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Figure 1 The formation of egg-box structure during the process of alginate ion gelation (color online).
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Table 1 Covalently cross-linked alginate hydrogel and its application
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Figure 2 Schematic diagram of cross-linking of alginate modified with cell adhesion peptide (color online).

(hDPSCs)MIVEGF. H A VEGF{ERFELRE 28 K G, 1
RECR R V& 1. hDPSCsII5 5] Hh R R PE /K&, 41
T IS 85%. 1% KB AT LA 3k 5 SR L 2L AR
AT BB BT A

2.2.3 At ARSI RN

VAR, YR 2 2 10 38 5 Wi 5 W2 4 i —COOH 1
AR I, W SRR RN T S BT, 5 A
SRR R o T B AT 20 B, A T AR
BEAR I K BEE:. Liang25 ik 7 —Fh R AR I MR 7%
BRI AN SR (HPCTS), i 5 i 5 iR e
TEE(SAD)EAL R AT A ORI, AL
I R Eh S L R AN I —COOH LA AR i 5,
S5 HPCTS 2R R AT R v, FIARIHTE 7,
FIHENEERE AR TRENE O - A
AR RN, I A RS ok ) 4 BT AN TR Ay
REMIBERR. BFFERI, Bl SCHE AR 4 I PEG/H
B EREN, SRR R, BSE, MRSk 2 (R
T RANTHEPEGH o TR, St EBIE /. K,
VR TR R KB 1) 1 2 1 R i A e ot ek FH AR [
Tl 2K (R 52 BBk 3T AR 42 1) S8 6 B 3 AT 00 B ) 3 0,

3 R RS R TR K B I

PFHA 2 2R iR M A RZIIE R
G, XTI, MR AIE MR IR A A RN E
LI AT LA BB, 1S EI6E
i W S AN [ SR A R ARG . T A sl e 7 P VB TR 2
KR AT DLEEIR B . JGHR . pHAEPR S0 T R AR 25
FAZTE,  INTI A e R AR 1 2 DA S A ) <<

stk )

3.0 5 PR Pk A

T P v 7 A K R, T SR (V- T R RO T )
(pNIPA A ) I 2V 7K B ) — . B LB Tk
MR, AT RAFE N ARIR B (32~37°C) Bt il & A= rT ik
A AEARIG VA RIR E (LCST) AR, RBUASEKIE, &
FAZEE AR, MIAS s K 1, Ei 22 S 80 B AR 4
B, T TR K B . 2R (R i s R K PR 22,
= FLCSTH, RoR th 2= s, B JLPAE K.

MY B A DASE I P I S8 1)k, R R
VB — [ U o I AR A 3 R R R R 2R (IE13).
de MouraZ5s " RIF 9T 7 5, 2 o pNIPA Amige b 1) 48 1%
ERKEE IR Sy e R s, L %% 2 K FLCST
B, 127K B I P B Ay e 4 55 8 LG o — (1 VA B R 2 /K
B pNIMAAm/KBERL B R A R B = 8 %, 18
ZIRFE R, PNIPAAmMBENCSR, JFH IR + N 45 i [A],
PR T 7K e L B X B S5 M BN AL Liugg™)
R A S B 1 T B 1 T A 7 A Y 8 R - -
PNIPAAmMZKERAR, o8 /E 2 75 B A ) 4% B iR 3t
K [FPNIPAAm, AT {4 9 48 % 6 1 2 36 FIPNI-
PAAmM-NH, ¥ 2 FE 2 [0 % R Ik R B, 1% /K e 1 e W 4
SRS ZS. DurkutFIElcin“ /8 T BN-2 155 2
P I i (PN 'V CL) #2485 e Ak ¥ 36 TR SR (PNVCL-g- Al g-
NH,) 7K B i & F2. 5PNVCLILER G, 1%/KEHR
DU P R PR A AR B NI, RIS PRI T Vg 3 PR
SRR, e T AR E M. EHPNVCL-g-Alg-
NH, /KB R 13 & A 7R IAECTLCST
i, HBERGEER R, X2 HTFPNVCLEE FAZETEMiK
Ut FR T F B 5 1 (1 P 45,

27



FERIAL S Y R st 7K R S A Dy 3 1 5 A 2L 4 72 £ 2

K2R ELKBELAE A FIPR SRR X 25 IR

Table 2 Drug release of alginate hydrogel under different environmental stimuli
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Figure 3 Schematic diagram of temperature dependence of temperature-responsive hydrogel (color online).
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Figure 4 Schematic diagram of pH-responsive alginate hydrogel to deliver small molecule drugs [53] (color online).
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Abstract: Alginate is a class of linear hydrophilic polysaccharides found in brown algae. It is composed of repeating
units of D-mannuronic acid (M) and L-guluronic acid (G) in different proportions. It is one of the natural biological
materials used for hydrogel synthesis. Through simple ion cross-linking, it can react with Ca”" and other multivalent
inorganic cations to form hydrogel, which called “egg box reaction”. There are a large number of —OH and —COOH
polar groups on the alginate skeleton, which can be modified by chemical or physical methods to achieve controlled
release of cells or biologically active molecules in response to temperature, pH, light and other stimuli. At present, one
of the main application strategies in the field of tissue regeneration is to use biocompatible materials, combined with
bioactive molecules and cells, to promote the regeneration of damaged tissues. Hydrogel materials have the potential to
protect embedded cells and mimic the natural extracellular matrix. Alginate is also widely used in the field of tissue
regeneration due to its easy gelation and good biocompatibility. In this review, we summarized the different cross-
linking methods of alginate hydrogels, focusing on the characteristics of alginate hydrogels that are responsive to stimuli
and their applications as delivery vehicles in tissue regeneration.

Keywords: alginate, hydrogel, covalent and non-covalent cross-linking, stimulus responsiveness, delivery vehicle,
tissue regeneration
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