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Long-term cflects of porcine zonae pellucidae
immunocontraception on ovarian function in feral horses
(Equus caballus)
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Sumimary, Ten fenal mares Mree-roaming m Maryland, USA, were inoculatied with
pareine zonae pellucidas (PZP) protein befors the brecding season for three conseci-
tivee years (T9RS-90). Owarian function was monitered Tor 51 davs ducing the peak of
the breeding szason aftes the thind Annuaal P2 mosuialien, 0 seven of these: mares and
im four uncezated contral nwarcs, By means of ummery oestcone conjuimies and non-
speaific progesterons metabolites: Mone ol the ten inocutated marcs became pregnan|
in 10, comparcd with 35% of 20 contral weersy, which incfuded two al the four
montlored for ovarian funclicn. Three of the antecated maes demonsiealad apparen
mofmal ovaran actety, chamclerized by preovulaiory sesirepen peaks, concursenl
propesterone nadirs &1 ovelation, beeeding acovity, and loteal-phisse progesierone
ncicases alter ovulation. Two ol the seven monitored PEP-trealed mares demon-
strinked ovuintory cvcles that did not result in concepuos. Chne was pregmani a5 a resull
of conceptions e 1989 and demonstrated @ pormal. lage-pesiation, endoonne
profile. The remaining feur PZP-vreated marc: revesied po evidense ol ovulation,
wnel ureraery oestropen concentralions were significantly degressed. The eapermenis
irndeeated that (5@ third consecutive annual PAP baosterinoculation is = 90% eFaciive
in prevenling prepnancies o marcs and (i2) three conseculive vears of W21 Tresiment
nsay nnberfene with normal svarian Munctionss shown by markediy depressed cestrogen
serrEllon

Keywyerains pong peiiucidu: conimacoplan; craty; ImmMUnocon i Rree REon; CEstiugen, jveestin, g

Introduction

Iremunczation with poreise gonae peluedae (B2P) 5+ @ prormising approach Lo rmomann-
contracspiion This glycoprolein laver is composed of seeeral protein Sactions of winch a Dracton
of A, 55000, referded tooas ZP3, has been adentified mothe speces soadied] 1oobe 1he specific zona
seceplor lor sperm recopniien and ailnchment (Sacco ¢ al, 1984}

Drrnurzatiaon with PEP bas resulted msigaficant sonae annbaddy tires and Ternlaoy inhisaion
it renge ol labbratory species {Taunoda & Chang, 1976 Ciwatkmewr ad, 1997 and non-kaman
premnsies (ulvas o o P985 Sacoo o ol D83, 1987, Adtken er of . 1984 Bamcrai o o, 1986
Drunbar e e, VIR Sacco 1907 Hasegawss e o, (P985 and Trounson e of, { TPSR01 hive demon-
strated kil himan znd porcine comae shire common anigens, In several af these studies,) s
acdimenstcate ol PEI or panfial 287 wis accompamied by dismipiion of evarian fanetion and
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cyclic endocrine putlerns, bur, in most cases, normal evanan [unction relurned over an interval
rrtging From several eyeles 1o 300 days,

A concern regarding the potential wse of PEP, P2 or any antipenic epriape of 2173 in humans
ar exalic specns i Lhe p:lﬁ:—.‘il‘éu [Ermancl by -.‘:-I'_ £ rt:i|i1_'.' o thee dise u;:-li-\.‘m ol narmal :tpllﬁdllt'livt
erndecrine svesnts. Studies in three species hnve mndseurecd nelverse mide-effects an nvarnn function.
MahsBrewn e of, (1983 foosd that mnmanizenen of hicches led oo leng-term alterations in
oestrous cveles and o abiarinal stercid profiles. Imrmunization of rabbits with PLP alse fed
disruption of hormons profikes (Wood eral,, 1981; Skanner o @i, 1983, Ten baboons mmupntesid
wialth ZFF showed reduced cestragen coneeniraticns i plasma aad numbens of antral Tollicies; pwo
af these ammals Maiked e ovelaie, and five became amenorcheic by 8 menths alter immunizintion
(Cranbar e ol 1989),

Lau i af (1989} demaonserated that PZP inoiumesation conld render maees infestile, but chas
fertility returned during the Follawing breeding season. Birkpatrick eral, (19900} also usest P 10
avhibnd Pt o free-roarning Ferad horses amd demonsinated thal fernfing retefned Sunmg the neat
breading season, Inoa continuation ol tha audy, Kirkpatack e sl (1991 demonsirated that a
aingle annual bossier inocutation of PZF wos sufficient to extend the contraceptive sficocy ol PAP
throuph o second hn,-:ul:l:ng SEMLTIN

Despite the data accumulated from siudies of non-human primates and horses, bite i3 known
about the sflecis ol continuons PEP trestment on the masmrmithsn ovary over seweral vears: The
prsenl stedy evaluated the effcctivensss of monitoring ovarnian function in uncaptured Feral mares
by mezans of vrinary steroid metabolites and determined the elfects of PAP immuonieation for theee
conseczlve vexrs upon ferahiny, avarian endocrine fenction. and sexual behavioor in fezral maores

Maoterials und MMethaods

Animila

Fea (r2e-raamiing Teral mares inhabitng A=siieagoe lsband Mationa! Seashore, MO, USA . were svabaaned Lo the
camraceprive sfcacy of @ thard consecutive annual T2F inoculalion; csarian funetion was asasad s ol ihes
ituies Dwenly untrezied mares served as condrols and-evaman fuection wes studied ie feorof e, Apes 2o leiilbey
ree s were Knesa far six of the zaven PEF-immuenized mares and fSor three of the fuar contcal mares. Apes canpid
lrovn 310 10 years, Fach mare possessed unique markings and was photographed fore Baier idmtiliceizon

FPEP immimnizatien

The PZF antiwen war preparad Tramm peacies ceares ab deseiitend by Liooes ol QPR and siorsd frozsn wnnl ased
in ik fiehd T D988 dyear 1ol this sty ), the ten espemmsnts] maes weee immiinized with tewa or three inpeelaiinns
af FZP. The schedule of inocalaticos amd the sesillin g soniess e clTocrs have Deen desenhed (Kirkpatrick o ol
19904)

In Fedruary, 19689 (e 2 ol this stody) Che e FEPoreated mares were piven o singls PZF baogier inoculation ond
ine capraceplive eflivacy was ussossed (Kirkpatnck ¢ ol 1991 ) Thi ven maes weere gove=na Turther single bousior
woculition i March 1990 (vear 3 ol this studyp slomtien] e the bovser treatmeed an vear 2 Beoween 4 May and 24
fune 109 arise sumples insodl or sané were colkled daily vr cecry other day, withonn caprare, from seven of these
pert veeaded mwees o Foier wncreated conieal nares. The seleslion of the seeen marcd o aendngd e 2ecwins ma e oo
the boasin ol nesessibnhay for wnne colleciions. and |he iming of The celkoctivns wad hesad on pezk bresding acbivity
smang he Asstenpues papalaiine {Keper & Ploupd, 19680 The age destribotions of 1he 2 sores sebected as contrls
Far ik gmiessenl o conlmaceptve sfliciey wus simitar ikl of the lon dreatad mices. Pregaency wils determined
duaring Cteber 1L an the bagis ol comeentritings of urinary aostrome conpupites 23 desenbed by Barkpalrick ooed
TremEy Dillzrenees in rales ol pregnoney between sied and contral mares scre estad Do apealicemas by means
rncenial ['n."hil:"ili'.]' dagtrihutrop {Fres i i o |95,

Bchavioural sssssmonts

Sumudl hohaviour of treabed sl centaal nsines was assessed inojenms of behavieorl cosirous poosems e bulang i
ransedl wail when stilllonsatlenapiem o ewursivey ol the eliyoris, [k absemoe uf kick: g e Enlnp by 1w
disriiig gl lemaied s sipesslul monndmgps ool Tivd -.':.'-pui.ui:.'-u PR et 1o | hjl 'ﬂ'lri.‘@ | FOKEy The pezrsl fisr wiloach
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Assessment of avarian fumction

Gincsirpciad erine garnphes, endlecied Tram Inc s, wen asmased ToF veslyee conjug e aind non-speiliv
e etk by muraning anEy A v The pesiposs conupals essay hae besn doentied
iCsavls e al., 1] and validaicd for the Rqusdae (Fyans et ol G954 Crekata i el 1990 Mandor &0 pd 1991l
refllceTs phsmy GesInOpcn COTCEmirakions {Chagls ot oak. 1900 thie baer- aml min sy casflicienls ol wanaiion
wore 11-HTor = 71 nd FEE% {a = 7). respechvely The lewer i of sensitivity for e assny was 625 pg ani
cameerlesthons o pesrene conjugales m by deiued unne surmples vatracted Dreen sodl haw crhihiled paradlism
ter the <urstisd cares [Kirkpaick o af., ks, Revowery ol “H-labelied specaid met ahalites Tmam the soil has bees
demanslrniod (o e iy [Kﬂ'kp.l.ll‘if]. Fiod, 19ER)

The enrymeiminoassy (o pan-spailc proposioins mesubailives his heen described and validaied i she
Fquadun by Kirkpestnizk £ af {00 and eplegs monschenal aitinody 13341 raise) ageirst JE-hpdraespriogestar
ane {prosated by B Chattesion. Marthwesteon Universicy). Theialer: and shtrs. asszy coefficicnts ol varition were
|38 e = Hiand HRAT% (0 = 2] pespectivels The lower lirmt of ssnsitivity was 0075 np Tawccount lar diffemeics
in wiine cesgenin o, sl urice sarples were assayed for crestinine by Lhy smicrocolarisecic meihod of Taussky
[158y, amd serpid metabalie canceniralions were epnveried 1o rgimg croatimine, Dilfeness in mean harman:
curcentralioos were festid Tor sipralicance hy meims oof Sladent’s 1 1651

|_|_'.\'_I|:I.'H.|l!rl."

Resnlis

Mone of The 1en mares treated with PEZP for the third consecutive year became pregognt by Cictober
(050, but |1 of 20 control mares (35% 1 wers pregnani in Oicimber 1990, The diference m pregnancy
ratcs was significant (P < 0-001), Twe ol Lhe laur control mares for which breeding-ssason serial
urine samples were collected were pregnant in October 1500,

The faur conirol mires momitered for ovanan funciion demo pstrated evidence of pregrandy
and parturition (M3 1§ years). eestrous cycles withoul conception {Speckles. ape unknown bt
< 1 years, and M4, |8 yearsiand a concepive eyl (I TGE, 3 pmars) Pregnancy and partantion
{Fig 1n) was churacterized by conceniralinng ol urinary oestrone conjugates which Fell rapadly ~ 7
dirys before parturition and urinary non-specific progesterone metabolils consenirations which fell
abrupily on the day before patiirition, There wers =0 endocsine indicatens of posi-poerr
genlation during the 39 days of urine collection fuilewing parturition. A marked morease in oes-
ene conjugates occurred & days after partuntion, bul, on the bass ol nen-speahic progesienone
metabolite concenteations, did not culminate in ovu [&ELOn; §Ris LCTERSS in CESIEnEe Conjugales wis
aceampanied by repested behavioural oestrus in the presence of the band stallion. A second cerntial
mare demonsirated an ovulatony oestrous cycle (Fig. I b} based on Urinary OCILIONE SOMURSLES and
aen-specific progasieron: metabolites, with a clear pek in prepvulatory oestrone comugates
(375 ngdme creatinme) coincding with a pon-specific progestefons matphaling nadir (20 agime
creatimine) and & subsequent loteal-phase inerease in non-specibc peogesterone melnbolics
{330 ngfmg creatinme), Urinaty acn-specific progestercns melabolines reschied Basal coneen-
irnlens (15 agfme creatining) by Day 16 of coliechion, withoul behaviowral o endorrine evidence
fon @ second cestrons cycle. At the same time 2% the preovulitory increase il geslrodee COnjugitles,
s mare demonsiraicd behawioural oestrus in the prescace af the band staliien A thind control
mare demonstrated @ conceptive ovalatory oestrus (Fig. e} chavacterized by an exceptionally high
peik an precvulstory ossirone Somjugstes {1+ pgymg creatinine) ceinciding with & muder b A060-
ipocific propesierons metabalite (77 ngfmg creatinins] god subsaquent and sushinined rise in ihe
urinary metabotite (17 pe/me creatiaine), Concentralions of non-specific progesterone metabolites
remimed abowe 10 pesmg creatinine throughout the rermainder of the collection penimd. Urinary
sestronps conjugates fell 1o basal concentralicns [L3-55 nglmg creatining) for 33 days affer the
pvulalory nadir in non-specific progestsrone metibatites and then rose abruptly o 143 peimi
creatinine. which ta chartelerstic sgndl of pregoancy in mmarcs vEvirns ef w1985 Daring the
first 5 clavs of urine coligcton, which coincided with the preovelatory aoitrons CoHEUBATE I nnEases,
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MITGL desplayed behaviour ussociated with oestrus and was witnessed beinp successlufly
rivunted on Dhays 3-5 ol collection. By October, M17GL had o urinary nestrone CORjuEE e COno-
tration of 31 3 npfme creatimne, indicating that the pregnancy hud tlerminated. & common event in
leral 3-vear-old mares {Lucas 2 ol 1990), The feucth control mare produced a foat on 6 Apil, |
miitth befcre the initiation of wrine collection. Urinary cestrone conjugates and non-specific pro

gusterane metabolite concentrations revealed & pornon ol on avilatory cycle during the first 20
days of the collection period and & second ovulatory cycle duering the 31 remuining davs of the
collection period,
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Fig. 1. Profiles ol unnary oestrone conpugnies (0) and propestcrons metnbalies (%} in thros

cumirol mares: (2) M3 {2 fonl was born an Diay 12), () an oestious cyele withoul conceptinn in
fpeckles and (c) an aestrous cyole with conception m M1TGL. Dyt wig £ May.

Four of the seven PFP-treated nuares {TSAE, H years; M TG 5 yenrs; M2E. 10 vewrs: M I3Fs
By, uge unkaown) displayed no endocrine evidence of ovalation duning the 3l-day colleclion
pericd. Concentrilions of unnary non-specific progestsrone metholiies ievethef mo Juneal-plase
ncreses Simikarly, unniry oestront conpugn e cencentrlions dil pallerns revestled no sipns of an
oesirous cyele i concenlrations duiang the 51 -fuy collécnsn pericd were extremcly varichle and
sagmlicantly lewer [P < 0051 Hhan thase of 1l contral maies Speckles and M4, which denson
strabedd pvulatory eveles. Meither T35AE nor BTG dbaplayeed any signs of Sehivourl oestros
during the study, M2E displayed (hree incidences of behaviouril oesiius na Diavs 16, 2 aml 350l
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coliecizon, in the atsencos: af any sigrnehiczinl inoreisss ot GeRlrone oo s, biig che banat stallion
cherwerl oo nterest oy this mars dunne these displavs: The mare MI2E s Bay had @ sigoifeant
gyereise iy oestrnne conjupates bevween Bays 25 and 3h ol collectnn, wloneh was secompinied by
eviersicn ol the ehtorisand [our sucepsalul nrounts by the bund seailion during this bme Loy
endocrine prolibes are shown for teo of these nop-eyehie nures an Fag Jagh
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Fig. 2 Profiles of urinary osstrone comugates {C1) and progesterone metaolites (] in far
mares treated with porcine zonas pellucidas: non-avulatory patiesns of arinary steroids in ()
T3AE and (b M 2E; ceularory cyches without conceplion i (o} Mel ard 1d) TZBE,

Tlhe PEP-wreated mares MGE (6 years okd) and T2BE (10 vears old) displaved urinary non.
specific progesterone concentrations and patterns charagteristic of cvulatory oestrows cycles (Fig.
Zoook, respectively), but mare MG did not have the characteristic preovulaiory peak i osstrons
COL LBRTCE.

Dwring twn of The increases in oesteone conjugatss, on the 10ch and dik days of colleetion, Ml
tesplaved tail saising and evoked attgnhion Trom the band stallicn, bul no mounting was crhzerved.
Urine collection with T2RE hegen io the leoer stages of the luteal phase, conesnirations of noen-
spechc progesterone psetabolites falling from 139 np'me creatinnee b oeon-detectable concen-
wrations 15 davs later. T3AE displayed inzermatient behavioural oesirus throughout mos ol 1he
collection permd despite very lew oostrone concenlrations ol conjugates and o one occasion, on
[ay 27 of collection, was mountad successlully by the band stallion; this meuniing soinseded wilh &
ruped mise in concentrations of oestrone conjugates from non<detecrable 1o 42 ngfmg crealinine

The sevently PEP-treated mnre (8 170G, 8 vears ald) wad pregieaint at the tivee of urine colleclion
and prodweced 2 oal on T August 1990 This was the only foal produced among the mares [realed
with & booster imoculation o the second year of thes study, The date of partariticn indicalzs an
unusizally late conceplion [~ 5 August) lfor Assateapee nancs and sugpests that her antibody Litres
had Fallen o i concentration which silowsd conception, Unneey endecnne datz for sestrons
conjugates and non-specific propesterone metaboliles were consistenl with <fuln on plasana
hormanes for mues i laie pregnancy (Ginther, 197%).
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Discussion

Thes stedy demonsirates tal i single annual PAP booster moculilion wven alter 2 years of
Heatmeat will extend the observed mlertifity in such treated mares for a third year. Oniy two of
the seven monilored PEP-trealed mares dernonstrated ovulatery cecles and it is probutle thal
tteatment with PZE Jor 3 years altered ovarian function. The absesics of o luteal phase in four of
these mitrex, coupled with significantly Tower and intesmillen | (ncreasas in oestrone vonjuEnles inay
Indicaie incomplete folhcnlogencsis, with reduced secretion of oestrogen and failure to ovilare
These alierations il ovaran function are consistent with daca Tem PAPF trepted rabhbins (Skinner
efal, TFB3. I984) dogs {Mahi-Brown or of, 1985} and bakboons [Dunbar e af, 1559).

The uwrnary sndacrine data and the corelated hehavoura] shoeivation and =venis, such as
parturition and bresching behaviour for the lour control mares, relisrt functional ovaries. These
dete provide an initial view of ovaran function in feral mares which is consisient with dars derived
from domestic horses based on plasma steroid concentrations (Ciinther, F979) and uringey steeond
et balibes { Dhaels e g, 1990,

Three previows siudies with horses pomi to long-term trestmenl, as opposed [ooA single Trean-
ment, us (he facior which resulted in the alteration of ovarian functon in PZP-ireated mares Lis
ef ail, | 1989} 1renled mares with PEP for only one brecding senson and demonstratest the oocurrence
of ovulation after ¥ months of infertility. This was indicated by normal palterns of liisal-phass
plasena progestzrone and normal fertility rates for up to 3 yenrs after the singls inoculntion These
resulis are consistent with the proposed mechanisms of contracsptive netion of satibodies 1o PFP
in imarey; which include a leetifizinn block brought about by steric hindranoe of 1he SPErT racep-
tor {Liu ef al., 1%49) and an acroseme nesclion in horse spermalozeg induced by zoma pedlucida
CArms of ol 1900 Kitkpainick er ol {1990a, 1991} demaonsirated the return of normal feribing
ratcs among feral mares -2 years aller a single inmunization with PZP and, although ovaran
endocrine Muncticn was not monitored in these twe studics, the normal fertility rates indicate thal
eeulabien oocurred and than preovulilory oeslrogen conceniralions were sulBcient 1o elicic breed-
it lehaviour, Simitarly, shor-term active immenization of non-human pramates ke o infersility,
butwith undetectable or onby temporary desruption of evarian funclion (Gulvas # ol 1985 Saeen
el 983a0 b, I8, Bameas et ol 190G}

Lanae antibodies have been shown o bind e the developing follicular z2ona pellocuda s well as
o the zona of ovulated ova (Hendsrson ¢f of., 1GR3}, This may iodicate 1hal zonae antibodies
diseupt some developmentally eritical sellular communication bstween differentiating Falliculal
cells and the growing oocyte (Skinner et o, 1990}, which ultimately kuds 1o the dessruction of 2
pention arall ol the cocyre pool (Skinner e al, 1984),

Al least three Tactors may play a significint role in long-lerm alterations of owsitan funetion
The duragion of contraceprove ellicacy is directly related 1o the amount of PFEP antigen adimins.
lered (Headerson ed o, 1988Y and tothe resulting nntibady tires {Milar es o, [589), and ovarian
dysfunction may likewise be relsteed o PEP dase. :

The purity of the PZP antigen may be a second Tactor in ihe posstble afteration of ovarian
funcrion. Most of the early studies wilh rabbitg, dogs and some aon-human primates whick demaens-
strated evanan dysfunction used erude praparations af PP which incleded the entire-com plemeni
ol zonae proten. Thess various preparations alse include associaled carbohvdrate nioictics which
are thonght to be important antigenic compeneats (Palerson & Aitken, [990) More recent stuidies
have waed prepartions of higher pusity and even pesciacally engineercd eputgpes of the #P)
protein. Trunbar e ol { 198%) wsed borh 2P wid ZP1, which shire i commen nmtipenic epatope, b
seriows ovanan dysfunctien still occurred in hithoons after 49 weeks and nine evehee The horses in
this sty recevesd crude BEP anligen which may hive sxscerbated lemp-lerm effecis despate e
small ehpse ol G5 .

Phe storabion of treatmend may contribule o oep-term efeois. Small doses of high puriy oy
produce ong-term elfects through camulative elfects upon folliculur pesds M pther mimengds,
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aprar! fromn the hoeses o this sty have been realed with PP Tor b ovears: Thas, dur curmcns
amicestanding of fong-term effects is poor Mased oa the work of Lia ef of {1984 with caplive
mnwres, soel G erntial Deld tesis st feeal mares | Kirkpatnck eraf, 199106, (901 ), all of which used
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