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| ABSTRACT |

Non-surgical sterilization technique in animals is an ancient practice and dates back to 7000 BC. Surgical castration in animals
has been applied for centuries to control the animal population, advance genetic selection, improve calmness of aggressive ani-
mals and mainly to ensure and selectively provide high-quality meat production for human consumption. An ideal method of
castration should cause permanent block to spermatogenesis and inhibit androgenetic enzymes with low-cost of treatment and
doesn’t affect the welfare of the animal. Even if operative methods are the main methods of castration, hormonal castration and

chemical castration are also an alternative and equivalent method of sterilization. Over the past years, non-surgical sterilization has
found application in male dogs, cats, monkeys, goats, bulls, hamsters and rabbits. Calcium chloride, lactic acid, sodium chloride,
chlorhexidine, formalin, zinc tannate, zinc gluconate, glycerol, glucose, ethanol and silver nitrate are commonly used in chemical
castration. After intratesticular application, degeneration of seminiferous tubules and Leydig cells, decrease in testosterone and
sperm production, testicular atrophy is observed. In this review, the approaches of chemical castration were mentioned in differ-

ent male animals.
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INTRODUCTION |

Surgical castration is the most common method used to sterilize
animals which are unsuitable for the genetic pool and also to
eliminate masculine behavior.! Veterinatians are still practicing the
open surgical method of castration which is the most effective and
the only means of sterilization for male animals. Yet, castration by
open surgery requires post-operative care to minimize the risk of
hemorrhage and infection. Besides, this method has some disad-
vantages: it is not cost-effective and time-consuming with risk of
sevete post-surgical complications.>’

In contrast to the surgical method, the challenge has been
taken up by different reproductive biologists to develop a method
of chemical sterilization, which may be a better alternative to surgi-
cal castration, as well as suited for mass-scale sterilization of male
domestic animals without post-operative hazards.** In addition,
over the last decades different chemical agents were tried to bring

about castration using inorganic chemicals, immune-contraceptives
and hormones including androgen,’ progestogens,® androgens plus
progestagens”® and agonists for gonadotrophin releasing hormone
(GnRH).?

Different researchers have evaluated non-surgical ster-
ilization with injection of various hormones in many species of
male animals, but these treatments failed to induce permanent ste-
rility. Immunization techniques have also been used to induce anti-
bodies against gonadotrophins and GnRH and had indicated that
such immunization techniques vary in effectiveness and in duration
of azoospermia. Adverse vaccination reactions were also observed

as another disadvantage.'™"!

Chemical sterilization has found application in some spe-
cies of male animals such as monkeys, goats, bulls, hamsters, rabbits
and dogs.'"*"” Open wound in sutgical castration has always been an
infection focus. Hence, researchers over the past years have also
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tried various chemical agents such as danazol, glycerol, lactic acid,
ferric chloride and ferrous sulphate, calcium chloride (CaCl), ba-
cillus calmette-guerin (BCG), zinc gluconate (Neutersol) and 20%
hypertonic saline solution for induction of chemostetilization."
However, all these chemical agents, following intratesticular injec-
tion had exhibited pain, pyrexia and even severe testicular inflam-
mation (orchitis). Some agents like, cadmium chloride, glycerol,
lactic acid had caused selective destruction of testicular tissue'>'

with reversible testicular tissue damage."”

Even though the chemicals used had an effect on the de-
struction of testicular tissue, it had also complications and some
drawbacks. For instance, in some cases, the interstitial portion of
seminiferous tubules had regenerated after an initial phase of tes-
ticular atrophy and this had led to secondary male behavior caus-
ing management problems of the animals."® Due to such type of
complications caused by the use of the aforementioned chemicals,
an effective chemosterilizing agent is yet to be established.

An attempt has been made to induce sterilization by in-
tratesticular cadmium chloride injection in male adult stray dogs"
and scrub bulls,**?! but the mechanism of action of this chemical
agent is still to be explored. A single bilateral intratesticular injec-
tion of calcium chloride had resulted in chemosterilization through
the generation of free radicals as well as without induction of any
general stress response in male Black Bengal goats."” As a result,
chemosterilization is cheap, requires small number of staff and has
positive effect on meat yield of castrated bulls. Moreovet, it can
also be used to control increasing population of stray animals such

as dogs and monkeys.'*?

HISTORICAL BACKGROUND |

History of sterilization of domestic animals dates back to 7000
BC with professional oversight of the practise being documented
from the 15" to 19™ centuries and it has been applied for centuries
to control the number of animals, genetic selection, tranquillity
of aggressive animals and most importantly, to ensure the pro-
duction of high-quality meat for human needs.”” Even if surgical
castration has been considered a standard gold tool for steriliza-
tion of male animals, several drawbacks have been associated with
this procedure such as high cost, time consumption, risk and need
for post-operative cate and management, small-scale application,

tequirement of a trained vetetinarian and medical equipment.’*"#

The main methods of castration are surgical castration,
hormone inhibition, and chemical castration.”? Hormonal castra-
tion not only directly affect the target organ but also indirectly
affects and damage other organs. Whereas, chemical castration
provides an ideal conditions of castration, economic expectations
in consideration of the effect in a short time, the animal returns
easily to normal physical activities after the process, a small num-
ber of person with less skill are required, so this method is more
preferred than other methods of castration.'**

Non-surgical chemical sterilization have better advantages
over other methods and among these, reduction of pain and stress,
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elimination of hemorrhage, hernia, infection, myiasis and other
surgical sequelae."** Accordingly, chemical castration has been
suggested as a fast and low-cost alternative which could be used
in a wide range of canine populations, especially in poor regions
whete problem is more intense.”® I sitn non-invasive approaches
such as immune-castration, chemical castration and recently Euge-
nia caryophyllata essential oil castration minimize post-operative

complications and costs associated with surgical castration.”*

Accordingly, several attempts have been made in search
of promising effective chemical agent, which included intrates-
ticular injections (ITIs) of a various chemical agents to promote
castration in vatious species such as Rhesus monkey (iron salt),”
Rats (Hypettonic saline solution and Calcium chlotide), ' Canine
(Calcium chloride, Zinc gluconate, Ethanol, Eugenia caryophyllata
essential oil and Glycerol),"!>2¢3234 Feline (Calcium chlotide, Zinc
gluconate),”*** Bovine (hypettonic sodium chloride),'**** Don-
key (Calcium chlotide),” Ovine (Formalin)*' and Captine (Calcium

chlotide and chlothexidine gluconate & cetrimide)."**

Similarly, different researches are still being conducted
and researchers have been interested in developing a method for
chemical castration which might be a better alternative to surgical
method."**" Moreovet, surgical method is not effective for large-
scale application, especially for controlling large population size
of undesirable mammals in the community like stray dogs. Besides
this, post-operative care and management of the animal were also
required to prevent infection.” In addition, vasectomies and vasal
occlusion are less invasive surgical procedures than castration, still
these procedures also carry similar anesthetic risks and post-surgi-
cal complications.>?

An ideal chemical sterilizing agent should be permanent,
low-cost treatment, effectively arrests spermatogenesis and andro-
genesis and not affecting the welfare of animals as well as without

side effects. 4%

CHEMICAL STERILIZATION METHODS IN MALE
ANIMALS |

Control of fertility can be achieved through chemical contracep-
tives which prevents the birth of offspring but maintains fertility.
Howevet, by sterilization the animals renders infertile.** Con-
traception in domestic animals including dogs can be achieved
through chemical reproductive control and immunological meth-
ods, which prevents pregnancy by sterilizing temporarily or perma-
nently. These methods offers a humane and less expensive alterna-
tive to surgical sterilization.* Chemosterilization methods so far
employed include hormonal methods, Immunocontraceptives and
inorganic chemo-sterilants.

HORMONAL METHODS |

Steroidal hormones such as progestin, estrogens and androgens
administered 7z oral tablets or by parenteral injections have been
used as teproductive inhibitors in owned dogs™* and have the
ability to temporarily control the reproduction of dogs. Gonad-
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otrophin-releasing hormone is one of the target site for fertility
inhibitors that control the release of the pituitary gonadotrophins,
follicle-stimulating hormone (FSH) and luteinizing hormone

(LH) .46

GnRH agonists are also other hormonal methods and
are proteins that act like GnRH and stimulate the production and
release of FSH and LH. These methods can postpone puberty
in both sexes and can also control the reproductive cycle.*>##
Among GnRH agonists, deslorelin (Suprelorin®, Virbac, Pukete,
Hamilton, New Zealand), is used for inhibition of reproduction in

male dogs for at least a year in Australia and Europe.***

Azagly-nafarelin (Gonazon, Intervet International B.V,,
Amsterdam, The Netherlands) which is another GnRH agonist,
has shown to decrease the concentration of testosterone for at
least 6-months.” Gonazon is cutrently approved in the European
Union but has not been yet brought into the European Union mar-
ket.46’51

Immunocontraceptives

Immuno-contraceptive vaccines are another option and work by
inducing antibody production against proteins or hormones es-
sential for reproduction (e.g gonadotrophins and GnRH) and
therefore it can prevent pregnancy.*** In contrast to GnRH ag-
nostics, GnRH based vaccines target GnRH and prevent ovulation
and spermatogenesis. Zona pellucida (ZP)-based vaccines inhibit
egg-sperm binding and fertilization. These vaccines are commonly
used for population control in wildlife species and domestic dog

populations.®">

GonaCon™ is a GnRH-based vaccine which had been
registered as a contraceptive for white-tailed deer, horses and feral
donkeys in the United States that induce infertility for at least 1-6
years after a single injection.™*** In contrast to ZP-based vaccines,
GonaCon™ has not yet been proven effective in dogs since eatly
formulation of GonaCon™ showed abscesses and draining at the
injection site after the injection.™

A new formulation of GonaCon™ has been produced
since then and tested in an experimental study carried out on cap-
tive dogs in Mexico.”** This new formulation of GonaCon™ did
not result in abscesses at the injection sites. According to Kisiel’s
research finding, it had been indicated that immunization tech-
niques vary in effectiveness and in duration of time to cause azo-
ospermia. Adverse vaccination reactions were also observed as
another disadvantage of this method.***

Inorganic Chemosterilants

An ideal inorganic chemosterilizing agent would be one that ef-
fectively arrests spermatogenesis and androgenesis as well as libido
with absence of toxic or other side effects. Inorganic chemo-ster-
ilants are simple, easy with less technical ability and cost effective

for mass-scale sterilization.>?"*
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The low cost, ease of use and cultural acceptance of a
sterilization method that does not require removal of the testes
make inorganic chemo-sterilants a valuable tool for large-scale
sterilization campaigns, particularly in areas lacking clinical facili-
ties or skilled staff.>*4%5” Thus, chemical castration could be an
attractive option for developing countries with limited resources

for surgical management programs.™

Researchers over the past five decades have also tried var-
ious inorganic chemosterilizing agents such as cadmium chloride,'
ferric chloride and ferrous sulphate,” Danazol,” BCG,* glycerol®
and lactic acid"® for chemical castration by intra testicular injection
in laboratory and domestic animals. After intratesticular injection,
all these agents exhibited pain, pytrexia and even severe orchitis.””

Chemo-sterilizing agents such as cadmium chloride, glyc-
erol and lactic acid caused selective destruction of testicular tissue
with reversible testicular tissue damage.”® As result, in some cases,
the interstitial portion regenerated after an initial phase of testicu-
lar atrophy and this led to secondary male behavior, which caused
management problems of the animals Due to the above complica-
tions caused by the use of aforementioned chemicals, an effective
chemosterilizing agent is yet to be established.'®**

For the past 10-years, an attempt has been made to in-
duce sterilization by intratesticular injection of calcium chloride
(CaCl),>*1>%* Zinc gluconate (Neutersol)** and 20% hypertonic

saline solution®®

in bull, cat, dog, donkey, goat and albino mice.
As indicated above, different chemical agents were tried and used
over the past years. Accordingly, sodium chloride, calcium chloride
and zinc gluconate were the most commonly used by different re-
searchers and thus research findings regarding the aforementioned

chemicals are described as follows.

Sodium chloride solution: Hypertonic saline is a solution easy to
administer, easily available and inexpensive. In a study, 20% hy-
pertonic saline solution was injected bilaterally into the rat testes
at different areas with a total amount of about 0.5 to 1 ml in each
testis and reported that the coagulation necrosis was observed in

all testes.?>>+04

Kwak et al® revealed that severe degenerative changes
were seen in testicular seminiferous tubules and massive infiltration
of inflammatory immune cells in animals injected with hypertonic
saline solution. Additionally, researchers indicated that intratesticu-
lar hypertonic saline injection seems to be an alternative method to
orchiectomy and surgical castration. However, further analysis and
laboratory work would be required to ascertain the potential utility

28,64,65

of this approach in dogs.

In another study, it was suggested that intratesticular in-
jection of 20% hypertonic saline could be an effective method for
non-surgical sterilization of the young male dogs but not adult
dogs.?** Intratesticular injection of 20% hypertonic saline solu-
tion induces coagulative necrosis of leydig cells and seminiferous
tubules as well as extensive testicular fibrosis. Based on the ob-
served lesions, to arrest the testicular development and testoster-
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one synthesis to cause sterility, the intratesticular injection should
be performed during the first 20-days of life of the calves. Thus,
intratesticular injection sodium chloride solution can be used as a
viable alternative to surgical orchiectomy in calves.””

The use of inorganic chemo-sterilants in male dogs is
an attractive option because it removes the disadvantages such as
costs of surgical stetilization and post-operative care.” Furthet-
more, in countries like Romania and Bahamas where surgical cas-
tration of male dogs is not culturally accepted, chemical castration

offers a reasonable alternative.’®¢%¢7

Calcium chloride (CaCl,): Non-surgical male sterilization tech-
niques have been evaluated as a means to avoid the potential health
complications, expense, expertise and facilities required for surgi-
cal sterilization procedures. Calcium chloride is one of the most
promising chemical agent which has been utilized to chemically
castrate a vatiety of species since 1978.% Different species of ex-
perimental animals such as rats, dogs, cats, cattle, donkey and buck
were used to evaluate the efficacy of calcium chloride as chemo-
stetilizing agent.'**

Calcium chloride causes necrosis, fibrosis and degenera-
tion of seminiferous tubules and Leydig cells following intrates-
ticular injection. As a result, there was reduction in production of
spermatozoa, testosterone and sperm counts in a dose-dependent
manner. Although calcium chloride did not affect animals’ food
intake, it changes blood parameters such as blood cortisol due to
stress and swelling of the testicles persisted for three weeks follow-
ing injection and the behavior of the animals returned to normal a
month after treatment.> More studies are ongoing to standardize
and validate formulation, dosage, and administration protocol for

calcium chloride.**4¢

Intratesticular injection of calcium chloride has been
applied to a vatiety of animal species including mice,*” dogs,*!
cats,” goats," bulls'*'”® and donkey,? in a variety of formulations

and concentrations.*

A single bilateral intratesticular injection of calcium chlo-
ride was found to be effective, economical, easy to petform and
does not require removal of testis in male cats and dogs. It had
caused permanent sterilization and it is free from pain, chronic
stress and had been found a simple alternative method to surgical

castration.>*

One bilateral intratesticular injection of 20% calcium
chloride in ethyl alcohol solution was optimum for rendering dogs
azoospermic and lower testosterone levels by 70% without side
effects.’’ After single intratesticular injection of calcium chloride,
destruction in seminiferous tubules and leydig cells, decrease in
testosterone and sperm production, atrophy in testicles were ob-
served. Thus, calcium chloride was effective and can be used as

substitution of surgical castration in bull, buck, rat, cat and dog,>'*

14,29,30,36,38,69

Furthermore, calcium chloride injection has major role
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on impairing male reproductive organs resulting in sterility togeth-
er with various key reproductive parameters including testicular

histology but other general parameters were intact.”

Procedure of intratesticular injection of calcium chloride
solutions: each intratesticular injection can be administered using
a sterile 21-gauge needle directed from the caudo-ventral aspect
of each testis approximately one cm from the epididymal tail and
towards the dorso-cranial aspect of that testis, so that the solution
can be deposited over the entire route by linear infiltration while
withdrawing the needle from the proximal end to the distal end. All
animals should be restrained through a gentle handling and proper
care. The intratesticular injections should be given very carefully
in order to prevent seepage of the solution from the injection site
and avoid any other intramuscular injections. First, the animals can
also be restrained through the proper handling procedure in a prior
experiment in the case of vaccination and blood collection, etc.
The animals should be kept under routine clinical observations and
)34

follow-up (Figure 1

Figure 1. Technique of Intratesticular Injection
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Zinc gluconate neutralized by arginine (Neutersol): Zinc gluco-
nate was the first chemical sterilizing product to fulfil the criteria
three key criteria of an ideal method of chemical sterilization. That
is, first, effectiveness and large-scale application in male animals.
Second, high margin of safety without adverse effects for the en-
vironment. Thirdly, it has to be permanent and irreversible follow-
ing a single treatment. The first product obviously fulfilling these
critetia was zinc gluconate. It was first desctibed by Fahim et al”
who injected Neutersol (Pet Healthcare International, Inc., Colum-
bia, MO, USA), a Zinc Gluconate-based chemical sterilant into the
epididymis of dogs. It is a zinc-gluconate solution neutralized by
arginine to a pH of 7. Subsequently, Neutersol was injected into
the testes of puppies and in the testes of adult dogs.”"

Zinc gluconate is currently available in Mexico, Colom-
bia, Bolivia, and Panama as Esterilsol and in the United States as
Zeuterin (both through Ark Sciences, New York). The cost of Es-
tetisol is about US$15 per dog (medium size).**** The procedute
involves injecting a predetermined amount of zinc solution based
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on scrotal width into each testis of puppies 3-10-months of age.*!
Histological findings of the testis after injection of Neutersol at
the age of 2.5-months revealed almost complete fibrosis of the

seminiferous tubules and Leydig cells.*""

Zinc gluconate neutralized by arginine (Neutersol, Ad-
dison Biological Laboratory Inc., Fayette, Missouri, USA) was
approved in 2003 by the US Food and Drug Administration for
chemical sterilization of male puppies. Injected into the testicles,
this chemical causes sclerosis of the testes and sterility. Neuter-
sol induced sterilization in 99.6% of the 223 male puppies aged
between 3 to 10-months.”” Duting intratesticular injection of the
chemical, sedation is recommended to prevent movements of the
dog. Correct injection technique was found critical for the safe
use of Neutersol® in order to avoid ulceration of the scrotum and

painful swelling of the testes.*""

Unlike Neutersol®, Estetilsol® is currently used as chemi-
cal sterilizing agent in Mexico. However, both products still can’t
produce a long-lasting decrease in testosterone level that can sig-
nificantly reduce nuisance and aggressive behavior. Studies using
these models of male contraception report no or minimal signs
of discomfort have been observed following injection, but a tran-
sient increase in testicular diameter may follow the injection, re-
sulting in scrotal swelling. Additional local and systemic reactions
reported after intra-testicular injections include scrotal ulceration
and dermatitis, scrotal self-mutilation, preputial swelling, vomiting,
diarrhea, anorexia, lethargy and leukocytosis. Also, unlike surgical
castration, this kind of chemical sterilization does not eliminate

gonadal sources of testosterone.’®’:"

In 2010, Esterilsol received regulatory approval for use
in dogs three months and older in Bolivia, Colombia and Panama
after introduced by Ark Sciences as Esterilsol in Mexico in 2008. In

Colombia, it is also approved for use in cats.**”’

In a study carried out in the Galapagos, Ecuador, severe
injection-site reactions occurred in 3.9% of the 103 dogs treated
with zinc gluconate. Initially, the basal testosterone concentration
in treated dogs decreased but two years after treatment. The effect

was similar to untreated dogs.**" Thus, secondary male chatacter-
istics such as roaming, marking, aggression and mounting may be

displayed.***"

A study was carried out with Esterilsol in Mexico and
found that this compound induced azoospermia or aspermia in
52 out of 53 dogs when administered a single dose per testis.”
The incidence of ulcers in dogs after poor injection technique was
higher (2.6%) and incidence had decreased after proper injection
technique using new needles for each injection. A similar study
conducted in Brazil for dogs had concluded that zinc gluconate
could be regarded as a permanent sterilant with no observed sign
of behavioral alterations or severe discomfort following intrates-
ticular injection.”

Another study in Isabela Island, zinc gluconate has got
greater social and cultural acceptance as an option for surgical
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method since this technique provides low cost, ease of use, does
not require removal of the testes, large-scale use, particularly in
remote locations lacking sophisticated clinical facilities or skilled
surgeons and staff.”’

Esterilsol is administered 22z an injection to each testicle
with either a 28 gauge, 3/4 inch or a 30 gauge, 1/2 inch needle,
specified by manufacturer depending on the dose determined for
the individual dog, Esterilsol is labeled for use in dogs with an in-
dividual testicular width of 10-27 mm. Ark Sciences has recom-
mended light sedation is enough to ensure that the dog holds still
during the injection (General anesthesia is not necessary; so, re-
versible sedation is commonly used so that dogs are awake and
alert in as little as 15-20-minutes after the Esterilsol injection/zinc
neutering).*

Experienced practitioners report that the process of
measuring the testicular width (to determine dose), preparing the
injections and administering the injection into each testicle takes
two to five minutes. Following intratesticular injection, proper fol-
low-up is critical to reduce the risk of injection site reactions. Thus,
this formulation was found to cause permanent sterility in 99.6%

of treated dogs.'**4

Further investigation is needed to identify
risk factors for adverse reactions to zinc gluconate and to develop

strategies for its avoidance.
CONCLUSION AND RECOMMENDATIONS ———

In general, non-surgical methods of sterilizations have greater
safety over operative method since each chemical substance has
minimal side effects. Besides, it can be preferred for its less post-
operative complication, cheap, small number of staff requirements,
ease of application and especially positive effect on meat yield in
bulls and pigs. In conclusion, non-surgical sterilizations approach
and techniques are significant in terms of both animal welfare and
cost effectiveness especially in male animals.
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