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Reducing fertility among Frec-roaming feral
horses (Equus coballis) has been the goal of
nurnerous studies over the past 16 years (Kirk-
patrick ot al. 1982, Ceoewlloe ot 2l 1988, Plotka
et al. 19689), Initial experiments hy Kirkpatrick
atal {1983) and Turner and Kirkpatrick {1932
resulted in an 33% decresse in foaling among
Feral mares bred |!ar:.-' stallions which were fivs
imimohilized and then treated with injectable
microencapsulated testosterono propionate
ImTl)  Althougl the treatment decreased
sperm count and motility, the high cesls and
the stress caused by immobilization or capture
made it clear that the contracepilve agent
needed to be delivered remotely. In o second
study Kirkpatrick and Toreer {unpublished
data) demonstrated the pharmacologicnl ef-
fecliveness of mTP in stalllons, ot difficulty
wias encountered in remotely delivering a sef-
Heient mass of the steroid

Recently, attention has turmed o contracep-
tion in the feral mare Experiments with eth-
tnylestradiol-progesterone  Silastic® implants
[Vewven et al. 1087, Plotka ot al, 1988 Plotka
et al, 19890 showed pharmacclogical promise,
hut the technique required capture, restraint,
and field surgory to place the implants intrs-
peritoncally, An allernabive to steroid-indieed
fertility controel & immunocontraception. A&
conjugated forin of luteinizing hormone re-
leasing hormone (LHEH) has been used suc-
cessfully to raise antibodies in captive feral
mares (Goodlor et al, 1988), and solubilized
porcine souae pellucidac (PAT) injections in-
hibited fertility in 13 of 14 domestic and cagr
tive feral mares (Liu ot sl 1989)

Tlee suonss of the PZP vaceine in supjiress-
tng fertility is basod on ite ability o inhibit
Tedtilization or possibly Implantation (Saces ot
al 1984} The porcloe mona pellucida conssts
of 3 glveoproteins, One of those, ZP3, i the
receplor molecule for sperm surface moleealbes
(Florman and Wassarman 19851, Equine an
ltbodies raiscd against FZF are thought to block
the sperm receptor sites on Lhe exquine ovam,
therehy preventing lectilisation (Liv ot al
1989), To date, PEP has been used to suroess-
fully inhibit fertility in a oumber of mammals,
including 5 species of nonhuman primates and
in viteo fertilization in huomaens (Sacon 1987,

The objectives of this study wero to (2] de-
termine the effectivencss of remote delivery,
th) test the contraceptive effectivences of & PEP
vaceine in frec-roaming foral mares, {e) de-
termine the contraceptive effectiveness of the
Vil in pregnant and nonpregnant mares,
and {d} evaluste the safety of the vaccine For
s in pregrant mares.

MATERIALS AND METHODS

Fuety-six remumally mabizre mares wore selected for
the study from among the spprogimately 100 Ferol
raacen inbabifing Assateagies [and Mational Seashoce,
Parylacd. The ages and ferility recosds, sume dating
beicke ax far as 1674, were kivnwen Tor almest all animals
o e island (Keiper and Houps 16954) Apss ranged
From & b 1B {mean = 8.1% 5T = 4,45 wemrsh The
mi risi chosm for treatment wers nat pand only selsc:
wl. lmstead, they wers sslovied bocuse of their high
Tertility cabes, which averegod slout 105 higher (51.75)
than t{e overall herd vare fapprosimaotely 40%) an
mdly for the preceding 3 s, The PIP vaccine was
preparsd fram pareing ovaries (Liv 2 al. 19890 and
stared Frozen ot —5 G unlil wsed in the held.
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The ipnsslabiog was prepared ay an cnsikion, of 0.5
oo of waccine Hxpaivalent to approximaboly 500 2onoe
or §4.5 g of protein] o phosphate buffor and 05 cc
al Freund's Complete Adjovant. The seeond and thind
isocilaiians were thiz s &5 Ehes orst anpepd Fea The
sddizion of 45 ve of pwsphate baffer solutice and
sbstttution of 05 co of Freund's Incomplete Adjreant
[av the somphde sdjivant. The T vaocion ooniponents
wie mixeﬂpiu. th fiekd, islng 2 Ieco glas seringes
jeimed with g plastic connector. After 100 strakes the
pinielsion was lpaded b & Gieee self-injecting plastis
darl which was tipped with & 3.81-cm barbless nesdle
The pesexliozs were rirised with T0% EOH prior ta being
Loadud drei the rille

Mational Park Service tegubstivns prabibited the
copture or handling of any horses during the course of
the studv. Twenby-one mares weee darded from the
ground, ot distanees from 25 o Gl medes, in the hip
reglom, using & Pas-Arms® 0.557-caliber capture gun.
Getwesn # February and 10 Murch 1538, 26 mares
recedved an initizl inoculotion of vaciine. Exght of the
mares were acelimated o bumans, aml the initial wac
clne delivery was accamplished with o S-o0 syringe
and o fab-stick aed (hereafter by dart, Between 12 and
21 March, 26 of the 29 mares received o second in-
oculatan by dart, as deserihed shove. Thres af the
miates hecame extremly wary, could not be ap-

roached For thie sscond inceulation, and were droppesd
Fm.. the expariment. Between 14 end 25 Apdl, 16 of
il 20 pnares which received the sscond inocukation
reonived & third imoculation, which was ilentical to the
seconi. The § cantrol muses, which were sslecied (room
ihe ariginsl 46 mares, recsived coly phosphate builer
witd gdjusvant in 2 inooulatives, between § March and
24 March, Tdentifying wackings were recorded for each
barse, and the eni wers oherrved throughoat Apdl
fioe nbscesses at the sites ab injection.

A i of 2 ioecclation: i reqiziced o horses
in order 10 ralss saficiently high aotibady tters far o
mimiziusn of 4 neanths (Lin et ol TEEGY ‘he schedule
of inpewlstion: weed o this study was baasd on the
spacing of neenlations io e 1 previous stud writh
Liersems £1iw &t al. LAAED and Lhes boealing erd E.rmJi.n
activily patterns of the Amateagus harses, which pea
i May and fune (Keiper and Houpt 1984% The st
inpeualation causes antigen recapnilion and temporary
increases tn antbody titers. The sooond Inoculation
causes pnceeased Hbers which lnst several months, and
cach subsequent incculotion ficresses the duration of
high titers

Dhuring Oclaler 1588, 5 maonths after e st inoe-

ulation und @ mimihs after the hreeding seasen, the

mizres were locate] and identibed, ond the ouinber of
Frizls was revarded Urine ssmples were collectesd from
cech of the 35 tpmated and 6 contral maces, willes
captare, by extracting e arine Ffrom the sl or 2e-
pivating 1t dizectly Erom the ground immediztely after
wimation, The orine saogsles wess assaynd bor estroos
conjugates (F, 08 and irddexed 1o greatinine (Cr) oo
eeatrution: (Kirkpatrick et ol Y888) and (o nonspe

cific progesaeteae [Pa) metabslites (iFAG (Kirkpatrick

at al, 1E90) Preprancy determimtions were made on
the basis of the wrinary E,C and iPdG contentrativos.
In August 1959, the mares were again loeated, iden-
tufied, aoel ohsernd Tar the presence of foals The 1959
feal production Tor the trested mazes was compared
1o toal production (1) fre the same groug of mares bor
IB67 ood 1984, (%) for the & contral mares Bar 1959
and (31 with 11 uetrented meres far 1985 The validity
af thass comparisons & hased an long-tesny renards of
reproductive suces aisng the Amateagos horses [Kel
per and Houpt 1954] which demonstrate that Tasling
patbarrs are constten (rom year to year amd that the
pralmbility of 2 mare having o fral b independent of
her Teatieg sunnes the previv yer. Finally, in Auges

158, o reisdom sample of 7 uncaplired treated mares

wis tesbed for pregnancy by oears of urinory steruid
metabolites (Kirkpatrick of al 1988, Kirkpatrick et al.
1690 in ceder 1o best raversihidity of e veosioe's an-
titertility eloct, Diferences in fealing rates among,
treated. contral, and ontreated procps weee tested for
significanve by means of binomnial probability distri-
buticn {Freedissn of al 9TE231, 236

RESULTS

Theee abscrsses were observed amonyg the
6 hoeses treated. The abscesses appeared al
lhe site of injection approsdmately 48 howrs
lollowing the third treatrment, were aboat 10-
2% mum in diameter, and drained from 6 to 8
days after trestment. Complete healing had
necurred within 14 days lollowing treatmenl.

Of the 26 treated mares, 14 were pregnant
al the lime af lnoeulation {5?55} and all 14
produced foals in the spring of 1988, approx-
imately 1-3 menths after the last inoculation
of PZF vaccine. The 6 control mures produced
2 fanls in 1088 By Octcber 1984, a foal be-
longing to 1 of the treated mares had disap-
penred and was presumed dead. Another Foal
belonging to a treated mare died during the
faull ol 1988 28 a vesult of o leg injury. All othor
foals barn to treated or control marnes were in
good health in August 198D as yearlings. Dur-
ing the 18 monthe follawing inoculation, enly
% mares moved (o dilferent bands.

Uelmary EC and nopspecific Po metabolite
concenlrations in mid-Dctober 1988 indicated
thers was 1 prognancy among the 28 treatod
mares. Mone of the 18 mares recelving 3 in-
oculatinn: were pregnant, and 1.of & recesving
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Table 1. Foaling rates for mweated apd untrevted mares tor pretreatment ardd post-dreatment pesrs, Asateague

Malivmal Beashore, 1887 through 1969

% of marcy produang foals (oo, Toeh)
i . Firdrralpemsi Pird ifemlprea .
Creip [T Ma b 5 LB e | 131
Treated 3 18 A REELE SLLELL) R
Treated u & 2.4 (5} WA (3 iZari
Cantral o i 4.4 (2 a5 9 (0 0LG(4)
Urirealed 1 §] CLERL

2 inoeckations was pregnant. Three of & control
mures were preguant. Mean urinary EyC and
iPdG concentrations of nonpregnaont Lrialesd
amd control mares (12 + 0085 SE pedmg
creafinine [Cr}and 342 = 0486 ngfmg Cr,
respectiviely; no= 28) were lower than those of
pregoant mares (341 + 0725 g g Croand
22782 + BA.T ng/myg Cr, redpectively; n = 1)
(= —I25% 30 df E,C; ¢ = =947, 30 df,
iPdG, P < 0001). -

By Augist 1959, 1 s 3 live Foals were
pn:wnl BTG, the 26 breated nod & contml
mares, respectively, as procisely predicted by
the urinary hormone metabolite measure-
ments {Table 1), Post-treatment foaling rate
For the treated mares (3.8%, n = 28) was loss
(F = 0,002} than that for the 2 protrcatment
viears (55,870, for control mares in TO8D (50,05,
and for untreated sexually mature mares in
the study area In 1989 (45.4%) Three of 7
randomly selected treated mares were deter-
mined to be pregnant in August 1989, based
on urinaty cstrane conjugates and 1P4G.

] b Bt B

T clusies of Freand = ﬂl::llplﬁlu Acdjvant
For the first inoculntion wand Freond's Tneom-
plete Adjuvant for the soond and third was
based on the work of Liu ot al {1952, While
oily 3 sbscesses were noted (o this stody, the
evaluation of other adjuvants which are less
likely to cause abscesses is an important direc
tinn [or futuze research

Mo previons studies have heen conductad in

which pregnant animals of any species . were
vaccinated with FAP. In this study the im
munosuppression which accompanies preg-
nancy did not interfere with the cffcetivencss
of the antifertility effects of PAF vacoine, the
pregoancies were succeasful, and the Foals
healthy, These are impostant considerations
because the wse of this vaccine for manage-
oot will likely include pregnant mares among
the treated animals

A majar advantage of the PZP vaccine is the
small volume required and the agueons base,
Twal by exd w1:iq:||. [inialibate m]]niﬁi.ﬂ.l‘.‘ll‘lmﬂjy darL,
Hemote delivery eliminates the nesd to cap-
ture horses, the attendant costs, and the like-
lihood of injury to horses, although our expe-
rience did not include long-distanee darting of
extremely wary feral mares. An advantage of
IEY is the reversibility of the vaccine’s con-
traceptive effects, Liu ot al. (1985) demonstrat-
cd that captive treated horses that failed to
concelve after PEP treatment could breed suc-
cesstully the following year, as did at least 5
of 7 frec-ranging manes in this study, The isue
of reversibility is politically a5 well as biolog-
ically Important because it is unlikely that pub-
lie opinion will favor irreversiblo sterilization
among feral hogses,

A Finnl :|.|:|1.-:|1alu51,+ af the PEP saceine i Lhe
protein pature of the contraceptive antigen.
This characteristic precludes the possibility of
pamage of the antifertility agent through the
Food chain. In most circumstanecs some freat-
ed animals will die from natueal causes and a
varicty of predators and scavengers will feedl
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upuan the earcass. Protein, unlike sterpids, and
particularly synthetio dernids, cannot be we-
eomulated Intact in the predators’ and seav-
engers Hmues, In addition, protein vascinalion
avoids urlnary and fecal contamination by
peorly metabolized steroids, and especially
those syntheli estrogenic storolds whicl have
high patency and high resistance o Fricsdeses
radation,

Diespile the return of normal lerlility among
PEP-treated horses repuoried by others and o
this study, the long-term efeets of continuows
PEF immunoconbiaception have not boen de-
scribed, In the domestic rabhit (Orgetolames
cuntonlus) (Wood et al. 19810 the domestic
dog (Canis familiaria) (Mahi-Brown ot al
18955), and the baboon (species not given; Dun-
bar et al. 195%) there are data that mggest the
artibody respomse of the Lreated animal attacks
not only the matore ovom, but oocytes and
other ovarian tssues, with resulting changes in
estradiol and progesterone seoretion. Thess ef -
fects have not been demonstrated in any o
the 4 other specles of nonhuman primates stud-
ied or in horses. Histological stodies of ovarfes
armong captive PEP-tranted horses revealed oo
changes 3 years aller treatment, and plasma
progesterone values during treatment were
consistent. with normal cyclicity (Lin et sl
1959

Behaviornl intogrity of ealed animals is
important, particulasly in the case of social
anirnals such as the horse. Bands with treated
horses remained iotact during the 18- month
duration of this study, and the exchange of 3
mures betwoen bands was within accepted lim-
its For the Assateague herd during the previous
3 pretreatment vears.

These results sugeest that PZP immunoesn-
Lraception is & pessible alternative for control-
lirg Fertility in feral bose populatons. Tow-
ever, the reguirement [oe ol beast 2 inoculations
lor suceessful fortility inhibition is o weakmess,
and the current limitations of remote delisvery
are impedimonts foe he wse of PZP i man-
agement. The 3 mares which roceived only |

tnoculation were extremely wary and oot ap
proachalde for a successful second inoculation,
I this form ol :Iiﬂmul'rtﬂ‘:unl.r.'l-::ﬂpli:m iz by he
comic an effective frianagreent toeld For con-
trofling feral horse populatioes, i must first he
l:'ﬂ'ln'l:]l:lpt.‘d as a ﬂngle-:iuw. varine, Technal-
opy fa convert the FEF u.l:l“l!-'.t!':l'l inlo s 1ing|r_-
dose vaceine cureently exists in the form of
microcncapsulation. This process, which pro-
vides a sustained release of drug, has been used
successfully with contraceptive steroids (Kirk-
patrick et &l 1982} and antigenic protein (El-
dridge =t ol 1989). Necently, the specilic por-
cing rona antigenic proteins lave been
produced with monoclonal  tissue cullures,
eliminating the need for time-consuming
preparation from fresh ovarian tissue and pro-
viding a potentially incxpensive source of e
vaccine [Takagi ef al. 1988), The elfect|vemsms
and salety of this form of immuncesntruceg-
tion can also be improved theough the we of
monoclonal proteins, becaise the pure recep-
bor protein, ZP3, can be procdnesd instead of
the entire spectrum of wonae proteing which
were used in this study. Experiments are under
wiy to assoss the effectivemsss of o single an-
nual booster inoculation, once antigen recog-
nition has occurred. T1 o booster is cffoctive, as
it appears to be on the basis of urinary steroid
metabolites, it & probably possible o ineor-
porate the booster in an initial inoeolation
which delivers an initial bolus of antigen, &
secund pulse of microencapsulntbed antigen a
maonth later, and the microsncapsulated bpost-
er 4 year Intes,

COMNCLUSIOMNS

This study provides the first descriplion of
sucerssful fertility Inhibition among uncap
tured lree-roaming mammals by means ol re-
wiately deliverod lmmunocontraception. Re-
mole inoeplation of feral mares with PZP was
an effective means of lerility inhibitdon and
did not affect intact pragnancics. The proces
was reversicle, it did not sffect social Integrity
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of horse bands, and the vaceing cannot be
passed through the lood clain, The irmpact of
AP contracoption i5 o6 lestilization, and no
hormones are invelved which might impinge
upon the brain amd change hehavier directly
Coupled with remole prepnancy testng by
means af wrinary and fecal steroid metabalites,
tle remote delivery of PEP offers a potentinl
noncaphure l'-::-u:]'m-:uiﬁp;}- for Teral Forse romtra-
ception. This in turn makes public seceptance
of contraceptive control of mammalian wild-
life maore likely than with approaches that re-
un.r-a caplure and hmu;]]ing,
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