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Abstract. Introduction. Much of the polymer research is focused on improving existing polymers or
developing new biomaterials with tunable properties. Natural polymers that have certain segments that
contribute to an additional therapeutic effect are more often used as a biocompatible polymer. Polymers
can be produced using a variety of methods, including covalent cross-linking, dynamic covalent cross-
linking, physical cross-linking, cryopolymerization, 3D printing, electrospinning, etc. Cryopolymerization
is a unique method and has several advantages over other methods. By cryofreezing it is possible to obtain
a porous structure in which the size and volume of the pores can be controlled by changing the
concentration of the initial monomers and temperature. The goal of this study is to determine the effect of
alkali concentration and cryopolymerization temperature on the properties of cryogels. The objects of
study in this work are cryogels based on gelatin and chitosan. Research methods. In this study,
physicochemical research methods was used. Results and discussion. The functional groups of the
cryogels were determined by IR spectroscopy. The results of a study of sorption and desorption of
polymers are presented. The results of polymer degradation in phosphate-saline solution over 8 weeks are
also shown. These studies were based on changes in mass, that is, they were carried out using the
gravimetric method. Conclusion. The results of a study of the influence of alkali concentration and
temperature on the physicochemical properties of cryogels based on gelatin and chitosan are presented.
Cryogels based on gelatin and chitosan are synthesized without the use of harmful chemical cross-linking
agents, which makes them attractive for tissue engineering.
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1. Introduction

"Cryogels" are macroporous hydrogels that form at a negative temperature,
providing their unique properties for bioengineering applications. The synthesis
of these materials at negative temperatures provides cryogels with large pores (up
to 200 um), spongy and elastic morphology [1-3]. The advantage of using
cryogels compared to conventional nano/mesoporous hydrogels lies in their well-
developed three-dimensional interconnected 3-D porous structure, consisting
mainly of open pores, which can be used as a framework and cell carrier [4-5]

Chitosan (Ch) is an unsulfated glucosaminoglycan (GAG) of natural origin,
is a linear polysaccharide that is part of the ECM; consisting of  (1—4) bound
residues of D-glucosamine with a variable number of randomly located N-acetyl-
glucosamine groups [6]. Chitosan has excellent biocompatibility,
biodegradability, non-toxicity, adsorption properties and the ability to be
degraded by lysozyme, a natural enzyme [7-8].

Gelatin (Gel) is a biopolymer derived from animal collagen. It is cheaper,
biocompatible, biodegradable, non-immunogenic and widely used in the clinic. In
terms of chemical composition, gelatin is close to collagen, but in contrast,
gelatin, whose macromolecules do not have an ordered structure, is soluble in
water, which makes it convenient to prepare initial gel-forming systems for the
formation of cryogels or cryostructures based on this biopolymer [9-10].

In the previous work, we considered the effect of temperature on cryogel
properties, and in this work, the purpose of the study is to study the effect of
alkali concentration and temperature on the physicochemical properties of cryogel
[11]. In this study, the synthesis of gelatin and chitosan cryogels was carried out
by cryopolymerization without the use of cross-linking agents and aggressive
solvents, which in turn gives an advantage over other known methods for
producing biopolymers.

2. The experimental part

400 mg gelatin (Sigma, USA) and 200 mg chitosan (Sigma, USA) were
dissolved in 1% acetic acid solution. The mixture was stirred until the
components dissolved completely at 37°C. After complete dissolution, the
monomer mixture was filtered to remove undissolved components and
mechanical impurities. The solution is then basified 0,1M NaOH until a certain
pH of the medium is obtained. Then the mixture is poured into a 2 ml
polyethylene cylindrical syringe and centrifuged at 2000 rpm for 5 minutes 3
times to remove excess air. The mixture was placed in a cryostat at -12°C, -30°C
and -70°C for 48 hours. At the end of the time, remove the cryogel from the
syringe and wash the cryogels with Milli-Q ultrapure water (3x50 mL).The
resulting cryogel was then freeze-dried (-80°C, MartinXTristBeta 2-8 LDplus,
Germany) for 24 hours (Figure 1).
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Figure 1 - Graphical illustration of cryogels synthesis

The degree of swelling of cryogels was determined gravimetrically. Freeze-
dried cryogel samples (about 0.1 g) were accurately weighed (m1) and placed in a
vial. Then, 10 ml of 0.1 M PBS (pH = 7.4) was added, applied over the hydrogels,
and after a certain period of time, the polymers were weighed, removing the
excess PBS solution (mi). The experiment was carried out at room temperature
and continued until uniform sorption of the samples was achieved. The
experiment was repeated three times. Sorption degree (o) was determined by
formula 1:

_ (mi-m,)

@)

mq
where m; — weight of dry polymer sample, g;
m; — weight of polymer with solution, g
The desorption of the solution from the polymer was measured
gravimetrically at room temperature. The swollen cryogel mass(mg) was placed
on a coverslip and weighed after a certain period of time (m;). The experiment

was repeated three times until constant weight. The degree of desorption was
determined by formula 2:

= I=md , 400g, v

i

where mo — weight of the swollen polymer sample at 25°C, g;
m; — weight of dry polymer sample, g;
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Biodegradation was also determined gravimetrically. Freeze-dried cryogel
samples (about 0.1 g) were placed in a vial and accurately weighed (m1), 10 ml of
0.1 M PBS (pH = 7.4) was added, and then incubated at 37 C for 8 weeks. The
PBS solution was replaced twice a week and experiments were performed in
triplicate. After 8 weeks, samples were removed from the solutions, washed with
Milli-Q superfluous water, dried in an oven, and dry cryogels were weighed all
night (m;). Degradation rate (DM) was determined from the final dried residue
using the following formula:

DD = ™™, 1009 3)
m

1

rae my — weight of dry polymer sample, g;

m; — polymer mass after drying, g

The identification of the samples was carried out with the help of IR-Fourier
spectrometer Nicoleti S10 (Thermo Scientific). The transmission spectra of the
studied powdery samples were recorded at a range of 400-4000 cm™™.

3. Results and discussions

Cryopolymerization of polymers based on gelatin and chitosan was carried
out at a temperature of -12, -30, -70°C using 0.1 and 1M NaOH. The results are
shown in Table 1.

Table 1 - Conditions for the synthesis of cryogels based on gelatin and chitosan

Ne Sample name C (NaOH), mol/l | Temperature, °C Yield, %

1 Gel:Ch (A-11) 0.1 -12 86,12
2 Gel:Ch (A-11-1M) 1 -12 88,36
3 Gel:Ch (A-18) 0.1 -30 82,19
4 Gel:Ch (A-18-1M) 1 -30 86,62
5 Gel:Ch (A-25) 0.1 -70 83,15
6 Gel:Ch (A-25-1M) 1 -70 85,12

The interaction between crosslinking agents occurs due to covalent and non-
covalent bonds, in the case of using chemical crosslinking agents, the functional
groups of the agent interact with monomers. Gel:Ch cryogels are synthesized
without the use of chemical initiators, by the polyelectrolyte interaction of the
carboxyl group (-COOH) of gelatin and the amine group (-NH.) of chitosan,
which form transverse bonds between the chains of macromolecules. As shown in
Table 1, the addition of 0.1 and 1 M alkali solution in samples A-11, A-11-1M,
A-18, A-18-1M, A-25 and A-25-1M did not significantly affect the polymer
yield, which is up to 88%.
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Chitosan (-NH) amines are known to protonate at low pH to (-NHs*) and
cryogel has a high charge density and electrostatic repulsion between monomer
units. At higher pH, amines become deprotonated and ionic repulsion decreases,
allowing individual chains to degrade [45]. Studies have shown that when the pH
of the medium increases, weak crosslinks and mechanical unstable compounds
are formed, the yield of which was low. After a series of studies, it was
established that the optimal samples of cryogels based on gelatin and chitosan for
further research are: A-11, A-11-1M, A-18, A-18-1M, A-25, and A-25-1M, which
have the appropriate shape and macroporous structure (Figure 2).
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Figure 2 - Appearance of washed cryogel (a, b) and dried A-11 (c)

During cryopolymerization, phase separation occurs, which leads to the
rearrangement of polymer chains during the construction of an interconnected
network of pores and polymer substrate layers due to the formation of hydrogen
bonds between polymer chains and water molecules. When the cryogel is thawed,
macropores are formed between the polymer chains, thereby forming a large
surface area for cell attachment and proliferation.

The presence of cryogel functional groups was identified by IR spectroscopy
(Figure 3).
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Figure 3 - IR spectra of cryogels based on Gel:Ch.
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The spectrum of cryogels shows a band in the range 3000-3600 cm™ relating
to the O—H and N—H valence fluctuations of the functional group involved in the
intramolecular hydrogen bond between chitosan and gelatin molecules. The bands
at 2800-2900 cm™ are due to several symmetric and asymmetric C—H valence
fluctuations. Bands at 1650 and 1580 cm™ are attributed to C=0O amide |
oscillations and N-H amide 11 bending oscillations. Absorption of the spectrum in
the range of 1250 cm refers to valence oscillations of the C-O group. The spectra
at 1151 and 1046 cm™ are due to asymmetric stretching of the C-O-C bridge,
stretching vibration of C-O and -glucoside bonds, respectively. Bands at 893 and
650 cm? refer to oscillations of C-H and N-H groups. The spectra of cryogels are
identical, since the temperature and concentration of alkali do not affect the
functional groups, but contribute to the formation of a denser polymer network.

Cryogel swelling is the main parameter that determines its use as a scaffold
for bioengineering. The swelling rate (sorption kinetics) directly depends on the
porosity of the cryogel itself, the strength of the crosslinked bonds, the monomer
ratio, the crosslinking density, the pore wall thickness, the temperature at which
the gels are prepared, etc.

The swelling of the synthesized cryogels was investigated in PBS medium at
room temperature for 24 hours, since further biodegradation of polymers occurs.
The results of the swelling study are shown in Figure 4.
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Figure 4 - Swelling kinetics of cryogels

As can be seen from the curves, the equilibrium swelling for many cryogels
is reached within 90 minutes, and for A-11 sample 30 minutes, the maximum
cryogel swelling is 25.3 g/g. When cryogels swell using 1M NaOH, the polymer
increases in size and maximum swelling of the polymer network occurs compared
to other samples, since the pores of the cryogel are quickly filled with a PBS
solution, and a part of the solvent diffuses through the polymer walls. The
swelling curves show that equilibrium swelling is reached after 120 minutes.
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Thus, when swelling, two processes occur: filling the pores with a solvent
and swelling of the polymer walls. Cryogels may have much greater swelling
capacity than conventional hydrogels due to their large pores and high pore
interconnectivity [12].

When calculating the degree of desorption by cryogels, the initial mass was
taken as the mass of cryogel swollen after a day in a solution of PBS (pH = 7.4) at
room temperature (Figure 5).
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Figure 5 - Solvent desorption kinetics by cryogels of A-11, A-18 and A-25

As can be seen from the graph, all samples completely release the solvent
molecules after 120 minutes. It should be noted that after complete drying, the
sample A-11 retained its original shape, while the rest of the samples
mechanically deformed after the test. This is justified by the compactness of the
A-11 cryogel network, which does not provide spontaneous release of PBS, but
retains a macroporous structure. When the cryogels swell with an aqueous
medium, it causes a slight loosening of the chains under the influence of absorbed
water (swelling) and spatial changes in the position of the chains. Perhaps
changes in the structure lead to the rupture of some bonds, which makes the
structure of cryogels more susceptible to elastic deformations.

Macroporous cryogels used in bioengineering should be biodegradable and
maintain minimal resistance during use. This quality is advantageous in tissue
engineering since it will not be necessary to further extract the polymer surgically.
Biodegradation of cryogels was investigated for 8 weeks in PBS solution
medium. Medium was changed 2 times a week. The results are shown in Figure 6.
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Figure 6 — Biodegradation of cryogels

As can be seen from the diagram, samples with a lower synthesis
temperature (A-18, A-25) have a lower degree of biodegradation compared to
other cryogels. This effect is explained by the fact that with a decrease in the
temperature of cryopolymerization, compression of the polymer network occurs
and denser polymer networks are formed, which are more resistant to degradation.
Samples A-11-1M, A-18-1M and A-25-1M have a degree of degradation in the
range of 60-65%.

4. Conclusion

Advances in modern polymer science highlight the importance of developing
complex biomaterials with well-defined architectures and tunable properties for
new biomedical materials. Physically cross-linked hydrogels can be prepared
without chemical modification of polymers or the use of cross-linking agents,
which in turn can lead to the formation of toxic polymers.

This paper discusses the effects of alkali concentration and temperature on
the physicochemical properties of gelatin and chitosan cryogels. The polymers
were synthesized by cryopolymerization without using any cross-linking agents.
The functional groups of cryogels are confirmed by IR spectroscopy. The study
showed that cryogels with 1M NaOH (A-11-1M, A-18-1M and A-24-1M) have a
high degree of swelling due to the formation of additional polyelectrolyte bonds
between polymer chains. The maximum cryogel swelling is 25.3 g/g for A-11
sample in 30 minutes. Biodegradability studies have shown that all polymers are
degradable and biocompatible.
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KEJATUH MEH XWTO3AH HEI'IBIHAEIT KPUOI'EJBAEPAI CHUHTE3JEY XOHE
OU3UKA-XUMUAJIBIK KACHUETTEPIHE CLITIHIH KOHHEHTPAIMACHI MEH
TEMIIEPATYPACBIHBIH OCEPIH 3EPTTEY
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Tyiiingeme. Kipicne. Ilomumeprni 3epTTeylepiiH KeMIILNri Oap moiuMepiepAi jkakcapTyra HeMece
perreneriH Kacuerrepi Oap jkaHa OMOMaTepHaiiapibl Kacayra OarbITTaiaFaH. BHONOrHANIBIK yitneciMai
OJIMMEP PETiHe KOChIMINA eMIIK dCepre bIKIa eTeTiH Oenriii Oip cermeHTTepi 6ap Taburu moauMepiep
KHi KoniaHbuiaabl. [lomuMepiep apTypiii 9aicTepi KOJiaHa OTBIPBIN OHAIPITYl MYMKIH, COHBIH ilIiHIe
KOBAJICHTTI KpOCC-0aiiiaHbIC, JMHAMUKAJIBIK KOBAJIEHTTIK Kpocc-0aiiaHblc, pU3MKAIBIK Kpocc-0aiyiaHbIc,
KkpuononuMepusanys, 3D Gacsin mbIFapy, 3JeKTPOCIIMHHUHT oHe T.0. Kpuononumepney Oipereit ogic
Ooubin TaObLIa b XKOHE Oacka dficTepre KaparaHaa OipHele apThIKIIBUIBIFB 0ap. Kpromy3aaTy apKbLIbl
6acTarKpl MOHOMEpJICP/IiH KOHIIEHTPALMSACHIH XKOHE TEMIICPATypaHbl 63repTy apKbUIbl KEYeKTep MeIIIepi
MEH KeJIeMiH Oackapyra OOJaThIH KEYEeKTi KYpBUIBIMIBI allyFa Oosanbl. byn sepmmeydiy maxcamol
CIATIHIH KOHIIEHTPALUICHI MEH KPHOIOJIMMEPIICHY TEeMIIepaTypachlHbIH KPUOTEIbACP/AiH KaCHETTEpiHe
ocepiH aHbIKTay. by owcymvicmely 3epmmey oOvekmiiepi - JKETaTHH MEH XHTO3aH Heri3iHieri
KpHUoremnsep. 3epmmey d0icmepi. By 3eprreyne GpU3MKa-XUMUSIBIK 3€PTTEy OMICTepi KOJIAHBULIBL.
Homuowcenep men manxvinayaap. Kpuoremsnepnin ¢yHkimonanasl tontapsl UK crekTpockonuscs
apKpUIbl aHbIKTanasl. [lomuMepnepaid copOuuschl MEH NecOpOLUSCHIH 3epTTeY HOTHXKeNIepli OepiireH.
®docdar-Ty3apl epiTiHAine 8 anTa imnHAE MONMAMEp BIABIPAYBIHBIH HOTIXKENIEpl Ae KepcerinreH. by
3epTTeyJiep MacCaHbIH ©3repyiHe HETi3/eNreH, SFHU TPAaBUMETPHSUIBIK QJIICTICH JKYPTi3iiai. KopbimblHObL.
XKenatuH MeH XMTO3aH HETI3iHIErl KpHOreNbIAepdiH (U3NKA-XUMUSIIBIK KAaCHETTEepiHEe CLITIHIH
KOHIIEHTPAIIMSICHI MEH TeMIIePATYPACBIHBIH 9CEPiH 3epTTey HOTMXKENepi OepinreH. JKenaTiH MEH XUTO3aH
HETI3IHAEri KpUOTeNbJep 3HUSHIBl XUMHSIBIK KpOCC-OAaMJIaHBICTBIPYIIBI ~ areHTTepAi  KospaHOai
CUHTE3/IeNe i, OyJI oyap bl TIHIIK WHKEHEpUs YIIiH TapThIMBI €Te/i.

Tyiiingeme ce3jep: Kpuorenb, JKENATHH, XHTO3aH, KAaCHETTEepi, MOIMMEp, OUOIMOJIUMEpPIIED,
KPHOIOJIMMEPH3aLHs, TEMIIepaTypa.

Kyoaiibepzen I'ynuaxap Kyoaiibepzenkpisot PhD

Kymanazaposa Fazuza Mycmaghaeena dokmopaum

CHUHTE3 U UCCJIEJOBAHMUSA BJIUAHUA KOHUEHTPAIIMH IIEJIOYA U
TEMIIEPATYP HA ®U3UKO-XUMHUYECKHUE CBOMCTBA KPUOTEJIEA HA
OCHOBE KEJIATUHA U XUTO3AHA

I'.K. Kyoaiivepzen'", I M. JKymanazaposa®
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“E-mail: kudaibergen@biocenter.kz

Pe3tome. Bseoenue. bonbluast 4acTh UCCIeOBaHUN B 00JIACTH MOJIMMEPOB COCPEAOTOUEHA HA YIIyqIIeHHE
CYIIECTBYIOLIMX TOJIMMEPOB MM pa3paboTKe HOBBIX OMOMaTepHaloB ¢ HACTPaUBAaEMbIMU CBOHCTBaMHU. B
KadecTBe OMOCOBMECTHMOTrO IIOJMMEPA Yallle UCIIONb3YITCS MIPUPONHBIC IOIHMEPHI, KOTOPBIE HMEIOT
oIpesieNIEHHbIE CETMEHTHI, CIIOCOOCTBYIOIIUE OIOIHUTENbHOMY IedeOHoMYy 3¢ddekry. Ilommmepst
MOTyT OBITH MOJYy4EHBI C HCIOJB30BAHUEM pPA3IMYHBIX METOJOB, BKIIOYAs KOBAJCHTHYIO CIIUBKY,
JIMHAMUYECKYI0 KOBAJICHTHYIO CIIMBKY, (HM3MYECKyI0 CIIMBKY, KpHomojumepusauuio, 3D mneuarts,
NIEKTPOCHMHUHT U T.1. KpuomonmmMepunsanus sBIAETCS YHUKAJbHBIM METOJAOM M HMEET HECKOJIBKO
MPEUMYILECTB 10 CPaBHEHHMIO C JApyrMMH crnocobamu.  KpuozamopakMBaHHEM MOXKHO IIOJIYYHTh
MOPUCTYIO CTPYKTYpPY, B KOTOPOM pa3Mep M 00beM II0p, BO3MOXKHO, PErYJIHpOBaTh, H3MEHSSA
KOHIICHTPAIIMIO MCXOAHBIX MOHOMEPOB U TeMmImeparypy. Lleibs Oannozo ucciedo8anust yCmaHoSUms
6IUAHUE KOHYEHMpayuu werouu u memnepamypsbl KpUONOIUMepu3ayuu Ha Cceolucmea Kpuozenel.
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Ob6vexmamu ucciedoganusi TAHHOW pabOTHI SBISIOTCS KPUOTENM HA OCHOBE JKEJIATHHA M XHTO3aHA.
Memoovi. B 1aHHOM HCCIIeOBaHUH OBUTH MCIIOIb30BaHbI (PU3UKO-XUMHYECKHE METOABl HCCICIOBAHHS.
Pezynomamer u 0bcysicoenus. OyHKUMOHANbHBIC TPYIIBL Kpuorenen ompexaeneHsl MK-cnekrpockonueii.
[IpuBeneHs! pe3ysIbTaThl HCCIEAOBAHUS COPOLIUH U lecopOIMY NOIMMepoB. Takke MMOKa3aHbl Pe3yIbTaThl
Jierpajialiid  OJMMEpoB B (pocdaTHO-coneBoM pactBope 3a 8 Hedenb. JlaHHbIE HCCIICIOBaHUS
OCHOBBIBAJIUCh HAa W3MEHEHMHM MAacC, TO €CTb ObUIM BBINOJHEHbl TI'PAaBUMETPUYECKHM METOIOM.
3akniouenue. IlpuBeieHbl Pe3ynbTaThl UCCIECIOBAHMS BIMSHUS KOHLEHTPALMHU IIEI0YH M TEeMIepaTyphl
Ha (PU3UKO-XMMHYECKHE CBOMCTBAa KpHOTreJell Ha OCHOBE )KElaTUHA W XuTo3aHa. Kpuorenn Ha OcCHOBe
JKEJIaTUHA M XUTO3aHa CHHTE3MPOBAHBI 0€3 MUCIIOIb30BAaHMS BPEIHBIX XUMHUYECKHUI CIIUBAIONINX arcHTOB,
YTO JIeNIAaeT UX MPUBJICKATEIbHBIMU ISl TKAHEBOH MH)KEHEPHH.

KnaoueBble ciaoBa:  KpHOrenb, OJKEJIATHH, XWTO3aH, CBOWCTBA, IOJMMEp,  OHOIOIMMEDPHI,
KPHOIOJIMMEPH3ALHs, TEMIIEpaTypa.

Kyoaiioepzen I'ynuaxap Kyoaiibepzenkuizol PhD

Kymanazapoea I'azuza Mycmadghaeena dokmopanm

References

1. Savina, I. N., Zoughaib M., Yergeshov A. A. Design and Assessment of Biodegradable
Macroporous Cryogels as Advanced Tissue Engineering and Drug Carrying Materials. Gels. 2021,
7(3),79. https://doi.org/10.3390/gels7030079

2. Lozinsky V. I. (2020). Cryostructuring of Polymeric Systems. 55. Retrospective View on the
More than 40 Years of Studies Performed in the A.N.Nesmeyanov Institute of Organoelement
Compounds with Respect of the Cryostructuring Processes in Polymeric Systems. Gels. 2020, 6 (3), 29.
https://doi.org/10.3390/gels6030029

3. Podorozhko E. A., Ul’Yabaeva G. R., Kil’Deeva N. R., Tikhonov V. E., Antonov Y.A.,
Zhuravleva I.L., Lozinsky V. I. A Study of cryostructuring of polymer systems. 41. Complex and
composite poly(vinyl alcohol) cryogels containing soluble and insoluble forms of chitosan, respectively.
Colloid J. 2016, 78, 90-101. https://doi.org/10.1134/s1061933x16010130

4. Memic A., Colombani T., Eggermont L.J., Rezaeeyazdi M., Steingold J., Rogers Z.J.,
Bencherif S.A.. Latest Advances in Cryogel Technology for Biomedical Applications. Advanced
Therapeutics. 2019, 2, 1800114.

https://doi.org/10.1002/adtp.201800114

5. Shiekh P. A., Andrabi S.M., Singh A., Majumder S., Kumar A.. Designing cryogels through
cryostructuring of polymeric matrices for biomedical applications. Eur. Polym. J. 2021, 144, 110234.
https://doi.org/10.1016/j.eurpolym;j.2020.110234

6. Kathuria N., Tripathi A., Kar K. K., Kumar A. Synthesis and Characterization of elastic and
macroporouschitosan—gelatin cryogels for tissue engineering. Acta Biomaterialia. 2009, 5, 406-418.
https://doi.org/10.1016/j.actbio.2008.07.009

7. Martino A., Sittinger M., Risbud M. Chitosan: a versatile biopolymer for orthopedic tissue-
engineering. Biomaterials. 2005, 26, 5893-990. https://doi.org/10.1016/j.biomaterials.2005.03.016

8. Li Z., Shim H., Cho M.O., Ch., Lee J.H., Kang S.W., Kwon B., Huh K.M. Thermo-sensitive
injectable glycol Chitosan-based hydrogel for treatment of degenerative disc disease. Carbohydr. Polym.
2018, 184, 342. https://doi.org/10.1016/j.carbpol.2018.01.006

9. Lozinsky V. I, Kulakova V. K., Ivanov R. V., Petrenko A. Y., Rogulska O. Y., Petrenko Y. A.
Cryostructuring of polymer systems. 47. Preparation of wide porous Gelatin-based cryostructurates in
sterilizing organic media and assessment of the suitability of thus formed matrices as spongy scaffolds for
3D cell culturing. e-Polymers. 2018, 18(2), 175-186. https://doi.org/10.1515/epoly-2017-0151

10. Hoque M.E, Nuge T., Yeow T.K., Nordin N., Prasad R.G.S.V. Gelatin based scaffold for tissue
engineering — a review. Polym Res J. 2015, 9, 15-32.

11. Kudaibergen, G.K., Zhunussova, M.S. Study of the effect of temperature on the properties of
gelatin-chitosan cryogels. Bull. Karaganda Univ. Chem. Ser. 2022, 2, 4-11.
https://doi.org/10.31489/2022Ch2/2-22-4

12. Ye
0 G. C., Aghaei-Ghareh-Bolagh B., Brackenreg E. P., Hiob M. A., Lee P., Weiss A. S. Fabricated Elastin.
Adv. Healthcare Mater. 2015, Vol.4, 2530-2556. https://doi.org/10.1021/acs.chemrev.2c00621

93


https://doi.org/10.3390/gels7030079
https://doi.org/10.3390/gels6030029
https://doi.org/10.1134/s1061933x16010130
https://doi.org/10.1002/adtp.201800114
https://doi.org/10.1016/j.eurpolymj.2020.110234
https://doi.org/10.1016/j.actbio.2008.07.009
https://doi.org/10.1016/j.biomaterials.2005.03.016
https://apps.webofknowledge.com/OutboundService.do?SID=C4eaTJyUD4xV7luYIyC&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=17036584
https://apps.webofknowledge.com/OutboundService.do?SID=C4eaTJyUD4xV7luYIyC&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=5300952
https://apps.webofknowledge.com/OutboundService.do?SID=C4eaTJyUD4xV7luYIyC&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=6225599
https://apps.webofknowledge.com/OutboundService.do?SID=C4eaTJyUD4xV7luYIyC&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=11490856
https://apps.webofknowledge.com/OutboundService.do?SID=C4eaTJyUD4xV7luYIyC&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=379825
https://apps.webofknowledge.com/OutboundService.do?SID=C4eaTJyUD4xV7luYIyC&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=3890434
https://apps.webofknowledge.com/OutboundService.do?SID=C4eaTJyUD4xV7luYIyC&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=281597
https://doi.org/10.1016/j.carbpol.2018.01.006
https://doi.org/10.1515/epoly-2017-0151
https://doi.org/10.31489/2022Ch2/2-22-4
https://doi.org/10.1021/acs.chemrev.2c00621

