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A., HIOKI, C., WAKABAYASHI, Y., SATOMI, Y., NISHIMURA, A., FUKUDA, F., HORI, M., 
YOKOYAMA, C. and YOSHIDA, T.  Effects of Ethanol on the Induction of Uncoupling 
Protein-1 (UCP1) mRNA in the Mouse Brown Adipose Tissue.  Tohoku J. Exp. Med., 
2004, 204 (1), 45-51 ── Expression of uncoupling protein-1 (UCP1) is increased by 
cold acclimation and overfeeding, and reduced in fasting and genetic obesity.  It is 
known that the mitochondrial UCP1 in the brown adipose tissue (BAT) is an impor-
tant key molecule for non-shivering thermogenesis.  On the other hand, ethanol 
(EtOH) alters thermoregulation in humans and laboratory animals.  However, the re-
lationship between EtOH intake and UCP1 expression is not yet clear.  Accordingly, 
the present study employed the technique of real-time quantitative polymerase-chain 
reaction (PCR) to investigate the effects of EtOH (0.5 or 2.0 g/kg) on the expression 
of UCP1 mRNA in the mouse BAT.  Control mice were injected with the same vol-
ume of physiological saline intraperitoneally (IP).  IP injection of EtOH (0.5 g/kg) 
caused a decrease and an increase of the expression of BAT UCP1 mRNA at 1 and 4 
hours, respectively.  Treatment with EtOH (2.0 g/kg) caused an increases of the ex-
pression of BAT UCP1 mRNA at both 2 and 4 hours.  BAT UCP1 mRNA levels in 
both groups increased at 4 hours after EtOH administration.  The levels of UCP1 
mRNA returned to the control levels by 8 hours after EtOH administration.  The ex-
pression of BAT UCP1 mRNA was upregulated following EtOH administration, al-
though a lower dose of EtOH initially reduced the expression of UCP1 mRNA in 
BAT.  These findings suggest that EtOH-induced UCP1 mRNA expression in BAT 
reflects an alteration of the set point of thermogenesis. ──── uncoupling protein; 
ethanol; brown adipose tissue; mouse
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matory behavior.  This behabior is influenced by 
the release of 5-HT, dopamine and other neu-
rotransmitters in the CNS, especially the sympa-
thetic nervous systems.

Non-shivering thermogenesis associated 
with the UCP is a major component of energy ex-
penditure to control body weight and lipid metab-
olism in rodents (Nicholls and Locke 1984).  A 
better knowledge of UCP1 expression and its re-
lationship to alcohol consumption could be very 
important for achieving the satiety of pharmaco-
logical sites for obesity treatment, and for the 
treatment of alcoholic disorders (Cannon and 
Nedergaad 2004).  These findings suggest some 
linkage between EtOH-induced hypothermia and 
eating disorders.  However, they did not show any 
causal relationship between the effect of EtOH on 
thermoregulation and feeding behavior.  In the 
present study, we investigated whether EtOH 
acutely alters the expression of the UCP mRNA in 
the BAT of mice.

MATERIALS AND METHODS

A total of 90 male ICR mice were obtained 
from Clea Japan (Osaka) at 8 weeks of age and 
were housed in plastic cages at 22±2°C with a 12 
hour light-dark cycle and free access to laboratory 
food (CE-2, Clea Japan) and tap water.

Animal care and experimental procedures 
were approved by the Animal Care Committee of 
Kyoto Prefectural University of Medicine.  
Animals were divided into two experimental 
groups and a control group.  Mice group were in-
jected intraperitoneally (IP) with 0.5 g/kg of 
EtOH (10%[v/v]), or 2.0 g/kg of EtOH (20% 
[v/v]).  The control group was injected with phys-
iological saline of the same volume.

After the administration of EtOH, the mice 
were killed by cervical dislocation at 0.5, 1.0, 2.0, 
4.0, 8.0 and 16 hours.  Interscapular BAT was re-
moved rapidly and frozen in liquid nitrogen for 
real-time quantitative reverse transcription-poly-
merase chain reaction (RT-PCR) analysis (Kogure 
et al. 2002a).

Total RNA was extracted from 0.1-0.3 g of 

Thermogenesis depends on the action of un-
coupling protein (UCP), a protein located in the 
inner membrane of mitochondria in the brown ad-
ipose tissue (BAT) (Horvath et al. 2002).  UCP1 
dissipates heat through the electrochemical gradi-
ents generated by respiratory activity (Cannon 
and Nedergaard 2004).  Other uncoupling pro-
teins, called UCP2 and UCP3, with high homolo-
gy to the UCP1, have been discovered (Boss et al. 
1997).  UCP2 and UCP3 are also found in the 
BAT.  UCP1 mainly controls thermoregulation in 
the BAT (Boss et al. 1997; Cinti et al. 2002).

Forensic studies have suggested a link be-
tween ethanol (EtOH) consumption and an im-
pairment of thermoregulation (Hirvonen 1976).  
EtOH has been shown to produce a reduction in 
body temperature in humans and animals (Kalant 
and Le 1984; Alkana et al. 1996).  EtOH generally 
lowers body temperature at normal ambient tem-
perature.  Also, it is well documented that neurons 
in the hypothalamic nuclei play a major role in in-
tegrating the various thermal inputs (Boulant et 
al. 1989).  Changes in the releases of EtOH-
induced serotonin (5-HT) and norepinephrine in 
this sympathetic nerve area have been implicated 
in possible mechanisms for the thermal regulation 
(Huttunen et al. 1988).

The effects of acute IP administration of 
EtOH on the extracellular concentrations of dopa-
mine and 5-HT in the nucleus accumbens and the 
central amygdala of rats were studied using in 
vivo microdialysis coupled with the HPLC elec-
trochemical detection procedure.  EtOH increases 
the release of both dopamine and 5-HT in the 
CNS (Yoshimoto et al. 1991, 2003).  Recently, a 
selective 5-HT2c receptor agonist, 1-(3-chrolophe-
nyl) piperazine (mCPP), has been shown to lower 
food intake, reduce body weight, and accelerate 
the appearance of the behavioral satiety sequence 
(Vickers et al. 2003).  Additionally, administration 
of mCPP reduced the time of EtOH-withdrawal 
(Rezazadeh et al. 1993).  These findings suggest 
that the 5-HT2c receptor function is related to the 
development of alcohol dependence, alcohol 
drinking and eating disorders, so-called consum-
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tissue using Sepazol-RNA I super (Nacalai Co., 
Kyoto).  Total RNA (2 μg) was denatured at 80°C 
for 5 minutes, cooled immediately and reverse-
transcribed using 100 units of Molony murine 
leukemia virus reverse transcriptase (Gibco BRL), 
50 pmol of poly (dT) primer and 20 nmol of 
dNTPs  in a total volume of 20 μ l at 37°C for 1 
hour.

Real-time quantitative PCR was performed 
in a fluorescence temperature cycler (LightCycler 
TM, Roche Diagnostics GmbH, Mannheim, 
Germany), with 6 μ l of reaction mixture contain-
ing 3 mmol/liter MgCl, 50 mmol/liter Tris HCl 
(pH 8.3), 500 ng/μ liter bovine serum albumin, 
200 μmol/liter each dNTP, 1 :30 000 dilution of 
SYBR Green I, 5 umol/liter each primer, 0.05 U/μ l 
Taq DNA polymerase, 11 ng/μ l TaqStart TM anti-
body (Clontech Laboratory, Palo Alto, CA, USA) 
and a template (Morrison et al. 1998).

Amplification was carried out using three-
cycle procedure (denaturation, 95°C, 1 second, 
ramp rate 20°C/second; annealing 60°C, 10 sec-
onds ramp rate 20°C/second; and extension 72°C, 
26 seconds, ramp rate 2°C/second) for 40 cycles.  
The fluorescence signal was plotted against the 
cycle number for all samples and external stan-
dards.

Table 1 lists the primers used in the present 
study, and their predicted product length.  Some 
amplificat ion products  performed in  the 
LightCycler were checked by electrophoresis of 
1.5% ethidium bromide-stained agarose gels.  The 
estimated size of the amplified fragments matched 
the calculated size for UCP1 (197bp) and β -actin 
(584 bp), in all cases.

All data are expressed as the means±S.E.M.  
Statistical significance was evaluated using an 
analysis of variance (ANOVA) or Student’s t-test, 
using Stat View 5.0 (SAS Institute, Cary, NC, 
USA). 

RESULTS AND DISCUSSION

The time course of the induction of UCP1 
mRNA showed significant changes following by 
t h e  t r e a t m e n t  o f  E t O H  ( 0 . 5  g / k g  i . p . )  
(F[6,45]=6.228, p<0.001).  UCP1 mRNA in the 
0.5 g/kg EtOH treatment group showed the maxi-
mum reduction 1 hour after EtOH administration, 
compared with the UCP1 mRNA levels of the 
control group (p<0.01).  Thereafter, the levels of 
UCP1 mRNA increased rapidly and reached a 
maximum (p<0.05).  It then returned to the levels 
of the control group after 8 hours (Fig. 1).

On the other hand, the UCP1 mRNA level in 
the 2.0 g/kg EtOH treatment groups was not dif-
ferent from that in the control group one hour af-
ter the administration.  The level of UCP1 mRNA 
increased significantly at 2 hours after EtOH ad-
ministration, and showed a maximum increase in 
the BAT at 4 hours (p<0.01) (F[6,43]= 3.102, 
p<0.005).  The increased levels of UCP1 mRNA 
returned to the basal level at 8 hours (Fig. 2).  
There was no significant difference in body 
weight or BAT weight among the mice treated 
with either EtOH or physiological saline (data not 
shown).

Based on the data in Figs. 1 and 2, the rela-
tive changes of the mRNA levels of UCP1 in the 
BAT are shown in Fig. 3.  The lower dose of 
EtOH (0.5 g/kg IP) caused a reduction in the level 

TABLE 1  Primer sets used for real time PCR

GenBank Sequence Position Expected size (bp)

  β-actin X63672 Forward ATG AAG ATC CTG ACC GAG GGT 568-588 584
Reverse AAC GCA GCT CAG TAA CAG TCC G 1128-1151

  UCP1 U63418 Forward GTG AAG GTC AGA ATG CAA GC 409-428 197

Reverse AGG GCC CCC TTC ATG AGG TC 586-605
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of UCP1 mRNA at one hour, and the level there-
after returned to the control basal level.  The high 
dose of EtOH (2.0 g/kg i.p.) caused an increase in 
the level of UCP1 mRNA at two hours.  Two 
hours after administration, the levels of UCP1 
mRNA in both treatment groups showed the same 
remarkable pattern of the change of the UCP1 
mRNA level.

It is commonly believed that EtOH impairs 
thermoregulatory mechanisms and also lowers the 
hypothermic set point for body temperature con-
trol.  This effect of EtOH in the CNS results in an 
alteration of the induction of UCP1 mRNA in the 
peripheral area, BAT.  It is hypothesized that lev-
els of UCP1 mRNA may reflect the response to 
the sympathetic nervous system in the hypothala-
mus.

BAT is essential for non-shivering thermo-
genesis, and appears to be a site for an adaptive 
response to cold acclimation-recruited norepi-
nephrine-induced thermogenesis.  It transfers en-
ergy from food into heat and plays a crucial role 
in the energy balance by dissipating excess energy 

Fig. 1.  Real-time quantitative RT-PCR analysis of 
uncoupling protein 1(UCP1) mRNA of inter-
scapular brown adipose tissue (BAT).  Mice 
were treated with EtOH (0.5 g/kg i.p.) or phys-
iological saline (Control), respectively.  Values 
are means±S.E.M. for 6-10 ICR mice at each 
time.  *p<0.05 and **p<0.01 are compared with 
the control group (0 hour).

Fig. 2.  Real-time quantitative RT-PCR analysis of 
uncoupling protein 1(UCP1) mRNA of inter-
scapular brown adipose tissue (BAT).  Mice 
were treated with EtOH (2.0 g/kg i.p.) or phys-
iological saline, respectively.  Values are means
±S.E.M. for 6-8 ICR mice at each time.  **p<0.01 
is compared with the control group (0 hour).

Fig. 3.  Time course of relative changes in the in-
duction of uncoupling protein 1 (UCP1) 
mRNA with the real-time quantitative RT-PCR 
analysis.  *p<0.05 and **p<0.01 are compared 
with the control group (0 hour), ap<0.05 and 
bp<0.01 are compared with the EtOH (0.5 
g/kg)-treated group (open circles).  Open 
squares indicate the changes in mice treated 
with EtOH (2.0 g/kg).
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intake as heat (Himms-Hagen 1989).  Information 
on body temperature, feeding state, and body en-
ergy reserves is coordinated in an area of the 
brain, the so-called ventromedial hypothalamic 
nucleus (Ricquier et al. 1986).  Increases in the 
rate of food combustion that decrease metabolic 
efficiency, or increases in the rate of heat produc-
tion, are stimulated by the released transmitter 
norepinephrine via β -adrenergic receptors, espe-
cially β 3 subtype (Yoshida et al. 1991; Cannon 
and Nedergaard 2004).

In the present study, UCP1 m RNA levels 
decreased significantly at 1 hour after the admin-
istration of the lower dose of EtOH (Fig. 1).  A 
gradual decrease in the level of UCP1 mRNA was 
also observed at one hour in the higher-dose 
EtOH group (Fig. 2).  Next, a rapid and signifi-
cant increase in the level of UCP1 mRNA was 
observed at 4 hours (Figs. 1, 2 and 3).  Similar 
rapid changes of UCP were reported in rats ex-
posed to the cold (Ricquier et al. 1986).  These 
findings may indicate that the set point of thermo-
regulation occurs at an early stage in the EtOH-
exposed animals.  Le et al. (1981) reported that 
the maximum reduction in rectal temperature usu-
ally occurs at about 30-60 minutes after EtOH ad-
ministration.  The reduction of the UCP1 mRNA 
levels in the present study is consistent with the 
changes in body temperature due to hypothermia, 
as shown in animal models.

Furthermore, administration of 0.5 g/kg 
EtOH caused more marked changes in the levels 
of UCP1 mRNA than administration of 2.0 g/kg 
EtOH (Fig. 3).  This finding is also consistent 
with the fact that a dose of 0.5 g/kg EtOH lowers 
rectal temperatures (Lomax et al. 1980).  Small 
doses of EtOH affect the function of UCP, which 
regulates cellular energy homeostasis by promot-
ing energy dissipation as heat, and may alter the 
hypothalamic set point for thermoregulation.  
Such a remarkable change of the induction of 
BAT UCP1 mRNA suggests an effect at the tran-
scriptional level of UCP genes, but it is still not 
clearly understood.

In this study, 0.5 g/kg EtOH-treated mice 

showed a more marked decrease in the level of 
UCP1 mRNA than 2.0 g/kg EtOH-treated treated 
mice (Figs. 1, 2 and 3).  BAT thermogenetic ca-
pacity was reduced in mice offered only 10% (v/v) 
EtOH for 10 days as voluntary drinking fluid 
(Muralidhara and Desauntels 1996).  Light to 
moderate EtOH intake influences thermoregula-
tion through UCP1 mRNA expression (Huttunen 
et al. 1998).  Following i.p. injection of subhyp-
notic or hypnotic EtOH doses, the maximum hy-
pothermia occurs around 30-60 minutes post in-
jection and can last for more than 2 hours 
(Malcolm and Alkana 1981).  The effect of EtOH 
on core temperature depends on the time of the 
measurement with respect to EtOH adminstration 
(O’Conner et al. 1989).

After a single EtOH administration, the 
changes of the expression of BAT UCP1 mRNA  
depend on the EtOH absorption.  On the other 
hand, increases of UCP1 mRNA levels may re-
flect the effects of EtOH metabolites, acetalde-
hyde and acetate, and EtOH elimination at late 
times.  Furthermore, alcohol ingestion induces the 
mitochondrial cytochrome oxidative capactiy of 
the BAT in the rat (Huttunen and Kortelainen 
1988).  These findings raise a question about 
whether the mechanism of EtOH-induced changes 
in UCP function is directly or indirectly related to 
the BAT with a U-shaped pattern; however, we 
are unable to clearly explain this discrepancy 
based on the present study.

Recently, a 5-HT1 receptor agonist, 8-OH-
DPAT, was shown to cause a reversal of the 
leptin-evoked stimulation of the BAT sympathetic 
nerve activity and thermogenesis (Morrison 
2004).  We previously reported that ethanol-in-
duced 5-HT release in the nucleus accumbens 
could be suppressed with the administration of 
8-OH-DPAT (Yoshimoto et al. 1991).  EtOH-
induced UCP1 mRNA expression, which influ-
ences thermogenesis, is associated with the hyper-
polarization of local sympathetic premotor 
neurons, via the 5-HT1A autoreceptor mechanism 
in the CNS, possibly in the ventromedial hypo-
thalamus.
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Furthermore, the selective 5-HT2C serotonin 
receptor agonist 1-(3-chlorophenyl) piperazine 
(mCPP) has been reported to lower food intake 
and reduce the body weight by regulating energy 
dissipation (Vickers et al. 2003) and to act as a 
5-HT releaser itself (Bauman et al. 2001).  It may 
be suggested that a rapid increase of the induction 
of UCP1 mRNA in the BAT is associated with the 
activation of 5HT1A and/or 5HT2C receptors fol-
lowing the EtOH-induced 5-HT releases in the 
hypothalamus.  A β3-adrenergic receptor agonist, 
CL 316243, up-regulates BAT UCP1 mRNA ex-
pression or thermogenesis and reduces the body 
weight in mice (Kogure et al. 2002b).  A possible 
explanation is that EtOH-induced release of nor-
epinephrine and 5-HT in the hypothalamus acti-
vates the expression of the UCP1 gene in the BAT 
through the sympathetic nervous system.

In conclusion, the mRNA levels of BAT 
UCP1 increased following EtOH administration, 
although lower EtOH dose initially caused a de-
crease of the expression of BAT UCP1 mRNA.  
This suggests that the set point of thermogenesis 
and/or eating disorders are related to the EtOH-
induced UCP1 mRNA levels.
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