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Effect of subchronic ethanol treatment on plasma and cerebrospinal fluid
leptin levels in rats selectively bred for high and low alcohol preference.
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The effect of 5-week voluntary ethanol (EtOH) intake on plasma and
cerebrospinal fluid (CSF) leptin levels was determined in adult male Warsaw
high EtOH preferring (WHP) and low preferring (WLP) rats. EtOH treat-
ment led to a decrease in leptin CSF concentration in WHP rats when com-
pared to EtOH-naive WHP and control Wistar rats. On the contrary, in
EtOH-treated WLP rats, both plasma and CSF leptin levels were increased in
comparison with EtOH-naive animals. It can be concluded that EtOH treat-
ment led to different response expressed especially by CSF leptin levels in
WHP and WLP animals and it may be related to their genetic predisposition.
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Abbreviations: ANOVA – analysis of variance,
CR – control rats, CSF – cerebrospinal fluid, EIA –
Enzyme Immunometric Assay, EtOH – ethanol,
NPY – neuropeptide Y, SEM – standard error of
mean, WHP – Warsaw ethanol high preferring rats,
WLP – Warsaw ethanol low preferring rats.

INTRODUCTION

Leptin is a cytokine-type peptide hormone pro-
duced mainly in fat tissue, which affects food in-
take, body weight, neuroendocrine status and ther-
mogenesis (for review see [11]). It is known that
after secretion into bloodstream, leptin can enter
the mediobasal hypothalamus directly and may be
transported across the choroid plexus into cerebro-
spinal fluid (CSF) [14]. It has been shown that
leptin can alter gene expression of corticotropin-
-releasing hormone and pro-opiomelanocortin in
the hypothalamus, suggesting a role of both in the
regulation of the stress hormone axis and, possibly,
in the endorphinergic modulation of reward system
(for review see [10]). Moreover, the interactions
between leptin and the other neuropeptide systems
involved in the regulation of appetite as neuropep-
tide Y (NPY) have been postulated [15]. Since, it is
sometimes suggested that NPY could be involved
in addictive processes [7, 9, 19], therefore the study
on prevalence and significance of circulating leptin
levels seems to be important for better understand-
ing the processes observed during alcoholism.

However, the results of research into the effects
of chronic ethanol (EtOH) administration on leptin
levels often led to contradictory conclusions. In
animals studies, it was found that 4-week oral 10%
EtOH treatment (when tap-water was replaced by
EtOH solution) led to lowering of food intake and
inhibited the body growth in male Wistar rats with-
out influence on plasma leptin level [18]. Similarly,
1-year intragastric EtOH administration (2 g/kg/day)
did not change the serum leptin level and body
mass in female rhesus monkeys [2]. In addition,
64-day EtOH treatment with liquid diet led to an
increase in serum leptin levels in male rats, whereas
it remained unaltered in female animals [20]. On
the contrary, 5-day treatment with liquid diet sup-
plemented with 5% EtOH in which EtOH provided
36% of total calories lowered serum leptin level in
24 days old female rats; the body growth was also
inhibited [8]. Moreover, 10-day leptin (1 mg/kg, ip)

treatment led to the enhancement of motivation for
alcohol consumption in habituated mice after EtOH
withdrawal [13].

In humans, the multiple regression analysis re-
vealed the association of leptin levels with cigarette
smoking, EtOH use and physical activity and espe-
cially EtOH drinking habit contributed in addictive
fashion to reduce leptin levels among women [3].
On the other hand, using also the multivariate
analysis, it was shown that leptin levels increased
in a dose-dependent manner in chronic alcoholism,
regardless of nutritional status or liver disease [17].
Moreover, there is evidence that increased leptin
plasma levels may be involved in withdrawal-
induced alcohol craving [12].

Since the different results may be attributed to
different methods or species used in each study, in-
cluding the amounts and duration of EtOH treat-
ment, therefore the aim of this study was to intro-
duce the two groups of rats differing in EtOH
drinking behavior and assess leptin levels in pla-
sma and CSF after 5-week voluntary EtOH drink-
ing period.

MATERIALS and METHODS

Animals

The experiments were performed on Warsaw
high preferring (WHP, n = 6) and Warsaw low pre-
ferring (WLP, n = 6) lines of adult male Wistar rats
of 17th generation (approximately 9 months old)
housed individually in their home cages, and pre-
sented with a free choice paradigm (24 h access to
two bottles) between tap water and EtOH solution
(12% (w/w) solution) for 37 days. Additionally,
EtOH-naive WHP (n = 6) and WLP (n = 6) rats and
adult (pair-aged) outbred Wistar control rats (CR) –
(n = 7) housed also individually in their home cages
were presented with free access to tap water during
the whole experimental period. All rats were kept
on a reversed 12/12 h night/day cycle (light 19:00–
–7:00) under constant ambient conditions (20 ±
2°C, relative humidity – 65%) and had free access
to standard laboratory diet (pellets-Labofeed B –
Feeds and Concentrates Production Plant, Poland).

The EtOH and water intake (ml) was measured
every day for individual rats. The volumes of EtOH
intake was converted to a value in g/kg/24 h and
expressed as a mean ± SEM for the group during
the last week of EtOH treatment. Similarly, the to-
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tal fluid intake (sum of water and EtOH solution in-
take) was also expressed as values in ml/kg/24 h
for the groups during the last week of EtOH treat-
ment. Preference (in %) was calculated as a ratio of
the amount of EtOH consumed (ml/kg/24 h)/total
fluid intake (ml/kg/24 h) × 100. The body weight of
animals was determined after the experiment.

Cerebrospinal fluid and plasma samples

On day 37 of the experiment (between 9:00–
–14:00) all animals were anesthetized with ure-
thane (20% solution) at a dose of 0.9 g/kg, ip. Next,
the rats were placed in a stereotaxic apparatus and
400 �l of CSF was aspirated. The rats were then
killed by decapitation and blood samples (1000 �l)
collected from heart to heparinized tubes were cen-
trifuged at 4500 rpm for 15 min at 4°C. CSF and
clear plasma supernatant samples were then stored
at –25°C until measurement of leptin level.

Leptin assays

Leptin levels in CSF and plasma were measured
using Enzyme Immunometric Assay Kit (Correla-
te-EIA4�-kit) for rat leptin from Assay Design,
Inc. (Ann Arbor, MI, USA). Briefly, this kit uses
polyclonal antibody to leptin immobilized on a mi-
crotriter plate to bind leptin in the sample. The sen-
sitivity limit of assay was 41 pg/ml, the intra-assay
variation was less than 14% and inter-assay varia-
tion was less than 11%.

Statistical analysis

All values were expressed as means ± SEM
(n is the number of rats included in each analysis).
The statistical comparison of results was carried

out using one-way analysis of variance (ANOVA)
followed by Duncan’s test to analyze the total fluid
consumption and leptin levels in cases when F
ratios reached significance (p < 0.05). Unpaired
Student’s t-test was used for EtOH intake data
analysis.

RESULTS

Body weight and drinking behavior of WHP,
WLP rats after 37 days of voluntary EtOH intake
and in CR rats are shown in Table 1. Our results
show that the animals used in this study differ in
EtOH intake, since WHP rats consumed signifi-
cantly more EtOH than corresponding WLP rats
(p < 0.05). The animals of WHP line showed also
higher EtOH preference as compared with WLP
group (p < 0.05) (Tab. 1).

The total fluid intake was slightly higher in
EtOH-naive WHP rats, however the differences in
this parameter between all animals were statisti-
cally non-significant (one-way ANOVA: F(4,26) =
0.53; p > 0.1) (Tab. 1). EtOH-treated WHP rats
showed lower body mass, but there were no statisti-
cally significant differences between body weight
of all rats, measured after the experiment (ANOVA:
F(4,26) = 0.99; p > 0.1) (Tab. 1).

The results of influence of EtOH treatment on
leptin levels in plasma of WHP, WLP and CR are
shown in Figure 1. It was found that the animals
bred for voluntary EtOH drinking differed in pla-
sma leptin level (ANOVA: F(4,26) = 4.25; p < 0.01).
However, further analysis using Duncan’s post-hoc
test revealed that lower leptin contents were only
found in EtOH-naive WLP animals when com-
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pared with CR (p < 0.01). Moreover, there were
statistically significant differences between EtOH-
-naive WLP and EtOH-naive WHP animals (p <
0.05), and between EtOH-naive WLP and EtOH-
-treated WLP rats (p < 0.05). The EtOH treatment
led to lowering of plasma leptin levels in WHP rats,

but the effect was statistically non-significant in
comparison with EtOH-naive WHP animals (p >
0.1), EtOH-treated WLP rats (p > 0.1) or CR group
(p > 0.1).

The animals bred for voluntary EtOH drinking
differed also in CSF leptin levels (ANOVA:
F(4,26) = 8.13; p < 0.001) (Fig. 2), since all these
rats had lower leptin contents, but, when compared
to CR, the statistically significant effects were
found in EtOH-naive WLP (p < 0.01) and in both
the groups of EtOH-treated animals (WLP – p <
0.05, WHP – p < 0.01). Detailed analysis revealed
that leptin CSF concentration was lower in EtOH-
-naive WLP rats in comparison to EtOH-naive
WHP group (p < 0.05), whereas the opposite effect
was found in EtOH-treated animals (p < 0.05).
Moreover, EtOH treatment led to a decrease in CSF
leptin levels in WHP animals (p < 0.01), however,
in WLP rats the increase in leptin CSF concentra-
tion after EtOH voluntary intake was observed in
comparison to EtOH-naive WLP group (p < 0.05).
It needs to be emphasized that the lowest values of
CSF leptin levels were found in EtOH-treated
WHP rats.

DISCUSSION

Due to the fact that gender may be a factor
which can influence the effects of EtOH treatment
on leptin levels both in experimental and human
studies [2, 3, 8, 18, 20], therefore this study was
performed using only male subjects.

The two groups of rats differing in voluntary
EtOH intake were used, and the observed differ-
ences were in line with our previous report show-
ing similar alcohol drinking behavior [6]. With re-
spect to drinking pattern in the investigated rats, it
was found that there were no statistically signifi-
cant differences in daily total fluid intake or body
mass after 5 weeks of the experiment, therefore it
can be concluded that the animals used in our study
were not dehydrated and probably not undernou-
rished.

Results of this study showed that the EtOH
treatment led to different response expressed espe-
cially by CSF leptin levels in WHP and WLP ani-
mals, since leptin concentration was increased in
WLP group and decreased in WHP rats after 5-week
EtOH intake. On the basis of our data, it is difficult
to directly explain the nature of such phenomena.
However, our previous studies indicated that after
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chronic EtOH treatment the inbred WHP and WLP
lines differed in many symptoms, such as sucrose
drinking behavior [4], the duration of EtOH-indu-
ced sleep and monoamine concentration in the cho-
sen parts of the brain [5] or changes in the distribu-
tion of lymphocyte subsets [16]. Therefore, we hy-
pothesize that the observed differences in leptin
levels in both EtOH-treated groups are produced by
EtOH per se, however to our knowledge, the
mechanism by which EtOH alters plasma and CSF
leptin levels is not known.

It needs to be emphasized that EtOH was freely
available during the experiment and, therefore, pos-
sible symptoms of withdrawal state in our EtOH-
-treated rats can be excluded. Since it is known, as
it was mentioned earlier, that the increased plasma
leptin levels may be involved in withdrawal-
induced alcohol craving [12] and exogenous leptin
treatment led to the enhancement of motivation for
alcohol consumption in habituated mice after EtOH
withdrawal [13], therefore, it can be speculated that
during continuous availability of EtOH, the leptin
levels decrease in subjects with alcoholic predispo-
sition as it was observed in our EtOH-treated WHP
group. On the other hand, in another study, gener-
ally no EtOH influence on plasma leptin levels was
observed in male animals [18]. This discrepancy
may be due to the fact that the above-cited experi-
ment was performed using outbred animals and
EtOH was given instead of tap water. However, to
validate the hypothesis whether the influence of
EtOH treatment on leptin levels differs in outbred
and inbred rats, further studies should be performed
using selected ‘preferring’ outbred animals after
voluntary EtOH intake.

The observed differences between EtOH-naive
WHP and WLP rats in plasma and CSF leptin
levels are difficult to explain. However, it is known
that EtOH-naive ’preferring’ rats differ in NPY
levels in several part of the brain when compared
with respective ’non-preferring’ animals [7, 9] and
these differences between animals selectively bred
for EtOH preference are associated with different
expression of NPY gene [1, 19]. Since, the linkage
between NPY and leptin function is sometimes
postulated [15], therefore, it can be speculated that
our results may be a manifestation of the above-
mentioned relationship.

It can be concluded that EtOH treatment led to
different response in WHP and WLP animals, ex-

pressed especially by CSF leptin levels, and it may
be related to their genetic predisposition. However,
further investigations are needed to answer ques-
tions regarding the effects of chronic EtOH intake
on leptin levels, leptin receptor parameters and on
other neuropeptide systems coupled with leptin
function, which are involved in the regulation of
appetite and/or reward.
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