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Abstract

Background
Babao Dan(BBD), as a traditional Chinese medicine, is widely used in a variety of diseases, especially
chronic liver diseases. The aim of this study is to observe the effects and possible mechanisms of Babao
Dan(BBD) Capsules on α-Naphthyl isothiocyanate (ANIT) - induced intrahepatic cholestasis liver disease
in mice.

Methods
Fifteen mice were randomly divided into three groups: control group, model group, and treatment group,
with �ve in each group. Except for the mice in the control group, the mice in the other two groups were
gavaged with a 1% α-Naphthyl isothiocyanate (ANIT) olive oil solution, and cholestasis models were
established at a dose of 100 mg/Kg. Meanwhile, at the same time point, the control group was gavaged
with the same amount of olive oil. After modeling, the control group, the model group and the treatment
group were gavaged with the same amount of saline, saline and BBD saline suspension once daily for 10
days, respectively. On the 10th day, we took the blood preparation and liver samples, then we detected
serum levels of liver function indexes(TBA, TBil, DBil, ALT, AST, ALP, GGT), liver �brosis indexes(HA, LN,
PC- , C- ). Hepatic pathological examinations were observed by hematoxylin and eosin staining(HE),
Masson staining and picric acid-Sirius red staining. The protein expression of TGF-β1 and Smad3 were
detected by immunohistochemistry. The level of mRNA expression of TGF-β1 and Smad3 were detected
by RT-PCR.

Results
Compared with the control group, serum levels of liver function indexes(TBA, TBil, DBil, ALT, AST, ALP,
GGT) and liver �brosis indexes(HA, LN, PC- , C- ) in the model group were signi�cantly increased (P < 
0.01).Similarly, compared with control group, in the model group, HE staining showed that hepatocyte
swelling, hepatocellular necrosis and destroyed hepatic lobular structure; Masson staining showed that a
large amount of blue collagen �bers deposited in the liver tissue, forming �brous septa and pseudolobule;
Picric acid-Sirius red staining showed that type  collagen and type  collagen in liver tissue increased
signi�cantly, the total area of collagen increased signi�cantly. The protein expression of TGF-β1 and
Smad3 were signi�cantly up-regulated; the mRNA expression of TGF-β1 and Smad3 was signi�cantly up-
regulated. Compared with the model group, the above indexes in treatment group were signi�cantly
decreased(P < 0.01).

Conclusions
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Babao Dan(BBD) has signi�cant therapeutical effects on intrahepatic cholestasis liver disease by
inhibiting TGF-β/Smad signaling pathway.

Introduction
Cholestasis is a pathological condition characterized by obstruction of bile formation, secretion, and
excretion caused by various causes inside and outside the liver[1]. Bile cannot be discharged normally into
the duodenum, but instead enters the blood .Cholestatic liver disease is a global health problem, mainly
refers to a variety of liver diseases with cholestasis as the main manifestation[2].Liver diseases causing
cholestasis are numerous and complex, mainly divided into intrahepatic cholestatic liver disease and
extrahepatic cholestatic liver disease. Cholestasis is not only the main manifestation of various
cholestatic liver diseases, but also causes further exacerbation of the disease, leading to the development
of chronic liver disease and eventually cirrhosis [3].The pathogenesis of cholestatic liver disease is not yet
clear, and is related to various factors, including oxidative stress, cytokines (interleukin 6 (IL-6), tumor
necrosis factor α (TNF-α), transforming growth factor β (TGF-β), etc.), intestinal �ora[4, 5], bile acid
metabolism[1, 5–7], etc. .At present, a large number of studies have explored the pathogenesis of
cholestatic liver disease, but no clear results have been obtained. By establishing a mouse model of
MDR2 gene knockout cholestasis, Shearn CT et al.[2]explored that cholestasis promotes liver
in�ammation, cytokines release, oxidative stress and protein carbonylation involvement leading to liver
�brosis and cirrhosis by inhibiting antioxidant effect.

Chronic cholestatic liver disease can eventually lead to liver �brosis, cirrhosis and even liver cancer.
Studies have con�rmed that the activation of hepatic stellate cells(HSCs) is the key to liver �brosis.
Activation of hepatic stellate cells(HSCs) is affected by a variety of in�ammatory cytokines[8]. TGF-β is
considered to be the strongest pro-�brosis factor that can activate hepatic stellate cells and promote liver
�brosis. TGF-β plays a pro-�brosis role mainly through the TGF/Smad signaling pathway[9]. Smads
protein is the only known intracellular kinase substrate of TGF-β receptor, and is the key downstream
protein of TGF-β signaling transmembrane into the nucleus, regulating the transcription of nuclear target
genes, thereby exerts the biological effects of TGF-β [8–10].

Chinese medicine plays an important role in the treatment of cholestasis, among which BBD is the most
important one. As a traditional Chinese medicine, BBD originated in the Ming Dynasty. Its ingredients
include bezoar, snake bile, antelope horn, pearl, notoginseng and musk, etc. It has the functions of
clearing away dampness and heat, promoting blood circulation and detoxi�cation, withdrawing yellow
and relieving pain[5, 11, 12]. BBD has good e�cacy in the treatment of viral hepatitis, liver cirrhosis,
cholestatic liver disease and biliary tract disease [11, 13–16]. Liang L et al.[12] demonstrated that BBD
signi�cantly inhibited LPS-induced activation of HSCs through TLR4/NF-κB pathway. In addition, BBD is
widely used for other diseases, such as tumor diseases[17–19], urinary system disease and so on.
Traditional Chinese medicine plays a great role in the treatment of COVID-19. Previous studies[20] have
shown that BBD can improve the symptoms of COVID-19 combined with acute lung injury by controlling
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excessive in�ammation and inhibiting the release of a large number of in�ammatory cytokines by
in�ammatory cells. Similarly, the study suggests that octadine may have positive effects on cancer
treatment. Liu et al. demonstrated through a variety of experimental methods that octadane inhibited the
migration and invasion of gastric cancer cell lines by inhibiting TGF-β-induced epithelial mesenchymal
transformation (EMT) and inactivating the TGF-β/Smad signaling pathway [17]. Meanwhile, the study of
Wang Q et al. [18]con�rmed that BBD inhibited the growth of tumor cells by inducing autophagy through
down-regulating PI3K/ATK/mTOR signaling pathway in lung cancer. However, there are few studies on
the mechanisms of BBD in the treatment of cholestatic liver diseases, and there is still no clear
conclusion.

At present, the mechanism of BBD in the treatment of cholestatic liver diseases, liver �brosis and cirrhosis
is still not clear. This study mainly observed the protective effect of BBD on α-naphthalene isothiocyanate
(ANTI) -induced �brosis in mice with cholestatic liver disease and explored its mechanisms, so as to
provide more research evidences for the clinical application of BBD in the treatment of cholestatic liver
diseases.

Materials And Methods
1. Materials

1.1 Animals and groups 

15 healthy male SPF mice, Kunming species, body weight 20-25g, 28-33 days. Purchased from
Guangdong Medical Laboratory Animal Center. Permit number SCXK (Yue) 2018-0002. Fifteen mice were
randomly divided into 3 groups: control group, model group, and treatment group, with 5 mice in each
group. It was raised under the SPF condition of the Animal Experimental Center of Zhujiang Hospital of
Southern Medical University. Keep breeding environment illuminated for 12 hours, and keep the
temperature of environment at 25℃ and dry, every rat eats and drinks freely. All experimental procedures
were conducted in strict accordance with the experimental guidelines of Animal Experimental Center of
Zhujiang Hospital of Southern Medical University, and in accordance with the relevant provisions of
animal protection, animal welfare and ethical principles.

1.2 Drug 

BBD Capsules were purchased from Xiamen Chinese Pharmaceutical Factory Co., Ltd., Batch No.
Z109440006, speci�cation 0.3g/capsule. Take 0.6g BBD and then dilute it in 10mL normal saline, make
suspension by mixing, �nally store it in refrigerator at 4℃for later use. In this study, α-Naphthyl
isothiocyanate(ANIT) was used as the model drug for cholestatic liver disease. A variety of modeling
methods and drugs for cholestatic liver diseases were investigated. ANIT is the most commonly used
drug and can quickly form the model of acute cholestatic liver diseases[21]. ANIT was purchased from
American sigma company. Precisely weigh ANIT 200mg, then dissolve it in 20mL olive oil to make oil
solution with the concentration of 10mg/mL before using.
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1.3 Instruments and reagents

Electronic balance(Mettler Toledo (Shanghai) Co., Ltd.), ultrasonic cell pulverizer (Ningbo Xinzhi Bio),
table-top high-speed refrigerated centrifuge (Ningbo Xinzhi Bio), automatic grinder (Jiangyan Tianli
Medical Instrument Factory Co., Ltd.), automatic biochemical analyzer (Shenzhen Leidu Life Technology),
dehydrator (Wuhan Junjie Electronics Co., Ltd.), pathological slicer (Shanghai Leica Instrument Co., Ltd.),
upright optics Microscope (Nikon, Japan),�uorescent quantitative PCR (ABI), ultra-micro
spectrophotometer (Thermo), centrifuge tube (Axygen Biosciences), imaging system (Nikon, Japan);
scissors, tweezers, EP tube are offered by the Animal Experimental Center of the Southern Medical
University Zhujiang Hospital.

2. Method

2.1 Preparation of cholestatic cirrhosis rat models

15 mice were adaptively fed for 24 hours, and then randomly divided into 3 groups: control group, model
group, and treatment group. Mice in the model group and treatment group were gavaged with 1% ANIT
olive oil solution at one time, the model of cholestasis was prepared at the dose of 100mg/Kg. The
control group was gavaged with the same amount of olive oil at the same time point. Before and after
modeling, fast and drink water for 6 hours to ensure full absorption of the drug. The control group was
given normal saline gavage once a day, the model group was gavaged with normal saline once a day, and
the treatment group was gavaged BBD normal saline suspension once a day at a dose of 1.2g/Kg (twice
the human equivalent dose) for 10 days. After 10 days of administration, blood samples and liver tissues
of each group were collected after anesthesia.

2.2 Materials and testing indicators

2.2.1 Observe the general condition of the mice, dietary activities, mental state, and condition of death.

2.2.2 Mouse serum biochemical test

On day 10 of the experiment, all animals were fasted for 12 hours after administration, and then
anesthetized by intraperitoneal injection of 250mg/kg 6% chloral hydrate. After the eyes were removed,
blood was collected, 1.5ml arterial blood was extracted and placed in the procoagulant tube. The blood
was separated by centrifuge at 4000r/min for 10min, and serum was collected for examination. All the
serum biochemical indicators in this experiment such as liver function indexes(TBA, TBil, DBil, ALT, AST,
ALP, GGT), liver �brosis indexes(HA, LN, PC- , C- ) are tested in laboratory of biochemical testing center of
Zhujiang Hospital of Southern Medical University.

2.2.3 Pathological observation of liver tissue

Fresh liver tissue was collected, and the same part of liver was �xed in 10% neutral formalin buffer
solution for HE staining, Masson staining and Picric acid-Sirius red staining. Liver tissue in�ammation
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and �brous collagen deposition were observed. Image-Pro Plus6.0 software was used to calculate the
collagen �ber area. The preparation of liver pathological sections and HE staining were completed by the
laboratory of Department of Pathology, Zhujiang Hospital, Southern Medical University.

2.2.4 The expression level of TGF-β1 and Smad3 protein

The expression level of TGF-β1 and Smad3 protein was detected by immunohistochemical stain.
Hematoxylin stains nucleus to blue, DAB showed positive expression is claybank, under the observation
at high magni�cation (400 times), randomly observe 5 overlapping �elds of vision, the counts of cells in
the every �eld should be over 300, dyeing results should be compared with the proportion of positive cells
and staining extent to make the semi-quantitative analysis of TGF-β1, Smad3 protein expression. The
result evaluation criteria: the staining color of cytoplasm and cell membrane of positive cells is yellow or
claybank, and the cells without staining were taken as negative cells. The image-pro Plus6.0 Image
analysis software was used for semi-quantitative analysis of the positive expression regions.

2.2.5 Detection of TGF-β1 and Smad3 mRNA expression levels by PT-PCR

Accurately weigh liver tissue 10mg per mouse, then grind after adding with 250μl lysate. Follow-up
operations are performed according to the instructions on the total RNA extraction kit. The proposed RNA
concentration was detected by ultraviolet spectrophotometry, and 2.0μl of total RNA was added into each
tube for reverse transcription. Add the reagent according to the instructions, place it in the PCR apparatus,
and incubate at 65℃ for 5 min and 42℃ for 60 min. The internal reference and primer ampli�cation
conditions were as follows: pre-denaturation at 94℃ for 10 min, denaturation at 95℃ for 15 s, annealing
at 60℃ for 60 s, and extension at 70℃ for 1 min, a total of 40 cycles.(see table 1)

2.3 Statistical Methods

The experimental data was analyzed by SPSS 17.0 statistical analysis software, results were expressed
with mean ± standard deviation (x ± s). For the data conforming to homogeneity of variance, group t test
was used for pair comparison, and one-way analysis of variance was used for comparison of the mean
between multiple groups. P<0.01 was considered statistically signi�cant.

Results
1. BBD improved the general condition of mice of the treatment group compared with that of mice of the
model group.

As for the control group, the mice were in good mental condition with normal activity ,stable body weight,
bright fur, light red limbs and mouth corners, slightly yellow urine , and moderate stool humidity.
Compared with control group, the general condition of mice in the model and treatment group was worse.
The mental state was worse with declined activity level, slow movement and weight loss. The Fur on
head and back was lost and dull. The color of limbs, mouth corners and tail circumference became
yellow, the color of urine became yellow and the volume decreased, stool became dry. The mice became
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emotional, defensive, and had aggressivity and aggressive behavior. After administration, compared with
the model group, the general condition of mice in the treatment group improved. As the time of
administration increase, the mental state ,activity level, fur and urine improved. During the administration
period, there were no obvious adverse reactions occurred in each model group.

2. BBD made the liver function indexes decreased and improved the liver function.

Compared with the control group, liver functional indexes (TBA, TBil, DBil, ALT, AST, ALP, GGT) in the
model group were signi�cantly increased (P<0.01). Compared with the model group, liver functional
indexes(TBA, TBil, DBil, ALT, AST, ALP, and GGT) in the treatment group were signi�cantly decreased
(P<0.01),the differences among all groups were statistically signi�cant.(See Table 2)

Compared with the control group, the liver �brosis indexes (LN, HA, PC-  and C- ) in the model group and
the treatment signi�cantly increased(P<0.01). Compared with the model group, the liver �brosis indexes
(LN, HA, PC-  and C- ) in the treatment group signi�cantly decreased(P<0.01), and the differences
between the groups were statistically signi�cant. (See Table 3)

3. BBD improved liver tissue structure and inhibited collagen synthesis in the liver.

3.1 HE staining 

In the control group, liver cells were neatly arranged and cord-like radiated without necrosis or
degeneration. The structure of liver lobules was clear and complete, the structure of portal area was
normal, and the epithelial cells of bile duct were neatly arranged without blockage. No abnormal
hyperplasia of connective tissue was observed in the central vein and portal area, and no in�ammatory
cell in�ltration was observed. In the model group, mice liver cells cord arrangement was disorder and
irregular, liver cell became swelling, and had fat necrosis, balloon-like degeneration, large area of necrosis,
connective tissue in the necrosis area signi�cantly increased, forming �brous septum, which destroyed
liver lobular structure and then gradually became false lobules, �nally developed to liver �brosis.
Meanwhile, it could be found that the signi�cant hyperplasia of bile duct epithelial cells, the obstruction
of bile duct and the in�ltration of a large number of in�ammatory cells in the portal area. Compared with
model group, the arrangement and hierarchy of liver cells in the treatment group were more regular, the
cell size was more uniform, and the morphology and structure were clearer. The edema of liver cells, fatty
necrosis of hepatocytes, necrotic area of liver, obstruction of bile duct and in�ammatory cell in�ltration in
portal area were signi�cantly reduced. The liver injury was improved obviously, and the tissue structure
and cell morphology were close to normal condition compared with model group. (see Figure1)

3.2 Masson staining

A small amount of collagen �bers were seen in the wall of the control group, which is in the normal range.
Compared with the control group, a large number of bright blue collagen �bers deposited in the liver
tissue of the model group, and the staining was deeper. More collagen �bers were found in the liver
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tissue, �ber spacing varied in width, and pseudo-lobules were formed. The change of collagen �bers in
the treatment group were between the control group and the model group. (see Figure 2)

3.3 Picric acid-Sirius red staining(  and III collagen �bers observed by polarized light microscopy)

In the control group, a small amount of type  and  collagen in mouse liver tissue can be observed, which
were distributing in the portal area, blood vessel wall and bile duct wall. By contrast, in the model group,
the type  collagen in liver tissue increased signi�cantly, which was distributing in the space around the
hepatic sinus and the lobular vein and partially extending into the lobules, then forming �brous septa
between the leaves. There were a large number of orange-red crude �bers in the portal area with strong
refraction. Type  collagen is increased and scattered around type  collagen. Compared with the model
group, in the treatment group, collagen �bers in liver tissue are mainly composed of green type  collagen
which were radiated in �laments and showed weak birefringence. The green type  collagen mainly
distributed in the portal area and small blood vessel wall, meanwhile, it also can be observed around the
hepatic sinus. Type  collagen was accompanied by type  collagen which showed red or yellow coarse
�brousa and strong birefringence. (See Figure 3)

3.4 Collagen �ber area analysis

Collagen �ber area analysis showed that the collagen area of the model group increased signi�cantly
compared with the control group, and the differences was statistically signi�cant (P<0.01).Compared
with the model group, the collagen area of the treatment group signi�cantly decreased, and the
differences was statistically signi�cant (P<0.01).There was no signi�cant differences of the area of
�brosis between Masson staining and picric acid-Sirius red staining between the same group (P>0.01).
(See Table 4)

4. BBD inhibited expression levels of TGF-β1 and Smad3 proteins in mouse liver tissues

4.1 TGF-β1 expression

A few brownish yellow positive granules in liver tissue of control group were observed. No positive
expression was found in hepatocytes and interstitial cells, and a small amount of positive expression
was found in hepatic sinus space. A large number of colored particles can be seen in the model group. In
the �brosis portal areas and increased �brous tissue areas, it showed mainly that a large number of
positive staining and cytoplasmic expression were observed in interstitial cells, cytoplasm of
in�ammatory cells, spaces between hepatic sinuses and wall of central venous vessels. It can be seen
that TGF-β1 is mostly derived from mesenchymal cells. The expression of TGF-β1 protein in the treatment
group was lower than that of the model group, the number of positive cells was signi�cantly reduced, and
the degree of staining was signi�cantly reduced, the TGF-β1 protein mainly expressed on the interstitial
cell membrane and in the cytoplasm. Compared with the normal group, the expression of TGF-β1 protein
in the model group and the treatment group increased signi�cantly, and the differences were statistically
signi�cant (P<0.01). Compared with the model group, the expression of TGF-β1 protein in the treatment
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group was decreased obviously, and the differences were statistically signi�cant (P<0.01). (See Figure 4,
Table 5)

4.2 Smad3 expression

There was no positive expression of hepatocytes in the control group, and a small amount of
chromogenic particles were observed in the portal areas. Compared with control group, a large number of
positive chromogenic particles were observed in the model group, mainly locating in the portal areas,
hepatic sinus spaces, �brous areas, and around the blood vessel wall, and the expression of Smad3
protein was mainly cytoplasmic expression. The positive expression of the treatment group was less than
that of the model group, and the positive particles were signi�cantly reduced. Compared with the control
group, the expression of Smad3 protein positive particles in the model group and treatment group
increased signi�cantly, and the differences were statistically signi�cant (P<0.01).Compared with the
model group, the expression of Smad3 protein positive particles in the treatment group was decreased
obviously, and the differences was statistically signi�cant (P<0.01). (See Figure 5, Table 5)

Discussion
Cholestasis liver disease is a kind of the liver diseases with cholestasis as the main performance,
including a variety of diseases, such as primary biliary cholangitis (PBC) and primary sclerosing
cholangitis (PSC),etc., is characterized in bile synthesis, secretion and excretion dysfunction, leading to
chronic bile acids accumulation within the liver and causing liver damage[22]. Excessive accumulation of
bile acids and their metabolites in the liver is considered to be the main cause of liver injury in cholestatic
liver diseases[2, 21, 23]. At present, the �rst-line treatment drug for cholestatic liver disease is
ursodeoxycholic acid, but unfortunately, many patients are not sensitive to ursodeoxycholic acid, and the
e�cacy is poor[1, 24]. Meanwhile, there are not many drugs for cholestatic liver disease, and the curative
effect varies greatly[6]. As a traditional Chinese medicine, BBD is widely used in many kinds of liver
diseases, as well as cholestatic liver diseases. It is widely used in China with good curative effect[11, 15, 16,

18]. The mechanism of BBD in the treatment of cholestatic liver diseases is still unclear. However, it has
been suggested that BBD can exert anti-�brosis effect through inhibiting TGF-β/Smad signaling pathway,
and inhibit tumor cell proliferation and metastasis in NSCLC[14, 17, 18]. The purpose of this study was to
observe the protective effect of BBD on �brosis in mice with cholestatic liver disease induced by α-
naphthalene isothiocyanate (ANTI) and explore its mechanism. The results of this study suggested that
BBD has a protective effect on liver injury and improves liver function in cholestatic liver disease, which
may be achieved by inhibiting the TGF-β/Smad signaling pathway.

In this study, the mouse model of cholestasis liver �brosis was prepared by ANIT gavage method[21]. After
preparation, the general state of mice in each group was observed, the serum biochemical indexes of
mice were detected, and the liver of mice was stained with HE. The results showed that the general
condition of mice in the model group was signi�cantly lower than those in the control group, with reduced
activity, jaundice and sparse fur. Compared with the control group, the liver function indexes of the model
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group were signi�cantly increased, the liver function was signi�cantly impaired, and the liver �brosis
indexes were signi�cantly increased. At the same time, HE staining of liver tissue of mice in model group
showed hepatocyte swelling, large area necrosis, pseudolobule formation, bile duct obstruction and
in�ammatory cell in�ltration. The results were consistent with previous studies. Compared with the model
group, the general condition of mice in the BBD treatment group was signi�cantly improved with
increased activity and reduced jaundice. Compared with the model group, serum biochemical indexes,
liver �brosis indexes and liver function indexes of mice in the treatment group were signi�cantly
decreased. HE staining of liver tissue of mice in the treatment group showed that the edema of liver cells
was reduced, liver injury was signi�cantly improved, and tissue structure and cell morphology were close
to normal. The experimental results con�rmed that BBD had a protective effect on liver injury caused by
cholestatic liver disease, and the liver function was improved obviously.

In addition, in order to further quantitatively verify the protective effect of BBD on liver injury caused by
cholestasis liver disease, we performed Masson staining and picric acid-sirius red staining on liver tissue
of mice in each group, and quantitatively analyzed the distribution area of type I and  collagen. Masson
staining results showed that the collagen area of the model group was signi�cantly increased, while the
collagen area of the treatment group was signi�cantly decreased. The results of picric acid-sirius red
staining were consistent with those of Masson staining. The collagen distribution area of the model
group increased signi�cantly, while those of the treatment group decreased. The results of the collagen
distribution area calculated by computer software showed that there were signi�cant differences between
the model group and the treatment group. The experimental results showed that BBD could signi�cantly
improve the collagen hyperplasia and liver �brosis caused by cholestasis liver injury.

At present, there have been a large number of studies related to the pathogenesis of cholestatic liver
disease, which is very complex. Studies[8, 10, 25] have shown that TGF-β plays a crucial role in liver �brosis,
activating hepatic stellate cells, activating downstream Smad expression, and promoting the occurrence
and development of liver �brosis. In order to further explore the mechanism of BBD in the treatment of
cholestatic liver disease, we analyzed the protein expression levels of TGF-β and Smad in liver by
immunohistochemistry, and detected the mRNA expression levels of TGF-β and Smad by PT-PCR. The
results showed that the expressions of TGF-β, Smad and mRNA were signi�cantly increased in the model
group and signi�cantly decreased in the treatment group compared with the model group. The results
have shown that cholestatic liver disease may cause liver damage through activation of the TGF-β/Smad
signaling pathway. The expression of TGF-β and Smad decreased signi�cantly after BBD treatment,
suggesting that BBD may improve liver injury and �brosis in cholestatic liver disease by inhibiting TGF-
β/Smad signaling pathway, which is consistent with the results of previous studies.

In conclusion, we suggest that BBD has a protective effect on cholestatic liver disease caused by α-
naphthalene isothiocyanate (ANTI), which can improve liver injury and liver function, and this protective
effect may be realized by inhibiting TGF-β/Smad signaling pathway. Because many patients have poor
response to ursodeoxycholic acid treatment, the e�cacy of other therapeutic drugs still needs further
study, and BBD has broad application space. Due to the differences among species, there are still many
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shortcomings in this study. The modeling drugs used in this study were mainly presented with acute
cholestasis, and their response to chronic cholestasis was unclear. In this study, mice could not
completely replace the human condition, which was more complicated, and the therapeutic effect was
not clear yet. Further clinical studies were needed to con�rm the therapeutic effect of BBD. This study on
the therapeutic mechanism of BBD, it was still relatively simple, while the pathogenesis of cholestatic
liver disease is very complex, which is related to a variety of signal pathways, molecules and metabolites.
The mechanism still needs to be further studied to explore its correlation. Therefore, the research on
cholestatic liver disease still needs to be further in-depth. According to the current research results, we
believe that BBD has a good therapeutic effect on cholestatic liver disease and has a broad application
space and value.

Conclusion
The results of our study showed that the general condition of mice in the Babao Dan(BBD) treatment
group was signi�cantly improved, and the �brosis status of liver tissue was signi�cantly improved. The
PT-PCR results showed that the mRNA expression of TGF-β and Smad in the Babao Dan(BBD) treatment
group was signi�cantly reduced. Therefore, we suggest thatBabao Dan(BBD) has signi�cant
therapeutical effects on intrahepatic cholestasis liver disease by inhibiting TGF-β/Smad signaling
pathway.
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Tables
Due to technical limitations, table 1,4,5 is only available as a download in the Supplemental Files section.

Table 2  Effects of BBD on liver function indexes in mice with cholestatic liver �brosis (mean±SD
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  control group model group treatment group F P

ALT(U/L) 42.44±4.93 400.33±65.49a 144.16±38.66ab 87.28 0.00

AST(U/L) 171.09±22.30 656.95±118.17a 315.81±75.65ab 46.24 0.00

ALP(U/L) 158.82±39.18 953.64±282.86a 535.99±131.42ab 23.99 0.00

GGT(U/L) 29.58±3.49 159.49±24.78a 81.53±13.59ab 79.12 0.00

TBIL(umol/L) 6.31±0.91 53.12±7.51a 19.42±1.81ab 144.56 0.00

DBIL(umol/L) 4.54±0.86 48.49±7.08a 14.26±2.07ab 144.77 0.00

TBA(umol/L) 39.01±3.05 339.47±167.73a 238.28±103.87ab 25.41 0.00

Table 2: a Compared with the data in the control group, the differences between the control group and the
other groups have statistically signi�cance(P<0.01). b Compared with the data in the model group, the
differences of data have statistically signi�cance(P<0.01).

Table 3  Effects of BBD on liver �brosis indexes in mice with cholestatic liver �brosis (mean±SD

  control group model group treatment group F P

HA 302.16±45.95 644.21±71.69a 443.79±47.06ab 46.83 0.00

LN 135.13±49.31 417.55±37.76a 224.33±48.61ab 50.28 0.00

PC- 12.15±1.87 24.94±2.02a 16.15±1.03ab 73.83 0.00

C- 37.17±2.00 74.98±4.34a 54.92±4.44ab 125.89 0.00

Table 3: a Compared with the data in the control group, the differences between the control group and the
other groups have statistically signi�cance(P<0.01). b Compared with the data in the model group, the
differences of data have statistically signi�cance(P<0.01).

Figures
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Figure 1

Comparison of histopathology of liver tissue of each group(X40).

Figure 2

Comparison of Masson staining of liver tissue of each group(X40).
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Figure 3

Comparison of Picric acid - Sirius red staining of liver tissue of each group(X40).

Figure 4

Comparison of the protein of TGF—β1 between normal group, model group and treatment group.



Page 18/18

Figure 5

Comparison of the protein of Smad3 between control group, model group and treatment group
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