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A wonlraceptive vaccine made of porcins rimae pellucidas (PEP was fested in
thipee Preewalski's manes and five bantengr cnees, The viccine anlaen consiated of
the complere fumily of pivcoproteing of the porcine wora peliveida, meluding e
aporn receptor ZP3. ALl mares and three ol (ive banteng were imcudated with 2
ar 3 L. injections of appocirmalely B g ol anbigen gl oves o b wiock periaed.
Two other banteng received inpclaians of only 35 wp of antigen on te =ame
schadule, Two of the three mares aod three of five banicig cows wine pregoon
at the fime of inoculation, Mo dew pregnadeses, o8 & eealt of podtinosulation
Areedings, ceurmed among either e mades 36 months aftes 65 op antigen ino:-
wlutons or amweag il baneng for 24 months after 63 e inccelagions. Che
puslineculation propnancy resuleed among the tan hanleng receiving only 25 e
of antigen. Differences in fertiliny betwesn meiled amd contrl mres ard balwcen
preinoelation and postinoculorion reproductive perfirmance ol the Sanleng waie
supilcant OF - 0005, Urinnry ovorinn stemid metabolaes aod behaviaral -
servations indicated follicoinr development amd ovidalions were SoCuming nnokg
treated -mares during the venr following PAP inocalatims. PAP bnmunizaton
produced progressively slevited anti-FAP anibadics i both specics, whicl pro-
vided contruceplive prolection . PED smonuniation appears i be an efectve form
of contriception in bodh speoes. 0 18 Wiley Lis. In:

Ky words: conlraception. mmanecont-aciption, surplos animals, ongaliles
INTRODUCTION
For almost 20 vears reproduction in cermain specics of caprive exotic gnimuls has

heen regulated by means of contraception [Kirkpatrick and Turner, 1985, 1941: Seal,
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1991]. There arc several ratinnaics for Tertility control in coptive popalatons, Piest,
the prublemn of surples captive animals and acceptable management of these animasle
hits become & serious izsue for zons [Tacy, 1991], Second, fertlioy inhihition ey b
imddicated for specific animals for reasons of poor health, undesirable peneric triits,
age, ur behayvioral problems.

The wse of contreception for management purposes hus, 0o large sense, been
neglecled in ungulates. A recent survey of birth control in Nomh American oo
[Porton et al., 19900 indicates that almnst all elforts ut chemical fartility control in
Zoue bewve been focused upon carnivores and primades. At the same fime, exols
L:H.'Fll'i.'r't- un;mlu:.c.t: hreod with m]arive]}' hlg]: -;:fﬂ-;':iu:un:_-_.'. u:qu_in: 'Ia_rp:r; AACES [or ex-
hibits. and are & group of species most often imphouted in controversial rriEnEement
pracrices | Williams, 1992],

A relatively new stiategy Tor population control of captive exote ungulutey 1s
immunocontraception. The priociple of immuoecontraception: involves atimulatnge
the target animal™s imimone system o interfene with some critical reproducrive event
Lpon injection of the respective anligen inte the target animal, antibodies ace
produced against some molecnle feguisile 1o successful reproduction, Ooe such
strategy is 1o inhikit the predein receplor [or sperm ottachment on the ovom, The
mammalian ¢gg 15 swrounded by g ooncellular membrane Known as the zona
pellecida (ZF), The ZF consists of several glhycoproteins, af Jeast two of which, ZP3
[Flommin ol Wiassurmen, 1985 and £P4 [Hasagawa of al , 1992), have been
postulated to be mmphicated in sperm recognition and atachment. The glycoprotein
vompuosition of £P3 bus been identified in & number of species, and s (unction us a
sperm geceprar i5 presomed across these species 1s well. The large nirmber wnd
diversily af species, now. nombering over 30, which can he  successully
conrracepied with porcine ZF support o common physiological action, Heteroim-
munization of a mamumal with an entieg AP preparation or puriticd ZP3 saizes
antibonlies which Bisd 1o the sperm receplor and cause steric hindrasee, shich i lurn
prevent recopnilion aad binding by sperm (Lo et al., 1989 Parcineg 7T (TPEF) bas
been an effective. inhibator of Tertilivotion in o wide variety of nonhuman priites
[Pareisnn wixd Adtken, 19901, rabbits. [Wood el al., 1981], dogs [Mahi-Baown o
al., 19831, humans [Saceo, 1977], horses [Lion et ul, 1984 Kirkpatrick 2t al.,
1990, 1991, 19924, i press], white-tuled deer [Tumer et al., 142]. ond a
number of capdive exatic species [Kikpairick e al,, 19920, 19921], 'The ability of the
FZP antigen 1o reise antihodies which hlock Temilisaton aomoss such a remarkable
breadeh of spocics suggeses the mammalian ZT3 recepior 15 highly conserved und
undirseores the antigen’s potential usefulness s o Tertilily inhibitor in cuptive exotic
specics,

Bascd on previogs research, the contacepiive effeciiveness of the PAP vaccine
can be presumed ina hroad spectram of mamenaiian species, bul actunl contraceptive
efficacy must be demonstrated on 3 species-by-species basis, Thos, thas pilot sty
was the Tirstatempt ar westing the PAP vaccine in captive coe species and wis Garried
nat o st the vaccine’s effectiveness in reducing Fertility in o small pumber of
Preewalski's horses (Eguws preewalafily and banteng (Bos favisacies fevmcons], Tn
paddition 1o examining contruceplive sllect veness, anti-PAP andbosdy diers were mea-
surad in both species, Lonary mefubolite: of ovarion hormones wiess measurcd in the
Prevwalski™s horses (o determine 1 ovinen estoogen production wis within normal
canges and of postimoculation ovilalnons were ocouming.,
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MATERIALS AMD METHODS
Praparalion of the PZP Vaccine

'The untigen was preparcd as described by Gwatkin et al, [1980] and Tunbar o1
al. [1980], Briefly, frozen'thawed porcine ovaries were minced in cold phosphaie
huffered siline (PBS) using a punged razor-hlade spparatus. The oocyies were sep-
arifed frorn other esues, including granuioss cells, by screen [titretion; counted, @nd
hoemogenized oo Podter-Elvehien homogenizer. The aonie were isolared on o 48 wm
soreen, et solubilized at 70°C ) and stored frozen in PRS

Study Animals

Seven Przewalski’s mares aml five banteng cows at the Zoologischer Gurten
Fouln wers selected tor the study, Two of the three B2P-treated mares Moes, e 12
Aada, age 200 were of proven ferility (mulliparous) and one (Alina, age 2) was of
unrproven ferility. Mocs was selected for contracepton becanse she lisbors the o
allele,” nirait causing undesirable con color, Addo was selected becarse ol pdvanced
age umd a chronic respiratodry disesse, Aling was selected becanse the woo did not want
b breed her at age 2. Ooc primigarous (Natasha, age 3) and three multipanss mares
CAriang, age 4; Anushia, nge T: Lady, age 9 served s untreated controls, Previoyy
vesules with Ternl mares receiving only saline and adjuvant | Kirkparrick, 1990a] have
alrcady indicated that sdjuvant mlone docs not interfere with fertility; thus the foau
contral animals were nol trested inoony way.

The five PA-treated bunteng were selected primarily becunse of u desire to
limit the 20075 head size, bt one nollipurous cow (Beli, age X) was highly mbrad. The
other four cows (Sabah, e [0; Bal, oe 8; Birma, age 4i Sin, age 31 were nul-
bparous. These five PEP-treatid banleng cows served as their own conlrols. and
Fertility mecomds prior oo immunization were compered to fertilioe seconds postimmu-
miFation. Dilferences m femility heraeen teated amd untreated Precwalski's horses
and heracen pre- und postirsatment banteag were tested [or significence by Binomial
prohability distribution | Ireedman er al.. 19787 The horses und bantena wrere stabled
in individoai stalis aller oo visiting hours and were fed commercial concentrates and
hey in the evening and again each morning.

Monitoring of Ovarian Endocrine Function

Ovirrun enducrine function was monitorsd m the three PEP-treatéd Proswl-
ski's mares by means of uninary steroid metabolites, as described in domestic mares
by Evans et al. [1984], &0 feral mares by Kirkpatrick et al. [1990a,b, 1991 1%2a],
and in Proewalski's mares by Monfor et ol [1921]. On several occasions when
behaviorul estrus was ohserved, urine samples were collected by aspreating the urine
dirextly from the ground of enclosuzes or stalls during the mormings, Urine colisction
wis not possible during all observed periods of estrus hecanse of keeper time con-
straines, The samples were frogen anil stored until the dme of assay. Behaviorl ssus
weas determined on the basis of 1) raised wil when stallions attempted owunting, 2)
everston of the elitoris, 3) absence of kicking or biting by the marne during atlempled
or sucoessful mountings, and 41 copulition, a: described by Waring [1983],

Immunoreactive orinary estrone. conjugaies (L) were measured b epzveme
imrmncassay as desoribod by Shideler ef al. [1990) und validared for the Equitefae
[Kirkpairick et al., 19%¥lah, 1991, 1992, 0 press]. Immunoreactive pregnanedicl-
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alucuronide-like progesterons metabolites (iMdG) were analyzed by cnzvme imom-
neaszay as described by Kirkpatrick et al | 19%b] and validated for the Laudse
[Kirkpatrick ot al., 19920, in press]. The purposes for monitorng urinary estrogen
and progesterons metabolites wens threefold. First, urinary B, concentrations were
exnnained 1o deferminge if they increased at dimes of nhacrved behavioral estrus, an
codecrine event eomelated to ovarion follicular rmatiration. Scoond, arinary EC
consenlnitions were examined o dererming it they f211 within nocmal ranges previ-
oupsky pepotted for domsestic [Daels et al., 19917 and Preewalski’s mares [Monfor ot
al,, 1921]. This alsn would confirm or reject the cccumrence of normal overion
cadocrine funcrion, at least with respect to cstrocen sectetion. Pinally, sustainegd
clevations (a raofold incrcase over approximately 20 davs) of P40, between 1O and
SO0 ngfomg creatining, were faken as evidence that ovalation had occormed, as de-
soribed by Kitkparvick cr al. [1992ab, in press].

Antl-PZP Antibody Measuremenis

Bloodd samples wers eollected apporunistically o minimize handling-indaced
siress, aod dkwe serun was analyvred for anti-zonac antibodics. Among the Preewalskl
mopres, blood wis collected Neom Moes, Alina, and Aida and among the hanceng from
Subab, Birma, and Bali. Zonae antihody analesis was accomplished by ELTS A meth-
e deseribed by Voller et al. [1980], with mndifications previously reporied by Lin
et ul, |19289]. Filly micioliters of 5 ggimil wona antigen solution n 0.1 M glyeine
hutier I:'pH U 5] was 'plu;:u{l o ench well of a Mat-hotfomed ELISA mmmplan: -;Su-
milon™, Mo, ME-M06; L & K Scealilc Products, Saosloga, CaAd aod aeubated
overnight wt 470, The plate was washed with PES-TWEEN and incuhated for | h cach
with 540wl of the following PBS-TWEEN diluted reagents and sthsequent washings:
horse serum 151 000 and Baoteng serum 11300 2) biotinylated goat anti-hoese 150
1,008 Vfymed Luborulories, Sun Fraccizeo, CA) of hintinvlated goat anti-bovine
[gi 1:1 A0 Kackeraond and Perry, Gaithershuarg, MT, 21 alkaliae phosphate avidin
;1,508 (Zymed) [or horses and haneng, Opimal diletions of reagents for best
distinetion between positive and nogative reactions were selected atter checkerboard
irutions. Finally, 50 pl substeate solution of 1 mg p-nitrophenyl phosphatesml €5 ml
tablets; Sipma Chemucol Co, . 51 Louis, MOF in 17 dicthanolamine hutfer {pH 2.48)
was distrbuted to each well, The plate was sereencd for ahsorbance at 415 nm using
an ME 580 Microeliza Avto Beader {(Trynatech Lahoratones, Alexandria. VAL when
the absorbance of the positive melerence senom had seached a level close to 008 atter
incubation of approadmetely 100 min,

Ihis experimental sera wore tested in duplicate, and their results were expressed
as percentage of the positive reference scrum (mean EA mean RA:0 The reler
ence serum conststed of 3 pool of sera thar had demonstrated anti-rons antibody e
of medium-positive cunge, Pooled preimmuonization sera served as negutive conirols

RESULTS
Przewalski's Horses

Prior o PZP inocilations, Moss produced six [onls with o aversge interfnal
interviel of 15 months. Nocs was approximately 4.5 muonths pregnant a2 the time of her
st FAF tmoculation and defivered o healihy Toal 7 maonths later, Aida produced nine
toals prior o PZP inoculations, with an average interToal interval of 18.7 months. She
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Fag. 1 Pre- and post-FEP inaculaton repradichve seesids 1oe thive vated (Mees, Aida, and Alinai
Prcwdlsks’s manas and ustrsabed cantrol mirss. Assarisks represiots foals bom and arows the zppms
et o ol PEE moeculeices, The line theouph e pap of e fipee opcsests G cosclusion of the
wapurinenl, when mumes wers separated fram the stallinn

wiss apprusimately | month pregnant ac the dime of Ter Initsl mosulation wmd abored
a d-pmth-odd fetus, None of the three PEP-meated mares produced wny fowls during
the 36 nwnths follewing moculutons as a result of postnocolition breedings {as
opposcd e breedings that occurred priar te mocalationzy. The fear antreated control
miares all became pregnant during the sime period of time and collectively produced
eight foals. (n the basis of Rinomial probability destribotion, the difference in fertility
between FEP-treated and unireated mares wits bighly significant (P < 0,001). Figuse
| indicates the pre- and postinoculation foaling dutes tor treated and untreated mares.

Inoculation dates and anti-PEF antibody convenirutions for the three FAP
treated mares are prescnted im Table 1) The only mure for which a preinoculation titer
wils avasieble is Moes, and the value of 4% of the posiive relerence vidue is the same
ks untrented domestic mares [Lio co al.. |989]. The pestineatment antibody titers
were sirnilar i conpentrston und timing to those found in domestic manes alter FEP
inncutations. [Lin ef al., 19357 In domestic meres, previous rescarch has indicated
that antitady titers which are =64% of positive reference standards provide contra-
coprive protection nmares [Liv etal., 19891 All treated marcs in this stdy exceedid
that fiter.

Wnes demonstrated belavioral estrus on December 26, 1991, approximarely 16
rmonths after Ter Tast previons booster inogulution. The timing of thix cstrus coincided
with & dramatic clevation of uninary E;C, whach repched a peak of 840 ngfmg Cr on
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TABLE I, Ages, invcwludion dates and untibody titers for ol

PEP-trenied umimsls
Inceculation Bieeding Anthiudy riters
Sandy anmmals . Age (yeams) ilales ey 1% positve reference)
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e hapinming of memmenr,

Devember 19, or abour 484 days after her last boosrer inoculation, There was also a
cize 1t Lirimary P0G following the BoOC peak, whicl is coincidental with avulation (see
Fig. 23

Adda displayed belavioral estgs (or 3 daes oo Cletober 20, 21, 220 1990, gl
wis bred by the stallion, Elevaded ueimary E,C 0420 nevme O oaod elevated (B3E0
copcenlrutions (300 ngimg Cr followed the mating, signalling ovalation, 40 davs
following ber il mocelaton {see Fia, 31 This mare agaan displaved estews an
Pebruary 1, 1991, 152 davs after her unnal inoculation and 2 ooonths Tollowing her
fsr previous PEP booster inoculation. Urine samples weee aot avatlable at this time.
She again displaved behavicral cafrus and was mated 62-60 days later, on April
1417, 199] for 227 days postinitial inoculution). There was 4 uninary E.O elevaton
coincidental with this estrus, but urinary iPAG did not nse dramatically (zee Fig. 41,
Aida displayed bohavioral estrus and was sgwin muted on May 3, 1991, but urims
samples were nol availishle,

The thard weated mare, Alina, displaved behavioral estrus on barch 15, 19502,
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nocalatan. & prenvnlacany B O peak s eaincadanial wil on 1P aadir and o fodlesed by as olserved
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brhavioral estrus.

19 months tollowing her lasc PEP inoculstion. Unine samples were nof collectod at
that time. T Augose, 1991, L1 months atter her (st inocnkations, this mare constant]y
follovacd the stallion and disturbed him during his interactions with other mares. At
the erd of August the stallion started o attack Aling and Mocs by hiting and kicking
them. Nocs, who could not defend herscli with Kicks because of atzxia, had o he
kcpe scparatcd. Aldina was scparated from the rest of the herd by the sizllion’s
chazing her into a distunt part of che enclosure. Mo amtacks occorred as-long as she
stavod there. She often approached the stallion daring his- vizits in that par of the
cnclosure, sniffed at him. and briefly tolerated his olfactory investization hetfore
kicking ut him.

Mews und Alna each developed o small abscess alter their third inoculutions,
and Nues developed 4 new shscess alter each subzegquent inocalation, Addaionally,
Aduita displavedd lameness an (e ugectied b Toe 3 davs, The bealing process was
papdd . and whscesses disappanred within & davs,

Banteng

O the thres cows recerving moculatons of 685 pg of PAP (Sabah, Bali, aod
By none presiuced o call [iom pestinceulstion breedings during the Tollowing 32
matiits. Sabakb was uI_I[IﬁI.I,]r“i“{!]:r | i RIEHTHTH at the pane of her first isncu-
Tation aod produeed & healthy calf B months later, Dhaing the pretréamment years
[R5 1900, Sabah produced five calves, with a mean intercalf intereal of 11.3
mednths. Bali, born in 19582, produced two calves (P985 and 1985, and Birma, born
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in 1986, produced two calves, o 1988 and 1984, Collectively, these three FEP-
treated cows produced ten calves duning the pretrreatment years 1985— 1990 which
was sianificantdy different from the zere calves boro after treatment (2 - .01 §see
Fir. 5.

(M the two cows receiving only 35 e of PEP, one (Sir) produced a calt from
a postircatrnent breeding, [h months atter her lust inoculation. Beli. who was ac-
quired from ancther zoo and introduced into the herd immesdiaeely after her last
mpenlation in March, 1992, gave hirth to o precnature calf approximately 4 months
fatcr. The calf was carimmated to be near derma. 5ivi waos also pregnant ai the time of her
inpenlations in March, 1992, und produced o healchy colf a doy after her lust inoc-
ulation. The pre- and postireatrment calving dates tor all fve cows are shown in Figure
3, The anti-PZP antibody titcrs for the three hanteng inoculated in 1990 with 65 pg
el PZP age given in Table 1. There was a progressive elevation of antibndy titers aftor
euch ol the thee woculations, which colminated i aubstantial ficers {24%, §3%,
B0 that correlated with contiaceprion.

Flwe resadent bull did neot idicare any sexual interest dending, driving, mount-
ing1 wward any of the codrs treated o 1990 (Subah, Bali, and Birma) wntil Awguse,
1992, ar which time he was observed drving Borma, Birmi ciense iobo estous agaln in
January and Febrary, 1093, Sabab und Bale also aroused mierest by the bull in Maw,
993, hut oo manngs were observed, 3, whoowies realed early i 1992 came inlo
carrus in June and July. 1992, and was bred and was diagnosed pregiant early in
1993, She produced a healthy calf on Toly 9, 1993, Mo abscosses were observed
ameang the inoculatcd bantong.
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irivate appraximate e of FEP inociletioes,

DISCUSSION

These mesults indicate that multiple PAP imnonizations of Preewnlaki's horse
mires and bunteng cows with 63 pg of PEP provide contragephive protectinn. The
contraceptive success with the Prepwalski’s hurses was expected, busel on previous
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success with domestic snd feral horses [Lia et al., 1989; Kirkpatrick et al,, 1990s,
FES1. 1992, in press], bue this sludy prroveides the first demonstrated success with a
member of the Bovidae. The Prepwalski's horses produced anti-FZP antibodies at
approximately the same rate and levels as domesta horses |Liu el wl., 1989 and
exceeded the wssamed approvimate aontiuceptve threshold of 63% of posilive rof.
erence values. In banteng receiving muliple 65 inoculations of F£P. substantial
antibody titers corelaled with contraception. fn buth species, o COnCopivne oo
curred for 36 months following immunization with the full 65 P dose of PEP, while
e of tan bunteng given onle hulf thar dose produced a call.

Comtizceptive effectiveness alone is imsufficient m evilluate the psefulness of
fertility control agents Tor captive exotic apecies, purticalarly 5f the contraceptive
agenl will be used in an individual animal over a long period of time. Ideally, the
contraceptive agent should Be sale m 2ive to pregnamt animals, irs comtraceplve
affects should be revorsible, there should be w0 or mitnimal lsng-term bealth effegrs.
and it should be econoimically within reach for s for roatine use. Finally. it would
b belpdul if the ugent could be deliversd remetely, moorder 1o reduse sicess famong
Heled animals. One of the ten mares and two of the these hanteng that were pregnant
A the tivee el PLP inoculutions produced healthy offspring, The innculution of preg-
fnanl animils was ot plunmed in his stisdy, but it iz 2 reality that must be congidered
when inoculaling large ungulares, The one ubamed Lual amd the prameture haanleng
call among 4 total of five reated pregnant anmals is unusual, besed on previous yse
of this vaccine, These results are pot consistent with the findings of Kirkpusrick el al.
FE990a], in which almost 8105% of 26 PFP-treuted Feral mares were pregnumt 4 the time
ol incealation yet produced healihy toals, This carlier study with teral mares supports
Uee idea that PEP-induced antibodies will not inerfere with presnanciss in piisTEss
o have deleterinns effects upon the heaith of e offspring, The aboction Iy Addda
approximately 2 months after her initial inoculision wits thought o be cavsed by
[ungus-contaminared silage, and several other non-P@P-treted apecies which were
eating the same grain stocks sborted at the same Gme as Adda, The one shorion
amang, the banteng oceurred in g highly inbred animal (Relil who was ulsn infected
wilh Fritrichomongs foetis, a condition which cuuses abartion in up w205 of
wfected amimals [Grunert 2l Bercheold, [4Y82] Despite the accumulation of dugs
[rom offser studics with PZP-jreated Pregount horses |Kirkpatrick o al.. 19904, 19491,
1992a] that suggests o complete lack of fetal effects, the possibility that PP immu-
mization vun canse abomion should not be dismissed withril further study,

The pilot study deseribed here was not desigaed to sddress the issues of revers-
ibility of contraceptive effects or uf PEP immunization apeR ovurian endocring fuge-
tivn. Both are the subjects of ather studies IKirkpainek, in press]. However, taken
tugether, the urinary endocrine and hehavioral dat [rom the study are oot without
vitlee. First, the urinary E,C values und ptterns for PLP-trreaed mares were similar
lov those mewsured o semi-caplive Pracwalski's minse by Monfort et al. [1991],
Lrinary estzone conjugate clevations consistent with concenirtions sullicient Tor
wvilution in this species were noled sporadicully over the 2 vear period, but. due 1o
miregquency of sample cellection, no conclusiuns on patterns or normality of ovarian
evehicity could be made,

secodd, the occarrence of Tutenl phase urinary P elevarions after twao of the
three periods of hehavioral estrus monitored provides indireet evidence lor the oc-
currence of ovulation, und these datg are vonsiseeml with the findings of Liv et al,
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[19849]. in which serum progesterone concentrations in PEP-treated domestic mares
indicated that ovulation b occurnsd z2nd that normal Tuteal function was oocurmng.
In feral horsee, o stngde vear of treatment did nor inczrforz with nenmal reproduction
in yeur 2 of the study [Kukparrick er al,, 19917, and after 3 conseoutive vears ol
treatment the magorily (60%) of treated mares were still demonsteating . ovaluiory
estrous cvetes [Rirkpatack enal., 1992a, in press]. The fuct thut reproductive beliy-
qurs were associated with elevated urinary B,C and an 1PdG oadic stengthens the
infersnce (hat ovarian dysfunction had not oceurred durimg the year following AR
trestmsent, The last urine collections were carmed out in July, 1991, and endocrine
data are not available after this date, vel all three PZP-teated mares continued w
dizplay catrons behavior snd matings alter thas tme. Taken collectively. behavioral
ohservations and sporudic B, C and (PAG elevations suggest that follicular recritrent
and maturation, with subseguent ovulaion, likely occarred on occasion, but nosml
lwteal phases aod ovarian Tuoction could not he assessed.

Differences among species imay alse be-important with regard to PAP ellecls
wpun evarian endocrine fanction. Althourh oo unnury endocrine data were availahle
foe the hantocng. keopers witnessed po signs of estivs during the year following
inocilations. This sugeests thot the contraceptive mechanizm invalved more than a
fermilization block, However, all thres cows treated in 1990 showed clinical signs of
eatrus by June, 1942, The return of estrus hebavior in treated animals 15 encouragmg
and suggests that ovanan function was ool permanently depressed afier a single vear
of treatment. Adtheugh annbody ficers were netavailable for banteng atter Seprember,
1991 . previous studies. with domestic horses [Lin ot ol 1989, el hones [Kirk-
patrick et ol., 19917, and white-tailed deer [Turner et al.. 1992| mdicide thar the
probubilily of contraceptive antibody titer: 18 months ofter three inoculiations is very
sl

These are important considerations beouuse in spevies such s rahbies [Wood et
wl., 19%1 |, dogs [Mahi-Brown et al., 1985]. and some primiates [Dunbaretal., 1989,
Paterson et ul , 19921, previous studics have demonstrated serious ovitian endocring
dysfunction aiter PZT meatment. The various ovurian effects descnbed in these smd-
s have incloded depletion of ovaran follicles with subseguent declines. in estrogen
secredion and ovulation failure. In some species, such as pabbils sl dogs, the effecs
of cven shor-term reatment appear (o be severe, while inothers, such as manmoscs
[Aftken ool 1984], bonmel monkeyvs [Bamezai cooal., P986], squimmel monkeys
[Sacoo et al., 1987, und hoeses [Liu eral,, 19897, the-effects are mindar or ransient.
Long-torny weatment of horses howsever, from 4-7 vears, leads to a cessation of
evviulution and depressed estrogen concenerations n hormses [Rickpatrick el al,, o
press |, Additionally. care must be taken when comparing the results frome earlier
siudies willi rabbits, dogs, and primaes snd the two species o this carrent srady
Becanse nf the significant dese diflerences. The earhier studies wilized repeated doses
af 105,000 i of antizen, while this study otilized only doses of 65 pe or less.

The antagonistic interactions between the stallion and Alina and Noes are prob-
ably unrelated o trestmenl, First, the urinary andocring daca reflect oommal estroas
cyeles, and Lhere @5 0 eason o cxpect that chunges in Behavior were related 1o
endocrine stptus. Second, althnagh quantitative behavioral date were oot colbecied
et the entire study period, the behavinrs displaved by the stullion wwards these twao
mares strongly resemble that which was descrbed by Mackber-und Drolan {19807 and
Kelter und Zimmenmann [ 1988] for Proewalski's horses ab San Diego and Kaln Zoos,
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respectively. Finally, no similur changes in behavior have heen witmessed among
FEP-trzated foral horses [Rukpatnck el al, 1990a, 1991, 19924], Whether the os-
calation of aggressivensss of the stullion was caused by disturbed socio-sexual be-
haviars of the trested mores connot be detcrmined by this stody, More svscematic
behavioral observatons shovld be conducted daring the cowrse of [uture stadics with
any form of contracepdion

The oceurrence of minors abscesses In the Procwalski's mares at the injection site
15 probably wneclated (o the use of Freund™s Complete adjuvant, This purticular
adjuvant kas proved effective in elicitiog antbody production but is oflen wecompa-
mied hy the formarion of abscesses. Howewer, Nozs and Aling developed abscessas
only after their third asd each subsequent inoculation, wihich consisted only of
Freumd™s Incomplete adjuvant. Among 52 different PEP-teated leral horses on As-
sarcague Taland National Seashors, only five such abscesses have been ohserved
[Kirkpatrick, unpablished datal, and more cecently. among 70 capfured Ferul mures in
Mevada inoculated tedice with FEF, ot o single animal produced an abscess, Thewe
data from feral hoeses aod the absepce of abscesses in the banteny sugpest that
Przewalski®s horses iy be more sensitive to the incomplete adjvant than other
species. Additionally, the possibility of seru testing positive for tuberculosis from
animals that Tave been previously inoculated with Fround's Complele adjuvant. and
the impartance of s ssue among 200 animats, ndicates that allernative adjuvant
prenrncals shoikd be developed.

Finally, while concern about reversibility of contraceprive sctivn and long-term
effects on ovarian [eoclion are extremely important in the incieasing apphcution of
this immmosenlieplive smong cuptive oxotic specics, these issees and the current
pancity of dofa need not detruct from the vaccine's value (o zoos in ull cases. In the
gontext of this study, 1L was the kope of the Kol oo (hat 1w of the three Pree-
wiilski's horses would oot breed again, The third mare will be permitted o breed in
Lhe oeat vear o two; thus, the issee of long-tern effects was nod rebevant in this case.
The bunteng will wlso b permitied to breed in the futore, and PAP immunocontra-
ceplion 15 viewed only as a short-term appeoach, Uonl moere s known about the
lopg-lerm ellects, recommendations for the wse of e vaccine will remain conser-
witlive, [owusing un short-term use in 88F or EEP animals or long-lerm yze in aged,
ill, o penetically undesirable animals,

CONCLUSIONS

I Poine comee pellucidae immunization produces capidly elevated ani-PZpP
antibodies in Preewalski's horses and bunteng.

A Substantial ani-PEP antbody titers in execss of 64% of positive relerence
valies provide contraceptive prsection m both speeles.

3. An initial sevies af fhree inocolalions dos: oot imeversibly interfere with
reproductive behuviors in hanteng.
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