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Abstract: The treatment of malignant tumor has always attracted much attention in clinical practice. Due to the
invasiveness and recalcitrance of tumor cells, conventional treatment schedules generally produce serious toxic
side effects. Compared with systemic chemotherapy. the administration of local medical-loaded gels significantly
reduces systemic toxicity and enables sustained drug delivery at the tumor site. In addition, stimulation-respon-
sive hydrogels with physical doping or chemical modification can respond to changes in environmental conditions
(e. g., temperature, pH, light), achieve gelation in situ, and controlled drug release, which greatly enhances
clinical compliance and efficiency of drug delivery. In this review, we classified and discussed the design strate-
gies of stimulation-responsive hydrogels and summarized the research progress of such hydrogels for tumor
treatment in recent years and their drug delivery schemes. Finally, the possible development direction of this
field is proposed according to some existing problems.
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Table 1 Research progress of hydrogel applied in the treatment of tumors

IKBEIE R BE M 1oy 2 4 AL 2 ) 4 g Z i E AL A EE DN
HAPs-g-PCL-b-PNIPAM pH-IE E X DTX MCF-7 N [23]
PLGA/CMC pH i i 5~ PR 1 E ALl PR [24]

G361 RO

PLA-L64-PLA-+PLA-L35-PLA A Doc+LL37 fik HCT116 25 g i [25]
Caerin 1.1 and 1. 9 Peptides T Caerin 1. 1+1. 9 Jik TC-1 Bl [26]
MPDA PTT DTX PC-3 5 B [27]
Gelatin pH- i 8 3 i PTX GBM JI5E I3 A 24 e e [28]
HA-GMA/NIPAM PTT DOX/ZnPC 5637 J¥ I 88 [29]
NIPAM/HA-GMA NIR.PTT AuNRs-AIPH 4T1 LM g [30]
(NIPAm) NP A ) ) OxNP-%& [ i — i JeA 4 432 [31]
PE/CaCO, pH FIAE 9y 0 o7 aPD1.Zeb B16F10 BRI [32]
GelMA ) ] o7 DOX A375 B FER [33]
LWMG W R PDT DOX 4T1 LR [34]
Vir-Gel A= Wy ) o7 miRNA GBM 2 J55 3 2 it 9 [35]
Silk fibroin pH A= ¥) il B A NIR Wi 7 DOX AT1 LI 9 [36]

: N-52 5 ZE 9 5 Bk % (N -Tsopropyl acrylamide, NIPAM) & F 3£ 5% B 4% (Carboxymethyl chitosan, CMC) (i £ 4} % (Near infrared,
NIR) St #7 % (Photothermal therapy, PTT) . )¢ 3 /7 7 ¥ (Photodynamic therapy. PDT) ., ® & ¥ (Polyethylene, PE). £ 7 il #§
(Docetaxel, DTX) , i % (Doxorubicin hydrochloride, DOX) . # P8 fih £ (Gemcitabine, GEM) | F 3 75 I 2 45 7K H I R (Glycidyl methac-
rylate, HA-GMA) .,

(a) (b)
CHj e DF + PEG =——p> /O)k \))KO\'
H.C
2 ﬁ)k[ /\% j]/gCHz + OH
CHs Yt
o et NH,NH,
PEGDMA MAA
APS/60°C o
EGMA JJ\
W BPNSs ¢
DF-PEG + PAHy _’.
pH 7.4
I n
— s
\g B S|
pH1.2
Collapse
(Aggregated) Swollen (Dispersed)

1 (a) PEGDMA/MAA 3 pH UM /K B 1 il £ J7 31 (2014 Viness Pillay RRALYF AT 5 (b) B 2 — B 3k
pH R R BE I i £ 7% T (2019 Elsevier Ltd. R AT

(a) Preparation method of pH-sensitive hydrogel by using PEGDMA and MAA (Reprinted with per-
mission from Ref. [40]; Copyright 2014 Viness Pillay). (b) Composition diagram of DF-PEG-PAHy/BPNSs
hydrogel (Reprinted with permission from Ref. [41]; Copyright 2019 Elsevier Ltd.)
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SrECEE wT DA BT A 38 S A [ 9 kA7 Y Y RE
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SNWIRETAT N RSN ROCR #E AT T I, &R
GNECHEUE B 2K BE B pH Wi P R B 2 W 1 R
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T AR T e R IR Y R 7 SR A p L M) 3 UK
B A3 55~ 98 bR 1R WE Xof B UK T 19 ) RO o 2 4
SRIVEM .

VT A, pHBUROK B K TE BT i 245 4 28 A4
BRI Ok BT IR AL D RIE W LR B A
KT 5 ) DDS ik # B Z2 — .

1.2 BEUKER

T SO BE I T 23 Sh B il AP 7K e AN I T B
MoK BN . B B K SR R (low critical
solution temperature, LCST) ) & % 0] LI W

FORBME K BE . TEMRIR PR b, R G Y8k %
IK I 5 7K 53 5 Z 188 i VB i 22 e K b ik
W6 & il E A T R A 2 D) 9 i K R AR 3 5
A 5, S BOR M BE AL . [z, IE IR AU K
BRI B B 5 % IR B Cupper critical solution
temperature, UCSTORUN . 3R 2 & T #0404 UL
REWH LCST,

R2OWIKERRE YR LCST U
Table 2 LCST effect of common hydrogel polymers

RaW LCST (C)

B N-5 A FE N9 B (pNiPAAmM) ~32
R (PEG) ~120

RN (PPG) ~50

R E N (PMAA) ~75
RIFERE(PVA) ~125

T ML ot iR (PVP) ~160

L 47 2 32 (MO) ~80

B R BE BUROK BE R R T R A R
(N-SER M BEE (poly (N-isopropylacrylam-
ide) » pNIPAAm) , H 35 A7 B /K 1 5 P4 A 2 7K Ak
Mot Jiie BE AT, 722 32 °C R R B B W A AR A
YR LCST 43 M, I BT DL 3 5 HoAth
FRIL BRI AT Y, Chen 25 &R T —Fh
B RL YR pH AL BE A OB e O Y SR N - B
Ml e BE 9 oK 55 K BE R, % K BE R OA
1579. 5 W W 284, IF R B B o4 535. 5 kPa
FORLARN g A B AT R A ML RE RO 25 W)
Bh3% # Mk, Shang %7 SR A LW H AR & T
pNIPAAm 4K B 4%  Jf TEK BEfE B MG 145 5 1
Fric ¥y, LLSE BT DOX Y $2 75 B¢ i R0 5 m) 38 1% .
R 2 M 28 W7 Y 2 ) A R R N IR B 0 O R
P 406 LA % /0N LA P S 30 49 HIE 592 1% 2 24
B2 B8 201 A o

38 3 53 Y 3R £ ¥ (poly(ethylene glycol) ,
PEG) Fl 5 3L FR- 72 3k £ B 3L R ¥ (poly (lactic-co-
glycolic acid) , PLGA) &K b4, 7] LI5S 2 B
R N R R SR R Jin UV IR R TR
PLGA/PEG Ky JF 7 1 B 4% 7K 3 i, L m] i 3 6 P
DB 25 %) Corilagin A4 T &7 B H
P i BRI AL . AE AT fig /N RSS2
27K BE e 3R B L 1 R 45 24 O A 1 0 i R T AL
X R IR N T S K B IR TR S A B 4 2 1 R I
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W EL A AR R Y LB T & 40 C L
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AR ZIE N [ 25 8. Donaldson 2854 #9587
N ERL A 200 i A T R R R 0 T P K S R A B
AR SE ROV . S5 e I AE I DS 0 Tk BH
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R . EB TR O R R s B R R
G O R SR T B A E L

Turabee 2500 3L T BE LB Yy PF127 1 N,
N, ,N-=H RF R (N,N, N-trimethylated chi-
tosan, TMO) &l 1 —F H T id 2% DTX (19 i 8
IKEEIE . BEREAR ZR T TMC B9 I A G I T %8 i ™)
KIFLBR %, PF127 (i A B2 5 T B B 1) ) 2% 3
B, ZIRBUKEE R DTX ZRM T 30 K, NIk
g 1 I DR 36 7 B AR TR Y A Ak R e . I 4,
Wan %5 36T DOX BRI 25 & T T I i6
7 IR M 25 1k &R D-PNAx, ¥ 55 BoR,
TE IR A R A K BRI . D-PNAx #% 25 1K & 38 1
TN 2 R OL T 0BT MR T . S A
A 25 DOX ¥ WA L, HAE i 20 21 b () DOX
R B W B T 9T 8 W 2 (K 2)

(a) oM 00 0o Ho o (b) 600
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0.0
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JCABOK % i 32 B AT = b R B — = A R
T G T8 O BRI AT B 4 A e s R
OO TR BE S 0 H B AR B OB T Al DL S R
Ot BRG mm Ry s — R R B 5 ARG R,
TR > B8 M ' S | T S ) K B S 1) TR R R 5 A
P T I R I R B 1 3 2 L O e g D A7 9 M T AR
PR B I AL SE I 2 W R i,
XoF 98 i R R A R YT T

Qiu %V ¥ Bk 5] A ARG SRR R 2
L I K B S R, T AR BT LT ARG T 8 R B
YRR, RN R L E NIR 6T, KEEK
FEBOCAE R TR I & Az K it e 2 B3 1 R 1% 2R
Yy, G N A )5 3 A R RCHE ) (&L 3a) . 220
PERERE RT3 2 2 R N T ZR . X pH
FG I SR A B4R, M 25578 12U 1 (SP) 51 A
BEIE BT T = F W P AR B (NGs) . 3l 5
¥ A B AE N3] NGs Hh i DOX, Al 786 . pH
FEG RIS AN NGs A48 7 B, 38 10 %5 2 24 it 25
i 240 Ff 3t 1 0 B 005 . O LS5 R b %) BB it g T
7E N FLMR SR (MCF-7) 40 (%) 40 i A% rh & H 5 20 1)
556 0T 26 A% (8 3by . R Ik i% B A il
o7 AR5 11 BH S 1~ 40 K B I S 7 A SR g Ak T R
6B IR YT B 245 W) HAR Y B I TR

Sun B BV BT T — R4S A Ok R T
(PTT) 1 #4 J1 2438 J7 (thermodynamic therapy,
TDT) BYHr B AT . N -5 74 38 3 4 O e AR ol 14 1) i
AH I 19 19 3T 21 A ) 7 7K 9 JE » 2% B e B0 7 = 4R

retention in tumor due to the formation of
insouble DOX salt and in situ-formed hydrogel

" DPNA00 nanopartices

& 2
B () MR R4S 18 -2 (2016 Elsevier Ltd, MRS A
Figure 2

Saline PNA100 Dox D-PNA10O

(a) R BCME D-PNAx JFU 7K B i 46 TR 78 2 18T 5 (b /Iy BRI P9 B g A= il 25 (o) 14 RGBT G 45 4 i R A

(a) Schematic illustration of preparation process of temperature sensitive in situ hydrogels of D-PNAx; (b)

Tumor growth curves inmice; (¢) Tumor weight after 14 days after treatments; (d) Photographs of tumor samples

(Reprinted with permission from Ref. [55]; Copyright 2016 Elsevier Ltd.)
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Figure 3

(a) Schematic diagram of preparation mechanism of BP doped photosensitive hydrogel (left) and ther-

mal images of tumor-bearing mice (right) (Reprinted with permission from Ref. [56]; Copyright 2018 PNAS);

(b) Distribution of fluorescein amine in MCF-7 cell (Reprinted with permission from Ref. [57]; Copyright 2017

American Chemical Society)
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P A1 248 B 75 1 A P e ik R T R S 5 2 E Y K
BEWCAE Z A5 T BA RS WG IT ROk I HiZ
158 1 HL AT B v 1 38 R AR S 0 A AR A L T
FAAE NIR ma 7 (9 4 850k A #fk . R, X — 45 &
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Fr SR BRI AR OB B X 2 UM L H 5 R SR b 4
HoAth BBE LA B2 NaCl KCl Fl CaCl, Ha fift 5 A4 Wi B
FE LA W), BT 3 B R BRIk ) i 3 1A
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Figure 4

(a) Swelling behavior of ConA hydrogel in the presence of glucose (Reprinted with permission from

Ref. [59]; Copyright 2004 Taylor &. Francis Group). (b) Structure of poly Cacrylamide/acrylate) hydrogel.

(¢) Quantification curves of glucose concentration (Reprinted with permission from Ref. [60]; Copyright 2016 The

Royal Society of Chemistry)
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Figure 5 Graphical representation of glucose-responsive antioxidant hydrogels for wound healing (Reprinted

with permission from Ref. [61]; Copyright 2022 American Chemical Society)

Fit 50 K O PG O R | R AT A dn R
FHAE I 988 40 Jf v B R A B 3 R & 8 R
(matrix metalloproteinase, MMPs) 3 ¥ & 4= )
i SO P K BRI . Nazli &5 %4+ T —Ff PEG {5
Rl A A 40 KL T (MIONPs) (1) MMPs i i %4
IKEEIE R G0 38 a8 A RS S VR A7 R IR B, Sl
Ve PR BB 259 . KBS B RGDS A Bt
SRR G R AR PR IO A {8 94 0K 20 AR 0% 50 1) b
FIANMIIT N . 080 BoR AR B IR Y DOX 4k
RORMIT 97 %60, I 7 I V5 il 1) BRI o o 3o I i
AR S 25 0 T B s T R Ji it RN T ke I
B b L A ) 3 20 BRI Y 4 K BBV R 4
B 60 % H 36 %0, 3 4 filt HEAN M AN HeLa 41 fifd /)
Xof P REAR L IE 5225 3 DOX [ ¥ 5] 499 K 245 49 28544 %)
i ged A B AT iR R E . S A L T
it B 41 il MM Ps 2235 7K PR HL 40 i 2 10 19 5 A R
A B L 49K 2R Atk 7 P R B A AR L 1 92 K O iR
VRS PE BT, T e L P R S 3 25 R G T A
A ) 245 0 R AR T 2R AT A N IR, i — 2B IR
% 58 B A bk Bl R 48 4k
1.4.3  PrikmuRm

3 3 L ST A AH AR R S 0 e 52 B R B
PO A 50U TR R J 1 i JEL B LR T R R I e R
Wrah & B R A P4 L, Y3 8] P i R

I PR TR 52 PR A & L A RS W TR
AR 5 . K R R PR R B S B 2
B

Yang %6 pNIPAm-co-AAc 41K B g 5
HA Z WM 4G E A RN A Br (il PD-1 Hit ORI AE
VAL EO MIES G BTG Bl T — R 2 2 ) Ik
f o LG PR R A IR BE X PD-1 SR Y
Fz I B AT AR 2 10 nmol/L K-,

VAR SRR R R JC A A8 AR B8 16 T D7 T
AR U . H ER T R R I R B 1 A AR
FE AR AR A 22 A P A AT R R AR A
ARG F il KK . IF HZh Wil 5
ANERER G Z M WA 2 B K5 /A -
BB AT BE 5N R H AT R AT O L X
WIRZ U Bt — P 058 S AT R SR Rk
Ji 1l
1.5 JKEEREI AR 5 R A

itged L ZLRYHLBRT PR R ARXE IS 2] 10000, S
ATy s JifJeR 52 2 B AR TR B 22 . e PR O 56
WAETFARYIBR G . ik — 2 i B 0T sifbyr 47 3R
J7 o BRI . by T i J 5 B B A 24 99 A 2 AR A AR
R A L R R AR AR, N TR
IR 245 9 A FH 1 (6] 62 4[] B, Bastiancich % % i
T P E - P A UE R OK i SO E R



5 T BE A - AT S K SR TE AR IR T R BT 5 i S + 559 -

G5 (GemC12-LNC) , HI T 1 By 5 51 £ 241 Jfd 96 1Y
RIG 8 K. WA ML 5 E 55, 78 PTX 1
GemC12-LNC 7K &8 I XT M2 248 e EL A7 AR 5 1 41
REVE  JF H AU Sh W 09 0 N S 58 R TR DI BR O
A GemC12-LNC 7K % I 1) #1 B A= 47 19 8 Ho A
HAHE M ER, SHIZAKEERB R G RA
RAFTRIT RO . 5 — P 0 30 58 A2 It R S s i
(temozolomide, TMZ) WY /K BEfE R Gith 078 1 o8
KA T e 0 & B RE 1H . HRRA A,
PTX fil TZM 1E 445 USTMG 41 Mi 77 1 /% 4% 1 B
FVE R, 332 VIR T AR PTX/TZM /K 8RB A
IBIT I USTMG J5t o7 £ 9 /)N BRI R B8 3 100
K U WY 38 24 K B I 3R 48 AE I 0T BE 4 M R S R
7 B R N TR

WA YUHR ST ¥ 75 0 B 98 AE % 7% AN 52 Kk J7 T
R A BRI 3 . Zhang %5 A ELT —
Tl 397 %1 55 B B / MPeg-Mal/pniPAM-co-AAc Ifil 4§
HNE A IKEE G 2K BEREAE R LA EER T &k
A SR S AR ARG P 98 DX Sl AR i R ot A % B DA Ok 2D
FE o e i X R REBE R T LW O # S T
PANC-1 98 A AT1 ZLARIE sh iR N, &5 R F
S5 1t EL VR A 983 50 407 A i 9% 48 197 A EL A e 8 B A%
23 [] , BT S B RL PO IR IT

FENG RS B, F R J& IR 97 J8 00 00 55 Ik
P 1) T L5 L A D) G e 4 1 [ I 5 R 2y
VIBRE o0 IE 5 B Wk LA 1R & . B2 R 8 Rk
FEONARSE — 18 B B B DB 09 R B i S 3L
ARG B L Btk 4 2 BE G 51 Y A R T 3R
BLo PR Bk B8 68 3R 98 IR T () sl 3 e Bk
MG IR ZE G IR 7 T B4R I T LB 2 oK. Ma
ST T — R TR R IF AL E R (OPO) MK #E
B TR EZROCHITE MR RGOS, 3
WL W, 9K RE R 55 (CS) /15 38 R 4 (SA) /
OPC/ O 41 A He HAth B4 4336 97 41 A 58w 1 3l
TR . A, OPC K& e X A # bk 9 e 240 i
FUN Bz Wk B 2T 2 40 Jf 35 4% A 38 Bl A 0 25 S R AR
FH G UE 52 T 32 48 5 7K B A6 AR I A8 AR i 45 1
AR R BAER .

M2 BT R ) B N K B B R Y R S BB
BRI R —FA T S IR YT T S8 B TR X
{18 7K B8 15 T B T 2 5 Jmy 38 24 W vk B, R R R AR
B VA VR A0 M 1 A2 R T Re M. AL, R 45 2 B
T &S MmeGE, KRR T 2%, A,

H T I8 1 R A B e R A e HG 5 0 i P
Z I SR AR K BE AR A R 97 T T VR 2 58 3
AR TR) T, DR IR A AR R i R i PR 52 fek v 3 57K
BECTEA S BURR T A 20 28 52 b i 5 1 M e
PR AR R BAE AT

2 HiESRE

UTAF R, B K 00 I P 2 24 R I A R R b
BRI E A Z P SE EA WG — S B
e R Z B 52 5030 b T AN PFA B B, 32 31 52 4%
Az FRERIE Je N ARG Bl 1 D0 B4 52 W) L S5 B A PN Q388
BLH AN 58 0 2, LR 45 R 2 % fH A R
SN Ak ) R T N7 SEW S8 O SN
LU FB o B8 I 3 2 22 B8 TG 1 R 1 B A 1Y) 25 W) ik
JE AR KRR TE TR BRI . A I #3387 v fg
VAR 2GR N BT S DL R BRI 5 R TN 2 2UR L
PERTHYF- 65 % R b 88 RS i AL 6 7 2 50 B 25 1
R P K R AR B T AT H A5
AL S AR A AR . S 8 0r R
GUB SRR BT i B D0 5 0 2 1k B 1% ) 33k
M o7 1 7 B A AE 01T

N T IR IR T B i IO K BE M AT
A AR R K 25 1) R A 3 28 8 RE 46 M 7 I PR 451 35
AN KRR R b A T A R R AR G AT O N B
—ERAT N,

S LAk

[1] Omofuma, O. O.; Turner, D. P.; Peterson, L.
L. ; Merchant, A. T. ; Zhang, J. ; Steck, S. E. Di-
etary advanced glycation end-products (AGE) and
risk of breast cancer in the prostate, lung, colorec-
tal and ovarian cancer screening trial (PLCO).
Cancer Prev. Res., 2020, 13, 601-610.

[ 2] Quintao, N. L. M. ; Santin, J. R.; Stoeberl, L.
C.; Corréa, T. P.; Melato, J.; Costa, R. Phar-
macological treatment of chemotherapy-induced
neuropathic pain: PPARY agonists as a promising
tool. Front. Neurosci., 2019, 13, 907.

[3] Lius Y.; Guo, J. F.; Huang, L. Modulation of
tumor microenvironment for immunotherapy: focus
on nanomaterial-based strategies. Theranostics ,
2020, 10(7), 3099-3117.

(4] Amiri. M. ; Khazaeli, P.; Salehabadi. A.; Salavati-
Niasari,» M. Hydrogel beads-based nanocomposites
in novel drug delivery platforms: recent trends and

developments. Adv. Colloid Interface Sci. . 2021,



. 560 - e

2 R 1 ¢

2023 4

[5]

L6]

[7]

[8]

[9]

[10]

[11]

[12]

(13]

[14]

288, 102316.

Turabee, M. H.; Thambi, T.; Duong, H. T.
T.; Jeong, J. H.; Lee, D. S. A pH- and temper-
ature-responsive bioresorbable injectable hydrogel
based on polypeptide block copolymers for the sus-
tained delivery of proteins in wvivo. Biomater.
Sci. , 2018, 6(3), 661-671.

Grijalvo, S.; Nieto-Diaz, M.; Maza, R. M. ;
Eritja, R.; Diaz, D. D. Alginate hydrogels as
scaffolds and delivery systems to repair the dam-
aged spinal cord. Biotechnol. J., 2019, 14(12),
el900275.

Zhang, C.; Yang, X. S.; Hu, W. Q.; Han, X.
S.; Fan, L. H.; Tao, S. X. Preparation and
characterization of carboxymethyl chitosan/collagen
peptide/oxidized konjac composite hydrogel. Int.
J. Biol. Macromol. s 2020, 149, 31-40.

Shi, W.; Hass, B.; Kuss, M. A.; Zhang, H.
P.; Ryu, S.; Zhang, D. Z.; Li, T. S.; Li, Y.
L. ; Duan, B. Fabrication of versatile dynamic hy-
acid-based  hydrogels.
Polym. , 2020, 233, 115803.
Sun., M. Y.; Sun, X. T.; Wang. Z. Y.; Guo.

S. Y.; Yu, G. ]J.; Yang, H. Z. Synthesis and

aluronic Carbohydr.

properties of gelatin methacryloyl (GelMA) hydro-
gels and their recent applications in load-bearing tis-
sue. Polymers, 2018, 10(11), 1290.

Pella, M. C. G. ; Lima-Tenorio, M. K. ; Teno6rio-
Neto, E. T.; Guilherme, M. R.; Muniz, E. C.;
Rubira, A. F. Chitosan-based hydrogels: from
preparation to biomedical applications. Carbohydr.
Polym. , 2018, 196, 233-245.

de France, K. J. ; DEmilio, E. ; Cranston, E. D. ;
Geiger, T.; Nystrom, G. Dual physically and
chemically crosslinked regenerated cellulose-gelatin
composite hydrogels towards art restoration. Car-
bohydr. Polym. , 2020, 234, 115885.

Chyzy, A.; Tomczykowa, M. ; Plonska-Brzezins-
ka, M. E. Hydrogels as potential nano-, micro-
and macro-scale systems for controlled drug delivery.
Materials (Basel), 2020, 13(1), 188.

Lee. J. H. Injectable hydrogels delivering thera-
peutic agents for disease treatment and tissue engi-
neering. Biomater. Res. , 2018, 22, 27.

Wang. Q. ; Li, X.; Wang, P. L.; Yao., Y.; Xu.,
Y.; Chen, Y. F.; Sun, Y.; Jiang, Q.; Fan, Y.
J. ;s Zhang, X. D. Bionic composite hydrogel with a
hybrid

covalent/noncovalent network promoting

[16]

[17]

(18]

[19]

(20]

[21]

[22]

phenotypic maintenance of hyaline cartilage. J.
Mater. Chem. B, 2020, 8(20), 4402-4411.
Wang, H. X.; Biswas, S. K.; Zhu, S. L.; Lu,
Y.; Yue, Y. Y.; Han, J. Q.; Xu, X. W.; Wu,
Q. L.; Xiao, H. N. Self-healable electro-conduc-
tive hydrogels based on core-shell structured nano-
cellulose/carbon nanotubes hybrids for use as flexi-
ble supercapacitors. Nanomaterials ( Basel ).
2020, 10(1), 112.

Rodriguez-Velazquez, E. ;
A.; Acosta-Martinez, D.

Alatorre-Meda, M. Pho-

Araiza-Verduzco, F.;
Cruz, H.;
R.; Pina-Luis, G. ;

Rivero, 1.

tocrosslinked alginate-methacrylate hydrogels with
modulable mechanical properties: effect of the mo-
lecular conformation and electron density of the
methacrylate reactive group. Materials (Basel) .
2020, 13(3), 534.

Qian, C.; Asoh, T. A.; Uyama, H. Osmotic
squat actuation in stiffness adjustable bacterial cel-
lulose composite hydrogels. J. Mater. Chem. B,
2020, 8(12), 2400-2409.

Jang, H.; Zhi, K. K.; Wang, J. C.; Zhao, H.
T.; Li, B.; Yang. X. Enhanced therapeutic effect
of paclitaxel with a natural polysaccharide carrier
for local injection in breast cancer. Int. J. Biol.
Macromol. , 2020, 148, 163-172.

Fan, Z. P.; Cheng, P.; Yin, G. W.; Wang, Z.
P.; Han, J. In situ forming oxidized salecan/ge-
latin injectable hydrogels for vancomycin delivery
Sci. Polym.

and 3D cell culture. J. Biomater.

Ed., 2020, 31(6), 762-780.

Fan., Z. P.; Cheng. P. ; Wang, D. W. ; Zhao, Y.
N.; Wang, Z. P.; Han, J. Design and investiga-
tion of salecan/chitosan hydrogel formulations with
improved antibacterial performance and 3D cell cul-
ture function. J. Biomater. Sci. Ed.,
2020, 31(17), 2268-2284.

Fan, Z. P.; Cheng, P.; Liu, M. ; Prakash, S.;
Han. J.; Ding. Z.; Zhao, Y. N.; Wang, Z. P.

Polym.

Dynamic crosslinked and injectable biohydrogels as
extracellular matrix mimics for the delivery of anti-
biotics and 3D cell culture. RSC Adv., 2020, 10
(33), 19587-19599.

Luo, Y. X.; Wei, X. Y.; Wan, Y. L.; Lin, X ;
Wang. Z. Y.; Huang, P. 3D printing of hydrogel
scaffolds for future application in photothermal
therapy of breast cancer and tissue repair. Acta

Biomater. , 2019, 92, 37-47.



5

T BE A - AT S K SR TE AR IR T R BT 5 i S * 561 -

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Ghamkhari, A.;
Hamishehkar,

Sarvari. R.; Ghorbani, M. ;
H. Novel thermoresponsive star-
liked nanomicelles for targeting of anticancer agent.
Eur. Polym. J., 2018, 107:143-154.

Gonsalves, A.; Tambe, P.; Le, D.; Thakore,
D.; Wadajkar. A. S.; Yang. J.; Nguyen., K.
T.; Menon, J. U. Synthesis and characterization
of a novel pH-responsive drug-releasing nanocom-
posite hydrogel for skin cancer therapy and wound
healing. J. Mater. Chem. B, 2021, 9(46), 9533-
9546.

Fan, R. R.; Tong, A. P.; Li, X. L.; Gao, X.;
Mei, L.; Zhou, L. X.; Zhang, X. N.; You, C. ;
Guo, G. Enhanced antitumor effects by docetaxel/
[LL.37-loaded thermosensitive hydrogel nanoparticles
in peritoneal carcinomatosis of colorectal cancer.
Int. J. Nanomed. , 2015, 10, 7291-7305.

Ni, G. Y.; Liu, X. S.; Li, H. J.; Fogarty, C.
E.; Chen, S.; Zhang, P. P.; Liu, Y.; Wu, X.
L.; Wei, M. Q.; Chen, G. Q.; Zhang, P.;
Wang, T. F. Topical application of temperature-
sensitive gel containing caerin 1. 1 and 1.9 peptides
on TC-1 tumour-bearing mice induced high-level
immune response in the tumour microenvironment.
Front. Oncol. , 2021, 11(1), 754770.

Dai, L.; Wei, D. P.; Zhang, J. D.; Shen, T.
Y.; Zhao, Y. M.; Liang., J. Q.; Ma, W. T.;
Zhang, L. M. ; Liu, Q. L.; Zheng, Y. Aptamer-
conjugated mesoporous polydopamine for docetaxel
targeted delivery and synergistic photothermal ther-
apy of prostate cancer. Cell Prolif., 2021, 54
(11), el3130.

Kang, J. H.; M. H.; D. S.;
Kwon, Y. J.; Ko, Y. T. Temperature and pH-re-

Turabee, Lee,
sponsive in situ hydrogels of gelatin derivatives to
prevent the reoccurrence of brain tumor. Biomed.
Pharmacother. , 2021, 143, 112144,

Huang, Z. M. ; Xiao, H.; Lu, X. Y.; Yan, W.
G.; Ji» Z. G. Enhanced photo/chemo combination
efficiency against bladder tumor by encapsulation of
DOX and ZnPC into in situ-formed thermosensitive
polymer hydrogel. Int. J. Nanomed. . 2018, 13,
7623-7631.

Sun, X. Q. ; Liu, D.; Xu, X. Y.; Shen., Y. F.;
Huang. Y. J.; Zeng. Z. S.; Xia, M. ; Zhao, C.
S. NIR-triggered thermo-responsive biodegradable
hydrogel with combination of photothermal and

thermodynamic therapy for hypoxic tumor. Asian

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

J. Pharm. Sci., 2020, 15(6), 713-727.
Fruehauf, K.; Kim, T. L ; Nelson, E. L.;
Patterson, J. P.; Wang, S. W. ; Shea, K. J. Me-
tabolite responsive nanoparticle-protein complex.
Biomacromolecules s 2019, 20(7), 2703-2712.
Ruan., H. T.; Hu, Q. Y.; Wen, D.; Chen, Q. ;
Chen, G. J.; Lu, Y. F.; Wang, J. Q.; Cheng,
H.; Lu, W. Y.; Gu. Z. A dual-bioresponsive
drug-delivery depot for combination of epigenetic
modulation and immune checkpoint blockade. Adwv.
Mater. , 2019, 31(17), e1806957.

Luo, Z. M. ; Sun, W. J.; Fang, J.; Lee, K. J.;
Li, S. 5 Gu, Z. ; Dokmeci, M. R. ; Khademhossei-
ni, A. Biodegradable gelatin methacryloyl mi-
croneedles for transdermal drug delivery. Adwv.
Healthc. Mater. , 2019, 8(3), e1801054.

Xu, L.; Zhao, M. Y.; Yang, Y. D.; Liang, Y.;
Sun, C. Z.; Gao, W. X.; Li, S.; He, B.; Pu,
Y. J. A reactive oxygen species (ROS)-responsive
low molecular weight gel co-loaded with doxorubi-
cin and Zn(11) phthalocyanine tetrasulfonic acid for
combined chemo-photodynamic therapy. J. Ma-
ter. Chem. B, 2017, 5(46), 9157-9164.

Gao, X. H.; Li, S.; Ding, F.; Liu, X. L.; Wu,
Y. J.; Li, J.; Feng, J.; Zhu, X. Y.; Zhang, C.
A virus-mimicking nucleic acid nanogel reprograms
microglia and macrophages for glioblastoma thera-
py. Adv. Mater. , 2021, 33(9), e2006116.

Gou, S. Q.; Xie, D. C.; Ma, Y.; Huang, Y.
M. ; Dai, F. Y.; Wang, C. H.; Xiao, B. Inject-
able, thixotropic, and multiresponsive silk fibroin
hydrogel for localized and synergistic tumor thera-
py. ACS Biomater. Sci. Eng., 2020, 6 (2),
1052-1063.

Shriky, B. ; Kelly, A.; Isreb, M. ; Babenko, M. ;
Mahmoudi, N.; O.;
Snow, T.; Gough, T. Pluronic F127 thermosensi-

Rogers, S.; Shebanova,
tive injectable smart hydrogels for controlled drug
delivery system development. J. Colloid Interface
Sci. s 2020, 565, 119-130.

Feki, A.; Hamdi, M.; Jaballi, 1. ; Zghal, S.;
Nasri. M. ; Ben Amara, 1. Conception and charac-
terization of a multi-sensitive composite chitosan-
red marine alga-polysaccharide hydrogels for insulin
controlled-release. Carbohydr. Polym., 2020,
236, 116046.

Sun, J. H.; Zhou., F.; Hu, H.; Li, N.; Xia,

M. M. ; Wang., L.; Wang, X. Y.; Wang, G. F.



. 562 - e

2 R 1 ¢

2023 4

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

Photocontrolled thermosensitive electrochemilumi-

hydrogel for isocarbophos detection.
Anal. Chem. , 2020, 92(8), 6136-6143.

K.; Tyagi, C.; Choonara, Y. E.;

nescence

Tomar, L.
Kumar, P.; Pillay, V. Rheological and swelling
behavior of pH hydrogel
APCBEE Procedia , 2014, 9, 192-196.
Wu, R. S.; Lin. J.; Xing, Y. M.; Dai, Z. L.;
Wang, L. W.; Zhang, X. P. pH-Sensitive black

sensitive particles.

phosphorous-incorporated hydrogel as novel implant
for cancer treatment. J. Pharm. Sci., 2019, 108
(8), 2542-2551.

Fan, Z. P.; Cheng, P.; Ling, L. B.; Han, ].
Dynamic bond crosslinked poly (y-glutamic acid)/
Salecan derived hydrogel as a platform for 3D cell
culture. Mater. Lett. , 2020, 273, 127936.
Liechty, W. B.; Peppas. N. A. Expert opinion:
responsive polymer nanoparticles in cancer therapy.
Eur. J. Pharm. Biopharm. , 2012, 80(2), 241-
246.

Raza, F.; Zhu, Y.; Chen, L.; You, X. R.;
Zhang, J. Y.; Khan, A.; Khan, M. W.; Has-
nat, M. ; Zafar, H.; Wu, J.; Ge, L. Paclitaxel-
loaded pH responsive hydrogel based on self-assem-
bled peptides for tumor targeting. Biomater. Sci. ,
2019, 7(5), 2023-2036.

IR, RN, T, R, 245, XM, San-
geeta Prakash, 5K 852, F CWH, £ IEF, %,
pH BURAY R Z R /37 W 0T IR 4k B 28 ) 4% 12 T K
BRI 45 B RAE. & & F @ 3R, 2020, (2), 23
37.

Pourmanouchehri, Z.; Ebrahimi. S.; Limoee,
M. ; Jalilian, F.; Janfaza, S.; Vosoughi, A. ; Be-
hbood, L. Controlled release of 5-fluorouracil to
melanoma cells using a hydrogel/micelle composites
based on deoxycholic acid and carboxymethyl chi-
tosan. Int. J. Biol. Macromol. , 2022, 206, 159-
166.

Liu, Y. Y.; Shao, Y. H.; Li, J. Preparation,
properties and controlled release behaviors of pH-
induced thermosensitive amphiphilic gels. Biomate-
rials , 2006, 27(21), 4016-4024.

Feil, H. ; Bae, Y. H.; Feijen, J.; Kim, S. W.
Effect of comonomer hydrophilicity and ionization
on the lower critical solution temperature of N-iso-
propylacrylamide copolymers.  Macromolecules ,
1993, 26(10), 2496-2500.

Chen, Y.; Kang, S.; Yu, J. R.; Wang, Y.;

[50]

[51]

[52]

(53]

[54]

[56]

Zhu, J.; Hu, Z. M. Tough robust dual responsive
nanocomposite hydrogel as controlled drug delivery
carrier of asprin. J. Mech. Behav. Biomed. Ma-
ter., 2019, 92, 179-187.

Shang, X. X.; Liu, Q.5 Qin, T.; Xu, X. D.;
Sun, H. M. ; Liu, M. X.; Zhu, H. D. Fabrica-
tion of cRGD-modified reduction-sensitive nanocap-
sule wia Pickering emulsion route to facilitate
tumor-targeted delivery. Int. J. Nanomed. ,
2019, 14, 3361-3373.

Jin, X.; Fu, Q. ; Gu, Z. H.; Zhang, Z. H. ; Lv,
H. X. Injectable corilagin/low molecular weight
chitosan/PLGA-PEG-PLGA thermosensitive hy-
drogels for localized cancer therapy and promoting
drug infiltration by modulation of tumor microenvi-
ronment. Int. J. Pharm., 2020, 589, 119772.
Xing, C. Y. ; Chen, S. Y.; Qiu, M. ; Liang, X. ;
Liu, Q.5 Zou, Q. S.; Li, Z. J.; Xie, Z. J.;
Wang, D.; Dong, B. Q.; Liu, L. P.; Fan, D.
Y.; Zhang., H. Conceptually novel black phos-
phorus/cellulose hydrogels as promising photother-
mal agents for effective cancer therapy. Adwv.
Healthc. Mater. s 2018, 7(7), €1701510.
Donaldson, A. R.; Tanase, C. E.; Awuah, D. ;
Vasanthi Bathrinarayanan, P.; Hall, L.; Ni-
kkhah, M. ; Khademhosseini,» A.; Rose, F.; Al-
exander, C.; Ghaemmaghami, A. M. Pho-
tocrosslinkable gelatin hydrogels modulate the pro-
duction of the major pro-inflammatory cytokine,
TNF-a, by human mononuclear cells. Front. Bio-
eng. Biotechnol. , 2018, 6, 116.

Turabee, M. H.; Jeong, T. H.; Ramalingam,
P.; Kang. J. H.; Ko, Y. T. N, N, N-trimethyl
chitosan embedded in situ Pluronic F127 hydrogel
for the treatment of brain tumor. Carbohydr.
Polym. , 2019, 203, 302-309.

Wan, J. S.; Geng, S. N.; Zhao, H.; Peng, X.
L.; Zhou, Q. ; Li, H.; He, M. ; Zhao, Y. B.;
Yang, X. L.; Xu, H. B. Doxorubicin-induced co-
assembling nanomedicines with temperature-sensi-
tive acidic polymer and their in-situ-forming hydro-
gels for intratumoral administration. J. Control.
Release , 2016, 235, 328-336.

Qiu, M. ; Wang, D. ; Liang, W. Y. ; Liu, L. P.;
Zhang, Y.; Chen, X.; Sang, D. K.; Xing, C.
Y.; Li, Z. J.; Dong, B. Q.; Xing, F.; Fan, D.
Y.; Bao, S. Y.; Zhang, H.; Cao, Y. H. Novel

concept of the smart NIR-light-controlled drug re-



5

T BE A - AT S K SR TE AR IR T R BT 5 i S *+ 563 -

[57]

[58]

[59]

[60]

[61]

[62]

lease of black phosphorus nanostructure for cancer
therapy. Proc. Natl. Acad. Sci. USA., 2018,
115(3), 501-506.

Don, T. M.; Lu, K. Y.; Lin, L. J.; Hsu, C.
H.; Wu, J. Y.; Mi, F. L. Temperature/pH/
enzyme triple-responsive cationic protein/PAA-b-
PNIPAAm nanogels for controlled anticancer drug
against multidrug

and photosensitizer delivery

resistant breast cancer cells. Mol. Pharmaceutics ,
2017, 14(12), 4648-4660.

Fuchs, S.; Ernst, A. U.; Wang, L. H.; Shariati,
K.; Wang, X.; Liu, Q. S.; Ma, M. L. Hydro-
gels in emerging technologies for type 1 diabetes.
Chem. Rev. , 2021, 121(18), 11458-11526.
Miyata, T.; Jikihara, A.; Nakamae, K.; Hoff-
man. A. S. Preparation of reversibly glucose-
responsive hydrogels by covalent immobilization of
lectin in polymer networks having pendant glucose.
J. Biomater. Sci. Polym. Ed., 2004, 15(9),
1085-1098.

Kim, Y. ; Namgung, H. ; Lee, T. S. Synthesis of
a glucose oxidase-conjugated, polyacrylamide-
based, fluorescent hydrogel for a reusable, ratio-
metric glucose sensor. Polym. Chem., 2016, 7
(43), 6655-6661.

Xu, Z. J.; Liu, G. T.; Huang, J. ; Wu, J. Novel
glucose-responsive antioxidant hybrid hydrogel for
repair. ACS Appl.
Mater. Interfaces, 2022, 14(6), 7680-7689.

Nazli, C.; Demirer, G. S.; Yar, Y.; Acar, H.

enhanced diabetic wound

Y. ; Kizilel, S. Targeted delivery of doxorubicin in-
to tumor cells via MMP-sensitive PEG hydrogel-

coated magnetic iron oxide nanoparticles ( MIONPs).

[63]

[64]

[65]

[66]

[67]

Colloids Surf. B Biointerfaces, 2014, 122, 674-
683.

Yang, H. M. ; Teoh, J. Y.; Yim, G. H.; Park,
Y.; Kim, Y. G.; Kim, J.; Yoo, D. Label-free
analysis of multivalent protein binding using biore-
sponsive nanogels and surface plasmon resonance
(SPR). ACS Appl. Mater. Interfaces, 2020, 12
(5), 5413-5419.

Bastiancich, C.; Bianco, J.; Vanvarenberg, K. ;
Ucakar, B.; Joudiou, N.; Gallez, B.;

G. ; Lagarce, F.; Préat, V.; Danhier, F.

Bastiat,
Inject-
able nanomedicine hydrogel for local chemotherapy
of glioblastoma after surgical resection. J. Con-
trol. Release, 2017, 264, 45-54.
Zhao, M. N.; Bozzato, E.; Joudiou, N.; Ghias-
sinejad, S.; Danhier, F.; Gallez, B.; Préat, V.
Codelivery of paclitaxel and temozolomide through a
photopolymerizable hydrogel prevents glioblastoma
recurrence after surgical resection. J. Control.
Release s 2019, 309, 72-81.
Zhang, K. ; Fang, Y.; He, Y. P.; Yin, H. H.;
Guan, X.; Pu, Y. Y.; Zhou, B. G.; Yue, W.
W.; Ren, W. W.; Du, D.; Li, H. Y.; Liu, C. ;
Sun, L. P.; Chen, Y.; Xu, H. X. Extravascular
gelation shrinkage-derived internal stress enables
tumor starvation therapy with suppressed metasta-
sis and recurrence. Nat. Commun. . 2019, 10,
5380.
Ma, H. S.; Zhou, Q.; Chang, J.; Wu, C. T.
Grape seed-inspired smart hydrogel scaffolds for

melanoma therapy and wound healing. ACS Nano .

2019, 13(4), 4302-4311.





