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[ Abstract] Objective To explore the bacterial blocking effect of oriented multilayer MXene/polyvinyl alcohol
(PVA) nanocomposite hydrogels and their effect on the repair of intestinal defects. Methods  MXene/PVA
nanocomposite hydrogels were prepared using the traditional freezing method and the bidirectional freezing ice template
method. The structures of the different hydrogels were observed using scanning electron microscopy (SEM) and micro-
CT reconstruction. The rheological properties of the hydrogels were measured using a dynamic rheometer, and their
mechanical properties were assessed using a universal testing machine. The burst pressure of the hydrogels was
determined through burst experiments, and bacterial colony growth was observed by the osmosis method to assess the
bacteria blocking ability of the hydrogels in vitro. A rat model of cecal perforation was established, and the hydrogels were
used for intestinal repair. Gram staining was performed to observe in vivo the bacterial blocking ability of the hydrogels,
HE staining was performed to observe the intestinal inflammation, and CD31 and CD68 immunofluorescence staining
and proliferating cell nuclear antigen (PCNA) staining were performed to observe the repair effect of the hydrogels on
intestinal defects. Results SEM and micro-CT reconstruction revealed that the hydrogel prepared by the traditional
freezing method exhibited a random porous structure, while the hydrogel prepared by the bidirectional freezing method
showed an oriented multilayer structure. Rheological and tensile tests indicated that the oriented hydrogel had superior
mechanical properties, and the burst pressure of the oriented multilayer hydrogel was as high as 27 kPa, significantly
higher than that of the non-oriented hydrogel (P<0.001). Bacterial colony growth was observed by the osmosis method
and it was found that, compared with the non-oriented hydrogel, the oriented multilayer hydrogel could effectively
prevent the infiltration of Escherichia coli and Staphylococcus aureus in vitro. Gram staining results showed that the
oriented multilayer hydrogel could effectively block intestinal bacteria from entering the abdominal cavity in vivo. HE
staining results showed that the oriented multilayer hydrogel could effectively reduce intestinal inflammation in vivo.
CD31 and CD68 immunofluorescence staining and PCNA staining results showed that the oriented multilayer hydrogel
had a repairing effect on intestinal defects in vivo. Conclusion  The oriented multilayer hydrogel prepared by
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bidirectional freezing effectively prevents bacterial infiltration and reduces intestinal inflammation.
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Fig 1 Schematic illustration of the in vitro bacterial blocking experiment
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Fig 2 The microstructure of the hydrogels

A, SEM images of the PM hydrogels; B, SEM images of the OPM hydrogels; C, micro-CT reconstruction image of the PM hydrogels; D, micro-CT reconstruction
image of the OPM hydrogels. PM: MXene/PVA hydrogel; OPM: oriented MXene/PVA hydrogel.



55 4 3

SRAT 55 XA VRVE I 4 1 HLUR] 22 J2 M Xene/PV AZK ]I ¥ 40 14 7 AR T BOG! Tl ki i 18 841

22 KERHIREITAHUR 12 R

FI3A N IR S R A4 T R AR 4 i 42, T LA
B HFE0.01% ~ 1% 1 1 A8 3 FE DY, B R iaURE 1 A5 AR g
PRFFRRUE, BAWIZ X MR BER MR R TR IX . L2 1%
o A 2P A A TR A, AnEI3B TR, ZEARAR
X Bt (<0.1 Hz), FrA7 iR i a5 i A R R e, B
AR X A 3 ) A, 2 B A SRR AT T B T R 1Y
W 4 454 . [T PM . OPM AR & %5  T-OPA, i) W]

104 -
103 L M
s ol
< -
% 10° | Q\‘mﬂ,-——-—r'w
g NW
) 101 -
=
—=— OPM-G' —— OPM-G"
10°r  —=— OPA-G' —v— OPA-G"
PM-G' PM-G"
1071 1 1 1 1 ]
102 10! 10° 10! 10%
e Strain/%
600 OPM
500 | PM
—— OPA
« 400 |
A,
=<
2 300
E
Z
100 /1
0 100 200 300 400
@ Strain/%

MXene A By T8 8 5 BE AR R 45 F i A e 1
FEI3CH /R TIXFEAE = A Bt 2k, vT LUE
OPMIWHTBK 38 B DL K Wt 244K 2R 15 T PM., OPA, H.
OPMH Wi AT 1K F1|300%, WiZdis i nT 1551300 kPa,
Ui HHA A P Ty RE . EI3D R TIAERY
FEREERE, 7T LLE HOPMAY MR JE 11 2/ FPM(P<
0.001), KH 1727 kPa, A iff /& Iy 1 1 5 %5 3 K Ji B ik s
JETIHESR

10* ¢
10° b
<
& 10%+
3
=
Z 10}
= . .
—=— OPM-G' —+— OPM-G'
10° ¢ PM-G' PM-G"
—=— OPA-G' —+— OPA-G"
1071 L L L L ]
1072 107! 10° 10! 10?
@ Frequency/Hz
40
§ 30 L skkk
s I
2
$ 20
& I
ERUIS
0
Q OPA PM OPM

3 KEREIRET AR 1R
Fig 3 The rheological properties and the mechanical properties of the hydrogels

OPA: oriented PVA hydrogel; PM: MXene/PVA hydrogel; OPM: oriented MXene/PVA hydrogel. A and B, Rheological properties of hydrogels; C, tensile properties

of hydrogels; D, the bursting pressure of the hydrogels.~ P<0.001, vs. PM and OPA groups.
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Fig 4 In vitro bacterial blocking experiments with the hydrogels

PM: MXene/PVA hydrogel; OPM: oriented MXene/PVA hydrogel. A,

Escherichia coli; B, Staphylococcus aureus.
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Fig 5 Tissue staining results for in vivo repair experiments
PM: MXene/PVA hydrogel; OPM: oriented MXene/PVA hydrogel. A, Gram staining; B, HE staining.
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