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Abstract

The Humane Society of the United States estimates that each year between 8 and 10 million dogs and cats enter shelters and 4-5
million of these animals are euthanized due to lack of homes. Many veterinarians within the United States recommend surgical
sterilization for population control in dogs and cats. However, there are non-surgical methods to control reproduction.
Pharmacologic methods of contraception and sterilization can be safe, reliable and reversible. Hormonal treatments using
progestins, androgens, or gonadotropin releasing hormone (GnRH) analogs act to either directly block reproductive hormone
receptor-mediated events, or indirectly block conception via negative feedback mechanisms. Immunocontraception, via vaccination
against GnRH, the luteinizing hormone receptor or zona pellucida proteins, is also possible. Intratesticular or intraepididymal
injections provide a method for non-surgical sterilization of the male dog and cat. Additional methods have been employed for
mechanical disruption of fertility including intravaginal and intrauterine devices and ultrasound testicular ablation. Alternative
approaches to surgical sterilization will be reviewed.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction 50-year perspective of research on non-surgical
methods for limiting pet reproduction.
Traditional neutering of companion animals has

been accomplished through surgical methods of

Over half of all households in the United States own
a dog or cat [1]. Although exact figures are unknown,

the Humane Society of the United States estimates that
each year between 8 and 10 million dogs and cats enter
shelters and 4-5 million of these animals are euthanized
[2]. Unwanted dogs and cats may be reservoirs or
vectors of transmissible diseases to man and to
economically valuable domestic species. In Great
Britain, feral cats kill approximately 100 million birds
and mammals each year [3]. There also are ethical
implications of euthanizing millions of animals each
year. The purpose of this review article is to present a
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sterilization, namely ovariohysterectomy (spaying)
and orchidectomy (castration). However, for under-
standable reasons, not all owners have their pets
surgically sterilized. For purpose-bred bitches and
queens, the safest, most effective and least expensive
method to prevent unwanted matings is indoor
confinement and segregation from intact males. Even
for those pets not intended for breeding, pet owners may
still be reluctant to consider surgery. In a survey in Sao
Paulo, Brazil, 56.5% of owners of adopted shelter dogs
were against surgical sterilization, citing compassion
(58.1%), unnecessary procedure (11.4%), cost (9.5%),
and behavior change (4.8%) as reasons against this
method of limiting pet reproduction [4]. In addition,
when considering feral cat and dog populations where
permanent sterilization is desired, surgical methods can
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be too time consuming and expensive to be performed
on a large-scale.

Currently, several alternatives to surgical steriliza-
tion are being investigated. For the purposes of this
discussion, contraception will be defined as a reversible
method for blocking fertility (and will not include
pregnancy termination). Pharmacologic methods of
contraception and sterilization can be safe, reliable, and
reversible. Hormonal treatments, including progestins,
androgens, or analogs of gonadotropin releasing
hormone (GnRH), act either directly to block repro-
ductive hormone receptor-mediated events or indirectly
block conception via negative feedback mechanisms.
Immunocontraception via vaccination against GnRH,
the luteinizing hormone (LH) receptor, or zona
pellucida proteins are also possible. Intratesticular or
intraepididymal injections provide a method for non-
surgical sterilization of the male dog and cat. Additional
methods have been employed for mechanical disruption
of fertility, including intravaginal and intrauterine
devices and ultrasound testicular ablation. Research
investigating non-surgical approaches to contraception
and sterilization will be reviewed.

2. Hormonal down-regulation

Hormonal down-regulation is an alternative for
temporary suppression of fertility in breeding animals.
Exogenous steroid hormones suppress fertility indir-
ectly via inhibition of pituitary gonadotropin secretion
and release (mainly LH) [5].

2.1. Progestins

2.1.1. Female dogs and cats

Megestrol acetate, a synthetic progestin, is a
tasteless, odorless crystalline powder. Megestrol acetate
is rapidly metabolized when given orally, with a half-
life of 8 days in the dog [6]. Megestrol acetate has been
used extensively for temporary estrus suppression in the
bitch. When megestrol acetate was administered to
bitches at a daily dose of 2.2 mg/kg body weight orally
for 8 days (beginning in early proestrus), estrus was
suppressed in 92% of cases [7]. Pyometra, a reported
side effect of megestrol acetate treatment, developed in
0.8% of treated bitches [7]. Megestrol acetate was also
effective at suppressing estrus in queens when given at a
dose of 5 mg/cat orally for 5 days and then once weekly
[6,8]. Reported side effects of prolonged megestrol
acetate treatment in dogs included: increased appetite
leading to weight gain; lethargy or restlessness [6,8];
marked mammary stimulation with hyperplastic and/or

neoplastic changes; clinical and pathologic changes
typical of diabetes mellitus [9,10]. Similar side effects
have also been reported in queens [6,11,12].

Medroxyprogesterone acetate (MPA) is a long-acting
injectable progestin that has been used to suppress estrus
in the bitch and queen but to a more limited extent than
megestrol acetate, due to the high incidence of side
effects. Occurrence of uterine disease was common in
MPA -treated animals. The prevalence of uterine lesions
on histopathology (after ovariohysterectomy) was 45%
for bitches treated with MPA for estrus suppression,
compared to 5% for untreated animals [13]. In addition to
uterine lesions, subcutaneous administration of MPA in
dogs has resulted in clinical signs consistent with
adrenocortical suppression (e.g. alopecia, hair discolora-
tion, thinning of the skin and mobilization of sub-
cutaneous fat) [14]. It is noteworthy that MPA is not
recommended for use in cats [15].

Proligestone (14a,17a-propylidene-dioxy proges-
terone) is a unique progestin with weaker progestational
activity than other synthetic progestins [16]. Proliges-
tone is marketed in Europe (Delvosteron, Intervet) as an
injectable canine contraceptive. The manufacturer
claims that it is safe to use for prevention, delay or
suppression of estrus when given to female dogs at an
initial dose of 10-30 mg/kg SQ, with repeated
administration 3 and 7 months later [17]. It can also
be given to female cats (1 mL subcutaneously), causing
estrus suppression for about 6.5 months [17]. In clinical
trials, this regimen did not promote development of
uterine disease or mammary tumors [16].

Canine and feline contraception through hormonal
manipulation has been practiced for many decades, with
the first report by Murray and Eden [18]. However, most
of our understanding regarding the side effects of
progestin administration in dogs comes from research on
human contraceptives for which dogs served as animal
models. In 1962, the U.S. Congress passed the Kefauver-
Harris Amendment that mandated all drugs developed for
use in humans must first be extensively tested in animals
[19]. The current recommendations from the Food and
Drug Administration are to administer new human
contraceptives to dogs at doses 1, 10 and 25 times the
anticipated clinical dose for humans [20]. Reported
adverse effects depend upon the type of progestin
administered, dose, time of treatment, treatment regimen,
and age of the animal [21,22]. In beagles treated with
doses of MPA 1-25 times the human contraceptive dose
for 4 years, a dose-related increase in mammary dyspla-
sia was reported [16,23]. However, it is important to note
that the canine mammary gland undergoes pathologic
changes following progestin administration in a way not
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commonly seen in other species [24,25]. Therefore, dogs
may have a unique sensitivity to the mammary tumor
promoting effect of progestins via progestin-induced
growth hormone induction [26]. Perhaps there are species
differences in the relative affinities of progesterone
receptors for contraceptive steroids [24]. Progestin
administration induces progesterone receptor synthesis
in the mammary glands and uterus of adult beagle bitches
but not in other laboratory animals [27].

2.1.2. Male dogs

Spermatogenesis is regulated by follicle stimulating
hormone (FSH) and LH. Based on the principles of
negative feedback previously described for the female,
exogenous progestins should suppress gonadotropin
secretion in males, thereby disrupting spermatogenesis.
In male dogs, daily oral treatment with megestrol
acetate (2 mg/kg) for 7 days produced no change in
semen quality; higher doses (4 mg/kg) produced only
minor secondary sperm abnormalities. However, sub-
cutaneous administration of MPA (20 mg/kg) produced
a rapid response (within 3 days), with significant
decreases in sperm motility, morphology and output
[28]. Because of the rapidity of the response, the authors
postulated that the effect was mediated by the direct
action of progestins on epididymal spermatozoal
maturation and transport. However, semen quality
was not adversely affected when MPA was given at
dosages of 4 mg/kg [29] or 10 mg/kg [28].

2.2. Androgens

2.2.1. Female dogs and cats

Androgens have also been used for contraception in
female pets. Weekly intramuscular injections of 110 mg
of testosterone proprionate have been used to prevent
estrus in bitches [30]. In addition, oral administration of
25-50 mg of methyltestosterone twice weekly inhibited
estrus in bitches [30]. Mibolerone is a synthetic
androgen that was marketed for estrus suppression in
dogs and cats [31,32]. The dose for mibolerone in
bitches varied with body weight and breed [6]. For
bitches up to 12, 12-23, 23-45 and over 45 kg, the
mibolerone dosage is 30, 60, 120 and 180 pg/day,
respectively. Any German Shepherd Dog or any
Alsatian-derived mixed breed should receive the
maximum daily dosage (180 pg/days); the reason for
the higher dosage requirement within Alsatian lineage
is unknown [33]. If treatment is initiated at least 30 days
prior to the onset of proestrus, estrus can be postponed
for up to 2 year with continuous therapy. Following
cessation of the treatment, return to estrus will occur

within 70 days on average (range, 1-7 months) [31].
Continuous treatment up to 5 year has been done, but it
is generally not recommended to treat continuously for
more than 24 months. The most common side effects
reported in dogs are clitoral hypertrophy and vaginitis
[8,32]. Other side effects include increased body odor,
urinary incontinence and urine spraying, mounting
behavior, cervical dermis thickening and epiphora
[6,8,31]. Mibolerone is also contraindicated for use in
Bedlington terriers due to an increased risk of hepatic
dysfunction.

The oral dosage for mibolerone in queens is 50 pg/
days [32]. Lower doses did not suppress estrus in queens.
This dose is near the toxic dose; hepatic dysfunction has
been observed in queens at doses of 60 wg/days, with
mortality ensuing at doses of 120 p.g/days [6,8]. Cervical
skin thickening and clitoral hypertrophy was observed in
cats and did not resolve after drug withdrawal [32].

2.2.2. Male dogs

While administration of exogenous progestins has
not reliably interrupted spermatogenesis, administra-
tion of exogenous androgens has been more effective.
Subcutaneous administration of 5 mg/kg of testosterone
esters (testosterone proprionate 0.6 mg/kg, testosterone
phenylpropionate 1.2 mg/kg, testosterone isocaproate
1.2 mg/kg, testosterone decanoate 2.0 mg/kg) to male
dogs resulted in a significant decline in sperm motility
(within 3 weeks after treatment) that persisted for 3
months [28]. Daily oral administration of 50 mg of
methyltestosterone to male dogs for 90 days decreased
daily sperm output [34]. Chronic administration of
danazol, a synthetic derivative of 17a-ethinyl testoster-
one, to male dogs resulted in loss of the spermatogenic
elements and azoospermia [35]. These effects were
reversible within 60 days [35]. Other than a transient
elevation in serum-amino-transferase, hepatic function
during danazol treatment was unaltered [35]. Admin-
istration of anti-androgens, like flutamide or cyproter-
one, resulted in only a slight, transient influence on
spermatogenesis [5].

Intramuscular administration of exogenous prolactin
(600 pg/kg of body weight weekly for 6 months) to
male dogs resulted in severe asthenozoospermia,
teratozoospermia and oligospermia or azoospermia
within 6 weeks of treatment [36]. Prolactin is a protein
hormone secreted by the anterior pituitary gland. In
men, hyperprolactinemia resulting from pituitary
adenoma results in oligo- or azoospermia. At the end
of 3 months of treatment in dogs, degenerative changes
within the seminiferous tubules were evident on
testicular biopsy. Within 3 months of drug withdrawal,



M. Kutzler, A. Wood/Theriogenology 66 (2006) 514-525 517

the sperm count normalized, mating produced preg-
nancy, and offspring exhibited no developmental
abnormalities [36]. It was noteworthy that serum
concentrations of testosterone, LH and FSH were not
significantly affected by prolactin treatment [36]. The
authors speculated that prolactin may be having a direct
effect on the testes rather than functioning via hormonal
down-regulation [36].

2.3. Gonadotropin releasing hormone (GnRH)
agonists

It is well known that GnRH acts as the master
reproductive hormone through regulation of the release
of LH and FSH from the pituitary. In males, LH regulates
testosterone synthesis, wherease FSH is necessary for the
initiation and maintenance of spermatogenesis. Testos-
terone is needed for spermatogenesis and for the
development of secondary sexual characteristics, includ-
ing behavioral characteristics such as territorial marking
(spraying), mounting and aggressiveness. In females,
both LH and FSH are required to stimulate the ovarian
changes leading to ovulation.

Within the past decade, GnRH analogues have been
developed to suppress fertility. Sustained exposure to
GnRH reduces GnRH-stimulated gonadotropin secre-
tion through GnRH receptor down-regulation, inter-
nalization and signal uncoupling. Hormonal down-
regulation was used to achieve reversible contraception.

2.3.1. Female dogs

Subcutaneous administration of nafarelin (32 g/
days) via an implanted osmotic pump or daily
injections postponed puberty and estrus in female
dogs [37]. Similar effects have been reported with
subcutaneous administration of azagly nafarelin via an
implanted osmotic pump at doses of 16 pg/days [38].
Cycling bitches returned to estrus between 2 and 18
weeks after cessation of treatment [37,38]. Prepubertal
bitches displayed their first estrus 3—4 months after
cessation of treatment [37,38]. Subcutaneous admin-
istration of deslorelin via a slow-releasing implant
suppressed estrus for up to 27 months in female dogs
[39]. Deslorelin administered subcutaneously daily to
prepubertal female dogs for 23 months delayed
puberty, followed by normal fertility [40]. The
predominant side effect of GnRH analogues for
contraception in bitches is the induction of estrus in
anestrous bitches within 1-4 weeks following initiation
of the treatment [37,38]. Treatment should be initiated
before 4 months of age, within a period of 60 days
following an ovulatory estrus, within 7 days of

parturition or following 7 days of oral exogenous
progestin treatment (megestrol acetate (2 mg/kg/days))
to prevent estrus induction [37,38,41].

2.3.2. Male dogs

Several studies have examined the use of deslorelin
as a male contraceptive in dogs. Subcutaneous
administration of a 6 mg slow-release deslorelin
implant reduced plasma concentrations of LH and
testosterone to undetectable values within 4 weeks and
caused infertility within 6 weeks [42]. Treatment-
induced effects on fertility were completely reversible
[39,43]. Testosterone and LH concentrations and
semen quality returned to normal by 60 weeks after
implant administration [42]. The threshold concentra-
tion of deslorelin necessary for suppressing sperma-
togenesis in male dogs was >0.25 mg/kg of body
weight [39]. A long-acting deslorelin implant (Supre-
lorin®, Peptech Animal Health) is commercially
available in Australia and New Zealand. The manu-
facturer claims that this product will result in contra-
ception for atleast 6 months in 98 % of male dogs. Serial
administration of multiple implants at 6-months
intervals did not result in adverse effects or diminished
efficacy [44].

In addition to deslorelin, daily subcutaneous
injections of nafarelin (2 pg/kg/days) decreased basal
testosterone concentrations and resulted in infertility
within 3 weeks after the onset of treatment [45].
Within 8 weeks of cessation of treatment, normal
fertility was restored [46]. Two other GnRH agonists
have been used for contraception in male dogs.
Administration of a single subcutaneous injection of
leuprolide acetate (1 mg/kg) to intact male dogs
decreased ejaculate volume, increased the percentage
of morphologically abnormal spermatozoa and sig-
nificantly decreased serum testosterone and LH
concentrations for 6 weeks [40]. Return to normal
spermatogenesis occurred 20 weeks after treatment
[40]. Subcutaneous administration of buserelin
implants (6.6 mg) to intact male dogs decreased testo-
sterone concentrations to basal values and resulted in
infertility within 3 weeks of implant administration
[47]. The contraceptive effect persisted for an average
of 233 days [47].

2.3.3. Wild carnivores

Gonadotropin-releasing hormone agonists have
provided safe and reversible contraception in wild
carnivore species. Long-acting deslorelin implants at
dosages of 3-15mg, depending on body weight,
induced contraception lasting >1 year in male and



518 M. Kutzler, A. Wood/Theriogenology 66 (2006) 514-525

female African wild dogs [48], male and female red and
grey wolves [49], male and female cheetahs [48], male
and female leopards [48], female lions [48], female
Fennec foxes [49], and the male black-footed cat [49].
Female wild dogs and wolves responded less consis-
tently compared to other species; deslorelin adminis-
tration commonly resulted in estrus induction, with
pregnancies occurring in three bitches [48,49]. A few
female lions and cheetahs displayed estrus following
implant administration, but did not allow mating [49].
Simultaneous administration of progestins to three
female African wild dogs and one lioness did not
suppress the induced estrus. In males, fertility was not
interrupted for 6 weeks after the insertion of implants
[48,49]. In addition, in two male bush dogs, long-acting
deslorelin administration did not suppress reproductive
function [49]. No side-effects or behavioral changes
were noted following deslorelin implant administration
[48,49] and normal estrous cycles and spermatogenesis
resumed 12 months following implant administration
[48,49].

2.4. GnRH antagonists

The GnRH antagonists block pituitary GnRH
receptors, resulting in suppression of gonadotropin
release. Subcutaneous administration of acycline
(110 pg/kg) to bitches within the first 3 days of
proestrus resulted in a short, anovulatory estrus with a
return to proestrus within 3 weeks of treatment [50]. No
side effects were observed.

3. Immunosterilization/immunocontraception/
immunocastration

Over the past two decades, efforts have been made
to develop a vaccine that could suppress fertility in
both female and male canids and felids. Several
targets of immunocontraception have been identified,
including GnRH, LH and its receptor, sperm antigens,
and oocyte zona pellucida (ZP). The physiologic
effects of antibody titers against GnRH included
suppression of reproductive behavior in both males
and females, suppression of synthesis and secretion of
gonadotropins and steroid hormones, arrested game-
togenesis and gonadal atrophy [51,52]. Antibody
production against the LH receptor suppressed estrous
cycles in females and lowered serum testosterone
concentrations in males [53,54]. Antibody production
against sperm antigen and the ZP would prevent sperm
from binding to the oocyte and therefore prevent
fertilization.

3.1. Immunization against GnRH

Development of a GnRH vaccine for immunocon-
traception is problematic for several reasons. Native
GnRH is not naturally immunogenic; GnRH is a small
decapeptide hormone that is well conserved throughout
all mammalian species. Therefore, under normal
conditions, GnRH is recognized by the immune system
as self (allogenic). Subsequently, administration of a
vaccine derived from native GnRH results in no
antibody production or a short-lived, weak response
because the animal is tolerant to its own hormones.
However, if GnRH is altered in a way that induces
recognition as a foreign material, e.g. coupling it with
another molecule with many antigenic determinants, an
IgG response will occur [55].

To enhance antigenicity, GnRH molecules have
been conjugated to various antigens to mobilize T-
helper cells. Vaccination with fusion protein com-
posed of canine GnRH and the T helper cell epitope
p35 originating from canine distemper virus F protein
was strongly immunogenic and resulted in loss of
testicular function in dogs [52]. Vaccination of male
dogs with a fusion protein of GnRH conjugated to
tetanus toxoid had similar effects, which were
reversible once antibody titers waned [51]. Vaccina-
tion of male cats using the same vaccine resulted in a
similar antibody response, but did not result in
infertility [51]. In addition, vaccination of male dogs
with N-terminal modified GnRH conjugated to tetanus
toxoid did not result in infertility [56]. Additional
carriers that have been conjugated to GnRH for
vaccination in pigs and cattle include Mycobacterium
tuberculosis hsp 70 and ovalbumin, respectively
[57,58]. A GnRH vaccine (Improvac“g", CSL Animal
Health) is commercially available in Australia for use
in mares; following two vaccinations (4 weeks apart),
estrous activity ceased within 6 weeks, with the
duration of contraception exceeding 54 weeks in most
mares [59].

3.2. Luteinizing hormone and receptor
immunization

Immunocontraception targeting LH and its receptor
have been successful in domestic carnivores. Repro-
ductive function in males dogs immunized against LH
was severely impaired for up to 1 year [60]. Vaccination
of the bitch and queen with a bovine LH receptor
vaccine resulted in estrus suppression for >11 months
[53,54], with a return to a normal physiologic
reproductive state after antibody titers declined.
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3.3. Sperm antigen immunization

Sperm antigens are an excellent target for contra-
ceptive vaccines because these proteins are viewed as
“foreign” to the immune system of both male and the
female [61]. Anti-sperm antibodies affect both fertiliza-
tion and fertility. However, the entire spermatozoon
cannot be used for vaccine development because it
shares several antigens with other somatic cells [62].
Therefore, research has focused on delineating appro-
priate sperm-specific epitopes that would increase
immunogenicity (specifically within the reproductive
tract) and efficacy. Lactate dehydrogenase (LDH-C4)
and acrosin have been isolated as two of the main
sperm-specific antigens [61]. To date, sperm antigen
immunization has not resulted in a satisfactory control
of fertility [62].

3.4. Zona pellucida immunization

Immunization against ovarian antigens was first
proposed more than 30 years ago when it was
discovered that rabbits exposed to hamster ovary
tissue produced antibodies that blocked fertilization
[63]. The zona pellucida (ZP) is a protective layer of
proteinaceous, acellular, gelatinous material that
covers the outer surface of the ova in mammals. In
the dog and cat, secretion of the ZP originates from the
oocyte, as demonstrated by transmission electron
microscopy and immunogold staining [64]. Fertiliza-
tion is a complex process that begins with binding of
sperm to the ZP. Sperm specifically bind to zona
pellucida 3 receptor (ZP3) and undergo the acrosome
reaction, resulting in the release of enzymes that
digest the ZP, allowing sperm to enter and fuse with
the oocyte [65]. Antibodies against ZP block sperm
receptor sites, rendering ova impervious to sperm. The
ZP3 receptor has unique epitopes, which make it an
ideal target for immunocontraception. However,
immunization with ZP proteins from the same species
has little effect [66]. Porcine ZP3 (pZP3) has been
consistently utilized in vaccine development because
it is readily available from abattoirs and has antigenic
similarities to the ZP3 of dogs and cats [65].

3.4.1. Female dogs

Although vaccination against pZP3 resulted in
infertility in >75% of bitches [67,68], vaccination
against recombinant canine zona pellucida 2 (rec-dZP2)
protein failed to prevent pregnancy in bitches [67].
Following immunization with pZP3, serum progester-
one concentrations did not increase during estrus,

suggesting ovulation failure as the cause of infertility
rather than impairment of sperm binding sites [69].
Immunocontraception of dogs with pZP3 inhibited
follicular development due to atretic changes in the ZP
[67]. Ovarian cysts were the most common ovarian
pathology, seen in 64% of bitches immunized with
porcine ZP3 [70]. Bitches immunized with crude PZP
proteins had follicular cysts lined with a thin layer of
granulosa cells [70]. Bitches immunized with partially
purified PZP proteins had ovarian cysts that were lined
by a basement membrane with a clump of luteinized
cells [70]. These histologic changes provided an
explanation for estrous cycle aberrations (prolonged
proestrual bleeding and estrous behavior) observed in
bitches following immunization with pZP3. While the
exact pathophysiology of these ovarian changes has not
been elucidated, it appears to be immune-mediated [70].
In some bitches with high anti-ZP3 antibody titers
following vaccination, autoimmune oophoritis against
ZP T-cell epitopes occurred, resulting in permanent
sterilization [68].

3.4.2. Female cats

Immunocontraception utilizing pZP3 has been suc-
cessful in several species to date, including African
elephants [71], feral horses and burros [72—74], rabbits
[75,76], white-tailed deer [77,78], seals [79,80], and
hamsters [81]. However, vaccination of the queen against
ZP has not resulted in immunocontraception. A single
dose of a commercially-manufactured pZP3 vaccine
(SpayVac™, SpayVac™-for-wildlife, Inc.) is a success-
ful immunocontraceptive in many wild species, but did
not prevent estrous cyclicity or pregnancy in queens [82].
Although queens produce high concentrations of anti-
pZP3 antibodies, these antibodies have a low affinity for
feline ZP3 protein. Vaccines constructed against native
soluble-isolated zona pellucida (SIZP) from the ovaries
of pigs, cows, cats, ferrets, dogs, and mink were also
tested in female cats [83]. Although all queens developed
anti-SIZP antibodies, they all became pregnant during a
breeding trial [83]. Consistent with the previous study,
the SIZP from these species was immunogenic in the cat,
but SIZP antibodies did not bind to feline ZP in situ, and
fertility was not blocked [83].

4. Intratesticular, intraepididymal and intra vas
deferens injections

Chemical castration is another non-surgical
approach to male contraception. Chemical agents
injected into the testis, epididymis or vas deferens
cause infertility by inducing azoospermia in male
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animals. The technique is not technically challenging, is
inexpensive and is suitable for large-scale sterilization
programs in both dogs and cats [84], although the tail of
the epididymis in cats is smaller and more difficult to
locate. Sedation typically is used for this procedure in
dogs and general anesthesia is necessary for cats. The
scrotal area is first clipped and disinfected. Then, a 22
gauge (dogs) or 27 gauge (cats) 1/2 in. needle is inserted
percutaneously into the structure of interest (testis,
epididymis or vas deferens).

4.1. Male dogs

Intratesticular injections have been investigated as a
method of inducing aspermatogenic orchitis and male
contraception for more than five decades [85]. The
procedure for intratesticular injection involves inserting
the needle from the caudal pole of the testis and gently
pushing it towards the other pole, depositing the
injection homogenously as far as possible through the
tissue [86]. Injecting an adjuvant agent, such as
Freund’s complete adjuvant (FCA) or Bacillus Calmette
Guerin (BCG), directly into the testis incites a local
inflammatory response that enables lymphoid cells to
gain access to testicular tissue, resulting in autoimmune
response. A single intratesticular injection of FCA or
BCG (10-25 units) resulted in severe oligospermia or
azoospermia without granuloma formation or the
development of circulating anti-sperm antibodies
[61,86,87]. The few spermatozoa that may be present
were immotile [87]. Infertility occurred within 6 weeks
and lasted for several months [61,86,87]. Intratesticular
injection of high doses (>75 units) resulted in a severe
granulomatous reaction [86].

In addition to using bacterial cell wall products,
reproductive toxins can be directly injected into the
testis. Intratesticular administration of a 100 mg
solution (0.5 mL total volume/testis) of methallibure,
dexamethasone, metopiron, niridazol, a-chlorohydrin
or danazol causedtesticular and epididymal atrophy and
azoospermia in dogs [88]. Within the past 3 year, the
FDA has approved a product labeled for chemical
castration via intratesticular injection in the male dog
[89]. The procedure involves injecting a predetermined
amount of zinc solution based on scrotal width into each
testis of puppies 3—10 months of age [90]. Zinc is
considered non-mutagenic, non-carcinogenic, and non-
teratogenic [91]. Neutersol Injectable Solution® is a
zinc gluconate solution neutralized to a pH of 7 by
arginine [90]. Histopathologic findings within 2.5
months of injection included almost complete fibrosis
of the seminiferous tubules and Leydig cells [92].

Intratesticular injection of a 70% glycerol solution did
not result in azoospermia and sterility in dogs [93].

As an alternative to intratesticular injection, zinc
arginine can be injected into the tail of the epididymis.
Intraepididymal injection of 50 mg of zinc arginine
(0.5 mL/testis) resulted in azoospermia within 90 days
following injection [91]. Histologic examination of the
testes revealed normal seminiferous tubules with
atrophy of the rete testes, an absence of spermatozoa
within the epididymis and ductus deferens and no sperm
granuloma formation [91]. Intraepididymal saline
injection did not induce azoospermia [84].

Injections of sclerosing agents (3.5% formalin
solution in phosphate buffered saline or 1.5%
chlorhexidine gluconate in 50% DMSO) into the tail
of both epididymides in dogs resulted in irreversible
azoospermia via chemical occlusion, with secondary
testicular atrophy [84]. However, intraepididymal
treatment with formalin alone induced only temporary
azoospermia or oligospermia in treated dogs [84]. A
single bilateral intraepididymal injection of chlorhex-
idine in DMSO to male dogs resulted in the
development of azoospermia by 91 days after
treatment [84]. Two bilateral intraepididymal injec-
tions of chlorhexidine in DMSO resulted in the
development of azoospermia within 35 days after
treatment. A single injection directly into the vas
deferens with sclerosing chemical agents (10% silver
nitrate, 3.6% formaldehyde in ethanol, 5% potassium
permagnate, 100% ethanol, or 3.6% formaldehyde)
resulted in irreversible infertility similar to intraepi-
didymal injections with the same agents [94].

Studies using these models of male contraception
report no or minimal signs of discomfort observed
following injection, with variation depending on the
route of administration and agent injected. Afferent
nerve endings associated with pain sensation are located
on the scrotal skin and in the capsule of the testis rather
than within the testicular and epididymal parenchyma.
A transient increase in testicular diameter may follow
the injection within 24 h, resulting in pain secondary to
swelling and this may persist for as long as 7—15 days
[61]. Additional local and systemic reactions reported
after intratesticular injections include scrotal ulceration
and dermatitis, scrotal self-mutilation, preputial swel-
ling, vomiting, diarrhea, anorexia, lethargy and leuko-
cytosis [89,90]. It is important to note that depending on
the treatment method, dogs may remain fertile up until
60 days post-injection due to sperm reserves present in
the epididymis [90]. Also, unlike surgical castration,
this kind of chemical sterilization does not eliminate
gonadal sources of testosterone [90].
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4.2. Male cats

Intraepididymal injections induced chemical
vasectomy in tom cats. Injection of a 4.5% solution
of chlorhexidine digluconate into the tail of both
epididymides resulted in azoospermia or severe
oligospermia [95]. Unlike in the dog, sperm granu-
lomas and spermatocoeles were consistently observed
in cats following intraepididymal injections [95]. In
addition, transient scrotal swelling and pain persisted
for up to 2 weeks following intraepididymal injection
in cats.

5. Other non-surgical methods for contraception
or sterilization

5.1. Female dogs

Intravaginal spermicides and mechanical barriers
and intrauterine devices (IUD) have all been used as
contraceptives in women. Contraceptive vaginal lubri-
cants used in women have been tested with canine
semen. For example, RS-37367 is a non-surfactant
imidazole oxalate with high spermatostatic potency
when evaluated using ejaculated dog spermatozoa [96];
exposure of canine spermatozoa to RS-37367 for 5 min
resulted in progressive immobilization that was not
reversible even with extensive washing of the sperm
[96]. Intravaginal spermicides have not been developed
for use in canine contraception. In dogs, mechanical
intravaginal contraceptives have a high failure rate. The
Agrophysics Breeding Control Device (Agrophysics,
Inc.) was a commercially marketed intravaginal device
reported to provide a non-surgical, reversible method
for contraception in female dogs [97]. The intravaginal
device was inserted into the vestibule and vagina of the
bitch to prevent copulation. However, problems with
retention and local irritation resulted in an unacceptably
high failure rate. In one study, 50% of bitches fitted with
the device were bred and 25% became pregnant [97].

An IUD for canine contraception, commercially
marketed by Biotumer Argentina SA, was highly
effective in preventing pregnancy after breeding [98].
The contraceptive activity of the IUD resulted from both
mechanical disruptive effects as well as spermaticidal
effects of metallic ions released by electrolytic copper
[98]. The manufacturer recommends leaving the IUD in
place for 2 year (this is the effective life of the
electrolytic copper) [98]. Over a 2-year interval, no side
effects were observed, except for one bitch that
developed persistent estrus that resolved when the
device was removed [98]. However, IUDs are not

practical for use in dogs due to the difficulty of
transcervical cannulation.

5.2. Male dogs and cats

5.2.1. Non-invasive mechanical sterilization

Ultrasound is a form of acoustic vibration with
frequencies higher than the auditory range. Ultrasound
has been used to suppress spermatogenesis through a
combined effect of heat and mechanics. The testes of
male dogs and cats were treated with a high-intensity
focused ultrasound manufactured by Whitewater
Electronics [99]. Each treatment consisted of 1-2 W/
cm? for 1015 min administered one to three times at 2—
7 days intervals [99]. Ultrasound treatment significantly
suppressed spermatogenesis without affecting testos-
terone concentrations [99]. In separate studies, a burst
(20-120 s) of ultrasound energy (3—19 W) was focused
onto the vas deferens [100] or epididymides [101,102]
of anesthetized dogs. The ultrasound induced thermal
coagulative necrosis of subsurface structures resulting
in luminal occlusion within 2 weeks after treatment.
However, skin burns occurred in approximately 20% of
cases [100,101].

5.2.2. Reproductive toxins

In addition to targeting GnRH using immunocon-
traception, toxins conjugated to GnRH can be used to
disrupt the hypothalamic-pituitary-gonadal axis. Toxins
must be carefully selected as to be safe in other tissues
without GnRH receptors. The internalization of GnRH
receptors following ligand binding localizes the cyto-
toxic effects to pituitary gonadotroph cells. Pokeweed
antiviral protein has been conjugated with GnRH and
administered to intact male dogs as three daily injections
(100 pg/kg) [103]. Serum testosterone and LH concen-
trations and testicular volume decreased after treatment
and the effects of male contraception persisted for 5-6
months [103]. No adverse effects were noted other than
transient (<24 h) athralgia in a few dogs.

Other reproductive toxins used for male contra-
ception include ketoconazole, embelin, and «-chlor-
ohydrin. Ketoconazole is an inhibitor of cellular
division and has been shown to exert spermatostatic
effects in several species including the dog, rabbit,
monkey and man. Within 4-24 h of oral administration
of ketoconazole (50-246 mg/kg) to male dogs, the
motility of ejaculated sperm declined at an accelerated
rate compared with control samples from the same
animals [104]. The decline in spermatozoal motility
was correlated with the presence of ketoconazole in
the seminal plasma. In addition, serum testosterone
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concentrations were profoundly suppressed following
oral ketoconazole treatment. At high doses, ketocona-
zole was poorly tolerated by the gastrointestinal tract
and can cause hepatoxicity [105]. However, similar
spermatostatic effects occurred following treatment
with other orally administered 1-substituted imidazole
compounds in dogs without gastrointestinal and
hepatic side effects [106].

Embelin (Embelia ribes) is an indigenous benzoqui-
none plant used in Asia for the prevention of pregnancy
[107]. Oral treatment of embelin (80 mg/kg every other
day for 100 days) in male dogs caused a significant
decrease in testicular weight and variable degrees of
spermatogenic arrest mainly at the spermatocyte state
(absence of post-meiotic cells) [107]. Within 8 months
following embelin ingestion, normal spermatogenesis
was restored. Embelin treatment did not result in any
adverse effects as noted on serum biochemistry and liver
histology [107]. Alpha-chlorohydrin is an alkylating
agent that causes of depletion of spermatogenic elements
from the seminiferous tubules. A single high dose
(70 mg/kg) of a-chlorohydrin or chronic administration
(8 mg/kg body wt for 30 days) inhibited spermatogenesis
within 33 days in dogs [108]. These effects were
reversible within 100 days following treatment [108].

6. Conclusion

Within the United States, gonadectomy remains the
procedure of choice for permanent sterilization of
companion animals. However, no single method of
reproduction control will be a panacea for the pet
overpopulation problem. Commercial development of
products for hormonal down-regulation with exogenous
steroid hormones (Delvosteron, Intervet) or GnRH
agonists (Suprelorelin®, Peptech Animal Health),
immunocontraception (SpayVac™, SpayVacTM-for-
wildlife, Inc.) and intratesticular injection (Neutersol®,
Addison Biological Laboratory, Inc.) provide non-
surgical alternatives for contraception and sterilization.
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