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Abstract

The translocation of bacteria and bacterial products into the circulation contributes to alcoholic
liver disease. Intestinal bacterial overgrowth is common in patients with alcoholic liver disease.
The aims of our study were to investigate bacterial translocation, changes in the enteric
microbiome, and its regulation by mucosal antimicrobial proteins in alcoholic liver disease. We
used a mouse model of continuous intragastric feeding of alcohol or an isocaloric diet. Bacterial
translocation occurred prior to changes observed in the microbiome. Quantitative changes in the
intestinal microflora of these animals were assessed first by conventional culture techniques in the
small and large intestine. Although we found no difference after 1 day or 1 week, intestinal
bacterial overgrowth was observed in the gastrointestinal tract of mice fed alcohol for 3 weeks as
compared to control liquid diet fed mice. Because less than 20% of all gastrointestinal bacteria are
able to be cultured by conventional methodologies, we performed massively parallel
pyrosequencing to further assess the qualitative changes in the intestinal microbiome following
alcohol exposure. Sequencing of 16S rRNA genes revealed a relative abundance of Bacteroidetes
and Verrucomicrobia bacteria in mice fed alcohol compared with a relative predominance of
Firmicutes bacteria in control mice. With respect to the host’s transcriptome, alcohol feeding was
associated with downregulation in gene and protein expression of bactericidal c-type lectins Reg3b
and Reg3g in the small intestines. Treatment with prebiotics partially restored Reg3g protein
levels, reduced bacterial overgrowth and lessened alcoholic steatohepatitis. In conclusion, alcohol
feeding is associated with intestinal bacterial overgrowth and enteric dysbiosis. Intestinal
antimicrobial molecules are dysregulated following chronic alcohol feeding contributing to
changes in the enteric microbiome and to alcoholic steatohepatitis.
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Introduction

Alcohol abuse is the most important cause of liver cirrhosis in industrialized countries.
Alcoholic liver disease is characterized by fatty liver (steatosis), which may progress to
alcoholic hepatitis, fibrosis, and cirrhosis (1,2). Unfortunately, there are no effective
antifibrotic treatments. Patients who progressed to cirrhosis have a poor prognosis and liver
transplantation is often indicated. Increased mortality in patients with liver cirrhosis is most
often attributed to direct complications resulting from the loss of liver function, variceal
hemorrhage as a sequela of portal hypertension, and the development of hepatocellular
carcinoma. However, a significant percentage of patients also succumb to bacterial
infections with an infection-attributed mortality of 30% to 50% (3-5). Bacterial
translocation, defined as the passage of viable endogenous bacteria or their products from
the intestinal tract through the epithelial mucosa to the mesenteric lymph nodes (MLN),
systemic circulation, or extraintestinal organs, is considered an important mechanism for the
incidence of infections including spontaneous bacterial peritonitis and sepsis in cirrhotic
patients (6).

Bacterial translocation not only causes severe infections in cirrhotic patients, but it may also
cause progression of early alcoholic liver injury and fibrosis. Plasma levels of
lipopolysaccharide (LPS) or endotoxin, a major component of the Gram-negative bacterial
outer-membrane, increases with the severity of liver dysfunction in cirrhotic patients, and
are also significantly higher in patients with chronic hepatitis than in healthy subjects (7).
Endotoxemia is significantly higher in patients with alcoholic cirrhosis than in patients with
non-alcoholic cirrhosis (8,9). In addition, endotoxemia is also frequent in patients with mild
forms of alcoholic hepatitis without evidence of fibrosis or cirrhosis (1,10). Toll-like
receptor 4 (TLR4) as the cellular LPS receptor is one of seven genes associated with
increased risk of developing cirrhosis in patients with chronic hepatitis C (11). Several
studies addressed a role for LPS signaling in experimental alcohol-induced liver disease.
Selective intestinal decontamination with antibiotics (polymyxin B and neomycin) decreases
plasma endotoxin levels and prevents alcoholic liver injury (12-14). Mice deficient in CD14
as the cellular co-receptor for LPS are resistant to alcohol-induced liver injury (15). The
most convincing evidence supporting a role for LPS in alcoholic liver injury are studies
using TLR4 mutant C3H/Hej mice. Hepatic steatosis, inflammation, and necrosis are
strongly reduced in the TLR4 mutant C3H/Hej strain following ethanol administration as
compared to wildtype mice (16). It was postulated that LPS binds to hepatic Kupffer cells
via TLR4 with resulting induction of TNF to induce hepatocyte damage.

Intestinal bacterial overgrowth is more commonly found in patients with alcoholic liver
disease relative to healthy individuals. Both aerobic and anaerobic microorganisms were
higher in jejunal aspirates in patients with chronic alcohol abuse (17,18). However, the
microbiome associated with alcoholic liver disease has never been assessed in detail. The
aims of our study were to investigate bacterial translocation, changes in the enteric
microbiome, and its regulation by mucosal antimicrobial proteins in alcoholic liver disease.

Material and Methods are described in the Supplementary Materials and Methods section.
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Results

Intragastric ethanol feeding results in hepatic injury and steatosis

To characterize the dynamics of bacterial translocation and changes in the enteric
microbiome, the intragastric feeding model of continuous ethanol infusion in C57/B6 mice
was used for 1 day, 1 week, and 3 weeks. The ethanol dose is continuously increased until
the end of the experiment (final alcohol delivered, 30.9 g/kg per day; 40% of total calories).
Mice fed an isocaloric diet served as controls. Micro- and macrovesicular steatosis occurred
after 1 week following alcohol administration as compared to control mice. Hepatic fat
accumulation was markedly higher following 3 weeks of continuous ethanol feeding (Fig.
1A). Plasma Alanine Aminotransferase (ALT) levels as measures for liver injury were
similar in alcohol and control-fed mice after one day of alcohol feeding (Fig. 1B). One and
three weeks of enteral ethanol treatment significantly increased ALT levels, indicating acute
liver damage (Fig. 1B). To investigate whether chronic ethanol feeding results in
fibrogenesis, hepatic collagen a1(I) mRNA was measured. Collagen a1(l) mRNA was
significantly induced as compared to control fed mice (Fig. 1C), suggesting stellate cell
activation as the major source of extracellular matrix-producing cell type in chronic liver
disease. Deposition of extracellular matrix proteins indicative of chronic liver disease was
not observed after 3 weeks of alcohol feeding (not shown).

Bacterial translocation following chronic alcohol administration

As a measure of bacterial translocation across the mucosal barrier, bacteria were
quantitatively cultured in mesenteric lymph nodes, the first organ encountered in the
translocation route from the gastrointestinal tract, and in the systemic circulation following
continuous enteral ethanol treatment. There was no significant difference of culture positive
mesenteric lymph nodes after 24hrs, 1 week, or 3 weeks of ethanol exposure as compared to
isocaloric control fed mice (Fig. 2A). Depending on the immune competence in the
mesenteric lymph nodes, bacteria can further spread to the blood. One week of ethanol
feeding produced a significant increase in positive blood cultures of ethanol-fed mice as
compared to control-fed mice, but blood cultures were negative again 3 weeks after ethanol
feeding (Fig. 2B). Positive blood and mesenteric lymph node cultures following control and
ethanol feeding for one week were sequenced. We found that the types of translocated
bacteria were very similar between control and alcohol animals. These consisted mostly of
non-pathogenic bacteria such as Lactococcus, Pediococcus, and Bacillus licheniformis in the
control animals, and Lactobacillus, Enterobacter, Lactococcus, Pediococcus, Brevibacillus,
and Enterococcus in alcohol fed animals. As an additional marker of bacterial translocation,
plasma LPS levels were measured. LPS was similar in control and alcohol fed animals after
24 hrs; after 1 week and 3 weeks of ethanol feeding, there was a trend towards higher
endotoxin levels as compared to control animals (Fig. 2C). Absolute LPS levels were higher
in all mice with an intragastric tube compared to mice without this tube (not shown).

Bacterial overgrowth is pronounced in the proximal small intestine following ethanol
administration

The effect of ethanol or isocaloric control diet feeding on bacterial contents of the small
intestine (proximal, mid, and distal third) and large intestine (cecum and colon) was assessed
by conventional culture techniques. Aerobic bacteria were cultured on 5% blood agar plates,
whereas anaerobic bacteria were grown on Brucella blood agar plates under anaerobic
conditions. The number of aerobic (Fig. 3A) and anaerobic bacteria (Fig. 3B) increased 3
weeks following ethanol feeding as compared to control animals, but not after one day or
one week of alcohol feeding (data not shown). The increase was pronounced in the small
intestine. To confirm these results by a culture independent method, the total bacterial load
was measured in the cecum by quantitative PCR using universal bacterial primer sets. The
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cecal number of total bacteria was significantly higher in animals fed ethanol for 3 weeks as
compared to control animals (Fig. 3C). Taken together, bacterial translocation occurred prior
to changes observed in the microbiome.

Dysbiosis following the onset of alcoholic liver disease analyzed by massively parallel
pyrosequencing

Only a minority of the enteric bacteria can be cultured by conventional culture techniques
(37). To assess qualitative changes in the intestinal microbiome, massively parallel
pyrosequencing was applied to cecal contents of mice subjected to continuous alcohol or
isocaloric diet feeding for 3 weeks. To rule out genetic, dietary, and environmental factors
that influence the microbiome (38), we used littermates fed the same defined control or
alcohol diet with the same daily calorie intake and housed in the same vivarium. The cecum
was chosen, since fecal material can be harvested in sufficient amounts. We found that the
mice in the alcohol treated group had reduced operational taxonic units (OTUs) of several
Firmicutes, namely Lactococcus, Pediococcus, Lactobacillus and the Leuconostoc genera.
There was an increase in the number of OTUs of unknown bacteria, Verrucomicrobia, and
Bacteroidetes, such as Bacteroidales, Bacteroides, and Porphyromonadaceae in the alcohol
treated group (Fig. 4A and B). To evaluate similarity among the samples, principle
component analysis was performed (Fig. 4C). Two methods of performing PCA were used
and both gave a similar result, showing that the treated and control groups cluster separately
and that the control samples cluster more tightly than do the alcohol treated samples. For the
R analysis, the first principal component accounted for 97% of the total variance and
consisted mainly of the orders Lactobacillales, Verrucomicrobiales, and Clostridiales. Thus,
in addition to the observed quantitative changes, chronic alcohol administration produces
distinct changes in the enteric microbiome leading to dysbiosis.

Antimicrobial molecule expression of Reg3b and Reg3g are suppressed following ethanol

feeding

Multiple factors control the bacterial load of the small and large intestine including host
antimicrobial peptides and proteins that are secreted by epithelial cells and Paneth cells. To
gain insight into the expression and regulation of enteric antimicrobial molecules, their gene
expression pattern was evaluated along the mouse intestine by RT-QPCR. Gene expression
of regenerating islet-derived 3 beta (Reg3b) and gamma (Reg3g) were reduced in every
segment of the small intestine of mice fed alcohol for 1 or 3 weeks as compared to control
mice (Fig. 5A-D). The inhibition was pronounced in the proximal small intestine, the site
with the largest relative increase in luminal and adherent bacteria. Suppression of Reg3b and
Reg3g gene expression was not due to a nonspecific toxic effect of alcohol on epithelial
cells, as other antimicrobial molecules such as defensin alpha 5 (Defcr5) did not differ
significantly in mice after 3 weeks of enteral feeding with a control or an ethanol containing
diet (Fig. 5E). In addition, H&E stained sections of the small intestine did not show major
pathological abnormalities of the epithelial cell lining (not shown). Protein expression of
Reg3b and Reg3g was also inhibited in the proximal small intestine (jejunum) of mice
receiving alcohol for 3 weeks as assessed by Western blotting (Fig. 6A and B) or
immunohistochemistry (Fig. 6C). Reg3b and Reg3g proteins were mostly expressed in
enterocytes (Fig. 6C). Thus, a decrease in the antimicrobial proteins Reg3b and Reg3g
following chronic alcohol exposure might contribute to the enteric dysbiosis observed
following alcohol administration.

To investigate whether alcohol ingestion downregulates Reg3g levels in patients with
alcohol abuse, duodenal biopsies from chronic alcoholics who still actively drank prior to
admission were compared to biopsies from healthy subjects. Reg3g gene (Fig. 6D) and
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protein expression (Fig. 6E) were inhibited in duodenal biopsies obtained form alcoholic
patients as compared to the healthy controls.

Prebiotics restore Reg3g levels, reduce intestinal bacterial overgrowth and ameliorate
alcoholic steatohepatitis

Intestinal Reg3g levels increase after colonization of germfree mice with B.
thetaiotaomicron, a prominent symbiotic member of the human microbiota (39). Several
studies have demonstrated a beneficial effect of probiotic Lactobacillus strains on
experimental alcoholic liver disease (40,41). In an attempt to restore Reg3g levels in our
model of alcohol feeding, we have chosen to use prebiotic fructooligosaccharides (FOS).
Prebiotics are complex short-chain saccharides that cannot be digested by pancreatic and
brush-border enzymes, but can be selectively used and fermented by the commensal
microbiota. They stimulate probiotic bacteria such as Lactobacilli and Bifdobacteria (42).
When mice were administered ethanol and FOS continuously through the intragastric
feeding tube, intestinal levels of the antimicrobial protein Reg3g were maintained at almost
the original level (Fig. 7A). However, alcohol-induced inhibition of Reg3b protein was not
affected by FOS (not shown). This partial restoration of Reg3g decreased intestinal bacterial
overgrowth (Fig. 7B) and reduced alcoholic steatohepatitis in mice fed ethanol and FOS
(Fig. 7C). This was confirmed by lower plasma ALT (Fig. 7D) and hepatic triglyceride
levels (Fig. 7E) in mice administered prebiotics in addition to ethanol as compared to
ethanol alone.

Discussion

Our study uses an intragastric model of continuous alcohol or isocaloric diet feeding to
describe the dynamics of liver disease, bacterial translocation, and intestinal dysbiosis.
Steatosis and steatohepatitis occur one week following alcohol administration at a similar
time when translocation of live bacteria to the systemic circulation is observed. Intestinal
bacterial overgrowth of both aerobic and anaerobic bacteria is evident after 3 weeks of
alcohol feeding, which is pronounced in the small intestine. As only 20% of all bacteria can
be cultured by conventional techniques (43), we used 454 pyrosequencing to demonstrate
qualitative changes of the microbiome following alcohol administration, characterized by a
decrease in Firmicutes and an increase in Bacteroidetes. Alcohol induces a downregulation
of the host antimicrobial proteins Reg3b and Reg3g. Finally, we demonstrate that partial
restoration of Reg3g protein levels with prebiotics reduces bacterial overgrowth and
ameliorates alcoholic steatohepatitis.

There is strong evidence in support of the concept that gut-derived endotoxin as a marker for
bacterial translocation plays a central role in the initiation and progression of alcohol
induced liver injury. First, plasma endotoxin levels are increased in patients with alcoholic
liver disease (1,10), and a correlation between alcohol ingestion and increased systemic
levels of endotoxin has also been demonstrated in animal models of alcohol-induced liver
injury (14,44,45). Second, selective intestinal decontamination with antibiotics prevents
experimental alcoholic liver injury (12-14). Third, mice with genetic deletions in the LPS
signaling pathway are resistant to alcohol-induced liver damage (15,16).

The question arises whether bacterial translocation is dependent on qualitative and/or
quantitative changes in the intestinal microbiome. It was noted that increased intestinal
permeability with subsequent endotoxemia occurs 4 weeks following daily alcohol
administration and prior to the development of alcoholic steatohepatitis in rats (46). We
have shown that translocation of bacteria to the systemic circulation occurs prior to the onset
of intestinal bacterial overgrowth. Endotoxin plasma levels and the number of translocated
viable bacteria to mesenteric lymph node showed a higher trend in alcohol fed animals after
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1 week and 3 weeks. One possibility why we did not observe a statistically significant
difference is related to the nature of the mouse model of intragastric tube feeding. The
catheter extends through a skin wound into the stomach that makes the animals prone to
have transloaction at baseline. However, when bacterial overgrowth in the small intestine is
induced experimentally, it results in hepatic injury mediated by translocated bacterial
products (47). Thus, based on these studies, increased intestinal permeability with
subsequent translocation of bacterial products or bacteria likely occurs very early in alcohol-
induced liver disease. One possible mediator to increase intestinal permeability is ethanol
itself, as acute ingestion of alcohol alters the epithelial barrier in the colon through ethanol
oxidation into acetaldehyde by the colonic microflora and results in activation of mast cells
(48). As described, bacterial overgrowth occurs three weeks following alcohol
administration. As the overall amount of enteric endotoxin load increases, one could
speculate that plasma endotoxin levels subsequently increase given a preexisting disrupted
mucosal barrier. This might contribute to liver disease progression. Thus, alcohol-induced
dysbiosis does not cause intestinal permeability with resulting endotoxemia, but it might
increase systemic levels of endotoxin to perpetuate later disease stages.

Recently, gut bacterial microbiota fingerprinting using length heterogeneity PCR was
applied to an animal model of alcoholic steatohepatitis. Consistent with our results, there is
evidence for qualitative changes in the composition of the intestinal microflora in the colon
following daily alcohol consumption in rats (41). However, the identity of bacteria has not
been addressed in this study. We have advanced these findings by performing 454 massively
parallel pyrosequencing of the intestinal contents of mice following an isocaloric diet or
alcohol feeding for 3 weeks. Technical advances have helped to characterize the
gastrointestinal microflora in its deep biodiversity and its functional contribution to the host
biology by examination of the 16S ribosomal RNA genes used in taxonomical classification
of bacteria. We found striking qualitative changes in the overall composition of the enteric
microbiome associated with alcohol consumption. Following alcohol feeding there was an
overall decrease in Firmicutes, while the relative abundance of Bacteroidetes and
Verrucomibrobia increased in mice fed alcohol. Interestingly, Lactobacillus was strongly
suppressed and almost absent in mice fed alcohol for 3 weeks as compared to control fed
animals. This now provides a rationale for the beneficial effect of various probiotic
Lactobacillus strains in experimental models of alcoholic liver disease. Feeding a Gram-
positive probiotic Lactobacillus strain with subsequent displacement of Gram-negative
bacteria protected mice from ethanol-induced liver injury with a concurrent decrease in
systemic endotoxin levels (40,41). This is a very promising example of how directed
manipulation of the microbiome, and specifically of one microorganism within the
gastrointestinal tract, may yield health benefits. This also demonstrates how remodeling of
microbial communities associated with disease can be used for prevention or therapy.

The exact reason for intestinal bacterial overgrowth and enteric dysbiosis is unknown.
Several factors contribute to the homeostasis of the intestinal microbial community, such as
gastric acid secretion and small and large bowel motility. Intestinal epithelial cells are the
main interface between the host and the intestinal microflora. Epithelial cells have many
important functions in maintaining a symbiotic relationship between the host and the
microflora. One of these functions is the secretion of antimicrobial effector molecules as
part of the mucosal innate immune system (49). As we have reported, Reg3g is a secreted c-
type lectin with potent bactericidal activity that is expressed in intestinal epithelial and
Paneth cells, with highest levels found in the ileum (22,23). Similarly, Reg3b has
antimicrobial activity and has been implicated in intestinal homeostasis (50). Here we
demonstrate that chronic alcohol exposure suppresses the gene and protein expression of
Reg3b and Reg3g, which might contribute to quantitative and qualitative changes in the
enteric flora following chronic alcohol feeding. Interestingly, the lowest levels of Reg3b and
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Reg3g were observed in the proximal small intestine, where the bacterial overgrowth was
most pronounced and luminal alcohol concentrations are highest. Restoration of Reg3g
levels using prebiotics decreases intestinal bacterial overgrowth and ameliorates alcoholic
steatohepatitis. This dysregulation of the mucosal innate immune system demonstrates a
novel link between alcohol and enteric dysbiosis.

Ongoing research initiatives including those by our group are expected to provide new
insights into the metagenomics, transcriptomics, and metabolomics in alcoholic liver
disease. The gut transcriptome and metabolome will help identify key substrates and
signaling mediators to explain microbe-microbe and microbe-host interactions. This
knowledge will facilitate rationale attempts to manipulate commensal microflora and to
target specific microorganisms and metabolites by dietary supplements such as probiotics,
antibiotics, prebiotics, and synbiotics.
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Figure 1. Intragastric alcohol feeding results in steatohepatitis in mice

Mice were fed alcohol or an isocaloric diet via an intragastric feeding tube. (A)
Representative photomicrographs of livers are shown. (B) Plasma ALT levels were
measured. (C) Hepatic gene expression of collagen al1(l) was determined by RT-QPCR and
normalized to 18S gene expression. Values are presented relative to control fed animals.
*p<0.05, when mice fed alcohol are compared to mice fed an isocaloric control diet. Data
represent the mean £ SEM of six control or alcohol fed mice at each time point.
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Figure 2. Bacterial translocation to mesenteric lymph nodes or to blood following enteric
administration of alcohol

Aerobic bacteria were quantified in (A) the mesenteric lymph nodes and (B) the blood in
mice fed with alcohol or an isocaloric diet (n=4-17 animals per time point). *p<0.05 as
compared to control fed mice. CFU = colony forming unit. (C) Endotoxin levels were
measured and are presented relative to control fed animals for each time point (n=5-10
animals per time point).
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Figure 3. Enteric alcohol administration produces intestinal bacterial overgrowth

Total aerobic bacteria (A) and anaerobic bacteria (B) were quantified by culture in the
gastrointestinal tract of mice fed alcohol or an isocaloric control diet for three weeks. Data
represent the mean £ SEM of twelve control or alcohol fed mice at each time point. *p<0.05,
when compared to control treated mice. CFU = colony forming unit. (C) Total bacterial load
in the cecum was determined by QPCR using universal bacteria primers. Values are
presented relative to control fed animals. *p<0.05, when mice fed alcohol are compared to
mice fed an isocaloric control diet. Data represent the mean £ SEM of five control or alcohol
fed mice at each time point.
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Figure 4. Effects of alcohol on microbial diversity of the mouse cecum

(A) 16S rRNA from the mouse cecum was sequenced using 454 Titanium technology.
Experiment-specific OTU representative sequences (97% identity) were classified using the
Ribosomal Database Project (RDP) classifier and plotted. Orange bars indicate OTUs
containing the alcohol treated group (3 mice, distributed among 349 OTUs) and white bars
indicate OTUs containing the isocaloric control group (3 mice, distributed among 297
OTUs). (B) The graph demonstrates the percentages of each community contributed by the
indicated phyla. (C) Scatter plots of Unifrac (left) and R (right) PCA. The alcohol treated
samples are in blue while the isocaloric control samples are in red.
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Figure 5. Reg3b and Reg3g gene expression are suppressed by alcohol

Total RNA was prepared from intestinal segments of mice fed with alcohol or isocaloric diet
for 1 week (A and C) or 3 weeks (B,D,E). Expression of the Reg3b (A and B), Reg3g (C and
D), and Defensin alpha 5 (E) gene were measured by RT-QPCR by using 18S as an internal
control. Data represent the mean + SEM of five control or alcohol fed mice at each time
point. *p<0.05, when compared to control treated mice.
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Figure 6. Protein expression of Reg3b and Reg3g is downregulated in the jejunum by alcohol

(A and B) Protein extracts from the proximal small intestine (jejunum) of mice on either an
alcohol diet or isocaloric control diet for 3 weeks were analyzed by Western blotting with
Reg3b or Reg3g antibodies. Tubulin was used as a loading control. Images are
representative of one Western blot, which was reproduced in three independent experiments
using different animals each time. (C) Immunohistochemical detection of Reg3b and Reg3g
in paraffin-embedded proximal small intestinal sections in mice following alcohol or control
feeding for 3 weeks. A representative section is shown. (D) Gene expression of human
Reg3g was determined by RT-QPCR and normalized to 18S gene expression in duodenal
biopsies from patients with chronic alcohol abuse (n=10) and healthy controls (n=10).
Values are presented relative to healthy controls and represent the mean + SEM. (E) Reg3g
and tubulin protein expression in duodenal biopsies from patients with chronic alcohol
consumption (n=6) and healthy controls (n=6) were analyzed by Western blot analysis. A
representative Western blot image is shown. Densitometry of Western blot images with
paired control and alcoholic samples was performed. Values are presented relative to healthy
controls and represent the mean + SEM; *p<0.05.
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Figure 7. Prebiotics improve alcoholic steatohepatitis by inducing Reg3g expression and
reducing intestinal bacterial overgrowth

Mice were fed an isocaloric diet, alcohol, or alcohol and fructooligosaccharides (FOS) via
an intragastric feeding tube for 3 weeks. (A) Reg3g protein expression was analyzed in the
proximal small intestine (jejunum) by Western blotting. Tubulin was used as a loading
control. Images are representative of one Western blot, which was reproduced in four
independent experiments using different animals each time. (B) Total aerobic bacteria
(upper graph) and anaerobic bacteria (lower graph) were quantified by culture in the mid
small intestine. Data represent the mean + SEM of 5-6 mice per group; *p<0.05. CFU =
colony forming unit. (C) Representative photomicrographs of H&E stained livers are shown.
(D) Plasma ALT levels were measured. Data represent the mean £ SEM of 4-14 mice per
group; *p<0.05. (E) Hepatic triglyceride content was determined. Data represent the mean +
SEM of 5-10 mice per group; *p<0.05.
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