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Abstract: The changes in brain temperature and sleep-wakefulnel:ls were
studied in rats during their exposure to different nmbient temperatures of
18~C, 24~C and 30°C, before and after N-methyl D.aspartic acid lesion of
the medial preoptic arell. The medial preoptic area lesion produced II

decrease in sleep, and increase in brain temperature except at 30°C.
Increase and decrease in brain temperature with slow wave sleep and
paradoxical sleep respectively, were observed both in normal and lesioned
rats. Sleep-wakefulness and brain temperature cycle durationl:l were
increased and their frequencies decreased at higher ambient temperature
in normal rats. After the medial preoptic area lesion, sleep-wakefulness
cycle duration was decrCllsed and frequency increased at 30°C. There was
no significant change in brain temperature cycles at higher ambient
temperature in lesioned rats. The medial preoptic area, in normal rats,
possibly interlinks the neuronal circuits involved in regulating brain
temperature and sleep-wakefulness cycles. The medinl preoptic ore a is
essential for increasing the sleep-wakefulness cycle durution with higher
ambient temperature. The possible contribution of the increul:Ied brain
temperuture variation in producing sleep-wakefulness changes cannot be
ruled out. The results of the study show that this aren may serve as a fine
tuning mechanism which helps to interlink the sleep-wakefulness with
the thermoregulation.

Key words: sleep-wakefulness brain temperature ambient temperature
medial preoptic Ilren slow wave sleep paradoxical sleep

INTRODUCTION

Sleep-related changes in brain
temperature (Tbr), and the changes in sleep
on manipulations of environmental and

preoptic area (POAl temperatures, gave rise
to the hypothesis that sleep is modulated
by thermosensitive elements of the brain (1,

2,3,4,5). The medial preoptic area (mPOAl
participates in the regulation of sleep and
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body temperature (6, 7, 8, 9, 10, 11). It was
suggested that the thermoreceptors in the
POA may provide the input to the sleep­
regulating mechanisms situated in and
around this area (12). As many
thermosensitive neurons of the POA showed
alterations in their firing rate with changes
in the vigilance states, their involvement
in the regulation of both slow wave sleep
(SWS) and body temperature has been
suggested (13). Ambient temperature (Ta)
can influence S-W regulating structures
(14). Moderate increase in Tn significantly
enhanced sleep (3, 5). When the cats were
exposed to 13°C, 23°C and 33°C, they slept
the maximum at 23°C. But, after the lesion
of the mPOA, sleep was maximum at 33°C
(15). The study also showed that sleep was
restored in the lesioned animals, when they
were exposed to a higher atmospheric
temperature. But according to an earlier
report, the rats had maximum SWS and
paradoxical sleep (PS) at 30°C and least at
20°C, w~en they were exposed to ambient
temperatures of 20"C, 2S"C and 30"C (16).
Following a lesion of the POA, SWS and PS
were highest at 25"C. The mPOA is essential
for sleep' maintenance and improving the
quality of sleep with higher ambient
temperature (17).

The body temperature and brain
temperature (Tbr) in the rat increase by
more than 1"C if the Ta is increased from
21"C to 29"C (18). This increase in Tbr and
body temperature can evoke an increase in
SWS (4, 19, 20, 21). It was even proposed
that the function of SWS is to cool the brain
(4). Changes in brain temperature induce a
shift in the EEG (22). The level of brain
cooling activity oscillates across the NREM­
REM cycle (23). In the present study, the

Indian J Physiol Pharmacal 2002; 46C31

changes in Tbr and sleep were examined
during exposure to differQnt Ta in normal
and the mPOA lesioned animals, to
determine if sleep disturbance, evoked by
the mPOA cell loss could be correlated to
altered Tbr.

METHODS

In this study, S-W and Tbr were
monitored, in six rats, before and after
chronic lesion of the mPOA, when they were
kept in different ambient temperatures.
In this study, the changes in various
parameters after neurotoxic lesion of the
mPOA were compared with the recordings
taken from the same set of animals, before
the lesion. So, it was considered not very
essential to have another control group of
animals, where the mPOA were not !esioned.
Male Wistar rats, weighing between 225 and
300 g each, maintained in an animal room
with controlled temperature (24 ± 1"C) and
14 h light (illumination above 200 lux) and
10 h dark (illumination below 5 lux) cycle,
were used for this study. Food and water
were provided ad libitum. Surgery was
conducted under pentobarbital sodium
anaesthesia (40 mg/kg, ip). Electrodes for
electroencephalogram (EEG), electromyogram
(EMG) and electroocculogram (EOG) were
chronically implanted, as described earlier
(8). In addition, a thermistor was inserted
between the skull and dura, through a
hole over the right parietal cortex, for
assessment of Tbr. The electrodes and
thermistor were soldered to a connector that
was fixed to the skull with dental cement.
After a seven-day recovery period, for three
days, the rats were allowed to move around
freely in the recording cage for 7 h with the
attached cables. Flexible cables with
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connectors, plugged to the rats' heads, and
taken out through a microswivel, were
connected to the input of the polygraph.
EEG, :EMG; EOG and Tbr were recorded
continuously for 5 h (11.30 h-16.30 h) at
18°e, 24°e and 30 o e, on three alternate
days. The animals were allowed to get
habituated to the Ta in the recording
chamber for 2 h, before each recording
session. The 5 h sleep-wakefulness (S-W)
recordings were split into epochs of 30
seconds duration and visually scored as
described earlier (24). The wakeful period
was classified into two stages, ie, active
wakefulness (WI) and quiet wakefulness
(W2). The sleep period was classified into
light slow wave sleep (Sl), deep slow wave
sleep (S2) and paradoxical sleep (PS). The
Tbr values were noted at 15 seconds
intervals and plotted along with the
concomitant S-W stage (Fig. 1).
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After control recording of SoW at
different Ta, the rats were anaesthetised
with sodium pentobarbitone (40 mglkg, body
weight), and 5 pg N-methyl D-aspartic acid
(NMDA, Sigma, St. Louis, USA), in 0.2 pi
distilled water, neutralised with NaOH was
injected bilaterally, with the help of a slow
injector (Palmer, England), at co-ordinates
A 7.8, H -1.5 and L 0.6, as per DeGroot
atlas, to destroy the mPOA neurons (25).
The injector cannula was kept in place for
five minutes to facilitate the diffusion of
the drug. All the parameters for the
assessment of S-W and Tbr were again
recorded continuously for 5 h (11.30 h­
16.30 h) at 18°e, 24°e and 30 o e, on three
alternate days, starting from the tenth day
after the NMDA injection. No two rats had
the same sequence of exposure to different
temperatures. At the end of the experiment,
all the rats were perfused with 10%

.....a 37.0
CII..
X.
8
~ 36.0

.S....
CQ 35.0

WI - -, .. ;;a 'r-: ::-··~·r~-~-· .--~ .i :- _- ;; •• -_••••• ". ~----.::." .. : i::) f _~ .. --- --- "-r" ,.-- •....... --.
W1 - ~ \: ~ '" - c -~ t ;.:~ '~ l I II : • 'r t ,J "J :.: I; '..
51 --~ ..: ':" : ..~,_._J ~ !J '.! •••••1 '•• .':•••• J ,_.t

51--:
PS -_.

WJ~W2
51
52
1S

- PRE-L£.SION ---- POST-LESION 1 bour

Fig. I: The brain temperature and concomitant sleep-wakefulness stages for 5 h recordings at IS"C in one rnt.
Solid lines show the recording in the normal rat, and broken lines show the recording in the same animal
after the lesion of the mPOA. WI-active wakefulness, W2-quiet wakefulness, SI-light slow wave sleep, S2­
deep slow wave sleep, PS-paradoxical sleep.
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formaline under sodium pentobarbitone
anaesthesia (45 mg/kg, bw). The brains were
then removed and proc~ssed for histological
examination of the lesion site, in cresyl
violet stained slides.

The mean Tbr at different Ta were found
out by averaging pooled Tbr values of the
entire 5 h recordings. The pre and post­
lesion Tbr values at each Ta were compared
to find out the effect of the mPOA lesion.
Tbr values of each stage of S-W before and
after the lesion were noted and compared.
Tbr cycle frequency, duration and the
amplitude of fluctuations were also similarly
compared. The Tbr values at S-W stages
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were pooled and compared to find out the
mean brain temperature of the animals at
various vigilance states, before and after
lesion of the mPOA. To understand the
changes in Tbr with transition from one S­
W state to another, four minute episodes,
with two minutes spent in two different
stages of S-W were selected. Tbr values at
30 seconds intervals were pooled and plotted
(Fig. 2). Similarly a change in S- W during
a fall or rise in Tbr from 36.5°C, 37.0°C and
38.0°C were also plotted (Fig. 3). While
selecting these episodes, the only criterion
followed was that the animal should be
having one of the above mentioned Tbr for
at least two minutes. The WI, W2, SI and
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Fig. 2: Changes in bruin temperature (Tbr) with transition from one SoW state to another. Episodes of change in
SoW with two minutes spent in two different stages were selected. Tbr values are plotter! at 30 seconds
intervals. "P<O.05, significance compared to first epoch. Abbreviations of S-W stages same as Fil!:. 1.
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Total sleep time (TST) were calculated
before and after lesion of the mPOA at
different Ta. The number and duration of
S·W cycles before and after lesion were also
compared. Two way analysis of variance
(ANOVA) was used to compare all the values
of these parameters. The pre and post-lesion
values were compared using Student's
paired t test for those parameters showlllg
significant differences between columns
in ANOVA. For studying the effect of
temperature on SoW parameters, the values
at IBoe were compared with those of 24°e
and 30°C.

52 were arbitrarily given the values 5, 4,
3 and 2 respectively. The pooled 5-W
values were then plotted against time,
along with the averaged temperature
values.

Fig, 3: Changes in SoW and Tbr with rise and fall
in Tbr. Recordings were selected where
Tbr remained at 36.5·C, 37.0~C and 3S.0·C
for two minutes before they changed.
Those showing increase and decrease in
Tbr are shown separately. Tbr and S-W
lHe plotted at 30 seconds intervals. WI, W2,
Sl and 82 were arbitrarily given the values
5, 'I, 3 and 2 respectively_ The averaged SoW
and Tbr values were plotted against time_
~P<O_05. ~~P<O.Ol. significance compared to
first epoch.
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RESULTS

The data obtained before and after the
mPOA lesion are described separately.

Pre-lesion; Tbr was higher at higher Ta (Fig.
4). There was a linear increase in 1'51' with
higher 1'a, though it was not statistically
significant (Fig. 4). Tbr cycle frequency
decreased and its duration increased with
increase in Ta (Fig. 5B). The frequency of
S-W cycles decreased and its duration
increased with increase in Ttl (Fig. 5A). The
change in Ta did not significantly affect the
magnitude of Tbr Ouctuations. The averag8
variation In Tbr was 0.26 ± 0.06°C at 18°C,
0.28 ± 0.03°C at 24°C and 0.29 ± 0.06°e at
30 o e_ There were ultradian alterations In

Tbr at all the Ta. The average 1'br values at
WI, W2, SI and S2, when plotted, showed n
gradual decrease, as the animal passed from
active wakefulness to deep slow wave sleep,
at all Ta (Fig. 6A). A shift from $2 to P$
produced slight increase In the average Tbr
at 18°e and 24°e. The temperature chi.lngt's
at different vigilance states were visible
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Fig. 4: Total sleep time (TST) and Tbr of 5 h recordings before and after the mPOA lesion at IS·C, 24·C and
30·C. *P<0.05, significance compared to pre-lesion values, ·P<0.05, ·"P<O.OOI, significance compared to
lS·C.

even when the Tbr during SoW transitions
were plotted (Fig. 2). When S-W stages were
given arbitrary values and plotted against
temperature fall and rise, it was seen that
increased vigilance was associated with rise
in Tbr and decreased vigilance with fall in
Tbr (Fig. 3). Changes in SoW occurred before
the Tbr alterations.

After mPOA lesion: The mPOA lesion
produced hyperthermia when the rats were
maintained at 18°C and 24°C, but there was
no significant change in Tbr when they were
kept at 30°C (Fig. 4). SoW cycle frequency
was increased and duration reduced at 30°C
in the lesioned rats (Fig. 5A). This is in
contrast to the trend observed in normal
rats. Unlike the normal rats, there was no

significant change in Tbr cycles with
changes in Ta after the mPOA lesion
(Fig. 5B). The Tbr variations were higher
in the lesioned rats, though the increases
were not statistically significant. The
average ultradian variations in Tbr were
0.32 ± 0.05°C at 18°C, 0.28 ± 0.08°C at 24°C
and 0.33 ± 0.05 at 30°C. The maximum
deviation in Tbr changed from 1.46 ± 0.43°C
before lesion to 2.2 ± O.76°C after lesion at
18°C (Fig. 1). At 24°C, it changed from
1.51 ± 0.27°C to 1.69 ± O.29°C, and at 30°C,
it changed from 1.4 ± O.25°C to 2.18 ± 0.63°C.
There was a small decrease in the average
Tbr with changes in SoW from WI to 82
(Fig. 6B). It was difficult to appreciate the
change in Thr with S-W as 82 and PS were
drastically reduced (especially at 18°C) after
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Fig. 5: Upper figure (A) shows frequency (line) and
duration (bar) of SoW cycles before and after
the mPOA lesion at IS·C, 24·C and 30·C. Lower
figure (B) shows the frequency (line) and
duration (bar) of Tbr cycles before and after
lesion of the mPOA at IS·C, 24·C and 30·C.
"P<0.05, ~*P<O.OI, significance compared
to pre·lesion values, ·P<0.05, "P<O.OI,
significance compared to IS·C.

the lesion (Figs. 2, 6B). Changes in the
vigilance state with the change in Tbr were
also present in the lesioned rats (Fig. 2).

Histology

There was extensive destruction of
neurons in the mPOA in all the rats

Fig. 6: Brain temperatures (mean±SD) at different
vigilance states before (A) and after (B) lesion
of the mPOA at IS·C. 24·C and 30·C. 'P<005,
"P<O.OI and "·P<O.OOl, significance compared
to IS·C. Abbreviations of SoW stages same
as Fig. 1.

(Fig. 7). Though there was a variation in
the size and extent of the lesion, all the
rats had bilateral lesion at the mPOA. The
neurons of the mPOA were replaced with
glial cells. Though most of the destroyed
regions had total loss of neurons, it was
often possible to see a small surrounding
area where a few neurons were visible in
between the glial cells. It was possible to
demarcate the boundary of the destroyed
area. Though the lesions were primarily
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durations were increased and their
frequencies decreased at higher Ta in
normal rats. After the mPOA lesion, SoW
cycle duration was decreased and frequency
increased at 30°C. There was no significant
change .in Tbr cycles at higher Ta in lesioned
rats.

The increase in Tbr after the mPOA
lesion is in agreement with the earlier
reports (2, 15, 26). The increase in brain
temperature could be partially attributed to
an increase in the awake period after the
mPOA lesion. Hyperthermia, resulting from
the mPOA lesion was taken to indicate a
failure in the heat loss mechanism of the
POA (27). But recent studies, using
neurotoxic lesion of the neurons of the
mPOA, have shown that the lesioned rats
had the ability to defend the body
temperature in a heat stress (10). This may
partially explain the lack of change in Tbr­
in NMDA lesioned rats when they were
exposed to 3WC.

Effect of mPOA lesion on Tbr
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f'ig. 7: The NMDA lesion sites in six rats shown
diagramatically. Hatched area sholVs the brain
regions with severe and moderate neuronal
loss. Lesioned are was drawn with the help or
camera lucida. Co-ordinates shown arc as per
DeGroot atlas.

confined to mPOA, the brain regions along
the needle tract were also destroyed 111 some
rats.

DISCUSSION

The study showed that there were
changes in Tbr with changes in vigilance
states, which were observed even after the
mPOA lesion. The increase in average Tbr,
produced by an increase in Ta, was more
prominent in normal rats. The mPOA lesion
produced a decrease in sleep, and increase
in Tbr except at 30°C. SoW and Tbr cycle

Tbl:" changes with SoW stages in normal and the

mPOA lesioned rats

There was a decrease In Tbr as the
animal shifted from active wakefulness to
deep SWS. A shift from S2 to PS produced
an increase in Tbr. Fall in Tbr during SWS
and increase in the same during PS is in
agreement with the earlier reports (18, 28)
This increase in Tbr with PS was attributed
to an increase in local metabolic rate, and
to changes in cerebral blood flow (29). It
has been suggested that the PS acts as fI

t.hermoregulatory mechanism during which
the brain is selectively heated (30). Down
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regulation of Tbr during non-REM sleep
gave rise to the hypothesis that the non­
REM sleep intensity is a function of the heat
load accumulated during prior wakefulness
(19). It was proposed that the function of
SWS is to cool the brain (4). It was thus
suggested that non-REM sleep (or SWS) is
a part of the thermoregulatory process that
controlled the body and brain temperature.
Behavioral state-dependent selective brain
cooling may underlie a thermal feedback
mechanism differentiating the relative
influences of hypothalamic and extra­
hypothalamic thermoreceptors on the
thermoregulatory system during quiet
wakefulness and non-REM sleep (31). When
S-W changes are plotted against Tbr change,
it was seen that the vigilance change
occurred earlier than the Tbr change. So it
confirms the earlier contention that the
ultradian Tbr change is the result of an
alteration in vigilance state. Moreover, this
interrelationship was observed even after
the mPOA lesion. As the deep stages of sleep
were reduced after the mPOA lesion, it was
difficult to observe the Tbr changes with S­
W alterations in the lesioned rats. But it
was still possible to see some alterations in
Tbr with S-W changes. So, even if it is
accepted that the Tbr alteration during S­
W change is an active process, it is likely
that the mPOA may not be responsible for
the changes in Tbr with alteration in S-W.

Effect of Ta on Tbr and S·W cycles in normal and

the mPOA Iesioned rats

Higher Tbr observed at higher Ta is in
agreement with the earlier reports (18, 32).
In rats, the cortical temperature varied even
when the Ta was altered within the
thermoneutral range (33). Inspite of this
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alteration, Tbr is regulated within a
defended range (7). In normal rats, there
was an increase in the duration and a
decrease in the frequency of ultradian Tbr
cycle with increase in Ta, but the magnitude
of the fluctuation was not affected. This also
is in agreement with the earlier report
which showed that the amplitude and
acrophase were not altered by modification
of the ambient temperature (20 D C to 25 D C,
25 D C to 30 D C) but each elevation of the
ambient temperature produced a rise in the
mean internal temperature of the rat (34).
Frequency of S- W cycles, on the other hand,
decreased with increase in Ta, in normal
rats. In other words, a moderately warm
ambient temperature, by promoting sleep
duration produced a decrease in the number
of ultradian sleep-wake cycles. The changes
in frequency and duration of S-W and Tbr
cycles at different Ta, in normal rats, could
indicate that the same servo-control system
may be involved in the homeostatic
regulation of sleep and temperature. Earlier
studies have also suggested a possible
interrelationship between the regulations of
body temperature and S-W (4, 35, 36). In
the mPOA lesioned rats, there was an
increase in the frequency of S-W cycles on
exposure to higher Ta of 30 D C, and a
decrease in the duration of these cycles.
Though the S-W cycles were altered, the
duration of Tbr cycles did not vary much
after lesion of the mPOA. So, it may be
possible that the mPOA in normal rats
interlinks the neuronal circuits involved in
regulating Tbr and S-W cycles.

The role of the mPOA in fine tuning the

thel'moregulation

The magnitude of Tbr variations were
generally increased after the mPOA lesion,
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though the changes were not statistically
significant. It is already reported that, the
amplitude of the circadian rhythm of the
body temperature was much larger than
normal in rats with mPOA lesions (2, 37).
One suggested function of the mPOA is to
provide fine tuning of the energy balance
(9, 38). It could be also involved in the fine
tuning of the set point for thermoregulation
ie, to prevent large deviations from the
normal thermal set point, by promptly
activating appropriate thermoregulatory
responses. Without the mPOA, these
responses would not be as effective as in
the normal, and the ultradian and circadian
deviations would therefore be much larger.
Change in Ta could be a greater challenge
for rats with mPOA damage, than for the
normal. This is reflected in the much higher.
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Tbr changes in response to changes in 1'a.
The delayed thermoregulatory responses of
the mPOA damaged rats would have
produced the exaggerated temperature
fluctuations. The increased amplitude of the
Tbr variations after the lesion indicates the
possibility that the mPOA thermoregulatory
system may oppose rather than defend the
ultradian and circadian alterations of body
temperature in normal rats. This could also
suggest the possibility that the larger
deviation in the body temperature may also
contribute towards the increase In
wakefulness.
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