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KOV;\CS, G. L. AND G. TELEGDY. Inhibitory effect of midbrain raphe stimulation on the maintenance of an active
avoidance reflex. PHARMAC. BIOCHEM. BEHAV. 5(6) 709-711, 1976. — Performance of an active avoidance
(bench-jumping) reflex has been studied in rats during stimulation of the midbrain raphe nuclei. Raphe stimulation (10 cps,
0.2 msec, 2.5~5.0 V) inhibited the performance of the reflex. A serotonin receptor blocker (methysergide, 2.0 mg/kg IP)
increased the reflex performance in non-stimulated animals and prevented the action of raphe stimulation. The data
indicate that the cerebral serotoninergic system might have an inhibitory control over the performance of conditioned

avoidance reflex.

Midbrain raphe stimulation Methysergide

Conditioned avoidance reflex

MANY attempts have been made to define the substrates of
behavioral arousal and inhibition on a neurochemical and
humoral level. There is a great deal of evidences that the
cerebral serotoninergic system, which has a well- defined
neuroanatomical basis, might be involved in the neuronal
control of different central nervous processes. The
serotoninergic perikarya, originating from the B 7 (nucleus
raphe dorsalis), B 8 (nucleus raphe medianus) and B 9 areas
of the midbrain [3], project to various cortical and
subcortical sites like hypothalamus, mesencephalon, hippo-
campus and lateral ventricle [1, 4, 8, 9, 13, 22, 25].

Electrical stimulation of the serotoninergic cell bodies at
the raphe level has been shown to result in an increased
serotonin (5-HT) turnover and release [2, 15, 26, 28].
Raphe stimulation, by increasing the serotoninergic
neuronal activity, inhibited the activity of brain stem
reticular neurons [24], induced sleep [15], inhibited the
cortical evoked potentials to electrical stimulation of
sensory nerves [27] and diminished the stress-induced
activation of the hypothalamo-pituitary-adrenocortical axis
[20].

The behavioral action of raphe stimulation, however,
remains to be further elucidated. In cats, either no effect
[10, 21, 26] or a mild arousal [10] was found after
stimulation of the raphe system with different stimulation
frequencies. In rats, Kostowski, et «l. [15] described a close
relationship between the biochemical, bioelectric and be-
havioral correlates of raphe stimulation. The stimulated
animals showed behavioral signs of calmness. Sheard and
Aghajanian [28], on the other hand, observed a lack of
habituation to external stimuli in raphe stimulated rats.
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The present study was undertaken to investigate the
effect of midbrain raphe stimulation on the maintenance of
previously trained active avoidance reflex.

METHOD

Twenty-two adult male albino rats of an inbred CFY
Strain, weighing 200—250 g at the beginning of the
experiments were used. The animals were kept on standard
laboratory diet with drinking water ad lib. Standard
illumination schedule of 12 hr light and 12 hr dark (lights
on at 6.00 a.m.) was used. The experiments were performed
daily between 10.00 a.m. and 2.00 p.m.

Behavioral Metheds

Avoidance behavior was investigated in a bench-jumping
apparatus described in detail earlier [19,30]. The rats were
trained to avoid electric footshock by jumping on a bench
during the S sec of conditioning stimulus, being the light of
a 45 W bulb. The lack of performance during this time was
associated with the unconditional stimulus in the next five
sec, which were electric footshocks of 1.0 mA, 180 V a.c.
Thirty trials were given daily, in a fixed intertrial interval of
60 sec (range: 50—70 sec). After the animals have met the
criterion of learning — over 80% conditioned avoidance
responses for three consecutive days - the rats were
subjected to surgical implantation of electrodes.

After a postoperative period of 7 days, the animals were
retrained, until a stabilized reflex performance (between
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70—80%) was obtained. The animals were then subjected to
different treatments of the following sequence: (a) the
performance was tested for two days, with the stimulating
wire on head, however, without being stimulated (control
period); (b) the animals were stimulated (2.5-5.0 V square
waves of 0.2 msec impulse duration, 10 cps) during the 30
min of the behavioral session; {(¢) methysergide (Deseryl,
Sandoz) was injected IP in a dose of 2.0 mg/kg. Ninety min
later the reflex performance was tested without stim-
ulation; and, (d) after methysergide treatment, the animals
were stimulated during the whole session.

Flectrode Implantation

The animals were anesthetized with pentobarbital (Nem-
butal, ‘Abbott’, 40 mg/kg) and bipolar stainless steel
electrodes, insulated with enamel except for the 0.5 mm
tip, were stereotaxically implanted into the midbrain raphe
nuclei (nucleus raphe medianus or dorsalis) or in the
mesencephalic reticular formation. The stereotaxic coordi-
nates of Fifkové and Marsala [ 7] were used.

Histology

For histological verification of the electrode tips, the
carotid artery was perfused with a 10 percent formol
solution containing 3 percent potassium ferrocyanide. The
Prussian-blue spots, caused by the iron deposits were
controlled on haematoxylin-eosin stained histological
sections.

For statistical evaluation of the data analysis of variance
was used. A probability level of 0.05 or less was accepted as
a significant difference.

RESULTS

The results are summarized on Fig. 1. Midbrain raphe
stimulation significantly (»p < 0.001 vs control) decreased
the performance of the active avoidance reflex. Methyser-
gide treatment in a dose of 2.0 mg/kg increased the
performance of avoidance reflex in the nonstimulated
animals (p < 0.05 vs control) and prevented the effect of
raphe stimulation (p < 0.001 vs raphe stimulation).
Stimulation of the mesencephalic reticular formation, on
the other hand, resulted in an increased reflex performance
(p < 0.05 vs control).

DISCUSSION

Midbrain raphe stimulation, a procedure which has been
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FIG.1. Effect of midbrain raphe stimulation on the maintenance of
conditioned avoidance behavior in normal and methysergide pre-
treated animals. Abbreviation: RF — mesencephalic reticular
formation (The vertical lines on the bars represent the standard
error of mean, the points show statistacally significant differences).

shown to increase the activity of central serotoninergic
system [2, 15, 28] inhibited the performance of active
avoidance reflex. The blockade of serotoninergic receptors
by methysergide treatment, on the other hand, resulted in
an increased reflex activity. The data seem to exclude the
possibility that the effect of raphe stimulation was brought
about by changing (facilitating or interrupting) the ongoing
neuronal activity in interconnected structures in the vi-
cinity of stimulating electrodes [6,14], since the stim-
ulation of the mesencephalic reticular formation, adjacent
to the raphe region, failed to inhibit the reflex activity.

Failure of raphe stimulation to inhibit the reflex activity
after methysergide treatment support that the raphe stim-
ulation-induced behavioral changes were due to the in-
creased release and turnover of S—HT.

The results confirm the hypothesis that the performance
of a fear-motivated avoidance reflex is under the control of
cerebral serotoninergic system. Increased activity of this
transmitter system resulted in behavioral inhibition [17, 18,
23 etc.], while the impaired serotoninergic activity has a
facilitatory effect of behavior [5, 11, 12, 16, 19, 29].

REFERENCES

{. Aghajanian, G. K. and D. W. Gallager. Raphe origin of
serotoninergic nerves terminating in the cerebral ventricles.
Brain Res. 88: 221-231, 1975.

2. Aghajanian, G. K.. J. A. Rosencrans and M. H. Sheard.
Serotonin: releage in the forebrain by stimulation of midbrain
raphe. Science 156: 402—-403, 1967.

3. Andén, N. E., A. Dahlstrom, K. Fuxe, K. Larsson, L. Olsson
and U. Ungerstedt. Ascending monoamine neurons to the
telencephalon and diencephalon. Acta physiol. scand. 67:
313-326, 1966.

4. Bobillier, P., F. Pettijean, D. Salvert, M. Ligier and S. Sequin.
Differential projections of the nucleus raphe dorsalis and
nucleus centralis as revealed by autoradiography. Brain Res.
85:205-210, 1975.

5. Boston, J. N. The effect of p-chlorophenylalanine on avoidance
conditioning and interaction with amphetamine. J. ment.
Defic. Res. 15: 257265, 1971.

6. Doty, R. W. Electrical stimulation of the brain in behavioral
context. Ann. Rev. Psychol. 20: 289—-320, 1969.

7. Fifkovd, E. and J. Marsala. Stereotaxic atlases for cat, rabbit
and rat. In: Electrophysiological Methods in Biological
Research, edited by: J. Bures, M. Petran and J. Zachar, Prague,
Academic Press, 1967, pp. 653—695.

8. Fuxe, K. Evidence for the existence of monoamine neurons in
the central nervous system. Ill. The monoamine nerve
terminal. Z. Zellforsch. 65: 573-596, 1965.



RAPHE STIMULATION AND AVOIDANCE BEHAVIOR

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Fuxe, K., T. Hokfelt and U. Ungerstedt. Localization of
indolealkylamines in CNS. In: Advances in Pharmacology.
Vol.6. Part.A, edited by S. Garattini and P. A. Shore, New
York: Academic Press, 1968.pp.235—-251.

Jacobs, B. L., R. Asher, and W. C. Dement. Electro-
physiological and behavioral effects of electrical stimulation of
the raphe nuclei in cats. Physiol. Behav. 11: 489-495, 1973.
Jacobs, B. L. and A. Cohen. Differential behavioral effects of
lesions of the median or dorsal raphe nuclei in rats: open field
and pain-elicited aggression. J. comp. physiol. Psychol. 90:
102108, 1976.

Jacobs, B. L. C. Trimbach, E. E. Eubanks and M. Trulson.
Hippocampal mediation of raphe lesion- and PCPA-induced
hyperactivity in the rat.. Brain Res. 94: 253-261, 1975.
Jacobs, B. L., Wise, W. D. and K. M. Taylor. Differential
behavioral and neurochemical effects following lesions of the
dorsal or median raphe nuclei in rats. Brain Res. 79: 353-361,
1974.

Kesner, R. P. and M. W. Wilburn. A review of electrical
stimulation of the brain in context learning and retention.
Behav. Biol. 10: 259-293, 1974.

Kostowski, W., E. Giacalone, S. Garattini and L. Valzelli.
Electrical stimulation of midbrain raphe; biochemical, be-
havioral and bioelectric effects. Eur. J. Pharmac. 7: 170-175,
1969.

Kostowski W., W. Gumulka and A. Czlonkowski. Reduced
cataleptogenic effects of some neuroleptics in rats with
lesioned midbrain raphe and treated with p-chloro-
phenylalanine. Brain Res. 48: 443—446, 1972.

Kovics, G. L., G. Telegdy and K. Lissik. The role of
monoamines in avoidance behavior in rats. Brain Res. 85:
198-199, 1975a.

Kovacs,G. L., G. Telegdy and K. Lissak. The effect of
drug-induced changes of brain monoamines on avoidance
behavior and open-field activity. Acta physiol. Acad. Sci. hung.
1975, in press.

Kovacs,G. L., G. Telegdy and K. Lissak. 5-hydroxytryptamine
and the mediation of pituitary-adrenocortical hormones in the
extinction of active avoidance behaviour. Psychoneuro-
endocrinology 1: 219230, 1976.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

711

Kovacs, G. L., J. Kishonti, K. Lissik and G. Telegdy.
Inhibitory action of midbrain raphe stimulation on stress-
induced elevation of plasma corticosterone level in rats.
Neurosci. Letters 1976, in press.

Kuroki, T. Arrest reaction elicited from brain stem. Foliz
psychiat. meurol. jap. 12: 317-340, 1958.

Lorens, S. A. and H. C. Guldberg. Regional 5-hydroxy-
tryptamine following selective midbrain raphe lesions in the
rat. Brain Res. 78: 45-56, 1974.

Mabry, P. D. and B. A. Campbell. Serotoninergic inhibition of
catecholamine-induced behavioral arousal. Brain Res. 49:
381-391,1973.

Nakamura, S. Two types of inhibitory effects upon brain stem
reticular neurons by low frequency stimulation of raphe
neurons in the rat. Brain Res. 93: 140—144, 1975.

Pierce, E. T., W. E. Foote and J. A. Hobson. The efferent
connection of the nucleus raphe dorsalis. Brain Res. 107:
137144, 1976.

Radulovacki, M. and G. Karmos. Comparison of effects of
electrical stimulation of preoptic area, anterior hypothalamus
and dorsal raphe nucleus on S-hydroxyindoleacetic acid in
cerebrospinal fluid and behavior. Brain Res. 67: 542-545,
1974.

Samanin, R., L. Valzelli and W. Gumulka. Inhibitory effect of
midbrain raphe stimulation on cortical evoked potentials in
rats. Psychopharmacologia 24: 373-379, 1972.

Sheard, M. H., and G. K. Aghajanian. Stimulation of the
midbrain raphe: effect on serotonin metabolism. J. Pharmac.
exp. Ther. 163: 425-430, 1968.

Stevens, D. A., O. Resnick, and D. M. Krus. The effect of
p-chlorophenylalanine, a depletor of brain serotonin, on
behavior: 1. Facilitation of discrimination learning. Life Sci. 6:
2215-2220, 1967.

Telegdy, G., J. Hadnagy and K. Lissak. The effect of gonads on
conditioned avoidance behavior in rats. Acta physiol. Acad.
Sci. hung. 33: 439446, 1968.



