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Abstract: In recent years, there has been an increase in the incidence of herbal-induced liver injury due to the
accidental ingestion of herbal medicines containing pyrrolizidine alkaloids (PAs) in domestic. Salvianolic acid B
(Sal B), a hydrophilic component in Salvia miltiorrhiza Bge., shows activities of anticoagulation, antioxidation,
and other pharmacological activities. This research aims to investigate the protective effect of Sal B on hepatotoxicity
induced by senecionine (SEN) and its potential mechanism. The animal experiment was approved by the Experi-
mental Animal Ethical Committee of Shanghai University of Traditional Chinese Medicine, and all mice have
received humane care in compliance with the institutional animal care guidelines. Mice were treated with Sal B
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(10 mg-kg?) 3 days before and 1 day after SEN (50 mg-kg?) treatment. The animals were sacrificed 48 h after SEN
administration. As a result, Sal B effectively ameliorated SEN-induced liver injury. The mice in the group treated
with Sal B showed lower serum activities of alanine aminotransferase and aspartate aminotransferase, less hepatic
sinusoidal hemorrhage, and reduced hepatocyte necrosis. Besides, contents of pyrrole-protein adducts, the marker
for PA-induced toxicity, were also decreased in serum. The key factors related to coagulation, oxidative stress, and
liver fibrosis were further analyzed. It was found that Sal B inhibited the coagulant system by reducing the expres-
sion of plasminogen activator inhibitor-1. Sal B also modulated glutathione and superoxide dismutase levels and
improved the anti-oxidative defense system. In addition, Sal B decreased the excessive deposition of extracellular
matrix and inhibited the progression of liver fibrosis via down-regulating several key factors related to liver fibrosis,
including matrix metalloproteinase 9, transforming growth factor- 1, signal transducer and activator of transcrip-
tion 3, and chemokine 1. In conclusion, Sal B ameliorated SEN-induced liver injury in mice by regulating the
blood coagulation system, improving oxidative stress, and modulating liver fibrosis-related factors. Our present
study pointed to the possibility of utilizing salvianolic acid B for protection against PA-induced liver injury clinically.

Key words: Salvia miltiorrhiza Bge.; salvianolic acid B; pyrrolizidine alkaloid; senecionine; drug-induced

liver injury; plasminogen activator inhibitor-1

nk i B P g A B (pyrrolizidine alkaloids, PAS)
KRBT, | IZ AP T4 R SRR B R}
Ly, o] SRR R A A BN, T
SEke, IR 36 BHE %6 =& (Gynura japonica) %55
PAS 1] 7 B 24 fi £ 5% BH %€ 25 & {iF (hepatic sinusoidal
obstruction syndrome, HSOS) B X FEH £ . % —
L&A 2 PAs, T BB (senecionine, SEN) /&
Hobh g RRE EEREN—FPA, HEREIA
9.8 mg-gt & — LKW, BRI, K5 PAs T
E HT T 285 41 i €21 25 PASO B AR T TG Ak, 7= A2 37 1k o )
PR B AL s, KR IS S A0 P AR AR R S M 4 B T L
% A% (pyrrole-protein adducts, PPAS), 4k 1 i7s
R,

PAs S 451173 1) 8 ZLIG IR AL A IEAK  BF X 9%
I8 T K B R SR 45 . AR PR B AT 1R, L AL T
e 5 52 N B2 40 o 23 e H K (glutathione, GSH) 1) #E
vy — S AL B AR AR 5L T 4 8 BRI (matrix metallo-
proteinases, MMPs) & ik _Fiffl | J5 e I 28 48 B B A
A R R G SR, H AT R b 3 R B R AE S
FEIRIT, T 22 0 1 B TR HE AL S5 H R R R RN 5 B H I
&, BUTEA PRI AR A% L R 5 e 2 SR R B
AT IR IFG T H O R AT & TS AN, ik
A BIEIT 4

FI Y% B (salvianolic acid B, Sal B) & B EHEY
F+2 (Salvia miltiorrhiza Bge.) 2 FIAR 25 o 1) 32 Z /K
PG YR, B DUkt U AL RN BT R 55 2 Rl 2 B
o BWEFRARIE, IR B R AR £ W& 3y £/
B P 4 510, R R A DY S B BOK BRI 4F 4
W0, JRAE SCEREHRIE T P20 58 = -G8 Rz v
HSOS IRy E H -

PR, AT FT R P B R B X T HL G BB/ B AT
BT ORI AR I, JF AN PTBE I AN 57T 9% 55 1 58 1) B L 24
ROHLH, 9l R I6 TT PAS B 25 YRk BT 45345 1) ¥ 7 S it
T R A FEAR A

MR5R®E

Zm5in T HOBH (it 5 : PRF8101624) [ )}
iy % B (365 PRF10041802) ¥4 [ J 5 % Bt vk BF 12
TERABRA A, 20 KT 98%. RNA A IE il #2171
ST B R A R A A 1005 5ol 0 & A
TB Green™filVi 1 I H A& TAKARA A 7 51 ¥ H
b TR 2R AR R PR o\ 3k SR YA e H R (GSH)
i R & A A 1k 4 B4k B (superoxide dismutase,
SOD) 71 & H F 5 AR A PR A W] @
B2 238 5 0 T I SR 4 R AE RN A IR A R
RIPA Jz BCA i H & # 17 /& 1) H 3% [§ Thermo Fisher
Scientific 2v ] ; £F ¥ g 5 W& 2 40 ) X T 1 (plas-
minogen activator inhibitor 1, PAI-1, 3 FK serpinel) f
B [ PR (#ab222754). MMP-9 % #L 5 B i 4k
(#ab228402) H1 %% {4 K K -1~ p1 (transforming growth
factor-p1, TGF-p1) % 5 wa FE P4 (#ab179695) I [ 9
Abcam A & ; H i % -3- i i i &L (glyceraldehyde-
3-phosphate dehydrogenase, GAPDH) % . v [% i 44
(#5174).p-WL5h 5 1 (B-actin) % 5 50 B 44K (#4970).
5 5 i G R SHGE TR T 3 (signal transducer and acti-
vator of transcription 3, STAT3) %t #. 7% B ik (#30835)
FI75Tyr phospho-STAT3 % 51 53 FE P (#9145) T4 H 3£
Cell Signaling Technology 2 7 ; AR i & A6 4 il b
id (= B 419G 8 H 3% [E Jackson ImmunoResearch



MEZFESE: FIEIER BT BLYGHREC B4 3 ) 47 17 H -+ 1081 -

/L\\é

&l

SLIE{YEE  QuantStudio 6 Flex B Sz 2¢ ¢ i &
PCR 1% (Applied Biosystems, MA, USA), 1 i = i &
AL (HITACHI, Tokyo, Japan), ¥ i F vk 43 % i B AY
(Bio-Rad, CA, USA), tb¥ Kkt ifg %% (GE, CT, USA),
Spark™ £ I f& B b1 (X (TECAN, Mannedorf, CHE), 4=
H A B A (H AR AR AR, L, PE), b
2B 5 B (OLYMPUS, Tokyo, Japan), Shimadzu
CBM-30 A = 20U (i & 4t (Shimadzu, Kyoto, Japan)
i% $: ABSCIEX QTRAP6500 Jii it % %i (AB SCIEX,
CA, USA).

LT R RE B EAKF YRR
W T 2% B 2> ik dE (1635 PZSHUTCM200717017), fit
AR 25 7 i B S A58 FE AR A 2 ) A0 2 N AT
C57BL/6 /)N R, (BfEE, 7R 22 + 2 ) T [ 1 5 307 3 7o 52
B8 A R TR\ [6#0E 5 SCXK () 2017-
0005], il 77 T~ kit v = 24 K 2 B P S 36 v oL SPF 2 45
FEE, FHiR 22 +1°C, I8 F 60%~70%, 12 h B L,

A H BB AUK .
YL H]  FREUE & SEN, F 5% 1 B /K I T

VR, NN 1 mol- Lt ZE LB T % pH 6.5, i il Bk
NG gLV . FREUE & Sal B, inA: B 3 K 7% il
Bl SR FE R 1 g LA

EHISEEE  EMMEEFE LS, K30 KN BE L
4y B R ZH (control) . T HL R AR B 41 (SEN) A
FHEYER B A£3741 (SEN + Sal B), £:4110 H . HEAILL B K
¥ H SEN (50 mg-kg?); FHAHEL B R4 405 H LIKEH
Sal B (10 mg-kg™), 445255 3 K5 2 h LI H SEN
(50 mg-kg?), 3T 5 4 K H Sal B (10 mg-kg?);
T E N R B AR EARFUAE B K. SENGR G
48 h, DA 8 BRI /) B, Hfin e A T S S5 58
Hr, IE AT A UM RN BRAE B AN KIS A

MFEEHIEFREN SM=EEHFE2h/5T4°C
4000 r-min .0 15 min 4 213 2] M3, R H 4 H 3
A A A3 AT ORI 1T 3 4 TR &I (alanine amino-
transferase, ALT) F1 73 % %% 2 1§ (aspartate aminotrans-
ferase, AST) ¥5 /7.

FFAETRIBEEARE  HU/N B AT 55K i Hp e X e
JIE (£30.5 cmx0.5 cmx0.5 cm) F-2H 25 il 52 3 [ 52 24 h,
HEAT K AL ) R IR RS - 21 (hematoxylin
and eosin, HE) Z+ 4, 54 U1 B TR % BAEs N g2
JH R4 455175 O

FFBES GSH & EME I B IEZ) 50 mg,
{87 F B ot 28 Bl GSH & & I e X 7 &, 4% R i B A 4
A, W 5E /N BB A ) GSH &5 & .

FFAE R B E 4 (L EE SODE M E  AREUI
B JHJIEE 27 50 mag, {3 FH 7 5 2 B SOD 5 711 &, 4 e
Ui IR AR, I 5E /N BRUHE ) SOD i J1 7K.

MmEH PPASZERINE 2% IR [T ik E
77 900, 1M 37 20 A 2 AR AT Enrlich 1% 77 5 HE 47 AT AR AL AT
AL R, FE AR €0 o 1 B AR AT R

WER-REMMX RS HUNRFIEZ 10 mg,
Fic HE RINA B it 42 1770 &0 1 B = 42 SO IE 22 RNA,
Fi I A S A 7R 0 20 BR AU % SR B cDNA, A FH S i e
B R 15 A & 4t (real-time quantitative PCR,
RT-qPCR) 6 Il i JIE o AH 9% mRNA # Rk 7K. BL
Gapdh Jy P 2 JE [, i B 22203k 1 B30 I IR f A 6 R IA
&2, TANBARA L 5T HI K L.

Table 1
Gapdh: Glyceraldehyde-3-phosphate dehydrogenase; Hmox-1: Heme

The primer sequences for real-time quantitative PCR.
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Figure 1 Effect of salvianolic acid B (Sal B) on senecionine (SEN)-induced liver injury in mice. Mice were treated with Sal B (10 mg-kg™)
3 days before and 1 day after the treatment of SEN (50 mg-kg™), and sacrificed 48 h after SEN administration. A: Chemical structures of
Sal B and SEN; B: Serum activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST); C: Hematoxylin and eosin
staining of the liver; D: Concentration of pyrrole-protein adducts (PPAs) in serum. N.D.: Not detected. n = 10, x = s. P < 0.05, “P < 0.01

b

B

r
-

h

Control

SEN + Sal B

o

i a— |

Serpinel/Gapdh
(fold of control)
- b

e ———

PAI-1/GAPDH
(fold of control)
Fs

L]

1]
SEN/mgkg” - 50 50
Sal Bimg'kg™ - - 10

0
SEN/mg kg’ - 50 50
Sal Bmgkg! - - 10

Figure 2 Sal B inhibited the activation of plasminogen activator inhibitor 1 (PAI-1). A: Hepatic mRNA expression of serpinel; B: Hepatic

protein expression of PAI-1. n =10, x £s. "P < 0.05, ™*P < 0.001
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Figure 3 Salvianolic acid B improved the oxidative stress. A: Glutathione (GSH) concentration and mMRNA expression of glutamate-cysteine

ligase, catalytic subunit (Gclc) in liver tissue; B: Hepatic mRNA expression of heme oxygenase 1 (Hmox-1); C: Superoxide dismutase (SOD)

activity in liver tissue. n = 10, x + s. "P < 0.05, ™P < 0.01
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Figure 4 Sal B decreased the hepatic expression of matrix metalloproteinase 9 (MMP-9) and transforming growth factor-f1 (TGF-$1). n =

10, x £s."P < 0.05, P < 0.001
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Figure 5 Sal B inhibited the activation of inflammation-related factors. A: Phosphorylation level of signal transducer and activator of
transcription 3 (STAT3) in liver tissue; B: Hepatic mMRNA expression of Stat3 and chemokine (C-X-C motif) ligand 1 (Cxcl1). n = 10, X *s.
“P <0.05, ™P < 0.001
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