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Mechanism of ginsenoside Rhy in antagonizing cisplatin-induced intestinal
mucosal barrier damage based on mitochondrial autophagy and apoptosis
pathway
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Abstract: Objective To investigate the mechanism of ginsenoside Rh4 on intestinal mucosal barrier damage induced by cisplatin.
Methods ICR mice were orally administered with ginsenoside Rh4 (10, 20 mg/kg) for 10 d. On the 7th day of administration, single
ip cisplatin (20 mg/kg) was used to induce intestinal injury. Biochemical indicators and pathological changes in intestinal tissue were
observed in mice. ELISA, immunofluorescence staining and Western blotting were used to explore the activity of diamine oxidase
(DAO) in serum, intestinal mucosal inflammatory response, intestinal barrier function and expressions of mitochondrial autophagy
related proteins. The optimal modeling dose was screened for cisplatin-induced IEC-6 cell damage, and cells were treated with different

concentrations of ginsenoside Rhs. The effects of ginsenoside Rhs on cisplatin-induced intestinal mucosal cell apoptosis and
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mitochondrial autophagy related protein expressions were investigated using mitochondrial membrane potential (MMP) assay kit, flow
cytometry and Western blotting. Results Compared with control group, DAO activity in serum, levels of inflammatory cytokines in
serum and malondialdehyde level in intestinal tissue of mice in cisplatin group were significantly increased (P < 0.01, 0.001), while
the expression levels of tight junction protein in intestinal mucosal epithelium were significantly decreased (P < 0.01), activities of
glutathione peroxidase (GSH-Px) and catalase (CAT) in intestinal tissue were significantly decreased (P < 0.01); After intervention
with ginsenoside Rha, the changes in the above indicators were significantly reversed (P < 0.05, 0.01), and the pathological changes of
intestinal mucosal tissue and intestinal mucosal permeability were improved. Compared with cisplatin group, ginsenoside Rh4
significantly regulated the p21/p53/peroxisome proliferator activated receptor y coactivator-lo. (PGC-1a) pathway, mitochondrial
autophagy, and apoptosis related protein expressions in intestinal tissue of mice and IEC-6 cells (P < 0.05, 0.01), and significantly

increased MMP levels in cisplatin induced IEC-6 cells (P < 0.05, 0.01). Conclusion Ginsenoside Rhs improves cisplatin-induced

intestinal mucosal barrier dysfunction by regulating mitochondrial autophagy and apoptosis pathways.

Key words: ginsenoside Rha; cisplatin; intestinal mucosal barrier; IEC-6 cells; mitochondrial autophagy; apoptosis

JEA A2 2 11 Wl R L TR 97 2 Aol 1 i g A
AR AR 22— 130, BRI 2 7 AR B ™
HE R B Dl Re e LU W s B 1 A
TN I e o B A AR B PE B S R TR =
O i JE) e R S RRAE /NI IR S ALY 2 A R
BN e FE AR, Horp B4R i A RN G B
%, IR _EVLE ER S B s Eis . &
O MR AEATISE O 1 EAER T, BIEFER MY, A
KB MRt L S R R, AN RAE
SR 2L T DL R R A D e S pL A A <890, i
SE A W Wl A 0 TR )OS ARy B EOE B T -1a
(peroxisome proliferator-activated receptor y coactivator-
la, PGC-1o) MR R E H I (adenosine 5°-
monophosphate-activated protein kinase, AMPK) &
PR 2RI T e i = ERFE R 5, AMPK e fie it
PGC-1lo IO, #ETT RS LR A 5 W P8 T S R
JRSE R A A0, St A A R 2 A et e 5 B T e
AREAERIY, PGC-1a Rl 57 4ok f4 5 Wk,
TR ZIRARAA, ITYERFERLR 458 5 Thie 7¢
V. 2 PGC-la FILFE(CI, ZRifA 5 W F i
559, ZORATIRESZIE, BN 5] ELH MR TR OE
N2 F) A A2

ANZ R Rhy st =B NS 21T R KM
Wi, SR LR 2, BADUME. 5t
Ry WL PR R R ], A
Z AT Rha RIS BR RRE RS A0 T2 KR
SRR D BE A5 T A AF AR DY RU4). BIFFE RN,
NSE R NS R E R IR AR WH H X 5
24 (10Gy) 5IER AR S MR, (et ka s
JOE5E, IS Wnt/B-catenin 15 58 %, MM osE
JrE i faten, ¥biEm 7 NS B H R ImIE RS

Mo AR A ISR IE IR, DN
T AR R TN G, R R B AT 9 TIN R
RANRTENS B Rhy B IR EUAIE 5145 12534
1 DL B AE 2 R 66 R Bt R Th e PRI /R R ML -
1 #x
1.1 =54

SPF Zffitt ICR /B, 40 W, fRffi & 22~25 g,
MK FAH LR H R AR M, SIS
SCXK (#)2021-0012. sh#)ia7% T1E#E (22+£2) C .
12 h BRI IR, E oK. ZhPsis
Z LR LS S B2 R e (RS
BH-2023-009).

ke s bR 4ni (TEC-6) W [ Hp R Bt _E i
41 0 /2
1.2 Zam5id

NS BH Rhy NS H 5 B a3 3, s
EEAB, FESBN 96.5%; Wit (5 B24464,
RS =98%) W H iR AR A R A
F); MRS (diamine oxidase, DAO) ELISA
KA & (S TWI514) . M 40 Ml /v % -1p
(interleukin-1p, IL-1p) ELISA X7l & (dt5
TW56961) . I8 2K 7L K -F--a (tumor necrosis factor-
o, TNF-a) ELISA iX7l& (b5 TW47851) I H
g RSO A R A Al 75— ## (malondialdehyde,
MDA) Rl & (iS5 A003-1-2). B H it Ak
Il (glutathione peroxidase, GSH-Px) il #& (it
5 A005-1-2). HEMEAR (catalase, CAT)
& S A007-2-1). FHAKRZE-FL (hematoxylin-
eosin, HE) et &0 H w5t @ s AE VIR 78 A s
AnnexinV-FITC 40 Jg 8 T2 & 3K 7 & (Ht 5
C1062M). JC-1 i o Ao i s il F & (45



FEH 2025FE58 $£56% B 108 Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 10

» 3537 »

C2005)+ BCA # FKEEMIE W& (L5 P0010).
Hoechst 33258 et il & (it C1011) JWH L
BEHZREWEREGR LA RERIGRE
SABC-DyLight44 ey & B s 48 4 1)
THRAWRAR: RAMmE (S PWL217-4).
DMEM @kl frdk (b5 MA0212-2). Bl (it
T MA0232). & & -8 208 W (it PWL062)
WA KIEECEDHARGRAR; ABUNEES 1
(zonula occludens-1, ZO-1) ik (5 HL1185).
Occludin $ifA (L5 EPR20992). PGC-1a Hifh (it
5 EPR25162-281). p21 $itfk (fit'5 EPR3993).
p53 $ifk (L5 PAb240). p-AMPK ¥ifk (k5
EPR3051) i R 8 1 1 #24% 3-1/II(microtubule-
associated protein light chain 3-I/II, LC3-I/IDD ik
(#t5 EPR18709). B-actin ik (L5 1A4) HH
JE[E Abcam AF]; HWEEEH 3 (autophagy-related
protein 3, Atg3) Puik (Hit'5 3415). Atgs Puik (it
5 12994). Atg7 Ptk (L5 2631). Atgld ik
(#t5 5504). Beclin-1 HifAk (#6'5 3495). p-Beclin-
1 il (A5 8496). WHFLANWIHE A A R & H
(mammalian target of rapamycin, mTOR) HifA& (it
5 2983). Unc-51 ¥l 1 (Unc-51-like autophagy
activating kinase 1, ULK1) $iffk (L5 8654). p-
mTOR Fifk (5 55360, LA R LR REA
fi#-3 (cystein-asparate protease-3, Caspase-3) Piig
(#5 9662) Caspase-9 Hifk (k5 9508). cleaved
Caspase-3 Jiffk (I3 9664). cleaved Caspase-9 $i
& (35 9509). Bel-2 A% X # H (Bel-2 associated
Xprotein, Bax) Hiffk (b5 2772). B 4HiEtkEIR-2
(B-cell lymphoma-2, Bcl-2) #ifk (it5 15071).
Hy - 3- B M & (glyceraldehyde-3-phosphate
dehydrogenase, GAPDHDHL A& (L5 2118).p-ULK1
itk (b5 14202). Parkin Fifk b5 2135).
AMPK Fifk (b5 2532). gl ffi % C (cytochrome
C, Cyt-C) Fifk (HIb5 4280) Wy 3£ FH CST A,
13 {427

BP211D M4r#7RF (FE[E Sartorius A F]);
Heraeus Multifuge X3R M & i ¥ % &5 O Al .
VLBLATGD2 %! Varioskan™ LUX £ U RERG AR (3£
Thermo Fisher Scientific 24 7] ); DL-820E & {g
R (R F XA RAT); IKATI0
TFRFAIHNL (B8 IKA AF)D; TB-718E B4
AL QA RERHSIOAA R AR

RM2235 RUAEED) A L. DM750 %25 i st
TCSSP8 B %t Bis: (FE[E Leica A ).
2 ik
2.1 R, BIR. BAEEM

ANEGERPEMRTE 1 RS, BEAL AR RRA . I
AR 4+ N2 21 Rhy K. &i&E (10, 20
mg/kg) 4, [ 10 X BT HAjER L eEr ot
AR S E 1475 B4R R 258, WOASHIE 70 AR B BH A
XTREZH) . SR 204 ig AHRLZH), Sk RE A AT 2H.
ig SRR AR, 1d, EE5Z59d. 57
K% 1h Ja, BRXTIRAS, HR/DNREEIR ip i
(20 mg/kg) FHRBAHER . T 5 10 REM, &
TR M AR B AR, BRI/ R E . /)
B, ip 3% B L 24 (1 mL/kg) RRIE, FEEBhiCK
i, 4 °C. 3500 r/min &0» 10 min, 4> &5 10075, H
F DAO % F TNF-a. IL-1B 7K RO 5E o« 2959
S HMER 18, WEIREES; UIkSE
FIEL) 2 em &M+ =367, B—/PNET 4% 2 RKH
b EE, HTEagUnRBS#get, Ha
4y FAE 3 R /K i e s A T-80 °C, F TR &:
ALK LIS Western blotting S5
2.2 YHBEIEFE

IEC-6 40L& 10%6 4= MiEM 1% % 2= /4
B I DMEM 773, T 37 C. 5% CO» [H5:5%
FarpRER. B6E 48 h R 1 IREFFR, A A E
L] 80%~90%H FH T 5 B2 525 .
2.3 ARESESINIE

IEC-6 AL LL 5X 10* AN/FLEFH T 96 LA,
B R, FRHAR KL %L 80% I 4h 5k
5, IAASEIREE (0.25. 0.50. 1.00. 2.00. 4.00.
8.00. 16.00. 32.00 pumol/L) %A Bk A [ ¥ &
(0.625+ 1.250. 2.500. 5.000~ 10.000. 20.000 pmol/L)
() NS H Rhy 438 24 h, 55 B A S 250100
“H. PBS ¥k 2 X, A MTT % (5 mg/mL),
K BRI 52 490 nm ARG (4D {8, 5
YIS 776

MMTE FT=A 96/ A 2

RFE 5N B Rhy XA T TEC-6 417G
JIRIESN, WEXTIRAL. A+ NS B
Rhs (0.625. 1.250. 2.500. 5.000. 10.000. 20.000
umol/L) 4H o F5+45 ZHH A IR (1) N 2 524 Rhy
AbPE 24 h, FE BIEW, FIAE (1 pmol/L)
AbFE 241, XTHRALIMAAS 25 RG 7R 2E, e 4



» 3538 «

FEH 2025FE58 $£56% B 108 Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 10

Mg T, e E RS ATES, HRANSEH
Rhy (10 pmol/L) FEAFLLFEIN A (1. 3. 64 12,
24 h) FXHIEAE S IEC-6 4HHETE 71 0520 o
24 YHRESLAFNALEE

WEMNEA. ASE1F Rhy (10 pmol/L)+ A
HANGE+ NS 1 Rhy (2.5, 5.0+ 10.0 pmol/L) 2.
FEHIMAAFIRE NS B AT Rhy 402 24 h, F¢
2 BIEW, BEIIAGET (1 pmol/L) AbEE 24 h, X
AN 23R 72k
2.5 HALIBRRNE

217 BUR/NR+ iR A N, fil& A8y
F, Fa BRI G U B I S| AR E AR MDA
KT CAT. GSH-Px 3£, B “2.17 TR/ ERUfL
A, %M ELISA BRI & Ui B B e Mg+ DAO W&
PEA TNF-0. IL-1B 7KF.
2.6 HE F&BNR+_I5MRETK

B “2.17 TR/ ZIBBAHSR, T 4%2E
HEE AP I e, B BENLEUH 3 M iR IH 4R
BT A, Y1k 5 um ERAL A, BT
P b, BTHIR PR LRELE AR A AR B S
HHAT HE 40, THEEMET TSR+ 18 mnsk
BT 2R DL S 5 R B A S B A A L, R
i 9 B2 AR A AT VR A 081,
2.7 Hoechst 33258 F 46N+ —15RA2E LR 40 RRR
T1F5

BC“2.1” BUR/ANR A+ 3R A LR v, &2 H
K. BREE LB AE R KA B S , NN Hoechst
33258 YLl (10 pg/mL) EEHYLE 5 min, PBS Bk
3 R, FIHPTRIHEKE B, T R
ARSI Fg B A M T ol
2.8 BN FEKRNT 15 NF-kB FRik

2,17 TR /AN R RY) Fr, Ak
K ALFE S, N NF-xB ik (1 :400), 4 C
B E LA PBS Pk, WA eAmci —it, 37 C
5 30 min J5, F SABC-CY3 (1 :100) Hibr
1. KA DAPI J-tadiiffit%, T80 EHEs Fulge
NF-xB & HRIEE L, KH Image-Pro Plus 6.0 i ff
I3 TR R RO,
2.9 ZeRIRARERALRYNE

1% “2.47 U JTERAT /- AN EE, LI
500 uL JC-1 TAEW, 37 CH¥E 20 min; 3% LIk
W, FATRA T JC-1 Yt R phyl Be i 4 2 Ik, T3¢
JE B ORI R,

2.10 SREZAREACONE HAE TR

2 “2.47 BURJTEAT o AL, AR XTI
M. BEAL . MEH 4 N2 Rhe 4 IEC-6 40,
KRR ER S GG 4 Ik, BN 450 pL 454
ZE PR R I 9.0 uL AnnexinV-FITC &5, &
5], 26 CHEEHEE 30 min; I 9 pL PI k5,
26 CHEENHFE 30 min. K FH AN AAL_ BRI
%2 IEC-6 4 T 1B (L2,
2.11 Western blotting 1/ ZZEZRER. ZKhiF
Bl M EATHEXEARIE

H“2.1” BUR /N 4RI ZUN “2.47 TR
ARFRFF) TEC-6 4038, MBI RIPA 2@k, TUk 42
BUREE, 4 °C. 35001/min B0 5, KA BCA iR
FUEI E B R, N EREZR R, WK A
i 2 AR R AREAREE 12%+ e BRI EN- R A
IR FL YK, #5 4 PVDF JBE, I\ 5%Mifig2F
Wy 2 h, A ZO-1. Occludin, PGC-la.
p21. p53. p-AMPK. LC3-I/Il. Atg3. Atg5. Atg7.
Atgl4. Beclin-1. p-Beclin-1. mTOR. ULKI1. p-
mTOR. Caspase-3. Caspase-9. cleaved Caspase-3.
cleaved Caspase-9. Bax. Bcl-2. B-actin fl GADPH
YUk (—PiRBEELB 121 000, HNSHREELE] 1 :
5000), 4 CHFHEA; TBST ¥k 3 K5, A
P, FiIRWEE 2 h; AN ECL BIGHER, FIRHR
AGAE G, FHAE Quantity One 073 T 2% 2K
FEAH
212 GtESH

FrAHARHILX £ s RoR, RABEERTZES
#r (One-way ANOVA) AT G112 0¥, 1HH
GraphPad Prism 8.0 422 K.
3 4R
3.1 AZEH Rhy MINAB/NBRFIRGIER AR
2. BHEARSTRLRARIERFED R #200

W 1-A Faw, R ip S, B NS5k
BEWEEZ, T iR B B E . AR,
[E) IS R B A B B O FE IIURER 2 BH AR /N i 1)
PO E BB . WE 1B R, 5
TR LA, ANERTEE 7 K ip s S, AR5
B, T AZ B Rhy (10, 20 mg/kg) REAS[FIFEE
22 MR BN BRAR BT B R . R
HE 45 (I 1-0) g5 5EoR, XA/ MR TS
PTG, FaEHEy RS IR R s a4+ — 44
Jian 2H 23 35 0 L B PR BRI R A IR A T R



F8 B 2025858 $£56% B10H  Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 10 3539 «
A B o X
w JIiEH
g . 40 & I+ NS4 Rhy 10 mgkg ™!
PO S v i+ A S EF Rhy 20 mgkg !
- 4
I WM‘ 3w w 35 | .
i e : — thﬂﬂ 30 - = ; , : 3/ = 3 j
v+ [ = | i B
NS4 Rhy 10 mg-kg! 1 251"
®
WA+ . W‘ 20
S kol : —r—r—T—T—T—T—r—T—T—T
AZEH Rhy 20 mg'kg 123456 78 91011
id
C NS AT Rhy/(mg-kg ™)+ D
A I 10 20 G+ AZEFF Rhy 10 mgrkg ™!
- i & AL =l o L+ NS Rhy 20 mg'kg ™! 100
X100 & 400 ~ 80 -
3 300 2
. { 5 60
e I?} AR VS S T 200 S 40
: 75 b\ ; - =
%200 e ‘é . 98 T 100 8 20
BYr a8 N
- - - — ' SR T 10 20
5 BT Rhy-HiH

(mgkg™)

20-1ll —_— i -Iz.zwa

B-actin 3.7X10* =

Z0-1 AN RIE

Occludin & A AHN ik

X G 10 20
NBEFF Rhy/ I AZT T Rhy-HI NS EFF Rhy I
(mg'kg™) (mg-kg™) (mg-kg™)

SR g 10 20 YR % 10 20

A-BHHHHES: B-BA/DNRAEIERA; C-HHBALIREAN NN, OSSR ABKE, BHOFLIOR R IR
s D-#ALE T DAO W& 1E; E-#ABAZ ZO-1. Occludin FFARIE; SXIALLE: *P<0.05 #P<0.01 **P<0.001; 5FIZALLE:
'P<0.05 P<<0.01 "P<0.001, FEI.

A-morphology of intestinal tissue in each group; B-changes in body weight of mice in each group; C-pathological changes and quantitative scoring of
intestinal tissues in each group, red arrow represents length of intestinal villi, and blue arrow represents inflammatory cell infiltration; D-DAO activity in
serum of each group; E-expressions of ZO-1 and Occludin proteins in intestinal tissues of each group;*P < 0.05 #P <0.01 *#P <0.001 vs control

group; “P<0.05 *"P<0.01

E1 AZEH RuMITHB/NRBRGREERE. BEARSEUURSGHEREEENTMN (X£s,n=8)

Fig. 1 Effect of ginsenoside Rh4 on body weight, intestinal tissue morphology and intestinal mucosal barrier function in

**P<0.001 vs cisplatin group, same as below figures.

cisplatin-induced intestinal injury model in mice (X £ s, n=38)
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A-effect of cisplatin on viability of IEC-6 cells; B-effect of ginsenoside Rhy on viability of IEC-6 cells; C-effect of ginsenoside Rhy4 on viability of cisplatin-

induced IEC-6 cells; D-effect of ginsenoside Rhy4 on viability of cisplatin-induced IEC-6 cells at different time points.

2 AZEH Rh WIFSHIFESH IEC-6 ZHREE HIOENE (X+s,n=8)
Fig. 2 Effect of ginsenoside Rh4 on viability of cisplatin-induced IEC-6 cells (X £ s, n =38)
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