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REVERSIBLE CONTRACEPTION IN NONDOMESTIC ANIMALS

Jay Fo Rirkpairack, Fhdd, and Jobo W, Turger, fr. Ph.D

Aliiract Reversible fertility control s 2 potentmlly powerful management 100 lor both capive
exotic and [ree-roaming wildlife. This tppeoach 1o wildlife management sepresents an effective and
humiane aliemative 1o current candrol meetheds, which ore largely bethal, A number of new coniza-
ceptive echnaloges, desgned primanly for use in bumans o domestic anmals, can be applicd 1
wildlife popilations. Beversible cositraceplive apents examined here nclude nonhormonal com-
pounds, nonsiereidal ormanes, storaid hornmmes: barmier mathods, and LS e i aceplinn. 4
bt history of Ui use i wildlife 15 exammned, stong with directions for future rescarch and the

benafits of wildhle contmeepiog,

Key wards: Contmception, lertility contral, immunocontrceplion, waldlife, zoo.

INTRODLUCTION

The focus of conservation hiology histor-
icaly has been 10 increase the number and
diversity of wildhile, including both captive
cxotic and frec-roaming species. However,
there dre cases wherd oo muich of a pood
thing can lezd to harmlul consegquences,
Captive breeding programs and techinolo-
pies involving exolic species have bocome
viery efficient, and zoological parks often face
problems associated with surpius animals.
Finding sociallv and hiolomeally acceprable
solutions for the use of these #xcess animals
has been difficult. In the case of free-roam-
ing wildlife, populations histocically have
been kept within the limits of food supplies
and habitats through contrglied hunting.
polsoning, trappiag, and relocation. Some
of these methods have been inefective and
all are presently controversial, with an un-
known future, Consequently, uncontrolled
populalion Incrégses among $0Me Specics
are accurring throughout the world

For almost 20 yr, reproduction in caplive
exolc animals has been regulated ina nume-
ber of species by means of reversible con-
traception. However, the concept, particu-

Fiem tlve Degconess Ressarch [nstitube, 153} 1 7th
Streel, W, Billings, Mentang 5% 102, LEA [Farkpal-
rickl; and the Deparment of Phygiology-and Biophys:
s, Medical Collepe of Ohin, Taleds, Ohio 43699,
USA (Turmer) :

larly Tor frec-roaming species, has become
g serious focus recently for zoo velennan-
ans and wildlife mangers, To evaluate var-
fous wildhife contrageptives, the characier-
istics of the ideal wildlile fenility coniral
agent should first be identified. ™' These
charactenstics inciude |} 8 high degree of
effectivencss: 21 a lack ol 1onicity and harm-
[ul side effects, particularly to pregnant an-
imaks: 3 reversibility and a flexible duration
of action, 1o preserve the reproductive and
genetic inteprity of 1he target antmals,d) ow
cosr: 51 minimal or no effect on social or-
pamizalion of behavior; &) remote delivery,
preferably with a single administration; and
T} inability of the contraceptive agent to be
passed from the reated animal 1o predators,
scavengers, or humans through the food
chain. These characieristics have been
Tormed primarily with fres-roaming wildiils
in mind, whereas the contraceptive man-
agement of caplive amimals permits far
greatér latitude when selecting the ideal
agent,

This review describes reversible faorms af
contraception that have been used in cap-
tive exotic animals, free-roamang wildlife,
or closely related species, Expennmental ap-
proaches and advantapes and disadvantage
of each form of contraceptive are discussod.
The contraceplive approaches discussed arc
nonhormanal chemical apents; hormonal
apenls, including both stermd and nonster-
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MONECRMOMNAL CHEMICALS

Uhe coniracepiive elheacy ol clonyuphene

isomers (Merrell Dow Pharmaceutcals, .

Uincmnati, Clue $52 15, USA) has been in-
wesligaled in captive red foxes (Fufpes
rdpes). ™ Weekly 300-mg doses of one iso-
mer {-Ip-beta-dicthylamino-ethosyphe
nyll-1.2-diphenyl-2-chloroethyiene) given
duning the breeding seasoen did not interdene
with-estrous behavior or subsequent Ml
but did prevent pregnancies in all vixens
receiving lthe drug, These data supgest thar
clomiphene impairs fenilization; however,
nesther the mechanism of action nor the
reversibility of the approach was invesu-
gated,

Monhormonal contraceptives have been
used most frequently in birds. Arasan®
{BuPont Co., Wilmingion, Delaware 9880,
LI5A) (@ common lunpicide and seed dis-
infectant} and the antichelesierol agent SC-
12937 {22, 25-diacholesteral dihydrochlor-
idc) have bath caused reversible inhibition
ol ovulation in pigeons (Columbia livig),™
In later studies, pigeons were fod SC- 12937
in wheat {(0.1% by weight).'” Each pigeon
consumed about 0.3 g of the drug over an
11-l6-day period, In rural arcas and small
towns, reproductive inhibition among treat-
ed pigeons ranged from 89 1o 100% for 3-
§ ma; whereas in large cities, reproductive
inhibitien fell to [0%, pomarily beciuse of
the large number of birds. Other
imvestigators® found that SC-12937 inhib-
ited metosis in the pigeon testis and that the
drug interfered with Sertoli cell function and
produced atrophy of Levdig cells, with sub-
sequent loss of sexual behaviors. In anolher
study, clutch sive in pigeons was reduced
signifcantly; ™ however, SC-12937 also
caused a debilitating llness. Although the
toxic effects of SC-12937 were clearly dem-
onstrated in several other studies,* ™% (ke
drug was later regisiersd by the USDA and
praduced commercially as Ornitrol® (G. D,
scarle and Co., Chicago, [lhinois 606310,

USA) Tis wse for comtracepion m hirds re-
mams llegal s b UK,

Anuther compound, trcihyiene  rels-
mine (TEMY, rediced tesig weislnsand de
creased spormatogenesis in starlings (S
iy viigaris )L TEM alsa inhibited
reproduction in breoding populations of rod-
winged blackbirds (Aeelaius [hoEicey)
and vellow-hroated sparrows {Ferrnmia
xanthacallis)" Testis weights were reducied
in TEM-treated birds and meiosis was in-
hubuted, bul the dreg was toxic and some
study birds dicd. The compound was feld
tested on Keat Island, Macyland (USA). and
fertilsty was clearly reduced among red.
winged blackbirds, but mortality was not
studied.™

The anuifertility agent thiotepa (iris [1-
aairdinyl] phosphine sulfide) (supplied by
Dr. A, B. Borkovec, USDA, Beltsville,
Maryland 20705, USA) acts by interfering
with nucleic aod synthesis. The compound
was fed 10 hlackbirds in doses of 2.5-36
mg/kg and rriggered a reduction of 90% iy
tesls weights and of =50% in hatching
ratcs "% Despite this success, the drup was
toxic at higher dose levels with an LD, af
6.2 mgikg. Altention then returned to SC-
12837, which was fed to house sparrows
(Passer domesticus) for 2 me at a dose of
0.1% in canary seed.™ In @ colony of ||
males and 12 females, hatching success was
U among treated birds vs. 64% in contrals.
Hatching success reacheod prefreaiment lev-
els among trezated birds 4-5 wk afier with-
drawal of the drug, Two treated birds died
during the study, but the cause of death was
not determined. Red-winged blackbirds
werg fed cracked corn with 0.1% active
drug.**** Alihough reproductive effects wers
sirnilar to those sten in treaied pigeons, thess
birds also lost weight and showed the same
debilitating effects seen in previous studics,

It has been koown for almost 53 v that
certain plants contain substances that acl as
reproductive inhilvitors, yet few investipa-
lors have antempled Lo use these naturally
occwiming substances too controf reproduc-
tion in wildiife. & recent review?® [isted 50
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plat Bandies, geonecy, amd speces tha oy
decumentedamieieriiey elfects tnnale and
fennke ogpmeads Llse of oo ol thoss
plitts parieubarty inomanagi wepeodiee-
vioen i herhivores, deserves Turther consid
ceation, For example, an cthanolc cximmcl
ol western gromeweh (Ledasgerma rriGr-
aiel ool was Ted o mice, decreasing lifter
production by 5% when consumed 10 davs
before and 10 days during hreading activi-
. Ethanolic sxtractsof bivter cherey (Pru-
nat emarginaia) and trumpel honeysuckle
{ Eanleera cilioza) were fod 1o mice o8 1-2%
of their diet, and again litter prodoclion was
reduced by alout 5008 Al three of Lhess
plants were used by native Americans m lhe
northeastern LS. as contraceplives. Sevien
ethanolic fractions were extracted [rom
winter wheat sprouts and fed to mountain
wvokes (A icroruy monfanust.t Five of the
Fractions caused significant reducoons in
uterne weiphts, dnd veo fraciions, p-cou-
maric azid (PCAY and 4-hydrosy-3-meth-
oayelviene (4-YO7), cacsed sipnificant re-
ductions in lirers, An extract from the root
of thunder god vine { Tripierygise wilford-
i1, which 15 available commercially forthe
teeatment of arthritis, has been shown re-
cently to have powerfol antifentility effects
in malg rats and humans, lowenng sperm
counts and decregsing sperm motility '

STEROIDAL HORMOMAL AGENTS

Canidac

The concept of steroid hormona! contra-
ception was eriginally directed at human
fertility control® and unt:l recently has been
the most popular contraceptive approach
for wildiife. " The use of contracoplive ster-
oids in canids began with the discovery that
mismated domestic hitches woald resorb
early embryos after administration of di-
ethyisiibestrol (DES).* Red foxes given 50-
mg-doses of DES orally from @ days before
mating to 1 days postmating Became in-
fertile. ™ The DES apparently acted by cans-
ing implantation failece or early embreonic
resorpiion; The same dose of DES had no

clear eflects o nutle Toxes One hosdroed

miheram doses of ES admiistered (o red
Cons wasdsn b e it bals om e day of oo -
trrgs e (1 ibiys heceafler rl-l'-l!'t'l.':'-1-.'-.1 irr|:1|:|||

telvsn. ' Hlowever, il the [2ES wos suednin-
istered i dallow miber than meal, il lost s
contraceplive cfficacy, susecstiong that the
chotce of ban o5 importani i the delivery
ol synthetic steroids 1o carnivores

la-an atiempt 1o mhibie reprodueciion in
bBath red and gray lox (Lieoceon cineresar-
gemfens) i Yirgnia (USA), ground beef bans
wiere loaded with 50 my of DES Data sub
gequently ohtained from trapped lases
demnnsrated that fertiliny was sipmhcantly
reduced only i the pray fox vixens, prob-
ably because the baits werg taken more
readily by gray [oxes than by red foxes

A synthetic estrogen related w DES. mes-
tranel (BES; 17-é-ethinyl-3-malhoxvesira-
13,53 [10}-tren- 17 G-al) (Sigma Chemical
Coos 56 Touis, Missowo 63178, LISA) 15
alza an effectiive reproductive inhibilor
foxes " No foxes fed MES for 5 days afier
mating produced pups. Although most feso
feedivizs were readily accepted, Lhe vizens
only nibblted a1 subsequent drugged fesd-
ings, indicating that MES could not be-dis-
guised for prolonged administration to fos-
es. This bail acceplance problem with MES
surfaced again in studies with rodents. In
this: same study, chlormadinone acetale
(A-chloro-&-1T-acetaiyprogesterans) ad-
ministered orallv every 4, 7, or 10 davs pre-
verted esirus in most vizens until the feed-
mg regimen was halted.

In one study,*® an attempl was made to
mhibit male fertility, Spermatogenssis was
inhibited by feeding males & mixture of DES
end chlormadinone acetate in meat baits at
weekly intervals for 4 whk, beginning in carly
December. Five weeks after the cessation of
drug administration, spermaloros Were
present in the seminiferous tebules but nol
i the eprdidymides. No significant impate-
ment of spermatogenesis was observed with
either of these compounds alone at the same
diosages.

Attempts wore also made o conirol re-
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production m fomale covoies (Camiy g

druns) with DES. Inibal iesis with caprive
anialy showed thar TIES gven just befoee
or afier mating inlabaied vepbiesnta ooy, prist
as il had i foxes. ! Tallow s Glled wil
100 mg of IES were air dropped i sections
of Mew Mexico (LUSA)L Female COYOIeS
were caught several wecks later 1o the drop
area, and approximately 75% showed m-
plamation ladure or signs of fesal resorp

vion. There were, however, limitations on
the cffectiveness of DES baits for covotes.
First, DIES inpestion had 1o bé timed rela-
tively precisely with the animal's reproduc-
tive cycle for success, This problem was
compounded by the fact that covotes did
101 Lake nonliving baits with any regularity
dunng the breeding season. Second, the ab-
sorption of DES in tallow baits was ineffi-
cient, as was seen for foxes in a later study.
Finally, coyotes that did take the DES-load-
ed baits remained sexually active longer than
usual and were apparently reproducing later
in the season*™ In contrasi, feld tests of
the effectiveness of 50 mg of DES in sugar-
coated ground-fat baits carmed out on red
foxes in North Dakota (USA) showed that
the average litter size was reduced from 4.6
{control foxes) to 3.0 for foxes taking at least
one baig?

After these atiempts a1 contracepting fox-
s and coyotes, research on contraception
in camds was redirected toward domestic
dogs. Silicone rubber implants containing
testosterone and androstenedione were
placed s.¢. in female beagles.™ The hitches
were kepl in a constant state of anestrus for
420-840 days, and when the implants wers
removed, normal fertility was rectored, Es-
trus was clearly suppressed: however, this
study did not explain the mechanism of s1a-
roid action, Unforunately, in additien to
producing antifertility, the androgenic sge-
roids caused both physical and behavioral
masculinization of these bitches,

Al about the same time, the effcctiveness
of an oral progestin, medroxyprogesierone
acetate (MPA) [(Depo-Provers,® Upjohn,
Kalamazoo, Michigan 49001, TUSA), was

tested on caplive female red foxes ™ (30l
loz received 25 mg of MPA™S for4ar & days
durimng the needing seasen, which resg e
i a signiicinty reduced number of liers
produced. Shorly thorealter, other inves-

- ligators cxplored the use of oral progesting

for controlling Tertiliy in cands. Wi
melengesirol acetate (MGA) (1 7%-acetoxy
f=methyl-1 G-methylene-4. 6 pregnandicne-
3.20-dinne). an oral progestin closely relal-
ed 10 MPA, was given ta domestic bitches
m doses of =200 agfdav, estrus wis com.
pletely inhibited for a treatment perod of
243 days.'® The positive results oblained
with MGA led 10 the first progestin ap-
proved for commercial use in dops. Thes
compound, megestrol acetate (MA) [Ova-
ban,® Schering Corp., Kenilworth, New
Jersey 07033, USA), is a highly reliable and
effective oral contraceplive in the bitch, with
few side effects.'”” In The Netherdands, an-
other syntheuc progestin, proligesterone
{ L4d= | T8-propylidene-dioxy-prosesierone).
wits lested in dogs and suppressed estrus in
97% of the bitches fed the compound. '
Attention then retumned 1o androgenic
steroids. When given orally 1o batches for
240 days, the synthetic androgen. mibole-
rone (1 T8-hydroxy-T4, 17-dimethylester-4-
ene-l-one) suppressed estrus and probably
ovulation for the entire test period without
the olpectionable masculinization seen ear-
lier with testosterons.'™ Nine years later,
this same drug was given to five captive
iemale timber wolves (Canis fupit) in doses
of 6 pp/kesday for 2-22 mao,® resulting in
complete suppression of estrus.. The only
discernable side effect was increased ag-
gression directed toward cage mates. During
this same perind, the Camalion Rescarch
Laboratories (Lcs Angeles, California
90036, USA) conducted extensive experi-
ments with mibolerone. In one of the larger
tests, 600 privately owned dogs in eight
states were placed on oral mibolerone, Fer-
tlity imhabition was almost [00%, and no
untoward side effects were noted (L. Miller,
Carnation Research Labaratories, pers.
comm.), Utimately, the 1.5, Food and Drug
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Actmmesteanon (FI3A) heensed the sienonl
lor prescriphion only by votcrmarnang
couse ol hsman Consunepign ol IJ‘UQI_". fusnch
Filircive crmbraceplion roeoueres: M geeday
accondivon aecepiahle for woo amnils bl
unleasthle for mosi wild popuoiations.

Felidae

As carly as 1963 it was demanstrated thal
synthelic profestons could suppress esims
in fehds. Megesiral pectate adminisbered (o
domestic cats'and feral cat popuelations o
the 11K, successfully supprcised estrus. n
a field west o Scotland,® an mital dose of
5.0 mg in meat bais, followed by 2.5 mg/
wk, was piven o 15 female cais, only four
of which had Iitters. Two years later, the
cxperiment was repeated in England wath
feral cats.™ The drug 15 avanlable commer-
cidlly in Eurape under the name Ovard*®
(Glaxo Drugs, Fort Lauwdendale, Flonda
33309, UUSA) Medroxyprogesicrone ace-
tate has also been wsed in Denmark for con-
trolling feral cats since 1971, Ivwas admin-
istered weekly in doses of 2.5-5.0 mg 1w 504
female cats. Othese, only 20 (4.0%) became
pregnant and approximately 1.0% showed
signs of mammary tumors of pYomers.

Injectable MPA (1.0 g initially, followed
by 0.5 g 3 mo later) or MGA in Silastic®
Dow Coming, Hemlock, Michigan 48626,
USA) implants (300 mg) has been used 10
achieve long-term suppression of estrus in
captive African lions (Pasthera (o), tigers
[ Neofeliv tioris), leopards (Panthera pardus),
and jagvars (Panthera onca)?” When the
implants were: removed, femility was re-
stored, Symilar Silastc implants comtaining
MGA have been placed in fres-roaming 13-
ons in Etosha MNational Park, Mamihsa, with
the same positive results.™ Social hierarchy
was studicd among the treated lions, and no
significant effects on behavior weré ob-
served . Oeal miholerone has been admin-
istered to captive jaguars, leopards (Fan-
thera ap), and lions** with' actual doses
ranging from 6 to 19 ppfday. Suppression
of estrus was successful in all thres species;
however, side effects included celusal 1o a1

al hugh dost levels and masculinszition in
g ol e lions: One fomabe lon growa
(RN AT

Flve wse ol progestins e eeilay control
of cxolie fehds should e carned ol woth
caubion, Case reports sugeest a nuwmber ol
adverse climical Ondings in caplive 2xoic
felids trealed with conlFacepiive proges-
[ithg B0 The varous conditions asso01-
ated with progestin use nciede diabees
melhitus i a paguar, weighi gam with cu-
pameans atrophy and adrenocortical sup-
pression inoservals (Felis serwl), increased
aggressivencss i a Bengal tiger and a snow
tenpard {Pasifiera wncia), implant rejection
in opelots (Felis pardalis), and vanous
maminary gland and ulerine abnormalities
in leopards, Ugers, and jaguars. Although no
cpuse-and-effect relationship has been es-
lablizhed between progesun therapy and
these abpormalities in exotic Tehds, there

are many sirmailac examples in the domeshc
R R R L TR R

Ungulates

Populatton ncreases in hoofsiock. (in-
cluding corvids, capnds, and squids), doe
(o the efficiency with which these anonais
reproduce in caplivity, causc substantial
problems for zoos because of the large
amount of space reguired foraxhibiis, Wild
and feral populations of hoofstock living on
refuges or enjoying legislated protection of-
ten increase st alarming rates and thresten
their own habhitat. As esarly as 1968, at-
templs were made 1o regulate neproduoction
in Yeilowstone Mational Park's wapiti {Cer-
vier Elaphus) herd by administering r.m, dos-
es ol 75-200 mg of DES to 36 pregnant
animals betwesn December and March #
Pregnancy was terminated tn 0% of the
treated animals. An altermative approach
wis tried with [emale white-tailed deer
((docoilens virginiamus), they were fed DES
before and dunmg pregnancy.®? In both
cases, with doses of 50-100 mgsday, there
was significant fetal loss. The Lm. approach
wags more cffcctive bul was impractical in
animals &5 secretive 85 white-tailed deer.
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e year Gner, hoth DES aud MGA were
implanted in white-1ailod docs during IFLg-
nancy, ' The Sdastuc implans contamed (0,
50, 100, ar 150 mg ol MGA or 75 i ol
DES. The caleulated hormone release ranged
from 0.02 to | 258 mg/day. The efficacy of
the implants was cleardy supernior 1o that of
tepecled steroids; pregnancy rates were sig-
nificanily reduced among does treated with
either hormone. The DES implants were ¢f-
feetive before or after conception. whereas
the MGA implants were effective only if
given before conecption. In an atempt to
regulate reproduction in white-taled deer
m Mammoth Cave National Park, Ken-
tucky {LISA}, DES was administersd oralfy
in an encapsulated form 1o does. ¥ Doses of
001,000 mg encapsulaled in modified gel-
atin interrupted pregnancy inoa high per-
centars of cases, However, poor acceptance
by the does, the need for very high doses,
and postabortion pregnancies indicated 1hat
the approach was not practical Two syn-
thetic progestins, MGA and DRC-6246
(L 78-allyl-178-hydroxy-3-oxoestea-4,9,1 1 -
triene) were also tested * One group of docs
was given 50 mg/day of MGA and another
group was given 1.0 piday of DRC 6246
during the breeding season, Alihough does
accepied both compounds without reser-
vation, neither one prevented or delayed
conception, possibly because too little of
these steroids had accumulated in the bady
[al i bring about pralonesd action.™ Sub-
dermal implants containing DES and DRC-
6246 were placed in 23 sexoally active ma-
ture female deer.™ ™ Average daily release
rates for these steroids were 193 ug of DES
and 23 up of DRC-6246, Nine of the ex-
perimental does died from stress related 1o
handling; none of the remaining exper-
menlal does became pregnant. Although the
experiment demonstrated that femility could
be inhibited pharmacologically, the wm-
pracucality of capturing the animals and the
resulting stress were distinet shoreomings
Lo this approach.

In anather study, 0.6=1.0 mg of MGA was
fed to does daily during the breeding sea-

soin ! Heproduction was completely inhib-
Hed, there were no untoward sude effects.
and ferziliny was ater restorcd. To be effi-
vives hewever, the drug had 1o he given dai-
by, @ requirement that is difficult 1o mest in
wild populanions. Im mome recen nraad s,
homogenous Silastic impiants EONLLLTng
either MG A or levonorgesirel were placed
.00 while-latled does ® Levonongesteel
wis nelfeclive in preventing pregnancies.
The MCGA implants were effective i im-
planted pror 1o conception, but the use of
wnplants i pregnant does prevented nor

mil parturion and were thus contraindi-
cated for use in pregnant deer.

[1an atiempt ta contral a deer population
on Angel [Sland nedr San Francisco, Cali
fornia (USA), females were captured and
oiven siibdermal Silastic im plunts. CORLA -
ing MGA_* The deer receiving the implants
did not reproduce, bul only about one-third
of the population could be captured and
treated. [n another similar experiment. sub-
dermal Silastic implants containing 800 mg
of MGA were placed in 23 [eral goats (Cop
ra hircus) in Texas (USA) (U, 8. Seal, pers.
comm.). The 25 experimentsl nannies plus
another 23 control females were placed with
five billies; after 2 yr, no kids were produced
by the treated goats,

Interest in contraception of hoofsiock has
been sparked by the dramatic increases in
feral horse {Equus cobalius) populations in
the UWSA during the past 15 vr. Early
studies*-'!" reported successful inhibition of
reproduction in feral horses by lowening
sperm counts and reducing sperm motiliny
in stallions, A microencapsulaied form of
testosterone propionate (MTT) was injected
into 10 immobilized stallions at doses of
3.0-10 g several months before the April-
June breeding season in Challis, Idaho
{LJSA} The polymer {palv-nr-lactide) coar-
ing (Southern Research Institute, Birming-
lham, Alabama 35235, LISA) permmilted a
sustained release for up 1o & mo. The stal-
hions” behavior was unaffected and breeding
ook place, bl there was an 3% redustion
in foal production among mares bred by the
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treaticd stallions, Bopeated mgeciions of ios-
tosleione cyponaie and singhe g ions of
speinesirrl CF R -cthinylostsd ] -3-0veln
prentylether) gan plio Camse alospermed m
stalhiona, ™! Koot dedrvery of MTEP wan-
captured stalliens; at dosesol 3.0 of achive
lrug, reddpcod Tomling rates by ibant 43%n
field tesis on Assaicague Isiand, Maryland
(LISAYN, but required four dars per ancmal
o reach a migirmeally effecnve dose

Concern aver harem inbdehiy by mures
and the potential ineMectivensss of treating
sigllions led o teeo diferenl attemipls 1o e
duce fertility in mares wsing seroids. Sub-
Cutaneous implants containing vanaus dos-
es ofestradiol (E;) and progesicrons (P were
placed in captive feral mares.® Temporary
decrezgses in behavioral estrus octurred
amang the treated mares, but levels of the
implanted steroids decroased and behav-
ioral estrus reappeared among these marss
bv 5 wk after treatment. The twemparisy ra-
ture of this treatment may have been dus
o increpsed clearance rates of these steroads
afler admunistration, In contrast, ethinyles-
tradicl (EE;) homoetnous Silasuc mnplangs
(1,5-8.0 g} placed 1.p. in captive feral mares
wers eficctive In suppressing estras and
ovulation thoough two breeding seasons.®

In another study,® a microencapsulated
synthetic progestin, noribisierane, was ad-
mimstered 1o 51x feral mares on Assateague
[sland using remately delivered darts. Thes
progestin, which has becn used wery suc-
cessfully to mmhibit fertility in women, wis
given in doses of 2.0 g. All six mares re-
geiving the progestin foaled ! yr later, &
highly improbable event among Assaleague
mares, which suggesis that fertility was ac-
tually enhanced among treatcd mares.and
supports the hypothesis that progestin ad-
MiSlralion O marss 1nCreases progestin
metabalic clearance rates.

Rodeniia

The concept of chenucal fertility conireol
for managing pest rodent populations was
arginally put forth in 1967.* Bails con-
tamning 9.05% mestranol were fed 1o wild

s ey eevesres b, resul T, 1 an -
mediateand signeficant redoecion n preg-
i e Mooy, poor accepiames ol e
stevact-treatesd bang gave short-lived resolis.
This ling ol research weas expanded oo
chude voelos (M erofis spp '™ Apain, rals
did mob accept mestiancl bans owell, and
dioses had 1o be reduced 1w 0.005% before
voles would accept the baits regularly, Re-
produoction was mbinbiied in the voles, and
o ps receiving mestransl through the moth
er's milk mever developed sexwaily, becom-
ing rreversibly sterile,

Cuinesirol was then investipaied noro-
denns, 'V Thes compound was maore cfice
uve than mestranol for antiovarian (real
ment n rodents, Doses as low as [0 ag
compleicly inhibited repreduction, but ance
apain poor hail acceptance in rats made the
approach impractcal, Maore recently, repro-
duction was sucoessiully inhibied in biack-
tatled premme does (Cyrarmis fudovicianis)
in Wind Cave Mauonal Park, South Dakota
(USA) by feeding them DES-treated pats
(01 1% dctive wgradienty ™ Reproductive
inhobition was almost L00% efecuve, and
there was total reversibility when the drug
treatment was withdrawn, .

Other mammals

Two comman small mamemals, the skunk
(Aepdiizis mephitis) and the raccoon {Pro-
evine fotor), that are implicated in diseases
such as Lyme disease and rabies and that
adapt well 1o urban arcas have not aften
been the amger of fertility condrol, In ane
siudy atlempting 1o contracepl skunks, DES-
loaded baits were unable to significantly re-
duce reproduction,'™ In a more recent
study, " & single Morplant® rod (Wyeth-Ay-
arsl, Philadeiphia, Pennsyivania 19001,
USA) implanted in wild and captive female
skunks was |00% efective in inhibiting for-
tility over a 3-vr period. Each Morplant rod
coitaing 36 mg of the synthetic progesiin
levanorgestrel and can be placed withoul
surgery using & 10-g trocar,

The use of conlraceplion in captive cxolic
mammal in Morth Amencan zaos has been
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revicwed recenify ™ A wiile varwety of pri-
mates and carnivores fave been cont-
cepted with scveral stereids and delivery
svslems designed Tor humans, including aral
nargesteel. ol norethindrone {norlyisie-
roneletlhinyl estradiol, cral MOA sl mi-
bolzrane, implants (levonorgesirel), inject-
able MPA, and MOA Silastic imiplants.
Success has varied with the species, the driip
dose, and the rechnigues of application. il
lustrating the need for careful evaluation of
any sterowl contracepiive method in wild-
life,

Avey

Steroid contraception has alsy been ap-
plied to birds. Oral delivery of MPA caused
reversible intubition of ovulation in pi-
geons, ™ When mestranol was incorporated
intogritand fied to pigeons at approximately
|83 wgdday, "% forvility was reduced by 26—
07%, and there was no evidence of debili-
lating toxicity. Even F, males hatched fom
treated adults had significantly depressed
fertility. Similar results were oblained feed-
ing mestranol-loaded grit 1o laboratory quail
(Coturnix corurmix) 14

MNONSTERDIDAL HORMONAL
AGENTS

The primary target for nonsteroid hor-
monal contraception has been hypothalam-
ic peptide-reieasing hormenes. Fertility in
male dogs was successfully suppressed with
repeated injeclions of a gonadotropin-re-
leasing hormone (GnRH) agonist.'™® The
aponist (D-Nal[2P-GnRH) was adminis-
tered iLm, in doses of 10 ugiky; testis val.
ume, ejaculate volume, sperm count, and
sperm motility all declined for as long as
172 days. Libido was depressed but could
e restored with testostérone implants, Es-
trus in dogs was also successfully suppressed
with nafarelin ([6-D-{2-napthylj-alanine]
tinRH), a potent GaRH aponist analog, '
Using an s.c. osmotic pump, 2, &, or 32 4z
were delivered daily and completely sup-
pressed estrus for up to 1§ me. Although
successful in captive domestic does, this ap-

pregch has Inile usclalness in wild conig
pupulations. MNevertheloss, 1he apprisich
may be uselul with 200 animals or larger
frec-raaning species whene capiure 15 naoj a3
proflem. In other studies™ " in which male
rhesus monkeys (Macaca mudatial and fo-
ale macagues (Macaca sp) wore given
GnRH agomisis, testicular funclion and
avarian function were significantly de-
pressed, b sexwval behavior was also in-
hbiied

BARRIER METHODS

A mechanical birth control device has
been lested 10 whitc-tailed deer ™ The de-
vice, designed to prevent intromission and
gjaculation by the male, was manufactured
from Silastuc and anchored in the vagina of
the doe. The device failed o preven) preg-
nancy, and this approach was abandaned
with deer. John Hughes and Petcr Dahls
{pers. comm.) &t the University of Califor-
mia & Davis have developed an equine in-
trauterine device (LD, They placed 1L
into six fedile mares and turned the mares
outwith a ferile stallion during the breeding
season, The stallion stayed with the mares,
and all were serviced numerous times dur-
ing cstrus. None of the IUD mares con-
ceived, whereas all six contral mares oom-
ceived and carried foals 1o term, One year
later, the TUDs were removed and the six
previously treated mares conceived during
their first cstrus,

Among caplive exouc species, silicone vas
plugs are currently being tested ina number
of (elids and primates.® These plugs are in-
serted inta the vas deferentia surgically and
prevent the transpoct of sperm. The results
of these tests are not vet available.

IMMUNODCONTRACEPTION

Immunoconiraception atlemps 1o sum-
ulate the 1arget enimal’s immune system Lo
interfere with some critical reproductive
event, Upon & injection of an antigen inta
the target animal, antibodies are produced
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g nal SO el regusETe I B
Mol reproadecioon. lmmusocon e pis O
lee anpmeed ab speeie malecules o ihe reppa-
durlive process. incliding  Tepotbnilioae
peeprlade-rebeasone. hommomes, prluiars po-
nadptrapic hormones, or sperm oF ege re-
ceplor molcoules necessary for erilassion.
Preovulatory or prespormatogenic mecha-
nisms, Lhe process of fenilizalion: or the
fertilized ovam of embryo cin a&lso be tar-
peted. Dieect immunological nlerveniion
of reproductive steroids with sterood-pro-
tein ligands is not biologically sound be-
capse almost all somanc cells contain oy-
wsol recepiors for steroids, aond broad
biological consequences can resull

Inan attempt to immunize dogs apains
their own luteinizing hormone {LH), imec-
tions of human chorionic  gonadolropin
(hCEG b were edmimstered.” Thisexpenment
failed becausecanine LH did not eross-reac
with ant-hCG antibodies, One vear later
SOME SUCCess was reported in passively im-
munizing dogs against LH using antibodies
that were considerably mare specihc for ca-
ning forms of the hormane. ™

An immunological approach 1o ferrility
contral wis also attempted inocas'? Feling
ovares were homogenized and vsed to raise
rabbit antibodies against the prowin frac-
tions, The antibodics, when administered
to pregnant cats, cansed some fetal resorp-
ticn. but the results were generally discour-
aging. (Ince again, as in dogs, nonspecifcity
of the antibody appeared to be the problem,
Ina different immurological approach, mals
dogs were immunized against their ‘own
GaRH with GnBEH conpepated 0 hurman
serum globulin.™ Plasma testosterons, LH,
and sperm counts were all depressed. Un-
fortunately, this approach of immunizing
the male sgainst GoRH results in the lass
of libide and requires the addition of tes-
tosterone in some form to mamtain normal
male behavior. ™ Among hoofstock, fe-
male sheep have heen immunized with an
LH-avalbumin conjupate, resulling in the
ehmination of estrus and slmaost 100% sue-
Coss in preventing pregnancy ™ Domeste

sl and swine™ have boen actively -
munaded against CmBEH with a0 oresulling
pupipressian ol owEian okl

v imiyanoiopss mierrupden of lorifsa-
plan, am sinuagen seould cause the female o
procluce-antibodics against sperm., This an
pecn would meet most ol theeoter for the
ideal wildlile contraceptive agenl. For many
years, progress in this direction was imped-
ied hecause maost sperm antigens (melecules
ressding in the sperm cell membrane or in-
tracellular enzymes) were not speaific o
spermn, This meant hat the female woutd
ratse antibodies that would attack not eoly
sperm butalsa the kidney, hiver, blood cells,
and a varety of other tissucs. In the last
decade, sperm antigens bave been identified
that are increasingly more speciic o sperm
alone. " Since 1987, two dificrent sperm
antigens have been identified thar appear o
be absolutely sperm specific and may be
ideal contraceptives. Both antigens consist
ofa sporm cell membrane proizin necessary
for the recogniion and attachment of the
egg. One of these, PH-20, was identified in
hamster sperm but has not yet been found
in other animals.® The other, now known
a3 3P-10, has been located on sperm. from
baboons (Papio sp.), monkevs (M. muiaiia
and M. fascicilaris), and humans.® % Both
are injected into the female, wha then pro-
duces antibodies against sperm, thereby
preventing fectilizidion without interfering
with hormones or behavior, The 5P-1{ an-
tpgen is 50 promising that 1t has been des-

‘ignated for priority rescarch support by the

Waorld Health Organization, Neither of the
sperm antigens have been wsied on any
wildiife species, but SP-10 could currently
be applied 1o some. caplive prnmates.

A second strategy for inhibiting fertiliza-
tion is by raising antibedies against the ovum
protein receptor for sperm. The mamma-
lian égp 8 surrounded by @ noncellular
membrane known s the zons paliuada (Z17,
The ZP is made up of three glycoproteins,
ane of which, ZP3, is the sperm receptor.’!
Injections of raw ZP protein or ZP'3 cause
the female 1o raise antibodics against the
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spwerm receptor on the ovam. Thus far, por-
cine ZPA{PZP) has been an effective inhib-
it ol fertliaion m homgns and 3 virien
ol monbuman primates 2 dope rab-
bois, " horses ** wmwl deer,'

The most common route of delveery of
PLP 15 Lm. injection. This is not a problem
in mosl captive antmals that can be readily
handled. In free-roaming wildlife and some
caplive exotic specics, however, handling s
ol feasible, and remote delivery ol the an-
tigen 15 important. Ina field est of this con-
o, remole delivery of PEP, using barbless
darts fired from a capture i, has been used
o successiully contracept freeroaming fiesal
mares on Assateague Island MNational Sea-
shore®” In the initial study, mares received
either two or three inoculations over a G-wk
period, afier which thers were no pregnan-
cies among treated mares over the course
of the following vear. The resilts of that
study indicated that PZP immunization of
[eral horses 1) can be carried out remaiely,
Z)can be applied to pregnant mares without
interfering with pregnancies already in
progress or with the health of the foals, 3)
will not affect social behaviors, and 4) is
reversible. In a follow-up study, a single an-
nual inocalation was effective in preventing
pregnancy during t'wo subsequent years, in-
dicating thal once antigen recognition has
occumed, a single annual booster inocula-
tion can raise antibody tters to contracep-
live levels'®

Thig same PZP antigen has proven effcc-
Live in inhibiting fertility among white-tailed
deer over a 2-yr period."'! Trals currently
in progress with caplive exolc species in-
dicate PZP antigen is an effective contea-
ceptive ggent in sika (Cervig mippon), sam-
bar {Cerver wericolod), and axis {Axiy axis)
deer a1 the Bronx Zoo (New York, 1UUSA)
and in Preewalski's horses (Equws preewal-
ski) at the Cologne Zoo {Germany). Trials
with PZP immunization are also in progress
with an orangutan (Ponge premaeus) at the
Tolede Zoo (Qhio, USA), patas monkeys
(Erthrocebus patas)al the Calgary Foo (Al-
berta, Canada), West Caucasian tur (Caprg

e at the Meiro Zaoo. D oronio (Cmitario,
Canada), and muntjac (Munfaos eI )
al The Bronx Lo,

I'he requisite al il biple moculations (fwao-
st ula s dp e o be reguired) for con-
traceptive cihcacy represents a major dis
advantage of the PZP antigen, gt least for
s application 1 free-roaming wildlife, Mi-
crocncapsulation, however, may allow con-
version of ihe PZP antigen 10 a2 single-dose
vaccine. This process, which provides i sus-
lnined release of drug, has been used suc-
cessfully willh contraceptive sieroids in
humans'™ and feral horses® and with other
forms of antigenic protein® Preliminary
sludics USINE an osmMolic minipump ind-
cate that conlinuous release of the PEP an-
tigen causes contraceptive titers of antibod-
ies in mares, Incorporation of the PZP
antigen inlo continuous-release micro-
spheres is also under investigation,

RECENT ADVAMNCES AMND
DIRECTIONS FOR FLTLRE
HEESEARCH

In the 1960", when interest in chemical
fertility contral of free-roaming and captive
species began, the number of available con-
traceptive chemicals was relatively small and
delivery sysiems were limited. Today, 25—
30 different commercially available inject-
able or orzl contraceptive steroids are avail-
able and several long-acling progesting and
andropens show great promise. For exam-
ple, agingle s.c. injection of Danazol ® (Win-
throp Laboratories, New York, New Yark
LODI6, LUSA) {2 synthetic steroid wsed o
the treatment of cndometriosis) caiuses pro-
longed suppression of menstrual cycles in
macaques (M. fasciodars) 'S Other ad-
vances include 1) the development of bio-
degradable encapsulation and microniza-
TGN processes o permit long-term sustained
releass of injectable contraceptive agents,'™
Z) the improvement in absorpltion of oral
progestins.'" and 3) recent FDA approval
and commercial availabality of Nomlant
implants; These implants offer long=term {up
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o Sowr) dontraceplion; with  nonsurgiesl
prlaciement, aod the fowest side ellicis ol ey
Conteptive progostome sy aliblhe.

mberoad use, however, moost e appliced o
tlicialy . A some Capilve spodws,
particulary feledy, the mcreasing incidence
ot sieroid-related pathologies supgess he
ied forallernative approaches. Also, il 208
are 1o display behaveorally normal spect-
pricas i he course of their educational ms-
siond,  leng-term o application of - sterods
might not be wise, Amoag ee-roaning
wildlif; steroids usually reguire caplure of
the wrpet-animal or, &l the vory leasi, the
remote  injection  of unrealisiically large
quantities 10 achicve contraception. Adse,
the ssue of steroid passapge 1hrough the food
<harn has nol been resolved.

Beyond stergids, entirgly now approzches
o fertility reducuon in wild species are
emerelng. Svntheticanalogues ol GoRH are
effective in reducing fertility in both malss
and females, but behavioral changes are
likely unkess these analogs are aocompin ted
by exopenous steroids, The ability 1o miler-
fere with Fertilization withoul any changes
in steroid-dependent social or sexual be-
havior comes closer to mesting the ¢niena
for the ideal wildlife contraceptive, Addi-
tonal information 15 needed on 1The long-
termy effccts of immunoconicaception on
gvarian function, on adjuvanis thal do not
cause uleeration or tuberculosis-positive
tests, and' on sustained-release svalens for
antigens for one-inoculation immunization.
All three ol these areas are currently wnder
investigatian,

Virus-veotored immunoconiracepuon is
already under nvestigition.''" This meth-
adology would deliver nonpalfogenic Yac-
cinia virws, specific for the target species and
containing the gene for the PZF antigen, to
a particular wildife species. Afer @king wp
residence in the host species, the virus weubd
express the gene for the PZP antigen, there-
by immunizing the animal. The 1areets for
this rescarch are rabbits and [oXes in Aus-
traliz:

There i5 some concern that long=1ermn use

of PEF moaght cavse podepleton of oacyies
s allermatve mamunaloge appreaches
fnhibsting fertaluy m the fomale are undes
irpvestivation, Antumualos aophorus ang-
acdies have been generated 1 vablats lor
passive imoauntzation of emake mice, 1o-
sulting, in reversible infertility," ™ nfeuliy
ts caused by disropring the communication
between comubus oolls and the develomng
pooyie. This same prnciple might heap-
plicd 10 mher species,

Anaiher area of research s enhanced bail
aceeptance by small mammals. Control of
fertility in rodents, certain canids, and other
smnall mammals is possible if resisiance o
treated bart can be avercome, Encapsulating
sleroids in a disgmised and accoptable me-
dium may be feasible. For example, mi-
eroencapsulated 3-mg doses of stermd were
palatahle to human patients,'® wheress pre-
viowsly the drug had been unacoeptable in.
uncoated 200-ug doses. )

The elecs of lorttdity confral agents on
the length ol the rarget species’ breeding sea-
son must be determined. Polyestrus sexson-
al brepders tha: remain infertile throughout
the spring and early summer breeding sea-
son might merely delay the reproductive
season, A population whose reprodoctive
activily normally concludes in summer but
15 delayed until fall would produce young
that probably would net survive the winter,
Such a siteation would be inhumane and
unaceepiable.

An important issue facing the subgect of
wildlife contraception is whether the solu-
tion 13 worse than the problem. The biosys-
tery within which each 1arget species dwells
is dynamic and Aexible within certain lim-
its, In most cases, those imits have not been
delineated. Work should be performed on
the principte of minimal perturbance, which
means conducting extensive preliminary
studies to establish normal reproductive and
behavioral patterns followed by long-term
studics 1o assess treatment effects. Such
stpdies must choompass. complcis phac-
macology of the agents, catabolic pathways,
and possihle biological activity of the ex-
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crclod metablites (i iy benpestied hy
pther species inthe habiai ™

The extent o which drugs interlene wigh
lihides and sociosexual behavior is s o
purtast Inoany wikdlife feetility contral pro-
EFAm. il 15 probably not wise 1o attempl zera
Pepulation growih. 1 males are the targel
and enly a percentage will be made infertile,
then the contraceptive apent must nof in-
terlere with libido o other behaviors that
confribure W their sucoess in mating, An-
other important consideration is the fong-
term elfects upon social arganization. Any
potential contraceptive agent must be
screened [or direct and indirect behavioral
elfests. This issue is as important for caplive
exulic animals as for free-roaming wildlife,

sociopolitical aspects of wildlife conpm-
ception should also be resgarched. The les:
sons learmed over the past decades of human
centraceplive research must not be fost 1o
those who wish 1o apply this technology to
capiive and free-roaming wildlife, Regard.
less of the safety or efficacy of a chemical
tertility control agent, there are impartant
public issues to be considersd and political
barriers that must be overcome if wide-
spread success is to be achieved. Wildlife.
caplive or free-roaming, and its presecva-
uon and management is offen a highfv
charged emotional issue. Methods for ed-
ucating the public about fertility control in
wild species should be investigated. Guide-
lines for the ethical use of wildlife contra-
ception should also he develaped. As tech-
nology advances, the ability 1o manipulate
animal populations will increase pIUpoT-
vonately, The use of wildlife CoOniraception
Must lake in1o account the well-being of the
target species as well as the needs of people.

Chiemical fertility control is a flexible
management oo, permitting a large varety
of manipulations, Where contraceptive
agenls can be delivered remotely to large
animals, particular herds, bands or even in-
dividuals can be singled out, For example,
the immunocontraception of Preewalski's
horses al Cologns is aimed st keeping ani-
mals with genetic anomalics, such as fox

alleie o Roppy mane, out of e reprod -
tive poal witliaug interforing with social
structure: Reversility of drog action sdds
Lven more management Teathilow, A larpe
and unanowipated winrer kil for Example,
can be offact by withdrawing the lreatmen)
for one or more breeding seasons, ar en-
dangercd caplive species can be Lem parariiy
removed from bresding populations by
permitted 10 breed again in later vEaArs,

There an: impl:l.l'l.'vhﬂ hl'!'.I]'!.‘.lt',EI'.;i.lJ redasons
why fertiliny conteol is an atiractive wildlife
management ool Removine an animal
from the population by lethal meins is per-
manent; the gencs are Inst from the poial
forever. Reversible contraception wsed with
a sound management plan can help main-
tain the gene pool, which is cxiremely -
portant fixr rare caplive species and in places
where dwindling habitat resulis in focalized
averpopulaions of endangered species,

Another advantage is the ability to con-
CENIFATE on 1Rrpel species without serious
damage to other animals, Delivering bait 1o
4 particular species without having other
amimals ingest the drug is probably impos-
sible. However, through careful manipula-
ticn of drieg types and dosages, efects Lpan
MOOLARE! specics ¢an be minimized. Tim.-
ing is also important; the peak breeding sea-
son for one species often difers significantlv
from that of another, which may permit hait
delivery without interfering with noniarge!
species. Red foxes, for example, breed from
December to March, whereas skunks do not
bepin to breed until March. Thus, a bail-
delivered fertility control propram could be
timed for skunks to avoid interference with
fox repraduction.

Finally, chemical fertility controt affords
an approach that, when praperly used, waill
nat influence the social structure of the an-
imal populations involved. Because sexu-
ally mature individuals are neither removed
nor harassed, the hierarchy of the popula-
tion 15 aot allered unwittingly by human
inlerventicn,

Much of the future of wildlife contracep-
tien will be infleenced by public opinion,
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ledderal researele-sponsaring apencues, wrld-
Lile madagers. and 2oo adminsictors. The
bl mrusl be cduvsicd rogindiag the na-
fure of e siilyect, chusnces for success, ben
ey, nnd conseguences of nol persaenp s
goul. The puidehines Tor rescarch funding
amang federal. siste, and private rescarch
sponsoring agencies most be broadeoed 1o
include wildhife feriliy. comtral, and those
in charge of roas and wildlifc managemeni
at all lewels must be willing 1o allocawe -
sources 10 these new approacheos.

Achnowfedgmenty We gratefully acknowl-
edge the PNC Corparation and The Humiins: So-
ciety al the United States for suppor for 1he
preparation of thas review, Much of the marcerial
i (s review was presoaied ik a symnposinm on
Ferility Conteel i Wildlide, in Philadelphaa,
Pennsyivamia, Mosemben 1987,
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