Pharmacology Biochemistry & Behavior, Vol. 9, pp. 499-508. Printed in the U.S.A.

Effects of P-Chloroamphetamine and
5,7-Dihydroxytryptamine on the Sexual
Behavior of Gonadectomized Male and

Female Rats'

P. SODERSTEN, O. G. BERGE AND K. HOLE

Departments of Physiological Psyvchology and Physiology, University of Bergen
Arstadveien 21, N-5000 Bergen, Norway

(Received 30 June 1978)

SODERSTEN, P., O. G. BERGE AND K. HOLE. Effects of p-chloroamphetamine and 5,7-dihvdroxytryptamine on the
sexual behavior of gonadectomized male and female rats. PHARMAC. BIOCHEM. BEHAV. 9(4) 499-508, 1978.—
Treatment with the 5-HT neurotoxins p-chloroamphetamine (PCA, 2x 10 mg/kg) or 5.7-dihydroxytryptamine (5.7-DHT,
2x6 ug intrucerebrally) stimulated the display of all aspects of sexual behavior, including ejaculations, by castrated male
rats in the absence of testosterone (T) treatment and increased the behavioral sensitivity to a low level of T stimulation. The
reduction of the (*H) S5-HT uptake after PCA treatment was more pronounced in the cortex than in the hypothalamus.
5,7-DHT treatment reduced the (*H) S-HT uptake in the septum. hippocampus, amygdala, hypothalamus and cortex but the
behavioral effects produced by the 5,7-DHT treatment could not be correlated to the biochemical effects in any of these
brain areas. Since the behavioral effect of PCA appears to be stronger than that of 5,7-DHT, the 5-HT neurotoxins may
exert their effect on sexual behavior in forebrain structures rather than in the hypothalamus. PCA treatment had a very
small effect on mounting behavior but 5.7-DHT treatment stimulated the display of mounts and intromission patterns by
ovariectomized female rats given no hormone treatment. Neither PCA nor §,7-DHT had any effect on lordosis behavior
tested before and after treatment with estradiol benzoate alone or in combination with progesterone. The observations
support the conclusion that 5-HT is involved in the control by I of sexual behavior in male rats, but argue against 4 role of

5-HT in the neural control of lordosis behavior.
p-Chloroamphetamine 5,7-Dihydroxytryptamine
Sexual behavior

BRAIN monoamines have been implicated in the neural con-
trol of sexual behavior in rats [13, 17, 42]. Special attention
has been paid to the suggestion that 5-hydroxytryptamine
(5-HT) exerts an inhibitory effect on the sexual behavior of
both males and females. Evidence in support of an inhibitory
role for 5-HT in the sexual behavior of female rats came from
the observation that treatment with the 5-HT synthesis in-
hibitor p-chlorophenylalanine (PCPA, [29]) or with the 5-HT
neurotoxic substances p-chloroamphetamine (PCA, [23))
and §,7-dihydroxytryptamine (5,7-DHT, [3)) facilitated the dis-
play of sexual receptivity by ovariectomized female rats given
low doses of estradiol benzoate, EB [1, 12, 14, 15, 41, 55, 56).
There are as yet no reports demonstrating induction of sex-
ual receptivity by drugs in the hormonally untreated ovariec-
tomized rat. Similarly, it was found that treatment with
PCPA in combination with low doses of testosterone prop-

S-HT

Testosterone Estradiol Progesterone

ionate (TP} facilitated sexual behavior in castrated male rats
[36. 37, S1], but several of the initial reports found no behav-
ioral effects of PCPA unless the animals were given simulta-
neous treatment with TP [10, 16, 17, 52). A recent study
showed that treatment with 5.7-DHT of castrated male rats
stimulated the induction of sexual behavior by TP, but only
after a very long period of TP treatment [33]. However, in
one study PCPA treatment of castrated rats induced sexual
behavior in the absence of TP treatment [49]. About 607/ of
castrated male rats showed the complete pattern of sexual
behavior, including ejaculations. in response to daily treat-
ment with PCPA [49]. The same PCPA treatment stimulated
the display of masculine copulatory behavior, i.e.. mounting
behavior. by hormonally untrcated ovariectomized female
rats but exerted no effect on the display of feminine copulat-
ory behavior, i.e., lordosis behavior. by these females even
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when exogenous EB was supplied [50}. Similarly. it was re-
cently reported that the ergot derivative lisuride stimulated
mounting behavior of gonadectomized hormonally untreated
male and female rats {7]. These results showed that reduced
5-HT levels in the brain of gonadectomized male and female
rats stimulated masculine but not feminine sexual behavior.
i.e.. that the two patterns of rat reproductive behavior can be
neurochemically dissociated. The effect of the 5-HT
neurotoxins PCA and S5.7-DHT on sexual behavior in
gonadectomized rats of both sexes have been studied in the
present study to further study the role of 5-HT in rat sexual
behavior.
GENERAL METHODS

Animalys

Male and female Wistar rats (Mollegard Breeding Labora-
tories. Denmark) were maintained with ad lib access to food
and water in an air-conditioned temperature-controlled col-
ony room in which the lights were off between 1200-2400.
Male rats were castrated at 55-60 days of age and they were
given 3 tests for sexual behavior 30 days later (approximate
weight: 330 g) before all drug treatments to ensure that they
were not sexually active. Female rats were ovariectomized
at 80 days of age and they were used 7 days later (approx-
imate weight: 210 g).

Tests of Sexual Behavior in Male Rats

The males were allowed to adapt briefly in a test cage (a
50 ¢cm wide circular Plexiglas cage with a sawdust covered
floor). A sexually receptive stimulus female (treated with 20
ug estradiol benzoate 48 hr and 0.5 mg progesterone 6 hr
before testing) was thereafter presented to each male and the
following behavioral parameters were recorded: Mount:
mount with pelvic thrusting but without intromission, in-
tromission: mount with intromission, and ¢jaculation: mount
with a final deep intromission, slow dismounting and genital
grooming. The latency to the first intromission. intromission
latency, the interval from the first intromission to ejacula-
tion. ¢juculation latency, and the time from ejaculation to the
next intromission, postejacidatory interval, were measured.
Tests were ended if the intromission latency was 15 min, if
the c¢jaculation latency was .30 min or if the postejaculatory
interval was 15 min. Behavioral testing started 4 hr after
lights off,

Tests of Mounting Behavior in Female Rats

When tested with a sexually receptive female, normal
female rats show the overt behavior patterns corresponding
to mounts and intromissions in male rats [48]. Under some
experimental conditions females also display the behavior
typical of an ejaculating male [50]. The display of mounts and
intromission patterns. i.e.. mounting behavior. was tested in
female rats using the above described procedure for males.
Ejaculation patterns were not observed in female rats in this
study.

Tests of Lordosis Behavior in Female Rats

The females were tested for lordosis behavior (concave
back flexion, lateral tail deviation and neck extension) im-
mediately after the tests for mounting behavior. Each rat was
presented to a cage-adapted sexually vigorous male rat and
remained with the male until mounted 10 times. The number
of lordosis responses were recorded and a lordosis quotient:
(no. lordosis responses/10 mounts)x 100, was calculated.
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Surgery

5.7-Dihydroxytryptamine creatinine sulphate (5.7-DHT.
Regis Chemicals), dissolved in 0.9 NaCl containing ascor-
bic acid (0.1 mg/ml). was injected stereotaxically into the
ascending 5-HT pathways [24] in the mesencephalon using
an infusion pump set at 1 ul/min. The rats were anesthetized
with Equithesin (2 ml/kg) and pretreated with protriptyline
hydrochloride [20 mg/kg IP, Merck. Sharp and Dohme)
about 20 min before being placed in a Kopf stereotaxic
instrument with the bite bar 2.4 mm above the interaural
plane. The injection coordinates in males were: 5.6 mm
posterior to the bregma, + 0.6 mm lateral, and 7 and 8 mm
ventral to the surface of the cortex. Three ul of 5,7-DHT (1
pg base/ul) were injected 7 mm and the injection needle was
thereafter lowered 1 mm and an additional 3 ul were in-
jected. The coordinates in females were the same with the
exception that 4 ul of 5,7-DHT were injected 7.5 mm ventral
to the surface of the cortex. Controls were injected with the
vehicle or received no injection.

Drug and Hormone Treatment

p-Chloroamphetamine hydrochloride (PCA, Sigma Chem-
icals), dissolved in 0.9% NaCl (10 mg/ml), was injected IP at
1000 hr at a dose of 10 mg/kg. Both males and females re-
ceived 2 injections separated by one day. The mortality rate
was high in males (5077) but low in females (097).

The S-HT uptake inhibitor H 10209 ((Z)-3-4-
bromophenyl-N, N-dimethyl-3-(3-pyridyl) allylamide di-
hydrocyloride, Zimelidine. Astra l.ikemedel). dissolved
in 0.9% NaCl (20 mg/ml). was injected IP at a dose of 20
mg/kg 30 min before the PCA. H 102/09 was only used in
experiments on males.

Testosterone (T, Sigma Chemicals) was administered to
male rats in SILLASTIC" (Dow Corning, No. 602-285) cap-
sules, which were filled with T as described in [34] and incu-
bated in 0.9% NaCl at least 1 day before use. The T implants
were inserted under light ether anesthesia through a smali
incision in the midthoracic region. Unless stated otherwise
the T implants were 10 mm long. T implants of this size
produce constant plasma T levels of about 0.7 ng/ml for at
least 21 days. i.e.. about 20-30¢7 of the T levels on intact rats
[6].

Female rats were treated with estradiol benzoate (EB.
Schering Company). dissolved in peanut oil (4 pg/ml), in-
jected SC at a dose of 2 ug/kg (unless stated otherwise), and
progesterone (P, Schering Company). given SC at a dose of
0.5 mg/ratin 0.1 ml oil.

Biochemical Methods

After completion of behavioral testing the animals were
sacrificed and their brains were rapidly removed. The follow-
ing structures were dissected out: the amygdala (including
parts of the surrounding lateral cortex: weight approximate-
ly: 25 mg). hippocampus (weight approximately: 55 mg), sep-
tum (weight of each side approximately: 7-8 mg) and
hypothalamus (including the preoptic area and parts of the
ventral thalamus: approximate weight: 5§ mg). Crude synap-
tosomal fractions were prepared from the hypothalamus and
amygdala as described in [25]. Slices (3 mm in dia.) were
punched out of the dorsal hippocampus and cerebral cortex.
The septum from each hemisphere was used as 1 slice. The
uptake of CH)IS-HT (23.9 Cirmmol) and (‘H)NA (10.3
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Ci/mmol, New England Nuclear) in slices and synaptosomal
preparations was measured as described previously [25.26].

Organ Weights

At the time of sacrifice some of the males were weighed
and the ventral prostate, seminal vesicles and adrenals were
removed, blotted dry on filter paper and weighed. Similarly,
at sacrifice some females were weighed and 2 cm of each
uterine horn from the cervix and the adrenals were removed,
blotted dry on filter paper and weighed.

Stratistical Tests

The number of animals showing ejaculations in the differ-
ent treatment groups were compared with the Chi® test or the
Fisher exact probability test. Group differences in the fre-
quencies of the various parameters of mounting behavior, in
latencies and lordosis quotients were compared with the
Kruskal-Wallis one-way analysis of variance and between
group comparisons were made with the Mann-Whitney U
test. The effects of the drug treatments on brain (*H)5-HT
and (*H)NA uptake and on organ weights at autopsy were
evaluated with 7 tests.

EXPERIMENT I: EFFECTS OF PCA ON THE SEXUAL
BEHAVIOR OF CASTRATED MALE RATS

METHOD

Twenty castrated rats received 2 daily injections of 10
mg/kg PCA. Nine of these rats survived the treatment. Nine
other rats received injections of 20 mg/kg H 102/09 30 min
before the PCA treatment. None of these rats died. Ten rats
were given control injections of saline. The rats were given 3
daily tests for sexual behavior starting 7 days after the PCA
treatment. On the day after the last test all rats were im-
planted with 10 mm long T implants and then given 3 addi-
tional behavioral tests 3, 5 and 7 days after T implantation,
i.e., on Days 13, 15 and 17 after PCA treatment.

Within 3 days after completion of behavioral testing the
rats were killed and the uptake of (*H)5-HT in the cortex and
hypothalamus was estimated.

Another group of 8 rats received 2 daily injections of 20
mg/kg H 102/09 and 8 more rats were treated with saline. All
of these rats were implanted with two 20 mm long T implants
at the time of H 102/09 or saline treatment and they were
tested on Days 7, 8, 9, 13, 15 and 17 after the treatment.

RESULTS
Behavior

Figure [ shows that the PCA treatment stimulated display
of ejaculations in some of the rats prior to T treatment. Four
of the PCA treated but none of the saline treated rats ejacu-
lated before T treatment (» <<0.05). The figure also shows that
all PCA treated rats but only 3 of the saline treated rats
ejaculated in response to T treatment (p-<0.01). Additionally,
the figure shows that the effect of PCA was prevented by H
102/09 pretreatment.

Treatment with H 102/09 had no inhibitory effect on the
tnduction of sexual behavior by the longer T implants (Fig.
2).

Behavioral details for ejaculating rats treated with PCA
before and after T treatment and for rats treated with two 20
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FIG. 1. Percent of castrated male rats ejaculating after treatment

with p-chloroamphetamine (PCA, 2x10 mgkg). H 102:09 (2x20

mg/kg) in combination with PCA. or NaCl. Ten mm long testos-

terone implants were given to all rats 10 days after PCA or NaCl
treatment.
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FIG. 2. Percent of castrated male rats ejaculating after treatment
with two 20 mm long testosterone (T) implants in combination with
H 102/09 (2x20 mgkg at the time of T implantation).
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TABLE 1

SEXUAL BEHAVIOR DISPLLAYED BY CASTRATED MALE RATS TREATED WITH P-CHLOROAMPHETAMINE (PCA, 2 x 10 MG/KG),
5.7-DIHYDROXYTRYPTAMINE (5,7-DHT. 2 x 6 4G INTRACEREBRALLY) OR TESTOSTERONE (T, 2 x 20 MM LONG T IMPLANTS).
THE VALUES ARE MEANS + S.E.M. OF 3 TESTS GIVEN 7. 8 AND 9 DAYS AFTER DRUG TREATMENT.

Behavior Pattern

Intromission Ejaculation Postejaculatory
No.of % latency latency interval
Treatment rats ejac Mounts Intromissions (min) (min) (min)
PCA (Expt. 1) 9 444 265= 56 259 = 3.0 4.7 + 23 18.6 + 3.8 12.1 « 7.0%
5.7-DHT (Expt. 2a) 12 25,0 487 - 16.6 208 ~ 1.5 1.8 =09 199 - 4.7 11.9 = 0.2
5.7-DHT (Expt. 2b) 9 444 305+ 84 27.6 = 3.2 32+ 1.0 18.6 = 3.8 13.1 = 0.8*%
2x20mm T 8 62.5 18.0 - 2.4 36.0 ¢+ 2.8 1.3+ 09 17.7 = 1.8 6.9 + 0.09

*p- 0.05 compared to 2 x 20 mm T.

TABLE 2
SEXUAL BEHAVIOR DISPLAYED BY CASTRATED MALE RATS TREATED WITH P-CHLOROAMPHETAMINE (PCA. 2 < 10 MG/K(G) OR 5.7-
DIHYDROXYTRYPTAMINE (5.7-DHT, 2 x ¢ G INTRACEREBRALLY) IN COMBINATION WITH 10 MM LONG TESTOSTERONE IMPL.ANTS (10
MM T) IMPLANTED 10 DAYS AFTER DRUG TREATMENT OR WITH 2 20 MM 1.LONG T IMPILLANTS (2 20 MM T). THE VALUES ARE MEANS +~
S.E.M. OF 3 TESTS GIVEN 13, 15 AND 17 DAYS AFTER DRUG TREATMENT.

Behavior Pattern

Intromission Fjaculation Postejaculatory
No. of i latency latency interval
Treatment rats ejuc Mounts Intromissions (min) (min) tmin)
PCA x 10 mm T (Expt. 1) 9 100.0 79 = 1.5 30.0 « 2.7 22410 8.4 + 0.3 49 - 0.2
S.7-DHT x 10 mm T (Expt. 2a) 12 66.7 14.7 + 6.1 154 = 2.0 0.4 + 18 83+ 1.5 5.6 03
5.7-DHT (Expt. 2b) 9 44.4 17.3 ~ 8.7 2258 = 37 37 2207 10,0 + 34 11.8 + 09"
220mm T 8 100.0 14.1 - 4.6 208 - 1.4 0.5+ 03 9.2 + 1.7 5.4+ 0.1

#*

p- 0.05 compared to 220 mm T.

mm long T implants are shown in Tables 1 and 2. There were
no differences in any behavior parameter between rats
treated with two 20 mm long T implants in combination with
H 102/09 or saline (data for the H 102/09 treated rats are not
shown) and the only statistically significant difference be-
tween the PCA treated rats and the rats given two 20 mm
long T implants was that the PCA treated rats showed longer
postejaculatory intervals before ‘T treatment.

Biochemistry

PCA treatment reduced the (*H)S-HT uptake in the
hypothalamus to 45 2= 7% and in the cortex to 13 + 49 of
the value for the saline injected controls (p-0.01). Treatment
with H 102/09 partly prevented the effect of PCA on
hypothalamic (*H)5-HT uptake (59 + 7%, p< 0.01) and com-
pletely prevented the effect on cortical (*"H)S-HT uptake
(108 = 3¢, NS).

EXPERIMENT 2: EFFECTS OF
5.7-DHT ON THE SEXUAL BEHAVIOR OF
CASTRATED MALE RATS

METHOD

Two experiments were made using 5,7-DHT. In Experi-
ment 2a 12 castrated rats received intracerebral injections of

5.7-DHT plus protriptyline [P, 6 rats received vehicle and
protriptyline and 6 rats were anesthetized. treated with pro-
tryptyline and placed in the stereotaxic apparatus but received
no intracerebral injection. The rats were tested for sexual
behavior before and after T trecatment as the PCA treated
rats described in Experiment 1. Within 3 days after comple-
tion of behavioral testing the rats were killed and the uptake
of (*H)S-HT in the cortex and hypothalamus and of CH)NA
in the cortex was estimated.

In Experiment 2b a group of 9 castrated rats was treated
with 5.7-DHT as described above and 10 rats served as unin-
jected controls. No vehicle injections were performed since
this treatment had no behavioral effect in the first expen-
ment. The rats were tested for sexual behavior 7. 8.9, 13,15
and 17 days after 5.7-DHT treatment but no T was given.
The rats were killed within 3 days after the last behavioral
test and the uptake of (“H)S-HT was assayed in synap-
tosomal preparations from the hypothalamus and amygdala
and in slices from the septum and hippocampus. The brain
stems from S 5.7-DHT and 5 vehicle injected rats were saved
and 30 pum frozen sections at the injection sites were pre-
pared and subsequently stained from thionine for micro-
scopic examination.

RESULTS
Behavior

Since there were no behavioral differences between the



5-HT NEUROTOXINS AND SEXUAL BEHAVIOR

0 5,7-DHT

L
100, ® CONTRO

75+

25}

PERCENT EJACULATING
S
T

1 1 1 1 —

7.8 9 13 15 17
DAYS AFTER ONSET OF TREATMENT

FIG. 3. Percent of castrated male rats ejaculating after treatment

with 5,7-dihydroxytryptamine (5,7-DHT. 2x6 ug intracerebraily) or

vehicle. Ten mm long testosterone implants were given to all rats 10
days after 5.7-DHT or vehicle treatment.

vehicle and the noninjected rats either before or after T
treatment in Experiment 2a the results from these 2 control
groups were combined. Figure 3 shows that some of the
5,7-DHT treated rats ejaculated before T treatment. How-
ever, since only 3 rats ejaculated the difference is not statis-
tically significant. Figure 3 also shows that more of the 5,7-
DHT treated rats (8 rats) than the controls (3 rats) ejaculated
after T treatment (p <0.05).

Behavioral details for ejaculating 5,7-DHT treated ani-
mals before and after T treatment are given in Tables 1 and 2.
No statistically significant differences in the behavior were
found between the 5,7-DHT treatad rats and the rats given
two 20 mm long T implants except that the 5.7-DHT treated
rats showed longer postejaculatory intervals before T treat-
ment.

Four of the 5,7-DHT treated rats in Experiment 2b ejacu-
lated in 4.5 = 0.3 of the 6 tests but none of the controls
showed any sexual response (»<0.05). There was no tend-
ency for the 5.7-DHT treated rats to become less sexually
active during the end of the 17 days testing period. all 4 rats
ejaculated in the final test. However, the 5,7-DHT treated
rats showed longer postejaculatory intervals than the rats
implanted with two 20 mm long T implants and longer in-
tromission latencies in the final 3 tests (Tables 1 and 2).

Biochemistry

In Experiment 2a the (*H)5-HT uptake of the 5.7-DHT
treated rats were reduced to 11 = 4% of the value for the
uninjected controls in the hypothalamus (»<<0.01) and to
13 = 4% in the cortex (»<<0.01). Vehicle injections caused a
moderate reduction of the (*H)S-HT uptake in the
hypothalamus (69 = 557, p<<0.01) and cortex (65 x 129,
p<<0.01). The 5.7-DHT and vehicle injections did not signifi-
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cantly reduce the (*H)NA uptake in the cortex (95 = 8% and
89 + 8%, NS).

In Experiment 2b significant reductions of the (*H)5-HT
uptake were found in the septum (14 = 3% of uninjected
controls, p<0.01), hippocampus (12 = 5%, p<0.01), amyg-
dala (2 = 19, p=<<0.01) and hypothalamus (4 = 2%, p<<0.01).
An attempt to correlate the sexual behavior with the (*H)S5-
HT uptake in any of these structures was unsuccessful.

Histology

In the 5,7-DHT and vehicle injected rats visible brain
damage of approximately 100-300 wm size was observed in
the needle track and its immediate surrounding. There was
no detectable difference between the 5,7-DHT and vehicle
injected rats. Fluorescence histochemistry of brains with
similar 5,7-DHT lesions has been described in [24].

EXPERIMENT 3: EFFECTS OF PCA AND 5,7-DHT ON
THE SEXUAI. BEHAVIOR OF OVARIECTOMIZED
FEMALE RATS

METHOD

Twenty ovariectomized rats received 2 daily injections of
10 mg/kg PCA and 20 other rats received saline injections. In
contrast to male rats, no PCA treated female died. Nine
ovariectomized rats received intracerebral 5.7-DHT injec-
tions, 6 rats were injected with the vehicle and 6 rats re-
ceived no injections. All rats were tested for mounting be-
havior 7, 8 and 9 days later. Immediately after each test for
mounting behavior the rats were tested for lordosis behavior
with stimulus male rats. On day 10 after PCA or 5,7-DHT
treatment all rats received a SC injection of 0.5 mg P and
they were tested for lordosis behavior 6 hr later. Ten of the
PCA, 10 of the saline and all 5,7-DHT, vehicle and nonin-
jected rats then received daily SC injections of 2 ug/kg EB
commencing on Day 11 after the drug treatment and they
were tested for lordosis behavior with male rats on Days 3, 4,
5 and 6 of EB treatment. On the following day 0.5 mg P was
given to all rats and they were again tested for lordosis be-
havior 6 hr after P treatment.

The rats were killed within 3 days after completion of
behavioral testing and the uptake of (*H)S-HT was estimated
in the hypothalamus and cortex and, additionally, the uptake
of (*H)NA in the cortex in the 5.7-DHT treated rats.

Two groups of ovariectomized rats were treated daily
with 2 (N=10) or 100 (N=11) ug/kg EB for 6 days and they
were tested for lordosis behavior on Days 3.4, S and 6 of EB
treatment. Another group of ovariectomized rats (N=11) re-
ceived daily injections of 2 ug/kg EB for 6 days in combina-
tion with 0.5 mg P 6 hr before behavioral testing on Days 3,
4. 5 and 6 of EB treatment.

RESULTS
Mounting Behavior

Table 3 shows that the PCA treated rats showed only
slightly more mounting behavior than the saline injected con-
trols. which was reflected in a significantly higher frequency
of mounts/min among the rats that mounted. Table 3 also
shows that more of the 5,7-DHT treated rats than controls
showed mounts and intromissions and that those rats that
mounted showed more mounts/min. (The data from vehicle
and uninjected rats were combined, since no behavioral
differences were found between these 2 groups.)
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TABLE 3

MOUNTING BEHAVIOR DISPLAYED BY OVARIECTOMIZED FEMALE RATS
TREATED WITH P-CHLOROAMPHETAMINE (PCA., 2 x 10 MG:KG), NACL., 5.7-
DIHYDROXYTRYPTAMINE (5,7-DHT, 2 x 6 uG INTRACEREBRALLY) OR VEHICI E.
THE VALUES ARE MEANS + S.E.M. OF 3 TESTS GIVEN 7, 8 AND 9 DAYS AFTER

DRUG TREATMENT.

“¢ showing

No. of Intromission Intromission
Treatment rats Mounts patterns Mounts/min®  patterns/min®
PCA 20 50 25 1.4 + 0.2 04 ¢+ 0.1
NaCl 20 30 h] 0.4 £ 0.1 0.6
P NS NS - 0.02 NS
5.7-DHT 9 88.9 66.7 1.2 + 0.1 0.5=0
Vehicle 12 33.3 0. 0.7 = 0.1 0.0
p 0.05 0.0t - 0.08 —
*Non-responders excluded.
Lordosis Behavior . PCA . s7-DHT N (C))l; ma P
None of the rats showed lordosis behavior before EB 5 oo, ® V¢! o ¢ CONTHOL o 2100 ugEB/g
treatment, even when P was given before testing. w N
Figure 4 shows that there was no significant effect of Q /‘- T
either PCA or 5.7-DHT treatment on the display of lordosis o 75 AL B
after initiation of EB treatment. Administration of 0.5 mg P 2 '|/
before testing resulted in maximum lordosis quotients in all g 50 .
rats. The figure also shows that a high dose of EB (100 ung/kg) & .
or administratipn of 0.5 mg P.() hr before l.esting to rats given ; ’ \\;/I . X
2 ug/kg EB duaily produced significantly higher lordosis quo- B 2s- S Y - /.
tients (p- 0.01) than daily treatment with 2 ug/kg EB. h / T ./ -V
z [ ’/ [ _.l /
Biochemistry g ot *° V&/
S 2 s 6 7 3T4 5 s TT % Ta v e

The PCA treatment reduced the (*H)5-HT uptake in the
hypothalamus to 58 = 497 of the value for the saline injected
controls (p="0.01) and to 15 + 6% in the cortex (p==0.01).
The 5,7-DHT treatment produced a reduction of the (*H)5-
HT uptake in the hypothalamus to 17 = 3% (p<20.01) and to
16 + 277 in the cortex (p-:0.01). Vehicle injections did not
reduce the (*H)5-HT uptake in the hypothalamus (97 = 10%.
NS). however. uptake in the cortex was somewhat reduced
(76 + 8%, p-:0.05). The (*H)NA uptake in the cortex was
only marginally affected by the 5.7-DHT (95 » 8%. NS or
vehicle (89 = 8%, NS) injection procedures.

EXPERIMENT 4: EFFECTS OF PCA AND 5.7-DHT
ON ANDROGEN AND ESTROGEN SENSITIVE
ORGANS IN GONADECTOMIZED RATS

METHOD

Groups of 5 PCA. saline, 5.7-DHT or untreated castrated
male rats were killed 10 days after the drug treatments and
the weight of the accessory sex organs and adrenals glands
was determined. One additional group of 9 castrated rats was
implanted with 3 mm long T implants and these rats were
tested for sexual behavior according to the previously de-
scribed procedure. They were then killed and the weight of
their accessory sexual glands and adrenals was determined.

RESUILTS

Body weights in male rats ranged from 320 to 360 g and in

DAYS OF EB TREATMENT

FIG. 4. Mean - SEM lordosis quotients displayed by ovariec-
tomized female rats treated with p-chloroamphetamine (PCA 2> 10
mg’kg).  NaCl, 5.7-dihydroxytryptamine (5.7-DHT. 2x4 pup
intracerebrally). or vehicle in combination with daily injections of 2
neikg estradiol benzoate (EB) starting 11 days ufter PCA or S.7-
DHT treatment. Five tenths (0.5) mg progesterone (P) was given to
all rats on Day 7. 6 hr before testing. Additional groups of rats were
given daily injections of 2 ug EB/kg in combination with oil or 0.5 mg
P 6 hr before testing or daily injections of 100 ug EB/kg.

females from 250 to 280 g with no significant differences
related to drug treatment. Tables 4 and S show that the drugs
treatments did not stimulate any of the androgen or estrogen
sensitive organs or adrenals. Three mm long T implants did
not stimulate any sexual response in any of the males but the
ventral prostate and seminal vesicles of these rats were
heavier than those of the drug treated animals.

DISCUSSION

This study has shown that treatment with the S-HT
neurotoxins PCA and 5.7-HDT reduces the high affinity up-
take of (*H)3-HT in the brain and facilitates the induction of
sexual behavior by low doses of T in castrated male rats,
thus supporting the conclusion reached in many previous
experiments using PCPA .| that central 5-HT neurotransmis-
ston is involved in the control of sexual behavior in male rats
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TABLE 4

MEAN = S.E.M. WEIGHTS OF THE ACCESSORY SEXUAL GLANDS AND
ADRENAL GLANDS OF CASTRATED MALE RATS TREATED WITH

P-CHLLOROAMPHETAMINE (PCA,

2 x

10 MG/KG), NACL, 5.7-

DIHYDROXYTRYPTAMINE (5,7-DHT, 2 x 6 uG INTRACEREBRALLY) OR

VEHICLE AND KILLED 10 DAYS LATER. A GROUP OF RATS WAS

TREATED WITH 3 MM LLONG TESTOSTERONE IMPLANTS 3 MM T) AND
KILLLED 17 DAYS LATER.

Ventral Seminal Two
No. of prostrate vesicles adrenals

Treatment rats (mg) (mg) (mg)
PCA S 15.0 = 2.0* 52045 85.3 = 18.7
NaCl 5 17.0 + 2.0% 50.4 = 2.9* 93.5 = 10.5
S.7-DHT R} 12.7 = 2.5* 41.6 = 3.3* 96.8 «+ 7.8
Vehicle 5 14.0 = 1.6* 42,1 + 2.1* 83.5 = 43
3mmT 9 35.6 + 2.5 63.3 2.6 96.8 - 4.8

*1-20.05 compared to 3 mm T.

TABLE 5

MEAN = S.E.M. WEIGHT OF THE UTERUS AND ADRENAL GLANDS

OF OVARIECTOMIZED FEMALE RATS TREATED WITH

P-CHLLOROAMPHETAMINE (PCA. 2 x MG/KG). NACL. 5.7- DIHY-

DROXYTRYPTAMINE (5.7-DHT. 2 x 4 uG INTRACEREBRAIL.LY) OR
VEHICLE AND KILLED 10 DAYS LLATER

No. of Uterus Two adrenals
Treatment rats (mg) (mg)
PCA S 70.5 + 3.3 84.0 + 2.8
NaCl S R0.S + 5.8 94.7 + 4.7
5.7-DHT S 73.8 - 6.4 97.7 + 5.2
Vehicle S 79.0 = 6.0 101.7 + 6.3

[10. 16, 36, 37. 51, 52]. More important, however, it was
found that PCA or 5,7-DHT treatment induced sexual be-
havior in a significant proportion of castrated males in the
absence of exogenous T and that the pattern of sexual behayv-
ior induced by PCA or 5,7-DHT differed only slightly from
that induced by T. This effect is probably not due to activa-
tion of adrenal androgen secretion because no stimulation of
the accessory sexual glands or adrenals was noted in animals
treated with PCA or 5.7-DHT. A low level of T stimulation
was shown to stimulate the peripheral androgen sensitive
organs but not the sexual behavior. Also, we can be reason-
ably sure that the behavioral effect of 5.7-DHT was not due
to interference with NA mechanisms since the (*H)NA up-
take in the cortex was only marginally affected. However.
we cannot exclude the possibility that the ventral NA bundle
might have been somewhat damaged by our 5,7-DHT treatment.
A recent study [33] failed to induce sexual behavior by 5,7
DHT treatment, perhaps because less 5,7-DHT was injected
in that study. Preliminary experiments in this study also indi-
that study. Preliminary experiments in this study also indi-
cated that rather extensive lesions of the ascending 5-HT
pathways were necessary to obtain behavioral effects. These
and similar results with PCPA (49] show that drugs affecting
S-HT neurotransmission activate the sexual behavior of cas-
trated male rats directly and do not merely serve to modulate
the behavioral response to T. Implicit in this line of reason-
ing is the assumption that T activates the sexual behavior of
male rats via an action on S-HT neurons. On this hypothesis

it would be predicted that castration should have measurable
effects on 5-HT biosynthesis. Yet Kizer ¢r a/. |28] were un-
able to detect any effects on hypothalamic tryptophan hy-
droxylase activity 7 days after castration. However. recent
experiments indicate that about 20 days after castration there
is a significant increase in the synthesis of 5-HT, which can
be reversed by T treatment, in the brain areas which are
involved in the control of sexual behavior [11]. These obser-
vations strengthen the idea that S-HT is involved in the con-
trol of sexual behavior by T. However, we have never been
able to induce sexual behavior in the 10077 of castrated male
rats either by PCPA, PCA or 5.7-DHT treatment, which, of
course, is easily done with T. Therefore. T must control the
sexual behavior of male rats by additional, as yet un-
specifited, mechanisms.

Larsson ¢t al. [33] found a correlation between the inten-
sity of sexual behavior and the reduction of the (*H)5-HT
uptake in the hypothalamus in 5,7-DHT treated male rats and
suggested that it is in this brain area that 5S-HT acts to control
sexual behavior. However. correlations between sexual be-
havior and (*H)5-HT uptake in other brain areas might have
been obtained had the uptake of (*H)S-HT been measured
elsewhere. We were unable to relate the behavioral effects of
5,7-DHT to the reduction of (*H)S-HT uptake in either the
hypothalamus, septum. hippocampus or amygdala, brain
areas which may play a role in the neural control of sexual
behavior [9]. However. the behavioral effects of PCA
scemed to be more potent than those of 5.7-DHT. One
hundred percent of the PCA treated rats compured to 66.7%
of the 5,7-DHT treated rats ¢jaculated after T treatment. Yet
the cffect of PCA on the hypothalamic uptake of (*H)5-HT
(45 = 7% of controls) was less pronounced than that of 5.7-
DHT (11 + 4% . Experiment 2a, 4 = 2%, Experiment 2b).
Moreover, the behavioral effect of PCA was completely re-
versed by pretreament with the 5-HT uptake inhibitor H
102/09. although the H 102/09 treatment did not completely
prevent the effect of PCA on hypothalamic (‘“H)S-HT uptake.
The reversal of the behavioral effect of PCA by H 102/09 was
not due to a non-specific effect of the H 102/09, since the
induction of sexual behavior by two 20 mm long T implants
was unaffected by H 102/09 treatment. These results are in
agreement with a recently published detailed study of the
biochemical effects of PCA [30] which showed that the most
pronounced effect of PCA on S-HT neurons is not in the
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hypothalamus. Thus, the neural site at which 5-HT controls
the sexual behavior of male rats remains to be determined.

In contrast to its pronounced effect in male rats, PCA had
an almost negligible effect on mounting behavior in ovariec-
tomized female rats. No improvement of the effect of PCA
was obtained by giving 4 daily injections of 10 mg/kg (unpub-
lished results). Also. whereas the mortality rate was high in
males, females tolerated the PCA trecatment. Although the
effect of PCA on the (*H)5-H'T uptake in the hypothalamus
and cortex was less marked in females than in males. it
seems unlikely that this difference can explain the dramatic
sex difference in the behavioral response to PCA. We are
unable to explain this sex difference.

5.7-DHT treatment had a clear stimulatory effect on the
mounting behavior of ovariectomized hormonally untreated
female rats and produced a marked reduction of the uptake
of (“H)S-HT in the hypothalamus and cortex while having a
very small effect on the uptake of (*H)NA in the cortex. As
with male rats. it seems unlikely that this Lehavioral ¢ffect
was due to release of adrenal androgens or estrogens, since
no stimulation of uterine or adrenal weights was noted by the
treatment. Thus, as is the case with PCPA [49,50] 5,7-DHT
treatment of gonadectomized male and female rats stimu-
lates the display of masculine sexual behavior in the absence
of exogenous supply of T.

No PCA or 5,7-DHT treated ovariectomized female rat
showed lordosis, even if P was given before testing and there
was no effect of the PCA or 5,7-DHT treatment on the sub-
sequent behavioral response to daily treatment with 2ug/
kg EB. Control experiments showed that ovariec-
tomized female rats show high lordosis quotients in response
to daily treatment with 100 ug/kg EB or 2 ug/kg EB in
combination with 0.5 mg P 6 hr before testing. These results
agree with our previous results using PCPA [50] and suggest
that drugs affecting 5-HT neurotransmission cannot replace
the behavioral effects of EB or P in ovariectomized rats. In
the case of P this is perhaps not surprising since the neural
sites at which P affects lordosis behavior [35, 38, 53, 54] do
not coincide with the location of the 5-HT cell bodies or the
major 5-HT projection areas in the brain [19] and since no
consistent effects of P on central 5-HT biosynthesis have
been reported [15. 18, 31, 32, 40, 41]. Similarly. whereas a
central nervous estrogen—S-H'T interaction seems likely
[19]. it is not clear whether this may be important for the
regulation of lordosis. The ventromedial nucleus of the
hypothalamus seems to be the main site at which EB acts to
induce lordosis behavior 12, 8. 39, 46]. but this nucleus has
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the lowest concentration of 5-HT of all hypothalamic nuclei
[4] and the major S-H'I' projection areas in the hypothalamus
seem to be the preoptic—anterior area and the suprachias-
matic and arcuate nuclei [19], brain areas which do not play
an indispensable role for the induction of lordosis behavior
by EB [20.44]. Moreover, one study [45] failed to detect an
effect of PCPA treatment or midbrain raphe lesions on
hypothalamic estradiol retention and only little information
is available on the effects of EB treatment on central 5-HT
biosynthesis [27]. However, it must be added that
5-HT cell bodies were recently described in the ventromedial
hypothalamus [S], but their physiological role remains to be
determined.

Zemlan ¢r al. 156] found that PCA treatment facilitated
the display of lordosis behavior by ovariectomized females
given EB and P 5, but not 3. days after injection of 10 mg/kg
and 3, but not §, days after injections of 20 mg/kg of the drug.
Ovariectomized EB treated females did not respond to the
PCA. P had to be given in addition to the EB. Zemlan ¢r «l.
[56] and Michanek and Meyerson [42] also showed that lor-
dosis behavior activated by EB and P treatment was inhib-
ited 20-30 min after administration of 10 or 2.5 mg/kg PCA,
but this observation can hardly be taken as evidence for
involvement of 5-HT in the control of lordosis behavior per
se, since PCA treatment produces rigid immobile postures,
tremor. myoclonus, salivation and piloerection within S min
of administration ([21], several of the males in the present
study even died.) Everitt ¢r «l. [14] found that 5.7-DHT
treatment of ovaricctomized EB treated female rats
facilitated the display of lordosis behavior 1-7 days after
injection in a first experiment, but not after 7-13 days in a
second experiment. The most pronounced facilitation of lor-
dosis was observed 20-160 days after injection of 5.7-DHT in
a third experiment. [tis not clear why such a long time had to
elapse before the behavioral effect appeared, particularly as
a 75% reduction of the (*H)5-HT uptake in the hypothalamus
was evident already 14 days after the injection. Taken to-
gether these results with PCA and 5, 7-DHT are rather vari-
able and could not be replicated with our procedures. The
results of previous studies on the effects of PCPA on lordosis
behavior have also yielded inconsistent results. perhaps due
to differences in procedures [1. 12, 15, 22, 41, 47, 55]. We
conclude, therefore. that whereas 5-HT clearly plays a role
in the control of masculine sexual behavior, conclusive evi-
dence for a role of 5-HT in lordosis behavior remains to be
presented.
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