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Abstract: Hepatic cells and in vivo mice assay were used to investigate the potential protective mechanisms of PLE (Phyllanthus emblica
L. extracts) against acetaminophen (APAP)-induced hepatotoxicity. The levels of serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST) were detected. The contents of glutathione (GSH) and malondiadehyde (MDA) in liver tissue were measured by
commercial kits. HE staining was performed to observe morphological changes of the liver. The protein expression of Nrf2 was detected by
Western blotting. The mRNA expressions of mNQO1, mG6pdx, mSODZ2 was tested by quantitative real-time PCR. The results showed that in
HepG2 cells, APAP exposure induced the decrease of the cell viability and GSH content, which were both greatly restored by PLE pretreatment.
The content of GSH was increased to 16.91 + 4.34 and 25.19 + 1.33 umol/mg, respectively by PLE treatment. Compared with the model group,
the serum activities of ALT and AST as well as MDA content remarkably reversed by the administration of PLE (100 mg/kg ), while GSH
contents were elevated in liver tissues. The content of ALT and AST decreased to 263.7+87.1 IU/L, 188.4+45.9 IU/L and 640.9+224.6 IU/L,
155.9450.6 TU/L, respectively. Nrf2 protein expression in the liver tissue as well as mRNA expressions of mNQO1, mG6pdx, mSOD2 increased.
High-dose PLE can inhibit APAP-induced hepatotoxicity, and the mechanism might be associated with the activation of Nrf2 /ARE signaling
pathway.
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>98%). MTT, 2£[H Sigma-Aldrich A7]; RNA iJi%%
kM, "1E Toyobo AF]; Trizol i3], Invitrogen A
#]; ALT. AST. MDA fl GSH &7 &, THEFRzE
AN TG R AT HE Y9, Bl aRAEME
RERAF TR 2w SRt Nef2 Jrif (1:1500) F
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TR e AT AR e A1 GSH. 40dr. 1E
BEAT GSH 73 By DR 5 3 A0 IR w4 AL 1Y)
GSH EERF&NE GSH &8 . 40E il %
F MTT 5. TERARFLNIIA 20 uL MTT ¥ fE 5577
4 h B N R IR B SR, 7R A B B T HTE
PAEEFL 150 pL JE BTE Bt (LR PRS2 5] 15 min, f#13
RS AR AR G, FABEARA ODago nm AT EREANFL
IR R E AT =R G, THEARAEE R,
Grahpad Prism 5 AT AT A0 3, MR E AT LA
B S L A L T R

1.5 HE $&4 0 448558

SR, BT FIFASURET 4%
R, Gl BiKa e frp, T4
IR L HE Bt RgLth, Rl s e o1 i dst
FEICHE T DA F AL EFEAR R A v BT T2
TR ORI REATLAA A

1.6  Western Blot EF 034 M Nrf2 & & 8 & 3%

SR 7, K 0.2 g PHERIIRTARLZYR
A 1.5 mL EP & H 0N RIPA ZERH 45 HT AT 2L
Y, SRS OEGE IR ISR E R AW, (F
F BCA 77l &l %2 . FFH SDS-PAGE HL¥k 7 B &
PR R A R #6451 PVDF i L, PG A ks 45t

1 h, BEEIMA—HAE 4 CUKFENBERER Fit
B, S RAEERTHE Pt 1h, EBEAERR, {1
F R g5, (4 Image-Pro 6.0 ZK &34 Fr H-A5 H
Graphpad Prism 5 S/ Hrdb 3.

1.7 RT-PCR A2 Ak B 2k & b

SR, KN RIFIE mNgol «
mG6pdx mSOD2 mRNA [WFiE . 1556 H Trizol
DHEHURNA, LRI E RNA [k FE A2l 7E
AT 155 cDNA. HEMAKISIYERE: mNqgol
FWEBI M H . 5°-GGGACATGAACGTCATTCTC
TG-3’, Ni5I#F41 5 -GGTCTCCTCCCAGACGG
TTT-3°G6pdx; _LiiE51 9751 5°-GCTGCACAAGATT
GATCGAGAA-3’, Nii5|¥F 5°-GGTACCCTCGTAC
TGGAAGCC-3’; mSOD2 LEi5|¥F%] 5-GCAAG
GTCGCTTACAGATTGC-3’, Fif51 #1551 5>-GCTTT
CAGATAGTCAGGTCTGACG-3’; 18S rRNA L3514
B4 5°-GGTCATAAGCTTGCGTT GATTAAG-3’,
TSI 5°-CTACGGAAACCTTGTTACGACTTT-
3. PR RN 20 uL, BLE 96 FLA 2% 2 L e ABI
PRISMx 7000 %7€ & PCR 11T Real-Time PCR,
18S rRNA NN S, FtfE & H 2L ] mRNA
RikKFs

18 Gt

SEIGFEAMMTE 77, A AR A KK ER
Graphpad Prism 5 %453 #T#11 Image-Pro Plus 3 {4
AEFRFEREATHAE AL R AR H 0 SEER 45 RITKHH (xts)
AR, A8 R SR 3R 07 2 70 #rs
p<0.05 EREA LA L.

2 HR59MH
2.1 o TFARI X HepG 2 40 i 7% 7) fr GSH

# % vl

BIEH KRR, R H 2R = Fhad
KA ETER, e— M ASEN =K, B 2f
TETHNEN, FOABMHIEGEAEREN, 54
WAL, RN A FEY RO TEED, BT
SRR IR B R R THEixt
HepG 2 ZHAEE 7181 GSH fszma WL 1, 1Ew 455t
JBZHAHLL, APAP 411 HepG2 4HPRIE /W T, 5
HAHEL PLE 41 HepG2 FI4HMIE /16 B35 1w

(e, p<0.01), MESLIREHREKE, EHHEL APAP 4
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HepG2 4l GSH (1) 5] . F#MIK 4.02+0.97 pmol/mg
(%%, p<0.001).5 APAP ZHAHLLER, PLE 211 HepG2
4iH GSH M =M B2 ERSE 1691434 Fl
25.19+1.33 pmol/mg (", p<0.01), [t PLE 7] LLiE
AR B A 552 APAP S ATER I SRR
APAP % K [f) HepG2 ZHHEATH54% -
a 15¢
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PLE - - i +
B FEERERSETFHREUI(25.50 1 g/mL)ST APAP 2 HepG2
#BBESE 7 (a) K GSH &2 (b) BIFZNE
Fig.1 Effects of PLE with different concentrations (25, 50 g/mL)
on HepG2 cell viability (a) and GSH content (b) induced by
APAP

JE: #¥p <0.01, ***p <0.001 vs Control; *p <0.05, " p <0.001
vs Model.
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ALT. AST %55 2 4Hfa /M EIRR, BT DASEEG e ALT A
AST J&X FFAH B R B 0 B AR e . S5 1E%
WAL LU, APAP ZHIfLE 1 ALT A1 AST 7K-F- 52T+
EE 1387.6+129.7 TU/L A1 2246.1498.3 TU/L(***,
<0.001), 2 BH/N PR R A A | £ B s PLE 50

10

mg/kg A PLE 100 mg/kg 4AIML7E ALT F1 AST /K-8
KT APAP 4, 73708 263.7£87.1 TU/L, 188.4+£45.9
IU/L H1 640.94224.6 TU/L, 155.9+50.6 TU/L(™,

p<0.001), fEIERIEBPIR R, SLIRHHER H &=
3 PLE 1] DA R4 FRAR S a4 Pl 5 | R 15 e i 25
= DU E, Uil PLE BAG B kI S2 24505 4 i

EH.
a 20001
:]\ | Hkk
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Control APAP APAP+ APAP+
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E 2 &HFREUIX APAP R MERTRA/ N R ILE S ALT (2) 0
AST (b) 7K T 52ME
Fig.2 Effects of PLE on serum ALT (a) and AST (b) levels of
acute liver-injury mice induced by APAP
7 : *#%p <0.001 vs Control; "*p <0.001 vs Model.

23 RHEHTRBA /D FAAEF GSH fn MDA

H % v

1t APAP &R, KEH NAPQI F=AESFT
W B2 A () GSH, 24 GSH JHHETR A A 2% 2%
TERRE HEEER, R Z 25m . BTl GSH
& E R T E A4 AR . MDA 2
—FREAR I E A=), @I E MDA SRR
DT AR I SRR RS, T DARAZEI i R e 2 4R
% . APAP A/NRS IE R A/NR A1 GSH & &
W P 5.40£0.95 pmol/mg (***, p<0.001), i#iL
PLE ZH/RHFHZA S M, GSH & &5 APAP
1 GSH &4 i, 4t PLE 100 mg/kg Tt
GSH & 10.13+1.63 pumol/mg (™, p<0.01). APAP
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H MDA FEXTLIERHR RS EHEFEE 2,53+
0.17 nmol/mg (***, p<0.001), PLE 50 mg/kg ! PLE
100 mg/kg FIZH ) MDA & &XE APAP 2] GSH &
AW B, PLE 50 mg/mL 44K TR 1.08+0.17
nmol/mg; PLE 100 mg/kg ZHF#MK T 0.610.16 nmol/mg

(", p<0.001). MSZEHHE FRE, PLE Al IR
GSH & &, fedtr4aprbiiaiae /s, j/b -4
liELfpuRzRia

a 15
i)
Q
g
- =
g 10r
3
g
<
= st
O
B
2
3
1
0 Control APAP+ APAP+

50 mg/kg PLE 100 mg/kg PLE

Liver MDA / (umol/mg protein)S

Control APAP APAP+ APAP+
50 mg/kg PLE 100 mg/kg PLE

[ 3 KHFIREUIXT APAP B MERTHRMA /NRAT 515+ GSH (a)
0 MDA (b) 7K 2
Fig.3 Effects of PLE on Liver GSH (a) and MDA (b) levels of
acute liver-injury mice induced by APAP
7E: ##%p <0.001 vs Control; "p <0.01, "5 <0.001 vs Model.
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ERHLUAS, 2 M HRZ/NBR i 5 T S 3 I
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PR, /N SRV A X R R 4H PR,
HMHIAAE. ARG EEEE IS % PLE 50 mg/kg
HANMIRAEIAR, BN ERABTEGE, RAIRIE
WA FrEEE: PLE 100 mg/mL FF/INH-Z5 KR A IE 3,
T IX A8 IX J Bl o6 4 AR S osb . AR R
PATHACRE, SXHRAMLL, APAP ABR{AHA =
% 32.9+4.86% (%, p <0.001), 5 APAP ZHAHEL,
PLE 50 mg/kg A1 100 mg/kg 414 45345 T AR BA 5. %
1% 9.6+3.73%H01 3.1£2.37% (™, p<0.001). FrLL PLE
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Fig.4 Effects of PLE on liver tissue pathological changes of
acute liver-injury mice induced by APAP (x200)
vE: ar JEFATERZA; b: APAP ZMAFRMGARRLE; ¢ &
HTRBGREA T d A H TR SHZA. LEA K
TR IRGEL, *%p <0.001 vs Control; *p <0.001 vs Model.
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PEAREI 5 RS AR A% R Nrf2 2248
X LA A SO E LR R 7. Nef2 J@id 5 ARE
MEAERRESANES, ST EEsRoRs T
RYYERH . fEIEHAEEDRE T, Nif2 5 keapl 5%
gh4y, il Nrf2 HAetHXT Keapl (1 B30, ToiEdEA
ML RAERERDIRE, RS 2 R oA TR E
19 ] 2, Keap 8 IR SR AE 50 AT Nrf2 fif 25,
A% Maf A4 A )55 ARE 456, fifilt
Rk, ol SOD2. NQO1. Gépdx #ik )5 KIFHIA
WAMGER . @i Western blot yEF I &-2H /N AT A
Nrf2 HHFRIL, 25 R K] APAP 2H Nrf2 RiAHS 2
EAXTRRANT 2.41 £5 (=%, p<0.001) 5 APAP 44
FHEE, T PLE fIGA)E. mf&E4 (50, 100 mgkg)
A Nrf2 ROKTFRETNEE 332 5 4.16 fi5, %
SHEGEERC, p<0.05).

PLE (mg/kg) 0 0 50 100

a Control APAP (300 mg/kg)
b 5
=)
]
I
E 4
i
a
£ 3t
;
S
g 2r
Q
g
a L
% 1
Z
Control APAP APAP+ APAP+

50 mg/kg PLE 100 mg/kg PLE
El5 &HTFIREUIXS APAP B2 AT/ R TR Nr F2
BRI
Fig.5 Effects of PLE on protein expression of Nrf2 in liver of
acute liver-injury mice induced by APAP
7 : *p<0.05 vs Control; "p <0.05 vs Model.

26  RH TR DEAF LR mNOOI

mG6pdX. mSOD2 mRNA A Hy %y

APAP 5 R S A5 L K R S A L 2 S A o
B, ERFAN R AR E RS APAP BRI S R
(R A=A % EEEH W FL 8 mNQO1, mG6pdX,
mSOD2 #4 Nrf2 [ g4, 451/ N 1%
I, mNQOI, mG6pdX, mSOD2mRNA )ik,
HH 5 Nrf2 2 A, SErbE & PCR 45 B8R,
IEHXTHRZH, APAP 4H, PLE {K7&4, PLE &%
1 NQOI. G6pdX- SOD2 WA IKF i, HHAER

12

RGBS, p<0.05). IXEeLE R T A H
FHEH AT AIESE Nrf2 Jl B 3RIE, B2 s T4 nsn

= )
At
5 [ Control
@ APAP
< [l APAP+50 mg/kg PLE
é 4 [ APAP+100 mg/kg PLE
o
2
e 3
o
2
= 2
e~
<
Z 1
g

Ngol G6pdsx SOD2
& 6 KHFIREUIXT APAP B MERTRA N RATLELRH mvoo1.
mGépaX, mSOD2 mRNA FRiKHISNN

Fig.6 Effects of PLE on mRNA expression of mMNQO1.

mG6pdX. mSOD?2 in liver of acute liver-injury mice induced by
APAP

7E: *p<0.05, **p<0.01 vs Control; “p <0.05, ™ p <0.01 vs
Model.
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B A e,
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PRI, APAP 5 (¥ P4 A5 405 3 2l T A 7
) NAPQI(N- ZF¥-P-A A ER %)= A1), CYP2EL 8
APAP AL E A AR NAPQIPY, 8 R4 7k
=N HHE, A HEEEAiEErd e, SR
R A G T P4 85 B 7747, SEUHAA
FET NIRRT Dh e Tt A7 n] AR D-2 L0k
[f&(D-Gal-N) ‘T 2 1) FF 73 il ALT. AST. ALP.
MDA & & FIEFREL, $25 MLIE SOD &t K AR
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BETCA R, JFATBEE IR SR G, A H Tk
RETIN AU IR(AAP). BAR ZBEIZ(TAA) BT ST
ARt B B R A s AR
P R U PR Fs 2 PP AR A8 3 R S RE A 2P
TATI AR R TP iR = 4 GSH &
i, HFH BRI+ AST #1 ALT FI7KF, /> MDA
IR R, ik HE Jufi/) R AR 28 SRR B,
£ APAP ZH[PI0IET, RH-FHREW0E] 1 /NUFIE
IR, (RIF/INERFFIE 250 SE B AN A BYE 1%, PRI
T IR, FNRH PRI E S 2k
e, BAMSIENE R, B AL,
T A B R AR, SRR A S L,

4 5

RH T SRHU AT LA 8O B AR A R AR E BB
AR, JAE APAP SER SRS, H N
AR A SR I, S AZIN A e ki &
&, L Nrf2/ARE 1558, F5 TR
mNQOI. mG6pdx. mSOD2 {13z15, F#fik ROS, 15k
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