Influence of Female Hormonal State on Rhesus Sexual Behavior

Varies with Space for Social Interaction

Abstract. The sexual behavior of rhesus monkeys in 15 male-female pairings was
observed in both a large and a small area during the follicular and luteal phases of
the female’s cycle. Males ejaculated in all tests at the follicular phase of the female’s
cycle and in 53 percent of tests at the luteal phase. However, a significant decline in
ejaculation during tests at the luteal phase occurred in the large, but not in the small
area. Thus the degree to which the pair’'s sexual behavior was influenced by the
female’s hormonal state depended on the spatial conditions of the test.

The extent to which the occurrence of
copulation in rhesus monkeys is influ-
enced by hormonal changes in the female
is unclear. Studies of free-ranging or
large captive groups of rhesus describe
discrete periods of heterosexual activity
occurring at approximately 29-day inter-
vals for each female and lasting for about
8 days (/). These recurring periods of
regular copulation are generally followed
by an absence of copulation after the
midcycle estradiol peak and are associat-
ed with peak luteal progesterone (2).
Although these findings suggest a well-
defined relation between the female’s
hormonal state and copulation, labora-
tory studies of pairs of rhesus in cages
suggest a less clear-cut relation between
the female’s ovarian cycle and copula-
tion. Pairs copulate throughout the fe-
male’s ovarian cycle, and changes in
copulatory activity are generally limited
to periovulatory increases in the occur-
rence of multiple ejaculations during a
time-limited test and shorter times be-
fore the first ejaculation (3). As many as
50 percent of the pairs show no cyclic
changes in copulatory activity (4). These
contradictory findings have led to the
viewpoint that rhesus monkeys, and pos-
sibly all primates, differ substantially
from other mammalian species in that
there is no consistent relation between
the female’s hormonal state and the oc-
currence of copulation (5). However, an
alternative possibility is that a consistent
relation exists, but its demonstration de-
pends on the specific social and environ-
mental conditions of observation. In sup-
port of the second viewpoint, I have
found that the female’s hormonal condi-
tion has more influence on sexual behav-
ior of a paired male and female when the
pair is observed in a large area than when
the same pair is observed in a small area.

Five intact adult female rhesus were
paired with two intact and one vasecto-
mized adult male rhesus to produce the
15 pairs studied. Males were housed
individually indoors between tests, and
females lived together in an indoor-out-
door run. Subjects were adapted to han-
dling and testing procedures for 12
weeks before data were collected, and
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females displayed at least one menstrual
cycle before data collection (6). Females
were tested 8 to 10 days after the onset of
menstruation (follicular tests) and 10 to
15 days later (luteal tests). At each phase
of the cycle, females were tested out-
doors with all three males on two con-
secutive days, three tests taking place in
a 1.4 by 1.2 m cage and the other three in
a 15.2 by 15.2 m compound (7). For each
test, first the female, and then the male,
was introduced into the testing area; the
pair were confined together for 30 min-
utes during which observations of the
sequence and duration of selected be-
haviors were collected by means of a
data recorder (Datamyte 900). Saphe-
nous vein blood was collected from each
female at the end of the test day and
analyzed for estradiol and progesterone
(8). Estradiol did not vary significantly
between follicular and luteal tests [follic-
ular, 175 =+ 48 pg/ml, and luteal, 113 =+
15 pg/ml; ¢t = 1.02, d.f. = 4, not signifi-
cant (N.S.)], but follicular progesterone
was significantly lower than luteal pro-
gesterone (follicular, 0.8 * 0.6 ng/ml,
and luteal, 4.5 = 1.2 ng/ml; ¢t = 2.89,
d.f. = 4, P < .05).

Males ejaculated during all follicular
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Fig: 1. Percentage of tests resulting in ejacula-
tion for 15 pairings of three male and five
female rhesus monkeys tested in two spatial
conditions during the follicular and luteal
phases of the female’s ovarian cycle.

tests, but not during all luteal tests (Fig.
1). During the female’s luteal phase,
males ejaculated in significantly fewer
tests taking place in the compound (33
percent) than in those taking place in the
cage (73 percent) [x? = 4.2, P < .05 (9)].
For tests taking place in the cage, the
percentage of tests resulting in ejacula-
tion did not differ significantly across the
female’s cycle (x> = 2.3, N.S.), whereas
for tests in the compound the percent-
age differed significantly (x* = 8.1,
P < .01). The number of ejaculations per
test was significantly less for luteal tests
than for follicular tests in both cage and
compound, but was always greater dur-
ing cage tests (Table 1). In the com-
pound, latency to ejaculation was signifi-
cantly shorter during follicular tests than
during luteal tests for the five pairs (two
males and three females) for which ejac-
ulation occurred at both cycle phases
[follicular, 5.4 + 0.8 minutes, and luteal,
12.5 = 2.3 minutes; ¢t = 2.83, d.f. = 4,
P < .05 (9)]. In cage tests, latency to
ejaculation did not change significantly
for the 11 pairs (three males and five
females) with ejaculation occurring at
both cycle phases (follicular, 4.8 + 0.9
minutes, and luteal, 6.3 = 1.4 minutes;
t =099, d.f. = 10, N.S.). Thus, when
the pairs were tested in the 231-m? com-
pound, they showed luteal decreases in
the number of tests resulting in ejacula-
tion and in the frequency of ejaculation
and luteal increases in latency to ejacula-
tion, as compared with results at the
follicular phase of the cycle. In contrast,
when the same pairs were tested in a
1.7-m? cage, only the frequency of ejacu-
lation varied significantly with the fe-
male’s cycle.

Spatial conditions of testing influenced
the frequency with which males and fe-
males approached each other and the
amount of time the females spent in back
proximity to the male (/0) (Table 1).
Males approached females significantly
less often during tests taking place in the
compound than during those taking place
in the cage at both cycle phases, In
addition, male approaches declined sig-
nificantly during luteal tests in the com-
pound. Females approached males at
comparable frequencies during follicular
tests in the cage and the compound, but
they approached males significantly less
often during luteal tests in the compound
than during luteal tests in the cage. Dur-
ing cage tests, females spent comparable
times in back proximity to the male at
both cycle phases. However, during
tests in the compound, females spent
significantly longer times in back prox-
imity to the male during follicular than
during luteal tests; they spent significant-
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Table 1. Frequencies and durations of behavior displayed by rhesus monkeys during heterosex-

val pair tests in two different-sized areas at two phases of the female’s menstrual cycle.
Frequencies and durations are given as means * standard errors per pair.

Cycle phase

F ratios® by variance source

Behavior Area
Follicular Luteal Phase Area Phase
by area
Frequencies
Ejaculation Cage 1.6 £ 0.6 0.9 = 0.6% 314 26.3 0.1
Compound 1.1 =0.4% 03 x05ff P<.001 P<.001 N.S.
Male approach Cage 93 1.6 7.5+ 1.9 4.7 23.3 0.3
Compound 4.9 = 1.0% 1.4 08t P<.05 P<.001 N.S.
Female approach Cage 15.8 +2.0 14 S5+32 0.9 5.2 1.1
Compound 11.8 = 2.4 7.7 = 1.2% N.S. P < .05 N.S
Durations
Back proximity Cage 1.8 0.9 1.3 +£04 1.0 1.0 17.2
time (minutes) Compound 1.2 %= 0.4 0.3 = 0.1%% N.S. N.S. P < .01
*In all instances, d.f. = 1,14, tValue differs significantly (P << .05) from follicular value in the same test

area.

ly shorter times in back proximity to the
male during luteal tests in the compound
than during luteal tests in the cage. Fe-
males responded negatively to males (/1)
18 times in the 60 tests with no apparent
relation either to the female’s cycle or to
the spatial conditions of testing. Thus, in
the compound, male approaches and the
time the female spent in back proximity
to the male varied with the female’s
cycle; this did not occur when the same
pairs were tested in the cage. Moreover,
in tests taking place in the compound,
the decline in proximity behavior during
the luteal phase was associated with a
significant decline in the occurrence of
ejaculation.

These results demonstrate that the
space available for social interaction af-
fects the degree to which the female’s
hormonal state influences the behavior
of both the male and the female. Even
though females were in the same hor-
monal state during both cage and com-
pound tests, the behavior of the pair
varied more clearly with the female’s
cycle in the larger area. Several possible
explanations for this finding are suggest-
ed.

The limited area available to the pair in
the cage may interfere with the system of
spatial cues used by rhesus to communi-
cate sexual interest (/2). Thus, if a fe-
male indicates willingness to copulate by
approaching the male, a cage that limits
separation to less than 2 m may increase
the frequency of female approach, inde-
pendent of her sexual interest. Forcing
the pair into more intimate spatial con-
tact may also increase the arousal level
of both the male and the female. This
notion is supported by the consistently
higher frequencies of ejaculation and
male approach in cage tests at both
phases of the menstrual cycle, and by the
absence of luteal decreases in female
approach and duration of back proximity
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tValue differs significantly (P < .05) from cage value at the same cycle phase.

in cage tests. According to this view-
point, female sexual interest is normally
stimulated by the hormonal changes pre-
ceding ovulation, which causes her,
under free-ranging conditions, to initiate
and maintain contact with the male until
her presence sexually arouses him. In
the cage, the limited spatial separation
makes female maintenance of contact
less critical for initiating male arousal
and therefore copulation occurs relative-
ly independent of the female’s cycle.
Another possibility is that the cage pre-
vents the female from avoiding the male,
thus reducing her control over the sexual
interaction. Although this possibility
seems unlikely because there was no
increase in female negative responses or
decrease in female approaches in cage
tests during the luteal phase, the cage
may so limit the female’s behavioral op-
tions that she simply accommodates the
male sexually.

The fact that some copulation was
observed during luteal tests in the com-
pound, instead of the complete cessation
reported for captive groups (2), suggests
that the procedure of testing an isolated
male-female pair may itself modify the
importance of the female’s hormonal
state in determining copulation in rhe-
sus. Males used in pair tests are provided
few opportunities to copulate, even
though they are capable of copulating
several times per day. Under these cir-
cumstances; the hormonal state of the
female may be less important to the male
than the sexual opportunity that the fe-
male represents. Alternatively, in a
group, females at the luteal phase might
be unable to copulate with the males,
either as a result of competition from
females closer to midcycle or because of
male preference for females at midcycle.

The demonstration that decreasing the
amount of space for social interaction
reduces the importance of the female’s

hormonal state as a determinant of the
sexual activity of rhesus suggests that
hormones play a less crucial behavioral
role in rhesus than in rodents; in the
latter, hormones appear to be obligatory
to the expression of female sexual behav-
ior when the subjects are interacting
freely. However, my results and those of
others (2) suggest that as the conditions
of observation more closely reflect the
social and environmental natural history
of rhesus monkeys, the extent to which
hormones influence the expression of
sexual behavior becomes more pro-
nounced. It remains to be seen whether
this is a characteristic of primates in
general or specific to rhesus.
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Nerve Growth Factor Attenuates Neurotoxic Effects of

Taxol on Spinal Cord-Ganglion Explants from Fetal Mice

Abstract. Most neurons in organotypic cultures of dorsal root ganglia from 13-
day-old fetal mice require high concentrations of nerve growth factor for survival
during the first week after explantation. These nerve growth factor-enhanced
sensory neurons mature and innervate the dorsal regions of attached spinal cord
tissue even after the removal of exogenous growth factor after 4 days. In cultures
exposed for 4 days to nerve growth factor and taxol (a plant alkaloid that promotes
the assembly of microtubules) and returned to medium without growth factor, > 95
percent of the ganglionic neurons degenerated and the spinal cord tissues were
reduced almost to monolayers. In contrast, when the recovery medium was
supplemented with nerve growth factor, the ganglionic neurons and dorsal (but not
ventral) cord tissue survived remarkably well. Dorsal cord neurons do not normally
require an input from dorsal root ganglia for long-term maintenance in vitro, but
during and after taxol exposure they become dependent for survival and recovery on
the presence of neurite projections from nerve growth factor—enhanced dorsal root

ganglia.

Taxol, an antitumor drug (/) isolated
from the plant Taxus brevifolia, pro-
motes the assembly of microtubules and
binds to them in cell-free systems; such
microtubules resist depolymerization by
cold or calcium (2, 3). In fibroblasts and
other cells exposed to taxol, abnormal
bundles of microtubules form throughout
the cytoplasm (4, 5). Taxol exposure also
leads to the formation of unusual num-
bers and arrays of microtubules in neu-
rons and supporting cells in explants of
spinal cord tissue with attached dorsal
root ganglia (DRG’s) (6). The primary
effects of taxol appear to be on the
tubulin-microtubule system; no other
specific mode of action has been report-
ed.

This study demonstrates that nerve
growth factor (NGF), a hormone re-
quired for the maintenance of sympa-
thetic and DRG neurons (7, 8), markedly
attenuates the cytotoxic effects of taxol
on DRG neurons explanted with spinal
cord tissue from fetal mice. OQur data
suggest that taxol prolongs the critical
developmental period during which fetal
DRG neurons are dependent on NGF for
survival and maturation. Furthermore,
exposure of these cultures to taxol (9-11)
in the presence of NGF permits survival
and recovery of many dorsal cord neu-
rons with a large DRG input under cul-
ture conditions resulting in extensive de-
generation of ventral cord neurons (12).
Dorsal cord neurons do not normally
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require a DRG input for long-term main-
tenance in vitro (10, 11, 13), but during
and after taxol exposure they become
remarkably dependent on factors provid-
ed by NGF-enhanced DRG neurites.
Some target tissues in the central ner-
vous system have been shown to degen-
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erate after deafferentation during critical
periods of embryonic development in
vivo (I/4-16), but this, to the best of our
knowledge, is the first demonstration of
in vitro conditions under which neurons
in central nervous system explants be-
come dependent on their afferent inputs
12).

Spinal cord tissue with attached
DRG’s was removed from 13-day-old
fetal mice and cross-sectioned. The sec-
tions were placed on collagen-coated
cover slips (9, 17) and incubated in Maxi-
mow depression-slide chambers at 35°C
in a medium containing human placental
serum and chick embryo extract (17, 18).
The medium was changed twice weekly.
Nerve growth factor (300 U/ml) was add-
ed to the medium to ensure optimal
survival and growth of a large fraction of
the DRG neurons (>1000 per ganglion).
This led to enhanced innervation of dor-
sal regions of the attached spinal cord
tissue (9-11), even when NGF was with-
drawn after 4 days (9, 18). In the absence
of exogenous NGF, > 90 percent of
these DRG neurons degenerated. These
results agree with the recent finding that
exposure of rats and guinea pigs in utero
to antibodies to NGF results in the selec-
tive destruction of up to 85 percent of
DRG neurons and the destruction of
sympathetic neurons (/9). In contrast,
injection of antibodies to NGF into post-
natal rats leads to destruction only of
sympathetic neurons (7).

In cultures exposed for several days to
1 to 2 uM taxol (20) in the absence of
exogenous NGF, most neurons degener-
ated, whereas in the presence of the
NGF (300 U/ml), survival of DRG neu-

Fig. 1. Photomicrographs of cross sections of
living spinal cord (~ 0.5 mm thick) with at-
tached DRG'’s, explanted from 13-day-old fe-
tal mice. (A) Explant cultured for 5 weeks in
medium with NGF (300 U/ml) and exposed to
1 pM taxol for 24 hours during days 4 to 5 in
vitro. Neuronal development in DRG (G) and
cord (C) tissues was not altered, although
growth of Schwann cells was severely de-
pressed. Dorsal (d) and ventral (v) regions of
the cord contain abundant neurons. Note the
profuse outgrowth of neurites (n) without
Schwann cells. (B and C) Extensive degenera-
tion of cord and DRG’s in an explant where
NGF was withdrawn from the culture medium
for 3 weeks following the exposure to 1 pM
taxol during the fourth to eighth days in vitro.
Nerve growth factor was present in the medi-
um for 4 days prior to and during the exposure
to taxol. The cord and DRG tissues have
been reduced to thin layers and neuritic out-
growth is sparse. The number of neurons per
DRG has been reduced from more than 1000
[see (A)] to less than 100. A surviving DRG
neuron is indicated by the arrow in (C). The
damage would have been even more severe
had taxol been added at the time of explanta-
tion.
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