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Background: This network pharmacology study aimed to identify the active compounds and molecular mechanisms involved
in the effects of Hypericum japonicum on cholestatic hepatitis. We validated the findings in an alpha-naphthy-
lisothiocyanate (ANIT) rat model of hepatotoxicity.

Material/Methods: The chemical constituents and targets of H. japonicum and target genes previously associated with cholestat-
ic hepatitis were retrieved from public databases. A network was constructed using Cytoscape 3.7.2 software
and the STRING database and potential protein functions were analyzed based on the public platform of bio-
informatics. ANIT was used to induce cholestatic hepatitis in a rat model using 36 Sprague-Dawley rats, and
this model was used to investigate intervention with 3 doses of quercetin (low-dose, 50 mg/kg; medium-dose,
100 mg/kg; and high-dose, 200 mg/kg), the main active component of H. japonicum. Levels of serum biochem-
ical indexes were measured by commercial kits, and the messenger RNA (mRNA) levels of markers of liver and
mitochondrial function and oxidative stress were detected by real-time reverse transcription-polymerase chain
reaction (RT-PCR).

Results: The main active ingredients of H. japonicum were quercetin, kaempferol, and tetramethoxyluteolin, and their
key targets included prostaglandin G/H synthase 2 (PTGS2), B-cell lymphoma-2 (BCL2), cholesterol 7-alpha hy-
droxylase (CYP7A1), and farnesoid X receptor (FXR). Quercetin intervention promoted recovery from cholestat-
ic hepatitis.

Conclusions: The findings from this research provide support for future research on the roles of quercetin, kaempferol, and
tetramethoxyluteolin in human liver disease and the roles of the PTGS2, BCL2, CYP7A1, and FXR genes in cho-
lestatic hepatitis.

Keywords: Cholestasis, Intrahepatic ¢ Gene Regulatory Networks ¢ Hypericum ¢ Medicine, Chinese Traditional ¢
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Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/928402v

Basme Elhs My B&3s

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




ANIMAL STUDY

Background

Cholestasis is a clinical syndrome involving liver lesions caused
by abnormal bile formation, secretion, and excretion. Cholestatic
liver diseases are closely associated with disorders in bile acid
synthesis and transport and frequently cause cholestatic liver
injury, which may ultimately progress to liver fibrosis, cirrho-
sis, and liver failure [1,2].

Cholestasis is one of the main causes of cholestatic hepatitis,
and alpha-naphthylisothiocyanate (ANIT)-induced cholesta-
sis and can ultimately result in cholestatic hepatitis. ANIT is
a chemical toxin used to induced hepatocellular necrosis, bile
duct hyperplasia, and liver fibrosis, which is used to produce
a liver injury or cholestatic hepatitis in experimental animal
models. In research studies, rats are intraperitoneally inject-
ed with ANIT to replicate cholestatic hepatitis [3-5]. The histo-
pathological features of liver injury during cholestasis involve
liver tissue necrosis, bile duct proliferation, hydropic chang-
es, inflammation, and fibrosis. ANIT-induced cholestasis in an-
imals exhibits significant elevation in plasma biomarkers of
liver injury, such as alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase, and y-glutam-
yltranspeptidase (y-GGT). Oxidative stress is also significantly
increased, as evidenced by high levels of reactive oxygen spe-
cies, lipid peroxidation, depleted glutathione reservoirs, and
impaired tissue antioxidant capacity in the liver. More impor-
tantly, ANIT-induced animals show an inhibition of mitochon-
drial dehydrogenase activity, a collapse of mitochondrial mem-
brane potential, and mitochondrial swelling. Mitochondria from
ANIT-induced cholestatic rats exhibit increased susceptibility
to mitochondrial permeability transition pore opening and de-
creased repolarization of ATPase activity. Consequently, choles-
tatic hepatitis is closely associated with liver function, oxidative
stress, and the structure and functions of mitochondria [6,7].

At present, only a few drugs, such as ursodeoxycholic acid
(UCDA), are used in the treatment of cholestasis [8,9]; but these
drugs have disadvantages, including poor response, adverse re-
actions, and low compliance. However, traditional Chinese med-
icine has a long history and rich clinical experience in treating
liver diseases, such as intrahepatic cholestasis. Hypericum japon-
icum is the dried whole grass of Hypericum japonicum Thunb. ex
Murray, also known as Di-er-cao or Tian-ji-huang, which has been
used in jaundice treatment since the Qing dynasty. H. japonicum
has the functions of clearing heat, removing dampness, calm-
ing the liver, and enhancing the gallbladder and is commonly
used in the clinical treatment of damp-heat jaundice [10]. The
chemical composition of H. japonicum includes flavonoids, xan-
thonoids, chromone glycosides, phloroglucinol derivatives, and
lactones. Among the flavonoids, quercitrin, isoquercitrin, and
quercetin-7-0-a-l-rhamnoside are the ingredients with hepa-
toprotective activity [11]. Ning Wang et al demonstrated that
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the aqueous extracts of H. japonicum, including quercetrin, iso-
quercetrin, and quercetin, possess an antihepatotoxic and anti-
cholestasis effect on carbon tetrachloride-induced hepatitis and
ANIT-induced cholestasis experimental animals [12]. However,
the mechanisms and targets of H. japonicum in the treatment
of intrahepatic cholestasis are still unclear.

In this study, network pharmacology and pharmacological ex-
periments were combined. First, the main active components
and targets of H. japonicum were identified in silico and used to
construct a component-target network [13,14]. Functional en-
richment analyses of target genes were carried out to explore
possible therapeutic mechanisms in the treatment of cholestatic
hepatitis. Then, a rat model of cholestatic hepatitis induced by
ANIT was used to reveal the mechanisms underlying the effects
of H. japonicum in the treatment of cholestatic hepatitis and its
protective effects on the liver. Specifically, we investigated mi-
tochondrial membrane potential, hepatocyte apoptosis, regula-
tion of intrahepatic bile acid homeostasis, and other pathways.

Material and Methods

Chemicals and Reagents

H. japonicum Thunb. ex Murray was purchased from Kangmei
Pharmaceutical Co., Ltd. (Puning, China); a-naphthyl isothio-
cyanate (ANIT, 98%) was purchased from Shanghai Macklin
Biochemical Co., Ltd. (Shanghai, China); quercetin (>98.0%)
and ursodeoxycholic acid (UCDA, >98%) were purchased from
Dalian Melone Biology Technology Co., Ltd. (Dalian, China).
Olive oil was purchased from Sigma Aldrich Trading Co., Ltd.
(Shanghai, China). Malondialdehyde (MDA), superoxide dis-
mutase (SOD), direct bilirubin (DBIL), total bilirubin (TBIL), to-
tal bile acid (TBA), ALT, and AST assay kits and glutathione
peroxidase (GSH-Px) kits were purchased from the Nanjing
Jiancheng Bioengineering Institute (Nanjing, China). The Bio-
Rad DC protein assay reagent package was purchased from
Bio-Rad Laboratories (CA, USA). HyPure molecular biology grade
water, FastStart Universal SYBR Green Master mix (Rox), and
RevertAid First Strand cDNA synthesis kit were purchased from
Thermo Fisher Scientific Co., Ltd. (Shanghai, China). The prim-
ers against PTGS2, B-cell lymphoma-2 (BCL2), cholesterol 7-al-
pha hydroxylase (CYP7A1), farnesoid X receptor (FXR), inter-
leukin-1 beta (IL-1B), and tumor necrosis factor alpha (TNF-a)
were purchased from Servicebio Technology Co., Ltd. (Wuhan,
China). All other chemicals and reagents were of analytical
grade or higher and were purchased from commercial sources.

Animals

Male Sprague-Dawley rats weighing 180 g to 220 g were pur-
chased from the Center for Experimental Animals of Southern
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Medical University (SCXK(YUE) 2018-0085). The rats were
housed in cages with food and water provided ad libitum and
acclimated to the laboratory for 1 week prior to each experi-
ment. All procedures involving animals and care were approved
by the Committee on the Use of Human and Animal Subjects
in the Teaching and Research Department of Guangzhou
University of Medicine. The animal certification number was
44002100016560.

Screening of Components and Targets of H. japonicum

Taking “Di-er-cao” as the search keyword, we searched for the
chemical ingredients and related targets of H. japonicum in
the Traditional Chinese Medicine Systems Pharmacology data-
base, which is a valuable platform for systems pharmacology
research of Chinese herbal medicines and a database of net-
work relationships between drugs, targets, and diseases [15].
The gene names corresponding to the targets were obtained
using the UniPort Knowledgebase, a central hub for the col-
lection of functional information on proteins [16]. The organ-
ism was selected as “human”.

Therapeutic Target Prediction and Network Construction

“Cholestatic hepatitis” was used as the keyword to obtain
protein targets and corresponding gene names for cholestat-
ic hepatitis in the GeneCards database, which automatically
mines and integrates human gene-centric information from
myriad data sources [17]. Targets with “gifts >30” was se-
lected as therapeutic targets for cholestatic hepatitis. To ob-
tain the potential targets of H. japonicum for the treatment of
cholestatic hepatitis, the drug targets and the disease targets
were intersected according to the “gene name”. Cytoscape
3.7.2 software [18] was used to construct the component-tar-
get network, and the network analyzer function was used to
analyze the network topology parameters.

Target Protein Interaction Analysis

The intersection targets of H. japonicum and cholestatic hepa-
titis were imported into the String database, which can reveal
direct (physical) and indirect (functional) protein-protein in-
teractions (PPI) [19]. With high confidence (0.9) as the screen-
ing condition, removing the isolated targets, and defining the
species as human, a PPl network was created. After importing
the above data into Cytoscape, the Maximal Clique Centrality
(MCC) analysis method in the cytoHubba plug-in was used to
analyze the key regulatory targets of the PPl network.

Target Function and Pathway Enrichment Analysis

To further understand the biological processes and signaling
pathways of target protein genes, the targets for the treatment of
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cholestatic hepatitis by H. japonicum were input into Metascape,
a powerful gene annotation analysis tool [20]. The species was
limited to humans, and P<0.01 was set as the significance
threshold. Gene Ontology (GO) functional annotation and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrich-
ment analyses were carried out, and the first 20 cluster anal-
ysis results were drawn into a bar chart for visual processing
using the OmicShare tools, a free online platform for data anal-
ysis and detailed implementation process, as shown in Figure 1.

Therapeutic Effects of Quercetin on ANIT-induced rat
Cholestatic Hepatitis

Thirty-six male Sprague-Dawley rats were randomly divided into
6 groups (n=6 per group): Group | orally received blank vehicle
for 7 days and ip injection of olive oil (2 mL/kg body weight) on
day 5; Group Il orally received blank vehicle for 7 days; Group
Il was treated orally with UCDA (50 mg/kg bodyweight) for
7 days; Group IV was treated orally with high-dose quercetin
(QueH; 200 mg/kg bodyweight) for 7 days; Group V was treated
orally with medium-dose quercetin (QueM; 100 mg/kg body-
weight) for 7 days; and Group VI was treated orally with low-
dose quercetin (QueL, 50 mg/kg bodyweight) for 7 days. The
rats in Groups II-VII, were administrated ANIT-olive oil solu-
tion (100 mg/kg, ip, 2 mL/kg body weight) 2 h after adminis-
tration of UCDA or quercetin on day 5. The model and control
groups were treated orally with a blank solvent daily [21,22].

Forty-eight hours after the last administration of ANIT, the
animals were euthanized by anesthesia via ip injection (100
mg/kg pentobarbital). Blood was collected from the abdom-
inal aorta for biochemical evaluation. The liver was immedi-
ately removed and weighed. A large portion of the liver was
snap-frozen in liquid nitrogen, and the remaining tissue was
fixed in 4% paraformaldehyde, processed, and embedded in
paraffin for histological examination after hematoxylin and eo-
sin (H&E) staining. Hepatic injury was evaluated based on the
levels of ALT, AST, DBIL, TBIL, TBA, and y-GGT using a Chemray
240 Automatic Biochemical Analyzer (Rayto Life and Analytical
Sciences Co., Ltd., Shenzhen, China). The levels of MDA, GSH-
Px, and SOD were evaluated using commercial kits according
to the manufacturer’s instructions, and histological assess-
ment and scoring was conducted according to standardized
criteria by a pathologist blinded to the study. For real-time re-
verse transcription-polymerase chain reaction (RT-PCR) analy-
sis, liver tissue was quickly frozen in liquid nitrogen and stored
at -80°C until analysis.

Analysis of PTGS2, BCL2, CYP7A1, FXR, IL-183, and TNF-o
mRNAs by RT-PCR

Total RNA was extracted from liver tissues using TRIzol, according
to the manufacturer’s instructions (Servicebio, Wuhan, China).
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Figure 1. The detailed implementation process of the network pharmacology research.

Total RNA (10 pL) was reverse-transcribed into cDNA. PCR re-
actions (20 pL) for GAPDH, PTGS2, BCL2, CYP7A1, FXR, TNF-a,
and IL-1p contained 2 pL ¢cDNA, 2 pL 2.5 pM primer, 10 pL qPCR
mix, and 6 uL ddH,0. The reactions were incubated at 65°C for
10 min, then at 42°C for 60 min, and terminated at 72°C for 15
min. The PCR primer sequences are listed in Table 1. RT-PCR re-
actions were performed as follows: a precycling stage at 95°C
for 10 min, followed by 40 cycles of denaturization at 95°C for
30 s, and annealing at 60 °C for 60 s. The melting curve was
from 65°C to 95°C with a ramp rate of 0.3°C/15 s. Fluorescence

was measured at the end of each annealing step, and the melt-
ing curves were monitored to confirm the specificity of the PCR
products. The 24CT method was used to determine the mRNA
expression levels of PTGS2, BCL2, CYP7A1, FXR, IL-1f, and TNF-o.
mRNAs relative to the control gene GAPDH.

Statistical Analysis

All data were expressed as mean+standard deviation (SD).
Statistical analysis was performed using GraphPad Prism 8.
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Table 1. Primers for real-time reverse transcription-polymerase
chain reaction (RT-PCR).

Gene Primer sequences (5°-3’)

CCTCGTCCCGTAGACAAAATG

ANIMAL STUDY

3. 0 (GraphPad Software Inc., San Diego, CA, USA). The data
were analyzed by one-way analysis of variance (ANOVA), fol-
lowed by the Dunnett’s test. P<0.05 was considered statisti-
cally significant.

CRRIDI e e
TGAGGTCAATGAAGGGGTCGT L
CTGATGACTGCCCAACTCCC Results
PGSR e e
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, CTGGGCAAMGAATGCGAACA Components and Targets of H. japonicum
—_ TTGTGGCCTTCTTTGAGTTCG
GCATCCCAGCCTCCGTTAT To fully investigate the components of H. japonicum, we did not
"""""""""""""""""""" TGCCTGTGACAAAGAAGCCG ~ setthe pharmacokinetic parameters, such as oral bioavailabil-
FXR ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . _ . . . .
CATTCAGCCAACATTCCCATC ity and drug llken.ess as screening criteria. Through the.TCMSP
———————————————————————————————————————————————————————————————————————————————————————— database, 49 active components and 499 corresponding tar-
CYP7A1 e CGCATCTCAAGCAAACACCAT gets of H. japonicum were obtained. After removing duplicates
77777777777777777777777777777777777777 GCTGTGCGGATATTCAAGGAT  and correcting names by Uniprot, 269 targets were retained.
TCAAATCTCGCAGCAGCACATC The active components of H. japonicum and the parameter in-
L1p T e e e formation are shown in Table 2.
INF CCCTCACACTCACAAACCACC
E0d S S D D D I XTI
CTTTGAGATCCATGCCGTTG

Table 2. The active components of Hypericum japonicum.

MOL ID Molecule name Mw 0B% DL
MOL000069 Palmitic acid 256.48 19.3 0.1
Molooooss Quercetin 0225 a643 028
MOL000105  Protocatechuicacd 15413 2537 004
moloootls Vanillcagd 16816 3547 004
Moloootes ZNcoteo0als ma e 007
MOL000193 @-caryophylene 0439 3029 009
motooo211 maiin a3 ssm 078
Molooo3ss betasitosterll a9 3691 075
Molo003s9 Sitosterol ~~~~ aa79 3691 075
molooo4rs Caffeate 18017 sa97 005
 MOL000422  Kaempferod 28625 mnss 024
MOL000437  Hisurin a4l 186 077
molooos7s  DBP 7838 6asa 013
motoooror Queritin  aga a0a 074
Molooosel  Healp 668 165 022
MOL0019SS  Heriguad 3430 1193 033
MOL002067  Mypericin s0446 1466 008
moloo2378  uND 15635 715 002
Moloo2622  Rlign e o711 063
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Table 2 continued. The active components of Hypericum japonicum.

MOL ID Molecule name Mw 0B% DL
MOL003228 Norathyriol 260.21 18.35 0.22
Molooaass Tidecarol 0041 1518 004
Molooa7as (E7511R)-37,11,15tetramethylhexadec-2-en-1-ol 2966 338 013
 MOL004783  Nemane 12829 2923 001
 MOL005810  Lauylpalmitate a4 1445 043
 MOL006771  Poriferasterol monoglucoside 57493 2132 063
 MOL006772  Poriferasterol monoglucoside_at 41277 383 076
Moloo7se0 Quercetin-7-rhamnoside a4l 155 076
moloo7sel Sarothvaln 53465 ae 072
Molo07862  Uliginosin  age 1 073
 moloo7ees SaroaspidinA  aesa s74 048
 moloozses Saroaspiden8  aeos7 2145 052
 moloozses Saroaspidenc a4 ss7 055
 moloozses jponicinA a5t 158 05
 moloozser japonicine8 s6675 390 078
moloo7ses jponicineC 53465 a2 072
moloo7sey japonicined 688 16 064
mooo7s7o SarothralenA ses77 07 069
moloozeTt saothralinG 60278 0% 07
moloozez2 Quercetin-7-O-thamnoside 44841 26 076
- Moloo7873  Isoamyllawate 051 2392 011
 MOL007874  Lauylstearste  as29 1392 046
motoo7s7s Mesylmethane 915 w12 000
moloo7sze 2adimethyheptane 12829 39 001
moloors7z nTetiatriacontancicacid 53069 1054 | 05
wogET: LS LORIOII IO g anom
woloorers revametnowtweorn s we 0w
moloo7sso 35735 pentahydroxy flavorol 29029 6364 024
MOL0O7881  13S6tetiahydroxyxanthone %021 1622 022
MOL007882 Xanthone der. 244.21 18.16 0.19
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Disease Drug

Targets of H. japonicum in the Treatment of Cholestatic
Hepatitis

In the GeneCards database, 682 targets of cholestatic hepa-
titis were screened. Finally, 93 targets that may be related to
the H. japonicum treatment of cholestatic hepatitis were ob-
tained by crossing the targets of active components and dis-
ease (Figure 2).

Compound-target Network

The component-target network of H. japonicum in the treat-
ment of cholestatic hepatitis consisted of 115 nodes and 175

Figure 2. Venn diagram of the targets of Hypericum japonicum
and cholestatic hepatitis.

edges, with 22 hexagonal nodes representing active compo-
nents and 93 V-shaped nodes representing targets (Figure 3).

)0

=)

<<«

2%

@y
=
@
>
m

4
K

- A
\ 4

X

<X

NN MOLO000166
| MOL007876
NITHL NN X
NGS2 M MM}F% }s@ﬁ
WO Wl o
\ AT AN %\ cxdls MOL007860
L WAV
AN NN
AN .‘ V > VARV
) AR NN\ MOL004746
G | TP5S 9\ MMP3 G
VRVIVE VRV
. R2 - CYPAR  IGE2
W AR 4 SN MOL000437
Mr&jﬁ; CBKNA v ADF\Q/A%D
NA Nt b \\\ g
E ¥ Eﬁggz‘mﬁ&lylm MR
“\}5@11 Y Bt GEN/?A &%VIZO MOL000414
MOL000359
MOL00DY 14

MOL000193

MOL003228

i

Figure 3. The compound-target network of Hypericum japonicum in the treatment of cholestatic hepatitis.
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Table 3. The node characteristic parameters of the main active ingredients in compound-target network.

MOL ID Component name Degree Betweenness Closeness
MOL000098 Quercetin 74 0.756382 0.643678
- MOL000422  Kaempfeol 26 0100813 0408759
Moloo7s79 Tetramethoxyluteoln 17 0117672 0386207
Table 4. The node characteristic parameters of the main targets in the compound-target network.
Target Target name Degree Betweenness Closeness
PTGS2 Prostaglandin G/H synthase 2 17 0.240087 0.525822
NOS3 Niticoxide synthase, endothelal . 6 0021565 0435798
CPPARG  Peroxisome proliferator activated receptor gamma 5 0009116 0425856
P4 Dipeptidylpeptidase v 5 0020751 0432432
Bz Apoptosis regulator B2 s 0006814 0413284
CNE Tumor necrosis factor . s ool1048 0410256
hiacg  Posatinestotastiprosprate sknase coulyie oovesss  oaten
PO Coagulation factorx s 0028392 0422642

The size and transparency of the nodes were set according to
degree. The higher the degree value, the larger the node, and
the darker the color, the greater the connectivity and impor-
tance. As shown in the results, H. japonicum had multi-com-
ponent and multi-target action; that is, 1 compound interact-
ing with multiple targets, and different compounds interacting
with the same target. According to the network topology pa-
rameters, such as degree, betweenness, and closeness, the
main active components were quercetin, kaempferol, and tet-
ramethoxyluteolin (Table 3), and the core targets were PTGS2,
nitric oxide synthase (NOS3), peroxisome proliferative activat-
ed receptor gamma (PPARG), dipeptidyl peptidase IV (DPP4),
BCL2, and TNF (Table 4).

PPI Network

The interaction of 93 drug-disease intersection targets was an-
alyzed using the STRING database. High confidence (0.9) was
set, isolated targets were hidden, and a PPl network with 81
targets and 299 interaction links was obtained (Figure 4A).
Applying the MCC algorithm of cytoHubba, the top 10 core reg-
ulatory targets in the PPl network were TNF, IL6, IL1B, CXCLS,
IL10, CCL2, ICAM1, NFKB1, NFKBIA, and MYC (Figure 4B).

Target Function and Pathway Enrichment

The GO functional annotation and KEGG pathway enrich-
ment analyses of therapeutic targets were carried out using

Metascape. A total of 1899 GO items were obtained, including
41 items for cell composition, 105 items for molecular func-
tion, and 1753 items for biological process. The main biolog-
ical processes and cellular component in which H. japonicum
was involved included responses to lipopolysaccharide, cyto-
kine-mediated signaling, apoptotic signaling, membrane raft
(Figure 5A, 5B), and molecular functions including cytokine re-
ceptor binding, transcription factor binding, and serine-type
endopeptidase activity (Figure 5C). In total, 146 KEGG signal-
ing pathways were analyzed, with the most notable being the
AGE-RAGE and TNF signaling pathways and hepatitis B, argi-
nine biosynthesis, and bile secretion. (Figure 5D).

Quercetin Protected Against ANIT-induced Cholestatic
Hepatitis in Rats

In the intrahepatic cholestasis rat model, quercetin restored the
liver/body weight ratio in liver injury with cholestasis (Figure 6).
The serum ALT, AST, DBIL, TBIL, TBA, and y-GGT, which were
used to evaluate intrahepatic bile duct proliferation and cho-
lestasis associated with hepatic cell damage, were drastical-
ly increased in the model rats. In contrast, quercetin dose-de-
pendently reduced serum ALT, AST, DBIL, TBIL, TBA, and y-GGT
levels. Similarly, quercetin treatment ameliorated ANIT-induced
hepatic oxidative stress, increased serum SOD and GSH-Px lev-
els, and decreased MDA levels (Figure 7).
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Figure 4. The network and key subnetwork of protein-protein interaction (PPI) of potential targets. (A) PPI network; (B) key

subnetwork for PPI.

Histological evaluations by H&E staining provided direct proof
of the preventive and therapeutic effects of quercetin on ANIT-
induced intrahepatic cholestasis. H&E staining showed that
the liver tissue of the control group exhibited a normal mi-
crostructure, the hepatic lobules were clear, and the liver cell
cable was neat and orderly, without abnormal morphological
changes. In contrast, ANIT-treated liver sections showed indis-
tinct liver lobule structure, hepatic cord derangement, hepatic
swelling, hyperemia, and necrosis (Figure 8A). However, quer-
cetin significantly attenuated the degree of hepatic putrescence
and inflammatory cell infiltration, displaying a dose-effect re-
lationship. These results revealed that quercetin protected
against ANIT-induced liver injury originating from intrahepat-
ic cholestasis in rats.

Quercetin Protected PTGS2, BCL2, CYP7A1, FXR, IL-1f3, and
TNF-o. mRNA Expression

To further evaluate the protective effect of quercetin on he-
patocytes in ANIT-induced intrahepatic cholestatic liver injury
rats, the mRNA levels of PTGS2, BCL2, CYP7A1, FXR, IL-1B, and
TNF-o. were measured using RT-PCR. As shown in Figure 8B,
compared with that of control mice, PTGS2, CYP7AL, IL-1B,
and TNF-a. were upregulated in the ANIT model group, but
BCL2 and FXR were downregulated. However, administration
of quercetin (at doses of 50, 100, and 200 mg/kg) and UCDA

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

significantly decreased the expression of PTGS2, CYP7AL1, IL-1,
and TNF-oo mRNA by 44.4% (P<0.05), 60.3% (P<0.01), 49.2%
(P<0.05), and 34.1% (P<0.05), respectively, and increased the
expression of BCL2 and FXR mRNA by 92.9% and 167.6%
(P<0.01), respectively, vs the ANIT model group. These results
showed that quercetin could protect hepatocytes by acceler-
ating the excretion and transport of bile acids, maintaining
the mitochondrial membrane potential of hepatocytes, and
inhibiting inflammation.

Discussion

Collectively, we used an ANIT-induced rat model, which showed
H. japonicum can be a treatment of cholestatic hepatitis.
Network pharmacology and pharmacodynamics experiments
elucidated the effect and molecular mechanism of H. japon-
icum in the treatment of cholestatic hepatitis and provided
a theoretical basis for further research and clinical applica-
tion of the herb.

The main chemical constituents of H. japonicum are flavo-
noids [23], phloroglucinol derivatives, and dipeptides, among
others [11]. Puthur et al determined that the IC50 of H. japon-
icum acetonic extracts on ascites cells is 29.30 pg/mL, with
their results showing a good anti-tumor activity in vitro and
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Figure 5. Enrichment analyses of potential targets of Hypericum japonicum in the treatment of cholestatic hepatitis (A) Gene Ontology-
biological process analysis; (B) Gene Ontology-cell composition analysis; (C) Gene Ontology-molecular function analysis;
(D) Encyclopedia of Genes and Genomes analysis.
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Figure 7. Effect of quercetin treatment on the levels of serum biochemical indices in ANIT administration rats. (A) aspartate
aminotransferase (AST); (B) alanine aminotransferase (ALT); (C) y-glutamyltranspeptidase (y-GGT); (D) total bile acid (TBA);
(E) total bilirubin (TBIL); (F) direct bilirubin (DBIL); (G) superoxide dismutase (SOD); (H) malondialdehyde (MDA); and
(1) glutathione peroxidase (GSH-Px). * P<0.05, ## P<0.01, *#* P<0.001 vs control group; * P<0.05, ** P<0.01, *** P<0.001 vs
model group. Data represent mean+SD (n=6 for each group).

that the methanolic extracts of H. japonicum has a synergistic
effect on pests by inhibition of some key enzymes. Their ex-
periments revealed that H. japonicum has various biological
activities that requires further investigation [24,25]. Modern
pharmacological studies have shown that the extract of H. ja-
ponicum has a variety of biological activities, including hepa-
toprotective, antioxidative, anti-inflammatory, and antitumor
effects. H. japonicum and its main components protect against
carbon tetrachloride-induced hepatitis, ANIT-induced cholesta-
sis, and anti-duck hepatitis A viral activity and improve liver
function and oxidative damage [12,26]. Isoquercitrin and quer-
cetin 7-rhamnoside are the main active hepatoprotective ingre-
dients [11,27]. The present study showed that quercetin, the
principal constituent of H. japonicum, can reduce ANIT-induced
hepatocyte degeneration and necrosis, and reduce the degree
of liver injury. H&E results further confirmed the protective ef-
fect of quercetin on cholestatic hepatitis.

In the present study, we combined network pharmacology re-
search with animal pharmacological experiments. First, we
screened the main active components and targets of H. ja-
ponicum in the treatment of cholestatic hepatitis. We then
constructed a “component-target” network and analyzed the
functional enrichment of the targets to explore the possible
mechanism of its therapeutic action against cholestatic hep-
atitis. Finally, we verified those targets and molecular mecha-
nisms through animal experiments. The biochemical indexes
and pathological characteristics of intrahepatic cholestasis that
we observed were consistent with human diseases, supporting
the clinical relevance of our rat model of cholestatic hepatitis.

The serum level of bile acid is considered crucial evidence for
the clinical diagnosis of intrahepatic cholestasis disorders and
their resulting liver injury. Intrahepatic cholestasis leads to
the obstruction of normal excretion of bile and liver function
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Figure 8. Pharmacological action and mechanisms of quercetin in alpha-naphthylisothiocyanate (ANIT)-administered rats.

(A) Photomicrograph of the histology of the rat liver, control group shows normal liver histology. The liver histology of the
untreated ANIT rat model group shows lipid vacuoles in the hepatocytes, mild inflammation, and cholestasis. The liver
changes are reduced following treatment with ursodeoxycholic acid (UCDA) for 7 days; Group 1V, high-dose quercetin (QueH)
was treated with 200 mg/kg quercetin for 7 days; Group V, medium-dose quercetin (QueM) was treated with 100 mg/kg
quercetin for 7 days; Group VI, low-dose quercetin (Quel) was treated with 50 mg/kg quercetin for 7 days. Hematoxylin and
eosin (H&E) staining. Magnification x40; (B) Restoration of PTGS2, BCL2, CYP7A1, FXR, IL-1B, and TNF-oc mRNA expression in
cholestatic hepatitis livers. # P<0.05, # P<0.01, ## P<0.001 vs control group; * P<0.05, ** P<0.01, *** P<0.001 vs model group.
Data represent mean+SD (n=6 for each group).
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enzymes, resulting in an increase in serum TBIL, DBIL, and TBA,
and we showed that quercetin reversed ANIT-induced bile acid
dysregulation. In addition, quercetin significantly reduced the
serum levels of AST, ALT, and y-GGT, which were dramatical-
ly increased due to the degeneration and necrosis of hepato-
cytes and hepatocyte membrane damage.

Lipid peroxidation is one of the important pathological mech-
anisms of ANIT-induced cholestatic hepatitis, causing liver cell
damage [28-30]. The level of oxidative stress in the body re-
flects the severity of cholestatic hepatitis, which is why GSH-
Px, SOD, and MDA, used to assess lipid peroxide levels, are im-
portant indicators. In the present study, each quercetin dosing
group showed significantly reduced MDA, with increased SOD
and GSH-Px activities. These results indicated that relief of liv-
er cell damage by quercetin was associated with free radical
scavenging, inhibition of lipid peroxidation, and reduction of
the production of lipid peroxides.

Network pharmacology results indicated that the main relevant
targets for the treatment of cholestatic hepatitis by H. japoni-
cum include PTGS2, NOS3, PPARG, DPP4, BCL2, and TNF. In the
present study, 5 targets, PTGS2, BCL2, TNF-o, FXR, and CYP7A1,
which are associated with cholestatic hepatitis, liver fibrosis,
and liver damage, were selected for molecular-level research.
PTGS2, also known as cyclooxygenase 2, is a downstream mol-
ecule of the NF-kB pathway [31,32]. PTGS2 participates in the
occurrence of inflammation by promoting cell proliferation, in-
hibiting cell apoptosis, promoting angiogenesis, and inhibiting
immune function. TNF-at is an important inflammatory mediator
that participates in the process of cholestasis. In our study, the
expression levels of PTGS2, TNF-a protein, and mRNA were up-
regulated in the liver tissues of the ANIT-induced cholestatic liv-
er injury model rats, suggesting that PTGS2 overexpression may
promote acute liver injury and the development of cholestasis.

BCL2 is a protein that inhibits cell apoptosis. It prevents ox-
idative damage and DNA fragmentation of cell components
and regulates anti-oxidative pathways [33]. It also improves
mitochondrial membrane potential and inhibits mitochondri-
al release of cytochrome C and apoptosis-inducing factor by
affecting cell membrane transport, thereby inhibiting liver cell
apoptosis and other effects [34,35].

FXR is a bile acid receptor that regulates the homeostasis of
bile acid in the liver [36]. It inhibits the activity of the bile acid
synthesis rate-limiting enzyme CYP7A1 through negative feed-
back regulation mediated by a small heterodimer chaperon
and reduces the synthesis of bile acid. At the same time, FXR
can upregulate the expression of the transporters BSEP and
MRP2 on the side membrane of the hepatocyte bile duct, ac-
celerating the excretion and transport of bile acids in order to

ANIMAL STUDY

Our results showed that model rats have a large amount of
cholic acid stasis under the action of ANIT, leading to down-
regulation of FXR expression and a consequent increase of
CYP7A1 expression. Also, the downregulated expression of
FXR caused a decrease in the expression of the downstream
genes BSEP and MRP2, which it regulates. Quercetin interven-
tion significantly restored the expression level of FXR in rat
liver tissues and regulated the expression of its downstream
genes CYP7A1, BSEP, and MRP2 in the opposite direction of
the model group. The results of this study are in agreement
with previous research conclusions.

ANIT-induced cholestatic hepatitis has biochemical and patho-
logical changes that are similar to those of humans. However,
the pathological process of the single ANIT treatment was short
in the present study, restricting the research that normally re-
quires a longer experimental period of 48 to 72 h. Multiple in-
termittent administration of ANIT will overcome this disadvan-
tage. Network pharmacology of traditional Chinese medicine
takes the chemical compositions found in medicinal materi-
als as the research object; however, the chemical substances
involved in the drug efficacy of traditional Chinese medicine
are not necessarily a single component because the effective
substance may be a group of pharmacodynamic components.
Because the targets and pathways of substances in traditional
Chinese medicine are usually known, there are limitations for
discovery of new mechanisms. In the future, artificial intelli-
gence algorithms can be combined with network pharmacol-
ogy to obtain more comprehensive and objective information.

Conclusions

In summary, with the help of active ingredients such as quer-
cetin, H. japonicum can activate FXR, inhibit CYP7A1, reduce
the synthesis of bile acid in hepatocytes, and increase the ex-
trahepatic excretion of bile acid. Also, it can regulate BCL2 to
improve mitochondrial membrane potential, inhibit hepato-
cyte apoptosis, and regulate the homeostasis of bile acid in
the liver. Further, by inhibiting the expression of PTGS2, IL-18,
and TNF-g, it can interfere with the inflammatory response. In
brief, according to the network pharmacology analysis, quer-
cetin, kaempferol, and tetramethoxyluteolin are the main ac-
tive ingredients of H. japonicum for ameliorating cholestatic
hepatitis. Results of this study may provide support for fu-
ture research on the role of quercetin, kaempferol, and tetra-
methoxyluteolin in human liver disease and the roles of the
PTGS2, BCL2, CYP7A1, and FXR genes in cholestatic hepatitis.
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