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Abstract

The effects of chronic corticosterone treatment on sexual behaviour and wet-dog shakes were investigated in both female and male
rats. The serotonergic type 2A (5-HT,, ) receptor antagonist ketanserin was administered to test the hypothesis that the behavioural effects
of corticosterone were mediated by increased 5-HT,, receptor activity. Rats were randomly assigned to one of four chronic treatment
groups:. control, ketanserin alone, corticosterone alone, or ketanserin and corticosterone. Ketanserin attenuated the corticosterone-induced
changes in both sexual behaviour and wet-dog shakes. Ketanserin alone had no effect on these behaviours. Results suggest that increased
5-HT,, receptor activity mediates the effects of corticosterone on sexual behaviour and wet-dog shakes. © 2001 Elsevier Science B.V.

All rights reserved.
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1. Introduction

Research on the central serotonergic (5-HT) system has
been facilitated by the increasing availability of selective
5-HT receptor agonists and antagonists. These agents have
helped to establish the existence and distinct functional
properties of different 5-HT receptor subtypes. The current
classification system separates these receptors into fami-
lies, within which several functional subtypes may exist.
For example, the 5-HT, family consists of the 5-HT,,,
5-HT,g and 5-HT,. receptor subtypes (Hoyer and Martin,
1996).

It has been shown that the stimulation of different
receptor types can mediate different (often opposing) ef-
fects on behaviour. For example, in the male rat, stimula-
tion of the 5-HT,, receptor induces an increase in sexua
behaviour (Ahlenius and Larsson, 1991), whereas stimula
tion of the 5-HT,, receptor exerts an inhibitory influence
on sexual behaviour (Gorzalka et al., 1990).

The behavioura effects of receptor stimulation can also
be dependent on the sex of the animal. Administration
of the selective 5-HT,, ,c receptor agonist (+) 1-(2,5 di-
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methyl-4-iodophenyl)-2-aminopropane (DOI) induces an
increase in both proceptive and receptive sexua be-
haviours in the female rat (James et al., 1989). In contrast,
5-HT,, receptor stimulation causes a decrease in male rat
sexual behaviour. Selective 5-HT,, receptor agonists in-
duce a dose-dependent decrease in gaculation frequency
and copulatory proficiency and an increase in gaculation
latency and postejaculatory interval (Foreman et al., 1989;
Watson and Gorzalka, 1990, 1991). The behavioural ef-
fects of 5-HT,, receptor agonists on both male and female
rat sexual behaviour are effectively blocked by selective
5-HT,, receptor antagonists (Mendelson and Gorzalka,
1985; Wilson and Hunter, 1985; Watson and Gorzalka,
1991). In sum, the results suggest that 5-HT,, receptor
activation induces opposing effects on male and female rat
sexual behaviour, namely, an increase in femae sexual
behaviour and a decrease in male sexual behaviour.
Unique to the 5-HT,, receptor is its influence on a
behavioural stereotypy, wet-dog shakes. Wet-dog shakes,
which can be identified as a reflexive shudder of the head,
neck and trunk, has been shown to increase in frequency
with increases in 5-HT,, receptor activity in both femae
and male rats (Hanson and Gorzalka, 1999; Watson and
Gorzalka, 1990). Wet-dog shakes can be both pharmaco-
logically induced with 5-HT,, receptor agonists (Goodwin
et a., 1984; Gorzalka and Hanson, 1998; Pranzatelli,
1990) and inhibited with 5-HT,, receptor antagonists
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(Lucki et a., 1987; Pranzatelli, 1990). It has aso been
shown that upon 5-HT,, receptor activation, the observed
increase in female rat sexua behaviour and decrease in
male rat sexual behaviour is often accompanied by a
concomitant increase in wet-dog shakes (e.g., Hanson and
Gorzalka, 1999; Watson and Gorzalka, 1990). The rela-
tionship between these two behaviours has been used as a
noninvasive behavioural assay of 5-HT,, receptor activity
(Eison et al., 1995; Gorzalka and Hanson, 1998; Hanson et
al., 1998; Kuroda et a., 1992; Watson and Gorzalka, 1990;
Yap and Taylor, 1983).

Recent studies have implicated the adrenal hormone
corticosterone in playing a fundamental role in the regula-
tion of 5-HT,, receptor density (Kuroda et al., 1992
McKittrick et al., 1995). It has been demonstrated that
chronic administration of corticosterone (at levels that
mimic those seen during times of stress) can induce an
increase in 5-HT,, receptor density in the rat brain
(Fernandes et al., 1997; Kuroda et al., 1992). Recent
behavioural studies have demonstrated that a chronic cor-
ticosterone regimen induces an increase in wet-dog shakes
(Berendsen et al., 1996) with a concurrent decrease in
male rat sexua behaviour (Gorzalka and Hanson, 1998)
and increase in female rat sexua behaviour (Hanson and
Gorzalka, 1999). Moreover, administration of the drug
nefazodone, which antagonizes 5-HT,, receptors, attenu-
ates the effects of corticosterone on femae rat sexua
behaviour and wet-dog shakes (Hanson et a., 1998). These
results are consistent with corticosterone increasing 5-HT,,,
receptor activity.

Ketanserin is a potent and relatively selective 5-HT,,
receptor antagonist (Brogden and Sorkin, 1990). Chronic
administration of this antagonist has been shown to induce
a downregulation of 5-HT,, receptors (Eison and Mullins,
1996). The following experiments were designed to test
whether the effects of corticosterone on sexual behaviour
and wet-dog shakes are mediated by an upregulation in
5-HT,, receptors. In order to test this hypothesis, ke-
tanserin and corticosterone were administered both chroni-
cally and concurrently.

2. Materials and methods
2.1. Experiment 1

2.1.1. Animals

Thirty-six Long-Evans female rats (Charles River
Canada, Montreal) were used. Procedures were consistent
with the standards of the Canadian Council on Animal
Care. Subjects were housed in groups of three or four in
standard, triple wire mesh cages, with Purina Rat chow
and tap water available ad libitum. The colony was main-
tained at a temperature of 21 °C and on a reverse 12-h
dark /light cycle (lights off at 0900 h). All females were
bilaterally ovariectomized at 3 months of age using stan-

dard surgical procedures while under a combination of 75
mg,/kg ketamine hydrochloride (intraperitoneal) and 7
mg,/kg xylazine (intraperitoneal) anaesthesia. At the time
of behavioura testing, females were approximately 6
months of age and weighed between 300 and 350 g.

2.1.2. Apparatus

Cubical Plexiglas (30 X 30 X 30 cm) and cylindrica
glass (30 cm diameter X 45 cm height) chambers were
used to conduct all behavioural tests. Injections were per-
formed using 26 gauge and 1 /2-in. stainless steel needles.

2.1.3. Drugs

Doses of estradiol benzoate and progesterone (Sigma,
St. Louis, MO, USA) were dissolved in 0.1 ml peanut oil.

Corticosterone-21 acetate (Sigma) was dissolved in
propylene glycol (20 mg,/ml).

Ketanserin tartrate (Research Biochemicals, Natick,
MA, USA) was stored at 5 °C in dark conditions and was
freshly dissolved in 0.9% saline at a concentration of 1

mg,/ml.

2.1.4. Procedure

All behavioural testing occurred during the middle third
of the dark cycle and was performed by trained observers
who remained blind to the experimental condition of the
subjects. Female subjects were randomly assigned to four
treatment groups. saline and propylene glycol, 1 mg/kg
ketanserin and 20 mg/kg corticosterone, saline and 20
mg/ kg corticosterone and 1 mg /kg ketanserin and propy-
lene glycoal. This dose of corticosterone has been shown to
increase 5-HT,, receptor density (Kuroda et a., 1992).
Injections were given once daily for a period of 10 days.
Ketanserin and saline injections were given intraperi-
toneally while corticosterone and propylene glycol injec-
tions were administered subcutaneously. On Day 9, all
subjects were injected with 0.8 g estradiol benzoate and
on Day 11, 50 w.g progesterone (4 h prior to behavioural
testing). Behavioural testing occurred 24 h after the last
ketanserin or corticosterone injection.

2.1.5. Behavioural testing

Test sessions began with the presentation of the female
to a sexually experienced male in individua testing cham-
bers. Proceptive, receptive, rejection and wet-dog shake
behaviours were simultaneously scored and recorded. Sex-
ual receptivity was assessed by the lordosis quotient, which
is defined as the proportion of full lordotic responses by a
subject in response to 10 mounts (with pelvic thrusting) by
a mae. Full lordosis was defined as a significant down-
ward arching of the back, an upward stretch of the neck
and head and a deviation of the tal. If a male failed to
mount the female after a period of 5 min, the female was
removed and placed with a different male in another
testing chamber. Proceptive behaviours included ear wig-
gles (vibrations of the external ears symmetrically around
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an erected position for 1-2 s) and darts (rapid movements
followed by an abrupt halt). Rejection behaviours included
kicking, boxing, vocdizations and rolling onto the back-
side. The frequency of rejection, proceptive and wet-dog
shake behaviours were tallied throughout the session. The
length of each testing session was timed to calculate the
frequency of rejection behaviours and wet-dog shakes per
min. Data for each of the proceptive behaviours, namely
ear wiggles and darts, were combined to form a composite
proceptivity score of solicitations per min (Gorzalka and
Moe, 1994).

2.1.6. Satistics

Results were subsequently analyzed using two-way
analyses of variance, with a significance criterion of 0.05.
Effect sizes using Cohen's d were calculated for all
significant effects.

2.2. Experiment 2

2.2.1. Animals

Thirty-six Long-Evans male rats (Charles River Canada)
were used for this experiment. Males were housed in the
same conditions as the females in Experiment 1. Males
were exposed to receptive females on at least four occa
sions prior to testing and were screened for copulatory
proficiency. Copulatory proficiency was determined by a
criterion of two egaculations within a 30-min screening
session with fully receptive females on at least two sepa-
rate occasions. Males (400-450 g) were approximately 6
months of age at the time of testing. Ovariectomized
Long—Evans female rats previously exposed to males on at
least three separate occasions while in hormone-induced
behavioural estrus were used as stimuli for the sexual
behaviour testing of the males.

2.2.2. Apparatus
The same apparatus was used as Experiment 1.

2.2.3. Drugs

(+) 1-(25 dimethyl-4-iodophenyl)-2-aminopropane
(DOI) (Research Biochemicals International) was dis-
solved in 0.9% saline (1 mg,/ml). All other drugs used are
listed in Experiment 1.

2.2.4. Procedure

Sexual receptivity was induced in stimulus females with
injections of 10 pg of estradiol benzoate (subcutaneous,
48 h prior to testing) and 500 g progesterone (subcuta-
neous, 4 h before testing). Maes were randomly assigned
to four treatment groups: saline and propylene glycol, 1
mg/kg ketanserin and 20 mg/kg corticosterone, saline
and 20 mg/kg corticosterone and 1 mg /kg ketanserin and
propylene glycol. Injections were administered once daily
for a period of 10 days. Ketanserin and saline injections

were given intraperitoneally while corticosterone and
propylene glycol injections were administered subcuta-
neously. Behavioura testing occurred 24 h after the last
ketanserin or corticosterone injection. In order to prevent a
ceiling effect and to ensure that either an inhibition or
facilitation could be seen, DOI (0.25 mg /kg) was adminis-
tered to all subjects 30 min prior to behavioural testing.

2.2.5. Behavioural testing

Behavioural testing occurred in the middle third of the
dark cycle. The following sexual behaviour parameters
were scored: frequency of mounts with pelvic thrusting
prior to gjaculation, frequency of penile intromissions prior
to gaculation, frequency of eaculations, €aculation la-
tency (i.e., the period between the first intromission and
the first gjaculation) and the postejaculatory interva (i.e.,
the period between gjaculation and the first intromission of
the next copulatory bout). Copulatory efficiency was calcu-
lated by determining an animal’s intromission frequency
and dividing it by the total number of mounts and intro-
missions prior to the first gjaculation. A high score on this
measure indicates that more copulatory attempts resulted
in intromissions rather than mounts; this measure is rela-
tively independent of motivational changes (Parrott, 1975).
Wet-dog shakes were scored by measuring total wet-dog
shakes within the testing interval and dividing this number
by the test duration of 30 min, thus, achieving a frequency
score of wet-dog shakes per minute. Stimulus females
were rotated between males every 10 min to maintain
sexual interest. Male rats that failed to gjaculate during the
test session were dropped from the data analyses of copu-
latory efficiency, mount frequency and intromission fre-
guency, while all latency scores were set to the maximum
of 1800 s. Rats that did not intromit after the first gjacula-
tion were dropped from the postejaculatory interval analy-
sis.

2.2.6. Satistics

Results were subsequently analyzed using two-way
analyses of variance, with a significance criterion of 0.05.
Effect sizes were calculated using Cohen’s d for all signif-
icant effects.

3. Results
3.1. Experiment 1

Data are presented in Table 1 as means + S.E. A signif-
icant interaction between corticosterone and ketanserin
was found for wet-dog shakes [F(1,32) =11.69, P=
0.002]. Corticosterone significantly facilitated wet-dog
shakes (d=1.5) and this effect was attenuated by ke-
tanserin treatment. Ketanserin alone had no effect on wet-
dog shakes.
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Table 1
WDS and sexua behaviour measures as a function of corticosterone and
ketanserin treatment in female rats

WDS/min* Lordosis Solicitations/  Rejections/

quotient?  min? min
No corticosterone
Ketanserin  0.08+0.04 4847 0.47+0.12 0.17+0.06
Saline 0.104+0.03 3648 0.48+0.11 0.23+0.07
Corticosterone
Ketanserin  0.09+0.05 5347 0.274+0.06 0.30+0.09
Saline 0.86+0.21 8246 1.33+0.24 0.27+0.08

Data are presented as mean scores+ S.E.
aSignificant interaction between corticosterone and ketanserin.

Similarly, significant interactions between cortico-
sterone and ketanserin were found for both receptivity
[F(1,32) =8.26, P=0.007] and proceptivity [F(1,32) =
11.96, P =0.001]. Corticosterone significantly increased
both receptivity (d = 1.9) and proceptivity (d = 1.3). Ke-
tanserin effectively blocked the effects of corticosterone
and did not have any effects on receptive and proceptive
behaviours when administered aone. Neither cortico-
sterone nor ketanserin treatment had a significant effect on
rejection behaviour.

3.2. Experiment 2

Data are presented in Table 2 as means + S.E. A signif-
icant interaction between corticosterone and ketanserin
was found for wet-dog shakes [F(1,32) =27.76, P<
0.0001]. Corticosterone significantly facilitated wet-dog
shakes (d=1.9) and this effect was attenuated by ke-
tanserin treatment. Ketanserin treatment alone had no ef-
fect on wet-dog shakes.

Only one of the nine animals in the group treated with
corticosterone alone achieved gaculation. In each of the
three other groups, seven of the nine animals achieved
gaculation at least once. A significant interaction was
observed between ketanserin and corticosterone for gacu-
lation [F(1,32) = 6.68, P = 0.04]. Corticosterone signifi-
cantly decreased ejaculatory behaviour (d = 1.3) and ke-
tanserin effectively attenuated this inhibition. Ketanserin

treatment alone did not have an effect on the frequency of
gjaculations, though it did decrease the latency to gacula
tion [F(1,32) = 6.55, P = 0.015, d = 0.31]. Corticosterone
and ketanserin treatment alone did not significantly affect
any other measure of sexual behaviour (P > 0.10).

4. Discussion

The results of both Experiments 1 and 2 demonstrate an
attenuation of corticosterone’s behavioural effects by ke-
tanserin. In Experiment 1, corticosterone significantly in-
creased both proceptive and receptive behaviours in the
female rat. Ketanserin effectively attenuated this sexual
facilitation. In Experiment 2, ketanserin significantly
blocked the corticosterone-induced decrease in eaculation
frequency. Corticosterone facilitated wet-dog shakes, which
was blocked by ketanserin in both experiments.

The observed effects of a chronic corticosterone regi-
men on rat sexua behaviour and wet-dog shakes replicate
previous findings. Chronic administration of corticosterone
at doses of 20 and 50 mg/kg induces an increase in
wet-dog shakes with a concomitant decrease in male rat
sexual behaviour and increase in female rat sexua be-
haviour (Gorzalka and Hanson, 1998; Hanson and Gorza
Ika, 1999). These results are reminiscent of those found in
studies using selective 5-HT,, receptor agonists (Foreman
et al., 1989; James et a., 1989; Watson and Gorzalka,
1991). Moreover, it has been shown that chronic cortico-
sterone treatment increases 5-HT,, receptor activity by
increasing 5-HT,, receptor density in the rat brain (Kuroda
et a., 1992).

The results of the present study offer a link between
findings on the behavioural effects of corticosterone and
the effects of corticosterone on 5-HT,, receptor density.
Chronic administration of ketanserin, a selective 5-HT,,
receptor antagonist, resultsin the downregulation of 5-HT,,
receptors (Eison and Mullins, 1996). Thus, chronic ke-
tanserin treatment should counteract a corticosterone-
induced increase in 5-HT,, receptor activity. The observed
attenuation of corticosterone-induced changes in rat sexua
behaviour and wet-dog shakes by ketanserin supports the

Table 2
WDS and sexua behaviour measures as a function of corticosterone and ketanserin treatment in male rats

WDS/min? Ejaculation Ejaculation Postejaculatory Copulatory

frequency® latency (s) interval (s) efficiency

No corticosterone
K etanserin 042+ 0.11 0.80+ 0.21 1192 + 167 554.5 + 40.9 0.30 + 0.06
Saline 0.28 + 0.06 110+ 0.31 1363 + 177 5737+ 773 0.29 + 0.05
Corticosterone
K etanserin 0.08 + 0.03 1.01+0.24 1168 + 180 538.8 + 69.0 0.34 + 0.06
Sdline 0.76 + 0.09 0.12+0.11 1774+ 9 - 0.15+ 0.00

Data are presented as mean scores + S.E.

aSignificant interaction between corticosterone and ketanserin.
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hypothesis that the behavioural influence of corticosterone
is mediated by increases in 5-HT,, receptor activity.

Although much wesker than its affinity for 5-HT,,
receptors, ketanserin has an affinity for apha(1)-adrenoc-
eptors, at which it has antagonist properties. Moreover,
glucocorticoids have been shown to increase the expres-
sion of hypothalamic apha(1)-adrenoceptor mRNAS in
vitro (Feuvrier et al., 1999). However, it is unlikely that
this would account for the present results as activity at
apha(1)-adrenoceptors facilitates both male (Clark et al.,
1987) and female sexua behaviour (Chu and Etgen, 1999)
whereas activity at 5-HT,, receptors has opposite effects
on male and female sexual behaviour.

A relationship between 5-HT,, receptor activity and
corticosterone has been reported for other behaviours. For
example, it has been demonstrated that 5-HT,, receptor
agonists induce hypophagia in rats (Price et al., 1998) but
only so in nonadrenalectomized animals (Yamada et 4.,
1996). The results suggest that the effects of 5-HT,,
receptors on feeding may be dependent on the presence of
corticosterone.

The links between 5-HT,, receptor activity, wet-dog
shakes and sexual behaviour has led to the use of these
behaviours as a noninvasive measure of 5-HT,, receptor
activity (e.g., Eison et a., 1995; Gorzalka and Hanson,
1998; Hanson et a., 1998). The current findings suggest
the use of these behaviours as a possible indirect measure
of corticosterone-induced 5-HT,, receptor density changes.
Studies implementing chronic corticosterone treatments
may be able to deduce through noninvasive means the
relative degree of change in 5-HT,, receptor density
through changes in wet-dog shakes and rat sexual be-
haviour.

As both 5-HT,, receptors and cortisol abnormalities
have been implicated in human depression (Arora and
Meltzer, 1989; Lopez et a., 1997, Mann et al., 1989;
Murphy, 1991), the demonstration of a neuroendocrine
link between corticosteroids and 5-HT,, receptors may
lead to a better understanding of the etiology of affective
disorders and potential therapeutic strategies.

Acknowledgements

This research was supported by a Natural Sciences and
Engineering Research Council of Canada grant to Boris B.
Gorzaka.

References

Ahlenius, S., Larsson, K., 1991. Opposite effects of 5-methoxy-N, N-di-
methyl-tryptamine and 5-hydroxytryptophan on male rat sexual be-
havior. Pharmacol. Biochem. Behav. 38, 201-205.

Arora, R.C., Méeltzer, H.Y., 1989. Serotonergic measures in the brains of
suicide victims: 5-HT, binding sites in the frontal cortex of suicide
victims and control subjects. Am. J. Psychiatry 146, 730—736.

Berendsen, H.H.G., Kester, R.C.H., Peeters, B.W.M.M., Broekkamp,

C.L.E., 1996. Modulation of 5-HT receptor subtype-mediated be-
haviours by corticosterone. Eur. J. Pharmacol. 308, 103-111.

Brogden, R.N., Sorkin, E.M., 1990. Ketanserin. A review of its pharma-
codynamic and pharmacokinetic properties, and therapeutic potential
in hypertension and peripheral vascular disease. Drugs 40, 903—-949.

Chu, H.P., Etgen, A.M., 1999. Ovarian hormone dependence of
alpha(1)-adrenoceptor activation of the nitric oxide-cGMP pathway:
relevance for hormonal facilitation of lordosis behavior. J. Neurosci.
19, 7191-7197.

Clark, JT., Kdra, S.P.,, Kara, P.S., 1987. Effects of a selective apha
1-adrenoceptor agonist, methoxamine, on sexual behavior and penile
reflexes. Physiol. Behav. 40, 747-753.

Eison, A.S., Mullins, U.L., 1996. Regulation of central 5-HT,, receptors:
areview of in vivo studies. Behav. Brain Res. 73, 177-181.

Eison, A.S., Freeman, R.P., Guss, V.B., Mullins, U.L., Wright, R.N.,
1995. Melatonin agonists modulate 5-HT2A receptor-mediated neuro-
transmission: behavioral and biochemical studies in the rat. J. Phar-
macol. Exp. Ther. 273, 304—308.

Fernandes, C., McKittrick, C.R., File, S.E., McEwen, B.S.,, 1997. De-
creased 5-HT1A and increased 5-HT2A receptor binding after chronic
corticosterone associated with a behaviora indication of depression
but not anxiety. Psychoneuroendocrinology 22, 477—491.

Feuvrier, E., Aubert, M., Malaval, F., Szafarczyk, A., Gaillet, S., 1999.
Opposite regulation by glucocorticoids of the alpha 1B- and alpha
2A-adrenoreceptor mRNA levelsin rat cultured anterior hypothalamic
slices. Neurosci. Lett. 271, 121-125.

Foreman, M.M., Hadll, JL., Love, R.L., 1989. The role of the 5-HT,
receptor in the regulation of sexual performance of male rats. Life
Sci. 45, 1263-1270.

Goodwin, G.M., Green, A.R., Johnson, P., 1984. 5-HT, receptor charac-
teristics in frontal cortex and 5-HT, receptor-mediated head twitch
behaviour following antidepressant treatment to mice. Br. J. Pharma
col. 83, 235-242.

Gorzaka, B.B., Hanson, L.A., 1998. Sexual behaviour and wet dog
shakes in the male rat: regulation by corticosterone. Behav. Brain Res.
97, 143-151.

Gorzaka, B.B., Moe, 1.V., 1994. Adrenal role in proceptivity and recep-
tivity induced by two modes of estradiol treatment. Physiol. Behav.
55, 29-34.

Gorzaka, B.B., Mendelson, S.D., Watson, N.V., 1990. Serotonin receptor
subtypes and sexual behavior. Ann. N. Y. Acad. Sci. 600, 435—446.

Hanson, L.A., Gorzalka, B.B., 1999. The influence of corticosterone on
serotonergic stereotypy and sexual behaviour in the female rat. Behav.
Brain Res. 104, 27-35.

Hanson, L.A., Gorzalka, B.B., Brotto, L.A., 1998. The antidepressant,
nefazodone, attenuates corticosterone-induced increases in 5-HT,,
mediated behaviours in the female rat. Eur. J. Pharmacol. 342,
163-165.

Hoyer, D., Martin, G.R., 1996. Classification and nomenclature of 5-HT
receptors. a comment on current issues. Behav. Brain Res. 73,
263-268.

James, M.D., Lane, S.M., Hole, D.R., Wilson, C.A., 1989. Hypothalamic
sites of action of the dual effect on female sexual behaviour in the rat.
In: Bevan, P., Cools, A., Archer, T. (Eds.), Behavioral Pharmacology
of 5-HT. Lawrence Erlbaum, Hillside, NJ, pp. 73-77.

Kuroda, Y., Mikuni, M., Ogawa, T., Takahashi, K., 1992. Effect of
ACTH, adrenalectomy and the combination treatment on the density
of 5-HT, receptor binding sites in neocortex of rat forebrain and
5-HT, receptor-mediated wet-dog shake behaviours. Psychopharma-
cology 108, 27-32.

Lopez, JF., Vazquez, D.M., Chalmers, D.T., Watson, S.J., 1997. Regula-
tion of 5-HT receptors and the hypothalamic—pituitary—adrenal axis.
Implications for the neurobiology of suicide. Ann. N. Y. Acad. Sci.
836, 106—134.

Lucki, 1., Eberle, K.M., Minugh-Purvis, N., 1987. The role of the aural
head shake reflex in serotonin-mediated head shaking behavior. Psy-
chopharmacology 92, 150—-156.



240 B.B. Gorzalka et al. / European Journal of Pharmacology 428 (2001) 235-240

Mann, J.J., Arango, V., Marzuk, P.M., Theccanat, S., Reis, D.J., 1989.
Evidence for the 5-HT hypothesis of suicide: a review of post mortem
studies. Br. J. Psychiatry 155, 7-14.

McKittrick, C.R., Blanchard, D.C., Blanchard, R.J., McEwen, B.S., Sakai,
R.R., 1995. Serotonin receptor binding in a colony model of chronic
social stress. Biol. Psychiatry 37, 383—393.

Mendelson, S.D., Gorzalka, B.B., 1985. A facilitatory role for serotonin
in the sexual behavior of the female rat. Pharmacol. Biochem. Behav.
22, 1025-1033.

Murphy, B.E.P., 1991. Steroids and depression. J. Steroid Biochem. Mol.
Biol. 38, 537-559.

Parrott, R.F., 1975. Aromatizable and 5a-reduced androgens: differentia-
tion between central and peripheral effects on male rat sexual behav-
ior. Horm. Behav. 6, 99-108.

Pranzatelli, M.R., 1990. Evidence for involvement of 5-HT2 and 5-HT1C
receptors in the behavioral effects of the 5-HT agonist 1-(2,5-di-
methoxy-4-iodophenyl)-2-aminopropane (DOI). Neurosci. Lett. 115,
74-80.

Price, I.V., Gorzaka, B.B., White, S.J., Arkinstall, K.H., 1998. Amper-
ozide influences feeding independently of 5-HT,, receptor antago-
nism. Neuropsychobiology 37, 155—159.

Watson, N.V., Gorzalka, B.B., 1990. Relation of spontaneous wet dog
shakes and copulatory behavior in male rats. Pharmacol. Biochem.
Behav. 37, 825-829.

Watson, N.V., Gorzaka, B.B., 1991. DOI-induced inhibition of copula-
tory behavior in male rats: reversal by 5-HT, antagonists. Pharmacol.
Biochem. Behav. 39, 605-612.

Wilson, C.A., Hunter, A.J, 1985. Progesterone stimulates sexua be-
haviour in female rats by increasing 5-HT activity on 5-HT, recep-
tors. Brain Res. 333, 223-229.

Yamada, J., Sugimoto, Y., Yoshikawa, T., Horisaka, K., 1996. Reversal
of the hypophagic effects of DOI in the male rat. Neurosci. Lett. 209,
113-116.

Yap, C.Y., Taylor, D.A., 1983. Involvement of 5-HT, receptors in the
wet-dog shake behaviour induced by 5-hydroxytryptophan in the rat.
Neuropharmacology 22, 801-804.



