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Abstract

In our laboratory the domestic ram is used as an experimental model to study the early
programming of neural mechanisms underlying same-sex partner preference. This interest
developed from the observation that ~8% of domestic rams are sexually attracted to other rams
(male-oriented) in contrast to the majority of rams that are attracted to oestrous ewes (female-
oriented). One prominent feature of sexual differentiation in many species is the presence of a
sexually dimorphic nucleus (SDN) in the preoptic/anterior hypothalamus that is larger in males
than in females. Lesion studies in rats and ferrets implicate the SDN in the expression of sexual
preferences. We discovered an ovine SDN (0SDN) in the preoptic/anterior hypothalamus that is
smaller in male- than in female-oriented rams and similar in size to the 0SDN of ewes. Neurons of
the 0SDN show abundant aromatase expression that is also reduced in male-oriented compared to
female-oriented rams. This observation suggests that sexual partner preferences are neurologically
hard-wired and could be influenced by hormones. Aromatase-containing neurons constitute a
nascent oSDN as early as d 60 of gestation, which becomes sexually dimorphic by d 135 of
gestation when it is 2 times larger in males than in females. Exposure of fetal female lambs to
exogenous testosterone from d 30 to 90 of gestation resulted in a masculinised 0SDN. These data
demonstrate that the 0SDN develops prenatally and may influence adult sexual preferences.
Surprisingly, inhibition of aromatase activity in the brain of ram fetuses during the critical period
did not interfere with defeminisation of adult sexual partner preference or oSDN volume. These
results fail to support an essential role for neural aromatase in the sexual differentiation of sheep
brain and behaviour. Thus, we propose that 0SDN morphology and male-typical partner
preferences may instead be programmed through an androgen receptor mechanism not involving
aromatisation.
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Introduction

Sexual partner preference refers to an animal’s sexual attraction to partners of the same or
opposite sex when given a choice. Sexual partner preferences are enduring and highly
sexually dimorphic. In all species, most males court, mount, and mate with females and
most females solicit and mate with males. For the past 50 years, the organisational/
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activational hypothesis of sexual differentiation has provided the key framework for
understanding the development of sexual behaviour (1). According to this hypothesis, a
critical period of susceptibility exists in early perinatal life during which circulating
testosterone produced from the fetal testis masculinises and defeminises the neuroendocrine
and behavioural potential of the brain. In the absence of testosterone the brain is feminised
and can support cyclic gonadotrophin-releasing hormone secretion required for ovulation
and the expression of feminine sexual behaviours. The sex-typical programmes established
early in life can be disrupted or reprogrammed by experimental changes in the hormonal
environment during perinatal development (2). Several animal models (e.g. mice, rats,
ferrets, zebra finches) have been used to study the impact of perinatal hormone manipulation
on sexual partner preferences (3-5). While this approach provides important information
about the processes involved in brain differentiation they are invariably complicated by
unwanted effects on genital morphology. Within this framework, animals that exhibit same-
sex mate preferences are assumed to have experienced perinatal hormonal environments that
are more typical of the opposite sex (3). Thus, males that prefer same-sex sexual partners are
thought to have experienced a subthreshold exposure or response to testosterone that is more
typical of females leading, in turn, to incomplete masculinisation and/or defeminisation
during development. The ability to identify and study a small proportion of rams that exhibit
exclusive same sex preference has provided us with an opportunity to test the organisation/
activational hypothesis in unmanipulated animals by examining correlations between
endocrine responses, brain morphology, and sexual preferences. The current review will
provide a synthesis of recent research on this novel and important animal model.

The Ram Model

Sheep are seasonally breeding animals that are most active during the autumn in the
Northern Hemisphere. The decrease in day length at this time elicits increases in
gonadotrophin, which stimulates gamete production and gonadal steroid secretion in both
rams and ewes. Cyclic elevations in progesterone and the increase in oestradiol that
accompanies ovulation trigger the expression of oestrous behaviour in ewes, while tonic
secretion of testosterone by the testis activates copulatory behaviour in rams. Ewes in
oestrous transmit sexually stimulating olfactory cues that together with other sensory and
behavioural signals attract sexually interested rams. Most adult domestic rams court, mount,
and mate with oestrous ewes. However, there are significant numbers of adult rams that are
healthy but show very little or no sexual interest in oestrous ewes. These rams have been
called ‘homosexual’ (6), ‘non-workers’ (7), ‘low response rams’ (8) to distinguish them
from rams with a typically vigorous sexual attraction to ewes. Zenchak et al. (9) first
reported that some of these seeming low libido rams actually show considerable sexual
behaviour directed towards rams and concluded their failure to mate oestrous ewes was a
consequence of their preference for rams as sexual partners. Mounting and genital contact
occurs between rams in wild populations and appears to be exhibited within the context of
dominance encounters in all-male groups during the non-breeding and early breeding
seasons (10). In free-ranging sheep flocks rams remain in mixed sex groups until puberty.
However, under farm conditions, rams are usually segregated from ewes between weaning
and their first mating experience at 18 to 24 months. Although it has been suggested that the
expression of same sex behaviour in rams accompanies these management practices (11),
research clearly shows that prepubertal exposure of rams to ewes enhances sexual
performance, but does not prevent the same-sex attractions from developing in rams (12,13).

There are now a substantial number of reports documenting the occurrence of same-sex
sexual preferences in domestic rams (14-21). We have adopted the terminology “male-
oriented ram” to distinguish rams with exclusive preferences for same-sex sexual partners
from “female-oriented rams” that exhibit male-typical preferences for oestrous ewes. Male-
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orientation differs from occasional displays of male-male mounting behaviour observed in
most rams. Male-oriented rams will ignore an oestrous ewe and instead mount and
sometimes ejaculate with rams when they are presented with both stimuli in a sexual partner
preference test.

Ram sexual preferences have been characterised in our programme by extensive testing over
a two to three year period. Initially a performance test is administered during which 18-mo-
old rams are exposed individually to three oestrous ewes on 9 -18 separate occasions during
a two month period. The tests last 30 minutes and the number of courtship behaviours,
mounts, and ejaculations are recorded. Rams that fail to perform are given overnight
exposure to ewes to assure that they are not inhibited by the testing situation. After the
performance test rams are classified as potentially male-oriented, female-oriented, or
asexual. Each ram is then exposed to two restrained rams and two restrained oestrous ewes
in a standardised 30 minutes sexual preference test during which all behavioural interactions
are recorded. This test is given when the rams are ~16 - 18 month-old and again one year
later.

At the end of this testing sequence, rams are assigned to one of four classifications based on
their mounting preferences. Male-oriented rams exclusively mount other rams. Female-
oriented exclusively mount oestrous ewes. Bisexual rams mount both rams and ewes,
although not necessarily to the same extent, and asexual rams mount neither stimulus. By far
the largest group of rams is female-oriented (~60%), while ~8 -10% are male-oriented,
~12-18% are asexual, and ~18-22% are bisexual (18,22,23).

1. Endocrine Correlates of Partner Preference Behaviour

a. Endocrine responses of male oriented rams to sexual stimuli—Olfactory
signals have an important role in facilitating reproduction in both rams and ewes. The odor
of ram’s fleece stimulates LH secretion in ewes at the start of the breeding season (ram
effect), whereas the presence of an oestrous ewe induces LH and testosterone secretion in
sexually active female-oriented rams (ewe effect) (24-26). Sexually inactive and male-
oriented rams do not show enhanced hormone secretion when exposed to an oestrous ewe or
a sexually mature ram (15,16). Interestingly, sexually active rams also display greater levels
of investigatory olfactory behaviour toward stimulus animals, which may account for their
ability to discriminate between sexes and exhibit a neuroendocrine response only when
exposed to oestrous ewes. These results suggest that asexual rams and male-oriented rams
do not detect and/or process olfactory cues exactly like female-oriented rams. However,
despite these behavioural and neuroendocrine differences, Alexander et al. (19) found no
differences between male-oriented and female-oriented rams in numbers of Fos- and Fra-
positive immunoreactive neurons in the hypothalamus 3 h after exposure to oestrous ewes.

b. Relationship of serum steroid concentrations to male preferences—
Testosterone is critical for the expression of masculine sexual behaviours in all vertebrates
(27). Minimal threshold concentrations of serum testosterone are required for expression of
mating behaviour in sheep (28). Several reports have shown that the concentration of serum
testosterone is not different between male- and female-oriented rams indicating that
variations in androgen concentrations cannot account for differences in sexual partner
preference and sexual drive in adult rams (16,21,29). In contrast, we observed that in
anaesthetised rams concentrations of testosterone in both jugular and testicular vein serum
are greater in female-oriented than in male-oriented and asexual rams (14,29). The
difference in androgen concentrations between conscious and anaesthetised rams may relate
to either a direct effect of anaesthesia on the central nervous system, or to acute elevations in
cortisol induced by the endocrine response to anaesthesia and immobilisation. Cortisol can,
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in turn, suppress androgen synthesis by acting on the hypothalamic and pituitary (30,31) or
directly on the testis (32,33). Cortisol levels were higher in male-oriented and asexual rams
than in female-oriented rams when blood samples were taken under anaesthesia. These
results indicate that male-oriented and asexual rams experienced more anaesthesia-related
stress than female-oriented rams. In contrast, cortisol levels measured under control
conscious conditions did not differ among groups. However, this distinction in stress
response between ram classes was not observed in a subsequent study that used restraint as
the acute stressor (34). The discrepancy indicates that anaesthesia unmasks dissimilarities
between ram classes that cannot be explained simply by a variation in stress responsiveness
but could entail differences in the direct effect that anaesthesia exerts on the central nervous
system, further supporting the idea that functional differences exist between the brains of
rams that differ in sexual behaviour expression and partner preference.

c. Oestrogen responsiveness of male-oriented rams—The positive feedback effect
of oestrogen on gonadotrophin secretion is sexually dimorphic in sheep (35). Treatment of
intact, ovariectomised or anoestrous ewes with oestradiol initially decreases serum LH
(negative feedback), but is followed by an LH surge within 16 - 22 h (positive feedback).
Oestrogens exert negative feedback, but fail to evoke positive feedback, in rams and ewes
exposed prenatally to androgen. Male- and female-oriented rams, whether intact or
castrated, exhibit similar feedback responses to oestradiol (17,36). Both classes of rams
exhibit an initial negative feedback response to oestradiol injections, followed by a
prolonged recovery and overshoot of LH concentrations that does not meet the criterion of
an LH surge (i.e. LH values exceeding twice the average pre-oestradiol baseline
concentration for a minimum of six consecutive hours (37)).

Reproductive behaviours in sheep are strongly influenced by gonadal hormones and are also
sexually dimorphic. Sexual activity in ewes is under the control of progesterone and
oestradiol. Progesterone derived from the corpus luteum primes the central nervous system
for the subsequent induction of oestrous behaviour by oestradiol. When paired with a ram, a
ewe in oestrous will permit a male to investigate her genital region and eventually stand still.
Once the ewe stands for the ram she will usually tail-fan and turn her head back to the ram
while remaining immobile. This behaviour is quickly followed by the ram mounting.
Oestrogens fail to promote oestrous behaviours in rams or prenatally androgenised ewes.
Similar to their inability to express an LH surge, male- and female-oriented rams do not
exhibit female-typical behaviours in response to progesterone and oestrogen (36). Taken
together these data suggest that the neural mechanisms controlling LH surge and female-
typical responses to oestradiol are defeminised in male-oriented rams.

2. Neurobiological correlates of ram sexual partner preference

Perkins et al. (17) were first to suggest that male-oriented rams exhibited neurobiological
attributes more typical of ewes than of female-oriented rams when they reported that the
oestrogen receptor content of the amygdala was significantly higher in female-oriented rams
than in male-oriented rams and ewes. This observation is interesting because the amygdala,
especially the medial amygdala, has been suggested as one candidate site for integrating
chemosensory and hormonal cues important for the expression of opposite-sex odor
preferences and copulatory behaviours (38,39). Further evidence that the amygdala is
important for the expression of sexual partner preference is the recent observation that
amygdala connectivity is sex-atypical in homosexual men and women (40).

Resko et al. (14) reported that aromatase activity is significantly higher in the medial
preoptic area of female-oriented rams than of male-oriented rams (ewes were not used for
comparison in this study). Previous studies in rats demonstrated that the capacity for
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aromatisation in the medial preoptic is greater in males than in females and this difference is
sexually differentiated in rats (41). Thus, it can be speculated that the reason for lower levels
of aromatase activity in adult male-oriented rams was the result of processes that occurred
prenatally.

In 2004, we reported that male-oriented rams, like ewes (in midluteal phase), have a smaller
cluster of cells in the preoptic area/anterior hypothalamus than female-oriented rams (42).
This area was named the ovine sexually dimorphic nucleus (0SDN) because of its
neuroanatomical similarity to the sexually dimorphic nucleus of the preoptic area in rats.
The oSDN is also reminiscent of the INAH3 in humans, which is smaller in homosexual
men and heterosexual women than in heterosexual men (43). The cSDN is an oblong group
of cells situated bilaterally adjacent to the third ventricle comprising the central component
of the medial preoptic nucleus. It can be identified by both its dense Nissl stain and high
expression of aromatase MRNA (Figure 1). The correlation between 0SDN size and sexual
preferences are believed to be functionally important because the medial preoptic area/
anterior hypothalamus is essential for the expression of male copulatory behaviours and has
been shown to play an important role in male typical sexual partner preferences (44).
Differences in the size of the 0SDN among female-oriented rams, male-oriented rams and
ewes are not due to differences in adult exposure to testosterone because these differences
persist even after adult sheep are gonadectomised and treated with physiological
concentrations of T. Rather, recent observations from our laboratory suggest that the 0SDN
develops prior to birth.

3. Developmental origins of adult sexual partner preferences

To better understand the process of brain differentiation in sheep and its role in sexual
preference, we studied the ontogeny of the oSDN in fetal lambs and found that aromatase-
containing neurons constitute a nascent oSDN as early as day 60 of gestation, which clearly
becomes sexually dimorphic by d 135 when it is two times larger in males than in females.
Exposure of fetal female lambs to exogenous testosterone from day 30 to 90 of gestation
resulted in an enlarged or masculinised 0SDN typical of genetic males (45). These data
indicate that sexual differentiation of the 0SDN occurs prenatally. These results raise the
question of whether differences in 0SDN volume between adult male- and female-oriented
rams also arise from individual variations in prenatal hormone exposure. This question
cannot be answered directly since there is no way of determining which male fetuses will
express same-sex attractions as adults. Nonetheless, the larger volume of the 0SDN in males
and testosterone exposed females suggests that the numbers of neurons and/or volume of
neurophil comprising the 0SDN are established by androgen exposure during early
development and may later predispose adult rams to express a sexual attraction to either
ewes or other rams.

Given the correlation between sexually differentiated structure of the 0SDN and adult sexual
partner preferences, we attempted to influence the organisation of adult sexual partner
preferences in rams by pharmacologically disrupting testosterone’s action in the developing
brain, using the aromatase inhibitor ATD (1,4,6-androstatriene-3,17-dione) during the period
of gestation when the sheep brain is most sensitive to the behaviour modifying effects of
exogenous testosterone, i.e. gestational days 50 - 80 (46). We reported initially that
aromatase activity is high within the fetal lamb hypothalamus during the critical period and
that ATD injections given to pregnant ewes inhibited aromatase activity in the fetal lamb
brain by >85% (47). However, ATD exposure under this experimental paradigm did not
interfere with the expression of male-typical sexual partner preferences, or defeminisation of
receptive behaviour and LH surge mechanism. We next evaluated higher doses of ATD
administered for longer periods of gestation that encompassed the entire critical period of
gestational days 30 - 90. Again, ATD exposed rams did not differ from control rams in
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terms of sexual partner preferences, age of sexual maturation, copulatory behaviours, or
behavioural and LH surge responses to oestrogen. Moreover, the volume of the oSDN was
not reduced after exposure to ATD in either of these experiments (our unpublished
observations). These results indicate that aromatisation is unlikely to account for brain
masculinisation and defeminisation in the ram. Instead, brain sexual differentiation is
possibly controlled through an androgen receptor mechanism. Further studies are needed to
test this hypothesis by determining whether pharmacological treatments which block
androgen receptors during fetal development can disrupt male-typical sexual differentiation
in rams.

Conclusions

The domestic ram is a unique animal model that exhibits exclusive same-sex sexual partner
preferences. Male-oriented rams actively court other rams using male-typical sexual
solicitations (e.g. genital sniffs, licks, nudges, and leg kicks), while completely ignoring
oestrous ewes. Yet, with respect to their responses to gonadal hormones and capacity to
show sex-typical consummatory behaviours, male-oriented rams show male-typical
mounting, not oestrogen-induced receptivity and LH surge secretion. These observations can
be interpreted to suggest that male-oriented rams, like female-oriented rams, are
masculinised and defeminised with respect to mounting, receptivity, and gonadotrophin
secretion, but are not defeminised for sexual partner preferences. This is one of few
examples, other than humans and nonhuman primates (48), where sexual behaviours and
sexual partner preferences are dissociated suggesting that these behaviours may be
programmed differently. Together with their female-typical mate preference, male-oriented
rams have a small, i.e., female-typical, 0SDN. This observation reinforces the notion that
there are aspects of brain structure and function which are also not completely defeminised
in male-oriented rams. Although the exact function of the 0SDN is not yet known, its
volume, length, and cell number correlate with sexual partner preference and, as such, a
dimorphism in its volume and of cells could bias the processing of sexually relevant sensory
cues involved in mate choice. Finally, although our research suggests that the 0SDN
develops prenatally, more research is needed to understand the requirements and timing of
its development and ultimately whether and how prenatal programming effects the
expression of sexual partner preferences in adults.
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Figure 1.

Coronal view through the medial preoptic area-anterior hypothalamus showing the location
of the oSDN. (A) Digitised autoradiogram illustrating aromatase mRNA expression. (B)
Thionin stained adjacent brain section. Abbreviations: AC, anterior commissure; SON,
supraoptic nucleus; vPVN, ventral paraventricular nucleus. Reprinted with permission from
(23)
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Figure 2.

Differences in the volume of the oSDN among luteal phase ewes and gonadally-intact
female- and male-oriented rams. Data are presented as means + SEM. Bars marked with
different letters are significantly different; P < 0.05. Reprinted with permission from (42).
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