- 2968 - 2% %R Acta Pharmaceutica Sinica 2021, 56(11): 2968 2976

SRR AT RO B RS R A BV R AT IR A B R P AE A

BAEE"Y A#®EY RREEY, xR &Y, M55

(1. B R, h 2 5 RRGWIFIFI, TR M 510632; 2. B RSP ESRR, IR G EN 5t 5
RZHER TREE AT RO, 7R T 510632)

THE: 8 BRI P B ) B B R 4y, 9 2 A2 R e AL A B BRI, S0 Al 1 R
Ao SERHBLFUR VAT AU ES T I A 044 7, A 9T B A A S HH B0 /) BRSO S A% 1 DR 1 ) B
FIRE VR L SO 7 SR 40 B B K 2 B W) S B0 A0 B 25 5L Sx b, i R e 35 77 b 4 R 3l 0 £ R 7 B )4 2 DR
AT o S0 R F S P4 SR SO 5 /0 BRSO AT AR, A ) S A SR AT OB, RS /N B 5349 418 4 0 I I
AR G bR . 45 SRR IH, S B IR 35 D R M SRR T B0 R, PRAR M5 25 T 5 & B A 2
LS KT, B /N BRUFF I 2H 2003 B2 bR WO 9 RIS SR 00 o 3E— 2D ke U R B A A R AR T R R, RIS
B G PP HCRT BT AR 0 S A 7= A T IR 4= 5 T A T 1) /KT, I 388 o 25 O I B 7K S, s B i o R
ST 1) S84 R SR T, 38 AT DA RS AR 9715 2 5] 7- BMALL (brain and muscle Arnt-like protein-1) %15, i3 &bk
RSB S AR AR A . A TUFR B, SR AT SO S 0 R ST AT 5 £ T R G IR R i
A DA B A A A R DR 5 O, g ] S P AT PR AT FE AR P TR AR L T S0 B, S S AT
23/53 75 i B IR T I 93 1) L FH RN HE ) R 41 1 S0

KRR SEHH BRI HG $00 SRRLG L, i BT Ak BMALL

FE S ES: RI66 CHRFRIRAS: A MEHS: 0513-4870(2021)11-2968-09

Protective effect of Chaihu Shugan San on emotional stress-induced
liver injury

ZHOU Qing-ging'?, WU Yan-ping'?, HIROSHI Kurihara'?, LI Yi-fang'?, LIANG Lei"*, HE Rong-rong"*

(1. Institute of Traditional Chinese Medicine and Natural Products, College of Pharmacy, Jinan University, Guangzhou
510632, China; 2. Guangdong Engineering Research Center of Chinese Medicine and Disease Susceptibility, School of
Traditional Chinese Medicine, Jinan University, Guangzhou 510632, China)

Abstract: Chaihu Shugan San (CHSGS), a classic traditional Chinese medicinal formula, has been widely
used in clinics for emotional disease. Here the protective effect and possible mechanisms of Chaihu Shugan San in
stress-induced liver injury were investigated. The animal experimental protocol has been reviewed and approved
by Laboratory Animal Ethics Committee of Jinan University, in compliance with the Institutional Animal Care
Guidelines. Mice were administered CHSGS for 7 days and subjected to 18-h acute stress before being killed.
Alanine aminotransferase (ALT), aspartate aminotransferase (AST), and malondialdehyde (MDA) levels in serum
were measured with commercial kits. Histomorphology of the liver was analyzed by hematoxylin-eosin staining
and immunohistochemistry. Glutathione (GSH) content, 4-hydroxynonenal (4-HNE), brain and muscle Arnt-like
protein-1 (BMAL1) and arachidonate 15-lipoxygenase (ALOX15) protein were detected by LC-MS and Western
blot, respectively. The results showed that CHSGS ameliorated acute stress-induced liver damage by reducing ALT
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and AST levels in serum and inflammatory infiltration in liver tissue. Network pharmacology analysis showed that
CHSGS was associated with lipid peroxidation. Further analysis confirmed that MDA and 4-HNE levels declined
and GSH level increased in livers of stressed mice after CHSGS administration. CHSGS also lowered BMALI
expression, a pivotal factor in circadian rhythm, in livers of stressed mice. In conclusion, CHSGS ameliorated

stress-induced liver injury by repressing lipid peroxidation and regulating circadian rhythm. Our studies implicate

that CHSGS is promising as a therapy for stress-induced liver injury, and lay foundation for designing novel

prophylactic and therapeutic strategies for stress-induced liver injury.
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Table 1 The primer sequences for real-time quantitative PCR. Alox15: Arachidonate 15-lipoxygenase; Bmall: Brain and muscle Arnt-like

protein-1; 18s: Ribosomal protein 18

Gene Species Sequence (5'-3")
Bmall Mouse Forward primer CTCCAGGAGGCAAGAAGATTC
Reverse primer ATAGTCCAGTGGAAGGAATG
Alox15 Mouse Forward primer ACCCCACCGCCGATTTT
Reverse primer AGCTTCGGACCCAGCATTT
18s Mouse Forward primer CGGACAGGATTGACAGATTGATAGC

Reverse primer

TGCCAGAGTCTCGTTCGTTATCG
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Figure 1 Chaihu Shugan San (CHSGS) relieved acute stress-induced liver injury in mice. A: Liver weight ratio of mice from different

groups was recorded on the 7" day; B, C: Serum activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST); D:

Histopathology change in liver of mice was analyzed by hematoxylin and eosin (H&E) staining. n = 6, x = 5. P < 0.001 vs control group;
"P<0.05,"P<0.01, P <0.001 vs stress group. Stress: Restraint stress model; CHSGS-L: Chaihu Shugan San low dosage 3.5 mg-kg"-d”;
CHSGS-H: Chaihu Shugan San high dosage 7.0 mg-kg"'-d"'; Sily: Silymarin 150 mg-kg™'-d”



-+ 2972 - 2% %4 Acta Pharmaceutica Sinica 2021, 56(11): 2968 -2976

F4/80
Enlarged
F4/80
Enlarged | ™
=L . ® @
= A P Ay
’ : s ) ° L : > & 2 ﬁ
ik “Yha . o - g~ 909,

Figure 2 CHSGS reduced inflammatory infiltration on acute stress-induced liver injury in mice. F4/80 was recognized as a macrophage

marker and detected by IHC staining. Scale bar =200 pm and bar = 50 pm. NC: Negative control

Figure 3 Network map of CHSGS compound components and gene targets. The hexagons with different colors represent active compounds
in different traditional Chinese medicines, the circles with different colors represent active components among different traditional Chinese
medicines, and the blue diamonds in the middle correspond to the gene targets screened by active compounds. CH: Chaihu, Bupleurum
chinense DC.; CX: Chuanxiong, Ligusticum chuanriong Hort.; ZQ: Zhiqiao, Citrus aurantium L.; CP: Chenpi, Citrus reticulata Blanco.; XF:
Xiangfu, Cyperus rotundus L.; BS: Baishao, Paeonia lactiflora Pall.
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Figure 4 CHSGS decreased lipid peroxidation on acute stress-
induced liver injury in mice. A: Malondialdehyde (MDA) concentra-
tion in liver tissue (n = 6); B: Protein expression of 4-hydroxynonenal
(4-HNE) (n = 3); C: Glutathione (GSH) concentration in liver tissue
(n = 6); D: mRNA expression of arachidonate 15-lipoxygenase
(Alox15) (n=5).x£5."P<0.05," P <0.001 vs control group; "'P <
0.01, ""P < 0.001 vs stress group; ns: P> 0.05 vs stress group
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Figure 5 CHSGS decreased the hepatic expression of brain and
muscle Arnt-like protein-1 (BMAL1). A, B: Hepatic protein expres-
sion of BMALI1 (n = 4); C: Hepatic mRNA expression of Bmall
(n=75).x+s "P<0.05 "P<0.01 vs control group; ‘P < 0.05,

P <0.01 vs stress group
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