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ABSTRACT Two trials were performed to evaluate
the association of hypothalamic abundances of thermo-
sensitive transient receptor potential (TRP) ion chan-
nels with thermoregulation in broiler chickens. In trial
1, temporal changes in body temperatures, and hypo-
thalamic expression patterns of TRP channels and
thermoregulatory neurotransmitter concentrations
were assessed from 3 to 42 d of age. In trial 2, the same
variables were compared at 2 age stages between 2 dis-
tinct types of birds with high or low rectal tempera-
tures (HRT or LRT). The core-to-brain temperature
difference exhibited a rapid increase after hatching,
arriving at a steady state in the fourth week (P < 0.01).
The hypothalamus saw a progressive decrease of
TRPV4 protein expression through 28 d (P < 0.01),
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followed by a great increase in the abundance of other
channels right up to the end (P < 0.05). Compared to
LRT birds, a decline in hypothalamic content of
TRPV4 (P < 0.05), together with a bigger core-to-brain
temperature difference (P < 0.01), was evident in the
HRT counterpart at 33 d. In both trials, the core-to-
brain and core-to-surface temperature differences were
controlled in a synchronous and coordinated manner.
These results allow concluding that developmental
changes in the thermal sensitivity of hypothalamic neu-
rons, determined by brain cooling capacity, involve a
neuro-genomic mechanism, which regulates the ratio
between thermosensitive TRP ion channels to attain a
lower proportion of TRPV4 in comparison with other
channels.
Key words: thermosensitive TRP ion channels, thermoregulation, brain cooling capacity, hypothalamus, broiler
chickens
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INTRODUCTION

Body temperature homeostasis is a matter of life and
death, and requires precise regulation by the nervous
system. The hypothalamus, especially the preoptic area
(POA), serves as the principal thermostat that not only
receives and integrates information from peripheral tem-
perature sensors located in the skin, spinal cord and vis-
cera, but also detects local brain temperature (Tb)
changes with a strong impact on the core body tempera-
ture (Tc; Boulant, 2000; Morrison et al., 2008; Morrison
and Nakamura, 2011). Modulation of the activity of
warm sensitive neurons (WSNs), by directly cooling or
heating of the POA, elicits heat conservation/thermo-
genesis or heat dissipation phenomena, respectively
(Nakayama et al., 1961, 1963; Boulant, 2006). In WSNs,
a primary mechanism of temperature sensitivity involves
the prepotential which produces the action potential
when reaching a threshold. Warming increases the pre-
potential’s rate of depolarization, and this shortens
the inter-spike interval and increases the firing rate
(Griffin et al., 1996; Boulant, 1998). Among potential
thermoregulatory neurotransmitters, prostaglandin E2
(PGE2)-induced cyclic AMP (cAMP) production can
enhance the thermo-sensitivity of WSNs by its actions
on the depolarizing prepotential (Griffin et al., 1990;
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Chow and Boulant, 1997), which may be a mechanism
for endogenous factors to alter the activity of neurons
that control thermoregulatory responses. The molecular
basis of the thermal response of the prepotential, how-
ever, has remained elusive.

The discovery of thermosensitive transient receptor
potential (TRP) ion channels, a subset of the TRP fam-
ily, in cell membranes reveals a clear picture of the
thermo-sensory reception. They allow an influx of cati-
ons, e.g. Ca2+, into the cell, altering membrane poten-
tials (Nilius and Voets, 2005). The gating is extremely
dependent on the temperature, showing very high or low
Q10 values (changes in the current amplitude upon a
temperature increase of 10 degrees; Clapham, 2003;
Brauchi et al., 2006). All 6 known thermosensitive TRP
channels perceive distinct temperature ranges. TRP
vanilloid 1 (TRPV1) is activated by temperatures >
42°C, TRP vanilloid 2 (TRPV2) by > 52°C, TRP vanil-
loid 3 (TRPV3) by > 33°C, TRP vanilloid 4 (TRPV4)
between 27°C and 42°C, TRP melastatin 8 (TRPM8)
by < 25°C, and TRP ankyrin 1 (TRPA1) by < 17°C,
when overexpressed in cultured cells (human embryonic
kidney cells and Chinese hamster ovary cells) or Xeno-
pus oocytes (Tominaga and Caterina, 2004; McKemy,
2005; Dhaka et al., 2006; Karashima et al., 2009). Since
thermosensitive TRP ion channels are suggested to
be involved in heat perception in peripheral tissues
(Caterina, 2007; Vay et al., 2012), it is tempting to spec-
ulate that they mediate temperature sensation in a simi-
lar fashion in the hypothalamus.

So far, the knowledge about thermosensitive TRP
channels is largely based on research in mammals. Little
is known about other endotherms, such as birds. Broiler
chickens have high metabolic rates, high body tempera-
tures and poor heat dissipating abilities, making them
an interesting model to study thermoregulation. The
brain of the domestic fowl begins to differentiate as early
as the second day of incubation, and continues to
develop until 3 weeks posthatching (Rogers, 1995). Dur-
ing the early postnatal phase, the young chick has a lim-
ited capacity to generate heat in response to cooling
(Tzschentke and Nichelmann, 1999; Nichelmann and
Tzschentke, 2002). After entering the stage of full-blown
homeothermy, chickens are able to maintain a stable
body temperature, but are more vulnerable to the heat
mainly due to their large size, intact plumage, and lack
of sweat glands (Li et al., 2015). The thermoregulatory
transition from poikilotherm to homeotherm is accom-
panied by the alteration in hypothalamic thermo-sensi-
tivity, with a relatively high cold sensitivity in early life
(Tzschentke and Basta., 2000, 2002). From the forego-
ing, it is hypothesized that this is a result of changes in
the number and ratio of thermosensitive TRP ion chan-
nels located at the neuron membrane.

The aim of the present study was to investigate the
relevance of thermosensitive TRP channels in the cen-
tral nervous system to body temperatures of broiler
chickens. Gene and protein expressions of hypothalamic
thermosensitive TRPs were evaluated at different age
stages and between individuals with high or low core
body temperatures. To expose the underlying causal
mechanisms, concentrations of some thermoregulatory
neurotransmitters were also measured.
MATERIALS AND METHODS

All research procedures were approved by the Animal
Care and Use Committee of Shandong Agricultural Uni-
versity (SDAUA-2020-017) and complied with the Reg-
ulations on the Administration of Laboratory Animals
promulgated by National Science and Technology Com-
mission of the People’s Republic of China (Beijing).
Birds and Care

Day-old male hatchlings (Arbor Acres, Gallus gallus
domesticus), purchased from Shandong Dabao Breeding
and Processing Co., Ltd. (Xintai, Taian, Shandong,
China), were reared in a 3-tier set of overlap cages (1.40
m £ 0.70 m £ 0.38 m) in an environmentally controlled
chamber. Each cage was furnished with 1 pan feeder
(25 cm diameter and 2.5 kg capacity) and 2 nipple
drinkers, and contained 8 birds. The feeder space allow-
ance amounted to 9.81 cm/bird, and the watering den-
sity came to 4 birds/drinker. Based on an effective area
(excluding feeder space) of 0.93 m2 per cage, the stocking
density was calculated as being 8.60 birds/m2. Artificial
lighting was continuous before 2 d, and afterward a 23L
(1:00−24:00 h):1D (0:00−1:00 h) schedule was applied.
The light intensity was 20 lx until 7 d, 10 lx before 14 d,
5 lx by the end of 28 d, 3 lx from 29 to 38 d, and 2.5 lx
up to 42 d. Manure was collected on polypropylene belts
under each tier of cages and removed out of the house
daily from one end.
All birds received a common starter (21.0% CP and

3000 kcal/kg of ME from 1 to 21 d) or grower (19.5%
CP and 3100 kcal/kg of ME from 22 to 42 d) diet. Feed
was provided ad libitum in pelleted form and water was
available at all times. Eight birds (1 cage) were ran-
domly selected to be weighed every week, and the mean
BW was about 166 g at 7 d, 440 g at 14 d, 820 g at 21 d,
1280 g at 28 d, 1820 g at 35 d, and 2380 g at 42 d.
Thermal Environment Monitoring

The ambient temperature in the chamber was 33°C at
1 d, reduced by 1°C every other day to achieve 21°C at
25 d, then 20°C at 28 d, and was maintained as such
thereafter. The RH was kept at 60 § 5% throughout the
experiment. They were simultaneously assessed using a
digital thermo-hygrometer (HT-300, Instrutherm, S~ao
Paulo, Brazil). The wind speed remained nearly con-
stant at around 0.5 m/s, which was measured with a hot
wire anemometer (YK-2005AH, Lutron Electronic
Enterprise Co., Ltd., Taipei, Taiwan). These measure-
ment devices were installed at the geometrical center of
the chamber where the birds were evaluated, and all
meteorological data were recorded at regular intervals of
30 min from 06:00 to 18:00 h.
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Surgery

To introduce a thermocouple into the brain, a minor
craniotomy was made using the method of Arad (1991)
with some modifications. In brief, chickens were anesthe-
tized by inhaling a mixture of oxygen and isoflurane
(1%−3%; Central Laboratory, Beijing Luhe Hospital,
Capital Medical University, Beijing, China), then placed
into a stereotaxic apparatus. The skull was exposed and
a small hole (1 mm diameter) was drilled about 2 mm to
the left of the midline, on the axis connecting the exter-
nal ear openings. A guide tube made of a polyethylene
catheter and the tip of a disposable syringe (1 mL, used
as a flange) were implanted, so that the end of the for-
mer rested close to the hypothalamus and the latter was
secured to the skull with dental cement. Subsequently,
the guide tube was flushed with saline and capped, and
the skin was sutured.

Birds were permitted at least 24 h postsurgery for
recovery before measurements. The correct location of
the intracranial guide tube was verified by postmortem
examination in each experiment.
Experimental Design

Trial 1. A total of 120 broiler chicks (15 cages) were
used. Starting at 1 d of age, 8 birds (1 cage) were ran-
domly selected on a weekly basis (5, 12, 19, 26, 33 and
40 d), and subjected to the minimally invasive cranial
surgery. Two days later, they had their body tempera-
tures taken at 8:00 a.m. after a 12-h overnight fast, then
were killed by exsanguination following CO2 stunning.
The hypothalamus was harvested and immediately fro-
zen in liquid nitrogen.

Trial 2. One-day-old and 30-day-old broiler chickens,
80 (10 cages) each of 2 age stages, were used. Rectal tem-
peratures (RT) were taken individually under a fasting
state early in the morning for 2 consecutive days to cal-
culate the average value, and then 16 birds that had the
highest (n = 8) or lowest (n = 8) RT were identified at
each age stage. They underwent a surgery in the head,
and had their body temperatures taken with an empty
belly at 8:00 a.m. on the fourth day. After euthanasia,
the hypothalamus was rapidly dissected and snap-frozen
in liquid nitrogen.
Measurements

Body Temperatures The bird was taken out of the
cage and placed sideways on a small platform. The body
surface temperature (Ts) was measured within less than
10 s using an infrared thermal camera (FLIR B335,
FLIR Systems Inc., Wilsonville, OR) with a precision of
§ 0.1°C and the spectrum of 7.5 to 13 mm. The camera
was positioned at a distance of 1 m, and a height of 1 m
from the bird, trying to acquire a complete image. The
emissivity coefficient (e) used was 0.94 for the feathered
regions, and 0.95 for the featherless areas of the body
(N€a€as et al., 2010). From images of the broiler surface, a
drawing tool in FLIR Thermocam Researcher Pro 2.10
(FLIR Systems) was used to delineate the comb, head,
eye, ear, wattle, neck, back cape, flight feathers, wing
bar, breast, thigh, leg/foot, drumstick, and tail. Mean
temperatures of each zone were extracted from the soft-
ware, and the average value was calculated.
Shortly after that, the rectal temperature was mea-

sured at a depth of 1 to 2.5 cm using a digital thermome-
ter (HI98501, Hanna Instruments, Inc., Laval, Quebec,
Canada) with a resolution of 0.1°C. Meanwhile, a welded
copper-constantan thermocouple (0.12 mm wire diame-
ter, coated with polyvinyl to a final diameter of 0.3 mm)
was inserted into the brain guide tube. It was connected
to an amplifier having a gain of 1000, the output of
which was passed to a bucking voltage supply. Reference
junctions were kept in water at a known temperature
(measured with a standard mercury thermometer, §
0.05°C) in an insulated bottle. Calibration charts were
used to correct for changes in the reference junction tem-
perature. The overall accuracy of the measuring system
was § 0.1°C. The whole measurement procedure took
less than 1 min for each chicken.
The rectal temperature was regarded as an indicator

of the core body temperature. The core-to-brain (Tc -
Tb) and core-to-surface (Tc - Ts) temperature differences
were calculated respectively with each recording.
ELISA Quantification Hypothalamic PGE2 and
cAMP concentrations were determined spectrophoto-
metrically (ELx808 Absorbance Microplate Reader,
Bio-Tek Instruments, Inc., Winooski, VT) with commer-
cial ELISA kits (Shanghai Enzyme-linked Biotechnology
Co., Ltd., Shanghai, China), as described by Tao et al.
(2016) and Kong et al. (2017). In brief, the tissue was
weighed and mechanically homogenized in 0.9% saline
solution, then centrifuged at 3000 g for 10 min at 4°C.
The supernatant was loaded onto ELISA plates in dupli-
cate, and the manufacturer’s instructions were followed.
Total protein concentration of the homogenate was mea-
sured by bicinchoninic acid (BCA) assay (#P0012,
Beyotime Biotechnology Co., Ltd., Shanghai, China)
using bovine serum albumin as the standard. The levels
of PGE2 and cAMP were expressed as units per mg
protein.
RT-qPCR Total RNA was extracted from the homoge-
nized hypothalamus using TRIzol Reagent (Invitrogen,
Thermo Fisher Scientific Inc., Waltham, MA), and por-
tions (1 mg) were reverse-transcribed into sing-stranded
cDNA with an oligo-dT primer using AMV Reverse
Transcriptase (Takara Bio Inc., Otsu, Shiga, Japan) as
previously described (Li et al., 2013). Real-time PCR
was conducted on an ABI 7500 Fluorescent Quantita-
tive PCR system (Applied Biosystems, Bedford, MA)
with Fast SYBR Green Master Mix (Applied Biosys-
tems) to monitor double-stranded DNA synthesis.
Reaction conditions were as follows: 10 min at 95°C, fol-
lowed by 40 cycles of 10 s at 95°C, 20 s at 60°C, and 30 s
at 72°C. Using the comparative cycle threshold (CT)
method (Livak and Schmittgen, 2001), the abundances
of TRPV1, TRPV2, TRPV3, TRPV4, TRPA1
and TRPM8 transcripts were normalized to the expres-
sion of glyceraldehyde-3-phosphate dehydrogenase



Table 1. PCR primers of relevant genes used in this study.

Gene1 GenBank no. Orientation Primer sequence (50!30) Product length, bp

TRPV1 XM_046929895.1 Forward GATGGATCACCTGATGGCACCTTC 105
Reverse TCAGAGCAGCCTGTGATGGAGTC

TRPV2 XM_040687364.2 Forward AGCAACCAAAAGGACCCCAATCG 91
Reverse CAAGTAAGCCATCCAGTGCCTCAG

TRPV3 XM_040687357.2 Forward TCAATGCAGCATACACCGAAGAGG 140
Reverse AAAGAAAATACCCTGGGCGTGAGC

TRPV4 NM_204692.2 Forward AGCAAGATTGAGAACCGCCATGAG 112
Reverse AGGAGACCACGCTGATGTAGAAGG

TRPA1 NM_001318460.2 Forward CCGTTCCTGAGTTACACCGTTCTG 89
Reverse TCCCCAACAGCCAAACCAATTAGC

TRPM8 XM_046921262.1 Forward GCACCGCTGGGAGTGGATATTTC 144
Reverse ACGCACAAGGGTTTGGACTCATTC

GADPH NM_204305.2 Forward CTACACACGGACACTTCAAG 244
Reverse ACAAACATGGGGGCATCAG

1TRP: transient receptor potential; TRPV1: TRP vanilloid 1; TRPV2: TRP vanilloid 2; TRPV3: TRP vanilloid 3; TRPV4: TRP vanilloid 4; TRPA1:
TRP ankyrin 1; TRPM8: TRP melastatin 8; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

4 WANG ET AL.
(GAPDH) within the sample, calculated as 2�DDCT,
and standardized with those at 3 d in trial 1 and those of
LRT group at 4 d in trial 2 as the calibrator (assigned an
expression level of 1).

Primer sequences (Table 1) were designed with soft-
ware (Primer Express, v3.0.1, Applied Biosystems), and
product identities were confirmed by melting curve
analysis.
Western Blotting Frozen hypothalamus samples were
homogenized, lysed and centrifuged at 12,000 g for
10 min at 4°C. The supernatant was collected, and the
protein concentration was determined using a BCA kit
(Beyotime). An equal amount (20 mg) of each protein
sample was loaded onto 7.5% SDS-PAGE gels, trans-
ferred to polyvinylidene fluoride membranes (Millipore,
Billerica, MA), and blocked with 5% non-fat dry milk in
TBST. The membrane was then incubated with specific
primary antibodies (1:1,000 dilution) overnight at 4°C:
TRPV1 (#AF8250, rabbit polyclonal antibody from
Beyotime), TRPV2 (#bs-10297R, rabbit polyclonal
antibody from Beijing Biosynthesis Biotechnology Co.,
Ltd., China), TRPV3 (#BA2875-2, rabbit polyclonal
antibody from Boster Biological Technology Co., Ltd.,
Wuhan, Hubei, China), TRPV4 (#AF8253, rabbit poly-
clonal antibody from Beyotime), TRPA1 (#AF8241,
rabbit polyclonal antibody from Beyotime), TRPM8
(#PB0882, rabbit polyclonal antibody from Boster),
and GAPDH (#AF0006, mouse monoclonal antibody
from Beyotime). Subsequently, the corresponding sec-
ondary antibody (HRP-conjugated goat anti-rabbit or
anti-mouse IgG, 1:1000; Beyotime) was added and incu-
bated at room temperature for 4 h. Chemiluminescence
was detected using the BeyoECL Plus kit (#P0018S,
Beyotime). The band density was normalized to
GAPDH, and presented as fold-change relative to that
at 3 d in trial 1 and that of LRT group at 4 d in trial 2.
Statistical Analysis Data were statistically analyzed
by one-way ANOVA using the GLM procedure (SAS
version 9.1, 2004; SAS Institute Inc., Cary, NC), with
Tukey’s test for multiple comparisons. The experimental
unit was the individual bird, and mean differences were
considered significant when P < 0.05.
RESULTS

Developmental Patterns of Body
Temperatures

During the early posthatch period, the developmental
trend was contrary between body surface temperature
and either brain or rectal temperature (Figure 1). The
former fell sharply (P < 0.01) from 37.0°C to 34.8°C in
the second week, rebounded somewhat in the following
week and then leveled off, whereas the latter 2 rose rap-
idly but allometrically (P < 0.01) from 38.3°C to 40.0°C
and from 38.5°C to 41.0°C, respectively, for the first sev-
eral days (3−7 d) and flattened out thereafter (despite
that brain temperature was maximal at 21 d). Both
core-to-surface and core-to-brain temperature differen-
ces increased continuously (P < 0.01) until 21 or 28 d,
followed by a constant peak.
Developmental Expression Patterns of
Thermosensitive TRP Ion Channels in the
Hypothalamus

Hypothalamic gene expressions of TRPV1, TRPV3,
TRPV4, and TRPM8 showed little or no changes before
28 or 35 d of age (Figure 2A), but increased dramatically
(P < 0.01) toward the end of the rearing period. Tran-
script levels of TRPV2 and TRPA1 remained relatively
constant throughout, yet the former had a decline (P <
0.01) at 28 d.
Protein abundances of hypothalamic TRPV1,

TRPV3, and TRPM8 stayed largely the same by the
end of 28 d (Figure 2B), and then went up greatly (P
< 0.05) in the finishing phase. The content of TRPV4
protein dropped markedly (P < 0.01) between 7 and
14 d of age, bottomed out until 28 d, and climbed up
to the initial level (P < 0.01) within about 2 weeks. In
both trials, protein expressions of TRPV2 and
TRPA1 were not detected by Western blot analysis
with commercially available antibodies used in this
study.



Figure 1. Developmental changes in body temperatures of broiler chickens. Data represent means § SEM of 8 birds per age stage. a-d Means
without a common superscript differ significantly (P < 0.05).
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Developmental Patterns of
Thermoregulatory Neurotransmitters in the
Hypothalamus

After a leveling off until 21 d, hypothalamic concen-
trations of PGE2 and cAMP had a huge surge (P <
0.01) from 28 to 42 d (Figure 3).
Comparison of Body Temperatures Between
2 Types of Birds

Rectal temperatures of the 2 types of birds were
40.3 § 0.18°C vs. 41.2 § 0.15°C at 4 d and 41.1 § 0.19°C
vs. 42.1 § 0.19°C at 33 d, respectively (Figure 4). Com-
pared with the LRT, HRT chickens had significantly



Figure 2. Developmental changes in mRNA (A) and protein (B) expressions of thermosensitive TRP ion channels in the hypothalamus
of broiler chickens. Results are shown as fold changes after being standardized by GAPDH. Data represent means § SEM of 8 birds per age stage.
a-c Means without a common superscript differ significantly (P < 0.05).
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higher (P < 0.01) brain and body surface temperatures
at 4 d, and greater (P < 0.01) core-to-brain and core-to-
surface temperature differences at 33 d.
Differential Expressions of Thermosensitive
TRP Ion Channels in the Hypothalamus
Between 2 Types of Birds

At the age of 33 d, hypothalamic mRNA expression
and protein abundance of TRPV4 were both decreased
(P < 0.05) in HRT broilers relative to those with LRT
(Figure 5).
Content Comparison of Thermoregulatory
Neurotransmitters in the Hypothalamus
Between 2 Types of Birds

On d 4 of age, HRT birds had higher concentrations
(P < 0.05) of hypothalamic PGE2 and cAMP than do
LRT ones (Figure 6).



Figure 2 Continued.
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DISCUSSION

Temporal Patterns of Body Temperatures

Chickens are precocial birds, whose thermoregula-
tory development ends up in full-blown homeothermy
shortly after hatching (Tazawa et al., 1988; Nichel-
mann and Tzschentke, 2002). Using the relationship
between various body temperatures and age, the
developmental pattern of thermoregulation could be
characterized in trail 1. Thus, a newly-hatched chick
regulated its surface temperature at 36.7°C, core (rec-
tal) temperature at 38.5°C, and brain temperature at
38.3°C. The first one decreased with age, whereas the
last 2 increased at significantly different rates. They
all appeared to achieve stability between 7 and 14 d,
consistent with the previous report that the brain and
cloacal temperatures of domestic chicken hatchlings
increased as a power function of age and approached
adult levels at around d 10 (Arad, 1991). A core-to-



Figure 3. Developmental changes in thermoregulatory neurotransmitter concentrations in the hypothalamus of broiler chickens. Data represent
means § SEM of 8 birds per age stage. a-c Means without a common superscript differ significantly (P < 0.05).
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surface, but not core-to-brain, temperature difference
had existed from the day of hatching. Both of them
increased progressively with age and reached a plateau
before 21 or 28 d, indicating the maximization of sen-
sible heat dissipation efficiency and full maturity of
brain cooling capacity during posthatching develop-
ment (Arad et al., 1984b; Arad, 1991). Collectively,
the present results show that fine adjustments of body
temperatures (in terms of temperature gradients
among the core, brain and surface) will occur after the
fowl has progressed from a moderately hypothermic
(although endothermic) state to almost complete
homeothermy (as far as temperature values of the
core, brain and surface are concerned).
Expression Patterns of TRP Channels in
Relation to Brain Cooling

The ontogeny of brain cooling capacity, as reflected
by the core-to-brain temperature difference, points to
structural changes in the rete ophthalmicum (the avian
extracranial heat exchanger; Arad et al., 1984a; Arad et
al., 1987). Trial 1 of the present study suggested that a
lower relative proportion of hypothalamic TRPV4 con-
tributed to the developmental regulation of brain cool-
ing as well. In the early posthatching phase, the
gradually decreasing protein expression of TRPV4 was
responsible for an improved brain cooling capacity,
whereas at a later stage, the elevated abundance of other
channels (causing an indirect drop in TRPV4 percent-
age) accounted for the ultimate ability of birds to cool
the brain below core temperature. This view was sup-
ported by the reduced transcript and protein levels of
TRPV4 in the hypothalamus of HRT birds at 33 d in
trial 2, which had similar brain temperatures with the
LRT, resulting in a larger core-to-brain temperature dif-
ference. While it is not known if TRP channels are direct
temperature sensors in WSNs, the present study has
obtained interesting observations correlating TRP
channel expressions with hypothalamic thermoregula-
tory function.
The Biological Significance of Core-to-Brain
Temperature Differences

The core-to-brain temperature difference is of unques-
tionable value in avoiding brain damage during core
hyperthermia (Kilgore et al., 1976). In trial 1, the differ-
ential expression of hypothalamic thermosensitive TRP
ion channels, along with the developmental capability of
keeping the brain cooler than the deep-body, provided
an explanation for the change of neuronal thermo-
responsiveness in the PO/AH (preoptic area and ante-
rior hypothalamus)-region from a high cold-sensitivity
to a high warm-sensitivity in the transition from neona-
tal to adult phenotypes (Nakashima et al., 1987;
Tzschentke and Basta, 2000). Namely, the bigger the
core-to-brain temperature difference, the hotter the
thermal sensation, and vice versa. The dynamics of core-
to-brain temperature differences were matched by paral-
lel alterations in the core-to-surface temperature gradi-
ent, whose enlargement with age to increase the sensible
heat loss implied a diminished ability of birds to store
heat. As sensible heat transfer becomes less efficient in
hot conditions, the increased brain cooling in the older
fowls may predispose body heat to evaporative dissipa-
tion. Likewise, the coordinated control of core-to-brain
and core-to-surface temperature differences was
observed between HRT and LRT chickens in trial 2,
demonstrating that the degree of brain cooling rather
than brain temperature per se is the determining factor
for thermal sensation.
The Biological Significance of Brain
Temperatures

During posthatching growth, especially after 21 d of
age, a higher brain temperature was associated with a



Figure 4. Body temperatures of 2 specially selected groups of broiler chickens. Data represent means § SEM of 8 birds in each group per age
stage. a, b Means without a common superscript differ significantly between the 2 types of birds (P < 0.05).
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Figure 5. Hypothalamic mRNA (A) and protein (B) expressions of thermosensitive TRP ion channels in broiler chickens with high or low rectal
temperatures. Results are shown as fold changes after being standardized by GAPDH. Data represent means § SEM of 8 birds in each group per age
stage. a, b Means without a common superscript differ significantly between the 2 types of birds (P < 0.05).
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significant increase in the hypothalamic concentration of
PGE2 and cAMP in trial 1, suggesting an elevation of
thermoregulatory set-point (Revaz et al., 2006). Similar
results were found with HRT birds at 4 d in trial 2, whose
brain temperatures were also higher, leading to the same
core-to-brain temperature difference as the LRT. The
hypothalamic temperature has been shown to be involved
in the osmoregulatory response in birds, and hypotha-
lamic heating will bring about a saving of water (Simon-
Oppermann et al., 1979). Therefore, it seems that regula-
tion of hypothalamic temperature at a higher level during
the grower-finisher period is part of an adaptation which
enables the fowls to maintain water balance at a suscepti-
ble stage for evaporative heat dissipation.



Figure 5 Continued.

CENTRAL THERMOREGULATION BY TRP 11
Limitations of the Study

Although most birds appear to maintain their
brain temperatures about 1°C below those of the
body over a wide range of ambient temperatures
(Arad et al., 1984a,b), the ontogenetic development
of central control mechanisms in parallel with
coordinated thermoregulatory responses to different
thermal conditions may vary. This study was con-
ducted at thermoneutrality, whose statements, to
say the least, require confirmation in a hot or cold
environment.



Figure 7. Proposed model of posthatching ontogeny of brain cooling capacity and its association with thermoregulation in broiler chickens.
"ssincrease; #ncdecrease; (+), stimulatory; (�), inhibitory.

Figure 6. Thermoregulatory neurotransmitter concentrations in the hypothalamus of broiler chickens with high or low rectal temperatures.
Data represent means § SEM of 8 birds in each group per age stage. a, b Means without a common superscript differ significantly between the 2 types
of birds (P < 0.05).
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CONCLUSION

In summary, thermoregulation is mediated by the
core-to-brain temperature difference in broiler chickens.
The lower proportion of TRPV4 among hypothalamic
thermosensitive TRP ion channels may represent a
novel physiological mechanism for cooling the brain.
The proposed mode is shown in Figure 7.
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