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CARRER, H. AND B. I. MEYERSON. Effect of CNS depressants and stimulants on latency for the appearance of
copulatory response in the female rat. PHARMAC. BIOCHEM. BEHAV. 4(5) 497-505, 1976. -- Diecthyl ether anesthesia,
sodium hexobarbital (20 mg/kg), diphenylhydantoin (50 mg/kg), strychnine (1 mg/kg) and picrotoxin (1--0.25 mg/kg)
effectively induced the copulatory response (lordotic behavior) in estradiol benzoate treated ovaricctomized rats although
no progesteronc was given. As none of the tested compounds were etfective in replacing progesterone in adrenalectomized
animals, adrenal secretion is likely to be implicated in the lordosis activating eftect of these compounds. The lordosis
response appeared faster after the CNS stimulants than after treatment with the CNS depressants. The influence of
diethylether anesthesia, strychnine (0.5 mg/kg) or picrotoxin (0.25 mg/kg) on the latency for the appearance of the
lordosis response after IV injection of isopregnenone was studied in estradiol benzoate treated ovaricctomized tfemales. A
10 min ether anesthesia delayed the onset of the lordosis response in adrenal intact as well as adrenalectomized animals.
Anesthesia given after receptivity had been fully established suppressed the responses tfor a short period (10--30 min) after
the narcosis. The delay of the appearance of the first lordosis response after IV injection of isopregnone exceeded this
period. Strychnine but not picrotoxin signiticantly shortened the latency to the onset of the female copulatory response. It
is concluded that the lordotic activating action of progesterone or steroids with progesteronelike ability released from an
endogenous source or given IV is influenced by compounds which exert a depressant or stimulant effect on neuronal
activity. The total response obtained is not changed but the appearance of the response is prolonged by CNS depressants

and shortened by certain CNS stimulants.
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COPULATORY behavior in the ovariectomized rat, the
lordosis response on mounting by a male, is restored more
effectively by estrogen followed by progesterone than by
estrogen alone [2, 4, 19, 20, 25, 32]. A direct central
nervous effect of progesterone is suggested from radio-
chemical and implantation studies. Progesterone is taken up
and retained in a variety of different regions of the rodent
brain [27, 28, 30, 33]. Implants of progesterone into the
mesencephalic reticular formation and medial, basal
hypothalamus facilitate lordotic behavior, however, the
results from different laboratories as to which area is the
critical site for the progesterone action are not completely
in agreement [24,26]. Very little is known about the
central nervous mechanism by which progesterone activates
lordotic behavior in the estrogen-primed female rat.
Increasing physiological and pharmacological evidence
suggest that there exist pathways mediating an inhibitory
control of the copulatory behavior in the female rat
(evidence reviewed in [3, 12, 18, 21]). It is not clear which
role progesterone plays in this respect. Hypothetically,
progesterone might remove an inhibition or act syner-
gistically with excitatory functions to override a tonic
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inhibition. An antagonistic action on lordotic behavior of
increased monoaminergic activity has been proposed, based
upon the effect of neuropharmacological agents with
different actions on central nervous monoaminergic
mechanisms [21]. Compounds which increase the mono-
aminergic activity were found to inhibit the estrogen +
progesterone activated lordosis response. There is at present
evidence that serotonergic, dopaminergic and cholinergic
(muscarinic) pathways are involved in the mediation of this
inhibitory effect [9, 13, 14, 16, 18, 22]. Compounds which
decrease monoaminergic activity were found to facilitate
the lordosis responding in female rats treated with estrogen
alone [17]. Also cortical application of potassium chloride
would replace the progesterone treatment [6]. These
effects could to a certain extent be ascribed to endogenous
adrenal progestin release, achieved by the drug treatment
[1, 8, 23]. However, other data suggest a direct central
nervous action of these compounds for the production of
the lordosis response [9, 31, 34]. A direct relationship
between the progesterone action on lordosis response and
transmitter functions is, however, still uncertain.

The reasoning behind the present study was that in
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addition to studies of drug effects on the amount of
lordosis responding, activated by estrogen + progesterone,
or substitution of progesterone with neuroactive agents, a
further insight into the problem of the mechanisms of
progesterone action could be obtained by investigating the
influence of neuropharmacological compounds on the
latency to appearance of the progesterone-activated lordosis
response. The specific objectives of the study were (1) to
investigate if the time it takes endogenously released
progestin to activate the lordosis response is influenced by
the neuronal depressive or stimulative quality of agents
used to provoke a progestin-secretion; (2) to investigate
how psychoactive drugs, which are not able to substitute
for progesterone in activating lordosis in adrenalectomized
female rats, influence the latency of the lordosis response
to appear after progestin treatment. The rationale is based
on the following data arrived at in previous investigations:

Progesterone has general anesthetic properties [19,29].
When the capacity of different progestins to induce lordosis
behavior and their anesthetic action were compared no
correlation was found between these 2 qualities, indicating
that the lordotic behavior was induced by a specific action
different from the general anesthetic effect. Furthermore,
the latency to appearance of the lordosis response after
different progestins given intravenously in estrogen-treated
ovariectomized rats was shown to be prolonged by
increasing the dose of progesting with inherent anesthetic
properties. This was not the case with isopregnenone. a
6a-dehydroretroprogesterone, with no general anesthetic
effect. The latency after high doses of progesterone was
longer than after equivalent doses of isopregnenone
indicating that progesterone has an initial inhibitory action
besides the well known activating effect on the lordosis
response. Thus, it seems likely that the onset of the
response after exogenous progesterone treatment was
delayed by the inherent anesthetic property of this
progestin. It was therefore of interest to extend these
studics to the effect on the appearance of lordosis response
after trecatment with CNS depressants and CNS stimulants.
This was done in order to investigate if the mechanism by
which progesterone (endogenous or administered) activates
the lordotic behavior is sensitive to a depressive effect on
neuronal activity. The CNS-depressing compounds used in
the present study were: a general anesthetic, diethylether: a
barbiturate, hexobarbital sodium; the antiepileptic com-
pound, diphenylhydantoin and the CNS stimulating agents
were strychnine and picrotoxine which selectively block
post-synaptic (strychnine) or pre-synaptic (picrotoxine)
inhibition respectively.

METHOD
Animals

A total of approximately 400 albino Sprague-Dawley
rats weighing 300--350 g were kept under reversed day
night schedule (12 hr light—12 hr darkness) at 22-24°C
and provided with commercial food pellets and tap water
ad lib. The animals were ovariectomized on arrival at the
laboratory and tested approximately 3 weeks after surgery.
Adrenalectomized animals were supplied with 0.9% sodium
chloride throughout the experiment.

Procedure

The tests for lordotic response were performed from 3
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to 9 hr after the begininng of the dark period and were
performed in dimmed light. The female was brought to an
observation cage (40 x 40 x 30 ¢m) containing a vigorous
male rat and each test was ended after 6 mounts by 1 or 2
males. A female was considered to have shown a positive
lordotic response when during the test she displayed at least
2 lordoses. The results are expressed as a percentage based
on the number of animals which showed positive responses
in each test.

A single dose of estradiol benzoate, 10 ug/kg SC was
given 1 hr before the dark period started. All other
treatments were given 48 54 hr later. The animals were
rested for at least 2 weeks between 2 treatments. Animals
were subjected to more than 1 treatment but were never
used more than once in the same treatment category.
Animals used as controls were also included in one of the
other treatment categories. Controls were always run at the
same test occasion as experimentals. In order to screen
animals which were responsive as a consequence of estrogen
injection alone, the rats were tested before drug administra-
tion. Animals which displayed a positive response were
excluded from further testing. When all data are pooled 7%
of nonadrenalectomized animals and 11% of adrenalec-
tomized animals were excluded on this basis. An exception
to this rule was made when progesterone or isopregnenone
were given SC at 48 hr. Latency means the elapsed time
from the progesterone injection to the first test in which a
positive response was observed.

Statistical Analysis

All experiments were run in at least 2 replicative
sessions. Statistical significance was tested by the x? test
corrected for continuity or Fisher’s exact probability test.
if not otherwise stated.

Administered Materials

17B-estradiol benzoate and progesterone (N. Y. Organon,
through Erco Ltd, Stockholm, Sweden) were dissolved in
olive oil. Isopregnenone (6-dehydroretroprogesterone.
Ferrosan, Malmd, Sweden) was dissolved in propylene
glycol. Hormones were injected in a volume of
0.25 0.35 ml. Diethyl ether (Skgnska Bomullskrut, Ltd,
Dosjebro. Sweden) was inhaled with access to air. Hexo-
barbital sodium (Bayer Pharma, Stockholm. Sweden),
strychnine (ACO, Stockholm, Sweden) and picrotoxine
(Fluka through Labkemi, Stockholm, Sweden) were dis-
solved in saline. Diphenylhydantoin (Epanutin®, Parke-
Davis, Houneslow, England) was dissolved in propylene
glycol 40%, ethanol 40%. Intravenous injections were given
in one of the lateral tail veins, injection volume was 0.2 ml.

RESULTS
Experiment | Estradiol Benzoate + Drug Treatment

The effect of ether anesthesia and sodium hexobarbital.
Estradiol benzoate treated spayed females were given
10 min of ether anesthesia. The animal was placed inside a
cylindric glass jar containing a piece of cotton soaked with
ether covered by a wire mesh, on top of which the animal
was placed. Care was taken to let sufficient air into the jar.
The righting reflex was lost after about 1 min whereupon
the animal was removed from the jar and the anesthesia
maintained by letting the animal breathe fumes from an
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TABLE 1

LORDOSIS RESPONSE IN OVARIECTOMIZED RATS AFTER TREATMENT WITH ESTRADIOL-

BENZOATE (EB) AND ETHER,

SODIUM HEXOBARBITAL. DIPHENYLHYDANTOIN OR

PROGESTERONE

Lordosis Response %

Treatment Min after Treatment
at Time 0 30 90 180 N
A. 1. Ether anesthesia for 10 min 22 48 70% 23
2. Controls 9 18 14 22
B. 1. Sodium hexobarbital. 20 mg/kg 1P 6 78** 22
2. Sodium hexobarbital, 40 mg/kg 1P S 29 62 21
3. Saline, 0.2 ml 17 13 24
C. 1. Diphenylhydantoin, 50 mg/kg IP 458§ 65 8019 20
2. Blank solution, 0.2 mi 6 33 33+ 21
D. Progesterone, 0.4 mg/rat SC* 85 95 95 21

*Progesteron_e was given 48 hr after the estrogen treatment and tests conducted 4, 6 and 8 hr after the
progesterone injection. Estradiol benzoate (EB), 10 pg/lg SC was given 52-54 hr before Time 0.

*Tested at 120 min. $40% ethanole and 40% propylenglycol. Significant difference between
experimentals and controls §p<0.05, ¥p<0.01, **p<0.001.

ether soaked piece of cotton placed just in front of the nose
of the animal. The time from disappearance of the righting
relfex till recovery was about 10 min. Care was taken to
keep the animals normotherm throughout the anesthesia.
The rectal temperature was checked by a thermistor
measuring device (Stantel Thermistor, Type F 22). At the
first test for lordosis behavior performed 30 min after the
beginning of the ether anesthesia the overt behavior was
normal. The control group consisted of animals which were
placed in a jar without ether for 2 min. Even though no
progesterone was given significantly more animals displayed
lordosis response 180 min after the ether anesthesia treat-
ment than after control treatment (Table 1 A). The animals
which displayed lordosis at 30 or 90 min also responded at
180 min, i.e. the response lasted for at least 1.5 hr.

Sodium hexobarbital 20 or 40 mg/kg IP was given at
Time 0 (Table 1 B). After 40 mg/kg the righting reflex was
abolished for about 30 min. At 90 min the animals were
not completely recovered. While sitting in the home cage
they appeared slightly sedated with decreased spontaneous
locomotor activity. However, the locomotor activity was
almost normal during the test situation in the male cage.
One hundred eighty minutes after the injection the overt
behavior was not different from controls. The 20 mg/kg
dose produced a slight sedative effect seen at 30 min but
not at 90 min after injection. The sodium hexobarbital
treatment was effective to produce lordosis response in
62—78% of the animals tested 180 min after injection.

The effect of diphenylhydantoin. The anticonvulsive
compound diphenylhydantoin (50 mg/kg IP) was given at
Time 0 (Table 1 C). Tests for lordosis behavior were
conducted 30, 90 and 180 min later. No effect of diphenyl-
hydantoin was seen on the overt behavior at any of the
tests conducted. Diphenylhydantoin treatment induced
sexual receptivity, so that at 30 and 120 min the percentage
of positive responses was significantly higher than in blank
treated animals. All animals responding at 90 min also
displayed lordosis behavior at 120 min. Thus, the readiness
to respond lasted for at least 30 min. The response of the
controls was slightly higher than in other control groups
which might be due to the blank solution given, which
contained ethanol.

CNS stimulants: strychnine and picrotoxin. Strychnine
and picrotoxin were given IP and the lordosis response
tested at 20, 40, 100 and 190 min later (Table 2). About
half the number of animals treated were given propylen-
glycol 0.2 ml IV 10 min after the drug treatment (see
below). No difference was seen between propylenglycol
injected or noninjected animals so the data of both groups
were pooled. Already at 20 min after strychnine 1.0 mg/kg
and picrotoxine 0.25 mg/kg a significant number of animals
showed lordosis response. After picrotoxin 1 mg/kg the
response did not appear until the 100 min tect. This delay
in appearance of the response is probably due to a
nonspecific influence of the drug since some animals in this
dose category showed convulsions shortly after the injec-
tion and were not completely recovered at the 20 min and
40 min tests. The lower dose did not induce convulsions
and no effect was seen on the general locomotor perfor-
mance. Three animals out of 14 responders in the
strychnine group responded only at | test, but in all others
positive responses were evident in at least 2 consecutive
tests.

The latency of the response. In Fig. 1 is shown the
disbribution of the first lordotic response. The animals in
each treatment category have been classified in 2 groups
depending on whether they showed the first positive
response at the 30—40 min test or later. After sodium
hexobarbital 20 mg/kg only one animal responded at the
30 min test. The general activity was slightly decreased but
not enough to prevent a response through impaired motor
capacity. Isopregnenone given IV induced lordosis response
in 67% of the animals at the tests conducted 10 and 30 min
after injection. The occurrence of the first lordosis response
after ether anesthesia had a longer latency than after
isopregnenone (x2> = 8.23, df = 1, p<0.01) or after
strychnine (x® = 5.6, df = 1, p<0.002). The time
distribution of responses after diphenylhydantoin, strych-
nine or picrotoxine treatment were not significantly
different from those observed after isopregnenone.

The effect of CNS depressants and stimulants in
adrenalectomized animals. Adrenalectomized animals were
more sensitive to the sedative and convulsive effects of the
compounds used. Adrenalectomized animals took a longer
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TABLE 2
LORDOSIS RESPONSE IN OVARIECTOMIZED RATS AFTER TREATMENT WITH ESTRADIOL
BENZOATE AND STRYCHNINE OR PICROTOXIN
Lordosis Response
Treatment Min after Treatment
at Time 0 20 40 100 190 N
A. Strychnine, 1 mg/kg IP 33+ 44+ 441 S6* 27
B. Picrotoxin, 1 mg/kg IP 8 17 1001 1001 12
0.25 mg/kg IP 24+ 24 43% 24 21
C. Saline. 0.2 ml IP 3 3 3 6 36
Estradiol benzoate (EB) 10 pg/kg SC was given 53 hr before Time 0.
Significant difference between experimentals and controls *p<0.05. tp<0.01. 1p<0.001.
" " As shown in Table 3, the slight response induced by
80 80 ether, hexobarbital or diphenylhydantoin in adrenalec-
ETHER J STRYCHNINE tomized estrogen treated animals, was not significantly
80 N:=23 80 N227 different from that obtained after saline. At 90 min after
20 (83%) 0 (79%) diphenylhydantoin 50 mg/kg, 37%‘of the animals showed
an incomplete lordosis response, i.e. they accepted the
20. 204 male, arching the back but did not display the typical
pattern of the head posture and the response did not last
for a short time after the male had dismounted as is
necessary for a full response according to our test criteria.
80 80 . These partial responses were excluded from the data
presented in Table 3.
604 SODIUM HEXOBARBITAL g PICROTOXIN The lordosis response after st{ychnine, 1.0 mg/kg, was
N=21 N=21 not significantly higher than in saline treated controls.
401 (61%) 0 (43%) The capacity to respond was not lost in adrenalec-
tomized animals, since 100% displayed lordosis response
2 201 M when progesterone was given (Table 3 f).
H Experiment 2 Estradiol Benzoate + Isopregnenone + Drug
Treatment
801 80 1 The effect of diethyl ether anesthesia: ovariectomized
females. Progesterone, 0.4 mg/animal, was given SC 48 hr
60 DIPHENYLHYDANTOIN g0 1 F TSOPREGNENONE after the estradiol benzoate treatment, 4 hr prior to a 10
N=f° N=2: min diethyl ether anesthesia. The first test was conducted
401 (85%) 404 (100 %) just after the narcosis. At this time the animals were able to
move around in the testing cage, but their motor perfor-
201 201 mance was still sluggish. The lordosis response was
decreased when compared with the response obtained
€40 €100 <i0 €100 before the ether treatment (McNemar test for the signifi-
min after inj. min after in]. cance of changes p = 0.002, Fig. 2). At the 30 min test the

FIG. 1. The latency of the lordosis response. Fther anesthesia was

given for 10 min, sodium hexobarbital, 20 mg/kg IP, diphenyl-

hydantoin 50 mg/kg IP, strychnine 1.0 mg/kg IP, picrotoxin 0.25

mg/kg IP, isopregnenone 0.4 mg/rat IV. Estradiol benzoate, 10

ug/kg SC was given 52-54 hr before treatment. In parenthesis
cumulated response.

time to recover from sodium hexobarbital, 40 mg/kg.
Although no detectable effect of diphenylhydantoin (50
mg/kg) was seen in nonadrenalectomized animals the
decrease of locomotor activity was obvious in adrenalec-
tomized animals. The lower dose levels used in
adrenalectomized animals were chosen so as not to interfere
with the animal’s motor capacity. A very slight sedative
effect was seen at the 30 min test after the ether treatment
and hexobarbital 20 mg/kg.

lordotic response was, however, completely recovered. This
was significant, since it shows that 30 min after ether
anesthesia the animals had reacquired their motor ability so
that they could perform at normal levels. Figure 2 shows
the effect of ether anesthesia on the response activated by
isopregnenone given IV during the ether anesthesia. The
bars of Fig. 2 depict the distribution of latencies. The
difference between the distribution of latencies was tested
by the x2 test. A 2 X 2 contingency table was used with the
data from the 30 min test in one column and the pooled
data from the 90 + 180 min test in the other one. The
appearance of the lordosis response was significantly
delayed after the ether treatment ()(2 = 4.23, df = 1.
p<0.05).

The effect of diethyl ether anesthesia: ovariectomized
and adrenalectomized females. The appearance of the
lordosis response after intravenous injection of isopreg-
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TABLE 3

LORDOSIS RESPONSE IN OVARIECTOMIZED AND ADRENALECTOMIZED RATS AFTER
TREATMENT WITH ESTRADIOL BENZOATE IN COMBINATION WITH ETHER ANESTHESIA,

SODIUM HEXOBARBITAL, DIPHENYLHYDANTOIN, STRYCHNINE, PICROTOXIN OR
PROGESTERONE
Treatment Lordosis Response %
at Time 0 30 90 180 Cumul N
A. Ether anesthesia for 10 min 0 s 26 26 19
B. Sodium hexobarbital, mg/kg 1P
40 ND 0 0 0 12
20 0 0 0 0
C. Diphenylhydantoin, mg/kg 1P
50 7 4 0 7 27
25 16 11 1 21 19
D. Strychnine, mg/kg IP
1.0 32 26 16 37 19
0.5 27 0 0 27 26
E. Picrotoxin, mg/kg IP
0.25 0 10 \ 10 11
F. Progesterone, mg/rat SC
0.4 100 100 100 100 24
G. Saline 0.2 ml 13 10 3 17 30

(Blank solution)

Estradiol benzoate 10 pg/kg SC was given 53 hr before time zero.
ND = no data. Drug treatment did not differ significantly from saline-controls.

Isopr.iv A prog s.c 4hrs.before
time 0 + ether N=24
‘Ether anesthesia isopr. + ether N=21 C=86%
o a isopr. N=21 C=100%

001 2

Per cent of animols
~3
o

A
50
2 @
0 36 90 180
min.

FIG. 2. Lordosis response in ovariectomized rats after ether

anesthesia (10 min) and IV injection of isopregnenone. Bars

represent distribution of the appearance of first lordosis response

after the isopregnenone treatment. Estradiol benzoate 10 ug/kg SC

was given 54 hr before Time 0. The SC injection of progesterone

was followed by propylene glycol 0.2 ml IV at Time 0. N = number
of animals tested. C = cumulative response at 180 min.

nenone was obviously delayed by a 10 min ether anesthesia
given at the time of the progestin injection. The animals
which had been under ether narcosis did not display
lordosis until the 90 min test (Fig. 3). Difference between
distribution of latencies: (x* = 9.9, df = 1, p<0.01). A
certain locomotor sluggishness was seen in the ether-treated
animals at the 30 min test, but this effect had disappeared
1 hr later. To study the effect of ether anesthesia on the
already developed response isopregnenone (0.5 mg/kg) was
given SC. A test was conducted before the ether treatment,

Isopr.iv.
1)
Ether anesthesia
1004 isopr. + ether N=26 C=88%
Qisopr. N=13 C=94%

Distribution of latencies

wn
o

Per cent of animals
~J
(9,

~N
wn
1

0 30 90 180

min
FIG. 3. Lordosis response in ovariectomized and adrenalectomized
rats after ether anesthesia (10 min) and 1V injection of isopreg-
nenone. Bars represent distribution of the appearance of first
lordosis response after the isopregnenonc treatment. Estradiol

benzoate 10 ug/kg SC was given 54 hr before Time 0. N = number
of animals tested. C = cumulative response at 180 min.

and another test 30 or 70 min after the ether anesthesia.
The response was significantly reduced 30 min but not 70
min (compared to pre-ether treatment) after the ether
treatment (Table 4). A clearcut lordosis response was
obtained in 90% of the animals retested 1 hr after the 30
min test. Thus, the established lordosis response was
reduced 30 min but not influenced at 70 or 90 min after a
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TABLE 4

THE EFFECT OF DIETHYL ETHER ANESTHESIA ON ESTRADIOL
BENZOATE + ISOPREGNENONE SC ACTIVATED LORDOSIS RE-
SPONSE IN OVARIECTOMIZED AND ADRENALECTOMIZED RATS

L.ordosis Response 7%

Min Min
before Ether after Ether N
30 30 70 90
Experimentals 85 48* N 21
94 &1
Controls ]S 95 98 21

(no ether)

The diethyl ether anesthesia lasted 10 min. Estradiol benzoate 10
png/kg SC was given 48 hr before isopregnenone 0.5 mg/rat SC. The
tests before ether treatment were conducted 5 hr after isopreg-
nenone injection. Significance of difference between experimentals
and controls *p<0.0S.

10 min ether narcosis. The response 70 min after ether
when the anesthesia was given at different time intervals
after the isopregnenone IV injection is shown in Table 5.
When ether was given 10 min after isopregnenone the
response 70 min after the treatment was slighty reduced
relative to controls. The difference, however, did not reach
statistical significance. Ether administered 100 min after
isopregnenone significantly reduced the response tested 70
min later. The cumulative number of animals responding
was in this group significantly different from controls.

The effect of strvchnine and picrotoxin treatment. The
effect of strychnine and picrotoxin given after isopreg-
nenone was studied in adrenalectomized rats. The latency
of the response after the IV injection of isopregnenone

CARRER AND MEYERSON

alone was the same in this experiment (Fig. 4) and in the
ether experiment (Fig. 3). Strychnine (0.5 mg/kg IP)
followed 10 min later by IV isopregnenone (0.5 mg)
activated lordotic behavior in 75% of the animals already at
the 30 min test. The analogous data when saline +
isopregnenone was given was 22%. The cumulative response
at 180 min was 100% in the strychnine group and 81% in
the saline + isopregnenone group. When strychnine was
given in an analogous experiment but isopregnenone
replaced by propylene glycol blank treatment, the cumula-
tive response was 18% (Fig. 4, legend B). This response
could be expected from blank treatment (see Fig. 4. legend
A and Table 3).

Picrotoxin (0.25 mg/kg) did not alter the isopregnenone-
induced response. In contrast to strychnine the number of
females which displayed lordosis response at 30 min after
isopregnenone was slightly lower than in controls. A pilot
experiment was conducted to study whether picrotoxin
(0.25 mg/kg) influenced the already established response
tested 40 min after injection. Isopregnenone (0.5 mg/
animal) was given S hr before the test. All animals (N = 12)
that responded at the pre picrotoxin test (83%) also
displayed lordosis at the post picrotoxin test. An analogous
experiment with picrotoxin (0.5 mg/kg) showed, however,
a significant inhibition of the post picrotoxin response.

DISCUSSION

This investigation demonstrates that CNS depressants as
well as stimulants elicited the lordosis response in ovariec-
tomized rats more effectively than the estrogen treatment
alone. The effective compounds included the volatile
anesthetic ether, the barbiturate hexobarbital and the
anticonvulsive compound diphenylhydantoin as well as the
central stimulant agents strychnine and picrotoxin. Ether,

TABLE 5

THE EFFECT OF DIETHYL ETHER ANESTHESIA ON THE PRODUCTION OF THE 1.ORDOSIS

RESPONSE AFTER IV TREATMENT

WITH

ISOPREGNENONE [N OVARIECTOMIZED

ADRENALECTOMIZED RATS

Diethyl Ether Anesthesia

Lordosis Response %

min after
min after isopregnenone injection
Isopregnenone, 0.5 mg/rat IV 90 180 cumul. % N
A, 101020 22 87 87 23
B. 100to 110 43 43* 54* 28
Controls (no ether) 47 100 100 I8

Significance of difference between experimentals and controls *p<0.01.

Estradiol
benzoate Isopregnenone IV - 90 min 180 min
10 p.g/kg SC Test Test
} A ¢ {
—| |

~~
e Y

Hr i

}
| l «— 70 min
|
53

0 5
IR = anesthesia. 10 min

| Wl 4“—— 70 min —"
B.
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Isopr.iv. and 10min.
earlier strychnine 0.5mg/kg ip. or picrotoxin 0.25mg/kg i.p.

or blank.sol. )
l O isopr. + blank sol. N=27C=81%,

isopr. + strychnine N=16 C=100%,
| isopr + picrotoxin N=23C=91%
Distribution of latencies

3
i

wn
o

Per cent of animals
~J
o

180
min

FIG. 4. Lordosis response in ovariectomized and adrenalectomized
rats after strychnine or picrotoxin and IV injection of isopreg-
nenone. Bars represent distribution of the first appearance of
lordosis response after the isopregnenone treatment. Estradiol
benzoate 10 ug/kg SC was given 54 hr before Time 0. N = number
of animals tested. C = cumulated response at 180 min. Controls
were given the same estrogen treatment but propylene glycol 0.2 ml
IV at Time 0 instead of isopregnenone: A (N = 18): 10 min before
Time 0, saline 0.2 ml IP. Lordosis response at 30 min 11%, 90 min
5%, 180 min 0%. B (N =16): 10 min before Time 0, strychnine 0.5
mg/kg IV. Lordosis 30 min 18%, 90 min 5%, 180 min 0%.

diphenylhydantoin and hexobarbital, neither at a time after
treatment when some sedation was seen or later when no
sedative effect was present, did not produce a significant
response in adrenalectomized animals. The doses of
strychnine and picrotoxin given to adrenalectomized
females were sufficient to influence the general activity,
however, the animals were fully capable of adequately
participating in the copulatory sequence. The lordosis
response obtained in adrenalectomized animals was not
significantly different from controls. These results suggest
that the lordosis response observed in the nonadrenalec-
tomized animals was induced via adrenal stimulation
directly or by means of ACTH release, which increased the
output of steroids capable of facilitating sexual behavior.
Neuropharmacological agents including ether have been
demonstrated to activate adrenal steroid secretion in rats
[11,23] (see also introduction). Other possibilities should,
however, also be considered: a) that some of the drugs used
facilitate the response by an effect directly on the central
structures controlling sexual behavior, while the presence of
adrenal secretions permit this drug effect to be brought
about, b) that the absence of adrenal secretions per se alters
central neuronal functions (e.g. secondary to electrolytic or
metabolic effects) and in that way changes the effects
excerted by the drugs, ¢) that the high levels of circulating
ACTH caused by adrenalectomy impair the drug induced
responses. These alternative possibilities are hypothetical
and should be experimentally explored.

The data in Fig. 1 indicate that in the nonadrenalec-
tomized animal the CNS stimulants produced their effect
with a shorter latency than the CNS depressants. It can be
seen that after strychnine or picrotoxin the majority of
those animals that became receptive, did so before 40 min
had elapsed, while when ether, sodium hexobarbital or

diphenylhydantoin were given, most animals became
receptive after that time. This difference in latency from
injection of the compounds to the appearance of the
response could be due to the CNS stimulants either eliciting
the lordosis response by a different mechanism of action
than the CNS depressants, or have more direct action on
the postulated steroid release than ether anesthesia. It
seems very unlikely, however, that ether and hexobarbital
treatment provoke adrenal progestin secretion with a
latency of more than 2 hr. Two min of ether anesthesia
increased ACTH secretion in rats within 20 min [11]. A
third possibility is that although the CNS depressants
produced an endogenous steroid release effective to activate
the lordosis response, the response is delayed by the
depressant action of these agents. This hypothesis would be
in agreement with the previous results on the longer latency
after progestins with inherent anesthetic properties relative
to the appearance of the behavior after nonanesthetic
progestins [20]. It is also in accordance with the fact that
an analogous cther treatment as used in Experiment |
produced in Experiment 2 a delay of the appearance of the
lordosis response after isopregnenone (the nonanesthetic
progestin) given by IV route. The specificity of the cffects
obtained in Experiment 2 will now be discussed.

In nonadrenalectomized as well as in adrenalectomized,
estradiol benzoate-treated female rats, the latency for the
appearance of isopregnenone activated lordosis response
was prolonged by a 10 min diethyl ether anesthesia given in
connection with the intravenous progestin treatment.

The lordosis response already established by a subcu-
taneous progesterone or isopregnenone injection prior to
ether administration was also influenced by ether; a
temporary decrement of the response was obtained in
connection with the recovery after the anesthesia. A certain
impairment of locomotor activity seen at the tests per-
formed close to the narcosis could be expected to
decrease the readiness to respond to mounting by the male.

The question arises whether ether depressed the lordotic
response by the same mechanism of action, when given
immediately after IV isopregnenone as when it was given S
hr after SC isopregnenone. Judging from the duration of
the effect it would seem that the mechanism was different.
In animals anesthetized 5 1/2 hr after receiving SC isopreg-
nenone, the lordotic response, which was fully established
before anesthesia, reappeared as soon as the animals
regained motor control, i.e., performance was normal at the
70 min test (Table 4). On the other hand, when anesthesia
was administered immediately following IV isopregnenone,
at a time when isogregnenone was presumably instru-
menting its facilitatory influence on receptive behavior. the
response took longer to appear (Table S A). This was true
for both adrenalectomized and nonadrenalectomized
animals. This blocking effect of ether anesthesia was most
evident when ether was administered after the 90 min test;
that is, approximately 100 min after isopregnenone injec-
tion (Table 3 B). While at the 180 min test all control
animals were receptive, only 43% of the animals which had
undergone anesthesia were receptive. No motor impairment
can explain this effect, since at this time the animals had
fully recovered.

It would then seem reasonable to assume that when
ether was administered to animals in which receptivity had
already been induced by isopregnenone its deleterious
effect on lordotic response was due to the depressed motor
performance, but when ether anesthesia intervened at a
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time when the effect of isopregnenone was in the process of
being established, receptivity was greatly impaired or
abolished independently of motor performance. It is
concluded that the lordosis activating action of proges-
terone or steroids with progesteronelike ability released
from an endogenous source or given IV, is influenced by
compounds which exert a depressant effect on neuronal
activity; the total response obtained is not changed but the
appearance of the response is delayed. This delay of the
response achieved by CNS depression was still obvious at a
time after treatment when no overt sedative effect was
seen.

After the CNS stimulant compound strychnine, the
latency of the isopregnenone-induced response was signifi-
cantly shorter than after isopregnenone alone. Strychnine
alone produced a slight response, however, not different
from what could be expected by the estrogen + propylene
glycol treatment. Further pharmacological experiments
have to be performed to elucidate whether the effect of
strychnine is related to a general CNS stimulatory effect or
should be specifically ascribed to the block of postsynaptic
inhibition achieved by this compound. The fact that
picrotoxin, although a CNS stimulant, did not influence the
distribution of latencies would suggest that the effect of
strychnine is not achieved by a general CNS stimulation.

CARRER AND MEYERSON

The most obvious difference between the 2 CNS stimulants
is that strychnine interferes with postsynaptic inhibition,
whereas picrotoxin blocks presynaptic inhibition (5,7].
There is evidence that monoaminergic as well as cholinergic
pathways exist which mediate inhibition of the lordosis
response (for references see introduction). It is not clear at
which level of the CNS these pathways are located. The
difference between the effects of strychnine and picrotoxin
could possibly be taken as evidence that postsynaptic rather
than presynaptic inhibitory functions are involved.

The finding that the latency between the intravenous
injection of isopregnenone and the appearance of the
lordosis response was longer under adrenalectomy then in
nonadrenalectomized animals requires further experiments
in order to be explained. Hypothetically, the effect of
progesterone could be dependent on electrolytic status
and/or metabolic mechanisms which are not adequately
functioning after adrenalectomy.
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