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ABSTRACT:

Background: Thermal conditioning in newly hatched chicken is of great importance. Induction of
thermotolerance to cold, heat and disrupted thermal balance is one of the most important
managemental tools used to improve survival in chicken. It is well known that chicken is in sensitive to
capsaicin (main ingredient of hot chilli peppers) due to insensitivity of Transient membrane potential of
vanilloid subtype—1 (TRPV1) receptors to capsaicin. These receptors are responsible for perception of
pain burning sensation and thermoregulation in mammals. Owing to the capsaicin’s availability as an
rodent repellent function in poultry ration and its preference by many birds, we investigated the
mechanism of thermoregulation of capsaicin in chicken The purpose: To interpret the phenomenon of
thermotolerance in capsaicin (CAP) desensitized chicken and to study its effect on sensible heat loss
mechanisms in newly hatched chicks. Methods: In this study, chicken were treated intravenously (IV)
in wing vein once with CAP (10 mg/kg, body weight) at 1*, 2" & 3™ days of age. Then after one week
from CAP- pretreated chicken were exposed to cold (8° C), heat (38° C) or injected with
lipopolysacccharide (LPS; outer memebrane of Gram negative bacteria). LPS at a low dose (1 mg/kg,
body weight, IV) induce fever or at a high dose (10 mg/kg, IV) to induce hypothermia. Surface (skin of
back) and colonic temperatures were measured to calculate heat loss index (HLI) as an indicator to the
sensible heat loss. Main results: The HLI was 0.95 in control non-treated chicken at ambient
temperature (Ta 25° C). In CAP-desensitized chicken HLI was increased to a maximum of 0.97 at Ta
38° C and up to 0.99 at climax of fever induced by LPS. The controversial finding was observed in
chicken exposed to cold; HLI in CAP-desensitized chicken was not increased but reduced to 0.94,
however no such effect of capsaicin at nadir of hypothermia induced by high dose of LPS.

Conclusion: CAP-sensitive receptor (Transient membrane potential of vanilloid subtype—1;TRPV1)-
independent pathway may exert a thermoregulatory role during heat and cold exposure, and in LPS—
induced fever in part through affecting sensible heat loss in chicken.
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INTRODUCTION:

Chicken as homeothermic species is able to
keep their body core temperature balanced
within a very narrow range (within 1°C) even
when exposed to a wide range of ambient
temperatures (Romanovsky, 2007). At high
temperature, heat production decreases while
heat dissipation increases. The main pathway of
heat dissipation for birds under hot
environment is via panting (Richard, 1971 and
Shinder et al., 2007). Nonevaporative heat loss
takes place at the surface of bare skin and
plumage. The resultant level of skin
temperature depends on the rate of heat loss
and the rate at which warm blood flows from
core to the skin. Therefore, the skin
temperature could give a certain reflection of
the response of thermoregulation (Nais et al.,
2010).

Disruption of thermal balance can occur by
thermal stimuli such as heat and cold, and non-
thermal stimuli such as Lipopolysachharide
(LPS) injection. LPS causes fever or
hypothermia depending on the dose of injection.
The fact that CAP pretreatment attenuates both
LPS-induced fever (Mahmoud et al., 2007) and
LPS-induced hypothermia (Nikami et al., 2008)
as they suggested that the CAP-sensitive,
TRPV1-independent pathway was not only
specifically involved in hyperthermic reactions
but also was commonly related to disruption of
thermoregulation. Both LPS induced fever and
hypothermia that arise from processing of LPS
by macrophages and endothelial cells in major

organs (liver, lung and brain), where cytokines
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and free radicals like NO are released in
animals (Kluger, 1991; Romanovsky et al., 1996,
2005; Saia & Carnio, 2006 and Steiner et al.,
2006) and in chicken (Nikami et al., 2008). In
LPS induces

mammals, hypothermia

by
reducing metabolic heat production and by an
induction of cold-seeking behavior, even though
body temperature is decreasing (Kluger, 1991;
Steiner and Branco, 2002; Romanovsky et al.,
2005; Rudaya et al., 2005 and Almeida et al.,
2006a, b). However, the thermoeffector
mechanisms initiating cold- and high dose of
LPS- induced hypothermia which seemed to
oppose each other, and despite of the similar
responses of CAP-pretreated chicks to both
inflammatory (LPS) and thermal (cold) stimuli,
as one major difference. Exposure to cold may
activate autonomic and behavioral mechanisms
to increase heat production and reduce heat loss
at maxima, and body temperature drops when
heat loss exceeds heat production. In contrast,
LPS-induced hypothermia is accompanied by
decrease of heat production and cold-seeking
behavior in animals (Romanovsky et al., 1996,
2005; Mailman et al., 1999 and Almeida et al.,
2006a, b) and chicken (Mahmoud et al., 2007).
Therefore, the mechanisms responsible for
prevention of cold- induced hypothermia by
CAP-pretreatment would be independent of
those operating in the prevention of LPS-
induced hypothermia. CAP pretreatment also
rescued cold-induced hypothermia (Nikami et
al., 2008). Although, CAP has wide rage of anti-

inflammatory actions (Kim et al., 2003 and

Chen et al., 2003) this study was focused on the
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effect of CAP of sensible heat loss that indicated

by heat loss index.

The present study was achieved to illustrate
the role of desensitization of CAP-sensitive,
TRPV1-independent pathway in ameliorating
the of (cold/heat)
(LPS-induced fever/

effect thermal and

inflammatory stimuli
hypothermia) through estimating heat loss

index in chicken.

MATERIALS & METHODS:

1-Experimental birds: Male, newly hatched
white leghorn chicks, specific pathogen free,
were brought from Goto Chick Company (Gifu,
Japan) with a body weight range of 40+7 g.
Chicks were kept on a 12:12 h light-dark cycle
in thermostatically controlled cages. To match
the chicks' requirements, the temperature of the
cage for the newly hatched chicks was set at
38°C and then decreased 0.5°C every day until
day 4. All procedures were approved by the

Local Committee for Ethics of Animal
Experimentation, Care and Use of Gifu
University.

2-Desensitization of capsaicin-sensitive

pathways: As described previously (Mahmoud
et al., 2007), CAP-sensitive pathways were
desensitized by repetitive injections of CAP into
newly hatched chicks. In brief, CAP (10 mg/kg;
Sigma, St. Louis, MO, U.S.A.) was dissolved in
0.1 ml of vehicle (10% ethanol, 10% Tween 80
and 80% saline) and injected intravenously at 1,
2 and 3 days of age. Control groups were

injected with vehicle only.
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3-Experimental model of disrupted

thermal homeostasis: Chicks at 10 days of

age were injected in wing vein with
hyperthermic (1 mg/kg, body weight) and
hypothermic (10 mg/kg, body weight) doses of
LPS from Escherichia coli (0111:B4; Sigma).
LPS injected chicks showed signs of sickness
behavior: lethargy, ruffled feathers and white
diarrhea. For comparison, hypothermia and
hyperthermia were induced by exposing chicks
to an ambient temperature of 8°C and 38°C for
5 hours. The latter was considered a mild form
of heat stress where panting behavior was not
observed in 10 days old chicken (Gerken et al.,

2006).

4-Measurement of temperature: Colonic
temperature (Tc) was measured by using a

as described

2007). Skin

thermistor

(Mahmoud

lubricated probe

previously et al.,
temperature (Tsk) was measured by using
special kin probe (model XN-64, Technol Seven,
Yokohama, Japan). To prevent stress fever,
chicks were allowed to adapt to the handling
and experimental cage (Jones et al., 1983),
where the ambient temperature was kept at
30°C. The thermistor probe was inserted gently
5 cm beyond the vent, and the colonic
temperature was monitored using a peripheral
processor connected to a computerized medical
system (Chuo Electronic Co., Hong Kong). The
baseline temperature recordings were
determined for 1 h, and the chicks exhibiting no
stress fever were used for experimentation.

Each chick was used only once. To avoid



Ass. Univ. Bull. Environ. Res. Vol. 14 No. 2, October 2011

circadian variations in colonic temperature

recordings, measurements were started at 8 a.m.

5-Heat-loss index (HLI): The differences

between colonic and surface temperature (AT)
and heat loss index (HLI) were calculated from
the following equation; AT=body temperature
(Tb)- Skin temperature (Tsk), and HLI = Tsk-
(Ta)/(Tb)-(Ta). HLI value ranges theoretically
from zero (state of complete vasoconstriction) to
one (state of complete vasodilatation) (Steiner &

Branco, 2002).

6-Statistical analysis: All statistical analysis

of data was performed using SPSS (2007)

Software. All values were

(SEM).

presented as

meanststandard error Descriptive
statistics of data were analyzed by one way
analysis of variance (ANOVA) at time points of
climax and nadir of temperature curve. Tukey’s

HSD was used for comparisons among mean

values.
RESULTS & DISCUSSION:
1-Effect of CAP-desensitization on

sensible heat loss after exposure to
hyperthermic stimuli in chicken at 10
days of age:

CAP (10 mg/kg, body weight, IV) was
injected at 1, 2 and 3 days of age. Chicks at 10
days of age were injected intravenously with
hyperthermic (1 mg/kg, body weight, IV) doses
of LPS. For comparison, hyperthermia was
induced by exposing chicks to an ambient
temperature of 38°C for 5 hours. Data are

presented as means and standard error bars

-61-

(SEM.) and values with asterisk means

significantly different (P<0.05).

Data in Table 1 showed the differences
between colonic and surface temperatures (AT;
Tec-Tsk) and Figures 1&2 illustrated AT and
calculated sensible heat loss in terms of HLI at
climax of body temperature. Chicks were
exposed to mild heat (Ta 38°C) for 5 hours (Fig.
1) or injected intravenously with hyperthermic

doses of LPS (LPS 1 mg/kg, body weight Fig. 2).

In Fig. 1A chicks of control non treated
groups, the AT ranged from 0.8 C to 1.0°C and
the HLI at ambient temperature (Ta 25°C) was
0.95+0.02. Exposure to high Ta increased
surface temperature and lowered the AT during
the first 2 to 3 hr (Table 1: P<0.05), and
calculated HLI was 0.93 £0.1°C at a 2.5 hr time
point (Fig. 1B). While heat exposure in CAP-
desensitized group elevated the surface
temperature, decreased the AT to a minimum of
0.2 £0.1°C (Table 1: P<0.01), and increased HLI
to 0.97+0.02 at a 2.5 hr time point (Fig. 1B).
These results could be explained in part from
the following facts; It is long known that TRPV1
agonist (like CAP) affect vasomotor tone and
causes hypothermia by skin vasodilatation
(increased heat loss through the skin) and
reduction in metabolism (a decreased oxygen
consumption; VO2 = decreased heat production,
Ayoub 2009). However, this

in CAP

et al.,

thermoteloerance to mild heat is
difficult to interpret at present study and needs
further investigations.

Although injection of a low dose of LPS

(1 mg/kg, body weight, IV) which is known to
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cause fever (Mahmoud et al., 2007), AT was not
affected and HLI (0.94+0.02) was not different
from the control group (Table 1, Fig. 2 A &B).
Despite injection of LPS in CAP-desensitized
chicks (in absence of fever) did not change AT,
HLI was increased to the maximum 0.99+0.01 at
2.5 hr time point or climax of fever in LPS-
injected group (Fig. 2B). Increasing heat loss in
this experiment could explain in part our
previous finding (Mahmoud et al., 2007) in
which CAP-pretreatment abolished LPS-
induced fever in chicken through TRPV-1-
independent pathway.

Although injection of a low dose of LPS
(1 mg/kg, IV) led to fever, AT was not affected
and HLI (0.94+0.02) was not different from the
control group (Table 1, Fig. 2). However,
injection of LPS in CAP-desensitized chicks
(absence of fever), did not change AT but, HLI
was increased to the maximum 0.99+0.01 at 2.5
hr time point (Fig. 2). Increasing heat loss in
that experiment could explain in part our
previous study (Mahmoud et al., 2007) in which
CAP-pretreatment  abolished LPS-induced

fever in poultry chicken.

Table 1: Differences between colonic temperature and skin temperature (AT) after exposure to
hyperthermic stimuli in CAP-desensitized chicks at 10 days of age

Time after Control Hyperthermic Stimuli
Exposure (Ta; 25°C) [Heat (Ta 38°C) or LPS (1 mg/kg, IV)]

(hour) Heat Heat /CAP LPS LPS/CAP
-1.0 0.9+0.1 0.9+0.1 0.8+0.1 0.9+0.0 0.9+0.0
-0.5 1.0+0.0 0.8+0.1 0.9+0.1 0.9+0.1 0.9+0.1
0.0 0.9+0.1 0.9+0.0 0.9+0.0 0.8+0.0 0.8+0.0
0.5 0.8+0.0 1.0£0.1 1.0+0.1 0.9+0.1 0.9+0.1
1.0 0.9+0.1 1.9+0.0 0.8+0.1 1.0+0.1 1.0+0.0
1.5 0.9+0.0 0.8+0.0 0.6+0.1% 0.9+0.0 0.9+0.1
2.0 0.9+0.1 0.6+0.1* 0.4+0.0* 1.0+£0.1 0.9+0.0
2.5 0.8+0.0 0.540.0* 0.2+0.1** 1.1+0.2 0.9+0.1
3.0 0.9+0.0 0.6+0.0* 0.4+0.0* 1.1£0.1 0.9+0.1
3.5 0.9+0.0 0.7+0.1 0.5+0.1* 0.9+0.0 1.00.0
4.0 0.8+0.1 0.8+0.0 0.6+0.1* 0.9+0.1 0.9+0.1
4.5 0.9+0.0 0.7+0.1 0.7+0.1 1.0+0.0 0.9+0.0
5.0 0.8+0.0 0.7+0.0 0.8+0.0 0.9+0.0 0.9+0.1
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Fig. 1 & 2: Temperature differences (AT: Tc-Tsk) and heat loss index (HLI) 2.5 hr after exposure to heat (Fig. 1:
Ta 38°C) or at a body temperature climax of LPS (Fig.2: LPS 1 mg/kg, body weight, IV)-induced fever in 10 days
old chicken. Values with asterisk mean significant (P<0.05) differences versus # in Tukey’s HSD tests

2-Effect of CAP-desensitization on
sensible heat loss after exposure to
hypothermic stimuli in chicken:

CAP (10 mg/kg, IV) was injected at 1%, 2"
and 3™ days of age. Chicks at 10 days of age
were injected intravenously with hypothermic
(10 mg/kg, body
(LPS). For

weight)  doses  of

lipopolysaccharide comparison,
hypothermia were induced by exposing chicks
to an ambient temperature of 8°C for 5 hours.
Data are presented as means and standard
error bars (SEM.) and values with asterisk
means significantly different (P<0.05) versus #.

Chicks at 10 days of age were exposed to
cold (Ta 8°C) for 5 hours or injected with
hyporthermic doses of LPS (LPS 10 mg/kg,
body weight, IV). The differences between

colonic and surface temperatures (AT; Tc-Tsk)

were shown in Table 2, and AT and HLI at
nadir of body temperature were shown in
Figures 3&4.

On other side, Data in Table 2 indicated
that exposure to cold lowered skin temperature
and decreased the AT from time point of 1.5 hr
on (P<0.05), and HLI reached the maximum
(0.99+0.01) as shown in Fig. 3. While cold
exposure in CAP-desensitized group did not
affect the skin temperature and the AT started
to decrease only after 4.5hr from cold exposure
(Table 2). The controversial finding was that
HLI in CAP-desensitized chicken was not
increased but was similar to control non treated
group (0.94+0.02) at time point 2.5 hr (Fig. 3).
The present results indicated that the non
treated group responded immediately to cold

exposure by significantly increasing its HLI to
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the maximum level, however, CAP-
desensitization clearly enhanced the chicks'
ability to maintain on-chick body surface
temperatures during exposure to 8°C and can
recover much faster from cold exposure than
non-treated group (Nikami 2008).

Injection of high dose of LPS (10 mg/kg, 1V)

et al.,

which is known to cause hypothermia in chicken
decreased AT along 1.0 to 3 hr time points post-
injection (P<0.05, Table 2). As a result HLI was
increased to 0.97+0.01. But no such effect was
observed in CAP-desensitized group (Fig.4).
Preservation of heat loss by CAP-desensitization
after cold exposure could be explain in part the
previous study (Nikami et al., 2008) in which
cold-induced

CAP-pretreatment attenuated

hypothermia in newly hatched chicken.
However ion case of LPS-induced hypothermia
that could lead to shock, it is plaucible to relate
this action to the anti-oxidant effect of CAP as
reported by Nikami et al. (2008) rather than its
effect on vasomotor tone of skin indicated by
changes in heat loss index.

Values with asterisk mean

(P<0.05) differences versus# in Tukey’s HSD

significant

tests.

Chicks at 10 days of age were exposed to
cold (Ta 8°C) for 5 hours or injected with
hyporthermic doses of LPS (LPS 10 mg/kg,
body weight, IV). The differences between
colonic and surface temperatures (AT; Tc-Tsk)
were shown in Table 2, and AT and HLI at
nadir of body temperature were shown in
Figures 3&4.

On other side, Data in Table 2 indicated

that exposure to cold lowered skin temperature
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and decreased the AT from time point of 1.5 hr
on (P<0.05), and HLI reached the maximum
(0.99+0.01) as shown in Fig. 3. While cold
exposure in CAP-desensitized group did not
affect the skin temperature and the AT started
to decrease only after 4.5hr from cold exposure
(Table 2). The controversial finding was that
HLI in CAP-desensitized chicken was not
increased but was similar to control non treated
group (0.94+0.02) at time point 2.5 hr (Fig. 3).
The present results indicated that the non
treated group responded immediately to cold
exposure by significantly increasing its HLI to
the maximum level, however, CAP-
desensitization clearly enhanced the chicks'
ability to maintain on-chick body surface
temperatures during exposure to 8°C and can
recover much faster from cold exposure than
non-treated group (Nikami 2008).

Injection of high dose of LPS (10 mg/kg, IV)

et al.,
which is known to cause hypothermia in chicken
decreased AT along 1.0 to 3 hr time points post-
injection (P<0.05, Table 2). As a result HLI was
increased to 0.97+0.01. But no such effect was
observed in CAP-desensitized group (Fig.4).
Preservation of heat loss by CAP-desensitization
after cold exposure could be explain in part the
previous study (Nikami et al., 2008) in which
cold-induced

CAP-pretreatment attenuated

hypothermia in newly hatched chicken.
However ion case of LPS-induced hypothermia
that could lead to shock, it is plaucible to relate
this action to the anti-oxidant effect of CAP as
reported by Nikami et al. (2008) rather than its
effect on vasomotor tone of skin indicated by

changes in heat loss index.



Ass. Univ. Bull. Environ. Res. Vol. 14 No. 2, October 2011

Table 2: Differences between colonic temperature and skin temperature (AT) after exposure to
hypothermic stimuli in CAP-desensitized chicks at 10 days of age

Time after Control Hyporthermic Stimuli
Exposure (Ta; 25°C) [Cold (Ta 8°C) or LPS (10 mg/kg, IV)]

(hour) ’ Cold Cold/CAP LPS LPS/CAP
-1.0 0.9+0.1 0.9+0.0 0.9+0.0 0.9+0.0 0.9+0.0
-0.5 1.0+0.0 0.9+0.1 0.9+0.1 0.9+0.0 0.9+0.0
0.0 0.9+0.1 0.9+0.0 0.9+0.0 0.9+0.0 0.9+0.0
0.5 0.8+0.0 0.6+0.0% 0.8+0.1 0.8+0.1 0.8+0.1
1.0 0.9+0.1 0.7+0.1 0.9+0.0 0.6+0.1* 0.6+0.0*
1.5 0.9+0.0 0.6+0.1% 0.9+0.1 0.5+0.0* 0.7+0.1
2.0 0.9+0.1 0.5+0.1% 1.0+0.1 0.4+0.1* 0.8+0.0
2.5 0.8+0.0 0.4+0.1% 1.2+0.0# 0.4+0.1* 0.9+0.0
3.0 0.9+0.0 0.5+0.1% 1.0+0.1 0.6+0.1* 0.9+0.1
35 0.9+0.0 0.6+0.1* 0.8+0.0 0.8+0.1 0.8+0.1
4.0 0.8+0.1 0.5+0.1% 0.7+0.1 0.9+0.0 0.9+0.1
4.5 0.9+0.0 0.6+0.1* 0.6+0.0* 0.8+0.1 0.8+0.0
5.0 0.8+0.0 0.5+ 0.0* 0.6+0.1* 0.9+0.0 0.9+0.0

Fig.3 Fig.4
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Fig. 3 & 4. Temperature differences (AT: Tc-Tsk) and heat loss index (HLI) 2.5 hr after exposure to cold
(Fig. 3: Ta 8°C) or at a body temperature nadir induced by LPS
(Fig. 4: LPS 10 mg/kg, body weight, IV) in 10 days old chicken
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To sum, a CAP-sensitive, a TRPVI-
independent pathway is involved in thermal
(heat and cold) and non-thermal stimuli (LPS-
induced fever and hypothermia), and CAP
in

pretreatment improved thermotolerance

chicken. Since preservation of body
temperature balance is crucial for survival of
newly hatching chicks, which are inevitably
exposed to a wide range of ambient temperature
every day, It could be considered that the
present study has implications for the poultry
industry. Chickens are indifferent to the
burning pain sensation induced by CAP (Mason
& Maruniak, 1983; Tewksbury and Nabhan,
2001), and we can simply add CAP to their feed.
In addition to the well known effect of hot chilli
pepper (or CAP) on derratization of rodent
(Tewksbury and Nabhan, 2001).

it could be concluded

Finally that,

capsaicin desensitization enhanced
thermoregulatory tolerance to both thermal
stimuli in terms of cold and heat and to
inflammatory agent in part by affecting heat

loss mechanisms in newly hatched chicks.

REFERENCES:

Almeida, M.C., Steiner, A.A., Branco, L.G., and
Romanovsky, A.A. (2006a): Cold seeking
behavior as sa thermoregulatory strategy
in systemic inflammation. The European

Journal of Neuroscience 23 (12), 3359-

3367.
Almeida, M.C., Steiner, A.A., Branco, L.G., and
Romanovsky, A.A. (2006b): Neural

-66-

substrate of cold-seeking behavior in
endotoxin shock. PLoS ONE 1 (1), el.

Ayoub, S.S., Hunter, J.C., and Simmons. D.L.
(2009): Answering the burning question
of how transient receptor potential
vanilloid-1 channel antagonists cause
unwanted hyperthermia. Pharmacol Rev.
61(3):225-7.

Chen, C.W., Lee, S.T., Wu, W.T., Fu, W.M., Ho,
F.M., Lin, W.W. (2003):

transduction for inhibition of inducible

Signal

nitric oxide synthase and cyclooxygenase-
2 induction by capsaicin and related
analogs in Br. J.
Pharmacol. 140:1077-87.

Gerken, M., and Afnan R., Dorl, J. (2006):

macrophages.

chickens in

Arch.

Adaptive behaviour in

relation to
Gefliigelk., 70 (5). S. 199-207.
Jones, C.A., Edens, F.W., and Denbow, D.M.

(1983): of the

thermoregulation.

Influence age on

temperature response of chickens to

Escherichia coli and  Salmonella
typhimurium endotoxins. Poultry Science
62 (8), 1553-1558.

Kim, C.S., Kawada, T., Kim, B.S., Han, LS.,
Choe, S.Y., Kurata, T. (2003): Capsaicin
exhibits anti-inflammatory property by
inhibiting IkB-degradation in LPS-
stimulated peritoneal macrophages. Cell
Signal 2003; 15:299-306.

Kluger, M.J. (1991): Role of pyrogens and
cryogens. Physiological Rev. 71 (1), 93—
127.

Mahmoud, M.E., Y., T.,

Nikami, H., Dosoky, R.M., Ahmed, M.

Shimizu, Shiina,



Ass. Univ. Bull. Environ. Res. Vol. 14 No. 2, October 2011

M., and Takewaki, T.(2007): Involvement

of a  capsaicin-sensitive TRPV1-
independent mechanism in
lipopolysaccharide-induced fever in

chickens. Comparative Biochemistry and
Physiology part A, Molecular
Integrative Physiology 148 (3), 578-583.

and

Mailman, D., Self, A., and Henry, M. (1999):

Mason,

Niiis,

Nikami,

Richard, S.A.

Time- and surgery-dependent effects of
lipopolysaccharide on gut, cardiovascular
and nitric oxide functions. Shock 12 (3),
208-214.
J.R.

and Maruniak, J.A. (1983):

Behavioral and physiological effects

of capsaicin in redwinged blackbirds.

Pharmacology Biochemistry and
Behavior 19 (5), 857-862.
I.A., Romanini, C.E.; Neves, D.P.,

Nascimento, G.R., and Vercellino, R.A.,
(2010):
distribution of 42 day old chickens. Sci.
Agric. 67 (5): 497-502.

H., Mahmoud, M.E., Shimizu, Y.,

Broiler surface temperature

Shiina, T., Hirayama, H., Iwami, M,

Dosoky, R.M., Ahmed, M.M., and
Takewaki, T.(2008): Capsaicin
pretreatment attenuates LPS-induced
hypothermia through TRPV1-

independent mechanisms in chicken. Life
Sciences 82: 1191-1195.

(1971). The significance of
changes in the temperature of the skin
and body core of the chicken in the
regulation of heat loss. J. Physiol. (1971),

216: 1-10.

Romanovsky, A.A. (2007): Thermoregulation:

some concepts have changed. functional
architecture of the thermoregulatory
system. American Journal of Physiology,
Regulatory, Integrative and Comparative

Physiology 292 (1), R37-R46.

Romanovsky, A.A., Shido, O., Sakurada, S.,

Sugimoto, and N., Nagasaka, T. (1996):

Endotoxin  shock: thermoregulatory

mechanisms. American Journal of
Physiology, Regulatory, Integrative and
Comparative Physiology 270 (4 Pt 2),

R693-R703.

Romanovsky, A.A., Almeida, M.C., Aronoff,

D.M., Al, J.P.,
Steiner, A.A., and Turek, V.F., (2005):

Ivanov, konsman,

Fever and hypothermia in systemic

inflammation: recent discoveries and
revisions. Frontiers in Bioscience 10,
2193-2216.

Rudaya, A.Y., Steiner, A.A., Robbins, J.R.,

Saia,

Dragic, A.S., and Romanovsky, A.A.
(2005): Thermoregulatory responses to
lipopolysaccharide in the mouse:
dependence on the dose and ambient
temperature. American Journal of
Physiology, Regulatory, Integrative and
Comparative Physiology 289 (5), R1244—
R1252.
R.S. and Carnio, E.C. (2006):
Thermoregulatory role of inducible nitric
oxide synthase in
induced hypothermia. Life Sci. 79: 1473—

1478.

lipopolysaccharide-

Shinder, D., Rusal, M., Tanny, J., Druyan, S.

and Yahav, S. (2007): Thermoregulatory



Ass. Univ. Bull. Environ. Res. Vol. 14 No. 2, October 2011

responses of chicks (Gallus domesticus)
to low ambient temperatures at an early
age. Poultry Science, 86 (10), 2200-2209.
SPSS (2007): Statistical package analysis of
social sciences for window (1, 14 version).
Steiner, A.A. and Ivanov, A.l, Serrats, J.,
Hosokawa, H., Phayre, A.N., Robbins,
J.R., Roberts, J.L., Kobayashi, S.,

Matsumura, K., Sawchenko, P.E., and

Romanovsky, A.A. (2006): Cellular and

molecular bases of the initiation of fever.
PLoS Biology 4 (9), e284.

Steiner, A.A. and Branco, L.G. (2002): Hypoxia-
induced anapyrexia: implications and
putative mediators. Annual Review of
Physiology 64, 263—288.

Tewksbury, J.J. and Nabhan, G.P. (2001): Seed

Directed by

capsaicin in chilies. Nature 412 (6845),

403-404.

dispersal deterrence

ANNEX OF TERMS

CAP: Capsaicin: main ingredient of hot chilli pepper.

LPS: Lipopolysachharide (outer membrane of Gram negative bacteria).

HLI: Heat loss index.
Tc: Colonic temperatures.
Tb: Body temperature.
Tsk: Skin temperatures.

Ta: Ambient temperature.

A T': Differences between 2 temperatures or heat increment.

TRPV1: Capsaicin receptors: transient membrane potential of vanilloid subtype-1

HLI: Heat loss index.

Hypothermia: Lowered body temperature.

Nadir: Lowest point at temperature curve in case of hypothermia.

Hyperthermia: Elevated body temperature.

Fever: Elevated body temperature in case of infection.

Climax: Highest point at temperature curve in case of fever.

ANOVA: One way analysis of variance.
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