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Ba c kg ro u n d : Bo dy te m p e rat u re is us ua lly re g u late d by o p p o s ing c o nt ro ls o f he at
p ro d uct io n a nd he at lo s s . Ho w e v e r, sy s te m ic ad m in is t rat io n o f c ap s a ic in , t he p u ng e nt
ing re d ie nt o f ho t p e p p e rs , f a c ilita te d he at p ro d u ct io n a nd he at lo s s s im u lta ne o us ly in
rat s . W e re ce nt ly f o u nd t hat t he c ap s a ic in - ind uc e d h e at lo s s a nd he at p ro d uct io n o cc u r
s im u lta n e o us ly a nd t hat t he b ip h as ic c h a ng e in b o dy te m p e rat u re is a s u m o f t ra ns ie nt
h e at lo s s a nd lo ng - las t ing he at p ro d uct io n . M o re o v e r, s up p re s s io n o f t he he at lo s s
re s p o ns e d id no t af f e ct c ap s a ic in - ind uc e d he at p ro d u ct io n a nd s u p p re s s io n o f he at
p ro d uct io n d id no t af f e ct c ap s a ic in - ind uc e d h e at lo s s . T h e s e o b s e rv at io ns s ug g e s t t h e
ind e p e nd e nt p e rip he ra l m e c ha n is m s o f ca p s a ic in - ind u ce d t h e rm a l re s p o ns e s . T h us ,
t h e ca p s a ic in - in d uce d t he rm a l re s p o n s e s ap p a re nt ly lac k a n inte g rate d co nt ro l.

M e t h o d s : Ma le W is ta r rat s w e re m a inta ine d at a n a m b ie nt te m p e rat u re o f 24 ± 1 ℃

o n a 12 h o n -o f f lig ht ing s c he d u le at le as t f o r tw o w e e ks b e f o re t he e x p e rim e nts . T he y
w e re a ne s t h e t ize d w it h u re t h a ne ( 1 .5 g/ kg , i.p .) a nd p la ce d o n a he at ing p a d , w h ic h
w as ke p t b e tw e e n 2 9 a nd 3 0 ℃ . S k in te m p e rat u re (T s ) w as m e as u re d w it h a s m a ll
t h e rm is to r, w h ic h w as tap e d to t he d o rs a l s u rf ac e o f t he rat 's ta il, to a s s e s s v as o act iv e
c ha ng e s ind ire ct ly . Co lo n ic te m p e rat u re (T c ) w as m e a s u re d w it h a no t h e r t h e rm is to r
ins e rte d a b o ut 6 0 m m into t h e a n us . O 2 co ns u m p t io n w as m e a s u re d by t h e
o p e n -c irc u it m e t h o d , a n d v a lue s w e re c o rre cte d f o r m e ta b o lic b o dy s ize (kg 0 .7 5) .
Cap s a ic in (S ig m a) w as d is s o lv e d in a s o lut io n co m p ris ing 8 0 % s a line , 10 % T w e e n 8 0 ,
a nd 10 % e t ha no l, a nd inje cte d s u b c uta ne o u s ly at a d o s e o f 5 m g/ kg . Eac h rat re ce iv e d
a s ing le inje ct io n o f ca p s a ic in b e ca us e re p e ate d a d m in is t rat io n o f c ap s a ic in re nd e rs a n
a n im a l ins e ns it iv e to t h e s u b s e q u e nt ad m in is t rat io n o f ca p s a ic in . La m ine cto m y w a s
p e rf o rm e d at t he le v e l o f t he f irs t a nd s e co nd c e rv ic a l v e rte b ra e to e x p o s e t h e ce rv ica l
s p ina l co rd f o r s e ct io n ing . T he b ra in w as t ra n s e cte d at 4 -m m ro s t ra l f ro m t he
inte ra u ra l lin e w it h a n L-s h ap e d k n if e .

Re s u lt s : A f te r a d m in is t rat io n o f c ap s a ic in , O 2 co ns u m p t io n inc re as e d f ro m 13 .5 ±

0 .4 m L/ m in/ kg 0 .7 5 at 0 m in to a p e a k o f 15 .9 ± 0 .4 m L/ m in/ kg 0 .7 5 at 7 1 m in a nd
g rad u a lly d e c line d b ut re m a ine d h ig h e r t ha n t he b as a l v a lu e u nt il t h e e nd o f t he 4 - h
o b s e rv at io n p e rio d . T s a ls o im m e d iate ly inc re as e d f ro m 2 7 .7 ± 0 .2 ℃ to 3 1 .9 ± 0 .3 ℃

at 3 9 m in , a nd it re t u rne d to t he b as e line le v e l w it h in 9 0 m in af te r t he ca p s a ic in
a d m in is t rat io n . T c in it ia lly d e c re a s e d f ro m 3 7 . 1 ± 0 . 1 ℃ to 3 6 .8 ± 0 .2 ℃ at 4 3 m in a nd
t h e n g rad u a lly inc re as e d o v e r t he b as e line le v e l a nd re m a ine d at 3 7 .6 ± 0 .2 ℃ u nt il
t h e e nd o f t he e x p e rim e nt . In s p ina liz e d rat s , t he c ap s a ic in - ind uc e d inc re a s e in O 2

c o ns u m p t io n w as la rg e ly att e n uate d , w h ile t he b a s a l O 2 co n s u m p t io n w a s s im ila r to
t h at o f c o nt ro l rat s . T h e b as a l T s o f s p ina liz e d rat s w a s 3 2 .4 ± 0 .3 ℃ , w h ic h w as
h ig he r t h a n t hat o f co nt ro l rat s . Cap s a ic in inc re a s e d T s by le s s t ha n 1 ℃ , a nd T c d id
no t c ha ng e af te r t he ca p s a ic in a d m in is t rat io n . O 2 co n s u m p t io n o f d e c e re b rate d rat s
w as s tat is t ica lly h ig he r t ha n t hat o f c o nt ro l rat s af t e r t he inje ct io n o f c ap s a ic in .
Ho w e v e r, c ap s a ic in d id no t inc re as e T s , s ho w ing a lac k o f a v a s o d ilato ry re s p o ns e .
De ce re b rat io n b e tw e e n t he hy p o t ha la m u s a n d m id b ra in p re v e nte d t he c ap s a ic in -
ind uc e d he at lo s s b ut n o t t h e he at p ro d uct io n re s p o n s e .
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INT RO DUCT IO N

Mammals regulate their core body temperature within

narrow limits by using their thermo- effectors , such as

vasomotor, shivering or sweating, cooperatively and con-

sistently, For example, animals exposed to a cold envi-

ronment inhibit heat loss and facilitate heat production to

keep their body temperature stable . Thus, heat loss and

heat production work in the opposite direction and do not

occur simultaneous ly in the normal body temperature

regulation. Based on this fact, it is generally postulated

that the putative thermoregulatory center provides an

integrative function to establish homeothermy1) .

Capsaicin stimulates a subpopulation of primary sen-

sory neurons that are sensitive to warmth or noxious

mechanical, chemical and thermal stimuli2 - 5 ) . Thus, admin-

istration of capsaicin elicits a warm sensation at its

threshold concentration and produces a burning pain at

higher concentrations. Although capsaicin is nowadays

known for its effect on the pain system, it has unique

actions on body temperature. It is a common experience

that an intake of capsaicin- containing spicy foods results

in sweating and flushing of the face, which are the typical

heat loss responses. In animals , capsaicin also induces

coordinated heat loss res ponses, such as cutaneous

vasodilatation, panting, salivation and increased body

cooling behavior6 ,7 ) . As a consequence of these heat loss

responses, the body temperature decreases, although a

long- lasting hyparthermia follows to exhibit a biphasic

change8 - 10 ) . The hyperthermia is a result of increased

heat production: capsaicin stimulates adrenal sympathetic

nerve activity, catecholamine release from the adrenal

medulla and O2 consumption10 - 12 ) . However, the capsaicin-

induced heat production is not caused by the hypother-

mia. We recently found that the capsaicin- induced heat

loss and heat production occur simultaneous ly and that

the biphas ic change in body temperature is a sum of

transient heat loss and long- lasting heat production10 ) .

Moreover, s uppression of the heat loss response did not

affect capsaicin- induced heat production, and s uppres-

s ion of heat production did not affect capsaicin- induced

heat loss . These observations suggest the independent

peripheral mechanisms of capsaicin- induced thermal

responses 1 1 , 12 ) . Thus, the capsaicin- induced thermal

responses apparently lack an integrated control.

MAT ERIA LS A ND METHO DS

Male Wistar rats , weighing 340- 450 g, were maintained

at an ambient temperature of 24 ± 1 ℃ on a 12 h on- off

lighting schedule at least for two weeks before the

experiments . The care of animals and all surgical

procedures followed institutional and Japanese Phy-

s iological Society guidelines. They were anesthetized with

urethane (1.5 g/kg, i.p.) and placed on a heating pad,

which was kept between 29 and 30 ℃. Their respiration

was maintained through a tracheal cannula connected to

an artificial respirator. Ts was measured with a small

thermistor, which was taped to the dorsal surface of the

rat's ta il, to assess vasoactive changes indirectly. Tc was

measured with another thermistor inserted about 60 mm

into the anus . O2 consumption was measured by the

open- circuit method, and values were corrected for

metabolic body s ize (kg0 .7 5 ). Data were calculated at

1- min intervals and presented as mean ± SEM. A

one-way ANOVA was used to determine significant

changes in responses within groups. The Tukey test was

used for multiple comparison. Significant differences were

considered to have a p value of < 0.05.

Capsaicin (Sigma) was dissolved in a solution

comprising 80% saline, 10% Tween 80 and 10% ethanol,

and injected subcutaneously at a dose of 5 mg/kg. This

dose was selected as being adequate to reveal the initia l

hypothermic and subsequent hyparthermic response in

Co n c lu s io n : T he s e re s u lt s s ho w t hat t he ca p s a ic in - ind u ce d h e at p ro d uct io n a nd
he at lo s s a re co nt ro lle d s e p a rate ly by t he b ra ins te m a nd by t he f o re b ra in , re s p e ct iv e ly ,
a n d s ug g e s t t hat t he b o dy te m p e rat u re re g u lat io n is p e rf o rm e d w it ho ut a n inte g rat iv e

ce nte r.
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rats . Each rat received a single injection of capsaicin

because repeated administration of capsaicin renders an

animal insensitive to the subsequent administration of

capsaicin.

Laminectomy was performed at the level of the first

and second cervical vertebrae to expose the cervical

spinal cord for sectioning. The spinal cord was transected

with a pair of forceps, followed by suction with a blunt

21- G needle connected to a vacuum pump. This

procedure resulted in removing a 1- to 2- mm segment of

the spinal cord. Care was taken not to damage the

cervical brown adipose tissue.

The brain was transected at 4- mm rostral from the

interaural line with an L- shaped knife . The method of

decerebration was described previous ly13 ) . The level of

decerebration was later confirmed by macroscopic exam-

ination of frozen sagitta l sections of the brain.

RES ULTS

Figure 1 shows the effects of capsaicin on O2 con-

sumption, colonic temperature (Tc ) and skin temperature

(Ts ) of urethane- anesthetized control rats . After admin-

istration of capsaicin, O2 cons umption increased from

13.5 ± 0.4 mL/min/kg0 .7 5 at 0 min to a peak of 15.9 ±

0.4 mL/min/kg0 .7 5 at 71 min and gradually declined but

remained higher than the basal value until the end of the

4- h observation period (Figure 1A). Ts also immediately

increased from 27.7 ± 0.2 ℃ to 31.9 ± 0.3 ℃ at 39 min

(Figure 1C), suggesting skin vasodilatation, and it returned

to the baseline level within 90 min after the capsaicin

administration. Tc initia lly decreased from 37.1 ± 0.1 ℃ to

36.8 ± 0.2 ℃ at 43 min and then gradually increased

over the baseline level and remained at 37.6 ± 0.2 ℃

until the end of the experiment (Figure 1B). The results

confirmed the simultaneous activation of heat production

and heat loss after capsaicin administration10 ) .

We examined the involvement of the brain in the

capsaicin- induced thermoregulatory responses by spinal

transection and decerebration. Figure 2 illustrates the lev-

els of brain transections. In spinalized rats, the capsaicin-

induced increase in O2 consumption was largely atten-

uated, while the basal O2 consumption was similar to that

of control rats (Figure 3A). O2 consumption showed a

small peak of 14.2 ± 0.1 mL/min/kg0 .7 5 at 2 min and then

slowly declined to the baseline level. The basal Ts of

spinalized rats was 32.4 ± 0.3 ℃, which was higher than

that of control rats , suggesting steady vasodilatation

(Figure 3C). Capsaicin increased Ts by less than 1 ℃ ,

and Tc did not change after the capsaicin administration

(Figure 3B).

In decerebrated rats that were transected between the

hypothalamus and midbrain, capsaicin increased O2

consumption from 14.5 ± 0.5 mL/min/kg0 .7 5 to a peak of

18.1 ± 0.9 mL/min/kg0 .7 5 at 46 min. O2 consumption of

decerebrated rats was statistically higher than that of

control rats during 21-58 min and 106-240 min after the

injection of capsaicin (Figure 4A). However, capsaicin did

not increase Ts , showing a lack of a vasodilatory response

(Figure 4C). Consequently, decerebrated rats did not show

the hypothermic period and monophasically increased Tc

by 1.2 ℃ until the end of the experiment (Figure 4B).

Figure 1. Responses of control rats to capsaicin. (A) O2

consumption, (B) colonic temperature , and (C) skin
temperature recorded from sham- operated control rats
(n=4) after administration of capsaicin (5 mg/kg s.c.) are
s hown. The biphasic change in colonic temperature
reflects the sum of the initia l heat loss response,
s uggested by an increase in skin temperature , and
long- lasting heat production, shown by an increase in O2

consumptiom. These rats were treated with either s ham
spinal transection or s ham decerebration. In two rats , the
cervical vertebrae were exposed, but laminectomy was not
made. In two other rats , a slit was made in the skull but
the knife was not inserted into the brain. Data taken from
these four rats were pooled. Arrows, time of capsaicin
injection.
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DIS C US S IO N

The present study demonstrated that administration of

capsaicin evoked only small increases in O2 consumption

and Ts in spinalized rats . Thus , most capsaicin- induced

responses require the brain, and spinal or peripheral

mechanisms caused the residual s mall responses.

Capsaicin promotes a release of vasodilatory peptides

from capsaicin- sensitive nerve terminals in the periph-

ery14 ). Thus, the small increase in Ts in s pinalized rats

might be caused by this peripheral mechanism. Capsaicin

also stimulated O2 cons umption of isolated rat hindlimb

preparation15 ), and local injection of capsaicin into the

thoracic interspinous tissue enhanced the adrenal nerve

activity and catecholamine secretion16 ). Thus, these

peripheral mechanisms could cause the small increases

in O2 consumption seen in the spinalized rats .

The present study also demonstrated that decer-

ebration between the hypothalamus and midbrain pre-

vented the capsaicin- induced heat loss response and

hypothermia but did not attenuate the heat production

Figure 2 . Illustration of the rat brain (0.5 mm lateral to the
midline) showing the levels of transection. Decerebration
was defined as the transection between the hypothalamus
and midbrain. Spinal transection was made at the level of
the first and second cervical vertebrae.

Figure 3 . Responses of spinalized rats to capsaicin. (A)
O2 consumption, (B) colonic temperature , and (C) skin
temperature recorded from spinalized rats (n=4) after
capsaicin treatment are s hown. The capsaicin- induced
responses were largely, but not completely, blocked by the
spinal transection. Arrows, capsaicin injection.

Figure 4 . Responses of decerebrated rats to capsaicin. (A)
O2 consumption, (B) colonic temperature , and (C) skin
temperature recorded from decerebrated rats (n=4) after
capsaicin treatment are shown. Note the lack of
capsaicin- induced change in skin temperature. The maximal
increase in O2 consumption was higher than that of the
control rats . Colonic temperature increased without the
initia l hypothermic period seen in control rats . Arrows,
capsaicin injection.
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response. Because the forebrain was isolated from the

rest of the body in this preparation, it is critically involved

in the mechanism of capsaicin- induced heat loss . The

preoptic area of the hypothalamus is located in the

forebrain, contains inherent thermosens itive neurons and

is considered to be the principal integrative site of

thermoregulation17). Systemic and local application of

capsaicin excites warm- sensitive neurons in the preoptic

area 18 ,19 ). Generally, excitation of warm- sensitive neurons

activates heat loss mechanisms 1,17). Thus , the res ponse

of warm- sensitive neurons to capsaicin is favorable in

explaining the capsaicin- induced heat loss .

On the other hand, decerebrated rats significantly

increased O2 consumption and Tc without the initia l

hypothermic period after capsaicin administration. Thus,

the forebrain is not critically involved in the capsaicin-

induced heat production. Because the heat production

response was largely attenuated in the spinalized rats ,

some regions in the brainstem, including the midbrain,

pons, and medulla oblongata are responsible for this

response. Therefore, the capsaicin- induced heat produ-

ction and heat loss are controlled separately by the

brainstem and by the forebrain, res pectively.

It is worth noting that the decerebrated rats did not

show any heat loss response, whereas the spinalized

rats showed a slight increase in Ts . These res ults suggest

that the brainstem exerts an inhibitory influence on the

capsaicin- induced spinal mechanism of vasodilatation

and that spinalization probably removed this inhibition.

Moreover, the increase in capsaicin- induced O2 consum-

ption of decerebrated rats was higher than that of control

rats . This result suggests that the forebrain has an

inhibitory mechanism for heat production2 0 - 2 2 ) and that the

decerebration released this inhibition.

Capsaicin stimulates nociceptors and the pain sys-

tem2 - 5), which results in various stress- related thermo-

regulatory responses. For example, hypermetabolism

occurs during restraint- stress , which is accompanied by a

large increase in plasma adrenaline and can be atten-

uated by adrenalectomy or by chemical sympathectomy

via administration of 6- hydroxydopamine2 3 ,2 4 ). Accordingly,

it is possible that capsaicin activated the system

mediating the stress hyparthermia. The pain- and- stress

system activates the hypothalamo- pituitary- adrenal axis

and associated res ponses, which in turn may affect heat

production. However, it is unlikely that these forebrain

mechanisms play the major role in the capsaicin- induced

heat production, because decerebration did not prevent

this response in the present study. Thus, the brainstem

mechanisms are responsible for the capsaicin- induced

thermogenesis . Capsaicin- sensitive sensory neurons

probably send afferent information to the brainstem, which

integrates these s ignals and activates the spinal heat

production mechanis ms. Alternatively, the ventrolateral

medulla in the brainstem contains capsaicin- sensitive

structure, which is involved in the temperature response

to endotoxin2 5); and thus it may participate in the

capsaicin- induced thermogenesis . This area also contains

premotor neurons innervating the sympathoadrenal pre-

ganglionic neurons in the spinal cord2 6 ,27 ). Thus, the

medullary presympathetic neurons might lead to excitation

of the adrenal sympathetic activity and catecholamine

release, resulting in an increase in heat production.

In summary, capsaicin activated the forebrain heat loss

mechanism and the brainstem heat production mecha-

nism simultaneously. Based on these results , we pre-

s ume that these capsaicin- induced thermoregulatory

mechanisms are composed of basically separate neural

circuits , a lthough the forebrain exerts an inhibitory

influence on the brainstem heat production mechanism.

Generally, various thermo- effector systems do not have

the identical temperature thres hold and are considered to

be composed of separate and independent neural

circuits2 8- 3 0 ). Accordingly, the apparent coordinated control

of body temperature in the normal condition does not

necessarily indicate the evidence of integrative function of

the central thermoregulation. Although multiple paralle l

thermoregulatory systems behave cons istently, as if the

integrative center coordinated the whole thermoregulatory

mechanisms in most phys iological s ituations, the effects

of capsaicin suggest that heat production and heat loss

work independently.
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