
Behavioral and Physiological Evidence of Sexual Climax in the 

Female Stump-Tailed Macaque (Macaca Arctoides) 

Abstract. Intense tonic/clonic uterine contractions and sudden increases in heart 
rate coincided with the behavioral homolog of a male ejaculatory response (minus 
seminal emission) in a normalfemale stump-tailed macaque engaged in homosexual 
mounting episodes. The behavioral patterns were also observed in four of ten fe- 
males during 5 to 40 percent of heterosexual copulations. These observations demon- 
strate the existence of an orgasmic response in a nonhuman primate. 

Orgasm in women is defined as an in- 
tense sexual response consisting of (i) a 
specific subjective experience, (ii) a set 
of overt behavioral responses, and (iii) 
physiological changes including stereo- 
typed patterns of uterine contraction and 
sudden heart rate increase (1). In spite of 
earlier opinions to the contrary (2), the 
question of whether female nonhuman 
primates can display an orgasmic behav- 
ioral pattern during episodes of hetero- 
sexual or homosexual activity has been 
reopened (3, 4). 

Much of the evidence suggestive of 
sexual climax in female nonhuman pri- 
mates has been limited to observations 
of sudden behavioral changes that occur 
concomitantly with the male's ejacula- 
tion, such as a staccato grunting by fe- 
male Chacma baboons (5) or a reaching 
back and clutching reaction of female 
rhesus monkeys (6). Three studies have 
dealt with the measurement of physio- 
logical changes during sexual stimulation 
in nonhuman primates (7-9). None of 
these studies has resulted in an unam- 
biguous resolution of the question of or- 
gasm, although excitement, plateau, and 
resolution phases were described in one 
study based on heart rate and vulval/clit- 
oral color changes (7). In another study, 
heart rate changes of females coincident 
with their male partners' ejaculations 
were distinct and possibly analogous to 
patterns shown by women at orgasm (9). 
Uterine contractions during coitus have 
not shown an orgasmic pattern, however 
(8). 

For rhesus and stump-tailed ma- 
caques, homosexual episodes are de- 
scribed in two studies in which females 
performed mounts and a series of pelvic 
thrusts to a female partner, and then dis- 
played the behavioral homolog of the en- 
tire species-typical male ejaculatory pat- 
tern (10, 11). This kind of evidence from 
the stump-tailed macaque is noteworthy, 
since the ejaculatory response is dis- 
tinctive in that species, including not on- 
ly body tenseness and rigidity, but also a 
characteristic round-mouthed facial ex- 
pression shown together with repeated 
vocalized expirations (10, 12). That the 
female had control of the genital stimula- 
tion she received in these homosexual in- 
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teractions was undoubtedly relevant to 
the regular occurrence of the response. 
In spite of their similarity to the male's 
behavior at ejaculation, even these ob- 
served responses are not sufficient to re- 
solve the question of orgasm without ad- 
ditional confirmatory evidence from 
physiological measures. 

We used six adult female stump- 
tailed macaques; they were individually 
housed at the Netherlands Primate Cen- 
ter (TNO, Rijswijk, Holland) and cared 
for as described (13). Behavioral testing 
was conducted by transporting animals 
to a wire mesh cage (1.7 by 1.7 by 
2.5 m) equipped with two large interior 
platforms and a Plexiglas front. The cage 
was modified to facilitate radio tele- 
metric recordings by electrically isolat- 
ing its wire grid floor, thus allowing the 
entire enclosure to be used as an an- 
tenna. Sexual behavior sequences [de- 
fined in (12)] were recorded by an SSR 
event recording system (14). 

Tests were given by placing the six fe- 
males together in the observation cage. 
This procedure, repeated four times over 
a 2-week period, produced in each in- 
stance a flurry of aggression followed by 
a mounting series between the most 
dominant female and one particular part- 
ner. The mounts which were performed 
in a seated ventral-dorsal position culmi- 
nated with a 20- to 45-second display of 
an ejaculatory-like pattern by the mount- 
er, including the round-mouthed "ejacu- 
lation face" and its associated vocaliza- 
tions. The female receiving the mount re- 
acted to her partner's sudden change in 
behavior by lip-smacking, looking back, 
reaching back, clutching her, and then 
kissing her-elements typically dis- 
played by females of this species simul- 
taneously with a male's ejaculation (10, 
15). 

The female with the highest preva- 
lence of the behavioral homolog of the 
male ejaculatory pattern was then im- 
planted with three separate battery-pow- 
ered FM transmitters operating at 100 to 
108 MHz: two to monitor uterine con- 
tractions, and one to record heart rate. 
The ECG (electrocardiogram) trans- 
mitter was placed subcutaneously in the 
epigastric region with its two electrodes 
120 mm apart on the thoracic wall. Uter- 
ine contractions were measured with ex- 
traluminal force transducers as de- 
scribed (16) except that semiconductor 

Fig. 1. (A-C) Sequence of facial expressions by a female engaged in a homosexual mount. (A) 
Grin-lip-smacking. This pattern was displayed through most of the mount and was not associat- 
ed with major uterine activity or heart rate changes. (B) Display of the round-mouthed "ejacula- 
tion face" by the mounting female. Major uterine contraction and heart rate acceleration were 
associated with this behavior. At the same time, the female partner reacted to this behavioral 
pattern by displaying look back, reach back, and kiss. (C) Continuation of the round-mouthed 
expression. (D) The round-mouthed expression of a male stump-tail macaque shown coincident 
with his ejaculation. 
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strain gauges embedded in silastic were 
used (17). The ECG and uterine force 
signals together with the SSR behavioral 
event recording system output were di- 
rectly monitored on oscilloscopes and 
were recorded with a multichannel in- 
strumentation tape recorder for further 
analysis. 

Seven days after receiving the implan- 
tation, the female was placed alone in the 
observation cage on each of three con- 
secutive days for 5 to 10 minutes and 
then the other five females were in- 
troduced into the cage with her. On two 
of these three test days, the implanted fe- 
male mounted her favorite partner and 
thrusted while continuously lip-smack- 
ing until the round-mouthed ejaculation 
face was displayed (Fig. 1). The re- 
sponse was accompanied by piloerec- 
tion, body tenseness, rhythmic vocalized 
expirations, and then ended abruptly 
with generalized muscular relaxation. 
The uterine contraction pattern that oc- 
curred with the ejaculatory facial ex- 
pression is shown in Fig. 2C. Records of 
uterine contractions during the receipt of 
genital grooming and during a mount se- 
ries that did not culminate in the ejacula- 
tory-like pattern are shown in Fig. 2, A 
and B, respectively. An intense (7.7 x 
10-2 N) sustained tonic uterine con- 
traction developed 8 to 10 seconds prior 
to the overt behavioral changes and con- 
tinued for 50.0 seconds. Piloerection and 
the "ejaculation face" were displayed 7 
and 9 seconds, respectively, after the be- 
ginning of this major contraction and 
were shown for a total of 30.0 seconds. 
Seven clonic contractions occurring with 
a mean interval of 0.7 second between 
peaks were measured 6.0 seconds after 
the onset of the major tonic contraction. 
The uterus returned to baseline tonus 
within 10 seconds after the female ended 
her facial expression. 

Three additional contractions of small- 
er magnitude (2.5 x 10-2 N) occurred 
within 10 seconds of the end of the main 
contraction, and then a presumed loss of 
uterine tonus (a deflection of 8.0 x 10-2 
N in the negative direction) occurred 90 
seconds later and lasted for 40 seconds 
more. Heart rate, calculated for each 10- 
second interval, changed abruptly from 
186 beat/min during the course of the 
mount to 210 beat/min within the first 10 
seconds of the major tonic contraction. 
Heart rate had never exceeded 192 beat/ 
min at any other time in the study, even 
during intense agonistic encounters. 
Heart rate then progressively slowed 
down and stabilized to 186 beat/min by 
the end of the tonic contraction. The sec- 
ond recorded orgasmic incidence, ob- 
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served the following day, had essentially 
the same characteristics of a single major 
tonic contraction lasting 40 seconds and 
measured at 6.8 x 10-2 N maximum 
force, followed in this instance within 5 
seconds by a 40-second period of uterine 
relaxation. Again, the major tonic con- 
traction was displayed simultaneously 
with the behavioral pattern. No instance 
of contractions of these forces or dura- 
tions were seen under other conditions 
of testing, although minor contraction- 
pattern changes were detected and ap- 
peared to be related to either genital 
stimulation or social conditions (see Fig. 
2A). 

In a separate study with other stump- 
tailed macaques, ten intact females and 
five intact males were observed in het- 
erosexual pair tests of 20 minutes dura- 
tion on alternate days for two 40-day pe- 
riods. In addition to certain behavioral 
data already reported (15), we observed 
that four of ten intact females displayed 
the round-mouthed response during at 
least one copulatory episode with a mean 
frequency of 9.8 per female based on an 
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Fig. 2. Uterine contraction records of a fe- 
male stump-tailed macaque during (A) receipt 
of genital grooming, (B) execution of a mount 
which did not terminate with the round-mouth 
expression, and (C) execution of a mount in 
which the round-mouth expression was dis- 
played. All sequences were recorded during 
the same test. The abrupt transient decreases 
in contraction force seen in (B) are movement 
artifacts. 

average of 52 tests each. No clear re- 
lation of the response to any particular 
phase of the cycle was observed. 
Marked individual differences were 
noted, however, with one female dis- 
playing the response on nearly 40 per- 
cent of copulations. 

There is obviously no way to measure 
or compare the subjective sensory expe- 
rience associated with the response in 
stump-tailed macaques with that of the 
human experience. However, we believe 
that the physiological events described 
are similar to those recorded for women 
at orgasm. The extent to which this re- 
sponse might influence sexual motiva- 
tion and other aspects of reproduction 
remains to be determined. The clear 
demonstration of an orgasmic phenome- 
non in simian primates has immediate 
applications to studies on the evolution 
of human behavior (18). 
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In the cat, the smooth musculature of 
the pelvic viscera receives its innerva- 
tion indirectly from parasympathetic 
preganglionic neurons of the sacral spi- 
nal cord. The majority of these cells are 
located along the lateral border of the in- 
termediate and ventral gray matter of S2 
and upper S3 (1-5). In contrast, striated 
pelvic sphincter muscles are innervated 
by a column of motor neurons in the ven- 
tral horn, which extends from S, to up- 
per S2 (3). These neurons form the feline 
homolog of the motor column of Onuf 
(6). In light of previous studies that dem- 
onstrated enkephalin in the rat autonom- 
ic nervous system and our observations 
of enkephalin in the feline dorsal motor 
nucleus of the vagus (7), we sought to de- 
termine whether the influence of opiates 
on pelvic visceral reflexes (8) indicates 
an endogenous opioid preganglionic in- 
nervation. Our results indicate that sac- 
ral parasympathetic preganglionic neu- 
rons of the spinal cord synthesize the 
endogenous opiate receptor ligand leu- 
cine enkephalin ([Leu]enkephalin) and 
transport it intra-axonally to the peri- 
phery. 

We used immunocytochemical tech- 
niques to identify [Leu]enkephalin in 
both the sacral spinal cord and sacral 
ventral roots. Untreated and colchicine- 
treated cats were perfused via the aorta 
sequentially with 200 ml of 0.1M phos- 
phate buffer, 2 liters of 4 percent para- 
formaldehyde in 0. M phosphate buffer 
or the same fixative containing 0.2 per- 
cent glutaraldehyde, and finally with 500 
ml of 0. 1M phosphate buffer. Sacral seg- 
ments S, to S3 and the appropriate sacral 
roots were dissected, dehydrated, and 
embedded in paraffin. Leucine enkepha- 
lin was localized on 20-,um paraffin or 50- 
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/gm Vibratome sections by the unlabeled 
antibody peroxidase-antiperoxidase tech- 
nique (9) with specific antiserum to 
[Leu]enkephalin conjugated to keyhole 
limpet hemocyanin (10). To control for 
antibody specificity, adjacent sections 
were incubated with [Leu]enkephalin 
antiserum (diluted 1:1000) that had been 
preabsorbed with an excess of [Leu]- 
enkephalin [100 utg of [Leu]enkephalin 
(Boehringer-Mannheim) per milliliter of 
antiserum]. Results of all control studies 
were negative. 

In the sacral cord of untreated animals 
we found no enkephalinergic cell bodies. 
Enkephalin-like immunoreactivity in 
nerve processes was most densely con- 
centrated in the superficial dorsal horn 
(laminae I and II), in the intermediate 
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gray matter, and around the central canal 
(Fig. i, A and E). In the second sacral 
segment, enkephalin staining was more 
intense along the ventrolateral border of 
the gray matter and adjacent lateral fu- 
niculus (Fig. IB). This area corresponds 
to the intermediolateral sacral autonomic 
nucleus (1-3). Thin varicose enkephalin- 
containing processes were scattered 
throughout the sacral ventral horn. The 
motor column of Onuf, however, con- 
tained a rich plexus of enkephalinergic 
processes throughout its rostral-caudal 
extent (Si to rostral S2) (Fig. IA). This 
dense pattern of enkephalin immuno- 
reactivity in the Onuf nucleus suggests 
that exogenous opiates exert a direct spi- 
nal action on somatic motor neurons of 
the viscera. 

The distribution of sacral enkephalin 
perikarya was studied in two cats pre- 
treated with colchicine. Twenty micro- 
grams of colchicine (Sigma) dissolved in 
2 ,1 of sterile saline was injected into the 
spinal cord at the L7-S1 junction. In addi- 
tion, a pledget of Gelfoam (Upjohn) satu- 
rated with colchicine (100 tg/lkl) was 
placed directly over the dorsal surface of 
spinal segments Si to S3. The wound was 
sutured with the Gelfoam in place, and 
the animals were killed 17 to 48 hours lat- 
er. 

Two groups of labeled enkephalin 
perikarya appeared in the intermediate 
gray matter of S2 to S3 in the colchicine- 
treated animals (Fig. IC). The distribu- 
tion and morphology of these cells were 
strikingly similar to those of the sacral 
parasympathetic preganglionic neurons 
(1-3) in the cat, identified either by chro- 
matolysis or by retrogradely transported 
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Fig. 1. Immunocytochemical localization of [Leu]enkephalin in the S, (A) and S2 (B and C) 
sacral spinal cord of the cat. In untreated spinal cord, enkephalin-immunoreactive nerve pro- 
cesses are concentrated in the superficial dorsal horn, intermediate gray matter, and around the 
central canal. No enkephalin cell bodies are labeled. Arrows point to dense reaction product in 
the motor column of Onuf (A) and sacral autonomic nucleus (B). In colchicine-treated cord (C), 
numerous enkephalin perikarya appear in the sacral autonomic nucleus. Scale bar is i mm in (A) 
and (B) and 400 ,m in (0 
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Leucine Enkephalin: Localization in and Axoplasmic 

Transport by Sacral Parasympathetic Preganglionic Neurons 

Abstract. Nerve processes and cell bodies containing leucine enkephalin were 
demonstrated in the sacral autonomic nucleus of the cat by immunocytochemical 
methods. Enkephalinergic preganglionic perikarya were seen only when axonal 
transport was blocked either by colchicine or by ventral root ligation. Ligation of the 
sacral ventral roots also produced damming of enkephalin immunoreactivity proxi- 
mal to the S2 ligature. These data indicate that parasympathetic preganglionic neu- 
rons synthesize and transport enkephalin or enkephalin-like immunoreactive com- 
pounds to the periphery. 
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