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SUMMARY :

- 'Alteratlon in the amount of sleep wrth changes in amblent temperature braln
_ temperature or any part of perlpheral and core body temperature, suggests a closee
~~“~f~frelatlonsh1p between these two regulatlons A strong reason for thls behef is the

. in the regulatlon of sleep and body temperature T hermosensmve neurones of he:
mPOA have been 1mp11cated not only in the regulatlon of body temperature but

,regulatlon of energy balance of the body, in response to alteratlon‘_ n the
- venv1ronmental and body temperature on the one hand and. sleep wakefulness
. jon the other ‘ L , -

I‘TROD ;,TION “ . :‘f ~‘~‘Another stron“‘ ‘reason forth behef that theg -
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- fhave been lmphcated in the regulat on ot*

sleep (1 hese
proposed‘ to support the hypothe31s that
sleep is modulated by thermosensmve

- element< of the bra1n (2, 4, 13). It was also
. ~suggested that the thermorece ptors in the
~ POA mlght provrde an input to the sleep-
 regulating mechamsms situated in this area

 (14). Most of the recent find ings on this

~ subject have come from the studies on rats.
“ ‘[Rat isa good ammal for the study of the
‘ ‘ , ‘ betweenf -
rmoregulatory and sleep regulatory; .
~ mechanisms, as it shows several episodes
. of sleep and wakefulniess within 24-hour
~ period. They show polycyclic changes in -
_ body temperature with the alteration in -
vigilance state. In these ammals the normal

~ body temperature that varies with the time

 of the mPOA in the interrelationshi
‘ _between thermoregulatory and slee

the degree of act1v1ty of the temperature
bservations have been '

receptors in. the anterior _hypothalamic-

_ preoptic area, However, the temperature
~ signals from the peripheral areas of the

- body, especially from the skin and certain

~ deep body tissues (the spinal cord and the

abdominal v1scera) also alter the “set-
pomt of the hypothalamlc temperature ~

~ control centre, The * set-point” increasesas
_ the skin temperature decreases, and when
 theskin temperature is h1gh the “set-point”
decreases. The posterlor hypothalamus .
- which can be described : as the. sympathetm‘ ‘
_centre, controls the vasoconstrlctron of the
o skm blood ve ssels.

”

Apart from the subconscmus

“ e‘kmechamsms for body temperature control,
_ the body has yet another temperature«

L controllmg mechamsm that is even more
_ of the day, which is under the control of a

_ circadian mechamsm and the alteratron n
~ body temperature change with episodes of
 sleep, can be observed separately. The role
p
p

potent This is the behavioural control of

temperature Whenever the internal body k‘

temperature becomes too high, srgnals from

the bram temperature controllmg areas give.

. the person a psychic sensation of being
~ overheated. Conversely ‘whenever the

body becomes too cold, srgnals from the

~ skin,and probably also from the deep body
' »receptors, elicit the feelmg of cold“
 discomfort. Therefore, the person makes

approprrate env1ronmental adjustments to .




ffi‘but:l”

. Rele\ef the ‘PreoptiefA:rea;ini Steep Regulation :

o functlon of the POA The electrolytlc lesmns} -

_of the POA whlch destroyed the cells and
‘ flbres of passage ‘produced hyperthe ‘mia
d : Gy

(o incre

- kIt was suggested that the hyperthermla
”“resulted from 1mpa1red heat defence'j

: lesxon as the rectal temperature showedf‘“ L

greater reductron m the lesmned ammals*

- ablhtles Thxs 1e31on effect could be elther eny

due to the destructlon of the POA neurones,
_nerve fibres of passage ‘and the afferent;
~ termmals Use of neurotoxins like N-methyl
D-aspartic acid (NMDA), which could
selectlvely destroy the neurones, leavmg -
__most of the nerve fibres and the afferent
terminals | mtact prov1ded avery useful tool

for further investigations in this fleld After:‘ -

selectlve destruction of the mPOA neurones; ‘
- j(usmg local 1nJect10n of NMDA) there was .
~ increasein body temperature This i increase
was more marked uring the initial one or
two weeks. This was followed by a phase .
;durmg which the body temperature was.
reset atalevel that was,hlgher thant “

lern k 1ty, ora change in
t rthe settemp',ature forthermoregulatlon_, .
. Thxs yperthermia produced by the |
‘ of the mPOA was w1thout 1mpa1redjf;; '
*;de nee" ablhtles ‘ o

howed that t

o . The mPOA lesion dld‘notq‘ _epi
‘ ;*;'produceanychange in theresponse pattern
. of rectal temper ture on heat exp‘
- yi‘f(Flg

Stecp changes

There was a reductlon in the tlme spent .

in all the stages of sleep,;and an mcrease in.

thelr durat1on of SWS eplsode
decrease was fo‘ .

37 -
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- fBOdy temperature variatlon w1th sleep~‘ .

o ‘posslbxhty that the ‘mPOA therm egula-~;

_ tory system may oppose rather thandefend
the ult ‘dlan and c1rcad1an alte ations of
‘body temperature in normal rats (3). This >

in wakefulness

‘postlesmn perlod

damaged ratse would have produced‘ 'hef .

could also suggest the possibility

e larger deviation in the bod; temperaturef\f -

may also contrlbute tow ards the“f

: Temporal sequence of changes 1n body-, .

temperatur >

and sleep durmg: the:

Hyperthermla duri g the flI’St week‘ o
' after the mPOA lesion was severe. This was
followed by a constant 1
_ during the subsequent weeks (8 ‘
_ other hand, there was reductlon 1n sleep -
after mPOA lesmn ’kand there was no

1d hyperthermlaf ‘
9).Onthe




‘ ;usually produced alteratxons in both 'ﬂc ep
and body temperature more easily fromthe .~

- mPOA than the IPOA. Direction of changes

in these two parameters mdxcate the

S Carbachol (acetylcholme agomst) and» o
:};noradren‘ahne (NE) administration at
~ themPOA produced hypothermla and

' :arousal (19, 20 21 22, 23 24). This may ‘




ne
af

. agonlst ; (clomdme)

‘: ,the_rtemperature regulatory:neurones

‘on alpha 1 receptors mduces sleep in
27). Yohlmbme failed
o to exert facilitated release of NE from ‘
__those nerve termlnals that synapsed on L
_ the temperature regulatory neurones, -
__since they are normally inactive.
~ Hence; there was no chiange in the body
- temperature on apphcatlon £ thls (
o 'adrenerglc receptors apart from beta—w L
' ‘and many other receptors ~

~normal animal

pre synaptlc termmals o

(

Before 1trsconcluded thatthere aretwo,~ o
different sets of neurones controllmg o
 these two functions, the possibility of
_oneofthese changes affectmg the other
~_has to be consuiered It is also well
- kknown that sleep (i.e. SWS) -
assoc1ated with afall, and arousal w1th‘ .
. {:a rise, in body temperature a2
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,:‘:‘mlcromjectlon of an o agoms‘t‘, o
f“iﬁkmethoxamme‘ (0 andemols) into
 the mPOA wer studied in rats.
-~_i,‘Methoxamme mjectm _produced

~_ hypothermia, but there was | o major
~ change in sleep- -wakefu ess during
. the3hrsafterthe drugmjection except
~.';‘forashortperlod (15 min) of sleep after
120 min of injection. Commdlng with
~ themaximum fall ir ‘body temperaturel

’ *‘(at30 min after the injectio '
__a short period. of wakefulness when,- '

- higher doses. There was no change in .
sleep latency after the drugkm ctlon o

! ,k“"reduc‘tlon in sleep and fall 1r1 body
o ‘temperature There was no reductlon‘ .

. "‘temperat‘u“re was prevented (35) It was‘” o
“suggested that the reductlons in sleep L

; “*“’;k‘fkifantagomSts) produced chahge only m
~ ‘body temperature and not mS W. Thxs -

 methoxamine was administered at




ey

sd ‘k',nylmals There "

a_renerglc receptors were not  Hacty
‘ I POA m these rats (as the .
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nge as httle as pOSSlble‘
_ changes ir
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s J
- : could cool thei‘b ';’
‘dlffer me: ‘

o ‘ :reduce cerebral metabohsm In othe .~ ,
. eSWS acts as a protectlon of the bram agamst o

: . were ma1 tamed at 30°C though there was
' increase in the brain temperature with a
L shlft from’fdeep SWS to REM sleep at 18°Ck



_ were not modxﬁed The decrease in cerebral

blood flow, which was also always

, assoc1ated w1th increase in bramkf :
L temperature Was suppressed after the‘

_ posterior hypothalamrc lesion. So, it was
hypothesised that the decrease in brain
~blood flow depends upon an active
tvasoconstrictlon process orlgmatmg in the '

‘posterlor hypothalamus (53)

 common carotld artery blood flow is

- rspontaneousl' decreased (54)
f Sxmultaneouslv there is an increase in the
~ amount of vertebral artery blood flowing
into the brain. (through the c1rcle of W1111s) :
In other words, an increase in brain
temperature durmg REM sleep is
jcharacterlsed by a sh1ft from the carotld' ~

fartery to the vertebral artery and probably

also to other arterial sources (55) The

mcrease in vertebral artery blood flow
kappears prlmarlly as an autoregulatory 3.
response to the drop in carotld,a eryblood o
in response to bram ‘

. ﬂow durlng REM sleep,

. ‘fThls paradox1cal perlpheral vasomotlon -
 dur ng REM sleep supports the previous f
st ggestlons on severe thermoregulatory
: . 1mpa1rment durmg REM; sleep in ;rats andfﬂ

r ease in brain temperature w1th~_
o ,REM sleep was attrlbuted to an increase in
~ local metabolicrate, and changes in cerebral
“blood flow (53). During REM sleep, ‘
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coohng durmg thlS stage of sleep (57 58)
But the increase in hypothalamlcf'f
temperature durmg th1s stage of sleep
~oceurs mdependently of a transf ~10f‘heat r;
‘from 1nterscapular brown fat ( .

k reaches its lowest physwloglcal level,led; ‘
tothe suggestlon that REM sleep representsf ‘

There are some bas
REM sleep m ammals ‘

~‘ ‘k casily WOkenUP fmm REM” eep‘than from .
‘ _SWS There was an inc ‘ .




. i‘PEM sleep are obtame

‘S-eems tO be more sensmve tO

= ageneral hnear decrease

of REM sleep from‘ 23°C3to

- suspended The a, ount of SWS is. also
. decreased by low amblent temperature (5 .

. T he ‘chariges m S""W were st'Udled in

e rats when they were. exposed to different

ambient temperatures of 18‘?C 24°C and
30°C (5) There was an increase in REM|
sleep and SWS and a decrease in

fulness higher amblent_‘ -

. stemperatures The mcrease in sleep was

prlmarlly due an mcrease m the duratlon? L
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r ::the body tempe ture (67) An 1ncrease 1n:"{“
~_arousal in cold is necessary for the

Vproductlon of more heat by increasing.

- motor act1v1ty REM sleep, in which the
_regulation of body temperature is said to
be suspended, is incompatible with low
ambient temperature, during which

‘approprlate thermoregulatory responses

are needed to protect the animals from
fhypothermxa (68). In other words, the

functional state of wakefulness enables the
orgamsm to optlmlse thermoregulatlon

The changes in S W were also studled[

 during their exposure to different amb1ent’ r
"temperatures after the destructxon of the
- mPOA neurones by NMDA, The mPOA

_ neuronal destruction produced a decrease

Sin sleep at all the three dlfferent amb1ent e
~ temperatures. There was a decrease in =

_be restored by exposure to a warm
_environment. The findings 1nd1cate that the _
- mPOA is essentral for sleep maintenance‘
and 1mprov1ng the quahty of sleep w1th
_“hlgher amblent temperature -

(6%
REM sleep was
: lesmn the Wa d

sleep, particularly the deeper stagesof sleep  mPOA.,

k ‘(deep SWS and REM sleep) after the mPOA
 lesion ®, 69) But, there wasalmear 1ncrease,
~ insleep with higher temperatures (5). The
. sleep nduced by hlgher temperaturesinthe
 lesic rats was qualitatively different
- from that in the normal animals. In normal ‘~
fammals, there“’was an 1ncrease m long, o

. “fthe 'mPOA lesmn and thlS ab111ty could not i
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increase in bram temperature and body r
temperature can evoke an increase in SWS

 in ammals and in human subjects (13, 46,
7213 . ).
- d1athermrc warming of the POA in cats and

k structures of the basal forebram (75) It was}

A 1sed that the SWS in mammals and

- “hypyothesxse‘d to 'be‘ determmed byf
__responses of preoptlc -anterior hypofha ‘

o lamic. thermosensruve neurones and to be
‘ ~regulated -k fboth c1rcad1an ‘and

Even radlo frequency |

-opossum. could induce sleep Coolmg the

~ temperature could be mterpreted asa
thermoregulatlon (or; .

:exposure as homeostatlc regulatory

mechamsms may reset the various

‘components of sleep, durmg the period of
_ thermoregulatory acclimatisation. It was
hypothesised that
_homeostatlc processes regulate the
_ activities of the thermosensitive neurones
_that control the amount of SWS (13).

Continuous recordmg of S-W for. 24hrs,
during chronic exposure to cold, along w1th~

brain temperature, showed that there was

a decrease in sleep, especially paradox1cal

- ~sleep (PS) during the initial days of

. exposure to a mild env1ronment of 18°C.
Though the sleep parameters came back to.
the control level by two to three weeks of

exposure the brain temperature remamed‘ k

‘high, even on continued ‘exposure (o cold

for four weeks. It is proposed that the
clevated brain temperature also played a

role. in homeostatrc restoratlon of sleep,;
‘ especrally S2 and PS. It was durmg 82 and

PS that the brain temperature was
‘ rrmamtamed ata hlgher level, compared to

pre exposure values This mcreased brain

resetting ol"f,

C1rcad1an and




SWS, than in

~ temperature Durmg the acchmatlsatlon tok

low ambient temperature, several factors

; d reset
_ the various components of sleep and bram ‘

o temperature It was observed that there was

~ might have come into operation

restoration in c1rcad1ar1 varlatlons in S W
and bram temperature by the fourth week

- of cold exposure. It was suggested that the
o functlonal state of wakefulne%s enable the
_ organismto opt1mlse thermoregulatlon (44,

68, 80). ‘Though it could be true to.some
_extent during acute cold
. thermoregulatlon

The modulatlon of the ihermo—f - sig

:regulatory responses by the v1g11ance state

could be observed even at the level of k

. neuronal activity. It has been demonstratcd

 that there are neurones in the mPOA to

5temperature

neurones . the preoptlc anterior

stress ;k
ay be ‘read]usted to‘

82 83) The number of‘  effe

Wi efulness ;Warm sensmve

';iRole of:the“Pr‘ke‘opt:igAréalinfS‘l‘éép' Régulétion 49

neurones thh mcreased dlscharge in SWS ;
_exhibited increased thermosensmvuy
‘ durmg SWS than

‘;m ’ wakefulness Cold-
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I regulatlon

netic and ontogenetlc assoc1at10ns between‘ -

- sleep and endothermy are consistent w1th
the hypothesis that sleep evolved in con-

junction with endothermy to offset the high

. energetlc cost of endothermy (88). Accord-

__ing to them the electrophyswlogrcal and

o thermoregulatory continuum of SWS, cir-
_ cadian torpor and hibernation substantlates .

ap mordlal’hnk betw 'een sleep and ¢ energy

. fconservatxon When energy stores declme ‘

: homeotherms (42, 87). But, hiber-

- F o¢ 1ntake, energy conservatlon and '

ehav1our for energy conser-

gularly 1nterrupted by short pe-
~ after the lesion, the animal did not cognise k
low energy reserves and 50 it d1d not bother L

. (92) There are reports in the llterature that: ‘
o llndlcate that REM sleep depr1vat1on or total
_ sleep deprlvatlon increases the food mtake ‘
(93, 94, 95). But the decrease in SWS and

'REM sleep,
lesion, did not produce any mcrease infood
i1ntake and water intake (8).

resultmg from the mPOA

Food
depnvauon in birds and squrrrels resultedf
in a lowering of the thermoregulatory set

~ point dur1ng sleep along w1th 1ncreased

SWs (88). . k
“ Though there was no 81gn1f1cant‘ ,

‘fper51stent change in food intake, there was
a reduct1on in the body Werght of the rats

after the mPOA lesion with NMDA and

‘ electrolytxc lesion of the POA @®. 64) Higher

locomotor activrty and increased body
temperature after the mPOA lesion,

_ produced increased energy expendlture §
- This might have resulted in a decrease in

the body weight because there was no

‘concomltant compensatory add1t1on in
‘energy mtake (food intake), in spite of the
increase in locomotor actlvrty, rectal

temperature and awake perrod Therefore,

k -tunmg of food 1nta
- ‘}kalteratlon in body
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