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Abstract Polymeric cryogel with interconnected pore structure can be prepared using the cryogelation technique
and have been paid intensive attention in the fields of both academia and industry. Because of its high porosity,
permeability, and chemical/mechanical stability, polymeric cryogel has been widely used as stationary phase in
chromatography separation of particulate-containing fluids and cells, carriers for immobilization of cell/biological
particulates, and three-dimensional scaffolds for tissue engineering. This paper introduces in detail the
preparation of polymeric cryogel and relationship between its structural parameters and preparation process, such
as concentration of monomer/precursor/initiator, freezing process, and solvent. The functionalization of
cryogels as well as its biomedical applications are also summarized.
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Polymeric cryogel with interconnected pore structure can be

Biomedical
Applications

prepared using the cryogelation technique and have been
paid intensive attention in the fields of both academia and
industry. This paper introduces in detail the preparation of
polymeric cryogel and relationship between its structural
parameters and preparation process. The functionalization of
cryogels as well as its application in biomedical fields are

also summarized.
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Fig.1 The preparation process of polymeric cryogel
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B4 AR TBO B RTEE . OM (a), SEM (b),
CM (¢)'and ESEM (d)"", 2D-uCT (e) and 3D-pCT (£)"
Fig.4 Cryogels visualized by different instrumental techniques;
OM (a), SEM (b), CM (¢)'™ and ESEM (d)"7', 2D-pCT
(e) and 3D-pCT (£)
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Table 1

Pore volume of pAAm-cryogels produced at — 12°C

. . . I8
from feeds with different monomer concentration'®’

pore volume( % )

cryogel '
water vapor cyclohexane swelling
sample .
adsorption uptake
6-pAAm 93 93 88.4
10-pAAm 86. 6 85 86.5
15-pAAm 81.6 79.2 80.2
18-pAAm 74.7 72.5 74.0
22-pAAm 70. 1 68 65.6
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(a) Activation reaction
N, T |~EH2 +Cu(I) O |-NH +H,0

(b) Graft polymerization

—NH +M ——> |~NHM

(monomer) (graft copolymer)
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Fig.5 The mechanism of graft polymerization onto pAAm
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AIIK 150 pum , 55 28 TG 5RAT) 46 i I A LB iR J32
AP k30 5 )Y 4 UL B BB R E (0.4 ~
350 MPa) . #VL RSP o 3 il 45 T 3R (V-5
NEEAIGE RS )/ R IEIE ( pNTPAm/pAAm ) XK
2R AR TETRE 25 4 R K A Je B AT RS/ PHOSUURS
e 1 kR, HL D2 I R

MOAZHRE: A B TR BA s v ik R4
R A S G WNEEI R G s I s Dl o
23k WU U0 28 235 g b IS, B AT R /NG 3 Y BT
FLah kG E A PL R | S AR AR 0 RE T, O
BEANRWAEYMAENE, IER =402 TR
ARE, AT AR 1 8 FH i

R2 AR KR

2.5 EAERKSE

W EURHRIURT ( ROK 0RE 55 40 K Bk ) 5 A/ B
BRI EBIR A, BB AL & 2 5B IR,
— B AT A b AP AR R -p A Am B A IR
Gy FER I B A Y BUR-pAAm B A SRR R -
pNIPAm & A fhIE 2 EERRANKRE -R LR E &
AR R Si0, 99K ORI K FLE A pAAm
A O AR B TR ST, R A IR
W, DI RE M EURHIUR 1) LA 1T RERCR A 36 €, A
T T B5CE0R} 1) 1 F R AU, o e A 1% R T 1 1 45
M R L3R W), Mattiasson 450 Je A il V-5 7R 5
PR TR R -H P B L SR P SO, SR S i ek 5 5 A7
LYy ok e N A BRI, AR R
Br-fRR . T N-5 TR DR M Tk - VR e 2 2R W
BT RIAROR I FLAR , BIRARORL 04 FL B TE & e il 4 ik 72
TR ZE LB REAR DACREE . XA ki 45 1
I A ST 2 1y e W o e 7 B S P T ELBRIR A
R A I, HeAh, AT HE S & A A AR K A
T-B1 (TGF-B1) Wyl e 5 W e e S 3R A 4 A
TGF-B1 (R, AT B L TR R

3 BRHMNA

A0 3 45 B M A T R R A 4 R AT R
s M 14D 235 R T O T a2 o Ak 2 e v, m R
FRORRY R mPERT, W5, fLAA/NT 1.0 pm B9 MR
T A A ERR, M FLAZ A 10.0 ~ 100 wm B i IR
AR SR SR BEBCIR . AR AR LA 1Y
A AR R SRR A 5 RTF T 40 e
it i [ 52 Ak, B0 SR AR R /N BRSSPI AE R
A, T 5 AN 2% s A 4 i 7L sh i 4
0 455 4 € 1 43 B, R T VR AN % 95 = 4k SRR
2 REETHF IR XS,

Table 2 Overview of cryogels and their applications
monomer/ precursor pore size( um)  application ref
acrylamide 10 ~200 separation of biological nanoparticles ( enzyme, protein) and cells, 13,19,34 ~43 89

scaffolds for cell culture

graft-pAAm 1 ~100 immobilization of dye, lysozyme, protein. 14,23 ~25,44 ~47
dimethylacrylamide 10 ~ 100 separation of biological nanoparticles 48,49
polyvinylalcohol monoliths 1~150 separation of biological nanoparticles, scaffolds for cell culture 50,78 ~82,91
polyvinylalcohol beads 0.1~1 immobilization of cells and enzyme 51,52
hydroxyethyl methacrylate separation of biological nanoparticles, scaffolds for cell culture 53 ~56,83 ~87
poly (ethylene glycol) diacrylate separation of protein and polymer nanoparticles, scaffolds for cell culture 57,11,88
agarose scaffolds for cell culture 58,75,76
chitosan 30 ~ 100 protein purification, scaffolds for cell culture 59 ~61, 73
N-isopropyl acrylamide 1 ~100 scaffolds for cell culture 16,27
gelatin 100 ~ 300 scaffolds for cell culture 33,58,61,75,77
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pAAm IR AR 4 B A8 e 0 3 A R ] S 4 ) 2R
eGSR &, 76 TR FE R RZFMEAE,
+H A Denizli , EJ B ) Kumar FIE [E B Lozinsky
TR AE FH 2R 40 B8 04 b A ik 5 T A
ZH AR, BT Tl e WHT R SRR
2 VURASE RS KRS WA E RS Tz
TP BFY, TS T =F AR R

Mattiasson %HSJ@ﬁHW%MHﬂ\%W%%7KH
Ik (AGE) Hl45FL42 N 10 ~ 100 wm Y f e, 78
H TR 283 — T8 (IDA) 5 LAiZ S ey 6,3
SEORE, AR AT 581 40 B ) 3 mp o B 4 2l 4 A R s i
(LR Hid S0 ( (His)-LDH) , 7£ 0.01MPa T, /K
WA LL 750 ~2000 em/h BYZRIEE H Hfd 4 om &
() S A s A L 2T, S AR i e R T 2 ~
10 MPa T, i34 N 300 ~ 1700 em/h'®" fafi ] 5
TR AR KT R 40 B 5 S AN 75 T DR
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WA RO T A 45 1 20 B8 5 23 5 AT 7 B T
17, AT R ) A D o AN S 3R FE i A, &ead
6 WIS o B, I AR AR RO 22, H IS W] R4 IR,
AN KA T SLER A 1 e AE SR i e B, rT T
AE NN R REEREN G (1g6) ",
Hilder" ™ 445 47 1 fLfif (-NR, *) 2 671 fL faf (SO, ™)
RIAK R Y FRALEEAE PEG SRR, $2 S AR SR
) B RCR

B ZFLEE A ) iR RS AT FH R 43 25 4l AL AS [R] Fb
KA, Mattiasson 55 il 46 T WIFP &4 A [R] e
KR pAAm S EIEHE . & A 1B 73S el ik 2-—
Ha e & F 0 B 28 ¥ 8 3%+ (ion-exchange
chromatography, IEC ) | &% A # & | W2 5 — £ R
(IDA) ) [ 22 4 J&@ % 12 7 A (immobilized metal
affinity chromatography, IMAC) ; P Fj (4 3% 41 2 B A
HEEEBUE I 2 LA (FLAE 10 ~ 100 wm) |, ] SRR R
AT AR (1 x 3 pm) JCRHIE F, 7R AR B9
T, A B LA 1Y K AT TR A A R T AR
W BELE T A IE R Y TEC A b 0.35 ~0.40 M
NaCl W ATPER H 70% ~ 80% FA 4 Y 5 38 i+ 4 i Bic
PRV R, 2 T A7 DK s 5 7y K 1 A T7 240 L T e R f
76 IMAC A% b, {8 10 mM BE M5 %5 W 8% 20 mM
EDTA % ] YR ~ 80% RO 4R, 55 41, KIm T
TR 2 7 TR RS R0 30 58 R 1 o A v R R AR R
ARG T e A R G W dh R A R TR
Sr B AT Y A

WL RS T RS S Ed e mE T,
il 25 4 SR LA R pAAm I ;38 o FL N B R A
1% ] 28 i R 5 AR 2 ) i R A ) 5 5 - S 4 At K
DABERE I W — W R L (TP ) FN = B R AR 1
(ATP) 0953 85 R R i B A H

BEA, BB b e A A 181 A, 0 28 58 1
il R SR IZAT AL RGETT &, L T iR )2
Bror B A shiE
3.2 AT AR E AR

KA R BAT s LR R S AT s e mT
T R Ry F (Ul 20 AR ) FIAf,

AR R 3 F A e v ) [ A P A 7 2 —
SEALYRTEALEE L O — PR A FL A N R T, /T
B NG W R 5 FR W R T AR TR L SR )
B 107 AR (P 8> & Iy ol £ D= B o /) N e 4
HEABENR G Mg, 585N Tk E, K
SrFEREYRLE YO ARG Y AL S
1€ AR F A EAE T X Ah A E T o, A4

Progress in Chemistry,, 2014, 26(7) : 1190 ~ 1201



XIS AW B Y i 4 PERE SR BRI

Zik 5

PR G WA RO B L S BRI, 5 — T
OB AR Sy 20 FE B 14 T 2B 31 e AL
(10 PR TET , 31 LK A AT B R I R B
fiE BRAE GG | REERL A T B AR
PO AR (I B BROIR 2R AR B (PVA) df i 3%
T, RN vk [ I A W) K3 F B AR R AR I R
T AIFLBR R T, 25 5 55 40 FA b i 45 s 40 1
R TR RS A RS R R
T YR TR A R, R A e 1
~10 mg/mL it 9, Z AL A5 K 1 I RT k45
iR YA SN B R G ) TG i PR 5%

A, I T G PR T 0 i i A, 5 A=
PR A3 1 T AR, 400 AL 11 e A IR =X Ak
EAE T (L I ) R A, Lusta 551
W I T A 240 8 3k b 2 1 Ik 3] 5 L A A= Ak 1
pAAm FE I, Mattiasson %5170 il 8 & A 3 FAC A4
A ) PVA BRI SR, 4R I 38 3 Bt 1A - G 92 3R 2R
IR R B 1 7 A 25 I8 o 28 240 ML

1 A 3 X A N 4T S A R A L
REC R ALALB B, Bk Ty B 2 i R W (i
R T AR ) 550 TR R (R B

F3 HTHLUTFERY ST AL

Table 3 Overview of cryogels used for tissue engineering

RGBT ™) IRA, R 5l LR
BEREALHE A Tl 5 2 FLEE R, 20 it o 161 52 76 FLE 1) 58
I 2 rhak FLPR
3.3 L TRIHRE

FELLZUT R v, SCH Ry 4 e i 1t A4 3
TR R AE A AAE S DA 4 M SRR R |
F ST WS i A8 1 10 B s U B 5 48
R T BRI = AE OB, SRR R R DL
FAE TN Z LA (FLAR — A ROk 2 H0A 1%
K A RFLER R | R B 4 i A MR A 3
(AL B 5 KB T A7 55

ARS8 = 4k 53 2 LA R T8 IR i E R
R F= 9 Y B E | 18 EAE ML T AR S
b IEEA B AR B R A & AT S, MR 4
JiL/ A= P RE T e (A A/ B T A A R
L T AR SR RL, 40, R T AR SZ 2 K
AbEE e HGH T I A AE TR T L n] DLIR
WK, ARYEH A IR A2 TR
TERA W) S B FLR R Ak A g tn gk 3., Horp
KIRBA WA WS ST RME SRR SRk H R b
S B R EYA PVA pHEMA pAAm PEG 4%,

cryogel modification cell application ref

chitosan-gelatin — fibroblast ( Cos-7) tissue engineering 61

chitosan RGD fibroblast, endothelial cells soft tissue and hard tissue 73

dextran or gelatin laminin human umbilical cord blood stem cell neural tissue regeneration 74,17

gelatin polyelectrolyte microcapsules with  myofibroblast tissue engineering 33

TGF-B1

agarose gelatin pancreatic islets, insulinoma cell, tissue engineering 58,75
Cos-7 cell

agarose-alginate — fibroblast (NIH-3T3) , bacterial tissue engineering 76
cell (BL21)

alginate ACRL-PEG-RGD murine  mesenchymal ~ stem  cell, tissue engineering, cell 15
luciferase-transduced B16-F10 cell therapy

alginate gelatin human mononucleated cell, primary tissue engineering, 71

chondrocyte, Cos-7, NIH-3T3

endothelial cell, smooth muscle cell

polyvinyl alcohol chitosan, gelatin, starch,

cell therapy

vascular tissue engineering 78 ~ 82,91

(or PVA) haemoglobin,
hydroxyethylmethacrylate  dextran, gelatin, bovine type-I myoskeletal cell lines, fibroblast, soft tissues, cartilage tissue 83 ~87
(or HEMA) collagen, human fibrinogen, chondrocyte engineering, and others

lactate
polyacrylamide type I collagen,abRGDm, human colon cancer HCT116 , human tissue engineering 19,89
(or pAAm) NIPAAm, acute myeloid leukemia KG-1 cell,

embryonic fibroblast

poly (ethylene glycol) collagen type I, mineralization human mesenchymal stem cell, bovine tissue engineering 11,88

(or PEG)

chondrocyte

FRER AV EEA RAFBIHLBIERE, (A4
FRAEE R AL, AT3d o 2 A/ 3R R AR i 2 7 (i
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TE AW & S H oI A B Ji RT3 o 240 ik 7 B} R
J1. Ho R 2 092 PVA/ B S e85 3
BT A HA T AR, B R 22 ERAAR I T R 2
McGuinness 2852 B0 W I ATERS 43 )5 PVA
TSR A, WA R P I . SRR = 40 F 1A RE
PRI T U R R A 0l A8 PN R 40 1 3 g, H
PVA/ B b A 85 R B o LA €8 87 R 4 R K27
() Bloch 251 % BB & 41 e B R b/ W JC o fie v
R G- Mokt B, 9 HL LB & 28 43 b BH S /&5 T4 L 1Y)
ARG,

EIEPRT 2~ B¢ Kumar BRE 3 2058 T 41 i
TEME PSR, AT & B AT 4 A ( Cos-7) 7E5E
FWE/ W ff e BB I i T v g S R
HH R 20 M B 3 B R AN 3 T A, 3 AT,
LU X LA ] S Bk 2 (3G ke Ak — 0 i/
N-$2FEBE FAEE T 2 (EDC/NHS) ) il £ 1 P o 38 iR
R AT A it I (R TR - M- I3 S TR -
JiE-EDC/NHS ) XA A= 1 5200 5 & LA 3K T =04
ACRE M) S AR A (%) ) BRAL 2P o, T L5 S0 i e
WA F R RS IE RS . 0T I B AC B Y
an i AT A Al R U ML AE EDC-NHS & R
il £ (S P R AR A A B R 25 (| 6) T

CRYOGEL

Alginate-Gelatin-Glutaraldehyde Alginate-Gelatin-EDC-NHS

\\"{.- g i Qe 7
\\‘}SA; N -

Alginate  ~~"~Gelatin

Uniform cell growth on A((;G Cryogels [l Clustered cell growth on AGgy Cryogels

B 6 A £ A [R) 52 1B T o A r e R Ak - WG i e HE
OB
Fig.6 Cell adhesion in alginate-gelatin cryogels prepared

. - . 7
under different crosslinking conditions'"”’

RCD (R AR H &AM - KA RIR) 2 T 517 1E
TZMAEINET R, A5 11 MRS R SRS
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G, AR L E A R R R, PUPE Aguilar
W A S H RGD P8I 1R R £ Ik
(GRGDGY) , A A RIS GRGDGY #4435
SERME SR 76 32 wM ~ 63 wM P, 452
JiEZ= 1 RGD % B ] I 1 Rl 21 4 200 Jf %) 285 A A 34
B ;24 RGD ¥EFER T 0. 13 mM I, 40 i 14 5 <2 1) 41
il . RGD & 1 72 JROMk i e B A ZE W id M A )
Rt 35 A TR N R SURMAE 20 210 S 2R K

Galaev %" f i i WIS T 1 188 1 B 48581 RGD
(RS> F 5K (abRGDm ) BUME pAAm &S B pAAm-
pNIPAAm FhfiE , & L AEF 24 20 i /E abRGDm &1 fr)
s G TPV TR A, T R ik o FRIURS B BE , 394 BB PR T
abRGDm B pAAm i I HL, B 2T 4 200 ff e 46 1%
BRR , AT fioh £ FIORG B B, B4 TR 00

2 FE AR Mooney 251 il 8 3 T FI LN
Tk KL 7 FETR £ ( MA-alginate ) 79 AT VEST S, 3%
BAMRRIRRICICTERE (B 2) , T 7R 3Z 90% Y&
45 1 AE BLIG K AT AR SR IR i 9 0 - 2R
. —FE-RGD( ACRL-PEG-RGD) : B sk Mei% S e, 5
R LUMER SIAR L, RGD 4 in A BB A2 2 41 i 7E
2 4% THT K P 308 %) il JR DR B (1 7))

e Ty B

Bl 7 MSC 7E RGD &4 (A) FARAEM (B) ) MA-alginate
) GREE NI N SR OE 1 T 1 R

Fig.7 Adhesion and spreading of MSCs after 5 d of culture
in a RGD-modified cryogel (A), and non-modified cryogel

(B) "

A= WS T S A8 T e o A
RS () S0 AT 3 B A A 5 DA T 5 il 4
M SRR A BAE . Galaev BREEIAL™ SR
AR VE AR O R T R (CG) R
HeE AR (Fg) E# 3] pHEMA @R F, AR EL
PRI IE S CG/ pHEMA Fil Fg/pHEMA | 2 Ifi i
PEE I FRIC N CG-epHEMA F1 Fg-epHEMA , CG-
epHEMA Fl Fg-epHEMA [ i 1) 2 11k BEAK YR A 80
~85 wg/ml 1 130 ~ 140 pg/ml, S2H6G W2 5] i 21
AN MIAE Fo-epHEMA it Jisg BL 10 34 B 15 0L S5 4, 0t BH
Fg SR BOPE S Ik B R el 28 Fg R ARFI 4, T
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T PERCAR S LA SR 5 W AR B Vs 5 i i & 2
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M TR N T2 02Uk, AR AR
BURY M 2 2B A% R S I A ( organotypic
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i BN (]S BEL L o 22 JE SO I I, 5 A 2 R 3 2
IR S S ZR BB A% (2 M 22 ML )08 35, B I 5
(R Rh 22 P LR TR RE

AL TR Gl AR T, IR0
1309, SR, A R 7~ 1 i as T 701 e g 2 g
B L BB, W KT BAA TR
BEPEFTRIVE T, 75 70 P2 1 790 i SR i, AR BRI
VE A KA 7 & 3 3k, BRI AR R DR 4 De
Geest 55 & A AL AE KR F B1(TGF-B1) T
Je e Pt I B ML , R 45 TGF-B1 BRETR, LIA 3]
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0 HUBRCSR B K A B AR ARE g 5 )i BT 1) TGF-
B1 5P BE A= Wi e

Varghese 25 8 BF 5% T AR S5 46 b 0 (TR 4RIk 2
FL A B AT AR 22 L b ) % A2 T 5 Jo 1 40 i
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ARZ ALt e A 40 B Y 18 oA . 0 AR, T
WA TCHME hMSCs, # B8 (e HE 1 14 53 0 B A IE 1,
TCHMIEANML AT A b A AT AR S, R W58 28
B, HARZ AL AR T 18 40 R0 AL
AL, MR 2 LS AR T8 B AE A
X FEEE AL RNV BT E ARG

] AT VR 27 W R | R 2 A LS T i
TEREY T HE TR SRR T, Bk
FEYIR& TEA Tio, HPKBURLAY pAAm BRI &
JBE, HeJy 2 PERE AR A PR AT S e I LA M 2 254y
A BRARBE A T8 35 1 B RN A8 U AR 1% TEAE W) 4
AR5 A — 58 BT S, P01 R 2 Mo 450 il 2
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I BE AL B A il 5 R W 22 LA i E 2
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