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ABSTRACT: Fertility control offers a potential alternative for controlling an abundance of wild
ungulate populations where lethal methods are infeasible or unacceptable. A promising nonste-
roidal, nonimmunologic approach to reversible contraception consists of agonist of gonadotropin-
releasing hormone (GnRH). We evaluated the effects of the GnRH agonist, leuprolide, on re-
production, the suppression of luteinizing hormone (LH) and progesterone, blood parameters,
and reproductive behavior in captive female mule deer (Odocoileus hemionus) during December
1999 through June 2001. Leuprolide, administered as a controlled release formulation (ATRI-
GELt), was 100% effective in preventing pregnancy for one breeding season. Infertility was
achieved by suppressing LH levels, which prevented ovulation and the formation of corpus lu-
teum. Treated females regained normal ovarian function and conceived the following breeding
season. Leuprolide had no adverse effects on blood chemistry and hematology, body weight
dynamics, or the general health of treated females. In contrast to our predictions, leuprolide did
not suppress estrous behavior in female deer during the ‘‘normal’’ breeding period, nor did treated
females return to normal ovarian function and exhibit reproductive behaviors during the post-
breeding period. This prolonged-release leuprolide formulation offers an alternative approach to
reversible contraception in female deer that overcomes some of the problems associated with
existing technology.

Key words: Contraception, GnRH agonist, leuprolide, luteinizing hormone, mule deer, re-
productive behavior.

INTRODUCTION

Fertility control has been widely advo-
cated as an innovative alternative to tra-
ditional methods for limiting the growth of
some wild ungulate populations where le-
thal control is infeasible or unacceptable.
Extensive research has been devoted to
developing antifertility agents and delivery
systems that are safe, effective, and eco-
nomical (Fagerstone et al., 2002). To date,
however, only modest successes have been
achieved (Naugle et al., 2002; Shideler et
al., 2002; Rutberg et al., 2004), and a prac-
tical and acceptable method for controlling
reproduction in free-ranging wildlife pop-
ulations has not yet been attained. Clearly,
significant advancements with regard to
treatment duration, application, and ad-
verse effects are needed if fertility control

is to become a useful tool for managing
overabundant wildlife populations.

A promising new approach to contra-
ception in wild ungulates involves using
agonists of gonadotropin-releasing hor-
mone (GnRH). GnRH is an endogenous
neuropeptide that has an obligatory role in
reproduction. It is naturally secreted in a
pulsatile pattern from neurons in the hy-
pothalamus and specifically directs gona-
dotropes in the anterior pituitary gland to
synthesize and release luteinizing hormone
(LH) and follicle-stimulating hormone
(FSH). These latter two hormones, in
turn, control the proper functioning of the
ovaries in females and testes in males (Ha-
zum and Conn, 1988).

The chemical structure of endogenous
GnRH has been determined (Matsuo et
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al., 1971), and alterations in the molecule
have led to the synthesis of potent GnRH
agonistic analogs (Karten and Rivier,
1986). Long-term treatment with GnRH
agonists has been shown to prevent ovu-
lation by decreasing GnRH receptors on
gonadotropes, receptor sensitivity to
GnRH (Nett et al., 1981), pituitary LH
content (Aspden et al., 1996), and by sup-
pressing pulsatile secretion of LH and
FSH (D’Occhio et al., 1996). These con-
ditions persist as long as the agonist is pre-
sent, but, once treatments are terminated,
normal ovarian function is restored (Berg-
feld et al., 1996). Agonists of GnRH have
been used in domestic ungulates as fertil-
ity agents for controlling ovarian activity,
gonadal steroidogenesis, and reproduction
(McNeilly and Fraser, 1987; Montovan et
al., 1990; D’Occhio et al., 2002). However,
the use of a GnRH agonist to suppress
ovulation and reproduction in wild ungu-
lates is limited (Becker and Katz, 1995;
Baker et al., 2002, 2003), due, in part, to
the need for continuous delivery of a ther-
apeutic dose for the duration of the breed-
ing season. Recently, the impracticality of
this approach for wildlife applications has
been largely overcome by the develop-
ment of long-acting biodegradable im-
plants that can deliver a sustained release
of GnRH agonist over a predetermined
time period (Ravivarapu et al., 2000; Trigg
et al., 2001).

In previous research, the GnRH agonist,
leuprolide, was administered to female elk
(Cervus elaphus) in a controlled-release
formulation (ATRIGELt), and 100% con-
traception was achieved for one breeding
season, without significant behavioral or
physiologic side effects (Baker et al.,
2002). Concurrent with that experiment,
this companion study was conducted with
female mule deer (Odocoileus hemionus).
Our specific objectives were to determine,
in mule deer, 1) the effectiveness of a
GnRH agonist in preventing pregnancy, 2)
the duration of GnRH agonist suppression
of LH and progesterone secretion, 3) the
short-term behavioral and physiologic side

effects (if any) of GnRH agonist treatment,
and 4) the reversibility of GnRH agonist–
induced infertility, if achieved.

MATERIALS AND METHODS

Animals

Mule deer, like other cervids, are seasonally
polyestrus and exhibit an endogenous circan-
nual breeding cycle of reproductive neuroen-
docrine activity that is influenced by photope-
riod (Asher et al., 1998). In temperate North
America, the breeding season is characterized
by decreasing day length, with peak breeding
activity occurring during mid-November to
mid-December (Anderson, 1981). Parturition
generally occurs in June, after a gestation pe-
riod of about 200 days (Golly, 1957). Unbred
females may undergo five to six recurrent es-
trous cycles of 18–30 days in length, extending
through March (Wong and Parker, 1988). Co-
incidental with increasing day length, repro-
ductive cycles cease and females remain anes-
trus from April until November (Plotka et al.,
1977).

The captive mule deer used in this experi-
ment were permanently maintained at the Col-
orado Division of Wildlife’s Foothills Wildlife
Research Facility (Fort Collins, Colorado,
USA). Experimental animals were trained to
repeated handling, weighing, blood sampling
techniques, and holding pens. When not in-
volved in the intensive sampling procedures of
this study, deer were maintained in a fenced
pasture (5.0 ha) of native vegetation and fed a
diet consisting of ad libitum quantities of leafy
alfalfa hay, grain supplement, trace mineral
blocks, and water.

Experimental design

During December 1999 through June 2001,
we evaluated the effects of leuprolide on preg-
nancy, LH and progesterone secretion, blood
parameters, and the reproductive behavior of
captive female mule deer. Thirteen adult fe-
male deer (2–6 yr old; weight, 65–75 kg) and
two adult intact male deer (2–4 yr old; weight,
75–90 kg) were included in the experiment.
Female deer were assigned to one of three ex-
perimental groups on the basis of their tracta-
bility for handling and blood sampling. Five
deer (group A) received 10 mg leuprolide (D-
Leu6-GnRH-Pro9-ethylamide) in a 90-day sus-
tained release formulation using the ATRI-
GELt drug delivery system (Atrix Laborato-
ries, Inc., Fort Collins, Colorado; Dunn et al.,
1994). This dose was derived from a similar ex-
periment with female elk in which a 32.5-mg
implant (8.3 mg kg21 body weight [BW]) sup-
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pressed ovulation and pregnancy for one
breeding season (Baker et al., 2002). This dose
was adjusted for deer on a body mass basis, and
the average dose was delivered to all deer (7.0
mg kg 21 BW). Five deer (group B) served as
controls for comparing the effects of leuprolide
on pregnancy rates and reproductive behavior.
These groups of deer were maintained together
in the same pasture with two intact adult male
mule deer from 17 December 1999 until 31
March 2001. The remaining three deer (group
C) served as nonpregnant controls and were
placed in a separate pasture (2.1 ha) without
direct contact with male mule deer. We com-
pared LH and progesterone secretion, blood
chemistry and hematology, and BW dynamics
of these females (group C) with those treated
with leuprolide (group A). Nonpregnant con-
trol females (group C) provided a more rep-
resentative comparison to treated deer for
these measurements than potentially pregnant
deer, thus the need for two control groups.

Treatments were applied as follows. On the
day of application (12 December 1999), deer
(group A) were moved from 5-ha pastures to
individual isolation pens, weighed (60.5 kg),
and sedated intramuscularly with ketamine
(200 mg) 1 xylazine hydrochloride (100 mg of
Rompun; Bayer, Leverkusen, Germany). A
patch of hair (approximately 3 cm in diameter)
was shaved from the shoulder region of each
female, and the leuprolide formulation was in-
jected subcutaneously, using an 18-gauge nee-
dle and a 1-ml syringe. Sedation was reversed
with yohimbine (0.125 mg/kg Antagonilt; Wild-
life Laboratories, Fort Collins, Colorado) ad-
ministered intravenously. Once recovered, deer
were returned to 5-ha pastures. Control deer
(groups B and C) did not receive a placebo for-
mulation.

Measurements

Reproduction: The effect of leuprolide on
reproduction in treated (group A) and untreat-
ed (group B) deer was evaluated in two ways:
by determining 1) pregnancy rates, using the
presence or absence of pregnancy specific pro-
tein B (PSPB; BioTracking, Moscow, Idaho,
USA) in serum collected at approximately 85
and 150 days of gestation (Wood et al., 1986),
and 2) the incidence of fawning. Fawning data
included parturition dates and the number and
birth weights of fawns in control and treatment
groups born during June–July 2000. Similar
measurements were made during June–July
2001, to evaluate the reversibility of leuprolide
treatment.

Hormones: The effects of leuprolide on the
duration of suppression of LH were evaluated

by periodically conducting pituitary stimulation
trials. These challenge trials were conducted
during 1 December 1999 to 11 November
2000, to determine the capability of LH cells
to respond to stimulation with an exogenous
dose GnRH analog. Four deer were randomly
selected from group A as being representative
of leuprolide-treated deer. All three untreated
deer in group C were included in these com-
parative trials. GnRH analog (D-Ala6-GnRH-
Pro9-ethylamide; Sigma Chemical Co., St. Lou-
is, Missouri, USA) was administered to treated
(group A) and control (group C) deer 12 days
before leuprolide treatment (pretreatment) and
at 45, 85, 120, 150, and 334 days after treat-
ment. Serum samples for progesterone levels
were also collected for each deer on each of
these trial days. The final GnRH challenge trial
(11 November 2000) provided hormonal evi-
dence of the reversibility of LH and progester-
one levels after leuprolide treatment.

Pituitary stimulation trials were conducted
according to the following procedures. On the
day of testing, selected deer from groups A and
C were moved from 5-ha pastures to individual
isolation pens, weighed, sedated (as previously
described), and fitted nonsurgically with in-
dwelling jugular catheters. GnRH analog (1 mg/
50 kg BW) was administered through the cath-
eter, and blood samples (5 ml) were collected
0, 120, 180, 240, 300, 360, 480, and 600 min
after injection. After collections, blood was
stored at 4 C for 24 hrs until serum was ob-
tained by centrifugation (1,500 3 G for 15
min). Serum was then stored at 220 C until it
was analyzed for LH and progesterone levels.
After the last blood collection, catheters were
removed, and animals were returned to their
respective pastures.

Blood parameters: The physiologic side ef-
fects of leuprolide were evaluated by compar-
ing serum chemistry and hematology, seasonal
BW dynamics, and the general health of treat-
ed (group A) and control (group C) deer. Blood
sample collections and body mass measure-
ments were made in conjunction with pituitary
stimulation trials. Blood samples for hematol-
ogy and serum chemistry assays were collected
120 days after treatment and submitted for
analysis (Colorado State University Veterinary
Teaching Hospital, Clinical Pathology Labora-
tory, Fort Collins, Colorado).

Serum chemistry profiles were obtained us-
ing a Hatachi 917 autoanalyzer (Roche/Boeh-
ringer Mannheim, Indianapolis, Indiana, USA)
for the following parameters: glucose, creati-
nine, phosphorus, calcium, magnesium, total
protein, albumin, globulin, albumin:globulin ra-
tio, bilirubin, creatinine kinase (CK), aspartate,
aminotransferase, g-glutamyltransferase, sorbi-

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



716 JOURNAL OF WILDLIFE DISEASES, VOL. 40, NO. 4, OCTOBER 2004

TABLE 1. Description of mule deer reproductive behaviors and associated behavior categories.

Behavior categories Reproductive behavior

Male precopulatory Male courtship behavior directed toward an individual female to in-
duce or detect estrus (i.e., tending, herding, rushing, low head
stretch, flehmen, tongue flick, lick vulva, chivy, or rub body)

Female precopulatory Female courtship behavior directed toward the dominant male to
arouse copulatory behavior (i.e., bolt, circle male, self-urination,
rub male, mount male, or lordosis)

Copulatory Male behavior directed toward a receptive female in estrus (i.e.,
precopulatory mounts, intromission, or pelvic thrust)

tol dehydrogenase, sodium, potassium, chlo-
ride, and bicarbonate.

Values for the following hematologic param-
eters were determined using an ADVIA 120
autoanalyzer (Bayer Corp., Tarrytown, New
York, USA): nucleated cells, neutrophils, lym-
phocytes, monocytes, eosinophils, plasma pro-
tein, erythrocytes, hemoglobin, packed cell vol-
ume, mean corpuscular volume, mean corpus-
cular hemoglobin concentration, platelets, and
fibrinogen.

Reproductive behavior: We tested two hy-
potheses relative to the effects of leuprolide on
the reproductive behavior of mule deer. First,
because leuprolide was expected to suppress
gonadotropin secretion and ovulation, we pre-
dicted that estrous behavior during the normal
breeding season would be reduced in leupro-
lide-treated females (group A), compared with
control deer (group B). Second, because deple-
tion of the leuprolide implant (90 days) was for-
mulated to occur before seasonal anestrus, we
predicted that ovulation and associated behav-
ioral estrus would resume in treated females
(group A) before the end of the breeding pe-
riod, and, as a result, the rate of reproductive
interactions in these deer would be greater
than that for untreated (group B) deer. These
two hypotheses were tested by examining ef-
fects of the leuprolide formulation on repro-
ductive interactions of male and female mule
deer during two time periods: 1) the normal
breeding season (17 December 1999–30 Janu-
ary 2000) and 2) post-breeding season (21 Feb-
ruary–31 March, 2000).

On 12 December 1999, all deer in group A
were treated with the leuprolide formulation
and released, together with control deer (group
B), into a 5-ha pasture. Five days later, two
adult, intact male mule deer were placed with
these females, and behavioral observations
were initiated. All female deer were individu-
ally identified with color-numeric neck bands,
and male deer were identified with different
colored ear tags. Behavioral measurements
were made from a distance of 50–300 m, from

an elevated tower (10 m) situated at one end
of the pasture, using binoculars and a spotting
scope. As a result of equipment failure, night-
time behavioral observations were not con-
ducted. Selected behaviors were recorded us-
ing a laptop computer and software (Ottoni,
2000; EthoLog 2.25).

Focal animal sampling procedures were used
to sample reproductive behaviors over a 12-hr
period (Lehner, 1996). Preliminary observa-
tions indicated that deer were most active at
dawn (5:00–8:00 AM), evening (2:00–5:00 PM),
and night (8:00–12:00 AM). Because we could
not adequately view deer at night, we sampled
at midday. Thus, time-of-day sampling periods
were randomly assigned each wk using a ran-
domized block design. Each sampling period
consisted of at least 1–3 hr of continuous ob-
servations. Twenty-seven reproductive interac-
tions were identified and recorded (Geist,
1981), but our sample size for each of these
individual behaviors was small, so behaviors
were grouped into three general categories:
male precopulatory, female precopulatory, and
copulatory (Table 1). Our experimental unit for
analysis was the individual female in each ex-
perimental group. Behavioral interactions were
generally of short duration (,30 sec) relative to
the sampling interval; therefore, the number of
occurrences of each event was recorded rather
than the length of time, and calculated rates of
sexual interactions were recorded as behaviors
per animal per hour and then multiplied by 24,
for a daily rate.

Hormone radioimmunoassay: Serum con-
centrations of LH were quantified by means of
an ovine (o) LH radioimmunoassay (Nett et al.,
1975). Mule deer serum was demonstrated to
inhibit binding of 125I-labeled oLH to LH an-
tiserum in a parallel manner. Similarly, when
different quantities of oLH standard (NIH-
OLH-S24) were added to mule deer serum and
samples were subjected to radioimmunoassay,
the values obtained were increased by the
quantity of oLH added (r250.98, b150.93,
SE50.18, P50.002). These results indicated
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that the radioimmunoassay provided a quanti-
tative assessment of LH in mule deer serum.
The limit of sensitivity of the LH assay was 0.04
ng ml21. Serum concentrations of progesterone
were also determined using radioimmunoassay
methods (Niswender, 1973). The sensitivity of
the progesterone assay was 0.12 ng ml21. Intra-
and interassay coefficients of variation for each
of these assays were ,10%.

Statistical analysis: Hormone concentra-
tions were reported as untransformed arith-
metic means6SE. The responsiveness of the
pituitary to a pharmacologic dose of GnRH an-
alog was determined in two ways: 1) maximum
response (highest concentration of LH [ng
ml21] achieved after injection, minus baseline)
and 2) total amount of LH secreted (ng ml21

min21), which was estimated by calculating the
area under the LH response curve (Abramow-
itz and Stegun, 1968).

Differences among hormone concentrations
were tested using least-squares analysis of var-
iance (ANOVA) for general linear models (SAS
Institute, 1997). Responses to treatment were
analyzed with one-way ANOVA for a random-
ized complete block design with repeated mea-
sures. Treatment effects were determined using
the total animal-within-treatment variance as
the error term. Time was treated as a within-
subject effect, using a multivariate approach to
repeated measures (Morrison et al., 1976). A
protected least-significant-difference test (Mil-
liken and Johnson, 1984) was used to separate
means when the overall F test indicated signif-
icant treatment effects (P,0.05).

Specific null-reproductive-behavior hypoth-
eses that mean behavior rates were not differ-
ent between treatment and control groups for
both the breeding and postbreeding seasons
were tested using an ANOVA model with a re-
peated-measures structure. In a similar manner
to the hormonal analysis, time was treated as a
within-subject effect using a multivariate ap-
proach to repeated measures. The covariance
structure of daily behavior rates observed for
each female were included in the model with
a first-order autoregression structure for un-
equally spaced repeated measurements. Time
of day, date effects, and their interactions were
included in the model as fixed effects, to ac-
count for other sources of variation. We used
PROC MIXED software to estimate and test
for differences in mean behavior rate by treat-
ment, time of day, and date (Littell et al.,
1996). Means and SEs were estimated using
least-squares analysis, and hypothesis tests were
based on type III generalized estimating equa-
tions that accounted for correlations in repeat-
ed measures.

RESULTS

The prolonged release leuprolide for-
mulation prevented pregnancy in all treat-
ed female mule deer (group A), whereas
the pregnancy and fawning rates of control
females (group B) were 100%. All leupro-
lide-treated deer were negative and con-
trols were positive for PSPB at 85 and 150
days of gestation. No fawns were born to
treated females, whereas the fawning rate
of control females was 1.6160.25 fawns
per doe. Treated females regained normal
ovarian function the following breeding
season, conceived (100%) and gave birth
to normal fawns in June 2001. Parturition
dates, fawning rates, and birth weights of
fawns born to leuprolide-treated and con-
trol females were similar (F1,551.03,
P50.453) in 2001, which confirmed re-
versibility of leuprolide treatments.

Leuprolide prevented pregnancy in
treated deer by suppressing LH levels for
the duration of the breeding period (Fig.
1). In treated deer (group A), leuprolide
reduced the mean maximum serum LH
response (F1,555.34, P50.035) from pre-
treatment (9.162.2 ng ml21) to baseline
levels (0.2460.04 ng ml21) by day 45, and
the suppressive effects of the agonist con-
tinued for at least 120 days after treat-
ment. Two leuprolide-treated females
showed slightly elevated serum LH levels
between 120 and 150 days after treatment;
however, the magnitude of the increase
was not significant (F1,550.52, P,0.482).
Mean maximum serum concentrations of
LH were lower (F1,554.98, P50.018) be-
tween treated (group A) and untreated
(group C) females 45, 85, and 120 days
after treatment. The suppression of LH in
treated females was followed by a return
to pretreatment levels, similar to those of
control females (F1,550.86, P50.647), be-
fore the subsequent breeding season (Fig.
1). For untreated females (group C), mean
maximum levels of LH declined in a linear
fashion over time (F1,5533.17, P50.001,
r250.82) from pretreatment (10.664.9 ng
ml21) to baseline levels (0.3960.13 ng
ml21) by 150 days after treatment.
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FIGURE 1. Longitudinal profiles of mean maximum
serum concentrations of LH (ng ml21) in control fe-
male mule deer (group C) and females treated with
a sustained release formulation containing 10 mg of
leuprolide (group A) after challenge with GnRH an-
alog. Results are shown as means6SE. Different low-
ercase letters indicate significant differences between
means among treatment time intervals (P#0.05).

FIGURE 2. Longitudinal profiles of mean proges-
terone concentrations (ng ml21) in control female
mule deer (group C) and females treated with a sus-
tained release formulation containing 10 mg of leu-
prolide (group A). Results are shown as means6SE.
Different lowercase letters indicate significant differ-
ences between means among treatment time intervals
(P#0.05).

The suppressive effects of leuprolide on
corpus luteum formation and steroidogen-
esis were evidenced by its effects on serum
progesterone levels in treated, compared
with control, deer (Fig. 2). Serum proges-
terone concentrations of treated deer de-
clined (F1,558.66, P50.023) to nondetect-
able levels by 45 days after treatment and
remained at those levels for the duration
of the breeding period, which indicated
that additional ovulations did not occur.
For untreated deer, serum progesterone
was more variable and consistently higher
(F1,556.58, P#0.026) than for treated deer
45, 85, 120, and 150 days after treatment.
The increased serum progesterone con-
centration during this period probably re-
flected regular estrous cycles until after
day 150, when the effects of seasonal an-
estrus reduced progesterone levels to basal
concentrations. As evidence of contracep-
tive reversibility, progesterone concentra-

tions returned to pretreatment levels dur-
ing the fall 2000 breeding season.

Leuprolide had no effect (F1,551.34,
P.0.685) on serum chemistry and hema-
tologic parameters or seasonal changes in
body mass in treated deer (group A), com-
pared with control deer (group C). With
the exception of CK, a muscle-derived en-
zyme, all individuals were clinically similar.
Treated females showed elevated CK lev-
els compared with untreated deer
(F1,558.74, P50.037). No health-related
problems were observed for either leupro-
lide-treated or untreated deer during the
course of the study.

Reproductive behaviors and dominance
interactions were observed as soon as male
deer were released into pastures with
treated and control female deer. However,
because the adult males were unequal in
age and body size, male-to-male interac-
tions were generally of short duration and
low intensity. Dominance was established
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FIGURE 3. Mean (6SE) reproductive behavior
rates during the breeding season for control female
mule deer (group B) and females treated with a sus-
tained release formulation containing 10 mg of leu-
prolide (group A). Columns with different lowercase
letters indicate significant differences between means
(P#0.05).

in 3–4 days, after which the subdominant
male retreated to the most-distant location
of the pasture and rarely interacted with
females or the dominant male for the re-
mainder of the study.

During the normal breeding season, we
observed courtship behavior between the
dominant male and 10 female deer be-
tween 17 December 1999 and 30 January
2000 (34 days). Data were analyzed from
51 sampling periods (125.2 hr): 20 periods
at dawn (36.2 hr), 16 at midday (36.0 hr),
and 15 during evening (25 hr). The aver-
age duration of the sampling period was
1.960.1 hr. Behavioral observations during
the postbreeding season were recorded for
7 days from 21 February 2000 to 18 March
2000. Data were collected and analyzed
from seven 4-hr sampling periods (28 hr):
four periods at dawn and three periods
during evening. No reproductive behaviors
were recorded for the midday sampling
period during the postbreeding season.
Observation periods averaged 4.060.1 hr
in length. Because of equipment failure,
nighttime observations were not conduct-
ed.

Contrary to our first hypothesis, repro-
ductive interactions during the normal
breeding season were not reduced in leu-
prolide-treated females compared with con-
trols (Fig. 3). Instead, breeding behavior
rates were similar in all deer for female pre-
copulatory (F1,852.52, P50.151) and copu-
latory behavior (F1,850.003, P50.952),
whereas male precopulatory behavior rate
was almost twice as high toward treated fe-
males compared with controls (F1,858.09,
P50.022) (Figs. 3, 4a). Daily behavior rates
were generally episodic and highly variable
for all three behavior categories (Figs. 4 a,
b, c). We did not detect a trend in female
precopulatory behavior rate (F1,49851.53,
P50.217) or copulatory behavior rate
(F1,49852.07, P50.190), but there was a
slight declining trend in male precopulatory
behavior rate (F1,49854.07, P50.044). There
were no treatment 3 time interactions for
any of the behavior categories (male precop-
ulatory, F1,49851.57, P50.211; female pre-

copulatory, F1,49850.80, P50.372; and cop-
ulatory, F1,49850.02, P50.877).

We also rejected our second hypothesis,
because the duration of leuprolide efficacy
was longer than we had predicted. Leu-
prolide-treated females did not resume
normal estrous cycles during the post-
breeding season, and reproductive behav-
ior rates did not increase compared with
controls. Almost no sexual interactions
were observed between the dominant
male and either leuprolide-treated or con-
trol females during the postbreeding sea-
son (Figs. 4 a, b, and c).

DISCUSSION

Leuprolide, administered as a sustained
release formulation, effectively suppressed
secretion of LH and progesterone and
prevented conception in female mule deer
for one breeding season. Treated females
regained normal ovarian function the fol-
lowing breeding season, subsequently be-
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FIGURE 4. Male precopulatory (A), female precop-
ulatory (B), and copulatory (C) behavior rates for
control (white circles) and leuprolide-treated (black
circles) female mule deer during the breeding period.
Treated females were given a sustained release for-
mulation containing 10 mg leuprolide. Note: Y-axis
scale is different for each graph.

came pregnant, and gave birth to fawns
that were similar in body mass and general
health to those born to untreated deer.
The leuprolide-induced reduction in con-
centrations of LH and progesterone in this
study are consistent with results for fe-
males of other species treated with GnRH
agonist. Likewise, the return to normal
ovarian function after the cessation of ag-
onist treatment is similar to observations
reported for marmoset monkeys (Calli-
thrix jacchus; Lunn et al., 1992); cattle
(D’Occhio et al., 2000), dogs (Trigg et al.,
2001), and elk (Baker et al., 2002).

Leuprolide suppressed the secretion of

LH and progesterone and prevented ovu-
lation for a minimum of 120 days in deer,
which was 33% longer than the formulated
90-day delivery period. In elk, a similar
formulation of leuprolide reduced hor-
mone levels for an average of 190 days, or
111% longer than predicted (Baker et al.,
2002). The prolonged suppression of re-
productive hormones after agonist treat-
ment has also been reported for other spe-
cies, including male and female cattle
(Bergfeld et al., 1996), men (Hall et al.,
1999), and women (Broekmans et al.,
1996). The explanation for extended hor-
monal suppression by leuprolide is spec-
ulative but may be due to either residual
formulation being released from the im-
plant for more than 90 days or, more likely,
to pituitary dysfunction that continues for
a protracted period of time subsequent to
treatment (Aspden et al., 2003). Regard-
less of the mechanism, the delay (beyond
the calculated duration of the implant) to
normal ovarian function, is central to the
effectiveness of GnRH agonist as a contra-
ceptive agent in deer and elk.

Leuprolide did not suppress estrous be-
haviors in female deer during the normal
breeding season, nor did treated females
exhibit reproductive behaviors during the
postbreeding season. During the normal
breeding season, reproductive behavior
rates for treated females were equal to or
greater than those for untreated females
for all behavior categories. In particular,
male precopulatory behaviors, which dom-
inated our observations, were almost twice
as high toward leuprolide-treated females,
compared with controls. Although these
behaviors were sporadic and intermittent,
when they did occur, the rate was relative-
ly similar throughout the sampling period.
In contrast, the rate of male precopulatory
behaviors toward control females gradually
declined during the course of the normal
breeding season. This decline in behavior
rate was expected and was presumably due
to control females becoming pregnant and
the dominant male continuing to court
nonpregnant females that were exhibiting
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periodic estrous behavior. The absence of
reproductive behaviors during the post-
breeding season can be attributed to the
prolonged effectiveness of the leuprolide
formulation.

Why did leuprolide-treated females ex-
hibit estrous behavior during the normal
breeding season but not become preg-
nant? This result was unexpected, and we
can only speculate on the apparent contra-
diction. Female deer in this experiment
were treated with leuprolide at various
stages of the estrous cycle. Although leu-
prolide apparently prevented the devel-
opment of new preovulatory follicles, ex-
isting follicles capable of secreting low lev-
els of estradiol could have persisted for
several weeks after treatment (Gong et al.,
1996). In addition, preexposure to proges-
terone stimulates estrus when it is coupled
with low progesterone levels (Robinson,
1954). Therefore, if deer ovulated during
a previous estrous cycle or during a ‘‘silent
estrus,’’ as has been previously reported
for deer (Plotka et al., 1977; Harder and
Moorhead, 1980), and they were exposed
to progesterone, estrous behavior could
have been initiated by low amounts of es-
tradiol. However, because ovulation and
corpus luteum formation were blocked by
the effects of leuprolide, female deer
would continue to show estrous behavior
without becoming pregnant.

Leuprolide does not appear to affect
blood chemistry, hematology, or BW dy-
namics of treated females. Although CK
levels were elevated in leuprolide-treated
deer, we attribute those effects to dispa-
rate handling procedures between treated
and control deer before blood sampling.
Handling procedures for treated females
(group A) were often more physically rig-
orous than those for controls (group C),
because of the need to separate them from
males. CK levels can increase in uncon-
ditioned animals after vigorous exercise
and can remain elevated for 4–6 hr (Le-
febvre et al., 1994). Thus, the elevated CK
levels in treated deer, compared with con-
trols, likely reflect a bias due to a differ-

ence in animal handling procedures rather
than a treatment-induced response. Body
mass changes were similar for both treat-
ment and control deer and followed sea-
sonal patterns previously reported for
Odocoileus (Wood et al., 1962).

The reproductive behaviors of female
deer in this experiment and of elk in a pre-
vious investigation (Baker et al., 2002) ap-
pear to have followed a similar, hormonally
induced pattern of behavior in which leu-
prolide-treated females are actively en-
gaged in estrus behavior for 4–6 wk after
agonist treatment and then display a lack
of sexual receptivity for the remainder of
the breeding period. However, our obser-
vations offer only a limited view of the ef-
fects of leuprolide on seasonal reproduc-
tive behavior in deer and no insight into
potential effects on daily or seasonal activ-
ity patterns. Clearly, population-level re-
search is needed to complement and verify
our observations on confined deer and to
further assess the effects of leuprolide on
social organization, energy expenditure,
and survival in free-ranging animals.

In conclusion, leuprolide, administered
as a controlled-release formulation offers
an alternative approach to contraception in
female deer and fulfills most of the pre-
viously established criteria for an accept-
able contraceptive agent for wildlife appli-
cations (Kirkpatrick and Turner, 1991).
First, leuprolide is highly effective (100%)
in preventing pregnancy and is reversible.
A single dose prevented pregnancy in all
females for one breeding season, with a
return to normal fertility the following
year. Second, leuprolide does not require
an immunologic response to achieve effi-
cacy (Muller et al., 1997); therefore, effec-
tive contraception is accomplished without
an immunogenic adjuvant, which can
cause local tissue reactions (Stills and Bai-
ley, 1991). This attribute also enhances its
practical application over immunologic ap-
proaches, because only one capture and
treatment is required the first year for con-
traception and for subsequent years, rath-
er than relocating and retreating the same
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individual annually to maintain infertility
by boosting vaccines—any female in the
population can be targeted for treatment.
Third, leuprolide is a neuropeptide and, as
a proteinaceous agent, does not pose a
threat to nontarget species (including hu-
mans) or the environment. Fourth, no det-
rimental short-term physiologic side ef-
fects have been attributed to leuprolide
treatments, and short-term behavioral ef-
fects appear minimal. In contrast, immu-
nologic agents that impede fertilization
have been shown to prolong the breeding
season in males and females, thus poten-
tially predisposing deer to the effects of
increased energy expenditure in winter
and unpredictable long-term behavioral
consequences (McShea et al., 1997). Fifth,
the small volume required for effective
contraception facilitates administration by
syringe dart, which has been demonstrat-
ed, in elk, to be equally as effective as sub-
cutaneous delivery (Baker et al., 2003). Fi-
nally, leuprolide formulation is currently
approved by the US Food and Drug Ad-
ministration (FDA) for therapeutic use in
humans. A similar approval process could
be expected for its use as a fertility control
agent in deer. If successful, leuprolide for-
mulation could become commercially
available for wildlife management appli-
cations in the near future.
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