
Ind ian  J  Phys io l  Pharmaco l  2007 ;  51 (3) :  261–273

* Cor respond ing  Author  : Te l . :  91-11-26594881;  Fax :  91-11-26588663,  91-11-26588641
* *Presen t  address  : Vis i t ing Professor ,  Depar tment  of  Neurology,  Sree  Chi t ra  Tirunal  Ins t i tu te  for  Medical

Sc iences  and  Techno logy ,  Tr ivandrum –  695  011 .

THE MEDIAL SEPTUM ACTS THROUGH THE MEDIAL PREOPTIC
AREA FOR THERMOREGULATION AND WORKS WITH IT
FOR SLEEP REGULATION

RAJAGOPALAN SRIVIDYA, HRUDA NANDA MALLICK*
AND VELAYUDHAN MOHAN KUMAR**

Department  of  Physiology,
All India Institute of Medical Sciences,
Ansari Nagar, New Delhi – 110 029

( Received on May 23,  2007 )

Abstract  :  The  ch ron ic  changes  in  s l eep-wakefu lness  (S -W) ,  body
temperature (Tb) ,  locomotor  act ivi ty  (LMA) and thermal  preference were
studied in  male Wistar  ra ts  af ter  the destruct ion of  neurons in  both the
medial preoptic area (mPOA) and the medial septum (MS) by intracerebral
injection of N-methyl-D-aspartic acid.

An increase in the Tb, and a preference for higher ambient temperature
(Tamb) of 30°C were observed after the combined lesion of the mPOA and
the MS. Similar changes were reported to occur after the lesion that was
res t r i c t ed  to  the  mPOA.  But  these  a l t e ra t ions  were  in  con t ras t  to  the
decrease in Tb and preference for lower Tamb, observed after the MS lesion.
The thermostat of the brain would have been reset at a higher level after
the combined lesion, as there was an increase in Tb, along with a preference
for a higher Tamb,  and an increase in LMA. There was a reduction in the
frequency and the duration of the slow wave sleep (SWS) episodes, and a
reduction in the frequency of the paradoxical sleep (PS) episodes after the
combined  l e s ion .  The  des t ruc t ion  o f  the  MS neurons  was  p robab ly
responsible for  the reduction in the frequency of SWS, whereas the loss
of mPOA neurons was responsible for the decrease in the duration of SWS
and frequency of PS.

It can be suggested that the MS exerts its influence on thermoregulation
th rough  the  mPOA.  However ,  the  MS and  the  mPOA seem to  p lay
independent ,  but  complementary roles  in  s leep promotion.

Key words  : preopt ic  area s leep media l  septum w a k e f u l n e s s
t e l e m e t r y ambien t  t empera tu re t h e r m o r e g u l a t i o n

INTRODUCTION

The medial preoptic area (mPOA) and the

medial septum (MS) are two adjoining basal
fo rebra in  s t ruc tures  tha t  p lay  impor tan t
ro les  in  the  regu la t ion  of  s leep  and  body
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t empera ture  (T b)  (1 ,  2 ,  3 ,  4 ) .  However ,
neuro tox ic  l es ion  s tud ies  have  shown tha t
these structures may play different roles in
the regulation of sleep and Tb. Lesion of the
mPOA with the cell  specif ic neurotoxin N-
methyl-D-aspart ic acid (NMDA) produced a
deficiency in the maintenance of slow wave
sleep (SWS) (1, 4, 5, 6), while the lesion of
the MS produced a deficiency in the initiation
of SWS (3, 7). Lesion of the mPOA caused a
reduction in the ability of the rats to defend
the i r  body  tempera ture  in  a  low ambien t
temperature (Tamb) (2, 4), while lesion of the
MS produced a deficit in their heat defence
ability (8). It was also reported that the brain
tempera ture  o f  the  ra t s  were  rese t  a t  a
higher level after the mPOA lesion, while it
was reset at a lower level after the MS lesion
(2, 3, 4, 8). There was a shift in the thermal
preference for a higher Tamb after the mPOA
les ion  (6) ,  whi le  there  was  a  sh i f t  in  the
thermal preference for a lower Tamb after the
MS lesion (3). Moreover, it has been reported
that  that  the s leep defici ts  were at tenuated
when the lesioned rats  were given freedom
to select  their  preferred Tamb (3,  6).

The  mPOA and  the  MS might  be
regula t ing  these  phys io log ica l  func t ions
through  independent  neurona l  c i rcu i t s .  On
the other hand, it could also be possible that
one area  inf luences  the  other  to  achieve a
homeos ta t ic  ba lance ,  as  per  requ i rement .
This  cou ld  become ev iden t  when  the
observations from a combined lesion of two
adjo in ing  bra in  reg ions  a re  in te rpre ted  in
the light of existing information on isolated
lesion of the MS and the mPOA. The changes
in physiological parameters,  monitored after
bo th  the  a reas  a re  l es ioned ,  can  g ive
informat ion  about  the  in te rac t ion  be tween
the two areas (9, 10).

There is  no report  in which changes in
T b,  s l eep-wakefu lness  (S-W) ,  locomotor
activity (LMA) and thermal preference were
studied after the destruction of both the MS
and the  mPOA,  though  these  parameters
were studied after  isolated lesions of these
two areas. So, in this study, S-W and Tb were
recorded,  us ing a  te lemetr ic  sys tem,  a long
with  LMA, when they were  given f reedom
to  se lec t  the i r  p re fe r red  Tamb,  in  the  ra t s
whose MS and mPOA were lesioned. These
parameters were also studied when the same
rats were not given freedom to select  their
prefer red  T amb.

METHODS

The  s tudy  was  conduc ted  on  s ix  adu l t
male Wistar rats weighing between 200 and
250g. The rats were housed in separate cages
in  an  an imal  room having  l igh ts  on  f rom
6:00 to 20:00 h (14:10 light: dark cycle) and
controlled Tamb of 26 ± 1°C. Food and water
were  p rov ided  ad  l ib i tum .  Al l  p rocedures
were  conduc ted  in  accordance  wi th  the
ru les  o f  the  Commit tee  fo r  the  Purpose
of  Control  and Supervis ion of  Experiments
on  Animals  (CPCSEA) and  were  approved
by  the  Ins t i tu t iona l  Animal  E th ics
Commit tee ,  AIIMS,  New Delh i ,  Ind ia .  Al l
the  ra t s  were  chron ica l ly  implan ted
wi th  e lec t roencepha logram (EEG) ,
electromyogram (EMG) and electrooculogram
(EOG) electrodes for the assessment of S-W,
under  pen tobarb i ta l  sod ium anes thes ia  (40
mg/kg body weight, i.p.). The electrodes were
soldered to a plug that was fixed to the skull
wi th  denta l  cement .  In  order  to  assess  the
in t raper i toneal  tempera ture ,  a  tempera ture-
sens ing  t ransmi t te r  (Data  Sc iences ,  USA,
TA10TA-F40, 7.15 g and 3 × 1.3 × 0.8 cm) was
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assessed the number of movements made by
the animal (i.e. LMA), in addition to the time
spent  by  the  an imal  in  each  compar tment
( i . e .  the  thermal  p re fe rence) .  Te lemet r ic
receivers (RPC-1) were kept in each of the
compar tments  o f  the  chamber .  These
rece ivers  were  a t tached  to  a  computer ized
da ta  acquis i t ion  sys tem (Dataques t ,  Da ta
Sciences Internat ional ,  USA) and the EEG,
EOG and EMG records were displayed and
stored on the computer, as described earlier
(11) .  The transmit ters  were act ivated using
a magnet,  and the signals were received by
the RPC-1 receivers .

Af te r  the  s ix  p re - les ion  record ings  in
which the rats  selected their  own preferred
Tamb, one more recording of S-W and Tb, along
wi th  LMA was  done  wi th  a l l  the  th ree
compar tments  main ta ined  a t  27±0 .5°C to
assess  S-W and T b when the rats  were not
given the freedom to choose their preferred
Tamb.  This  temperature  was  se lected on the
basis of earlier studies in which the normal
rats preferred to stay at 27°C (11, 12). After
all these pre-lesion recordings, the rats were
anaes the t i sed  us ing  sod ium pentobarb i tone
(40 mg/kg, i .p.) and the mPOA and the MS
neurons  were  des t royed  by  in t racerebra l
injection of 5 µg NMDA (Sigma, St. Louis,
USA) in 0.2 µl  dist i l led water .  The mPOA
was  in i t i a l ly  des t royed  by  in t racerebra l
injection of 0.2 µl NMDA at A 7.8,  H–1.5
and L 0.6 mm as per  DeGroots  a t las  (13) .
Af te r  a  per iod  of  30  min ,  the  needle  was
lifted to the MS (H 0.5) and this area was
destroyed by an injection of 0.2 µl NMDA.
The  same procedure  was  repea ted  on  the
other side after an interval of 30 min. S-W,
thermal preference and LMA were recorded
on the 7th, 14th and 21st days, after the lesion.
On the  o ther  hand ,  T b,  thermal  preference

surg ica l ly  implan ted  in  the  abdomen.  The
rats were then allowed six days for recovery
f rom surg ica l  t rauma.

The  ra t s ,  wi th  chron ica l ly  implan ted
e lec t rodes  and  t ransmi t te r ,  were  p laced  in
an environmental  chamber,  which consis ted
of  three  in terconnected  compar tments .  The
three compartments in which the rats could
move  f ree ly  were  main ta ined  a t  th ree
different Tamb of 24°, 27° and 30°C (11). These
temperatures  were selected on the basis  of
the earlier findings of the thermal preference
of adult  male Wistar rats (11, 12).  A three
channe l  t e lemet r ic  t ransmi t te r  (Data
Sc iences ,  TL10M3F50-EEE)  was  used  for
recording EEG, EOG and EMG. Before the
ac tua l  record ings  of  S-W and  o ther
parameters, the rats were accustomed to the
environmental  chamber  and t ra ined to  pass
th rough  the  open ings  in  the  par t i t ion
separa t ing  the  th ree  compar tments .
Those  ra t s  tha t  d id  no t  move  f rom one
compar tment  to  ano ther  were  d i scarded .
The ra ts  were put  in  the  chamber  one day
pr ior  to  the  record ing ,  to  hab i tua te  them
to  the  sur roundings .  The  te lemet r ic
sys tem,  which was  used in  th is  s tudy,  d id
not permit simultaneous recordings from two
t ransmi t te r s .  So ,  us ing  the  t r ip le  channe l
telemetric system, EEG, EMG, and EOG were
recorded  a long  wi th  LMA and  thermal
pre fe rence  fo r  24h  on  th ree  days  to  have
pre- les ion  con t ro l  da ta .  Us ing  the  o ther
te lemetr ic  system,  Tb a long with  LMA and
thermal  preference,  were recorded for  24h,
for another three days. These days alternated
with those of EEG, EOG and EMG recordings.
Thermal preference and LMA were assessed
by  ac t iv i ty  moni to r  sys tems  (Coulbourn
Instruments, Allentown, PA, USA) placed on
the  f loor  o f  the  chambers .  This  sys tem,
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and LMA were recorded on the 8th, 15 th and
22nd days after the lesion. S-W and LMA were
recorded  on  the  24 th day ,  whi le  T b was
recorded  on  the  25 th day ,  wi th  the
tempera ture  o f  a l l  the  th ree  compar tments
maintained at 27 ± 0.5°C. At the end of the
experiment, the rats were anaesthetised with
sodium pentobarbitone (45 mg/kg,  i .p.)  and
perfused with 10% formalin. The brains were
then removed and 10 µm thin sections were
processed for histological examination of the
lesion site, with cresyl violet stain (14). The
neural  damage due to  the  NMDA inject ion
was ascertained as described in the literature
(15).

The t ime spent  ( in  24h) in  each of  the
compartments was calculated to find out the
thermal  p re fe rence .  The  24h  S-W records
were spl i t  in to  30 sec epochs and visual ly
scored .  The  wakefu l  per iod  was  c lass i f ied
into two stages namely,  act ive wakefulness
(W1) and quiet wakefulness (W2). The sleep
period was classified into three stages, light
slow wave sleep (S1), deep slow wave sleep
(S2) and paradoxical sleep (PS) as described
earlier (1, 4, 5).

Friedman’s two-way analysis of variance
(ANOVA) was done in order to find out the
variation in thermal preference, Tb, LMA and
S-W be tween  the  ra t s  as  wel l  as  be tween
the days of  pre-lesion recordings.  The pre-
les ion  record ings  o f  each  parameter  were
pooled together  and considered as  the pre-
lesion average,  after  f inding that  there was
no  s ign i f ican t  var ia t ion .  These  average
va lues  were  used  for  compar i son  wi th  the
values  of  the  respect ive  parameter  of  each
pos t - les ion  day  us ing  the  same ANOVA.

Duncan’s  mul t ip le  compar i son  tes t s  were
done  in  those  cases  in  which  there  was  a
s ignif icant  d i f ference  in  two-way ANOVA.
The  pre - les ion  va lues  and  the  pos t - l es ion
va lues ,  when  the  ra t s  were  no t  g iven
f reedom to  choose  the  T amb, were  a l so
similar ly t reated.  Durat ions of  S-W stages,
when  the  ra t s  were  in  the  d i f fe ren t
compartments during the light period (14h),
dark  per iod  (10h) ,  and  dur ing  24h ,  were
assessed. Total sleep time (TST) during the
14h light and 10h dark periods, in addition
to 24h, were expressed as the percentage of
the  record ing  t ime .  Two-hour ly  average
values of  each of  the four parameters ,  and
the  va lues  dur ing  dark  (10h)  and  l igh t
(14h) periods were calculated from the 24h
record ings  and  p lo t ted .  The  percen tage  of
the light period sleep was divided by that of
the  dark  per iod  to  ca lcula te  the  l ight /dark
ra t io  o f  s leep .  Af te r  scor ing  the  d i f fe ren t
s tages  o f  s leep  as  ment ioned  above ,  the
number of times of the different stages of S-
W (W1, W2, S1, S2 and PS) occurred per h
in the light,  dark and the total period were
ca lcu la ted .  This  was  t aken  to  be  the
f requency .  The  dura t ion  of  each  s tage  ( in
min)  was noted down and the mean of  the
durat ion of  the  episodes  in  the  l ight ,  dark
and total periods were calculated. Friedman’s
ANOVA was done in order to f ind out  the
var ia t ion  be tween  the  p re - les ion  and  the
post- lesion values of  these parameters.  The
values of various parameters obtained when
the rats were given the choice of three Tamb,

were  compared  wi th  the  va lues  ob ta ined
when they were not given the choice of Tamb,
us ing two way ANOVA. All  the  s ta t is t ica l
ana lys i s  was  done  by  Sys tem Analys i s
Software (SAS version 8).
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RESULTS

Histo log ica l  conf irmat ion  o f  l e s ion

All the rats had extensive destruction of
the  MS and  the  mPOA.  The  neurons  were
rep laced  by  the  g l ia l  ce l l s  a t  the  s i t e  o f
NMDA in jec t ion  (F ig .  1 ) .  An  a rea  o f

moderate  destruct ion surrounded the region
of severe lesion.  The destroyed areas were
genera l ly  res t r i c ted  to  the  MS and  the
mPOA,  except  fo r  a  very  th in  a rea  of
mechanica l  des t ruc t ion  a long  the  need le
t rac t s .  The  les ions  d id  no t  ex tend  to  the
la teral  preopt ic  area  or  the  la teral  septum,
in any of  these rats .

Fig .  1 : Photomicrographs  of  a  10 µm thin coronal section of the  bra in  pass ing through the  MS and the  mPOA,
s ta ined  wi th  c resy l  v io le t .  The  rec tangu la r  a reas  in  the  pho tomic rograph  F ig .  1 . a  a re  magn i f i ed  and
shown in Fig.  1 .b  and Fig.  1 .c .  Neural  damage in  the MS due to  the intracerebral  inject ion of  NMDA
is shown in Fig. 1.b,  while Fig. 1.c shows the neural damage in the mPOA. AC – Anterior commissure,
mPOA –  media l  p reop t i c  a rea ,  MS –  media l  sep tum,  3V –  Th i rd  ven t r i c l e .  Sca le  ba r :  1  mm.
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when given a choice of three temperatures,
i.e. 24, 27 and 30°C (Fig. 2). They preferred
a cooler Tamb of 24°C in the dark period, than
dur ing  the  l igh t  per iod .  In  add i t ion  to
thermal preference, LMA and Tb, also showed
circadian var iat ion with more LMA and Tb

during the dark period than during the light
period. The amount of sleep was more during
the light period (Fig. 2). W1 formed the major

Fig .  2 : The left  panel shows the mean ± SD of total  sleep t ime (TST),  locomotor activity (LMA) and thermal
preference on the pre-lesion (PRE-LESION) and post-lesion (POST-LESION) days 7, 14 and 21. The right
panel shows the body temperature (Tb) ,  LMA and thermal preference on the pre-lesion (PRE-LESION)
and post-lesion (POST-LESION) days 8, 15 and 22. The TST (%) and Tb (°C) are expressed as the average
value of 14h light period, 10 h dark period and 24 h total period recordings. The LMA (Counts/hour) during
light,  dark and total  periods are shown in the middle row. The thermal preference during 24 h of
recording, when given a choice between 24°, 27° and 30°C, is shown in the lower row. The average three
days of pre-lesion recording in the left  panel are different from the three days average shown on the
right panel.  Data are expressed as mean ± S.D. *P<.05,  **P<.01.

Pre- les ion  contro l  recording  o f  S -W,  LMA,  T b

and thermal  pre ference

There  were  no  s ign i f ican t  d i f fe rences
(P>0.05)  in  thermal  preference,  S-W, LMA
and Tb between the animals, and the days of
recording,  before the lesion.  The recording
of thermal preference for 24h, for six days,
showed that the rats had spent the maximum
t ime in  the  chamber  main ta ined  a t  27°C
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component  of  wakefulness ,  and  S1 formed
the major component of sleep (Table I) .

The  S-W,  T b and  LMA showed no
s ign i f ican t  d i f fe rence ,  when  the  ra t s  were
kept at 27 ± 0.5°C, as compared to the values

of  these  parameters ,  when  the  same ra t s
were allowed free selection of Tamb (Fig. 3).
The durations and frequencies of all  the S-
W stages, under restricted and non-restricted
T amb condi t ions  a l so  d id  no t  show any
significant difference (Table II).

TABLE I : T ime  (min /h )  spen t  in  d i f fe ren t  s t ages  o f  S -W (Mean±SD)  when ra t s  se lec ted  the i r  p re fe r red
ambient temperature (unrestricted),  and when they were kept at  a constant ambient temperature
( res t r i c t ed )   o f  27°C be fo re  (PRE-LESION)  and  a f t e r  MS and  mPOA les ion  (POST-LESION) .

P r e - l e s i o n P o s t - l e s i o n

U n r e s t r i c t e d Restricted (27°C) U n r e s t r i c t e d Res t r i c ted  (27°C)

Day  7 Day  14 Day  21 Day  24

W 1 2 2 . 9± 1 2 3 . 5± 2 3 0 . 9± 2 * * 2 8 . 5± 2 * 2 4 . 7± 1 * - - 3 6 . 5± 3 * * *
W 2 3± 0 .5 2 .6± 0 .5 4 .3± 0 . 5 * 4 .1± 0 . 5 * 5 .8± 1 * * + + 3 .2± 1
S 1 2 3 . 2± 1 2 2 . 6± 1 1 6 . 6± 1 * * 1 8 . 3± 1 * * 2 0 . 7± 1* ++ 1 3 . 9± 2 * *
S 2 6 . 9± 1 6 . 5± 0 . 5 4 . 6± 0 .8** 5 . 1± 1 * * 4 . 8± 1 * * + + 4 .3± 1 * *
P S 4 .9± 0 .5 4 .8± 0 .5 3 .6± 0 . 5 * 4± 0 . 4 * 5 .0± 0 .6 ++ 2 .1± 0 .6**

Data  a re  expressed  as  mean ± S.D.
*P<0 .05 ,  **P<0 .01 ,  ***P<0 .001  (compared  to  p re - l e s ion) ,
++P<0 .01 ,  ( s ign i f i can t  inc rease  compared  to  the  res t r i c t ed  cond i t ions ) ,
- -P<0 .01 ,  ( s ign i f i can t  dec rease  compared  to  the  res t r i c t ed  cond i t ions )
L = Ligh t  pe r iod  (14h) ,  D = Dark  pe r iod  (10h) ,  T = Tota l  t ime  (24h)

TABLE II : Dura t ion  o f  ep i sodes  ( in  min)  and  f requency  (pe r  hour )  o f  S -W ep i sodes  (Mean±SD)  be fo re
(PRE-LESION)  and  a f t e r  the  l e s ion  (POST-LESION)  o f  the  MS and  the  mPOA,  wi th  NMDA
when  ra t s  se lec ted  the i r  p re fe r red  ambient temperature (unres t r i c t ed ) ,  and  when  they  were
kep t  a t  a  cons tan t  ambien t  t empera tu re  ( res t r i c t ed )  o f  27°C.

P r e - l e s i o n P o s t - l e s i o n

U n r e s t r i c t e d Res t r i c t ed U n r e s t r i c t e d Res t r i c ted  (27°C)
(27°C)

Day  7 Day  14 Day  21 Day  24

W 1 D U R 7.1± 0 .5 7 .2± 0 .4 8 .5± 0 .4** 8 .1 ± 0 . 4 * 8 .2± 0.2* – 9 .2± 0 .3**
F R E Q 3 .1± 0 .5 3 .3± 0 .4 3 .7± 0 . 5 * 3 .7 ± 0 . 5 * 3± 0.5 – – 4± 0 . 4 *

W 2 D U R 1.3± 0 .3 1 .2± 0 .2 1 .1± 0 .4 1 .1 ± 0 .4 1 .3± 0 .5 1 .1± 0 .2
F R E Q 2 .3± 0 .5 2 .2± 0 .5 3 .9± 0 .5** 3 .7 ± 0 .5** 4 .4± 0 .3** + 2 .8± 0 .5

S 1 D U R 2 .3± 0 .5 2 .2± 0 .2 1 .8± 0 . 5 * 1 .9 ± 0 . 4 * 2 .3± 0 .5 ++ 1 .5± 0 .3**
F R E Q 1 0 . 4± 0 .2 1 0 . 3± 0 .2 9 .2± 0 .2** 9 .5 ± 0 .2** 9 .5± 0 .2* + 9± 0 .2**

S 2 D U R 1.6± 0 .2 1 .5± 0 .2 1 .1± 0 . 2 * 1 .3 ± 0 .2 1 .5± 0 .2 + 1 .1± 0 .2**
F R E Q 4 .4± 0 .2 4 .4± 0 .3 4± 0 . 3 * 3 .9 ± 0 . 3 * 3 .6± 0 . 3 * 3 .6± 0 .4**

P S D U R 3.3± 0 .3 3 .2± 0 .3 3 .5± 0 .3 3 .5 ± 0 .3 3 .6± 0 .3 3 .4± 0 .3
F R E Q 1 .6± 0 .3 1 .6± 0 .5 1± 0 .4** 1 .1 ± 0 . 3 * 1 .4± 0 .3 ++ 0 .6± 0 .4***

Data  a re  expressed  as  mean ± S.D.
*P<0 .05 ,  **P<0 .01  (compared  to  p re - l e s ion) .
+P<0 .05 ,  ++P<0 .01 ,  ( s ign i f i can t  inc rease  compared  to  the  res t r i c t ed  cond i t ions ) ,
–P<0 .05 ,  – –P<0 .01 ,  ( s ign i f i can t  dec rease  compared  to  the  res t r i c t ed  cond i t ions )
L=Ligh t  pe r iod  (14h) ,  D=Dark  pe r iod  (10h) ,  T=Tota l  t ime  (24h)
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Fig .  3 : The  l e f t  pane l  shows  the  mean ± SD of  to ta l  s l eep  t ime  (TST)  in  %,  locomotor  ac t iv i ty  (LMA)  in
coun t s /hour  and  body  t empera tu re  (T b)  in  °C  in  the  ra t s  tha t  were  kep t  a t  a  r e s t r i c t ed  t empera tu re
of  27 ± 1°C be fo re  (PRE-LESION)  and  on  the  25 th day  a f t e r  MS les ion  (POST-LESION) .  The  r igh t
pane l  shows  the  TST,  LMA and  T b when  the  r a t s  were  g iven  a  cho ice  be tween  24° ,  27°  and  30°C
before  (PRE-LESION) and on  the  22 nd day  af te r  the  MS les ion  (POST-LESION).  The  TST,  LMA and
T b during l ight  (14h) ,  dark (10h)  and total  per iods (24h)  are  shown separately.  The post- les ion values
in  the  res t r i c t ed  and  the  unres t r i c t ed  cond i t ions  were  compared  wi th  the i r  r e spec t ive  p re -
les ion  va lues  and  a l so  wi th  each  o ther .  *P<0.05 ,  **P<0.01 ,  (compared  to  the  pre - les ion  record ings) ,
��P<0.01 ,  –P<0 .05  ( s ign i f i can t  change  compared  to  the  res t r i c t ed  cond i t ions ) .
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S-W,  T b and  LMA in  the  l e s ioned  rats  when
they  were  a l lowed  to  se l ec t  the ir  own pre ferred
T a m b

The  ra t s  p re fe r red  to  s tay  a t  a  h igher
Tamb after the lesion (Fig. 2).   SWS and PS
were decreased after the lesion, but the sleep

parameters ,  showed a tendency to get  back
to the pre-lesion values with the passage of
time. It was the S1 of the SWS, and W1 of
wakefu lness ,  which  showed the  maximum
recovery (Table I). Though the durations and
f requenc ies  o f  S1  and  S2  were  decreased
af te r  the  l es ion ,  i t  was  the  dura t ions  tha t
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showed grea te r  recovery  (Table  I I ) .  A
decrease  in  the  f requency of  episodes  was
respons ib le  for  the  decrease  in  PS,  and  i t
regained the pre-lesion level by the 21st day
af ter  the  les ion (Table  I I ) .  Increase in  the
Tb and LMA were significant on all the days
af te r  the  l es ion  dur ing  bo th  the  l igh t  and
dark periods (Fig 2).

S-W,  T b and  LMA af ter  the  l e s ion  when  the  ra t s
were  kept  a t  27±0 .5°C

Though there  was  cons iderab le
improvement  in  s leep ,  when  the  an imals
were al lowed to  select  their  own preferred
Tamb,  there was a reduction in all  the sleep
parameters,  even on the 24 th day,  when the
lesioned rats were kept in a Tamb of 27 ± 0.5°C
(Fig. 3).  There was an increase in W1 and
a decrease in W2 and SWS (S1 and S2), as
compared to  the  recording on the  21 st day
(Table I).  The PS showed marked reduction
(Table  I ) ,  p r imar i ly  due  to  a  reduct ion  in
the frequency of the episodes (Table II). The
dras t i c  reduc t ion  in  PS  resu l ted  in  a
decrease in the PS/TST from 0.14 before the
lesion to 0.1 (P<0.05) after the lesion. There
was no signif icant  change in the l ight/dark
ratio of TST.  Though there was increase in
Tb  and  LMA, the Tb   change was less, and
LMA more,  when the animals were kept  at
a  res t r i c ted  tempera ture  a f te r  the  l es ion
(Fig. 3). The light-dark difference in Tb   was
increased (P<0.001) when the animals were
kept  a t  a  res t r ic ted Tamb.

DISCUSSION

Large  les ions  us ing  NMDA,  which
destroyed the neurons of both the mPOA and
the  MS,  p roduced  a  decrease  in  SWS and
PS.  A reduc t ion  in  the  f requency  and  the
dura t ions  o f  the  ep i sodes  con t r ibu ted
towards  the  decrease  in  SWS,  whereas  a
reduct ion in  f requency was responsible  for

the PS reduction.  There was an increase in
the Tb, LMA and a preference for higher Tamb

af ter  the les ion.  Preference for  higher  Tamb

resu l ted  in  cons iderable  recovery  of  SWS,
PS and the PS/TST rat io .

Changes  in  SWS af ter  the  MS and mPOA les ion

The combined les ion of  the  mPOA and
the MS produced a reduction  in SWS though
these effects were less pronounced when the
les ioned ra ts  were  a l lowed to  choose thei r
own prefer red  T amb.  The  reduct ion  in  SWS
produced by the combined lesion of the mPOA
and the  MS was  s imi la r  to  the  def ic i t s
observed after the lesions of either the mPOA
(4, 6) or the MS (3, 7). However, the mPOA
les ion  produced  a  decrease  in  the  SWS
during the light period (1, 4, 6) whereas the
MS les ion  produced  a  decrease  in  s leep
during the dark period (3, 7). The combined
les ion  of  the  MS and  the  mPOA in  the
present  s tudy produced a  decrease  in  SWS
both  dur ing  the  l igh t  and  dark  per iods .
Similarly, the MS lesion produced a decrease
in the number of the SWS episodes (3,  7) ,
whi le  the  les ion  of  the  mPOA produced  a
decrease in the duration of the SWS episodes
(1, 4, 6). The combined lesion of the MS and
the mPOA produced a decrease in both the
number and the durations of the SWS episodes.

Though  the  des t ruc t ion  of  bo th  the
mPOA and the MS produced a reduction in
both the frequency and the durations of the
SWS episodes, the selection of a warm Tamb

resul ted in  an increase  in  the  durat ions  of
the  ep isodes  of  SWS.  This  was  s imi la r  to
the trend observed after the MS lesion (3).
On the  o ther  hand ,  the  increase  in  the
number of episodes was responsible for the
recovery in the SWS in the mPOA lesioned
rats,  when they were allowed to choose the
appropriate Tamb (6). Some brain areas other
than  the  mPOA and  the  MS,  o r  the  smal l
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portion of the mPOA that was not destroyed,
might  have played a role  in increasing the
duration of SWS, when the rats  had access
to  a  warm T amb.  At  the  same t ime ,  the
presen t  observa t ion  suppor t s  the  ea r l i e r
observation regarding the role of the MS in
sleep genesis (7). A decrease in the number
of SWS episodes after the lesion indicates a
fai lure  in  the  s leep genesis  mechanism.

Changes  in  the  PS  a f ter  the  l e s ion

The decrease in PS after the lesion, when
the  ra t s  were  res t r ic ted  a t  a  cons tan t  T amb

in the present study, is similar to that found
after the mPOA lesion (4, 6). But this is in
contrast to what was observed after the MS
lesion (3, 7). So, it is reasonable to assume
tha t  the  decrease  in  PS in  th i s  s tudy  was
due to the destruction of the mPOA. It was
prev ious ly  sugges ted  tha t  the  mPOA is
involved in the initiation of PS, as the lesion
of  the  mPOA caused  a  decrease  in  the
frequency of the PS episodes (1, 16, 17). It
is also possible that the decrease in PS was
due  to  a  decrease  in  the  dura t ions  o f  the
SWS (4).  PS usually occurs after  SWS and
cont inues  fo r  some t ime .  There  was  an
increase in the durat ions of  SWS episodes,
when the lesioned rats  were given freedom
to select their Tamb.  This probably increased
the possibility of occurrence of PS, resulting
in  i t s  recovery  when  the  ra t s  were  g iven
freedom to select  their  T amb.

I t  could be argued that  the recovery in
the PS when the rats were given freedom to
select  their  own preferred Tamb of 30°C was
due  to  the  e l imina t ion  of  thermal  s t ress ,
which they faced when they were kept at a
constant Tamb of 27 + 05°C. The selection of
appropr ia te  T amb probably  helped to  reduce
the stress, which in turn helped in increasing
the  number  o f  PS  ep isodes .  I t  had  been
repor ted  tha t  the  PS  i s  maximal  a t  the

thermoneutral zone (18). It was also reported
ear l i e r  tha t  the re  was  a  recovery  in  bo th
the  PS  and  the  PS/TST ra t io  in  the  basa l
forebrain lesioned animals,  when they were
exposed to a higher Tamb of 30°C (6, 19, 20).

Changes  in  c i rcadian  var ia t ion  in  S-W and T b

af ter  the  l e s ion

After the combined lesion of the MS and
the  mPOA, there  was  a  reduct ion  in  s leep
during both the l ight  and the dark periods.
Hence  there  was  no  s ign i f ican t  change  in
the light/dark ratio of TST. But there was a
s ign i f ican t  inc rease  in  the  l igh t -dark
d i f fe rence  in  T b when  these  ra t s  were
maintained at 27 + 0.5°C. However, the light-
dark  d i f fe rence  of  T b was  s ign i f i can t ly
at tenuated when the rats  were al lowed free
select ion of  Tamb.  An increase in  the l ight-
dark difference in the Tb was seen after the
mPOA lesion (4, 21) and after the MS lesion
(8).  There was attenuation in the l ight-dark
difference in  the   Tb when the  ra ts  of  the
present study (and the earlier reports on the
mPOA and the MS lesions) were allowed free
selection of Tamb, though the mPOA lesioned
ra ts  se lec ted  a  h igher  tempera ture  (6)  and
the  MS les ioned  an imals  se lec ted  a  lower
temperature (8) .  The exaggerat ion of  l ight /
dark  d i f fe rence  in  T b in  a l l  these  s tud ies ,
when these rats were in 27 + 0.5°C, probably
resu l ted  f rom main ta in ing  them in  an
uncomfortable Tamb.  The Tamb chosen by the
ra t s  might  have  reduced  the  c i rcad ian
f luc tua t ions  in  T b when  they  had  the
oppor tun i ty  to  se lec t  the i r  p re fe r red  T amb.

However, circadian rhythms of S-W, Tb and
LMA were s t i l l  present  af ter  the combined
mPOA and the  MS les ions ,  even when the
ra ts  se lec ted  the i r  T amb.

Changes  in  T b and  rese t t ing  o f  thermostat

The increase  in  T b,  a f te r  the  combined
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lesion of the mPOA and the MS, is similar
to the increase in Tb found after the mPOA
les ion  (6 ,  16 ,  18 ,  21 ,  22) .  But ,  th i s  i s  in
contrast to the decrease in Tb observed after
the  MS les ion  (8 ,  23) .  I t  was  p roposed
previously  that  there  i s  an  increase  in  the
setpoint of Tb  after the mPOA lesion (2, 4,
6) and a decrease in the setpoint of Tb  after
the MS lesion (8) .  However  in  the present
study, when both the mPOA and the MS were
lesioned,  the setpoint  of  the animal shif ted
towards a higher Tb. This could be explained
in  t e rms  of  h ie ra rchy  in  the  in te rac t ion
be tween  the  MS and  the  mPOA.  I t  was
proposed  tha t  the  mPOA is  p laced  a t  the
topmos t  l eve l  in  the  h ie ra rchy  of  b ra in
structures for  Tb regulat ion (21).  Lesion of
the  mPOA produced  an  increase  in  the
setpoint of the Tb  that was defended by the
body  by  appropr ia te  hea t  loss /hea t  ga in
mechanisms  (2) .  I f  the  MS exer t s  i t s
in f luence  on  thermoregula t ion  th rough  the
mPOA,  the  combined  les ion  can  produce
changes ,  which  are  s imi lar  to  the  changes
produced by the mPOA lesion. Therefore, it
i s  poss ib le  tha t  the  thermoregula tory  zone
of  these  ra ts  had shi f ted  towards  a  h igher
Tamb after combined lesion of the MS and the
mPOA.

It was suggested that the decrease in Tb

a f te r  the  MS les ions  was  due  to  the
hyperactivity of the “heat loss” center (24).
I t  was  ea r l i e r  thought  tha t  the  POA i s  a
“heat  loss  center”  as  e lect rolyt ic  les ion of
this area produced a failure of the heat loss
mechanism (25–28) .  On the  bas i s  o f  th i s
observation, i t  was proposed that there is a
mechanism in the mPOA which is  tonically
ac t ive  to  b r ing  the  T b  t o  a  lower  l eve l .
Dest ruct ion  of  the  mPOA caused the  T b to
be  se t  a t  a  h igher  l eve l  a f te r  the  mPOA
les ion .  This  mechanism in  the  mPOA is
probably under the tonic inhibitory influence

of the MS. Therefore, lesion of the MS caused
the release of the mPOA from the inhibition,
produc ing  an  over reac t iv i ty  o f  the  mPOA
resul t ing  in  lower ing  of  the  T b. Evidences
prov ided  by  the  neuro tox ic  l es ion  s tud ies
have  s l igh t ly  changed  th i s  concept  (2 ,  4 ) .
Though  there  was  an  increase  in  T b a f t e r
the  mPOA les ion ,  there  was  no  fa i lu re  of
the heat loss mechanism. At the same time,
there  was a  shi f t  in  the  thermosta t  se t t ing
towards  a  h igher  leve l  (2) .  A sh i f t  in  the
thermal preference of the rats for a warmer
environment further supports the theory that
the thermostat was set at a higher level after
the mPOA lesion (4, 6).

Changes  in  the  thermal  pre ference  a f ter  the
l e s i o n

When the  les ioned  ra t s  o f  the  p resen t
s tudy  were  a l lowed  to  choose  the i r  own
prefe r red  T amb,  they  chose  a  h igher
tempera ture  o f  30°C,  showing  tha t  the
thermoneutral  zone was shif ted to a  higher
temperature .  This ,  by and large,  i s  s imilar
to the Tamb chosen by the mPOA lesioned rats
(6) .  Aga in  th i s  was  oppos i te  to  what  was
observed after the MS lesion (3). This further
suppor t s  the  ea r l i e r  assumpt ion  tha t  the
se tpo in t  o f  the  T b  was  increased  in  the
lesioned animals of the present study, similar
to  the  mPOA les ioned  an imals .  The
explanation that the MS has an influence on
the  mPOA,  whose  ton ic  ac t ion  makes  the
ra t s  se lec t  a  lower  T amb,  i s  suppor ted  by
th i s  observa t ion  a l so .  The  behaviora l
thermoregulatory ability of the rats was not
abolished after the destruction of the MS or
the  mPOA neurons  (6 ,  29) .  In  the  present
s tudy ,  by  choos ing  a  h igher  T amb ( i . e .  by
behaviora l  the rmoregula t ion) ,  the  l es ioned
ra t s  a t t a ined  a  h igher  T b (h igher  than  the
levels when they were in restricted to a Tamb)
of 27°C which was the Tamb preferred the rats
before the lesion.
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Changes  in  the  LMA af ter  the  l e s ion

The  increase  in  LMA observed  in  th i s
s tudy af ter  the combined lesion of  the MS
and the mPOA, is similar to those reported
in earl ier  studies after  lesion of the mPOA
(1, 5, 6, 30, 31) but not after the MS lesion
(3). This could be attributed to the increase
in the setpoint of Tb after the combined lesion
of the MS and the mPOA. As the increased
LMA would  resu l t  in  increased  hea t
production, it would be helpful in maintaining
the Tb at a higher level (6). As the thermostat
was  rese t  a t  a  h igher  l eve l  a f te r  the
combined lesion of the MS and the mPOA,
the  increase  in  LMA may be  descr ibed
as  the  an imals ’  e f for t s  to  main ta in
hyper thermia .   The  observed  decrease  in
LMA when  the  an imals  chose  the i r  own
preferred temperature of 30°C (in comparison
to  the  s i tua t ion  where  the  an imals
maintained were at a constant Tamb of 27°C),
may be at tr ibuted to the lesser requirement
of  heat  product ion by LMA, as  the  h igher
T amb i t se l f  have  con t r ibu ted  towards
increasing the Tb. Increase in the LMA might
have also resulted in an increase in the W1
in the animals that were kept at  a constant
T amb o f  27°C af te r  the  MS and  the  mPOA
les ion .

The  hypothes i s

The MS and  the  mPOA are  impor tan t
forebra in  s t ruc tures  tha t  can  inf luence  the
thermos ta t  se t t ing .  Resu l t s  f rom the

combined lesion suggest the possibili ty that
the MS may have an inhibitory influence on
the  mPOA for  thermoregula t ion .  The  MS
inputs  to  the  mPOA he lp  in  ra i s ing  the
thermos ta t  se t t ing  to  a  h igher  l eve l .
Increase in the LMA and selection of a higher
T amb by  the  ra t  a re  some of  the  measures
that are initiated by the MS to increase Tb,
by acting on the mPOA. On the other hand,
the  ac t iv i ty  o f  the  mPOA resu l t s  in  the
lowering of the thermostat (and lowering of
Tb) .  This  is  faci l i ta ted by decreased LMA,
and  a  p re fe rence  for  lower  T amb.  So ,  the
normal  thermos ta t  se t t ing  and  T b a re
dependent  on  the  ac t iv i ty  o f  the  mPOA,
which  i s  under  the  in f luence  of  the  MS.
Though  the  in f luence  of  the  MS on
thermoregula t ion  i s  media ted  th rough  the
mPOA,  the  same i s  no t  t rue  for  s leep
regula t ion .  The  MS and  the  mPOA have
separate roles for sleep regulation.  Though
both  the  s t ruc tures  p lay  a  s leep-promot ing
ro le ,  the  former  i s  impor tan t  fo r  SWS
initiation and the latter is important for SWS
m a i n t e n a n c e .

The  resu l t s  f rom the  presen t  s tudy
indicate that  the neuronal  circui ts  involved
in thermoregulation and sleep regulation are
la rge ly  independent ,  though  there  i s  an
anatomical  over lap of  these  c i rcui ts  a t  the
basa l  fo rebra in .   At  the  same t ime ,  there
are evidences to suggest that the mPOA do
play a  role  in  inter l inking s leep regulat ion
and thermoregulat ion (32) .
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