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Abstract: Intracerebral microinjections of gamma amino butyric acid were
Given bilaterally at the medial preoptic area (mPOA) to determine the possible
role of this neurotran mitter in the genesis and regulation of leep-wakefulness.
GABA (50 Ilg/0.2 Ill) when administered through chronically implanted cannulae
in free moving rats, did not produce any significant alterations in sleep
wakefulness. This may be attributed either to the non-involvement of GABA at
the level of mPOA in the regulation of sleep, or to other factors like the low
dose and rapid breakdown of the injected drug.
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INTRODUCTION

The medial preoptic area (mPOA) plays an
important role in the genesis and regulation of
sleep-wakefulness 0, 2, 3). This area has been
shown to l:ontain high levels of the inhibitory
neurotransmitter GABA as well as its
synthesizing enzyme, glutamic acid
decarboxylase (4, 5, 6). However, there are no
reports available on the role of GABA, at the
mPOA, in the regulation of sleep-wakefulness.
Mendelson and M:utin demonstrated in 1992
that microinjection of benzodiazepines at the
mPOA enhances sleep (7). The benzodiazepines
arc thought to exert their pharmacological effects
via a mechanism of enhancing GABA mediated
inhibition (8). On the other hand, injection of
the GABA agonist, muscimol at the POA
produced arousal (9). In view of these
l:ontradictory findings, this study was
undertaken to find out the effect of direct
application of GABA at the mPOA on sleep
wakefulness.
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METHODS

Experiments were conducted on five male
Wistar rats (200-250 gms body wt). These rats
had free access to food and water and were
maintained on a 14 h light (5.00h to 19.00h),
10h dark cycle. They were operated
stereotaxically with aseptic precaution under
pentobarbitone anaesthesia (40 mglkg body wt.).
Bilateral cannulae, for microinjection of
drugs were chronically implanted at the mPOA
(A 7.8, L 0.6, H -1.5) as per DeGroot's atlas
(10). EEG, EOG and EMG electrodes were
implanted for electrophysiological assessment
of sleep (11). Four to five days after recovery
from operative trauma, polygraphic recordings
were carried out during the dark period (21.00
h-03.00 h). Animals were kept in the recording
n'lQm and cage for at least half an hour before
the experiment. The 'experimental procedure
consisted of uninterrupted recordings of EEG,
EOG and EMU for 90 min before and 180 min
after local injections of GABA (Sigma Chemical
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Co., USA). Bilateral microinjections of GABA
50 ,ug/0.2 /-11) were given at the mPOA at the

rate of 0.1 Ill/min. At the end of the experiment,
the animals were anaesthetized and 0.2 III of
3% ferric chloride was administered bilaterally
at the mPOA. Subsequently, they were perfused
intracardially with a solution of 3% potassium
ferrocyanide in 30% formalin to stain the
injection site for histological studies (12).
Polygraphic data obtained was split into 30s
epochs and analyzed to quantify sleep
wakefulness (13). Data was then grouped into
10 min bins for statistical analysis. Pre-injection
data was subjected to Friedman's test to
determine if there was any significant difference
in the data obtained prior to the injection.
Thereafter, preinjection and postinjection data
were compared by applying Friedman's multiple
range test.

RESULTS

The preinjection data showed that the rats
slept, on an average, for 43.6% of the recording
time. Though there were differences in the
preinjection data recorded during different time
bins, on statistical analysis these variations
were not found to be significantly different from
animal to animal during the entire period of
control recording. When the preinjection data,
was compared with postinjection data it was
found that GA13A had not produced any
significant alterations in sleep-wakefulness. The
initial increase in wakefulness seen in the
postinjection record can be attributed to the
handling of the anima1s for injection of the drug
(Fig. 1). Histology revealed the injection site to
b at the mPOA.
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Fig I:Shows the dft:ct of injection of GABA in the mPOA on
lhe awake period of free lI10ving rats during the night.
Injection timc is indicated by Ihe arrow. Each bar represents
the awake period in a time bin of 10 min.

DISCUSSION

The findings from this study indicate that
GABA may have no physiological role to play in
the regulation of sleep-wakefulness at the
mPOA. The other possibility is that the
concentration of GABA administered in the
present study may be inadequate to produce
alterations in sleep-wakefulness. A dose response
relationship study would be useful in this regard.
However, it should be kept in mind that the
amino acid neurotransmitters have a short
duration of action as they are broken down
rapidly in the central nervous system (14). This
rapid breakdown may be responsible for the
abRence of observable effects of GABA on sIeep
wakefulness. Further studies using GABA
agonists and antagonists, as well as long acting
forms of GABA, will help in the elucidation of
the role of this transmitter at the mPOA.



Indian J Physiol Pharmacol 1995; 39(3) Effect of GABA Application at mPOA on Sleep

REFERENCES

301

1. 'auta WJH. Hypothalamic regulation of sleep in
rats. J Neuroplzysiol 1946; 9.: 285-316.

2. Mohan Kumar V, Datta S, Chhina es, Singh B.
Alpha adrenergic system in medial preoptic area
involved in sleep-wakefulness in rats. Brain Res Bull
1986: 16: 463-468.

3. John J, Mohan Kumar V, Gopinath G, Ramesh V,
Mallick HN. Changes in sleep-wakefulness after kainic
acid lesion of the preoptic area in rats. Jpn J Physiol
1994;44 (3) : 231-242.

4. Tappaz ML, Brownstein MJ, PaJkovits M. Distribution
of glutamic acid decarboxylase in discrete brain nuclei.
Brain Res 1976; 108:371-379.

5. Wallis CJ. Luttge WG. Influence of Estrogen and
Progesterone on glutamic acid decarboxylase activity
in discrete regions of rat brain. J Neurochem 1980;
34:609-613.

6. Gores TJ, Leranth C, Maclusky NJ. The use of gold
substituted silver intensified diamino benzidine (DAB)
and non-intensified DAB for the simultaneus electron
microscopic immunoperoxidase labeling of tyrosine
hydroxylase and .glutamic acid decarboxylase
immunoreactivity in the rat medial preoptic area. J
Hi.~tochem Cytochem 1986; 34 (1):1439-1447.

7. Mendelson WB, Martin J. Characterisation of the
hypnotic effects of triazolam microinjections into the
medial preoptic area. Life Sci 1992; 50 (15):1117
1128.

8. Olsen RW, Yang J, King RG, Dilber A, Stauber GB,
Ransom RW. Barbiturate and benzodiazepine
modulation of GABA receptor and function. Life Sci
1986; 39 (21) : 1969-1976.

9. Sakai K, El Mansari M, Lin JS. Zhang JG, Vanni
Mercier G. The Diencephalon and Sleep, Edited by M.
Maneia and G. Marini, 1990 Raven Press Ltd. New
York.

10. DeGroot J. The rat forebrain in stereotaxic
coordinates. Trans R Neth Acad Sci 1959; 52:1-40.

11. Mohan Kumar V, Datta S, Chhina GS, Singh B.
Sleep-awake responses elicited from medial preoptic
area on application of norepinephrine and
phenoxybenzamine in free moving rats. Brain Res
1984; 322:322-325.

12. Bagga N, Chhina GS, Mohan Kumar V, Singh B.
Cholinergic activation of medial preoptic area by
amygdala for ovulation in rats. Physiol Behau 1984;
32:45-48.

13. Timo-Iaria C, Negrao N, Schmidek WR, Hoshino K.
de Menezes CEL, da Rocha TL. Phases and states
of sleep in the rat. Physiol Behau 1970;
5:1057-1062.

14. Willoughby JO, Jervois M, Menadue MF, Blessing
WW. Activation of GAB A receptors in the
hypothalamus stimulates secretion of growth hormone
and prolactin. Brain Res 1986; 374:119-125.


