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B E: B ET cjun N Kuill§ (c-Jun N-terminal kinase, JNK) 15 5l EEER T JLAT X5 Z i &£ By (acetaminophen,
APAP) SRR B HLH] . 53k ICR /NEBENL O St IRAL, BIRIZL LK LR E (50, 100mg/kg) 21, /NRIES: 3dig
JLEFR, R TILHE Lh)E ip APAP (400 mg/kg), 6 h G RAIARARL (HE) Jt it/ RFIEHSURA, kil
BT NE RIS (alanine aminotransferase, ALT). KAWL A I TSN (aspartate aminotransferase, AST) V&1 &
WEFF B HBE (glutathione, GSH) /KF BEAYIEILEE (superoxide dismutase, SOD) 3fith; H52 LA R MM ZE P450
(cytochrome P450, CYP450) AUBEE 1 B2 . N IEH H4M L02 457 40, 80 pmol/L JLZEE, 15 min J5%5 T 15 mmol/L
APAP i 6 h, FlliGPE4 (reactive oxygen species, ROS) /K. ZRbifREEAI A . LRARIPIREES A9 1. =0
FRIRTY (adenosine triphosphate, ATP) #&. i B kE4HME-2 2% X 22 (B-cell lymphoma-2 associated X protein,

Bax). B 2 ANRRARLT A I 2 28R B A BTSN (second mitochondria-derived activator of caspases, Smac). T i S:K 7
(apoptosis inducing factor, AIF) & 4381k DL Zekifksh /1528 4 1 (dynamin-related protein 1, Drpl). ZEkifAmh&EE 2
(mitofusin 2, Mfn2). Bax & [13&EF p-INK. INK EAKIE. 4T INK BIEFG, H8ILZREST APAP 5 1A 40 e B
fEf. $5R  ILA R RERFIK APAP F S/ R MG+ ALT. AST ¥ (P<<0.05. 0.01), BZEFA SN GSH /KF
A'SOD it (P<<0.05. 0.01), SIS JLZRR L ETHE APAP ALPIH LO2 AHMIAAG 3 bR ffr . WEREE S &
M) 1IEPERN ATP 7K°F (P<<0.05. 0.01), &K ROS KF (P<0.05), &% FMLkifk+ Drpl. Bax FIFi - Smac. AIF
HHRIE (P<0.05), ©3F BRZKAT M2 FJET Bax FEEARE (P<0.05), FH4lH] INK FBEER LK (P<0.05),
457 INK s a, LR R I PT A AR AT E 0 R £ T B ks (P<<0.05. 0.01). £ LA IER k] INK 15
TIE BRI S RO, T RSP APAP 5 5 1T .
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Mechanism of catechin on antagonizing acetaminophen-induced liver injury
based on JNK signaling pathway and mitochondrial oxidative stress

SUN Wuyan, ZHANG Juan, ZHANG Xuan, WANG Chunbao, PENG Qiuling, BAI Qingyun
School of Chemistry and Bioengineering, Yichun University, Yichun 336000, China

Abstract: Objective To explore the effect and mechanism of catechin on acetaminophen (APAP)-induced liver injury based on c-
Jun N-terminal kinase (JNK) signaling pathway. Methods ICR mice were randomly divided into control, model and catechin (50,
100 mg/kg) groups. The mice were given catechin for three consecutive days through intragastric administration, and after the last dose
of catechin for 1 h, mice were ip APAP (400 mg/kg). After 6 h, hematoxylin-eosin (HE) staining was used to evaluate liver tissue

lesions in mice. The activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in serum, as well as the level
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of glutathione (GSH) and activity of superoxide dismutase (SOD) in liver were detected. The effect of catechin on activity of
cytochrome P450 (CYP450) metabolic enzymes was observed. Normal human liver cells L02 were given 40 and 80 pmol/L catechin,
incubated with 15 mmol/L APAP for 6 h after 15 min, reactive oxygen species (ROS) level, changes in mitochondrial membrane
potential, mitochondrial respiratory chain complex I activity, adenosine triphosphate (ATP) content, protein expressions of cytoplasmic
B-cell lymphoma-2 associated X protein (Bax), second mitochondrial derived activator of caspases (Smac), apoptosis inducing factor
(AIF), as well as mitochondrial dynamin-related protein 1 (Drpl), mitofusin 2 (Mfn2), Bax, and p-JNK, JNK were detected. After
administering JNK activators, the effect of catechin on APAP-induced liver cell damage was investigated. Results Catechin
significantly reduced the activities of ALT and AST in serum of APAP-induced liver injury mice (P <0.05, 0.01), significantly increased
GSH level and SOD activity in liver (P < 0.05, 0.01), and improved liver injury. Catechin significantly increased the survival rate,
mitochondrial membrane potential, mitochondrial respiratory chain complex I activity and ATP level of L02 cells treated with APAP
(P < 0.05, 0.01), significantly reduced ROS level (P < 0.05), significantly downregulated the protein expressions of Drpl, Bax in
mitochondria and Smac, AIF in cytoplasm (P < 0.05), significantly upregulated the protein expressions of Mfn2 in mitochondria and
cytoplasmic Bax (P < 0.05), and inhibited the phosphorylation level of JNK (P < 0.05). After administering JNK activators, the

antioxidant and liver protective effects of catechins were significantly reduced (P < 0.05, 0.01). Conclusion Catechin alleviates

mitochondrial oxidative stress by inhibiting JNK signaling pathway, thereby antagonizing APAP induced liver injury.

Key words: catechin; acetaminophen; liver injury; mitochondrial oxidative stress; JNK signaling pathway

2514 4545 (drug-induced liver injury, DILD)
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F5&S. SRR AN ENE, A
B H (thioredoxin, Trx) SEMMIETAS ST
U 1 Capoptosis signal-regulated kinase 1, ASK1)
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Bax) FHE A Al iE-38 (glycogen synthase kinase-
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1.2 AR5

JLAEER (B $0=98.0%, L5 P10ASF41490)
B E EEE YRR ERAF; APAP (JAE5:
$=99.0%, b5 C10090929) W H L sopkd:4k
FIHEAERAR; INK BiGHEA&HER (HtS
20191122). &M% (reactive oxygen species, ROS)
Mgl & (IS 20180321 ) ZkiA N s A7 & i,
& (5 20210708). BCA A& (s
37) HIWH FiE S RAEVHAFRAF; RIPA R
R (LS 170319) T H 3£ GIBCO AW
AF]; Vivid® CYP2EL A7 & (k5 2833633).
Vivid® CYP3A4 R (5 2834649). Vivid®
CYP1A2 FrillF & (45 28301660 #5104 FFEEA &
HREHE AR AT DDTC (5 161910); i Fem:
(Jtt5 2102G48) 340 F LR AR A TR A 7 5
BRI (LS ST023) I H Y il A MR A R A 75
ALT BBt (S 202003060 KA R BRI
T4 (aspartate aminotransferase, AST) FIAF &
(fit5 20200404) . E A EALEE (superoxide
dismutase, SOD) failllid7 & (41k'5 202106100, i&
JARARBEH K (glutathione, GSH) g lil&
5 20210925). —MEIEH (adenosine triphosphate,
ATP) KIRF& (LS 20220106) Lk A Pk %
BAERTIERFIE G5 20201215). ZebifR$EEL
WG (T 10124339) 0 H R R A TR
WFICHT; B-actin Pifk (L5 15). 4R C EALRHE
IV (cytochrome c oxidase IV, COX1V) il (it
4), Bax Piif (L5 12). AIF $ifk (Fit5 3). Smac
ris (s DL TINK fitdk (iS5 15D, p-INK Hifk
(L5 15). B #H5¢E A 1 (dynamin-related protein
1, Drp D ik (k5 3D Zekifkfit &8 2 (mitofusin
2, Mfn2) Hifk Git's 3). —Ht GitS 100 IHEE
CST 2F]; HARGRI A M50 B E 24 1]
A AFIAE R A
1.3 {42&

Ti2-U B8 Bse (HA Nikon A#]); 2IR %Y
EEAR R O R G RBHE A IR A FD; BWS-
10 BUEIRKE® (R EREAES A R A7)
1681130A %Y Imark FR{% 703930 BUEE 1 FELIKAX (35
Bio-Rad A #)); S10 B FHEX sl Has (7
Z AR A AR AT D); AR224CN RUH 7R
(i RS AR AR ; VORTEX-5 AU TR A
A CHEIHTIAER RS A IR A F]D; 722 BYRT W65

HFETHC BT AGRA TR A7 HP Y Alphalmager
BRI 24 (3£E Alpha BHEARATD; IMS-20
RELEHNNL CEANT SRR AR AR,
2 ik
2.1 IR, EBEERGT

36 A ICR /NRIE MVERIFE | G, BEALS Xt
TR BRAYAHAT LA R =7 (50, 100 mg/kg)
H, B9 H. APAP ¥ TR ATC A R /KR
L, LR RET 0.01%PBS . LA RA/DNR
HsE 3 dig 25, KRR TR AR B R K,
RIRG 251 h JE B0 A LA R4/ R ip APAP(400
mg/kg), XTHRAL ip SEMARFRM A BEER 7K, 6 h J5 FRIEE,
O EE, SREERFIT.
2.2 I3 ALT # AST 5EMEHN

B H /N R E Tk 3h,4 °C.3 500 r/min
B0 10min, HUEIEWR, 4% MRG0 Gl B I e i
& ALT A1 AST & 1.
23 FFRLAHKREZ-FL (HE) FE

HE /N BT R BT 10% A 2K Ak v i
€, AIEEM, YR E#T HE Jeta, TRABET
MEL IR, SR Suzuki PEor105%F FF 4L 45 K935 45
AT e '
2.4 FFHE SOD SEMEAN GSH 7K FE

IS HFAHLUEE, A 9 fisE AR K,
L)% J5 4 °C. 4000 r/min 250 10 min, W& EIEW,
KA BCA & ARG & e R kg . #I0A
AU I 2 A2 SOD iE M GSH /KF.
2.5 APfa3 P450 (cytochrome P450, CYP450)
KIS EGTE N E

3 1) % 408 1) JFF ROk AR I N AS [RD IR BE 1 )L 2R R
(0.3+ 1. 3. 10 30. 100 pmol/L), FME7 &
BI04 ) LZE & %F CYP2EL. CYPIA2 F1 CYP3A4
B M B 20 o DDTC - PR 25 Bl R A e 1A g 4 fif £
% P4502E1. P4503A4. P4501A2 FIBHMEH0HF], 1
AR B A 1) ) A 1) 26

| FE=1—(X—B)/(A—B)
Xo A BB AP RIACT LIS 2. AN RBP4 700 ek 22
2.6 JLZEZEXT APAP FSH L02 SRR
LeRAIREF p-INK ERRIENFME
2.6.1 ZHfREFE LO2 MU S 10%5 4 i F
RPMI 1640 B55%3E, £ 37 ‘C. 5% CO, fHIRBEF# 4
HRER .
2.6.2 ROS /K-FHIMIE 4 LO2 4iffIbh 1X 105 4L
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PR T 6 LAk, WE XTI SR AT LA R 15 min, REHABAHRA)LARHAFMA APAP (15

7 (40, 80umol/L) #H. FRaupuibeEfs, LA
FH AR FIRE P LR RSB E 15 min,

SRJERBL AN LA R A BN APAP (15 mmol/L)
1 E 6ho I\ DCFH-DA #R415%& 20 min, T-9¢)6
AR ARSI SR

2,63 RRAABHAMME %] “2.627 UK
EIAT r HARG 2, ZiAbER S, 32597, PBS
JEVELIM, I 0.5 mL A lE IR 0.5 mL JC-1
Pett TAEWR, 78IRS B LA 4 s 7= 48
37 CH#HE 30 min, FfiJ5FFIGTRK, &FLA 1 mL
JC-1 Jeta Pt 2 X, FEIIN 1 mL 0S5+
T W N AR T (1) 5 55

2.6.4 A ATP S EMIME  LO2 4HALL 2X 100
ANERTEAEN 6 om FIEFRILY, FR4HLEEfS,
I APAP (15 mmol/L) 4379 & 0. 6. 12, 184
24h, F% ATP fa iR & v B A ATP & &, H
A WG 6N EE T 636 nm ALK I & HROGFE(A)
8, 5 ATP & &.

LO02 4fI LA 2 X 100 NMEFE T BHAR N 6 cm s
FRML, WEXRRA., BAH K LRRK. ==
(40, 80 umol/L) ZHAIJLAEZE (80 pmol/L) HLPhZE
25 . FRUEE S, LR A AN R
LSRR E 15min, RJEEERIAM )L ZH
NN APAP (15 mmol/L) W% 6 ho % ATP &l
B U B AT ATP & &

2.6.5 LKARIFICEES G LIGTERIE  L02 4
FLL 2X 106 MR T EHARN 6 ecm IR FRILA, %
92,627 TR LT 4, FraifuiisEfs, L
FRADNMAAFRERILERBEBRTE 15
min, REHEBHM LG RAFHIMA APAP (15
mmol/L) W E 6 h. M ARSI SR I 2L
Rtk SEY) T 2GR R R HEE e AR g — %4
iZ (nicotinamide adenine dinucleotide, NADH) ¥%1k,
IR R A O A% AR . [RIE, MR & id i
i, JBERLINE 340 nm Ab A {8 RS LRLR IR BE
SEW g, LAisE NADH .

2.6.6 Western blotting £l i X Bax . Smac. AIF #l
ZRRifK M2, Drpl. Bax HHAFIZE L02 4HfEbL
2X 106 MEMTEAN 6 cm MIREFRILY, #EXT
FRZH . B I ) LR B E5F)E (40 80 pmol/L)
HFN)LHEZER (80 umol/L) HABHZE 24520 . 14l i e
s JLARA AN R E R LR R B S

mmol/L) ¥ F 6h. WL, F RIPA AL M
PRIEUM T 2 1, SRR SRR SR IR R A R
M8 R EIREE, BAEME+ B - N E
Pk fe ks ek, % PVDF i, 8 U —HL,
i 22 R ICAF B, A B-actin B COX IV
TERNERZIE, W 41 1 K BEEAT 24k 404
2.6.7 Western blotting I 41 A p-JNK. JNK £ H
FKiE L02 AL 2X 100 MR T EAN 6 cm [
R, R BEE S, A APAP (15 mmol/L)
S IEE 0. 0.5, 1. 3. 6. 12, 24h, WEE4NM,
F RIPA AR PRI A MRS B 1, A p-INK
INK EH#RIA.

¥ “2.6.6” TN ik FRAN AR ANLS 25, WedEgn
Hi, A RIPA 2RSS MRS, A p-
INK. INK EHEIE,

2.7 JNK BUEFIEI & ERZX /LA RIRIPITHAEME
FAHIS20

LO02 4 LA 2 X 100 NMEFD T BEAE N 6 em [13;
FrilHr, EEXRA, BEAAME AR &
EEMZAZE (5. 15nmol/L) 4. FralunsEE s, &
A FEEEME 15 min, REMA APAP (15
mmol/L) #¥& 6 h. WM, WEMMM, IR
H, il p-JNK. INK K HERIA.

WEXTHHA ., BRAH, JLEZFR (80 umol/L) 4
A)LEHE+HBFEZR (15nmol/L) 4, ZiifuseinA
HEHERMS 15min, FIAJLFEERBEE 15 min,
SRIGIIN APAP W% E 6 ho >KF CCK-8 ¥l 2 4
W1, &I 92.6.37 TR J7VEIN GE 2R A FL A 7K
VL MR “2.6.47 TURJ7TIENE A ATP & &,
F5 R €2.6.57 TR J5 10 i LWL R E IR BE B A0 115
P, 3% “2.6.67 T T J7iEME MU Bax. Smac.
AIF FlZekifk Mfn2. Drpl. Bax HEEEIZX, %8
“2.6.77 TR J7iERN p-JNK. INK R HEIA.

2.8 FItFESH

i LA X £ s RoR . A0 2 il S HR R R
J7 750t CANOVA) A7 P-fh, 4 ANOVA KL F
()% BB R R 2= R, it B EER
(LSD) F)atuie. M, #E1T Mann-Whitney U F
ST EEIIHT
3 #R
3.1 JLEZERE APAP S/ NFE BTG

T /N R FR A, RIS A+ ALT
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HTAST W& . W 1-A fizs, S0TRRA b, B8 A%, AR ZH /) B 5 i Bl T 2H 23 235 4 3 1)K T A
H/ANRIMIES ALT f1 AST WSMEEE T m (P< IR, SERPER /NG IRSE ., FFSE 780, Suzuki
0.05); HEMALLE, JLAE (50, 100mgkg) 4 FABEF R (P<0.01); BFILEARE, A
/NRRIME S ALT A1 AST 35 PRI B35 FRR(P<<0.05. S5 200 2 10, Suzuki V4 R FHIK (P<
0.01). HE Je5s R an& 1-B. C fion, S04t 0.01).

A
iR
=
2
#
hausd
LEF/(mgkg) — - 50 100 - - 50 100
it e
B c
101
: #i
& % B
B o6
3
§ 4- sk
wn
2- 3k
0 . v i—i
APAP — + + +
ILFE R/ (mgkg!) — - 50 100

LA 50 mg-kg ! LA 100 mg-kg !

A-/NRILE S ALT Fl AST 354 BN HE Y B2 PR (X200); S 4LTLE: *P<0.05 #P<0.01; SHALHLE: "P<0.05
“P<0.01.
A-ALT and AST activities in serum of mice; B-pathological assessment of HE staining of liver tissue in mice (x 200); *P < 0.05 *P < 0.01 vs control

group; “P<0.05 *"P<0.01 vs model group.

El 1 JLFEES APAP BFSHNRAHRGHZE (X£s5,n=9)
Fig. 1 Effect of catechin on APAP-induced liver injury in mice (X +s,n=9)

3.2 )LZEXT APAP RSEGE RIS RIS PR A R o ARIRFER LR RN CYP3A4 51

CYP2El. CYP1A2 F1 CYP3A4 j& CYP450 f&  JTGRZMA, 1M =y B (100 pmol/LD 1) LA 3% CYP3A4
A —01, EAE APAP FRENE R EZNE WS EA e MIEIER, HSREE R AT LY
RO, ik 2 fios, JLZREST CYP2EL f1 CYPIA2  E4titE L.

CYP2E1 CYP1A2 CYP3A4
0 01 507
»
~1004 . A /
o S 504 E Vi
s ﬁ i Y.
ﬁ —200 - E % ///
HB
® 3004 0y T80 H‘%If
—400 N N N N N N N ~150 L L L L L L 1 ~100 N N N N . N
0.3 1.0 3.0 10.0 30.0 100.0 0.3 1.0 3.0 10.0 30.0 100.0 0.3 1.0 3.0 10.0 30.0 100.0
JLE F/(umol L) JLZEZE/(umol - L) JLZEZE/(umol L")

2 JLEFEST CYP450 RIFBEEMERIFIN (X+s,n=3)
Fig. 2 Effect of catechin on activity of CYP450 metabolic enzymes (X + s, n = 3)
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3.3 JLEZERZ APAP B SIS LYK

SOD HI GSH MR ZHHisa s, wE 3-
A\ B PR, xR A, BAYH /N2 GSH
/K P SOD JEPER B2 P (P<<0.05); S
Fbig, JLASE (50, 100 mg/kg) ZH/NRAT4LZH GSH
JKFFI SOD JEPER R E R (P<<0.05. 0.01).

A

GSH/(umol-g™!)
T

0 T T
APAP  _ " + .
L2 F g ke ) B w100

C
APAP (15 mmol'L™") - + +
JLEZE/(umol- LY _ _ 40

DCFH-DA

ROS 7K in -5 gk iR S AL B 5. Fw¢
YRR I ) L% 0T APAP 5511 L02 4H Ak
NPT EAER . W 3-C. D fiR, Sxid
ELE, APAP WG4 ROS & & (P<<0.05),
JLZEZ (40, 80 umol/L) W] L3 PRk APAP 5 5
1] ROS & & (P<<0.05).

B
600 7
*
*k
" 400 T
g
2
a
8 200 i
0 T
APAP  _ N N N
LR ZE/(mgkg)  _ B 50 100
D
i
80
251
Pl
= 20 #
e T
'I*E 15
Z 10 b * *
g s
=4
0 T v
APAP (15 mmol-L™") — + + +
JUHEFR/(umol - L") — - 40 20

A~NERFFIES GSH 7K B-/NBRFIE SOD ¥t C. D-L02 4iu45 ¥ 40+ 80 pmol-L™' JLEZR, 15 min J545F 15 mmol- L™ APAP fi¥H 6 h,
Rl ROS ZKF (X100); SxfHELILLE:: *P<0.05: HHALLILLE: "P<0.05 *"P<0.01.

A-GSH level in liver of mice; B-SOD activity in liver of mice; C, D-L02 cells were given 40 and 80 pmol-L™! catechin for 15 min, and then incubated
with 15 mmol-L™" APAP for 6 h to detect ROS level (x 100); *P < 0.05 vs control group; “P<0.05 **P<0.01 vs model group.

B3 JLFEERY APAP BESHENSIHAIEN (X+s,n=9)
Fig.3 Effect of catechin on APAP induced oxidative stress (X £ s,n=9)

3.4 JLEZERIZ APAP B SNSRI IARG
LT APAP (15 mmol/L) 43I & 0. 6.
12, 18, 24 h, il ATP #EE . 40P 4-A Ffizx, APAP
(15 mmol/L) 7E 24 h N SIS [A]AH G H FEAIC ATP &
B (P<0.05). A JLA% (40, 80 pmol/L) 4t
¥ 15min, ZR/5%4F APAP (15mmol/L) W H 6h,
W 4-B fion, SEEBAIE, JLAEE (40, 80
umol/L) 4H ATP ¥#KFE W T (P<<0.05). WK 4-
E fr, SHRMALLE, JLZRER (80 umol/L) ZH4k
R 55 5 A4 1 3t B3N (P<0.05). 45
REH, TP APAP SELLRAAIT S A4k 1
TETER R, LR Z P EE nT DAY & G R AT

WEE S A T BE .

2ot CREM) /4 (AR T2 6amfE ELipE
KR LRI S 8tk . WEl 4-C. D fr
71~ AR ZH WL B S (A 5 iR FE S AN, 40 80 pmol/L
JLAS R TALTE S 3 APAP KB 4 i b 41 (058 % BB
FHN (P<0.05. 0.01). PAEgERRIH LA R AL EE
EINERIRAF0RENT AP 2R

Bax. Smac il AIF £ T-MHCE . Bax
AT DAEERS B LR R R 2R R AR AN F TR RALBR, i
Y APAP A] SRR 25 Smac F1 AIF HIREIR
WK 4-F. G B, SxTERLREE, AR
AIF Al Smac & HRILK T EE = (P<0.05),
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A-L02 cells were incubated with 15 mmol-L™' APAP for 0, 6, 12, 18, 24 h to detect ATP concentration; B-L02 cells were given 40 and 80 pmol-L™! catechin
for 15 min, and then incubated with 15 mmol-L™! APAP for 6 h to detect ATP concentration; C, D-L02 cells were given 40 and 80 umol-L™! catechin for
15 min, and then incubated with 15 mmol-L™! APAP for 6 h to detect changes of mitochondrial membrane potential; E-L02 cells were given 40 and 80
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L02 cells were given 40 and 80 umol-L™! catechin for 15 min, and then incubated with 15 mmol-L™! APAP for 6 h to detect protein expressions of

cytoplasmic Bax, Smac, AIF and mitochondrial Mfn2, Drp1, and Bax; #P < 0.05 vs control group; “P <0.05 **P<0.01 vs model group.

4 JLEREXT APAP BRI IRGIISNE (X +s,n=3)
Fig. 4 Effect of catechin on APAP-induced mitochondrial damage (X £ s, n =3)
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Fig. 5 Effect of catechin on phosphorylation of JNK protein in APAP-induced L02 cells (X + s, n=3)
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A-L02 cells were incubated with 5 and 15 mmol-L™! JNK activator anisomycin for 15 min, and then incubated with 15 mmol-L™' APAP for 6 h to detect
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6 JNKEGEFINTILEZEI APAP BTSRRI (XLs,n=3)
Fig. 6 Effect of JNK activator on catechin antagonizing APAP-induced liver cell toxicity (X = s, n = 3)
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Fig. 7 Effect of JNK activator on protection of mitochondria by catechin (X £ s, n=3)
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