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Longhu Rendan Alleviated Overdose Acetaminophen-induced Acute Liver Injury in Mice WANG Wu-
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dong Pharmaceutical University, Guangzhou (510006) ; 2 Research and Development Department, Shang-
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ABSTRACT Objective To observe the prevention and treatment of Longhu Rendan (LHRD) on a-
cute liver injury (ALI) induced by acetaminophen ( APAP) overdose, and to study potential molecular
mechanisms for its prevention and treatment. Methods Thirty C57BL/6J mice were randomly divided into
normal control group, APAP model group, N-acetyl-cysteine (NAC) positive control group (50 mg/kg),
LHRD-low dose group (80 mg/kg), and LHRD-high dose group (160 mg/kg), 6 in each group. Corre-
sponding drugs were administered to mice by gastrogavage at a fixed time for 6 successive days. Sodium
carboxymethyl cellulose (CMC-Na) was administered to mice by gastrogavage to mice in the normal con-
trol group and the APAP model group. After the last administration, all mice were fasted for 22 h and APAP
250 mg/kg was intraperitoneally administered to them. PBS was intraperitoneally injected to mice in the
normal control group. Mice were harvested after 6 h, serum and livers were collected for biochemical, his-
tological, and immunological analyses. Serum alanine aminotransferase (ALT) activity and liver glutathi-
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one (GSH) level were detected according to the manufacturer’s instructions. Hematoxylin-eosin (HE) stai-
ning was performed to observe histomorphological changes of liver tissues. DCFH-DA, a fluorescence
sensor for reactive oxygen species (ROS) , was used to measure the ROS level in liver tissue. In addition,
the expression of glutamate-cysteine ligase catalytic subunit (GCLC) and endonuclease G (EndoG) in liv-
er tissues were detected by Western Blot. Results Compared with the normal control group, serum ALT
activity in the APAP model group significantly increased ( P<0.01). HE staining showed hepatocyte damage
was significantly aggravated. Meanwhile, ROS content and EndoG protein expression ( P<0.01) significantly
increased. In addition, liver GSH level and GCLC protein expression were down-regulated ( P<0.05). Com-
pared with the model group, serum ALT activity was down-regulated ( P<0.01, P<0.05), as well as the ROS
level and EndoG protein expression were down-regulated to different degrees in NAC positive control group
and LHRD treatment groups ( P<0.01). Morphological changes of liver tissues were also alleviated. Moreo-
ver, liver GSH content ( P<0. 01, P<0.05) and GCLC protein expression ( P<0.01) were significantly up-regu-
lated. Conclusion LHRD had protective effect on ALI induced by excessive acetaminophen, and the mecha-

nism was possibly related to enhancing capacities of antioxidant stress to protect liver cells.

KEYWORDS Longhu Rendan; acetaminophen; acute liver injury; oxidative stress
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(3300029-7Q, i EHE =AU EA RA D) KL A
HHL(BT-120 BN-518, Wi G H AR A ), 1)
A HL(HistoCore MULTICUT, f&[% Leica A #]) , W ids
(BX-UCB, H 7 Olympus 2\ 7)), i #7 1% ( Multiskan
GO, Z[# Thermo Fisher Scientific 2AF]) .,

4 R K 30 HifEM: C57BLBJ /)
B LI 70 B 5 41 . 15 X4 iR 41  APAP BiRIZ] NAC
PR X B8 2H (50 mg/kg, AH Y T I IR A Y 4 5 5
) e AFHEFI 4 (80 mg/kg, HH24 T il AR A
FE 10 £%5) BSR4 (160 mg/kg, #H24
Tl ARG 5 20 %) o [ 5E I [R] 9 B 45 3 AH N 2Y
Y6 K, Hr IE 5 X 41T APAP BIRIA1 S 45 7
CMC-Na, fJa—IKAZ))a B IEw % B4, A2 5
NRZS S HCHR[19] # 7 d 7 APAP i1 21
JEBR RS . 1 | 19.00 FFIAZE & ,22 h J5, TIRH T
717 .00 s, B I 5 250 mg/kg APAP, T #
X BRI s 3 5 PBSS, 45 251 B0 20 wl/g, 6 h
Je WO M3 B FREREAS . APAP ST 1 1k,

5 it ds X5k

5.1 IME ALT ME SR AGIONR %, #e i) &
VI AR AL S IS A B T = RARRE S,
FHEEFRALT 510 nm P AR I A~ FL 1% OD {H, R
PbrifE T 3EA5 Hh s ALT {6,

5.2 JFWEZHZU HE et Ko B E 42
10% 4 R 22 i FR R 1 28, BOK , A A3 U0 R
JI I A P 0 A M2 X AR b AT e, K, ok
PR E A, B N S AT 2V 24281k

5.3 JIFWE GSH /KGN e af B 20 i
FeE R (g) R (mL)=1:9 M, A 9 f5094: Bk
KR AT0,2 500 r/mim, .0 10 min, B E
WA PR AT GSH Fr i,

5.4  HEGHR4ET DCFH-DA 246 1 2H 27 48 At oy 1Y
ROS ik 521/ BUIFIE 4 200 U F 5840 it i )i
Z9OCHREE DCFH-DA & \PBS I3k I R 5 Todt
WAEE N WA ROS RN, ROS Fik 5755
BOEEE, SR Image J #4GE i PE L AL,

5.5 Western Blot #u il it Jiii 41 41 GCLC #il
EndoG & HFKiE SAU/NUTFIEAHR L 5% Bo s
WeAE 35, R BCA 1l g 2 vk B, e R 136 A 45
TCL ) 3 85 M R e 4 Jse , 64T 2 1 R K S SR 2 AR B
Pobr M 2 PYDF iK, 2 5% B iG 2F W53 4], GCLC
(1:1000) }2 EndoG(1:1 000) —4i 4 CM & 11k,
—Hi(1:5000) FHEIFE 1 h, TBST ¥k b 5 M i
., KH Image J AT K E ST, 5 B-actin Xf
He AR 3 H B8 A X R IR

6 Sil ik KA GraphPad Prism 7 #{f
HEFT 43T, A BT A SRR T R 3R 5 224300, 5256
ZERPIX+s Fn, P<0.05 NEFAGH¥E X,

& =R
1 HA/NRIME ALT [HILE (B 1) HIE# X
HRZH e, APAP BETUZ I35 ALT JK-F 18 25 71 i ( P<

0.01) ;5 APAP A4 b &s, o R ATHK &7 =4l
J2 NAC FHAE % BE 20 1f 3 ALT 7K 7 34 5 B Ik ( P<
0.05, P<0.01),

10 000 -
8 000+ j‘:
-
S 6000
=
-
< 4000 . A
AN
2000 I i
LN S S Ny
LA A A
D RF ) R
MR IR SV
' Q & e
¥ e?‘ V\Fd %)\d
5 N

L SIEWSHRA A, * P<0.01; 5 APAP #{
RIZH A, “ P<0. 05, #4.P<0. 01
B 1 4 ALT i M i

2 BH/NFUIFIEA L HE G @25 R i (8] 2)



o P R 25 44 2020 4 10 J1 58 40 55 10 ] CJITWM, October 2020,

Vol. 40, No. 10 -1217-

TE X BELL /N S5 R Il , 2% B S 7 v SR ok Sl
B S IR HE S I 200 A R, 440 i TG 78 P sl 3R
YE, OB PR AR MR . APAP BT 20 T /)N -4 4
(B N AR O I R G 3| B Y A
NAC BH X IR 2H J e e A PHIR s 7 2 458 APAP 5
T ZH YA AN TR R J3E Py A3t | 2R B T 4 JH A2 1k AR A
TR

VE A MIEH X IRAL;B o APAP 415 C g NAC FTE X |
;D Ky e NTHIEFRI A E TR AT i 20
2 HARNREIE S AR (HE 345, x100)

3 HLH/NRUITIE GSH K- He# (81 3)  SIEH
X REZE He e , APAP £ 7 21 JH-WIE GSH 7K F- I 2 [ Ik
(P<0.05) ; SR L4, e pe AN FHIK | 0 4 &
NAC FH X BE 20 FAE GSH 7K F i 3% FF & ( P<0. 05,
P<0.01) .

4 FYUNRAFIE ROS FATEM LA (K 4) 5
IEF X A L, APAP BiRI4] ROS % & g % 1M

TE LA S IEH AL B g APAP B4 C Sl NAC 41 H:
XHHRZH ; D hy e AFHIRFIHR 2 5 E S Je 8 A ST fl e 20
4 HKAFNEROS ik (DCFH-DA Z:f4,,x200)

401 *

ROS(%)

. 5 APAP BiIZH b %:, © P<0. 01
5 KHMTFIE ROS #3A

5 £H/NRIFIE4 L GCLC Fl EndoG & 3

(P<0.01) ;15 APAP I He#, o ASHE ol IS (E6) 5 IEH X IR ik, APAP BRI AT IE

24} NAC BH P *t F 20 ROS ¥4 & 2 1 T o ( P<
0.01),

80+

atl AN
—~ A I A
= T
] 4
§ 401 .
5 L
w
O
201
T \ NN
& P & F @
Y S & S8
R & £ Ly
I A
o ’\‘b

VL TE 9 X IR H B, P<0. 05355 APAP
RALHL# , 2 P<0. 05,22 P<0. 01,7
3 AN GSH i ik

A B C D E

EndoGl I - e -nszko

GCLC| - —-— —------|73|<D

B-actin | qu D G_D SD SED GHD GNP SN SR | 42 kD

0.8 20

£ £ 4 A
S __ 06 S 15 %
a3z A AT
3 3510
Qe 04 NN
E 0.2 i 8 05 *
0.0 0.0
S S
B R B R @
@?? HFH ‘\9‘;2 KBS
AN R ANEAN
éﬁ%’%&’ é@?w%f’«

o A HIEF X RRE ;B Oy APAP #AIZH ; C Jy NAC BHPEXS fE

D e APHIE AL AL E SR e A PHIERIREAL s 5 T A
LIS, P<0.05, ** P<001; 5 APAP HUEI4LILEL, 4 P<0.01

6 UIFNE GCLC .EndoG % [ ik itk



-1218-

o E P R 25 A JRE 2020 4F 10 A5 40 55 10 ] CJITWM, October 2020, Vol. 40, No. 10

GCLC AR % T4 (P<0.05) ,EndoG FHEH#
R FR(P<0.01) ;5 APAP MLRIA He A, o iR A
FHIE & 41 2 NAC BH: % B8 41 i fiE GCLC 2 1
FEK BN ( P<0.01) ,EndoG & 13k B 3 T 4
(P<0.01),

it

AR R 24 5 | B 75 T A e i L DR 202
APAP J& H TN )iz M AU 259, K I sl
s i 25 DR 5 B, FEERBUNFIRSE, DU
JFE /N e sk R SR AE 5 Ry AL 2

ALT 1B HIE 2y Yy fig il Z — , 2 NIRFE B A8
PR 20 AR S 3 I v DRI LT ALT 3 M s
VPR 20 L 45 0 BB R AR . A ISR T APAP A
ZHIMYE ALT 36 M5 IE 7 0 R4 i 38 48 57 HE G a2
K ROS & m A Wil WA 3 B8, i e RS
JH 0 R 1 A5 B 0, DR R R PR —
FERRAPE

GSH J&H 4 2 IR | H 2 W2 A2 e 2l 2 20 i 1) =
JUR, 2 A Y 1) — AR 43 BR AL, ATVE BR HL,0, 4,
GSH =1 £ b & i & HL A BT A AL 5E 1 1Y B 245 45
A b APAP #RI 4] GSH W 2 A%, o g A+ T
T 0 2 O IE R R AP AT E R E GSH & i
e i

ROS &5 AN ) FEEETE M+, FE R
iR . ROS A B2 SRR B, (o L b 4 i 3
FEPEEIN, K, S 3 EndoG S i 2 4 i %
M %14 DNA Wi %, e 24 S B IRFE . AR SL 5
f APAP 855, iFIE ROS & &% EndoG & [ ik
s RN, W e AP EUE R iR
B e ;R FF AT BE 2 @ i i ) ROS 197 4 & EndoG
R IR E APAP 5 ST 05

TEEZYpE T #% B+ E2 M EHF 2 (nuclear-
factor-E2-related factor 2, Nrf2) {5 5@ & EEM
P HL® . — B B BOE (aniE ok Nrf2 3% 5% 5 18
M) ,Nrf2 st it B A b, JF S hc Ak s i ook
(antioxidant responsive element, ARE) 24, {ie it
25 k=W ee SR iR SRR IEARE 1=
fii-1( heme oxygenase-1, HO-1) .GCLC %!#2%!
23 BRI R AFIE GSH &A1 GCLC & Rk i
2 T NSRBI/ U IR A0 L CRE ) S i, TE S
TIPSR,

LA Ny, V2 Ay B A B bR E s
JEPR NS 2Rt 2520 i Hoh T M A

PEE BRI AR B i 2 S5 A SR 8, AT 7
Wi Bk DPPH [ Hy FEAE 7 il e B 3 U] e o, B A
RAFBTAARET " (RSN SE g T, S T
TP I S L 43 % DPPH B 3% B 347 (193 b
ROR P im v, B\ S A T T
Z [ B W AT BR AR 2RI\ A T i
AHERAPUEACTEE ™ o BEA B M T P LAY
WHA —E P EIER " BARRE T FULZE™ A
AR FIR S wg i 25 B

LRAAWII AR APAP L/ A TEIF DI BE Y
ZA, ARSI UG, ALT 54 ROS % & Al En-
doG A i 3 AR, 45 00 e S8 I 35 e e, [ If
GSH & At A b & 11 GCLC ik W E W, 1697
RO Z LT P2 NAC, #EI AT RE 2 e JE AP Y
SRS IR 2R A, i i ) ROS BB TiK  En-
doG HHFRE ML GSH & i Myt Atk H GCLC
FIR PR T HE AT AU A E g DT B BT 4

MR I,
& % x o

[1] Andrade RJ, Chalasani N, Bjérnsson ES, et al.
Drug-induced liver injury[ J]. Nat Rev Dis Primers,
2019, 5(1). 1-22.

[2] Lee WM. Acetaminophen and the U. S. acute liver
failure study group: Lowering the risks of hepatic
failure[ J]. Hepatology, 2004, 40(1): 6-9.

[3] Lancaster EM, Hiatt JR, Zarrinpar A. Acetamino-
phen hepatotoxicity: an updated review [ J ]. Arch
Toxicol, 2015, 89(2) . 193-199.

[4] Hanawa N, Shinohara M, Saberi B, et al. Role of
JNK translocation to mitochondria leading to inhi-
bition of mitochondria bioenergetics in acetamino-
phen-induced liver injury[ J]. J Biolog Chemistry,
2008, 283(20); 13565-13577.

[5] Bajt ML, Cover C, Lemasters JJ, et al. Nuclear trans-
location of endonuclease G and apoptosis-inducing
factor during acetaminophen-induced liver cell injury
[J]. Toxicolog Sci, 2006, 94(1) . 217-225.

[6] Ramachandran A, Jaeschke H. Mechanisms of ac-
etaminophen hepatotoxicity and their translation to
the human pathophysiology[J]. J Clin Trans| Res,
2017, 3(1). 157-169.

(7] Z=RfE, W, o, %5 R AFHUEDS) Sorhg K
VERIIIE [ J ] - h 252 B 5IIR, 2009, 25(1): 61-62.

[8] KRB, 3EMR, MO T 1Y 24 BRAT 78 IR K I R



o E P R 45 A e RE 2020 4F 10 A5 40 55 10 ] CJITWM, October 2020, Vol

.40, No. 10 -1219-

MA[J]. hEZYETE, 2013, 8(1) : 32-35.
TREZE, MM, EEH. T2 WA Mt A s
WFFE[J]. & Tk R, 2012, 33(19) . 147-149.
FER, REE, B, ¥ THEME T RS W
BEHR DU EIRGRE [ J]. & i Dl kL, 2020, 41
(2): 21-26.

LW, REL, B, & TEAERS AR
FARFGE R [ J]. v E S Oy 42 4=k, 2019, 25
(15) . 222-227.

BAREY, VLIS, JBE, AF. T A A I BT A1 T T
FE[J]. WHELl R4, 2019, 58(9) : 117-119.
RRILLL, BAoRde, LK, 55, R Ak X 25 ST 98 ik
B[], i imIR, 2016, 32(1) . 227-230.
o7, BRDY, XK. N\ DA A TG o
[J]. hEMRG, 2019, 44(5) . 194-196.

BN, AR, @, 55, WAL L) 293 AE
FH K RS (Q-marker) BTSN 04T J ). Rz
2018, 49(1): 20-34.

TR, MIE—, BB, % S iy 5 25
HWFsEt e[ J]. hESER 2443, 2019, DOI.10.
13422/j.cnki.syfjx.20192149.

ERK, EEME, 5%, 5 JIARE Y o K23 AE
PSR RE[J ], thEi2h | 2017, 48(22) . 4797-4803.
I, B, fiFEHE. JLARNIF 253516 KRB R
[J]. Hh#Ezh, 2005, 36(5): 790-792.

Furuta K, Yoshida Y, Ogura S, et al. Gab1 adaptor
protein acts as a gatekeeper to balance hepato-

[24]

cyte death and proliferation during acetamino-
phen-induced liver injury in mice[ J]. Hepatology,
2016, 63(4) . 1340-1355.
Aycan 10, Tifek A, Tokgsz O, et al. Thymoquinone
treatment against acetaminophen-induced hepatotox-
icity in rats[J]. Int J Surg, 2014, 12(3) ;. 213-218.
Wang AY. Gentiana manshurica Kitagawa prevents
acetaminophen-induced acute hepatic injury in
mice via inhibiting JNK/ERK MAPK pathway [ J ].
World J Gastroenterol, 2010, 16(3) . 384-391.
Jaeschke H, Williams CD, Ramachandran A, et al.
Acetaminophen hepatotoxicity and repair . the role
of sterile inflammation and innate immunity [ J ].
Liver Int, 2012, 32(1) . 8-20.
Suzuki T, Yamamoto M. Molecular basis of the
Keap1-Nrf2 system [ J]. Free Radic Biol Med,
2015, 88(Pt B) . 93-100.
Li W, Kong AN. Molecular mechanisms of Nrf2-
mediated antioxidant response[ J]. Mol Carcino-
genesis, 2009, 48(2). 91-104.
Iltoh K, Tong KI, Yamamoto M. Molecular mecha-
nism activating nrf2-keap1 pathway in regulation
of adaptive response to electrophiles [ J ]. Free
Radical Biol Med, 2004, 36(10) : 1208-1213.
(Wke: 2019-10-09  7EZk: 2020-04-09)
LG . R
PEICTT G K A



