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Antigen recognition in feral mares previously immunized
with porcine zonae pellucidae
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Sumimary Twenty six free-roaming feral mares seced onmamiecd ageing porcine
ronae pellucicas (PEZF) betwesn February and Muy. W82 Eighl sexually mauture
mares recerved Finoculanons 2 weeks apart, ard 18 mares received 3 inoculations w
ptiervals af 2 and 4 weeks, Analysa of anoary eestrone conpugates (E,Cy and non
specific progesterone meataholites (PG in samples collected o Ociober, | 983,
tevealed that none of the |8 mares thal received 3 and only | of the 6 mares tha
secerved fwo mocklations were pregnant, whereas 3 of & sham-inpectad control mares
and Sof |1 untreated nhazes wers pregrant, In Februay and March, 1989, 14 ol the
wmnacieed mares fhat were 0o pregnant were piven o sinpgle boosier ineoulation of
FEP. Uninary BEyC and aP2G analysis. from samples collected i August and Ociaber,
1585, revealed only 4 single pregnancy among the 14 boosted mnares, whereas 11% of
mares tresleel in 988, Bul nor grven a boosier inocelaion in 1985, aad T oal A
unlreated canfrols, were prepnant. Foaling was rellecied accurneely by the urinasy
steroid metzbalite analyses. These resulis sugecst thal bnce recognition of PZP
ANGEEn pUours N mares, suhsequent annuzl inoculatizie will tase anbibody fitres
sulfliciensiy 1o inkibil feniliny

Tniroduction

Fertihty control of feral horses has beea the focus of numetoes studies over the past twir decacdes.
[mitio] experiments concentrared on contraceplive androgens thas were delivered 1o stallions s
injectable, microsacagaulated compounds copable-of sustained relzaos (Kitkputrick orald, 1942
Furner & Kirkparrick, 1982). More recently, microsncagsulated progestagens have been deliversd
o midres (Rckpatrick & Tarner, [991), ana silastic unplancs continning ethinyloesiradeol have been
placed in mares (Plotka = of, 19E3. All of these methads resulied in varying deorees of
pharmacdingical success. However, the microencapsuloed steronds reguured exiremely large doses
that inlerfered with remote delivery, and the silastic implants required sestraing and surgery. In
additicn, concem exists abour the leng-term effects of steroids on the health of the animal.

A ahiemative o steroid-induced fertility control s tmmunoconiraception. A conjupaied form
al n ponzdotrophin-releasing hormone (GnRH) has beeo wsed successfully to stimulate antbogdizs
i capuive feral mares (Goodlos er af., P958) and solubilized poscing zonac peliucidae (P7AF)
inpretions mhibsted ferlsty in 13 of 14 captive mares {La @ af | 1989), The ebjsclives of this
stedy were to () test the contraceptive ellicacy of a PZF vaccine an free-roaming lentl mares andes
field condihons; (b determine the effectiveness of remote delivery: (¢} deiermine the contraceptive
efliciency and salety of the PEP vaccine when administered o bath pregnant and - non-peegaant
rsres and (d} evaluaie the contraceptive efficiency of 4 singfe annual Boaster inneulazion
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lim thie shaly Lan
srbecteit Bevasisea e Righ Faaling ranes. wincle amnully gecraped SOPR hegher e I siatan Bzed caie Bor ke
aecrding A pras The FAR save i was prepaned Trons pircane dvirsss g< sles il presneaaly by Lig eoad | 105Y),
lrislly, piervioe geariss wore sheed Deetly sl the sedyies sepained By Glicson vkl espene Bafer. The wima
peelfaindo promein was Feni salulelioed sl ssesd an VU wnil e

Bewwaws 29 |'chegary: amnd 10 Sarch, iBe i manes secsesdd wn emilid] secuianon al waveme vhag was propared & an
el o 1% nul phasphate boffes contpining approeinaicly HEED smoe pellucidae (k-] pg prosein] and 05 ol
Frenmd ™ Cumiplete Adjoeain The vew campoegeas werg ensalsificl e the Tl cng ran HEml ghins speenage o
weerh a plastie ommpeiar Afee TNEagnouwes she aridlseos was hnsbed ine o M0 mb et laangeinng glaate dant sich u 8K Lam
Barhbess ngeitie, The mecelley wese vised sl MU0 eshandl prioe 1o big domiend enbe il el Tha wesegs weeee dariee]
{ram she wrourd en the bap meposn, csng o Pax-Acms 05200 calibed capaure guit Telerses e Mo, Anopanal Ephi of
ihe mares weare reated an ke persoren of horanes ared dlee ol ingechos wis ."\.".-\.'|III|'.\-'I1h-\."] witha 3 ml SEYTINEE ard 1 zibe
anick. Thereslter, Tumher imjectives were given by dest, Beiween 12 and 21 March, the 2% mares received o socond
mek iilalsm, as described above cncept Tor e addiion of 025 ml ploydaie oler solosn ad sobsaian af By mioof
Freumd ™ Incomgpleis Aadjuvam [ the coagplene adjurani Derscen 156 and 25 Apeil 1 ol the 20 mees wosieed a thod
mpentaiem shad wae ienenzal g0 the cecond. Sl addiconal mares received only phusphaie belfer mnd sfjuvant m 1o 2
macelanons Idemifiable makinps see recandad lee each Bonse and he amimals were oheerved throughou Apeil foe
dilverse elfecrs and the peusence of ahscesars al e Sie of wgectan (g, 1)

Dnng {xenber P9ES, 5 moniss alicr the basl iseculation and & menimiom af 2 momhs afier compleion of e
heesifimg seisan, the mares were Incated and deniified and the preserce oe al=eace ol Faals was recorded. Linee sampla
wiere collecied Toom eecle of the 26 mares and € conoed mares by oxpraciing tbe e Seauis thee sl o asgaraning o dirsC iy
froim the groumd jremsghiately shes maciontice, The ansxiracad urine samnples were aispdd Td dsihges conzaphis
(B0 by madicimmuneassay (Kirkpstrics oo o, VB8R Ton son-specihic nseiibadies of progeacrgne [P0 by eneyme
imuncassay (CIA) a8 descrived by Kirkpaunck = @l (19000, srad oo ersatanne PUr) by e microdolorimecne medhod of
Tuassky (195%4). Desrone conjugas and iPEG conconimlions, were presn s uptig Cr and ngfmpeCr respeciively. 1o
aveoum o diflerences in unng concenirmions. Pregnancy deicrminalices woen: based an &0 ponsensrannns in excezs of
140 pedmpg Crard (PG Somdr ilaaludd i gufEes af 15Kl ngimg Cr.

Twerdy-Tive of che 76 misey were nal regpuet, Dased nn oninary EyC and iPdG evalmisans: amb 14 68 them wars
seleonad for 2 single booster i ulation, gives Belwesn 17 Fehnuary and 10-March, 1985 This injoction was identical 1
chie witinl ivoculation and was given wilh 05 ml Frogmd's Complene Adjuvao.

I Aopust and Ciczaber. 1985, orine =amplos were sialloossd fran the 14 beosiecmaculaied mares. ihe remaimmp
s ikl Ereated msnes har did mos receive boosier inocwistion: and 06 giber dedwally minere manes shar were nog

Fig. L. A baned of P2E-neated mases wiilh a young stallion showing inleinsl,
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* Bused wan urrany B, and PG messusemenis,

rearvd prevasusly. Phe sampfes wen: assayed by CLA [or the cestions conpugaics, ecsrene 3 glucuraab: aml sesrans

sulphine a5 desnibeil g Buneas o cof (13217, Porche Lo assay, wich urime sample was dilueed 1100 i disiilled “:I:I and
A0l dbqud was Laken Forassay. The anubody (R523. BL. Lasley, Universicy af Calileneis, Davist shawsd squid
cross-iesdivity fur boiks che glucuranide snd salphate conjugmes of oestoee. The inier-amf inira-assay coeflcénts of
Fariziun were L% in = 10 sl WIS (7= 100 respectively. Fod e PG assey, wrine samples swere deluicd 1] wits
destifled |I?lf}. and 3 kb ahgead was saken for assay. The insr- snd imre-assay coelficiens ol vometics weee | |-45% e
= 10} and 10T (n = 15 respentively. Resaliz were gives as g B C,oor ngiPaiiimg O Difleremes in foaling ranes
weie Izl Tor significance by means of beewwnisl prolabiliy discisaron.

Hesnlis

The ymibal moculations given i 988 resulied in only & single pregnency among the 36 reated mares.
More of he TR mares receiving thres inoculations was pregrant on the bases of uninary E;C amd iPdiG
concealrations and none delivered foals m 1989, Only an= af the 8 mares 1hal received twa
muiulations was diagnosed pregoant an the basis of urinary EjC and (PdG and this was 1he only mas=
1o prosuce a foal o 19849 The overall fertility rate aller irsatrment was 3-8% (compared with 53-8% [or
the same mares for cach of the Lwo previous pre-treaiment vears |§987 and 19881, 50%: for the &
contrul marss i (RS, and 43-4% lor 11 untreared sexoally mature mares in the study area in 1989,
These differences in foaling rares between the 36 PEPureated mares and e other grouns were all
highly significant (F < 0001 - 0-00159). Foaling and pregnancy dana based on the urnacy B0 and
tPa0 measurements showed 100% correlation, Deiails of the resulis of these initial inoculations have
been reponed previcusly (Kirkparrick e al., [9%0h),

Thirtesn of the 14 mares (92-8%) that roceived the sinple PEP booster incculation in February,
1989, were diagnosed not pregnaat in Awgust or Octabes, 1989, an the hasis of urinary E,C and iPdo
concentralions, and they did neq preduce foals in 1990, The one FZF boosterdrsated mane that did foal
in 1990 was diagnnsed pregaant in Octebes, 1989, with urinary E, T corcentratinns of 495 pefme O
and P45 concentratians of 3117 ngfmg Ci. Uninary E.C concenmmanons for the 13 booster-treatsd
rat-preghant marcs ranged from andetecizble 1o 0414 ppfmp Cr,oand orinary iIPAG concentratinns
ranged from 4-84-26:-5 apfmg Cr. The pregnancy and foaling rates for the & control and 16 untreated
mares wire A% and 23-3% respoctively (Table 1), The differences in foaling mres for the 14 PEP
booster-inoculated mares vs the 6 control marcs 2ed the 16 sexually maruee, untreated maress in 1990,
and the miean foaling rate for all sexually madure mares on Assaleague Islond berwesn 1975 and 1952
(370 & 3:9%. Kewper 8 Floep, 19840 weee signilicant (F < 0001 —0.012),

DEscussinn

Liv er af. {1969) demonsizated 1he contmceplive efficacy of F2P immunization in caplive feral and
domestic mares and Kirkpairick ¢ al. {19900} demonsirated sianatar effacacy in dari-injecred free-
vy Feral maes, Thes stedy is the (rst reponed a0cmpl lo suppress Temility in mancs wirl 2 fnglo
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Mlesureiicnl of andihody iIII.IIJI.rl'_'Ii-\J'H TRN R TE T L LR R T Vindrascslar injections o P
crnalkilied in Freumd s Adjoveny iodicaged thar pedk fisnes iovar approsnniely 3 menchs aler asizd
mocalation, wane hereafier and fall 1o basal bevels abou W-82 mvenths Gneer (lioep @l 198800 Thix
praattern ol rise ind Dol of sotibecky titres o mres o resgonse o PEF immonizton s sinubar oy thiese
soen i primstes Sacorood ol PEREY and gaher animual macdieds CHendgrsaeon of L 1985 Comparsans
al the resalis of FEP immonization with ihose o ather specaes st hinwever, be mislo with e
beoause of differcnces b che guantity of antepeme protess sdounisered, the nuere of the adjevant and
the parivy ol the PEF proggn, Theee of the 12 nares anmuonized anibially o [58EHE, baloool geeen a
becster inocu i, hecame pregnanl Beiseen Apeil ard lune, 19EY, mdeatng o dechine of dnelody
iitres aned @ relurn fo noonal fecidity 13 0o 17 maonths aller il sosiuneaton. A Mowrth e
gelivered o Foal im lanunmy, 1990, thereby indicating that she lad conceived in Febouary, 9859, some 1]
manths afler her lust imeculation. These pregnonges suppes cairenely Fow anlibad ¥ tees in the manes
sancerned because it has been demonsirsled previoasty thal ealy loew concenimationg of ant- 1708
ariibody are required o mhibid femlity (Doeabar & Schwosbel. 588} The 13% foaling rawe for the
mares that dd not receive booster inoculainns is consisten) with the averall Toafing roces Tar
Asssteague {stand mares |Keiper & Hoam, 19540

The produsction of only a single foal among the 14 PZP booasrarsmed mares wasstaeihcally
wipnificanl and supgrests thai antibody titres increase rapudly (o concentrations that provide
contraceplive prowction The duralion of smiabody ties wth contraceprive armon foliowing beaster
ineculasions remaing unknown and will reguire comzolled siadics with coptive popalatmns, The causes
of the single fadure among the 26 mares immunized originally, and the | failure among the |4 mares
receiving 3 boosie imdculation, ars nol undarsicod. The mos Hkely explanation s wssee capsulition
of the antigea ot the injection site resuling i poor absorpion oo the crcalation. Adtheagh the dan
peedies wers washad in 709 ethanol, delivery by dam resulis in penciore wounds that ieclude skin
hacteria or hair or hoth, The 28 mares wsed in this siudy wers damed o total of B4 tmes, in addition o
1% dart-injection drempls thar penetrated the skin bl bounced oul befoee injection was complele, A
total of Five small nbsopsses {10225 mm in dinerer ) were sbserved, which appezred 4£ L afer
injection and drained for 69 dave before healing complately by 14 days, Mo abscesses appeared in the
v Ereelesdd rvares thal Became pregnant.

It 3% generally ageeed that the mechanism of action of FYP contraceprion is the production af
antibadizs that black rhe ZPY sperm receplar on the wone preliuenls (Florman & Wassirman, 1983,
probabdy by cousing sigric hindzance of sperme-recepior aiachment (Skinner ¢ ol 1984 Hocause
urnary E;C eoncentrations wre not diagnosed until afier Day 33 of pastiation (Evans er of.. 1984). the
rasults of pregoaney westing o daie in the present study sugeest, bul do ool prove, that PLP
imenumizaticn of mares resulis inoconception fulore. Sbenatively, antibodics may be intederrang wal
Falliculnpgenesis o present the maturabon of ove, thereby resulting in infertilisy.

The effects on the endacrine functions of the mare™s ovaries of anneal FEP immunization over the
course of several years are nol known, Liw eroal, (1989} fowsd 03 evidence of abnormal avanan
histalopy, or ay spmilicant elanges in Pogesicrons patlarns in seasonally osirons marss that
recerved snly the 3 ol inoculations, However, the dop (Mahs: Brown e of . 1985 rabhit (5kinnes el
of 19843 and baboon {Penbar eroef, 1989) all dermonsianed significant changes m avaisan serid
secretion and ooseyie diffecentiates after PZP immunization, thereby tmplying that ovarian
componenis atler han mature ova had been nlfecied. Althoogh behaviour was not evalualed
swstemalically in thiy sady, 4 of the 14 booster treated manes were observed showing behavigural
acstrus and copalation. Studws corrently arcn poogeess 10 cvalumie ovanan steroed secoehon paticms



R s i

i .
Veapaiagidor el b i BLIES L Tt P P TR L |

e wsatanal by veieronis e Donlloweng, §cotseediiee yeae ol 1280 o

RS ITE]

e ansin s, the resolivoal this sty mmlncde the conteae g s beead sgaes can ba

avesbipledued By et gon aelo e Gbe ol P TFreama] s Addprean valsani Tl seehiimud dies o

it e sz s ET R T TH IR N e e KR R T i [ BTR Y BT R IR AT LN MRS HTRTER sl v s

e '\-:|:|,||:|:|- wertyn Dol |;._-,- Mlgppesiial Park Service ool A58 PRI amd Batwwiel Scence
Fousbsilon Ciranl BRS-ETIGSUR00 The aulhars thank B Eeiper, Peansylvama Slale Lhovessity, Gor
wsrestance with ey @l locatmy ammials and B L Lasley, o |.l|l'.|-l-'i|’J||'|;_: Hee anrebasithies Lor

priary- signoid melalxelie analysas.

References

Cahar B5, & Sclossetsel, Fo VS5 Ferd s st o
(e mepe b ol anemsls dod Tooan Beosgd dsselopument
i ampravel sigrilicinien g conirsseploes maetheads,
T o e e e B E S L

Drmbar, BS.. Lo, C. Powell, 1. & Sievens, 1O o195
e of s aypiheic peplide adjovam For ihe
ymmunieaiian ol habacns wo® the depatured and
||IEE|!.'CQ!-'|'|?'IEC| pin penn pellacide proneeons Faarid
Keevidl, 82, V10 MIE,

Erans, KA., Hughes, JLPS Cowlo, M. Basman, L.H. &
Lasles, ILLTP9ES) Pregnancy dingnasis in the
thpmesie. horse through direct arinary ssirgne
vonpagaie analyias, Tleebod ey A T N

Florman, H M. & Wassarman, B 0092850 O linked
cligosaceharides of moicte egg LAP5 accour for ity
SO T o activwily, Dol 41, §15-524.

Goodloe, R, Warren, B.J. & Sharp, L. (19HE]
atenlizarion af feral barses by immunzzaion agansil
LHRH Fror Ann, Coafl Wi, D95 Ass, Liniversaiy ol
Geange_ g 2%

Hemiberaon, )., Hulime, K5 & Adtken, B (196
I-_'u:1||;f\-|_-|:uv|: pislesbal el Banchodegs 10 1he 2ona
peibecia, . Repron Ferr K3, 320-3471.

keeiper. B. & Heoupi, K. {19284} Reprsduducn o feral
howses: an eighe yeer siudy. Am o ver, Res 45, 901595

Kirk patrick, J.F., Turner, LW, Jr & Perkins, A, 115331
Rewersilie Tenifiny conrod in feml hores . eqnive red
Mfedt EOLIA-T18

kirxpairick, J.F. Bazman, L., Lasley B & Thirner,
oL e 1 PSER) Pregnancy dororminabmon in
lins u||-!|||-:|.1 Teral hooses. &, BT Moaag 32, 335-303

Kirkpatrick, JF, Lasley, Bl & Shideler, 5.E (19%0])
Urinary sheraid cvalumtice® I snamiear dvaran uncrion
noexogic ungelbaies: VI Lneaey ppagesresane
mictabeliles: in Egoides anscased Dy snmmusn-as50y.
Laa, figd 9, -8

kirkpatrick, J.F., Liv. LMK, & Tarmer, 1.3, I
C1nh Kemalely -oelivereg immune e e i
el howses WA o i 18, 320330

Kirkpairick, LF & Twrner, J.W., 1 INLETN] Famihicy

ceearal o aleer e e Somdpsmer et e ie dlithen g
Keging, Frealeas caa Alieraeiiees dee Dediferind
Aeifipeeens, Ed 5 Lickermaa, Hunass St il
the LIS washingean, DO

Biw, I.E.M.. Bernoca, M, & Feldman, 8, {189
Coniiavepding i iBanss hesroimmaunized with parciee
cora peifln J S Fave, B 19 19,

Mahi-Brown, U A Yanagineechl, B, Hoffman, 0 &
Hueng, TT_F 112E5) Feritdiog vomteal o the Tuich by
aclied dnmuniemeon b porcme sodge e e nlae
s o dhiTerent adpevanes and paicemns, of vedoehal an
propesizoee levels o esienus cyvles, Sood Repeesd A2
TH1-772

Blonrs, O 1., Staheafeldl, GoH., Cragun, LR Addiegu,
LA, (Fveestresl, J.W. & Lasley. B.L. 1290
Eelationship of seruny esiraden] and progesicrone
corcenirations 10 the exerchion praliles i dhen majer
wenary  metabolites as measornd by eneyeme
unenunaassay. i Chem (in press)

Plovks, E.0, ¥eves, DM Eagle, T.C., Tester, IR, &
SindlT, DLE. { 198% Effecis af barmone implanis on
exirus aml vamlatice oh fasal eores £ WG Dy 24,
E07-514,

Socco, A.G., Subramanian, MG, Yorewiez, E.C
fhedave, FJ & Dokelpw, W.H. (1585
Herterpimmumizasinn of sgoireel monkeys (oo
e wilh s punified porcine gona annpen (PFEZAQ
immune rosponse i beobagic ooy of aniserem
Faepi: Sraedl 39.35]-550

Shisnser, AL Mills. T. Kiechick, A, & Maushae, .5
LIUEL ) Imibmiidanion with zona pelloenfa protems
resmlis im skl nvanen fodlicalar defTeroniiiion
and inhibitien of gonsdatrnpin-induced Sierel
sapreLion, Exckerinaipgr F1524 16-28 12

Taussky. TLIL (19540 & mivneolarimer delermranon
of crearinire in wrice by the Jaflfe oesction. J. deal
R, TOH, 951840

Furner, J.W. & Kirkpaerick, J.P. 000870 Srevoids,
bahareiinst sund Tentiliy contrad i feral sialbfivns o ibe
fiehd. §. Repredd Ferd Sunpd A2, 1987



