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ALCOHOL INTAKE MODIFIES LEPTIN, ADIPONECTIN AND
RESISTIN SERUM LEVELS AND THEIR MRNA EXPRESSIONS IN
ADIPOSE TISSUE OF RATS
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Objective. Alcohol intake is known to interfere with endocrine system functions thus inducing
hormonal and metabolic imbalance. The aim was to investigate the impact of chronic intake of
mild alcohol concentration on serum leptin, adiponectin and resistin and their gene expression in
epididymal adipose tissue (EAT) of rats.

Methods. The 28 days study was based on 3 experimental groups of adult male Wistar rats: 1/
ad libitum intake of 6 % ethanol solution and pelleted diet (A), 2/ pair fed animals (PF) fed pelleted
diet in the same caloric amount as A rats on previous day (alcohol+diet), 3/ control rats (C) with
unrestricted intake of water and pelleted diet.

RT-PCR method was used for determination of adipokines gene expression in epididymal adipose
tissue, serum levels were measured by ELISA kits.

Results. The animals of A group were characterized by reduced food and energy intake (-10
% vs C), lower body mass gain, reduced epididymal fat mass with smaller adipocytes. Alco-
hol consumption significantly increased glycemia, serum insulin was not affected. The raise
of NEFA in A and PF rats gives the evidence of intensified lipolysis due to the deficiency of
energy intake. Alcohol consumption significantly increased serum leptin and resistin, elevated
adiponectin was present in A and PF rats. In parallel with increased serum levels the expression
of adiponectin gene in epididymal adipose tissue was elevated in the same A and PF rats. Leptin
and resistin mRNA levels were similar as in C regardless of alcohol intake or pair-fed feeding.
Increased leptin and resistin levels positively correlated with glycemia and negatively with the
size of adipocytes. Elevated serum leptin and resistin together with high adiponectin after chronic
moderate alcohol intake could contribute to alteration of energy metabolism either individually
or in reciprocal coordination.

Conclusions. 28 days consumption of 6 % ethanol solution changed the nutritional status of
rats and induced significant elevation of serum leptin and resistin, while elevated gene expression
in epididymal adipose tissue was proved for adiponectin only. Elevated serum adipokines could
contribute to increased glycemia and altered glucose homeostasis.
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Adipose tissue appeared highly active metabolic and
endocrine organ producing a variety of bioactive pep-
tides and proteins — called adipokines — which, among
others, are also implicated in the regulation of food
intake, energy expenditure, body weight, insulin action,
glucose and lipid metabolism in the liver, muscles and
adipose tissue.

Leptin, the first recognized adipokine (ZHANG et al.
1994), is considered one of the main peripheral endo-
crine signals involved in the regulation of food intake,
body mass and adiposity by reducing the food intake
and stimulating the thermogenesis (HaLaAs et al. 1995;
CaMPFIELD et al. 1996). Moreover, leptin is involved in
the regulation of metabolic balance by reducing the
incorporation of glucose into lipids (Ceppia et al. 1998)
and increasing the lipolysis (WANG et al. 1999). The role
of leptin in insulin effects on glucose uptake, glycogen
synthesis and lipogenesis was also reported (CAMPFIELD
et al. 1996; MULLER et al. 1997). In addition to white
adipose tissue, leptin is also expressed in other tissues
and organs such as hypothalamus, pituitary or skeletal
muscle (MorasH et al. 1999; Jin et al. 2000).

Adiponectin, being exclusively expressed and se-
creted by adipose tissue, plays an important role in the
regulation of insulin sensitivity directed to the improve-
ment of glucose tolerance and reduction of insulin re-
sistance (Y AMaucHI et al. 2001 ; CHANDRAN et. al. 2003).
High adiponectin levels together with high adiponectin
mRNA and high insulin sensitivity were found in lean
subjects (KerN et al. 2003). Plasma adiponectin level
inversely correlated with body mass index (YANG et al.
2002), percent of body fat (WEYER et al. 2001), waist-to-
hip ratio (Cnop et al. 2003), muscle lipid content (WEIss
et al. 2003) and serum triglycerides, while its positive
correlation was observed with high-density lipoprotein
cholesterol (Cnop et al. 2003; WEiss et al. 2003).

Resistin is a hormonal signal involved in the induc-
tion of insulin resistance by decreasing glucose toler-
ance and insulin sensitivity (STEppaN et al. 2001). It also
impairs insulin action in the liver, skeletal muscle and
adipocytes (Moon et al. 2003; RajaLa et al. 2003). In
obesity, increased serum resistin and resistin mRNA
were found (SteppPaN et al. 2001; L1 et al. 2002), while
low resistin mRINA level in adipose tissue during fast-
ing returned to normal level after refeeding (K et al.
2001; L1 et al. 2002).

Alcohol consumption was found to affect almost
all biological functions including metabolic pathways
and hormonal systems resulting in non-physiological
increase/decrease of plasma concentrations and gene ex-

pression of hormones (OBrabpovic and MEapows 2002).
Hormonal imbalance alters the effects of hormones in
target tissues thus resulting in impaired energy metabo-
lism. However, there are various and non-consistent data
how the alcohol intake modifies adipokine levels. Dis-
crepancies between individual studies may result from
different experimental settings like various subjects,
animal strains, gender, food composition, mode and
regime of alcohol intake as well as alcohol doses and/
or duration of treatment. In human and animal studies
increased leptin levels (NicoLas et al. 2001; OBRADOVIC
and MEeapows 2002; SzkUDELSKI et al. 2004), reduced
leptin concentrations (CALISSENDORFF et al. 2004) or un-
changed leptin levels after alcohol intake were observed
(STrBAK et al. 1998; WANNAMETHEE et al. 2007; BEULENS
et al. 2008). In moderate alcohol consumers elevated
circulating adiponectin level was related to increased
insulin sensitivity (SIERKSMA et al. 2004; BEULENS et al.
2006; JoosTeN et al. 2008), but Avocaro et al. (2003)
did not find any changes of serum adiponectin in men
drinking moderate dose of alcohol. Recently, elevated
adiponectin was proved in alcohol-dependent patients
(HiLEMACHER et al. 2009). Currently, limited and in-
consistent data of serum resistin in humans consuming
alcohol are known, both increased levels of resistin (HiL-
LEMACHER et al. 2009) and unaffected values (BEULENS
et al. 2008) being reported.

The present study was aimed to investigate the im-
pact of chronic intake of mild alcohol concentration
on serum leptin, adiponectin and resistin level as well
as their gene expression in epididymal adipose tissue
of rats. Moreover, the alcohol effect was compared not
only to control/untreated animals but also to precisely
controlled the pair-fed animals with identical energy
intake (in the form of standard laboratory chow) as
alcohol treated rats. The results obtained are discussed
in relation to the impact of altered adipokines on the
metabolic status.

Materials and Methods

Animals and treatment. Adult male Wistar rats (10
animals per group) obtained from ANLAB (Czech Re-
public) with initial body mass of 200-250 g were used.
The animals were housed under controlled temperature
(22-24 °C), humidity (~65 %) and constant 12-hour
light/dark cycle. The animals were fed standard pelleted
laboratory diet (Bonagro, Czech Republic), solid food
and water was available ad libitum for control rats (C).
The ethanol group (A group) had free access to 6 % (v/v)
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Table 1

Food, energy and liquid intake, body mass gain, total and relative epididymal adipose tissue mass, fat cell size and serum
parameters

PF A

Food intake (g/day) 26.6+0.5 24.4+0.4%* 22.0+0.3*** 444
Caloric intake (kJ/day) 374+10.1 339+6.0%*:* 33946.0%**
Water/alcohol intake (ml/day) 44.7+0.6 40.9+0.6%** 30.00+0.5%*% 44+
Body mass gain (g) 88.8+6.5 71.0+£3.2% 65.8+3.3%*
Total epididymal fat (g) 7.16£0.5 6.10£0.2* 5.67+£0.2%
Relative epididymal fat (g/100g BW) 0.90+0.05 0.89+0.07 0.72+0.04*
Fat cell size (diameter, um) 64.2+1.0 53.441.0%** 55.5+0.8%**
Serum glucose (mmol/l) 7.4+0.1 7.6x0.1 8.1+0.1%**+
Serum insulin (ng/ml) 3.30+0.2 3.08+0.4 2.98+0.3
NEFA (mmol/l) 0.24+0.03 0.42+0.05* 0.40+0.04*

C-control; PF-pair-fed; A-alcohol-drinking (n=10); BW-body weight, NEFA-nonesterified fatty acids. The data are given as
mean (+SEM). Differences between groups are indicated by: *p<0.05, **p< 0.01, ***p<0.001 (A, PF vs C), *p<0.05, **p<0.001

(A vs PF).

ethanol solution in tap water as the only drinking fluid
for 28 days, while the access to solid food was free. Pair-
fed animals (PF group) were allowed to consume solid
food in the same caloric value as A group had consumed
during the preceding 24 hrs, while water intake was free.
The amount of consumed food and volume of ethanol
solution/water were registered daily. The animals were
sacrificed by decapitation between 8.00-10.00 a.m. and
blood was collected for serum separation. A portion
of epididymal fat removed under sterile condition was
stored at -80 °C. Fresh portion of adipose tissue was
used immediately for fat cell isolation. All protocols
were approved by Animal Care Committee at the Insti-
tute of Experimental Endocrinology SAS (Bratislava,
Slovakia) and National Veterinary Institute of Slovakia
(Bratislava, Slovakia).

Determination of adipocyte size. Adipocytes were
isolated from epididymal fat pads according to Rop-
BELL (1964) by collagenase digestion (Sigma, USA).
Fat cell size (cell diameter) was measured under light
microscope (Reichert, Austria) after staining the cells
with crystal violet.

Serum biochemical analyses. Concentrations of
serum glucose were determined by glucooxidation re-
action system (Super GL, Germany) and insulin level
by radioimmunoassay (Linco, USA). ELISA immu-
noassays were used for determination of serum leptin
(DSLabs, USA), adiponectin (AssayPro, USA) and

resistin (BioVendor, Czech Republic). Non-esterified
fatty acids (NEFA) were determined by the colorimetric
method (RANDOX, UK).

Gene expression. Total RNA was extracted from
150 mg frozen epididymal adipose tissue by RNeasy
Lipid Tissue Mini Kit (QIAGEN, Germany). Double-
stranded cDNA was synthesized by Ready-To-Go You-
Prime First-Strand Beads (Amersham Biosciences,
UK). The reverse transcription products were ampli-
fied by PCR and DyNAzyme II DNA polymerase
(Finnzymes, Finland) with specific primers for leptin,
adiponectin and resistin (Merck, Germany). RT-PCR
products were separated in a 1.5 % (w/v) agarose gel,
stained with ethidium bromide, visualized with SRS
62201 (Ultra-Lum, USA) and quantified by soft-
ware PCBAS 2.08e (Raytest, Germany). Data were
expressed as the ratio of gene transcription level to
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
as internal control.

Statistical evaluation. Data were expressed as mean
+ SEM (n= 10 rats per group). For statistical evaluation
one-way analysis of variance (ANOVA test) followed
by Bonferroni correction of differences between groups
was used (GraphPad Prism 4, USA). Correlations
between adipokine serum concentrations and other
variables were examined by Pearson’s coefficient of
correlation. The values of p<0.05 were considered
statistically significant.
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Results

Food and energy intake. Table 1 shows that alcohol
treated rats consumed less of solid food as control ani-
mals. Total energy intake from solid food and alcohol
was significantly lower than that for controls (~ 10 %
reduction) and this amount was identical for pair fed
rats.

Body mass gain, epididymal adipose tissue mass
and fat cell size. Simultaneously with reduced energy
intake in both A and PF animals, body mass gain, adi-
pose tissue mass (absolute and relative) and fat cell size
were diminished (A and PF vs. C — Table 1).

Serum parameters (Table 1). Alcohol intake (A
group) resulted in a significant increase of glycemia
compared to that of both C and PF group. However,
insulin level in serum was not affected either by al-
cohol intake or by PF feeding. Increased NEFA level
was found in the A group and PF group with restricted
energy intake as compared to controls (C group).

Serum level and mRNA of leptin, adiponectin
and resistin (Fig. 1). Long-time alcohol consumption
resulted in the increase of serum leptin and resistin
as compared to control and pair-fed groups, while
significantly increased serum adiponectin was present
not only in alcohol treated rats, but also in pair fed
group versus controls. Adiponectin gene expression
was significantly higher in epididymal adipose tissue
of both alcohol fed and pair fed rats (versus controls),
while the amount of mRNA for leptin and resistin was
similar in all groups.

Serum leptin of A group positively correlated with
glycemia (r = 0.67, p<0.05) and negatively with fat cell
size (r = -0.63, p<0.05). Serum adiponectin positively
correlated with adiponectin mRNA in A (r = 0.63,
p<0.05) and in PF rats (r =0.80, p<0.01). Serum resis-
tin of A group positively correlated with glycemia (r
= 0.88, p<0.01) and negatively with adipocytes size (r
=-0.61, p<0.05).

Discussion

Chronic alcoholism represents an important socio-
economic problem due to associated serious health
disorders. The disturbances of almost all biological
functions comprise also endocrine system with impaired
hormone gene expression (CoreLLa 2007) and plasma
hormone concentrations (OBrADOVIC and MEADOWS
2002; SzxkupeLski et al. 2004). Hormonal imbalance
contributes to the impairment of overall metabolism and

energy equilibrium (STrRBAK et al. 1998; SzkUDELSsKI et
al. 2004). The extent of changes depends on the amount
of alcohol and duration of the intake. Several studies
have confirmed that excessive alcohol consumption is
associated with glucose intolerance and insulin resist-
ance (OnisHi et al. 2003), while moderate alcohol intake
is considered beneficial for enhancing insulin sensitivity
(Davies et al. 2002; SIERkSMA et al. 2004; BEULENS et
al. 2008) and decreasing the prevalence of metabolic
syndrome (Dsoussk et al. 2004).

The aim of this study was to determine the effect of
chronic intake of moderate alcohol concentration on
the expression and secretion of adipokines involved
in hormonally controlled energy metabolism. To pre-
cisely characterize the effect of alcohol consumption,
the strict control of energy intake was established, e.g.
solid food and alcohol ingested were measured daily. To
discriminate the effect of alcohol itself, we included an
additional control group consisting of pair fed animals
with daily energy intake identical to alcohol consuming
animals on previous day.

Serum alcohol concentration (202 + 33 mg/100 ml)
proved the intake of a medium dose of alcohol (Ya-
MAKAMI et al. 1995; Mixi et al. 2000). It is important
to point out that since 6 % (v/v) alcohol intake sig-
nificantly attenuated solid food intake, the reduction
of energy intake (~ 10 % vs. C) does not represent any
serious starvation (AraI et al. 2004). It seems unam-
biguous that the reduced energy intake in A and PF
rats could rationalize diminished body mass gain, lower
epididymal adipose tissue mass and smaller fat cells (vs.
controls). These characteristics suggest the prevalence
of catabolic processes to cover energy requirements.
The hypothesis is partially proved by doubled serum
NEFA levels in both, A and PF animals (vs. controls)
as a sign of intensified lipolysis.

Here we present serum glucose and insulin concen-
trations to characterize metabolic condition of experi-
mental animals. Significantly elevated glycemia was
present in alcohol treated rats only (vs. both control
and pair fed rats), while identical insulin levels were in
all experimental groups. This combination of glucose
and insulin values provides evidence of alcohol induced
impairment of glucose homeostasis. Leptin is involved
in regulation of glucose homeostasis and lipid metabo-
lism indirectly, via central nervous system (SHEN et al.
2007) and directly, through acting on insulin sensitive
tissues (REiDY and WEBER 2000). Moreover, leptin
in adipose tissue by autocrine mechanism stimulates
lipolysis and inhibits triacylglycerol synthesis (WANG et
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al. 1999; ZHou et al. 1999), while in the liver stimulates
gluconeogenesis and glucose output (Cohen et al. 1996).
Significantly elevated leptin in alcohol treated rats (50
% increase vs. C; 78 % vs PF) clearly demonstrates
that alcohol intake per se is the stimulus for increased
leptinemia. We suppose that elevated leptin by the
central effect contributed to reduced food intake and by
the peripheral effect contributed to elevated glycemia
by: 1. stimulating gluconeogenesis in liver, 2. inhibit-
ing insulin stimulated glucose transport in adipocytes
(Pravpova et al. 2007). The tight relation between leptin
and glycemia in our alcohol treated animals is proved
by the positive correlation between serum leptin and
glucose.

However, in the literature, there is an inconsistency
how alcohol intake modifies leptin levels, since either
elevated (NicoLas et al. 2001; OBraboviC and MEADOWS
2002; SzxupeLski et al. 2004), reduced (CALISSENDORFF
etal. 2004) and even unchanged leptin levels (STRBAK et
al. 1998; Wannamethee et al. 2007; BEULENS et al. 2008)
were observed. Almost all studies are failing the precise
measurement of dietary/energy intake of control/experi-
mental group. This drawback is also distinctive for the
recent human study (BUELENs et al. 2008) describing
that moderate alcohol consumption during three weeks
did not modify leptin and resistin concentrations in lean
and overweight men. The use of pair fed group in our
experiment allowed to distinguish the effects of alcohol
consumption and reduced energy intake. Thus, alcohol
intake in our experimental schedule is characterized by
unambiguously elevated leptin levels.

We failed to find any relation between serum leptin
and leptin gene expression in epididymal adipose tis-
sue. Thus, elevated serum leptin could result from: 1.
increased synthesis and/or secretion from other adipose
tissue locations and additional tissues expressing leptin
(MorasH et al. 1999; Jix et al. 2000) and/or 2. attenuated
leptin degradation.

Adiponectin is unique among adipocyte-derived
hormones in that its circulating concentrations are
inversely proportional to adiposity. While adiponectin
concentrations are unchanged after meal ingestion
(Swarsrick and Haver, 2008), long-term nutritional
status (satiety/malnutrition) and changes in body weight
are main determinants of circulating adiponectin levels
(MErL et al. 2002; Housova et al. 2005). We suppose that
substantial elevation of adiponectin in alcohol treated
rats (doubled) and in pair fed counterparts (above 50 %)
as compared to control ones, is rather specific response
to reduced energy intake then the effect of alcohol inges-

tion. Recently, it was described that moderate alcohol
consumption for three weeks (three glasses of beer
daily) increased adiponectin in lean and overweight man
(BeuLEns et al. 2008). The authors hypothesize elevated
adiponectin as the benefit for the improvement of insulin
sensitivity in subjects under observation. Actually, we
do not reject the above role of elevated adiponectin, as
our experimental animals with local insulin resistance
in isolated adipocytes do not demonstrate in vivo insulin
resistance as expressed by HOMA, Quicki and McAuley
indexes (Pravbova et al. 2007). It is rather possible that
elevated adiponectin with beneficial effects on insulin
sensitivity eliminated opposite effects of leptin and
resistin (see further).

In parallel with elevated adiponectin levels (in A and
PF), increased expression of adiponectin gene in epidi-
dymal adipose tissue was present. As adiponectin is pro-
duced exclusively in adipocytes, unambiguous positive
correlation between these parameters was confirmed for
A and PF animals.

Resistin induces insulin resistance in peripheral
tissues thus acting mainly in an opposite way than adi-
ponectin. Moreover the latest observations have shown,
that central resistin downregulates mRINA expression
of NPY (Vazquez et al. 2008), and inhibits food intake
(Cirant et al. 2009). Elevated resistin in our alcohol
treated rats (vs. both, control and pair-fed rats) clearly
demonstrated the effect of alcohol intake per se and
not the effect of caloric intake restriction. In addition to
affecting food intake, elevated resistin could participate
in mechanism(s) for impaired glucose homeostasis in
these rats (Pravbova et al. 2007), the association is
proved by positive correlation between serum resistin
and serum glucose. Since the main sources of resistin
are monocytes and macrophages (BokaReEwa et al.
2005), it appears most likely why we failed to detect
any changes in resistin gene expression in epididymal
adipose tissue.

Our model of chronic alcohol intake was not ac-
companied by any serious liver injury (for details see
PravDOVA et al. 2007).

The finding of the present study give the evidence
of altered endocrine activity of adipose tissue due to
moderate alcohol intake. Of particular note are the
elevated serum levels of leptin and resistin involved
in reduced food intake and participating in impaired
glucose homeostasis. Increased serum adiponectin most
likely reflects only extended deficiency of energy intake
and by insulin sensitizing effect neutralizes opposite
effects of leptin and resistin.
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Gene expression for leptin and resistin is not altered of moderate alcohol intake on adipokines production

and did not correspond to respective serum levels. and secretion.

Only serum adiponectin was simultaneously elevated

with increased gene expression. The addition of sec- Acknowledgements
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