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Urinary Steroid Evaluations to Monitor
Ovarian Function in Exotic Ungulates:
VII. Urinary Progesterone Metabolites in the
Equidae Assessed by Immunoassay

J.F. Kirkpatrick, B.L. Lasley, end 5.E. Shideler
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A bipecl SIymE ammmumassay (Bl far non-sgecifie urinery pragestorone (Pol
metadlites, unlizing @ neo-specific mmochonal prtibody aganst pregnanediol
3oglacaronide, wis evaliated for the purpoac of assessing lutzal function in
ﬂqui.dﬁ Lizimury 'I'_Hj_'!_]|a;]|:|jil:|:_.1|.|.l:.||j::|jn:|]|ﬁh: (PG} it immmunenzactive PAG-like
cesugate GIPAC concentrntions, indesed by creatinine, weic cohmpared Lo plasima
[ COMEEmrLans Ll ROG-0omeep v avarian oy ehes thnneeh Dee avelagions in lous
inaves, High: perfornancs [T choamatogrophy (THELLY of wrine fram lulsal-
phase mares and & pregant sehes reveaked on uhserce of sigafionnt concira-
tions of Pl snd the presence ol =l lesst three immunonssctive compaunst:, il of
wiiich ware mare polar ton PG The concengration of 110 in the mane moged
Fron & madsr of approximately 3 nging Cr ot the time of avelation jo nearly A0
pEg 0l e id-Tetes] phase poak ond paraliebed plasins Po e TR S TH T 8
This mon-radiometrc assay for POG permits the assesament of ovalation. iteal
forrmation and fanction, el heeobysis in woprocesaed urioe samples [won dioines-
tic mares, Dara from o single zebra indicuge this approach ol will pesilt sim-
plitied and noo-invissee engituding stdies of ovarian function amang & wide
manpe of Equidae

Key wortla: Perssodwetyla, ovillation, corpees lubewm

INTRODUCTION

The assessment of lutea] function in the cyeling or pregnant mirmmal, reflected
by circulating progesterons (Po), is necessury o vder to understiund ovarian dynwm-
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s and pccurately manage fomale reproduction. Longitudinul studias of plasma Py
require daly or frequent blond saompling, which 5 often 4 difficult or dangerous
procedure in eemain sxotic species. An allernative apprvach 18 0 moritol ovarn
function througl the measuse ment af urinary Po metabalite concentrations. Toskatoff
et al. [1%9%3] demonstrared the ability to measure huteal function in 4 wide vartety of
mimmiliEn species through  urinary pregnunediol-3-glucuromide (Pd0H  miegsure-
nienls, Whereas urinary progesterone metabolites in hominoid species | Lasley el al..
1982; Mitchell &1 ul., 1982a,b] and some wngulute species |Loskutodl ot al_, 1986]
were securately assessed by this meshod, specific PAG measaraments wire insulf-
cient to acenrately monitor lutesl function 0 the Perizsodactvla [Loskutofl el al.
EO83] andd ol world monkevs [Liskowsk: and Wolle. 1972]. This problem weas
partially reselved by Shideler et al. [1985] when a variation of the PAG AsEAY Was
developed, This assay emploved an untiserom with significant vross-reaclivity with
0a-Tydroxyprogesterone (hydrox ypregn-4-cne-3 ome, 204} F20-0HPY and wis wsed
suecessfully o characterize luteal functivn in the macagque [Shideler o . |985] and
luter the while |Walker el , 1988]. Tt seems clear thad the tailure ol a zingle nrowry
progesteione metabalitie assay to provide wseful informadon in al) species relates Lo
the species-specific differences in progesterone matabolivm. hut these differences in
steroid catabolism have not been sysiematically addressed.

The objective of thes stedy was to demonsteae the wtility ol a mndified 1Pdc
dssiy lo detect progestensme metabolites in the Perissodactyla, and speaificilly the
Equidue. The horse wus chosen for a model hecause of the requirzment fror mustshed
plazma und vrine samples. Furthermore, this fepan presents an assay which cmplovs
A monoclonzl antibody inoa nou-radiometric formmal. These charncteristics allow a
bruad application of the mathod both within and withoot laboridory facilires

MATERIALS AND METHODS

Paily urine sumplss were collected from Tour domestic standand-Bred mares
during estrous cycles between June and August. Each of the Jour cycling mures was
monitored and sanmples were collected vk twa ovelatuns. the firsi of which Wiis
indused by PG, {10 mg, Lutalvse; Upjohn Co. b Urine samples were collectad daily
by mreans of a Mayo rubber catheter, between U800 and 1900 hours, Trozen withoul
preservatves, and stored wl —20°C unlil assay, Blood sumples were collected hy
fegulur venipuncture at the same time of day; plasma was separated and stored o

20°C umtil assay, The day of vulation was deterimined by rectal palpation. All
urne samples were diuted 1:000 in JH-0 und analvred for creatinise (O concen-
tritiuns by the microcolonimetric method of Taussky [1954), in order fo account for
diftercnces 0 urne concenrration and to normalize urinucy hormone values.

Flasma propesterone coneenirations were measured by enzvine immunnassay
(LAY desenbed previously by Munm und Stabeafeldt [1984 ], The intés- sml introas-
sy wuetficienes of varistion were 1155 and 2.9, respectively, Urinary PdG im-
munureactivity was detertnined by E1A as descnbed by Munmy e al, [1989], The
imterassay (0 = 17} and intrwssay in = T) coefMicients of variation were 17.77% &
10, 6%, fespectivaly,

Mem-specific wrinary To metubolites were measursd in 101 dilutions in dH O ey
meuns of an ElA hased on a monoclonal aniibody apains pregnunadiol-3—ghs
curcnids (R, T. Chattedon. horthwestern University: 110000 and o Pal) standasd.
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This assay has been described previously by Shideler ex al. {in press). Sigoilicand
eross-resctivity with steroids includes 20-0HP (1006, PG (16450, 200-hydroxy-
d-prognen-3-une d-oxime (415, 208-hydroxy-Op pregnan F-one (10 ), Sa-preg-
panc-3Q, H0E-iol (4 %), and Po 2%} Cross-rescuvity with all pther stends testad.
imcluding androsterone, 17@-esiradind, and cortisol, was less than 0.1 % AR.T, Chat-
terton, persotal communication). Inferassay (n= 12} and iniraassay Lo =7) cocfi-
cients of varlation were 11,46% and 10.04% respectively, Urine was evaluared for
paralelism 10 the standard curve &8 described by Shideler ot al. 1483 by assaying
serial halving dilutioms ranging from neat to 1:16,

In order to validate te urinary PG assey for the mare, mid- el -phase unne
sumples from two ditferen) mares wene subjected fo high-pertormine figquid chro-
mutography (HPLC) as desciibed by Skideler et &l [P983] 1 mil samples wors
extractid twice with 2.5 ml of diethy] ether i onler o remove tree siensidst 1 oml of
MeOPEOH (111 was added o the unne; the mixure was vortexed. coniod to
— 5™, andd contrifuced at 2 A0 rpm ter 10 miit i neder o ramove salls, Approxi-
;|'||.a-||.|.-|} [0 cpm of TH-TAG (20=40 Cenmcdey Courtald Instinie, TLoadon, Lik)
wis added o the supsriatant, which wis reduced to approximately 1.0 ml volume
urder Moo 25 pl was injectzd onto & 15 e HPLC column (ALTEX, Ultraspherne.
0TS, dp 5 pm). Cie milliliter fractons were collected during an MeOFH O g
dient {190 10 65 % MeldH over 40 miny. From euch [raction, 200 pl wis mized with
3.0 ml of scintillatien cocklal (Ready Protein, Becknan) to monitor PAG recovery.
The remaining %00 1l was evaperated und the residue dissolved in 100 pl of dH.O
and assayed tor FAG and iPAG as described above. The inter- und inizaassay coetli-
cieins of variation were 13% (N =10y und 10% (N = 15} respectively. One millilter
urine samples from o North American bison (Bison bison) and a nen-conceplive
buman, species with well-cstablished wni significant urinary POG coneentrations. ar
« Hartiman s zedus (Fgues 2ebrg fonownaane | approximately | month pregaant, weie
subjected e HPLC as described, and compared to the progesterone metabulite HPFLT
profile of e mare.

Dhescriptive staostes and regression analysts wese applied 1o the data by using
Sratworks® statistical program on a Maciniesh Mus computer.

RESULTS

The serial halving diletions for four mares revealed parallelism we the standard
curve (r — D843, High-performance hgueid chinmatography of unne for tano luteul-
phase mares confirmed the absence of significant concentrations of uringry PdG wnd
the presence of thiee mujor peaks which demenstrated inmunorcactivity with the
iPdG untibody, all of which preveded eluates comtuning H-TdG. Figure 1 illustrades
the typical pattern of immunoresetive cluares for one of the two mares. Cochromatao-
araphic profiles obtained by pssaying HPLC eluates of lureal-phase mare orine for
immunoresctiviey by specsfic PUG and iPAG assays were consistent with the tomi-
aorcactivily patierns seen in unprocessed arine. in which PdG accounted tor only 8%
of the iPUG during the tmes of high serum progesterose, In conceast o the HPLO
profile of mare urine, bison and haman urines {(higs. I and 3 respectively ) revealed
Pei peaks with both the PAG and IR0 assays These data demonsizine the ahility ol
buth ssiy s to detect PG, and thereby substantiate the absence of siznificant Pdts I
this hurse and the presence of relatively large concentrations of other Pometahnlites
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Fig.. 2 HPLC cluban prafile of madiolshelled srandad (F-DI0 ard ULeary -specific and goan-specific
PPACE i pregeans hisom (Hevoe bivom,

which are detected collectively by the less specilic assay wsed in this study, Similarty,
the sebru revealed nn messurable PAG and al leist one M Immunorcactive prik
preceding H-Pdts.

Phisma progesterone, unnary PaO, and (PAG metabolites are shown for FepTE-
sentative ovariun cyeles of lwe of the mares i Frgure 4a.h. Urinury Pdr concenin-
tions were minimil and constant throaghout te cycles, pveraging V.04 ngimg Cr. =
686G (SEM ) Tor Foor mares ol shown and did ood rellect otcal fegicssion, whereas
plusmi Po decreased following PGF, administration. Tn contrast, the less specitic

itlibody (iPdC) revealed parallelism herwesn plasma Po and urinary Po meteholiss
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Fig. 5. HPLC ehiies prod of radicfabeiled standard PHEPSC and oneary: specilic and pevespecil
PP i L lureal-phase: Baman

and provided @ ¢lear pictare eof pvarian scuvity ihrough two ovalaions, substunliating
e source of the aoa-specilic urinary Po metabolites as luteal Po. Nadirs bt by
iPACT measurensents oocurred within 24 howrs following ovulation in the pae mares
vepresented in Figure Sab and in atl four mares monitored. Flucinations of plisma Po
during the luteal phase were also sccuritely reflected by thess same mietabolite
messurements. The values for the mumunnecactive nun-specific Po metabolites for ull
four mares ranged from a low of 3.6 ng/mg Cr ul the time of ovulytion 1o a high of
30133 pgfmg Cr ut the mid-luweal Po peak. Without socounting for 2448 hour deluy
in the excretion of the Po metabolites, the correlusion cosfficient for plasma Fo und
urimary fon-specific Po metaboliles for the Tour mires pollectively was r ~ 1L.91,

DISCUSSION

This study provides the first detailed descrption of litcal-phase LTy Pro-
seslerone metabelies in cquids and the dircct measurement of urinpry iMdG which
reflects chumzing concentrations of plasma progesieronc throughout the ovarian cycle
of the mare. Alihoogh urinary PG has been used successtully wo evaluate buteal and
placental aclivity in a variety of other species, the concenirutions i the Eguidee are
tory bow 1o be useful for these purposes, Conscquently, the description of Tutcal
Function in the horse and other equids has heen eately seliant upon plasma Po
megsurements. Conversely, the relatively high concentrafiens of progeslerans. me-
tabidites in the Lgualse which react with the less specific IPJG amtibody point e
significant differences in the metaboelic crd-products of progesterone from species (o
species. Loskotoll er al. |[1983] showed exumples nf these species differences by
demnastrating high concentrutions of wrinacy Pd in the domestic cow und gorilla
{Goriiia gerilia), intermediule conecntrutions m the bongo |Japrolragus surscenil
and orys (Qrer dael, and very low concenlrations ino e Hamman's zebra, The
hunrailed macaque {Macaca sileans) is o species with very luw concenirutions of
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Fig. 2. Pl progesremone and rinary-specific and son-speeific IPA0 sonsairations in I Tepre.
sentative cyeliag marss, Day 1 cepresenis the iy ol wenlaan, veritied hy el palpatian

urinary PG, but Shideler et al_ [1985) wsed o modilied PG RIA which reacied wich
2A-tiydeonyprogestenme (20-0HP) (o demonsmrare luteal fonction in this species, In
the case of the killer whale (Orciney orea) both specific (PIG) and non specitic
(20-0H) PG assavs were capable of evaluating liteal function or plucental aclivity:
howsver, the less specific assay provided more resolulion [Walker el al.. 1988]
Despite the fact that progesterone is & lighly conserved steroid among animals,
i luding the reptiles and binds, it 15 the metabolic fare of this steraid which reveals
species diversily,

Care must be exercised in evaluating non-specific progesterone metaholjes
because of differences in antiserum eross resclivity. Thus far, owo diflferent arntitiul
ws have been used for noncspecific urinary Po metabolite evaluation, The untibndy
utilized in this study was ool the same as the one used in either the e sfudy
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[Shideler et al,. F983] or the whale smady [Walker et al., 1988], HPLC aniiyss
revealed significant immuneoreactivity of e PG anubody witl &t least three com:
poands meore pulat than Pd The precise characterization ol Uese malecules was nol
attempted in this study, but, bevavse they entlectively currespond with plasme cons
centrations of Po during the ovalatory ¢yele of the mare, their origin as ovarian Fois
et in dnubt, Nevertheless, the assessment of urinary Po metabolites in any species
st he carmied oyt systematically in order fo match the appropriale assay with the
spocics-specilic metabolite,

Urinary estrone conjugales (B0 havie previously been preasurad an wowide
variely of specics [Cxekals et al , |986; Monfort et ul,, 1986, 8T Walker et al.,
1985]. inchuding the Indiun chinocerns (Rhioceroy wnicorass) [Kassam and Lasley,
1981 ] and the domestic horses | Aarman ot al.. submilted |, o opder o assesy Cellacubad
and plucental activity. Coupled wily the wse of these unnary B O messurements, the
application uf fhe TPAG assay lo equids makes it possible o evaluats ovariun dynwm-
ics non-invasively across the entire ovilaory cycle. Testing the application of this
assuy o ofher species of the Perssodactyls is a next step n the sudy of reproductive
function in captive exotic ungulaes. Beyond the putential logical applicativa of (his
assiy 1o zon gnimols, the ability o cxtract unne (Farn the soil and o measine steroid
comjugates withoul inerference |Kirkpainck et al., 1985] permits o mare procise
evaluation of evarian dvnamics in free-ranging wildlite as well. Finaliy, the non-
isatopic natere and stability of reagents used in this study leasd themselves to the
developrent of non-laburatory, semi-quantitutive fiell Kits for unnary steroul me-
tubolile issessment.

CONCLUSIONS

1. Species-specific difterences i the metabolism ol Po prodiuce an undeter-
pined number of arinary Po metabolites amnng mammuls,

2. The horse and the zebra do pot produce significant quantitics of arinary P3G
during the ovolatory cycle v pregnancy, but both species de excrete severl ather
imrnuncreactive Po metubolites fn-the urine.

1. These equine prinary Po metabolites can be measured and yuantified by
mens of an ELa utilizing the non-spectlic Chistleston moroclonal 1284-1 anti-preg-
panedinl glucuronide antibody (IPAG).

4. Equine non-specific urinary Po metabolites correlate signihcantly with, and
accurately ellect, luteal-phase plusmie progeslerans concentrutions

5. Bgune urinary non-specilic Po metabalites runge i pengentration from
approzimately 3.0 ngme Cr at the Gme of ovalation o 4L ngfmg Cr during the
rid-Tutenl-phase Po peak. and can be nacd presumptively ar reticapectively o con-
firm v ulation.

i Coupled with the messurement ol urinary esiaone conjuguies, the assay of
unmury ron-specific Po metabolites permits o broad assessment ol eL|Uine GVariEn
dynuics, including folliculogeaesis; ovulaton, Jutea] formation, sod luteolysis.
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