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B E: BN FiTS KR IS ZE4EA1E (hepatic sinusoidal obstruction syndrome, HSOS) FIfEF MHL#l. FiE LA
T HAWMIETRKR HSOS, AT 2K iEWE, @ik g4 b e, AR EY) A MR DAL R RSB EAR 9
(metalloproteinase-9, MMP-9) & FFREME, WNFHS/KEYX HSOS Bl /EH . @i TCMSP. HERB & GeneCards %
B EAZ B AT, REUSF S /KR A HSOS ISR &1, R STRING 5 DAVID 534k Fe & A5 5@ dk—R A
qRT-PCR 5 Western blotting X454 FE 45 R T LABRIE. £55R  SHBYA LA, FHSoKEEymr 535 100 B 5 A 575 5 0 K Bt
B REXRARAILE TN (aspartate aminotransferase, AST) FINRRALL S (alanine aminotransferase, ALT) {571 (P<
0.05. 0.01), FFARATE MMP-9 HEEFZRIE (P<<0.05), FFCCEMSEFEML. b JLif ik A BB v« TIL DX F AR AL A A . 10 4%
22 M I 15 BUAZ IR F E2 #H25HF 2 (nuclear factor erythroid 2-related factor 2, Nrf2). 4] 2% & H-1 (heme oxygenase-
1, HO-ID« #EF-xBp65 (nuclear factor-kB p65, NF-xBp65). MIEIRFER T (tumor necrosis factor, TNF). 4/ %-6
Cinterleukin-6, IL-6). IL-18 VAN —%AL%E &WE 2 (nitricoxide synthase 2, NOS2) ZEcfgdbpr, m#ERE 5HAMAHR4T
(Kyoto encyclopedia of genes and genomes, KEGG) #r#r#5 K%M, DL FREREDN F 25 4 TiH 1% (reactive oxygen species,
ROS). TNF 1 NF-«B {5 5@ FHSK9 ] K 5 -&5815 S 1A % (malondialdehyde, MDA) #I ROS & (P<
0.05. 0.01), /> F4/80. Ly6G FIMEAAEIESH (P<<0.05. 0.01), %S Nrf2 A (P<<0.01), {EHtAEBEEME %
PEBEE ALY BT Ccatalytic subunit of glutamate-cysteine ligase, GCLC). & R-F-MEFRIELEHEIF W I (glutamate-cysteine
ligase modifier subunit, GCLM). HO-1 B8 ALIE )5 HE 1 (quinone oxidoreductase 1, NQOI) FEIEF R IE (P<0.05. 0.01,
0.001), F+#H GCLC. GCLM. HO-1 FEAREKT (P<0.05. 0.001); ] NF-«B A (P<0.001), B TNF. IL-
1B~ IL-6. NOS2. B & H-2 (cyclooxygenase-2, COX-2) ZFFIA (P<<0.05. 0.001), F+& TNF-a. IL-1B. ik NF-xB
#M#IZE  (phosphorylated inhibitor of NF-kB, p-IkB) & [FRik/KF (P<0.05. 0.001). &5 FHS/KIEY BT BE Nrf2
PUAALIE Saes, %] NF-«xB RIS 5@, M E &5 S0 HSOS.
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Effect of Salvia miltiorrhiza water extract on inhibiting monocrotaline-induced
hepatic sinusoidal obstruction syndrome rats
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Abstract: Objective To explore the effct and mechanism of Salvia miltiorrhiza water extract (SWE) on inhibiting hepatic sinusoidal
obstruction syndrome (HSOS). Methods Monocrotaline (MCT) was used to induce HSOS in rats, SWE was given for protection.
The effect of SWE on inhibiting HSOS was evaluated through detection of serum biochemical indicators, observation of liver

pathological sections, and determination of matrix metalloproteinase-9 (MMP-9) expression in liver tissue. Through cross-linking
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analysis of databases such as TCMSP, HERB and GeneCards, the key targets of SWE in inhibiting HSOS were obtained and databases
such as STRING and DAVID were used to enrich signaling pathways. qRT-PCR and western-blotting were further used to verify the
database results. Results Compared with model group, SWE significantly inhibited the aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) activities in serum of rats induced by MCT (P < 0.05, 0.01), decreased MMP-9 expression in liver (P < 0.05),
alleviated hepatic sinusoidal congestion, central vein endothelial shedding and zone III hepatocyte necrosis. Key genes were screened
by network pharmacology analysis, including nuclear factor erythroid 2-related factor 2 (Nrf2), heme oxygenase-1 (HO-1), nuclear
factor-kB p65 (NF-«xB p65), tumor necrosis factor (TNF), interleukin-6 (IL-6), IL-1p, nitric oxide synthase 2 (NOS2), etc. Kyoto
encyclopedia of genes and genomes (KEGG) analysis results showed that the above target genes were mainly enriched in signaling
pathways such as reactive oxygen species (ROS), TNF and NF-xB. SWE reduced the contents of malondialdehyde (MDA) and ROS
induced by MCT (P < 0.05, 0.01), reduced the number of F4/80 and Ly6G positive cell infiltration (P < 0.05, 0.01), induced Nrf2
nuclear translocation (P < 0.01), and promoted the gene expressions of catalytic subunit of glutamate-cysteine ligase (GCLC), glutamate
cysteine ligase modifier subunit (GCLM), HO-1, and quinone oxidoreductase 1 (NQOI) (P < 0.05, 0.01, 0.001), increased the protein
expression levels of GCLC, GCLM and HO-1 (P < 0.05, 0.001), inhibited NF-xB nuclear translocation (P < 0.001), reduced TNF, IL-
1P, IL-6, NOS2, cyclooxygenase-2 (COX-2) gene expressions (P < 0.05, 0.001), increased TNF-a, IL-1p and phosphorylated inhibitor
of NF-«B (p-IkB) protein expression levels (P < 0.05, 0.001). Conclusion SWE can inhibit NF-kB inflammatory signaling pathway
by activating Nrf2 antioxidant signaling pathway, and inhibit HSOS induced by MCT.

Key words: Salvia miltiorrhiza Bge. water extract; hepatic sinusoidal obstruction syndrome; network pharmacology; oxidative stress

injury; inflammation; salvianolic acid B; tanshinone I; tanshinone Ila; cryptotanshinone

WL ZGAH 4% (herb-induced liver injury,
HILD ZIRHEga. KRR L FHARCH I BT
SEHSAMN. Bt A WRIE, (EARRED M
FER s B hwe 288 (pyrrolizidine alkaloids,
PAs) JTZAFET 6000 ZFHEH), HTHAA
7 51 R TR EE R R R WANEE . 5 1920 LK, 4
RO 17 000 7] PAs 5 5 FF 28 (193 1 110
1B E 1980 4 LKA #2000 #if, Hh SESE
T 200 ], PAs 58501 55 FHZE 255 4iF (hepatic
sinusoidal obstruction syndrome, HSOS) LN H1%j
A S S 2 — Bl WA 2 ansE R = Y

G THG. E=L58H PAs, TERAY
WK HSOS. FFEF4Efl S AL 55 A R J5 SR 4T,

HSOS X HJH /)N ik 1A ZEiE  Chepatic veno-
occlusive disease, HVOD), &g IMSE. /i
S KN/ T i R T O s P 2 B A T 5
KBSk, ERRAE R DU T X
JH SEUA AN D Re 45451 HSOS B AT EN
Bk, KRBV ER, ERITAYIImE, Hil
XA 408 FDA e 1697 T4 e fa ol
(1] HSOS, (HELHMg @, JAFFMEZ HA
LRI U S A8 3w R B RO 2 BRUT, S35k, FRIE 2
£ HSOS B3 A IR R 2 1R IR & PAs HIHLZ . 1M
AT PAs 155 HSOS HI¥RIT R A B,
W75 B2 (S8 S G R B 7 T AR . Bk, FFR

EFXF PAs %5 HSOS HIETT 2540, BB ERKE L.

NZREEFREREBEHEYFZ Salvia
miltiorrhiza Bge. TR AR ZE, BT (FifRA
BLLLY, “WRTE, ROE, TR, FanY i E
K, FERAE, BEIE, 100U, R, BN
e CREZG) 2020 R ThRONTE L
FERS IBEIER . SO, wIER, EiR
OV SERE IR . BRI . BB . DTG
HE&ANH WAL M, FH& el W
RMIGR K =R 2z —, BAT ey,
LR NT o i 0L AP0 AT RURF D, PRI PR e
ZHUNFH o FFS 0 B 5 1 4 N DU R |
PFS 2R ERIKEVERSY, USSR, B2
W HR R 0100, B LR B, FHS B i
T PR PUE. SCEMRIEIR . PURF£F4Eth.
0 T B TSI Ik s A A b 52 2 b 245 34 01150,
FH2 DL E A BE VA ARG IR T 2 R, (H2
Z AT LLRYT HSOS, H BN B AT A 45oE .
WA 7 EEIR T FF39RY7 PAs 5% HSOS IHI1fE
., G BN 2 253 % F B 5 o0 T AR 2 B R ER T
HHLH], MR - HSOS 1697 3R T %, tWRhfHE
VERPRIT 259 HE S TR AL SR I0 A4 -
1 R
1.1 =4

SPF i SD KR, fA&FiE 180~200 g, ¥




FED 2024438 $55% B5H  Chinese Traditional and Herbal Drugs 2024 March Vol. 55 No. 5

* 1569 »

A B SRS A R ST AT, AR
5 SYXK () 2020-0009. ¥ HE HKERAK, 1
FR G EREG, BRACE, WA 22~24 C, fHXT
R 30%~60%. ZNPSsess Fig e 2 R e B
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1.2 Zh%

FI&U07 (IS 180701) W HIT G IEHI25 4
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5 &b, (FIk5 PRFO033044) I [ iR B b
V), REAFIRBIEFFM (aspartate aminotransferase,
AST) KIRRFIE (S 20230318). NEBE L
T4 (alanine aminotransferase, ALT) flli7& (it
5 20230330). 7§ /% (malondialdehyde, MDA) #5
DA S 20230401 1 H e 5 d AR ) TRET
FUHT; B-actin FiA (L5 HO0705) T EATMI M2 A4
PIHARE TR A 7] #% K E2 #H2CH ¥ 2 (nuclear factor
erythroid 2-related factor 2, Nrf2) Hifk (Jit'5 44090)
4 H 3£ [E GeneTex A r]; M4 /EE -9 (matrix
metalloproteinase-9, MMP-9) #iifk (it'5 8). %A
F-kB (nuclear factor-kB, NF-xB) p65 $iiik (HiL'5 8).
4/ 25-1B (interleukin-1pB, IL-1B) Fitk (5 1),
WifR1L NF«B #lifi|&5 1 (phosphorylated inhibitor of
NF-«B, p-IxB) Pifk (it5 15) WHEE CST A+l;
BRI D R AL AL (catalytic subunit
of glutamate-cysteine ligase, GCLC) #ifk (L5
5500008623) M35 Abclonal 2 ]; YRR FER
F-a (tumor necrosis factor-a, TNF-o) Pifk ({5
K0220). IMZ 2 &M-1 (heme oxygenase-1, HO-1)
Pk G5 52013) 19 H 3 E Santa Cruz A#]; Lamin
Bl Hifk (iS5 F040309). REBR- - R BERRHE
i3 (glutamate-cysteine ligase modifier subunit,
GCLM) #ifk (5 F087409) 5 Abways A ;
F4/80 #ifk (b5 1043287-2). Ly6G bifk (b5
1001236-21) W4 ¥E[E Abcam /A7) ; HRP Aric (ILE
Hdt GItS 128689). HRP FricILERyT GitS
RF234703) M) HZE[H Jackson Immuno Research /A ] ;
H2DCFDA 54t (b5 CB1345A). NE-PER™ 4flJfi#%
Agn R BORFI & (S XB344872) T H EHE
Thermo Fisher Scientific /A & ; Trizol A7) (fit=
AME1160A) 1 H 3£ [F Life Technology A ]; ECL 1L
2ROGRA IS 00112876) 1 ESEE Millipore 23
7]; PrimeScript® RT Master Mix (#lt5 AL13653A).

SYBR® Premix Ex TaqTM (k5 H6103060) Jt [ H A
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P (FEH Bio-Tek A ); 042BR0O8871 AUEK 4 HL
KA. 500W RLEEEAY (36 [E Bio-Rad A#]); SL-I
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2.1.1  PFSKEDIIHS BRSO Tkg,
A 8 fEfEIK, BIRARE 20, B, FIRTIRE, W
JEIRGG AT S KR K o 48 i 8O 3L T
FHI R B FRE D HN 3.24%, FHEE 1. FISE 11,
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CVEH, N 20 mL 0.5% 7% F 3 41 4k ARV TR R
R4S 18 mg/mL FFZ/KEWNRER, HTFHSEHA
BHIMG Y R RKRAERE, UL SmLke 44,
P25 257850 5108 270 90 mg/kg.
2.1.2 WEHATIABAH S AREUE E AR R
720 mg, LA 0.1 mol/L HCl &R, LL 0.5 mol/L
NaOH JERIAZE A, IR EARTN 40
mL, BI4% 18 mg/mL BF B G HiA W . HRHE K B4
5, PL5S mL/kg 442, B E A5 2555 5N 90 mg/kg .
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2.8 qRT-PCR #MATERLR TNFLNOS2. COX-2.GCLC-
GCLM. NQOI. HO-1. IL-1p # IL-6 BEZ%

HUE B A LU Trizol S K, Bkl s
min, B GG 200 ul 73% 15s 8251, 4 C.
12 000X g B5.C» 15 min 5, HU b ZAARE A8 1) i
AEOE; BRI IMAERRANE F T
BIFE25), B 10 min J5 4 ‘C. 12 000X g &L 10
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Master Mix 177 &30 2 B 5%y ¢cDNA, 13
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TEEAE: FESER 26 E & PCR X _Ei#4T Real-time
PCR ¥, HEREER AN REREH B-actin Frife
b, SRA 2788 CEATHEAE R, SR SR 1.

&1 319F7%
Table 1 Primer sequences
Eln| LiHFEI MRS (5-3) NS (57-37)
P-actin TTCGTTGCCGGTCCACACCC GCTTTGCACATGCCGGAGCC
TNF ATGGGCTCCCTCTCATCAGT GCTTGGTGGTTTGCTACGAC
NOS2 GGCTGTCAGAGAGCCTCGTGGCTTTGG CCCTTCCGAAGTTTCTGGCAGCAGC
COX-2 CAAGCACAATAGATGCACAAGAAG ATATAGAATGCGTAGAGAGGGGAG
GCLC CGGAGGAACGATGTCTGAGT CTGGGGAATGAAGTGATGGT
GCLM CAATGACCCGAAAGAACTGC ACTTGATGATTCCCCTGCTCT
NQOI GACAGGAGCGACCAGCACATTC GTACTGGCCGGTCTCCGTACC
HO-1 CAATGACCCGAAAGAACTGC CTCGTGGAGACGCTTTACAT
IL-1p TCGCAGCAGCACATCAACAAGAG TGCTCATGTCCTCATCCTGGAAGG
IL-6 AGTTGCCTTCTTGGGACTGA ACTGGTCTGTTGTGGGTGGT
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2.9 Western blotting 1 MAT£EZ] MMP-9. Nrf2.
GCLC. GCLM. HO-1. p65. TNF-o. IL-1p #0 p-
IxB EE3RIA

FE BRI — 2 S 2R, NN 10 5 &7 8
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¥k, % PVDF i, T 5%4-13E A A FE 1
h, NGB AN —Pif TBST &t , 4 CHE
R BEBREE G P, ¥ PVDF BTSN A AH
REZHif) TBST P =R E 1 h, el ARG
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Liiid
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X g

wvrs | D —] 7 < 0
Practn | e ——-— |+ 10
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M =PifE, BTEIRBUZACTH ECL B i .
210 FitEDHH

Bl X + s FoR, I SPSS 16.0 2 s R &
T ZENTRAT AR, ZH A1 EERER F LSD-2 A6 o
3 #R
3.1 FAEKEPIFIEEEEIFSAIAR HSOS

WK 1-A. B A, B E ST SR E
ALT. AST i&/1REH R (P<0.0D), MAFRFIE
(90. 270 mg/kg) FHZK$EW) ] &2 0| B A
S A ALT. AST 3577 (P<<0.05. 0.01). ¥4
YA (B 1-0) MR RN, BRI KR AR
FRIK Y R F/ NI S S A PR TRRR IR A 6 4
YR, FATSEH MRS, i X7 & 11 X 5

B 600
*k
T: 400
2
> #
2 200- #
MR BB 90 270
FFZK$ED (mg-kg™)

FFZIK$EW 270 mg-kg ™!

MMP-9 & X ik &

YR BEEL 90 270
P& KW (mg-kg™)

A-IfLiE ALT 3% /7; B-IiE AST 3 /7 C-RFARAZU%H (HE, X100); D-FFAE MMP-9 & E£iL; SRBALLE: "'P<0.05 "P<001 *™P<

0.001; HERALLE: *P<0.05 *#P<0.01 *#P<0.001, TElF.

A-ALT activity in serum; B-AST activity in serum; C-liver histopathological observation (HE, x 100); D-MMP-9 protein expression in liver; *P < 0.05
“P<0.01 *P<0.001 vs control group; P <0.05 *P<0.01 *#P<0.001 vs model group, same as below figures.

B 1 F2KEMINEIEEEHIESHAR HSOS (X £5,n=3~5)

Fig. 1 8. miltiorrhiza water extract inhibits monocrotaline-induced HSOS in rats (X £ s, n =3—5)
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FEiEd Cytoscape 3.9.1 F AT PPI W 2% A4 i 145 2]
ZOEEs (B 2-B. C); 12 DAVID $#f FEik AT
GO 7l KEGG 18 #7347, 15 B GBS 5 d i (&
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E
fluid shear stress and atherosclerosis ®
Malaria °
reactive oxygen species ®
TNF signaling pathway °
Th17 cell differentiation [
NF-kappa B signaling pathway ~lgP
transcriptional misregulation in cancer 20
pathway of neurodegeneration-multiple diseases l 15
epithelial cell signaling in Helicobacter pylori infection 10
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GnRH signaling pathway
oocyte meiosis
adipocytokine signaling pathway | «
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inflammatory mediator regulation of TRP channels «

5 10 15 20
—lgg

A-J15-HSOS ¥ H B E: B-S15-HSOS H:F M ; C-f15-HSOS I PPI %% ; D-ZAEMLAER GO & 4T E-KEGG &K
A-S. miltiorrhiza-HSOS target Venn diagram; B-S. miltiorrhiza-HSOS gene network; C-PPI network of S. miltiorrhiza-HSOS; D-GO enrichment analysis

of intersection target genes; E-KEGG enrichment analysis.

B2 BETWRAGEFIFES-HSOS £EFH

Fig. 2 Bioinformatics analysis of S. miltiorrhiza-HSOS based on network pharmacology
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Fig. 3 8. miltiorrhiza water extract inhibits monocrotaline-induced liver oxidative stress injury in rats (X s, n =15)
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Fig. 4 S. miltiorrhiza water extract induces activation of Nrf2 nuclear translocation in liver of monocrotaline-induced rats
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Fig. 5 8. miltiorrhiza water extract inhibits monocrotaline-induced inflammatory damage in rats (X £ s, n =3)
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Fig. 6 S. miltiorrhiza water extract reduces NF-kB entering nucleus and inhibits downstream inflammatory factor

expressions (X £s,n=3)
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