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Abstract
Chronic ethanol feeding decreases expression of adiponectin by adipocytes and circulating
adiponectin. Adiponectin treatment during chronic ethanol feeding prevents liver injury in mice.
Chronic ethanol feeding also increases oxidative and endoplasmic reticulum (ER) stress in adipose
tissue. Here we tested the hypothesis that supplemental taurine, an amino acid that functions as a
chemical chaperone/osmolyte and enhances cellular anti-oxidant activity, would prevent ethanol-
induced decreases in adiponectin expression and attenuate liver injury. Serum adiponectin
concentrations decreased as early as 4–7 days after feeding rats a 36% ethanol diet. This rapid
decrease was associated with increased oxidative, but not ER, stress in subcutaneous adipose
tissue. Taurine prevented ethanol-induced oxidative stress and increased inflammatory cytokine
expression in adipose tissue. Ethanol feeding also rapidly decreased expression of transcription
factors regulating adiponectin expression (C/EBPα, PPARγ and PPARα) in subcutaneous adipose
tissue. Taurine prevented the ethanol-induced decrease in C/EBPα and PPARα normalizing
adiponectin mRNA and serum adiponectin concentrations. In the liver, taurine prevented ethanol-
induced oxidative stress and attenuated TNF-α expression and steatosis, at least in part, by
increasing expression of genes involved in fatty acid oxidation.

In conclusion—In subcutaneous adipose tissue, taurine decreased ethanol-induced oxidative
stress and cytokine expression, as well as normalized expression of adiponectin mRNA. Taurine
prevented ethanol-induced decreases in serum adiponectin; normalized adiponectin was associated
with a reduction in hepatic oxidative stress, TNF-α expression and steatosis. Taken together, these
data demonstrate that taurine has important protective effects against ethanol-induced tissue injury
in both adipose and liver.
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Adiponectin, an adipokine primarily secreted by adipose tissue, comprises about 0.01% of
total serum protein (1). It circulates in three oligomeric forms: high molecular weight
(HMW), middle molecular weight (MMW) and low molecular weight (LMW). Adiponectin
interacts with two receptors, AdipoR1 and AdipoR2, which are expressed at high levels in
skeletal muscle and liver, respectively (1). Adiponectin has important metabolic functions
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regulating both glucose and lipid homeostasis. Adiponectin stimulates fatty acid oxidation
and decreases triglyceride accumulation in both liver and skeletal muscle (1). Serum
adiponectin concentrations are decreased in both human and murine models of obesity,
insulin resistance and type 2 diabetes (2;3). Adiponectin also has potent anti-inflammatory
functions, acting to decrease the production of inflammatory cytokines, such as TNF-α and
IL-6, by macrophages and adipocytes (1;4).

Chronic alcohol consumption results in the development of alcoholic liver disease,
characterized by the development of hepatic steatosis and an increase in the expression of a
number of inflammatory mediators, including cytokines, reactive oxygen species and
nitrogen species (5). Recent studies have implicated ethanol-induced changes in the
expression of adipokines in mediating the pathophysiological effects of ethanol in the liver.
Chronic ethanol exposure decreases serum adiponectin concentration in mice (6–8) and rats
(9;10). Ethanol-induced decreases in circulating adiponectin are associated with lower
adiponectin mRNA in subcutaneous adipose tissue, as well as a reduced rates of adiponectin
secretion by subcutaneous adipocytes (10). Importantly, treatment of mice with adiponectin
during chronic ethanol exposure prevents the development of ethanol-induced liver injury
(7), in part by increasing fatty acid oxidation in the liver, thus preventing ethanol-induced
steatosis, as well as decreasing TNF-α expression (7).

While the mechanisms by which ethanol feeding decreases adiponectin expression and
secretion are not well understood, a growing body of evidence indicates that adipose tissue
is an important target for ethanol action. For example, chronic ethanol impairs insulin-
stimulated glucose uptake (11) and disrupts the hormonal regulation of lipolysis (12).
Chronic ethanol increases macrophage infiltration and inflammatory cytokine expression
(13) and causes endoplasmic reticulum (ER) stress in adipose tissue (8). These changes in
adipose tissue in response to chronic ethanol are similar to the increased numbers of
infiltrating macrophages, increased proinflammatory cytokine expression (14;15), as well as
ER stress (16), observed in adipose tissue in models of obesity and insulin resistance.

“Chemical chaperones” is a term given to a group of low molecular weight osmolytes which
stabilize protein conformation, thus improving the folding of proteins within the ER (17).
Treatment of ob/ob mice with chemical chaperones, such as taurodeoxycholate, reduced ER
stress in the liver and restored normal glucose homeostasis (18). Given the parallels between
the impact of obesity-induced insulin resistance and chronic ethanol exposure on adipose
tissue, both resulting in decreased adiponectin expression, as well as the development of ER
stress and inflammation, here we have tested the ability of taurine, an endogenous sulfur
containing amino acid that functions both as a chemical chaperone/osmolyte and enhances
cellular anti-oxidant activity (19;20), to prevent the effects of ethanol on adipose tissue in
rats. Here we report that chronic ethanol feeding for 1 week depleted taurine from
subcutaneous adipose tissue, increased inflammatory cytokine expression and decreased
adiponectin expression. Supplementation with taurine restored the concentration of taurine
in adipose tissue and normalized cytokine and adiponectin expression. Importantly, taurine
supplementation to rats also attenuated ethanol-induced steatosis, oxidative stress and TNF-
α expression in the liver. These data indicate that the development of therapeutic
interventions targeting the effects of ethanol on adipose tissue may be efficacious in the
prevention of ethanol-induced liver injury.

Materials and Methods
Animals

The ethanol feeding model used in this study has been previously described (10). See
Supplemental Information for further details on the ethanol feeding protocol.
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Plasma and tissue metabolite measurements
Adiponectin ELISA was performed as previous described (10). Plasma ethanol was assayed
using enzymatic assay kits (Diagnostic Chemicals, Oxford, CT). Plasma ALT, hepatic Oil
Red O staining and total triglycerides were performed as previously described (21). The
concentration of hepatic malondialdehyde (MDA) was measured by ELISA using a kit from
Cayman Chemical Company (Ann Arbor, MI).. Plasma and tissue taurine concentrations, as
well as tissue glutathione concentrations, were measured using a modified version of the
HPLC method of Cross, et al. (22) (See Supplemental Information for further details).

Quantitative Real-time PCR
Real-time PCR was carried out as previously described (10). Primers are shown in
Supplemental Table 1.

Reverse-transcription PCR for XBP-1 mRNA splicing
1μl of cDNA prepared from adipose tissue was amplified using Platinum Taq DNA
polymerase (Invitrogen, Carlsbad CA) and primers shown in Table 1. The conditions for
amplication of rat/mouse XBP-1 were as follows: 93°C for 5 minutes, then 40 cycles of
amplification (95°C for 30 seconds, 51°C for 30 seconds and 72°C for 45 seconds) with the
final extension at 72°C for 10 minutes. PCR products were separated by 2% agarose gel and
visualized under UV light by ethidium bromide staining.

Adipose tissue homogenates and Western blotting
The procedure for preparation of tissue homogenates and Western blotting were as
previously described (21), except that 0.2 g of subcutaneous adipose tissue was
homogenized in 5 ml/g tissue lysis buffer using an electric tissue grinder.

Immunohistochemistry
Immunohistochemical analysis of 4-HNE adducts, TNF-α and ED2 were carried out in
formalin-fixed, paraffin-embedded sections of adipose and liver using standard techniques
(see Supplemental Information for more details).

Gel filtration and quantification of adiponectin oligomers
Adiponectin oligomers in 50 μl serum were separated by Fast Protein Liquid
Chromatography (FPLC) (23) and quantified by ELISA.

Data analysis
In all the figures, data were analyzed by general linear models followed by least square
means analysis of differences between groups (SAS, Carey, IN). Adjustments for multiple
group comparisons were made using the Tukey-Kramer test (SAS, Carey, IN). Analysis was
performed on data collected over multiple feeding trials.

Results
Adiponectin circulates in three oligomeric complexes; HMW adiponectin is thought to
mediate the insulin-sensitizing functions of adiponectin (1). Chronic ethanol feeding to rats
for 4 weeks decreases serum adiponectin (9;10). FPLC separation revealed both HMW and
MMW oligomers in rat serum (Figure 1A); both HMW and MMW oligomers were
decreased after chronic ethanol feeding for 4 weeks (Figure 1A). Interestingly, this ethanol-
mediated decrease in adiponectin was an early response to ethanol exposure, with serum
adiponectin concentrations reduced as early as 4 days after ethanol feeding (Figure 1B).
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In order to understand the mechanisms for ethanol-induced decreases in serum adiponectin,
we focused on the early impact of ethanol on adipose tissue. Ethanol feeding rapidly
increased oxidative stress in adipose tissue, as evidenced by the accumulation of
immunoreactive 4-HNE adducts (Figure 2A). Oxidative stress was associated with an
increase in the expression of CYP2E1 protein in adipose tissue after 7 days of ethanol
exposure (Figure 2B).

Chronic ethanol feeding for 4–6 weeks induces ER stress in the liver (24) and adipose tissue
(8). Ethanol-induced ER stress is associated with decreased adiponectin expression in
adipose tissue (8). In contrast to the impact of 4-week ethanol feeding on ER stress in
adipose tissue (8), chronic ethanol feeding for 4–7 days did not activate typical ER stress
markers in subcutaneous adipose tissue, including the splicing of XBP-1 mRNA (Figure
2C), phosphorylation of eIF2α, increased expression of CHOP and grp78 (Figure 2D). RAW
264.7 macrophages treated with 2 μM thapsigargin, a drug which induces ER stress, were
used as positive controls (Figure 2C and D). These data suggested that oxidative stress, but
not ER stress, was associated with decreased serum adiponectin at the early stage of ethanol
feeding.

If ethanol-induced oxidative stress in adipose tissue contributes to decreased adiponectin
expression, then treatment to prevent oxidative stress would be expected to ameliorate the
effects of ethanol on adiponectin expression. In order to test this hypothesis, rats were
allowed free access to ethanol-containing diets, or pair-fed control diets, supplemented or
not with 30 g/L taurine for 1 week. Body weight and food intake did not differ among
groups (Supplemental Table 2). Ethanol feeding increased plasma ethanol concentrations in
rats supplemented or not with taurine (Supplemental Table 2). Ethanol feeding did not affect
taurine concentrations in plasma or liver; supplementation with taurine increased taurine
content in both plasma and liver (Figure 3A). In contrast, ethanol feeding depleted taurine in
subcutaneous adipose tissue; taurine supplementation restored normal taurine content in
adipose tissue (Figure 3A). In subcutaneous adipose tissue, taurine prevented the ethanol-
induced increase in 4-HNE protein adducts (Figure 3B). In contrast, taurine had no effect on
ethanol-induced increases in CYP2E1 (Figure 3C). In other models, taurine prevents/
attenuates oxidative stress by increasing cellular anti-oxidant activities, such as catalase and
SOD2 (19;20). Here ethanol feeding decreased catalase mRNA in subcutaneous adipose
tissue, suggesting that ethanol impaired cellular anti-oxidant functions. Treatment with
taurine prevented this decrease in catalase mRNA (Figure 3D). Neither ethanol nor taurine
changed the SOD2 mRNA in subcutaneous adipose tissue (data not shown).

Expression of inflammatory cytokines and chemokines is regulated by different transcription
factors that are sensitive to the redox state of the cell, including NF B, Egr-1 and AP-1 (25).
Since chronic ethanol feeding increases the expression of inflammatory cytokines in adipose
tissue (13), we next investigated the impact of taurine supplementation on ethanol-induced
expression of cytokines and chemokines, as well as the redox-sensitive transcription factor,
Egr-1, in subcutaneous adipose tissue. Ethanol feeding for 1 week increased mRNA for
Egr-1, as well as IL-6 and MCP-1, in subcutaneous adipose tissue (Figure 4). Taurine
supplementation prevented these ethanol-induced increases in Egr-1, IL-6 and MCP-1
expression. In contrast, there was no increase in TNF-α mRNA at 1 week of ethanol feeding
(Figure 4B).

One week of ethanol feeding decreased both serum adiponectin and adiponectin mRNA in
subcutaneous adipose tissue (Figure 5). Importantly, taurine supplementation restored
adiponectin mRNA in adipose, as well as serum adiponectin concentration (Figure 5).
Multiple transcription factors, including C/EBPα, C/EBPβ, PPARγ and SREBP1, have been
identified as regulators of adiponectin transcription (26–28). Since several of these
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transcription factors are also sensitive to regulation by the redox state of the cell (25), we
next investigated the impact of taurine supplementation on regulators of adiponectin
transcription in adipose tissue. Ethanol feeding differentially regulated the expression of
transcription factors controlling adiponectin expression. C/EBPα mRNA (Figure 6A), as
well as PPARγ2 mRNA (Figure 6D), were decreased after 1 week of ethanol feeding in
subcutaneous adipose tissue. Taurine prevented the ethanol-induced decrease in C/EBPα,
but not PPARγ2, mRNA. In contrast, ethanol feeding had no effect on expression of C/EBPβ
or SREBP1 mRNA in subcutaneous adipose tissue (Figure 6B, 6C).

PPARα is also implicated as a regulator of adiponectin expression. Treatment with
fenofibrate, a PPARα agonist, increases adiponectin gene expression in adipose and its
circulating level in both human and rodents (29;30). Ethanol feeding decreased PPARα
mRNA in subcutaneous adipose tissue and taurine supplementation prevented this reduction
(Figure 6E). Taken together, these data suggested that taurine prevented the ethanol-induced
decrease in adiponectin mRNA, at least in part, by regulating C/EBPα and PPARα.

Since taurine ameliorated the impact of ethanol on adipose tissue, we next investigated the
impact of taurine on ethanol-induced liver injury. Ethanol feeding increased 4-HNE adduct
formation (Figure 7A), as well as the concentration of malondialdehyde (Figure 7B).
Taurine supplementation prevented the impact of ethanol feeding on the accumulation of 4-
HNE adducts and attenuated the increase in malondialdehyde. Ethanol feeding also
increased hepatic triglyceride content (Figure 7C) and plasma ALT activity (Figure 7D) by 1
week. Taurine supplementation attenuated hepatic triglyceride accumulation (Figure 7C),
but did not prevent ethanol-induced increases in plasma ALT (Figure 7D). Hepatic TNF-α
expression was also increased after ethanol feeding (Figure 7E), in a pattern characteristic of
predominant expression by resident macrophages (ED2 positive Kupffer cells) in the liver
(Figure7F). Taurine supplementation partially reduced ethanol-induced TNF-α expression in
liver (Figure 7E). In addition, neither ethanol feeding nor taurine changed the mRNA levels
of catalase, SOD2, AdipoR1 and AdipoR2 in the liver (data not shown).

In order to investigate the mechanism by which taurine attenuated ethanol-induced hepatic
steatosis, we measured the expression of genes involved in hepatic fatty acid metabolism.
Chronic ethanol feeding for 4–6 weeks increases hepatic fatty acid synthesis via activation
of SREBP1 and induction of FAS (31). While ethanol feeding for 1 week did not increase
SREBP1 mRNA in the liver (Figure 8A), FAS mRNA was increased. Taurine
supplementation attenuated this increase (Figure 8B). Neither ethanol feeding nor taurine
affected hepatic ACC mRNA level (Figure 8C). Chronic ethanol feeding has also been
shown to decrease fatty acid oxidation by down-regulating the expression of PPARα and the
PPARα-regulated gene, including CPT1α, the rate limiting enzyme in fatty acid oxidation
(32). Similar to these long-term effects of ethanol, here, we found that ethanol feeding for 1
week decreased both PPARα and CPT1α mRNA in the liver (Figure 8D/E); taurine
supplementation attenuated these changes. Neither ethanol feeding nor taurine changed
CD36 mRNA in the liver (Figure 8F).

Discussion
Here we show that ethanol feeding depletes taurine from adipose tissue of rats and that
supplementation with taurine prevented multiple effects of ethanol on adipose tissue, acting
to decrease ethanol-induced oxidative stress and inflammatory cytokine expression, as well
as normalize expression of adiponectin mRNA in subcutaneous adipose tissue. The
restoration of adiponectin mRNA expression in adipose was due, at least in part, due to the
ability of taurine to prevent ethanol-induced decreases in the expression of C/EBPα and
PPARα, two important transcription factors regulating adiponectin expression. Importantly,
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taurine supplementation prevented ethanol-induced decrease in serum adiponectin.
Normalization of adiponectin in response to taurine supplementation was associated with an
attenuation of ethanol-induced hepatic oxidative stress, steatosis and TNF-α expression.
Taken together, these data demonstrate that taurine has important protective effects against
ethanol-induced tissue injury in both liver and adipose tissue.

Chronic ethanol feeding for 4–6 weeks decreases serum adiponectin concentration
(6;7;9;10). Here we report that decreased serum adiponectin is a rapid response to ethanol
feeding, with reduced adiponectin observed as early as 4 days after the start of ethanol
feeding. This rapid decrease in adiponectin was associated with an early development of
oxidative stress, but not ER stress, in subcutaneous adipose tissue during ethanol feeding.

Adiponectin expression is sensitive to oxidative stress in other pathophysiological
conditions, such as obesity and metabolic syndrome (1). Adipose tissue expresses CYP2E1
(33), an ethanol-metabolizing enzyme that contributes to oxidative stress, particularly during
ethanol metabolism. We report that ethanol-induced oxidative stress in adipose tissue was
associated with increased expression of CYP2E1 in adipose tissue (Figure 2). While
CYP2E1 has long been considered a major contributor to ethanol-induced oxidative stress in
liver (5), the present data are consistent with the hypothesis that CYP2E1 expression also
contributes to ethanol-induced toxicity in adipose tissue. Ethanol feeding decreased taurine
content in adipose tissue; this decrease was ameliorated by taurine supplementation.
Importantly, taurine supplementation protected adipose tissue from ethanol-induced
oxidative stress. In particular, taurine prevented ethanol-induced decreases in catalase
expression in adipose, consistent with previous reports that taurine enhances cellular anti-
oxidant activity (19;20). In contrast, taurine prevented ethanol-induced oxidative stress in
the liver without affecting hepatic expression of catalase or SOD2. Moreover, neither
ethanol feeding nor taurine changed the mRNA levels of AdipoR1 and AdipoR2 in the liver,
suggesting the ability of the liver to respond to adiponectin was not affected by either 1 wk
of ethanol feeding or taurine supplementation. Taken together, these data suggest that
taurine prevented ethanol-induced oxidative stress in the liver, at least in part, by
normalizing serum adiponectin concentrations.

Increased expression of inflammatory cytokines in adipose tissue is a hallmark of the
metabolic syndrome (34). Ethanol feeding also rapidly increases the expression of pro-
inflammatory cytokines and chemokines in adipose tissue (Figure 4). Longer periods of
ethanol exposure also leads to the recruitment of macrophages to the adipose tissue, further
contributing to local inflammation in adipose tissue (13). Taurine supplementation prevented
the early increase in IL-6 expression in response to ethanol feeding. This protective effect
was associated with a normalization in the expression of Egr-1, a redox sensitive
transcription factor regulating the expression of a number of stress-responsive genes (35).
Interestingly, egr-1 −/− mice are protected from ethanol-induced liver injury (36). The
current studies suggest that ethanol-induced expression of Egr-1 in adipose tissue may be
important to the long-term pathophysiological effects of ethanol.

Taurine supplementation also normalized the expression of transcription factors regulating
adiponectin expression. While ethanol feeding decreased expression of C/EBPα PPARα and
PPARγ2 (Figure 6), taurine only prevented the decrease in C/EBPα and PPARα mRNA.
Importantly, these taurine-dependent effects were sufficient to restore adiponectin mRNA
and plasma adiponectin in ethanol-fed rats. Oxidative stress decreases C/EBPα DNA
binding activity in adipocytes (37), while TNF-α decreases both C/EBPα and PPARγ2
activity (34). Taken together, these results suggest that it is likely that the ability of taurine
to protect adipose tissue from ethanol-induced oxidative stress contributes both to decreased
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inflammation in adipose tissue, as well as sustained expression of adiponectin mRNA during
ethanol feeding.

Chronic ethanol feeding increases hepatic fatty acid synthesis and decreases fatty acid
oxidation (38), as well as increases in the expression of inflammatory cytokines (25).
Adiponectin is an important regulator of hepatic triglyceride metabolism, acting to increase
fatty acid oxidation, and also has potent anti-inflammatory effects (1). In mice,
supplementation of exogenous adiponectin during ethanol exposure increased activity of
CPT1 and decreased hepatic steatosis and TNF-α expression (7). Here we find a similar
response to taurine supplementation during ethanol feeding to rats. Taurine prevented the
ethanol-induced decrease in serum adiponectin, decreased hepatic TNF-α expression, and
attenuated ethanol-induced decreases in expression of genes involved in the regulation of
fatty acid oxidation in liver, including PPARα and CPT1α (Figure 8). These changes in
hepatic gene expression were associated with reduced ethanol-induced steatosis in taurine-
supplemented rats. Interestingly, taurine had no effect on plasma ALT activity, an indicator
of hepatocyte injury, suggesting that taurine protects from only some of the toxic effects of
ethanol in the liver. Our experimental design cannot distinguish direct effects of taurine on
hepatic function from indirect effects of taurine on the liver via changes in adiponectin
expression in adipose tissue. However, the protective effect of taurine supplementation on
ethanol-induced steatosis and the lack of effect on plasma ALT are consistent with reports
that adiponectin is more important in the regulation of hepatic triglyceride content, rather
than plasma ALT, in models of diet-induced obesity (1).

The current study demonstrated a preventative role of taurine in ethanol-induced changes in
adipose tissue and an attenuation in the development of ethanol-induced hepatic steatosis.
Taurine has also been shown to have therapeutic effects in ethanol-induced liver injury in
rats: taurine supplementation accelerates the reduction in hepatic steatosis observed upon
ethanol withdrawal after 4 weeks of ethanol exposure (39). Taurine is considered a non-
toxic amino acid and is easily supplemented into daily diets. Indeed, taurine is widely used
as a nutritional supplement in infant formulas and energy drinks(40;41). Taken together,
these data suggest that taurine may be a useful nutritional supplement to attenuate ethanol-
induced steatosis. Further, these data suggest that adipose tissue can be a potentially
important target for therapeutic interventions to prevent ethanol-induced fatty liver.
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Abbreviation

4HNE 4-hydroxynonenal

C/EBPα/β CCAAT/enhancer binding protein α/β

PPARα/γ peroxisome proliferator-activated receptor α/γ

CPT1α carnitine palmitoyltransferase 1a

AdipoR1 adiponectin receptor 1

AdipoR2 adiponectin R2

TNF-α tumor necrosis factor α
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IL-6 interleukin-6

ER endoplasmic reticulum

ALT alanine aminotransferase

CYP2E1 cytochrome P450 2E1

XBP-1 X-box binding protein 1

eIF2α alpha subunit of translational initiation factor 2 in eukaryotes

CHOP C/EBP homologous protein

grp78 glucose regulated protein 78KD

SOD2 superoxide dismutase 2

Egr-1 Early growth response factor 1

MCP-1 macrophage chemoattractant protein 1

SREBP1 sterol regulatory element binding protein-1

FFA fatty acid synthase

ACC acetyl-coA carboxylas

CD36 fatty acid translocase
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Figure 1. Effects of ethanol feeding on serum adiponectin concentration and adiponectin
oligomer distribution
(A) Rats were allowed free access to an ethanol-containing diet or pair-fed a control diet for
4 weeks. Adiponectin oligomers in serum from pair-fed and ethanol-fed rats were separated
by FPLC and quantified by adiponectin ELISA. Values represent means ± SEM, n=3. (B)
Rats were allowed free access to an ethanol-containing diet or pair-fed control diet for 4–7
days. Serum adiponectin concentrations were measured by ELISA. Values represent means
± SEM, n=9–14. Values with different superscripts are different from each other, p<0.05..
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Figure 2. Early effects of ethanol feeding include oxidative stress, but not ER stress, in
subcutaneous adipose tissue
Rats were allowed free access to an ethanol-containing diet or pair-fed a control diet for 4
and 7 days. (A) Formalin-fixed subcutaneous adipose sections were stained with an antibody
against 4-HNE protein adducts. (B) Immunoreactive CYP2E1 was measured in
subcutaneous adipose tissue homogenates by Western blotting. ERK1/2 was used as loading
control. The values (means ± SEM, arbitrary units of density for CYP2E1/ERK1/2, n=4)
were 0.16 ± 0.04 for pair-fed, 0.40 ± 0.08 at day 4 and 0.57 ± 0.14 at day 7. CYP2E1
expression was increased at day 7 compared to pair-fed, p<0.05. (C) XBP-1 splicing was
detected by RT-PCR. (D) Immunoreactive phospho-eIF2α, CHOP and grp78 in
subcutaneous adipose tissue homogenates were measured by Western blotting. ERK1/2 was
used as loading control. Images are representative of 3 (A) and 4–6 (B, C and D) rats in each
experimental group. P: pair-fed, E: ethanol-fed, Tg: thapsigargin.
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Figure 3. Taurine prevented ethanol-induced oxidative stress in subcutaneous adipose
Rats were allowed free access to an ethanol-containing diet or pair-fed a control diet
supplemented or not with 30g/L taurine. (A) Taurine concentration in plasma, liver and
subcutaneous adipose tissue was measured by HPLC. Values represent means ± SEM, n=4–
7. Values with different superscripts are different from each other, p<0.05. (B) Formalin-
fixed subcutaneous adipose sections were stained with an antibody against 4-HNE protein
adducts. The relative quantity of 4-HNE adducts was measured using the Image J program.
Value represent means ± SEM, n=8–10. Values with different superscripts are different from
each other, p<0.05. (C) Immunoreactive of CYP2E1 in subcutaneous adipose tissue
homogenates was measured by Western blotting. ERK1/2 was used as loading control.
Images are representative of 4 rats in each experimental group. The values (means ± SEM,
arbitrary units of density for CYP2E1/ERK1/2, n=5–6) were 0.13 ± 0.02 for pair-fed, 0.08 ±
0.02 for pair-fed/taurine, 0.47 ± 0.09 for ethanol-fed and 0.39 ± 0.0.12 for ethanol-fed/
taurine. CYP2E1 expression was increased by ethanol feeding with or without taurine
supplementation compared to pair-fed, p<0.05. (D) Catalase mRNA level in subcutaneous
adipose tissue was measured by real-time PCR and then normalized to β-actin mRNA level.
Values represent means ± SEM, n=6. Values with different letters are significantly different
from each other, p<0.05.
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Figure 4. Taurine prevented ethanol-induced increases in Egr-1 and IL-6 mRNA in
subcutaneous adipose
Rats were allowed free access to an ethanol-containing diet or pair-fed a control diet
supplemented or not with 30g/L taurine. Egr-1 (A), TNF-α (B), IL-6 (C) and MCP1 (D)
mRNA levels in subcutaneous adipose tissue were measured by real-time PCR and then
normalized to β-actin mRNA level. Values represent means ± SEM, n=6–8. Values with
different letters are significantly different from each other, p<0.05.
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Figure 5. Taurine prevented ethanol-induced decreases in adiponectin expression
Rats were allowed free access to an ethanol-containing diet or pair-fed a control diet
supplemented or not with 30g/L taurine. (A) Serum adiponectin concentrations were
measured by ELISA. Values represent means ± SEM, n=11–12. Values with different letters
are significantly different from each other, p<0.05. (B) Adiponectin mRNA levels in
subcutaneous adipose tissues were measure by real-time PCR and then normalized to β-actin
mRNA level. Values represent means ± SEM, n=6–7. Values with different letters are
significantly different from each other, p<0.05.
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Figure 6. Taurine prevented the decrease of C/EBPα and PPARα mRNA in subcutaneous
adipose tissue after ethanol feeding
Rats were allowed free access to an ethanol-containing diet or pair-fed a control diet
supplemented or not with 30g/L taurine. C/EBPα (A), C/EBPβ (B), SREBP1c (C), PPARγ2
(D) and PPARα (E) mRNA levels in subcutaneous adipose tissue were measured by real-
time PCR and then normalized to β-actin mRNA level. Values represent means ± SEM,
n=5–8. Values with different letters are significantly different from each other, p<0.05.
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Figure 7. Taurine prevented/attenuated ethanol-induced oxidative stress and hepatic steatosis
Rats were allowed free access to an ethanol-containing diet or pair-fed a control diet
supplemented or not with 30g/L taurine. (A) Formalin-fixed liver sections were stained with
an antibody against 4-HNE protein adducts. The relative quantity of 4-HNE adducts was
measured using the Image J program. Values represent means ± SEM, n=4. (B)
Concentration of hepatic malondialdehyde (MDA) was measured by ELISA. Values
represent means ± SEM, n=7–8. (C) Frozen liver OCT sections were prepared and stained in
Oil Red O. Images were taken at 100x magnification. Total triglyceride content in the liver
was quantified using the Trinder reagent. Values represent means ± SEM, n=11. (D) Plasma
ALT activity was measured by enzymatic assay. Values represent means ± SEM, n=7–8. (E/
F) Formalin-fixed liver sections were stained with antibody against TNF-α (E) or ED2 (F), a
marker for macrophages. The relative quantity of TNF-α was measured using the Image J
program. Values represent means ± SEM, n=4. For all panels, values with different letters
are significantly different from each other, p<0.05.
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Figure 8. Taurine partially reversed ethanol-induced decrease in fatty acid oxidation
SREBP1 (A), FAS (B), ACC (C), PPARα (D), CPT1α (E) and CD36 (F) mRNA levels in
liver were measured by real-time PCR and then normalized to β-actin mRNA level. Values
represent means ± SEM, n=5–6. Values with different letters are significantly different from
each other, p<0.05.
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