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Abstract :  The available information on simultaneous assessment of body
and hypothalamic  temperatures  in  ra ts  are  lacking.  In  the  present  s tudy
these temperatures were recorded for 24 h, on three alternate days, in rats
maintained at an ambient temperature of 26±1°C. Hypothalamic temperature
was  s ign i f i can t ly  h igher  than  body  t empera tu re  dur ing  the  n igh t .  In
noc tu rna l  r a t s  the  magni tude  o f  c i r cad ian  va r i a t ion  in  hypo tha lamic
tempera tu re  was  h igher  than  body  t empera tu re .  Though  main ta ined  a t
different  levels ,  both the temperatures  showed closely associated diurnal
changes  throughout  the  24 h  per iod.
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INTRODUCTION

Measurement of body temperature is one
of the most important parameters in clinical
prac t ice  and  exper imenta l  s tud ies .  Body
tempera ture  shows  c i rcad ian  var ia t ion  in
rats,  as found in most of the mammals (1).
Bra in  t empera ture ,  espec ia l ly  near  the
thermoregula tory  a rea ,  represen ts  the  bes t
s i t e  fo r  measurement  o f  deep  body
temperature (2) .  Temperature measurements
f rom rec tum,  pu lmonary  a r te ry ,  b ladder ,

esophagus ,  per i toneum and  tympanum are
used  as  sur roga tes  o f  b ra in  t empera ture .
There  a re  severa l  repor t s  regard ing  bra in
tempera ture  be ing  h igher  than  in  the
res t  o f  the  body  (2) .  The  hypotha lamic
tempera ture  and  co lon ic  t empera ture  show
paral lel  c i rcadian variat ions in  the squirrel
monkey  (3) .  I t  has  been  repor ted  tha t  the
hypotha lamic  tempera ture  was  regu la ted
over a narrow range as compared to colonic
temperature (3). Although the laboratory rats
have been extensively used as experimental
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animal ,  reports  on s imultaneous cont inuous
monitor ing of  body and brain temperatures
dur ing  24  h  l igh t -dark  cyc les  a re  l imi ted .
Rats maintained at 12 h light and 12 h dark
cyc le  had  h igher  per i tonea l  and  cor t i ca l
temperature at night as compared to day (4).
Accord ing  to  th i s  repor t ,  the  cor t i ca l
tempera ture  was  lower  than  the  per i tonea l
temperature,  but the difference between the
two temperatures was maintained during day
and  n igh t .  Ra ts  main ta ined  a t  cons tan t
i l lumina t ion  a l so  showed s imul taneous
changes  in  hypotha lamic  and  per i tonea l
tempera ture  dur ing  the  24  h  record ing
period (5). The present study was undertaken
to  f ind  ou t  the  ex ten t  o f  var ia t ion  in
hypothalamic and body temperature  in  ra ts
during 24 h when maintained at  14 h l ight
and  10  h  dark  cyc le  wi th  thermoneut ra l
t e m p e r a t u r e .

MATERIAL AND METHODS

Ten adul t  male  Wis ta r  ra t s  weigh ing
be tween  200–250  g ,  ob ta ined  f rom the
exper imenta l  an imal  fac i l i ty  o f  Al l  Ind ia
Ins t i tu te  o f  Medica l  Sc iences ,  New Delh i ,
Ind ia ,  were  used  in  the  s tudy .  Al l
exper imenta l  procedures  were  approved by
Animal  E th ics  Commit tee  of  Al l  Ind ia
Ins t i tu te  o f  Medica l  Sc iences ,  New Delh i .
Exper imenta l  ra t s  were  kep t  in  ind iv idua l
cages with 14 h light (illumination above 200
lx) and 10 h dark (illumination below 5 lx)
at the ambient temperature of 26±1°C, which
is  the  thermoneut ra l  t empera ture  fo r  ra t s
(6). Food and water were provided ad libitum.
Under sodium pentobarbital (40 mg/kg body
weigh t ,  i .p . )  anes thes ia ,  the  ra t s  were
implan ted  wi th  rad io  t ransmi t te r  (Data
Sc iences  USA,  TA10TA-F40 7 .5  gm and
3 × 1.3 × 0.8 mm) intra-peri toneal ly,  for  the

assessment of body temperature telemetrically.
A pre -ca l ib ra ted  thermocouple  (K- type ,
chromal -a lumel )  was  lowered  a long  the
midline at an angle of 25°. In order to avoid
damage  to  the  b ra in ,  the  thermocouple
was  in t roduced  be tween  the  dura  and
subarachnoid, to a height of 4.5 mm at A 9.0
mm as per DeGroot atlas, for the assessment
of  hypotha lamic  tempera ture  near  the
preopt ic  a rea  (7 ) .  The  o ther  end  of  the
thermocouple  was  f ixed  to  the  sku l l  wi th
denta l  cement .  Hypotha lamic  tempera ture
was recorded by connecting the thermocouple
wi th  F luke  Mul t imete r  (FLUKE 189
True  RMS Mul t imete r ) ,  which  feed  da ta
cont inuous ly  to  computer ,  on  des i red  t ime
in t e rva l .

After recovery from postoperative trauma
(i.e. seven days after surgery), animals were
placed in the recording chamber, maintained
a t  26±1°C wi th  connec ted  cab les  fo r
hab i tua t ion  for  a t  l eas t  24  h .  Ra ts  were
p laced  in  record ing  chamber ,  wi th  the
connected wires,  at  least  one hour prior  to
the study.  Simultaneous recordings of body
tempera ture  and  hypotha lamic  tempera ture
were started at 20.00 h (onset of dark period)
and  cont inued  for  24  h .  Each  an imal
underwent  th ree  s imi la r  record ings
on  a l te rna te  days .  The  da ta  fo r  body
tempera ture  and  hypotha lamic  tempera ture
were  acqui red  in  5 -second  epochs
cont inuous ly .  La te r  5 -second  da ta  were
clubbed to 30-min for the purpose of analysis.
Body  tempera ture  and  hypotha lamic
tempera ture

 
r ecord ing  dev ices  were

calibrated before implantation and after the
sacrif ic ing the animals .

Statist ical  analysis  was performed using
STATA sof tware  (Data  Analys i s  and
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RESULTS AND DISCUSSION

Dur ing  n igh t  hypotha lamic  tempera ture
(37 .91±0.23°C)  remained  s ign i f ican t ly
h igher  (P<0 .03)  than  body  tempera ture
(37 .76±0.19°C) .  Hypotha lamic  tempera ture
and  body  tempera ture  (37 .04±0.33°C and
37.01±0.21°C, respectively) did not show any
signif icant  dif ference during the day.  Both
hypotha lamic  tempera ture  and  body
tempera ture  showed s imi la r  d iurna l
var ia t ions  and  changes  th roughout  24  h
(F ig .  1 ) ,  and  good  cor re la t ion  dur ing  day
(r=0.969,  P<0.001) as  well  as  during night
(r=0.890, P<0.001) (Fig. 2). The 24 h mean
hypothalamic  tempera ture  (37 .4±0.28°C)  i s
higher than body temperature (37.31±0.14°C).
Though hypothalamic temperature and body

Statistical Software). A total of 49 time points
(including the beginning and end point data)
of  body  tempera ture  and  hypotha lamic
tempera ture ,  wi th in  24  h ,  were  t aken  for
statistical analysis. Difference between Body
tempera ture  and  hypotha lamic  tempera ture
dur ing  day  and  n igh t  were  found  ou t  by
pai red  t - tes t .  Individual  means  of  day and
night for body temperature and hypothalamic
tempera ture  were  ca lcu la ted  and  compared
to find out the degree of dissociation. Intra
class correlation was calculated to f ind out
Corre la t ion  coef f ic ien t  ( r ) ,  be tween  body
tempera ture  and hypothalamic  tempera ture ,
to  f ind  ou t  whether  o r  no t ,  body
tempera ture  and  hypotha lamic  tempera ture
fo l low s imul taneous  and  s imi la r  changes
during l ight/dark cycle.

Fig .  1 : Time course of hypothalamic temperature (Thy)  and  body  t empera tu re  (Tb)  dur ing  24  h  cyc le  (10  h
dark /14  h  l igh t ) .  Each  po in t  represen ts  the  mean  of  a l l  t empera tures  recorded  dur ing  every  30  min .
20 :00  h  in  the  g raph  represen t  the  onse t  o f  da rk  pe r iod .  Da ta  a re  expressed  as  means±SD (n=10) .
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tempera ture  showed s imul taneous  changes ,
hypothalamic  temperature

 
had more  diurnal

variation in comparison to body temperature,
as evident from day-night differences of the
temperature  i .e .  0 .86±0.20°C (hypothalamic
tempera ture )  and  0 .75±0.17°C (body
temperature).  On transition from dark phase
to l ight  phase there  was sharp decrease  in
both  hypotha lamic  tempera ture  and  body
tempera ture .  Oppos i te  t rend  was  observed
during t ransi t ion from l ight  per iod to  dark
per iod .

Significant difference in day/night values
for both hypothalamic temperature and body
temperature (P<0.001) was indicative of the
c i rcadian  rhythms of  these  two parameters
(Fig. 1). High locomotor activity, less sleep
and  h igh  metabol ic  hea t  p roduct ion  would

be contr ibut ing towards  higher  temperature
at  n ight  in  the  nocturnal  ra ts  (8) .  But  the
day/night difference in temperatures can be
pr imar i ly  a t t r ibu ted  to  c i rcad ian  in f luence
as rest-activity cycle alone is not sufficient
to  modula te  the  body  tempera ture  (6 ) .
Ci rcad ian  rhy thms  has  been  repor ted  to
persist  in subjects whose rest-activity cycle
was disturbed (9).

The  hypotha lamic  tempera ture  was
h igher  than  the  Body  tempera ture  as  was
shown in some of the previous studies (2, 3,
5) .  The brain temperature can be regulated
differentially from body temperature (4,  8).
High metabolic heat production in the brain
might  account  fo r  h igher  hypotha lamic
tempera ture  as  compared  to  core
body  tempera ture .  Lower  hypotha lamic
temperature during the day was responsible
for  l esse r  d i f fe rence  in  hypotha lamic
tempera ture  and  body  tempera ture  a t  th i s
per iod .  Lower  hypotha lamic  tempera ture
dur ing  the  day  cou ld  be  a t t r ibu ted  to
predominance of  s leep episodes during this
per iod  in  the  nocturna l  ra t s ,  as  regula t ion
of brain temperature is less effective during
the sleep (10).  However in squirrel monkey
hypotha lamic  tempera ture  remained  h igher
than  co lon ic  t empera ture  th roughout  the
24  cyc le  (3 ) .  Th is  var ia t ion  cou ld  be
at t r ibuted to  the difference in  species .  But
para l le l  changes  in  body  tempera ture  and
hypothalamic temperature were observed in
the  presen t  s tudy  a l so .  There  was  a  c lose
association between the waveform and phase
of  the  hypotha lamic  tempera ture  and  body
t e m p e r a t u r e .
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F ig .  2 : Cor re la t ion  be tween  hypo tha lamic
tempera tu re  and body temperature
in rats (n=10) during night and day.
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