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Abstract: The circadian rhythm of body temperature (CRT) is a robust
marker of the endogenous pllcemaker function Ilnd is one of the most
frequently studied rhythms. Melatonin, the main secretion of the pineal
gland seems to have more of a thermomodulatory role in controlling the
body temperature than having a direcl role in thermoregulation. The
sympathetic innervation to the pineal via the superior cervical ganglion
determines the melatonin secretion, and superior cervical ganglionectomy
(SCGx) decreases the secretion of melatonin. The present study was
conducted on the \Vistar rats (n = 12) to determine the role of melatonin
in modulation of CRT. Adult male rats were either gangJionectomised (n = 6)
or sham ganglionectomised (n = 6). Rectal temperature was recorded for
CRT annlysis. Cosinar analysis of the temperature record was done to get
the acrophase, amplitude and mesor. Our results show thnt SCGx decreases
t.he amplitude to the rhythm but has no effect on the mesor of the rhythm.
Our study confirms that melatonin has little role to piny in the
thermoregulation and its role is mainly in thermomodulation.
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INTRODUCTION

The circadian rhythm of body
temperature is a robust marker of the
endogenous pacemaker function and there
is considerable relationship between
temperature rhythm of rats and other
rhythms like locomotor activity, plasma
corticosterone (1), sleep (2), melatonin and
other hormonal rhythms.

Efferent from suprachinsmatic nucleus
(SCN), the circadian pacemaker project to
the pineal via the superior cervical ganglion
ul\d control melatonin synthesis and release
(3, 4, 5). Bilateral superior cervical
ganglionectomy (SGCx) abolishes the
circadian rhythm of corticotropic hormones
and melatonin (6, 7, 8). This strongly
supports the notion that sympathetic
nervous system plays an important role in
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the regulation of pineal function. The
present study wns performed to examine the
role of superior cervical ganglion on
the circadian rhythm of temperature in rats.
To this effect, the mai.n neuronal supply to
the pineal, the superior cervical ganglion
was bilaterally excised and the effect o~ the
same on the temperature rhythm was
studied.

METHODS

The study was conducted on adult
male Wistar rats in the weight range of
200-250 grams. They were first acclimatized
to laboratory conditions for 2 days in LID
cycle of 12:12 at an ambient temperature of
24 ± 2°C, before subjecting them to
oxperimental conditions. Throughout the
period of experiment the rats were provided
with ad libitum food and wnter. Temperature
rbythm of the rats was screened for
two days and only those rats with good
rhythm were selected for the study. The
study was conducted on 12 rats and these
were divided into sham operated control
(n = 6, Group I) and superior cervical
ganglionectomised rats or experimental
group. (n =6, Group 2).

The rectal temperature rhythm
recording was started at 2000 hours on day
one. Fuur hourly temperature was recorded
fOr 3 dnys which was taken as basal
temperature rhythm recording. The rectal
temperature was measured at every four·
hom intt·rvnl for a period of 3 days. A digital
thermometer (OMRON Corpn., Japan) was
used which has a dependable accuracy of
± 0, 1 OF. Caro was taken to assure that the
anim~1 W:H' not aroused by placing the
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animal in a restrainer (20 x 10 x 8 ems),
which was big enough to offer small
movement so as to prevent stress while
limi.ting the larger activities. The light·dark
conditions were strictly followed at the time
of measurements as well. The rats were kept
fasting on the night of the 3rd day. On the
fourth day, bilateral superior cervical
ganglionectomy (SCGx) of the rats was done
(9, 10). The control rats underwent sham
SCGx wherein the ganglions were
approached hut not removed. After recovery
from the anesthesia the rats were observed
for the success of the procedure. Only those
rats with bilateral ptosis were continued
with the study and the others were
discarded. After the surgery the rats were
given 4 days of post operative recovery
period. In this period the rats were watched
for any infection of wound and also their
temperature was checked to rule out
infection. After the post operative recovery
3 more days of rectal temperature recording
was done 4 hourly, starting at 2000 hou rs.
This was taken as post SCGx temperature
rhythm.

Statistical nnaly8ia

In the present study, the circadian
rhythm analysis was done by using
the cosinar analysis (ll). The acrophase
(ACR). mesor (ME) and amplitude (AMP)
values obtained for individual rats on total
6 days were grouped into control and
experimental groups and the mean of each
day was taken for comparison. Intra-group
comparisons for unpaired observations were
made by one way ANOVA. Inter grOllp
paired comparisons were made by twu
sample 't' test.
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RESULTS

The basal 3-day values of ACR, AMP and
ME did not differ significantly, the average
of these 3 days was taken as basal
temperature rhythm. Similarly, the average
of the 3 post SCGxJsham days was taken
for comparison. Table I shows the values in
sham operated rats while Table II shows the
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same for SCGx rats. The basal AMP of the
non ganglionectomised group (0.47 ± 0.12)
did not differ from either the basal AMP
of the ganglionectomised group (0.49 ± 0.12)
or the post operative AMP of the
non ganglionectomised group (0.41 ± 0.11).
But after ganglionectomy, the AMP
decreased significantly (P<0.05) in the
ganglionectomised group (0.33 ± 0.09) (Fig.

TABLE I: Amplitude, acrophase and m6Ror of the temperature rhythm in the non sanglionectomiaed rats
(Group I). The 3 days of baRal llnd 3 days of poat operative values are given with their
:lVerlige values.

CO/liroJ

Ba.sal Post opcratiue

Day 1 Day 2 Day 3 Aug. Day 1 Day 2 Day 3 Aug.
Mean Mell/l, Mean Mean Mean Meon Mean Mean
(8D) (SD) (8D) (8D) (8D) (SD) (8D) (SD)

AMP 0.54 0.36 0.52 0.47 0.43 0.47 0.35 0.41
COC) (0.28) (0.1) (1.14) (0.12) (0.09) (O.14) (0.18) (O.ll)

ACR 21.65 20.74 21.80 21.39 21.98 21.25 21.77 21.66
(hra) (1.14) (1.7) (1.02) (1.16) (0.81) (1.56) (1.05) (0.74)

ME 37.35 37.21 37.15 37.24 37.33 37.33 3734 87.38
(Oel (0.19) (0.1) (0.06) (0.09) (0.19) (0.14) (0.20) (0.12)

TA.BLE II: Ampli~ude, acrophase and mesor of the ~emperature rhythm in the non gangliooectomised rats
(Group II). The 3 days of bal:lal and 3 days llf post operative values lire given with their
average values.

E:rperimental

Basal Post aperatiue

Day 1 Day 2 Day 3 Aug. Day 1 Day 2 Day 3 Aug.
Meun Meon Mean /tIean Meaa Mean Mean Mean
(SDJ (SD) (SD) (SD) (SD) (SD) (SD) (SD)

AMP 0.58 0.39 0.49 0.49 0.31 0.33 0.34 0.33
(OCl (0.29) (0.1 I) (0.12) (0.12) (G.07) (0.21) (G.14) (0.09)

ACR 20.76 20.79 19.98 20.51 17.48 22.21 20.19 19.96
(hrs) (1.41) 0.03) (l.15) (0.87) (2.77) (2.43) (5.941 (3.48)

ME 37.28 37.4 37.37 37.35 37.46 37.41 3746 37.44
(OC) (0.24) (0.19) (0.15) (0.13) (0.24) (0.29) (0.22) (0.2)
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Fig. 3: omparison of the basal ACR value with the
Post operative ACR. tatistical analysis did not
show any significant change in the ACR in both
ganglionectomised and non-ganglionectomised
group.
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Fig. 2: omparison of th ba al ME value with th Po t
operative ME. MesoI' or th m n temperatur
did oot chang aft r g nglionectomy in both
th group.

DI CUSSIO

Th Gx re ulted in the damp ning
of the amplitude of the temperature
rhythm in rat. The amplitude r m in d
same in control rat . This suggest that
the ob erv d di rupted temperatur
rhythm of the ganglionectomised rat
caused from the removal of the superior
cervical ganglion. Howev r, the m an
body temp rature was not changed following
th removal of superior c rvical ganglion,
sugg sting that melatonin has litti rol 0

play on the th rmor gulation .

There wa a ignificant decrea e in th
AMP of the temperatur rh hm in th

anglionectomi ed rat howing oscillatory
function of th SC . Th uprachia matic
nueleu the primary site for the
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generation of the body temperature rhythm
in rats (12). After SSGx, the neural
pathways mediati.ng the rhythmic pineal
melatonin secretion are lose. (8), leading to
decreased melatonin secretion. Loss of the
oscillatory function of the SCN can be
attributed to the disturbed pineal fundion
and melatonin secretion, Though the pineal
secretion of melatonin is under the influence
of the SC , ie. is now known that the
melatonin has a feedback control over the
SeN 03, 14). The role of melatonin in
regulae.ing e.he SCN fuoction is further
suppore.ed by the fact that receptors for
melatonin has been localised in the SCN of
rats (15). Moreover melatonin receptors
have been localised in many areas of the
brain like anterior pituitary gland, area
postrema and SCN (16). There is a
relae.ionship between the pineal gland and
the serotoninergic nerve endings of
hypothalamus (17). M.elatonin is known to
generate 40~ of the amplitude of the core
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body temperature rhythm (14), The
dampened amplitude of temperature rhythm
in the ganglionectomised rats might be
caused from the loss of this above mentioned
feedback control. The decrease in the
amplitute of the temperature rhythm can
be related to the disturbed melatonin
rhythm.

Pineal gland has other neural
connections apart from the polysynaptic
sympathetic connection via the superior
cervical ganglion (18, 19, 20). The normal
circadian pattern of melatonin secretion
is generated by the SCN via the sympathetic
postganglionic sympathetic fibers of
the 8uperior cervical ganglion (21).
The present study shows that the
disrupted temperature rhythm following
SCGx occurs due to the IOS8 of pineal
function and that melatonin plays
an important role in the generation of the
CRT.
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