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Abstract

The effects of corticosterone after binding to 5-HT,, and 5-HT, receptors were studied in rats. Binding of [3H]8-hydroxy-2-(di-n-pro-
pylamino) tetralin (8-OH-DPAT) to 5-HT,, receptors in the hippocampus decreased 24 h after both acute and chronic (14 day)
administration of CORT (50 mg/kg, s.c.). Chronic, but not acute, CORT treatment increased [®H]ketanserin bi nding to 5-HT, receptors
in the frontal cortex. Receptor-mediated behavioral responses were also examined following acute and chronic CORT treatment. Flat
body posture and hypothermia induced by 8-OH-DPAT, a 5-HT,, receptor agonist, were attenuated following chronic, but not acute,
CORT administration. (4 )-1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (DOI), a 5-HT, receptor agonist, induced wet-dog shakes,
but not hyperthermia and this response was increased 24 h after the chronic administration of CORT. These findings indicate that both
5-HT,, and 5-HT,, receptor functions were changed following chronic exposure to high levels of CORT. Such changes in these receptor
systems may play an important role in the etiology of affective disorders. © 1997 Elsevier Science B.V.
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1. Introduction

We previously reported that chronic, but not acute,
forced swim stress in rats increased frontal cortical 5-HT,
receptor levels and the severity of the wet-dog shakes that
they mediate (Takao et al., 1995). Since chronic forced
swim stress did not alter 5-hydroxytryptamine (5-HT) and
5-hydroxyindoleacetic acid (5-HIAA) concentrations, the
up-regulation of 5-HT, receptors does not seem to be due
to lower presynaptic serotonergic activity following stress.
In our previous paper, we could not explain the precise
mechanisms of the up-regulation of 5-HT, receptors.

Stress has been shown to ater endocrine functions in
the hypothalamic—pituitary—adrenal axis. Forced swim
stress results in increased serum corticosterone levels in
rats (Abel and Hannigan, 1992). One possible mechanism
by which chronic forced swim stress up-regulates 5-HT,
receptors is that increased plasma corticosterone levels
after stress may change 5-HT, receptor function. In our
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previous study (Takao et al., 1995), we concluded that
5-HT, receptors may be closely related to responses to
chronic forced swim stress in rats, which may be a model
of some depressive conditions in animals.

The recent discovery of multiple biochemical and func-
tional subtypes of 5-HT receptors has given new impetus
to studies investigating the function of 5-HT in affective
disorders (Cowen, 1991; Peroutka, 1988). The 5-HT recep-
tor subtypes, particularly 5-HT,, and 5-HT, receptors,
have been postulated to play an important role in the
pathogenesis of depression. Additionally, the 5-HT, recep-
tor partial agonists, ipsapirone and gepirone (Heller et al.,
1990; Jenkins et a., 1990) and the 5-HT, receptor antago-
nist, ritanserin (Reyntjens et al., 1986), are proposed to
have antidepressant activity. These findings suggest that
there is a malfunction in serotonergic neural transmission,
particularly that mediated by 5-HT,, and 5-HT, receptors,
in patients with affective disorders.

The action of steroid hormones in the regulation of
5-HT function is of continuing psychoneuroendocrine in-
terest in view of the hypercortisolism typical of affective
disorders (Christie et al., 1986) and the marked effect of
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tricyclic antidepressants on hippocampal glucocorticoid re-
ceptors (Seckl and Frick, 1992).

This study was designed to investigate the effect of
acute and prolonged exposure to elevated levels of cortico-
sterone on the binding capacity of 5-HT,, and 5-HT,
receptors and on their receptor-mediated behaviora re-
sponses in rats.

2. Materials and methods
2.1. Animals

Male Wistar rats, weighing 150-200 g (Charles River
Japan, Y okohama), were used. They were housed in groups
of 5 under controlled temperature (23 + 3°C) and lighting
conditions (dark period 20.00—-8.00 h), with free access to
food and water.

2.2. Corticosterone administration

Corticosterone-21 acetate was suspended in 0.5% meth-
ylcellulose. The suspension at a dose of 50 mg/kg was
injected subcutaneously in rats for 1 day or 14 days.
Control animals only received the 0.5% methylcellulose
vehicle. 24 h after administration of the last dose of CORT
the plasma CORT levels were measured. Then the animals
were killed for the receptor binding assay and the behav-
iora studies were carried out.

2.3. Measurement of plasma CORT

Plasma CORT levels were measured using a commer-
cially available radio-immunoassay (RIA) kit (ICN
Biomedicals).

2.4. Receptor binding assay

2.4.1. Preparation of membranes

24 h after administration of the last dose of CORT, the
animals were killed by decapitation and their brains were
removed. The hippocampus and frontal cortex were dis-
sected out and stored at —80°C. The frozen tissues were
thawed and homogenized in 0.32 M sucrose in a Polytron
homogenizer (setting 7, 10 s). The homogenate was cen-
trifuged at 1000 X g for 10 min and the supernatant was
collected and recentrifuged at 50000 X g for 20 min. The
resultant pellet was resuspended in 50 mM Tris—HCl
buffer (pH 7.4 at 25°C) and incubated at 37°C for 15 min.
The tissue suspension was recentrifuged at 50000 X g for
20 min. The pellet was resuspended in 50 mM Tris—HCl
buffer (about 1 mg,/ml protein) and stored at —80°C until

assayed.

2.4.2. 5-HT,, receptors
5-HT,, receptors were measured, using [*H]8-hydroxy-
2-(di-n-propylaminojtetralin (8-OH-DPAT), according to

the method of Schlegel and Peroutka (1986). Aliquots (200
wl) of the hippocampal tissue suspension were incubated
in duplicate at 30°C for 30 min with 100 wl of 50 mM
Tris-HCI buffer containing 4 mM CaCl,, 10 uM par-
gyrine, 0.1% ascorbic acid (pH 7.4 at 25°C) and 1 nM
[°H]8-OH-DPAT and 700 w! of buffer. Non-specific bind-
ing was defined with 10 uM 5-HT.

2.4.3. 5HT, receptors

5-HT, receptors were measured, using [*H]ketanserin,
according to the method of Leysen et al. (1982). Aliquots
(200 D) of the frontal cortical tissue suspension were
incubated in duplicate at 37°C for 15 min with 100 wl of
50 mM Tris—HCI buffer (pH 7.4 at 25°C) containing 0.5
nm [*Hlketanserin and 700 pl of buffer. Non-specific
binding was defined with 1 wM methylsergide.

2.5. Measurement of 5-HT, , receptor-mediated behavioral
responses

8-OH-DPAT-induced hypothermia and flat body pos-
ture were observed in the same animal 24 h after adminis-
tration of the last dose of CORT. Two animals were put
into clear plastic cages (370 X 220 X 195 mm) at an ambi-
ent temperature of 234+ 1°C for at least 2 h before drug
administration. Their body temperatures were measured
with a thermistor probe (connected to an electronic ther-
mometer) inserted 2 cm into the rectum. Temperatures
were measured immediately before drug administration.
The animals were then treated with 8-OH-DPAT (0.3
mg,/kg, s.c.) and returned to their cages. Flat body posture
observation periods of 1 min were initiated 5 min after the
drug injection and this observation was repeated every 5
min over a period of 30 min. Flat body posture was scored,
using the ranked intensity scale (0 = absent, 1 = equivocal,
2 = present, 3 = marked) described by Tricklebank et al.
(1984). Scores were summed for 6 observation periods.
Body temperature was measured again 30 min following
drug administration. The hypothermic response to 8-OH-
DPAT was calculated from the decrease in body tempera
ture following drug administration.

2.6. Measurement of 5-HT, receptor-mediated behavioral
responses

(+)-1-(2,5-dimethoxy-4-iodopheny!)-2-aminopropane
(DOI)-induced hyperthermia and wet-dog shakes were in-
duced in the same animal 24 h after administration of the
last dose of CORT. Adaptation to the environment and
measurement of the body temperature were used to gauge
5-HT,, receptor-mediated behavioral responses.

The animals were treated with (+)-DOI (1 mg/kg,
s.c.) and returned to their cages. Immediately after injec-
tion, the number of wet-dog shakes was recorded over a
30-min period, as reported previously (Bedard and Pycock,
1977). Body temperature was measured again 30 min
following (+)-DOI administration. The hyperthermic re-
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sponse to (+)-DOI is presented as the decrease in body
temperature following drug administration.

2.7. Chemicals

Corticosterone-21-acetate was purchased from Sigma.
[*H]8-OH-DPAT (6086.5 GBg,/mmol) and [*H]ketanserin
(2220.0 GBg,/mmol) were purchased from New England
Nuclear. 8-hydroxy-2-(di-n-propylaminojtetralin  (8-OH-
DPAT) and (+)-1-(2,5-dimethoxy-4-iodophenyl)-2-
aminopropane (DOI) hydrochloride were purchased from
Research Biochemicals International.

2.8. Satistics

The receptor binding assay data were analyzed with the
Dunnett test. For flat body posture and wet-dog shakes, the
data were analyzed with the Wilcoxon test. Temperature
change data were analyzed with one-way analysis of vari-
ance (ANOVA) followed by Student’s t-test.

3. Results
3.1. Changes in plasma CORT

Both acute and chronic CORT (50 mg/kg) treatment
significantly increased the plasma CORT levels (intact
control = 17.9 + 4.8 pg/dl, acute CORT =464+ 4.1
pg,/dl, chronic CORT = 45.7 + 3.6 png/dl).
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Fig. 1. Effects of acute and chronic treatment with corticosterone on
5-HT,, and 5-HT, receptors. We used [*H]8-OH-DPAT and
[*H]ketanserin to |abel 5-HT,, and 5-HT, receptor binding sites, respec-
tively. Values, the means+ S.E. for 8 rats, represent the percentages of
specific binding in the control rats ([*H]8-OH-DPAT; 110.9+7.0,
[PHlketanserin; 92.2+ 3.6 fmol /mg protein). * P < 0.05.
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Fig. 2. Effects of acute and chronic corticosterone treatment on flat body
posture (A) and the decrease in body temperature (B) induced by
8-OH-DPAT (0.3 mg/kg, s.c.). Values are the means+ S.E. for 7 to 8
rats. © P <0.05 " P <001

3.2. Changes in 5-HT, , and 5-HT, receptor binding

Both acute and chronic CORT treatment significantly
decreased the binding of [*H]8-OH-DPAT to 5-HT,, re-
ceptors in hippocampal membranes (Fig. 1). The binding
of [*Hlketanserin to 5-HT, receptors in the frontal cortex
was gignificantly increased following chronic, but not
acute, CORT administration.

3.3. Changes in 5-HT,, and 5-HT, receptor-mediated
behavioral responses

Chronic administration of CORT significantly attenu-
ated the 5-HT,, receptor agonist 8-OH-DPAT-induced flat
body posture, while acute CORT treatment tended to, but
did not do so significantly (Fig. 2A). 5HT, receptor
agonist (4 )-DOIl-induced wet-dog shakes were signifi-
cantly prolonged following chronic CORT treatment, but
acute CORT treatment did not increase this significantly
(Fig. 3A).

In animals chronically treated with the solvent vehicle,
the administration of 8-OH-DPAT produced a hypothermic
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Fig. 3. Effects of acute and chronic treatment with corticosterone on
wet-dog shakes (A) and the increase in body temperature (B) induced by
(+)-DOI (1 mg/kg, s.c.). Vaues are means+SE. for 8 rats. ** P <
0.01.

response (P < 0.01 versus vehicle treated animals (0.39 +
0.09°C)) whereas the administration of (+)-DOI produced
hyperthermia (P < 0.01 versus vehicle-treated animals
(0.34 4+ 0.05°C)). Chronic administration of CORT signifi-
cantly attenuated 8-OH-DPAT-induced hypothermia, while
acute CORT treatment tended to, but did not do so signifi-
cantly (Fig. 2B). (4)-DOl-induced hyperthermia was
dlightly, but not significantly, prolonged following acute
CORT treatment, while behavior was not atered after
chronic CORT administration (Fig. 3B).

4. Discussion

In this study, we demonstrated that hypercorticism,
which raises circulating corticosterone levels, produced
changes in brain serotonergic neural function, affecting the
5-HT,, and 5-HT, receptor systems, in rats.

In binding assay studies, hypercortisolism decreased
5-HT,, receptor binding in hippocampal membranes, while
it increased 5-HT, receptor binding in the frontal cortex.
CORT has been shown to alter presynaptic serotonergic
neurotransmission, which may affect postsynaptic 5-HT,,

and 5-HT, receptor function. For example, adrenalectomy,
which decreases plasma CORT levels, results in anatomi-
cally specific decreases in indices of 5-HT metabolism,
while stressful procedures, which raise CORT levels, pro-
duce corresponding increases in 5-HT turnover (Curzon et
a., 1972; Van Loon et a., 1981). The activity of trypto-
phan hydroxylase, the rate-limiting 5-HT biosynthetic en-
zZyme, appears to be sensitive to circulating CORT levels
(Singh et al., 1990).

Chronic forced swim stress, which has been reported to
increase CORT levels (Abel and Hannigan, 1992), did not
alter the concentration of 5-HT and 5-hydroxyindole acetic
acid (5-HIAA) in the rat fronta cortex, while it increased
the number of 5-HT, receptors (Takao et a., 1995). A
similar response, the up-regulation of 5-HT, receptors
without any change in presynaptic serotonergic neurotrans-
mission, has been reported after the chronic administration
of adrenocorticotropic hormone (ACTH) (Kuroda et d.,
1992). A recent autoradiographic study found that chronic
exposure to high levels of CORT decreased binding at
5-HT,, receptors in the hippocampus in the rat (Mendel-
son and McEwen, 1992). Using in situ hybridization tech-
niques, the expression of 5-HT,;, receptor mRNA in the
hippocampus was found to be increased after adrenalec-
tomy, while it was decreased after chronic CORT treat-
ment, given by means of a subcutaneously implanted
CORT pellet (Chamers et d., 1993; Meijer and Kloet,
1994). These reports suggest that CORT may act by
directly regulating 5-HT,, and 5-HT, receptors, without
modulating presynaptic serotonergic neurotransmission.
Further investigation of the mechanisms by which CORT
treatment alters 5-HT,, and 5-HT, receptor binding in rats
has been carried out.

To corroborate the results from these binding studies,
central 5-HT,, and 5-HT, receptor functions in vivo were
evaluated by measuring the receptor-mediated behavioral
responses induced by the receptor agonists 8-OH-DPAT
and (+)-DOI. The flat body posture induced by 8-OH-
DPAT and wet-dog shakes induced by (+)-DOI are ac-
cepted to be 5-HT,, and 5-HT, receptor-mediated, respec-
tively (Tricklebank et al., 1984; Heaton et al., 1988).
8-OH-DPAT-induced hypothermia and (+)-DOI-induced
hyperthermia in the rat are also accepted to reflect 5-HT,,
and 5-HT, receptor function, respectively (Hjorth, 1985;
Pranzatelli, 1990).

In this study, chronic, but not acute, CORT treatment
significantly decreased both 8-OH-DPAT-induced flat body
posture and hypothermia in rats. Our results are consistent
with earlier findings showing the attenuation of the behav-
ioral syndrome in rats treated with CORT (50 mg/kg, s.c.
2 X daily) for 4 or 5 days induced by the non-selective
5-HT agonist, 5-methoxy-N, N-dimethyltryptamine (Dick-
inson et al., 1985) or by the 5-HT,, selective agonist,
8-OH-DPAT (Haleem, 1992). Young et a. (1992) also
observed the attenuation of the hypothermic response to
8-OH-DPAT after pre-treatment with CORT for 10 days,
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but not for 3 days. The reduction of 5-HT,, receptor-medi-
ated behavioral responses following chronic CORT treat-
ment may be explained by the decrease in 5-HT,, receptor
binding. However, acute CORT significantly decreased
5-HT,, receptor binding, but did not significantly alter its
receptor-mediated behavioral responses. These results sug-
gests that a time lag exists between changes in 5-HT,,
receptors and the behavioral responses.

In our study, chronic CORT treatment increased both
5-HT, receptor binding and the wet-dog shakes induced by
(+)-DOI, while acute CORT treatment tended to, but did
not do so significantly. A similar response, the up-regu-
lation of 5-HT, receptors, has been reported after the
chronic administration of adrenocorticotropic hormone
(ACTH) (Kuroda et al., 1992). Experiments following on
from our previous study (Takao et al., 1995) showed that
(+)-DOIl-induced wet-dog shakes increased after acute
and chronic treatment, as well as after forced swim stress,
while frontal cortical 5-HT, receptor levels increased after
chronic, but not acute stress.

Although 5-HT, receptor binding and receptor-media-
ted wet-dog shakes increased following chronic CORT
treatment, the hyperthermia response which this receptor
mediates was unchanged by this treatment. The regulation
of temperature is primarily controlled by hypothalamic
neurons, while the increase in 5-HT, receptor binding and
wet-dog shakes were demonstrated in the frontal cortex
and spinal cord, respectively (Fone et al., 1991). Autora-
diographic studies demonstrated that [***11DOI binding to
5-HT, receptors is generally sparse in the rat hypothala-
mus (Appel et a., 1990). Thus it is possible that the few
5-HT, receptors mediating (4 )-DOI-induced hyperther-
mia are not up-regulated following either acute or chronic
CORT treatment. Changes in 5-HT,, and 5-HT, receptor
binding, both in the spinal cord and hypothalamus, after
CORT administration need to be investigated further.

5-HT malfunctions, particularly in 5-HT,, and 5-HT,
receptors, are often seen in human depression. The density
of 5-HT, receptor binding sites was found to be increased
in the postmortem brains of depressed patients and suicide
victims (Arango et al., 1990; Arora and Meltzer, 1989), as
well as in the platelets of drug-free depressed patients
(Pandey et a., 1990). 5-HT, receptor-stimulated calcium
mobhilization is increased in the platelets of patients with
major depression (Kusumi et al., 1991). There have been
few studies of 5-HT,, receptor binding sites (Cheetham et
al., 1990; Matsubara et al., 1991), although recently the
sub-sensitivity of the 5-HT,, receptor-mediated hypother-
mic response to ipsapirone and buspirone was reported in
patients with unipolar depression (Lesch et a., 1990;
Cowen et al., 1994). These clinical studies suggest that
down-regulation of 5-HT,, receptors and up-regulation of
5-HT, receptors are important in the pathogenesis of de-
pression.In summary, down-regulation of 5-HT,, receptors
and up-regulation of 5-HT, receptors occurred following
chronic, but not acute CORT treatment.

Further work is in progress to study how hypercorti-
solism affects the regulation of these receptors. Such stud-
ies may help to elucidate the pathophysiology and patho-
genesis of depression.

References

Abdl, E.L., Hannigan, JH., 1992. Effects of chronic forced swimming
and exposure to alarm substance: Physiologica and behavioral conse-
quences. Physiol. Behav. 52, 781-785.

Arango, V., Ernsberger, P., Marzuk, P.M., Chen, JS, Tierney, H.,
Stanley, M., Reis, D.J., Mann, J.J., 1990. Autoradiographic demon-
stration of increased serotonin 5-HT, B-adrenergic receptor binding
sites in the brain of suicide victims. Arch. Gen. Psychiatry 47,
1038-1047.

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.

Appel, N.M., Mitchell, Wm.M., Garlick, R.K., Glennon, R.A., Teitler,
M., De Souza, E.B., 1990. Autoradiographic characterization of (+)-
1-(2,5-dimethoxy-4-[*?1]iodophenyl)-2-aminopropane  ([***11DOI)
binding to 5-HT, and 5-HT,. receptors in rat brain. J. Pharmacol.
Exp. Ther. 255, 843-857.

Bedard, P., Pycock, C.J., 1977. ‘Wet-dog' shake behaviour in the rat: A
possible quantitative model of 5-hydroxytryptamine activity. Neu-
ropharmacology 16, 663—670.

Chalmers, D.T., Kwak, S.P., Mansour, A., Akil, H., Watson, S.J., 1993.
Corticosteroids regulate brain hippocampal 5-HT,, receptor mRNA
expression. J. Neurosci. 13, 914-923.

Cheetham, S.C., Crompton, M.R., Katona, C.L.E., Horton, R.W., 1990.
Brain 5-HT, binding sites in depressed suicides. Psychopharmacol ogy
102, 544-548.

Christie, JE., Dick, L.JH., Blackwood, D.H.R., Blackburn, I.M., Frick,
G., 1986. Raised plasma cortisol levels a feature of drug free psy-
chotics and specific for depression. Br. J. Psychiatry 148, 58—65.

Cowen, P.J., 1991. Serotonin receptor subtypes: Implications for psy-
chopharmacology. Br. J. Psychiatry 159 (Suppl. 12), 7-14.

Cowen, P.J.,, Power, A.C., Ware, C.J,, Anderson, |.M., 1994. 5-HT,,
receptor sensitivity in major depression a neuroendocrine study with
depression. Br. J. Psychiatry 164, 372—379.

Curzon, G., Joseph, M.H., Knott, P.J., 1972. Effects of immobilization
and food deprivation on rat brain tryptophan hydroxylase. J. Neu-
rochem. 19, 1967-1974.

Dickinson, S.L., Kennett, G.A., Curzon, G., 1985. Reduced 5-hydroxy-
tryptamine-dependent behaviour in rats following chronic cortico-
sterone treatment. Brain Res. 345, 10-18.

Fone, K.C.F., Robinson, A.J., Marsden, C.A., 1991. Characterization of
the 5-HT receptor subtypes involved in the motor behaviours pro-
duced by intrathecal administration of 5-HT agonists in rats. Br. J.
Pharmacol. 103, 1547-1555.

Haleem, D.J, 1992. Repeated corticosterone treatment attenuates be-
havioural and neuroendocrine responses to 8-hydroxy-2-(di-n-pro-
pylaminojtetralin in rats. Life Sci. 51, 225-230.

Heaton, J.C.P., Njung'e, K., Handley, S.L., 1988. Behaviora profile of
1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (DOI), a selective
5-HT, agonist. Br. J. Pharmacol. 94, 388P.

Heller, A.H., Beneke, M., Kuemmel, B., Spencer, D., Kurtz, N.M., 1990.
Ipsapirone: Evidence for efficacy in depression. Drug Lit. 26, 219—
222.

Hjorth, S., 1985. Hypothermia in the rat induced by the potent serotoner-
gic agent 8-OH-DPAT. J. Neural Transm. 61, 131-135.

Jenkins, SW., Robinson, D.S., Fabre, L.F. J., Andary, JJ.,, Messina,
M.E., Reich, L.A., 1990. Gepirone in the treatment of major depres-
sion. J. Clin. Psychopharmacol. 10, 77S-85S.



128 K. Takao et al. / European Journal of Pharmacology 333 (1997) 123-128

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 behaviors. Psychopharmacol-
ogy 108, 27-32.

Kusumi, |., Koyama, T., Yamashita, |., 1991. Serotonin-stimulated Ca?*
response is increased in the blood platelets of depressed patients. Biol.
Psychiatry 30, 310-312.

Lesch, K.P., Mayer, S., Disselkamp-Tietze, J., Hoh, A., Schoellnhammer,
G., Schulte, H.M., 1990. Subsensitivity of the 5-hydroxytryptamine, 5
(5-HT,, ) receptor-mediated hypothermic response to ipsapirone in
unipolar depression. Life Sci. 46, 1271-1277.

Leysen, JE., Niemegeers, C.J., Van Nueten, JM., Laduron, P., 1982.
[PH]-Ketanserin (R-41 468) a selective [*H]-ligand for serotonin,
receptor binding sites: Binding properties, brain distribution and
function role. Mol. Pharmacol. 21, 301-313.

Matsubara, S., Arora, R.C., Méeltzer, H.Y., 1991. Serctonergic measures
in suicide brain: 5-HT,, binding sites in frontal cortex of suicide
victims. J. Neural Transm. 85, 181-194.

Meijer, O.C., Kloet, E.D., 1994. Corticosterone suppresses the expression
of 5-HT;, receptor mRNA in rat dentate gyrus. Eur. J. Pharmacol.
266, 255-261.

Mendelson, S., McEwen, B.S., 1992. Autoradiographic analyses of the
effects of adrenalectomy and corticosterone on 5-HT,;, and 5-HTg
receptors in the dorsal hippocampus and cortex of the rat. Neuroen-
docrinology 55, 444-450.

Pandey, G.N., Pandey, S.C., Janicak, P.G., Marks, R.C., Davis, JM.,
1990. Platelet serotonin-2 receptor binding sites in depression and
suicide. Biol. Psychiatry 28, 215—222.

Peroutka, S.J., 1988. 5-Hydroxytryptamine receptor subtypes. Annu. Rev.
Neurosci. 11, 45—60.

Pranzatelli, M.R., 1990. Evidence for involvement of 5-HT, and 5-HT

receptors in the behaviora effects of the 5-HT agonist 1-(2,5-di-
methoxy-4-iodophenyl-aminopropane-2 (DOI). Neurosci. Lett. 115,
74-80.

Reyntjens, A., Gelders, Y.G., Hoppenbrouwers, M.L., Vanden Bussche,
G., 1986. Thymosthenic effects of ritanserin (R55667), a centrally
acting serotonin S2 receptor blocker. Drug Dev. Res. 8, 205-211.

Schlegel, JR., Peroutka, S.J., 1986. Nucleotide interactions with 5-HT,,
binding sites directly labelled by [*H]-8-hydroxy-2-(di-n-pro-
pylamino)tetralin (®H]-8-OH-DPAT). Biochem. Pharmacol. 35,
1943-1949.

Seckl, JR., Frick, G., 1992. Antidepressants increase glucocorticoid and
mineralocorticoid receptor MRNA expression in rat hippocampus in
vivo. Neuroendocrinology 55, 621—-626.

Singh, V.B., Corley, K.C., Phan, T.-H., Boadle-Biber, M., 1990. In-
creases in the activity of tryptophan hydroxylase from rat cortex and
midbrain in response to acute or repeated sound stress are blocked by
adrenalectomy and restored by dexamethasone treatment. Brain Res.
516, 66—76.

Takao, K., Nagatani, T., Kitamura, Y., Kawasaki, K., Hayakawa, H.,
Yamaweaki, S., 1995. Chronic forced swim stress of rats increases
frontal cortical 5-HT, receptors and wet-dog shakes they mediate, but
not frontal cortical B-adrenoceptors. Eur. J. Pharmacol. 294, 721-726.

Tricklebank, M.D., Forler, C., Fozard, J.R., 1984. The involvement of
subtypes of the 5-HT, receptor and cathecholaminergic systems in the
behavioral response to 8-hydroxy-2-(di-n-propylaminojtetralin in the
rat. Eur. J. Pharmacol. 106, 271-282.

Van Loon, G.R., Shum, A., Sole, M.J,, 1981. Decreased brain serotonin
turnover after short term (two hour) adrenalectomy in rats: A compar-
ison of four turnover methods. Endocrinology 108, 1392—1402.

Young, A.H., MacDonald, L.M., St. John, H., Dick, H., Goodwin, G.M.,
1992. The effects of corticosterone on 5-HT receptor function in
rodents. Neuropharmacology 31, 433—438.



