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[{#ZE] B ESTH IR (. pylori) BB WAL TP H. pylori AHAE M B 4 B B B0% B AL,
ik WEE H. pylori SS1 BMRHESL TE MR LR A 2 A5 SR AP R R Bk A0 PCR 246 IR 1 2 2% i TA
YL AL JE o AR SR SR E 6 Eﬁu 12 J8, 357 H. pylori #HOCIEM:E RN, SCI0ESHE | ICE BRIR4 215
HWAITHE MBI MR £ 2 e o, ST B R K H pylori J% Y B B, A Ak vE K 0 5 41 40 oh 86 5 8 1k W) 1
('myeloperoxidase ,MPO) , ﬁ’f&ﬂ:%bﬂ%@&( superoxide dismutase,SOD) , N - ( malondialdehyde , MDA ) Filid % 1k &
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Establishment and evaluation of a mouse model of chronic
gastritis induced by Helicobacter pylori
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(School of Chinese Meteria Medica, Guangzhou University of Chinese Medicine, Guangzhou 510405, China)

[ Abstract] Objective To establish a mouse model of H. pylori infection, and to evaluate the chronic pathological
changes in the gastric mucosa associated with H. pylori infection. Methods 34 male 5 ~ 6-week old SPF C57BL/6 mice
were used in this study. The mice were intragastrically administrated with a suspension of H. pylori SS1 strain. Two weeks
after infection, rapid urease test and PCR were performed to confirm the H. pylori infection. Successfully infected mice
were randomly divided into 3 groups including the control group, 6-week and 12-week infected groups. Samples of gastric
mucosa were taken for pathological analysis using HE and borax methylene blue staining. The contents of myeloperoxidase
(MPO) , superoxide dismutase (SOD) , malondialdehyde (MDA) and catalase (CAT) in the gastric tissues were detected
by biochemistry, and the expression levels of COX-2, iNOS, TNF-a and IL-18 were examined by RT-qPCR. Results

Compared with the control group, H. pylori colonization was observed in the gastric mucosa of the 6-week and 12-week
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infected mice, with chronic inflammatory cell infiltration, glandular atrophy and intestinal metaplasia to varying extents.
The contents of CAT and SOD were significantly decreased, while the levels of MPO and malonaldehyde MDA, and the
expression levels of COX-2,iNOS,TNF-« and IL-18 were significantly increased (P <0.05 or P <0.01). Conclusions

Intragastric administration with H. pylori in C57BL/6 mice can be successfully used to generate the bacterial colonization,

leading to chronic inflammatory cell infiltration, enhanced oxidative stress, and up-regulated expression of proinflammatory

genes in the gastric glandular tissues at 6 and 12 weeks after inoculation. However, the inflammatory changes are more

extensive in the mice at 12 weeks after infection, with glandular atrophy and intestinal metaplasia.
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4 [ THEAT T ( Helicobacter pylori, H. pylori) J&—
ot DL A AR 40 T4, J T 25 AR s S A
SEFAPER, SR 2R B A R E HL
pylori BYBEYLRLE 60% £iA7"), IEAF [ AT H.
pylori 1YL B 5 THACTESZ S B A Ak 1 2
R ZR B IR, IR O AR DA A 126
om0 R EST H pylori BRYLAY MM H %
SRR T IR HEUR ML PPAl 2587 R 5
WEIRYT )T REH S HAEE T S, H. pylori JEG/)
BB 7 T BB AE [ B 58 i ol )z B R R R
TR A S A () ) SR % P [ X A Y 5l 0 4R P R
AR R AT LB 0, I 23 B H: 18 2 4N S AL 1
I AE 58 PR~ 238, AR A [ SR i [ 112 1 19
H RS HA R BEAL , A A Y B 5 Al

1 #eFnrE

L1 SSBHMIEE

C57BL/6 /MR, 34 H,SPF 2l ,5 ~ 6 JRi,
TRTE 17 ~ 18 g, [ Lo 4E il A RS2 56 sh Y H R A
FRZS F] [ SCXK (52) 2012 - 0001 ], 3h4¥ iz % Aij il B
w53/ INER AT PCR A, B DA/ BRAS Sk 4 B U
PEHATTIRFF I, SEER s Wi 3 T 7 M b R 25 Ko
(KEEHR) 5 B A0 [ SYXK (82013 - 0085]
IHES IS Y 3R JEIN 4 T NGB, H.
pylori(SS1) H AR ) I 90 H K2~ Richard Ferrero
PR
L2 EFFnH

Campylobacter agar base ( Oxoid , #lt 5 1589242) ;
Brain-heart unfusion ( Oxoid, it 5 1677862 ) ; 2 2= [§
el & (AR W), 415 HB82T78) 5 4fl TR ik A
21 DNA $2IBGRGH & (RARA 9, 415 DP302 -2)
Super Real Pre Mix x Plus( KIRAW), L5 03120) 5
FastQuant RT Kit ( KR4, #it 5 03326) ; Trizol
Reagent( Thermo Life Technology , it %5 28218 ) ; BCA
R B E R & (28 = RS PO010S) 5 4R

Helicobacter pylori; Chronic gastritis; Mouse model; Oxidative stress; Proinflammatory factors

1k W s Ak B R DU R & (B s B R, S
20160306 ) ; 1t 4 £k 47 it A I 7] 8 (Pt
it 20160302 ) 3 P R I 790 0 (e o e, 1L
4520160304 ) 5 1o S Ak S I 3K 7] 6 (e et A,
#E5 20160309 ) ; 22 FC HLp A (BRI DR A AR
FRANT]) 3 NU-5831E =S 153546 ( Nuaire ) ; HVE-50
129 Ui K 7 B ( Hirayama ) 5 248 9% 246 (ESCO) 5 8 '8
B ( Olympus ) 5 BioSpec-nano #% 2 43 AT 1 ( &
) ; CFX 96 ( Bio-Rad ); % i & # & O #l
( Eppendorf) .
1.3 XWHZE
1.3.1 diEEFRSEE

(1) BT AT 1R 19 & 90 R AR

FHAAEIY H. pylori B REMBIRIRVKAE ( -80C)
B B0 T AT e 1 o 5 e, & 7% i
YR IR AU E R (T B 10 mg/L, H
FREMERE 5 mg/L Sk ALEEIE 5 meg/L I PERE R
5 mg/L) AFHr b, 8 E s T 37°C,5% 0,,
10% CO,,85% N, HIEEFRFEH 29548 ~ 72 h, Fp4l
BRI AR, (8 — P TG TR A 4 T B R T
) PBS HFP TR R 5L b, A K 48 ~ 72 hy

(2) BT THEAT T TR AR 1) S

TP — AL IR EGHR A3 40 W, 7R B
] WS R T Fr o (A 22 e ) G e 8
TR, 7 A T I B AN B IS TR A
/U R VR T PR DR 2 R B, 1 min S5 R IR
bl LRt
1.3.2 AR5 i Bk e A

(1) 3o

C57BL/6 /INERL, 34 FUBEME ) BEAIL 73 Ry 25 (1 % R
10 H RS Gee 24 H o B 2 DR H. pylori B
INB )5, FEREHL A B 6 Ji % B4 | B A
12 JEIXT IR, e 8

(2) BT THEAT 1R B vk

P S e WG 255 AR H. pylori (SS1) T
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R, A 10% FBS 9 BHI 5557 7 0 875 i 42 [k
0.1 BB, A 37TC IR AT (5% 0,
10% CO, 1 85% N, , ] 95% ) ,120 rpm FE& K |72
BIEFE 16 ~ 18 h, flifg H. pylori K ZXHUEK
W], BUB BT ,0. 25 mL HE B RGN R I
3 BRR—IK, B UK i TR AT A AT AE B 12 h,
WG 2 h JF#EE, BRAA/NRTHT 2% 1
K ELEIFURLA 2, LA SR AN i IR e 7

(3) BT VAT TR B A DN 7 v

VS R S RS — SR REALE 8 LB AL/ N
K2 Hozs xR N BRSO G 46 T, DL 2 .
pylori TESPIRPIERG e AT, R HT/INRAS 24 h,
INERARFE S (8 K B ) T AR R0, B B LW
KA 5y &6, (ISR 9 PBS whk i BB aR i
B BRRBENL A 2 1y, — 0y B T J5 B T IR &R
BN — (A S VR T PCR Rl B TPk
PRE[FHAFN P E BRI LUE 37CHFNIET 6 h,
PR Ry 1 €0 3 BB i T, BT — 1 B R AR
21 AR5 40 B DNA $5 B3t 750 & 10 B 45 45 1 48 B
DNA, 51 %) 16s, ¥ 3 4 {4 4 94°C Tl 2% 1
2 min,94°C 4% 2 s,53°CiE K 2 5,72°C ZEfH 30 s,
35 AMEA, FLE 1. 5% BIEHEER, 100 V,35 min,
5 pL _EAER X PCR 9734 = Wy kA I, 971474
HIEBE R 375 bp, SIS R IE 1,

®1 51975
Tab.1 Sequences of primers
2P ElL/2)

Gene names Primer sequences

6 Forward 5"-TATGACGGGTATCCGGC-3'
s Reverse 5"-ATTCCACTTACCTCTCCCA-3'
Forward 5"-AGGTTGTCTCCTGCGACTTCA-3’
GAPDH
Reverse  5'-CCAGGAAATGAGCTTGACAAAG-3’
Forward 5'-GGCAGCCTGTGAGACCTTTG-3’
iNOS
. Reverse 5'-CGTTTCGGGATCTGAATGTGA-3’
Forward  5'-CAGGAAGTCTTTGGTCTGGTGCC-3’
COxX-2
Reverse  5'-GCTGGTTTGGAATAGTTGCTCATCA-3’
Forward 5"-GCACCACCATCAAGGACTCA-3'
TNF-
“ Reverse 5" TCGAGGCTCCAGTGAATTCG-3’
Forward 5'-ACACTCCTTAGTCCTCGGCCA-3’
1
B Reverse 5" TGGTTTCTTGTGACCCTGAGC-3’

1.3.3 B2z
TRIFREE WS, R SHE AL FE sh ¥, >k FH TG i T
AEHE T AR SRR IS iy B R 5y, A

FRERKUE L B NAY, TR B /NS 5 IO B 52 2 5 (&
HA R3O, BT 4% ZRF B FEE, 7>
FIS HE Yl gg B 5 AR FaD 35 22 Y 0 ULER
I TIEAT BB GLIR B I 2 25 SCRRIE A 5 ) — R
R, SRR - 70°C VKA IRAT 5
1.3.4  ZIN AR SCHE bR il

BUB AR S, 210K 5 4°C, 12000 g B0 5
min BU_EE W, 43 52 BB MPO . SOD ., MDA Fl CAT
R DN ) 5 ik A TR
1.3.5 G210 5 PR T JE PR 3 2R KT (0 I

B2k 5 RNA 2 L 2 cDNA & il =
TRIzol ULEAF A2 412111 & RNA , 788 541
IPEEEEAL I D(N)260 nm/280 nm FL{EAF] 1. 8
~ 2.0 )5, ¥ 5 AR S BRAE 7 1245 81 cDNA,
ST R IR 1, SR 90 it RT-qPCR 474
Ty 7 s X R &, 7€ Bio-Rad %% a8 it
PCR X 934 ¥ 1 5504 .95°C i AEE 10 min ,95°C
PE 15 s, 60°C IEMH 60 s,40 MEH, Hras R, 15
WA NS IFMEWIEFE CfE, iz 2722 A
A,
1.4 ZitAE

K H SPSS 20. 0 e+, £din ¥4 = brifi 22
(% £ )3, 400 HBCR FH B 2 07 22 K6 50 F i
INREME 25 Bk (LSD) 5 44U b4y, R A6 3
Mann-Whitney ¥:55, A P < 0.05;P < 0.01 {E A2
A Bk,

2 KPR

2.1 BB ERREENER

Y 2H ) ' RR A 2 U S R 2 i R AG
AL [ PCR 43 0] AR B 375 bp 1)
16s 728, 25 b 45 5 R e 1] MR FT B R o AE AR JK
gu LB 1,
2.2 HMIEFERPMERREYIFER

FHECIE # 4L, AL 20 6 JR 0 15 RS 2 R Hh B
LR 2 L 28 A RIS 1 08 M B AR o B 2R AR A [
Al UL H. pylori J&4e  J&T H. pylori A2 VES 219
BB s AR 12 A 1Y) 15 RN RS2 AN AR I 18 M S A
1 H. pylori JEY%, i H BT B B4 RN D, 8
RVEANAEL  £F 4R S M oL, J& T H. pylori
AHSEZE AR B A B RILL 6 IR 12 JA Y H B8 )2 1Y
D UL Rk IR, UL 2 2 ~ 6,
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Infected!

500 bp
400 bp
300 bp
200 bp
100 bp

A B

T AR R R BRAGIN H. pylori JE&He (720U 2 B 28 (I BRAL, RUT S Bt 360 40 8 4
IR  RUT R BH M, AT €4) ;B PCR #:0U H. pylori JEYe
B 1 BRAT IR A E A R
Note. A: Rapid urease test of H. polyri infection. Left two tubes: yellow, control group, represent negative reaction. Right 8
tubes: red, infected group, RUT-positive. B: PCR identification of H. pylori infection.
Fig.1 Identification of H. polyri

HEZ: 4 LSS S

Hematoxylin-eosin staining Boric acid methylene blue staining

IEHA

Control group

'

A6

Infected group, 6 weeks

BAHI2H
Infected group, 12 weeks &

S

B2 HE REMALYF Kb L g @SR (x 200)

Fig.2 Histology of the gastric mucosa of the mice (HE and borax-methylene blue staining)

F2 H pylori BY/NR B ALY 121 R AE R

Tab.2 Degrees of chronic inflammation in the gastric tissues of H. pylori-infected mice

WPl 2 R
B (n) Degrees of chronic inflammation P
0 1 2 3
IEH 4 Control group 8 7 1 0 0
HERIZL (6 JH ) Infected group, 6 weeks 8 1 7 0 0 < 0.01
FEAIZH (12 J&) Infected group, 12 weeks 8 1 6 1 0 < 0.01

B TE 0 B 1 25 L3

Note. Scores: normal, 0; mild, 1; moderate, 2; severe, 3.
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R3 H. pylori BY/NEUE LW Fy 16 S PR AE R

Tab.3 Degrees of active inflammation in the gastric tissues of H. pylori-infected mice

% I B S AR B
(n) Degrees of active inflammation P
n
0 1 2 3
a4
e 8 8 0 0 0
Control group
FIBIZH (6 JH])
8 7 1 0 0 0.05
Infected group, 6 weeks >
TR &
SRR (12 ) 8 6 2 0 0 > 0.05

Infected group, 12 weeks

BTG 0 R 1 R 2 R L3,

Note. Scores; normal, 0; mild, 1; moderate, 2; severe, 3.

R4 H pylori BY/NRE LWy ZE 45T
Tab.4 Degrees of glandular atrophy in the gastric tissues of H. pylori-infected mice

" B
o e
(n) Degrees of atrophy P
n
0 1 2 3
Al )
(AL 8 7 0 0 0
Control group
s (6 JF
BRRLA (6 /i) 8 7 1 0 0 > 0.05
Infected group, 6 weeks
SIZH (12 )
BRI (12 ) 8 3 5 0 0 < 0.05

Infected group, 12 weeks
‘B‘E:/ﬁ"ﬁ:%,o;%ﬁ,l;EPE,Z;EFE,?M

Note. Scores: normal, 0; mild, 1; moderate, 2; severe, 3.

x5 H pylori JBI/NREHRY R G GERE

Tab.5 Degrees of intestinal metaplasia in the gastric tissues of H. pylori-infected mice

Jo e A=A
s ek .
(n) Degrees of intestinal metaplasia P
n
0 1 2 3
S aty)
A 8 8 0 0 0
Control group
BRI (6 JiT)
Infected group, 6 weeks 8 6 2 0 0 > 0.05
R TR 4]
BERIZA (12 J) 3 5 5 1 0 < 0.01

Infected group, 12 weeks
TE 34000 ,05 828 15 P 2 K 3,

Note. Scores: normal, 0; mild, 1; moderate, 2; severe, 3.

K6 H. pylori Y/ B HA) R 20 R A L
Tab.6 Degrees of bacterial colonization in the gastric tissues of H. pylori-infected mice
H. pylori e FESE

?Jé)& Degrees of H. pylori colonization P
" 0 1 2 3
EHA 8 8 0 0 0
Control group
FERIL (6 Ji])
Infected group, 6 weeks 8 ! 7 0 0 <o.0t
BRI (12 J])
Infected group, 12 weeks 8 ! 6 ! 0 <0.01
TE BT 05 508 1 P 25 TR 3,
Note. Scores: normal, 0; mild, 1; moderate, 2; severe, 3.
2.3 WIMBEHERRAENEHRAPRLMHEX  SOD S =IA AR T FE; MPO Fl MDA & &
FERRRIEER YAy R BT PSS 12 JE B AR R TR 6

SIEH A H, BRI /N BUE A CAT i J&, W7,
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KT H. pylori Y/ S AL SN BHEPRIIRIE(x £5, n=8)

Tab.7 Levels of oxidative stress indicators in the gastric tissues of H. pylori-infected mice

CAT SOD MDA MPO
U/mg prot U/ mg prot U/mg prot U/ mg prot
IEH 4
LE 72 19.78 + 3.82 5.12 = 0.88 0.084 + 0.022 0.034 + 0.013
Control group
LIRIZH (6 J&]
A6 JA) 11.32 + 4. 1244 4.89 + 0.79 0.122 + 0.018%4 0.058 + 0.017%4
Infected group, 6 weeks
I (12 &
B (12 ) 10.66 + 3.52%4 4.18 + 0.57% 0.161 + 0.031* 0.080 + 0.019*

Infected group, 12 weeks

T S IEH A BRAL AL, AP <0.05,24 P <0. 01 ; 588 6 JAI41 L&, * P <0.05, ™ P <0.01,
Note. Compared with the control group, *P <0. 05, **P < 0.01; Compared with the model of 6-week infected group, *P < 0.05, “ P < 0.01.

F=8 H. pylori JY/NREHEPH MR TRIE(x 5, n=8)

Tab.8 Expression levels of pro-inflammatory factors in the gastric tissues of H. pylori-infected mice

iNOS COX-=2 TNF-a IL-18
g
. IE#4 1.02 + 0.25 1.00 + 0.29 1.00 + 0.10 1.04 + 0.28
Control group
HRIZH (6 JH] ) )
B (6 ) 4.04 + 1.25% 3.24 + 0.92%4 1.45 + 0.40% 4.80 + 1.2844
Infected group, 6 weeks
BAIZH (12 J&
B (12 J4) 12.56 + 3.36* 5.15 = 1.08* 4.49 + 0.94* 9.8 +2.18*

Infected group, 12 weeks

T SIER A BRALIEE, AP <0. 05,4 P <0. 01 ; 580 6 JAIZLLLEE, + P <0.05,™ P <0.01,
Note. Compared with the control group, P < 0. 05, AP < 0.01; Compared with the model of 6-week infected group, * P < 0.05, P < 0.01.

2.4 HWMEFERAENTAAFHEXRERRETF
RILER

HIER M, A /N B A 8% cox2,
iNOS \TNF-a IL-1B [ 3EPR SRk Y0 i b T, e
A 12 R R 3Rk TR 6 A, L3k 8,

3 1Tt

H. pylori ( Sydney strain 1,SS1) J& Lee 55 A M
C57BL/6 /IR P43 B H 7 HAT o B0 1 1 B
¥ & ( pathogenicity island ) J&[H | fE4atD IV 50 &
GL(T4SS) F#E K K A ( cytotoxin-associated
protein A, CagA ), [R] B} 25 1 # F A ( vacuolating
cytotoxin A, VacA) FRA W EBHME, & LIS EUs +
M REAEIG S, B AR A, A0 M AR A R S U
SEJT T R RRCE RS R AN, A H. pylori 2
Yeib o33l ok 5 1y FE G R G0 AR BRI O e s
25 RS SR 1) 4 P 240 LA AN 25 BB R 1 4% P 5
T Ja # A hE AR R T HL 2% 2 B R I T 1 A
(reactive oxygen species, ROS) I 74 & ( reactive
nitrogen species, RNS) 00 TR A X B TR ) S LA
BRI ER E H. pylori .25 P8 %3 b
(IR, PRI S A 7 98 A ) 3% 1 ) o AN A TG v A4
KA, MR T AL B B R G800V 18 iR
iE S Z2 RN AR, 2 T B AR O R K A
R,

H. pylori TEVRIERGY 0 ME 22 R 2 TE A 1 fig
JISRIY H. pylori BEIAR , A< S50 A5 FH 1) Bk b SR
W5 40 A1 K 24 1 Richard Ferrero #{ #% 15 14, M
C57BL/6 /N RAEMA 73 8 ok Z S5 AR A A% 5 4R
H. pylori(SS1) , 4B HE & 1 7E AR IR h 85 5% 16
~ 18 h i HFE A A KRB P LS WA i 4 ~
12 h, EEERGHEEE 1 ~2 W T H pylori &
F R T ANTE R R DAA A S S g e X 1/ B
WAL BT il BRUEYE H. pylori #E /)N R Fh
FE PN AL e bE AR 5, 107 8% U H. pylori TG A /N
FRANSOUE LAFZRD | SST BBk, 1 H Al Je i ARk 52 5
e —1 , I 7E SR AT S fEH] PCR BRI
BN BRI H. pylori IR IL W EE, Hiit
[ A, s AR 0] 45 77 2% B /K WRERG N H. pylori
5 M o S Ak SCk R, B R
CS7BL/6 /NRAG IS, H. pylori #H5¢ H R AL RIAY
HE (X T H AL R A D, AU R AU
UERHREARL/IN ARG 6 i Ja 2 I Bl 1 B R gy
12 i 5 B2 4a vk B 48 HOH 1 2H 24 MDA |
MPO [ & &AMl COX-2 iNOS . TNF-a IL-18 FEH 13
iKY 1 TF, SOD Al CAT & i i 3 T R, I F b
E H. pylori &R H] ) 2 17T 1 o 5 150 B ASE Y /)N B
EEEAG i S R UE S N iy | =R =R e
WERGERAT B, J 78 40T o7 TR 8 R 2 I, e ¢
FEOUH R E (Y RAEIUT , HE BN H. pylori JERYL ARG
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ROR A, 2] 3A 100% , HI5 YRR Ak, Ty Bt RS e KL, 59 K95 & W HAR A% b 5y 7+ —
DD, o SN B B Rz 4 85 P A B T AN B U R R RS B R L I B S B 4 5 2 L
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