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Background. Qingre Lidan tablets (QLTs) are a compound preparation of Chinese medicine that have long been used clinically to
treat poor bile circulation caused by the infammation and obstruction of the gallbladder and bile duct and to relieve jaundice and
other symptoms. However, its material basis and mechanism are still unclear. Te purpose of this study was to investigate the
mechanism and active components of QLTs for treating intrahepatic cholestasis (IHC) in rat models. Methods. In vivo ex-
periments verifed the efect of QLTs on alpha-naphthyl isothiocyanate (ANIT)-induced IHC models in rats. Te mRNA and
protein expression levels of farnesoidX receptor (FXR), bile salt export pump (BSEP), andmultidrug-associated protein 2 (MRP2)
in the rat liver were detected. UPLC/Q-TOF-MS was used to separate and identify the monomers in QLTs, and a dual-luciferase
reporter assay was used to select efective the monomers that stimulate FXR. Among the selected monomers, baicalein was used as
a representative to verify the efect on rat IHC models. Results. QLTs and baicalein signifcantly reduced the serum biochemical
indicators refecting the changes in liver function among IHC rats and remitted the ANIT-induced liver histopathological
changes. Te expression levels of FXR, BSEP, and MRP2 in the liver were signifcantly increased after QLT treatment in a dose-
dependent manner. Moreover, six types of active components that activate FXRwere selected in QLTs, namely baicalein, wogonin,
baicalein II, emodin, dibutyl phthalate, and diisooctyl phthalate. Conclusions. QLTs and the active component, baicalein, can
alleviate IHC in model rats.

1. Introduction

Intrahepatic cholestasis (IHC) is a pathophysiological
process that damages hepatocytes and the body by dis-
turbing bile secretion and excretion [1]. Te clinical
symptoms of IHC are excessive accumulation of bile
components such as bile acids (BAs), bilirubin, and
cholesterol in the liver and systemic circulation. It is often
caused by a variety of factors, such as viral hepatitis,
hormones, drug induction, and autoimmune diseases
[2–5]. Long-term IHC may develop into liver fbrosis and
cirrhosis [6, 7]. At present, efective medication options

for IHC are limited. Tere are only two drugs (urso-
deoxycholic acid (UDCA) and obeticholic acid (OCA))
approved by the US FDA for the treatment of IHC [8].
OCA is the frst drug to be developed in the past two
decades for treating patients with IHC who were not
responding adequately to UDCA. Unfortunately, many
patients experience unbearable pruritus after using it
[9, 10]. Since the prevalence of IHC has dramatically
increased in recent years, novel drugs are urgently
needed. Western medicine against IHC has a character-
istically long cycle, high cost, and many adverse reactions.
Traditional Chinese medicine has accumulated rich

Hindawi
Evidence-Based Complementary and Alternative Medicine
Volume 2022, Article ID 1589388, 13 pages
https://doi.org/10.1155/2022/1589388

https://orcid.org/0000-0001-6020-963X
https://orcid.org/0000-0002-4764-5362
https://orcid.org/0000-0001-7643-7389
https://orcid.org/0000-0002-2225-1447
https://orcid.org/0000-0003-1841-6381
https://orcid.org/0000-0001-6300-4162
mailto:13389989966@163.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/1589388


clinical experience in IHC treatment, and its advantages
of having a curative efect and fewer side efects have been
highly afrmed.

Qingre Lidan tablets (QLTs) possess efcient heat
clearing, detoxifcation, dampness elimination, and jaundice
removal properties. Clinically, they are primarily used to
treat poor bile circulation caused by infammation and the
obstruction of the gallbladder and bile duct. Tey are
composed of six medicinal herbs, namely Artemisia
capillaris Tunb (Yinchenhao), Lysimachia christinae
Hance (Jinqiancao), Scutellaria baicalensis Georgi
(Huangqin), Rhei radix et Rhizoma (Dahuang), Cortex
Magnoliae Ofcinalis (Houpo), and Prunella vulgaris
(Xiakucao). QLTs are made by adding and subtracting the
Yinchenhao decoction, and previous studies suggest that
Yinchenhao decoction can efectively ameliorate the
relevant biochemical indicators in rats with IHC induced
by alpha-naphthyl isothiocyanate (ANIT) and can alle-
viate liver pathological damage. In addition, several
studies have demonstrated that choleretic Chinese med-
icine preparations using Yinchenhao as the core, such as
the Yinchenhao decoction and the Yinzhihuang injection,
can induce the expression of the liver bile salt export
pump (BSEP) and farnesoid X receptor (FXR) in model
animals [11, 12], and the expression of resistance-related
protein 2 (MRP2) and BSEP has a signifcant correlation
with FXR [13]. FXR is a transcription factor that plays
a major role in BA homeostasis regulation. Studies have
shown that FXR-defcient mice fed a high bile acid diet can
exhibit cholestatic liver injury [14]. Given the close re-
lationship of Chinese medicine based on Yinchenhao and
FXR, we speculate that QLTs can stimulate FXR and then
afect the expression of transporters such as BSEP, which
plays a choleretic and hepatoprotective role. Terefore,
the transcription and translation levels of FXR, BSEP, and
MRP2 transporters will be investigated in this study.

Te dual-luciferase reporter assay is currently a common
method for analysing the agonistic/antagonistic efects of
small molecule compounds on FXR. In this study, UPLC/Q-
TOF-MS and dual-luciferase reporter assays were combined
to establish a high-throughput separation-analysis-
screening platform, which can separate and identify the
efective monomers that stimulate FXR to explain the ma-
terial bases of the liver- and gallbladder-protective efects
of QLTs.

2. Materials and Methods

2.1. Chemicals and Reagents. HPLC-grade methanol and
acetonitrile were obtained from Merck (Darmstadt, Ger-
many). Analytical grade formic acid was purchased from
Honeywell (NJ, USA). Baicalein and emodin were purchased
from the National Institutes for Food and Drug Control
(Beijing, China). ANIT, UDCA, and olive oil were obtained
from Aladdin (Shanghai, China). QLTs were provided by the
Tianjin Nankai Hospital.

2.2. QLT Preparation. In the animal experimental design,
QLTs were crushed and then dispersed in normal saline to

make a suspension solution. For the cell experimental de-
sign, QLTs were crushed and then dispersed in distilled
water, and the resulting product was fractionated with
solvents with escalating polarity, including dichloro-
methane, ethyl acetate, and n-butanol. Te organic solvent
was removed with a rotary vacuum evaporator under re-
duced pressure and then dissolved in ethyl alcohol and water
and freeze-dried to obtain organic phase and aqueous phase
freeze-dried powders.

2.3.CellCulture. TeHL7702 cell line was obtained from the
Cell Bank of the Chinese Academy of Sciences (Shanghai,
China). Te cells were cultured in complete medium (90%
DMEM (Gibco, NY, USA) +10% foetal bovine serum (FBS)
(Gibco) +1% penicillin/streptomycin (Gibco)) and cultured
in a cell incubator at 37°C in 5% CO2.

2.4.Animal andExperimentalDesign. A total of 120 male SD
rats of SPF grade (200± 10 g initial weight) were provided by
the Experimental Animal Centre at Tianjin Nankai Hospital
(Tianjin, China). Te experimental animal licence number is
SCXK-(Jun)-2014-0001. Te animals were adaptively fed for
one week.

Sixty male SD rats were randomly divided into six groups
(n� 10 per group): the control group, model group, UDCA
group (60mg/kg UDCA), QLT-L group, QLT-M group, and
QLT-H group.Te QLTdosage in the animal experiments was
determined according to the best practice of pharmacological
research using the body surface area (BSA) formulas, which is
a commonly used drug dosage standard, to calculate the drug
dosage in rats. Lastly, combined with the clinical dose of QLTs,
we orally administeredQLTs at 0.56 g/kg (6.17 times the clinical
dose) to the QLT-L group and administered QLTs at 1.12 g/kg
and 2.24 g/kg to the QLT-M and QLT-H groups. In addition,
60 male SD rats were randomly divided into six groups (n� 10
per group): the control group, model group, UDCA group
(60mg/kg UDCA), baicalein-L group (50mg/kg baicalein),
baicalein-M group (100mg/kg baicalein), and baicalein-H
group (200mg/kg baicalein). Te UDCA group, QLT
groups, and baicalein groups were given the above-relevant
dose for 7 days, and the control group and the model group
were given the same amount of normal saline daily. On the 5th
day, all the rats except the control group were given ANITolive
oil solution (60mg/kg). Te control group was given the same
amount of olive oil. All dosing was performed intragastrically.
Samples were collected and processed 48h aftermodelling, and
the animals fasted for 12h before sample collection.

2.5.HistopathologicalExamination. Te formaldehyde-fxed
liver tissue was parafn-embedded, stained with haema-
toxylin and eosin, and then observed under a light micro-
scope (200 times) (Leica, Germany).

2.6. Biochemical Analysis. Te levels of TBA, TBIL, DBIL,
ALT, AKP, and c-GT in rat serum were detected with kits
from Nanjing Jiancheng Bioengineering Institute (Nanjing,
China).
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2.7. Total RNA Extraction and Quantitative Real-Time PCR.
Total RNA from the liver was extracted with TRIzol
according to the manufacturer’s instructions (Invitrogen,
CA, USA). Total RNA (1 μg) from each sample was reverse
transcribed into cDNA using NovoScript® Plus All-in-one
1st Strand cDNA Synthesis SuperMix (Novoprotein,
Shanghai, China). RT-PCR was performed using
NovoStart® SYBR qPCR SuperMix Plus (Novoprotein) in
a 7500 Fast Real-Time PCR system (ABI, CA, USA). Te
PCR primer sequences are listed in Table 1.

2.8. Western Blot Analysis. Te total protein was extracted
from the liver tissues using prechilled lysis bufer sup-
plemented with PMSF protease inhibitor. Te protein
samples were fractionated by SDS-PAGE and then trans-
ferred to PVDF membranes. Te membranes were blocked
with 5% nonfat milk and incubated with primary anti-
bodies against β-actin (1 : 1000 dilution), FXR (1 : 1000
dilution), BSEP (1 : 3000 dilution), and MRP2 (1 : 2000
dilution) overnight at 4°C. Te membranes were incubated
with secondary antibodies for 1 h at room temperature.
Protein expression was probed with an ECL method
(Millipore, USA) and placed in a ChemiDoc XRS System
(Bio-Rad, CA, USA).

2.9. UPLC/Q-TOF-MS Analysis. Liquid chromatographic
separation was performed on a Waters (MA, USA) Acquity
UPLC BEH C18 column (2.1mm× 100mm, 1.7 μm). In-
strument control and data analysis were performed using
MassLynx 4.1 software (Waters). Te column temperature
was 45°C. Te fow rate was 0.4ml/min. Te mobile phase
consisted of water containing 0.1% formic acid (solvent
system A) and acetonitrile (solvent system B), and the
gradient elution program was as follows: 0-1min, 2% B;
1–5.5min, 2–24% B; 5.5–8.5min, 24–33% B; 8.5–14.5min,
33–40% B; 14.5-15.5min, 40–48% B; 15.5–18min, 48–54%
B; 18–22min, 54–57% B; 22–30min, 57–75% B; 30–33min,
75–79% B; 33-34min, 79–85% B; 34–36min, 85–89% B;
36–38min, 89–100% B; 38-39min, 100-2% B; and 39-
40min, 2% B. Te fraction was collected into cryopreser-
vation tubes (2.0ml) every 0.5min for the frst 20min and
every 1min for the next 20min. Te collection of eluent
fractions was repeated fve times. Te collected fractions
were evaporated in a vacuum oven at 40°C, and the residues
were dissolved in 100 μL of DMEM for the dual-luciferase
reporter assay.

Te mass data on the ingredients were acquired with
a Q-TOF-MS instrument (Waters) with an electrospray
ionization (ESI) system operated in positive and negative ion
voltage modes. Te capillary voltage was kept at 3 kV in
positive mode and 2 kV in negative mode. Te sample cone
voltage was set to 40V. Te source temperature and des-
olvation temperature were set to 120°C and 400°C, re-
spectively. High-purity nitrogen and argon were chosen as
the desolvation gas and the collision gas, respectively, with
50 L/h cone gas fow and 800 L/h desolvation gas fow. Te
detector voltage was 1900V, the Q-TOF acquisition rate was
0.1 s, the internal scanning interval delay was 0.02 s, and the

mass range was 50–1700Da. Te mass accuracy was pre-
viously calibrated with leucine enkephalin in positive
ion mode.

2.10. Cell Transfection and Luciferase Reporter Assays. Te
cells were seeded in 24-well plates (1.0×105 cells/well) and
transfected together with the internal reference luciferase
reporter gene plasmid pRL-TK and FXR-luc luciferase re-
porter gene plasmid pGMFXR-Lu. Twenty-four hours after
the transfection, diferent drugs were added to the wells and
incubated. Forty-eight hours after transfection, the cells were
harvested and subjected to the dual-luciferase assay
(Promega, WI, USA).

2.11. Statistical Analysis. SPSS 26.0 software was used for
statistical analysis. Continuous variables are represented as
the means± standard deviation (x ± s). Statistical difer-
ences were evaluated by t-test for 2 groups and by one-way
analysis of variance (ANOVA) for more than 2 groups.
P< 0.05 or P< 0.01 indicated a signifcant diference, and
P> 0.05 indicated no signifcant diference.

3. Results and Discussion

3.1. Te Attenuating Efects of QLTs against IHC in Animal
Models. Following induction by ANIT, the rats changed
signifcantly, with changes characterized by mental state
deterioration, reduced activity, jaundice symptoms, and
yellowing of the sole skin and urine colour. However, the
physiological status of the rats treated with UDCA and
QLTs was improved to some extent. From the pathological
section of liver tissue (Figure 1(a)), we also observed that
UDCA and QLTs signifcantly improved the liver histo-
pathological damage caused by ANIT. In the control group,
hepatocytes were arranged radially around the central vein,
and the structure of the liver was clearly visible. Te he-
patocytes were uniform in size, with deeply stained nuclei,
intact nuclear membranes, and clearly visible nucleoli. In
the model group, the structure of the hepatocytes was
clearly deformed, the boundary was unclear, the ar-
rangement of hepatic cords was disordered, the cell nucleus
was enlarged, and the boundary was unclear. Congestion of
hepatic sinusoids and clusters of infammatory cell in-
fltration were observed, indicating successful model rep-
lication. Compared with the model group, in the UDCA
group and each QLT dose group, the arrangement of he-
patocytes was more regular, the cell size was approximately
equal, and the oedema phenomenon was signifcantly
improved. Infammatory cell infltration was decreased,
and degeneration and necrosis of intrahepatic bile duct
epithelial cells were also signifcantly reduced. Te hepatic
sinusoids and central veins were normal and regular.

At that time, we detected the biochemical indicators of
liver function in the serum of rats in each experimental
group. Compared with the control group, the levels of TBA,
TBIL, DBIL, ALT, AKP, and c-GT were signifcantly in-
creased in the model group (Figure 1(b)). Furthermore,
QLTs attenuated the ANIT-induced stimulation of TBA,
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Table 1: Primers for quantitative real-time PCR.

Gene name Nucleotide sequence Amplicon size (bp)

FXR Sense CAGCAGACCCTCCTGGATTA 140Antisense ACGTGACTGGTAGCCATTTC

BSEP Sense TGCTTATGGGAGGCGTAT 565Antisense GGGCTGACAGCAAGAATC

MRP2 Sense GGCTGAGTGCTTGGAC 789Antisense CTTCTGACGTCATCCTCAC

GAPDH Sense AGATGGTGAAGGTCGGTGTG 230Antisense CTGGAAGATGGTGATGGGTT
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Figure 1: Te attenuating efects of QLTs against IHC in animal models. (a). Representative images of HE staining of liver tissue (×200);
(black arrow) infammatory cell infltration; (blue arrow) loose perivascular connective tissue. (b). Comparison of TBA, TBIL, DBIL, ALT,
AKP, and c-GT levels of rats in each group (means± SD, n� 10, compared with the control group, #P< 0.05, ##P< 0.01; compared with the
model group, ∗P< 0.05, and ∗∗P< 0.01).
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TBIL, DBIL, ALT, AKP, and c-GT, indicating the amelio-
ration of liver damage.

3.2. QLTs Regulated the FXR-Mediated Bile Acid Pathway to
Alleviate CHI. Quantitative real-time PCR and western blot-
ting analysis were used to evaluate the related mRNA and
protein expression levels in the liver. As shown in Figure 2(a),
compared with the control group, the relative mRNA expres-
sion of FXR, BSEP, andMRP2was signifcantly decreased in the
model group (P< 0.01). Compared with the model group, the
relative mRNA expression of FXR, BSEP, andMRP2 mRNA in
the UDCA group and the QLT groups was signifcantly
upregulated (P< 0.01). Te results suggested that each QLT
dose group can signifcantly upregulate the relative expression

of FXR, BSEP, and MRP2 mRNA in liver tissue. Additionally,
the results of the protein expression of FXR, BSEP, and MRP2
(Figure 2(b)) showed the same trend as those of mRNA. Tis
result suggested that QLTs regulated the FXR-mediated bile acid
signalling pathway to improve ANIT-induced IHC.

FXR response element luciferase assays in HL-7702 cells
were performed. As shown in Figure 2(c), CDCA (cheno-
deoxycholic acid, used as a positive control) and the ethyl
acetate and n-butanol extracts of QLTs all increased the
luciferase signal intensity, and the increasing trend showed
concentration dependence (P< 0.05). However, there was
no signifcant diference in the RLU between the water
extract and dichloromethane extract of QLTs compared with
the control group (P> 0.05). Overall, our data suggest that
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Figure 2: QLTs regulated the FXR-mediated bile acid pathway to alleviate CHI. (a). Te efect of QLTs on the relative expression of FXR,
BSEP, and MRP2 mRNA in rat liver tissue. (b). Te efect of QLTs on the protein expression levels of FXR, BSEP, and MRP2 in the rat liver
(means± SD, n� 6, compared with the control group, #P< 0.05, ##P< 0.01; compared with the model group, ∗P< 0.05, ∗∗P< 0.01). (c).
Study on activating FXR activity of extracts fromQLTs (n� 6, compared with control group ∗P< 0.05, (i) water extract, (ii) dichloromethane
extract, (iii) ethyl acetate extract, and (iv) n-butanol extract).
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the ethyl acetate extract and n-butanol extract of QLTs
contained FXR activators.

3.3. Qualitative Study on the Chemical Constituents of QLT
Extract. Te chemical composition of the active QLT extract
(ethyl acetate and n-butanol extract) was qualitatively ana-
lysed by UPLC/Q-TOF-MS, and the UPLC/MS positive and
negative ion modes of the sample were obtained according to
the corresponding chromatographic and mass spectrometry
conditions. Te result is shown in Figure 3. Te fgure shows
that the peak baseline of the QLT active extract is stable and
the peak shape of the target compound is good. Te quasi-
molecular ion peak information of the substance can be
obtained through the positive and negative mode analysis of
the primary mass spectrum, and then, the fragment ion in-
formation in the secondary spectrum is used to analyse the
fragmentation law. In the reference literature used for analysis
and comparison, a total of 35 chemical components in the
ethyl acetate extract and n-butanol extract of QLTs were
identifed. Te identifcation results of the specifc compo-
nents are shown in Table 2.

3.4. Screening andVerifcation ofActiveMonomers fromQLT-
Agitated FXR. Trough UPLC/Q-TOF-MS combined with
a dual-luciferase reported high-throughput screening sys-
tem, 6 types of active ingredients that stimulate FXR activity
were screened out from ethyl acetate and n-butanol extracts
of QLTs, namely baicalein, wogonin, skullcapfavone II,
emodin, dibutyl phthalate, and diisooctyl phthalate
(Figures 4(a)–4(f)). Ten, baicalein and emodin standards
were chosen to validate the activation of FXR. As shown in
Figure 4(g), the two compounds both had good FXR ago-
nistic activity at 10–4 and 10–5mol/L.

3.5. Baicalein Protected against IHC Induced by ANIT. To
evaluate the pharmacodynamic efect of baicalein, an FXR
agonist screened in QLTs, baicalein was used to treat IHC
models induced by ANIT. Te results showed that this
compound can ameliorate the physiological state of model
rats and reduce serological indices (Figure 5(a)), including
TBA, TBIL, DBIL, ALT, AKP, and c-GT. In addition, the
pathological sections of liver tissues in the baicalein group
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Figure 3: Qualitative study on the chemical constituents of the QLT extract: (a) positive ion mode of the ethyl acetate extract, (b) negative
ionmode of the ethyl acetate extract, (c) positive ionmode of the n-butanol extract, and (d) negative ionmode of the n-butanol extract. Mass
spectra corresponding to compounds 1–35 are shown in Table 2.
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Figure 4: Continued.
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were also signifcantly ameliorated compared with those in
the model group (Figure 5(b)).Tis observation showed that
baicalein had an obvious protective efect on IHC induced by
ANIT, which lays a foundation for further research on
baicalein.

4. Discussion

IHC is a clinical syndrome caused by the accumulation of
bile in the liver [28]. Excluding biliary obstruction, it is
often induced by viral hepatitis, drug-induced liver dam-
age, genetic factors, and pregnancy [29, 30]. ANIT is
a widely known hepatotoxic substance that can induce IHC
in rodents. ANIT gavage can cause cholangiocyte damage
and the infltration of infammatory cells around sinusoids
in rats and then lead to the accumulation of a high con-
centrated gradient of BA and other bile components in the
liver [31]. BA is the main component of bile [32]. When
ANIT induces IHC, the function of the hepatocytes is
impaired, the ability to synthesize, take up, or excrete bile is
weakened or disappears, and the bile homeostasis in the
body is destroyed, which causes cholate accumulation.
Hepatocytes will compensatively excrete bile into the blood
to relieve BA accumulation in hepatocytes. Terefore, the
TBA and bilirubin in the serum will be higher than those in
normal rats. As shown in Figure 1, our results indicated
that serum TBA, TBIL, DBIL, ALT, AKP, and c-GT were
increased signifcantly in rats treated with ANIT. In con-
trast, QLTs ameliorated the levels of TBA, TBIL, DBIL,
ALT, AKP, and c-GT and signifcantly reduced the path-
ological damage to rat liver tissue. Tis fnding is consistent
with the results of previous studies showing that Yin-
chenhao decoction can efectively relieve IHC and liver
pathological damage [33].

FXR is the core regulator of bile acid homeostasis, and
it plays a signifcant role in physiological bile acid syn-
thesis, secretion, and transportation [34]. In recent years,
FXR agonists have been widely found to ameliorate

cholestasis efectively and are expected to become new
drugs for cholestatic liver disease [35, 36]. Te main roles
of FXR in regulating the transport and synthesis of bile
acids are as follows. As a target gene of FXR, the small
heterodimer partner (SHP) can be transcribed by acti-
vated FXR when intracellular bile acids are elevated. Ten,
activating the FXR-SHP signalling pathway inhibits the
transcription of cholesterol 7-alpha hydroxylase
(CYP7A1) and reduces bile acid production [37]. FXR
activation in the small intestine can induce the expression
of intestinal fbroblast growth factor 15/19 (FGF15/19).
When FGF15/19 reaches the liver through the portal vein
and activates fbroblast growth factor receptor 4 (FGFR4),
the expression of CYP7A1 is reduced, and the synthesis of
bile acids is inhibited [38]. FXR can promote the secretion
of bile acids by upregulating the expression of BSEP and
reducing the concentration of bile acids in the liver [39].
FXR can inhibit the reuptake of bile acids in the liver by
downregulating the transcription of sodium taurocholate
cotransporting polypeptide (NTCP) to prevent the tox-
icity resulting from a high concentration of bile acids [39].
In summary, activating FXR can efectively inhibit the
accumulation of bile acids in the liver and promote their
excretion. Moreover, studies have reported that the
hepatoenteric circulation of bile acids is regulated by FXR
and many special transporters, among which BSEP and
MRP2 are involved in this process [40]. MRP2 and BSEP
are target genes of FXR and are directly induced by FXR at
the transcriptional level [13, 41]. BSEP is the rate-limiting
step and main transporter and is responsible for the se-
cretion of bile salt from the bile duct lateral membrane of
hepatocytes [42]. Its gene mutation can cause BSEP to lose
its ability to transport and bind cholate [37], which is
manifested as a disorder of bile secretion, which in turn
leads to IHC.TeMRP2 protein is not only responsible for
transporting bilirubin from cells to the bile duct but also
participates in the transport of a variety of hepatotoxic
substances and protects hepatocytes [43]. In our study,
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Figure 4: Screening and verifcation of active monomers fromQLT-agitated FXR. (a). Positive ionmode and QLTester extract; (b). negative
ion mode and QLTester extract; (c). positive ion mode and QLTn-butanol extract; (d). negative ion mode and QLTn-butanol extract; (e).
activating activity of each component of QLTester extract on FXR detected by dual-luciferase reporter gene system; (f ). activating activity of
each component of alcohol extract of QLTs on FXR detected by dual-luciferase reporter gene system; (g). monomer verifcation of active
ingredients (n� 6, ##P< 0.01 compared with the control group); (1) baicalein, (2) wogonin, (3) skullcapfavone II, (4) emodin, (5) dibutyl
phthalate, and (6) diisooctyl phthalate.
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ANIT inhibited the expression of FXR, BSEP, and MRP2,
which was consistent with previous fndings [13, 44], and
QLTs could reverse this trend (Figure 2), suggesting that
QLTs could alleviate ANIT-induced liver injury.

After clarifying the agonistic efect of QLTs on FXR,
we wanted to investigate the material basis by which QLTs
alleviated IHC. We integrated UPLC/Q-TOF-MS with
a dual-luciferase reporter gene assay to separate and
screen efective monomers with FXR agonists active in
QLTs. Te results showed that baicalein, wogonin,

skullcapfavone II, emodin, dibutyl phthalate, and dii-
sooctyl phthalate in QLTs have obvious FXR agonistic
activity (Figure 4). In previous studies, baicalein allevi-
ated acute liver injury and hepatocyte oxidative stress by
upregulating antioxidant defence pathways and down-
regulating oxidative stress, apoptosis, and infammation
[45–47]. Wogonin can alleviate liver injury and liver f-
brosis by regulating oxidative stress, the infammatory
response, and the activation and apoptosis of hepatocytes
[48, 49]. Many studies have indicated that emodin

Con Mod UDCA

Baicalein-L Baicalein-M Baicalein-H

(a)

##

##** ##**
##**

0

M
od

Co
n

U
D

CA

Ba
ic

al
ei

n-
L

Ba
ic

al
ei

n-
M

Ba
ic

al
ei

n-
H

M
od

Co
n

U
D

CA

Ba
ic

al
ei

n-
L

Ba
ic

al
ei

n-
M

Ba
ic

al
ei

n-
H

M
od

Co
n

U
D

CA

Ba
ic

al
ei

n-
L

Ba
ic

al
ei

n-
M

Ba
ic

al
ei

n-
H

M
od

Co
n

U
D

CA

Ba
ic

al
ei

n-
L

Ba
ic

al
ei

n-
M

Ba
ic

al
ei

n-
H

M
od

Co
n

U
D

CA

Ba
ic

al
ei

n-
L

Ba
ic

al
ei

n-
M

Ba
ic

al
ei

n-
H

M
od

Co
n

U
D

CA

Ba
ic

al
ei

n-
L

Ba
ic

al
ei

n-
M

Ba
ic

al
ei

n-
H

50
100
150
200
250
300

TB
A

 (μ
m

ol
·L

-1
)

TB
IL

 (μ
m

ol
·L

-1
)

D
BI

L 
(μ

m
ol

·L
-1

)

#
##* ##** ##**

0

25

50

75

100

125 ##

0
25
50
75

100
125
150

##

0
50

100
150
200
250
300
350

A
LT

 (K
ar

U
)

##

0

20

40

60

80

100

A
KP

 (K
in

gU
·1

00
m

L-1
)

##

##* ##*##**
##**

0

20

40

60

80

100

γ-
G

T 
(U

·L
-1

)

##** ##**
##* ##**

##*

##**

##** ##**
##*

##

#** #** ** **

(b)

Figure 5: Baicalein protected against IHC induced by ANIT. (a). Efect of baicalein on hepatic histomorphology in rats (HE, ×200); (black
arrow) infammatory cell infltration. (b). Comparison of serum TBA, TBIL, DBIL, ALT, AKP, and c-GT levels from rats in each group
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promotes bile excretion by stimulating the FXR/BSEP
pathway to ameliorate ANIT-induced IHC [50, 51]. To
verify whether the above monomers can ameliorate IHC,
we selected one of the monomers as a representative for
in vivo pharmacodynamic evaluation. Combined with
UPLC/Q-TOF-MS technology, we found that baicalein
had high content and good activity in the ethyl acetate
and n-butanol extracts of QLTs. We ultimately selected
this compound to study the pharmacodynamics in IHC
model rats. Baicalein, a favonoid, is one of the most
important active components of Huangqin. Studies have
shown that baicalein can alleviate liver injury, which is
consistent with our results [46]. However, in the present
study, baicalein was not as efective as QLTs in amelio-
rating the serological indices and liver pathology of
cholestasis model rats, probably due to the diferent
amounts of baicalein in QLTs, because only qualitative
research was performed by UPLC/Q-TOF-MS. In addi-
tion, the reason may be related to the overall regulation of
multicomponent, multichannel, and multitarget efects
of QLTs.

5. Conclusions

Our results show that QLTs and the active component,
baicalein, have an obvious protective efect on IHC induced
by ANIT in rats. Tese efects were mediated by activating
the FXR signalling pathway and upregulating the expression
of BSEP and MRP2 transporters, promoting bilirubin
transport and bile acid excretion.

Data Availability

Te data used to support the fndings of this study are
available from the corresponding author upon request.

Conflicts of Interest

Te authors declare that there are no conficts of interest
regarding the publication of this paper.

Authors’ Contributions

Yafei Xia and Shixin Yan contributed equally to this work.
Yafei Xia and Shixin Yan conducted the experiments and
wrote the manuscript. Yang Chang, Jiaoyang Yin, and
Hongyu Li conducted the experiment and performed the
statistical analysis. Shu Yan reviewed and edited the
manuscript.

Acknowledgments

Tis work was supported by the Tianjin Health Commis-
sion, Tianjin Administration of Traditional Chinese
Medicine, Integrated Chinese and Western Medicine Re-
search Program (No. 2021074) and the Tianjin Science and
Technology Commission Major Science and Technology
Special Project for New Drug Development (No.
18ZXXYSY00130).

References

[1] G. M. Hirschfeld, E. J. Heathcote, and M. E. Gershwin,
“Pathogenesis of cholestatic liver disease and therapeutic
approaches,” Gastroenterology, vol. 139, no. 5, pp. 1481–1496,
2010.

[2] J. L. Boyer, “New perspectives for the treatment of cholestasis:
lessons from basic science applied clinically,” Journal of
Hepatology, vol. 46, no. 3, pp. 365–371, 2007.

[3] G. M. Hirschfeld, R. W. Chapman, T. H. Karlsen,
F. Lammert, K. N. Lazaridis, and A. L. Mason, “Te genetics of
complex cholestatic disorders,” Gastroenterology, vol. 144,
no. 7, pp. 1357–1374, 2013.

[4] N. P. Chalasani, H. Maddur, M. W. Russo, R. J. Wong, and
K. R. Reddy, “ACG clinical guideline: diagnosis and man-
agement of idiosyncratic drug-induced liver injury,” Ameri-
can Journal of Gastroenterology, vol. 116, no. 5, pp. 878–898,
2021.

[5] B. T. Beretta-Piccoli, G. Mieli-Vergani, and D. Vergani, “Te
challenges of primary biliary cholangitis: what is new and
what needs to be done,” Journal of Autoimmunity, vol. 105,
Article ID 102328, 2019.

[6] R. T. Yokoda and E. A. Rodriguez, “Review: pathogenesis of
cholestatic liver diseases,” World Journal of Hepatology,
vol. 12, no. 8, pp. 423–435, 2020.

[7] M. J. Perez and O. Briz, “Bile-acid-induced cell injury and
protection,”World Journal of Gastroenterology, vol. 15, no. 14,
pp. 1677–1689, 2009.

[8] O. Chazouillères, “Novel aspects in the management of
cholestatic liver diseases,” Digestive Diseases, vol. 34, no. 4,
pp. 340–346, 2016.

[9] P. J. Trivedi, G. M. Hirschfeld, and M. E. Gershwin, “Obe-
ticholic acid for the treatment of primary biliary cirrhosis,”
Expert Review of Clinical Pharmacology, vol. 9, no. 1,
pp. 13–26, 2016.

[10] G. M. Hirschfeld, A. Mason, V. Luketic et al., “Efcacy of
obeticholic acid in patients with primary biliary cirrhosis and
inadequate response to ursodeoxycholic acid,” Gastroenter-
ology, vol. 148, no. 4, pp. 751–761.e8, 2015.

[11] Y. X. Yi, Y. Ding, Y. Zhang et al., “Yinchenhao decoction
ameliorates alpha-naphthylisothiocyanate induced intra-
hepatic cholestasis in rats by regulating phase II metabolic
enzymes and transporters,” Frontiers in Pharmacology, vol. 9,
p. 510, 2018.

[12] Q. Q. Ou, X. H. Qian, D. Y. Li et al., “Yinzhihuang attenuates
ANIT-induced intrahepatic cholestasis in rats through
upregulation of Mrp2 and Bsep expressions,” Pediatric Re-
search, vol. 79, no. 4, pp. 589–595, 2016.

[13] H. Chen, X. Huang, J. Min et al., “Geniposidic acid protected
against ANIT-induced hepatotoxity and acute intrahepatic
cholestasis, due to Fxr-mediated regulation of Bsep and
Mrp2,” Journal of Ethnopharmacology, vol. 179, pp. 197–207,
2016.

[14] C. J. Sinal, M. Tohkin, M.Miyata, J. M.Ward, G. Lambert, and
F. J. Gonzalez, “Targeted disruption of the nuclear receptor
FXR/BAR impairs bile acid and lipid homeostasis,” Cell,
vol. 102, no. 6, pp. 731–744, 2000.

[15] T. F. Wei, L. Zhao, P. Huang et al., “Qing-yi decoction in the
treatment of acute pancreatitis: an integrated approach based
on chemical profle, network pharmacology, molecular
docking and experimental evaluation,” Frontiers in Phar-
macology, vol. 12, Article ID 590994, 2021.

[16] F. Yu, H. Qian, J. Zhang, J. Sun, and Z. Ma, “Simultaneous
quantifcation of eight organic acid components in Artemisia

Evidence-Based Complementary and Alternative Medicine 11



capillaris Tunb (Yinchen) extract using high-performance
liquid chromatography coupled with diode array detection
and high-resolution mass spectrometry,” Journal of Food and
Drug Analysis, vol. 26, no. 2, pp. 788–795, 2018.

[17] J. Lu, K. Liang, Y. Chen, C. Zhao, X. Wang, and R. An,
“Identifcation and determination of chemical constituents
from Yinchen Qingjin granules by ultra high-performance
liquid chromatography coupled with linear ion trap-Orbitrap
mass spectrometry,” Journal of Separation Science, vol. 44,
no. 7, pp. 1324–1344, 2021.

[18] Z. Fu, Y. Ling, Z. Li, M. Chen, Z. Sun, and C. Huang, “HPLC-
Q-TOF-MS/MS for analysis of major chemical constituents of
Yinchen-Zhizi herb pair extract,” Biomedical Chromatogra-
phy, vol. 28, no. 4, pp. 475–485, 2014.

[19] Y. Zhou, H. Chen, J. Xue et al., “Qualitative analysis and
componential diferences of chemical constituents in lysi-
machiae herba from diferent habitats (sichuan basin) by
UFLC-triple TOF-MS/MS,”Molecules, vol. 27, no. 14, p. 4600,
2022.

[20] C. Peng, L. Tang, and Y. Wang, “Characterization of chemical
profling in Sanhuang tablets by UPLC-Q-TOF/MS,” Chinese
Journal of Hospital Pharmacy, vol. 40, no. 7, pp. 757–764,
2020.

[21] H. H. Yu and X. Y. Gao, “Identifcation of chemical com-
ponents in capillary wormwood herb by UPLC-Q-TOF/
MSE,” Central South Pharmacy, vol. 17, no. 5, pp. 656–661,
2019.

[22] C. C. Shen, C. L. Ni, Y. C. Shen et al., “Phenolic constituents
from the stem bark of Magnolia ofcinalis,” Journal of Natural
Products, vol. 72, no. 1, pp. 168–171, 2009.

[23] J. Cen, Z. Liang, S. Ou et al., “Simultaneous determination of
fve baicaleins in healthy product tablets by dispersive solid-
phase extraction-high performance liquid chromatography-
tandem mass spectrometry,” Chinese Journal of Chromatog-
raphy, vol. 38, no. 6, pp. 672–678, 2020.

[24] L. K. Caesar, J. J. Kellogg, O. M. Kvalheim, and N. B. Cech,
“Opportunities and limitations for untargeted mass spec-
trometry metabolomics to identify biologically active con-
stituents in complex natural product mixtures,” Journal of
Natural Products, vol. 82, no. 3, pp. 469–484, 2019.

[25] L. P. Huang, Y. H. Xu, and M. Z. Dang, “Research progress on
chemical constituents, pharmacological mechanism and
clinical application of Artemisiae Scopariae Herba,” Natural
Product Research and Development, vol. 33, no. 4, pp. 676–
690, 2021.

[26] Y. Y. Dai, X. H. Wang, and M. H. Ma, “Identifcation of
chemical constituents of Xiakucao Xiaoliu mixture by HPLC-
TOF/MS,” Journal of Pharmaceutical Practice, vol. 38, no. 2,
pp. 138–142, 2020.

[27] L. Zhu, L. Zhang, L. Zhan et al., “Te efects of Zibu Piyin
Recipe components on scopolamine-induced learning and
memory impairment in the mouse,” Journal of Ethno-
pharmacology, vol. 151, no. 1, pp. 576–582, 2014.

[28] J. Li, X. Zhu, M. Zhang et al., “Limb expression 1-like (LIX1 L)
protein promotes cholestatic liver injury by regulating bile
acid metabolism,” Journal of Hepatology, vol. 75, no. 2,
pp. 400–413, 2021.

[29] L. N. Bull and R. J. Tompson, “Progressive familial intra-
hepatic cholestasis,” Clinics in Liver Disease, vol. 22, no. 4,
pp. 657–669, 2018.

[30] K. R. Palmer, L. Xiaohua, and B. W. Mol, “Management of
intrahepatic cholestasis in pregnancy,” Te Lancet, vol. 393,
no. 10174, pp. 853-854, 2019.

[31] Y. J. Cui, L. M. Aleksunes, Y. Tanaka, M. J. Goedken, and
C. D. Klaassen, “Compensatory induction of liver efux
transporters in response to ANIT-induced liver injury is
impaired in FXR-null mice,” Toxicological Sciences, vol. 110,
no. 1, pp. 47–60, 2009.

[32] A. Y. Bustos, G. Font de Valdez, S. Fadda, and M. P. Taranto,
“New insights into bacterial bile resistance mechanisms: the
role of bile salt hydrolase and its impact on human health,”
Food Research International, vol. 112, pp. 250–262, 2018.

[33] K. Shi, J. Wen, J. Zeng et al., “Preclinical evidence of Yin-
chenhao decoction on cholestasis: a systematic review and
meta-analysis of animal studies,” Phytotherapy Research,
vol. 35, no. 1, pp. 138–154, 2020.

[34] M. Cariello, E. Piccinin, O. Garcia-Irigoyen, C. Sabba, and
A. Moschetta, “Nuclear receptor FXR, bile acids and liver
damage: introducing the progressive familial intrahepatic
cholestasis with FXR mutations,” Biochimica et Biophysica
Acta - Molecular Basis of Disease, vol. 1864, no. 4, pp. 1308–
1318, 2018.

[35] F. G. Schaap, M. Trauner, and P. L. M. Jansen, “Bile acid
receptors as targets for drug development,” Nature Reviews
Gastroenterology & Hepatology, vol. 11, no. 1, pp. 55–67, 2014.

[36] Q. Xiao, S. Zhang, H. Ren et al., “Ginsenoside Rg1 alleviates
ANIT-induced intrahepatic cholestasis in rats via activating
farnesoid X receptor and regulating transporters and meta-
bolic enzymes,” Chemico-Biological Interactions, vol. 324,
Article ID 109062, 2020.

[37] J. W. Jonker, C. Liddle, and M. Downes, “FXR and PXR:
potential therapeutic targets in cholestasis,” Te Journal of
Steroid Biochemistry and Molecular Biology, vol. 130, no. 3-5,
pp. 147–158, 2012.

[38] N. Jiao, S. S. Baker, A. Chapa-Rodriguez et al., “Suppressed
hepatic bile acid signalling despite elevated production of
primary and secondary bile acids in NAFLD,” Gut, vol. 67,
no. 10, pp. 1881–1891, 2018.

[39] J. Y. Chiang, “Bile acids: regulation of synthesis,” Journal of
Lipid Research, vol. 50, no. 10, pp. 1955–1966, 2009.

[40] P. Lam, C. Soroka, and J. Boyer, “Te bile salt export pump:
clinical and experimental aspects of genetic and acquired
cholestatic liver disease,” Seminars in Liver Disease, vol. 30,
no. 02, pp. 125–133, 2010.

[41] Y. Chen, X. Song, L. Valanejad et al., “Bile salt export pump is
dysregulated with altered farnesoid X receptor isoform ex-
pression in patients with hepatocellular carcinoma,” Hep-
atology, vol. 57, no. 4, pp. 1530–1541, 2013.

[42] A. T. Nies and D. Keppler, “Te apical conjugate efux pump
ABCC2 (MRP2),” Pfuegers Archiv European Journal of
Physiology, vol. 453, no. 5, pp. 643–659, 2007.

[43] D. Keppler, “Te roles of MRP2, MRP3, OATP1B1, and
OATP1B3 in conjugated hyperbilirubinemia,” Drug Meta-
bolism & Disposition, vol. 42, no. 4, pp. 561–565, 2014.

[44] M. Yan, L. Guo, Y. Yang et al., “Glycyrrhetinic acid protects
α-naphthylisothiocyanate- induced cholestasis through reg-
ulating transporters, infammation and apoptosis,” Frontiers
in Pharmacology, vol. 12, Article ID 701240, 2021.

[45] Y. Dong, Y. Xing, J. Sun, W. Sun, Y. Xu, and C. Quan,
“Baicalein alleviates liver oxidative stress and apoptosis in-
duced by high-level glucose through the activation of the
PERK/Nrf2 signaling pathway,” Molecules, vol. 25, no. 3,
p. 599, 2020.
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