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Mechanism of morroniside in ameliorating cisplatin-induced hepatotoxicity based
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Abstract: Objective To investigate the protective effect and underlying molecular mechanisms of morroniside on cisplatin-induced
hepatotoxicity. Methods The liver toxicity model of C57BL/6J mice was established by intraperitoneal injection of cisplatin. After
four weeks of morroniside intervention treatment, the serum liver function indicators were measured. Hematoxylin-eosin (HE) stainin
was used to observe liver histopathological changes; Iron accumulation in liver tissue was assessed by Prussian blue staining; Levels

of inflammatory cytokine in serum were detected by ELISA; Malondialdehyde (MDA) content and activities of antioxidant enzymes
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in liver tissues were also determined. Western blotting and immunohistochemistry were used to detect the expressions of ferroptosis-
related proteins including nuclear factor erythroid 2-related factor 2 (Nrf2), heme oxygenase-1 (HO-1) and glutathione peroxidase 4
(GPX4) in liver tissues. The AML12 cell injury model was established in vitro by cisplatin induction. Morroniside, ferroptosis inhibitor
ferrostatin-1 (Fer-1), and ferroptosis inducer erastin were administered to induce cells, and the effect of morroniside on ferroptosis in
AMLI12 cells was investigated. Cell morphology was observed; Intracellular reactive oxygen species (ROS) level was detected using
DCFH-DA fluorescent probe; The changes of mitochondrial membrane potential were assessed using JC-1 staining; Cell death was
evaluated using acridine orange/ethidium bromide (AO/EB) staining; Immunofluorescence staining was used to detect GPX4 and Nrf2
expressions. Results Morroniside significantly improved cisplatin-induced liver dysfunction in mice by reducing levels of alanine
aminotransferase (ALT), aspartate aminotransferase (AST) and total bilirubin (TBIL) in serum (P < 0.05, 0.01, 0.001), lowering levels
of interleukin-1f (IL-1B), IL-6 and tumor necrosis factor-a (TNF-a) in liver tissue (P < 0.05, 0.01, 0.001), enhancing the activities of
antioxidant enzymes such as glutathione peroxidase (GSH-Px), and decreasing MDA level (P < 0.05, 0.01, 0.001). Morroniside also
significantly improved the disordered arrangement of hepatic cords and vacuolation of hepatic cytoplasm in mice with cisplatin-induced
hepatotoxicity, restored necrosis in some cells, and reduced the massive infiltration of inflammatory cells. At the molecular level,
morroniside inhibited ferroptosis by regulating GPX4 expression (P < 0.01), and attenuated oxidative stress by up-regulating Nrf2
and HO-1 expressions (P < 0.05, 0.01, 0.001), thereby inhibiting cisplatin-induced liver injury. The results of in vitro experiments
were consistent with those of in vivo experiments, morroniside significantly relieved cisplatin-induced oxidative stress and ferroptosis

in AML12 cells. Conclusion Morroniside alleviates cisplatin-induced hepatotoxicity by suppressing oxidative stress and ferroptosis

through the regulation of the Nrf2/HO-1 axis and up-regulation of GPX4 expression.
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Fig.1 Effect of morroniside on liver function indicators in mice with cisplatin-induced hepatotoxicity (X £ s, n =12)
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Fig. 2 Effect of morroniside on pathological changes in liver tissue of mice with cisplatin-induced hepatotoxicity
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Fig. 3 Effect of morroniside on oxidative stress (A) and inflammatory response (B) in mice with cisplatin-induced

hepatotoxicity (X £ s, n =12)
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PEOR B RS 22 AR VAN 75 5 110 25 1 /N SRR AR
OEaREANAEinL

WK 3-B fion, SxHRZ LR, BRI/ AT
JEH LG IL-1p. IL-6. TNF-a /K FEETE (P<
0.05. 0.001); SRR LLEE, HLA254 /N R AT IEA
2 TL-1B+ IL-6 TNF-o0, 7K 2 3 FEAK (P<<0.05.

0.01. 0.001), H A 5Ci# 1 = &4l IL-6. TNF-0 7K
PR LT GRIE A (P<0.05. 0.01). $ER
B OO R 75 5 1D JHF 2 PR A 2L /) BRI 98 0 R B
BAMHAER .
34 KigENINAIF SIS MERE ) FRATATE
20 Nrf2/HO-1 @ B X E R RIAR R

WK 4-A fioR, SxiRdibede, BRI/ N RAT
WEZH 23 Keapl 5 IR IA /KT 13 T (P<0.05),
Nrf2. HO-1. NQO1. GCLM & [ &Lk B E
ik (P<<0.05. 0.01); SR LLE:, HAZHNR
JFNELH 29 Keapl £ FARIAKFREZRFK (P<
0.05. 0.01), HO-1. NQO1 & HAR XK T BET =
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A-Western blotting il Nrf2/HO-1 MBEHHOC K (IR IE; B-Ru ALl Nif2 A1 HO-1 SR ARIA.
A-expressions of Nrf2/HO-1 pathway related proteins detected by Western blotting; B-expressions of Nrf2 and HO-1 proteins detected by

immunohistochemistry.

4 RiEEXMINAHF ST SRR RITAEESR Nrf2/HO-1 BHEXERRIA

Y88 (X+s,n=12)

Fig. 4 Effect of morroniside on Nrf2/HO-1 pathway related protein expressions in liver tissue of mice with cisplatin-induced

hepatotoxicity (X £ s, n =12)

(P<<0.05. 0.01. 0.001), ZUBEYTHAN S =5f =
2 Nrf2. GCLM & AR EKFRE TR (P<0.05.
0.01. 0.001); HEHHILFIZHLILE, SEinH &)
B4 Nrf2 EEHRIEAKTFREE S (P<0.0D), 1M
Keapl & HRIEKT-EEFFK (P<0.05).

FFF R G s LAk (R 25 SR AN Pl 4-B i, SxHig 4
Fod, MRS/ NRAFATZZH Nrf2. HO-1 A
PEFIE B ERRL (P<<0.001); SHAIHLLE, &4
/N RAT R ZH 2 Nrf2. HO-1 PR IA B2 T
& (P<0.05. 0.01. 0.001), HAFZiEHmaEd
Nrf2 HO-1 BH M RIE KT 83 & T i H s =4
(P<<0.05. 0.01). $&7R5ikH n] fEd i 4% Nrf2/

HO-1 HlsREZMRITE 5 T (1) FF B PR /) SR AL
b Cikvi
3.5 HKigEMNINAF SIS MHEE/ BRI
BERKRTEREXEARIANZM

WE 5-A Fior, xR, BORLL/N AT
AL e L Y e S TR B %, R
FeX & & B ETHm (P<0.01); SRR, ik
TT 4L RN B 5 v 7 2 /N BRI 4 2 o £ TR
B PR, JRAERE FeX & R EREL (P<0.05.
0.01),

WK 5-B fis, SxHIRALELEE, AN AT
HEZHZA 4 p62. FTL. NCOA4. p53 8 [AEKIEK T
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A-iron content in liver by Prussian blue staining (x 200) and Fe?* kit; B-ferroptosis signaling pathway related protein expressions detected by Western

blotting.

& 5

RIEE XN SO S HEARE N RITAHARSKRE TR (X£s,n=12)

Fig.5 Effect of morroniside on ferroptosis in liver tissue of mice with cisplatin-induced hepatotoxicity (X £s,n =12)

ZTHE (P<0.05. 0.01), GPX4 il SLC7A1l & H
LIk BEEL (P<<0.05. 0.001); SHEAIZH L
5B, SR AHNRIFIEH NCOA4 A RIAKTF &
% (P<<0.05. 0.01. 0.001), GPX4 Fll SLC7A11
EAXRBKTFEET R (P<0.05. 0.01. 0.001),
FRVT RN B 7 &4 p62+ FTL. p53 K
KPR P (P<<0.05, 0.01. 0.001); 5
KA EALL R, ZEihH mif 24l FTL. NCOA4 &
KA R ERL (P<0.05. 0.01), SLC7A1l EH
Lk T RBETE (P<001). $R5iEE AL
i GPX4/SLCTALL 3@ MR MINAAE S /T
BEPERLAY /N R R AT T
3.6 EEENT AMLI2 4HRR AR RN ARREE SRS
W 6-A FioR, AFEREEMSEE . . Bk
HET-155 57 erastin FNERFE T #1555 Fer-1 X AMLI12
Y M s I IR AN E] . S0 A LR, 0.1~20.0
umol/L HIFEVEH A1 0.1~10.0 umol/L [ Fer-1 XF4H
76 B S5 52, 50.0~100.0 pumol/L Y B i Al
20.0~100.0 pmol/L ] Fer-1 A f# AMLI12 433 /1
% (P<<0.05), {HANMEIG T 80%, H/RzE

WH A Fer-1 A HAMREICREET ™ SXTRRAL
., 2.0~50.0 pmol/L ¥IHEIFT 0.50~50.00 umol/L
() erastin i FEFRIE AMLI12 4H003% /7 (P<<0.05.
0.01. 0.001), HHKEET 2 pmol/L FNAA A =
T 1 umol/L [¥) erastin 2 {EAHMIIE 1K T 80%.
I, 2EFE 2 umol/L JEAAN 1 umol/L erastin F 54k
AT AR AR

WK 6-B fiior, HxIEZLLhEe, B Stk
FEFE e, BT 2 pmol/L AR 1 umol/L erastin
FE AN ST IR EAE e B (P<
0.05.0.01.0.001), Fifi J5 &2 55 (P<<0.01. 0.001),
Hrf 5 pmol/L ¥ E T 2 umol/L MH4HAT 1 umol/L
erastin 240 HETE 77 B PK 2 50CR B il i
Ay SRR, BEE Fer-1 W THE, ikt
X 2 umol/L VR 351 40 B 77 T B 0k S A
Sl EWE (P<<0.05. 0.01), BH/E 2RI (P<
0.01. 0.001), H:A 5 pumol/L Fer-1 %} 2 pmol/L Jii%H
FEGAMLE 71T B IR E RO i A . 12
7NA] 5 pmol/L %% H Al Fer-1 X 2 pmol/L i A1
1 pmol/L erastin ‘T E A HH 34T IR 37 o
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6 ATRIRKEMERIEE. A erastin, Fer-1 X} AMLI12 ZRfENHIEM (A) FMARRENRIEE . Fer-1 XTIEA
erastin 5 SHABRIAIIER B) (Xts,n=6)
Fig. 6 Effects of different concentrations of morroniside, cisplatin, erastin, Fer-1 on viability of AML12 cells (A) and effects

of different concentrations of morroniside and Fer-1 on cisplatin and erastin-induced cell damage (B) (X £ s,n=26)

3.7 HIEEX AML12 ffRGpREMpER SN WERS, MR EER /D, ROS %655 I &
ROS 7K ERIE0 59; 4 erastin Z1ELHE, erastin—+ B4 n] WL EE

w7 BN, SXTRRAIEREE, EHZLAN erastin - AHAEPHRALZ, FEANMEECE D, ROS 8 G5m A
HALES T mT WG EE AML12 0B B8, 3iF BRI . PR UE T RENE NGB INEH AN erastin 153 1)
PIFEAMAE %, HAERE ROS ZeCimEE g oe; SIsH  48MeN ROS AR, IHAE— R FcE ity
PR, R + SEum 1 A RIIEA + Fer-1 AHNGEEAR 42/ 40HAAE 2 [FIRE Fer-1 BEOECCEINEITS S 1

X HE A erastin A + B JIGE + Fer-1 erastin+ it HF

- - - - 100 100 pm

7 EEEX AMLI2 ARG ERYERERZES (A) 1 ROS KFE (B) BISME (X200)
Fig. 7 Effect of morroniside on cell morphology (A) and ROS level (B) in AML12 cell injury model (x 200)
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AN ROS SARFGH RS , 55508 H R — 3.
3.8 EEEXT AMLI2 {RARIR G R RN & LKA
5 ALYz VA oA

W 8-A Tz, 55 HR AL EL A, AR 4L AT erastin
HPE L TEFr SOD. CAT. GSH-Px fi% 1t 2% %
& (P<<0.05.0.01), MDA 7KF- 2 & (P<0.01);
SARLL LA, AR+ S LA + Fer-1 2031
AALTEFR TSI 25 T = (P<<0.05. 0.01), MDA 7K
FREFHFRE (P<<0.05); 5 erastin ZHELE, erastin+
S H PTG IR bR RE Y R (P<<0.05),

1.59 301
o =~ o2
g 'op
sl g 201
g 2
< =
ac S 104
=

S W erastin NG+ N5 erastin+
B Fer-l BT

B B erastin

JC-1
Merge
100.um

S5xHRALE: *P<0.05 #P<<0.01; SIREAALLE: "P<0.05
#P<0.05 *P<0.01 vs control group; “P < 0.05

9, 10.

R I erastin IR+ I+ erstin+
B Forl B

MDA /K- &2 K (P<<0.01).
Wik 8-B flTaw, 50T HEZH LU AR, NEH 410 erastin
H YRR I B R SR AR IR LA R B, Zekifd
JC-1 LRI AR, SREuOtIG g, St
5, WUVEA + S 1 AL AN + Fer-1 2H 28k A4 i B A7
W, IC-1 NRAMILAAFAE, R hIE5E;
5 erastin 41 LL4%, erastin+ S i 2 2k A4 IR FL AL
T, SHABGAHNR . R HE TR
f AR AN erastin 755 (40 MO P AU R S ) PRGN 2
PR A7 PR, [FIR Fer-1 tHAEMS G EA 5

R cratn -+ - crmetin -
S Forl ST

I erastin ISV I erastin+
P ol S
A + B

J5i%EA + Fer-1 erastin—+ 5%

“P<0.01; 5 erastin HILE: 2P<<0.05 22P<<0.01 2244P<<0.001, K9, 10 [&.
*P<0.01 vs cisplatin group; 4P <0.05 24P <0.01 422P<(.001 vs erastin group, same as Figs.

E8 HiEEI AMLI2 MIRAREUTENKFE (A) MEHKIFIEBLL (B, X200) BTN (X+s,n=6)
Fig. 8 Effect of morroniside on antioxidant level (A) and mitochondrial membrane potential (B, x 200) in AML12 cell injury
model (Xt s,n=06)

(17 200 B S AL S A7
3.9 EEEX AMLI12 ARG HERKREREF
Fe* 7K LA R 4RARSE T RIS

W 9-A B, 5% HRAH L #, IEAZH AT erastin
HARAERE T IL-6+ IL-1B+ TNF-a Al Fe2 /K- & 2 7t
i (P<<0.05. 0.01); SIEAZH LR, WEd+ S
A + Fer-1 4 JOREF T Fe /K 12 35 B
(P<<0.05. 0.01); 5 erastin %%, erastin+ 53
HZH R AE R 11 Fe? 7K1 235 FEAIK (P<<0.05. 0.01,
0.001),

ik 9-B fliaw, 5x R ZH LU, IEAZH AN erastin
PUNMZIRBET, AR L EERE 5 B 2 IR iR S

% DNA 4G, B Esouigng: S5 tbi, i
B+ S ARV + Fer-1 44K B35 41, nyne
P e 27 375 (g S 24H 6 11°) 24t 55 4 B A% N 1Y) DNA
Qi':“u/n\, SRt IR, 55 erastin 41H0%, erastin+ 5
WA ME AT IRE, 5HARG 2 H AR —
o PR EHREWS SGEIEAM erastin 755 40
SR RGORE SN, FF PEARZ R4 Fe? /K, [A]
I Fer-1 9 E A AL R .
3.10 HiEFEX AMLI2 ZAREIRMGEE Nrf2 #1
GPX4 ERAFRIEHIF N
ik 10 fros, S5xFHZE EEER, EAZH AN erastin
HANPN Nrf2 1 GPX4 & [ARIE K15 5 AL
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Fig. 9 Effect of morroniside on inflammatory cytokines, Fe** levels (A) and cell death (B, x 200) in AML12 cell injury model
(Xts,n=6)
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Blue fluorescence is DAPI, red fluorescence is Nrf2, and green fluorescence is GPX4.

10 KiFEHEHIT AMLI2 IR A Nrf2 71 GPX4 ERRIERIFM (X200; X+s,n=6)
Fig. 10 Effect of morroniside on Nrf2 and GPX4 protein expressions in AML12 cell injury model (x 200; Xts,n=26)
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(P<<0.05- 0.01); L)AL ELEE, ieH + 5 vd 14
FAA 4 Fer-1 4 Nrf2 il GPX4 & [ &L /K T 2.2
JhE (P<<0.01); 5 erastin ZHEL%, erastin+ 5if
A 20 L B 1 R IR KPR A 5 I 4 2 e A —
H(P<0.0D). $oRSE @ S 40N Nif2 Fl
GPX4 7KV REZMNEAR erastin 755 1041 fu gk 4t
T2, [FIRS Fer-1 868 SOt IRE 75 3 (1 40 M S Ak B
BARG AR IET

4 g

IR —Rh/Ny 7, Refig i 5 5 3 40 M IS 532t
NG, 23 DNA g5k, RIS S &
(1 B2 BEATL A 140 A 7040 B B, (RS0 RO N
BACT U ARG EEE SN MFAREW, I
B AE A 2 R T b bR B MDA KEF
B SR A R P AR A D AT R
KO8T, FEAALROECIRA T, 38 % A717E ROS 1 A %
PR RA IR Z MG Ol BF 5T R IR R
10 mg/kg [FGAH 5 S F 8 0E, i I Zh e fa A
(ALT. AST. ALP) 37, HAMKM. R,
RAEAIRIE, R REFAKFEE B0,

HH 2 T8 IUER BT 3501 454 OR3P i B A AR 1
g, R 2 RARFELE R SRR 8 o mT AR
ik ALT. AST 3&M: & TBIL /K7, 40l miE i Rk
% A B1 (high mobility group box-1 protein ,
HMGB1). TNF-0 25 &AER TRIE, FETFmabt
HAK/KSFFI SOD 6, B0 AT 20 245 R 4 3 200
M L 288 R 1 R AR SR B S 1 B A LA vs 1%
REMEIERR B, RAEEN B Ry ERRY., E
B T SO R 5 1 4 O T A L R
AT I RAAROE o AN T IE I R N AP SEBSAR T T 5L
EERH A 5 5/ SR 0 F0 AML12 20 B 2514 11
S, JEPESSTKSE R T AT e R AL
Hil. RARFFTSERE, SIS SRR
Rt BA B M OCEER, BARRICA D ReAE
FKHEHRUT ALT. AST. y-GT. DBIL A1 TBIL &% T
F%, CHE fil ALB /K FEHETH & /NR AT 245
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