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Abstract

Thyrotropin-releasing hormone (TRH) is a hypothalamic signal in the hypothalamic–pituitary–thyroid (HPT) axis, and is well known as a
hyperthermic hormone in the brain of chicks. The thermogenetic effect leads to the hypothesis that central TRH increases heat production (HP) in
chicks. The purpose of the present study was to clarify whether central TRH affects HP of neonatal chicks, and if such an effect is mediated by
corticotropin-releasing factor (CRF) since the thermogenetic effect of TRH is mediated by CRF. Intracerebroventricular (ICV) injection of TRH
(14 and 55 nmol) dose-dependently increased oxygen consumption, carbon dioxide production and HP, and a similar effect was also observed with
CRF (2.1 and 21 pmol). The TRH-induced increase in HP could not be attenuated by astressin, a CRF receptor antagonist, while the effect of CRF
was completely diminished by astressin. The present study demonstrates that central TRH increases HP in chicks but the effect was not related to
CRF.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Thyrotropin-releasing hormone (TRH) is well known as a
hypothalamic signal of the hypothalamic-pituitary-thyroid
(HPT) axis. It causes not only a stimulation of thyrotrophic
hormone secretion, but also appears to act in thermoregulation
(Metcalf, 1974), locomotor activity (Lin et al., 1983) and
prolactin secretion (Collu et al., 1976; Ikegami et al., 1992) in
mammals. In addition, intracerebroventricular (ICV) injection
of TRH altered heat production (HP) of rats (Lin et al., 1980)
demonstrating that central TRH is involved in the regulation of
energy expenditure in mammals.

ICV injection of TRH induces hyperthermia in chicks
(Takahashi et al., 2005) as well as mammals (Metcalf, 1974).
In addition to the thermogenetic effect, TRH increases
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respiratory rate and locomotion activity in chicks (Nisticò et
al., 1978). These facts lead to the hypothesis that central TRH is
involved in the regulation of energy expenditure in chicks as in
mammals. However, there are no reports that investigated the
effect of TRH on HP in neonatal chicks.

Although ICV injection of TRH showed the thermogenetic
effect in neonatal chicks, the plasma thyroid hormone levels
were not stimulated by the injection of TRH (Takahashi et al.,
2005). Furthermore, peripherally administered thyroid hor-
mones did not enhance body temperature (Takahashi et al.,
2005). These results suggest that the effects of ICV-injected
TRH are not related to thyroid hormones. If central TRH in-
creases energy expenditure in neonatal chicks, this effect would
be mediated by thyroid hormones-independent pathways.

We recently reported that ICV injection of corticotropin-
releasing factor (CRF), a hypothalamic signal of the
hypothalamic–pituitary–adrenal (HPA) axis, also induces ther-
mogenesis in neonatal chicks (Tachibana et al., 2004) and that
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some of the actions of TRH in the brain are mediated by CRF
(Takahashi et al., 2005). Furthermore, TRH-induced thermo-
genesis was completely abolished by the CRF receptor
antagonist astressin (Takahashi et al., 2005), suggesting that
CRF contributes to the TRH-induced thermogenesis. These
results imply that CRF is involved in the regulation of energy
expenditure in neonatal chicks and mediates the effect of
TRH.

The purpose of the present study was to investigate the effect
of ICV injection of TRH on HP in chicks using an open-circuit
calorimeter system. Whether the effect of TRH on energy ex-
penditure is mediated by CRF was also determined.

2. Materials and methods

2.1. Animals

Day-old male layer chicks were purchased from a local
hatchery (Murata Hatchery, Fukuoka Japan) and kept in a room
at 30 °C under continuous lighting. The birds were allowed free
access to a commercial diet (Toyohashi Feeds and Mill, Aichi,
Japan), and water except as noted elsewhere. All experimental
procedures were performed according to the National Research
Council publication, Guide for Care and Use of Laboratory
Animals and the guidance for Experiments in the Faculty of
Agriculture and in the Graduate Course of Kyushu University
and the Law (No. 105) and Notification (No. 6) of the Japanese
Government.

2.2. ICV injection

TRH, ovine CRF (both purchased from Peptide Institute,
Osaka, Japan) and astressin (Sigma Chemical CO., USA) were
dissolved in a 0.1% Evans Blue solution prepared in saline. The
control group was injected with the same volume of this Evans
Blue solution. The ICV injection was conducted according to the
method of Davis et al. (1979). This method is not stressful for
chicks since the ICV injection of saline solution, which was used
as the control, did not affect feeding behavior (Furuse et al.,
1999) or corticosterone release (Saito et al., 2005) when
compared with intact chicks without injections. The injection
volume was 10 μl in all experiments. At the end of each experi-
ment, chicks were sacrificed with an intraperitoneal overdose of
sodium pentobarbital. Confirmation of drug injection was made
by observation of the presence of Evans Blue dye in the lateral
ventricle. The results obtained from chicks which did not have
Evans Blue dye in the lateral ventricle were not used.

2.3. Respiratory measurement

Oxygen (O2) consumption, carbon dioxide (CO2) production
and respiratory quotient (RQ) were measured using an open-
circuit calorimeter system to determine HP (MK-5000RQ,
Muromachi Kikai Co. Ltd., Tokyo, Japan). For these measure-
ments, an acrylic chamber (150×150×150 mm) with a stainless
steel grid floor was used. Fresh atmospheric air was drawn at a
rate of 500 ml/min and then passed through O2 and CO2
detectors (MM202R, Muromachi Kikai Co., Ltd., Tokyo,
Japan). The concentrations of these gases were recorded every
3 min. The analyzer was calibrated using primary gas standards
of high purity (Sumitomo Seika Chemicals Co. Ltd., Osaka,
Japan) every 1 h. HP was calculated by the method of Romijn
and Lokhorst (1961) as follows: HP (kcal/min)= the volume of
O2 consumed (ml/min)×3.871+ the volume of CO2 produced
(ml/min)×1.194. The units for HPwere converted to joules from
calories by multiplying by 4.184, and the obtained values were
normalized with the body weight.

2.4. Experiment 1: effect of ICV injection of TRH on HP and
RQ

Each chick (2 days old) was transferred to the test chamber for
1 h to allow acclimation to the chamber. Then the chick was
injected with either 0 (control), 14 or 55 nmol of TRH. O2

consumption and CO2 production were measured for 1 h after
injection. During the acclimation and experimental periods, the
chicks were not given feed or water. The number of chicks in each
group was as follows: 0 nmol (control), 6; 14 nmol, 5; 55 nmol, 6.

2.5. Experiment 2: effect of ICV injection of CRF on HP and
RQ

The experimental procedures were the same as Experiment 1
but the chicks (2 and 3 days old) were injected with 0 (control),
2.1 or 21 pmol of CRF. The number of chicks in each group was
as follows: 0 pmol (control), 6; 2.1 pmol, 7; 21 pmol, 6. In the 0
and 21 pmol groups, 4 (n=3 at 21, 33 and 55 min) and 1 (n=1 at
21 min) of the 3 min O2 consumption and CO2 production
samples, respectively, could not be measured due to mechanical
reasons.

2.6. Experiment 3: effect of ICV co-injection of astressin on
CRF-induced change in HP

The experimental procedures were the same as Experiment 1
except that the chicks (3 and 4 days old) were injected with
saline (control), 21 pmol of CRF alone or 21 pmol of CRF plus
6 nmol astressin. In our preliminary experiment, the dose of
astressin did not affect O2 consumption [F(1, 9) = 0.1,
P=0.8218] and CO2 production [F(1, 9)=0.0, P=0.8727].
The number of chicks in each group was as follows: saline
(control), 7; CRF alone, 7; CRF plus astressin, 6.

2.7. Experiment 4: effect of ICV co-injection of astressin on
TRH induced change in HP

The experimental procedures were the same as Experiment 1
but the chicks (3 and 4 days old) were injected with saline
(control), 55 nmol TRH alone or 55 nmol TRH plus 6 nmol
astressin. The number of chicks in each groupwas 6. In the saline
and TRH alone groups, 2 (n=1 at 12 and 15 min) and 1 (n=1 at
12 min) of the 3 min O2 consumption and CO2 production
samples, respectively, could not be measured due to mechanical
reasons.
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2.8. Statistical analysis

Statistical analysis was performed using the StatView
program (version 5; SAS Institute, NC). Data were statistically
analyzed with repeated two-way analysis of variance (ANOVA)
with respect to drug treatment and time. Significant differences
were set at Pb0.05. Results are expressed as means±S.E.M.

3. Results

3.1. Experiment 1: effect of ICV injection of TRH on HP and
RQ

The changes in O2 consumption, CO2 production andHP after
the ICVinjection of TRH are shown in Fig. 1. The TRH treatment
significantly increased O2 consumption [F(2, 14)=9.8, Pb0.01]
andCO2 production [F(2, 14)=6.2,Pb0.05] in a dose-dependent
manner. HP was significantly [F(2, 14)=9.3, Pb0.01] increased
by TRH in a dose-dependent manner over time [F(18, 252)=5.4,
Pb0.05]. The TRH-induced increase in HP was time-dependent
because a significant [F(36, 252)=1.6, Pb0.05] interaction was
observed. RQ was not significantly [F(2, 14)=1.4, PN0.05]
affected by the TRH treatment (data not shown).
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Fig. 1. Changes in O2 consumption, CO2 production and heat production after
ICV injection of TRH. The number of chicks in each group was as follows:
0 nmol (control), 6; 14 nmol, 5; 55 nmol, 6. Data are expressed as means±S.E.M.
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Fig. 2. Changes in O2 consumption, CO2 production and heat production after
ICVinjection of CRF. The number of chicks in each groupwas as follows: 0 pmol
(control), 6; 2.1 pmol, 7; 21 pmol, 6. Data are expressed as means±S.E.M.
3.2. Experiment 2: effect of ICV injection of CRF on HP and
RQ

Fig. 2 shows the effect of CRF on the time-course changes in
O2 consumption, CO2 production and HP. The ICV injection of
CRF significantly and dose-dependently increased O2 consump-
tion [F(2, 12)=4.9,Pb0.05] and CO2 production [F(2, 12)=4.2,
Pb0.05]. HP was significantly [F(2, 12)=3.9, Pb0.05]
increased by the CRF treatment in a dose-dependent manner,
and changed over time [F(18, 216)=12.6, Pb0.01]. The effect
of CRF was time-dependent because a significant [F(36, 216)=
2.7, Pb0.01] interaction was found. RQ was not significantly
[F(2, 12)=0.0, PN0.05] affected by the CRF treatment (data not
shown).

3.3. Experiment 3: effect of ICV co-injection of astressin on
CRF-induced change in HP

The effect of ICV co-injection of astressin on CRF-induced
changes in O2 consumption, CO2 production and HP is shown
in Fig. 3. These treatments significantly affected O2 consump-
tion [F(2, 17)=20.3, Pb0.01] and CO2 production [F(2, 17)=
25.0, Pb0.01]. HP was also significantly affected by these
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treatments [F(2, 17)=21.3, Pb0.01] and changed with time
[F(18, 306)=12.6, Pb0.01]. The CRF treatment alone increased
O2 consumption, CO2 production and HP as shown in
Experiment 2, but the values for CRF plus astressin treatments
were comparable with the control. The change in each group
over time was different since an interaction was significant in
O2 consumption [F(36, 306)=2.1, Pb0.01], CO2 production
[F(36, 306)=1.8, Pb0.01] and HP [F(36, 306)=2.1, Pb0.01].
RQ was not significantly [F(2, 17)=1.0, PN0.05] affected by
these treatments (data not shown).

3.4. Experiment 4: effect of ICV co-injection of astressin on
TRH-induced change in HP

Fig. 4 shows the effect of astressin on TRH-induced changes
in O2 consumption, CO2 production and HP. These treatments
significantly affected O2 consumption [F(2, 13)=10.9, Pb0.01]
and CO2 production [F(2, 13)=7.6, Pb0.01]. HP was also
significantly affected by these treatments [F(2, 13)=10.7,
Pb0.01], and changed over time [F(18, 234)=13.3, Pb0.01].
The TRH treatment alone increased HP as shown in Experiment
1, and astressin did not change this response. The time-course
change in O2 consumption, CO2 production and HP was
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Fig. 3. Effect of ICV co-injection of astressin on CRF-induced changes in O2

consumption, CO2 production and heat production. The doses of CRF and
astressin were 21 pmol and 6 nmol, respectively. The number of chicks in each
group was as follows: saline (control), 7; CRF alone, 7; CRF plus astressin, 6.
Data are expressed as means±S.E.M.
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Fig. 4. Effect of ICV co-injection of astressin on TRH-induced changes in O2

consumption, CO2 production and heat production. The doses of CRF and
astressin were 55 nmol and 6 nmol, respectively. The number of chicks in each
group was 6. Data are expressed as means±S.E.M.
different between groups since the interactions were significant
[O2 consumption, F(36, 234)=4.2, Pb0.01; CO2 production
F(36, 234)=2.5, Pb0.01; HP, F(36, 234)=3.8, Pb0.01]. RQ
was not significantly [F(2, 13)=0.9, PN0.05] affected by these
treatments (data not shown).

4. Discussion

The TRH-induced hyperthermia and increase in locomotor
activity suggested that TRH enhanced energy expenditure in
chicks (Nisticò et al., 1978; Takahashi et al., 2005). This idea
was strongly supported by the present results that ICV injection
of TRH dose-dependently elevated HP (Fig. 1).

TRH is the hypothalamic signal of HPT axis. The HPT axis
seems to be well developed immediately after the hatching since
intravenous administration of TRH increases circulating 3,5,3′-
triiodothyronine (T3) concentration (Decuypere and Scanes,
1983). The circulating thyroid hormones are changed by cold
exposure in chicks, suggesting that these hormones are involved
in thermogenesis (Decuypere and Kuhn, 1988). In the previous
report, however, elevated rectal temperature induced by ICV-
injected TRH was not mediated through thyroid hormones in
newborn chicks because ICV injection of TRH did not elevate
plasma thyroid hormones concentrations (Takahashi et al.,



532 T. Tachibana et al. / Pharmacology, Biochemistry and Behavior 83 (2006) 528–532
2005). Furthermore, thyroid hormones did not have thermo-
genetic effects in neonatal chicks (Takahashi et al., 2005). A
previous study also reported that HP was increased by an
intraperitoneal injection of T3, but the effect was larger at
2 week-old than at 1 week-old chicks (Hwang-Bo et al., 1990).
These phenomena indicate that the effect of T3 on HP would be
age-dependent and the TRH-induced increase in HP is not
related to thyroid hormones in neonatal chicks. There would be
T3-independent pathways concerning TRH-induced energy
expenditure in chicks.

In rats, injection of CRF into the brain increased O2 consump-
tion and body temperature (Brown et al., 1982; Diamant and de
Wied, 1991) and is involved in prostaglandin- and serotonin-
induced O2 consumption and thermogenesis (Le Feuvre et al.,
1991; Rothwell, 1990). The similar effect was also observed in
neonatal chicks by the previous study that ICV injection of CRF
induced hyperthermia (Tachibana et al., 2004). In addition, ICV
injection of CRF dose-dependently increased O2 consumption,
CO2 production and HP in the present study (Fig. 2). This effect
was similar to those of TRH in neonatal chicks (Fig. 1). Since
TRH-induced corticosterone release and thermogenesis were
completely abolished by co-injection of astressin, a CRF
receptor antagonist (Takahashi et al., 2005), the TRH-induced
increase in HPwas expected to bemediated through the action of
CRF in neonatal chicks. However, the TRH-induced increase in
HP was not affected by astressin (Fig. 4) although the astressin
treatment completely blocked the effect of CRF (Fig. 3). The
dose of astressin also had no effect on the TRH-induced increase
in HP when the lower dose of TRH (28 nmol) was used in our
additional experiment (data not shown). Therefore, the mech-
anism underlying the effect of TRH on HP was different from
that of CRF.

In conclusion, the present results demonstrated that, within
the brain, TRH increased HP via CRF-independent mechan-
isms. Which mechanisms are involved in the TRH-induced
increase in HP would be clarified in the future.
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