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Euthanasia of healthy, homeless cats and dogs remains the leading cause of death of these species. The Humane Society of the United States estimates that 4-6 million are euthanized annually in this country alone. This number has decreased markedly since the 1980’s when an estimated 17 million cats and dogs were killed annually in the United States.  Awareness of the magnitude of the problem, humane education and promotion of surgical sterilization have contributed to this dramatic decrease. 

The pet overpopulation problem, however, is far from being solved. In addition, the dynamics of the problem are changing, with cats currently outnumbering dogs entering many shelters in the U. S.  In fact, more cats than dogs are killed in U.S. shelters, while millions of others lead short, meager lives as free-roaming strays. Their reproduction results in generations of unsocialized feral cats. Exacting estimates of the numbers of these cats in the U.S. do not exist. Finally, these problems are not unique to the U.S., but exist worldwide.

The issue of how best to reduce the numbers of surplus/homeless pets is complex and multifaceted and involves ethical, historical, and political, as well as scientific considerations. In an effort to better define and understand the number, origin, and disposition of pet dogs and cats in the United States, the National Council on Pet Population Study and Policy was founded in 1993. Studies on shelter statistics and pet relinquishment have been conducted in order to develop rational recommendations to reduce the number of surplus/homeless pets in the U.S. 

Results from these studies and those conducted by the American Pet Products Manufacturers Association indicate that:  a large proportion of owned dogs and cats in the U.S. are not sterilized; unwanted litters account for the majority of pets entering shelters; approximately 1/3 of pets entering shelters are surrendered by their owners; and only approximately 17% of owned pets originate from animal shelters. Based on these findings, rational non-lethal strategies for pet population control include:

1. Increasing sterilization of pets,

2. Increasing retention of companion animals in homes,

3. Increasing adoptions of pets from shelters, and

4. Increasing educational efforts and laws designed to help owners be more responsible.

Controlling reproduction of dogs and cats remains critically important since this strategy is proactive rather than reactive: in other words, addressing the welfare of surplus pets begins by not allowing the surplus to develop in the first place. The development of nonsurgical contraceptive products would provide a practical alternative to surgical sterilization and could be used to increase the number of dogs and cats sterilized, not only in the U.S., but also worldwide. These methods would facilitate sterilization of pets because they would not require the commitments of technical expertise, equipment and time that surgical sterilization requires. It will be of paramount importance for these products be accepted by veterinarians and the by the public in order for them to have a reaching impact. 
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Contraception as mediated by the animals’ immune system is not a novel idea. It appears to have had some of its origin in observations regarding naturally occurring infertility in humans.  It had been noted that some females produced antibodies that recognized sperm and prevented sufficient egg-sperm interaction and thus fertilization.  During the last century, a variety of antigens derived from the male and female reproductive tracts or the hormones regulating ova and sperm production were used to experimentally immunize animals. These experiments demonstrated that the immune system could be induced to interfere with the production and/or the interaction of egg and sperm.  There are many questions that remain regarding the development of effective, affordable, long-lasting and safe immunocontraceptive vaccines.  However, the need for alternatives to traditional spay and neuter procedures is made obvious by the number of unwanted cats and dogs killed annually throughout the world. 

In this session of the symposium, 8 of the 10 presentations focused on the development and testing of antigens derived from the egg, sperm or from hormones regulating reproductive function to induce the immune system to interfere with conception.  The other two presentations dealt with optimization of the immune response and the identification of novel antigens in the egg that could be used as antigens.

In the case of the gonadotropin releasing hormone (GnRH), H. Baker and collaborators at Auburn University studied the effects of GnRH formulation on the immune response. They demonstrated that the type of GnRH, the adjuvant, and route of presentation all affected the ability of the feline immune system to affect testosterone and estrogen levels.   K. Fagerstone and L Miller at the National Wildlife Research Center in Colorado reported on the immunization of deer with a modified GnRH peptide combined with a newly developed adjuvant.  The newer formulation induced high levels of GnRH antibodies that down regulated hormonal production in male and female deer and in turn induced contraception.  They reported that the formulation induces high GnRH antibody levels in rabbits, rodents, deer, coyotes, hoses, bison and swine and in principle should work in cats.  S. Robbins of MetaMorphix Canada in Saskatchewan reported on the results from active immunization of female or male cats with GnRH.  These studies show  immunization of cats at 3 months and again at 2 years of age causes suppression of testicular and ovarian function for at least 2 years and represents an alternative to surgical neutering.  In similar studies, B. Saxena of the Cornell University reported on the modulation of ovarian function in female dogs following immunization with bovine lutropin receptor (LH-R).   Following immunization and boosting with LH-R, circulating antibodies were detectable and correlated with the decline in serum progesterone levels, absence of ovulation and the no signs of standing heat.  Following the decline in serum anti-LH-R antibodies, the dogs exhibited normal fertility profiles and no adverse effects.

In the case of antigens derived from the zona pellucida (ZP) layers surrounding the developing egg,  Y. Lou of the University of Texas in Houston studied the ability to utilize ZP3 (binds the sperm) as an antigen.  In combination with other peptides as an immunogen, he showed one could stimulate reversible and/or permanent immunocontraceptive effects in mice.  By making a hybrid antigen consisting of ZP3 and a universal T-cell epitope, 75% of mice were contracepted in a safe and irreversible manner.  In addition, irreversible contraception was induced when other ZP3 epitopes were used to induce antibodies that caused T-cells to attack the ovaries and cause ovarian failure in the mice. In principle, a similar scenario could be investigated for immunogens in cats and dogs.  I. Liu and collaborators at the University of California (Davis) examined the effects of utilizing swine zone pellucida (pSP) in combination with the QS21 adjuvant on the immune response and contraceptive effectiveness in dogs.  They reported that the whole pZP formulation induced high antibody responses in adult compared to immature female dogs.  However, the presence of the high ZP antibody titers did not correlate with any statistically significant contraception or any histological abnormalities in the dog ovaries.    In a similar study in cats, J. Levy at the University of Florida and colleagues at Immunovaccine Technologies in Nova Scotia reported on the inability of SpayVacTM, a commercial porcine derived ZP, to induce contraception in cats in spite of inducing very high circulating ZP antibodies. 

F. Boue and collaborators in the Wildlife Health and Management Unit in France reported on the identification of sperm antigens and delivery systems for immunocontraceptive vaccines for foxes.   They identified one protein associated with the sperm acrosomal cap surface that induced antibodies that blocked sperm binding to zona pellucida in-vitro.  In addition, they showed that vaccinia virus engineered to express the fox ZP3 protein did not induce antibodies to ZP3 in spite of inducing high levels of antibodies to the virus.

S. Coonrod at the University of Virginia reported on the use of proteomics to identify novel proteins associated the membrane layer just underneath the zona pellucida and surrounding dog and feline eggs.  These studies will likely provide additional proteins that can be used by the vaccine community as antigens that, unlike the highly conserved ZP proteins, only effect induce antibodies that effect the dog or the cat.  R. Schultz of the University of Wisconsin discussed the importance of assessing the effectiveness and safety of any contraceptive vaccine developed.  He pointed out that unlike in the case of vaccine used to prevent infections, it is likely that any immunocontraceptive vaccines developed are likely to be more rigorously scrutinized by the pet owners, the veterinarians and the regulatory agencies. 

It seems likely that one or more injectable contraceptive vaccines will be approved for limited testing in cats and dogs in the next several years.  The adoption of such contraceptive vaccines by the veterinarians and general public remains will be a matter of education.  However, the hurdles for delivery of such contraceptive vaccines to cats and dogs in the wild remain a challenge in terms of showing efficacy and specificity.  
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Previous sections of this symposium dealt with a variety of contraceptive biologicals (i.e. vaccines).  Their limitations, which they share with biologicals / vaccines, in general, are well recognized: the response rate is <100% and difficult to predict.  Onset of response is slow and the degree of response and its duration are even less predictable.  If applied one on one to small populations, e.g. feral horses, or via oral delivery systems (baits) to scattered feral populations (similar to the rabies vaccines for foxes or raccoons), their chance of contraceptive success still greatly outweighs their limitations.  They can effectively reduce populations.  Typically, their cost is borne by governments ranging from municipalities to states, or private organizations.  

In contrast, individual pet owners carry the cost of contraception in pets (dogs and cats, both males and females).  These owners expect, without saying that they pay not only for a 100% effective and safe contraceptive treatment, but a treatment that prevents also undesirable sexual and/or social behavior, clinical symptoms of pro-estrus and estrus and sex related aggression.

In the history of contraception, only individually applied pharmacological items, i.e. drugs, have provided this level of effectiveness.  The drugs of choice, ranging from daily tablets to depot injections repeated in 4-5 months intervals, belonged to the class of progestins.  These progestins were originally developed as key components of contraceptive pills for women.  

North American veterinarians 40 years ago inadvertently used these compounds at too high a dose at the “wrong” time in the bitch’s estrous cycle, resulting in an epidemic occurrence of pyometra.   In constrast, their European colleagues learned 30 years ago how to dose and time progestins correctly and have used them widely since.  But the time is ripe for new pharmacological approaches with universal appeal.

At this symposium, two new drug related approaches to both male and female contraception, were presented.  A third approach was suitable for male pets only.

Down regulation of GnRH receptors at the gonadotropin-producing cells of the anterior pituitary reversibly blocks the production and release of the gonadotropins LH and FSH.  Without their stimulating effects, gonads fall quiet and cease to produce gametes (egg cells and sperm) and female and male sex hormones.  Therefore, all reproduction related body functions and behavior cease temporarily – until the block is removed.  This method, discovered 30 years ago, and used since a decade in prostate cancer patients, was long viewed as unsuitable for bitch and queen, since the initial response, before down regulation occurred, was the induction of estrus and of fertile ovulations.  In the past, there was also little interest in treating male pets.  High cost of GnRH analogs and of long-term release systems for peptides were additional hurdles.

All this has changed.  Peptech Animal Health Pty. Ltd., an Australian Biotech company, developed a proprietary and much less expensive method to produce peptide releasing long-term implants for use in pets.  Dr. T. E. Trigg, the company’s managing director, presented convincing evidence that the GnRH analog deslorelin, delivered from these small implants renders male and female dogs and cats, mature and immature, temporarily but reversibly, sterile.  Data presented earlier had shown already that the presence of 3 ng or more of progesterone in the bitch’s circulation, as seen during ca 60 days after ovulation, prevents the initial ovulatory stimulation from the GnRH administration.  Moreover, this effect can be mimicked in bitches without endogenous progesterone production by daily medication of approved progestins for a week prior to and after implantation with deslorelin.  An implant containing 5 mg deslorelin provides sterilization for >6 months.  Adverse effects have not been observed and safety studies confirmed what was known from the long use of these compounds in humans that these compounds are safe.  The sterilizing effects are repeatable.  Their duration is difficult to predict and varies greatly between individuals, people and animals.  Yet a firm minimum of duration can be determined.  If wanted or needed, repeat treatments should occur in minimal-duration-based intervals.

The sponsor hopes to obtain approval for sale in dogs and cats, male and female, in Australia and New Zealand by the end of 2002 or early in 2003.  Sponsors are needed to bring the product over the hurdles of regulatory requirements in Europe and the Americas.

The other new avenue to contraception is different, although is uses the same GnRH molecule and its receptors at the same organ, the anterior pituitary.  GnRH is coupled with toxic compounds, or so-called lytic peptides, which in this configuration can, via GnRH receptors, enter their target cells and destroy those.  Alone, these toxins or lysines cannot overcome cell wall barriers and most are reasonably safe.  Their potential shortcomings are the resurgence of gonadotropes in the pituitary over time.  Studies in rodents have shown that those new gonadotropes might have been recruited out of cell pools producing usually only prolactin.  This has led to constructs in which LH replaced GnRH.  According to W. Hansel, Pennington Cancer Research Inst., Baton Rouge, LA, such constructs target the gonads and stand a better chance to cause irreversible demise of gametes and hormone producing tissues.  They may also affect LH receptors in GnRH controlling cells in the CNS, and hence add a central effect to its peripheral actions.

P. Jarosz, representing GonexPets, Inc., Westminster, CO, a company founded by the lead researcher, Terry Nett of CSU, Fort Collins, CO, reported about a conjugate of GnRH and Pokeweed Antiviral Protein (PAP), which, as expected, rendered rats, dogs, cats, deer and sheep sterile.  Yet the hope to induce permanent sterilization was dashed when male dogs recovered after 20 weeks.  Treated again, temporary sterilization was achieved again but recovery was seen after another 20 to 30 weeks.  Hence the search is on for doses and/or delivery systems, which might cause longer-lasting or permanent sterilization via such conjugates.

Min Wang took a very different approach.  He evaluated safety and efficacy of a single intratesticular injection of Zinc gluconate neutralized by arginine (100 mg/ml).  270 male puppies of a variety of breeds (age 2-10 months) were treated, using six doses (0.1 – 1.0 ml) in accordance with testicular circumference (10 to 27 mm).  As a follow-up over 12 months, ejaculate analysis for sperm numbers, configuration and vitality (motility) was used to evaluate treatment success.  After a year, 99% of the treated animals were aspermic, azoospermic or necrospermic.  Clinical observations did not reveal acute or chronic adverse effects, locally or systemically.

Similar results have been reported for many years with the intratesticular injection of many other compounds, most recently with calcium chloride.  A high level of tolerance and effectiveness with the compound used here seems to make this a candidate for further evaluation, especially in dogs and cats of all ages.

Originally, a paper presenting data about the long-term use of low dose progestins released from an implant in female pets was scheduled for presentation in this section.  This paper was withdrawn at short notice and no manuscript had been received.  In the moderator’s own experience with long-term progestin implants in pets, repeated over 2 decades, such products are deceiving: they are very effective but rarely safe.  This is corroborated by the high level of pathology in exotic carnivores treated with long-term progestin implants.  In spite of the high level of efficacy, the zoo and wildlife community searches frantically for progestin replacements.

Hope is high, that GnRH analogs in depot preparations become available soon at a cost acceptable to pet owners.  Their record of effectiveness and safety over decades gives them a head start over lytic conjugates.  

And once more – the period of progestin dominance draws to an end.

Summary of Session IV: Regulation, Funding and Marketing of Contraceptive Products
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Although presented last in this Symposium, funding, FDA regulation and commercialization of contraceptive products are topics that must rank first in planning.  Unless a clear path through these substantial hurdles can be envisioned, the arduous and lengthy job of research and development cannot be justified.  Several participants questioned why there are no products, even less than ideal, being marketed currently when scientists have been studying methods for control of reproduction for over 30 years.  Technical limitations certainly are factors, but it is equally probable that the more mundane matters discussed in this section have inhibited and discouraged technical innovation.


Funding the development of companion animal contraceptive products is not necessarily the responsibility of any established national granting agency.   Philanthropy, funneled through animal welfare organizations is currently the most active source of funding for pet contraceptive product research, and their support of several programs has been absolutely crucial for the progress that has been made to date. However, limitations of this funding mechanism relate to the lack of experience of animal welfare foundations to deal with the complexity and sustained high cost of scientific research.  Philosophically, they are unwilling to extend support into the stage of regulatory approval and commercialization because the very high cost and profit goals which characterize this stage are more appropriate for commercial support.  These animal welfare organizations also are unwilling to support toxicology studies that require terminal experiments because they represent the antithesis of their mission.  These studies are required for FDA registration and should be funded by commercial sources.


Veterinary pharmaceutical firms were invited to present papers in this seminar.  While several firms were represented in the audience, no major veterinary pharmaceutical firms agreed to present. Their absence from the program is troubling.  Is their absence a sign of lack of interest, due to secrecy because of products in the pipeline, or are they on the sidelines watching for promising products to appear from university laboratories?  Dr. Rhodes provided an informative overview of the possible role of the pharmaceutical industry, from her perspective as a consultant to that industry. Lack of active participation by the pharmaceutical industry will slow the progress of successful contraceptive product development.  However, other paths are available and can be used to get products to the market. Small biotechnology firms and university spin-off companies funded by private capital could fill the gap if traditional veterinary firms do not accept the challenge.


Unfortunately, the present economic climate encourages commercial investment only in products that fit the category of a “sure thing”, with the promise of high returns on investment.  The unknowns about contraceptive products for pets are:  (1) uncertain acceptance by the veterinary profession, (2) skepticism fueled by past failures of contraceptive products which resulted in long term, serious health problems, (3) relatively low profit margins, (4) lack of a track record to predict FDA regulatory requirements, and (5) lack of experience with “therapeutic” rather than “prophylactic” (infectious disease prevention) vaccines.  Collectively, these uncertainties disqualify most contraceptive products as “sure things”.


These considerations are sobering for those energized and enthused by the possibility that most of the technical hurdles can be overcome and one or more successful contraceptive products are tantalizing close to reality.   However, none of these considerations are disqualifying or fatal. They are simply obstacles that must be recognized and overcome.
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