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(ROS), TN [ (MDA) K, #8 & A B AL il (SOD) & 1, 28 11 i 28 EV 36 7 ( Western blot) K il 28 ki i LC3, [ W G 8 4> T 1% 1)
Atg6 [Fl Y (Beclinl ) ,p62 FH Kk . ZR: HIEHALLE, B K R HEZS R B FFFAL(P<0.01), 1fL7 CS,MTL,GAS % &
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Z% A RLORL AR AL B 50 R, PRI IR 25 T T, U 2% BE R 1 L BB A3 A AEZORL AR 4 4Rl 5 B4, LC3 il VDACT 7 i 38 b 35 i /b
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Effect of Chaihu Shugansan on Mitochondrial Function and Mitophagy in Gastric Tissue of
Rats with Functional Dyspepsia

LILi, JIA Qing-ling, WANG Yu-jiao, WANG Xiang-xiang, LING Jiang-hong’
(Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicine,
Shanghai 200021, China)

[ Abstract] Objective: To observe the effects of Chaihu Shugansan on gastric motility and
mitochondrial function and mitophagy in rats with functional dyspepsia (FD) and to preliminarily reveal its
mechanism in preventing and treating FD. Method: Thirty-two SD rats of SPF grade were randomly divided
into the normal group, model group, Chaihu Shugansan (4.8 g-kg') group, and domperidone group
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(4.5 mg-kg") after one week of adaptive feeding, with eight rats in each group. Rats in all groups except for the
normal group were exposed to modified tail-clamping stimulation for inducing FD. Four weeks later, the semi-
solid nutritive medium was used to observe the gastric emptying rate of FD rats, and the serum citrate synthase
(CS), motilin (MTL) , and gastrin (GAS) were detected by enzyme-linked immunosorbent assay (ELISA).
The pathological changes in gastric tissue were observed by hematoxylin-eosin (HE) staining, the mitochondrial
characteristics by transmission electron microscopy, and the expression of microtubule-associated protein light
chain 3 (LC3) and voltage-dependent anion-selective channel 1 (VDACI) by immunofluorescence
co-localization. The mitochondria were extracted from fresh gastric tissue for measuring the reactive oxygen
species (ROS), malondialdehyde (MDA ), and superoxide dismutase (SOD) levels using the biochemical kits.
The mitochondrial LC3, yeast Atg6 homologous(Beclinl), and p62 protein expression was assayed by Western
blot. Result: Compared with the normal group, the model group exhibited significantly reduced gastric
emptying rate (P<0.01) and serum CS, MTL, and GAS levels (P<0.01). HE staining showed no pathological
changes like erosion or ulcer in the gastric tissue of rats in each group. However, the mitochondria in the gastric
tissue were observed swollen and dilated under the transmission electron microscope, and vacuolar lesions
appeared. The co-expression of LC3 with VDACI increased significantly (£<0.01). The mitochondrial ROS and
MDA levels were elevated significantly (P<0.01), while SOD content was significantly reduced (P<0.01). The
protein expression levels of LC3 and Beclinl were significantly up-regulated (P<0.05, P<0.01), whereas p62
protein expression was down-regulated significantly (P<0.01). Compared with the model group, Chaihu
Shugansan and domperidone elevated the gastric emptying rate (P<0.05) and serum CS, MTL, and GAS levels
(P<0.05, P<0.01). It was observed under the transmission electron microscope that the mitochondrial nuclear
membrane of the gastric tissue was intact, with clear structure and high density of mitochondrial cristae, and
mitochondrial fission and fusion were observed in some parts. The co-localization area of LC3 and VDACI1 was
significantly reduced (P<0.01). The mitochondrial ROS and MDA levels declined significantly (P<0.05, P<
0.01), whereas SOD level rose (P<0.05). The protein expression levels of LC3 and Beclinl were significantly
down-regulated (P<0.05, P<0.01), while that of p62 was obviously up-regulated (P<0.01). Conclusion: The
mechanism of Chaihu Shugansan in preventing and treating FD may be related to the improvement of
mitochondrial function and the inhibition of mitophagy in gastric tissue.

[Keywords] Chaihu Shugansan; functional dyspepsia (FD) ; gastric motility; mitochondrial function;

oxidative stress; mitophagy
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1 ## U = 3 B O BL (12 [# Eppendorf 23 7] ) ; A2-PLUS %!

1.1 ¥ SPFZ SD KR 32 1,8 ik, M4,
M (210£10) g, W T b 50 4 3 A 46 52 56 sh 4 37
RABRA T, A AKIES SCXK(#7)2019-0001, 4 37
T Rl B2 RS s Y ol B4 12 ho[a]
MEHH I B (2242) °C L, 1B B (5542)% . A BT 4R 15
PR RS Y B S (RS

PZSHUTCM200703021) .
1.2 259 KB S W) g HC i Se W) (a5

200713), FAAT (#5 200605) , )1 25 (45 200808) ,
BUSE (A5 200701) , BR Bz (4iE5 200804 ) , 7 B (4L 5
200629) , 5 H #E (5 200803 ) 2H 1, BT A 1k g A
B S 5 B AR B 24 17, Ui v R 2 K 2 v 2 0
W2 A R R B2 % e 4 E o 20 S0 Fr (74
A AR 254 RN\ b KDI3YSP) o S8 i T
A% RSy BC AR LG A, PRICSE A (BRI 4% 16 g, AT
NE B FHAS 12 g, & H w4 g, ZIHKRH
30 min, 2k & W, SCK B 30 min, EE 2 K5 &
JFRUE W, KB ZE K 2 175 mL, it & T 4 °C
VKA ARAE B A 25 R 0.48 g mL™ Y 7K I I 4
O, 2 d TR 220 TR A A T 5 vk
40.45 g LT AYIR R

1.3 i ok iR S B & (h E Solarbio A H]
fit 5 20201229) ; R £ 5B UK LC3 ( 3£ H
Proteintech 23 & , it 5 00072777) ; it £ 7o W 4 1A
VDACI1 (3 [# Santa Cruz 2\ #l , 4lt5 L0320) ; ¥ 78 [
Yi ik g-Wl 8h 1 (B-actin, & [¥ Sigma 24 7 , it 5
089M 4850V ) ; fit & 7 [ HiL 1K Beclinl , fe 2 72 FE BT 1K
p62, I FH R A3k M (1g) G(3EE CST A L it
545 W1k 3738S,23214S,7074P2) R 1 FREGE
(M FE L AR A FR A A L i 5 20210308) ;
IR FE -2 (HE) B2 43477 £, SDS-PAGE % it P
R L Rt TG AR A T A A o (R
R REWFEA RN A, #5550k C0105S-2,
072621210802, P0069) ; I P 5 (ROS) , i 4 b ¥y 1,
LT (SOD) , TN - (MDA it I & (7§ 52 & i 2 9
T ARG T, #5543 5o 011521210319,20210511,
20210719) ; FrE R & HF (CS) , K MTL, K GAS
Tt K 47 3 W% BEE I 5 ( ELISA) ik ) & (b 1 B T 2 9
B4 A R A A A5 50 ) S EK-R30678, EK-
R30889,EK-R30890) .

1.4 {%#% Amersham ImageQuant 800 % {k 2% & )
BARASL (1 A% SR A BB A PR H] ) 5164-5050
U B S FL kAN (€ A SR A FD ) ; Centrifuge5424 V3

. 28 .

AR A3 O B T (b o 3 R R 2 A A A BR A
] ) ; FlexStation 3 7 [iff 5 1% ( 3% [E] Molecular Devices
/v #l ) ; MICROM HM 325 B4 5 41 | #L (18 =
Thermo Fisher Microm A ] ) .
2 FHik
2.1 CEREMEBIH A HRMP SRS g, i
JEWI M 8 g, VEMY 4 g, M4 g T 125 mL 281 K,
FE4r IR A5 A 150 mL (75 77 2 B R, 4 °cC vk A8
TAr# .
22 Sy HER KRy ENPEMRSE LSS
KR e FE e T 4% F 1 D U] B ATL 43 SR IE E A LR
A ST 2SI, A 8 . BR
AL, A A AL ¥ S IR A ) R R ik i
B, R 30 min, 2 U0/d, FREE 4 A A A5 R BUH
220K BB o B AR b LR A 41 K B HE s R
A S oA AU ) 488 7 i A 1 o I R A A B 3 A
N (PR T 5 60 kg) B I IR FH 3 3l 9 5 N T] 19 55 4805
4 BN SRR I B 5T & TR S R A AL = oA
4.8 g-kg W &5 A RO AR R TR ST R v R
iR S B RO L 22 0 ST R 2 Gy ) 4 T SE
B HFEOK B 4.8 g kg, 29 LI 7 T 4.5 mg- kg
W BRI S TR AR K E S 2R
J10 mL-kg", 2 ¥K/d, Frek 4 & .
23 KREWRAWESLHE KKAZLE, KREE
12 ho WK H KB T2 B A HE S 30 minJ5 ,
JJs 1 S 2% 1% EL B 28 (2.25 mL-kg!) BRI, I 2
Bl kI, # & T AL EE 4 T 30 min f5,3 000 remin”
B 10 min (B0 242 13.5 em, KA, W 4E 1
1,80 °CIRFE; B2 H , FHAMREF R 46 i Ol ot
T R 114540, B 18 MR SR Y 45 4 1 2, PRI A
B il ok, W R BT I A R K e e EH A
HY L KR T E RIS B R, RE A
B, — 5 BT 5% I M 4% 22 5 v I
FEARAT , — 0 40 e AL A 12 3K 7] 65 16 I 45 2 1R
LR, — 5 B T -80 CCUKH - AT -
2.4 CEFEMCEEAOBEIE HHEE R EIR e
A IR A E R R RO e RN A
XA B = 1- (2 -4 R
) /2 [ A BT 5 1x100%.
2.5 ELISA &l K i il ¥ ' CS, MTL, GAS & &
P B8R B ELTSA 3057 & Ui W1 45 8 47 K BRIt v €S,
MTL,GAS & & M % , 76 # 1 A% 450 nm I K Ak 132 B
KA O G RE A, 2 bR 2R e i 2 B A
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FEAC U E(E . g3 BTG 6, 24 7 22 5% M IR dRc /D R R 2 S ik

2.6 HEQ @M RKREALURBAL B8
S 5 AT R AR ZE YL S 2 min, Ji /K YL S min,
LY (5,90 s, i K 4Bk 10 min, 60 °CHEF 30 min,
PEAS R B WS 45 4 B A 80 B AR LA O
27 BEHTRBEUNE KR E AN LR iR Ha
AU BT 2.5% I R e R 3R, IR
10 min, 28 1% #E B2 [# 2 W5 [ 2 2 h, IR Pk 10 min/
W, 3, LBEARE I /K 10 minx5 ¥, 100% P i 1= 25
10 min/¥K ,3 YK, 37 °CHLH 12 h, Yl J, Ye (o, i S i
T A S
28 R EMME KRR EHAHNLCS
VADC1 ik  HHL Y F Bt )5 ,0.01 mol-L'#7
BREMEHIEBEE 1Smin 5 HALHEE R,
PBS i ¥, 10%BSA Z | & 4 1 h J5 , — $T (LC3,
VADC1 £ o B Bt (4 7 B A5 %534 1:200) 4 °C UK A8
i B, PBS WE L O 0 (1:200) E iR B OLIEF
1 h,PBS ¥, DAPI YL 4% 5 min 5 & F, 9 0 i i i
WAL LC3 5 VDACI % ik, Image J 3448 11 53 M ¢
R IR,
2.9 AL EOG I E K RE 42140k 1k ROS KF
Zx IR R B8 H0 ) 6 130 I 5 £ UK L H 21 42k
AR i I8 ROS MK &5 wd B 5 20 BRI AT 84 L R
B 485 nm, &SI K 525 nm U E 45 AR5 4.
2,10 JKVEVEDY M ER (WST-1) 320 & K Bl E 2H 214k
KRR SOD & HU-80 °CUR A7 L hi{A , #% SOD K i
B & U B AR L MU A B DU A R A3
IRAT,37 °CIE T 20~30 min, 450 nm | 5 KE 5 A
2,11 BRACEL FEZ R (TBA) LI 2 K B H Al 4Lk ki
KA MDA & & HU-80 °CURAFL KLk , ¥ MDA # Il
R UL RAE . IMFEIR 51 )5, 95 cCORIB# KB
40 min, /K& H )G ,4 000 remin” B> 10 min, L I
TN A8 FLAR P B AR X 532 nm &b, I 5E 45 RE AL A
2.12 A& M SR B I (Western blot) £ 1 K B B
HAVLC3 IR 4 IR 2ok A 1 B 70 & i
P4 BOR BLE H LU RAK , BCA 105 & 1k B
10%SDS-PAGE HL ¥k 43 B 90 min, B % % 5%
(300 mA,30 min), 5% B g 2 W &= i\ % R B4 1 h,
3 LC3, Beclinl, p62(1:1 000) , f 3 B-actin (1:
1J7 )4 °CORAIE & 5 I H F P15 1gG(1:5 000)
FUMFE 1 h, TBST 22 Ml Ve IR 10 min/IK , 31K,
i ECL ¥ W 5% , 1] Image J 3B 57 IR A1 .
213 Giils#F ik fli FH SPSS 27.0 #4748 i 4
B, 25 B0 DL xts o, 4 1) LB vk B N 3 22

(LSD) #F 47 41 [|] P 4 b %%, 34 7 22 K 5% B R
Tamhane's 72 #F 17 20 [8] W # [ AL, DL P<0.05 KR 22
SEAGI¥E L.

3 &R

3.1 X FDAAR KRS HE2 252 m SIiEwE 4L
3, FD AR 20 K R HE 25 R i F R K (P<0.01) 3 5
) 20 LAy, S R BT 2E RN 223 ST TR 4H K RS HE
23 R TR (P<0.05). WK 1.

F1 EHRAHMFDERARETHETENHM (v5,1=8)

Table 1 Effect of Chaihu Shugansan on gastric emptying rate in

FD model rats (x+s,n=8)

21 541 Fl /g ke HHEE /%
EH 55.80+11.08
LR 38.65+12.53%
S B 4.8 51.1249.45%
EAALT| 4.5x10° 49.92+7.04

TE 5 0F % 4 H 8 Y P<0.05, 7 P<0.01; 5 1 41 He 4% P<0.05,
YP<0.01(F£2~5[[) .

3.2 Xf FD ALK BLIML 7S CS,MTL, GAS & &t [ 5%
M 5 0E R 2 e, FD A AL 4 K R Mg CS, MTL,
GAS & & I 35 [ A% (P<0.01) ; 5 BI R 4] L L, 56
B JHF F8C 4 22 39 ST B 28 K BRI 7 CS,MTL, GAS &
12 0 W TFE (P<0.05,P<0.01), W2,

F2 SLHEAEX FDEBEARME CS,MTL,GAS 2 EH &4
(x+s,n=8)

Table 2 Effect of Chaihu Shugansan on serum of CS, MTL and
GAS Contents in FD model rats (x+s,n=8)

215 F4k/g-kg' CS/U-L' MTL/mg-L" GAS/ng-L"
EH 16.4£2.6  262.8+17.3  244.8+16.4
LY 10.6+2.37  201.6£15.17  184.2+15.6”
ST RL 4.8 14.4+3.4°  221.6+11.4Y  208.0+21.2Y

EAUSALT 45x10°  15.7+3.8"  225.2+19.8Y 203.3+18.4

3.3 X FDALRIK BUE AU B AR i 2 4541
KB A ZLZ5 40 2 U M, A LR O IR R
S5 R R EE B S T R A0 R IR B TR B R N — B
MY 2] | S5 B I AL 22 9 ST B 2 AT D /b b
L IR, R DL BE RS Bt e B e . LA 1
3.4 X} FD AR K B E 41 81 ICC 4R 1R 8 T 45 74 1Y
SN IEE AL ICC IR 25 45 A8 3 BT, 522 1 AR bk =l i (3]
o %M 58 &, 240 M A% 45 48 o8 B 5T rh A R B kL
A Y 20 R AR R S B AER | 5 43 BIR AT Ik
PRI Bk, A e AR 5 S H I A R 2 ik
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A IEF U B, BRI C. SEF TR s D. 206 3L W20 (1] 2~4 TR])
Bl1 SEEARATRIXY FD B KR T HARBEFHFII (HE, x200)

Fig. 1 Effect of Chaihu Shugansan on histopathology of stomach
in FD model rats (HE, x200)

ST T 4T 25 45 A0 B O T AT, U6 R R, R A
KBRS 8 Ar e /D i 2 bR o 2R & B4
DL 2,

3.5 XfFDAR KR B4 41LC3 5 VDACL %okt
ENL BB 5 IE W A He g, BSR4 LC3 A

B2 SR FDRBERRBARICCENEBREMBR
M (325 5 HL 43, <8 200)

Fig. 2 Effect of Chaihu Shugansan on ultrastructure of
mitochondria in stomach tissue ICC in FD model rats

(TEM, x8 200)

VDAC 2 7 323k W 2 1 (P<0.01) ; 5BIAI He
B, Se B LA LC3 Fi VDACT HE g i ik B E
> (P<0.01), WL 3,383,

- ----
A B C D

B3 KU FDREXREALALCIS VDACI R EHE LKL

IR (S PEDE, x200)

Fig. 3 Effect of Chaihu Shugansan on fluorescence colocalization expression of LC3 and VDACI in gastric tissue in FD model rats

(IF, x200)
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x3 SR FDERXREHLALCIS VDACI KR HE
L RIERIFIM (F+s,n=8)

Table 3 Effect of Chaihu Shugansan on fluorescence
colocalization expression of LC3 and VDACI in gastric tissue in

FD model rats (x+s,n=8)

21 541 /g kg 5 i 3K T A/ wm?
EH 829.9+315.7
LAY 21 461.3+1 408.27
S L I 4.8 3316.5£793.4%
21 7T 4.5%x107 4 479.6+657.59

3.6 X FD A K B B 41 814 ki /K ROS, MDA,
SOD SR sE S5 IEH 4 i, SR A4 B H 44k
#i & ROS, MDA % & I % Jt = (P<0.01),SOD 7 i
B E AR (P<0.01) ; SRIRI A LA, 580w T a4
£ LR 2 E 4 L k1R ROS, MDA & & 11 i
[ % (P<0.05, P<0.01) , SOD % & ] & JI & (P<
0.05). W34,

3.7 X FDEIRI KRR B AL LpifkLC3 ] ,LC31T,
LC31/LC3 I ,Beclinl,p62 & (1 RLW I 5 IE
WA A R AR RAR LC3 T, p62 FE &
k7KW R B (P<0.05,P<0.01),LC3 1 % 1 % ik

KK LC3M/LC3 I ,Beclinl 25 %A KFH B F
F+(P<0.05,P<0.01) ; 58RI 2 LA, S8 81 i - 4
MEZWESTE4 LC3 T ,p62 & H £k K 8T
(P<0.05,P<0.01),LC3 11 2 LC3/LC3 I ,Beclinl
Gk K F B R R B (P<0.05, P<0.01) . L
Kl4,%5.

LC31 16 kDa
LC3II | 14 kDa
p62 62 kDa
-actin 42 kDa
Beclinl 60 kDa
B-actin 42kDa

A B C D
B4 FDEBEARBEALRLNHAELC3I] ,LC3M,LC3NM/LC3T,
Beclinl,p62 & B &R i Bk
Fig. 4 Electrophoresis of LC3 1 ,LC31l ,LC31I/LC3 1 ,Beclinl,

P62 protein expression in gastric tissue in FD model rats

R4 SEHARBTRIS FD &8 KRB AR LK K ROS,MDA,SOD & EMF M (T+s,1n=8)
Table 4 Effect of Chaihu Shugansan on contents of mitochondria ROS, MDA and SOD in FD model rats (x+s,n=8)

21 5 Fl /g k! ROS/RFU-mgprot’ MDA/pmol- gprot™ SOD/U - mgprot™
IEH 4 870.1+£720.9 17.6+3.2 231.2423.5
(% 15 172.2+1 170.3% 28.6+1.3% 185.3£16.2%

SR 0 T 4.8 9900.1+1 373.3% 22.6+2.79 202.9+11.1%
22 % 37 ) 4.5x107 11 706.2+1 348.5Y 25.542.3% 205.5+14.1%

®5 EHMGEAHMFDERRRBAR/LKMALCIT] ,LC3T,LC3/LC3 [ ,Beclinl,p62 & B REMIHM (rts,n=8)
Table 5 Effect of Chaihu Shugansan on expression of LC3 1, LC31, LC311/LC3 [ , Beclinl, p62 protein in gastric mitochondria in FD

model rats (x+s,n=8)

20 51 /g ke LC3 I /B-actin LC3 I /B-actin LC3M/LC3 1 Beclinl/B-actin p62/B-actin
EH# 0.64+0.05 0.08+0.03 0.12+0.05 0.69+0.04 0.41+0.07
AR 0.51£0.09% 0.47+0.07% 0.94+0.19% 0.79+0.09" 0.33+0.04"
SR 4.8 0.61£0.05 0.11£0.05% 0.18+0.09% 0.71£0.06> 0.69+0.08"
EA A | 4.5%x107 0.60+0.08% 0.22+0.04% 0.37+0.07" 0.70+0.10" 0.57+0.06"
4 itig I Y O B8 T A, BN T LB AT RS O TR FER

FD 1E 4% 4F iy B33 m] A e AR e 52, 7™ 3 IR 4L
EIRNI B R . P BRI FD R H i
TR A T AR W R e B L ST M )
R, ZHARE RS BN REAR R AR
ME AR TR, FFACAR S, i = 1 B0 6 R e A

R SN SN E R STl Rl AN N I
S AT O, A B I AT AR AT R
1 B R B AT ROH R BLSE AT RN
JIF Ak T O WS S AR S H R AT AN 254 SR
i, AJr RN B, BA BT AR A7 ks g
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ME 2T, g B Rz 38 98 W7 S A iR
J7 , S5 FDRHLH A,

PRAR 25 B 5T & IR, S50 i A AL BE I 59 FD
KR E 3 71 0 & T 48 bR K 3R KO 36 m 4 OE 2
PRI 1 ML AR 2 A Ty B B 1 B ok B 1 WIS
W25 T A S 7 FD ASE AR K R 26 25 1 5 ) H0A 3%
WAL YT I, B HE A RN g E R G, B
% % (ghrelin) , MTL F1 IfiL 45 35 74 4 JIK (VIP) 45 4
% B T8 PR K B E A SR E B 1 -2(Z0-
2), Yes Hl & % H (YAP) , [ 45 & 3 [ A € Jik
(CGRP) & 51 LB W05 . 45T BT 2R %t
BRI (AD )L R B S8 A B AT BRI L ki AR 18 4
Wk, AD REAR B0 . 45 T HOC2 0 WL 4H A e i/
T R P R 2 )1 BN R R
ROS A= B8 i 3% 08 /0 | B I 2% fiff 206 R 14 T R i %
Joak B W B

Bz it RFDMEERFHEZ —, B
Jo 38 1) 32 B0 A 43 Wb T2 A2 8 T N G B 4 L B 1Y)
W R PR i p 2 R G0 R A A i T AR Y
MTL,GAS ¥ J& T H I % ,MTL H Mo 4 i 53 W ,
MTL i i 5 ICC B b i) 32 (A0 BAE L, B il & kiR
i 2F i i E O LA IR GAS Y G i
Gr b, 5%k GE M LA PR Y RENS (R U IR L H S
P L 4, 36 0 8 138 632 3l DL K 1) 95 2 DLER
5K, 5 MTL, GAS M AN 2, 5 5 80'E W 7 WL
W e v g, e 2 A, S EUE s s A . AT
g rp AR A R LU HEAS R ILVE MTL, GAS & i 4
IEH AT B, SE B BT S FD KRS HEZ %
M5 MTL, GAS & & ¥ A AW B E W EI, X 4em
ST g AT e A2 2F H % 18 MTL, GASS 43 Wb 2 11
et H 8 1.

AR, bR ) i B A B VRS R 0 B )
BE 15 7E FD 1Y &R LI P #s 52 SC . g B Nk
IR UNIEN N o TR NN A - RS DA R R )
FD Bjj i 1 78 76 0 05 R (A (32 41 i R o 1)
BRI Z — AR EAL I 55 A T A
e R R E AR KRR ThRE S E
N RRFY, BB ICC A £ & MRk gt,
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. 32 .
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HL L B R, 5 B0OR IR TR 2 5 0 M 26k 1K T ik 22
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2R AR T e 25 AL 15 R LIRS B Rk B o fiff
SRR UNES IS R TS D B S R N 7 N
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