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Effect and related mechanism of Yinchenhao decoction
on mice with lithogenic diet-induced cholelithiasis
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Abstract. The aim of the present study was to investigate
the effects and the underlying mechanisms of Yinchenhao
Decoction (YCHD), a traditional Chinese medicine formula-
tion, on C57BL/6 mice with lithogenic diet (LD)-induced
cholelithiasis. The condition of cholelithiasis was evaluated
using a six-level criteria. Levels of alanine aminotransferase
(ALT), alkaline phosphatase (ALP), total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C) in the serum
and liver tissue were measured using enzyme colorimetry.
Concentrations of TC, phospholipids (PL) and total bile
acids (TBA) in the bile were measured to calculate the
cholesterol saturation index. Liver histopathology was
microscopically observed and mRNA expression levels of
ABCGS, ABCGS, SRBI, ABCB4, ABCBI1 and NPCI1L1
involved in cholesterol metabolism were measured using
reverse transcription-quantitative PCR. The results showed
that feeding mice the LD induced cholelithiasis, along with
abnormal serum biochemical indices and imbalances in biliary
cholesterol homeostasis. Increased ALT and ALP levels in the
serum and ALT, ALP, TC and LDL-C levels in the serum and
liver indicated the existence of hepatocyte injury, which were
consistent with the pathological changes. YCHD treatment
ameliorated the serum and hepatic biochemical abnormalities
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and adjusted the biliary imbalance. In addition, elevated
expression of ATP-binding cassette subfamily G member 5/8,
scavenger receptor class B type I and Niemann-Pick C1 Like 1
in the liver and small intestine were observed at the onset of
cholelithiasis but were reversed by YCHD. Taken together,
results from the present study suggest that YCHD ameliorated
LD-induced cholelithiasis mice, which may be caused by
improvements in biliary cholesterol supersaturation and regu-
lation of cholesterol metabolism.

Introduction

Cholelithiasis is a prevalent gastrointestinal disease that has
a prevalence of ~10-15% in developed countries and ~13% in
China (1,2). However, this rate is increasing on an annual basis
mainly due to dietary and lifestyle changes (3). Cholelithiasis
is caused by multiple factors, including cholesterol super-
saturation in the bile, abnormal gallbladder function and
impairments in enterohepatic bile acid circulation, where
cholesterol supersaturation is a necessary condition for the
onset of disease (4). Under physiological conditions, relative
concentrations of cholesterol, phospholipids and bile acids in
bile are regulated in balance. Supersaturation occurs when the
levels of cholesterol are too high or when there is an insufficient
solubility of phospholipids and bile acids, which in turn affect
this dynamic balance (5). Excessive cholesterol accumulation
can then form crystals, eventually forming gallstones (6).
Cholesterol metabolism serves a critical role in choleli-
thiasis. In total, ~50% cholesterol is directly secreted into the
bile by the coordinated functions of cholesterol transporters
ATP-binding cassette subfamily G member (ABCG) 5/8
(ABCGS5/8) and scavenger receptor class B type I (SRBI) (7).
ABCGS5/8 is a heterodimer that is localized in the canalicular
membrane of hepatocytes and is responsible for transporting
cholesterol out of hepatocytes, whilst SRBI can transport
cholesterol bi-directionally and convert it into bile acid (8,9).
The secretion of cholesterol also requires the assistance of bile
acids and phospholipids, which are separately mediated by the
bile salt export pump ABCBI1 and the phospholipid trans-
porter ABCB4 (10). Cholesterol absorption is multifaceted
processes that is regulated by a number of factors on the
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enterocyte level. Previous studies have shown that ABCGS and
ABCGS, which are also highly expressed on the apical brush
border membranes of enterocytes, can reduce cholesterol
absorption and promote the active efflux of cholesterol from
the enterocyte into the intestinal lumen for excretion (11,12).
Niemann-Pick C1 Like 1 (NPC1L1) is an essential transporter
that mediates exogenous cholesterol uptake by the entero-
cyte (13). The capacity of the small intestine tissue to absorb
cholesterol can also significantly affect the concentration of
cholesterol in the human blood circulation (14).

Although patients with cholelithiasis are generally asymp-
tomatic, progression of this disease can result in serious
consequences. Laparoscopic cholecystectomy is considered
to be the gold-standard therapy for patients with symptomatic
cholelithiasis, which can reduce pain and produce low rates
of recurrence (15). However, this type of surgery is associated
with a variety of adverse events, including functional dyspepsia,
gastroesophageal reflux disease, postcholecystectomy syndrome
and bile duct injury (16). Therefore, alternative treatment
approaches remain in demand for patients with cholelithiasis.

Traditional Chinese Medicine (TCM) have been considered
for the treatment of cholelithiasis, since it has been reported to
effectively discharge gallstones and prevent the recurrence of
this condition (17). Yinchenhao decoction (YCHD, Inchin-ko-to
or TJ-135 in Japan) is a well-known TCM formulation that was
first recorded in the Treatise on Febrile Diseases (Shanghan
Lun) by Zhongjing Zhang in 150-215 A.D. and has been widely
used for the treatment of hepatic and biliary disorders. This
prescription is comprised of three Chinese medicinal herbs:
Artemisiae scopariae herba (Yinchen), Gardeniae Fructus
(Zhizi) and Radix et Rhizoma Rhei (Dahuang) (18,19). These
ingredients exhibit synergistic properties that intensify the
therapeutic efficacy of YCHD towards hepatic injury according
to a previous biochemical analysis (20). Pharmacological
studies have previously indicated that YCHD can inhibit
hepatic steatosis, apoptosis, necrosis, anti-inflammation and
regulate immunization, in addition to exhibiting choleretic
effects (21-24). Previous in vivo experiments have also demon-
strated that YCHD exerts beneficial preventative and therapeutic
effects against lipid disturbance in rats (25,26). In addition,
YCHD has also been revealed to confer potent ameliorative
effects on rats with cholestasis, which was associated with its
regulatory actions on the expression of metabolic enzymes
and transporters including UDP-glucuronosyltransferase 1-Al,
multidrug resistance-associated protein 2, bile salt export
pump and organic anion-transporting polypeptide 1a4 in the
cholestatic liver (27).

Although YCHD has been applied for centuries for
treating cholelithiasis in clinical practice in China, the
possible underlying mechanism remains unclear. Therefore,
the aim of the present study was to investigate the effects and
potential mechanism of YCHD on mice with lithogenic diet
(LD)-induced cholelithiasis in vivo, to provide a scientific and
objective theoretical basis for clinical treatment using YCHD.

Materials and methods
Drug preparation. YCHD consists of Artemisiae scopariae

herba (27 g), Gardeniae Fructus (6 g), and Radix et Rhizoma
Rhei (9 g) (28). The medicinal herbs were obtained from

the Chinese Pharmacy at Shuguang Hospital Affiliated
to Shanghai University of Traditional Chinese Medicine.
The process of extraction was performed according to a
previous published patent (patent no. ZL.201010501560.7) and
article (29). Briefly, herbs were soaked in distilled water (1:10,
w/v) for 2 h at 20°C and then boiled twice for 30 min at 100°C.
The twice-boiled solutions were blended and filtered through
a 0.2 pm syringe filter (EMD Millipore). Finally, the filtered
liquids were concentrated under pressure at 60°C and stored at
4°C. tauroursodeoxycholic acid (TUDCA) is a water-soluble
bile acid that is commonly used in clinical settings (30) and
was provided by Bruschettini S.R.L. TUDCA was used as the
positive control drug in the present study.

Animals and treatments. A total of 100 male specific-
pathogen-free grade C57BL/6 mice (age, 8 weeks; weight,
22.5+2.5 g) were purchased from The Shanghai Model
Organisms Center, Inc. All animals were housed in a controlled
environment with the temperature at 22+1°C, relative humidity
of 60+10% and a 12-h light/dark cycle. Mice had free access to
food and water throughout experimentation. All animal studies,
including the mice euthanasia procedure, were approved and
performed in compliance with the regulations and guidelines
of the Ethics Committee of Shanghai University of Traditional
Chinese Medicine and conducted according to the Association
for Assessment and Accreditation of Laboratory Animal Care
and the institutional animal care and use committee guidelines
(approval no. PZSHUTCM191108007) (31,32).

After 1 week of acclimatization, mice were randomly
divided into five groups (n=20 mice per group; Fig. 1):
1) Normal (N); ii) model (M); iii) low dose YCHD (YCHD-L);
iv) high dose YCHD (YCHD-H); and v) positive control
(TUDCA). Throughout the experiment, mice in the normal
group were fed with standard mice chow, whilst all other mice
were fed on a lithogenic diet, which consists of standard chow
diet containing 1.25% cholesterol and 0.5% cholic acid (33). In
addition, mice in the normal and model groups were provided
with distilled water via oral gavage once a day from weeks
5 to 12. Mice in the YCHD-L group were given a daily dose
of 7 g/kg body weight YCHD, whilst those in the YCHD-H
group were given a daily dose of 14 g/kg body weight YCHD.
All YCHD treatments were administered once a day, for 8
consecutive weeks from weeks 5 to 12. Mice in the TUDCA
group were given a daily dose of 100 mg/kg TUDCA via oral
gavage once a day for 8 consecutive weeks from weeks 5 to 12.
The amount of the TUDCA drug is equivalent to the clinical
dose of 60 kg/day body weight in adults (34).

Animal health and behavior were monitored every day. In
total, 10 mice in each group were randomly sacrificed at the
end of week 8, whilst the rest of the mice were sacrificed at
the end of week 12. The humane endpoints established in the
present study for animal euthanasia are as follows: i) Lack of
responsiveness to manual stimulation; ii) immobility; and/or
iii) an inability to eat or drink freely. Mice were anesthetized
with 1% pentobarbital sodium (40 mg/kg) by intraperitoneal
injection prior to exsanguination from the retroorbital vein.
Mice were sacrificed with 150 mg/kg pentobarbital sodium
by intraperitoneal injection. 100 ul serum, as well as liver,
gallbladder and intestine tissue samples, were then collected
and stored at -80°C for subsequent analysis.
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Figure 1. Scheme of the present study. Oral, oral administration; qd, quaque die; YCHD, Yinchenhao Decoction; TUDCA, tauroursodeoxycholic acid.

Biochemical assays. Serum was obtained by centrifuging
the blood at 3,000 x g for 15 min at 4°C. The kits used for
the determination of serum alanine aminotransferase (ALT;
cat. no. HC41T02) and alkaline phosphatase (ALP) activities
(cat. no. HC02TO03), in addition to the levels of total choles-
terol (TC; cat. no. HC12S03) and low-density lipoprotein
cholesterol (LDL-C; cat. no. HC73T03) were purchased from
Shanghai Huachen biological reagent Co. Ltd. Serum ALT
and ALP activities and the levels of TC and LDL-C were
measured using a TBA-40FR Biochemical Analyzer (Toshiba
Corporation) according to the manufacturer's experimental
protocol.

Analysis of cholelithiasis and bile. The presence of choles-
terol crystals or stones in the bile was clearly visible to the
naked eye and was graded according to the six-level judg-
ment criteria previously described by Akiyoshi et al (35) in
a double-blinded manner at the end of week 8 and 12. These
criteria were as follows: i) Grade 0, gallbladder is filled with
clear bile; ii) grade I, a few fine crystals are found,; iii) grade II,
~10 fine crystals are found; iv) grade III: Fine crystals occupy
~50% of the gallbladder; v) grade IV, crystals occupy >50% of
the gallbladder; and vi) grade V, round gallstones are found.
Bile was collected through common bile duct drainage. The
levels of TC, phospholipids (PL) and total bile acid (TBA) in
the bile were measured by enzyme colorimetry according to
the manufacturer's experimental protocol, which were then
used to calculate the cholesterol saturation index [CSI, moles
percent (TC) x 100/(TC+PL+TBA)] (36). The TC detection kit
was purchased from Roche Diagnostics (cat. no. 11491458216),
the PL kit was from Wako Pure Chemical Industries Ltd.
(cat. no. 296-63801) and the TBA kit was obtained from
Randox Laboratories, Ltd. (cat. no. BI2672). All kits were used
in accordance with the manufacturer's protocol.

Histopathological analysis. Liver tissues were fixed in 10%
formalin for 24 h at room temperature, dehydrated in an
ascending ethanol gradient, embedded in paraffin and cut
into 5-pm-thick sections. The sections were then stained with

hematoxylin and eosin (H&E, hematoxylin for 5 min and
eosin for 20 sec at room temperature) and observed under a
light microscope (IX70; Olympus Corporation; magnifica-
tion, x100).

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from the liver and proximal small intes-
tine tissues using TRIzol® reagent according to manufacturer's
protocol (Invitrogen; Thermo Fisher Scientific, Inc.). RNA
concentration was determined by measuring the absorbance at
wavelengths of 260 and 280 nm using the Nanodrop™ 2000
ultra microspectrophotometer (Thermo Fisher Scientific,
Inc.). High Capacity cDNA Reverse Transcription Kit
(cat. no. 4368814; Thermo Fisher Scientific, Inc.) was used for
reverse transcribing total RNA into cDNA, according to the
manufacturer's protocol. Relative mRNA expression was then
measured in triplicate in the QuantStudio™ 6 Flex Real-time
PCR Instrument, using PowerUp™ SYBR™ Green Master
Mix kit (cat. no. A25742; Thermo Fisher Scientific Inc.). The
thermocycling conditions for the PCR assay cycles were as
follows: Initial denaturation at 95°C for 1 min, followed by
45 cycles of 95°C for 15 sec and 60°C for 1 min. GAPDH was
used as the normalizing control gene, where the mRNA levels
of target genes were measured using the 244%4 method (37).
The forward and reverse primer sequences that were used in
the present study are shown in Table I.

Statistical analysis. All quantitative data were presented as the
mean + SD and analyzed using the SPSS software (version 22.0;
SPSS, Inc.). One-way ANOVA was used to analyze the differ-
ences between the groups, followed by Tukey's test. Grade
data were analyzed using the Kruskal-Wallis test. P<0.05 was
considered to indicate a statistically significant difference.

Results
Effect of YCHD on the general parameters of mice. Throughout

the experiment, the vitality and stools of mice were basically
normal in appearance. Following prolonged feeding time of
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Table I. PCR primer sequences.

Gene Primers Sequence (5'-3")
GAPDH Forward TGTGTCCGTCGTGGATCTGA
Reverse = CCTGCTTCACCACCTTCTTGAT
ABCG5 Forward AATGCTGTGAATCTGTTTCCCA
Reverse = CCACTTATGATACAGGCCATCCT
ABCGS Forward CTGTGGAATGGGACTGTACTTC
Reverse = GTTGGACTGACCACTGTAGGT
SRBI Forward CGGGAGCGTGGACCCTATGT
Reverse = ACACGGTGTCGTTGTCATTGA
ABCBI11 Forward CAATAGACAGGCAACCCGTCA
Reverse  GTGGAACTCAATTTCGCCCTT
ABCB4 Forward GCAGCGAGAAACGGAACAG
Reverse = GGTTGCTGATGCTGCCTAGTT
NPICL1 Forward ATCCTCATCCTGGGCTTTGC
Reverse = GCAAGGTGATCAGGAGGTTGA

ABCGS, ATP-binding cassette subfamily G member 5; ABCGS,
ATP-binding cassette subfamily G member 8; SRBI, scavenger
receptor class B type I; ABCB11, ATP-binding cassette subfamily B
member 11; ABCB4, ATP-binding cassette subfamily B member 4;
NPCI1L1, Niemann-Pick C1 Like 1.

LD, the body weights of mice in the model group were signifi-
cantly decreased compared with those in the normal group,
whilst the liver weights and liver /body weight ratio of were
also significantly increased (P<0.01; Table II). Compared with
those in the model group, mice in the YCHD-treated groups
exhibited significantly reduced the liver weights (P<0.01) and
liver/body weight ratios (P<0.05; Table II), where high dose
YCHD for 8 weeks demonstrated greater potency. Although
treatment with TUDCA significantly reduced the liver
weights and liver/body weight ratios in mice compared with
those in the model group (P<0.01), no significant difference
between the model and TUDCA groups was observed in body
weight.

In comparison with those in the normal group, the serum
levels of ALT, ALP, TC and LDL-C were found to be signifi-
cantly increased in the model group (P<0.01) but reversed
by YCHD treatment. When compared with the model group,
low dose YCHD only significantly restored the serum level of
ALT after treatment for 8 weeks (P<0.01), whereas high dose
YCHD significantly restored the serum levels of ALT, ALP,
TC and LDL-C in mice (P<0.01). Treatment with TUDCA
also decreased the serum ALT, ALP, TC and LDL-C levels
compared with the model group (P<0.01) and those in the
YCHD-L group (P<0.05; Table II).

Effect of YCHD on cholelithiasis in mice. The estimated
extent of cholelithiasis in mice was visually graded according
to the six-level judgment criteria (Fig. 2). Compared with
that in the normal group, there was a statistically significant
increased difference in the grade of gallstones in the model
group (P<0.01). LD-fed C57BL/6 mice exhibited a 100%
cholelithiasis formation rate, where the severity of choleli-
thiasis was directly associated with feeding time. There was

also a decreased tendency of cholelithiasis formation for each
treatment group in comparison to the model group (Fig. 2).

Effect of YCHD on biliary lipid composition and CSI in
mice. The biliary lipid composition and CSI of mice in the
five treatment groups are shown in Fig. 3. For feeding LD
at 8 weeks, the concentration of TC in the model group was
significantly increased (P<0.01) compared with the normal
group, while the TBA content was decreased (P<0.05).
Feeding LD for 12 weeks resulted in significantly increased
concentrations of TC and PL in the model group (P<0.01)
compared with the normal group. Additionally, TBA
content was significantly decreased (P<0.05). In addition,
the severity of CSI in the model group was also found to
be significantly increased compared with that in the control
group (P<0.01), suggesting that the levels of cholesterol in
the bile was supersaturated and the relative dynamic balance
between TC, PL and TBA was disrupted. After treatment
with high dose YCHD for 4 weeks, the concentration of TC
and CSI in bile was reduced (P<0.05), whilst TBA content
was increased (P<0.05) compared with the model group.
After treatment with YCHD-L or YCHD-H for 8 weeks, the
concentration of TC, PL and CSI in the bile was significantly
reduced (P<0.01), whilst TBA content was significantly
increased (P<0.01) compared with the model group, indi-
cating that YCHD restored the imbalance in the bile, thereby
ameliorating cholelithiasis in mice. The difference between
the high dose and low dose groups at 8-weeks of treatment
was also found to be significant (P<0.05). The same results
were found for the TUDCA group compared with the model
group (P<0.01) and the YCHD-L group (P<0.05).

Histopathological effect of YCHD in mice. As shown in Fig. 4,
with prolonged feeding on LD, TC levels in the liver tissue of
the model group were revealed to be significantly increased
compared with those in the normal group (P<0.01). Compared
with the model group, TC levels in the liver tissue of the
YCHD-H group were significantly reduced (P<0.01). The
potency of high dose treatment for 8 weeks was significantly
higher compared with the low dose group (P<0.01). Treatment
with TUDCA also significantly reduced hepatic TC levels
compared with those in the model group (P<0.01) and the
YCHD-L group (P<0.01).

Representative images of liver specimens stained with
H&E are shown in Fig. 5. H&E staining showed that all the
mice in the normal group appeared to have normal structures.
However, the cytoplasm of hepatocytes isolated from mice
in the model group was loose, along with inflammatory cell
infiltration and capillary bile duct hyperplasia. In addition,
the degree of hepatocyte injury was positively associated the
length of the modeling time. Local capillary bile duct hyper-
plasia occurred in the mice fed on LD for 8 weeks, whilst
capillary bile duct hyperplasia in the liver parenchyma was
evident in mice fed on LD for 12 weeks. In the YCHD-treated
groups, the extents of cytoplasmic loosening in hepatocytes,
inflammatory cell infiltration and damage to hepatocytes were
all alleviated with the preferable changes observed in the high
dose group. These findings suggest that YCHD treatment
reduced cholesterol deposition in liver tissues and attenuated
the pathological changes of hepatocyte injury.
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Table II. Biochemical parameters of serum and liver.

A, After treatment for 4 weeks

Parameters N M YCHD-L YCHD-H TUDCA
Number of mice 10 10 9 10 10
Body weight (g) 27.85+3.31 24.65+1.92° 24.05+1.15 24.09+1.19 23.53+1.29
Liver weight (g) 1.13+£0.16 1.99+0.23* 2.02+0.18 1.79+0.12 1.46+0.28¢
Liver/body weight ratio (%) 4.06+0.32 8.07+0.45* 8.4+0.61 7.47+0.61¢ 6.18+0.94¢*
ALT (U/1) 40.57+14.21 41245176 .27 355.43+77.11 201.44+78.72¢ 98.3+68.59°¢
ALP (U/1) 51.71x12.45 220.4+73.432 201.14+65.03 159.38+40.65 1244449 99¢
TC (mmol/l) 2.5+0.62 5.12+1.25* 5.43+0.7 4.69+1.19 3.74+1.61
LDL-C (mmol/l) 0.23+0.07 0.98+0.29* 0.94+0.06 0.9+0.24 0.74+0.34
B, After treatment for 8 weeks

Parameters N M YCHD-L YCHD-H TUDCA
Number of mice 10 9 9 10 10
Body weight (g) 32.69+3.29 22.81+1.92° 22.38+2.24 23.06+2 4 23.42+1.18
Liver weight (g) 1.21+0.13 2.83+0.37* 2.4+0.35° 2.2+0.24° 1.45+0.27°¢
Liver/body weight ratio (%) 3.69+0.15 12.4+1.222 10.86+2.26 9.57+0.86¢ 6.18+0.85¢¢
ALT (U/1) 46.29+5 .31 595.63+234.26* 350.22+84 47¢ 289.14+71.99¢ 76.6+89 .45
ALP (U/1) 63.57+11.36 333.38+68.32* 247.56+99 45 170.43+£52.28¢ 132.5+50.32¢¢
TC (mmol/l) 1.92+0.61 5.76+0.86* 4.36=x1 3.72+1.68¢ 2.76+0.91¢4
LDL-C (mmol/l) 0.17+0.03 1.03+0.27° 0.81+0.28 0.66+0.29° 0.49+0.23¢°

P<0.01 vs. N; °P<0.05, “P<0.01 vs. M; “P<0.05, °P<0.01 vs. YCHD-L. N, normal; M, model; L, low dose; H, high dose; YCHD, Yinchenhao
Decoction; TUDCA, tauroursodeoxycholic acid; ALT, alanine aminotransferase; ALP, alkaline phosphatase; TC, total cholesterol;

LDL-C, low-density lipoprotein cholesterol.

Effect of YCHD on the expression of key components of
cholesterol metabolisms in the liver and small intestine
tissues of mice. As shown in Fig. 6, compared with those in the
normal group, the expression levels of liver ABCGS, ABCGS,
SRBI and ABCB11 mRNA in the 8-weeks model group were
significantly increased (P<0.01). Additionally, the expression
levels of liver ABCG5, ABCG8 and SRBI mRNA in the
12-week model group were significantly increased (P<0.01).
In addition, the relative expression of ABCG5, ABCG8 and
NPCIL1 in the proximal small intestine were also significantly
increased compared with that in the normal group (P<0.01).
After treatment with YCHD for 4 weeks, compared with those
in the model group, the aforementioned increased expression of
ABCGS5, ABCGS8, SRBI, ABCB11 and ABCB4 in the liver and
ABCGS5, ABCGS8 and NPCI1L1 in the small intestine were all
significantly reversed in the YCHD-L (P<0.01) and YCHD-H
(P<0.01) groups. Similar to YCHD, treatment with TUDCA
also significantly reversed the increased ABCGS5, ABCGS,
NPCIL1 and SRBI expression in the liver and/or small intes-
tine compared with those in the model group (P<0.01).

Discussion

Gallstone disease is highly prevalent among the general
population, with incidence ranging from 10-15% in Europe,

the USA and other developed countries (38). The majority
of symptomatic gallstone diseases are caused by cholesterol
gallstones (39). From a therapeutic point of view, effective
treatment options for cholesterol gallstones are limited and the
cost of therapeutic interventions are high. Surgery can result
in potential side effects, whilst oral litholysis with hydro-
philic bile salts has demonstrated limited effectiveness (40).
Therefore, it remains necessary to explore promising novel
agents to confront the problem of this increasing prevalence
of cholelithiasis to aid the progress of therapeutic and drug
development.

The etiology of gallstone formation is multifactorial, which
includes gender, genetic, lifestyle and comorbidity-associated
factors (41). Cholesterol gallstones tend to occur more
frequently in women compared with men due to elevated
estrogen levels (42). The pathogenesis of gallstone includes
hepatic hypersecretion of cholesterol, supersaturated bile and
rapid phase transition of cholesterol, gallbladder hypomotility
and intestinal factors (43,44). A previous study has shown that
excessive intake of cholesterol leads to increased cholesterol
levels in the blood and increased cholesterol saturation in the
bile in the human body, eventually leading to the formation of
gallstones (45). In the present study, LD was used to induce
cholelithiasis in male mice. Since the role of estrogen in
regulating cholesterol and bile acid metabolism in the liver has
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Figure 2. Conditions of mice with cholelithiasis in the five different groups. (A) Representative images of gallbladders with each category of cholelithiasis,
as graded using the six-level judgment criteria: Grade 0, gallbladder is filled with clear bile; grade I: A few fine crystals are found; grade II, ~10 fine crystals
are found; grade III, fine crystals occupy ~50% of the gallbladder; grade IV: Crystals occupy >50% of the gallbladder; grade V: Round gallstones are
found. The grade of cholelithiasis in mice after (B) treatment for 4 weeks (C) and for 8 weeks. “P<0.01. N, normal; M, model; L, low dose; H, high dose;

YCHD, Yinchenhao Decoction; TUDCA, tauroursodeoxycholic acid.

been demonstrated in a previous study (46), male mice were
used to rule out the impact of estrogen on the present study
of drug efficacy. The results showed that compared with the
that in the normal group, cholelithiasis model was successfully
established in LD-fed C57BL/6 mice. The presence of choles-
terol crystals or stones was clearly visible in the gallbladder of
these mice, where the severity of cholelithiasis was positively
associated with the modeling time. Treatment with YCHD
or TUDCA improved the condition of cholelithiasis in mice.
Based on these findings, the mechanism of YCHD-mediated
cholelithiasis formation inhibition was further examined by
measuring biochemical indices in the serum in addition to
analyzing liver tissue pathology, gallbladder bile composition
and expression levels of proteins involved in cholesterol
metabolism.

Positive associations between high serum lipid levels, liver
enzymes and the development of cholesterol gallstones, have
been previously reported (47). Compared with healthy indi-
viduals, patients with gallstones showed higher TC and LDL-C

levels (48). High serum cholesterol and LDL levels may increase
cholesterol excretion with bile and cause cholesterol gallstone
disease (49,50). In liver enzyme profiles, patients with gallstones
presented with higher serum ALT and ALP activities (51). The
results of the present study were consistent with previous reports,
where levels of serum ALT, ALP, TC and LDL-C levels in the
mice in the model group were significantly increased compared
with those in the normal group, reflective of hepatic injury and
the pathological status. It has been previously documented
that hepatic cholesterol accumulation causes pathological liver
damage and inflammation (52). In the present study, TC levels
in the liver tissues of mice in the model group were also found
to be significantly increased. H&E staining of liver tissues
showed that the cytoplasm of hepatocytes in mice in the model
group was loose with inflammatory cell infiltration and capil-
lary bile duct hyperplasia. In addition, the degree of hepatocyte
injury was associated with modeling time. These pathological
results were consistent with the results of serum biochemical
indicators, confirming that there was hepatocyte injury in mice



EXPERIMENTAL AND THERAPEUTIC MEDICINE 21: 316, 2021 7

100=

80=

6=

40+

ipid composition(mol%)

20=

o

Biliarvy 1

(e

100=

80=

60=

sl

e

Biliary lipid composition(mol%o)

N
B M
5] B vyaiL
= [ YCHD-H
= Hk
g TUDCA
£ 34
B e
g ’u L 4 &
e it
2
S 1+
H
o,
0 e
\
2 hY > c}"
OO
)
N
E M
% E EJ YCHD-L
= .
£, v [ YCHD-H
g TUDCA
E 34
| Wi
z e “
_ 2 Sna H
£ i
2
.
S
o
0 L] L
S N > o
,(st’ sza’ \,\Q
+Q S
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in the model group. The intervention of YCHD or TUDCA
significantly reversed the increased serum lipid and liver injury
indicator levels and alleviated the damage to the hepatocytes.
The extent of restoration of damaged hepatocytes was found to
be proportional to the dose of treatment of YCHD. These results
are in line with earlier reports, which demonstrated that YCHD
treatment could repair liver injury and reverse steatosis (53,54).

Lithogenicity of the bile is determined by the relative
concentration of cholesterol, phospholipids and bile acids

that are synthesized in the hepatocytes (55). Cholesterol and
phospholipids are insoluble in water and must be combined
with bile acids to form mixed micelles under normal
circumstances (56). When cholesterol is excessively secreted
or the excretion of bile salts or phospholipids are reduced,
impaired lipid absorption leads to the sustained supersatura-
tion of cholesterol, increasing the susceptibility to cholesterol
crystallization and gallstone formation (57,58). Cholesterol
supersaturation or deficiency of bile acids in the bile results
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Figure 5. Hematoxylin and eosin staining of liver sections from mice from the five treatment groups. Representative histopathological images of mice from
the five groups after treatment for (A) 4 weeks and (B) 8 weeks. Magnification, x100. N, normal; M, model; L, low dose; H, high dose; YCHD, Yinchenhao

Decoction; TUDCA, tauroursodeoxycholic acid.
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in a high CSI value, which is a semi-quantitative measure
of the biliary cholesterol content (59). A significantly higher
CSI value was previously found in patients with cholelithiasis
compared to that in healthy individuals (60). These observa-
tions are supported by the present study, where mice in the
model group showed significantly increased biliary CHOL

concentrations, higher CSI values and reduced TBA concen-
trations, suggesting failure of biliary cholesterol homeostasis.
Treatment with YCHD or TUDCA reversed this alteration in
biliary lipid and cholesterol contents and restored the dynamic
imbalance, thereby inhibiting the formation and growth of
cholesterol gallstones.
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Cholesterol is absorbed in the small intestine, transported
in the blood and taken up by the liver (61). Hepatic secretion
of bile salts and cholesterol into the bile forms the basis for
eliminating excess cholesterol from the body (62). Cholesterol
homeostasis in the body is mainly maintained by intestinal
cholesterol absorption, cholesterol uptake and de novo
biosynthesis in the liver, biliary excretion and its conversion
to various products such as bile acids (63). ABCG5/G8 and
SRBI are the principal mediators of biliary cholesterol efflux
that prevent intestinal cholesterol absorption and facilitate
cholesterol efflux from the liver (42,43). This has the effect of
simultaneously lower plasma cholesterol levels and increase
biliary cholesterol excretion (64,65). ABCB4 and ABCBI11
transporter also have been reported to regulate the composition
of primary bile (66,67). The process of intestinal cholesterol
absorption is a complex process, but it is clear that the small
intestine serves a vital role in both dietary and biliary choles-
terol absorption (68). Cholesterol uptake can also be regulated
by variants of NPC1L1, a transmembrane protein that is highly
expressed in the intestinal epithelial cells of the small intestine
in mammals (69). Increased expression of these transporters
has been previously demonstrated to increase biliary sterol
secretion whilst reducing intestinal cholesterol absorption
during cholelithiasis (70,71). The relative expression levels of
these critical components involved in lipid metabolism were
measured in the present study to further clarify the mecha-
nism of YCHD on cholelithiasis. YCHD effectively inhibited
the overexpression of ABCG5/8 and SRBI transporters in the
liver and ABCG5/8 and NPCI1L1 in the small intestine, which
promote cholesterol secretion back into the intestinal lumen.
This potentially served to reduce intestinal cholesterol absorp-
tion and hepatic cholesterol transportation, in turn protecting
against the formation and growth of cholesterol gallstones.

According to rules of TCM theory, classic formulae
consist of the following four elements: i) The monarch drug,
which is the core in this formula and directly targets the disease;
ii) the minister drug, which promotes the therapeutic effect
of the monarch drug or target the accompanying symptoms;
iii) the assistant drug, which reduces the adverse effects
and/or increase the potency of the whole formula; and iv) the
servant drug, which guides the monarch and minister drugs
to reach the target organs or to harmonize their actions (72).
The therapeutic efficacy of YCHD can be attributed to the
combined action of a mixture of the three herbs, Artemisiae
scopariae herba, Gardeniae Fructus and Radix et Rhizoma
Rhei. They harmoniously interacted with each other to achieve
the therapeutic outcome and diminished the possible adverse
reactions among the multiple herbs. Previous pharmacological
studies indicated that synergism between three components
tend to exert a more robust effect compared with either one
or two of the three individual compounds, by hitting multiple
targets (73).

YCHD has been previously used in clinical practice for
jaundice and liver disorders. Previous studies have verified
the efficacy and mechanism of YCHD for the treatment of
diseases, including cholestatic liver disease, liver fibrosis and
non-alcoholic steatohepatitis (74-76). However, insufficient
studies have examined its effect and possible mechanism on
cholelithiasis. The occurrence of cholelithiasis is closely asso-
ciated with abnormal cholesterol metabolism, which involves

the synthesis, absorption and transportation of cholesterol in
the liver, gallbladder and intestine. The possible mechanism of
YCHD was initially confirmed in vivo in mice with cholelithi-
asis based on the cholesterol metabolism pathway in the liver
and intestine in the present study. The present study is a useful
attempt on the study of this TCM formula for the treatment
of cholelithiasis. For future studies, the specific mechanisms
of YCHD on cholelithiasis from multiple perspectives will be
further explored through additional in vitro and in vivo experi-
ments, including its effects on inflammation and intestinal
flora through metabolomics. In addition, the dose of YCHD
used in the present study was the same or twice of the original
prescription, which is far less than the maximum available
dose (77). In future studies, a higher dose and a longer course
of treatment will be applied.

In conclusion, the present study demonstrated that YCHD
ameliorates serum and liver biochemical abnormalities in mice
with LD-induced cholelithiasis and improves biliary choles-
terol supersaturation to adjust biliary cholesterol homeostasis,
which may involve the regulation of cholesterol metabolism.
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