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[Abstract] Objective To investigate the intestinal barrier injury in mice induced by hypobaric hypoxia and evaluate the
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protective effect of polaprezinc. Methods Mice were divided into four groups: blank control group, PZ group, HH group, and HH+
PZ group, with eight mice in each group (n=8). According to the grouping, animals were administered Polaprezinc (100 mg/kg) or
distilled water (0.2 ml) by gavage once daily for one week. Subsequently, mice in the HH and HH+PZ groups were exposed to a
hypobaric hypoxic environment simulating an altitude of 6000 m for one week, during which the corresponding gavage administration
of Polaprezinc or distilled water was continued daily. At the time of sampling, changes in small intestinal length were measured in each
group. Hematoxylin and eosin (HE) staining was used to observe intestinal mucosal villus injury. The expression levels of Occludin
and Claudinl were detected by Western blotting. Serum concentrations of lipopolysaccharide (LPS), D-lactic acid (D-LA),
interleukin-6 (IL-6), malondialdehyde (MDA), and glutathione peroxidase (GPX) were measured by ELISA. Immunohistochemistry
and immunofluorescence staining were performed to assess changes in the numbers of intestinal stem cells, proliferative cells, and
Paneth cells. Apoptosis of small intestinal epithelial cells was detected by TUNEL staining. Results Compared with the control
group, the HH group exhibited a significantly reduced body weight and a marked shortening of small intestinal length (P<0.05). The
small intestinal mucosa showed collapsed and sparse villi, with significantly decreased villus height and villus height-to-crypt depth
ratio (V/C) (P<0.05, P<0.01). The expression levels of the tight junction proteins Occludin and Claudin1 in the jejunum and ileum
were downregulated (P<0.0S). Serum levels of LPS, D-LA, IL-6, and MDA were elevated, while GPX levels were decreased (P<0.05).
Additionally, the numbers of intestinal stem cells and the level of cell proliferation activity were reduced, the number of apoptotic cells
was increased, and the proportion of Paneth cells was decreased (P<0.05). Compared with the HH group, Polaprezinc intervention
attenuated the trend of body weight loss, significantly increased small intestinal length (P<0.05), ameliorated villus injury, and
increased villus height and V/C ratio (P<0.05). It also upregulated the expression of Occludin and Claudin1 (P<0.05), reduced serum
levels of LPS and D-LA (P<0.0S), and significantly increased GPX levels (P<0.0S). Furthermore, Polaprezinc treatment increased the
number of intestinal stem cells, promoted cell proliferation, inhibited cell apoptosis (P<0.05), and increased the proportion of Paneth
cells (P<0.05). Conclusion Polaprezinc alleviates hypobaric hypoxia-induced small intestinal mucosal injury in mice by activating
intestinal stem cells, promoting epithelial cell proliferation, suppressing apoptosis, and enhancing the expression of tight junction
proteins.

[Keywords] hypobaric hypoxia; intestinal mucosal injury; polaprezinc; intestinal stem cells
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Fig.2 Impact of hypobaric hypoxia exposure and polaprezinc treatment on mouse body weight and small intestinal length (n=8)
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A HE QR EWMES AN . BIBARTEILE(x200); B &AM MBI GAERE . BREsRE KA ERES ES 458

0.05, **P<0.01, **P<0.001., HH.{KEMEAE; Pz B HmisE



Y AT 2

e XXXXAEXX H XX H

@ RS

A48 22 88 J5 /N BRUALTE LPS . D-LA ZKF- B i 7
T 2R 38 S 4 T WU 7 5 7K - 358 HH 41 B 38 RIS (P<
0.05, Kl4C), HR/RIRHARE TR T 3800 bt ) 6e
105, R IEE S RGN, R g R ] LR %
B ARIL, CEE YRR, 525 F A
A, PZAL/NERILYE IL-6 . GPX/K-FJCHA i 481k (P>
0.05), MDAZKF-BEFEAR, (H2E S TSI # 2 L (P>

0.05); S PzAIAMILL, HHA/N R IL-6, MDA K
SETFE, GPX KR B (P<0.05) ;5 33 H 0 b B S
IL-6, MDA K-F-FEAR, {H 22 5 o4t it % 2 3L (P>
0.05), T1fii GPX 7KF ] B f [ F (P<0.05, [K14C). Wi
WA RS R AR R R 5 /D B DR R,
PRAEAG O, 10 SR o Ak 3 AT 4 v £ 4P Rl F- GPX
K, R SRR

L83 A AL
lgr_ Pz
Occludin o e w s o & o |S6KD % m HHZ]
:}ﬁ 1.04 I HH+PZ4]
Claudinlu..-.-...|l7kD % '
Bractin [ e " —— ——— - - - - |42 kD g 0s
O S O S B
3\3&%‘ L Y\\’* XXXQ(L =
7o w E
Occludin Claudinl ®
s s AL
4
Occludinlii_..gg‘---. S6kD é :;Zﬁgjl
z 4
Clavcio [ AR W ] > -
Bractin [ esas e es e as asew awew |+ D
DS S O S R
S GRS S S
@@ » =
Occludin Claudinl ®
1.5+ 150 X 15 %
*kk o
2 101 E 100+ 2 104
= 2 <
2 E k4
N < e
w 3 T
& 0.5+ A 3 5
S B O S R O N S B
O A j> O o ) o O O O j
NGNS QXQ‘I) 3\3@%- 97 g ?‘XQ(L‘ ﬂ\@ff- L7 s QXQ(I)
7% W™ 7% W™ 7% W™
*%
104 800 4 £,
~ 8= *
E 600+
E =
2 E
g 3
<& £ 400
<, £
% <
S 2004
) -
O Ry O B o
O o i o 2 2 2
%\&Q\f?- b ‘Q\XX Q&XQ(L' 3\3&%@‘« 9l Q,\’* VXXQ(L
2 2 A ©

4 RHARAE R ER K 25T /N IN Y e BE DT RE F4 52 ] (n=8)
Fig.4 Effects of hypobaric hypoxia exposure and drug treatment on small intestinal barrier function in mice (n=8)

A, B.EAUNRA B . IR Bf R0 2R 1123515 DL (Western blotting) 5 C. 25 41/NRUMTEAE Z W (LPS) . D-FLMR(D-LA). F4IEA &

(IL-6) . TN [ (MDA) . 7+t H ki S AL i (GPX) /KF-. *P<0.05,
#FH; Claudinl. BB EZEEA1

*P<0.01, **P<0.001, HH. KR ; PZ. BEHEr; Occludin. (4111



2.4 FEEGEERHEAE R EE /D BUNZ R A Y
i 5 Ax AL, pz4l/hB/Ms OLEM4*
7B T4 . PCNA*I7E HEFH TS R4 . TUNEL A
T4 5 HTE I B AR Ak (P>0.05) ;s TRER AR TG
/NN OLEM4* 38 T 40 . PCNA* i 1 34 58 15 P
YN 7 LURRAIG, TUNEL PR T4 o o B8 38 m (P<
0.05); W Fni Ak B IS /N BN OFLMA4 iz i+ 21
Mi. PCNA'J B EFE G HEARAR &7 Lb3E i, TUNELH
T4 5 HLRE AR (P<0.05, &1 5-6), $h7R I HiEEnT
REIE S A 18 T A0 M, (20 1 1 4 G 5 T
PE. MR, KRS RIEEN . Ak,
BIEDO Y AL R R, A AR RAMLI, PZ4A
/INBR S i QAR AL o LT (P<0.05) , {H45 17 [ A
Ji 5 e JE I A8 A (P>0.05) , TR R E R 88 /N B

25 R R PZ4

XX XX, XXXX <>

I AR 5 FE R (P<0.05) , SR HAE AL S /1N
R I i EC AL L T I S 2028 (P>0.05) , 1 [ i i
G A0 5 He B B THE (P<0.05, [B16), Hm B s
A e 38 L 5 i [ Bkt , R 3 RE T T Y
e S5IRE, BRI E 2 T/ E/NG T
YR P G TERE T

5 I

FKEGA ) Z R m R, BT AR EUR S
/N R REAS A A O 2R ) g v SN AR A £ B
B SR BRI B G . AR R, R EbE T
RERS Wi e /N RN DB 240 . FRIR I REZ 40 |
Ji7a 3 T 200 M L TR o LU R R, s TSR B b
X AR ISR A 2R ER N/ Na R O R, A

HH#A HH+PZ#

OLFM4

PCNA

R 54

~ * %k

ﬂ *% ******

A0 44 Fi
= -
5 34 4
e S
g 24 =
s 6
I 14 &
=

5

o 0-

¥

7] B)7]

TR LE (%)

|~ EEpgE]
mPrz4
mHHA

B HH+PZZ

=

)7

S RITAR AR AR S 2 Ak BEOGH /)N Bl 10 40 RO 9 005 1 ) B 1 (n=8)
Fig.5 Effects of hypobaric hypoxia exposure and drug treatment on intestinal cell proliferative activity in mice (n=8)
Gy ALY ORI/ 2 1 . AZHE P i) OLF4 "Ml T2 i & PCNA I G B 1 M 4 I (x400) , F7HE ISR IR UL AT 1 £ (x800)
PEPEAN RS A 3k . *P<0.0S, ™P<0.01, ***P<0.001. HH.ILEMLE; Pz KW Fth



MBS, XOOUEXX T XX

DAPI/TUNEL

DAPI/i% i i

~ 1.5« KAk
X
~— *kk *
Rt — —
—_
!
= 1.0 4
j==4
T_‘_E
E 54 e -
—
:
= 0d
g7} E)7]

HH+PZH

T DQAT i L (%)

s B}

Bl6 RITARSTRER S 25 WAL BEXT/IN BN 25 B AR IR R i (n=8)
Fig.6 Effects of hypobaric hypoxia exposure and drug treatment on the numbers of various cell types in the mouse small intestine (n=8)

ANEE I T P T A0 TUNEL 4% (R DG A0 g 50 Y (.25 28 (x400) , 7 HE DI AT LA | 71 (x800) . *P<0.05, **P<0.01,

“*P<0.001. HH. fIEMRSE; Pz, R Hiks

LR FH T v i SRR O M A A e B A A T
SEHARARE

Jr 8 B A R B, FLm A R R, &
B2 DX 3 A A4t L 7 AP A AR 5 B R e AL 4 R
R A 7 S W I B A K 2 TR £ NI 1] =R = R A
WL AL L 2 AZ BH , MR A R 4% IR — W% IR (adenosine
triphosphate, ATP)A: WCHGI, Tk i 2 4 JE A7 Al
SR FEARTT R, AL A A S e . P T,
VRG] K95 BZE45 . Tambe 5V R, TE S-F IR 1%
WE (S-FU) IS 7 B B i Al rhr AT DL 2ok 4t 2R
IiAkiR AL, A SRR SR BB AR 25 #4 I T B PR A

W, HEMFBHERTES . Son FIRH, 1EN
AT SRR v, ke k4 TS 0PN Jo T SR
PET O SRAT AT SR, 3 18 3 S5 B 2 45 £ 0
PAE AT 2 . Stupina SFVE L, SPEIREAR
€2k)L 7)1 R By N WSS 77k I g0k A N N
PR Rk B RESHESIERNL, XL RS Y
UL ] R 2 L R AR e AU s A T, R
BEHMEZFN . #OTREPaEefedtiniE
KA FEAE SR, SRR ES . Song FL
B, AbIFERER R AT A L R A T, (et
Jn b Bz AR MO E . BRI RS . AAOTTE LSRR



o5 LUAE AR VP4 1 908 W e T i e AR, 4521
NN SL iR dliNA € A (VAR =R 25 55 RN
W EE . Wiig MO EBREE UE ; i I HIILE
RERE T/ NGREAMIIE T, $R RS E X T
AR E R N/ N R TE R A R

B EIE piE L RS LR, TEZESy
R B D ey T A AR AR ] . R R
i %5 % i A 1 M 8/ Al 2 1 (zonula occluden,
Z0). Occludin, Claudins %4 A%, Wang % % B,
55 . 4000 m PR B 4 4 Ji I B2 2 EE B AR 1T (0 201
Occludin) F A 7K-F-FEAK, HIHLFKILT R MUEIR A
TN AT . B R, iE
BRI BRI T RE, BRE = AT 5] 1 B RO
J B PRGN, e 2 BN R IMLAE A B AR
i RS ML AT REAE T RE I B2 S35
S54 W REREIIC LA e 4 M DAL P Bk B, DTG 2 3
B ERE O, 1R I 255 B 2 RE RS
Shao % & B, 4 mI 38 2 4 T ol R O JUL B -3-
(phosphatidylinositol-3-kinases, PI3K)/#% % [/ /) 24 FR
HE M@/ MY EREREEB
(mammalian target of rapamycin, mTOR){5 5 i # 34/l
Ji7 b B 4 5 5 i P ER 1 Z2O-1 Ok 4 Ai, AN
XA R R e R e . AR LI, R b
U T S % 8 H (Occludin, Claudinl) B R34,
IFRRAR T 1M 35 D-LA I LPS K-, [R] i e S AL Br
AR R 7 GPXUKY-, R g A A0 T I
FEARA SR N /NRING BRI RE, T S E S -
XSRS e s A e i —
O R R A T AR R L A R A 1Y
HAEHLH

W T A0 R PR S NSRS T B2 A L 1 55 7 3
e, HHGR TR IE T AR R
FETE B 22 Fh A M K AR I R AR R R 2 B R 1
ISP ETT TR T TR, AmiE T
IR IE A AN A BRI T LB SRR, DLZERE
B R SEE, R RERESY, HiET
21 B i EC A 1) 43 AL A IS A2 B 52 M, iz 30 2 A
BERe I, #E— L IME R . Uckeley 555
IBFR R, AT, RG2S E I IE T 405
38 A2 FA0 6] . T Lan SFPVRGAFSRIESS, BRAECIR
TR RN RS A =R E Y R f i B 5 )17
E TR TIRE . TR AR IR S e 3E T 4H
VAR EEER, 40 Amcheslavsky S B2 I UESE, ¥
FRE AR R g 7 T A e BB N R Al
I i A 1 G e 5k DAL R 4000 o) SR i T A L ) A
feJ), JFBER AR P4 . Ohashi S5 W53tk
N, R IE R i R A N R s e 7 ]

<mmmm(<i>

Sk AN R R, IRt — P R EUnE T
MR T HAEERR, R RT R BOEs
REIY 5 iz 3 T 40 ML A S B RE T, fRe 2t i MR MSC 4 M
PIR AL L% i P 73 6 240 JEL R Eg S, DT 2405
455 2 1o i A N G ol AN 770 R R 62
S5 HP AR 2% 21 2 i i LAl i T A R A8 R g
JyBes Rk R B PRI T OLEMA" i 1814
o e CR A o L, B T AR SR T, R R
g B a] B Al A, ek B EERE S
PR, BRI 3 A0 ) S p P R 7 5K, Atk R
3B BRI RE o I EC A A D i 1 T A B RS Y
BRIy, OB 9 [0 T 7 S35 B B 1] BE il
AR A T RITIRE, ISR T T AR
G S IRE . IX — & PR 55 T B 09 DR 47 1 FA
AT 1] M e I 57 A 2 U e S <O =t
HERE, O HAE A SN AR O T v 10 o 2 PRI O
TR Bt T HEIRAY B

ABFEHAAAEM R /R B, REER VIR
T B B R el 1 AR M ) B b D 2 (R
B, SR T B O BB A AL AN S AR S R
PESORAAE MR R IE I, A RRRARSE. JE
U, e IR R AR AR AR SR S 2, AR
WFFE SR I S A 251 S M = RIS —EBE R
AP IRER . RRAY A R A THLH A IR
e Bl PRAEE ARG BT TE , o foe 2 1A i PRAE AL B3 E
Bt

ZE RPN, ARETER L, R RE AT SO R
(R RS S R BN BN BRSO L
i 7E TR B el L O M T A, fe st Mg R
JiE b R ARG GE . IR T, T - R
IR R EEEE K, BN R RS RE AT
o RHTTEEE RN B E R A D B e S 6 43
BT 25 MBI T IR SR I PR AT IR, JF 48] T
VR T i+ 4 M — BT A AL 7 1

(&% 30k)

[1] Wu TY, Ding SQ, Liu JL, et al. High-altitude gastrointestinal
bleeding: an observation in Qinghai-Tibetan railroad construction
workers on Mountain Tanggula[J]. World J. Gastroenterol, 2007, 13
(5): 774-780.

[2]  Fruehauf H, Vavricka SR, Lutz TA, et al. Evaluation of acute

unsedated transnasal

esophagogastroduodenoscopy ~ at  high  altitude[J].  Clin

Gastroenterol Hepatol, 2020, 18(10): 2218-2225.

[3] Ren D, Ding M, Su J, et al. Stachyose in combination with L.

mountain

sickness by

rhamnosus GG ameliorates acute hypobaric hypoxia-induced
intestinal barrier dysfunction through alleviating inflammatory
response and oxidative stress[J]. Free Radical Biol Med, 2024, 212:
505-519.



XXXXAEXX H XX H

(4]

[s]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(16]

(17]

(18]

Wang D, Zhang H, Liao X, et al. Oral administration of Robinia
pseudoacacia L. flower exosome-like nanoparticles attenuates
gastric and small intestinal mucosal ferroptosis caused by hypoxia
through inhibiting HIF-la - and HIF-2a -mediated lipid
peroxidation[J]. J. Nanobiotechnol., 2024, 22(1): 479.

Mishra KP, Chanda S, Ganju L, et al. Effect of synbiotics on
amelioration of intestinal inflammation under hypobaric hypoxia
[J]. High Alt Med Biol, 2021, 22(1): 32-44.

Dou X, Zhang B, Qiao L, et al. Biogenic selenium nanoparticles
synthesized by Lactobacillus casei ATCC 393 Alleviate acute
hypobaric hypoxia-induced intestinal barrier dysfunction in C57BL/
6 mice[J]. Biol Trace Elem Res, 2023, 201(9): 4484-4496.

Niu Y, Zhao T, Liu Z, et al. Brassica rapa L. crude polysaccharide
meditated synbiotic fermented whey beverage ameliorates
hypobaric hypoxia induced intestinal damage[J]. Food Funct, 2024,
15(24): 11975-11989.

Karl JP, Fagnant HS, Radcliffe PN, et al. Gut microbiota-targeted
dietary supplementation with fermentable fibers and polyphenols
prevents increases in intestinal
permeability[J]. Am J Physiol Regul Integr Comp Physiol, 2025, 329
(3): R378-R399.

Tuerxuntayi A, Shi W, Shi T, et al. Paeoniflorin attenuates ASA-

hypobaric  hypoxia-induced

induced enteropathy in simulated high-altitude hypoxia in rats by
regulating intestinal inflammation, intestinal barrier, and intestinal
flora[J]. Toxicol Appl Pharmacol, 2026, S06: 117641.

Xue S, Shi W, Shi T, et al. Resveratrol attenuates non-steroidal anti-
inflammatory drug-induced intestinal injury in rats in a high-altitude
hypoxic environment by modulating the TLR4/NF- «kB/IkB
pathway and gut microbiota composition[J]. PLoS One, 2024, 19
(8): €0305233.

Zhang F, Deng Z, Li W, et al. Activation of autophagy in rats with
plateau stress-induced intestinal failure[J]. Int J Clin Exp Pathol,
2015, 8(2): 1816-1821.

Mahmood A, FitzGerald AJ, Marchbank T, et al. Zinc carnosine, a
health food supplement that stabilises small bowel integrity and
stimulates gut repair processes[J]. Gut, 2007, S6(2): 168-178.

Cai C, Zheng Y, Sun B, et al. Zinc alleviates gut barrier dysfunction
by promoting the methylation of Akt[J]. Adv Sci (Weinh), 2025, 12
(33): e08280.

Chang Y, Wang K, Liu G, et al. Zinc glycine chelate ameliorates
DSS-induced intestinal barrier dysfunction via attenuating TLR4/
NF-kB pathway in meat ducks[J]. ] Anim Sci Biotechnol, 2024, 15
(1):s.

Omatsu T, Naito Y, Handa O, et al. Reactive oxygen species-
quenching and anti-apoptotic effect of polaprezinc on
indomethacin-induced small intestinal epithelial cell injury[J]. J
Gastroenterol, 2010, 45(7): 692-702.

Suzuki H, Fujiwara M, Kodama H, et al. Protective effect of
polaprezinc and hyperbaric oxygen therapy on radiation-induced
small intestinal damage in mice[J]. In Vivo, 2022, 36(5): 2218-
2223.

Tambe PK, Qsee HS, Bharati S. Mito-TEMPO mitigates 5-
fluorouracil-induced intestinal injury via attenuating mitochondrial
oxidative stress, inflammation, and apoptosis: an in vivo study[J].
Inflammopharmacology, 2023, 31(4): 2091-2102.

Sun SL, Duan ZH, Wang XY, et al. Neutrophil extracellular traps

impair intestinal barrier functions in sepsis by regulating TLR9-

(19]

(20]

(21]

(22]

(23]

(24]

[25]

(26]

(27]

(28]

(29]

(33]

(34]

(35]

(36]

mediated endoplasmic reticulum stress pathway[J]. Cell Death Dis,
2021, 12(6): 606.

Stupina AS, Kvitnitskaia-Ryzhova TIu, Mezhiborskaia NA, et al.
Age-related ultrastructural characteristics of various cells in acute
hypoxia[J]. Arkh Anat Gistol Embriol, 1989, 97(12): 25-31.

Song ZH, Ke YL, Xiao K, et al. Diosmectite-zinc oxide composite
improves intestinal barrier restoration and modulates TGF- 1,
ERK1/2, and Akt in piglets after acetic acid challenge[J]. J Anim
Sci, 2015,93(4): 1599-1607.

Taylor SR, Ramsamooj S, Liang R], et al. Dietary fructose improves
intestinal cell survival and nutrient absorption[J]. Nature, 2021, 597
(7875): 263-267.

Li C, Sun Y, He T, et al. Synergistic effect of lactoferrin and
osteopontin on intestinal barrier injury[J]. Int J Biol Macromol,
2023,253(Pt 7): 127416.

Solis de los Santos F, Farnell MB, Téllez G, et al. Effect of prebiotic
on gut development and ascites incidence of broilers reared in a
hypoxic environment([J]. Poult Sci, 2005, 84(7): 1092-1100.

Wang Y H, ShiY, Li W H, et al. Gut microbiota imbalance mediates
intestinal barrier damage in high-altitude exposed mice[J]. FEBS,
2022,289(16): 4850-4868.

Skalny AV, Skalnaya MG, Grabeklis AR, et al. Zinc deficiency as a
mediator of toxic effects of alcohol abuse[]J]. Eur J Nutr, 2018, 57
(7):2313-2322.

Hu X, Wang R, Kille P, Maret W, et al. Zinc amino acid chelate and
the aryl hydrocarbon receptor (AHR) cooperate in improving the
barrier function of a Caco-2 cell intestinal epithelium[J]. J Nutr
Biochem, 2025, 141: 109909.

Kido T, Yanagisawa H, Suka M. Zinc deficiency reduces intestinal
secretory immunoglobulin A and induces inflammatory responses
via the gut-liver axis[J]. Immunology, 2025, 174(3): 363-373.

Shao Y, Wolf PG, Guo S, et al. Zinc enhances intestinal epithelial
barrier function through the PI3K/Akt/mTOR signaling pathway
in Caco-2 cells[J]. Nutr Biochem, 2017, 43: 18-26.

Yeung TM, Chia LA, Kosinski CM, et al. Regulation of self-renewal
and differentiation by the intestinal stem cell niche[J]. Cell Mol Life
Sci, 2011, 68(15): 2513-2523.

Uckeley ZM, Kee C, Ramirez C, et al. Hypoxia affects stem cell fate
in patient-derived ileum enteroids in a HIF-1a-dependent manner
[J]. Cells, 2025, 15(1): 31.

Lan X, Qiu P, Mou C. Hypoxia impacts small intestinal organoid
stemness and differentiation[J]. bioRxiv. http://dx. doi. org/
10.1101/2023.12.30.573689.

Amcheslavsky A, Nie Y, Li Q, et al. Gene expression profiling
identifies the zinc-finger protein Charlatan as a regulator of
intestinal stem cells in Drosophila[J]. Development, 2014, 141(13):
2621-2632.

Ohashi W, Kimura S, Iwanaga T, et al. Zinc transporter SLC39A7/
ZIP7 promotes intestinal epithelial self-renewal by resolving ER
stress[J]. PLoS Genet, 2016, 12(10): e1006349.

Blanchard RK, Cousins R]. Differential display of intestinal mRNAs
regulated by dietary zinc[J]. Proc Natl Acad Sci U S A, 1996, 93
(14): 6863-6868.

Duff M, Ettarh R. Crypt cell production rate in the small intestine of
the zinc-supplemented mouse[J]. Cells Tissues Organs, 2002, 172
(1): 21-28.

Vereecke L, Beyaert R, van Loo G. Enterocyte death and intestinal



(37]

barrier maintenance in homeostasis and disease[J]. Trends Mol
Med, 2011, 17(10): 584-593. [38]
Ose T, Kadowaki Y, Fukuhara H, et al. Reg I-knockout mice reveal
its role in regulation of cell growth that is required in generation and

maintenance of the villous structure of small intestine[J].

XX XX, XXXX

Oncogene, 2007, 26(3): 349-359.
Meng F, Zhu S, Gong M, et al. Heat shock protein 70 is involved in
polaprezinc driven cell protection against Helicobacter pylori-

induced injury[J]. Int ] Med Microbiol, 2023, 313(3): 151582.

(T ek 220707)



