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Abstract: The aim of the present study was to find out the changes in sleep­
wakefulness and body temperature brought about by application of cholinergic
agonist, carbachol, in the medial preoptic area (mPOA). Carhachol, when injected
bilaterally into the mPOA of male raL~, through chronically implanted cannulae,
produced a fall in rectal temperature and long lasting arousal. There was temporal
dissociation in the duration of changes pwduced in the two parameters. It is
suggested that the cholinergic system at the medial preoptic area hrings about
arousal response and fall in body temperature through <Ii rrerenl circuits.
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METHODS

The medial preoptic area (mPOA) has a defiinite
role to play in sleep-wakcfullness (24, 26) and
thermoregulation (6, 25). Thi,s area has acetylcholine
containing nerve terminals (17, 21, 32, 37, 41).
The probable functions of these terminals have been
studied by local application of cholinergic agonist in
the mPOA. Bath hypothe,mic (5, IX, 20, 30) and
hyperthermic (1) changes have been reported after
the application of these drugs in the mPOA. Reports
of changes in sleep-wakefulness produced by
application of cholinergic agonists in the mPOA arc
scanty. According to some it produces sleep (16, 40),
whereas some other reports have shown that it produces
increased locomotor activity (29, 30). It has been shown
to produce wakefulness when applied at the basal
forebrain area (4).

This study was undertaken to clarify the changes
in sleep-wakefulness and body temperature produced
by the local application of carbachol into the mPOA,
and to find out the possible correlation between changes
in these two parameters.

·Corresponding Author

Experiments were conducted at an ambient
temperature or 25±2°C on adlul,t male wistar rats
weighting between 200 and 300 gms. The animals were
housed in separate cages in a room having a temperature
of 25±2°C and constant light on from 5.00 hr to 19.00
hr. Food and water were given ad lib. Rats which showed
behavioural sleep for 75% of the time during the day,
were only taken for this study.

A study was conducted on two groups of rats
(six each) under identical conditions. In group I rats,
sleep-wakefulness was assessed on the basis of
electrophysiological recordings (i.e. EEG, EMG, EOG)
and behavioural observations. EEG, EMG and EOG
were recorded as described earlier (11,21). In group II
rats, rectal temperature was recorded with the help
of a rectal probe, taped at the base of the tail and
connected to a digital tdethermometer (11). These
rats were trained to retain the rectal probe for the
recording of the rectal temperature. Only those rats
which tolerated the rectal probe for about two and a
half hours were selected for thermal recording studies.
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RESULTS
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Shows diagramatically the sites of injection of carbachol
in different animals from where changes in sleep-wakefulness
(A) and rectal temperature (B) were eljcited. Brain section
was reconstructed from the histological sections and drawn
with the help of Degroot atlas.
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analysed by two way ANOVA to see whether there
was a significant difference after the injection. In the
last step of analysis a comparison was made between
preinjection mean readings with poslinjection readings
at every five mins, by multiple range test, to identify
the readings which were significantly changed from
the pr.cinjcction values.
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Group I: There was no significant variation in
readings from different animals and those obtained over
a period of 30 min, before injection. Animals slept for
60-R5% of ,this time, 8-12% of which was occupied by
REM sleep. Microinjcction of carbachol into the mPOA
produced long lasting arousal as assessed by EEG, EMG
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In all the animals, the recording was done for 1/2
hr before and 2 hrs after the injection. After removing
the stylellc from the guide cannula, 1.0 ~g of carbachol
in 0.2 l.ll was injected bilaterally into the mPOA with
the help of the injector cannula, connected to a microtitre
syringe with a polyethelene tubing. The selection of
the drug dose was based on the earlier report (3), and
not more than one injection was given to any animal
to avoid the effect of injury (2, 3). The injector cannula
was left in place f r 1 min after completion of inje{;tion
to allow drug diffusion. During the process of injection,
rats were restrained by haneJ. The site and spread of
injection was confirmed by the histology of the brain
after infusing ferric chloride (2%) into the same site of
injecti n (2, 3). The injection sites arc shown in the
reconstructed (Fig. ]).

The basal rectal temperature of the animals was
recorded for 4-5 days, before operation in all the
animals. Guide cannulae (made from 22 gauge
needle for intracerebral injection), along with its
styleue, were implanted stereotaxically, 1 mm above
the mPOA, under nembutal (35 mg/kg) anaesthesia.
In both the groups, record,ings were done on free
moving animals, between 12.00 and 15.00 hrs, 4-5 days
after the operation. By this time the animals had
recovered from opermive trauma, was evident from
their rectal temperature and behaviour. Before recording,
the animals were habituated to the recording room and
cage.

Rest of the experimental procedures were identical in
both the groups.

In both the groups, as t'he f,irst step of analysis,
Friedman test was used to find out the significance of
the difference in the preinjection data (of different
animals) over a period of 30 min. Readings were then

Readings obtained durillg the twO and half hr
recording time, were analysed. In the group I, five
second epochs of clectrophysiological recordings
were considered together to quantify the periods
of wakefulness, slow wave sleep and REM slecp on
the basis of the criteria adopted in the earlier studies
(22, 35, 38). An epoch was included in awakel
sleep period if it was present for more than 2.5 sec.
Rectal temperature was noted at five min interval in
group II.
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hg. 2: Shows representative record of EEG. EMG and EOG of a
ral hefore and afler injeclion of camaehol in the mPOA.

EOG recordings (Fig. 2) and behavioural observation.
The increased wakefulness was slgnif,icant (P<O.OI)
uplO 70 min (Fig. 3). During this perioe!, rats were
hyperactive and showed exploratory activity along with
licking, grooming and scratching. The maximum arousal,
observed upto 20-25 min, subsequently decreased
gradually towards normal. But even after two hours,
the basal level of wakefulness was not attained.

Group II : There was no significant intra group
variation in the basal temperature readings of differelll
animals. Basal rectal temperature during the day was
37.82±0.07°C. Microinjection of carbacholl(jwered the
rectal temperature, which came back to normal by 45-

Fig. 3: Shows the effect of injection of carbachol in the mPOA on
the rectal temperature and awake period of two sets of rats
during the day. Changes in reclal temperature shown abo·/e.
The bar diagram below shows changes in awake period.
·P<O.05; ··P<O.OI. ·"P<O.OOI level of significance of
change compared to its own preinjection values.

50 min (Fig. 3). The readings, for 45 min after the
injection were significalllly decreased (P<O.Ol). The
decline in rectal temperature started immediately after
the injection and the maximum fall occurred at 25 min
after the injcction.

The temporal sequence of decline in rectal
temperature, observed in Group II animals, coincided
with the arousal in Group 1. The peak changes in the
two parameters occurred around 20-25 min, but the
increased wakefulness was significant up to 70 min
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and was higher than the preinjection readings even
after two hrs. The body temperature on the other hand,
had come back to normal by 70 min showing some
degree of dissociation in the recovery of the two
parameters. The animals were awake not only during
the period of hypothermia but also during the period
when b dy temperature was normal.

DISCUSSIONS

Carbachol injection into the mPOA produced
arousal and hypothermia, as evident from the comparison
with the preinjection records. But, it was also apparent
when compared to the earlier reports of the effects of
saline injection, done under identical experimental
condition (11, 12,22,23). Long lasting arousal, produced
by carbachol, was contrary to the observations in cats
(14, 15, 16, 39). In most of these studies, acetylcholine
crystals were injected and Lhe quantity was also not
specified. A high dose of cholinomimetics not only
produced depolarisation but also depolarismion blockade
(25), and this could probably account for the discrepancy
in results. The present finding is in agreement with the
recent report on the effect of carbachol at the basal
forebrain in rats (4). The increase in activity occurring
after carbachol injection was in agreement with the
earlier reports (10,30), though some studies have shown
decreased activity after the application of a small dose
of carbachol (7, 9). The behaviour of the animals, during
induced arousal, presented a picture of normal
wakefulness. Handling !.he animal for injection produced
short lasting arousal for 10-15 min (12,23), but this
cannot account for the prolonged wakefulness observed
after the carbachol injection.

The rats were generally asleep during the afternoon
(22, 35, 38) during which recordings were done. The
duration of slow wave sleep, during pretreatment is
comparable to that already reported but REM sleep
was slightly less (22, 35, 38). Insufficient preinjection
recording time may contribute towards this shorter
duration of REM, though one hr period of habituation
was considered sufficient for sleep studies (35).

Hypothermia, produced by injection of carbachol,
is in agreement with the earlier reports (5, 18, 19,20,
27,29,30) but the rebound increase in rccul'ltempcrature,
as described earlier (10, 29), was not seen in our study.
The culllneous vasodilation may contribute to this fall
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in rectal temperature (30). Avery (1) reported
hyperthermia in rats after application of carbachol in
the mPOA. Though it is difficult to explain this result,
hyperthermia elicited in cat (31) and rabbit (36) could
be attributed, to some extent, to species variation and
the high dose of drug used in these studies. In addition,
the increase in rectal temperature, produced by handling
the animals (11, 12), could have counteracted the
hypothermic effeet of carbachol.

An attempt cou Id be made to look at the thermal
and sleep awake responses together and to correlate
the changes. Normally, arousal is associated with an
increase in body temperature (28). So, the decrease in
body ,temperature observed in this study, is independent
of the alterations in the slllte of sleep-wakefulness. On
the other hand, the temperature may have a role to
play in bringing about the changes in sleep-wakefulness.
It is known that there could be a reduction in sleep
with a fall in environmental temperature below the
thermoneutral zone (28). Cooling of the hypothalamic
temperature also brings about increased arousal (33).
The arousal which persisted after 45-50 min, in this
study, cannot be atlributed to temperature change. It
could be argued that the induced arousal persists for
some time, due to the operation of feedback loops (13).
But the restoration of the normal state of sIeep­
wakefulness had not occurred even after two hrs of
recording. Thus, there is a difference in the ability of
different physiological mechanisms to come back to
normal.

Injection of norepinephrine in the mPOA
a'iso produced changes in sleep-wakefulness and
body temperature which are similar in nature to that
produced by carhachol (11,23). Norepinephrine induced
responses also had a different time course and were
independent of each other. So, an involvement of
identical efferent pathways for the changes produced
by carbachol and norepinephrine cannot be ruled out.
But, a common pathway for thermoregulatory response
is unlikely as cold acclimatised animals responded
differently to these drugs (30). A criticism which can
be raised against norepinephrine injection study (11,
23), w~ere temperature and sleep-wakefulness were
simullllneously recorded in the same animal, is that
the recllli probe would be a source of irritation which
would affect the sleep-wakeful slllte of the animal. This
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criticism was avoided by recording the two parameters
in different sets of rats, under identical conditions, in
this study.

On the basis of local injection studies, some
functional role for the cholinergic system can be
proposed. The different cholinergic fibres, arising from
mesopontine regions (21, 32), might be having
independent sleep regulatory and thermoregulatory
functions at the levd of the mPOA. Recent iontophoretic
application studies have shown that some of the POA
neurons, espc\:iaUy the cold sensitive ones, arc stimulated

by acetylcholine (R, 34). The arousal response elicited
by carbachol in the basal forebrain has been shown to
he so powerl"ul as to override the influence of cholinergic
REM sleep inducing pontine mechanism (4). As a
substantial number of brainstem cholonergic cells project
both to the tlwlamus and the basal forebrain areas (21),
the involvement of this system in the generalised arousal
is indicated. The kind of receptors involved in these
responses could not be assessed from the present study,
hUI Ule involvement of Ml and M2 muscaranic receptors
have been shown for locomotor activity in another
study (9).

REFERENCES

1. Avery DO. Intrahypothalamic adrenergic and cholinergic
injection effects on temperature and ingestive hchaviour in
the rat. Neuropharmacology 1971; 10: 753-763.

2. tlagga N, Chhina GS, Ytohan Kumar V, Singh B. \1echanism
of participation of medial preoptic area in th . hippocampal
inhibition of ovulation. Brain Res 19X I; 210 : 444-448.

3. Bagga 1\, Chhina GS, Mohan Kumar V, Singh B. Cholinergic
activation of medial preoptic area hy amygdala for ovulation
in rat. Physiol Behav 1984; 32 : 45-48.

4. Baghdoyan IIA, SPOllS JL, Snyder SG. Simultaneous ponline
and hasal forehrain microinjections of carhachol suppress RE\<!
sleep. J Neurosci 1993; 13 : 229-242.

5. Beckman AL, Carlisle IlJ. Effect of intrahypothalamic infusiun
uf acetylcholine on behavioural and physllJlogical
thennoregulation in the ral. Nalwc 1909: 221 : 561-:162.

6. Boulunt JA. Hypothalamic clJlltrol of theffilllregulation
neurochemical mechanisms. In ll{1ndhook oj Ilypothalamu_\'
Eds. 1'.1. Morgane and J. I'anksepr (\1arccl Dekker, Inc.,
New York) 1980; Vol. 3 A: 83-181.

7. I3rudzynski S.\1, McLachlan RS, Girvin Jp. Cholinergically
mediated reduction of locomotion activity from hasal forehrain
of the ral. ExpNeurol 1989; 105: I 97-2lJ:1.

8. Brudgzynski SM, McLachlan RS, Gihari F, Girvin JI'. Response
of neurons of the rat anterior hypOlha"'mic preoptic area to
carbachol. Brain Res Bull 1991 ; 26 : 929-'J34.

9. Brudzynski SM. McLachlan RS, Girvin JP. Involvcmenl
of M I and M2 muscarinic receptors l,f the hasa I forehrain
in cholinergically mediated changes in the rat locomot;on.
Prog Neurosychopharmacol Bioi f'sychiatry !')91; 15 : 27<)­
284.

10. Crawshaw LI. Effect of intracranial acetylcholine injection
on the thermoregulatory responses in the ral. J Comp f'hysiol
P'yr:hol 1973; S3 : 32-35.

11. Daua S, Mohan Kumar V, Chhina GS, Singh B. Tonic activity
of mcdial preoptic noradrenaline mechanism for hody
temperature maintenance in sleeping and awake rats. IIrain
Ne., 1J/.I/l1985; 15: 447-451.

12. II)alta S, \1ohall Kumar V. Chhina GS, Singh B. Erfcct of
application of serotonin in the medial preoptic area on hody
temperaltlre and sleep-wakefulness. Ind J Exp Bioi 1987; 25 :
6XI-oX:1.

13. French JD. 'Ihe reticular fonnation. Ilandbook of Physiology
(American Physiological Society, Washington 1960; 2: 1281­
1300.

14. llernande/.-Peon R, Chavez-Ibarra G. Sleep induccd hy localised
c1celric<d or chemical stimulation of the forebrain. Elec/roenceph
Clin Neurophysiol1962; 14: 423-424.

15. Ilcrnandc/.-l'eon R, Chavez-Ibarra G. Sleep induc by electrical
or chemical stimulation of the forebrain. Electroenr:eph Clin
Nct<rofJhysiol 1<)63; 24 (Suppl) : 118-198.

16. Ilernande/.-Peon R, Chavez-Iharra G, Morgane PJ, Timo-Jaria.
Limhic. cholinergic pathways involved in sleep and emotional
hehaviour. t,-xp Neurol 1963; X : 93-111.

17. Jacoh"it/' ])\1, Palkovits M. Topographic atlas of catecholamine
and ac.elylcholinesterase-eontaining neurons in the rat brain I.
Forehrain (Ielcnophalon, diencephalon). J Comp Neurol 1974;
1167: 1J3-28.

IX. K·irkpalrick WE, Lomax p. Temperature changes following
iontophoretic injection of acetylcholine inlO the
rostral hypothalamus of the ral. Neuropharmacology 1975:
9: 195.

14. Laudenslager ML, Carlisle HJ. Heat escape behaviour in the
rat following intrahypothalamic injection of acetylcholine
f'harrnacoilliochem lJehav 1976; 4: 369-373.

20. Lomax 1', Foster RS, Kirkpatrick WE. Cholinergic and
adrenergic interactions in the thennoregu];llory centres of the
ral. Brain Res 1969; 15: 431-438.



16X Talwar and Mohan Kumar

21. Losier I3J, Semba K. Dual projections of single cholinergic
and aminergie brainstem neurons 10 Ihe thalamus and basal
forebrain in the rat. Brain Res 1991 ; 604 : 4 J -52.

22. Mohan Kumar V, Datla S, Chhina GS, Gandhi N, Singh B.
Sleep awake responses elieitcd from medial preoptic area on
application of norcpinephrine and phcnoxyhen/,amine in frce
moving rats. Brain Res 1984; 322 : 322-325.

23. Mohan Kumar V, Datla S, O1hina GS, Singh B. /llphaadrcnergic
system in medial preoptic area involved in slcep-wakefulncss
in rats. Brain Res nuUI986; 16: 463-4nH.

24. Morozzi G, The slecp-waking cycle. /;rgh Physiol 1972; 64 :
1-67.

25. Myers RD. Temperature regulation. In : R D. Myers (Ed).
lIandbook of drug and chemical stim"lat;on of hrain (Von
Nostrand Reinhold, New York): 1974; 2J7-2H5.

26. Nauta, Wlil. Hypothalamic regulalion of slecp in rals : /In
expcrimental study. J Neurophysiol 194n; 9 : 2H5·3 I6.

27. Nelherton RA, Lee PS, Oversireci DIL /lrc Ihere 2 cholinergic
thermoregulatory centres in rals? Expaientia 1977; 33: 1463­
1464.

28. Panneggiani PL. Temperalure regulation during sleep: a study
in homeostasis. In : PhysioloXY in sleep J. Orem and
e. D. Barnes (Eds). (Academic Press, New York) 1(no.
97-143.

29. Poole J, Slephenson JD. Effect of noradrcnalinc and carbachol
in temperature rcgulation in rats. Br.l Pharmacol J979; 65 :
43-51.

30. Poole J, Stephenson JD. Effeels of noradrenaline and camach'll
on tempcraturc regulation and cold-strcsscd and cold aclimatcd
rats. Br J Pharmacol1979; 66 : 307 -3 J5.

31. Rudy TA, Wolf lIll. Hfect of intracerebral infusions
carbamylchoLine and acetylcholine on tcmpcraturc regulation
in Ihe cat. Brain Res 1972; 38 : 117-130.

Indian 1 Physiol Pharmacol 1994; 3R(3)

32. Samba K, Fihigcr lIe. Affcrcnl connections of thC lalcrodorsal
and Ihe pcdunculopontine ,Icgmenlal nuclei in Ihc rdt : a relro­
and antcro-grade transport and immunohistochemical study.
J CompNeuro/1992; 323: 387-410.

33. Satinoff E, Behavioral thermoregulalion in response 10

local cooling of the ral brain. 11m J Physiol 1964; 206: 1389­
1394.

34, Sa to H, Simon E. Thermal charactcrisatalion and transmitter
analysis of single units in the preoptic and anterior hypothalamus
of conscious ducks, Pflugers IIrch 1988; 411 : 34-41.

35. Schmidek WR, I loshino K, Schmidek J, Timo-Iaria e. Influence
of environmelltaltcmperature on the sleep-wakefulness cycle
in thc rat. Phy.l'iol Behav 1972; 8: 363-371.

36. Sharpe I.G, Gamcl! JE, Olscn NS, Thermoregulatory changes
of, choli"lOlIlimctics and angiotensin II, bUI not 10 monoamines
microinjeued into the hrain stcm of the rahbil.
Ne'<Topharmawloxy 1979; 18: 117-125,

37. Shule CC, Lewis PRo Cholinergic and monoaminergic syslems
of the orain. Nature 1966; 212: 7l0-7l1.

3R, limo-Iaria C, 1\egrao N, Schmidek WR, IIoshino K, de
Menc/.es eEl., da Rocha Te. Phases and statcs of sleep in
rats.Phy.l'iol Behav 1970; 5: 1057-1062.

39. Velluti R, IIernandc7.-Peon R. Atropine blockade wilhin
a cholinergic hypnogenic circuit. Exp Neurol 1961; R :
20-29.

40, Yamaguchi!" Y1arczynski Tl, Ling GM. The effects of
electrical and chemical.stimulation of the preoplic and some
non-specific thalamic nuclei in unreslrained waking animals.
Electroenceph C/in Neurophysiol 1963; 15 : 154,

41. Zilles K, Wcmer I., Qu M, Schleicher /I, Gross G. Quantitative
aUI.oratliography of II differenl transmiuer binding sites
in the hasal forehrain region of thc ral-cvidence of
heterogcnecily in disl rihulion pancrns. Neuroscience 1991;
42 : 473-481.


