1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 December 01.

-, HHS Public Access
«

Published in final edited form as:
Alcohal Clin Exp Res. 2015 December ; 39(12): 2313-2323. doi:10.1111/acer.12900.

Microbiota protects mice against acute alcohol-induced liver
injury

Peng Chenl, Yukiko Miyamoto!, Magdalena Mazagoval, Kuei-Chuan Leel, Lars Eckmann?,
and Bernd Schnabl!:2
1Department of Medicine, University of California San Diego, La Jolla, CA

2Department of Medicine, VA San Diego Healthcare System, San Diego, CA

Abstract

Background—Chronic alcohol abuse is associated with intestinal bacterial overgrowth,
increased intestinal permeability, and translocation of microbial products from the intestine to the
portal circulation and liver. Translocated microbial products contribute to experimental alcoholic
liver disease.

Aim—To investigate the physiological relevance of the intestinal microbiota in alcohol-induced
liver injury.

Methods—We subjected germ-free and conventional C57BL/6 mice to a model of acute alcohol
exposure that mimics binge drinking.

Results—Germ-free mice showed significantly greater liver injury and inflammation after oral
gavage of ethanol compared with conventional mice. In parallel, germ-free mice exhibited
increased hepatic steatosis and upregulated expression of genes involved in fatty acid and
triglyceride synthesis compared with conventional mice after acute ethanol administration. The
absence of microbiota was also associated with increased hepatic expression of ethanol
metabolizing enzymes, which led to faster ethanol elimination from the blood and lower plasma
ethanol concentrations. Intestinal levels of ethanol metabolizing genes showed regional expression
differences, and were overall higher in germ-free relative to conventional mice.

Conclusion—Our findings indicate that absence of the intestinal microbiota increases hepatic

ethanol metabolism and the susceptibility to binge-like alcohol drinking.

Keywords
microbiome; alcoholic liver disease; microbiota; endotoxin; steatohepatitis

Correspondence to: Bernd Schnabl, M.D., Department of Medicine, University of California San Diego, MC0063, 9500 Gilman
Drive, La Jolla, CA 92093, Phone 858-822-5311, Fax 858-822-5370, beschnabl@ucsd.edu.

Conflict of interest: The authors declare the absence of any commercial or financial relationships that could be construed as a potential
conflict of interest.

P.C., Y.M., M.M. and K-C.L. performed experiments; P.C., Y.M. and M.M. analyzed data; P.C., Y.M., M.M,, L.E. and B.S. designed
the experiments; P.C., Y.M., M.M,, L.E. and B.S. wrote the article.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chen et al. Page 2

Introduction

Alcoholic liver disease is a leading cause of morbidity and mortality worldwide. Following
absorption from the upper gastrointestinal tract, alcohol is primarily metabolized in
hepatocytes. Ethanol oxidation results in generation of NADH, which inhibits fatty acid
oxidation, but favors fatty acid and triglyceride synthesis in hepatocytes. Fatty liver disease
can progress via hepatocellular damage and parenchymal inflammation to liver fibrosis and
cirrhosis (European Association for the Study of L, 2012).

The intestinal microbiota contributes to alcoholic liver disease (Adachi et al., 1995). Patients
with chronic alcohol abuse show increased intestinal permeability. Microbial products such
as lipopolysaccharide (LPS or endotoxin) escape from the intestinal lumen through disrupted
epithelial tight junction complexes and enter the circulation (Parlesak et al., 2000;
Keshavarzian et al., 1994). Small intestinal bacterial overgrowth increases the amount of
translocated pathogen associated molecular patterns (PAMPSs) (Bode et al., 1984; Schnabl
and Brenner, 2014), while alcohol-associated enteric dysbiosis (Mutlu et al., 2012; Yan et
al., 2011; Bull-Otterson et al., 2013) contributes to a disruption of the protective mucosal
barrier (Chen et al., 2015b). PAMPs reach the liver via the portal circulation, where they can
contribute to hepatocyte damage and hepatic inflammation (Uesugi et al., 2001; Petrasek et
al., 2013). Non-absorbable oral antibiotics decrease the amount of intestinal bacteria,
stabilize the gut barrier and reduce experimental alcoholic liver disease (Chen et al., 2015b;
Adachi et al., 1995). Maintaining intestinal eubiosis is beneficial in preclinical models of
alcoholic liver disease and in patients with chronic alcohol abuse (Chen et al., 2015a;
Kirpich et al., 2008). Together, these findings indicate that translocation of microbial
products with subsequent immune activation in the liver is important for promoting
alcoholic liver disease, suggesting that the microbiota is a driver of alcoholic liver disease.
Consequently, its complete loss would be predicted to protect against disease. In the present
study, we formally tested this hypothesis in germ-free mice exposed to a single (binge) dose
of ethanol.

Material and Methods

Animal model

Germ-free C57BL/6 mice were bred and maintained at the gnotobiotic facility of the
University of California, San Diego. Some of the germ-free mice were originally obtained
from Germ-free & Gnotobiotic Mouse Facilities at the University of Michigan in Ann
Arbor. Germ-free mice had access to water and autoclaved chow diet (2019S Teklad Global
19% Protein Extruded Rodent Diet, Harlan Laboratories; 23% calories from protein, 22%
from fat, 55% from carbohydrates) ad libitum. Germ-free status was confirmed weekly by
standard microbiological cultures of fecal extracts, using thioglycollate broth and potato
dextrose broth for facultative anaerobes including fungi, and cooked meat broth, heart
infusion broth, and Columbia blood agar for obligate anaerobes. As controls, C57BL/6 mice
were bred under conventional, specific pathogen free conditions at the University of
California, San Diego, and treated in parallel with germ-free mice using the same lot of
diluted ethanol. Female mice were age-matched and had access to water and irradiated chow
diet (5053 PicoLab Rodent Diet 20, Lab Diet; 25% calories from protein, 13% from fat,
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62% from carbohydrates) ad libitum. Acute alcoholic liver injury was induced by a single
gavage of 300 pl of 30% (vol/vol) ethanol at a dose of 3 g/kg. Control mice were gavaged
with an isocaloric amount of dextrose (300 pl, 0.42 g/ml) at a dose of 5.2 g/kg. The entire
experiment involving germ-free mice was performed in sterile isolators. Mice were removed
from the isolators 9 hours after gavage and tissues were harvested. All animal studies were
reviewed and approved by the Institutional Animal Care and Use Committee of the
University of California, San Diego.

Histological analysis

Formalin fixed tissues were stained with hematoxylin and eosin, and analyzed by
microscopy. For hepatic lipid accumulation analysis, frozen sections were cut and stained
with Oil Red O (Chen et al., 2015b). F4/80 (eBioscience) immunofluorescence staining was
performed as described (Chen et al., 2015a). Ten random fields per slide were chosen for
quantification. Immunohistochemistry using an antibody directed against phospho-acetyl-
CoA carboxylase (p-ACC; Cell Signaling) was performed following standard protocols.

Immunoblotting analysis

Liver lysates were prepared and immunoblotting was performed as described (Schnabl et al.,
2001)) using primary antibodies against cytochrome p450 enzyme 2E1 (CYP2EL)
(Millipore Corporation), sterol regulatory element binding transcription factor 1 (SREBP-1)
(Santa Cruz) and p-Actin (Sigma-Aldrich).

Bacterial DNA isolation and bacterial gPCR

Cecal DNA extraction, bacterial gPCR for 16S rRNA, and analysis of total bacteria load was
performed as described (Chen et al., 2015b).

Real-time PCR analysis

RNA was extracted from mouse tissues using Trizol (Invitrogen), and reverse transcription
was performed using the High Capacity cDNA Reverse Transcription kit (ABI). Real-time
gPCR was performed with Sybr Green supermix (BioRad) using primer sequences obtained
from NIH gPrimerDepot. All mMRNA levels are expressed relative to the value in
conventional control mice.

Biochemical analyses

Plasma alanine aminotransferase (ALT) level was measured by Infinity ALT kit (Thermo
Scientific). Plasma ethanol concentration was determined using the Ethanol Assay Kit
(BioVision). Plasma and liver triglyceride levels were assessed using the Triglyceride
Liquid Reagents Kit (Pointe Scientific). Hepatic alcohol dehydrogenase (ADH) activity was
measured with a commercial enzyme kit (BioVision).

Statistical analysis

Mann-Whitney rank sum test was used for comparison of two groups. For analysis of four
groups with normal distribution, one-way ANOVA analysis followed by Tukey test was
performed; if samples were not normally distributed, the Kruskal-Wallis test with Dunns
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Post-test was performed. All data are presented as mean £ SEM, with p <0.05 considered as
significant.

Results

Acute alcohol-induced liver injury is increased in germ-free mice

To determine the role of the intestinal microbiota in acute alcoholic liver injury,
conventional and germ-free mice were gavaged once with alcohol, which models acute
alcohol binge drinking, or an isocaloric dose of dextrose as a control. Liver weight was
increased in conventional compared with germ-free mice following an alcohol binge (Table
1; Fig. 1A). Hepatic liver injury, as determined by plasma levels of alanine aminotransferase
(ALT), was markedly higher in germ-free relative to conventional mice (Fig. 1B). Increased
inflammatory cell infiltrates were observed on H&E stained liver sections in germ-free mice
following ethanol gavage (Fig. 1C). These data show that the absence of a normal
microbiota exacerbates the liver damage caused by acute alcohol exposure.

Absence of microbiota increases the hepatic inflammatory response in acute alcohol-
induced liver injury

To further explore how the absence of the intestinal microbiota impacts hepatic
inflammation in response to alcohol-induced liver injury, hepatic expression of several
inflammatory cell markers, cytokines and chemokines was examined. Expression of the
macrophage markers, CD68 and F4/80, as determined by gPCR, was higher in control
(dextrose) and alcohol-gavaged germ-free compared with conventional mice, while mMRNA
expression of myeloperoxidase (MPO), a marker of neutrophils, was only slightly increased
only after alcohol exposure in germ-free mice (Fig. 2A). Immunofluorescence staining for
F4/80 confirmed the trend towards more hepatic macrophages in germ-free mice following
ethanol binge (Fig. 2B). However, MPO positive cells were rarely seen in either of the
groups after ethanol treatment (not shown). Chemokine (C-C motif) ligand (Ccl)-5 (also
known as RANTES) was increased in both control and alcohol-binged germ-free relative to
conventional mice (Fig. 2C). Tumor necrosis factor (TNF)-a and chemokine (C-X-C motif)
ligand (Cxcl)-5 (ENA-78) were elevated in germ-free mice only after alcohol
administration. Hepatic expression of Cxcll (KC/GRO-a) was higher in germ-free mice at
baseline. Ccl2 (MCP-1), Ccl3 (MIP-1a) and Ccl4 (MIP-1B8) Cxcl2 (MIP-2) showed a trend
towards elevated expression in the liver of germ-free mice (Fig. 2C). Taken together, hepatic
inflammatory cells and proinflammatory mediators are higher in the absence of microbiota
at baseline and after acute alcohol exposure, thus underlining and extending the earlier
histological observations in H&E stained sections.

Enhanced hepatic steatosis in germ-free mice after alcohol binge

A hallmark of excessive ethanol consumption is the development of hepatic steatosis. Since
steatosis could not be observed on H&E stained slides, we performed total hepatic
triglyceride measurement and Oil red O staining to investigate any differences in fat
accumulation between germ-free and conventional mice. Germ-free mice showed
significantly increased levels of hepatic triglycerides after an alcohol binge (Fig. 3A and B).
Consistent with enhanced hepatic steatosis, germ-free mice also showed elevated hepatic
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expression of genes involved in fatty acid and triglyceride synthesis, including sterol
regulatory element binding transcription factor 1 (Srebp-1), stearoyl-Coenzyme A
desaturase 1 (Scd-1), fatty acid synthase (Fasn), and acetyl-CoA carboxylase-1 (ACC-1)
(Fig. 3C). Increased hepatic protein expression of SREBP-1 and increased phosphorylation
of ACC in germ-free mice was confirmed by immunoblotting and immunohistochemistry,
respectively (Fig. 3D). Moreover, plasma triglycerides were higher in controls, but similar in
ethanol treated germ-free mice compared with conventional mice (Fig. 3E). This implies
that increased hepatic steatosis is not the result of differences in lipid secretion or uptake,
but rather a consequence of increased lipid synthesis by hepatocytes in germ-free mice.
Together, these data suggest that increased hepatic steatosis might be an additional factor
contributing to higher susceptibility of germ-free mice to alcohol-induced liver damage.

Ethanol metabolism is enhanced in hepatocytes of germ-free mice

We next determined whether the absence of microbiota affects intestinal absorption and
hepatic metabolism of ethanol. Plasma levels of ethanol were significantly lower in germ-
free compared with conventional mice after acute intragastric alcohol administration (Fig.
4A). Alcohol dehydrogenase (Adh), CYP2EL, and catalase are the main hepatic enzymes
that metabolize ethanol (Zakhari, 2006). Germ-free mice exhibited increases in Adhl
expression and Adh activity in the liver before alcohol exposure (Fig. 4B). Similarly,
catalase (Cat) mRNA expression was higher in the liver of control germ-free mice, and only
modestly induced after alcohol gavage (Fig. 4C). Cyp2el gene expression was significantly
higher in germ-free mice after an alcohol binge, while CYP2E1 protein showed a trend
towards higher expression in germ-free mice (Fig. 4D). Furthermore, expression of aldehyde
dehydrogenase 2 (Aldh2), which catalyzes the transformation of acetaldehyde to acetic acid,
was significantly higher in alcohol challenged germ-free mice (Fig. 4E). Taken together,
these findings suggest that enhanced hepatic metabolism of ethanol leads to greater alcohol
clearance from the blood, but is also associated with increased production of toxic alcohol
metabolites in the liver that can contribute to increased liver injury in germ-free mice.

Expression of ethanol metabolizing enzymes in the gastrointestinal tract

To investigate whether the absence of the microbiota might affect metabolism of ethanol not
only in the liver but also in other organs, we assessed gene expression of alcohol-
metabolizing enzymes along the gastrointestinal tract as the second most important site of
ethanol metabolism. Adhl1 showed the highest expression in the proximal small intestine of
both conventional and germ-free mice, with further induction in germ-free but not
conventional mice after an alcohol binge (Fig. 5). Germ-free mice also displayed marked
induction of Adh1 in the proximal colon after alcohol exposure. Cat expression was
significantly lower in the proximal, but higher in the mid small intestine of germ-free mice
after alcohol exposure (Fig. 5). Cyp2el expression was highest in the stomach of both
conventional and germ-free mice, but still relatively low when compared to hepatic
expression in conventional mice. Cyp2el gene expression showed higher levels in the
proximal small intestine of germ-free over conventional mice after alcohol exposure (Fig.
5). By comparison, the distal colon was the site with the highest expression of Aldh2 in the
gastrointestinal tract of conventional and germ-free mice, with further induction after an
alcohol binge in germ-free but modest suppression in conventional mice (Fig. 5). Thus,
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overall increased expression of ethanol-metabolizing enzymes in the gastrointestinal tract of
germ-free mice might further contribute (beyond increased hepatic expression) to the lower
blood alcohol levels in these mice after acute alcohol exposure.

Single alcohol binge does not affect the intestinal microbiota

To determine whether acute ethanol treatment affects the composition and quantity of the
intestinal microbiota, qPCR of bacteria in the cecum was performed. Total bacteria (Fig.
6A), relative abundance of the phyla Firmicutes and Bacteroidetes, and Lactobacillus were
comparable between control and ethanol treated conventional mice (Fig. 6B).

Discussion

This study demonstrates that germ-free mice are more susceptible to acute alcohol-induced
liver injury. These findings are consistent with our previously reported observation that the
commensal microbiota has hepatoprotective effects and prevents hepatotoxin-induced liver
injury and fibrosis in mice (Mazagova et al., 2015). Together, these observations show that
the intestinal commensal microbiota is important for promoting normal liver function in the
face of acute injury. On the other hand, chronic alcoholic liver disease is associated with
changes in the intestinal microbiota composition and in particular intestinal bacterial
overgrowth. Dysbiosis contributes to disruption of the intestinal barrier, leading to
translocation of microbial products to the portal circulation and liver (Chen et al., 2015b).
This chronic and continuous stimulation of the immune system can ultimately result in
disease progression. In that situation, reducing the intestinal bacterial load with non-
absorbable antibiotics prevents alcoholic liver disease in preclinical models (Chen et al.,
2015b; Adachi et al., 1995). However, while intestinal dysbiosis can lead to progression of
alcoholic liver disease, our present data show that the complete absence of the microbiota is
also problematic as it is associated with increased alcoholic liver injury. Therefore, the
microbiota makes differential contributions to liver homeostasis and injury responses,
depending on the duration of exposure and perhaps the nature of the stresses and injurious
agents.

The observed phenotype in germ-free mice is likely caused by a combination of three
factors, involving increases in the production of alcohol-derived toxic metabolites, steatosis,
and inflammation.

Alcohol metabolism

Following absorption, ethanol is mostly metabolized in the liver by one of three major
oxidative pathways (Zakhari, 2006). The first pathway converts ethanol into acetaldehyde by
alcohol dehydrogenase (Adh) in the cytosol. Acetaldehyde is further oxidized into acetate by
aldehyde dehydrogenase (Aldh) in mitochondria (Lee et al., 2006; Kwon et al., 2014).
During these two steps, NADH+ is reduced to NADH, which causes an increased
NADH/NAD-+ ratio and changes the redox status of liver cells (Stewart et al., 2001).
Another pathway occurs in microsomes, where ethanol can be oxidized to acetaldehyde by
CYP2E1, which is the major p450 enzyme in this process (Misra et al., 1992). The third way
to transform ethanol into acetaldehyde is dependent on catalase in peroxisomes (Zakhari,
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2006). All these pathways lead to elevated acetaldehyde adduct formation, increased
reactive oxygen species production, and an impaired redox state in the liver cells, finally
causing alcoholic liver damage. While hepatic catalase and Adh were higher in control
germ-free mice, Cyp2el gene expression was elevated in alcohol exposed germ-free mice.
Increases in CYP2E1 may lead to more rapid ethanol oxidation, which could explain the
lower blood alcohol levels observed in germ-free mice. Increased alcohol metabolism by
CYP2E1 would also increase reactive oxygen species production and subsequent liver
injury. This prediction is consistent with the observed protection of Cyp2el deficient mice
from alcoholic liver disease (Lu et al., 2008).

Our results are consistent with another study demonstrating that germ-free mice have an
accelerated and more efficient xenobiotic metabolism compared with conventional mice
(Bjorkholm et al., 2009). In that work, expression of numerous genes involved in xenobiotic
metabolism, including alcohol dehydrogenase, aldehyde dehydrogenase and several
cytochrome P450 superfamily members, was markedly elevated in germ-free mice.
Although a detailed mechanism was not shown at the time, it is possible that the gene
induction resulted from the accumulation of physiologic androstane receptor (CAR)-ligands
such as bilirubin, bile acids and steroid hormones in absence of metabolism of these ligands
by intestinal bacteria in germ-free mice. Activation of CAR may lead to increased
downstream activation of genes involved in xenobiotic metabolic pathways (Bjorkholm et
al., 2009), including those important for alcohol metabolism, as we found in germ-free mice.

Hepatic steatosis shows a synergistic effect with alcohol on liver injury in experimental
animal models (Xu et al., 2011) and patients (Loomba et al., 2009). Thus, increased hepatic
steatosis is an additional pathogenic factor contributing to increased alcohol-induced liver
injury in germ-free mice. Another study reported that germ-free mice have less hepatic
triglycerides at baseline when compared to germ-free mice that were conventionalized
(Parlesak et al., 2000). However, germ-free mice in our study had similar absolute levels of
hepatic triglycerides as those in the prior study (Parlesak et al., 2000), whereas our
conventional mice had much lower hepatic triglycerides than mice that were born in a germ-
free environment but were later conventionalized (Parlesak et al., 2000). This might explain
the baseline differences in hepatic triglycerides between our work and the prior report.

Inflammation

Microbial products such as LPS can activate acute inflammation, but they can also
contribute to attenuate stress responses over extended periods, which is commonly known as
tolerance (Enomoto et al., 1998). The persistent absence of the microbiota and the associated
lack of this attenuation might therefore be associated with greater susceptibility to damage
associated molecular patterns (DAMPS) in the liver. Although we did not detect differences
in hepatic inflammation between conventional and germ-free mice in our previous
investigations (Mazagova et al., 2015), we found significant differences in the present study
between control (dextrose) and ethanol-gavaged germ-free and conventional mice. One
possible explanation for these differences may be the use of different hepatic toxins (carbon
tetrachloride (or CCl4) and thioacetamide (or TAA) vs ethanol) and the accompanying

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chenetal.

Page 8

differences in the underlying mechanisms of toxic action. Taken together, elevated baseline
levels of inflammatory mediators in germ-free mice is likely to contribute to increased liver
damage following binge ethanol in these mice.

In summary, we have demonstrated a beneficial role of the commensal microbiota in
protection against acute alcoholic liver disease. It will be an important next task to identify
the specific microbial products and metabolites that confer the hepatoprotective effects and

help to maintain liver homeostasis. Identification of such mediators might have clinical
implications in the prevention or treatment of chronic alcoholic liver disease.
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Figure 1. Germ-free mice display exacer bated acute alcohalic liver injury
Conventional (Conv; n=10-15) and germ-free C57BL/6 mice (GF; n=7-16) were gavaged

with ethanol (300pl, 30% vol/vol) or an isocaloric amount of dextrose (300ul, 0.42g/ml)
once, and harvested after 9 h. (A) Liver to body weight ratio. (B) Plasma ALT level. (C)
H&E staining of liver sections. Scale bar, 20um. *p<0.05.
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Figure 2. Germ-free mice show elevated hepatic inflammation during acute alcohalic liver

disease development
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Conventional (Conv; n=8-15) and germ-free C57BL/6 mice (GF; n=8-16) were gavaged
with ethanol (300ul, 30% vol/vol) or an isocaloric amount of dextrose (300ul, 0.42g/ml)
once, and harvested after 9 h. (A) Hepatic mRNA levels of the inflammatory cell markers,
CD68, F4/80 and MPO. (B) Immunofluorescent analysis of F4/80 in the liver. Percentage of
liver cells positive for F4/80 were counted on 10 randomly selected fields per slide (right
panel; n= 4-5). (C) Hepatic mMRNA levels of the indicated proinflammatory cytokines. Scale

bar, 20um. *p<0.05.
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Figure 3. Exacerbated hepatic steatosisin germ-free mice after acute alcohol exposure
Conventional (Conv; n=8-15) and germ-free C57BL/6 mice (GF; n=8-16) were gavaged

with ethanol (300pl, 30% vol/vol) or an isocaloric amount of dextrose (300ul, 0.42g/ml)
once, and harvested after 9 h. (A) Total hepatic triglyceride levels. (B) Oil Red O staining of
liver sections. (C) Hepatic mRNA levels of Srebp-1, Scd-1, Fasn and Acc-1. (D)
Immunoblot analysis and quantification of liver SREBP-1 (n=4-8), and
immunohistochemistry of phospho-ACC (n=4-5). (E) Plasma triglyceride level. Scale bar,
20um.*p<0.05.
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Figure 4. Germ-free mice metabolize ethanol faster than conventional mice
Conventional (Conv; n=8-15) and germ-free C57BL/6 mice (GF; n=8-16) were gavaged

with ethanol (300ul, 30% vol/vol) or an isocaloric amount of dextrose (300ul, 0.42g/ml)
once, and harvested after 9 h. (A) Plasma ethanol levels. (B) Hepatic mMRNA levels of Adhl,
and liver ADH activity. (C) Hepatic mRNA levels of Cat. (D) Hepatic mRNA levels of
Cyp2el, and immunoblot analysis and quantification of liver CYP2E1 (n=5-8). (E) Hepatic
MRNA levels of Aldh2. *p<0.05.
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Figure 5. Germ-free mice display elevated gastrointestinal expression of ethanol-metabolizing
genes
Conventional (Conv; n=8-15) and germ-free C57BL/6 mice (GF; n=8-16) were gavaged

with ethanol (300ul, 30% vol/vol) or an isocaloric amount of dextrose (300ul, 0.42 g/ml)
once, and harvested after 9 h. Expression levels of indicated ethanol-metabolizing genes
were determined in stomach, proximal, mid and distal small intestine, cecum, proximal and
distal colon. Hepatic expression in conventional mice is shown as comparison. *p<0.05.
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Figure 6. Single ethanol treatment does not affect intestinal eubiosis
Conventional mice (n=8) were gavaged with ethanol (300ul, 30% vol/vol) or an isocaloric

amount of dextrose (300ul, 0.42 g/ml) once, and harvested after 9 h. Total bacteria (A) and
relative abundance of Firmicutes, Bacteroidetes and Lactobacillus (B) were determined by

gPCR in the

cecum.
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Table 1

Body and liver weight of mice subjected to dextrose (control) gavage (n=8-10) or alcohol gavage (n=9-10).
Conv, conventional; GF, germ-free.

Control Alcohol

Conv GF Conv GF

Body Weight (g) | 23.13+0.42 | 24.84+0.65 | 2262+0.37 | 2435+0.73

Liver Weight (g) | 1.06£0.02 | 1.06+0.03 [ 1194003" | 1.03+002
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*

p < 0.05 as compared to GF mice fed alcohol
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