7%
university of 5%,
groningen YL

R

University Medical Center Groningen

University of Groningen

Gonadal hormones and heart rate as an emotional response
de Loos, Wolter Statius

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
1988

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
de Loos, W. S. (1988). Gonadal hormones and heart rate as an emotional response. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 14-02-2023


https://research.rug.nl/en/publications/0ca259d1-8cb7-432b-b250-c2b12b57eb71

SUMMARY

Animal experiments may give information on the physiology of hormones under
stress conditions. The model for the investigation of acute emotional stress in
animals that has been chosen permits the study of heart rate in freely moving
laboratory rats as a sensitive psychophysiological parameter. This paradigm is
usually described as passive avoidance behaviour. It uses the animals' innate
preference for dark over light. After initial adaptation trials for learning rats
to step from a lit platform into a dark chamber a single electric foot shock is
given in this chamber. After 24 h the animals are reintroduced into the same
dark chamber where heart rate is measured during one minute and compared to
heart rates of unshocked controls. A few hours later the animals' tendency to
reenter the dark compartment where they had been shocked is measured and
expressed as latency time to enter, i.e. avoidance behaviour. Heart rate reac-
tions during the forced exposure to the shock compartment consist of a relative
bradycardia in comparison to the stimulated heart rates of freely exploring con-
trol animals. Based on findings by others it may be inferred that this brady-
cardia is mediated vagally through a wmechanism independent of baroreceptor
reflex influences, although blood pressure is known to increase during passive
avoidance behaviour and forced exposure. This reaction pattern may be related
with or identical to the circulatory component of the orienting response.

The hypothesis formulated for the present research holds that the condition of
oestrus in the rat would decrease the responsiveness of heart rate as a physio-
logical stress parameter, oestradiol being the most probable hormone of interest.

In the first set of experiments (Chapter III), heart rate was studied during
actual avoidance behaviour in castrated female rats treated with oestradiol and
progesterone according to a scheme that is known to induce sexual recep-
tiveness. These experiments were unsuccessful due to a combination of unex-
pected difficulties. Firstly, avoidance latencies were very unequal which ham-
pered proper comparison within groups between short and long avoiding indi-
viduals. Secondly, no significant bradycardia was obtained in comparison to the
last preshock entering trial under the conditions used. Passive avoidance
latency times were not influenced by any of the hormone treatment modalities
used, i.e. oil-diluent, oestradiol benzoate, or progesterone, either alone or in
combination, either low or high dose administrations, notwithstanding the effec-
tiveness reflected in vaginal cytology.

103



Next (Chapter IV), we measured heart rate responses during forced exposure
to the shock compartment preceding behavioural testing. Now, intact female
animals were used while their hormonal cycles were monitored by daily vaginal
cytology sampling after experimentation. During di-oestrus a significant brady-
cardia was found relative to non-shocked controls. Rats in oestrus had less
stimulated heart rates in the control (non-shock) situation and lacked stress
bradycardia. Thus, the condition of oestrus seemed to have an influence on the
psychophysiology of both environmental modalities. No effect of oestrus on sub-
sequent passive avoidance behaviour was found. Intact male rats were tested in
the same way. They showed slightly higher levels of stress bradycardia relative
to their controls, which by themselves were quite comparable to di-oestrus fe-
male controls. Their avoidance latencies were not different from either group of
females. Experiments with ovariectomized females and spayed males pointed to a
specific effect of female gonadal hormones, but not testosterone, on stress
bradycardia while no effects on avoidance behaviour after forced exposure were
found.

Behavioural rating of immobility during forced exposure revealed no differences
between oestrus and di-oestrus or with intact males. Separate analysis of heart
rates for immobility versus movement did not indicate that immobility was a
cause of lower heart rates. Interestingly, the intensity of bradycardia was posi-
tively correlated to the total time of immobility during forced exposure in the
males, but not in the females in either hormonal status. This points to an effect
independent of the presence of ovarian hormones. It could be related to the
actual presence of testosterone or to organizational differences between males
and females induced perinatally, i.e. to sexual dimorphism. When intact male
rats were matched to age instead of body weight of the females, stress brady-
cardia had disappeared in these considerably older males. This also points to a
sexual dimorphic difference between males and females while in this situation an
activational effect of testosterone seems improbable.

The final set of experiments (Chapter V) was performed in order to analyze the
differential influences of oestradiol and progesterone in females and their acti-
vational effectiveness in adult males. Moderately high amounts of oestradiol ben-
zoate given during three subsequent days could restore heart rate responses in
ovariectomized females to those seen during oestrus., Low physiological doses of
the hormone could not replicate this effect, however, neither was oestradiol able
to induce an attenuation of bradycardia in spayed males in moderate or even in
pharmacologically high amounts. Interestingly, progesterone in a moderately
high dose induced a dichotomy of heart rate responses in stressed females; a
number of these displayed strong bradycardia while the others showed no
bradycardia at all in comparison to the controls. In the control group no di-
chotomy occurred. No differences in subsequent avoidance behaviour were found
in any of these groups.

Oestradiol is considered to be of primary importance for the reduction of heart
rate responsiveness to acute emotional stress in adult female rats. It is effective
as an activational substance while adult males are insensitive pointing to sexual
dimorphism by an organizational influence of testosterone, probably in the
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period around birth. This is also suggested by the disappearance of stress
bradycardia in older male rats age-matched to the females used. Strikingly,
oestradiol alone is ineffective in low physiological amounts. In analogy to the
induction of sexual behavioural receptivity the hypothesis is formulated that
both these effects, the behavioural and the psychophysiological, are mediated
via the same brain structure, namely the ventromedial nucleus of the hypo-
thalamus. It is more difficult to interpret the bimodal effect of progesterone,
but it could still support this hypothesis if one considers its time dependent
facilitatory-inhibitory effects on sexual behaviour.

In conclusion, the state of oestrus may not only imply solliciting behaviour in
order to find a mate and behavioural receptivity (lordosis behaviour). It may
also imply a decrease of arousability and anxiety as reflected by heart rate
stimulation or inhibition, dependent on the external cues. This may be under-
stood as a facilitatory condition for reproduction thus serving the existential
need of the species.
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