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MASWOOD, S., G. STEWART AND L. UPHOUSE. Gender and estrous cycle effects of the 5-HT,A agonist, &OH- 
DPAT, on hypothalumicserotonin. PHARMACOL BIOCHEM BEHAV 51(4) 807-813, 1995.-Effects of the 5-HT,, ago- 
nist, 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT; 0.04, 0.25, or 1 .O mg/kg), on hypothalamic serotonin (5HT), 
5-hydroxyindoleacetic acid (5-HIAA), and their ratio were determined in adult male rats and in diestrous, proestrous, and 
estrous female rats. Consistent with its action at the somatodendritic 5-HT,A autoreceptor, I-OH-DPAT decreased the 
5-HIAA/J-HT ratio, but the decrease was least evident in proestrous females and in males. Similar to hypothalamic tissue, 
there was also a decline in the 5-HIAA/S-HT ratio in the hippocampus after treatment with 0.25 mg/kg I-OH-DPAT. When 
ovariectomized rats were treated with oil or estradiol benzoate followed 48 h later by oil or progesterone, 0.25 mg/kg 
I-OH-DPAT produced a decrease in the hypothalamic 5-H&4/5-HT ratio in every group except those rats treated with 
progesterone without estrogen priming. Treatment with estradiol benzoate increased hypothalamic 5-HLAA, and both proges- 
terone and I-OH-DPAT reduced the metabolite to the level of the ovariectomixed control. These results suggest that both 
estrogen and progesterone contribute to an estrous cycle modulation of the 5-HTjA somatodendritic autoreceptor. 

Male/female rats Proestrus Estrogen Progesterone Serotonin 

SEROTONIN (5HT) has been implicated in the etiology of 
both depression and anxiety disorders (5,15,17), and male and 
female rodents differ in several indices of 5-HT function 
(11,23). Moreover, when both male and female rodents have 
been compared in either animal behavioral models of anxiety 
or depression or in the study of antidepressant or antianxiety 
compounds, the suggestion of sex differences is inescapable 
(8,10,11,19,23,41). Multiple biochemical indices of 5-HT 
function vary during the female estrous cycle (3,12,42), and 
gonadal hormonal effects on 5-HT function are relatively 
widespread and include apparent effects on synthesis, release, 
reuptake, and catabolism (3,4,9,27,31,33&l). Most interest- 
ing, however, is the report by Lakoski (28) that estrogen re- 
duces the ability of the 5-HTIA receptor agonist, 8-hydroxy-2- 
(di-n-proplyamino)tetralin (&OH-DPAT), to reduce firing of 
dorsal raphe (DR) neurons. Somatodendritic 5-HT,, receptors 
regulate the firing of 5-HT neurons and consequent release of 
5-HT from nerve terminals (22,35,37), and these receptors 
have been emphasized as potential sites involved in the mecha- 

nism of action of both typical and atypical (6,24,30,32) antide- 
pressant and antianxiety drugs. 

If estrogen reduces the ability of 5-HT,, agonists to de- 
crease DR firing, then estrogen would be expected to increase 
the release of 5-HT from nerve terminals. Such an increase has 
been suggested by several investigators (7,9). Progesterone, in 
contrast, should attenuate the release-enhancing properties 
of estrogen. GABA and benzodiazepines, which facilitate 
GABA’s action at GABA, receptors, reduce the firing of 
5-HT neurons (14,38), and progesterone metabolites interact 
with the GABA, receptor (2,20) and enhance GABAergic 
stimulation (36). 

Although sexual dimorphisms in the response to 5-HT,, 
agonists have been observed (10,19,41), in few studies have 
both gender and estrous cycle effects been examined. How- 
ever, Uphouse et al. (41) reported that 8-OH-DPAT-induced 
hyperphagia [thought to result from agonist activation of the 
5-HT,, autoreceptor (43)] was less prominent in proestrous 
and estrous females than in diestrous females and in males, 
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and the reduced effectiveness of the drug appeared to result 
from the presence of estrogen (34). Although these findings 
are consistent with Lakoski’s (28) suggestion that estrogen re- 
duced the sensitivity of somatodendritic 5-HT,, autorecep- 
tors, 8-OH-DPAT-induced changes in 5-HT and/or its major 
metabolite were not examined so it is not possible to rule out 
potential gender and estrous cycle-dependent differences in 
postsynaptic 5-HT receptors and consequent differences in 
eating behavior. 

The present series of experiments were designed to examine 
the effects of 8-OH-DPAT on tissue concentrations of 5-HT 
and its major metabolite, 5-hydroxyindoleacetic acid (5- 
HIAA), in male rats and in female rats from the stages of 
diestrus 2, proestrus, and estrus. The effects of 8-OH-DPAT 
in hormonally primed, ovariectomized rats were also studied. 
Theoretically, by decreasing the firing of 5-HT neurons, 8- 
OH-DPAT should reduce release of 5-HT and thereby reduce 
the relative amount of 5-HT recovered by the nerve terminal 
and degraded to 5-HIAA. Therefore, if estrogen and/or pro- 
gesterone reduce the effectiveness of 8-OH-DPAT on somato- 
dendritic 5-HT,, receptors, then 8-OH-DPAT would be ex- 
pected to be less effective in proestrous and/or in estrous rats 
in reducing tissue concentrations of 5-HIAA. In general, this 
expectation was confirmed by the present studies. 

METHOD 

Materials 

8-OH-DPAT was purchased from Research Biochemicals 
Inc. (Natick, MA). All other supplies came from Fisher Scien- 
tific (Houston, TX). 

Treatment of Animals 

Adult male and female rats (CDF-344) were bred in our 
laboratory from stock obtained from Sasco Laboratories 
(Omaha, NE). At 25 days of age, rats were weaned and housed 
with like-sex littermates in polycarbonate shoe-box cages. Ani- 
mals were housed two or three per cage, in a colony room with 
a 12L : 12D cycle (lights on at 2400 h) with ad lib access to 
food (rat chow) and water. When intact female rats were used, 
they were monitored daily for vaginal cyclicity for at least two 
complete estrous cycles, as previously described (41). Smears 
with clusters of nucleated and/or cornified epithelial cells but 
an absence of leucocytes were judged as proestrous smears; 
the presence of predominantly cornified cells, a day after a 
proestrous smear, represented an estrous smear. Leucocytes 
present alone or together with some nucleated and/or corni- 
fied cells indicated a diestrous smear. Proestrous, diestrous 2, 
or estrous female rats were selected for use in the experiments. 
Males were matched either by age or by weight with the fe- 
males and were handled daily prior to use in the experiment. 
When ovariectomized rats were used, at 60-90 days of age, 
female rats were ovariectomized bilaterally under methoxyflu- 
rane anaesthesia Two weeks later, rats received subcutaneous 
(SC) (0.1 ml/rat) injections of either sesame oil or estradiol 
benzoate (25 pg/animal) in sesame oil about 1000 h. Forty- 
eight hours later, rats were injected SC (0.1 ml/rat) with either 
sesame oil or progesterone (500 pg/animal). 

In the first experiment, proestrous, diestrous 2, and estrous 
female rats and male rats were injected intraperitoneally (IP) 
with 0.04, 0.25, or 1.0 mg/kg of 8-OH-DPAT or saline be- 
tween 1500 and 1700 h and were sacrificed 30 min later. In the 
second experiment, ovariectomized rats were treated with 0.25 
mg/kg of 8-OH-DPAT 4-5 h after the second hormone or oil 

injection and were sacrificed in pairs (saline or 8-OH-DPAT) 
with the order of sacrifice counterbalanced across treatments. 
In the final experiment, intact proestrous, diestrous 2, or es- 
trous rats received 0.25 mg/kg 8-OH-DPAT or saline between 
1500 and 1700 h. Injections of 8-OH-DPAT or 0.9% saline 
were given IP in a volume of 1.0 ml/kg rat and rats were 
sacrificed by decapitation 30 min later. In all experiments, rats 
remained in a dark environment during the 30-min interval 
after injection with 8-OH-DPAT or saline. Red lighting was 
used to aid experimenter visibility. 

All experiments were performed during the dark portion of 
the light : dark cycle, 3-5 h after lights off, because it is during 
this time of the day that proestrous rats show high levels of 
sexual receptivity [a behavior known to be inhibited by 5-HT,, 
agonists (1,39,40) and facilitated by removal of 5-HT and by 
lesioning of dorsal raphe neurons (13)]. Furthermore, with 
this procedure, the hormonal treatment (estrogen + progester- 
one) was most likely to simulate the proestrous state. 

Rats were rapidly decapitated and the hypothalamus (Ex- 
periments 1 and 2) or the hypothalamus and hippocampus 
(Experiment 3) were removed by the procedure of Glowinsky 
and Iversen (16) and frozen immediately on dry ice. Frozen 
tissues were weighed to the nearest 0.1 mg and were homoge- 
nized by sonication into 10 vol. (for hypothalamus) or 5 vol. 
(for hippocampus) of 0.05 M perchloric acid containing 0.1% 
cysteine. Homogenized samples were stored at - 80°C until 
processed for HPLC analysis. 

HPLC Procedures 

The levels of 5-HT and its principal metabolite, 5-HIAA, 
were determined by electrochemical detection essentially as 
described by Kilts et al. (25). The mobile phase (pH adjusted 
to 3.62) was 0.09 M citric acid, 0.07 M sodium phosphate, 
0.10 mM ethylenediamine tetraacetic acid, 2.62 mM sodium 
octylsulfate, and 8% methanol. The flow rate was 1 .O ml/min 
and the oxidation potential was 0.75 V. Immediately prior to 
injection onto the HPLC column, tissue samples were centri- 
fuged at 10,000 rpm for 10 min in a 18.1 rotor in a Beckman 
52-21 centrifuge. Samples (20 ~1) of the supernatant were used 
for the determination of 5-HT and 5-HIAA. Samples were 
analyzed in duplicate. Quantitative determinations were made 
by comparison with appropriate external standards and data 
were reported as pmol per mg of original tissue. 

With these conditions, quantification was linear at least 
over the range of 2.5-20 pmol for both 5-HT and 5-HIAA. 
For recovery estimates of 5-HT and 5-HIAA, tissue was pro- 
cessed in parallel plus or minus the addition of known 
amounts of the amines. Recovery of 5-HT was 100% and that 
of 5-HIAA was 86%. No correction for recovery was made in 
the data analysis. 

Statistical Methods 

Data for 5-HT, 5-HIAA, and their ratio were analyzed 
separately. Effects of I-OH-DPAT in intact animals were 
evaluated by ANOVA with stage (or sex) and treatment (saline 
or I-OH-DPAT) as independent factors. When the effects of 
gonadal hormones were compared, data were analyzed by 
matched-pair procedures. When hypothalamic and hippocam- 
pal tissue were compared, the data were normalized by com- 
putation of the ratio between 8-OH-DPAT-treated rats and 
the average for the appropriate parameter from the same stage 
(or sex) saline control. ANOVA was performed on the nor- 
malized data. Planned comparisons between individual means 
were made with Dunnett’s or Tukey’s tests and Scheffe proce- 
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dures were used for contrasts. The statistical reference was 
Zar (46) and an alpha level of 0.05 was required for rejection 
of the null hypothesis. 

RESULTS 

The somatodendritic 5-HT,, autoreceptor agonist, &OH- 
DPAT, dose-dependently decreased the hypothalamic S- 
HLAA/S-HT ratio, F(3, 58) = 10.84, p 5 0.0001, and the 
decrease was most evident for 0.25 and 1.0 mg/kg 8-OH- 
DPAT [Dunnett’s q(58, 4) 1 4.7, p 5 0.051 (Fig. 1C). Dies- 
trous and estrous females were significantly different from 
their appropriate saline control at both 0.25 mg/kg [respec- 
tively, Dunnett’s q(58, 4) = 2.85 and 3.66, p I 0.051 and 1.0 
mg/kg 8-OH-DPAT [respectively, Dunnett’s q(58, 4) = 5.64 
and 3.21, p 5 0.051. In contrast, males and proestrous fe- 
males were significantly different from their saline controls 

n SALINE 
0 0.04 mg/kg g-OH-DPAT 
0 0.25 mg/kg B-OH-DPAT 

q 1.00 mg/kg 8.OH-DPAT 

PROESTRUS DIESTRUS ESTRUS MALES 

STAGE OF THE ESTROUS CYCLE OR SEX 

FIG. 1. Effects of different doses of 8-OH-DPAT on hypothalamic 
5-HT, S-HIAA, and the 5-HIAA/S-HT ratio of female and male rats. 
Proestrous, diestrous, or estrous female or male rats were injected IP 
with saline or with 0.04, 0.25, or 1.0 mg/kg 8-OH-DPAT. After 30 
min. the animals were decapitated; the hypothalamus was dissected 
and processed as described in the Method section; and the levels of 
5-HT, 5-HIAA, and the 5-H&4/5-HT ratio were determined. The 
mean f SE pmol 5-HT and 5-HIAA per mg hypothalamus and their 
ratio are shown (A), (B), and (C), respectively. The Ns for saline and 
the three doses of 8-OH-DPAT were as follows: proestrus 6, 5, 5, 5; 
diestrus 5, 4, 3, 3; estrus 3, 7, 6, 5; and males 5, 4, 4, 4. *Significant 
differences from the appropriate saline controls. 

only at the highest dose of the drug [Dunnett’s q(58,4) = 3.48 
and 2.86, p I 0.051. Although the magnitude of the decrease 
appeared to be both gender and estrous cycle dependent, all 
groups showed some response to 8-OH-DPAT so the overall 
effect of cycle or gender narrowly escaped statistical signifi- 
cance, F(3, 58) = 2.42, p 5 0.075, and there was no treat- 
ment X stage interaction (p > 0.05). 

An 8-OH-DPAT-induced increase in 5-HT (Fig. 1A) was 
present in diestrous females at both 0.25 and 1.0 mg/kg doses 
of the drug [Dunnett’s q(58, 4) = 2.71 and 2.91, p s 0.051; 
proestrous females were significantly different from their sa- 
line control at the highest dose [Dunnett’s q(58, 4) = 3.30, 
p I 0.051. At no dose of 8-OH-DPAT were estrous females 
or males significantly different from their saline control (Dun- 
nett’s p > 0.05). Both stage of the estrous cycle (or sex), F(3, 
58) = 4.39, p 5 0.008, and drug treatment, F(3, 58) = 3.48, 
p 5 0.02, significantly influenced the hypothalamic level of 
5-HT, but there was no overall interaction between treatment 
and stage of the estrous cycle (or gender) (p > 0.05). 

There was a dose-dependent decline in hypothalamic levels 
of 5-HIAA (Fig. 1B) following treatment with 8-OH-DPAT 
but the overall effect of treatment was only marginally signifi- 
cant, F(4,58) = 2.61, p I 0.059. A significant effect of stage 
(or sex), F(3,58) = 4.82, p s 0.004, resulted from lower lev- 
els of 5-HIAA in the males compared to the proestrous or the 
diestrous females [Tukey q(58, 4) = 5.06 and 4.08, p 5 
0.051. The stage by treatment interaction was not significant 
(p > 0.05), but visual inspection of the figure suggested that 
the level of 5-HIAA was decreased in estrous females at a 
lower dose of 8-OH-DPAT than in the other groups and that 
proestrous females were least responsive to 8-OH-DPAT. 

The above results suggested that reciprocal modulation of 
5-HT and S-HIAA accounted for the decline in the 5-H&4/ 
5-HT ratio after 8-OH-DPAT but that changes in 5-HT and 
5-HIAA in response to 8-OH-DPAT nonuniformly contrib- 
uted to the estrous cycle variation in the 8-OH-DPAT-induced 
decline in the 5-HIAA/S-HT ratio. Because the hypothalamic 
levels of 5-HT and 5-HIAA were not constant across the es- 
trous cycle, data for 5-HT and 5-HIAA were normalized to 
their appropriate same-stage saline control so that the re- 
sponse to 8-OH-DPAT could be examined independently of 
cycle differences in the biogenic amine (Fig. 2). Significant 
stage effects were present for the 5-HIAA (drug)/S-HIAA 
(saline) ratio, F(2, 34) = 4.81, p I 0.002, as well as for the 
5-HT (drug)/S-HT(saline) ratio, F(2, 34) = 4.67, p s 0.02. 
As indicated above, proestrous females showed an increase in 
5-HT with modest, if any, changes in 5-HIAA; estrous fe- 
males showed modest changes in 5-HT with more robust re- 
ductions in 5-HL4A; and diestrous females showed both an 
increase in 5-HT and a decline in 5-HIAA. As a result, a 
decline in the 5-HIAA/S-HT ratio was most evident in the 
diestrous females. 

To pursue the estrous cycle differences in the response to 
8-OH-DPAT, we evaluated the effect of 0.25 mg/kg 8-OH- 
DPAT in ovariectomized rats primed with estrogen and/or 
progesterone (Fig. 3). Over all hormone treatments, there was 
no significant effect of 8-OH-DPAT on hypothalamic levels 
of 5-HT. However, a significant effect of drug treatment, 
F(l, 18) = 15.8, p I 0.009, as well as a significant hormone 
treatment by drug treatment interaction, F(4, 18) = 3.26, p 
< 0.05, was present for 5-HIAA. When 8-OH-DPAT-treated 
rats were compared to their saline controls, oil/oil-treated fe- 
males and those treated with estradiol benzoate/oil showed a 
decline in 5-HIAA [Dunnett’s q(18, 4) = 3.97 and 5.42, p 5 
0.051. Estradiol benzoate produced an elevation in the level 
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L9 0.04 mg/kg 8.OH-DPAT 

0 0.25 mgikg 8.OH-DPAT 

1.2 

1.0 

0.8 
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0.4 
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0.0 

q 1.00 mg/kg 8-OH-DPAT 

1.2 

PROESTRUS DIESTRUS ESTRUS 

STAGEOFTHEESTROUSCYCLE 

FIG. 2. S-HT and 5-HIAA after I-OH-DPAT as a ratio to the saline 
control. For each I-OH-DPAT treated female, hypothalamic 5-HT 
and 5-HIAA (shown in Fig. 2) were divided by the level of the amine 
and its metabolite in the same-stage saline control. The figure shows 
the mean f SE of the resulting ratios. 

of hypothalamic 5-HIAA in the saline-treated rats [Dunnett’s 
q(18, 4) = 2.56, p I 0.051, but when estradiol benzoate- 
primed rats were treated with either progesterone or with 8- 
OH-DPAT, hypothalamic 5-HIAA was reduced to that of the 
oil-treated, saline control. Consequently, 8-OH-DPAT failed 
to further reduce 5-HIAA in animals primed with both estra- 
diol benzoate and progesterone; neither was there a significant 
decline in 5-HIAA in rats primed with oil and progesterone 
[respectively, Dunnett’s q(18, 4) = 2.31 and 0.47, p > 0.051. 
However, 8-OH-DPAT decreased the 5-HIAA/S-HT ratio, 
F(1, 18) = 42.95, p 5 0.0001, in all animals except those 
treated with oil and progesterone [respectively, Dunnett’s 
q(18, 4) 1 5.05, p 5 0.05 and q(18, 4) 5 2.56, p > 0.051. 
As a result, for the 5-HiAA/S-HT ratio, the drug treatment 
x hormone treatment interaction was significant, F(3, 18) = 
3.31,p i 0.05. 

The preceding experiments led to the suggestion that fe- 
male gonadal hormones (especially progesterone) influenced 
the effect of 8-OH-DPAT on 5-HT and its metabolite and that 
the hypothalamic response to the drug differed during the 
estrous cycle. In the next study, hypothalamic and hippocam- 
pal tissues were included to evaluate the specificity of this 
effect for the hypothalamus (Table 1). Only a single concen- 
tration of 8-OH-DPAT (0.25 mg/kg) was examined. 

The effects of 8-OH-DPAT on hypothalamic 5-HT, 5- 
HIAA, and their ratio were basically consistent with previous 
findings. There was, however, a more robust response to this 
dose of the drug than was observed in the first experiment, so 
that females from all stages of the estrous cycle showed a 
significant decline in the 5-HIAA/S-HT ratio [ANOVA for 
drug treatment, F(2, 48) = 21.15, p 5 0.0001; Dunnett’s 
q(48, 3) > 3.15, p 5 0.051. Neither a significant effect of stage 
nor a significant stage by treatment interaction (ANOVA, p > 
0.05) was present for the 5-HIAA/S-HT ratio. 

However, a significant effect of stage was present for hypo- 
thalamic 5-HT, F(2, 48) = 5.57, p 5 0.007, and 5-H&4, 
F(2, 48) = 4.005, p c 0.025. In each case, the stage effect 
was due to higher levels of 5-HT and 5-HIAA in diestrous 
relative to estrous or proestrous females [respectively, Tukey 
q(48, 3) = 4.07 and 3.45, p c: 0.051. An overall significant 
treatment effect was seen for 5-HIAA, 02, 48) = 9.28, p 
5 0.004, but not for 5-HT, and the decline in 5-HIAA was 
significant only for the estrous females [Dunnett’s q(48, 3) = 
3.2,~ 5 0.051. 
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FIG. 3. Effects of 0.25 mg/kg I-OH-DPAT on 5-HT and 5-HIAA 
and the 5-HIAA/S-HT ratio in the hypothalamus of hormone-primed 
ovariectomized rats. Ovariectomized rats were injected SC with oil or 
25 pg estradiol benzoate. Forty-eight hours later, these rats received 
SC injections of either oil or 500 ag progesterone. These treatments 
resulted in four different groups: oil-oil (O-O), estradiol benzoate-oil 
(E-O), estradiol benzoate-progesterone (E-P), and oil-progesterone 
(O-P). Five to six hours after the second injection (progesterone or 
oil), these rats were injected IP with either saline or 0.25 mg/kg g-OH- 
DPAT and decapitated 30 min later. Saline- and 8-OH-DPAT- 
injected rats were sacrificed in pairs. The hypothalamus was dissected 
and, as in Figs. 1 and 2, the hypothalamic levels of 5-HT, 5-H&4, 
and the 5-H&4/5-HT ratio were determined. The number of pairs 
for the O-O, E-O, E-P, and the O-P groups were 5, 6, 5, and 6, 
respectively. The mean rt SE pmol 5-HT and 5-HIAA per mg hypo- 
thalamus and their ratio are shown (A), (B), and (C), respectively. 
*Significant differences from the appropriate saline control. 
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TABLE 1 

EFFECTS OF 0.25 mg/kg 8-OH-DPAT 

stage Treatment S-HT 5-HIAA 
5-HIAA/S-HT 

Ratio 

Hypothalmus 
Proestrus 

Diestrus 

Estrus 

Hippocampus 
Proestrus 

Diestrus 

Estrus 

Saline 
I-OH-DPAT 
Saline 
8-OH-DPAT 
Saline 
I-OH-DPAT 

Saline 
8-OH-DPAT 
Saline 
I-OH-DPAT 
Saline 
8-OH-DPAT 

4.85 + 0.28 1.54 f 0.28 0.31 f 0.01 
5.29 * 0.31 1.35 f 0.10 0.26 f 0.20* 
5.94 * 0.45 1.84 f 0.13 0.32 f 0.01 
6.21 + 0.40 1.58 f 0.10 0.25 f 0.01 
4.89 f 0.17 1.60 f 0.10 0.32 f 0.01 
5.23 f 0.33 1.24 f 0.09; 0.25 f 0.02’ 

3.00 f 0.08 1.32 f 0.05 0.44 f 0.01 
3.39 f 0.08 1.24 f 0.07 0.33 f 0.02; 
2.93 f 0.14 1.43 f 0.10 0.48 f 0.01 
3.07 f 0.11 1.27 f 0.08 0.41 f 0.02; 
2.85 f 0.14 l/30 f 0.08 0.46 f 0.02 
3.32 f 0.10 1.27 f 0.07 0.38 f 0.018 

Values are mean f SEM in pmole/mg tissue. 
Proestrous, diestrous, or estrous female rats were treated IP with either saline or 0.25 mg/ 

kg I-OH-DPAT and decapitated 30 min later. The hypothalamus and the hippocampus were 
dissected and processed as described previously. The number of animals for the hypothalamic 
tissue in the saline and the S-OH-DPAT groups were as follows: proestrus 10, 12; diestrus, 7, 
8; and estrus, 8, 9. The numbers of animals were the same for the hippocampus in all except 
the saline-treated proestrus group, where a single sample was lost while processing. 

*Significant differences from the appropriate saline control. 

As is evident from Table 1, 8-OH-DPAT also decreased 
the 5-HIAA/S-HT ratio in hippocampal tissue, F(2, 47) = 
18.99, p 5 0.0001, and all 8-OH-DPAT-treated females were 
significantly different from their respective saline controls 
[Dunnett’s q(47, 3) = 5.93, p 5 0.051. There was an increase 
in hippocampal5-HT after treatment with 8-OH-DPAT, F(2, 
28) = 12.94, p I 0.0008, but, unlike the hypothalamus, hip- 
pocampal levels of 5-HT did not vary with the estrous cycle 
(ANOVA, p > 0.05). Furthermore, there was only a small 
and nonsignificant decline in hippocampal 5-HIAA after 
treatment with I-OH-DPAT (ANOVA for drug treatment, p 
> 0.05) and there was no evidence that effects of 8-OH- 
DPAT were estrous cycle dependent. 

The data for the two tissues were normalized to their ap- 
propriate saline controls and the resulting ratios were used to 
directly compare the hippocampal and hypothalamic response 
to 8-OH-DPAT. As suggested above, the decline in hypothala- 
mic 5-HIAA after treatment with 8-OH-DPAT was signifi- 
cantly greater than was the decline in hippocampal tissue, F( 1, 
51) = 4.03, p I 0.05. There were no significant differences 
in the two tissues for the 8-OH-DPAT-induced change in 
5-HT or in the 5-HIAA/S-HT ratio. 

DISCUSSION 

In general, these findings are consistent with previous ob- 
servations for gender and estrous cycle differences in the re- 
sponse to 5-HT drugs. In addition, they support the sugges- 
tion that males and females differ in their response to 5-HT,* 
agonists and that female gonadal hormones may contribute to 
this gender difference. Finally, in the present studies, rela- 
tively similar responses to 8-OH-DPAT were seen in both 
hippocampal and hypothalamic tissue; however, estrous cycle 
differences that were independent of the treatment with 8-OH- 

DPAT were present in hypothalamic, but not hippocampal, 
tissue. 

In previous studies, males and diestrous females were 
shown to exhibit greater hyperphagia following treatment with 
8-OH-DPAT than did estrous and proestrous females (41), 
and estrogen appeared to account for the differential sensitiv- 
ity of the females to the hyperphagic effect of the drug (34). 
These findings were consistent with the report that estrogen 
reduced the effectiveness of I-OH-DPAT in reducing firing 
of 5-HT neurons (28) and led us to suggest that changes in 
somatodendritic 5-HT,, autoreceptor functioning were re- 
sponsible for gender and estrous cycle differences in the hyper- 
phagic response to I-OH-DPAT. The present findings suggest 
that this hypothesis may have been oversimplified. In the pres- 
ent experiment, the change in the hypothalamic 5-H&4/ 
S-HT ratio following treatment with 8-OH-DPAT was most 
evident in diestrous and estrous females whereas males and 
proestrous females were less responsive. Furthermore, in 
ovariectomized rats, estrogen alone did not prevent the re- 
sponse to 8-OH-DPAT. In contrast, progesterone did attenu- 
ate the I-OH-DPAT-induced decline in the 5-HIAA/S-HT ra- 
tio. Consequently, progesterone and/or the combination of 
estrogen plus progesterone may be required for the reduced 
sensitivity of the intact, proestrous rat to I-OH-DPAT. Be- 
cause progesterone levels of the estrous rat would be expected 
to exceed those of the proestrous rat, it is not clear why the 
response of estrous rats to 8-OH-DPAT was not more similar 
to that of the proestrous females. 

Perhaps the most important finding to emerge from these 
studies is the differential effect of I-OH-DPAT on 5-HT and 
5-HIAA during the estrous cycle. Most investigators have as- 
sumed that activation of the 5-HT,, autoreceptor and a conse- 
quent reduction in the release of 5-HT results in a decline 
in the 5-H&A/S-HT ratio following treatment with 8-OH- 
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DPAT (21). Consequently, a decline in the S-HIAA/S-HT 
ratio is often used as an index of the S-HT,, agonist’s effect 
on the somatodendritic autoreceptor (21,29). However, a 
change in the 5-H&A/S-HT ratio can result from a change in 
synthesis, release, or degradation of 5-HT, leading to changes 
in either 5-HIAA, 5-HT, or both. Although a decrease in 
5-HIAA would be expected to accompany a decrease in 5-HT 
release, some 5-HIAA may be derived from intraneuronal 
degradation of 5-HT prior to release (18,26) so that higher 
tissue levels of 5-HIAA could include unreleased 5-HT. Fur- 
thermore, because estrogen increases the reuptake of 5-HT 
into the nerve terminal (33) and progesterone attenuates this 
effect of estrogen (31), the relative contribution of released 
5-HT to tissue levels of 5-HIAA may not be consistent across 
the estrous cycle. If, in fact, 8-OH-DPAT, by stimulating the 
5-HT,, autoreceptor, reduces firing of 5-HT neurons and con- 
sequent release of 5-HT, the effects of 8-OH-DPAT on tissue 
levels of 5-HIAA should increase as a greater proportion of 
the 5-HIAA is derived from degradation of released and recy- 
cled 5-HT. Therefore, as observed in the current studies, (a) 
we would expect a greater effect of 8-OH-DPAT on tissue 
levels of 5-HIAA in ovariectomized rats treated only with 
estrogen relative to those given estrogen and progesterone; 
and (b) we would anticipate smaller effects of 8-OH-DPAT 
on tissue levels of 5-HIAA in the endogenously estrogen plus 
progesterone-primed proestrous rat. These results suggest cau- 
tious use of a decline in the 5-HIAA/S-HT ratio as an index 
of somatodendritic 5-HT,, autoreceptor function and rein- 
force the importance of examining the drug’s effect indepen- 
dently on both 5-HT and 5-HIAA. 

For example, the generally higher levels of 5-HIAA in sa- 
line-treated females compared to saline-treated males would 
be consistent with the suggestion that females are less subject 
to the autoinhibitory effects of 5-HT; in fact, an estrogen- 
induced desensitization of 5-HT,, autoreceptors could con- 
tribute to an increase in 5-HT release in females. In contrast, 
the overall greater response of females to the 5-HT,, agonist, 
8-OH-DPAT, suggests that 5-HT,, autoreceptors in females 
continue to be responsive to the drug. However, the greater 
effectiveness of I-OH-DPAT in females, relative to males, 
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may also reflect the female’s greater release and reuptake of 
5-HT. In either case, it is unlikely that the presence of estrogen 
in females is solely responsible for the gender or estrous cycle 
differences in the response to 8-OH-DPAT. Moreover, it is 
unlikely that the mechanisms responsible for the estrous cycle 
differences are the same as those contributing to the gender 
differences in response to 8-OH-DPAT. Unfortunately, the 
contribution of male gonadal hormones to the gender differ- 
ence was not investigated in the present study. However, it is 
clear that, in ovariectomized females, progesterone makes an 
important contribution to the differential response to 8-OH- 
DPAT. Although all mechanisms whereby progesterone mod- 
ulates release and reuptake of 5-HT are not known, progester- 
one metabolites are thought to inhibit the firing of DR 
neurons by potentiating the inhibitory actions of GABA at the 
GABA, receptor (2,20). Consistent with the present findings, 
in progesterone-treated ovariectomized rats or in proestrous 
females, the relative contribution of the 5-HT,, somatoden- 
dritic autoreceptor to the regulation of DR firing should be 
decreased by the enhanced inhibitory contribution of GABA. 

Thus, although female gonadal hormones clearly influence 
the effect of 8-OH-DPAT and the response to 8-OH-DPAT is 
estrous cycle dependent and gender specific, the explanation 
for these differences cannot reside simply in a differential 
sensitivity of 5-HT,, autoreceptors to the 5-HTr, agonist. It is 
increasingly evident that female gonadal hormones orchestrate 
the functioning of the 5-HT system at multiple neuroanatomi- 
cal levels and that future work will be required to dissect the 
contribution of each level of control to the hormones’ overall 
modulation of the 5-HT system. 
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