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Background/aims: Intestinal bacteria induce endogenous signals that play a pathogenic role in hepatic insulin resistance and non-alcoholic
fatty liver disease. Probiotics could modulate the gut flora and could influence the gut-liver axis. We aimed to investigate the preventive effect of
two probiotic mixtures on the methionine choline-deficient diet-induced non-alcoholic steatohepatitis model in rats. Methods: Two studies, short-
term (2 weeks) and long-term (6 weeks), were carried out using 60 male Wistar rats. The 2-week study included six groups. Rats were fed with
methionine choline-deficient diet or pair-fed control diet and were given a placebo or one of two probiotic mixtures (Pro-1 and Pro-2) by orogas-
tric gavage. In the 6-week study, rats were allocated into four groups and were fed with methionine choline-deficient diet or pair-fed control di-
et and given a placebo or Pro-2. At the end of the 2- and 6-week periods, blood samples were obtained, the animals were sacrificed, and liver tis-
sues were removed. Serum alanine aminotransferase activity was determined; histologic and immunohistochemical analysis was performed for
steatosis, inflammation, protein expression of tumor necrosis factor-a, and apoptosis markers. Results: In both studies, methionine choline-de-
ficient diet caused an elevation of serum alanine aminotransferase activity, which was slightly reduced by Pro-1 and Pro-2. In the 2- and 6-we-
ek studies, feeding with methionine choline-deficient diet resulted in steatosis and inflammation, but not fibrosis, in all rats. In the 2-week study,
in rats fed with methionine choline-deficient diet and given Pro-1, steatosis and inflammation were present in 2 of 6 rats. In rats fed with met-
hionine choline-deficient diet and given Pro-2, steatosis was detected in 3 of 6 rats, while inflammation was present in 2 of 6 rats. In the 6-we-
ek study, in rats fed with methionine choline-deficient diet and given Pro-2, steatosis and inflammation were present in 3 of 6 rat livers. In both
the 2- and 6-week studies, methionine choline-deficient diet resulted in tumor necrosis factor-a, proapoptotic Bax, caspase 3, caspase 8, and an-
ti-apoptotic Bel-2 expression in all rat livers. Pro-1 and Pro-2 treatment influenced protein expression involved in apoptosis and tumor necrosis
factor-o in varying degrees. Conclusions: Pro-1 and Pro-2 decrease methionine choline-deficient diet-induced steatohepatitis in rats. The pre-
ventive effect of probiotics may be due, in part, to modulation of apoptosis and their anti-inflammatory activity.
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Sicanlarda metiyonin ve kolinden fakir diyetle olusturulan steatohepatitte
probiyotiklerin etkisi

Amag: Intestinal bakteriler, hepatik insiilin direnci ve non-alkolik yagl karaciger hastaliginda patojenik rol oynayan endojen sinyalleri indiik-
lerler. Probiyotikler barsak florasini diizenleyerek karaciger-barsak ekseninde etki gosterebilirler. Bu ¢alismada sican modellerinde metiyonin
ve kolinden fakir diyet ile olusturulan non-alkolik steatohepatitte iki probiyotik karisiminin koruyucu etkisini arastirmayr amagladik. Yontem
ve Gereg: Altmis adet erkek Wistar sican kullanilarak 2 ve 6 haftalik iki calisma yapimstir. Iki haftalik calisma 6 gruptan olusturulmustur.
Sicanlar metiyonin ve kolinden fakir diyet ya da kontrol diyetle beslenmis ve orogastrik sonda ile plasebo ya da iki probiyotik karisimi (Pro-1,
Pro-2) verilmigtir. Alti haftalik ¢calismada siganlar 4 gruba boliinerek metiyonin ve kolinden fakir diyet ya da kontrol diyet ile beslenmigler ve
plasebo ya da Pro-2 verilmiglerdir. Calisma sonunda si¢anlar kanlart alinarak kurban edilmis ve karacigerleri alinmigtir. Serum alanin ami-
notransferazlart saptanan hayvanlarda steatozis, inflamasyon, tiimor nekroz faktorii-a ekspresyonu ve apopitozisin saptanmast i¢in histolojik
ve immiinhistokimyasal inceleme yapilmistir. Bulgular: Her iki ¢alismada da metiyonin ve kolinden fakir diyet serum alanin aminotransfe-
raz seviyesinde, Pro-1 ve Pro-2 ile hafif diisiiriilebilen, bir artisa neden olmustur. Iki ve 6 haftalik calismalarda metiyonin ve kolinden fakir di-
yet tiim sicanlarda steatozis ve inflamasyona neden olurken fibrozis olusturmamustir. Iki haftalik calismada metiyonin ve kolinden fakir diyet
ve Pro-1 ile beslenen 6 sicanin 2'sinde steatozis ve inflamasyon géorilmiistiir. Metiyonin ve kolinden fakir diyet ve Pro-2 ile beslenen 6 siganin
3'iinde steatozis goriiliirken 2'sinde inflamasyon vardi. Alty haftalik ¢alismada metiyonin ve kolinden fakir diyet ve Pro-2 ile beslenen 6 siganin
3'iinde steatozis ve inflamasyon vardi. Her iki ¢alismada da metiyonin ve kolinden fakir diyet tiim sican karacigerlerinde, tiimor nekroz fakto-
rii-a, proapopitotik Bax, caspase 3, caspase 8 ve anti-apopitotik Bcl-2 ekspresyonuna neden oldu. Sonug¢: Pro-1 ve Pro-2, sicanlarda metiyonin
ve kolinden fakir diyet ile olusturulan steatohepatiti azaltmaktadir. Probiyotiklerin koruyucu etkisi kismen apopitoz modiilasyonu ve antiinfla-
matuar etkilerine bagl olabilir.

Anahtar kelimeler: Nonalkolik yagli karaciger hastaldi, metiyonin ve kolinden fakir diyet, probiyotik
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) inclu-
des a spectrum of pathological hepatic changes
ranging from steatosis, steatohepatitis, advanced
fibrosis, and cirrhosis. The pathogenesis of
NAFLD is uncertain. According to the ‘two-hit’
theory, liver fat accumulation and insulin resis-
tance characterize the first hit and are responsib-
le for the development of steatosis (1). Certain en-
dogenous or exogenous toxins, oxidative stress
and subsequent lipid peroxidation, together with
the production of proinflammatory cytokines (e.g.
tumor necrosis factor [TNF]-a), and hormones de-
rived from adipose tissue initiate the second hit,
which progresses from simple steatosis to non-al-
coholic steatohepatitis (NASH) (2-6). It is sugges-
ted that most cryptogenic cirrhosis is the result of
previously undiagnosed NASH (6,7).

The liver continuously receives blood from the gut
via the portal system; thus, there is a close relati-
onship between the gut and liver (8). One of the
endogenous factors that contributes to the patho-
genesis of NAFLD may be the intestinal bacterial
flora (9-13). Animal studies have demonstrated
that intestinal bacteria induce endogenous signals
that play a pathogenic role in hepatic insulin re-
sistance (13), and intestinal bacterial overgrowth
plays a significant role in the pathogenesis of both
alcoholic fatty liver disease and NAFLD (10-12).
Bacterial overgrowth and translocation result in
endotoxemia that directly stimulates hepatic
Kupffer cells to produce TNF-a (14,15).

Probiotics could modulate the gut flora and could
influence the gut-liver axis. Furthermore, many
data indicate that probiotics may promote intesti-
nal mucosal barrier function and mucosal recovery
during a pathological condition. Lactobacillus GG
has been shown to improve alcohol-induced gut le-
akiness and to blunt alcohol-induced oxidative
stress and inflammation in both the intestine and
liver (16). A two-organism probiotic combination
has been reported to maintain and enhance the
phosphorylation of tight junction proteins inclu-
ding tight junction protein 1 and occludin (17).
Further, probiotics induce mucin gene expression
and the facilitation of mucus layer integrity (18).
In addition, the administration of Bifidobacterium
lactis (19) and Lactobacillus johnsonii Lal (20) re-
duces the incidence of bacterial translocation.

Some experimental data indicate that probiotics
prevent or alleviate liver steatosis and inflamma-
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tion. Treatment with oral probiotic VSL#3, consis-
ting of eight probiotic strains, has been reported to
significantly improve the high fat diet-induced he-
patic NKT cell depletion, insulin resistance and
hepatic steatosis (21). In another study, Lactoba-
cillus GG (16) and heat-killed Lactobacillus brevis
SBC8803 (22) have been shown to ameliorate et-
hanol-induced liver injury and fatty liver. In con-
trast, VSL#3 has failed to prevent methionine cho-
line-deficient diet (MCDD)-induced liver steatosis
or inflammation, but to ameliorate MCDD-indu-
ced liver fibrosis (23).

We aimed to test the beneficial effects of two diffe-
rent probiotic mixtures for the MCDD-induced
NASH model in rats. Some data propose that he-
patocyte apoptosis may be a key component in di-
sease progression to NASH (24). In this study, we
also evaluated the immunohistochemical markers
involved in hepatocyte apoptosis.

MATERIALS AND METHODS

Male Wistar albino rats (n=60) were fed with
MCDD or pair-fed control diet and water ad libi-
tum and kept in cages at 22+2°C with a 12-hour (h)
dark-light cycle before and during experiments.
Animals were allowed to acclimatize to their new
conditions for one week prior to the commence-
ment of the study. Experiments were approved by
the Suleyman Demirel University, Animal Ethical
Committee. During this experimental study, we
acted according to the principles of the Guide for
the Care and Use of Laboratory Animals (25).

To induce fatty liver, rats were fed with MCDD
(C1070, Altromin, Germany). The control groups
were fed with control diet (C1000, Altromin, Ger-
many).

Two probiotic mixtures were used in this study.
The probiotics were prepared by the Suleyman De-
mirel University Faculty of Engineering and Arc-
hitecture, Food Engineering Department.

Pro-1 consisted of 13 bacterial strains that were
isolated from the healthy human stool samples.
They had the ability to resist the low pH and bile
salts (26). These strains were Lactobacillus fer-
mentum (BB16-75, AK2-8, AK5-22, AK6-26), Lac-
tobacillus plantarum (AA17-73, AK7-28, AKS-
31B) and Enterococcus faecium (AB6-21, AB16-68,
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AK4-120, AK7-31, BK9-40, BK13-54). Pro-2 con-
sisted of six bacterial strains (Enterococcus faeci-
um BK10-47 and Lactobacillus plantarum AB7-
35, AC3-16, AC21-101, AB16-65, BK10-48). Lipid
reduction of these strains was determined as 50.3-
58.2% (27). These strains were also isolated from
human feces. Molecular identification of all stra-
ins was made by 16S rRNA analyses (26). Each
strain was grown in MRS broth at 37°C for 24 h
until the cell number reached 10° cfu/ml. The cells
were centrifuged at 5000 x g for 10 minutes (min)
at 20°C and then the cell pellets were washed twi-
ce in phosphate-buffered saline (PBS) solution, pH
7.4. Finally, the pellets were diluted in 10% steri-
le reconstituted skim milk to 1.3x10" cfu/ml and
0.6 x 10" cfu/ml for Pro-1 and Pro-2, respectively.

Two studies, short-term (2 weeks) and long-term
(6 weeks) were carried out.

The 2-week study included six groups. Thirty-six
rats were allocated into six groups of six animals
each. Groups 1, 2, and 3 were fed by MCDD and
gavaged daily with 0.2 ml of placebo (skim milk),
Pro-1 or Pro-2. Groups 4, 5, and 6 were fed with
control diet and received placebo, Pro-1 or Pro-2,
respectively, at the same doses. All rats were we-
ighed at the same time, and food and water were
monitored daily throughout the study periods.
Control-diet groups were pair-fed to match the fo-
od intake of the MCDD-fed groups. Rats had free
access to water.

In the 6-week study, 24 rats were allocated into fo-
ur groups. Groups 1 and 2 were fed with MCDD
and received 0.2 ml/day of placebo or Pro-2 (0.2
ml/day), respectively. Groups 3 and 4 were fed
with control diet and received placebo or Pro-2,
respectively, at the same doses.

At the end of the 2- and 6-week periods, blood samp-
les were obtained, the animals were sacrificed by
100 ml/kg ketamine hydrochloride (Ketalar®, Par-
ke-Davis, Eczacibasi, Istanbul, Turkey) and 25
mg/kg xylazine hydrochloride (Rompun®, Bayer,
Germany) injection, and liver tissues were removed.

Blood samples were placed into jelly biochemistry
tubes and centrifuged for 4 min at 4000 g to sepa-
rate the serum. The alanine aminotransferase
(ALT) activity was studied immediately using a
spectrophotometric method on the Abbott Aeroset
autoanalyzer using compatible commercial Kkits
from Abbott.
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Liver biopsy samples for histopathological assess-
ment were fixed with 10% formalin for 72 h. The-
reafter, the routine follow-up procedure was per-
formed. Sections of 4 pm in thickness were obtai-
ned. Hematoxylin-eosin staining for routine
analysis and Masson’s trichrome staining for eva-
luation of fibrosis were performed and assessed
histopathologically using light microscopy. Sco-
ring was performed according to the scoring sys-
tem of Sundaram et al. (28). Steatosis was scored
between 0-4, inflammation between 0-4, and fibro-
sis between 0-4.

Histopathological changes in liver tissue, apopto-
sis and protein expression taking place in various
stages of the apoptosis regulation were investiga-
ted using the immunohistochemical method. Tis-
sue samples from each group were fixed in neutral
formalin for 72 h and processed for paraffin em-
bedding. Sections of 4-5 Im thickness were proces-
sed for polylysine microscope slides. For the im-
munohistochemical examination, slides were trea-
ted in a microwave oven in 0.01 M citrate buffer
(pH 6.0) for 20 min. Endogenous peroxidase acti-
vity was blocked by incubation for 20 min with
0.3% hydrogen peroxidase. Slides were stained
with mouse monoclonal anti—caspase 3 antibody
(rabbit polyclonal antibody Ab-4, 1 mg/ml; Neo-
Markers, Fremont, CA, USA), caspase 8 (rabbit
polyclonal antibody Ab-4, 1 mg/ml; NeoMarkers,
Fremont, CA, USA), Bax (rabbit polyclonal anti-
body Ab-1, 3525; NeoMarkers, Fremont, CA,
USA), Bcl-2 (rabbit polyclonal antibody Ab-1,
6837; NeoMarkers, Fremont, CA, USA) and TNF-
o (mouse monoclonal antibody, sc-7317; Santa
Cruz, CA, USA). Tissues from lymph node and
breast were used for Bax and TNF-o immunostai-
ning as negative controls. Tonsillary tissue was
used for Bcl-2, caspase 3 and caspase 8 immunos-
taining as a negative control. No immunostaining
was observed for these markers in the negative
controls. Sections were incubated with the strep-
tavidin—biotin peroxidase kit (Ultra Vision Large
Volume Detection System Anti-polyvalent, HRP;
LabVision, Fremont, CA, USA), and the reaction
product was detected with diaminobenzidine. Fi-
nally, the sections were counter-stained with Ma-
yer’s hematoxylin, mounted with a mounting me-
dium, and examined with the Olympus BH2 pho-
to-light microscope.



All data are expressed as mean + SEM. Significant
difference in serum ALT concentrations between
groups was determined by one way analysis of va-
riance (ANOVA), followed by a post hoc Tukey's
test when the analysis of variance suggested a sig-
nificant difference between groups. Kruskal-Wal-
lis analysis of variance was applied to assess diffe-
rences in histological and immunohistological sco-
res among the experimental groups. When the
Kruskal-Wallis test indicated a significant diffe-
rence, multiple comparisons were performed using
the Mann-Whitney U test to determine which gro-
up differed from the others. The data were analy-
zed using the SPSS 11.0 statistical package prog-
ram. A value of p<0.05 was considered significant.

RESULTS

Significantly elevated serum ALT levels were
shown in rats fed MCDD compared with rats fed
the control diet. In both studies, probiotic treat-
ment showed an insignificant decrease in serum
ALT levels of rats fed MCDD (Figures 1a, 1b).

Two-week study

In the 2-week study, feeding with MCDD resulted
in steatosis and inflammation, but not fibrosis, in
all rats (Figure 2a). MCDD elicited TNF-a (Figure
2b), Bcl-2, Bax (Figure 2c), caspase 3 and caspase
8 expression in all rats with weak to strong immu-
nohistochemical staining.
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Pro-1 and Pro-2 treatment partly impeded steato-
hepatitis. Among the rats fed with MCDD and gi-
ven Pro-1 (Group 2), steatosis and inflammation
were present in 2 of 6 rats (Figure 2d). Among the
rats fed with MCDD and given Pro-2 (Group 3),
steatosis was detected in 3 of 6 rats, while inflam-
mation was present in 2 of 6 rats (Figure 2g). Ho-
wever, only Pro-1 treatment significantly decrea-
sed scores of MCDD-induced steatosis and inflam-
mation (Figure 3a).

In Group 2, TNF-a (Figure 2e) and Bax (Figure 2f)
showed weak to strong immunohistochemical stai-
ning in all rats. Two of 6 rats were positive for Bcl-
2, while 4 of 6 rats were positive for caspase 3 and
caspase 8. In Group 3, 5 rats were positive for both
caspase 8 and TNF-a (Figure 2h). Weak and
strong staining was detected in all rats using Bax
(Figure 2i). Only one rat stained positively with
Bcl-2, while 4 rats were positive for caspase 3.

Steatosis and inflammation were not present in
the rat groups fed with control diet (Groups 4, 5, 6)
(Figures 2j, 2m, 2p). In addition, immunohistoche-
mical staining did not detect TNF-a (Figures 2k,
2n, 2q), Bcl-2, Bax (Figures 21, 20, 2r), caspase 3,
or caspase 8 in these groups.

Six-week study

In the 6-week study, histological analysis also re-
vealed steatosis and inflammation, but not fibro-
sis, in all livers of rats fed with MCDD (Figure 4a).
Steatosis scores were between 1 and 3. Weak to
strong immunohistochemical staining was detec-
ted in all of the rats using Bcl-2, Bax, caspase 3,
caspase 8, and TNF-c.
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Figure 1. a. Serum ALT levels in the 2-week study. Group 1: MCDD+placebo, Group 2: MCDD+Pro-1, Group 3: MCDD+Pro-2,
Group 4: Control diet+placebo, Group 5: Control diet+Pro-1, Group 6: Control diet+Pro-2. “According to Group 4, p<0.05;
ﬂAccording to Group 5, p<0.01; "According to Group 5, p<0.05. b. Serum ALT levels in the 6-week study. Group 1: MCDD+place-

bo, Group 2: MCDD+Pro-2, Group 3: Control diet+placebo, Group 4: Control diet+Pro-2. *According to Groups 3 and 4, p<0.001.
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Figure 2. Immunohistochemical and histopathologic characteristics in Protocol I: Macrovesicular steatosis and inflammation in the
rat liver in the CMDD group, H&E, x100 (a). Diffuse and cytoplasmic TNF-a staining in hepatocytes in the CMDD group, x100
DAB (b). Cytoplasmic Bax positivity in hepatocytes in the CMDD group, x100 DAB (c). Mild inflammation in the rat liver in the
CMDD-+mixed probiotic group, H&E x100 (d). Focal cytoplasmic staining with TNF-o. in hepatocytes in the CMDD-+mixed probio-
tic group, x100 DAB (e). Weak cytoplasmic Bax positivity in hepatocytes in the CMDD+mixed probiotic group, x100 DAB (f). Mild
inflammation in the rat liver in the CMDD+LLP group, H&E x100 (g). Weak cytoplasmic staining with TNF-o in hepatocytes in the
CMDD+LLP group, x100 DAB (h). Focal and weak cytoplasmic Bax positivity in hepatocytes in the CMDD+LLP group, x100 DAB
(). Normal rat liver in the control, control+mixed probiotic and control+LLP groups, H&E x100 (j, m, p). TNF-a negativity in the
control, control+mixed probiotic and control+LLP groups, x100 DAB (k, n, q). Bax negativity in the control, control+mixed probio-
tic and control+LLP groups, x100 DAB (1, o, 1).
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Figure 2 (cont.).

In rats fed with MCDD and given Pro-2 (Group 2),
steatosis and inflammation were observed in only
3 (50%) rat livers. Steatosis scores were 1 and 2
(Figure 4b). Although histological scores of MCDD
steatosis and inflammation reduced with Pro-2
treatment, it was not found to be statistically sig-

Effects of probiotics in hepatic steatosis

nificant (Figure 3b). Weak to strong staining was
present in all rats using Bax, Bcl-2, caspase 3, cas-
pase 8, and TNF-a. In the rat groups fed with con-
trol diet and given placebo or Pro-2 (Groups 3 and
4), no steatosis or inflammation was detected (Fi-
gure 4c).
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In both the 2- and 6-week studies, MCDD resulted in
proapoptotic Bax, caspase 3, caspase 8, and anti-
apoptotic Bel-2 expression in all rat livers. Pro-1 tre-
atment reduced the expression and staining inten-
sity of Bax, caspase 3, caspase 8, and Bcl-2. Pro-2 did

Figure 2 (cont.).
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not influence the MCDD-induced caspase 8 expressi-
on in either the 2- or 6-week study. Pro-2 augmented
the MCDD-induced Bax expression in the 6-week
study. In both studies, Pro-1 and Pro-2 attenuated
TNF-a expression to varying degrees (Tables 1, 2).
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Figure 3. Histologic steatosis and inflammation scores of livers in the 2-week study. Group 1: MCDD+placebo, Group 2:
MCDD+Pro-1, Group 3: MCDD+Pro-2, Group 4: Control diet+placebo, Group 5: Control diet+Pro-1, Group 6: Control diet+Pro-2.
*According to Group 2, p=0.018; "According to Groups 4, 5, 6, p=0.001. b. Histologic steatosis and inflammation scores of livers in
the 6-week study. Group 1: MCDD+placebo, Group 2: MCDD+Pro-2, Group 3: Control diet+placebo, Group 4: Control diet+Pro-2.

*According to Groups 3 and 4, p=0.002.

Table 1. Immunohistochemical protein expression of apoptotic markers and TNF-o in the 2- week study

Groups* Bax Bcl-2 Caspase 3 Caspase 8 TNF-a
1 1.83+1.17 1.33+0.33" 1.50+0.22° 1.17+0.31° 2.0+0.0°
2 1.67+0.21° 0.50+0.34 1.00+0.37" 0.83+0.31" 1.33+0.21"
3 1.50+0.22° 0.17+0.17 0.83+0.31° 1.17+0.31" 1.50+0.34°
4 0 0 0 0 0
5 0 0 0 0 0
6 0 0 0 0 0

‘According to yAccording to ‘According to yAccording to “According to
Groups 4, 5, 6: Group 3: p=0.019; Groups 4, 5, 6: Groups 4, 5, 6: Groups 4, 5, 6:
p<0.01 #According to p<0.01; p<0.01; p<0.01
Groups 4, 5, 6: ”According to #According to

p<0.01 Groups 4, 5, 6: Groups 4, 5, 6:
p<0.05 p<0.05

tGroup 1: MCDD+placebo, 2: MCDD+Pro-1, 3: MCDD+Pro-2, 4: Control diet+placebo, 5: Control diet+Pro-1, 6: Control diet+Pro-2. Values are

expressed mean+S.E.M.

Table 2. Immunohistochemical protein expression of apoptotic markers and TNF-a in the 6- week study

Groupst Bax Bcel-2 Caspase 3 Caspase 8 TNF-a

1 1.83+1.67 1.83+1.67 1.67+0.21° 1.17+0.31° 1.50+0.22"

2 2.0+0° 1.67+0.21° 1.33+0.21° 1.17+0.17° 1.33+0.21"

3 0.33+0.21 0 0 0 0

4 0.33+0.21 0.33+0.21 0 0 0
*According to *According to *According to *According to *According to
Groups 3, 4: Groups 3, 4: Groups 3, 4: Groups 3, 4: Groups 3, 4:

p<0.01 p<0.01 p<0.01 p<0.01 p<0.01

'Group 1: MCDD+placebo, 2: MCDD+Pro-2, 3: Control diet+placebo, 4: Control diet+Pro-2. Values are expressed mean+S.E.M.

DISCUSSION

Intestinal bacteria have been suggested to contri-
bute to the pathogenesis of NAFLD via increased
endogenous production of ethanol and direct acti-
vation of inflammatory cytokines in luminal epit-

helial cells and non-parenchymal liver cells, cau-
sing the release of lipopolysaccharide (6). Further,
intestinal bacteria induce endogenous signals that
play a pathogenic role in hepatic insulin resistan-
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ce (13). Accumulated data also suggest that quan-
titative and qualitative differences in gut micro-
biota exist between lean and obese and between
diabetic and non-diabetic individuals (29).

PR L R S R N S Ly
Figure 4. Histopathologic characteristics in Protocol II: Marked
macrovesicular steatosis in the rat liver in the CMDD group,
H&E x100 (a). Moderate steatosis in the rat liver in the CMDD+
LLP group, H&E x100 (b). Normal rat liver in the control gro-
up, H&E x100 (c).
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Modulation of the enteric microflora by probiotics
or synbiotics has been observed to enhance intes-
tinal barrier function (16-18,30-33), reduce bacte-
rial translocation (19,20,34-36) and reduce circula-
ting endotoxin levels (37).

Some data also support the concept that intestinal
bacteria induce endogenous signals that play a
pathogenic role in hepatic insulin resistance in
NAFLD and that probiotics improve high fat diet-
induced steatosis and insulin resistance. TNF-a
has long been known to play an important role in
the pathogenesis of insulin resistance (38,39). It is
now evident that stimuli that cause insulin resis-
tance also promote the production of proinflamma-
tory cytokines, such as TNF-a, and thus may inci-
te an inflammatory response that damages the li-
ver (6). TNF-o activates stress-related kinases,
such as Jun N-terminal kinase (JNK) and inhibi-
tor of nuclear factor kB kinases 3 (IKK-B). Activa-
tion of these kinases has been proven to be essen-
tial for insulin resistance, because insulin resis-
tance cannot occur when kinase activation is abro-
gated experimentally (39-42). In a controlled
study, when ob/ob mice were fed a high-fat diet,
treatment with VSL#3 reduced the activity of JNK
and decreased the DNA binding activity of nucle-
ar factor kB, the target of IKK-f (13). In another
study, young male Sprague-Dawley rats fed with
the high-fat diet and treated with VSL#3 had sig-
nificantly lower liver TNF-a levels than in the
high-fat diet group (43).

The present study demonstrates that our probiotic
combinations (Pro-1 and Pro-2) decreased the inci-
dence of steatohepatitis in at least 50% of the rats
in both the short- and long-term studies. Based on
the histological scores, Pro-1 caused a statistically
significant decrease in MCDD-induced steatohe-
patitis. Pro-2, which consists of bacteria, previo-
usly determined in vitro to lower lipid content in
the media, may not be suitable for the MCDD-ste-
atohepatitis model, but could be expected to elicit
a stronger preventive effect on the high-fat diet
steatosis model. Methionine and choline are pre-
cursors of phosphatidylcholine, which is an essen-
tial substrate for very low density lipoproteins
(VLDL) synthesis (44). It has been found that
MCDD downregulates stearoyl-coenzyme A desa-
turase-1, a key enzyme in triglyceride synthesis,
with minimal upregulation of ,-oxidation genes in
wild-type mice (45). In insulin-resistant db/db and
insulin-sensitive db/m mice, the MCDD has been
reported to reduce triglyceride secretion and dow-



nregulate genes involved in triglyceride synthesis
(46). Therefore, increased fatty acid uptake and
decreased VLDL secretion represent two impor-
tant mechanisms by which the MCDD promotes
intrahepatic lipid accumulation in this model.
(46). Tahan et al. (47) found that MCDD feeding
caused glucose intolerance in both the short-term
(4 weeks) and long-term (12 weeks) studies in ma-
le Wistar rats, indicating that MCDD induces in-
sulin resistance.

Velayudham et al. (23) reported that VSL#3 failed
to prevent MCDD-induced liver steatosis or inf-
lammation. MCDD, even in the presence of
VSL#3, induced upregulation of serum endotoxin
and expression of the Toll-like receptor 4 signaling
components and nuclear factor IB activation. Ho-
wever, in that study, VSL#3 treatment was found
to ameliorate MCDD-induced liver fibrosis and re-
sulted in diminished accumulation of collagen and
--smooth muscle actin (23). It is well known that
different probiotic strains may demonstrate oppo-
site effects. It has been reported that heat-inacti-
vated Lactobacillus plantarum NCIMB8826 leads
to strong interleukin (IL)-10 production, an anti-
inflammatory cytokine, while Lactococcus lactis
MG1363 stimulates TNF-a, [F-gamma and IL-12
production, proinflammatory cytokines, by human
peripheral blood mononuclear cells (48). Further,
lactobacillus strains with apparently similar pro-
perties in vitro may have distinct patterns of colo-
nization and may induce heterogeneous immune
responses in vivo (49).

Some probiotic strains have also been reported to
have beneficial effects on alcoholic steatohepatitis
by influencing various mechanisms. Lactobacillus
GG probiotic gavage has significantly ameliorated
alcoholic steatohepatitis in rats (16). This impro-
vement has been found to be associated with redu-
ced markers of intestinal and liver oxidative
stress, inflammation and preserved gut barrier
function. Orally administered heat-killed Lactoba-
cillus brevis SBC8803 has ameliorated ethanol-in-
duced liver injury and fatty liver, suppressed the
overexpression of TNF-a, sterol regulatory ele-
ment-binding protein (SREBP)-1 and SREBP-2
mRNA in the liver, and upregulated the expressi-
on of heat shock protein 25 mRNA in the small in-
testine (22). Authors have speculated that the in-
hibition of TNF-o. and SREBPs upregulation by L.
brevis is due to the inhibition of gut-derived endo-
toxin migration into the liver through the enhan-
cement of intestinal barrier function by the induc-
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tion of cytoprotective heat shock proteins (22). In
mice treated with MCDD, TNF-a protein levels
have been reported to increase by 2.2-fold in the li-
ver compared with mice fed the control diet (50).
Our findings support the previous reports that
MCDD induces TNF-a expression. Pro-1 and Pro-
2 decreased TNF-a expressions in varying degre-
es; however, the 2-week study showed that Pro-1
was more potent than Pro-2. A possible mecha-
nism for the beneficial effect of our probiotic com-
binations may be due to their anti-inflammatory
activities.

Apoptosis is a programmed cell death process that
is predominantly regulated by the family of caspa-
se proteases; however, there are additional caspa-
se-independent cell death mechanisms as well
(51). Pathologically increased hepatocyte apopto-
sis is an important mechanism contributing to inf-
lammation and fibrosis of the liver (52). It has be-
en suggested that hepatocyte apoptosis may be a
key component of the ‘second hit’ in disease prog-
ression of NASH (24). In addition to their role in
apoptosis, caspases also regulate inflammatory
cytokines (563). In Wistar rats, MCDD feeding has
been reported to increase the number of TUNEL-
positive cells significantly (54). Further, the apop-
totic index has been found to correlate well with
serum ALT levels and inflammatory activity (54).
In Db/Db mice, Anstee et al. (55) found that
MCDD significantly increased apoptosis, which
was reduced by VX-166 (a caspase inhibitor) treat-
ment. VX-166 did not reduce steatosis but reduced
histological inflammation, serum ALT levels and
oxidative stress (55). On the other hand, MCDD
has been reported to induce the level of phosp-
horylated STAT3 and Bcl-2 protein, both anti-
apoptotic pathways, in the liver (50).

In our study, MCDD resulted in both: proapopto-
tic, via Bax, caspase 3 and caspase 8, and anti-
apoptotic, via Bcl-2, expression in all rat livers,
supporting previous studies. Pro-1 treatment re-
duced the expression rate and staining intensity of
Bax, caspase 3, caspase 8, and Bcl-2. Pro-2 did not
influence the MCDD-induced caspase 8 expression
in either the 2- or 6-week study. Pro-2 did aug-
ment the MCDD-induced proapoptotic Bax expres-
sion in the 6-week study. We also observed that
Pro-2 significantly suppressed the anti-apoptotic
Bcl-2 expression in the 2-week study (Table 1).
These findings could explain the decreased effecti-
veness of Pro-2 compared to Pro-1 in preventing
steatohepatitis.
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In conclusion, the probiotic combinations, Pro-1
and Pro-2, reduce MCDD-induced steatohepatitis
in rats. The preventive effect of Pro-1 may be due,
at least, to its suppressive effect on MCDD-indu-
ced proapoptotic protein expression and also to its
anti-inflammatory effect. Pro-2, which consists of
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