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Abstract. Intestinal flora performs a crucial role in human 
health and its imbalance may cause numerous pathological 
changes. The liver can also affect the intestinal function through 
bile secretion via the enterohepatic cycle. The pathophysi-
ological association between the gut and the liver is described 
as the gut‑liver axis. The present study investigated the role of 
intestinal flora in alcohol‑induced liver fibrosis. A total of 36 
C57 mice were randomly and equally divided into 3 different 
dietary regimes: Group I (alcohol injury; received alcohol); 
group II (alcohol injury with flora imbalance; received alcohol 
plus lincomycin hydrochloride) and group III (alcohol injury 
with corrected flora imbalance; received alcohol, lincomycin 
hydrochloride and extra probiotics). The present study then 
investigated several indicators of liver damage. Alkaline phos-
phatase (ALP) levels, aspartate aminotransferase (AST) levels 
and alanine aminotransferase (ALT) levels in mice serum were 
studied. Masson staining and Annexin V‑fluorescein isothio-
cyanate/propidium iodide double staining was also performed, 
and the expression of mothers against decapentaplegic homolog 
(smad) 3 and smad4 proteins in hepatic stellate cells (HSCs) of 
the mice was examined using western blot analysis. The levels 
of serum ALP, AST and ALT were the highest in group II mice, 
and all 3 levels decreased in group III mice compared with 
those from group II. The degree of liver fibrosis was aggravated 
in group II mice compared with group I mice. The apoptosis 
of HSCs was significantly inhibited in group II mice, but 
was increased in group III mice. The HSCs in group II mice 
exhibited higher expression of smad3 and smad4, whilst group 
III mice (with corrected intestinal flora imbalance) exhibited 
downregulated expression of smad3 and smad4. The present 

data indicates that the intestinal flora perform a significant role 
in maintaining liver homeostasis. Furthermore, an imbalance 
of intestinal flora can exacerbate alcohol‑induced liver fibrosis 
in mice through the transforming growth factor β/SMA/MAD 
homology signaling pathway, which subsequently leads to more 
serious liver damage.

Introduction

Chronic alcoholic liver disease is typically caused by 
long‑term excessive alcohol consumption, and includes alco-
holic fatty liver, alcoholic hepatitis, alcoholic liver fibrosis and 
alcoholic cirrhosis. According to statistics, chronic alcoholic 
liver disease has become the leading cause of liver fibrosis 
and liver cancer in Europe and America (1). Liver fibrosis is 
the excessive accumulation and hyperplasia of extracellular 
matrix proteins resulting from chronic damage to the liver 
and characterized by abnormalities in the hepatic structure 
or the way it functions (2). It can be caused by autoimmune 
liver disease, drug‑induced liver injury and chronic alcoholic 
liver disease. Previously, researchers have identified that 
transforming growth factor β (TGFβ) served an important 
role in the occurrence and development of liver fibrosis (3‑5). 
Platelets in the liver cells can release large amounts of TGFβ 
following liver damage, which continuously promotes the 
synthesis and accumulation of extracellular matrix proteins, 
resulting in liver fibrosis. TGFβ can also enhance the activity 
of hepatic stellate cells (HSCs), which can in turn increase 
TGFβ synthesis and secretion, thus contributing to the devel-
opment of liver fibrosis (6).

A complex community of microorganisms, termed intes-
tinal flora, live in the digestive tract of the human body; >500 
strains of intestinal flora exist in the human gut, the most 
common types being obligate anaerobes such as Bifidobacteria, 
E. coli, Enterococcus faecalis and Bacteroides (3). Intestinal 
flora performs a crucial role in human health. However, under 
certain abnormal conditions, bacterial translocation or a 
change of intestinal flora ratio can occur, resulting in various 
pathophysiological manifestations. The liver is connected to 
the intestinal flora system anatomically through the portal vein 
and mesenteric lymphatic system and continuously receives 
intestinal blood into the portal system.
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The liver also performs a defensive role in the detoxifica-
tion of gut‑derived toxins including lipopolysaccharides and 
microbial products depending on its innate immune system (7). 
Furthermore, the liver cannot only regulate metabolism and 
immune responses, but can also influence the intestinal func-
tion through bile secretion and the enterohepatic cycle. The 
pathophysiological association between the gut and the liver is 
described as the gut‑liver axis. Over the past 10 years, under-
standing of the gut‑liver axis has progressively increased, 
meaning that the impact of intestinal flora on the pathogenesis of 
chronic liver disease has received increased attention (8). It has 
been reported that patients with liver fibrosis often had abdominal 
distension, diarrhea and other gastrointestinal symptoms, but 
their symptoms alleviated following a period of treatment using 
probiotics, implying that their symptoms are associated with an 
intestinal flora imbalance (9). Therefore, it can be speculated that 
intestinal flora is associated with liver fibrosis.

The present study investigated the role of intestinal flora in 
the occurrence and development of liver fibrosis and explored 
its mechanism, providing a new theoretical basis for the treat-
ment of liver fibrosis.

Materials and methods

Ethics statement. The animal experiments in the present study 
were approved by the committee on the Ethics of Qingdao 
University (Qingdao, China) in accordance with national and 
institutional policies. The animals received humane care and 
treatment in accordance with the Guide for the Care and Use 
of Laboratory Animals of Qingdao University.

Animals and treatments. Male C57B1/6 mice (6 weeks old; 
30‑35 g in weight) were bought from the laboratory animal 
center of The Academy of Military Medical Sciences (License 
number, SCXK Jing 2006‑0009). A total of 36 mice were 
randomly allocated into 3 groups: Group I (alcohol injury 
group), group II (alcohol injury with flora imbalance group) 
and group III (alcohol injury with corrected flora imbalance 
group), using randomization software. The mice in group I 
were fed with lieber‑deCarli liquid (Dyets, Inc., Bethlehem, 
PA, USA) diets containing 4% alcohol and 0.3% tetrachloro-
methane for 8 weeks to establish a mouse model with liver 
fibrosis. Subsequently, the mice were fed with lieber‑deCarli 
liquid diets with equal energy of maltodextrin instead of 
alcohol for another 8 weeks. In addition to alcohol, the mice 
in group II were given lincomycin hydrochloride (6 g/kg/d) 
in the first 8 weeks and fed with the same diets to the ones 
in group I in the following 8 weeks. In group III, the mice 
received the same treatment to the ones in group II in the first 
8 weeks and then were supplemented with 0.25 ml probiotics 
(Lactobacillus casei subsp. rhamnosus strain, 480 mg/ml) 
continuously for an additional 8 weeks. All mice were housed 
in cages by group at a temperature of 25˚C and humidity of 
60‑70% with a8/16 h light/dark cycle (lights were turned on at 
9:00 am and off at 5:00 pm).

To evaluate the degree of liver fibrosis and liver biochemical 
indicators in mice, half the mice in each group were sacrificed 
through cervical dislocation to harvest liver tissues and collect 
blood samples from the retro‑orbital plexus; HSCs were addi-
tionally isolated from the remaining mice, as described below.

Pathologic assessments. The harvested liver tissues were fixed 
overnight in 10% formalin, embedded in paraffin, sectioned to 
a thickness of 4 µm and stained with hematoxylin and eosin 
(H&E). Following staining, histopathological characteristics 
of the liver tissues were examined under a light microscope. 
Masson staining (Shanghai Bo Valley Biological Technology 
Co., Ltd, Shanghai, China) was performed to evaluate the 
degree of liver fibrosis, according to the manufacturer's 
protocol. For histomorphometry, 3 midsagittal Masson's 
trichrome‑stained sections were selected from each group. 
Images were captured using an optical microscope (ECLIPSE 
50i; Nikon Corporation, Tokyo, Japan). The areas of blue 
(immature bone or collagen fibers) and red (remodeled or 
lamellar bone) staining were semiquantitatively determined 
using Image Pro Plus software (version 6.0; Media Cybernetics, 
Inc., Rockville, MD, USA). The area mean of total bone (red 
and blue) and remodeled bone staining was normalized to the 
control group and compared between the three groups. The 
hepatic pathologic assessments were qualitatively graded 
according to an alcohol induced disease (AID) histology score 
standard (10): i) Ballooning degeneration (0, none; 1, mild to 
moderate; 2, severe); ii) steatosis (0, ≤10%; 1, >10‑30%; 2, 
>30‑≤60%; 3, >60%); iii) inflammation and necrosis (0=none, 
1=mild, 2=moderate, 3=severe); iv) lobular fibrosis (0=none, 
1=mild, 2=moderate, 3=severe).

Biochemical analysis. The levels of alanine aminotransferase 
(ALT), aspartate aminotransferase (AST) and alkaline phos-
phatase (ALP) in the mice sera were detected with ALT, AST 
or ALP kits purchased from Jiancheng Technology Co., Ltd., 
(Nanjing, China).

HSC isolation. At 16 weeks, mice were anesthetized with 
1% sodium pentobarbital. The mice livers were perfused to 
prepare for the digestion with D‑Hanks (Beijing Solarbio 
Science & Technology Co., Ltd., Beijing, China) via intubation 
of the portal vein until the livers turned white. Subsequently, 
mice livers were isolated from the site, placed on a dish and 
continuously perfused with 0.05% pronase and 0.025% colla-
genase (60 drops/min). Following the removal of the liver 
capsule and large blood vessels, the livers were made into a 
homogenate, filtered through 3 layers of gauze and centrifuged 
at 400 x g for 10 min at 25˚C. The supernatants were collected 
and then mixed with D‑Hanks and DNase I until they were 
clear. Supernatants were carefully transferred onto the top of 
the cell separation solution and centrifuged at 1,400 x g for 
20 min at 25˚C to obtain HSCs. Following centrifugation 
HSCs were collected and washed 3 times with D‑Hanks for 
western blot analysis. The purity of HSCs was identified by 
immunocytochemical staining of Desmin and α smooth 
muscle actin (α‑SMA), as described previously (11).

Western blot analysis. Western blot analysis was performed 
in accordance with the standard protocols. Total protein 
extracts of HSCs were collected and lysed in ice‑cold radio-
immunoprecipitation assay buffer (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) with 10 µl/ml proteinase inhibitor 
cocktail (Thermo Fisher Scientific, Inc.) for 15  min. The 
lysates were centrifuged at 12,000 x g for 20 min at 4˚C. 
The protein concentration of each sample was determined 
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by Coomassie brilliant blue staining. The cell lysates of each 
sample were mixed with 2X Laemmli buffer (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) and boiled for 5 min. The 
proteins (50 µg/lane) were separated using 8% SDS‑PAGE and 
transferred onto nitrocellulose membranes. The nitrocellulose 
blots were blocked with 5% skimmed milk for 1 h, incubated 
at 25˚C with primary antibodies against mothers against 
decapentaplegic homologs smad3 (cat. no.,  sc‑101154) and 
smad4 (cat. no., sc‑7966; both Santa Cruz Biotechnology Inc., 
Dallas, TX, USA), diluted with TBS/Tween‑20 to 1:500, over-
night at 4˚C. Subsequent to washing 3 times, the membranes 
were incubated for 40 min at 25˚C with horseradish peroxi-
dase conjugated rabbit anti‑goat IgG (dilution, 1:1,000; cat. 
no.,  ab6721; Abcam, Cambridge, UK). The membranes 
were imaged using an enhanced‑chemiluminescent kit (GE 
Healthcare, Chicago, IL, USA). Western blots were quantified 
using Image Pro Plus 5.1 (Media Cybernetics, Inc.), according 
to the kit protocol. All results were repeated 3 times.

Flow cytometry. Flow cytometry was utilized to measure the 
extent of apoptosis. Cells were stained with an annexin‑V fluo-
rescein isothiocyanate/propidium iodide kit (BD Biosciences, 
Franklin Lakes, NJ, USA) according to the manufacturer's 
protocol. The FlowSight instrument (BD Biosciences) was then 
used to perform flow cytometry and the data were analyzed 
using FlowJo software (version 7.6.1; Tree Star, Inc. Ashland, 
OR, USA).

Statistical analysis. All measured data were presented as 
the mean ± standard deviation and analyzed with SPSS 18.0 
software (SPSS Inc., Chicago, IL, USA). A one‑way analysis 
of variance followed by a Fisher's least significant difference 
test and Kruskal‑Wallis H test were used to assess differences 
among 3 groups according to the types of statistics. P<0.05 
was considered to indicate a statistically significant difference.

Results

ALT, ALP and AST levels in mice. The levels of ALT, ALP and 
AST in the mice of each group are shown in Fig. 1, which can 
demonstrate the degree of liver fibrosis to some extent. The 
mean values of AST, ALT and ALP in mice from the 3 groups 
were as follows: Group I, 54.87, 156.21 and 87.34 U/l, respec-
tively; group II, 106.87, 234.21 and 139.34 U/l, respectively; 
and group III, 76.87, 200.21 and 104.34 U/l, respectively. Mice 
in group II exhibited significantly higher serum ALT, ALP 
and AST levels (P<0.05) compared with those in group I and 
group III. Serum ALT, ALP and AST levels of the mice in 
group III were significantly lower compared with that of the 
mice in group II (P<0.05). These results indicate that intestinal 
flora imbalance can enhance the damage of alcohol to the liver.

Intestinal flora imbalance promoted alcohol induced liver 
fibrosis. Hepatic architecture was analyzed by H&E staining and 
the degree of liver fibrosis was evaluated by Masson staining of 
liver tissue sections (Fig. 2). Although the mice in group I had 
normal hepatic lobule structure, inflammatory cell infiltration 
and hyperplasia of fibrous tissue existed around the portal area 
and central vein (Fig. 2A and B), suggesting that the lieber‑deCarli 
liquid diets induced liver damage in mice. Compared with the 

mice in group II, the structure of hepatic lobule of the mice in 
group III exhibited a greater degree of balloon degeneration, 
and decreased necrosis of the portal vein and surrounding liver 
cells. The collagen fibers in and around the lobules were also 
significantly reduced, and no fibrous septums were observed 
(Fig. 2C and D). Serious structural disorder of the hepatic lobule 
was observed in group II mice, along with significant hepatic 
inflammation including hepatocyte ballooning, degeneration and 
necrosis. The hyperplasia of liver collagen fibers was evident 
around the portal area and central vein, resulting in the formation 
of fibrous septums (Fig. 2E and F).

Intestinal flora imbalance induced hepatic pathological 
changes in mice in the 3 groups. The pathological assessments 
of livers were performed according to AID histology score 
standard. The scores of hepatocyte ballooning, liver steatosis, 
liver inflammation and fibrosis are summarized in Table I. 
Fig. 3 shows that the degree of liver damage was significantly 
higher in the mice of group II compared with the mice in group 
I. However, these effects were limited following the correction 
of intestinal flora imbalance in the mice of group III (P<0.05).

Intestinal flora imbalance inhibited apoptosis of HSCs in 
mice. HSCs perform an important role in producing collagen, 
which is an important process in development of liver fibrosis. 
To analyze the apoptosis of HSCs in the mice among 3 
groups, Annexin V‑FITC/PI double staining was performed. 
Apoptosis in HSCs was significantly inhibited in the livers of 
the mice in group II as compared with that in group I (P<0.05). 

Table I. Alcohol induced disease histology score.

	 Hepatocyte 	 Liver	 Liver
Group	 ballooning	 steatosis	 inflammation	 Fibrosis

III	 0.67±0.44	 0.81±0.68	 0.21±0.38	 0.29±0.49
II	 1.90±0.33	 2.48±0.58	 3.00±0.13	 2.79±0.29
I	 1.23±0.48	 2.13±0.48	 0.50±0.61	 0.53±0.55

Data are mean ± standard deviation.

Figure 1. Serum AST, ALT and ALP levels in the mice among 3 groups. The 
mice in group II had the highest serum ALT, ALP and AST levels and the 
differences were statistically significant. Serum ALT, ALP and AST levels 
of the mice in group III were decreased compared with that of the mice 
in group II and the difference was statistically significant. *P<0.05. AST, 
aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline 
phosphatase.
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The present study also observed that correcting the intestinal 
flora imbalance in the mice of group III significantly increased 
apoptosis in HSCs compared with that in group I (P<0.05; 
Fig. 4). These data indicate that an intestinal flora imbalance 

may be associated with the proliferation and activation of 
HSCs.

Association of intestinal flora imbalance and TGFβ/smad 
signaling pathway. To investigate whether the TGFβ/smad 
signaling pathway is involved in the role of intestinal flora 
imbalance in alcohol‑induced liver fibrosis, western blot 
analysis was performed to detect the expression levels of 
smad3 and smad4 in HSCs among 3 groups. The present data 
shows that the expression levels of smad3 and smad4 were 
significantly upregulated in HSCs of the mice in group II 
compared with that in group I (P<0.01; Fig. 5A). By contrast, 
the expression levels of smad3 and smad4 were significantly 
downregulated in HSCs of the mice in group III compared to 
that in the mice of group II (P<0.01; Fig. 5B).

Discussion

Several studies have indicated that there are associations 
between intestinal flora imbalance and liver injury (12‑14). The 
present study investigated the association between intestinal 
flora imbalance and liver fibrosis in 4 ways: Analysis of serum 
AST, ALT and ALP levels; observing the hepatic pathological 
changes; monitoring the proliferation rate of HSCs; and moni-
toring the expression of smad3 and smad4.

It has previously been reported that the levels of serum 
ALT, AST and ALP were positively correlated with liver injury 
and fibrosis and used as indices of accessory diagnosis (15‑17). 
The present study found that the levels of serum AST, ALT 
and ALP in mice of the alcoholic injury with intestinal flora 
imbalance group (group II) were significantly increased 
compared with that in the alcoholic injury group (group I) 
(P<0.05); while these diagnosis indices in mice of the alco-
holic injury with corrected intestinal flora group (group III) 
were significantly decreased compared with that in group II 
(P<0.05), which suggested that the reduction of intestinal 

Figure 2. Evaluation of the severity of liver fibrosis. Sections of liver tissue from the (A) mice in group I, (B) group III and (C) group II were stained using 
hematoxylin and eosin. The degree of liver fibrosis was evaluated by Masson staining of liver tissue sections from the mice in (D) group I, (E) group III and 
(F) group II. Intestinal flora imbalance in the group II mice induced liver fibrosis. Scale bar, 50 µm.

Figure 3. The hepatic pathologic scores according to alcohol induced disease 
histology score standard: (A) Hepatocyte ballooning; (B)  liver steatosis 
score; (C) liver inflammation score; and (D) fibrosis score. The pathological 
changes in the liver of group II mice significantly increased compared with 
the mice in group I, whereas these pathological changes were significantly 
rescued in group III mice compared with group II mice. Error bars represent 
standard deviation. *P<0.05.
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flora contributed to increased vulnerability to alcohol induced 
liver fibrosis. Furthermore, in order to investigate the role of 
intestinal flora imbalance in liver fibrosis, the present study 
performed H&E staining and Masson staining of liver tissue 
sections among 3 groups and found a relatively high degree of 
liver fibrosis in the mice of group II compared with that in the 
mice of group I and group III, primarily manifested increased 
hepatocyte ballooning degeneration and necrosis, inflam-
matory cell infiltration, and a significantly extended area of 
collagen fiber. Liver fibrosis may be caused by impaired intes-
tinal barrier function following an imbalance in intestinal flora. 
When the intestinal barrier is damaged, harmful substances 

such as bacteria and bacterial metabolites in the intestine can 
invade the liver through the enterohepatic cycle. This leads to 
over‑activation of the immune system and adverse immune 
reactions, which subsequently cause vast inflammatory cell 
infiltration, hepatocyte degeneration and necrosis (15).

A HCS is a type of mesenchymal cell in the liver that has 
characteristics of muscle, adipose and fibroblast cells. HSCs 
regulate blood flow and liver fibrosis, and help to maintain a 
metabolic balance of Vitamin A (17,18). In physiological condi-
tions, HSCs grow slowly and are almost dormant, producing 
little collagen. However, when pathological changes such as 
alcoholic induced liver damage occur in the liver, liver cells 
secrete numerous cytokines, including tumor necrosis factor‑α 
(TNF‑α) and TGFβ, which promote HSCs to lose lipids and 
undergo morphological changes into fibroblasts. Liver cells 
release excess extracellular matrixes (ECMs), causing the 
proliferation and activation of HSCs  (19). Extensive ECM 
accumulation in the sinusoids and perisinusoidal space is one 
of pathological features of liver fibrosis, and so the proliferation 
and activation of HSCs are cytological elements causing liver 
fibrosis (20). The present data show that apoptosis of HSCs in 
group II mice was significantly inhibited compared with that of 
group I mice, meaning that HSCs are more susceptible to prolif-
erate and differentiate into fibroblasts. Conversely, apoptosis of 
HSCs in group III mice increased significantly compared with 
that of group II mice, suggesting that liver fibrosis may be recov-
ered following the correction of the intestinal flora imbalance.

With the depth of research on pathological fibrosis, 
an increasing number of studies consider that smad3 and 
smad4 are critical in the development of pathological fibrosis. 
Huang et al  (21) identified that the expression of smad3 in 
patients with renal fibrosis was increased compared with that 
in controls. A study by Schwartze et al  (22) found that the 
expression of smad3 and smad4 was significantly upregulated 
in patients with pulmonary fibrosis. Additionally, Zhu et al (23) 
reported that the degree of liver fibrosis was alleviated following 
inhibiting the expression of smad3 in rats. Therefore, smad3 may 
perform an important role in promoting pathological fibrosis in 
different organs. There is increasing evidence that smad3 and 
smad4 serve as mediators in the TGF‑β signaling pathway and 
perform important roles in the occurrence of liver fibrosis (24). 
TGF‑β is a major cell‑signaling pathway involved in activating 

Figure 4. Apoptosis in HSCs of the mice among 3 groups was examined using Annexin‑V fluorescein isothiocyanate/propidium iodide double staining and 
analyzed using flow cytometry. Apoptosis in HSCs was significantly inhibited in the livers of group II mice as compared with group I mice. Correcting the 
intestinal flora imbalance in the group III mice significantly increased apoptosis in HSCs compared with that in group I. *P<0.05. HSC, hepatic stellate cell.

Figure 5. Expression of smad3 and 4 in mouse HSCs. (A) The expression 
levels of smad3 and smad4 in HSCs of the mice among 3 groups were 
detected by western blot analysis. (B) Quantification of the western blot 
analysis. The expression levels of smad3 and 4 were significantly upregulated 
in the HSCs of the mice in group II compared with group III. Error bars 
represent standard deviation. **P<0.01. HSC, hepatic stellate cell.
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HSCs and increasing the synthesis of collagen and other extra-
cellular matrix proteins by regulating downstream pathways 
such as smad proteins. The present study detected the expres-
sion of smad3 and smad4 in HSCs of mice among 3 groups and 
identified that significantly increased expression levels of smad3 
and smad4 were observed in group II mice compared with the 
mice in group I. Additionally, the expression levels of smad3 and 
smad4 significantly reduced in HSCs of group III mice compared 
with those observed in group II mice. The present data indicated 
that the TGFβ/smad signaling pathway is involved in the effect 
of intestinal flora imbalance on liver fibrosis.

A previous study  (24) identified that intestinal flora 
imbalance can increase the level of bacterial endotoxin, and 
subsequently upregulate the secretion of inflammatory factors 
such as TNF‑α, interleukin (IL)‑1β and IL‑6. These inflam-
matory factors enhanced oxidative stress in the liver, which 
led to liver fibrosis and lipid peroxidation. The inflammatory 
factors also activated TGFβ that exacerbates liver fibrosis. It is 
known that TGFβ can transduce proteins by regulating down-
stream signaling factors such as smad family proteins (25,26). 
Therefore, intestinal flora imbalance increases alcohol induced 
liver fibrosis in mice by upregulating the TGFβ/smad signaling 
pathway, which is shown by the downregulation of smad3 and 
smad4 in HSCs of the group III mice.

In summary, liver fibrosis and intestinal flora imbalance 
influence each other, leading to a cycle in which liver fibrosis 
produces intestinal flora imbalance, which in turn aggravates 
liver fibrosis. The present study demonstrated that correcting 
intestinal flora imbalance is necessary to break this cycle and 
maintain liver homeostasis. Subsequent to correcting intestinal 
flora imbalance, the proliferation and activation of HSCs was 
attenuated, which reduced excessive production of extracellular 
matrixes by downregulating the TGFβ/smad signaling pathway. 
Therefore, correcting intestinal flora imbalance is crucial and 
can be an effective method in the treatment of liver fibrosis.
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