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Abstract. Evoked responses (ER) to stimulation of spermatic nerve
were picked up in conscious monkeys from hypothalamic limbic and
cerebral cortical regions. The effect of intravenous injection of testo-
sterone propionate (TPss; 0.4 mg/kg) on ER was examined in the same
animal. Hormone administration caused inhibition or potentiation of ER
in different regions of brain. The duration of hormone effect also suggest-
ed area specificity. A significant, immediate reduction in ER amplitude
was produced by hormone injection in the ventromedial nucleus. On
the contrary an increase of ER was observed in the anterior hypothala-
mus and in several limbic areas. Genital sensory motor cortex showed
slight potentiation. The results support the hypothesis proposed in ear-
lier EEG studies that TP and genital afferent input probably play a se-
lective role in brain mechanisms underlying organized and integrated
expression of reproductive functions.

INTRODUCTION

Extensive evidence suggests that circulating gonadal hormones and
sensory afferents collectively feed back information into the central ner-
vous system to regulate reproductive activity. Genital stimulation has
been shown to produce alterations in electroencephalographic recordings
(1, 6, 8) and unit activity (2), but few attempts have been made to docu-
ment the relationship between hormone level and afferent input. It has
been shown in immature monkey that primary effect of gonadal hor-
monesis essential to sensitize the brain for the receipt of sensory in-
formation (1). Corroborative information has been obtained in recent
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reports (13) that sensory input, in the form of genital stimulation, and
small amounts of gonadal hormones bring about maturation of neuronal
mechanisms and inhibitory responses from ventromedial hypothalamic
region. It is possible that dual role may be related to gonadotrophin
release. The relationship between acute changes in testosterone level and
sensory afferentation has been reassessed using a different method of
recording.

" METHOD

Twenty adult male rhesus monkeys weighing between 4.5-5.0 kg
were anesthetized with sodium pentobarbitol (35 mg/kg) anesthesia. Re-
cording electrodes were bilateral epidural screws in frontal, parietal and
genital sensory motor areas of cortex and stereotaxically implanted
bipolar electrodes (0.25 mm stainless steel wires, insulated except for
the tips) in preoptic, suprachiasmatic, anterior and ventromedial nuclei
(VMN) of hypothalamus, mamillary bodies, cerebral peduncles, hippo-
campus and amygdala (10, 13, 16). Four deep bipolar electrodes and
three pairs of epidural screws were implanted in each monkey. Bipolar
electrodes were prepared by inserting an insulated stainless steel wire
into the lumen of the shaft of a hypodermic needle. When
in situ, it projected about 1 mm outside the lumen. Electrodes
were connected to miniature radio tube socket and secured with
dental cement. Evoked responses were picked up through the radio
tube socket connected with a male plug (made from a fused radio tube)
and fed to the active input of a preamplifier Tektronix 123). Characteri-
stics of response were studied, using a sweep speed of 50 or 100 ms/cm
of the Tektronix 565 oscilloscope type 3AT75. The responses were pho-
tographed with Grass Kymograph C, camera. For recording, monkey was
made to sit in its chair in a shielded cage to minimize interfering arti-
fatcs. Spermatic nerves were stimulated with concentric needle electro-
des inserted into an undissected portion of the spermatic cord. Stimulus
parameters were 10-20 V and duration 0.60 to 5.65 ms (Tektronix type
161 pulse generator; type 162 weveform generator) and at a rate of
2 stimuli/s. All the essential modified criteria, reported earlier (11) had
been consistently employed to authenticate ER in the initial few experi-
ments. Evoked responses had a focal distribution and typical characteri-
stics in a given area of brain (11, 17). For later experiments, occurrence
of the familiar waveform proved to be sufficient for identification.

Twenty mg of testosterone propionate was dissolved in 0.2 ml of
alcohol and 9,8 ml of normal saline. Two ml of this solution contained
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0.4 mg of testosterone propionate. The effects of intravenous injection
of testosterone propionate (TPss; Sigma, USA) in dose of 0.4 wg/kg. body
weight, were observed after an interval of 15 min, 30 min and subse-
quently after every 30 min for 210 min. Experiments were repeated five
times in the same animal after an interval of one week each time. Two
ml of normal saline with 0.2% alcohol served as a control injection in
observations made on all monkeys on the first day before injection of
TP. Thus each monkey acted as its own control. At the end, animals
were killed by intracardiac formalin and brain was removed, serially
sectioned and examined for exact location of electrodes.

For statistical evaluation of the results, Student’s t-test have been
applied to the percentage changes of amplitude and duration of ER.

RESULTS

Changes of ER induced by TP injection mostly consisted of an
increase or decrease in amplitude and duration. There was no change
in latency of ER. The values of ER have been expressed after taking
into consideration the mean values of five ER’s taken at random from
a range of 35-40 ER recorded during each observation period, on every
day and in all monkeys. Changes of the evoked responses have been fur-
ther classified as slight, moderate and marked, depending upon whether
decrease or increase was 10 to 30%o, 30 to 50% and above 50% of the
control value respectively. Maximum-peak-to peak voltages were need
for assessing the changes in amplitude, whereas total time of the ER
served for estimating the change in duration.

Evoked responses from the preoptic nucleus showed a slight initial
increase in amplitude and duration upon TP injection, which became
marked at 90 min (Fig. 1). These changes were statistically significant
for all the observations, up tc 150 min. Slight increase of ER amplitude
and moderate increase of ER duration was observed in anterior hypo-
thalamus (Fig. 2), however, these changes were not statistically signi-
ficant. Suprachiasmatic region also showed potentiation which reached
a maximum within 30 min and disappeared after 120 min. Changes of
amplitude and duration of ER were statistically significant at 15, 30,
60 min and 15, 30 min, respectively.

Ventromedial nucleus of hypothalamus (VMN) was the only region
which produced inhibition of ER after TP administration. The decrease
in amplitude of ER from VMN was moderate after 60 min. Ventromedial
nucleus remained nonresponsive for further 60 min and recovery was
incomplete even at the end of experiment (Fig. 1). All ER after TP
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Fig. 1. Evoked responses recorded from preoptic area, ventromedial nucleus (VMN})
and lateral hypothalamus (Lat. hypo.) before (0 min) and 15 to 150 min after i.v..
injection of testosterone.

administration differed significantly (P <<0.001) from records taken:
before injection.

Marked increment in amplitude and duration of ER was obtained
in mamillary body and posterior hypothalamus. It lasted for 150 min
and 180 min, respectively (Fig 2). ER changes after TP administration
in the mamillary body were statistically significant (P <<0.001) within
15 min.

Amygdalar ER showed marked and statistically significant increase
in amplitude at 30 min, which completely withered away at 120 min.
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Fig. 2. Evoked responses recorded from anterior hypothalamus (Ant. hypo.),
mamillary body (Mam. body) and hippocampus (Hippo.), before (0 min) and 15
to 150 min after i.v. injection of testosterone.

1

Duration of ER from this area was slightly increased for a few minutes
only. Evoked responses from hippocampus displayed a marked and long
lasting increment in amplitude and duration (Fig. 2), which remained
significant throughout the period of observation.

Genital sensory motor cortex showed slight potentiation after
about 90 min after TP injection. At the same time, ER from other ne-
ocortical areas were not at all influenced by TP administration.
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DISCUSSION

The sensitivity of ER from different areas of brain to hormone
administration followed a trend which was broadly similar to that ob-
served in EEG changes induced by stimulation of genital afferents (13,
14). Ventromedial nucleus of hypothalamus, which had shown EEC de-
synchronization, reacted by complete disappearance of ER, whereas an-
terior and posterior hypothalamic areas produced augmentation of ER
analogous to EEG synchronization (11-14). No effect was seen in control
runs. As the vehicle was normal saline with only 0.2% of alcohol, it
did not change the ER interfering with the alertness or the sleep-wa-
kefulness cycle of the monkey. Evoked responses, however, gave better
idea about acute effects of hormone administration on the excitability
of different regions. The procedure of ER recording in conscious awake
monkey ruled out the possibility of testosterone induced changes of
vigilance. The electrophysiological changes in some areas like posterior
hypothalamus and mamillary body, which became more apparent in
the EEG only after TP injections had been continued for several
days, could be observed in evoked responses even after the very first
‘TP injection. There are still other areas, the ER of which showed very
small changes or a change which persisted unmodified. It is possible
that this sort of long lasting inhibition or potentiation may have some-
thing to do with tonic and phasic type of regulatory mechanisms. Al-
though amygdala showed potentiation to some extent, yet maximum po-
tentiation was obtained from hippocampus. Possibly, these effects might
be mediated through the midbrain reticular formation as suggested (7)
for cats.

In the light of these observations, it appears that regions of brain,
which were earlier reported to show genital motor responses in squirrel
monkey (9) also receive afferent information possibly by reflex activa-
tion and that activity of these regions is further dependent upon the
amount of gonadal hormones available in the body. The present findings
are also compatible and coincide with the proposed inhibition of preoptic
in immature monkeys (1, 2, 4). It can be hypothesized that this hormonal
and genital afferent interaction and neurohumoral feed back is mani-
fested by the involvement of the limbic regions of brain, which was
shown (15) to be related to the activation of motor function of genital
organs as well as to generation of the corresponding emotional compo-
nent, i.e., regions initiating behavior for the satiation of need state
manifested by sex drive.

Complete disappearance of ER in ventromedial nucleus and their
augmentation in anterior and posterior hypothalamus corresponds tc
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EEG desynchronization and synchronization induced with similar TP
treatments respectively (13). Other areas like dorsomedial and para-
ventricular nucleus, did not show any change in ER. The present obser-
vations also support the conclusion (1, 2) that the preoptic region is an
inhibitory area. The observed slowing of EEG in this region induced by
hormone injection and genital stimulation, coincides with the desyn-
chronization and depression of ER in VMN (13). The reverse is obtained
in animals without exogenous hormone treatment where VMN showed
synchronization and preoptic area had shown desynchronization of EEG
activity.

Chhina et al. (1) noticed after several days of TP treatment an in-
creased tendency to spontaneous spindle activity in anterior hypotha-
lamic regions, which changed to delta waves by the fifth day. Following
gonadectomy, EEG activity produced by genital stimulation was never
similar to that of untreated immature animals (1, 2). This may be due
to maturation of neuronal mechanisms which bring about VMN inhi-
bition when the animals is simultaneously exposed to genital stimulation
and small amounts of gonadal hormones. It is possible that this effect
is related to gonadotrophin release (6, 12) through the involvement of
releasing factors in these regions, particularly in VMN. Increased testo-
sterone secretion, following sexual excitement (3, 4, 17) supports the
validity of these observations.

Experiment was done as a part of Ph.D. thesis at Physiology Department,
AIIMS, New Delhi. We are grateful to the director for providing research facilities.
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