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Effect and Mechanism of Banxia Xiexintang on Rats with Chronic Atrophic Gastritis
Based on Keap1/Nrf2/ARE Signaling Pathway
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[Abstract] Objective: To explore the mechanism of Banxia Xiexintang (BXXX) in preventing and
treating chronic atrophic gastritis (CAG) through Kelch-like ECH-associated protein 1 (Keapl)/nuclear factor
erythroid 2-related factor 2 (Nrf2)/antioxidant response element (ARE) signaling pathway. Method: SD rats
were divided into a normal group (n=12) and an experimental group for CAG model induction. The model rats
were then randomly divided into a model group, a vatacoenayme (VG) group (60 mg-kg') , and high-
(280 mg-kg'), medium- (140 mg-kg"'), and low-dose (70 mg-kg') BXXX groups. The doses in the BXXX
groups were equivalent to 28, 14, and 7 g-kg"' crude drugs. The rats in the normal group and the model group

received distilled water at an equal volume, and those in the VG group and the BXXX groups were treated
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correspondingly by gavage. After 12 weeks of treatment, hematoxylin-eosin (HE) staining was carried out to
observe pathological changes in the gastric mucosa of CAG rats. Western blot and real-time fluorescence-based
quantitative PCR was used to detect the protein and mRNA expression levels of Nrf2, glutathione S-transferase
(GST) , and NAD (P) H: quinone oxidoreductase 1 (NQOT1) in the gastric mucosa of CAG rats. Result:
Compared with the normal group, the model group showed increased protein and mRNA expression levels of
Nrf2, NQO1, and GST in the gastric mucosa of the rats (P<0.05), atrophic gastric mucosa, and even intestinal
metaplasia. The protein and mRNA expression levels of Nrf2, NQO1, and GST in the VG group and the high-
and medium-dose BXXX groups were lower than those in the model group (P<0.05) , and gastric mucosa
atrophy and intestinal metaplasia were significantly improved, especially in the high-dose BXXX group.
However, the effect in the low-dose BXXX group was not significant. Conclusion: BXXX can blunt the
transcriptional activity of Nrf2, shut down Nrf2 signaling pathway, and reduce the expression levels of NQO1
and GST to achieve normal oxidation-anti-oxidation balance, which may be one of its action mechanisms in the
treatment of CAG.

[Keywords] Banxia Xiexintang; chronic atrophic gastritis (CAG) ; Kelch-like ECH-associated protein 1
(Keapl)/nuclear factor erythroid 2-related factor 2 (Nrf2)/antioxidant response element (ARE) signaling

pathway; Nrf2; glutathione S-transferase (GST); NAD (P)H:quinone oxidoreductase 1 (NQO1)

M PEZE AL E R (CAG) & DL E B E H AR
RS R B AR LS B R R A T R Ak A
AN B R B8 A SR REAE B 18 PR RN . 1 2 ke
A (IM) FUR BRI 38 A4 (ATP) , 5 B &k EA
WY R AR R R 9%~10%. A L W] 35 7
CAG, Wi %% IM 1 ATP, By 1k 4 5E 19 & A J2 I R = 5%
KM A

AL (OS) & IAE T T 4 2 — | &
— i 5 4 RE oIR8 O A 56 I AN RN . A PR
LR HUAR AL T A - B A A S IR A AR A RS
DUIE H Ao Y3 o i Bl 7 i, A B 23 5800 o
S I R VL R U 1 22 O R A Nk R
MMER A% T By A G B 1 2(Nef2) mT LA 5 4l
JN K B AL A SR RS,
Kelch # ¥ % 5 N % A ¢ 8 H -1 (Keapl ) -#% H 1 E,
AH OG- 2(Nrf2 ) AT 48 A6 B0 T84 (ARE) 15 5 38 %
TR IUA R RIER S W EEEEZ — B
JE T JLAEBF 2T B T AR . 24 K A AR AR N
Nrf2 #3005 , DTG 8 1% Keap1/Nrf2/ARE {5 5 i [ |
R 4R U DR R UK 8 R -1 (NQOT) , A ik H
JIk i S ALY T ( GSH-Px) 45 1Y % S AR 3k, DR 40 i
AR I W A VR QU S e R SR 0 e
CAG /B ML K 8 B4l R0 2, bt S fb il I
PERRAK . BEPH CAG I & 28 5 04k I SOAH G, 8 45 Bl
MRS AR Y BRT LK BE YT CAG B H A9

HE T CAG R 24 , 35 FLAE R L 8 e K 0 A 35
HJE T BIEIE" 2k, RS .0%H AR
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RS L R R T O T A W By HLA R R
BT Z sk KBILIOR 2 & Kis 25
D AIRIT CAG BUS TR IT 2™ A NTEIRBE T
E NIz iz ), & B0 H 3 2 =0 0 A
J7 CAG, JUCR B 3%, HLAT AT 98 & B CAG B34 ME
1 GSH-Px, # S fL Y B AL (SOD) w17, {H 2
1738 33 52 W Keap 1/N1f2/ARE 5 53 [ , i35 S Ak
W k¥R YT CAG R B, B au i N B, B E
BAE 6 T2 BTG 0 i ok 3 A A N ORI
CAG LM A Z U .

TS5 DA CAG K BRAR B A ifF 58 XF 42, XF Keap1/
Nrf2/ARE 5 5 i 6 rf (9 32 45 00 1 [ 7 Nref2 S H
P09 R UL EE 1 NQOTL, 45 e H K -S-#% B i (GST)
1) 2R 35 #F AT BF 5, B FE R 1T CAG 5 Keapl/Nrf2/
ARE {5 5 38 % A9 A Pk B2 =5 0 %R 97 CAG Y
YEFHLH
1 ##

1.1 ¥ 70 ARG & 160~180 g, A i K 6~8 Ji]
F14) fEE SR 1 ¥ 35 % SD K B, 1 B 9T b 5 B K 2 B
WSz ot A% IE S SCXK (#E)2018-1-003, 7
M amit P EEREEZ R SHAM, FiHtS N
DWLL2018048.

1.2 24y PEELHAM:FE 128, 8E9 g,
T%£9g, ®WE3Ig, AZ9g, KHHI g, KA 128
DL 2530 [ b4 v B2 BE 2 B, OF B 2 0 B
AT 6 B 9T 2045 28 58 A5 4 2020 4F R AR A R St A
)R . RGN A2 2.8,1.4,0.7 g-mL”!
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B, T 2~5 CCURFRGEAE £ T o 1-HT -3 -ff JE - 1-
A JE K (MNNG, 7R 50 A0 B Tl ik 58 & 4t ik 5
NH8JH-LE) ; 3 2 75 Je B T I 5% (A X 15 U 25 47 R
2 A5 LN16050402) 5 2 il 2% B4 (5 7 oK) (18
MR 1 2543 B2 W)L 4t W20151003) 5 JE 7K & B
VRS [ 2 i s 2 (1l ) A R R A% 500 mL ],
1.3 {5 TRIzol ( 3 [ Invitrogen 2\ A , it =
15596026) ; [ %% % i | & ( 3¢ [ Fementas, it 5
K1622) ;9 e s ik ) & (b st R e A W Rk
BN |, 2 WD3122) 3 Nrf2 £ 7 B i ik (26 [
Abbkine 23 7 , % 5 ABP0106) ; NQO1 £ 77 [ 1 &
( BRI A BRA ], 5845 P114195) ;GST £ 58
EHR (TR AR ARAA ]S
PAB13748) ; /3 K& - 4L (HE ) 4 350 & (b A
WS R AR AL 585 YT165) ; 90 ( L fH
LAY R A RS E L LS R210-100) 5 9 2 HL K
(RN & FmAEY T RARAA, /S GC-
MA000091MOm) .

1.4 1Y#% BHM36Humal B [ 3l 4 b 43 M4 (1l
[ 55 0573 ), 8580090 (10148 ) 7 25 3 ¥4 R 55 .0 Bl
(21 Sigma 2\ 7 ), TDL-5-A B B0 HL( #2222 )
AR ), LAUDA-C3 RUYE ¥4 18 1R K IS F8 (R AR
AL A BR /S ), RM2125RT #4778 ) Fr #L (k-
gAY A F]) L 756-PC B 5 AR -] UL A o BE AL (
WS 3E AR W) , DL-UV312 7 48 41 i3 5V (b 50 4 [
B EARABRA A) , CKX41-A32PH I 4 fig i
fi 5% ( H 7% Olympus /A 7] ) , MDF-382E #I # Ik /i f
746 ( H 7K Sanyo 23 7] ) , PE9600 %I PCR 4 H4 {% ( 38
E PE /A fl ), DYCZ-24DH % 1 3k % }2 DYCP-31C
AU HL kAl (db 5t — /A Al ), INFINITY 3026 5 i
KR I3t R g0 (B VL AT o

2 FHik

2.1 Ziiilg CEEEOHNE & L EE O 7R
R 2.2 300 (1 o BORE, T 78 18 K R 30 min
(K TH B 259 3 em) , Bk E WS SOk, R E
HI 30~60 min 2 F 2% Jo R U SR 5 K AR 25 Wi
A HER P AT 30 min, ] H 259 . TN AGE =72 1R
K OKTE 5 259857 ), 8 CGE W 5 SCK 1 AT 30 min.
W 2 TR A, e % 78 & ASCRE 7K BV 6 vk 4
% 2.8 g-mL" BV, i A 200 H JE o Wi i U L SR )5
BT 2~5 CCUKHE vk ARt A7 % L, B 76 B . MNNG
T FH I o K S T A VR B R 80 mg - L MR . TR
JeR T B HEF 0.85% W) LA . L BEINZE IR K
AR FR KR 45% 1Y 2B

22 YRR & FF SD K BRI FE T 18 ~ 22 °C
WIS 45 12 h B35 s R Eh W S 90 == 9, 3 I P R R
18 J5 BEALA IR 12 2O B TE #2058 HLK
FUVE WA 2 . SR I E & d AR R R R A ik
Fi MNNG (% [ i 55 1~8 J& , ¥ H 45% & B,
10 mL-kg' B A 1R ;%5 1~20 8 , HEEHE T
0.03 g-kg ' HEH ,##7 CAG K RUEA it
FETT 6 HfpiE 52 Hoo @& 20 JA 5, BE AL Al BCE H
2 R 2] K A% 2 L, Ak 0 fide ) BROH: 1 4 24
o B A, K BRE B E AR, bR A A
WNHEEE 2 B A B AR D | HE 51 28 L R T A
B
2.3 AR WA ES RIS R R AR
Wil AL - 305 4 Sl 6 AL, 43 il o IE R AL R R A 2
fitf 22 2 (60 mg-kg") K E G 07 b AR A
(280,140,70 mg-kg") /Ml &4 , 73 B A Y TR HE
D m A2 28,14,7 g-kg', NI R 57 & 19 20,
10, 54% o 1E 41 JAs R 2 K B 40 7 S5 1A BRI 264
KLEIRITH G TN AR 25 E o 5 KT I
10mL-kg"VEH VIR, ELHESE 1208, 1285, %84
KA K 48 h, 10% /KA S B 3.5 kg-mL" i JI5 7
SRR I S B
2.4 HEZQ WL E FHEALURB= bk B G
2 W, CBEBK A AL U R, R
WOHE g, b R I B . R BB T
(200 ) VA%< ' Zh I8 41 2005 B~ o0 AR S IRE R &
I B 12 Wt b 2 LR 2 JE R G Y B 4 kT 5
JiE 25 40 R b R A A S B A A o T R
AN, 5003 0,1,2,3 58
2.5 TEHEMAEEN % (Western blot) K Il 4H 55 7 H
Tk RIS AL AEN, %D W R O
W AR PE  BCA ML HEAT 36 (1 o, MR 4l 4 11 45
W, bR R AL, AT R 4 Bk e (SDS-PAGE)
BERCRLUK , A B I ARG B 2 h, R
A—H0(1:1000) TAEW H,4 °CJ W2 %, TBST ¥k
JBE 39K, B 10 min, SRS INASEHT R —HT(1:5 000)
TAHERPEEBEF 1 h, TBST ¥ 3 %, & K
10 min, ECL i # & Wi Fp i (R IR & )5 350 8 7
PVDF i 3 Ifif , 5 6 /F ) 4 min, 4G 0 2 (1 547, 0
96, DAB % {45 , J Tanon Gis #0447 35 4% 4545 H 30
AR EAE , B & A R s E=H 0 & A K EAE/N
S A K
2.6 5L UL E & R A HE XX R N (Real-time
PCR) K I A ¢ mRNA £ ik ] TRIzol #& Bt i 41 41
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MRNA. HURNA 5 wL ] 1% By B8 5 fise 47 fL K #1 PCR3IMF3I
u ;Fﬁ {|}'||J RNA E/‘J % %&‘@ . );H TIAN Script RT kit j&;ﬁi Table 1 Primer sequences of PCR
J B S5 SI2 06 B AE e o 1 B 2R AT, BUEL RNA 514 JPA(5-3") KJE/op
1 ug, I A 5K & B 5 — 3 43 [ 40 55 Oligo (dT) Nrf2 37 CCAGCACATCCAGACAGACA 158
50 }LL , Super Pure dNTP, %*Z ﬁﬁ@@;& ‘;'i 7]( ] % 1:':1 , Yﬁlﬁ T # TGGGAATATCCAGGGCAAGC
A1.70 °CHIHA 5 min, 3 76 vk 2 H) 2 min, 545 5 GST 9 ATGGCCACATCTACGCAGTC 196
0 W B R T I 50w I 1 2R 11 55 %6 4y Tl GECGAGTTAAGCCGGTTAGT
(£ 45 38 &+ ¥ , 5xFirst-Strand Buffer, RNasin, NQO1 [ AGCGCTTGACACTACGATCC 30
TIANScrip M-MLV) , 7% 4T IR 47 L 25 °C IR A T TCTGCGTGGGCCAATACAAT

B-actin [ GTGGATCAGCAAGCAGGAGT 85

10 min, 42 °Ci# ¥ 50 min, 95 °CHN# 5 min, F JCH#
1% i XL 25 7K 07 AR R 4 B 21 50 L, 20 °C IR /7
£ H o PCR Y™ MG 4 44 95 °CAE 1 15 min, iB k
56 °C,95 °CHEAH1 10 5,40 P 1E ¥, 58 °C,30 s 40 1
¥,72°C,30 s 40 M FF . HLHE Real-time PCR J5i 45
for DU 25 SR, Fie B 2R e R THE A S T B 45
FE S Y B 56 PR G S o 2 S B A A% A A i A
X %k BEEE & B A JE P mRNA 5 55K - (il 22 5
51 ¥ F %1 B Primer 3.0 # 4F ¥ i1, & 51 ¥ ¥ 51
U=

2.7 @it bk R IBM SPSS 23.0 43 A1 fF
XPRCHE HEAT AL B, T BORR H X 3K, 7 2557 1K
PR /N B2 Sy (LSD) , T EAFEHIES K

Fii# CGCAGCTCAGTAACAGTCCG

Giit A B i A By SR R AT GE 30 o

3.1 X CAG KB E#H BRI SMEE  IEHA
B R E R AR R, b A0 L SE R R AR HE A R S B
B G, JoFe i K R R A MR . AT A
b A R HLHES KL, 2 iR R AL
T 73 A 384 A PR AR 5K, BB I B BT = 1A
MR 5 % 2 5 AL dERE &R SO R R
21 0 DR TR A HE B A 5, AR 00 i R i 8 D
A B A Bk S HL LR TS0
0 S 2 B AR e I A, 2 RV L P MR R 2

R 35, TSR SR FH BRI R 55, DL P<0.05 A 22 5 A1 PR DL W i . LR 2,1
F2 FEELFHNCAGARBFEALFRERIHHIM(MLQL.Q3],2=10)
Table 2 Effect of Banxia Xiexintang on pathological score of gastric mucosa in CAG rats (M[Q1,Q3],n=10) o
4150 it /mg-kg'! St £+ Jia Ak
EH 0.0(0.0,0.0) 0.0(0.0,0.0) 0.0(0.0,0.0)
i 3.0(3.0,3.0)" 3.0(3.0,3.0)" 3.0(3.0,3.0)"
Y 2 60 1.0(0.0,1.0)? 2.0(1.0,2.0)? 2.0(1.0,2.0)%
RS RN 70 3.0(2.9,3.0) 3.0(2.8,3.0) 3.0(2.0,3.0)
140 1.0(0.0,1.0)% 2.0(1.0,2.0)% 2.0(1.0,2.0)%
280 0.0(0.0,0.4)*% 1.0(0.0,1.0)*¥ 0.0(0.0,0.2)*%

e 5 IEH ALV P<0.05; SN A Y P<0.05 5 5 4 2 4 LA P P<0.05( 32 3,4 1R .

3.2 X CAG K EE £ B4 84U Nrf2, NQO1,GST &
R IR K sgm 5 0E % 41 8, B 41 Nrf2,
NQO1,GST #& [ % ik /K F W] & 7+ 75 (P<0.05) ; 15 45
RUZH LA, B2 Z S 0 AR A5 R RIS 0%
rh e ) e 2H S 2 T 2R 2 A R ] W FEAIR CAG KL
B B b Nrf2, NQO1, GST # H #Y # ik /K °F (P<
0.05) , Forfr 2 5500 1 i L b R a2 A O T Nef2,
NQO1, GST & 1 # ik /K F 7 1l 22 7 LW i 481t 2%
B EE0E R) a2 AE UE YRR IR Nrf2,
GST #E R BAF L T4 = 4, 22 5 A g1t
. 34 .

2EIE X (P<0.05) fHAE 1 NQO1 5 H & ik K F
1,2 EZ V5.0 R A A R AR 22 R
gitFE X, WK 2,%3,

33 X CAG K B H % 41 41 Nrf2, NQO1, GST
mRNA FIKAKF B2 5 0EH 4 R, B A2
Nrf2,NQO1,GST mRNA & ik /K F 34 5 ; 5 #5551 41
A BRE B R A R EE.OCE T &
7 ek 2 B 2 g R 41 RE 3 BEAIK CAG R ELE 2 B
o Nrf2,NQO1, GST mRNA & ik 7K 3 ( P<0.05) ,
ek Z 5 0 TR 4L AE PR T Nef2, NQO 1,
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68 kDa

neel ...... 0kba

A B C D E F
B2 SHAKRRSBFENM,GST,NQO1E AKXk
Fig. 2 Electrophoresis of Nrf2, GST and NQO1 protein

Nrf2

expression levels in gastric mucosa of each group rats

NQO1 mRNA F ik /K- Jr i, 2 50w R i
HEREMRAN TR EER ., W4,
4 itit

BN CAG KK 2 IR AT () VI A
15 A AR R R A E’rﬁﬂ?ﬁ%mfkﬁeﬁ?ﬁﬁm
?Bw,m,rﬁﬂf’* I, Riﬂﬁmﬁal‘ﬂﬁﬁk%j{l@

0T ERIRALE. RIS AR R L v AT O AAE K L I PR WL EE R R R
B 1 ﬁiﬁﬁisluiﬁﬁCAGthm.ﬁ?ﬁﬂﬁﬁﬁmﬁﬂﬂ’ﬂ%ﬂﬁ](HE,ﬁOO) S TR AT R ST Ze I P e T A A

Fig. 1 Effect of Banxia Xiexintang on gastric mucosa pathology

of CAG rats(HE, x200)

DL HEIE 73 B kg B R 55 8L 3R T 22 LAY R IR BH B

ﬂgj—:-[lz]
GST mRNA £k K-F MR LG F R, ER SRS L i o R W T L R

150w bR 2L 7E T R AR Nrf2, GST mRNA gy pide % SwEmm R E, A3 &
FIROK AP T WAL T 4E B 3K 4 (P<0.05)  HAE I H R OROR R S AR O o BT P 2 R

®3 FEBELHXY CAGKARBEHFIENI2,GST,NQO1 EAREKFHHEM (X+s,n=3)
Table 3 Effect of Banxia Xiexintang on protein expression levels of Nrf2, GST and NQO1 in gastric mucosa of CAG rats (i+s,n=3)

21 53 FlH/mg- kg Nrf2/B-actin GST/B-actin NQO1/B-actin
IEH 0.2240.12 0.46+0.14 0.49+0.15
LAY 0.64+0.13" 0.83+0.16" 0.82+0.15"
Yl 60 0.48+0.11% 0.61+0.19? 0.47+0.16%
FEB LG 70 0.62+0.129 0.73+0.16 0.79+0.18

140 0.28+0.11%% 0.49+0.15*% 0.51+0.17%
280 0.20+£0.11%% 0.43£0.17*% 0.59+0.19

R4 FEBOFHN CAGKRBEFE N2, GST,NQOI mRNA Rk K F M (F+s,n=3)
Table 4 Effect of Banxia Xiexintang on mRNA expression levels of Nrf2, GST and NQO1 in gastric mucosa of CAG rats (x+s,n=3)

215 4t /mg- kg Nrf2 GST NQOI
EH 0.33+0.12 0.27+0.13 0.28+0.11
8 1.66+0.17" 2.66+0.36" 2.20+0.18"
HidiEs 60 0.60+0.19% 0.72+0.13% 0.36+0.17%
REB LG 70 1.24+0.21 2.20+0.36 2.08+0.38

140 0.37+0.13*% 0.36+0.12> 0.34+0.12%
280 0.39+0.12*% 0.35+0.09% 0.31+0.09”

- 35
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A¥XAW AUEAEAR, FEFEF,WERE
T, € A R TE 2 TR R L R BF BR A AR 3R O
PR 25 LA 5T & B VS 0 B R B Bt
B o 3 PR A 4

AR SR B ST UESE 2 V5 0 % AT CAG K
B PR 711 L R L R S R A T
IKENRYT CAG W H 1, IRA 24 4 T8 1 ) 4% 24 B 4 F
98 S B BTG 0 7 0] R ok R T AR RE SV | R )
A8 A ML N BRI A A R SE X CAG K R T
FEHN,

Keap1/Nrf2/ARE {5 53 [} iy ALK 4 41 %04k K
W) F LW 22— T LA B N AR SRR AL
o 25 ) 38 5 S0 R AR L R % R AN Y B 4R Ak
N 3CRE 2 T BE , RE B 1k IE R A0 K AR AR 1
A PREE L R ONT2 5 Keapl 456 3 LUAE TR MR B A7
e T b, 497 F AL L H R A L Nef2 £3 5
A S G R 24 A0 i A7 ) 5 B0 W R
Nrf2 5 Keap fif 5 B 1% {55 i8 i A, 2 )5
59U E AL SRR F (AREs) ) 45 50, W% Keapl/
Nrf2/ARE {5 538 i . %3 8 30S IS, vl o T i
Z PR 1 AP 1 1 NQO1, GST, SOD,
GSH-Px 5, DA T 344 56 240 At 2 20 290 %o 461k 17 35 17 41K
Pk, Mk 5 4R Ak - S AR 1 S A I S L A 0 R
NQO1 J2& — Fift [ Y5 — & 1A % K il , % FH 1L 21 5% iy 38
FIXT DNA 1 il 0 Ak 458 105 78 £ 9 4 15 4 Bt 1L 711
Tl E AR . GST /& 1 N fff 52 8 R e i 22 4
JLFR 43, BE A A 9 45 i 2 W S5 R i O HE LR AR b
AR R T A7 B0 Y A S R B, GST R
L& 45 fife 8 AT PE Y . (A Nef2 76 22 31 )
W5 — AL T R SR AR R i A LR AR
FH O HE P NQO 1, GST 2 3k /K -1 5 , W 45 7] g
FOHLR Ui 2 4 F 38 B P A AR S T it — 25 i 3R 4R
fb-Pr T, FER M R AR ERBEE R
B, CAG A 1T RE & A Ak sl AS i 784 386 A= i 0F —
AT . G K BN 16 B 414 R g i b &
PR 2 IR RS, B Nef2 2o B 0 Ak T e S B B
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