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Effects of Deslorelin on Testosterone Secretion
and Testicular Volume in Male Rhesus Macaques
(Macaca mulatta)

Helena D Tran,* Kelsey E Carroll,! Alexis L Mackiewicz,? Amir Ardeshir,?* Diane Stockinger,!
Thiago de Lucena,* and Kari L Christe!

Sterility in male NHP has long been achieved through surgical castration or vasectomy. However, these techniques are
irreversible, require a surgical procedure, and have potential consequences such as sperm granulomas and long recovery time.
Deslorelin is a gonadotropin-releasing hormone agonist that temporarily and reversibly suppresses sex hormone secretion.
Our goal in this study was to investigate the effects of deslorelin on testosterone secretion and testicular volume in male
rhesus macaques (Macaca mulatta). Male macaques (n = 4) each received two, 4.7-mg deslorelin implants subcutaneously in
the interscapular region. Serum testosterone and testicular volume were then monitored at specific time points until 10mo
after treatment. Testosterone suppression was defined as testosterone levels lower than 0.6 ng/mL for a sustained period of
at least 30 d. After implantation, mean testicular volume was significantly reduced by day 121. Testosterone suppression was
observed in all subjects. However, the time from implantation to testosterone suppression and duration of suppression varied.
Two macaques were hormonally suppressed by day 26 after implantation and remained suppressed for at least 6mo. The
other 2 macaques were hormonally suppressed by 2mo after implantation; of these two, one remained suppressed for 70 days
while the other was suppressed for at least 245 days. We conclude that deslorelin can safely suppress testosterone secretion
in male rhesus macaques, but individual variation in onset and duration of action should be considered when establishing

reimplantation time points and potential return to reproductive activity.

Abbreviation: GnRH, gonadotropin-releasing hormone
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Introduction

Captive animals in research and zoo settings are often re-
productively managed to maintain genetic diversity and avoid
overpopulation. Historically, contraception in captive settings
has been achieved through gonadectomies (i.e., castration or
vasectomy in males; ovariohysterectomy or tubal ligation in
females) or segregating animals by sex. Gonadectomies are
invasive, irreversible, and are associated with perioperative
discomfort and stress.'??’ Other methods of population manage-
ment, such as segregation of animals by sex, may be impractical
for some facilities and limit social interactions. These approaches
may confound study results by altering neuroendocrine and
autonomic responses.®? Oral contraception has been used in fe-
male NHP in zoo and research settings with relative success, but
adverse effects that include uterine changes and perimenstrual
bleeding have been reported.” Given these concerns, interest in
pharmacologic methods of contraception has increased because
they may provide useful refinements to the management of
reproduction in captive species.

Deslorelin is a gonadotropin-releasing hormone (GnRH) ago-
nist that may provide an affordable, reversible, and noninvasive
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alternative to surgical methods of contraception. A synthetic
nonapeptide of GnRH, deslorelin temporarily suppresses the
secretion of sex hormones, including progesterone, estrogen,
and testosterone.®® As a reproductive suppressant, deslorelin
can be used for temporary sterilization or to medically manage
sex hormone-responsive disorders, such as benign prostatic
hyperplasia in dogs and adrenocortical disease in ferrets.34¢
Given the well-established link between testosterone and
aggression among vertebrate species,>!! deslorelin may also
modulate aggressive behavior among animals in captive
populations.172%:38

Deslorelin is available as a controlled-release, bioresorb-
able implant (Suprelorin F, Virbac, Fort Worth, TX) that is
FDA-approved in the United States to manage adrenocortical
gland disease in ferrets. The effects of deslorelin are biphasic. It
initially binds to and activates GnRH receptors in the anterior
pituitary, inducing a transient stimulatory phase that may last
days to weeks.!® During this initial acute phase, there is a surge
of gonadotropins (luteinizing hormone and follicle-stimulating
hormone) which stimulates sex hormone secretion from the
gonads.?* Continuous circulation of gonadotropins leads to
the desensitization of pituitary GnRH receptors, resulting in
negative feedback on the hypothalamic—pituitary-gonadal axis.
This effect leads to a chronic phase that is characterized by the
suppression of reproductive hormones and fertility.!%13

Deslorelin has been successful in suppressing reproductive
function in male dogs,!01837:3944 cats 1531 cheetahs,’® coyotes,?
ferrets,*! sea otters,! turkeys,?’ and pigeons.® Although these
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studies have shown that deslorelin is easy to use and effective
in many species, it has been underutilized in NHP, and previous
studies on this topic had varied results. Deslorelin has success-
fully suppressed testosterone levels and aggression in male
lion-tailed macaques (Macaca silenus) receiving 9 to 12mg of
deslorelin® and olive baboons (Papio anubis) receiving 4.7 mg,?
but did not suppress testosterone concentrations or spermato-
genesis in ring-tailed lemurs (Lemur catta) given 4.7 mg.® No
changes in appetite or adverse effects were reported in these
3 studies.®?3% A study analyzing the efficacy of deslorelin in
captive zoo animals postulated that males primates (including
mandrills [Mandrillus sphinx], drills [Mandrillus leucophaeus],
baboons [Papio spp.], and lion-tailed macaques [Macaca silen-
sus]) may require higher doses to achieve suppression than do
conspecific females.!

Rhesus macaques (Macaca mulatta) are the most commonly
used NHP in research.!* Prior studies have confirmed that
testosterone suppression occurs in rhesus macaques that are
given continuous infusions of GnRH-agonists via osmotic
minipumps.2?2?5 In addition, a recent study demonstrated
successful hormonal suppression in female rhesus macaques
implanted with deslorelin.?* However, at present, no published
studies have evaluated the efficacy of deslorelin implants on
reproductive function in male rhesus macaques. The goal of
this prospective study is to determine the efficacy of deslorelin
for reducing reproductive parameters in male rhesus macaques.
We hypothesized that two 4.7-mg deslorelin implants would
suppress the production of testosterone and decrease testicu-
lar volume.

Materials and Methods

Animals. The study population comprised 4 sexually mature,
adult male rhesus macaques of similar age and weight with no
history of reproductive tract abnormalities or trauma (Table 1).
These macaques ranged in age from 7 to 9y (mean + 1 SD,
8.0+0.7y), with weights ranging between 11.7 to 19.0kg (mean,
15.9+2.7kg; median, 16.5kg). All animal procedures were ap-
proved by the University of California-Davis IACUC. Animals
were maintained in full accordance with the standards in the
Guide for Care and Use of Laboratory Animals and the Animal
Welfare Act and Regulations.*® All animals originated from and
were housed at the California National Primate Research Center,
an AAALAC-accredited, USDA-registered facility.

Macaques were fed a commercial monkey chow (Monkey
Diet Jumbo 5037, LabDiet, St. Louis, MO), and water was freely
available. Two of the study subjects were singly housed, whereas
the other 2 were pair-housed with males who were not involved
in the current study. Animals were housed indoors in standard
caging with controlled temperature and humidity (23+3°C
and 30 to 70%, respectively). Animals were maintained on a
12:12-h light:dark cycle and had visual and auditory contact
with conspecifics. The macaques had no outdoor access dur-
ing the study. Items that could be manipulated were provided
for enrichment. Before study initiation, animals were deemed

Table 1. Demographics of study animals at the time of enrollment

Age Weight Body condition Housing
Animal (y) (kg) score (1 to 5) condition
M1 7 19.0 45 Single
M2 8 11.7 3.0 Full contact
M3 9 17.0 3.5 Full contact
M4 8 16.0 3.5 Single

healthy based on physical examination, hematology, and serum
biochemistry evaluation.

Study design. Before treatment, baseline serum testosterone
levels and testicular measurements were obtained. Animals
were sedated with ketamine (10mg/kg IM) to facilitate implan-
tation and testicular measurements. Testicular dimensions were
measured by using calipers and ultrasonography. Testicular
volume was determined by using the formula for an ellipsoid:

Volume (cm?) = 4/3n x length (cm)/2 x width (cm)/
2 x thickness (cm)/2

Deslorelin implants are available in 4.7-mg and 9.4-mg for-
mulations and are labeled to provide contraception that lasts
for 6mo and 12 mo, respectively, in dogs."! The 9.4-mg option
was commercially available only in the European Union and
Australia at the time of our project initiation.!> A previous
study?® that involved deslorelin implantation of male lion-tailed
macaques reported a reduction in testosterone with 9 to 12mg
of deslorelin, whereas 6mg was ineffective.3® Because 9.4-mg
implants were not available in the United States at the time
of our study, we elected to implant each subject with two
4.7-mg deslorelin implants (Suprelorin F, Virbac) subcutane-
ously in the interscapular region. The implant matrix of the
4.7-mg formulation that we used is the same as those used
previously,® thereby enabling appropriate matching of doses
for comparison.

Blood was collected for hormonal analysis at multiple time
points before and after implantation and on the day of implan-
tation (Figure 1). All blood collections occurred between 0800
and 1100. Approximately 2mL of blood was obtained from the
cephalic or femoral vein at each time point. Within 15min of
collection, samples were centrifuged (3,000 x g for 10min) for
serum separation. The supernatant was then stored in 1.5-mL
microcentrifuge tubes at —80°C until hormonal assays were
performed. Serial testicular measurements were obtained under
ketamine sedation on day 0 (implantation day) and on days 16,
30, 63, 93, 121, 156, 184, and 305 after implantation. Macaques
were fasted for 8h prior to sedation, and blood was collected
prior to testicular measurements. On dates that did not require
testicular measurements, blood collection was performed with-
out sedation via cageside venepuncture. All animals had been
acclimated to and trained in this “arm-pull’ method prior to the
initiation of this study.

Serum testosterone concentrations were measured by the
Endocrine Technologies Core at the Oregon National Primate
Research Center by using an automated clinical immunoassay
platform (Cobas e411, Roche Diagnostics, Indianapolis, IN). The
assay range was 0.025 to 15ng/mL. The intraassay coefficient
of variation was 2.3%. Because all samples were measured in
a single assay, an interassay coefficient of variation was not
determined specifically for this study. However, the interas-
say coefficient of variation for the testosterone assay in the
Endocrine Technologies Core is 6.8%. Hormonal suppression
was defined as testosterone levels lower than 0.6ng/mL for a
sustained period of at least 30 d. We chose 0.6ng/mL as the
threshold because this value is comparable to that of castrated
rhesus macaques and is consistent with previously reported
basal testosterone levels of rhesus macaques receiving GnRH
agonists.”3*

Statistics and data visualization. We used a Kruskal-Wallis
equality-of-populations rank test (kwallis function; Stata/
MP 14.0, Stata Corporation, College Station, TX) to investi-
gate the difference in means across different points in time.
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Hormonal suppression in male rhesus macaques implanted with deslorelin
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Figure 1. Timeline of blood collection and deslorelin implantation. Numbers correspond to days relative to implantation (day 0). Red circles
indicate the days of blood collection. Stars indicate the days of testicular measurements.

Data visualizations were performed in JMP 16 (SAS Institute, Cary,
NC). Descriptive statistics are expressed as mean with SEM.

Results

Effects of deslorelin on testosterone secretion within 3 d of
implantation. In the week prior to implantation, testosterone
levels varied widely among subjects (Figure 2) and subject M2’s
testosterone concentration was below the threshold of suppres-
sion on the day of implantation. On day 3 after implantation, all
subjects showed at least a 7-fold rise in testosterone from their
individual averaged preimplantation concentrations. One ani-
mal (M2) had a 42-fold increase from baseline, whereas M1, M3,
and M4 had 20-, 11- and 7.5-fold increases, respectively. At 1 wk
after implantation, all subjects showed a decline in testosterone
as compared with day 3, but levels remained at least twice their
average preimplantation levels in all macaques but one (M4).

Duration of deslorelin-induced suppression of testosterone
levels. Two macaques (M2 and M3) showed testosterone sup-
pression by day 26 after implantation, whereas the other 2
macaques (M1 and M4) were not suppressed until 2mo after
implantation. M2 and M1 showed suppression at as early as

M1 (7Z5YR) |V

Log 10)

days 16 and 26, respectively. However, both demonstrated a
transitory escape from suppression before maintaining basal
levels for a sustained time period (at least 279 d for M2 and
70 d for M1). Similarly, the testosterone level of M4 was just over
the threshold of suppression at day 16, after which testosterone
concentrations increased for about a month before reaching
borderline suppression at day 46 and complete suppression
between days 60 and 305.

The duration of suppression varied substantially between
subjects. Testosterone levels in 2 animals (M2 and M4) were
suppressed for at least 8mo (Table 2); those in M3 and M1 were
suppressed for at least 5mo and 70 d, respectively.

Deslorelin significantly reduces mean testicular size. At
5% significance, we rejected the null hypothesis of equality
of population means at t = 0 and ¢ = 121 (P = 0.0209). To test
for differences in means between t = 0 and ¢ = 305, we used a
Kruskal-Wallis equality-of-populations rank test and failed to
reject the null hypothesis of equality of population means at
t =0 and t = 305 at 5% significance (P = 0.248). Thus, overall
testicular volume was significantly lower at 121 d but not
305 d after implantation.
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Figure 2. Testicular volume over time before and after implantation (log10 transformation) and serum testosterone concentrations before and
after implantation in macaques M1, M2, M3, and M4. The arrow indicates the day of deslorelin implantation. Red dots indicate testosterone
concentrations lower than 0.6ng/mL. The shaded grey regions indicate suppression of testosterone to lower than 0.6ng/mL for at least 30 d.
The shaded blue regions indicate baseline testosterone values obtained prior to implantation.
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Table 2. Duration of testosterone suppression

Animal Duration of testosterone suppression (d)
M1 70

M2 > 280

M3 158

M4 > 250

Duration of testosterone suppression was defined as the number
of days after implantation during which testosterone was less
0.6ng/mL for at least 30 d.

Discussion

Reproductive control is an important component in manag-
ing captive species because it ensures that population numbers
remain appropriate for the allotted space and budget of a given
facility. Deslorelin is a GnRH agonist that has been shown to
reliably suppress hormonal activity in several species.”?? In
our current investigation, we measured testicular volume and
testosterone levels in male macaques that each received two
4.7-mg subcutaneous deslorelin implants.

Preimplantation testosterone concentrations were above basal
levels in all subjects but M2 on implantation day. On days 7, 5,
and 3 before implantation, testosterone in M2 exceeded basal
levels but was below the threshold of suppression on day 0. A
possible explanation for this pattern is that testosterone secre-
tion in adult male rhesus macaques follows a diurnal pattern,
with the nadir of secretion in the morning and elevated levels
in the evening.?” In addition, testosterone secretion occurs in a
pulsatile fashion, and adult male macaques have been shown
to have 7 to 12 peaks in testosterone over a 24-h period (each
preceded by peaks of serum luteinizing hormone), with the
lowest pulse frequency in morning hours.® In an effort to re-
duce the effect of circadian variation in testosterone secretion,
we performed all blood collections between 0800 and 1100.
Monitoring serial testosterone concentrations over a 24-h period,
along with measurement of luteinizing hormone concentrations,
would enable better characterization of the circadian rhythm of
hormonal secretion and its potential effects as a confounding
variable. Although ketamine sedation was utilized to obtain
samples for hormonal analysis, ketamine is not thought to alter
testosterone levels since a previous study found no significant
difference in serum testosterone concentrations in conscious
and ketamine-sedated rhesus macaques.?’

In this study, the hormonal suppression threshold was defined
as 0.6ng/mL, which is consistent with basal levels of rhesus
macaques receiving GnRH agonists’ and comparable to that of
castrated rhesus macaques.® After implantation, all macaques
showed a transient androgen surge at day 3, consistent with
the initial stimulatory (‘flare up’) phase of the GnRH agonist.'®
Deslorelin successfully suppressed testosterone in all subjects,
although the time to and duration of suppression varied. La-
tency to effectiveness ranged between 26 to 60 d, with M2 and
M3 achieving consistent suppression by day 26 and M1 and M4
by day 60. Both M1 and M2 had basal testosterone levels on days
26 and 16, respectively. However, testosterone levels escaped
suppression for a period of 34 d for M1 and 10 d for M2 before
returning to basal levels for more than 30 d. The observed dif-
ferences in onset of action suggests that the stimulatory phase
may be subject to individual biologic variation. This factor is an
important consideration, given that animals in this phase may
exhibit normal or even enhanced fertility. As such, alternate
population control methods such as sex segregation should be
enacted during the first 1 to 2mo after implantation to prevent
unintended pregnancy.

Outdoor-housed male rhesus macaques are seasonal breed-
ers whose testosterone levels typically fluctuate widely across
a 12-mo period, with highest levels observed during the
early and middle parts of the mating season (October and
November).1%30 The reproduction of indoor-housed rhesus
macaques is less influenced by season, and macaques can breed
all year in captive settings.#! In our current study, subjects
were implanted in early November, which corresponds to the
middle of the breeding season.'®3 Hormonal suppression was
observed roughly 1 to 2mo after implantation, during December
to January, corresponding with the end of the breeding season,
when testosterone levels naturally decline in outdoor-housed
macaques.'®30 Although these observations may be interpreted
as confounding, the decrease in testosterone we observed was
of greater magnitude than the androgen decline that occurs
naturally at the end of the breeding season. In our study, tes-
tosterone was lower than 0.6ng/mL, whereas reported plasma
testosterone concentrations in outdoor-housed macaques in the
nonmating season are 3.9 to 4.0ng/mL.!¢2 Given this difference,
we speculate that the androgen suppression we saw occurred
secondary to the effect of the GnRH agonist rather than sea-
sonal hormonal variation. Future studies may investigate the
effects of deslorelin implanted in different seasons to confirm
that hormonal suppression occurs independent of seasonal
hormonal fluctuations.

Testicular volume was of interest because it directly correlates
with tubular size and gonadal function.*>#* Mean testicular
volume was significantly reduced in all subjects at 3mo after
treatment. Conversely, mean testicular volume at days 0 and
305 were not significantly different, suggesting that reduction
in testicular volume was transient and likely correlated to hor-
monal suppression. M1 had a higher testicular volume at day
16 after implantation, perhaps reflecting the stimulatory phase
with upregulation of the hypothalamic—pituitary—gonadal axis.
The testicular size of 2 subjects, M1 and M3, began to increase
gradually at around 6 mo after implantation, and by month 10,
both subjects had testicular size that was comparable to the
preimplantation volume. M2 and M4 also maintained basal
testosterone levels at 10 mo after implantation whereas M1 and
M3 did not, suggesting that hormonal suppression and testicular
size are correlated.

Because deslorelin alters sex hormone concentrations,
changes in behavior and social dynamics may occur. Although
a formal behavioral analysis was not included in this study, we
observed a change in the social dynamics between M2 and his
pair mate. M2 was singly housed at the start of the study and
was paired with a male macaque (unrelated to this study) on
day 3 after implantation. At their social introduction, M2 asserted
dominance over his partner, but the pair was otherwise affilia-
tive and compatible. At 3mo after implantation, M2 sustained
minor injuries inflicted by his partner, and a behavior analysis
reported a clear change in the dominance status between the
pair. This reversion from dominance to submission has previ-
ously been reported in an olive baboon (Papio anubis) treated
with deslorelin.?¢ For this reason, caution should be exercised
when cohousing desloresin-treated and untreated male NHP.

Despite interindividual variation in the onset and duration
of action of deslorelin, our results suggest that deslorelin sup-
presses testosterone to basal levels in male rhesus macaques
and may offer a safe and noninvasive method of contraception.
As such, deslorelin may enable the cohousing of animals of
opposite sexes or those whose aggressive behaviors previously
precluded them from group housing. Due to the drug’s revers-
ibility, animals receiving deslorelin can be bred successfully
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once the hormonal component of the implant is depleted.!
This feature maximizes the animal’s potential reproductive
capabilities, which is particularly important when genetically
valuable animals are managed for conservation or research.
Future studies may include longer post-implantation hormonal
monitoring, measurement of luteinizing hormone levels, and
behavioral analyses.
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