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ORIGINAL ARTICLE

INTRODUCTION
With the growing global waistline, the rate of metabolic syndrome 
has been greatly increased; along with the increased risk of diabetes, 
hyperlipidemia, and cardiovascular disorders. Lipid accumulation in 
the liver exerts a crucial role in the pathogenic mechanism of metabolic 
syndrome. The nonalcoholic fatty liver disease (NAFLD) is considered 
a general chronic liver disorder currently, and has gradually become a 
serious threat to human health. It is characterized by steatohepatitis 
and hepatomegaly in the defect of alcohol consumption timely. The 
most common causative factors for developing NAFLD include 
high‑sugar/high‑fat diet  (HFD), metabolic syndrome, and physical 
inactivity.[1‑3] In China, the popularity of NAFLD has been almost 
doubled in the last 10–15  years.[2] A large number of researches 
have reported on NAFLD treatment. Various therapies have been 
developed that aim at body weight modification by diet and lifestyle 
changes and specific drugs,[4‑6] or modification of mediators of liver 
damage such as interleukin 10  (IL‑10), IL‑6, and tumor necrosis 
factor‑α (TNF‑α).

The large surface area of intestinal mucosa is under constant exposure to 
pathogens and dietary antigens. The intestinal mucosal immune system 
together with non‑specific barriers like  the commensal microflora is 
believed to provide protection for the host. It exerts critical functions in 
nutrient absorption and waste secretion. The single‑cell epithelial layer 
lining the gut lumen is interconnected by tight junctions, and is able to 
control the uptake of molecules, thus preventing toxic substances such as 
endotoxin entering into the human body.
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ABSTRACT
Objective: To investigate the effect of berberine  (BBR) on intestinal 
barrier function in nonalcoholic fat liver disease  (NAFLD) in rats. 
Materials and Methods: Rats were divided into three groups: normal diet 
group (control group [CON group]), high‑fat diet feeding group (HFD group), 
and HFD with BBR group. After 8 weeks of HFD feeding, rats in the BBR 
group were given BBR intragastrically at a dose of 150  mg/kg daily for 
4 weeks. The same volume of normal saline was given to the CON and HFD 
groups. Liver index was detected, and Sudan black B staining was used to 
study fatty degeneration, also the expression level of occluding and intestinal 
flora was analyzed. Results: BBR administration significantly reduced 
HFD‑induced increase in body weight (CON group: 379.83  ±  61.51  g, 
HFD group: 485.24  ±  50.15  g, and BBR group: 428.60  ±  37.37  g). 
It obviously alleviated the HFD‑induced liver fatty degeneration and 
histopathological changes of intestinal mucosa according to liver index 
low‑density lipoprotein‑cholesterol, high‑density lipoprotein‑cholesterol, 
and total cholesterol  (P  <  0.05). The triglyceride, alanine transaminase, 
and aspartate aminotransferase levels were greatly elevated after BBR 
treatment  (P  <  0.05); while endotoxin, intestinal fatty acid‑binding 
protein, and tumor necrosis factor‑α were significantly reduced (P < 0.05). 
Moreover, we found that BBR could obviously elevate the level of occludin 
and decrease the level of Faecalibacterium prausnitzii and upregulate the 
level of bacteroides. Conclusion: BBR provides significant protection in 
NAFLD through ameliorating intestinal barrier function.
Key words: Bacteroides, berberine hydrochloride, Faecalibacterium 
prausnitzii, liver function test

SUMMARY
•  Berberine (BBR), an alkaloid that can be isolated from many plants, has been 

medically used for its wide range of antimicrobial and anti‑inflammatory 
effects

•  This is a study of BBR on liver function and intestinal barrier function in 
nonalcoholic fat liver disease (NAFLD)

•  BBR treatment for NAFLD could significantly restore the liver function and 
provide significant protection in NAFLD through ameliorating intestinal barrier 
function.

Abbreviations used: BBR: Berberine, NAFLD: Nonalcoholic fat liver 
disease, ALT: Alanine transaminase, AST: Aspartate aminotransferase, 
TG: Triglyceride, I‑FABP: Intestinal‑fatty acid‑binding protein, 
IBD: Inflammatory bowel disease.
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The intestinal microbiota serves as an important part of the intestinal barrier, 
and its effect in health of human being has drawn a great attention currently. 
It has been reported to closely correlated with metabolic syndrome and 
subsequent insulin resistance.[7] The relationship between gut microbiota 
and obesity has also been widely studied.[8,9] Ley et al.[10] reported that the 
diversity of microbiota might be influenced by obesity. The amount of 
Faecalibacterium prausnitzii has been reported to be dramatically elevated 
in obese children compared to children with normal weight in India. 
Modulation of gut microbiota might be an innovative therapeutic method 
for NAFLD treatment through improving intestinal microenvironment.
Berberine  (BBR, C20H18NO4) is an alkaloid which can be obtained 
from many species of plants, such as goldenseal (Hydrastis canadensis), 
goldenthread (Coptis chinensis), and Oregon grape (Berberis aquifolium). 
It has been medically used for a long history in China for its wide range 
of antimicrobial and anti‑inflammatory effects.[11] It has been reported 
recently that BBR treatment could lower body weight, increase insulin 
sensitivity, also alleviate dyslipidemia.[12,13] However, the influence of 
BBR on the intestinal barrier has rarely been reported. Therefore, our 
study aimed to demonstrate the effect of BBR on intestinal barrier 
function in NAFLD rats.

MATERIALS AND METHODS
The experimental procedures were approved by the Ethic Committee 
of Affiliated Hospital of Hebei University of Engineering  (Protocol 
Number: 2015023). Six‑week‑old Sprague‑Dawley male rats weighing 
180–200 g were housed at room temperature (23°C ± 1°C) with a light 
and darkness cycle of 12 h for a week. The rats were randomly assigned (8 
rats each):  (1) control group  (CON group): fed with normal diet that 
composed of carbohydrate 67%, fat 10%, protein 23%; (2) model group 
with HFD group:[14] fed with basal feeding stuff supplemented with 2% 
cholesterol and 10% lard; (3) BBR treatment group, which is composed 
of HFD and BBR. Each group of rats was fed with equal amount of food 
and provided water ad libitum. After 8 weeks of feeding, BBR (150 mg/
kg) was daily administered to the rats of BBR group by intragastric 
administration for 4 weeks, while an equal amount of normal saline was 
intragastrically administered to the CON and HFD groups.

Blood sampling
Blood samples were obtained after 12  h of fasting. In brief, the rats 
were in anesthesia by intraperitoneal injection with pentobarbital 
sodium (1%, 50 mg/kg), and blood samples were collected from aorta 
abdominalis. Triglyceride  (TG), alanine transaminase  (ALT), and 
aspartate aminotransferase (AST) levels in serum were measured using a 
Hitachi 7600 analyzer (Japan).

Sampling of liver tissue and small intestine
After blood sampling, the liver was obtained, and the wet weight was 
measured. Liver index was obtained according to the following formula: 
liver index = liver wet weight/body weight × 100%. Then, several pieces of 
liver tissue were taken from the same sites and were instant frozen in liquid 
nitrogen with temperature at −80°C. Partial liver tissue was used for Sudan 
black B (SBB) staining and hematoxylin and eosin (H and E) staining.
Several segments of ileum  (about 2.0  cm each) were dissected 1.5  cm 
away from ileocecal junction for immunohistochemistry  (IHC) assay 
and H and E staining.

Collection of fecal samples
Fresh fecal samples were collected immediately after the rats were 
sacrificed. Feces (2 g) were collected around the ileocecal junction and 
stored at −80°C immediately for the detection of intestinal flora.

Measurement of endotoxin
Plasma endotoxin was detected using the Chromogenic TAL Endotoxin 
Assay Kit  (Zhanjiang A & C Biological Ltd.; China), according to 
manufacturer’s instructions. It was based on the correlation between the 
concentration of endotoxin and the color of the solution.

Enzyme-linked immunosorbent assay
Expression of intestinal fatty acid‑binding protein  (I‑FABP) and 
TNF‑α in serum was measured using enzyme‑linked immunosorbent 
assay (ELISA) following the manufacturers’ guidance. The kits used were 
Rat I‑FABP ELISA Kit (Westang Biotechnology, Ltd., Shanghai, China) 
and Rat TNF‑α ELISA Kit (BlueGene Biotech Co., Ltd., Shanghai, China) 
for plasma I‑FABP and serum TNF‑α measurement, respectively.

Sudan black B staining
Lipids in liver tissue were detected by SBB staining.[15] Briefly, frozen 
sections with 8–15 μm in thickness were washed by distilled water 
and 70% ethanol. The sections were then immersed into SBB dye 
solution  (saturated SBB in 70% ethanol) for 10–35  min, followed by 
differentiation in 70% ethanol. Counterstain was performed using 
hematoxylin, and the sections were mounted in glycerin‑gelatin. The 
levels of liver fatty degeneration were categorized into five levels (F0–F4) 
according to the percentage of fatty liver cells as follows: F0, <5%; F1, 
5%–30%; F2, 31%∼50%; F3, 51%–75%; and F4 >75%.

Hematoxylin and eosin staining and 
immunohistochemistry assay
Liver tissues were fixed with formalin  (10%), routinely embedded 
in paraffin. 4–6 μm tissue sections were prepared, with H  and  E 
staining[16] or used for IHC assay.[17] The changes of intestinal mucosal 
structure and intestinal villus were observed using a microscope at ×400 
magnification. Mice‑anti‑rat occludin monoclonal antibody was used 
to detect the level of occludin in intestinal epithelium. The expression 
of occludin was analyzed using Image‑Pro Plus (Version 6.0, Media 
Cybernetic, Rockville, USA). The results were expressed as the average 
optical density of three randomly selected areas in the slides.

Detection of intestinal flora
The total DNA extractions of feces were analyzed using a HiPure Stool 
DNA Kit (Magen, GuangZhou, China) according to the instructions of 
manufacturer. Specific primers targeted for F. prausnitzii 16S rDNA were 
5’‑GGA GGA AGA AGG TCT TCGG‑3’  (forward) and 5’‑AAT TCC 
GCC TAC CTC TGC ACT‑3’ (reverse); for bacteroides were 5’‑CTG AAC 
CAG CCA AGT AGCG‑3’ (forward) and 5’‑CCG CAA ACT TTC ACA 
ACT GAC TTA‑3’ (reverse). The levels of F. prausnitzii and bacteroides 
were determined by real‑time polymerase chain reaction  (PCR) 
as previously described. All PCR experiments were conducted in 
triplicate with a reaction volume (20 μL), including 10 μL of SybrGreen 
Quantitative PCR Master Mix  (Applied Biosystems, Carlsbad, CA, 
USA), 1 μL of forward and reverse primer each, and 2 μL of fecal DNA 
template. Amplification program was composed of an initial denaturing 
step for 3 min at temperature 95°C, followed by 40 cycles of 95°C for 15 s, 
57°C for 20 s, and 72°C for 45 s, and then with a final extension step at 
72°C for 5 min.

Statistical analysis
Data were presented as mean ± standard deviation. A significant difference 
was analyzed using one‑way analysis of variance and Newman Keuls 
Multiple Comparison Test using SPSS (version 17.0, IBM, New York, 
USA), followed by post hoc test if the null hypothesis was rejected.
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RESULTS
Effect of berberine on body weight, liver index, and 
related serum lipid parameters
Rats fed with HFD tended to develop obesity in both HFD and BBR 
groups. After 4 weeks of BBR treatment, the rats’ weight in the BBR group 
was dramatically decreased when compared with the HFD group, and 
the data were slightly higher than that of the CON group with normal 
diet, but no significant difference was observed  [Figure  1]. In 12  weeks, 
compared with the CON group, rats with HFD had slower response and 
dull hair, and showed less activity and feeding times. By contrast, the 
rats in the BBR group had soft and shiny hair and were more sensitive 
to the reaction  [Table  1]. Our results suggest that BBR treatment could 
significantly reduce body weight of rats feeding with HFD. As shown in 
Table 1, liver index was significantly increased in HFD group (3.67 ± 0.22) 
when compared with CON group (2.56 ± 0.18). BBR treatment significantly 
decreased HFD‑induced increase in liver index (2.91 ± 0.27) compared with 
HFD group after 12 weeks. The serum levels of TC, TG, and low‑density 
lipoprotein‑cholesterol in HFD group were higher than those of CON 
group. However, BBR was also shown to alleviate the lipid levels [Table 2].

Effect of berberine on serum levels of alanine 
transaminase and aspartate aminotransferase
Serum levels of ALT and AST were also measured using a Hitachi 
7600 analyzer. Our results showed that the serum levels of 
ALT  (115.58  ±  22.54) and AST(203.35  ±  28.23) were all significantly 
elevated in HFD group after 12 weeks of HFD, when compared with CON 
group (ALT: 35.96 ± 12.69 and AST: 125.60 ± 23.76) [Table 3]. Compared 
with HFD group, BBR treatment for 4  weeks obviously reduced the 
serum levels of ALT (80.94 ± 21.16) and AST (155.79 ± 35.95).

Effect of berberine on endotoxin, tumor necrosis 
factor-α, and intestinal fatty acid-binding protein
As shown in Table 4, the levels of endotoxin (0.288 ± 0.045 ng/mL) and 
I‑FABP (231.22 ± 56.31 pg/mL) in rat plasma in HFD group were significantly 
superior to those in CON group (endotoxin: 0.192 ± 0.049 ng/mL; I‑FABP: 
0.192  ±  0.049  pg/mL). Moreover, the levels of plasma endotoxin and 
I‑FABP were significantly decreased with the intragastric administration 
of BBR. The level of TNF‑α was greatly increased in HFD group when 
compared with CON group. The data were decreased to some extent in the 
BBR group when compared with the group of HFD, though the difference 
was not statistically significant [Table 4].

Figure 1: Effect of berberine on body weights at 8 and 12 weeks

Histological observations
Lipids in liver tissue detected by SBB staining were shown in Figure 2. 
Lipid droplets were not found in CON group with normal diet. Fatty 
degeneration was found in both HFD and BBR groups, and was less severe 
in BBR group. No rat in any group developed hepatic fibrosis [Table 5]. 
The H and E staining of intestinal mucosa showed that BBR treatment 
obviously alleviated the HFD‑induced histopathological changes of 
intestinal mucosa [Figure 2].

Immunohistochemistry assay
The level of occludin was detected by IHC assay. As shown in Figure 3, the 
occludin level of intestinal epithelial cells in HFD group was markedly 
decreased compared with the CON group. After BBR treatment, the 
level of occludin in BBR group was dramatically elevated compared to 
the HFD group.

Change of gut microbiota
The relative levels of F. prausnitzii in HFD group were markedly elevated 
when compared with CON group  [Table  6]. Administration of BBR 
could significantly decrease HFD‑induced increase in the relative levels 

Table 1: Comparison of body weight (g) and liver index (%) of each group 
(n=8) in 12 weeks

Groups CON group HFD group BBR group
Body weight (g) 379.83±61.51 485.24±50.15* 428.60±37.37*
Liver index (%) 2.56±0.18 3.67±0.22* 2.91±0.27*,#

*P<0.05 versus CON group, #P<0.05 versus HFD group. CON group: Control 
group; HFD group: High‑fat diet group; BBR group: Berberine group

Table 2: Comparison of serum lipid parameters of each group after 12 weeks’ 
feeding

Parameters CON group HFD group BBR group
TC (mmol/L) 0.81±0.06 1.04±0.07* 0.89±0.07#,*
HDL‑C (mmol/L) 1.27±0.07 0.69±0.04* 0.73±0.05*
LDL‑C (mmol/L) 0.42±0.04 1.04±0.07* 0.80±0.09#,*
TG (mmol/L) 0.344±0.038 0.437±0.027* 0.377±0.047*,#

*P<0.05 versus CON group; #P<0.05 versus HFD group. LDL‑C: Low‑density 
lipoprotein‑cholesterol; HDL‑C: High‑density lipoprotein‑cholesterol; 
TG: Triglyceride; TC: Total cholesterol; CON group: Control group; 
HFD group: High‑fat diet group; BBR group: Berberine group

Table 3: Comparison of alanine transaminase and aspartate aminotransferase 
parameters of each group after 12 weeks’ feeding (mean±standard deviation, n=8)

CON group HFD group BBR group
ALT (U/L) 35.96±12.69 115.58±22.54* 80.94±21.16*,#

AST (U/L) 125.60±23.76 203.35±28.23* 155.79±35.95#

*P<0.05 versus CON group; #P<0.05 versus HFD group. ALT: Alanine 
transaminase; AST: Aspartate aminotransferase; CON group: Control group; 
HFD group: High‑fat diet group; BBR group: Berberine group

Table 4: Comparison of levels of tumor necrosis factor-α, intestinal 
fatty acid-binding protein, and endotoxin of each group after 12 weeks’ 
feeding (mean±standard deviation, n=8)

CON group HFD group BBR group
TNF‑α (ng/mL) 0.94±0.07 1.07±0.11* 0.96±0.09
I‑FABP (pg/mL) 136.95±57.52 231.22±56.31* 145.66±52.72#

Endotoxin (EU/mL) 0.192±0.049 0.288±0.045* 0.213±0.025#

*P<0.05 versus CON group; #P<0.05 versus HFD group. I‑FABP: Intestinal fatty 
acid‑binding protein; TNF‑α: Tumor necrosis factor‑α; CON group: Control 
group; HFD group: High‑fat diet group; BBR group: Berberine group
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of F. prausnitzii. In contrast, the relative levels of bacteroides in HFD 
group were greatly lower than those in CON group. After intragastric 
administration of BBR, the level of bacteroides was significantly elevated 
compared to HFD group. No significant differences were detected 
between BBR and CON groups for both F. prausnitzii and bacteroides, 
suggesting that BBR treatment could effectively alleviate the pathological 
alterations of gut microbial ecology that is caused by HFD/obesity.

DISCUSSION
HFD was used in this study to construct the rat model of NAFLD, which 
has similar pathology of human NAFLD. The advantage of this model is 
that it presents the characteristics of metabolic syndrome such as obesity 
and hyperlipidemia. It has been reported that animals with long‑term 
HFD gradually develop insulin resistance and mild nonalcoholic 
steatohepatitis, but do not develop hepatic fibrosis and liver cancer.[18] So 
far, the most common recipes for HFD are composed of lard oil (10%–
15%) and cholesterol  (1%–2%). However, the disadvantage of this 
model is that it only develops slight degree of hepatic inflammation 
and fibrosis. In our study, saturated fatty acid and palmitic acid were 
used as energy source. After 8 weeks of HFD, liver index and serum TG 
level were significantly elevated; while the levels of aminotransferases 
did not exhibit a significant difference. The results of SBB showed the 
accumulation of lipid and fatty degeneration of liver cells. The results 
were similar to previous studies.[18]

BBR has been demonstrated to have a variety of bioactivities and 
pharmacological actions in the potential treatment of NAFLD. The study 
of Kim revealed that intraperitoneal injection of BBR  (3  weeks) could 
alleviate fatty liver and hyperlipidemia.[19] BBR could reduce fat storage in 
livers of hyperlipidemic hamsters,[20] ameliorate liver steatosis, as well as 
reduce the lipid content of liver in mice with HFD.[21] In the present study, 

it was revealed that body weight, liver index, and the level of TG had been 
significantly reduced. The lipid accumulation and fatty degeneration of 
liver cells had also been significantly alleviated after administration of 
BBR. It has been reported that BBR supplement may downregulate the 
levels of ALT and AST in type 2 diabetes mellitus patients.[22,23] Our results 
also revealed that AST and ALT levels had been significantly reduced by 
BBR treatment, indicating the restoration of liver function.
Physical diffusion barriers play an important role in intestinal barrier, 
which consists of successive epithelial cells and tight junctions. The 
physical diffusion barriers serve as restriction in permeability of 
molecules. It has been reported that HFD could cause overgrowth 
of Gram‑negative bacteria in intestine.[10] The change in intestinal 
microbiota could increase the intestinal permeability and cause 

Figure 2: Berberine alleviated high-fat diet-induced histological changes of intestinal mucosa as analyzed by Sudan black B and hematoxylin and eosin 
staining. The changes of intestinal mucosal structure and intestinal villus were observed under microscope (×400). Control represents the control group with 
normal diet, high-fat diet represents the model group with high-fat feeding, and berberine represents model group fed with berberine

Figure 3: Berberine treatment increased the level of occludin. The occludin level was detected by immunohistochemistry assay. The results were observed 
under microscope  (×400). Control represents the control group with normal diet, high-fat diet represents the model group with high-fat feeding, and 
berberine represents model group fed with berberine

Table 5: Hepatocyte steatosis distribution and extent in the three groups

Group F0 F1 F2 F3 F4 Mean rank
CON 8 0 0 0 0 5
HFD 0 0 2 3 3 17.88*
BBR 1 2 1 2 2 14.63*

*P<0.05 versus CON group. CON group: Control group; HFD group: High‑fat 
diet group; BBR group: Berberine group

Table 6: Comparison of relative levels of intestinal Faecalibacterium prausnitzii 
and Bacteroides in each group

Group CON HFD BBR 
F. prausnitzii 6.53±0.35# 7.29±0.47* 6.72±0.34#

Bacteroides 9.49±0.59# 8.70±0.62* 9.77±0.87#

*P<0.05 vs CON group. #P< 0.05 vs. HFD group. CON group: Control group; 
HFD group: High‑fat diet group; BBR group: Berberine group
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intestinal inflammation.[24] Occludin is one of the key structural 
proteins for tight junctions. In our results, the abnormal expression 
pattern of occludin in HFD‑fed rats suggested that the intestinal 
barrier dysfunction may exist in NAFLD patients with increased 
intestinal permeability. Our results also indicated that the decreased 
level of occludin could be partially rescued by BBR treatment. 
I‑FABP is a sensitive diagnostic marker for identifying intestinal 
ischemia.[25] Normally, serum I‑FABP cannot be detected in healthy 
people. However, when the intestinal barrier is damaged by intestinal 
ischemia, intestinal permeability increased leading to the rise of serum 
I‑FABP.[26] In our study, the serum levels of endotoxin and I‑FABP 
have been elevated with HFD; while BBR treatment could significantly 
decrease the levels of endotoxin and I‑FABP. Our results suggest that 
BBR could effectively alleviate the lipid metabolism disorders and 
decrease the intestinal permeability that were abnormally increased 
by HFD.
The anti‑inflammatory effect of BBR has been widely reported. BBR 
could increase insulin sensitivity through alleviation of inflammation.[27] 
Jeong et al. reported that BBR could markedly downregulate the levels 
of pro‑inflammatory cytokines in white adipose tissue, such as IL‑1, 
TNF‑α, and IL‑6.[28] Furthermore, Zhang et  al. indicated that BBR 
could prevent injuries of LPS‑induced intestine, as well as decrease the 
levels of inflammatory cytokines.[29] Our study revealed that the level of 
TNF‑α has been greatly elevated in rats with HFD; while this effect was 
significantly inhibited by BBR.
In the recent years, the effect of intestinal microbiota in the prevention 
of metabolic disorders has drawn increasing attention. Due to the 
poor absorption of BBR in the bloodstream from the gut, the possible 
mechanism of its antidiabetic and anti‑hyperlipidemia effect may be 
related to the modulation of intestinal microbiota.[30,31] BBR treatment 
caused a significant decrease in the number of Firmicutes in the mice 
fed with HFD, as well as Bacteroidetes, as reported by Xie et al.[32] Cao 
et al. found that the level of F. prausnitzii in inflammatory bowel disease 
was significantly decreased compared with normal healthy controls.[33] 
In our study, we found that, in HFD‑fed rats, the level of F. prausnitzii 
and bacteroides was dramatically elevated. BBR treatment could 
obviously decrease the level of F. prausnitzii while upregulating the level 
of bacteroides. Our results suggest that BBR may improve the intestinal 
microenvironment through modulation of gut microflora and therefore 
preserve intestinal barrier functions. However, only two representative 
species of intestinal microbiota were selected in this study. Further 
investigations are necessary for clarifying the effect of BBR on general 
gut microbiota.

CONCLUSION
BBR treatment could significantly restore the liver function, reduce body 
weight, and alleviate the histopathological changes of intestinal mucosa 
in mouse models of NAFLD. The protective effects of BBR might be 
exerted by improving intestinal barrier through elevating the level of 
occludin and modulating gut microflora.
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