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Abstract  :  The  e f fec t s  o f  ch ron ic  exposure  to  a  mi ld ly  co ld  ambien t
t empera tu re  (T a)  o f  18°C on  s l eep  wakefu lness  (S -W)  and  b ra in
temperature (Tbr) were studied in the medial preoptic area (mPOA) lesioned
male  Wis tar  ra ts .  Elec t roencephalogram (EEG),  e lec t rooculogram (EOG)
and electromyogram (EMG) electrodes were chronically implanted to assess
S-W, and a  thermocouple  above the  dura  to  record  the  Tbr.  Af ter  three
recordings (24 h each) of S-W and Tbr at 24°C, N-methyl D-aspartic acid
(NMDA) was in t racerebral ly  in jected to  produce bi la tera l  des t ruct ion of
neurons in the mPOA. There was decreased sleep and increased Tbr even
four weeks after  the mPOA lesion.  Ta of the environmental  chamber was
then reduced to 18°C, and the S-W and Tbr were again recorded for 24 h
each on the 1st,  7 th,  14th,  21st,  and on 28 th days of continuous exposure to
the mild cold Ta. Exposure to the cold produced further decrease in sleep
and increase  in  the  Tbr.  However ,  s leep  came back  to  the  pre-exposure
level  by the 14th day.  An increase in the duration of sleep episodes was
responsible  for  the restorat ion of  s leep during chronic  cold exposure.

The study showed that  the requirement  of  s leep was reset  at  a  lower
leve l  in  the  mPOA les ioned  ra t s .  The  mPOA les ion  a f fec ted  the  s l eep
maintenance and s leep in i t ia t ion,  though the  la t ter  became evident  only
during chronic cold exposure.  The magnitude of the acute changes in Tbr

and S-W were less in the lesioned rats, as compared to those observed in
the  normal  r a t s  exposed  to  s imi la r  co ld  T a.  On  the  bas i s  o f  these
observations, it could be proposed that the mPOA plays some role in cold
induced  changes  in  the rmoregu la t ion  and  s l eep  regu la t ion .  The  T b r

remained e levated  throughout  the  per iod of  cold  exposure .  Reset t ing  of
the Tbr at  a  higher level  may be part  of  the homeostatic readjustment to
res to re  s l eep .

Key words  : ambien t  t empera tu re chronic  cold exposure s l e e p
mPOA les ion bra in  t empera tu re

*Corresponding Author :  E-mail : v_mohan_kumar@hotmail.com; Fax: +91-11-26588663; Tel.: 91-11-26594812



412 Prasad  et  al Indian J Physiol Pharmacol 2005; 49(4)

INTRODUCTION

Acute  exposure  o f  ra t s  to  mi ld  co ld
ambient  temperature (Ta)  of  18°C produced
a reduct ion in  s leep (1–4) .  But ,  there  was
homeos ta t ic  res to ra t ion  of  s leep  dur ing
chronic exposure to mild cold Ta (4). There
was  a l so  an  increase  in  bra in  tempera ture
(Tbr) on exposure to cold Ta. It was suggested
that  the increase in Tbr contributed towards
homeos ta t i c  res to ra t ion  of  s leep  as  i t  has
been  exper imenta l ly  shown tha t  the
warming brain can promote sleep (5–8). The
media l  preopt ic  a rea  (mPOA) of  the  basa l
fore  brain  is  one area  which is  impl icated
not only in the regulation of sleep and body
tempera ture ,  bu t  a l so  the  s i t e  f rom where
sleep can elicited by local brain warming (5–
7, 9). This area also plays a critical role in
in te r l ink ing  thermoregula t ion  and  s leep
regula t ion  (9–18) .  Th is  inves t iga t ion  was
undertaken to find out the role of the mPOA
in  the  res to ra t ion  of  s leep  dur ing  chron ic
cold exposure.

Ear l i e r  e lec t ro ly t ic  l es ion  s tud ies  had
shown that the physiological thermoregulatory
mechanism i s  g ross ly  a f fec ted  a f te r  the
preopt ic  l es ion  (14 ,  20) .  But ,  subsequent
neurotoxic lesion studies, which preferentially
des t royed  the  neurons ,  l eav ing  the  f ib res
by  and  la rge  in tac t ,  showed tha t  the
phys io log ica l  the rmoregula t ion  was
unaffected after the destruction of the mPOA
neurons (17, 21). But, the body temperature
and  T br were  e leva ted  a f te r  the  mPOA
neuronal  destruct ion (18,  21).  The increase
in body temperature after  the mPOA lesion
was described as a  reset t ing of  thermostat ,
ra ther  than  a  fa i lu re  o f  thermoregula t ion
(16, 17, 21). When the mPOA lesioned rats

were given freedom to select  their  own Ta,
they  moved over  to  a  h igh  T a. This  ac t ion
could  be  a  behavioura l  the rmoregula t ion
a imed a t  inc reas ing  the  body  tempera ture
and Tbr. Though sleep was reduced after the
mPOA les ion,  i t  was  considerably  res tored
when the rats  voluntari ly selected a higher
Ta. Thus, it  is possible that this increase in
body temperature ,  which is  descr ibed as  a
thermostat  reset t ing at  a  higher  level ,  may
be aimed at homeostatic restoration of sleep.
Study of the changes in Tbr and S-W in the
mPOA les ioned  ra t s ,  when  chron ica l ly
exposed  to  mi ld  co ld  T a,  would  prov ide
informat ion  about  the  ro le  of  th i s  a rea  in
in te r l ink ing  thermoregula t ion  and  s leep
regu l a t i on .

An increase  in  the  number  o f  s leep
ep isodes  was  respons ib le  fo r  the  par t i a l
res tora t ion of  s leep in  the  mPOA les ioned
rats (21). During chronic cold exposure also,
s leep  was  res to red  by  an  increase  in  the
number of sleep episodes (4). This suggests
the possibi l i ty that  s leep could be restored
by increasing the number of sleep episodes
during chronic cold exposure, even after the
destruction of the mPOA neurons. But,  this
probabi l i ty  needs  to  be  subs tan t ia ted  by
experimental  evidence.  So,  a  s tudy of  S-W
and T br in  the  mPOA les ioned  ra t s  would
provide information, not only about the role
of  the  mPOA in  the  res to ra t ion  of  s leep
during chronic cold exposure, but also about
the homeostatic process that  regulate sleep.

MATERIAL AND METHODS

The experiments were conducted on male
Wis ta r  ra t s  weigh ing  185–285  g  ob ta ined
f rom the  Exper imenta l  Animal  Fac i l i ty  o f
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the All India Institute of Medical Sciences,
New Delh i ,  Ind ia .  They  were  kep t  in  an
an imal  room wi th  the  tempera ture
main ta ined  a t  24 ± 1°C wi th  14  h  l igh t
(illumination above 200 lux) and 10 h dark
(i l lumination below 5 lux) schedule.  Under
sodium pentobarbital anaesthesia (40 mg/kg,
bw. ip),  these animals were implanted with
electrodes for recording EEG, EMG and EOG
to assess S-W. A thermocouple was placed
on the r ight  parietal  cortex above the dura
(2 mm posterior to bregma and 2 mm lateral
to mid sagittal suture) to record the Tbr. Two
t iny  ho les  were  dr i l l ed  0 .6  mm la te ra l  to
the  mid sagi t ta l  su ture  and 2  mm anter ior
to the bregma, for the microinjection of N-
methyl  D-aspar t i c  ac id  (NMDA) (S igma
Chemicals  Co. ,  USA) to  les ion the mPOA.
Seven  days  a f te r  the  opera t ion ,  when  the
ra t s  had  comple te ly  recovered  f rom the
opera t ive  t rauma,  they  were  p laced  in  a
sound  proof  env i ronmenta l  chamber ,
where in  the  t empera ture  and  l igh t -dark
schedule were kept identical to those of the
animal house. The leads were taken through
a  micro-swive l  to  avoid  the  en tangl ing  of
wires during the movement of  the animals.
The IC socket was connected with leads for
recording the EEG, EMG, and EOG in the
computer  us ing  Biopac  sof tware  (Biopac
Systems, Inc. USA). At every 30 s interval,
T br was  recorded  by  an  e lec t ron ic  d ig i ta l
thermometer  (Fluke ,  USA),  connected  to  a
c o m p u t e r .

Recordings of EEG, EMG, EOG and Tbr

were taken for 24 h on three alternate days
when  the  ra t s  were  main ta ined  a t  24°C.
Af te r  ob ta in ing  th ree  24  h  base l ine
recordings of S-W and Tbr at 24°C, the mPOA
neurons were destroyed by microinjection of

NMDA (5  µg  in  0 .2  µ l  d i s t i l l ed  wate r ,
neut ra l ized  wi th  NaOH) in jec ted  fo l lowing
the De Groot  (22)  a t las  a t  the  coordinates
for mPOA as A 7.8, H –1.5 and L 0.6 mm as
reported earlier, also (3, 16, 18) was injected.
NMDA was  in jec ted  in  the  second  s i t e
(oppos i te  s ide) ,  30–35  mins  a f te r  the
administration on the first site.  On the 28th

day ,  a f te r  the  l es ion ,  S-W and  T br were
recorded for 24 h at 24°C. The temperature
of  the environmental  chamber  was lowered
to  18 ± 1°C,  a f te r  f in i sh ing  the  28 th day
recording, and the animals were maintained
continuously in this  Ta for  four weeks.  On
the 1st, 7th, 14th, 21st, and 28th days, S-W and
Tbr were recorded for 24 h. At the end of the
exper iment ,  the  an imals  were  sacr i f i ced
under  sod ium pentobarb i tone  anaes thes ia
(50  mg/kg  bw ip) .  The  bra in  t i s sues  were
f ixed  wi th  in t ra -card iac  per fus ion  of  10%
formalin.  The brains  were removed and 10
ìm th ick  sec t ions  were  p rocessed  for
his tological  examinat ion of  the les ion s i te ,
wi th  Cresy l  v io le t  s t a in  (23) .  The  neura l
damage  due  to  NMDA in jec t ion  was
ascer ta ined  as  descr ibed  ea r l i e r  (24) .  The
results from five animals, in which the site
of lesion was confirmed to be at the mPOA,
are described here. In these rats three 24 h
control  recordings were taken before lesion
and one after 28th days of the mPOA lesion,
and five recordings on the 1st,  7th, 14th, 21st,
and on 28th days when they were exposed to
co ld  T a.  The  Ins t i tu t iona l  Animal  E th ics
Committee approved al l  protocols .

The sleep records were divided into 30 s
epochs  and  v i sua l ly  ana lysed  on  the
computer .  The  wakefu lness  (W)  was
subdivided into active wakefulness (W1) and
quie t  wakefu lness  (W2) .  The  s leep  was
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d iv ided  in to  s low wave  s leep  (SWS)  and
paradoxica l  s leep  (PS) .  The  SWS was
subdivided into l ight  s low wave sleep (S1)
and deep slow wave sleep (S2).  These S-W
stages ,  to ta l  s leep t ime (TST),  and the Tbr

tha t  was  no ted  a t  30  s  in te rva l s ,  were
quantified separately for 24 h and for l ight
and  dark  per iods .  The  dura t ions  and
frequencies of different sleep episodes (S1,
S2 and PS) were calculated. Friedman’s non-
parametric two-way analysis of variance test
was used to f ind out the possible variat ion
be tween  the  th ree  con t ro l  (p re - les ion)
readings of  S-W and Tbr.  The mean of  the
three  p re - les ion  read ings  were  compared
wi th  the  pos t - les ion  da ta  ob ta ined  on  the
28th day using the same test .  Post-Hoc test
was used to find out the significance of each
p a r a m e t e r .

The readings of S-W and Tbr before cold
exposure  ( the  post - les ion data  obta ined on
the  28 th day)  were  compared  wi th  those
obta ined  dur ing  the  1 st,  7 th,  14 th,  21 st and
28th days of cold exposure using Friedman’s
non-parametric two-way analysis of variance
tes t  and  Pos t -Hoc  tes t  to  f ind  ou t  the
s ignif icant ly  changed,  each,  parameters .  In
addit ion,  the data from this  lesioned group
were  compared  wi th  the  da ta  o f  the  non-
lesioned group exposed to cold,  which was
reported ear l ier  (4) .

R E S U L T S

Effect of exposure of the mPOA lesioned
rats to a mild cold Ta of 18°C on S-W and Tbr

are described here, along with the effect of
the  des t ruc t ion  of  the  mPOA neurons  on
these  parameters .  In  add i t ion ,  e f fec t s  o f
exposure  o f  these  ra t s  to  18°C were

compared with the changes produced in the
normal rats when they were exposed to the
same mild cold Ta.

The  three  base  l ine  record ings  of  S-W
and Tbr of these five rats at 24°C, before the
mPOA lesion were found to be comparable.
W1 was the major component of W, whereas
S1 formed the major component of the total
sleep (Table  I ) .  The T br was  higher  dur ing
the  dark  per iod  than  in  the  l igh t  per iod
(Table II) .

H i s t o l o g y

All the f ive rats  included in this  group
had  b i la te ra l  l es ion  in  the  mPOA.  The
destruct ion of  the mPOA neurons produced
by the injection of NMDA was restricted to
the  mPOA on  bo th  s ides  (F ig .  1 ) .  The
bilateral destruction produced by the NMDA
injection was in the mPOA, except for a very
smal l  mechanical  dest ruct ion in  the  needle
t r a c t s .

Effec t  o f  l e s ion  o f  the  mPOA on  S-W and T br

All  the  components  o f  s leep  were
decreased, and wakefulness increased during
both  l igh t  and  dark  per iods  when  the
recordings were taken after  28 days of  the
mPOA les ion  (Table  I ) .  The  ep isode
durat ions  of  the  d i f ferent  s leep s tages  i .e .
S1 ,  S2 ,  and  PS were  decreased  f rom the
control level,  whereas those of W1 and W2
were increased (Table III) .  The frequencies
of  the  s leep episodes  were  a lso decreased,
whereas those of the W1 and W2 were not
significantly affected (Table III). The Tbr was
increased after the mPOA lesion during both
the l ight  and dark periods (Table II) .
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TABLE I : Different  S-W stages  (%) on dif ferent  days  dur ing 24 h,  l ight  (14 h)  and dark per iod (10 h)
periods before lesion and in the mPOA lesioned rats before and after cold exposure (Mean±SD).

W 1 W 2 S 1 S 2 P S

C o n t r o l

2 4 h 30 .18± 0 . 2 14 .42± 0 . 2 29 .75± 0 . 3 14 .55± 0 . 1 11 .03± 0 . 2
Ligh t ,  14 h 29 .71± 0 . 4 14 .11± 0 . 4 30 .45± 0 . 3 14 .82± 0 . 1 11 .17± 0 . 3
Dark ,  10 h 30 .83± 0 . 3 14 .86±0 .63 28 .76± 0 . 9 14 .17± 0 . 2 10 .82± 0 . 2

mPOA Les ioned

2 4 h 34 .19± 1** 17 .00± 0.9** 26 .49± 1.3** 12 .80± 0.5** 9 .51± 0.6**
Ligh t ,  14 h 33 .87± 0.9** 16 .92± 0.82** 27 .18± 1.4** 13 .10± 0.5** 9 .69± 0.7**
Dark ,  10 h 34 .65± 1.4** 17 .12± 1.49** 25 .53± 1.1** 12 .38± 0.66** 9 .27± 0.6**

Mild  co ld  exposure  (18°C)

1s t  Day 2 4 h 39 .44± 3.0**≠ 18 .96± 0.5**≠ 22 .13± 0.9**≠ 10 .75± 0.6**≠ 7 .58± 0.4**≠

Ligh t ,  14 h 39 .00± 3.2**≠ 18 .38± 1.0* 22 .77± 0.7**≠ 11 .01± 0.6**≠ 7 .86± 0.5**≠

Dark ,  10 h 40 .05± 2.9**≠ 19 .77± 1.1**≠ 21 .23± 1.4**≠ 10 .38± 0.8**≠ 7 .20± 0.4**≠

7 t h  Day 2 4 h 37 .90± 1.4**≠≠ 16 .99± 0.9** 24 .49± 0.4** 11 .76± 0.7** 8 .87± 0.2**
Ligh t ,  14 h 37 .04± 1.3**≠≠ 16 .60± 1.0** 25 .19± 0.4**≠ 12 .04± 0.8** 9 .17± 0.4**
Dark ,  10 h 39 .10± 2.0**≠ 17 .53± 0.7** 23 .52± 0.7**≠ 11 .37± 0.7**≠ 8 .45± 0.1**≠

14t h  Day 2 4 h 35 .78±1.0** 16 .52± 0.3** 25 .65± 0.9** 12 .65± 0.2** 9 .40± 0.3**
Ligh t ,  14 h 35 .27± 1.0** 16 .44± 0.6** 26 .29± 0.7** 12 .79± 0.3** 9 .71± 0.1**
Dark ,  10 h 36 .48± 1.2** 16 .63± 0.3** 24 .77± 1.3** 12 .47± 0.3** 8 .95± 0.7**

21t h  Day 2 4 h 33 .99±0.6** 16 .15± 0.3** 27 .15± 0.7** 12 .95± 0.3** 9 .76± 0.3**
Ligh t ,  14 h 33 .94± 0.7** 15 .83± 0.4** 27 .46± 0.5** 13 .13± 0.4** 10 .07± 0.2**
Dark ,  10 h 34 .05± 0.6** 16 .60± 0.6** 26 .72± 1.02** 12 .70± 0.2** 9 .32± 0.4**

28t h  Day 2 4 h 33 .94±0.8** 16 .82± 0.2** 27 .06± 0.3** 12 .81± 0.3** 9 .36± 0.3**
Ligh t ,  14 h 33 .62± 0.7** 16 .87± 0.4** 28 .04± 0.4** 13 .12± 0.5** 9 .49± 0.4**
Dark ,  10 h 34 .40± 1.0** 16 .75± 0.2** 25 .70± 0.3** 12 .38± 0.2** 9 .18± 0.4**

**P≤0.01,  ***P≤0.001,  s ignif icant ly different  when compared with control ;  ≠P≤0.05,  ≠≠P≤0.01,  s ignif icant ly
di f ferent  when compared  wi th  28 th Pos t - les ion  day .

TABLE II : T br during 24 h, light (14 h) and dark period (10 h) periods before lesion and
in the mPOA lesioned rats before and after cold exposure (Mean ± SD).

T br (24 h) L igh t  (14 h) Dark  (10 h)

C o n t r o l
37 .78± 0 .08 37 .75± 0 .07 37 .81± 0 .10

mPOA Les ion
38 .04± 0.07** 38 .03± 0.08* 38 .05± 0.06**

Mild  co ld  exposure  (18°C)
1s t  Day 38 .21± 0.06**≠ 38 .20± 0.04**≠ 38 .25± 0.08**≠

7 t h  Day 38 .10± 0.06**≠ 38 .09± 0.07*≠ 38 .12± 0.03**≠

14t h  Day 38 .15± 0.03**≠ 38 .13± 0.07*≠ 38 .16± 0.03**≠

21s t  Day 38 .22± 0.06**≠ 38 .20± 0.04*≠ 38 .22± 0.05**≠

28t h  Day 38 .18± 0.09**≠ 38 .15± 0.07*≠ 38 .18± 0.12**≠

**P≤0.01,  ***P≤0.001,  s ignif icant ly different  when compared with control ;  ≠P≤0.05,  ≠≠P≤0.01,  Signif icant ly
di f ferent  when compared  wi th  28 th Pos t - les ion  day .
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Fig.  1 : Photomicrographs (Coronal section of 10 µm thick) of the brain, stained with Cresyl violet.  The arrows
point  towards  the  area  of  neura l  damage in  the  mPOA due to  the  in t racerebra l  in jec t ion  of  NMDA.
AC–Anter io r  Commissure ,  OC–Opt ic  Chiasma.

T A B L E I I I : Ep i sode  dura t ion  (min)  and  f requency
(per day) of  different  S-W stages in rats
before and after the mPOA lesion.

Episode  Dura t ion

Cont ro l 28 th Day Post  Lesion

W 1 2.97±0 .05 3 .29±0.07 ++

W 2 2 .05±0 .01 2 .53±0.04 ++

S 1 3 .01±0 . 1 2 .93±0 .06 –

S 2 2 .13±0 .09 1 .98±0 .07 – –

P S 1 .97±0 .05 1 .84±0 .05 – –

Episode  Frequency

Cont ro l 28 th Day Post  Lesion

W 1 146 .52±2 . 2 149 .63±6 .71
W 2 101 .43±5 .72 96 .97±6 .43
S 1 142 .46±2 .64 127 .99±7 .58 –

S 2 103 .03±1 . 6 91 .57±4 .06 –

P S 80 .82±1 .74 74 .70±3 .23 –

++P≤0.01 significantly higher; –P≤0.05 significantly
lower;  –P≤0.01 s ignif icant ly  lower .

Effect of exposure of the mPOA lesioned rats to 18°C

When the  mPOA les ioned  ra t s  were
exposed to a mild cold Ta (18°C), on the 1st

day, the TST and all the components of sleep
were  decreased  and  wakefu lness  increased
from the pre-exposure levels  (Table I ,  Fig.
2). The frequencies of S1, S2 and PS episodes
were  decreased ,  whereas  the  ep i sode
dura t ions  o f  these  s tages  were  increased
(Fig. 3). The Tbr was increased during light
and dark periods on the 1st day of exposure
to 18°C (Table II, Fig. 2).

The  TST and  the  to ta l  quan t i ty  o f
different components of sleep, in the mPOA
lesioned rats, came back to the pre-exposure

AC 200 µm

OC
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leve l  by  the  14 th day  of  con t inued  co ld
exposure (Table I, Fig. 2). On the other hand,
the  ep i sode  dura t ions  o f  the  s leep  s tages
were increased through out the period of cold
exposure (Fig. 3). The increase in the episode
durat ions  was  more  pronounced dur ing the
la ter  days  of  exposure .  An increase  in  the
ep isode  dura t ions  was  respons ib le  fo r  the
recovery  of  the  to ta l  s l eep  by  14 th day .
However, the frequency of the sleep episodes
remained low, throughout the period of cold

exposure .  The  increase  in  T br pe rs i s ted
throughout  the cold exposure in the mPOA
les ioned ra ts .  This  increase  in  the  T br was
seen both during l ight  and dark per iods.

Comparison  o f  the  changes  in  S-W and T br

between  normal  (non- les ioned)  and  the  mPOA
les ioned  group o f  an imals  a f ter  exposure  to
c o l d

Though the TST of the lesioned rats was
decreased  on  the  1 st and  7 th days  of  co ld

Fig. 2 : The line diagram in the upper panel shows the brain temperature (Tbr) in °C on different days of cold (18 ± 1°C)
exposure in normal and mPOA lesioned rats. The bar diagram in the lower panel shows the total sleep time (TST)
in % during the same period. Previous work on normal rats (Ref. 4) is reproduced with permission. ++P≤0.01,
+++P≤0.001 significant increase from the control level. ---P≤0.001 significant decrease from the control level.
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the 1st day of exposure to cold, the Tbr levels
attained in the lesioned animals were found
to  be  s ign i f ican t ly  l ess  than  the  va lue
obta ined  in  the  non- les ioned  group .  But ,
dur ing  chron ic  exposure  there  was  no
signif icant  d i f ference between the  les ioned
and non- les ioned groups .

D I S C U S S I O N

The effects of exposure to cold Ta on S-
W and Tbr were studied on the rats after 28
days  of  the  mPOA les ion .  Though  the

exposure, this reduction was much less than
in the normal rats (Fig. 2). The frequencies
of  S1 ,  S2  and  PS ep isodes  were  no t  on ly
lowered,  but  also remained lower than that
of  the  non- les ioned  group .  On the  o ther
hand ,  increase  in  f requenc ies  o f  s leep
episodes was responsible for sleep recovery
in the  non-les ioned ra ts .

The base l ine Tbr of  the lesioned group
was  found  to  be  s ign i f ican t ly  h igher  than
tha t  o f  the  non- les ioned  group  (F ig .  2 ) .
Though the  Tbr was  fur ther  increased    on

Fig.  3 : The upper panel shows the distribution of frequencies and durations of episodes of S1, S2, and PS before
exposure (control), and during 1st, 7th, 14th, 21st and 28th days of cold exposure (18 ± 1°C). The lower panel
shows the distribution of frequencies and episode durations before and after exposure to cold (18 ± 1°C) in mPOA
lesioned rats. The frequencies are shown in lines and the episode durations in bars. In the lower panel, in the
secondary Y-axis the maximum value (200) is different from that of the upper panel (400).
+P≤0.05,  ++P≤0.01 s ignif icant  increase f rom the control  level .
–P≤0.05,  – –P≤0.001 s ignif icant  decrease  f rom the control  level .
*P≤0.05,  s ignif icant ly  different  f rom the corresponding day’s  value of  normal  group.
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decrease  in  s leep  and  the  increase  in  T br,
during the initial days of cold exposure, were
similar to that observed in normal rats,  the
magnitude of changes were much less in the
lesioned rats  (4) .  Increase in sleep episode
durat ions  was  responsible  for  the  recovery
of sleep in the lesioned rats, but an increase
in  the  f requency  of  s leep  ep isodes  was
respons ib le  fo r  s leep  res to ra t ion  in  the
normal  ra t s .

The  va lues  o f  var ious  components  o f
S-W and Tbr before the mPOA lesion, when
the  ra t s  were  main ta ined  a t  24°C are
comparab le  to  the  ea r l i e r  repor t s  (4 ,  16 ,
25–27) .  Acute  co ld  exposure  p roduced
decrease in sleep in the mPOA lesioned rats
(3) .  Dur ing  cont inued exposure ,  s leep  was
res to red  to  the  p re -exposure  l eve l  in  the
normal rats  (4).  This phenomenon was also
observed  in  the  mPOA les ioned  ra t s .
Therefore ,  the  ra t s  wi th  damage  to  the
mPOA neurons  do  have  the  neura l
mechanism,  which is  capable  of  increasing
their quantum of sleep that was reduced by
cold exposure. It  also shows that the lower
leve l  o f  s leep ,  a t t a ined  a f te r  the  mPOA
lesion is  the new homeostat ic  level ,  which
is  defended whenever  i t  i s  decreased f rom
this  equi l ib r ium.

Though the Tbr was higher in the mPOA
lesioned rats, it was further increased during
chronic cold exposure. At the same time, it
was also seen that the magnitude of rise in
Tbr especially during the initial days of cold
exposure  was lower  in  the  mPOA les ioned
ra t s .  So ,  the  mPOA les ion  d id  a f fec t  the
magnitude of responses of Tbr, though it did
not abolish the responses completely. On the
basis of this observation, it can be concluded
tha t  the  mPOA plays  a  ro le  in  the  co ld
induced  changes  in  T br.  I t  was  ea r l i e r
suggested that  the increase in Tbr might be

contributing towards the restoration of sleep
during chronic cold exposure (4). It has been
demonstra ted that  even a  mild  warming of
the  thermosens i t ive  a reas  o f  the  basa l
forebrain produces increase in sleep (5,  6).
So,  the reset t ing of  thermostat  a t  a  higher
leve l  by  the  phys io log ica l  adap t ive
mechanism may be also aimed at  res tor ing
sleep during cold exposure.

It cannot be ruled out that a decrease in
the  cold  induced acute  changes  in  S-W in
the mPOA lesioned rats could also be due to
a  decrease  in  the  s t ress  response  of  these
animals. Though 18°C is not much of a stress
for rats, the lesioned rats were probably less
s t ressed  by  the  co ld  than  the  normal
animals. So, the increase in wakefulness was
less  in  the  les ioned ra ts  dur ing the  in i t ia l
days  of  co ld  exposure .  As  wakefu lness  i s
associated with an increase in Tbr (6,18, 25,
29–31) ,  the  reduced magni tude of  increase
in  wakefulness  may be responsible  for  the
reduced r ise in Tbr.

The  decreases  in  s leep  and increase  in
Tb/Tbr af ter  the mPOA neuronal  destruct ion
was  s imi lar  to  the  ear l ie r  repor ts  (16 ,  18 ,
21,  25,  26,  31,  32) .  I t  was  suggested that
the  thermos ta t  o f  the  thermoregula tory
mechanism was  rese t  a t  a  h igher  l eve l  in
these  l es ioned  ra t s  (16 ,  18 ,  21) .  Fur ther
suppor t  for  th is  hypothes is  came f rom the
ear l i e r  observa t ion  tha t  these  ra t s
voluntar i ly  se lec ted  a  warmer  envi ronment
af te r  the  mPOA les ion  (21) .  Hyper thermia
was not due to a failure of heat dissipating
mechanism as the mPOA lesioned rats were
shown to be capable of defending their body
tempera ture  when  they  were  exposed  to  a
very  ho t  env i ronment  (17) .  So ,  i t  i s
reasonable to conclude that the elevation in
Tbr was due to reset t ing of  thermostat  at  a
higher level,  rather than to a failure of the
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hea t  d i ss ipa t ing  mechanism,  as  was
suggested ear l ier  (14) .

The  les ion  of  the  mPOA resu l ted  in  a
decrease in the durat ion of  s leep episodes.
On the  bas i s  o f  th i s  observa t ion ,  i t  was
ear l ie r  conc luded  tha t  the  pr imary  ro le  of
the mPOA is sleep maintenance (16, 18). As
the  dura t ions  o f  s leep  ep i sodes  were
increased during cold acclimatization in the
mPOA lesioned rats,  this assumption has to
be modified or clarified. It  should therefore
be assumed that  the  s leep requirement  had
come down in the mPOA lesioned rats. The
reduct ion in  s leep requirement  would have
had its effect on the frequency and duration
of sleep episodes. But, the deficiency on sleep
in i t i a t ion  ( f requency)  was  no t  v i s ib le  in
ra t s  main ta ined  in  a  normal  (o r  warm)
environment. The increase in sleep pressure,
caused by the cold induced sleep loss, resulted
in  a  rebound  increase  in  the  dura t ion  of
sleep episodes along with a decrease in the
f requency  of  s leep  ep isodes .  This  showed
tha t  the  s leep  pressure  cou ld  cause  an
increase  in  the  durat ion of  s leep episodes .
Decrease in the frequency of sleep episodes
brought  out  c lear ly the deficiency in s leep
ini t ia t ion in  the mPOA lesioned rats .

I t  was  s ta ted  ea r l i e r  tha t  the  p r imary
ro le  o f  the  mPOA is  to  in te r l ink  var ious
phys io log ica l  regu la t ions  (16) .  Af te r  the
mPOA les ion ,  the  ra t s  were  unable  to
in te r l ink  energy  homeos tas i s  wi th  s leep
homeostasis .  I t  was also shown earl ier  that

the  ra t s  wi th  the  mPOA les ion  showed a
reduction in body weight,  as they were not
increas ing  the i r  energy  in take  even  when
the  energy expendi ture  had increased.  The
present findings, in fact, further support this
hypothesis.  After the mPOA lesion, the rats
a re  l ess  capab le  o f  inc reas ing  the i r  T br.
Adjustment of body temperature or Tbr could
be considered as a part of energy homeostasis.
The  ab i l i ty  o f  the  ra t s  to  inc rease  the i r
T br  was  a f fec ted  a f te r  the  mPOA les ion .
Increas ing  the  T br would  have  he lped  in
dea l ing  wi th  the  d i s tu rbed  in  s leep
homeos tas i s .

Even though the homeostatic mechanism
is affected in the mPOA lesioned rats, it  is
no t  comple te ly  abo l i shed .  The  res t  o f  the
brain including the left over mPOA had the
ability to increase the quantity of sleep. The
method employed by the mPOA lesioned and
normal rats were different.  The normal rats
increased  the i r  s l eep  ep i sodes  to  recover
from the induced reduction in sleep (4). But,
the  mPOA les ioned  ra t s  recovered  i t  by
increasing the durat ions of  s leep episodes.

The  T br was  increased  no t  on ly  dur ing
chronic  co ld  exposure ,  bu t  a l so  a f te r  the
mPOA lesion. So, it could be suggested that
the  rese t t ing  of  T br i s  a  phys io log ica l
readjustment  a imed at  res torat ion of  s leep.
The effects of cold Ta was studied after four
weeks of the mPOA lesion, as earlier studies
have  shown tha t  the  S-W and  T br were
stabilised at the new level by this time (16).
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