b e "f-rﬁfﬂ'mw

THERIOGENOLOGY

PREGMNANCY DETERMINATION I UNCAPTURED FERAL HORSES BY MEANS OF FECAL
STEROID COMJUGATES

1, F, Kikpratrick,) 5. E. Shideler.? B.L. Losley? and J. W, Turner, Je2

lpepartment of Biologicol Sciences
Eostem Maontana College
Bilfings. MT 37101
2pepartment of Reproduction
Uniegrsity of California
Dronvis, CA P3616
3pepartment of Physiology
wedical College of Ohio
Toledo, OH 434659

Feceved for publication: August 8, 850
Accepted: Jomucry. I8, 1337

ABSTRACT

This study was cared out 1o develop on accurdte, rapid and Inexpenshe
methad far dagnogng pregnancy In uncoptured feral homes Dy arahysis of
fecal sterold metobalites and to compare the accwoacy of this mednod with
diognoss by urinary estrone conjugates (£1C). Paired urne and fecal somples
were collected from 40 sexuoly malure ferdd manes during August and Qctober.
Lrine sampies were extracted disectly from the seil and analyzed Dy
enzyreimmunoassay (EIAY for 1T Woter extracts of fecal sarmpies wens
assayed by BA for E1C and nonspecific progesterone metaboliles (iFdz)
Urinary E1C. fecol E1C and fecal iPAG concentrolions for seven mones which
produced foals were 3.9 + 1.3 (5EM) ug/mg credtinine., 4.2+ 05 ngfgfecesand
1,411 + 5696 ngfg feces, respectively. Utnary EyC ond fecal BT and PG
concertrations for the 33 mares which did not produce foals wers 01400
pgfmg creatining and (.54 0.7 ond 328 + 45ng/g feceos, respectivaly. Thizse
dffared (P < 0.01) from values in mares which produced fook
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INTRODUCTION

Pregnancy detamination In uncoptured feral homos hos baoan accomplished
By analyse of urinary estrone conjugates (E1C:1.2). udnary pregnonadiol-3a-
glucuronide-like progesterone metabolitas (PAE), and fecal total estrogens (3-
£). The ability to diagnose pregnancy in free-roaming ungulates s important o
undenstand environmental influences on reproductive parameters such os fetal
g5, Immoblzation-and capture are necessany fo diognose preagnancy by
means of standard immunologicol fests or with plasma hormione
concantralicns, baut copture events are assoclated with encrmous physical
stress for the animal, significant rates of motality (6.7 and dissuption of
reproductive avents (&), The field collectlon of wine from free-ranging feral
horses, however, Is a time-consuming process and, while rodicimmunoassay of
free total fecal estiogens is on accurate means of diagnosing pregnancy, not ol
wildlife Dlologlsts hove access 1o loborotory foclities for sotopic asoys. The
ideal opprocch to pregroncy diognosts In feral horses would ulilze a ropid,
inexpensive and accurnate nonlsotopic assay of some sleroid or its metabolite
in fecal samples. The present study was carled out to develop such.a method
for dixgnosing pregnancy in feral horses by erzymeimmunaassay of fecal
stercid metabolites and to compare this method to the winary E1C method.

MATERIALS AND METHODS

Paired ulne and fecal samples wene collected from 40 sexuaiy moture freo-
roaming feral maras inhabiting  Assateague ldand Mational Seashore
(Maryland). an Aflontic coast barrier sland. These maras are part of a free-
reaming herd of approsdmately 150 fenal horses which have been intensvely
stucked since 1975, The paenfoge. ages, fertlity, band afffictions aond bond
movements hove baean recorded for more than 90% of the entire herd. The
mares chosen for the study possessed unigque identifying markings and were
photographed for later identification. Uhne and fecol collections were camed
out during  August aond October 1989, The homses were obsarved from a
gistance of 30-50 m, and urine was collected by direct aspiration from the ground
as described by Kikpatick et al. (1) or by hand-centrifugation from beach sond:
urine somples were placed on ice Immediately affer collection and sfored
frozen without a preservative, Fecal samples were placed in o plastic sei-
sealing bog ornd stored frozen.

Unextracted urine samplas were analyzed for estrona conjugates (both
estrone sultale and estrone glucwanide) by enzymaimmunoassay (ElA) as
desclibed previously (3.9). Urinary cregfinine (Cn) wos analyzed by the
milcrecolerimeiric method of Taussky (100 and E1C values were reported o
pafmg Crin order fo account for differences in urine concentration,
Approdimately 0.5 g of feces was suspended in 5.0 mi of distiled HeO (dHa0n,
shaken forbr ond  centrifuged for 10 minutes at 2500 mm in a refrigerated
cenfrifuge. Twenty microiters of the recovemd supematant weia oesoved for
E1C concentration by FIA a5 previously described (3) and for nan-specific
progesterona meatabolites §PAIG) by ElA Lsing an anfibody raited agoinst PdG.
But with cross-reactivity fo 200-hydroxyprogesterone {11, Fecal E1C and PG
values were reporfed s ng/g feces. Sensitivity of the assay, based on the
Wwest value for maasureable PEG standards in distiled HeO, which disfored fom
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tha blank wokse (P<0.05 was betwean 40 and 70 pgfweall. The Inter- and
Introgssay coefficlents of vadation, based on the megasurement of Intemal
standards, ware 14% (n=5) and ¥% (n=5) respectivaly. No cormeclions weare
made for the water confent of the feces. Approxirnately 5000 cpm of SH-estrone
sulfate (E15) was added to 10 separate 0.5-g wet fecal samples. Thase somples
wara treated as described above, the supemalant was evaporated and the
rasicue counted for acthdity in to assess recovery. Recovery axparments could
not e conducted fer IPAG o: the precise nature of the metaballes s not known,
Cormsacuantly, IPAG values are estimates which are usad Tor pregnancy
cliognosts and not absolule values,

To validate the fecal E1C and IPDE assay for the mare, o waler extract from o
pregnant mare fecal sample was subjected to high pedormance liquid co-
chromatography (HPLC) a: described by Kidkpatrck et al. (11). The fecal
somple wos prepared s described above and 1.0 mi of the supermatant was
etracted twice with 3.5 mil of diethyl ether to remove free sferolds, One milliliter
of mathanalethanol (1:1) was aodded to the fecal supematant, and the mikture
wias vordexed, cooled to <52 C and centdfuged of 2500 rom for 10 min 1o remave
solts. Approximeately 1000 cpm af 3i-laes’rmn9 suffate (estrone sulfale,
ammonium salf (6.7-3H). New England Nuclear) of 34-PAG (20-40
Clfmmoée;Courtald Institute, London) were added to the supamatant. which was
reduced to approximately 1.0 ml volume under Mg Twanty-five micmolitens were
Injected onto @ 15cm HPLC column (ALTEX, Utrasphere-005, dp 5 ). Cne
milliter fractions were collected during o MaOH/H2Z0 gradent (10 to 65% MeH
over 40 min.). From eoch fraction, 200 pl weng miked with 5.0 ml of scintillction
cocktall (Reoady Protein, Beckman) to monitor fritiated E5 or PAG recovery, The
remalning &00 pl were evoporated, and the rasidue was dissolved In 100 pl of
dH20 and assayed for E15 or IPAG as described obove. Reliabilly
charactestics for the E1C and IPdG ElAs have been previously reporled (39,11,
The mares were relocated during the summer of 1990 and obsenved for the
presence of fools. Diferenceas in the mean concentrotions of hormonea
metabolifes were tested for significance with standard t-tosts,

RESULTS

Seven of the 40 mares produced fools and had winary £1C concentaations
ranglng from 1.3 to 10.3 pg/mg Cr, with o mean of 3.9 + 1.3 (SEM). Tha 33 moros
which did not produce foals had urnany E1C concentrations rangirg frem
randetectable o 0.8 pofmig Or, witha mean of 001 £ 00, Based on the presencs
of foai In 1990 and a cut-off of 0.7 pgfmg Cr,. preciction of foal production was
100 % accurate bosed on winany E1C concantrations. Fecal E1C concenfrations
for the seven mares which produced foals rangad fram 1.7 1o 4.1 ng/g foces,
with a mean of 4.2 £ 0.8. Fecal IPAG ranged from 217.5 10 4.3589.5 ng/g. with a meon
of 1.411.5+ 549.4. The 13 mares which did not produce foals had fecal E1C
concantiations ranging from 0.2 10 1.5 ng/g feces, with amean of 0.5+ 0.1, Fecal
iPoie concantrations In those maras ranged from 1.2 1o 1426 nglg. with aomean of
A28 =45, Cifferences betwesn the mean: of winary E1C and fecal E1C ond Fd&
for maras which produced fook and those which did not were ggnificant atthe F
< .01 leved of confidence. Using 150 ng fecal Pz g faces a5 g pradictor af toal
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production, this assay was also 100 % accurata. Fecal EyC, wsing 1.0 ng/g feces

as o predictor of fool production, was 5% accurate. Tha resulls ore
summarzed betow Jobla 13,

Toble |. Fecal E1C and Pdiz concentrations for pregnant and non
pragnant mores G SEMVD

Urnary E1C FecalE1C  Fecal iPdG

hiore statis N g mg O oG iy
Pregrard 7 22+1.3 42+08 1411 2549
PG Ceeqncnd K% 01100 QS+01 J2H245

Recowvary of H-E 15 fromm facal sampias wos B7 + 4.7 %, Eneymaimmunodssay
aralysls of HPLS separated fractions of fecal supemcatants spiked with 9H-
esirans sullcle revedled contistency Batweaen the froctions with bal and those
wilh imrmunoreactivity ta the B C anfibody, thus indicating that £1C s the major
metaboite in equing fecal samples meagsured by the ELA (Flgwe 1.
Ereymaimmunoossay analysis of HPLT - separafed fracticns of fecal
supematonts spiked with 2H-PAG, however, revealad the presence of several
maor peaks, which demonstrated immunoreacthity with the PGS antibody,
three of which preceded the eludfes containing I-Pas CFigure 23, The HPLC co-
chromotogrophy profile of fecal IPAS & conslstent with the patlem saenin wine
{11%,
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Figure 1. An HELC elution profile of SH-gstrone sulfate and immuncreactve
esirong conjugotes, including estrone sulfote and estrona
GO,
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Figure 2.  HPLC elution profile of *H-PoG and iImmunoreactive non-specific
progasterone metabolites (PdG).
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EISCUSSION

Tna ossoy of aqueous exfracts of feces using tha ElA for E1C and the EIA for

IPOE provides an accwrate predictor of foal production In faral rmares, Both of
these stersid conjuaates hove been previously identified in the wine of pregnant
mares (11,123, which Is thought ta be the main route of their excretion. Despite
thie extensive resorption of conjugated stergids from the gastrointesting troct
and their primaory cleorcncs through the kidnsy, it wizs recsanaie 10 suspact
thext zrall But significont Quantities of these stercid matabolites were excreled in
the feces. Sist et ol (13) have identified the presence of estrone sulfote (Eyak In
roore feces, and HPLC suppors the presence of E15 In the Immunoreactie
froctions of mare feces In thi study. The HPLC prafile of agqueous fecod froctions
which were Immuncreactive with thae nonspecific IPAG antibody 1s simillar fo that
found in mare urne (11, with three major peaks eluting earkiar than PAG. Trese
dala suggest that the mmunoreacive starcid metabalites of fedes in the mare
are the some o3 those previously reported in uring. Although the idantity of the
progesterone metabolites found n uine of nonpregnoant mares is not yet known,
thedr ongin as owvarion progesterone hos previowsly been demonstroted in oyclic
mares {113

e

ol S teL B

Im field shudies of this nature, it E not possibla 1o conflm pregnanay by
traditional invasive method: armong the mares af the time of ulne of fecal
coflection, thus the accuracy of ootual pregnancy detection at the tirnea of
codlaction is only implied among feral mmaias i this shedy. Howaver, tha high
degres of acowacy of pregrancy defection by means of urknany E1C
concenfrations has bean previously tested in domestic mares and confimed
by rectal poipation (12,14 More recantly, this accuracy hos been confimad In
othar species of the Equicoe. including rebras: and Preswalski's borses (15 1)

The use of githar the tecal B or IPOG analysis alone 1or pragnancy
Getermination poses beo mingr risks and the possitility of smor. oo préviows
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study (2), October urinary EyC determinations In 34 maras proved 1o be 100%

accurate In pradicting foals. but In fhe present stludy two mares which did not
produce foals had E4C concentrations In excess of 1.0 pg/ma Cr. One of those
twio mares wos witnessed diplaying clitorol winking and wes sucoassiully
mounted by a stalllon during the Cotober collaction pedod, This behavior s
charoctedstic of nonpregnancy and suggests nenovalatory follculogenasis, a
prenomencn meported in westem faral mares(17), in which plasma estiogens
occasicnally and abrupfly fse dulng the seasonally anestrus fall manths but
without the cccurrence of ovulation. Thus, an eccaslonal nonpreanand mare
may confound a diagnosés based on wincny E1< alone. Alihough the PdG
measurements produced 100% accwocy in predicting foals in fhe present
study, it i possible that mares with penistent corpora lutea coud produca
urinary iPAE values Indicative of pregnancy.  Cyclic mares have baen shown 10
excrete concentretions of uinary IPAG In the 250 fo 400 ng/mg Creange (113, buf
the range for facal BPdG in the cyclic mare s nol yvet known, For the greatest
accuracy, Both fecal assoys should be amployad,

Snce fecal PG concentrations hove not yet been evaluated in cyolic maros.
there Is ro way of knowing whother values found In cyclic mares would interfere
with pregrancy diagnosls. On Assalecgue slond, 85% of the mares cease to
cycle after July, Fooling records over an eight-year period indicate that less than
10 of foals are bom affer July (18). With 88% of matings having occumed by the
end of July, most pregnoncies in the present sfudy presumably were of least 35 d
past conception by the eariest collection date in late August. Thus the
probiability that urine/fecal collections occurred within the post-conception
pedad inwhich winary E1C concentrations began to exceed 1.0 pg/fmg Oris
high. Amang feral horses esrus and aviulation ore exceedinaly o offer
August, thus Detobar fecal collections minimize the chances of conlusing
pregroncy with esfrous cycles in tested marnes,

The implications of successful pregnancy diagnosis by means of Tecal steraid
retabelites in horses ond alber targe mammals are imparant to ficid bialogists.
Chvarian function and pregnancy hove been monifored in g lorge number of
captive exctic ungulate speches by means of urinary steroic metaboites (200,
and it ks likely that pregnancy con be determined in these same specias by
means of fecal steroid metatolites. Tha eass wilh which facal samales con be
collected provides o clear acvantage over urne colection when working with
secretive crimals like deer, of dangerous species such as the bison, Tre
nonkotopés nature of the enzymeimmuncassay  eliminates the need for the
sensithve gamma ond bola detectors requiled for radigimmuncoossay and
makes thase tests relaiively simple and Inexpensive.
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