe range, emulsions, 
such as intralipid-like systems, and combinations thereof. 
Also loW molecular Weight compounds may be encapsulated. 
[0087] The present invention also provides a process for the 
preparation of a hydrogel comprises the steps of preparing 
tWo mixtures of a substituted Water soluble or Water dispers 
ible polymer, the preparation of each mixture comprising: 
[0088] 1) polymerization, optionally in the presence of a 
suitable initiator, of a monomer, Where the monomer of one 
mixture is the enantiomer of the monomer of the other mix 

ture, 
[0089] 2) reaction of the product of the previous step With a 
suitable coupling compound, 
[0090] 3) reaction of the product of the previous step With 
said Water soluble or Water dispersible polymer, and 
[0091] 4) mixing tWo said mixtures. 
[0092] Preferably, the suitable initiator in step 1) contains a 
primary or secondary hydroxyl group. 
[0093] The invention further relates to the use of tWo oppo 
site enantiomeric forms of a monomer in an oligomer or 
co-oligomer Which oligomer or co-oligomer are attached to 
polymeric chains to physically link these polymeric chains. 
[0094] Whether a speci?c mixture of grafted polymers Will 
give rise to the formation of a gel can effectively be assessed 
by measuring the rheologic behavior of the presence of physi 
cal interactions (stereocomplexes) Will give rise to (more) 
elastic behavior, as is re?ected for example in the storage 
modulus (G'), the loss modulus (G"), tan 6(:G"/G') and/or the 
creep, Which can be determined experimentally. 
[0095] The present invention Will noW be illustrated in the 
folloWing Examples, Which are not intended to limit the scope 
of the invention. 

Example 1 

Synthesis of Dex-lactate ((DP)av:15, (DS)av:10) 
Hydrogels 

[0096] Ring-opening polymerization of lactide (L-lactide 
for system (A) and D-lactide for system B, each 5 g) Was 
carried out using 2-(2-methoxyethoxy) ethanol (MEE, 0.556 
g) as an initiator, and stannous octoate (0.093 g) as the cata 
lyst. The polymeriZation Was carried out in the melt at 1300 C. 
for four hours to yield MEE-L-lactic acid oligomer (A) and 
MEE-D-lactic acid oligomer (B). FIG. 1 shoWs the reaction 
scheme for the synthesis of dex-lactate (8), in Which the DP is 
the degree of polymeriZation and DS is the degree of substi 
tution (number of lactic acid oligomers per 100 glucopyra 
nose units of dextran. 

[0097] Subsequently, carbonyldiimidaZole (CD1, 1.122 g, 2 
eq., 6.92 mmol) Was dissolved in tetrahydrofuran (THF) in a 
nitrogen atmosphere. The MEE-lactates (A) and (B) (each 4 
g, 3.46 mmol) from the previous step Were added in THF to 
form separate CDl mixtures. Each reaction mixture Was 
stirred for four hours at room temperature under nitrogen 
atmosphere. The products Were puri?ed by precipitation in 
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Water to inactivate residual CDl. After centrifugation the 
product Was dissolved in acetonitrile and dried over MgSO4. 
After ?ltration, the organic solvent Was removed under 
reduced pressure, yielding a viscous oil for each mixture (A) 
and (B). Both products (A) and (B) Were dissolved in dried 
DMSO. 
[0098] After this, tWo mixtures Were made in Which dextran 
(5.6 g) Was dissolved in dry dimethyl sulfoxide (DMSO) 
before 4-(N,N-dimethylamino)pyridine (DMAP, 1.06 g, 0.25 
eq. to dextran, 8.65 mmol) Was added. After dissolution of 
DMAP, the MEE-lactate-carbonylimidaZole mixtures (A) 
and (B) (each 4.48 g, 3.46 mmol) of the previous step Were 
each added to one portion to yield tWo neW mixtures (A) and 
(B). These mixtures Were stirred at room temperature for 4 
days under nitrogen atmosphere, after Which the reaction Was 
stopped by adding concentrated HCl to neutraliZe DMAP and 
imidaZole. The reaction mixtures Were dialyZed against dem 
ineraliZed Water at 40 C. The crude dex-lactate products Were 
lyophiliZed and the uncoupled lactate oligomers Were 
removed by extraction With dichloromethane. After ?ltration 
and evaporation the pure product Was obtained. 
[0099] The products had grafts With an average degree of 
<BR> <BR> <BR> polymeriZation (DP)av of 15 and the 
average degree of substitution of the polymer (DS)av Was 10. 
[0100] 80% Hydrogels Were prepared by blending a mix 
ture of 200 mg of product (A) from the previous step in 800 pl 
acetate buffer, pH:about 4 (in order to minimiZe hydrolysis), 
With product (B) (also 200 mg/800 ul acetate buffer, 
pHIabout 4) in equal amounts. Before blending the indi 
vidual products Were dispersed during three days at room 
temperature. 

Example 2 

Synthesis of Dex-lactate ((DP)av:9, (DS)av:10) 
Hydrogels 

[0101] The procedure of Example 1 Was repeated, but dif 
ferent amounts of reactants Were used instead: L (or D)-lac 
tide (10 g), MEE (1.85 g, 0.015 mol), stannous octoate (0.3 g, 
0.74 mmol, 5 mol% to MEE). 
[0102] From the product of this ?rst step 4.23 g (5.5 mmol) 
Was used with CD1 (1.79 g, 2 eq., 11 mmol). 
[0103] The dex-lactate-MEE Was obtained using the prod 
uct ofthe previous step (5.32 g, 6.17 mmol) and DMAP (1.88 
g, 0.25 eq., 15 mmol). 
[0104] The products had grafts With an average degree of 
polymeriZation (DP)av of 9 and the average degree of substi 
tution of the polymer (DS)av Was 10. 
[0105] The remainder of the procedure Was similar to that 
of Example 1. 

Example 3 

Rheology Behavior 

[0106] The rheology of samples prepared in the previous 
Examples Was studied. The mixtures (A) and (B) from the 
previous Examples Were either solvatated before they Were 
mixed, in Which they Were stirred for a certain period of time, 
or mixed directly. 
[0107] Upon mixing (A) and B, the gel formation Was fol 
loWed With a rheometer (TA Instruments AR 1000-N) using a 
2 cm, 1 degree steel cone plate and a solvent trap ?lled With 
silicon oil of 100 mPa~s, at a frequency of 1 HZ. The measure 
ments Were performed in controlled strain mode, in Which the 
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force to obtain a deformation of 1% is measured. The results 
are expressed as the storage modulus G', Which represents the 
elastic storage of energy in the sample. For a real Newtonian 
?uid, G' Will be Zero. A higher value of G' corresponds to a 
gelled structure. By de?nition, tan 6:1 de?nes the sol-gel 
transition. A value of tan 6 smaller than 1 also indicates gel 
formation. Generally, the gels Which are obtained in accor 
dance With the present invention have a value of tan 6 Which 
is smaller than 0.3. 

[0108] Typical rheograms for a 20 Wt % dextran-L-lactate 
(average DP:15 (FIG. 2) or 9 (FIG. 3)) in Water as Well as a 
mixture of 10 Wt % dextran-L-lactate (average DP:15 (FIG. 
2) or 9 (FIG. 3)) and 10 Wt % dextran-D-lactate (average 
DP:15 (FIG. 2) or 9 (FIG. 3)) in Water are shoWn. 

[0109] The mixture of the L and D forms (mixture (A) and 
(B)) shoWed an increase of G' as a function of time, Whereas 
one enantiomeric form of dex-lactate product did not shoW 
such an increase. The increase of G' in case of the mixture of 
(A) and (B) shoWs that the product becomes more and more 
elastic. This phenomenon Was not observed With one enan 

tiomeric form. This is explained by the formation of stereo 
complexes betWeen tWo enantiomeric forms. 

TABLE 1 

Storage Moduli of Dex-Lactate Products of Example 1 and 2. 

Enantiomeric G’ (Pa) after G’ (Pa) 

(DP)WI) (DS)W2) form 2-3 minutes after 15 h 

9 5 L and D (blend) 1323 3680 

9 5 L and D (blend) 2059 3184 

9 5 L or D3) 629 683 

15 4 L and D (blend) 4049 83 84 

15 4 L and D (blend) 3453 7934 

15 4 L01‘ D3) 1972 2306 

1)average degree ofpolymerization 
2)average degree of substitution 

3)reference 

TABLE 2 

Development of storage moduli in time of dex-lactate products 
ofFxamule 1 With (DP) = 15. 

a1) b1) cl) d1) 

Solvatation 6'2) 6'3) 6'2) 6'3) G2) G3) G2) G3) 
time (h) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa) 

0 1972 2306 
16 2402 1823 6039 
40 3453 7934 
48 2359 4911 232 302 
60 982 2383 
62 1259 4064 
68 1253 1476 
72 1721 4432 
80 1164 6717 
95 1705 1715 
96 3140 6084 
100 1553 5026 
120 2947 6639 
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TABLE 2-continued 

Development of storage moduli in time of dex-lactate products 
ofFxamule 1 With (DP) = 15. 

a1) b1) 01) d1) 

Solvatation 6'2) 6'3) G2) G3) 6'2) 6'3) G2) G3) 
time (h) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa) 

144 1515 1903 
240 2926 8459 
264 1323 1783 

1)a: Non-puri?ed dex-lactate product containing non coupled oligomer, 1:1 Dex-(L)lactate 
and Dex-(D)lactate mixture (10 + 10 Wt % gel). b: Reference; Non-puri?ed dex-lactate 
product containing non coupled oligomer, Dex-(L)lactate or Dex-(D)lactate (20 Wt % gel). 
0: Puri?ed dex-lactate product, 1:1 Dex-(L)lactate and Dex-(D)lactate mixture (10 + 10 Wt 
% gel). d: Reference; Puri?ed dex-lactate product, Dex-(L)lactate or Dex-(D)lactate (20 Wt 
% gel). 
2)Storage moduli measured 2-3 minutes a?er mixing. 
3)Storage moduli measured a?er gelation, viz. a?er 24-72 h. 

TABLE 3 

Development of storage moduli in time of dex-lactate products of 
Fxamnle 2 With (DP) = 9. 

a1) b1) 01) d1) 

Solvatation 6'2) 6'3) 6'2) G'3) 6'2) G3) G2) G3) 
time (h) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa) 

0 550 727 
48 1323 3680 
60 2059 5067 529 683 

156 275 1353 
180 242 1276 
252 176 1354 
276 130 1917 

1)a: Non-puri?ed dex-lactate product containing non coupled oligomer, 1:1 Dex-(L)lactate 
and Dex-(D)lactate mixture (10 + 10 Wt % gel). b: Reference; Non-puri?ed dex-lactate 
product containing non coupled oligomer, Dex-(L)lactate or Dex-(D)lactate (20 Wt % gel). 
0: Puri?ed dex-lactate product, 1:1 Dex-(L)lactate and Dex-(D)lactate mixture (10 + 10 Wt 
% gel). d: Reference; Puri?ed dex-lactate product, Dex-(L)lactate or Dex-(D)lactate (20 Wt 
% gel). 
2)Storage moduli measured 2-3 minutes a?er mixing. 
3)Storage moduli measured a?er gelation, viz. a?er 24-72 h. 

[0110] The experimental data in Tables 1-3 and FIGS. 2 and 
3 clearly demonstrate the different rheology behavior of the 
hydrogels of the present invention When compared With the 
reference examples (‘L or D’ in Table 1 and experiments ‘b’ 
and ‘d’ in Tables 2 and 3). 
[0111] Moreover, the puri?ed examples according to the 
present invention (‘c’ in Tables 2 and 3) shoW higher storage 
moduli When compared With the unpuri?ed samples accord 
ing to the present invention (‘a’ in Tables 2 and 3). 
[0112] Finally, a longer solvatation time gives rise to for 
mation of a gel With a higher ?nal value of the modulus. 

Example 4 

Synthesis, Characterization and Properties of dex-(L) 
lactate/dex-(D)lactate Gels 

[0113] Materials. L-Lactide ((3S-cis)-3,6-dimethyl-1,4-di 
oxane-2,5-dione, >99.5%) and D-lactide ((3R-cis)-3,6-dim 
ethyl-1,4-dioxane-2,5-dione, >99.5%) Were obtained from 
Purac Biochem BV (Gorinchem, The Netherlands) and used 
Without further treatment. Stannous octoate (tin(ll) bis(2 
ethylhexanoate), SnOct2, 95%) (Sigma Chemical Co., St. 
Louis, Mo., USA), dichloromethane, potassium peroxydisul 
fate (KPS) (Merck, Darmstadt, Germany), and 2(2-methoxy 
ethoxy)ethanol (Aldrich-Chemie, Steinheim, Germany) Were 
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used as received. Tetrahydrofuran (THF) and acetonitrile 
(HPLC-S, gradient grade) Were purchased from Biosolve 
LTD (ValkensWaard, The Netherlands). THF Was distilled 
from LiAlH4 immediately before use. Dextran (from Leu 
conostoc mesenteroides, Mn:15,000 Da, and MW:32,500 
Da, as determined by GPC analysis), dimethyl sulfoxide 
(DMSO, <0.0l% Water), glycidyl methacrylate (GMA, (1) 
2,3-epoxypropyl methylpropenoate, 95% by GPC), N,N,N', 
N'-tetramethylethylenediamine (TEMED) and silicon oil 
(DC 200, 1 10 mPa. s), Were obtained from Fluka Chemie AG 
(Buchs, SWitzerland). 4-(N,N-dimethylamino)pyridine 
(DMAP, 99%) and N,N'-carbonyldiimidazole (CD1, 98%) 
Were from Acros Chimica (Geel, Belgium). Dialysis tubes 
(cellulose, molecular Weight cut off 12,000-14,000 (based on 
proteins)) Were purchased from Medicell International Ltd. 
(London, UK). Methacrylated dextran (dex-MA) With a 
degree of substitution (DS, the number of methacryl residues 
per 100 glucopyranose units of dextran) of 4 Was synthesized 
according to the procedure described in detail in Van Dijk 
Wolthuis, W. N. E.; Franssen, O.; Talsma, H.; Van Steenber 
gen, M. 1.; Kettenes-van den Bosch, 1. 1.: Hennink, W. E. 
Macromolecules 1995, 28, 6317-6322. Van Dijk-Wolthuis, 
W. N. E.; Kettenes-van den Bosch, 1. 1.; Van der Kerk-van 
Hoof, A.; Hennink, W. E. Macromolecules 1997, 30, 3411 
3413. 
[0114] Synthesis of Polydisperse Lactic Acid Oligomers. 
[0115] Lactic acid oligomers With varying DP Were synthe 
sized by a ring opening polymerization reaction of lactide 
With 2(2-methoxyethoxy) ethanol and stannous 
octoate as initiator and catalyst, respectively, according to De 
1ong, et al. (De 1ong, S. 1.; Van Dijk-Wolthuis, W. N. E.; 
Kettenes-van den Bosch, 1. 1.; Schuyl, P. 1. W.; Hennink, W. E. 
Macromolecules 1998, 31, 6397-6402). The average degree 
of polymerization (DPaV) of the formed MEE-lactate Was 
controlled by the MEE/lactide ratio. 
[0116] Preparation of Monodisperse Lactic Acid Oligo 
mers. 

[0117] Monodisperse lactic acid oligomers Were prepared 
by fractionation of polydisperse MEE-lactate With prepara 
tive HPLC (column: Econosphere C8, 10 micron, 250x22 
mm; Alltech, 111., USA) With an AKTA puri?er (Pharmacia 
Biotech AB, SWeden). Polydispers oligomer (1 g) Was dis 
solved in 1 ml Water/acetonitrile (50 W/W %) and 500 yl of this 
solution Was injected onto the column A gradient Was run 
from 100% A (Water/actonitrile 95:5) to 100% B (acetoni 
trile/Water 95:5) in 50 minutes. The How rate Was 5 .0 ml/min; 
detection by UV (7»:195 nm). The chromato grams Were ana 
lyzed With UnicornAnalysis module (version 2.30) software. 
The individual oligomers Were collected and fractions With 
corresponding DP Were pooled. The solvent Was removed 
under reduced pressure. The oligomers Were characterized by 
HPLC, NMR and MS. 
[0118] Synthesis of Activated Lactic Acid Oligomer. 
[0119] To couple the oligomers to dextran, the hydroxyl 
group of the oligomer Was activated using N,N'-carbonyldi 
imidazole (CD1). 
[0120] Essentially the same procedure Was used as for the 
synthesis of hydroxyethyl methacrylate (HEMA)-lactate-C1. 
In brief, CD1 (3.6 g, 22 mmol, 2 eq.) Was dissolved in dried 
tertrahydrofuran (THE, 100 ml) in a nitrogen atmosphere. 
MEE- lactate (e.g., DPav 9; 8.46 g, 11 mmol, 1 eq.) Was 
dissolved in THF (10 ml) and added to the CD1 solution. The 
reaction mixture Was stirred for four hours at room tempera 
ture in a nitrogen atmosphere. Thereafter, dichloromethane 
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(DCM, 200 ml) Was added and the reaction mixture Was 
Washed With Water (100 ml), to decompose the excess of CD1 
and to remove the imidazole. Next, the Water layer Was 
extracted With DCM (50 ml) for tWo times. The organic layers 
Were combined and dried over magnesium sulfate. After ?l 
tration, the organic solvent Was removed under reduced pres 
sure to yield the MEE-lactate-C1 DPav, 9. 
[0121] 1H NMR (CDCl3): 6 8.16 (m, 1H, C(O)-N% 
H:N), 7.44 (m, 1H, C(O)-N-N%H:CH), 7.07 (m, 
1H, C(O)-N-CH:C@, 5.35 (q, 1H, C 
H-O-C(O)-N), 5.23-5.12 (overlapping q, CE, 4.28 (m, 
2H, CH2-O%(O)), 3.66 (m, 2H, CH3AD-CHJ), 3.60 
(m, 2H, CH2-O), 3.51 (m, 2H, CH2AD), 3.37 (s, 3H, C 
H3AD), 1.72 (d, CH3-CH-O%(O)N), 1.63-1.50 (over 
lapping d, CH-CH3) 
[0122] 13C NMR (CDCl3): 6 169.5 C:O, 168.8 C(O)-N, 
137.1 N%_H-N, 121.6+117.1 N%_:C-N, 71.7 CH2, 
71.5 (CH3)QHA)-C(O)-N, 70.3 CH2, 69.3-68.7 
QH%H3+QH2A)CH3, 64.3 QH2-O%(O), 58.9 QH2O, 
25.5 QH3-CHA)-C(O)-N, 16.6/16.5 CH3 
[0123] Synthesis of Dex-Lactate. 
[0124] Dextran-lactate (dex- lactate) Was synthesizedusing 
the same procedure as for the synthesis of dex-lactate 
HEMA. In brief, dextran 40 000 (10 g) and DMAP (2 g, 16 3 
mmol, 0.25 eq. to glycopyranose units of dextran) Were dis 
solved in dried DMSO (90 ml). Next, MEE-lactate-C1 (e.g., 
DPav 9, 5.7 g, 6.17 mmol) dissolved in dry DMSO (5 ml) Was 
added. The solution Was stirred at room temperature for 4 
days in a nitrogen atmosphere, after Which the reaction Was 
stopped by addition of concentrated HCl (2 ml, 1 eq.) to 
neutralize DMAP and imidazol. The reaction mixture Was 
extensively dialyzed against Water (reversed osmosis) at 40 C. 
The dex-lactate product Was collected by lyophilization. To 
remove traces of uncoupled lactic acid oligomers, the dex 
lactate product (10 g) Was extracted With dichloromethane 
(400 ml). The product Was dried in a vacuum oven at 400 C., 
to yield dex-lactate With DPav 9 and degree of substitution 
(DS, the number of oligomers per 100 glucopyranose units of 
dextran) of 3. The DS Was calculated by 1H NMR as (x-100)/ 
y, in Which x is the integral of the CH3 groups of the lactic acid 
oligomer at 1.41 ppm divided by (3-DP), With DP is the 
degree of polymerization, and y is the integral of the anomeric 
proton of dextran at 5.14-4.95 ppm. 
[0125] 1H NMR (12.5% 2H2O/DMSO-d5) : 6 514-495 
(broad m, residual OH, CH, CH-O-C(O)-N), 4.65 
(broad s, anomeric proton dextran), 4.16 (m, 2H, C 
H2-O-C(O)), 3.84-3.18 (m, (6H) dextran, (2H) C 
H3A)%HJ, (4H) CHJA), (3H) CH3AD), 1.41 (overlap 
ping d, CHH2%H-O%(O)N, CH%H3) 
[0126] 13C NMR (12.5% lH2O/DMSO-d6) : 6 170.4 
Q(O)A)-CH2, 169.8 Q:O, 98.5 ganommc, 73.7 C3, 72.1 
C2, 71.6 CH2, 70. 7 C5, 70.3 C4, 69.9 CH2, 69.8 (CH3) 
QHA)-C(O)A)-dex, 69.3 CH, 68.5 CH2, 66.2 QH2(dex), 
64.8 CH2, 58.5 CH, 20.6 QH3-CHA)%(O)-O-dex, 
16.9 CH3 
[0127] Rheological Experiments. 
[0128] For the rheological experiments tWo types of poly 
mer solutions Were prepared: one contains dex-(L)lactate and 
the other dex-(D)lactate. The dissolution time Was at least one 
day at room temperature. Acetate buffer pH 4 Was selected as 
solvent to prevent hydrolysis of the dex-lactate. 
[0129] Equal amounts of the dex-(L)lactate and the dex-(D) 
lactate solutions Were mixed, homogenized and quickly 
applied on the rheometer (AR 100 instrument of TA 1nstru 












