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A unique application of pig zona pellucida (PZM mmunocontzacephion is the
control of wildlife populations, A native PZP vaccine has been successtilly applied
to wilid horse and donkey populations. A single annual Boosler inoculation was
capable of maintaining contraception. Seven conseculive years of PZP treatmenl in
wild mares resulted in no detoctable debilitating side efects and reversibility of
contraception has been documented among mares treated for up to 4 consecutive
vears. Long-term treatment (5-7 vears) is associated with some onvdlation Failure
ang depressed urinary orstrogen concentrations. Complex sonial bohaviowrs in
harses werd umalfected by treatment, PZP immunacontraception has alao been
successfully applied to white-talled deer. with no detectable changes in ovarian
histology after 2 vears of frestment, Seventy-four species of caplive o0 animals
have been treated with the PZF vaccine, with documented success in 27 spegies,
including members of the orders Perssodactyla (Equidae), Artiodactvla (Cervidae,
Capridae. Gireffidae.  Bovidae), and Camivora (Ursidae, Mustelidae, Felidae),
Immunocytochemistey studies have demenstrated o high degres of crossreactiviy
bebween anti PP antibodies and African elephant zona pellucida, The need for a
one-inoculation form of the vaccine has led to the imcorporation of PZP inbe
tactide-glycolide  micrispheres, which cuse a defaved release of the PZP
PZP immunocontraception of wildlife his potential because of (1)  20% effective.
ness, (2] the ability for remote delivery, via daris, (3) reversibility after shart-term
wse (2] 3 wice breadth of effectiveness across many species, (5) a lack of debilitating
sidle-effects even after long-term treatment, and (&) minimal oHects upan social
bethandourg,

Introduction

The majorily of research devated to zona pellurida fertilization-blockers has been directed at pobertial
curitracephion in humane. A wnique application of zona pellecida (7P} vaccines is contraception of certain
wildlife pepulations, where Iegal restzictions or sogial abjectons to lethal control kave made lertility
control the caly remainisig option iKizkpatnick and Turmer, 12850 Steroid-based wildlife conirscentinn
bas proved imacceptable becsuse of difficulties with delivery (Kirkpatrick, 1995, varions ssociated
pathalogies [Linnehan and Edwards, 19911, and #he abilite of skeroide (o pass throwgh food  chains
(Kirkpatock and Tusner, 1991
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Table 1. Foaling rates for pig 2ona pellucidatreated, sham-trested and
untreated Assabesgue marcs

Percealage of mares producing Tk

[ncculativoe Pretoestment Postl-lieabinert
Areap pres hiowe i 1337 s [Rae
I'reabed 3 18 310 il o
Ieabed o fEAd irA (LX)
Sharm sreated o jaa ELR] B0
Urirrated i 11 —_ - 5.4

befodifaecl b irkparich & wl, 1990

There are certwin smilaritics in the concerns of human-directed and wildlife:dizected 2P contra-
sphive resedsch, These include reversibility (althaugh in surme species, like white-tailed deer. this i not
am isgge), safeby in pregnant animals. beslth side effects and efocts upon Behaviour. Despite these
simnilailies, there are bwo dssues Lual are unique to wildlife directed 7P conizaceptive research. The first
i the need For remote delivery, either by dart injection or oral administration, and the second is the need
for & ane inceulation, long-acting form of the vaccine (Tumer and Firkpatrick, 1921). The remaimder of
thig seview memines progress b date with ZP wildlife fmmumeconteaceptive reearch o wild and feral
i, white-talled deer, captive exolic zoe snimals, and free-ranging African elephants, and directions
fee Fumure research.

Applications in Wildiife

Wild anad feral sjunks

The Fret application of irmmoocnifaception in wildlite occurred in wild horses (Eijuus sibels in
1984, A nalive pig zona peilecida vaceine (PEP was administered remotely in 85 pg doses by means ol
darts o 2 mares on Assateague Idand National Seashore LASIS), Marcs received either bwna ar Hiree
inoculabiloas swver 8 weeke and contracephion was 100% successful (Table 10 (Kirkpatrick o ai, 19900
Fourteen of the mares were pregnant at the Sme of PZP treatment and all defivered heealthy foaks whise
survival rabes were ot dilferént from those of foals Liom entrested mares, Comelex socal rrEARization
and behavicars were unalfected. A year later 3 singie booster inncuiation (0F pgl was given to 14 of the
26 tnares and only a smngle fual was born Kitkpatrick o af, 19972), The remaizing 1) mares wese rol
treated and fve produced foals (4 2.6%), a rate not diferent from unireated mares on ASTS, Dyvap T vEars
(120 mare-yrars) only fuur foals were bom bo breabed marcs and Lhe diferencs in fertllity bebween
breated and unireated mares was significant (P < 0.001) (Kidkgateick of !, i pressl. Twoof the four foalz
bexrn b brealed erares were produced by the same mare. Duting that 7 vear pericd. a tokad of 27 mares
received Lheis subial PEI inoculations dusing the later stages of pregnancy and all 27 deliverad foals,
Three mares Bom the foals delivered In 1958 have reached maturity and have produced fpals of ther
own [Kitkpatrick e al, 10955, The use of PEP contracestion for the conteal of ASIS wild ko
prpulations has now reached Lhe management stage.

In & second, larger thudy of PZP contracepbon of wild homses. animials wees roundad up in Mevada,
in Decernber (#9.1, and hand-injected as thy passed trrcuph chutes, Duilng the summer of 1904, they
were relacated and observed for the presence of foals. Untreated mares (r = 63) produced 34 feals
51.0%, shamelnjected mases (nw= 200 produced 71 foals (35%), and arares reteivings fwo noculasions
about 1 month apart in = 44) produced two foals (4.5%) 1. W, Tusmer personal communivation), Lasger
acale trials are in the plarming stage for Mevada horses

An inthial fweinesalation protocol sesulls i effectve conlraception i wild mares for up to  vear
however, & une-incoulation treatient is more practicable fee use i the feld, The Hming of 2 single PTP
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mnoculation with wild horses 1s hmporant, In the northermn hemisshere, wild mares breed bebwsesen April
and [uly, A single ineculalion of PEP plus Freund's complete adjuvant (FCA) was griven tn 2% mares in
Mevada, in Decernber 1992, approximately 4 months before the snset of the hreoding season, In 1994
14 of those 20 mares were located and faur mares (2865 had fuals at their sides (. W, Turner, o fawal!
communicaticn). [n a second test of 2 ane-moculation. PZP trial, 2 single 8% pg PZP inocadation was
given to 42 wild ASIS mares in March 1994, [inemediately befors the onset of the Breeding seazon. This
treatment resulted in eight foals (T9%0 & fertility rate which was significantly ditferent (P < 0.05) [rom
the normal 45—55% foaling rase (. F. Kirkpatrick, unpublishod)

Puzified PEF has also been adminstered to horses using a biodegradable hullet (Willis #f af, 1994}
The PZP was deliversd at an initiz] dese of 400 wgs The mares received a booster dose of 200 g
3—d weeks later. All mares developed significant cencentratiors of anti-FE1° antibodies and mares were
indertile for 1 years wifhout an anrmoal bonster (R, Fayrer-Hesken, perional cormmumications,

1o a trial wath a T!-m—‘SI!EEEII:IHE:.-' I:ﬂ'ﬂdil'lp: H_|I:lil'|- 1& Feral -:f-z‘m.hE}':l in bl Virrin Islands Mational Park
were immunized with PZF remotely. Each jenny recrived 65 ug PEP followed by a second innculatinn
& weeks labes and a third moculation 10-12 months later. Resiits were ook cabealsted anbil 12 months
after the inital incoulation, Lo allow for any pregrancies in progress ab the Sme of inocufations, On the
basis of observed foals and pregnancy detertion by means of (aecal stercids iKirkpatrick of al, 1991500
unly a single treated lemale (6.2%) produced a foal or was pregrant, while & of 11 [(523%) contred
dorkess pl'l:dl.-ll:l?d foals or wdre pregrant (W Tumes, wpablsshed),

Coroifin

White-tailed deer (Oduraitens pleafminmigl populations have raached unprecedented mumbers o the
LISA, Largety because of the adaptability of the speces bo hurnan activite and a decling in hunticig, Soine
of the more severs problems: are ooourring in urban aress, on militany bases, and 1o oationat parks,
Successiul PLP contraception of this spedes, wsing bwoe inoculations of 03 g doses, was first
dernonstrated weith captive dees Turver ot al, 19920 Subsequent frials with castive deer examined the
eftects af {1} one- and bwo-inoculasion protaenls, and (2} reversibility of cordraceptive effects. Unireated
eontrol does (k=270 produced 24 fawms (38.0%)0 Mo does ik = 13} receiving either fwo or thiee
innculations produced fawns. and antibody concentrations ranged Fom 727% to 9205 of positive
reference serien antibody Hires 7 bo 10 monthe after breatment (the poasitive refereoe warun was
comnposed of a pool of af least ten seruin samples from deer in whick conlraception had occusred after
PLF lreatment]. Seventy-five per ool of does breated in wear | of the study and glven a single booster
moculation in‘year 2 produced fawns in year & of seven does treated in year T but ook given booster
inGeulations in year 2, two produced Fawrs [286%) o vear 2 and five of the seven produced fawns
(7LA%) in year 4 (Tumer « wl. in press).

After trials with caplive dees. a Feld best was carried ot with free-ranging deer at the Smithsanian
tnstitube’s Conservation and Wesearch Center in Yirgina. Thirty does were live-trapped. wetshed
ear-taged, and released. Ten received & single mjection of 635 pg FZP at the time of caplure faraug Al
A rnonth laker, i October 1992, the anipeals-in Gm-up A received a socond 035 pz inwoculation, remmistaly,
b mesns of dags, Another ten (Group B received & single noculation of PZP, Ten does rspsived a
single inocelaticn of salive plus adiuvant (Group G A vear Later 0%, 78% and #2% of does in Groups
A, B and C, respectively. produced fawns, All breeding schivity cessed in cantral animals (Group ©) by
ecember, bul breeding activity continwed o into February for animals in Grougs A and B, imdsesting
that their breeding seazon was extended when pregnancy did nob neewr earlier. Partuttiion dates For
fawne born bo andmals in Group B indicated that eancepbion ocourred during theze extended breeding
seasons, presumably whon antibedy concentrations decreased below conliacessive amounts, Nine of Hhe
does n Growp B owere given a single booster inoculabion in 1993 and i 1994, anly bep (22.2%)
produced fawns, This latler experimentt was sgnifcant Secause |t suggested that, i a single PZI
inoculation was given for ihe surposs of anbigen recognition and § conbraceptive efecs were
disregarded in year 1 of Lhe study, a one-inoculation protocol would be efictive by the second: vear.
Crearies from deer mall thees growss showed no evidence ol autolmmune: disease and there were ro
differences between geoups (W, McShen, pessonal communication).



186 ) B Klekenatrick ot ol

A second large scale Leld tral with free-coaming deer fs currenily being carned out on Fire lsland
Mational Seashose, MY [n year cne {19935 70 does were given elther ane iy =8) or bvo lnocelations
of 65 ug F7P remotely. OF these 74 does, 62 erere sl i 1992 and of these, 90% produced fawns
i Mayilune of the pretzeatment vear, 1993 A vear later only 39.2% produced Fawns. This was a
sgribicant reduction over prelieabment lawmimg rabes, but 5 surprisingly low effectivenses compared
with nosulls with captive dees. The primary canse for this relatively low effectivenecs was thought 3o he
incompiete injections by the dars, In 1994, of these 73 does, 40 were given a single baoster Inoculakion
and another %6 previously untreated does were Kiven b Incsulations, using an Imsroved dacs, In 1995,
of the butal deer treated in hath vears of the shdy anly 20% produced Fawnes, Amnng the does given
Bacster inaculations, 15% produced Fawns and emong e 76 does receiving the initial hwo Inoculatione
im 1884, only 28% produced fawns (|, E. Kirkpatrick, unpublished) These results are enSiraging and
have lod ta the mibation of several sdditional briale with feeeroaming dieor,

Liaks zaa il

A third application of PZP immuniocontraception m wddlife kae taken place with caphive exotic zoo
animals. Modern spacious and naturalisSe exhibits in zoos have resuled in increased reproductive
JUIECES dtong many exolic species, even ta the point of produring large numbers of “swarplus’ animals
In addition, there is'a need to remove some fermales, with genetic problems or poor health, from
reproductive: polenbial withaut alsg removing them froom their sovial groups. Contraceplion i zoos
historically has been confined to stercid conlraception, sterilization. ur bath bochmigues, bul assciated
pathologies (Kotlias o 7! 1984) and the strosses of suTgery for placing tmplants have led to inereased
inferest in PEP Emmimeceniraoepiog,

Lreitinl siccessful teials were carried ol with Preewald's horses {Eauns prescallan and banleng
Whee fapanicus] at the Cologne Zoo (Kircpaleick ot al, 1935, with West Caucsian fur (lher ihey) at
the Taronte Zoo {Kirkpatrick e wl, 19922), and with sika deer WCirrpus nipeoal, sambar deer [Cerons
wrticelarl, iuntiac deer (Adindics reecesi), Himalayan tahe (Henritragus jencicis) axis dopr {Cars
gl and Roosevelt elk (Creane slmphios) at the Wikdlife Conservaiion Center {Fnrmerly the Bronx Zom)
(Kircpatrick o al 19931 In all cases, except the muntiac deer. the lemales received sither fwo or
three inilial incoulations of 65 pg PZP; the muntiac received 43 pr doses. Anmeal booster moculatinns
were siccesshil in preventing conception. Tegether with subsequent brials, 68 species have been
aeculaled and dats are Fvaiishle for 28 species, Contraception hig been sucoesshul in 27 sperig
including  members of the  arders Perissadsctyla  (Equidael,  Artiodackyia {Cervidae, Capridae,
Giratidae, Bowidae), Camivera [Unsidae Mustelidae, and Felidae) (Table 2 The only izl
centraceptive bilure has been in faliow deer (Damr denial. Data for Hhe remabning 40 species are ot
vet available

Chrer of the greatest chalienges for safe vet effoctive wildlife contraception is the free-ranging Adricar
elephant {Laradrta afrivenn), Crossreactivily bebween PZP ard elephant 7P was sxamined tn cvaluamhe
thee potential use of PZP a8 3 safe, effective contraceptive vacclne in elephants. Polveloral serum o
highly purified FZP was prodiced in rabbits, The specifichy for native PZF was cordirmied ising
ene-gimensional and two-dimensional FAGE and western blot analysis, Crossreactivity with hetesalo
g zanae pellucidae fequine) was confimad with imrranocylochemisiny using light and fransmissian
exticbron microscopy. Immunocytuchemical evahastion was pertormed wilh rabbit anti-PZF antibodies, +
lest the hypothesis that cleshant and pig ZF have similar domaice, Signdicant immsgnld stalning of
Hee elephant 2P of primary, seenrdary and tertiary coovtes vas present when compared with contral
oocyies. This crosseaclivigy suggests thal FZP can be wed as a confraceptive in eleghante
IR Fayrer-Hasken, unpublighed)

The contraceptive succes aoross 5o many taxa urdicates  sroad specteum of croszreachvity bebween
anti-PZF antibodies and the marmmalian zoms gellurida and supports the notion of 2 high degree af
evolutionary corsecvation of the zona sperm reveptor. The contraceptive fathoe of the PEP vaccine in
Fallow deer is unexplained, partscularly sonsidering that concephion was prevented i Fve other members
ol Cervidae,
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Table 2, Caplive exibic zoo species in which concephion has baen prevented
with native pig zonae pellucidae

Fearth Amencan besen (Hissr bian)
I:’-a.nl:en,p (s kegweiensl

Frzewalski's hodse (Buiuus preapelali
Grevyi's zebra (Lquus greopn

Commar melra [Epees bunckell)

Danboey [ R At

Axid deer 1o sl

belunitjar deer (dambinoms meepesd)

Sk dowy {Carones pivoan iddousns)
Brsrseed alk (Cerens elamhng ronseseliny
Sarnbar deer {Carmes anialir]

Brovwen bear | Llnses vy hes)

Whibe bailed deor b ifeus |.||r3.i:|ua.lm.::
Himnalsvan tabr {Himitragne janlnkics
Bocky Mountein bighom sheep (005 ooy
Rocky beanbain poal (Crmamme ameeicnis)
I 4 Camn i)

Vuest Caucestan lur (Cogri (e canumiion)
Careaber badu (Sieiirns sfrericeros)
Barasngha (Carmes dissiu)

‘Maberouck (Mnbug defuesa)

Sprngook LAshidveca: marmipiaiis!

Impala {Agupiens melmpie

Adrican lion (Padther o)

Mounbain lio (i oo

Martl Ammerican obter (Luira Ccosdiess
Cralle | Linata camelopardaliv)

Current and Future Research

Phere are bwn important dimensions to the [numsmecontracestion of wildlife that supersede uther
comcerns. The first is the ssee of reversibility of contraceptive effects. The public's concem over certain
free-roaming wildlife species, and the comservativn value of raze and endangered caplive exotic sparics
take the issue of severdbifity of PZP immunccontracestion very impartant, Thus Far in wildlife
reversbiliny has been documented in addax, ibex, and muntjac deer. and among whibe-tailed doer and
domestic and wild horses, but most studies have invabved ardy the sffocts of short-term breatmen] (1-2
rears). Oply i the wild horse bave reversibility studies been oxtended s 7 years of (realment,
Reversibilily has been documented in mares meated fos 1, 2, 3 and 4 consecutive years (Kirkpatrick sf ul,
1992h, 1995b). Ovulation rates for mares treated feom 1.3 and 7 conssctive vears declined fredn 71.3%
(17 0f 15}, to 35.5% (5 of @, and 10% (1 of 10), respectively. One mare treated for § consecutive years
avulated during year & and year ¥ but has not yet conesived, Urinary oestrogen concentrations declined
From a normal range of 100385 ng mg ™' creatinine during 7 vears of PZP treatment, The percentage
nf mares with norma? urinary oestrogen conceqitations declined b 46%, 33%, 40% and 0% after Z, 5,
Sand T years af treatmens, respectively. Soveral mares with depreseed udnany cestrogen concentrations
eondinued Lo desonstrate cyclic oestrogen peaks and nadirs, suggesting conttnued follicular activity, The
mesills of this study indicate that long-term PZP treatment is amsoclated with a decling i ovasin
cestrogen production and ovalation rates. However, the reversibillty of low cestrogen producton and
avulation failure, and therefore ferility, will require -7 additionsl vears tn aseess.

Western blet amalysis of glyossrotein harmones was pesformad to ensure Lhe safety of the PP
vaccing wmunesytochemistry of equine somatic tssues, Mo immimocyiochemical crossreactivily wEing
lsarse anti-PZF or rabbit anb-PZF was preseat with hearl kddney, lung, Tiver, the somatic ovary or bestes
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Table 5. Antibody comcentrations = responss to pig zonae pellucidae (F2P] in
incividual doemestic mares afler one inoculation using PZF + P contsining
microspheres or bwo noculstions of PEP given at intervals af three wesks

-’l"iibﬂdﬁ' tikre= (3% of il [eTRreTICRE SEFUT
idayvs alter |neakimens)
Trezzmien| Hersn il Ry i3 53 az 213

FADZD balus+ | 3 a7 114 137 10 o
EEP mieresplueus I 4 7 1% 123 52 z
I ] 33 il a5 SR i3l
I 5 35 T (X3 174 aa
W £ L1 108 (. ] b ]
hour Fires £ 2 50 hua PELF - []gE o (S aFl
=Al o Fiiw ExWI ted 52 T3040
POA-PIP bolus+ Vi 4 a4 130 151 157 115
FA-PEP bolus Wi & {5 145 155 44 Eg
3 weeds laber Wl # iR I18 133 af AL
13 3 T L1a TA3 1% i)
X 4 &7 147 Tad 136 -1}
Mean hefros o+ s an TOE  L412®  prast Ji0g Taz

-n3 - o T S L ol £i0a *138

®Values difer aprohiasbl Bebwaen resk=emi provs P00 1e - aTal "walpes Al
significantly bebrwen freptment groups (P 100 = = 1140
B Treund's soerpimte adjurenl; FLA: Fraund's inzamzlebe adiceun:,

Furthermore, rabbat anti-PZP did nob crossesct with equine LH, FSH or choronc gomadotrophin
iR, Favrer-Hosken, gersonal comiunication),

Perhaps the single most important igoue in wildlife immunocontracestion s the need for a
one-inocusation form of the vaccne. YWhile ! has been dearly sstablished that bwo moculations glven
S0 weeks apart will provide contraception fer about & year, the need 1o give twn inoailations reduces
the usehelness of the PZP vacrine in wildlie.

In an initial w4l to determine whether continaous release of P2 would cause contraceptive
antibody concentrations, as opposed fo tolersnce, Siree does were wiven an inital inoculation of 35 IR
rative PEP and co the same day an ssmobic mini-peng containing &5 ug FZF was implanted
subcutanecusly in the neck of 2ack animal. The pump was designed to rolesse P22 contimeeashy for 28
days b appeoximabely. 18 g day ~ ", Anki-PZFP antibody titres were 83% of positive reforence serum
several weeks after placement of the pumps, and #9.3% 7—10 months later, dscicating thal conliwowes
release will raise Htres b conuzaceptive concenlrations { Turper of 4, in sl

[n an attempt to develop @ one-moculation PZP vaccine, the PZP antigen was incosposated into
nefi-tosic, bindsgradable 50 pm homegenow lactide—glyoolide microspherse Upon  Intramuseular
meection the lactide glycolide materal erodes. releasing the anbigen ower predetesmined  zeriods
(Eldridge et wl. 1389} The lactide—glycolide |s metabolized to lactic acid and carbon dioside. Five mares
were inoculabed with an inttial bohes of 63 pg PZP plus arother 65 pg PZP contained i ndirirsgh eTes.
Anlibody concentratione wete compared in maes soclated with fwe 05 p doses of PZP given
3 weeks apart. (hver 31 weeks antibody concentiaticas did not differ signchicantiy neswean Hie e
treatenent groups at weeks 3, 14, and 31, but were significanthy higher i the heo-inocultion group at
weeks 5 and & than i the one-inooulation aroup (Table 31

This same preparation was administered to 14 wild A%IS mares. One dart failed 1o inject, This mase,
pias one ather mare produced foals {olluwing teatment. The differences in bertility wene significant
W= L05] comparing esther two Joals per 14 mares or one Foal per 13 mares with foaling rates for
urtreated mares (Kidkpatnick # ol in pressl White-lad does receiving & sngle inoculation of
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FIF + FEP-contairing microspheres (5= 7] produced bwo [awns 128.6%) and had antibody concen-
trations of 191 £4.3% 710 months aller treatmens, These Tesalts confinmed that = single fnooulation
of "ZF + micrespheres procuced 7 significant conlraceptive sffect bul ook as well a3 5 Iwo-inoealation
protecol. Research bs undemwiary Lo produse 3 ane-inoeulation vaccine weng, microcapsules, which are
made fram the sanse lacticie- glvcolide matenal but which rolease the FEP antigen iy pulses rther than

Ealii T BT

Pig zowa pellecida immunocontraception appears to have great polential in certain poputations of
wildlife, berause of (1) = 90w comiraceptive eifectivenes, (2 the abiity b deliver the vaccine remadely,
wig darks, (30 reversibeity affer short-term use, 4) 2 wide breadth of effectivenees avross many species,
151 a fack of debilitating side-efects even aftar wmg-term freatment, (&) minimial efecks upon soctal
bebhavioure, and {70 the inability of the vaccine or it resuiing antibedies to pass Hroegh food chains,

The wark reported i Hhis paper wis sazparted by the Maticral Fark Sericce. Masianal Insbilules of Health, The
Fismane Society of (Be US Bie Aueoan of Lard Maragement. PNC Corporativn, the American Assoeizion af Firos
sl Aquariume, the Seraddine & Dodge: Foundation, sd the Sopley Foundation. The Firase Society of the LIS

provided travel furde fue this conferapee.
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