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[Abstract] Objective: To explore the mechanism of Broussonetiae Fructus (BF) in preventing and

treating drug-induced liver injury ( DILI) induced by acetaminophen (APAP) through the endoplasmic reticulum
stress pathway. Method: Sixty C57BL/6N mice were randomly divided into normal group, model group,
silybin group (3.4 g-kg"), and high-, medium- and low-dose BF groups (3.0, 1.5, 0.75 g-kg'), with 10 mice
in each group. The DILI model was induced by intragastric administration of APAP at 800 mg-kg"', and drugs
were administered simultaneously for 10 consecutive days. The serum contents or activities of alanine
aminotransferase (ALT) , aspartate aminotransferase (AST) , total bilirubin (TBIL) , and direct bilirubin
(DBIL) were measured. Hematoxylin-eosin(HE) staining was performed to observe the pathological changes in
liver tissues. The morphological changes in liver mitochondria were observed by transmission electron
microscopy. The activities or content of superoxide dismutase (SOD) , malondialdehyde (MDA) , total
antioxidant capacity (T-AOC) , glutathione (GSH) , glutathione disulfide (GSSG) , glutathione peroxidase
(GSH-Px) , and adenosine triphosphate (ATP) in the serum and liver tissues were detected by the colorimetric
method. The expression of reactive oxygen species (ROS) in liver tissues was detected by immunofluorescence.
The gene expression of glucose-regulated protein 78 (GRP78), CCAAT/enhancer-binding protein homologous
protein (CHOP) , and c-Jun N-terminal kinase (JNK) in liver tissues was detected by Real-time quantitative
polymerase chain reaction (PCR). Result:
increased serum activities or content of ALT, AST, TBIL, and DBIL (P<0.01), increased MDA and GSSG
contents (P<0.01) , decreased contents or activities of SOD, T-AOC, GSH, GSH-Px, and ATP (P<0.01) ,
swollen hepatocytes with inflammatory infiltration and lamellar necrosis, swollen and broken mitochondria of
hepatocytes, and increased mRNA expression of GRP78, CHOP, and JNK (P<0.01). Compared with the model
group, the groups with drug intervention showed decreased serum content or activities of ALT, AST, TBIL, and
DBIL (P<0.05, P<0.01), reduced MDA and GSSG contents (P<0.05, P<0.01), and increased contents or
activities of SOD, T-AOC, GSH, GSH-Px, and ATP (P<0.05, P<0.01) , improved swollen hepatocytes,
inflammatory infiltration, and lamellar necrosis, recovered bilayer membrane structure in mitochondria of
hepatocytes, and decreased mRNA expression of GRP78, CHOP, and JNK (P<0.05, P<0.01). Conclusion:

BF has preventive and therapeutic effects on APAP-induced DILI mice, and the mechanism may be related to the

Compared with the normal group, the model group showed

reduction of endoplasmic reticulum stress and oxidative stress level in vivo.
[Keywords] Broussonetiae Fructus; acetaminophen; drug-induced liver injury; endoplasmic reticulum

stress
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FALE T A B F] ) TB-P5 AU 40 AL (% AR 7%
HL A BRZS 7)) s RM2016 AU B0 A #L(_E i Ak R
IXFRAT PR 7)) s BX4A3F A s [ AR Bty (P )
A BRZ 7 |5 iChem-530 59 4 [ 3l A= 4k 43 B AL CE I
JiE LR A B A A BR S 7 ) 5 Versa MaxTM 1 £
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AR . DAPI G iR (9 240 M B 78 52 40 ik T 0 ik fable1 Primersequence
0, BRI F s R4t 519 Feal(5'-3") K i /bp
GRP78 % GTGTGTGAGACCAGAACCGT 77

2.3.6 Real-time PCR fu I i 20 41 GRP78 . CHOP,
JNK mRNA RiE  HURAE 4141, TRIzol i $2 HL
A RNA, 5 550 cDNA JF AP 18 =2 i 14 &, oF
17 Real-time PCR K& il , PCR JZ I & {4 4 95 °C i 48
P30 s, 1 B FF ;95 °CAE 1 10 s, 60 °CilR K I fif
30 s, 40 B e BEAR X 2 8 07 oA, L Bl s
1 (B-actin) A N2, F 27223k £ /R mRNA (1) A1 X
Fikh . SR A T A TR(EE)ABRA
Al R 1.

2.4 Gtk SR SPSS 25.0 BT G it
SYRT L ERBE DL x £ s RoR IR TR 2 L) A
KRB R T5 2500, T 255 /N i 3 22 5 ik
(LSD) K56 , 77 2% AN 55 F Dunnett' T3 K5 , LA P<0.05
FKREFAEGIFEXL.

®2 HELFXDILUMNREFIHEEIRIREIZ I (F£5.n=10)

T GCAGTCAGGCAGGAGTCTTA

CHOP i CCTGAGGAGAGAGTGTTCCAG 122
T iif GACACCGTCTCCAAGGTGAA
INK - CCACCAAAGATCCCGGACAA 143
T TGTGCTAAAGGAGACGGCTG
B-actin _Fii TTCGCGGGCGACGAT 85
it GACCCATTCCCACCATCACAC
3 #R

3.1 X DILI/NRF I REHE b5 52 5 1E % 4 1k
A AL 4 /N BRI ALT VAST I 9% 1 TBIL \DBIL
TR TR (P<0.01) ; SHBIRIA] LA, 45 45 25 41/
FUIML 7 o ALT AST I ¥ Al TBIL \DBIL 7 & B 2 [%
fiK(P<0.05,P<0.01), W2,

Table 2 Effect of Broussonetiae Fructus on liver function index of DILI mice (X+s,n=10)

215 Mit/g-kg! ALT/U-L" AST/U-L" TBIL/pmol-L" DBIL/pwmol- L™
EH 4 36.39+6.34 47.67+3.55 3.86+0.37 2.93+0.38
IR £ 108.46+13.53" 86.21+5.69" 6.82+1.24" 4.69+0.67"
7K 6 i 2] 3.4 58.33+7.56% 61.27+4.34% 5.44+0.86% 3.38+0.56%
WS A 3.0 44.47+5.13Y 55.33+6.67° 3.77+0.56% 2.92+0.317
W Sz rpol a2 15 39.04+7.02% 60.43+5.59% 4.67+0.53% 3.11+0.32%
S TG 4 0.75 45.00+5.22% 63.55+4.60% 4.61+0.75Y 3.16+0.58%
S IE WA L VP<0.01; 5HEEIA A Y P<0.05, P<0.01(F 3-% 6 17])
3.2 X} DILI/Z BROFF I BEIE S %2 HE 3¢ L 2,

7R, IE H LT /NI 2509 35 0, T 40 R 21
3, L g bk S v 1) Y ] SRR AR HE S I
S 2 (8] TG 1 A, 440 R /s — 2, 40 A B R £
T M e R R A A B R HE B AN R S5
AE LAL % B RO AR, T 240 1 e i, DR /NS — 2, AT
RAEAN MR W e RORIRBE o 4% 4 25 AT R 18
TG 5 R A0 M P D, P R M TR T
W 8, R LR BE b, I AT DL 2 B A T A
WA 1.

3.3 X DILI/N RUFBELC R IR 25 B9 2 M IR 21
LR AR B BT, R/ — B, X2 REZ5 4 38 I, 9 &
B, 0T LR RO 5 AR A 2k A R s D O [
a5 08 08 T RIE , AR ik, SUZ BERR %
0K, Ui T 28 5 2% 25 28 AL R AT 28508 T 1 IBE , R/
FEA — B, W WUZ LS K, 85 BE T v, O ok

3.4 X} DILI/) [ 1L ¥ SOD . MDA . T-AOC . GSH ,
GSSG.GSH-Px i PE & & w52 5 1E % 41 [k
&, R ZH N BRI T P SOD .\ T-AOC .GSH , GSH-Px
a2 K (P<0.01) , MDA H1 GSSG & it
WE TR (P<0.01) ; SR 8, & 45 25 4/ Bl
" SOD . T-AOC . GSH . GSH-Px & & 5 i 14 B i
Th & (P<0.05,P<0.01) ,MDA F1 GSSG 7 & W] i &
i (P<0.05,P<0.01), W3,

3.5 X DILI/NEF4141 SOD MDA . T-AOC .GSH ,
GSSG.GSH-Px i sl & = 52 5 1E % 4 It
A AR 20 /N BRI 20 24 SOD .GSH . GSH-Px . T-AOC
Fr B BN R L E K (P<0.01) ,MDA .GSSG & &
2 T R (P<0.01) ; S BIRZ LR, 45 45 25 41/ B
BT 40 419 SOD . GSH . GSH-Px . T-AOC & & 85 7% 1
B 2 7 (P<0.05,P<0.01) ,MDA .GSSG % & I .
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Fig. 1 Effect of Broussonetiae Fructus on histopathological

morphology of DILI mice (HE, x200)

R3 EEZFXDILI/MNRIME SOD.MDA.T-AOC.GSH.GSSG 1 GSH-Px i & 2 #

B2 #XFXDILIMNBRAFBENGRSMNZE (E5H
B, %7 000)
Fig. 2

morphology of hepatocytes of DILI mice (TEM, x7 000)

W 4.

Effect of Broussonetiae Fructus on mitochondrial

A (P<0.05,P<0.01),

B (x+s,n=10)

Table 3 Effect of Broussonetiae Fructus on activities or contents of SOD, MDA, T-AOC, GSH, GSSG and GSH-Px in serum of DILI mice

(X+s5,n=10)

2150 Fl4/g-kg'  SOD/U-mL'  MDA/pmol-L"' T-AOC/U-mL" GSH/g-L"! GSSG/g-L"! GSH-Px/U-mL"
EH 41 98.36+5.82 7.81£0.69 7.61+0.80 367.23+28.19 68.19+3.54 961.22+53.10
B 41 64.64+2.36" 11.83+1.23" 4.21%0.96" 223.81+34.80" 94.92+4.44" 733.69+42.78"
K e R4 3.4 79.78+9.61% 9.16+1.11% 5.89+1.03% 306.12+32.56% 76.50+4.81% 924.30+77.66>
S e R 2 3.0 87.48+5.47% 8.11:£0.98" 7.28+0.87% 345.28+36.87% 73.7243.35% 922.80+82.81%
S R 2 1.5 88.69+5.47" 8.76+1.12% 6.61£0.67> 337.61+24.98" 69.52+2.93% 948.07+71.58"
9 IR et 41 0.75 81.29+4.83% 8.62+1.13% 6.47+0.98> 325.12+26.90" 80.27+4.47% 920.99:94.34>

K4 EEZFXIDILI/NRIFAL SOD.MDA. T-AOC.GSH.GSSG 71 GSH-Px iF s & E &

S (x+s5,n=10)

Table 4 Effect of Broussonetiae Fructus on SOD, MDA, T-AOC, GSH, GSSG and GSH-Px activities or contents in liver tissue of DILI

mice (Xx+s5,n=10)

20 5 /g ke SOD/U-mg MDA/pmol-g’ T-AOC/U-mg’' GSH/mg-g’  GSSG/mg-g GSH-Px/U-mg"
4 281.01+30.52 2.4140.74 1.62+0.28 66.75+6.94 19.7941.90 811.21+68.06
R 167.68+16.48" 3.93+1.00" 0.84+0.13" 41.94+3.38" 35.32+3.35" 622.16+62.20"
KR A 3.4 235.44+25.03Y 3.03£0.35” 1.27+0.36” 52.65+4.66% 24.98+2.33% 683.98+58.69
ST e R R 4L 3.0 269.86+20.08" 2.75+0.45% 1.51+0.28” 65.38+5.46" 20.49+1.33% 716.16+44.47"
RS R Al 1.5 242.63+12.63Y 2.93+0.44> 1.33+0.25% 56.02+5.79% 23.56+1.58% 731.57+35.03%

T S F AR 4l 0.75 230.34+24.80 3.16£0.91% 1.23+0.18% 59.13+5.10% 24.16+3.28% 703.12+53.43%
3.6 X DILI/NEUFHSATP SHEGE N H5IEW R i 20 ATP % & b & TH e, A 55 IR & 2 ATP

2H B B A N BROBF 4140 ATP &

R D (P<

0.01); S5HIRIH L85, 4% 245 25 40 /) BRUIT 2 21 b ATP
T (P<0.01) ;5K W w4 i B ST

<70 -

B, 25 A S
P<0.01).
3.7 X DILI/NBUF414L ROS ARy

W5,

= X (P<0.05,
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x5 HWEFXDILUNRIFHELRATP EE2HFM (X+s5,2=10)
Table 5 Effect of Broussonetiae Fructus on activities of content of

ATP in liver tissue of DILI mice (¥+s,n=10)

451 /g kg ATP/pumol- g’
IEH 4 1 678.41£105.70
R 964.09+98.23"
kKB 3.4 1403.43+114.57Y
ST e ) 3.0 1550.63+133.75%
RS o 1.5 1 442.42+186.78%
i S I B 2 0.75 1235.51+104.69”

U:lll

A
B3 #LF3DILINRAFALR ROSRIZ I (BT, x400)

U T AR AT UL, I 41/ B 41 41 ROS % i J
5 AR R A 5l o B I 3 1Y R L A% 45 25 41 ROS ¢
DGR B B, WKL 3.

3.8 X} DILI /I B AT 41 21 GRP78, CHOP, JNK
mRNA FIKR R 515 4 e, R/ U
4H 41 th GRP78. CHOP. JNK mRNA % ik & % J+
L 2R HAG I FEE L (P<0.01); SRR L,
B 25 /N BRI 24H 40 GRP78 .CHOP . JNK mRNA
Pk B RRAL, 22 5 A G2 B X (P<0.05, P<
0.01). WL3ke6.

Fig.3 Effect of Broussonetiae Fructus on ROS expression in liver tissue of DILI mice (IF,x400)

#6 #HEFxtDILI/NFRFFHL GRP78.CHOP . JNK mRNA & ix
&0 (x+s,n=3)
Table 6 Effect of Broussonetiae Fructus on GRP78, CHOP and

JNK mRNA expressions in liver tissue of DILI mice (x+s,n=3)

4151 . GRP78 CHOP JNK
/g kg
IEH 4 0.68+0.06  0.82+0.11 1.00+£0.07
T IR 2] 1.88+0.13"  1.74£0.07" 1.89+0.06"
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W FmalE4l 3.0 0.94+0.11>  0.97+0.05  1.09+0.08"
Tl Eg4 1S 1.03£0.02%  1.14+0.14” 1.21£0.05%
WS FRAIEA 075 1.2140.03Y 1.16+0.02  1.41+0.07%
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