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Abstract
Hepatic fibrosis is a reversible wound-healing response characterized by the accumulation of extracellular matrix. Probiotics have
been used to prevent and treat various disorders. The aim of the present study was to investigate the hepatoprotective effects of
probiotic lactic acid bacteria (mixture of Lactobacillus paracasei, Lactobacillus casei, andWeissella confusa) on thioacetamide
(TAA)–induced liver fibrosis in rats. Thirty-five male Wistar rats were randomly divided into five groups: (1) control, (2) TAA,
(3) TAA+probiotics, (4) TAA+silymarin, and (5) probiotics. Group 1 rats received a standard diet. In groups 2–4, fibrosis was
induced by intraperitoneal injection of TAA (200 mg/kg BW) 3 times weekly for 8 consecutive weeks. Group 4 received TAA
plus 100 mg/kg BW of silymarin 2 times weekly. Groups 3 and 5 were fed 109 CFU/mL viable microbial cells daily by gavage.
The rats were sacrificed after 8 weeks of treatment. Liver tissues were collected immediately and processed for histopathological,
lipid peroxidation, and Western blot analyses of TNF-α, TGF-β1, and α-SMA. Blood serum was collected to measure liver
enzymes. Rats in the TAA groups suffered from hepatic injury (increased serum enzyme levels, liver inflammation, and increased
concentration of TNF-α, TGF-β1, and α-SMA proteins) and extensive liver fibrosis. In contrast, TAA-treated rats receiving
probiotics or silymarin had significantly lower serum enzyme levels, less inflammation, and less fibrosis. Liver damage was
lower in the TAA+probiotics-treated group. Consumption of a mixture of probiotic lactic acid bacteria attenuates the develop-
ment of liver fibrosis.
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Introduction

Hepatic fibrosis is characterized by collagen accumulation in
liver lobules in a fashion that resembles a wound-healing pro-
cess. If the insult is acute or self-limiting, these changes are
transient, and liver architecture is restored. However, if the
injury is sustained, inflammation becomes chronic and accu-
mulation of extracellular matrix (ECM) persists, leading to a
progressive substitution of liver parenchyma by scar tissue.
This process results in cirrhosis, which has a poor outcome
and high mortality [1, 2].

Hepatic stellate cells (HSCs) are the main fibrogenic cells,
and their activation is a key event in fibrogenesis. Activation
of HSCs refers to the conversion of quiescent, vitamin A-
storing cells into proliferative, fibrogenic, and contractile
myofibroblasts that are the main source of the newly synthe-
sized extracellular matrix, in particular the fibril-forming col-
lagens types I and III [3]. The activation of HSCs is a complex
but tightly programmed response to liver injury. The earliest
changes in HSCs are triggered by paracrine stimulation from
neighboring cells, including hepatocytes, Kupffer cells (KCs),
and leukocytes, while autocrine cytokines (including
transforming growth factor β (TGF-β)) play vital roles in
regulating and maintaining their activation. TGF-β1, in par-
ticular, plays an important role in the pathogenesis of fibrosis,
as it stimulates the activation of HSCs. Moreover, cytokines
released from damaged hepatocytes (TGF-β, tumor necrosis
factor α (TNF-α)) are responsible for the activation of KCs
and the recruitment of activated T cells. Activated KCs, T
cells , and damaged hepatocytes also release the
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proinflammatory cytokines (TNF-α, interferon gamma
(IFN-γ), interleukin-6 (IL-6)), free radicals, and growth fac-
tors which further promote HSC activation and proliferation
[4, 5]. The activated HSCs are characterized by loss of lipid
and vitamin A storage but high expression of alpha-smooth
muscle actin (α-SMA). These cells also produce excessive
amounts of collagen, glycoproteins, and ECM [6].
Malondialdehyde (MDA) is one of the final products of poly-
unsaturated fatty-acid peroxidation in the cells. An increase in
free radicals causes overproduction of MDA. MDA concen-
tration is commonly used as a marker of oxidative stress that
leads to KC activation [7].

Toxins and drugs are among the basic etiopathogenetic
agents of liver diseases. The most common toxic substance
used to bring about liver fibrosis in experimental animals is
thioacetamide (TAA) [8, 9]. TAA is a hepatotoxin frequently
used to induce liver inflammation and fibrosis for experimen-
tal purposes [10]. It triggers hepatic fibrosis through the in-
duction of severe oxidative stress followed by activation of
HSCs [11]. In advanced stages of liver fibrosis, the over-
growth of pathogenic bacteria in the gut causes their translo-
cation to the portal vein and subsequently into the liver [12]
which, in turn, mediates liver inflammation via Toll-like re-
ceptor [13].

According to the Food and Agriculture Organization
(FAO) of the United Nations and the World Health
Organization (WHO), probiotics are live microorganisms that
confer a health benefit to the host when administered in ade-
quate amounts [14]. The use of probiotics is considered an
effective and safe alternative treatment for liver diseases.
Several studies have found that probiotics have beneficial ef-
fects on liver and intestinal diseases [15, 16]. Ladda and co-
workers isolated probiotic strains from Thai healthy infant
feces, of which L. paracasei MSMC 39-1, L. casei MSMC
39-3, andW. confusaMSMC 57-1 had the strongest immune-
modulating effects on TNF-α production in THP-1 human
monocytic cell lines [17]. We tested the hypothesis that these
probiotic strains, mixed at a ratio of 1:1:1, can be used to
prevent fibrotic liver disorders induced by TAA.

Materials and Methods

Probiotic Strains

The probiotics were obtained from Dr. Malai Taweechotipatr,
Department of Microbiology, Faculty of Medicine,
Srinakharinwirot University, Thailand. Three different probi-
otic lactic acid bacterial strains (L. paracasei MSMC 39-1,
L. caseiMSMC39-3, andW. confusaMSMC57-1) were kept
frozen in de Man-Rogosa-Sharpe (MRS) broth with 20%
glycerol at − 80 °C until experimental use.

Experimental Animals

Male Wistar rats, 5–8 weeks old (200–250 g), were obtained
from the National Laboratory Animal Center, Mahidol
University, Salaya, Nakhonphathom, Thailand. The animals
were housed in standard cages with free access to water and
standard pellet diet in a temperature- and humidity-controlled
environment and maintained on a 12:12 h light-dark cycle at
Medical Center Animal Care Laboratory, Srinakharinwirot
University, Thailand. All rats were acclimatized for 2 weeks
before experimentation. All procedures involving animals
were followed by the Animal Ethics Committee of the
Faculty of Medicine, Srinakharinwirot University (License
no. 11/2561).

Preparation of Probiotic Constituents

Lactobacillus paracasei, L. casei, andW. confusawere spread
onto MRS agar plates (Oxford, Hampshire, UK). The plates
were incubated at 37 °C for 24–48 h under anaerobic condi-
tions using an anaerobic GasPak in an anaerobic box
(Mitsubishi, Japan). Single, pure colonies were isolated and
sub-cultured anaerobically in MRS medium at 37 °C for 24–
48 h. Then, the bacterial cells were collected by centrifugation
at 3500 rpm for 10 min, washed twice in PBS, and adjusted to
109 CFU/mL as determined by a spectrophotometer (OD600).
The bacterial cells were mixed at 1:1:1 ratio for experimental
use [18].

Experimental Designs

The rats were randomly divided into five groups of seven
animals each: (1) control group, (2) TAA-only group, (3)
TAA+probiotics group, (4) TAA+silymarin group, and (5)
probiotics only group. Group 1 rats were treated daily with
distilled water via a gavage tube. Groups 2–4 rats received
intraperitoneal injections with TAA (200 mg/kg b.w.) dis-
solved in sterile water 3 times per week for 8 consecutive
weeks [8]. Group 2 rats were also given a daily gavage with
sterile water. Groups 3 and 5 rats were treated daily with
probiotics via a gavage tube. The number of viable microbial
cells used was approximately109 CFU/day [19]. Group 4 rats
(positive control) were orally administered twice weekly with
silymarin (100 mg/kg b.w.) dissolved in corn oil [20].
Silymarin available from Sigma-Aldrich, St. Louis, MO,
USA was used as a well-known standard hepatoprotective
agent [21, 22]. All groups were treated for 8 weeks. Body
and liver weights were determined at sacrifice.

Biochemical Analysis of Liver Enzymes

The blood samples were collected by cardiac puncture to an-
alyze the l iver enzyme markers serum aspartate
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aminotransferase (AST), alanine aminotransferase (ALT), and
alkaline phosphatase (ALP). Serum AST, ALT, and ALP
were measured in a standard clinical lab (Bangkok R.I.A.
Laboratory, Bangkok, Thailand).

Histopathological Examination

The liver and intestinal tissue samples were immediately ex-
cised and fixed in 4% formaldehyde at 4 °C and then
dehydrated in a graded ethanol series. The specimens were
embedded in paraffin blocks and sectioned at 5–7 μm. The
sections were deparaffinized, cleared in xylene, and
rehydrated in a descending series of ethanol before staining
with hematoxylin and eosin (H&E) or Sirius red (stains colla-
gen). After quickly dehydrating in a graded series of ethanol
and clearing in xylene, the sections were mounted in
Permount® and observed under a light microscope
(Olympus, Tokyo, Japan). Histopathological evaluations were
done in 40 randomly selected sections per group at × 40 mag-
nification. The degree of hepatocyte injury was determined by
a pathologist using a point-counting method for percentage of
leukocyte infiltration and an ordinal scale for scoring: grade 0,
minimal or no evidence of injury; grade 1, mild injury
consisting of cytoplasmic vacuolation and focal nuclear
pyknosis; grade 2, moderate to severe injury with extensive
nuclear pyknosis, cytoplasmic hypereosinophilia, and loss of
intercellular borders; and grade 3, severe necrosis with the
disintegration of hepatic cords, hemorrhage, and neutrophil
infiltration [23]. The degree of fibrosis was assessed by per-
centage of collagen area measuring the threshold intensity in
the Sirius red–stained sections (40 randomly selected sections
per group at × 10 magnification) using the Cell Sense
Dimensions software (Olympus Germany, Hamburg,
Germany) and Ishak scores from 0 to 6 [24]. Intestinal
histomorphology was assessed by measuring villus height
and crypt depth of the jejunum in all animal groups with the
ImageJ software (http://imagej.nih.gov/ij/docs/ index.html)
version 1.51r. The height of each villus was measured from
the tip of the villus to the crypt transition, and the crypt depth
was defined as the invagination between two adjacent villi.
The heights of 40 villi and the depths of 40 crypts were
measured per group at × 10 magnification [25].

Assays of Hepatic Lipid Peroxidation

Liver samples of 200 mg from each group were homogenized
and centrifuged at 3500 rpm for 10 min at 4 °C. The superna-
tants were collected for the estimation of lipid peroxidation
products as malondialdehyde content with Lipid Peroxidation
(MDA) Assay Kit (Sigma-Aldrich, St. Louis, MO, USA). The
absorbance of the supernatants was measured at 532 nm.

Western Blot Analysis

Liver samples of 50 mg from each group were homogenized
in RIPA (Radioimmunoprecipitation) lysis buffer containing
1X lysis buffer (pH 7.4), 200 mM PMSF in DMSO, protease
inhibitor cocktail in DMSO, and 100 mM sodium
orthovanadate (Santa Cruz Biotechnology, CA, USA). The
lysate was centrifuged at 12000 rpm for 15 min at 4 °C. The
supernatants were used forWestern blot analysis. The concen-
tration of protein was determined by the Bradford protein
assay (Bio-Rad, Hercules, CA, USA). Bovine serum albumin
(BSA) was used as a protein standard. Protein extracts from
liver tissue samples were denatured at 95 °C for 5 min in
sample buffer (62.5 mM Tris-HCl pH 6.8, 10% SDS, 10%
glycerol, 2% mercaptoethanol, and 0.01% bromophenol
blue), separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS–PAGE), and transferred onto a
polyvinylidenedifluoride (PVDF) membrane (Santa Cruz
Biotechnology, CA, USA). The PVDFmembrane was stained
with Ponceau Red solution to determine the transfer efficacy.
The membranes were washed with Tris-buffered saline con-
taining 0.1% Tween-20 (TBST) and then incubated in
blocking buffer (5% non-fat milk in TBST) for 1 h at room
temperature. TGF-β1, α-SMA, and TNF-α were detected
with rabbit anti-TGF-β1 polyclonal antibody (Abcam,
Cambridge, MA, USA), mouse anti-α-SMA monoclonal an-
tibody (Sigma-Aldrich, St. Louis, MO, USA), andmouse anti-
TNF-α monoclonal antibody (Abcam, Cambridge, MA,
USA), together with GAPDH monoclonal antibody
(Invitrogen, Carlsbad, CA, USA) as standard. All primary
antibodies were diluted in 1% non-fat milk in TBST and in-
cubated at 4 °C overnight. After washing thrice with TBST,
the membranes were incubated with a 1:5000 anti-mouse IgG
(Cell Signaling Technology, Danvers, MA, USA) or 1:5000
anti-rabbit IgG (Cell Signaling Technology, Danvers, MA,
USA), both linked to horseradish peroxidase, for 1 h at room
temperature. Then, themembranewas washedwith TBST and
immunoreactive proteins were detected with enhanced chemi-
luminescence (ECL) (Bio-Rad Hercules, CA, USA), using a
UVITEC Chemiluminescence Documentation Systems
(UVItec Limited, Cambridge, UK). The immunoblot bands
were quantified by measuring the density of each band with
the Scion image program (National Institutes of Health,
Bethesda, MD). The optical density of the TNF-α, TGF-β1,
α-SMA, and GAPDH bands were normalized relative to the
optical density of GAPDH in the same lanes.

Statistical Analysis

All values were presented as mean ± SEM. The data were
analyzed using one-way analysis of variance (ANOVA) with
Tukey’s post hoc test to compare between groups. The signif-
icance levels were set at P values ≤ 0.05.
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Results

Effects of Probiotics on Body and Liver Masses and
Liver Enzymes

Body weight, liver weight, liver-to-body weight ratio, and
circulating concentration of liver enzymes are shown in
Table 1. Treatment with the probiotics did not affect any of
the parameters measured when compared with the control
group, indicating that the probiotics did not affect liver integ-
rity. Treatment with TAA (groups 2–4) caused, as expected, a
significant decrease in body weight compared with control
groups 1 and 5 (P < 0.01). In contrast, the liver weights in
the TAA, TAA+probiotics, and TAA+silymarin groups were
increased significantly when compared with group 5 but in-
significantly when compared with group 1. As a result, the
liver-to-body weight ratios in the TAA, TAA+probiotics, and
TAA+silymarin groups were significantly increased
(P < 0.01) compared with both control groups.

Serum AST, ALT, and ALP concentrations in the TAA-
treated group were significantly elevated compared with both
control groups (P < 0.01). Furthermore, the serum ALT and
ALP concentrations in the TAA+probiotics and TAA+
silymarin groups were significantly lower (P < 0.05 or
P < 0.01) than those in the TAA-treated group. However, only
serum AST in the TAA+probiotics group was insignificantly
lower than the TAA group.

Effect of Probiotics on Histopathological Changes in
the Liver Induced by TAA Treatment

The external surface of the rat livers in the control and
probiotics groups (1 and 5) had the normal brownish-red col-
or, was glossy with sharp edges, and had a smooth and soft
consistency (Fig. 1a, m). In contrast, the liver surface of the
TAA-treated group at 8 weeks was uneven and coarse (Fig.
1d). Livers of TAA-treated rats that received, in addition,

probiotics or silymarin had a more normal external morphol-
ogy, with a lesser degree of surface coarseness (Fig. 1g, j).

Histopathological examination of H&E-stained rat livers
treated with TAA revealed a modified architecture and a grade
2 (moderate to severe) injury (Table 2). These livers suffered
from centrilobular necrosis and areas of inflammation, accu-
mulation of myofibroblast-like cells, and giant hepatocytes
(Figs. 1e and 2b). Two populations of abnormal hepatocytes
were observed in TAA-treated rats: dark eosinophilic cells in
the bridging area from the central to portal veins and pale
hepatocytes due to hydropic degeneration in the pericentral
area (Fig. 1e). Strands of myofibroblast-like cells in the con-
nective tissue septa between portal triads and central veins that
resemble hepatic nodules were clearly demonstrable (Fig. 1e).
Moreover, cells with brownish cytoplasmic vacuoles were
frequently observed in the portal areas (Fig. 2f). However,
the TAA+probiotics (Figs. 1h and 2c) and TAA+silymarin
groups (Figs. 1k and 2d) showed fewer areas with inflamma-
tion, less accumulation of myofibroblast-like cells, fewer pale
cells with hydropic degeneration, and fewer giant hepatocytes
than the TAA group. In agreement, the index of liver damage
in the TAA+probiotics and TAA+silymarin groups was sig-
nificantly lower (P < 0.05) than that of the TAA group
(Table 2). In the control and probiotics group, liver sections
showed normal lobular architecture and cell structure.

Effect of Probiotics on Histopathological Changes in
the Small Intestine Induced by TAA Treatment

Histomorphological features of the jejunum in all groups
showed normalmucosal, submucosal, and external muscularis
layers (Fig. 3a–e). The intestinal villus height in TAA-treated
rats was significantly shorter compared with the other groups
(P < 0.05 or P < 0.01, Fig. 3f) except the control group, while
crypts were less deep than in the control groups. However,
probiotics or silymarin administration (TAA+probiotics and
TAA+silymarin groups) increased crypt depth significantly
compared with the TAA-only-treated group (P < 0.05 or

Table 1 Effect of thioacetamide and probiotics on liver enzyme markers and liver-to-body weight ratio

Parameters Groups

1: Control 2: TAA 3: TAA+probiotics 4: TAA+silymarin 5: Probiotics

AST (U/L) 120 ± 10 204 ± 10** 157 ± 17 152 ± 3a 132 ± 11

ALT (U/L) 34 ± 2 48 ± 3** 38 ± 2b 33 ± 1b 36 ± 1

ALP (U/L) 78 ± 11 252 ± 33** 160 ± 21a 166 ± 20a 60 ± 3

Body weight (g) 452.0 ± 12.5 319.4 ± 7.2** 319.6 ± 14.0** 341.6 ± 9.8** 453.1 ± 1.6

Liver weight (g) 11.9 ± 0.9 13.0 ± 0.2# 12.9 ± 0.4# 13.8 ± 0.2## 10.9 ± 0.3

Liver-to-body weight ratio (%) 2.7 ± 0.3 4.07 ± 0.1** 4.1 ± 0.2** 4.1 ± 0.1** 2.4 ± 0.1

The data are presented as the mean ± SEM (n = 7). **P < 0.01 comparedwith the control and probiotics groups; #P < 0.05 and ##P < 0.01 comparedwith
the probiotics group; aP < 0.05 and bP < 0.01 compared with the TAA-treated group
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Fig. 1 The effect of probiotics on
TAA-induced damage in the liver
of rats. Photomicrographs
showing gross morphology of the
liver (a, d, g, j, m), with
magnifications of the liver surface
in the insets. The liver sections
were stained with H&E (b, e, h, k,
n) or picrosirius red (c, f, i, l, o)
for assessment of collagen
deposition. Control group (a–c).
TAA group (d–f). TAA+
probiotics group (g–i). TAA+
silymarin group (j–l). Probiotics
group (m–o). CV central vein, PV
portal vein. Black stars indicate
hydropic degeneration

Table 2 Comparison of liver
damage, leukocyte infiltration,
and concentration of serum
malondialdehyde (MDA)
(nmol/μL) in the experimental
and control groups

Parameters Groups

Control TAA TAA+probiotics TAA+silymarin Probiotics

Index of liver damage 0.5 ± 0.1 2.7 ± 0.1** 1.3 ± 0.1**,## 1.6 ± 0.1**,## 0.6 ± 0.1

Leukocyte infiltration (%) 3.2 ± 0.6 19.0 ± 1.2** 7.5 ± 0.7**,## 9.8 ± 0.8**,## 3.9 ± 0.8

MDA 2.2 ± 0.1 2.9 ± 0.1** 2.3 ± 0.1# 2.7 ± 0.1 2.2 ± 0.1

The data are presented as the mean ± SEM. **P < 0.01 compared with the control and probiotics groups; #P <
0.05 and ##P < 0.01 compared with the TAA-treated group
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P < 0.01, Fig. 3g). Although the ratio of villus height and crypt
depth was lowest in TAA rats, the difference was not signif-
icant in any of the groups (Fig. 3h), implying that villus height
and crypt depth changed coordinately.

Effects of Probiotics on Collagen Deposition in the
Liver

Sirius red staining of liver sections of TAA-treated rats re-
vealed the presence of many hepatocellular micronodules that
were separated by thick interlobular connective tissue septa
around the central veins. The normal lobular architecture had
changed into the typical form of fibrosis in the TAA group
(Fig. 1f). The average Ishak score and percentage of the
collagen-stained area in the TAA group were significantly
higher than the score in the control group (P < 0.01,
Fig. 4a, b). The percentage of the collagen-positive area in
the TAA+probiotics and TAA+silymarin groups, in turn,
was significantly lower than that in the TAA-treated group.

There was no difference in the percentage of collagen area
between the control and probiotics groups (Fig. 4a).

Effects of Probiotics on the Hepatic Content of TNF-α,
TGF-β1, and α-SMA Proteins

The hepatic contents of TNF-α, TGF-β1, and α-SMA pro-
teins were used as markers of inflammation and fibrogenesis
and were determined by Western blot analysis. Treatment
with probiotics only did not alter the hepatic content of any
of these three proteins when compared with the control group
(Fig. 4c–e). In the TAA group, the hepatic content of TNF-α,
TGF-β1, and α-SMA protein was increased to 203 ± 12, 219
± 35, and 547 ± 67% of the control group, respectively
(P < 0.01, Fig. 4c–e). Administration of probiotics as in the
TAA+probiotics group decreased the hepatic content of
TNF-α, TGF-β1, and α-SMA to ~ 60% of that in the TAA
group (P < 0.05, Fig. 4c–e; protein contents 123 ± 16, 135 ± 6,
and 285 ± 50%, respectively). In the TAA+silymarin group,
the TNF-α protein content decreased to a similar level as that

Fig. 2 Light micrographs of liver
sections stained with H&E from
the control group (a), TAA group
(b), TAA+probiotics group (c),
TAA+silymarin group (d), and
probiotics only group (e). Normal
histomorphology of the liver (a,
e). Typical pattern of centrilobular
necrosis (b, f). Leukocyte
infiltration (black arrowheads)
with brownish dark cells (black
asterisks) after TAA-induced liver
fibrosis for 8 weeks. The TAA
group (b) showed more severe
liver inflammation than the
TAA+probiotics group (c) or the
TAA+silymarin group (d). CV
central vein, PV portal vein.
Black stars indicate hydropic
degeneration, and white
arrowheads indicate
myofibroblast-like cells
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in the TAA+probiotics group, but the decrease in TGF-β1 and
α-SMA protein content was not significant when compared
with the TAA group (Fig. 4c–e).

Effects of Probiotics on Hepatic Lipid Peroxidation

Malondialdehyde (MDA) is a product of lipid peroxidation
following oxidative damage to cell structures. After the
TAA administration, the hepatic concentration of MDA was
significantly increased compared with the control and
probiotics groups (P < 0.01, Table 2). The MDA concentra-
tion in the TAA+probiotics groupwas significantly lower than
that in the TAA group (P < 0.05, Table 2). There was no

difference in hepatic MDA concentration between the control
and probiotics groups.

Discussion

Recent studies have shown that probiotics protect against the
sequels of common liver diseases such as alcoholic and non-
alcoholic fatty liver disease, fibrosis/cirrhosis, and hepatic en-
cephalopathy [15, 26]. In the present study, we selected 3
probiotic strains with a strong inhibitory effect on TNF-α
production in THP-1 human monocytic cell lines. These
strains, L. paracasei, L. casei, andW. confusa, were previous-
ly isolated from feces of a healthy Thai infant [17]. Our study

Fig. 3 Representative histology of jejunum showing villus height and
crypt depth in H&E-stained sections from the control group (a), TAA
group (b), TAA+probiotics group (c), TAA+silymarin group (d), and
probiotics only group (e). Measurement of intestinal villus height (f),
crypt depth (g), and villus/crypt ratio in the respective groups (g).

Values represent mean ± SEM. Asterisk indicates P < 0.05 and double
asterisk indicates P < 0.01 compared with the control group; number sign
indicates P < 0.05 and double number sign indicates P < 0.01 compared
with the TAA-treated group. VH villus height, CD crypt depth
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demonstrated a hepatoprotective effect of the probiotic cock-
tail on TAA-induced liver fibrosis in rats. Accordingly, serum
levels of liver-enriched enzymes, microscopic liver damage
and inflammation, lipid peroxidation, collagen accumulation,
liver content of the proinflammatory proteins TNF-α and
TGF-β1, and that of α-SMA, a marker for hepatic stellate cell
activation, were all decreased substantially compared with
those of the untreated group of TAA-fibrotic rats.
Importantly, our study also showed that the probiotic cocktail
of L. paracasei, L. casei, andW. confusa, as used in the pres-
ent study, did not induce any adverse effect on the rats.

The effects of probiotics on gastrointestinal diseases are
dependent on the bacterial strain, stage of the disease, dose
of the probiotics administered, and the duration of treatment
[27]. The optimal concentration of probiotic bacteria that me-
diates a good clinical effect is generally stated to be 106–
108 CFU/g, or 108–1010 CFU/day [28]. In a preliminary study
in fibrotic rats, we found that treatment with each of the pro-
biotic strains separately at a concentration of 109 CFU/day
was the most effective. At that concentration, the rats did not
develop diarrhea but produced normal-looking feces with a

soft and smooth texture. A concentration of 109 CFU/day
for each of the probiotic bacterial strains used in a cocktail
was also recommended by the Canadian Food Inspection
Agency [19]. An earlier study with a combination of three live
probiotic bacteria (Lactobacillus acidophilus, Lactobacillus
plantarum, and Streptococcus thermophilus) at a concentra-
tion of 109 CFU/g p.o. for each of the strains has also been
reported to confer hepatoprotective effects [29]. Similarly, the
addition of viable Saccharomyces cerevisiae and
L. acidophilus, both at 109 CFU/g, has been reported to pro-
tect against liver fibrosis [30], while treatment with 109 CFU/
day of Lactobacillus johnsonii La1 appears to exert antioxi-
dant activity on intestinal flora in cirrhotic rats [31].

Many earlier studies have shown that treatment with vari-
ous species of probiotics in animals with different hepatotoxic
conditions prevents liver injury/inflammation. Mixtures of
probiotic Lactobacillus, Saccharomyces, Aspergillus,
Streptococcus, Bifidobacterium, and Torulopsis species ame-
liorated hepatotoxicity induced by thioacetamide in term of a
close-to-normal histological feature, lowered apoptotic rate,
and stimulated proliferation of the hepatocytes [32]. In

Fig. 4 Effects of probiotics on parameters of liver fibrosis. Quantitative
analysis of fibrotic area and Ishak fibrotic score in Sirius red–stained liver
sections of control and experimental groups. Collagen-containing areas
were identified by color threshold with the Cell Sense Dimensions
software and calculated as a percentage of the total area (a). Box plots
of Ishak scores (b). Ishak scores range from 0 to 6. Hepatic protein
contents were measured by Western blot analysis (TNF-α (c), TGF-β1
(d), α-SMA (e)). Representative bands from each of the five groups are

shown. The protein bands were quantified by densitometry and
normalized relative to GAPDH content. All Western blot data were
shown as a percentage of the control. The data are presented as mean ±
SEM. Asterisk indicates P < 0.05 and double asterisk indicates P < 0.01
compared with the control group; number sign indicates P < 0.05 and
double number sign indicates P < 0.01 compared with the TAA-treated
group

Probiotics & Antimicro. Prot.



addition, pretreatment of Bacillus cereus in D-galactosamine
(D-GalN)-induced hepatotoxic rats caused an elevated level of
the anti-inflammatory cytokine interleukin-10 and substantial-
ly decreased the concentration of the cytokine IL-13 in both
liver tissue and plasma [33]. Moreover, rats on a 100% fat diet
had attenuated the levels of MDA and TNF-α, enhanced per-
oxisome proliferator-activated receptors-gamma (PPAR-γ)
expression, and improved the histopathology if concurrently
treated with L. plantarum [34]. Interestingly, oral administra-
tion of a mixture of 8 strains of lactic acid bacteria (VSL#3:
Bifidobacterium longum , Bifidobacterium breve ,
Bifidobacterium infantis, Lactobacillus casei, Lactobacillus
plantarum, Lactobacillus acidophilus, Lactobacillus
delbrueckii subsp. Bulgaricus, and Streptococcus salivarius
subsp. thermophilus) reportedly prevents liver injury in a
mouse sepsis model [35]. These data suggest that many bac-
teria have hepatoprotective effects if administered concurrent-
ly with a hepatotoxic agent. Likewise, the probiotic cocktail
used in the present study significantly lowered the hepatic
contents of TNF-α and TGF-β1 in the TAA+probiotics group
compared with the untreated TAA group. Apparently, the
probiotics ameliorate the inflammation due to protection at
the intestinal level or invigorate the host’s immune system
(as described for other probiotics compared with other con-
ventional drugs in other pathologies [35, 36]).

Administration of TAA at 200 mg/kg BW for consecutive
8 weeks is our standard protocol to induce liver fibrosis in all
treated animals [37]. This TAA treatment causes severe in-
flammation and accumulation of collagen fibers in the liver
resulting in increased liver weight. Its administration also in-
creases in serum concentrations of liver-enriched enzymes.
TAA causes liver injury by conversion into two reactive me-
tabolites: TAA-S-oxide (TASO) and TAA-S,S-dioxide
(TASO2) [38]. Bioactivation of TAA is mediated by cyto-
chrome P450 (CYP), in particular subtype CYP2E1, which
is predominantly expressed in pericentral hepatocytes [11].
CYP2E1 is also expressed in the duodenum and jejunum
[39, 40].

Liver weight from TAA-treated rats was higher than that in
control groups. Administration of probiotics or silymarin
(TAA+probiotics and TAA+silymarin groups) did, however,
not lower this parameter relative to the TAA-treated group. A
reason could be that probiotics or silymarin did not completely
neutralize the inflammatory effects of TAA. This hypothesis is
supported by the finding that the index of liver damage and
leukocyte infiltration also remained elevated in the probiotics-
or silymarin-treated TAA rats. The probiotic cocktail used in
the present study did lower the level of MDA products,
underscoring their antioxidant capacity that is also document-
ed for other probiotics [30].

Disruption of the intestinal barrier, intestinal bacterial over-
growth, and bacterial translocation via the gut-liver axis are
factors that promote hepatic disorders, including fibrosis and

cirrhosis [41]. Bacterial components, including lipopolysac-
charide (LPS), pathogen-associated molecular patterns
(PAMPs), and damage-associated molecular patterns
(DAMP), are translocated into the liver via the portal circula-
tion following intestinal injury [42, 43]. LPS and PAMP bind
to TLR4 receptors on the hepatocyte membrane and then in-
duce the production of proinflammatory cytokines (e.g.,
TNF-α, IL-6, and IFN-γ) and chemokines, which enhanced
liver inflammation (via upregulation of the p38 MAPK and
NF-kB activities), and liver fibrogenesis. TLR4 activation can
also lead to HSCs activation and transformation into
myofibroblast-like cells, which express α-SMA and produce
collagen [44–47].

It has been documented that TAA treatment causes a weak-
ening of the intestinal barrier [48]. Our finding that the villus
length and crypt depth are shorter in the TAA-treated group
concurs with this observation. Shorter villi and crypts contain
fewer goblet cells and, consequently, a thinner layer of mucus.
A thinner mucus layer facilitates the translocation of patho-
gens from the intestinal lumen into the portal circulation that,
in turn, causes more liver injury [49, 50]. The trend inmucosal
thickness that we observed upon treatment of the rats with
L. paracasei, L. casei, and W. confusa is underscored by ear-
lier studies that show that concurrent treatment of the
hepatotoxin CCl4 and L. johnsonii La1 in rats [31], pretreat-
ment of septic mice with oral probiotics VSL#3 [35], or pre-
treatment of rats exposed to the hepatotoxin D-GalN with oral
B. cereus 11778 [33] all prevent intestinal barrier breakdown
and reduce bacterial translocation. These beneficial effects are
partly mediated by the activation of intestinal stem cells [51]
and the restoration of mucous-producing goblet cells [52].
We, therefore, hypothesize that the mixture of three probiotics
strains administered via oral gavage in the present study mod-
ulates gut microbiota and strengthens the intestinal barrier.
Such an explanation is in accordance with earlier studies using
Lactobacillus to alleviate the fibrogenic status induced by
TAA [53] or CCl4 [29, 30].

Conclusion

In conclusion, the present in vivo study demonstrated for the
first time that administration of this cocktail of viable probiotic
lactic acid bacteria (L. paracasei, L. casei, and W. confusa)
lowers liver oxidative stress, inflammation, and fibrosis in rats
under liver fibrosis-inducing conditions. Administration of
this cocktail of lactic acid bacteria could, therefore, prove an
effective supplement in the treatment of inflammatory or
fibrogenic liver conditions.
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