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Abstract: Objective A kind of targeted chitosan hydrogel co-loaded with manganese single-atom nanozyme (MnSAE) and
ascaridole (Asc), has been designed to provide a new idea for the eradication of Helicobacter pylori. Methods Firstly, using NHa-
PEG-COOH as link arm, the urea-group was modified on the Cs hydroxyl group of chitosan to prepare chitosan targeting materials

Urea-PEG-Cs (UPCs). Then the hollow zeolitic imidazolate frameworks-8 (ZIF-8) was used as template to adsorb manganese ions
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(Mn?"), and MnSAE was constructed by high temperature pyrolysis. Finally, the MnSAE and effective ingredients ascaridole of
Chenopodium ambrosioides were added to the UPCs solutions to construct MnSAE and Asc co-loaded UPCs targeted hydrogels
(Asc/MnSAE@UPCs). The structures of UPCs were identified by "H-NMR and Fourier transform infrared spectroscopy (FTIR), and
the morphology and elements distribution of hydrogel were observed by scanning electron microscopy and transmission electron
microscopy. The drug release behaviors, swelling ratio, adhesion strengths, multienzyme-like catalytic activities, and in vitro
biocompatibility of hydrogel were evaluated. Finally, the in vitro anti-H. pylori activity and the levels of intracellular reactive oxygen
species were investigated. Results  The results of '"H-NMR and FTIR showed that urea groups were modified onto chitosan skeleton.
The prepared Asc/MnSAE@UPCs hydrogel had multilayer porous structure with good swelling ratio, adhesion strengths and in vitro
biocompatibility. More importantly, the hydrogel had peroxidase and oxidase-like activities, which could produce hydroxyl radical and
superoxide anion, and exhibit excellent anti-H. pylori activity when combined with ascaridole. Conclusion The Asc/MnSAE@UPCs
hydrogel could integrate the advantages of MnSAE and the traditional Chinese medicine effective component ascaridole of
Chenopodium ambrosioides to exhibit synergistic targeted anti-H. pylori effects by chemodynamic therapy/chemotherapy, which has
important research value and clinical significance.

Key words: Helicobacter pylori; nanozyme; ascaridole; chitosan; hydrogel; Chenopodium ambrosioides L.; targeting; zeolitic

imidazolate frameworks-8; peroxidase
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He = HRRAL S (cetyltrimethylammonium bromide,
CTAB). N-F2 335 FAE IV i ( N-hydroxysuccinimide,
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W, EER AR Z HERE X SRR Co- kit
ITIRIE L PACs, Z a3 Ce-F2H:AI Urea-PEG-
COOH KA Figtt e N4 i Urea-PEG-PACs, #¢Ji Fll
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a-HUR R R MEREIE, 130 °C, A1, 24h; b-ZEARY": DMF/H0, A1, Sh; c-FRfk/<Ri: DCI, NHS, Urea-PEG-COOH, DMF, =ik,
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a-substitution reaction: pyridine solution, 130 °C, reflux, 24 h; b-amino protection: DMF/H,0, reflux, 5 h; c-esterification reaction: DCI, NHS, Urea-
PEG-COOH, DMF, room temperature, 72 h; d-amino deprotection: hydrazine hydrate, DMF, reflux, 7 h.
E 1 UPCs &ML
Fig. 1 Synthetic route of UPCs
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2 UPCs ] 'H-NMR (a) #1 FTIR (b) &f{E
Fig.2 'H-NMR (a) and FTIR (b) characterization of UPCs
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100 nm

100 nm
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Fig. 3 TEM image of MnSAE (a), and SEM image (b), TEM image (c), and EDS mapping results (d—i) of
Asc/MnSAE@UPCs hydrogels
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(pH 1.2 BEERVA AT pH 6.0« pH 7.4 PBS 227180
o WHEERKBIRG & PKIBERE N (37.0+
0.5) C, JRHHH N 100 r/min, 535]F 0. 0.5, 1.0,
2.0, 4.0, 8.0, 12.0. 18.0. 24.0h HEUFf 2 mL FF4h 78
S R IR A . %A UHPLC-Q-Orbitrap
HRMS JE & 73 3kl 25 7 8 1T R AR .

Asc/MnSAE@UPCs /KEEEEAF pH {HZE
TR R T 26 LI 4. \T 1 Asc/MnSAE@UPCs 7K
RO Bkl 25 ARV IR A B 5 pH 6.0 Fl1 pH
7.4 ¥ PBS ZEAHEL, DR ZEAE pH 1.2 FRESER
WHRRERCE R, PR A pH BustE, U5
SR W R 100 A )/ B~ Vi B R A 7 5 RS T G 1 A 5% R
HA T NG W P 25 4548, A T Bk 25 K
TS HPORE TSR R 1Dl | BT B IR 7, AT R
FEIRITIEF
2.7 IKERRBVARINB BRI

T 30 5 A A ) ST K SR VT LV I A
At Bt FREX 20 mg MG T /KBS (Way), BT
A 30 mLPBS fylest, ARl . 285 H
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- ’ 1
40 _
E — 1
oK i
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1/ pH 1.2 BEIRIA R
20 4. 3/4
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|
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0 & T T T T T 1
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4 Asc/MnSAE@UPCs 7K ERRIRRZhEZL (Xt 5,n=3)
Fig. 4 Release curves of ascaridole from Asc/MnSAE@
UPCs hydrogels (X £5,n=3)

U8 AR 2 VB I R K B R T K 7, IR i &
(Wewotten)» FFH/KEERHE T E 3 K, THEIKEER
A I o

TR FE = (Wewolien— Wary)/ Wary

TEINE KB WAL 2 AR OK I
Ik, BELZEBRNEIKCPE, X KEI ) — A B 2Ry
fiE, B T KB &K EAROKEE S, WA T
PR 2SR IR 1 ZKBEIR O K FEE 45
TR, ARZABIMIERZ ) 7 SRR AR (-1 3 fiK
iR, 153 14.89%. K Urea-PEG-COOH f&1fi
FEIENE. B MnSAE AI/SIRENE, 52 K EER 1
TR PSR B PR A 10% 247, 3% A BB -5 P s A Bk
LR R

1 OKRBEEME (Xts,n=3)
Table 1 Swelling ratio of hydrogels (X £s,n =3)

253 I EE/%
FE R KR 14.894+1.98
Asc@UPCs /KB 10.68+0.99
MnSAE@UPCs 7K #ER 9.53+2.31
Asc/MnSAE@Cs 7K EkiE 11.14£1.53
Asc/MnSAE@UPCs 7K B 10.2242.21

2.8 TKERRHVIARINREMIA R

I BRI AEAN K SRR F A AP R BT E - B 6.0
em X 2.0 em KRR IIHTERRE B2, K /KRR B AE M
Yot ez 8], A E B XA N 2.0 cm X 1.0 cm,
IEEREAM TE 1 h B2k RIE6 M
AR g, R AR IR ERE N SON, AN 10
mm/min, FEEIKERE SN 3 R THEIKER T
RPHRAE . SRIREE IR 2.

R0 N DI = AR R 0 AR ) e i T R

FEEEREK B A Asc/MnSAE@Cs 7K BEIE %
B 56t B AH X i, 3 oA 14,63 14.37 kPa.s 1 Asc@
UPCs 7K 55 . MnSAE@UPCs 7K &5 Fl Asc/MnSAE
@UPCs 7K BER IR M o FE R B2 R R, 23501 4 12.07.

Fz2 KERMFMEE (Xts,n=3)
Table 2 Adhesion strengths of hydrogels (X £ s, n =3)

4151 R P 2 /kPa
Cs /K#EEIR 14.63£0.55
Asc@UPCs 7K &tk 12.07£0.47
MnSAE@UPCs 7Kt 11.53£0.65
Asc/MnSAE@Cs 7K kL 14.374£0.90
Asc/MnSAE@UPCs 7K &t/ 11.07£0.15
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11.53. 11.07 kPa. BEMCKRE, il RIKEREHF
BRI, AL REEEA], v DL S P
FERR b, IR R IR, nIE K HAE B R
JEE AL PR i B BT 1), 2 v N A Tl R R ) 5 SR A
IR o

2.9 EEGEMITEMN

2.9.1 PODHME R TMB AL R H6AE MnSAE
(1) POD 5P, fEE IR, [ 200 uL 1) pH
5.5 B2 NN MnSAE (Mn & i B3 E N 0.
3.75. 7.50+ 15.00, 22.50. 30.00 pg/mL), FIIA 10
uL 19 400 pg/mL [ TMB ¥R, 5HJa A 32 ul
1% HoO2 R, 81 FH 2 Dh g E bR A id 3k 20 min
AR RAE 652 nm FAKALIBOLE (4D 14,

29.2 OXD iFHME TMB tr[# OXD &db)E 4
WY, F 652 nm AF & KW, H TN
MnSAE ] OXD ZEEgIEME. HUASE BT &k AL 1)
MnSAE (Mn Z&Ji&#KEH 0. 2.00. 2.67. 4.00,
8.00~ 16.00 pg/mL) JIAZE] pH 5.5 FIZEME+, 1
min 5 10 pL ] 400 pg/mL ] TMB &R, =
T S 20 min, FFH AR E 652 nm AL 4 1H.
293 FREEWMEAR A TA BBCROGERN
F2 3 1 e LA A A6, 0.1 mol/L ) H02.0.5 mmol/L
Ho} A R AT Asc/MnSAE@UPCs 7K EtfiE (MnSAE
JREWRE N 50 pg/mL) fE=HE FF 0.01 mol/L 1)
HAc-NaAc 22K (pH 5.5) hH43% 30 min. K%
o MG RETE R & R AR RAE 410 nm PEAAL )
A1

294 HAAE AR FEEH DPBF /5 Ak
FRVASE ) e A 9T B AR R0, 4 Asc/MnSAE@
UPCs 7/K#&ER (MnSAE i &N 50 pg/mL) . 0.1
mol/L ¥ H,O, Al 25 pg/mL f¥] DPBF 7£ 0.01 mol/L
) HAc-NaAc 22 (pH 5.5) T EIREMETFHE
30 mino FHEEAM-RT L2366 L TR & 420 nm K
Abf) A 15

29.5 FRMEAGIEVESE R SRR HEALIE T2 9K B S
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Fig. 5 Multienzyme-like catalytic activities of
Asc/MnSAE@UPCs hydrogels
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H 51T DORE AR OG0 R — R A N B A 7
() 2-FRFEN R IR, & 5-c 1] 7 Hi Bl 25 )[R PR3
I, FOGIREEIRETIE R, ROFEREE I A
UeAk, HEBH 7R DPBF 78 420 nm KAk
K. 55 IR B AHLL , Asc/MnSAE @UPCs
KB R ZL R (B 5-dDo RiREE BEsL T
P2 I B AR A Y A A
2.10 FKERRHEINR TN IR

) FH 248 e RS ) B (CCK-8) Al Ase/
MnSAE@UPCs 7K % i 6k N IE & B 2B b 2 40 i
GES-1 4Hfuszm . BONEA K AR GES-1 41,
PL 5 X 104U 4H 2 FERFT T 96 FLtRk, 5 AN
BRI Asc/MnSAE@UPCs 7KL HEE & 24 h.
Fr2: 96 FLARH IHM s 5:, A PBS ¥t 138, A
120 pL B5 72 MR (1 CCK-8 k7, 37 CRbbid
2 h, f§ FHEEFRIXAE 450 nm P KA A 1. &4
WHE 6 ML, ¥ PBS ALFE AN 21 s (A xt
MR, THEYIME P E. SRR3R, 5
STIRLARLL, 458 BRI AT UPCs 7K 15
FIRFEIARE] 200 pg/mL B, X GES-1 40 &2
WA Gt 2R (P>0.05). &t—LitH, &
RHEKBER A UPCs /KB I - BMHR B Chalf
maximal inhibitory concentration, ICso) {H 3 KT
4.7X10° ng/mL, iF S 2% (1) 7K & 78 A3 FH VG L Y
WHHEME M. FRME p-HIMBREN. PEG %
HR A AREE VEIRE, R I ) 5 (R 7Kt e R 30
R AP AE A R
2.1 FKERR AU TIRAT B R R R

FIF PR B2 A K B AR AT B s 121,
EOGTH AEHH ) la T TREAT T 1 15 600 nm AL 4 1B
0.1 (1X10° cfu/mL) . HEURRELFHY) 600 ul KA [ T2
FFETREIR, 23 BN 600 pL FE i (FEERE KB |

3 IKERXT GES-1 HfEFERISMm (XS, n=16)
Table 3 Effect of hydrogel on proliferation of GES-1 cells
(Xts,n=6)

K f o == 4 BAT I 2/ %
KR/ (ngmL™) 7 R I UPCs 7K
0 100.00+5.48 100.00+3.79
5 97.57+3.72 96.3244.38
10 94214121 92.3642.20
50 92.8842.12 89.7443.60
100 90.9246.05 86.91+1.48
200 85.5447.55 83.9541.80

Asc@UPCs 7K#&EE . MnSAE@UPCs /K& Asc/
MnSAE@Cs /K#tfiE . Asc/MnSAE@UPCs 7K b)),
£ 37 CIEHEFREKT 60 r/min #£3), AN 3 K
BHE. 2HME 12, 24, 36h 5, BEFENIRR
10 000 1%, A 21 i | THEAF B a0k 3 [ A s o e v
BigE, WHEE . KBRMPTE SRR 4
Fros o il 2% 224 /K (R 470 T AT B8 v 1k A
WA DG Beal, SXTRRZHAHLL, 72 BB
JUFEA PR SR, Asc@UPCs 7K #&E A
MnSAE@UPCs 7K #&E s 2H 1) | THEAT B B 7 00 {2
FEAK (P<<0.05). JUHFREIR A2, L2 MnSAE
FIBRE 2K ) Asc/MnSAE@UPCs 7K kA% &7 H At
FEPURETETE, B A3 a7 AL IR IT )
WEPEER. FH, ZAPEEEEES TAS
Urea-PEG-COOH f&1fiiff] Asc/MnSAE@Cs 7Kt fii 21
(P<<0.05), ik —PAESE | IRFEASG ) 52 M K
L EBL e TN R E
T4 NBRBREEIMARI TIRATEDEY (X£s,n=3)
Table 4 In vitro anti-H. pylori activities of hydrogels
(Xts,n=3)

3 A | TIRAT I TRV A cfu
ZHH

12h 24h 36h
xR 1032475 109486 1107469
F R MK 1023£58  1039+79 1052475
Asc@UPCs 7K bR 797481 643455 573485
MnSAE@UPCs 7K 5t 622154 537H42% 429450
Asc/MnSAE@Cs 7KEE 4611634 298+63%  256149%
Asc/MnSAE@UPCs 7KBEIE 293365 92446 774674

EXHEA L #P<<0.05;
*P<0.05 "P<0.0l.

#P <0.05 vs control group; "P<0.05 P <0.01 vs Asc/MnSAE@Cs
hydrogels group.

212 FKEBSHOARSNE M E AR

HY 600 uL (1) 600 nm KA 4 fH 4 0.1 HIHAT]
AT REIR R, 5 600 pL FE5h GERMEIKEE .
Asc@UPCs 7Kt . MnSAE@UPCs /K& Asc/
MnSAE@Cs /K#bE . Asc/MnSAE@UPCs 7K ¥R )
£ 37 CHEBEKTEE 24 h. BORERELER
FR, H PBS ik 3 S M 1 mL [ 2/,7- 50K
H & . LFREE(DCFH-DA), 37 C#:#E 30 min.
Z J5 F PBS ¥ 3 i, HHT 4 HLE] 100 uL i) PBS 1,
WnEEG A b, HldE A, H CLSM MEE A
(1) A= 1o 1 CLSM W 5% 7K 35 A A= il v 1 28U 1 g
DCFH-DA REFHE N AT TEAT B8 5, 0] 45 I B 7K A

5 Asc/MnSAE@Cs 7K¥EAGZH Hh 4«
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Fig. 6 Reactive oxygen species generation results of H. pylori after treatment with hydrogels
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