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Abstract: The aim of the present study was to determine whether Lactobacillus salivarius (LS) and
Lactobacillus johnsonii (LJ) prevent alcoholic liver damage in HepG2 cells and rat models of acute
alcohol exposure. In this study, heat-killed LS and LJ were screened from 50 Lactobacillus strains
induced by 100 mM alcohol in HepG2 cells. The severity of alcoholic liver injury was determined by
measuring the levels of aspartate transaminase (AST), alanine transaminase (ALT), gamma-glutamyl
transferase (γ-GT), lipid peroxidation, triglyceride (TG) and total cholesterol. Our results indicated
that heat-killed LS and LJ reduced AST, ALT, γ-GT and malondialdehyde (MDA) levels and
outperformed other bacterial strains in cell line studies. We further evaluated these findings by
administering these strains to rats. Only LS was able to reduce serum AST levels, which it did
by 26.2%. In addition LS significantly inhibited serum TG levels by 39.2%. However, both strains
were unable to inhibit ALT levels. In summary, we demonstrated that heat-killed LS and LJ possess
hepatoprotective properties induced by alcohol both in vitro and in vivo.
Keywords: alcoholic liver disease; γ-glutamyl transferase; heat-killed Lactobacillus; malondialdehyde;
Lactobacillus salivariu; Lactobacillus johnsonii

1. Introduction
Excess alcohol intake is one of the causes of chronic liver diseases and can lead to death [1].
The development of alcoholic liver disease (ALD) is complex and involves multiple steps, which
include alcoholic steatosis, alcoholic hepatitis, alcoholic cirrhosis and, eventually, liver cancer [2,3].
Alcohol is metabolized by alcohol dehydrogenase, and its by-products may disrupt the normal
physiology of liver cells and result in injury. For example, a high concentration of nicotinamide adenine
dinucleotide (NAD) hydrate is produced during the process, thus increasing the NADH/NAD+
ratio. This enhanced ratio can inhibit lipolysis and decrease the levels of free fatty acids, resulting
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in triglyceride (TG) accumulation and, subsequently, fatty liver [4,5]. Alcohol also increases the
production of oxygen reactive species and oxidative stress in the liver. Oxidative stress can cause
mitochondrial damage, protein degradation and inflammation. Individuals who abuse alcohol often
have ALD [6–9]. Antioxidants such as vitamin E and resveratrol have been shown, however, to reduce
alcoholic liver damage [10,11].
Lactobacillus strains have been classified as Generally Recognized as Safe Foods (GRAS) by the
United States Food and Drug Administration (Rockwell, MD, USA). Moreover, many Lactobacillus
strains have been demonstrated to have anti-oxidant properties [12–15]. For example, in vitro
experiments demonstrated that Lactobacillus acidophilus (L. acidophilus) ATCC 4356 depletes DPPH
free radicals and inhibits the peroxidation of linoleic acid [13]. Clinical studies [16–18] and animal
studies [19–22] further demonstrated that both probiotic and prebiotic bacteria improve or prevent
acute and chronic diseases, including ALD. Furthermore, research by Kirpich et al. [22] showed that, in
alcoholic patients, five days of supplementation with Bifidobacterium bifidum and Lactobacillus plantarum
8PA3 increased the numbers of fecal bifidobacteria, lactobacilli and enterococci and lowered serum
aspartate transaminase (AST) and alanine transaminase (ALT) levels. Among patients with mild
hepatitis, probiotic supplementation decreased AST, ALT, gamma-glutamyl transferase (γ-GT), lactate
dehydrogenase and total bilirubin levels. In a rat model, feeding strains of Lactobacillus rhamnosus
Gorbach-Goldin (LGG) decreased toxin formation and alleviated the degree of alcohol-induced liver
injury [23]. In addition, LGG has been reported to reduce oxidative stress and inflammation induced
by alcohol in both the liver and intestines [24].
Hence, Lactobacillus strains have shown promising potential for preventing ALD. However, there
have not been many studies on the effects of heat-killed Lactobacillus strains against ALD. To our
knowledge, the only previous study of that sort was by Segawa et al. [25], who reported that the oral
administration of heat-killed Lactobacillus brevis (L. brevis) SBC8803 to C57BL/6N mice ameliorated
alcohol-induced liver injury. This hepatoprotective effect was likely due to the suppression of tumor
necrosis factor α and the induction of sterol regulatory element-binding protein (SREBP) expression.
Additionally, L. brevis SBC8803 reduced endotoxin levels in the liver and enhanced intestinal barrier
function, thus preventing toxins from entering the liver. In this study, we screened 50 strains of
heat-killed Lactobacillus and studied their hepatoprotective effects in HepG2 cells. Lactobacillus salivarius
(LS) and Lactobacillus johnsonii (LJ) demonstrated the strongest effects in terms of lowering AST, ALT
and γ-GT levels. Therefore, we further investigated the effects of LS and LJ in animal models of acute
alcohol exposure.
2. Results
2.1. Effects of Heat-Killed LS and LJ on AST, ALT and γ-GT Levels in HepG2 Cells
The degree of liver injury due to alcohol treatment was assessed by measuring the levels of
AST, ALT and γ-GT. Silymarin (SML) is a substance extracted from Silybum marianum that contains
flavonolignans, which are capable of preventing liver injury caused by chemicals and toxic substances
such as carbon tetrachloride and alcohol [26,27]. One hundred mg/kg body weight or higher doses of
SML have been widely used as a standard hepatoprotective agent [27,28]. Hence, SML served as a
positive control in the present study. As shown in Figure 1A, the ASL and ALT levels were significantly
increased in the alcohol-treated group compared with the control group (p < 0.05). SML treatment
significantly reduced the AST and ALT levels by 35.6% and 51.6%, respectively. LS treatment lowered
the AST and ALT levels by 47.5% and 55.4%, respectively (p < 0.05), whereas LJ treatment lowered
the AST and ALT levels by 42.2% and 55.6%, respectively (p < 0.05). γ-GT, which is secreted by the
liver and gallbladder, is a common biochemical marker for alcoholic liver injury, as the levels of γ-GT
become elevated as the result of such injury. SML treatment lowered γ-GT levels by 61.3%, while LS
and LJ treatments also significantly reduced γ-GT levels by 52.7% and 59.8%, respectively (Figure 1B).

Molecules 2016, 21, 1456
Molecules 2016, 21, 1456

3 of 11
3 of 11

Figure 1.
Lactobacillus
salivarius
(LS),(LS),
Lactobacillus
johnsonii
(LJ) and
(SML)
Figure
1. Effects
Effectsofofheat-killed
heat-killed
Lactobacillus
salivarius
Lactobacillus
johnsonii
(LJ)silymarin
and silymarin
on
aspartate
transaminase
(AST)
and
alanine
transaminase
(ALT;
(A));
and
γ-glutamyl
transferase
(SML) on aspartate transaminase (AST) and alanine transaminase (ALT; A); and γ-glutamyl
(γ-GT; (B)) levels
in B)
human
HepG2
cells induced
alcohol.
Experimental
conditions
were asconditions
described
transferase
(γ-GT;
levels
in human
HepG2by
cells
induced
by alcohol.
Experimental
# p < 0.05 for any alcohol
in
the
Materials
and
Methods.
Bars
represent
mean
±
SD
(n
≥
3).
*
p
<
0.05
or
were as described in the Materials and Methods. Bars represent mean ± SD (n ≥ 3). * p < 0.05 or
groups
and control
groupgroups
versusand
alcohol
group.
#treatment
p < 0.05 for
any alcohol
treatment
control
group versus alcohol group.

2.2. Effects of Heat-Killed LS and LJ on Lipid Peroxidation in HepG2 Cells
Thiobarbituric acid-reactive
(TBARS)
analysis
mainlymainly
measures
the levelsthe
of secondary
Thiobarbituric
acid-reactivesubstances
substances
(TBARS)
analysis
measures
levels of
products
lipid peroxidation-malondialdehyde
(MDA), which
is a common
for oxidative
secondaryofproducts
of lipid peroxidation-malondialdehyde
(MDA),
which isindicator
a common
indicator
stress.
MDA
was
used
in
the
study
to
investigate
the
degree
of
oxidative
stress
caused
by
for oxidative stress. MDA was used in the study to investigate the degree of oxidative stress alcohol
caused
treatment.
As expected,
concentrations
were significantly
higher in higher
the alcohol
as
by
alcohol treatment.
As MDA
expected,
MDA concentrations
were significantly
in thegroup
alcohol
compared
with
the
control
group
(Figure
2).
SML
treatment
decreased
MDA
concentrations
by
31.4%,
group as compared with the control group (Figure 2). SML treatment decreased MDA
while
the LS and
LJ groups
also
notable
in MDA
of 22.0%
and 28.1%,
concentrations
by 31.4%,
while
theshowed
LS and LJ
groupsreductions
also showed
notablelevels
reductions
in MDA
levels
respectively
< 0.05).
of
22.0% and(p28.1%,
respectively (p < 0.05).

Molecules 2016, 21, 1456

4 of 11

Molecules 2016, 21, 1456

4 of 11

Molecules 2016, 21, 1456

4 of 11

Figure 2. Effects of heat-killed Lactobacillus salivarius (LS), Lactobacillus johnsonii (LJ) and silymarin
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2.5. Effects of Heat-Killed LS and LJ on Blood Lipid Levels in Animal Models
Excess consumption of alcohol may lead to hypertriglyceridemia and an elevated level of very low
density lipoprotein [29]. After feeding with heat-killed LS and LJ for ten consecutive days, followed
by alcohol induction (6 g/kg body weight), the SML treatment did not result in reduced TG levels,
while the LS treatment significantly lowered TG levels (p < 0.05; Table 1). No difference was observed
for high density lipoprotein (HDL)-cholesterol, low density lipoprotein (LDL)-cholesterol or total
cholesterol levels among the groups.
Table 1. Effects of heat-killed Lactobacillus salivarius (LS), Lactobacillus johnsonii (LJ) and silymarin (SML)
on serum lipid levels in rats induced by alcohol 1 .
Serum Lipid (mg/dL)

Group
HDL Cholesterol
Control
Alcohol
SML 2
LJ
LS
1
2

76.8 ± 6.2
75.2 ± 5.1
68.6 ± 5.2
69.6 ± 5.5
77.8 ± 7.9

LDL Cholesterol
95.6 ± 9.4
101.1 ± 7.1
98.4 ± 4.3
106.6 ± 10.7
104.5 ± 4.9

Total Cholesterol
172.2 ± 13.5
175.6 ± 7.8
181.8 ± 5.9
171.8 ± 17.2
173.3 ± 20.0

Triglyceride
43.4 ± 8.1 c
167.8 ± 27.2 a
165.5 ± 28.9 a
129.4 ± 39.8 ab
102.1 ± 36.1 b

Values are means ± SD, n = 9; means in a column without a common letter are significantly different, p < 0.05;
SML (200 mg/kg body weight) served as the positive control.

3. Discussion
Excess alcohol intake is one of the causes of chronic liver disease. In the present study, we showed
that heat-killed LS and LJ alleviated the elevations of ALT, AST, γ-GT, MDA and TG in rat models
of acute alcohol exposure. First, we screened 50 strains of Lactobacillus in HepG2 cells for their
hepatoprotective potential. HeG2 cells have been widely used for studying alcohol-induced liver
injury [30,31]. When a liver cell is damaged, cellular ALT and AST will leak out into the circulation,
resulting in elevated AST and ALT levels in the serum [9]. γ-GT is a cholestatic liver enzyme and
largely stored in the liver. When the bile duct is obstructed, γ-GT accumulates and leaks out into the
blood stream [32]. Our results showed that heat-killed LS and LJ were able to reduce the elevation
of these three enzymes in vitro. In the animal studies, both LS and LJ effectively lowered the γ-GT
levels. However, only LS had a significant effect on AST levels, and neither LS nor LJ reduced the ALT
levels. These results differed from those of the cell line studies. Such differences are common, however,
as in vitro results do not necessarily translate into in vivo results.
It is generally thought that oxidative stress may contribute to liver toxicities, which further
advance to ALD [33]. Studies have found that oxidative stress and lipid peroxidation are closely
associated with the formation of fatty liver [33,34]. As MDA is a product of lipid peroxidation, it is
commonly used as a biomarker for oxidative stress [35]. When excess alcohol is given to animals,
alcohol alters the permeability of the plasma membrane, resulting in enzyme leakage and increased
levels of lipid peroxidation products [36]. Lieber [37] demonstrated that unstable permeability due
to alcohol insult leads to lipid peroxidation. Other Lactobacillus strains have also been confirmed to
have antioxidant properties [12–15]. For example, Lin and Chang [13] demonstrated that both intact
cells and intracellular cell-free extracts of Bifidobacterium longum ATCC 15708 and L. acidophilus ATCC
4356 have the ability to scavenge the 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical and inhibit the
peroxidation of linoleic acid. In addition, in vivo studies showed that Streptococcus thermophilus 1131
and Lactobacillus delbrueckii subsp. bulgaricus 2038 exhibit a high scavenging ability against free radicals
and reduce the oxidation of erythrocyte membranes [14]. In this study, both in vitro and in vivo
experiments demonstrated that heat-killed LS and LJ may inhibit MDA production. Superoxide
dismutase (SOD), catalase and glutathione peroxidase (GPx) are the major antioxidant enzymes in the
liver. Past studies have reported that alcoholic liver damage induces the expression of SOD, catalase
and GPx [33,38]. Thus, we further tested the effect of heat-killed LS and LJ on SOD, catalase and GPx
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activities. LS significantly increased the activities of catalase and GPx in liver tissues. In contrast,
LJ did not significantly affect the activities of antioxidant enzymes (p > 0.05; Figure S1). Therefore, our
results suggest that LS decreases MDA levels in liver tissues induced by alcohol, and is at least partially
associated with increased activities of catalase and GPx. Further studies are required to elucidate the
mechanisms by which LS and LJ exert their antioxidant effects.
The accumulation of TG and cholesterol in the serum and liver is one of the main causes for fatty
liver disease. Alcohol consumption increases serum TG levels, and these increased TG levels lead in
turn to the fatty liver condition. In previous clinical studies, it has been reported that approximately
80% of heavy alcohol drinkers have the fatty liver condition [1,3]. Our present findings include the
finding that LS significantly reduced the levels of serum TG in rats (p < 0.05). One of the molecular
mechanisms responsible for this involves SREBP, which plays an important role in TG synthesis in the
liver [39]. Alcohol uptake enhances SREBP activation. Hence, the overexpression of SREBP-1 causes
TG elevation and, eventually, the fatty liver condition [25,40,41]. Segawa et al. [25] found, however,
that the oral administration of L. brevis SBC8803 in C57BL/6N mice alleviated SREBP expression and
lowered TG levels in the liver tissues. Whether LS inhibits serum TG levels by influencing SREBP
expression requires further investigation.
4. Materials and Methods
4.1. Reagents
Bovine serum albumin (BSA) and SML were purchased from Sigma-Aldrich (St. Louis, MO,
USA). MRS broth was purchased from Difco Laboratories (Detroit, MI, USA). Dulbecco’s Modified
Eagle Medium (DMEM), trypsin, streptomycin, sodium pyruvate and nonessential amino acids were
purchased from GIBCO/BRL (Rockville, MD, USA). Fetal bovine serum (FBS) was purchased from
Hyclone (Logan, UT, USA). The above reagents were of reagent grade I or molecular biology grade.
4.2. Lactobacillus Cultures and Heat-Killed Products
LS and LJ were provided by New Bellus Enterprises Co., Ltd., Tainan, Taiwan. These two strains
were incubated for 24 h at 37 ◦ C in 3 mL MRS broth medium containing 0.5% cysteine. The revived
culture was then added to 5 mL MRS broth medium and incubated for 24 h at 37 ◦ C. The culture was
then enumerated and the suspension adjusted, such that it contained 2 × 109 CFU/mL. One milliliter
of the suspension of LS or LJ was autoclaved for 20 min at 121 ◦ C, and samples prepared in this manner
served as the experimental samples used in the present study.
4.3. Cell Culture and Treatments
HepG2 cell line (human hepatocellular liver carcinoma cell line) was purchased from the
Bioresource Collection and Research Center (Hsinchu, Taiwan). HepG2 cells were cultured in DMEM
medium containing (10% FBS, 0.37% sodium hydrogen carbonate, 100 U/mL penicillin and 100 U/mL
streptomycin) at a density of 1 × 105 cells/mL at 37 ◦ C and 5% CO2 . When the cells grew to 80%
confluence, the medium was changed to DMEM medium (FBS free). Fifty microliters heat-killed
suspension, SML (30 µg/mL) and 100 mM alcohol were also added. After 24 h, the cells were washed
twice with phosphate-buffered saline. The medium and the cells were then used for analysis.
4.4. Animals and Experimental Design
Six-week old male Spraque-Dawley (140–170 g, n = 45) rats were purchased from BioLASCO
Taiwan Co., Ltd. (Taipei, Taiwan). The animals were housed individually in hanging wire mesh cages
in a temperature (25 ± 2 ◦ C) and humidity (65% ± 5%) controlled room with an alternating 12-h
light:dark cycle. Upon arrival, the animals were acclimated for 1 week, during which they were fed
a standard rodent diet (Lab 5001; Purina Mills, St. Louis, MO, USA) and water ad libitum. After
one week of acclimation, the animals were randomly assigned to five groups of nine rats each. Each
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group was administered a dose of one of five treatments at respective time points. The groups were:
(i) the control group; (ii) the alcohol group; (iii) the SML group; (iv) the LS group; and (v) the LJ group.
The animal study was designed according to the methods described by Seth et al. [3]. Alcohol, SML,
LS and LJ were mixed with normal saline. During the study, animals in control and alcohol group were
orally gavaged with normal saline. The SML, LS and LJ groups were administered SML (200 mg/kg
body weight), heat-killed LS (1 × 1011 CFU/kg body weight) and heat-killed LJ (1 × 1011 CFU/kg
body weight), respectively. On Day 10, the control group was given an equal volume of normal saline
while the other groups were orally gavaged with a single dose of alcohol (1 mL of 6 g/kg body weight
as 30% saline solution). The animals were anesthetized with isoflurane. After sacrifice, blood and liver
tissue were collected, snap frozen with liquid nitrogen and stored at −80 ◦ C until analysis. The study
protocol was approved by the Animal Research Committee at the Hungkuang University (Taichung,
Taiwan, approval #98014).
4.5. Measurement of ALT, AST and γ-GT Activity
The extent of alcohol-induced damage was assessed by measuring ALT, AST and γ-GT activity.
The activities of ALT, AST and γ-GT were measured by respective commercial assay kits according to
the manufacturer’s protocol (Randox laboratories Ltd., Antrim, UK; kits cat. No. AL1268, AS1267 and
GT523, respectively).
4.6. Measurement of Lipid Peroxidation
The measurements of lipid peroxidation were performed according to Buege and Aust [42]
and Imamoglu et al. [43]. Dibutyl hydroxy-toluene was added to 1 mL of cell supernatant or liver
homogenate to the final concentration of 0.5 mM. One milliliter of 2.5% trichloroacetic acid and 1 mL
0.7% thiobarbituric acid were also added and the mixture was incubated for 10 min in a 100 ◦ C water
bath. After cooling, 3 mL of butanol was added and the solution was centrifuged at 1000× g for
5 min. One milliliter of solution was analyzed by the spectrophotometer (Excitation: 515 nm; Emission:
555 nm). MDA from the reaction of 1,1,3,3-tetramethoxypropane and 1 N H2 SO4 was used as standards.
The amount of TBARS was expressed as nmol MDA/mg protein.
4.7. Measurement of Serum Lipids
Serum total cholesterol, HDL-cholesterol and LDL-cholesterol levels were measured with
commercial kits according to the manufacturer’s protocol (Randox laboratories Ltd., Antrim, UK; kits
cat. No. TR 213 and CH201; Fortress diagnostics limited, Antrim, UK; kits cat. No. BXC0421E and
BXC0431E, respectively).
4.8. Determination of Liver Antioxidant Enzymes
The SOD, catalase and GPx activities were each assayed with a commercial assay kit according to
the manufacturer’s protocol (Cayman Chemical Co., Ann Arbor, MI, USA; Item No. 706002, 707002
and 703102, respectively).
4.9. Statistical Analysis
The data were expressed as mean ± SD. Experimental data were analyzed using the t-test
(Student’s t-test) procedure of SPSS 18. A comparison was made between each group and the alcohol
group. In addition, we compared group means by using the one-way factorial analysis of variance
(ANOVA) followed by Duncan’s multiple-range test. Differences were considered significant if p < 0.05.
5. Conclusions
In conclusion, heat-killed LS and LJ effectively protected liver cells from alcohol-induced injury,
as evidenced by reductions in AST, ALT and γ-GT activities and decreased MDA content in cell line
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studies. Furthermore, our results also indicated that both LS and LJ effectively lowered the γ-GT
levels induced by alcohol in the animal studies. However, only LS had a significant effect on AST
levels, while only LS inhibited serum TG levels. These effects may be related to the alleviation of lipid
peroxidation and are at least partially caused by enhancing the activity of catalase and GPx. Further
studies are warranted to investigate the antioxidant effects of LJ and LS.
Supplementary Materials: The materials are available online at http://www.mdpi.com/1420-3049/21/11/1456/s1.
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Triglycerides
Silymarin
Thiobarbituric acid-reactive substances
Glutathione peroxidase
Malondialdehyde
Sterol regulatory element-binding protein

References
1.
2.
3.

4.
5.
6.
7.

8.
9.

Cojocariu, C.E.; Trifan, A.V.; Gîrleanu, I.; Stanciu, C. Alcoholic liver disease-epidemiology and risk factors.
Rev. Med. Chir. Soc. Med. Nat. Iasi 2014, 118, 910–917. [PubMed]
Haber, P.S.; Seth, D.; Warner, D.; Gorrell, M.D.; McCaughan, G.W. Pathogenesis and management of alcoholic
hepatitis. J. Gastroenterol. Hepatol. 2003, 18, 1332–1344. [CrossRef] [PubMed]
Seth, D.; Hogg, P.J.; Gorrell, M.D.; McCaughan, G.W.; Haber, P.S. Direct effects of alcohol on hepatic
fibrinolytic balance: Implications for alcoholic liver disease. J. Hepatol. 2008, 48, 614–627. [CrossRef]
[PubMed]
Hirsch, S.; De la Maza, P.; Petermann, M.; Bunout, D. Lipid turnover in alcoholics before and after an ethanol
load. Nutrition 1998, 14, 437–442. [CrossRef]
Akanji, A.O.; Hockaday, T.D.R. Acetate tolerance and the kinetics of acetate utilization in diabetic and non
diabetic subjects. Am. J. Clin. Nutr. 1990, 51, 112–118. [PubMed]
Hines, I.N.; Wheeler, M.D. Recent advances in alcoholic liver disease III. Role of the innate immune response
in alcoholic hepatitis. Am. J. Physiol. Gastrointest. Liver Physiol. 2004, 287, G310–G314. [CrossRef] [PubMed]
Pan, M.; Cederbaum, A.I.; Zhang, Y.L.; Ginsberg, H.N.; Williams, K.J.; Fisher, E.A. Lipid per oxidation and
oxidant stress regulate hepatic apolipoprotein B degradation and VLDL production. J. Clin. Investig. 2004,
113, 1277–1287. [CrossRef] [PubMed]
Fernandez-Checa, J.C.; Kaplowitz, N. Hepatic mitochondrial glutathione: Transport and role in disease and
toxicity. Toxicol. Appl. Pharmacol. 2005, 204, 263–273. [CrossRef] [PubMed]
Tian, F.; Chi, F.; Wang, G.; Liu, X.; Zhang, Q.; Chen, Y.; Zhang, H.; Chen, W. Lactobacillusrhamnosus CCFM1107
treatment ameliorates alcohol-induced liver injury in a mouse model of chronic alcohol feeding. J. Microbiol.
2015, 53, 856–863. [CrossRef] [PubMed]

Molecules 2016, 21, 1456

10.

11.
12.
13.
14.
15.
16.

17.

18.
19.

20.

21.

22.

23.
24.

25.

26.
27.
28.

29.
30.

10 of 11

Nanji, A.A.; Yang, E.K.; Fogt, F.; Sadrzadeh, S.; Dannenberg, A.J. Medium chain triglycerides and vitamin E
reduce the severity of established experimental alcoholic liver disease. J. Pharmacol. Exp. Ther. 1996, 277,
1694–1700. [PubMed]
Ajmo, J.M.; Liang, X.; Rogers, C.Q.; Pennock, B.; You, M. Resveratrol alleviates alcoholic fatty liver in mice.
Am. J. Physiol. Gastrointest. Liver Physiol. 2008, 295, G833–G842. [CrossRef] [PubMed]
Zhang, Y.; Du, R.; Wang, L.; Zhang, H. The antioxidative effects of probiotic Lactobacillus casei Zhang on the
hyperlipidemic rats. Eur. Food Res. Technol. 2010, 231, 151–158. [CrossRef]
Lin, M.Y.; Chang, F.J. Antioxidative effect of intestinal bacteria Bifidobacterium longum ATCC 15708 and
Lactobacillus acidophilus ATCC 4356. Dig. Dis. Sci. 2000, 45, 1617–1622. [CrossRef] [PubMed]
Terahara, M.; Kurama, S.; Takemoto, N. Prevention by lactic acid bacteria of the oxidation of human LDL.
Biosci. Biotechnol. Biochem. 2001, 65, 1864–1868. [CrossRef] [PubMed]
Chen, Q.; Kong, B.; Sun, Q.; Dong, F.; Liu, Q. Antioxidant potential of a unique LAB culture isolated from
Harbin dry sausage: In vitro and in a sausage model. Meat Sci. 2015, 110, 180–188. [CrossRef] [PubMed]
Ewaschuk, J.; Endersby, R.; Thiel, D.; Diaz, H.; Backer, J.; Ma, M.; Churchill, T.; Madsen, K. Probiotic bacteria
prevent hepatic damage and maintain colonic barrier function in a mouse model of sepsis. Hepatology 2007,
46, 841–850. [CrossRef] [PubMed]
Han, S.Y.; Huh, C.S.; Ahn, Y.T.; Lim, K.S.; Baek, Y.J.; Kim, D.H. Hepatoprotective effect of lactic acid bacteria,
inhibitors of beta-glucuronidase production against intestinal microflora. Arch. Pharm. Res. 2005, 28, 325–329.
[CrossRef] [PubMed]
Osman, N.; Adawi, D.; Ahrne, S.; Jeppsson, B.; Molin, G. Probiotics and blueberry attenuate the severity of
dextran sulfate sodium (DSS)-induced colitis. Dig. Dis. Sci. 2008, 53, 2464–2473. [CrossRef] [PubMed]
Loguercio, C.; Federico, A.; Tuccillo, C.; Terracciano, F.; D’Auria, M.V.; de Simone, C.; del Vecchio Blanco, C.
Beneficial effects of a probiotic VSL#3 on parameters of liver dysfunction in chronic liver diseases.
J. Clin. Gastroenterol. 2005, 39, 540–543. [PubMed]
Daubioul, C.A.; Horsmans, Y.; Lambert, P.; Danse, E.; Delzenne, N.M. Effects of oligofructose on glucose and
lipid metabolism in patients with nonalcoholic steatohepatitis: Results of a pilot study. Eur. J. Clin. Nutr.
2005, 59, 723–726. [CrossRef] [PubMed]
Liu, Q.; Duan, Z.P.; Ha, D.K.; Bengmark, S.; Kurtovic, J.; Riordan, S.M. Synbiotic modulation of gut
flora: Effect on minimal hepatic encephalopathy in patients with cirrhosis. Hepatology 2004, 39, 1441–1449.
[CrossRef] [PubMed]
Kirpich, I.A.; Solovieva, N.V.; Leikhter, S.N.; Shidakova, N.A.; Lebedeva, O.V.; Sidorov, P.I.; Bazhukova, T.A.;
Soloviev, A.G.; Barve, S.S.; McClain, C.J.; et al. Probiotics restore bowel flora and improve liver enzymes in
human alcohol-induced liver injury: A pilot study. Alcohol 2008, 42, 675–682. [CrossRef] [PubMed]
Nanji, A.A.; Khettry, U.; Sadrzadeh, S.M. Lactobacillus feeding reduces endotoxemia and severity of
experimental alcoholic liver (disease). Proc. Soc. Exp. Biol. Med. 1994, 205, 243–247. [CrossRef] [PubMed]
Forsytha, C.B.; Farhadi, A.; Jakate, S.M.; Tang, Y.; Shaikh, M.; Keshavarzian, A. Lactobacillus GG treatment
ameliorates alcohol-induced intestinal oxidative stress, gut leakiness, and liver injury in a rat model of
alcoholic steatohepatitis. Alcohol 2009, 43, 163–172. [CrossRef] [PubMed]
Segawa, S.; Wakita, Y.; Hirata, H.; Watari, J. Oral administration of heat-killed Lactobacillusbrevis SBC8803
ameliorates alcoholic liver disease in ethanol-containing diet-fed C57BL/6N mice. Int. J. Food Microbiol. 2008,
128, 371–377. [CrossRef] [PubMed]
Lee, Y.W.; Liu, Y.Z. Molecular structure and stereochemistry of silybin A, silybin B, and isosilybin A, isosilybin
B, isolated from Silybum. mariaanum. J. Nat. Prod. 2003, 66, 1171–1174. [CrossRef] [PubMed]
Zhang, W.; Hong, R.; Tian, T. Silymarin’s protective effects and possible mechanisms on alcoholic fatty liver
for rats. Biomol. Ther. (Seoul) 2013, 21, 264–269. [CrossRef] [PubMed]
Boigk, G.; Stroedter, L.; Herbst, H.; Waldschmidt, J.; Riecken, E.O.; Schuppan, D. Silymarin retards collagen
accumulation in early and advanced biliary fibrosis secondary to complete bile duct obliteration in rats.
Hepatology 1997, 26, 643–649. [CrossRef] [PubMed]
Mukamal, K.; Rimm, E.B. Alcohol consumption: Risks and benefits. Curr. Atheroscler. Rep. 2008, 10, 536–543.
[CrossRef] [PubMed]
Pochareddy, S.; Edenberg, H.J. Chronic alcohol exposure alter gene expression in HepG2 cells. Alcohol Clin.
Exp. Res. 2012, 36, 1021–1033. [CrossRef] [PubMed]

Molecules 2016, 21, 1456

31.

32.

33.
34.
35.

36.

37.
38.

39.
40.
41.

42.
43.

11 of 11

Lim, J.D.; Lee, S.R.; Kim, T.; Jang, S.A.; Kang, S.C.; Koo, H.J.; Sohn, E.; Bak, J.P.; Namkoong, S.; Kim, H.K.; et al.
Fucoidan from Fucus vesiculosus protects against alcohol-induced liver damage by modulatin inflammatory
mediators in mice and HepG2 cells. Mar. Drugs 2015, 13, 1051–1067. [CrossRef] [PubMed]
Rishi, P.; Mavi, S.K.; Bharrhan, S.; Shukla, G.; Tewari, R. Protective efficacy of probiotic alone or in conjunction
with a prebiotic in Salmonella-induced liver damage. FEMS Microbiol. Ecol. 2009, 69, 222–230. [CrossRef]
[PubMed]
Albano, E. Alcohol, oxidative stress and free radical damage. Proc. Nutr. Soc. 2006, 65, 278–290. [CrossRef]
[PubMed]
Wu, D.; Cederbaum, A.I. Alcohol, oxidative stress, and free radical damage. Alcohol Res. Health 2003, 27,
277–284. [PubMed]
Nielsen, F.; Mikkelsen, B.B.; Nielsen, J.B.; Andersen, H.R.; Grandjean, P. Plasma malondialdehyde as
biomarker for oxidative stress: Reference interval and effects of life-style factors. Clin. Chem. 1997, 43,
1209–1214. [PubMed]
Noorani, A.A.; Kale, M.K. Pretreatment of Albin Rats with Methanolic Fruit Extract of Randia Dumetorum
(L.) Protects against Alcohol Induced Liver Damage. Korean J. Physiol. Pharmacol. 2012, 16, 125–130.
[CrossRef] [PubMed]
Lieber, C.S. Ethanol metabolism, cirrhosis and alcoholism. Clin. Chim. Acta 1997, 257, 59–84. [CrossRef]
Polavarapu, R.; Spitz, D.R.; Sim, J.E.; Follansbee, M.H.; Oberley, L.W.; Rahemtulla, A.; Nanji, A.A. Increased
lipid peroxidation and impaired antioxidant enzyme function is associated with pathological liver injury
in experimental alcoholic liver disease in rats fed diets high in corn oil and fish oil. Hepatology 1998, 27,
1317–1323. [CrossRef] [PubMed]
Horton, J.D.; Goldstein, J.L.; Brown, M.S. SREBPs: Activators of the complete program of cholesterol and
fatty acid synthesis in the liver. J. Clin. Investig. 2002, 109, 1125–1131. [CrossRef] [PubMed]
You, M.; Crabb, D.W. Molecular mechanisms of alcoholic fatty liver: Role of sterol regulatory element-binding
proteins. Alcohol 2004, 34, 39–43. [CrossRef] [PubMed]
You, M.; Fischer, M.; Deeg, M.A.; Crabb, D.W. Ethanol induces fatty acid synthesis pathways by activation
of sterol regulatory element-binding protein (SREBP). J. Biol. Chem. 2002, 277, 29342–29347. [CrossRef]
[PubMed]
Buege, A.J.; Aust, S.D. Micorsomal lipid peroxidation. Methods Enzymol. 1976, 52, 302–310.
Imamoglu, N.; Yerer, M.B.; Donmez-Altuntas, H.; Saraymen, R. Erythrocyte antioxidant enzyme activities
and lipid peroxidation in the erythrocyte membrane of stainless-steel welders exposed to welding fumes
and gases. Int. J. Hyg. Environ. Health 2008, 211, 63–68. [CrossRef] [PubMed]

Sample Availability: Not available.
© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

