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[Abstract] Objective: To investigate the effect of Hezhongxiaopi granules (HZXPG) on methylnitronitrosoguanidine

(MNNG ) -mediated gastric mucosal cell apoptosis and the regulatory effects on the Nicalin (N¢ln) -C/EBP homologous protein
(CHOP) axis and endoplasmic reticulum stress (ERS). Methods: The cell counting kit-8 (CCK-8) assay was employed to
examine the inhibitory effect of MNNG on the proliferation of GES-1 cells, and the optimal effective dose of MNNG was selected.
Human gastric mucosal GES-1 cells were allocated into the control, model (MNNG, 1.562 5 mmol-L"), and low/high-dose
HZXPG (5% and 10% HZXPG-containing serum) groups. Phalloidin staining was employed to detect MNNG-induced
morphological changes in human gastric mucosal cells. Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
assay was adopted to assess cell apoptosis. Annexin V /propidium iodide ( Annexin V/PI) flow cytometry was utilized to measure
the alterations in the apoptotic cycle of human gastric mucosal cells. Western blot was performed to determine the expression levels
of proteins related to apoptosis, ERS, and the Ncln/CHOP axis. Results: Compared with the control group, the model group
exhibited a reduction in the surface area of GES-1 cells, endoplasmic reticulum (ER) dilation, increased early and late apoptosis
rates of gastric mucosal cells, upregulated protein levels of truncated Bid (tBid) , Bcl-2-associated X protein (Bax) , cleaved-
cysteinyl aspartate-specific proteinase (Caspase)-3, and cleaved-Caspase-8, and downregulated protein level of B-cell lymphoma-2
(Bcl-2) (P<0.01). In addition, the expression levels of binding immunoglobulin protein (BiP) , Ncln, and CHOP were
upregulated (P<0.01), with enhanced Ncln expression in the ER and elevated CHOP expression in the nucleus. Compared with the
model group, the high-dose HZXPG group showed a significant increase in the surface area of gastric mucosal cells. Both dose
groups exhibited inhibited ER dilation and reduced early and late apoptosis rates of gastric mucosal cells (P<0.01). Low-dose
HZXPG decreased the expression of tBid and Bax (P<0.05, P<0.01) and promoted Bcl-2 expression (P<0.01). High-dose HZXPG
reduced the expression levels of tBid, Bax, cleaved-Caspase-3, and cleaved-Caspase-8 (P<0.05, P<0.01) and increased the Bcl-2
expression level (P<0.05). Furthermore, high-dose HZXPG downregulated the expression levels of BiP, Ncln, and CHOP (P<
0.05, P<0.01) , while decreasing the nuclear translocation of CHOP. Conclusion: HZXPG alleviates MNNG-induced ERR-
mediated apoptosis of gastric mucosal cells by inhibiting the NcIn-CHOP axis, thereby relieving gastric mucosal cell damage caused
by precancerous gastric lesions.

[Keywords] Hezhongxiaopi granules; chronic atrophic gastritis; gastric precancerous lesion; endoplasmic reticulum stress;
apoptosis; Nicalin (Ncln)-C/EBP homologous protein (CHOP) axis
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2.10 PS¢ G I Neln/CHOP fili A G 55 1 22 ik 1
B KRS R0 GES-1 A 5 Zh 5 40 i M 55 3%
HOE AR T Ok, L 1.0x10° AN/ ) 450 i Fl 7 38 3R 4 /1
LA, 22 MNNG 5 A [6) ¥ B2 HZXPG & 245 1L 1
Jo . F B SR, A PBS W VR AN 3 Wk, B
5 min, 1775 fl G g8 e €0 [ R [ A2 40 20 min,
T2 B 8 Yo €0 [ 72 W, FH PBS TS R AL 3 YK, IR
5 min. fi FH A B8 4L 238 B W 10 min, FFE R
I8 375 W, fH ] PBS E Uk 40 M 3 Ik, AF K S min, LA
1:200 Bt il CHOP ik , 4 cCid %W & , o Fidsi— Pt ,
FH PBS 5 Y4 il 3 ¥, YK 5 min, 1Ml J5 il A LA PBS
B il 7 AF488 #r ic Ll “F T 4 1gG (H+L) — H1 (1:
500), E A FROECIET 2 he FWIE P, 1E
WG SE R, FH PBS 3 R4 ME 3 7K, BEYK S min, 1M )5
JILA 1:200 BE 1 9 Neln Fidk , 4 |Cil K& L J5 54
—3t, JH PBS %5 YE4H A 3 K, B:IK 5 min, T 5 A LA
PBS Fic il ) AF647 Fxic 1 = $T % 1gG (H+L) (1:
500), R A TR E 2 he FEEO0E 0, 7E
WG ZE TR, PBS B VR4 MG 3 UK, YK S min, il A
“ DAPLI B G K B 7w, FOG 28 R 45 1
B EE, FH Image 1 5o it 28 Y6 fk
211 Hiibp kb3 A SPSS 27.0 iR AS 4k 14 % %k
P AT G 5 0 b B A G R A 0 A AT B R
J5 257 BT (ANOVA) , I AT 7 2 55 Mk 56, 7 2257 1)
B f# FH Bonferroni K 56, Jr 25 A 5% 19 %4 95 £ H
Dunnett £ 56 17 JE S 5K 55 . P<0.05 W22 7 A 45
HES -9
3 £R
3.1 MNNGXf GES-1 A\ B ZEBEAMTE S5 523
20 H 4, 76 MNNG T 24 h 5 , 78 0~12.5 mmol-L"
0T N, AL TE ) 2 AR (P<0.01) , B MNNG
SN, GES-1 4 it 3 58 A7 S0 1] S v R AR 1 . A
WF 5% 5 22 521 2% F 1.562 5 mmol- L' 5256 1) i
RV . WL 1,
3.2 HZXPG *F GES-1 A\ H #5540 L JE 25 1Y 52 i
525 (4 e #, R 4] GES-1 40 Jifd 26 1 Xt 25 [
ik (P<0.01) . HEAIA i, 45 25 T Bl 5 HZXPG
R A I T MNNG 7% S 10 5 B 40 i 2
T R B A1 (P<0.01) , ifif HZXPG A% 5 & 41 40 i /Y
AP T EREZER TSI R L
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&1 MNNGX GES-1 A BFEME N (F+5,n=6)
Table 1 Effect of MNNG on GES-1 human gastric mucosal cells

viability (X+s,n=6)

215 e B /mmol - L' 41 L3S /%
2 100.17+2.20
MNNG 4 0.781 25 93.70+2.19"

1.562 5 92.91+2.25"
3.125 82.16+3.93"
6.25 61.79+1.64"
12.5 45.75+3.22"

5 A RV P<0.01

1 77 HZXPG T 7 n] LL30 i MNNG ]384 51 & 1)
AT S A, WK 1.5R 2,

DAPI

Phalloidin

Merge

A B C D

W ALZS A BRI C.HZXPG i Al i 4 ; D.HZXPG &5 #
A 2-E 6[h)
B 1 HZXPGX GES-1HEFEERMm (REIIK, x400)
Fig. 1 Effect of HZXPG on morphology of GES-1 cells
(phalloidin, x400)

#2 HZXPG3I GES-141RERM N (X+s5,n=6)
Table 2 Effect of HZXPG on surface area of GES-1 cells (x+s,

GES-1 B &AMy M T-fE ol . WK 2 % 3.

DAPI

TUNEL

Merge

A B c D

B2 HZXPG X GES-140f A T-#8 08 (TRUNEL, x400)
Fig.2 Effect of HZXPG on apoptosis of GES-1 cells( TRUNEL, x400)

%3 HZXPG X GES-1HKBTHIFME (X+s5,n=6)
Table 3 Effect of HZXPG on apoptosis of GES-1 cells (x£s,7=6)

41531 RS 550/% TUNEL 3 4 14 %/%
ek 0.02+0.00
LR 4] 62.60+1.53"
HZXPG ik i 41 5 7.76+1.60%
HZXPG & 7 i 41 10 2.75+0.219

3.4 HZXPGXI GES-1 4014 W TR 528
P12 LA, B 2] MNNG HI305 GES-1 200 it H 28 3
T, R R T R R S T R 3 T i (P<0.01) .
SRR AH T, 45 25 T il 5 HZXPG &7 5t 4 B 26
IS 240 i, ) 7 0 O 2% R O T 3R 4 S R AR (<
0.01) . VL3R 4 Fs o i R 44kt

F4 HZXPGXIMNNGHFSH GES-1HEATHATEAHNZME

(x+s,n=6)

Table 4 Effect of HZXPG on MNNG induced apoptotic cycle of

n=6) wm? apoptosis in GES-1 cells (x£s,n=6) %
415 TRFR A H0/% 8 I A i 2% v X EREVA 2 5] R EUY% IR BE TR

sk 3733.40+235.48 3780.48 2 H A 0.00:£0.00 0.00+0.00

F 9 21 1 887.75+139.13" 1 893.00 H2 4 21 32.27+0.38"  10.90+0.36"

HZXPG k5 4t 41 5 2 243.90£436.36 2 345 .87 HZXPG il 41 5 20.10£1.28"  5.400.17”

HZXPG 5 A i 41 10 2525 192226.61° 252873 HZXPG i | i 41 10 21.20£0.66"  4.27+0.15%

W 528 48 P P<0.01; 5K 4 [ %2 P<0.05, Y P<0.01
(F3-F8M)

3.3 HZXPG X} GES-14iffidd - sgm 575 4l

P, #0240 GES-1 A 15 25 R 40 A 0 12 BH PE AR ic %

i T (P<0.01) . SR LB, 42 TG

HZXPG 45 5| & 41 GES-1 40 il 98 T- F ¥ & & &AL

(P<0.01) . HZXPG #] I % & % MNNG % & 1)
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3.5 HZXPG X GES-1 41 g #f T~ A0 5 2 11 19 52 i

S HA R, SRV P8 1295 T 1 R U 45 4 B
AHE AR T2 e 2 )R] (Bid) LR T
Bax {1k J5 B T2 1% 5 #4725 [ cleaved Caspase-3
G AL S 1Y 20 i 8 T AF S 1 Sk v iy s B
cleaved Caspase-8 XA KFH B EFE T, EZHFEA
it B L(P<0.01) 4 JA T2 5 Bel-2 R ik 7K1 i
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FIREAR (P<0.01) ., SHERIA i, HZXPG ik 7] 42 41
tBid \Bax £ ik /KF B 2 FEAIK (P<0.05, P<0.01) , 47T
T- A F Bel-2 iy 3 35 ik 2 7t 5 (P<0.01) ; HZXPG /&

YR (X+s,n=3)

*®5 HZXPGX GES-1AATHAXEARIE

7 & 21 tBid. Bax. cleaved Caspase-3 Fll cleaved
Caspase-8 3% ik 7K - B & [ {1 (P<0.05, P<0.01) , Bel-
23 AR IEW B A (P<0.05), WES K3,

Table 5 Effect of HZXPG on expression of apoptosis-related protein in GES-1 cells (x+s5,n=3)

21 5 1RS> %50/%  cleaved Caspase-8/B-actin  cleaved Caspase-3/B-actin tBid/B-actin Bax/B-actin Bcl-2/B-actin
25 H 4 0.72+0.04 0.85+0.20 0.35+0.16 0.44+0.16 1.0040.10
70 2] 1.41+0.14" 1.33+0.12" 0.81+0.10" 0.94+0.05" 0.57+0.02"
HZXPG {5 4 21 5 1.31+0.04 1.12+0.09 0.60+0.02% 0.62+0.10” 1.00+0.19%
HZXPG = 7l 7 41 10 1.05+0.15% 0.77+0.14% 0.59+0.06 0.37+0.127 0.84+0.02”

cleaved Caspase-3 [N W . ;0.
cleaved Caspase-3 R S 17 0.
asid [ 2w
g 21100

p-actin WD S S S > D2

B2 W W W e 2602

S e . < <0

A B C D
B3 GES-1HMBATHXEAREBIX
Fig. 3
GES-1 cells

[-actin

Electrophoresis of apoptosis-related protein expression in

3.6 HZXPG X GES-1 4l ER JE & #5251
20 LB, Y 2 Py BT I R BT e T AR B E TR
(P<0.01), $& R gl th BN BT 49k . SR A [h
B, HZXPG P 7 2 41 P o 0 8 T e £ T BRI R
fiX, 27 BA 5122 8 X (P<0.01), #&/8 HZXPG 7]
% 2% ERS A7 R M N BT M T Bk A . W
Kl 4.3 6.

DAPI

ER-Tracker

E 4 HZXPGX MNNG#ESH GES-1 N RMESHFEM (N
Ji 56 RFT, x400)

Fig. 4
of GES-1 cells induced by MNNG ( ER-tracker green, x400)

Effect of HZXPG on endoplasmic reticulum morphology

% 6 HZXPG 3 MNNG % 5 i) GES-1 40 i1 19 & W @ #1 79 % M
(X+s,n=3)

Table 6 Effect of HZXPG on endoplasmic reticulum area of GES-1
cells induced by MNNG (x+s,n=3)

4151 TREG 0% P ) T B /D AP I B/ %
k| 5.24+1.06
AR 2 18.07+2.17"
HZXPG {7 & 5 10.05+1.02%
HZXPG 75 10 11.63+0.49"

3.7 HZXPG X} GES-14fi}fi ERS f NcIn/CHOP #li
KEARKEW 52504 g, BRI BiP.
Ncln ,CHOP 4 [ 3Rk KV i # T (P<0.01) . 5
RIZH L8, HZXPG 1 77 5t 2 BiP \Ncln . CHOP & [ 58
BIKF W] FE R (P<0.05,P<0.01) . WA 5 £ 7.

Bip e G S S 75 (D2
f-actin GEEEES G IS emm—e 42 kDa
N T G 0
cior T (7 wDa
pactin A D G G D

A B C D
5 GES-148A8 ERS & Ncln/CHOP 36 5 & B R & B ik
Fig. 5  Electrophoresis of ERS and Ncln/CHOP signaling

pathway-related protein expression in GES-1 cells

#£7 HZXPG X GES-1 41}l ERS X Ncln/CHOP il X E B R i&
BRI (x+s,n=3)
Table 7 Effect of HZXPG on ERS and NcIn/CHOP signaling

pathway-related protein expression in GES-1 cells (x+s5,7=3)

a1 {ME BiP Ncln CHOP

IEU% /B-actin /B-actin /B-actin

s 0.87+£0.15  0.46+0.15 0.47+0.26
26 2 1.51+0.04" 1.35+0.05" 1.30+0.05"

HZXPG fik il i 41 5 1.37£0.07  1.35£0.11  1.17=0.11

HZXPG = 7l 4 10 1.27+0.10% 0.80+0.14% 0.720.30
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3.8 HZXPG X GES-1 4il /i NcIn/CHOP %l i F % ik
frE s 5285 HA R, BRI 1 Neln ,CHOP
T H #IAAKF B T (P<0.01), F.CHOP 2 H 7¢
2 5T AN 4 A% B Rk . SR LA, HZXPG
fi% 7 77 4 4 Neln . CHOP 25 [ 7K - 35t 5 BRIk (P<
0.01), WKl 6.5 38,

DAPI

CHOP

Ncln

Merge

A B & D
El6 GES-14fE Ncln/CHOPH#iiEXEHRILEER
Fig. 6 Expression of Ncln/CHOP axial-related proteins in GES-1

cells

% 8 HZXPG X GES-1 40 Bl Neln/CHOP i X ZE B R LE &I

(x+s5,n=3)

Table 8 Effect of HZXPG on Ncln/CHOP signaling pathway-
related protein expression in GES-1 cells (x+s,n=3) %
a3 (A0 Neln ffif £ CHOP T 1
/% /DAPI i F /DAPI i 1
2514l 22.46+2.83 4.68+1.17
H IR 241 1.51+0.11" 23.17+3.10"
HZXPG {5 41 5 6.34+1.30> 5.36+0.67"

HZXPG = 7l & 41 10 13.04+1.62% 1.91+0.47Y

4 itit
CAG J2& 15 9 1l 3 722 19 ¢ 58 B B, a8 I IR 8 L
s, Bl 2 BT RGBS AN T Tk B 409 % G
TR P, DA BB S A At S5 R A b, L AR
R R AR Ik, 2 E E R T S
PN B 1 A A PLGC Wi 1 o 18 90 1 T B, LA B
R fa B GC I R R FIFE TRl 5 1 ol
T, CAG #F A0 X 218 A5 4 1.09% i #E 5 & e
R ARG B O] b IR S, 0.14% 1 BE 3 L e
NGC, HYET I, RAMFIE CAG LIw Pl , 785
AR R E 2GR (A, S2 B GC G LR B R T
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T A, %oF B AR B i S8 2 KA 45

AT 5% 16 F A9 HZXPG J& h [F SRR B &
[T B X 5 AT B2 0 AT BA & XF CAG 9 1R s BIL A o
M2 07 o %7 DAE g R B I L Ak
RN FEAVA L A X CAG XTI 8 Hh 95 3 0 A% L
o AL —— B AR, PR R TR R H
FEMEL % RN B Z5 bR, — — X RVRYT . P L
WS R RANEE 2R ks T Sk T
FEDhne 2 HEal o B2 LUK fd BB W A B i 3
AL 3 AR AL AR BRIE M 2 R, P S I i Ak
2% T AL KR T BN TR AR, BT AR T B A Y R
M5 EsH# AR EEHAT TR, A h I wEZT
22 TR R 2 ok S BT AR
AR , ¥4 B2 TF 3 K 2 R O 1, T w3l 2 i LA
FVFE A LUTE JE W6, i LA F1 R Bh R (g B, & DA
K H Rl 3R RS2 . A bR AR I
NG [t JERAOIE L AL R @R S LR B ik R
T I LA AR L ARV A B LAIE SRR o T 9 R DL
Fh B 2 5% A8 P AR S AL B, S5 E B, A R g
B UG TE TR T 54 9 W6 0 TIE A R R UL R PR IE 1S
GHREBE . AWESY ., LA HZXPG & 25 1L 7 T H MNNG
7309 GES-1 41 ffl , 8 R HZXPG T il CAG Hy H 4k
B o

BEFERF 5248 L CAG Y 2 18 & i 1 b S Ak 1
WOV 0 B S IR L Ak N ORI TS M R
(ROS) ™4 5K, 0l Ja gh N e s 5 7 T K N,
TE 1 9 AE -SRI OB YRR IR O S BB .
Ab AL RN 5 02 PR R AE B YDA G, 48 P R Ak
WY & A IR BE G 1 NF-«B %5 {5 5 3 B% 0TS F Ui 42
iE B, TR SRR AR AR A, h g R
JiE 51 & 1 S8 Ak I 38 IR G 28 AN R B 28k I A4
JfL, S 75 & 40 L DNA 453455 L 0 T S 98 AR 1 0% g
F0L HRT W, S 5 4R Ak N I A AR AL AR
T4 M g A 0 B IE AR . 40 M P S RO 2 AR 3
R OER ERS AR IIAEEEL ] R 8E A
JR A R N R IT B AR B E R, T
WG UPR. 12 ERS & B A9 40 B 453 55 & iF — 25 %
T UPR, 51 & 41 i 9 85 Fa 25 5 401k 3 J5 7 fii 2K 9
T N I A EE I SRR e A IR AR A i 2
T e Sl B 2R A58 , 2 5 W 0 & AR R R e
HAAEEME, UPR I A58 & % il A& 3
ER PR IT & & M AUR , I8 o {2 F Neln 4 5 19
223 38 AR B 0 E N 5 3 5 ER 1Y R R
Pr&6EH1 I8 W ER 3 I M L2 o R A
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21 i o o 4 44 0 4> A, BRI BiP 2 1 (GRP78) , i
ERS T 738 %>, # ERS13 LAZEf# . ER B Bk &,
W UPR 28 1k 5 [ 2, # DI RBHF 2L 2K I, UPR JUI Xk LA
AR ERS 8 B, 5 8O £ B4V 45 1 CHOP %
ik B, CHOPEE IR ARG, il DNA 541
HHEA R, TSR T E E Bel-2 &3k, 51 40 i 4
S BELY I 02 F 40 M R T 0 MR E R L E R
R o AR 2% 1 B 6 B OR 4 5R0 nT S8 o B0 ) ERS, O B0
FI A O 2K (R I R R i B4 i
AR5 7 F0 AT i miRNA i 12 98 7 ERS & 12
0 B R b R A A 2T Y B R )
i 45 ERS 22 #iii B% PERK/E #% 40 i 2 45 N 1 2«
(elF2a)/CHOP 5 *5- 3 % , 3 il JH vt 52 it P 4 A
A R LR A T BT T 25 W B iR CAG
BRI 22 (1) B 6 R 40 i ERS i A 52l IH B /b

A5 8 F MNNG #il 8 GES-1 A % & 41 i
FEARSMELL CAG I 5 5 15 1Y 3 2o Y 28 B IR e £,
TUNEL % % | Annexin V /PI {7 3IF 52 /£ MNNG H#]
WAEHIE , GES-1 W %6 5 48 Jfa 3 20 0tk 179 25 46 Al
8 7=, Western blot &5 J UIE 55, GES-1 A\ B Zh H 41 Jig
£ MNNG #l # T ] J3 3h ERS # J% , {if 1& Ncln-
CHOP i, I KA T, 14 HZXPG & 24 115
THUG AT S o N R AN AR 2 A R R T
LT VS G N == TR SR 7 e T
s e B B . Western blot ¢ — 25 91F 52, HZXPG
A MTE TR E TS B A TS S T
Bid, {2 ] T- A F Bax, I 4L )5 M P8 1215 5 P AT & A
cleaved Caspase-3 M il T- 15 5 Ja 3l & 1 cleaved
Caspase-8 £ [ 1Y R ik , L0 12+ Bel-2, il
NB R T, BbAh, AW 5T 3 i Western blot
XF ERS 3 # 25 11 BiP Fll Ncln-CHOP i (1) 41 3¢ 5 11
HEAT RN, I A1) #9592 Ot 4 28 17 WL %% Neln-CHOP
0 ) A 6 TR B AR 7 L 48 H MINNG 3T L
i 1% f& 7 Ui Ncln-CHOP 1 , 3 1% ERS, B ERS j= 4=
B9 U8 T 45 5 &l i Ncln-CHOP 4l /% 38 . i HZXPG
& 24 1 3 D) RT3 o 4 5 Neln (9 32 3% F CHOP 2 [
B A 1 B, B 3% MNNG %F ERS F {if NcIn-CHOP
BRI AL o R UL AT AT, HZXPG 38 i 410 il ERS
T ¥ Neln-CHOP il 9 75 4k, D80 1 25 B 40 itd ERS 7K
S A AN T

A 5T A HZXPG T il CAG & ERS 1% # 56 %
Pt 7 S KAl O W AP IR R T HZXPG i o 3
ERS, 71l T 2 M58 1= Ji 40 08 1, Xk 2 RS 40 A 1) £
POLH . 5 E R4 UPR SR ] AR 0F 5% 74

Z 1 Ncln-CHOP i - 4 4l 57 F = K 4 8 3 J& Ay
i T 28 ML UPR = K 40 3 Ui Y LT RE AT
o BRI Neln /E 0 ER B8 i 25 (AP, f2 UE 4
R = = R BU IR 2B U = 0 N = A T
B, B8 ER AH G R A 2005, 038 23 M 8 W BR L DA
i 7E ER RS B &, & UPRGE I 4 S 17 11 56 ik 2R
M. 1fii CHOP 1 & PERK 37 % () X R R 8 (1, ]
A AR A TR R P T R R A L ik
LRLRIH TR AR JF L T BT SA A AF A AR R E
A AL, K ERS #5475 . A 1 CHOP J& UPR fi2
TR B R O AT 3, Neln 2 4% A2 77 19 56 S 5 A
NcIn-CHOP #li £ UPR 15 5 W £% v JE w8l 245 7 f7 , 3
] PR S 4 Bl A is o B RS if — 2P %, Neln-CHOP
Bl 5 BRS = K 48 B3 % 2 [R) () B AR ik 42, i 0
Jo LB Y o0 o i R e 1y 2, R AR B R Neln,
W2 WLEE S >R B 1a(IRE1a) \PERK ATF6 = K /337
T Ui GE R AR N B, W] HZXPG i B Neln/
CHOP 1445 ERS {4 B R M5 (0 B 4E T3 %

25 LRk  HZXPG & 24 I3 /9 T 100, 6B 18 A 2L
2% it MNNG % 3 19 GES-1 41 Jitg 453 455 , 30 41 40 it 94
T2, HALH AT 68 5 987 Neln-CHOP fli 1% 1k, (K B
B M40 D ERS K AH X

[(FIzEMzR] AXRALAATH B4R,
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