ESTROUS CYCLE OF THE MARE EVALUATED BY
FECAL STERQID METABOLITES
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SUMMARY

The sstrous cycles.of four domestic manes were charac-
terized by means of urinary estrone conjugsates (E.C) and
tmmuaoreaciive pregnancdiol-like propestierane metabolites
(iPdT) The Er:il'lﬂ.l':r' 'F.1'f.' cnneentralions wege eompared o
freeal E1C concentraticns, and |:|.-i_'|1,1r}' i enpeemmations
were compared W fecal (FdCG and progesterone I:_l::‘_':l £ogcen-
trations, in order 1o evaluate the wse of fecal steroids for
asstasrment of ovanan funclioa. Cormrelation coeffcients for
wrinary steroid conjugates versus fecal steroid conjugates of
P ranged from r=0to r=0083, but fecal E,C, iPdG, and P, all
ramllelzd the qualitative changes in ovarian endocring func-
fion assessed by wrinary steroid conjugate analysis, Fecal P,
prnviced @ mere ancurabs asseshmend of ins lnieal phass than
fecal iPdLE. The results indicate that ovaran sodocrine activiny
it Alee e g be evaluated through the e of fesd stermids or
thiedr mictabwolites, and thid this approach may be wselul forthe
study of reproduction in free-maming teml bomses.

INTRODUCTION

{haracienzing eadocrine evenis associated with repro-
duection in large free-roaming animals cap be a difficult and
dangerous fask, duc (o the pecesdity of oblaining blooed
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samples. Until recently it was necessary to capture an
restrain or tranquilize wild species in order 1o collect bioog
A alternative approach io the stody of reproductive ende
cTioe events in free-roaming wildlife is based on the measuse
ment of wricnry and fecal steroids or their metabolites, Th
technology which permits remote monitoring of repraducine
endocrinology was onginally developed o evaluste the re
prodisctive status of captive exofic mammals through urinar
steqoid metabolites 2 The same technology was next cx
tepded o pregnancy detection in free-ronming foral hors
e, *%# In this case, o single urine sample, collected from th
ground, apd the messurement of & pregnancy-specific le
mone metabolite was all that was nocessary. The ovariz
endocTine changes associalcd with the estrous cycle ar
dynamic and require frequent urine sampling in order b
visualiz: the sequential cvents of ovarian hommone secretion
The same non~capture approsches uaed for pregeancy detes
Lo bave beenused for monitoring cyclic ovaran fanclion is
free-mnging wildiite."

The collsction of urine from free-roaming wildlife o b
time-comsuming and in some cases dangerous, The use 0o
feeal steroid evaluation has proven sucoessiul with 2 mumbs
iof domestic and captive exotic species.®® Prognancy dizgno
cis has becn sccomplished by the measurement of feca
steroids or their metabolites in feral horses™ "1 and caribo
{Rangifer tarandus),'*

It is also possible o evaluate cyelic ovarian eadocrin
activity in wildlife by means of fecal sleroids or thedr netab
elites. Desasiiners et al." monitored the ludeal phase of thy
domestic cow estrous cvele by means of fecal Py, Char sted!
was conducted to evaluate the estrows cycle of tor domest
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only 4.6 days in old mares Adeprezsing | cxamined, the eventn) emergence of o |
prmary wave inthe oldest group seemed |

effect of progesterane on follicular
rowth without an alteration of FSH con-
Conatons das been shown in midle.

In conclusion. a mean delay of 4
days in the emergence of fhe primary
Flticilar wavve was found in mares Eo
years old. The delay in prirmary wave
development accounted for the reporicds
profonged interovilalony interval and
fellieular phase in old mares. Drelayed
SMETEEnCE was associated with & re-
duced number of follicles in the wive,
Perhaps the follicwlsr delay wag related
0 & smaller pool of available follicles in
the old mares or the follicles that wese
availalle miy have boen less sensitive to

fempocally associated witl o decrease in
Progoslercne concenirations during
lutendysis.
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mare by mcans of Tecal 1", E O, and 10005, and o Cogsre e
ACCTTACY of fecal slermid .'||_'|.3¢|__'|-*5.i;-'. with the resulis of urins.r:-'
=erond analysis.

MATERIAL AND METHODS

Four sexuslly mature, domestic, nun-pregnant mores
(fgurs caballus) were used for this study, The mares were
betwern & and 20 years old and were pastured on APRCs-
mately & hectares of grass, with free-standing water availalle
ad lihilum. Malched urine and fecal samples were colleced
trom each mare every ather day fram April 23 to July 1. The
urinesamples were removed from newly saturated soil imume.
dinlely aberurination as described by Kirkpatrck elal.* Fecal
samples were collected immediately after defecation and
stored In plastic bags. Both wrine and foeal sumples weps

pleced on kee a2 the time of collection and frozen antil assay. .

Unne samples were dilited 12100 in distilled water
(dEL 2 for the measurensent of E.C and T:1 for the mensure-
ment of %G, The E,C enzyme immunoassay s been
previously deseribed. ™ The intra- and interassay coefficients
of varialtion were 5.8% (n=4) and 20,7% (n=T), The iPdG
enzyme immunoissay has been previowsly described, 1512
Theintra- and interassay coctficients of variation were 13.8%
(n=4)and 14.2% (n=8}. In order to account for differences in
urine concentmtions, the wrine samples were dilsted 1-100
with @H O and analyzed for creatinine (€ by the microcol-
orimetric method of Tawssky,'” and E,C and PG were
reparted as ngfmg Cr, Urinary E. C and iPAG were plotéed for
the durstion of the study period and permitied assessmens of
2 complete estrous eycles for each mare, The best defined
estrons cvcle for cach mare was used for comparisan with
fecal hormone concentraticns,

Wet focal snmples were weighed and approximately 3 g
were mixed with 7.0 mlof ¢ .0, shaken for several hoursand
incubated 21 10°C overnight, This slumy was centrilupged at
2. 50H} rpm for 15 minwtes and the supermatant was recovered
for measirement of £, C and iPaG, Twenty pl of the superna-
Lanl was asenved for L".;Ca_m:l PG, Following centrifuration,
the fecal pellet was dried under a continuous steeam of airat
407C. The dried material was ground fine in 3 mocar and
pestle end (125 g was rehypdrated with 0.5 ml LD and
extracted 3 fimes with 3 ml of dicthyl cther each time, 2%
deseribed by Diesawinier pd al. " The ether exiracts were dricd
under air, the residue redissolved in 1,0 m] 95% &1 hyl alcohe)
and stored at 5°C until assay. The ethanol was difided 1-100
and 20 ul were assayed for F, by enzyme immunoassay as
deseribed by Munro and Stabenfelde. " Progesterons concen-
traticns were reporied a3 nglg dry feces. The: intri- and
interassay coefficicnts of variation for the P, EIA were 9,65
{n=4) and 16.35% (n=4), Fecal P, and iPdG were compared in
aurinary iPAG concentrations, and fecal E.,C was compared o
urinary E, C cuncentrations for each estrous cycle,
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Figure 1. Three consecutive astreus cyeles for e mase
Granny. sharacterized by urinary E1C and iPdG. Pelho

lory estrogen peaks, O=the approwimate time of
ovulation, based on progesterona nadics. amd L =lseal phassa
progesterans peaks,

RESULTS

Urinary E,C and iPdG comeentrations during the 649-day
collection periced revealed a patern consistent with ovilation
and 0 pon-conceptive luleal phase P, elevation which s
ennsistent with the catrous cvele of the mare, Y12 Bach cstrons
eycle consisted of a preovulatory E,C peak, & copcomitant
iPAG madic which is required for ovulation, and a subscquent
elevation of IPAG reflecting the luteal plase of the eypcle,
Amang the four mares, eight complete catrous cveles were
identified. Three consecutive cycles, based on urinary E.C
and i, for the mare Granny are shown in Figuee 1. Fecsl
E,C concentrations reflected the same pattems as that seen
withthe urinary E. C and the correlation coefficients between
urinary . C and feeal B, for different estrous cycles Tanged
from 1 = 0.1 to r = 0,63, Two estrous cycles, one with a
correlation of r = (L1 and one with a carrelation of r = 063,
characterized by urinary and fecal 10 are shown in figase 24
and B, respectively.

Fecal iPAG and Po also reflect the urinary P66 patiesns
over the course of the estrous eycles. The eorselation cocffi-
ciants {08 urinary IP4G and feeal iPdG maged from o= 0,08
tor = 042 an estrous evele with a correlation of ¢ = 0,42
between urinary nnd fecal iPAG s shown in figure 3A. The
carrelation eefticients for wrinary (PAG and fecal P, tanped
from r=0.44 to r = 0.83. Ap estrous cyele reflecting usimary
i and fecal P, is shown in figurs 3.

DISCUSSION

The remote moniosing of ovarian function inthe mare i
passibile by means of fecal E,C, iPdG and P, There is a large
fuantitative dilference beoween urinary E,Cand iPdG values
and fecal B, Cand iPdG values, ot the fecal values aceumiely
reflect the qualitative changes ocourring in urinary B and
LPACr duning the estious eycle. The guantitative difference
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Figura 2B hes a correlation of r = 0.1 and 2B has o
cofralation of r = 063,

are explained by the fact thet the msajority of estrogen and F,
metabolites in the mare are excreded i the srine mather tha the
feses. Estrogens in the vascular space are metabolized in the
liver and confugrated 16 either selfate o glucuronic acig, ®
From the lives, these conjugates peess inco the rastrointestinal
tract where the majority are resorbed back o the tilood,
iransported to the kidney and excreted inthe urine. Howewar,
asmaller poition of the E.C i irapped in the pastrointestinal
Wract and excreted in the feces.™ Also, the kidney is a concen-
traling o7gan and therefore urine concentrations ase signifi-
cantly higher than fecal concentrations,

The precise miturcof the iPAG in the mareds yes orwn;
fut consists of three progesterone metabolites, all of which ase
more pelsr than pregnancdicl-3-glucirmnide (P20} and
which are highly correlated with plasma P8 1t is probakle
that the appearance of iPAG in the feces occurs in the same
ranner as fecal E,C. Freal P, copcentrations in the mare are
considerably lower than those found in the mow, ' apd may
retlect diflerences in P, metabolism between the to species,
‘The primary P, metabolite in the domestic cow { Bos teuru™
and the Nosth American Bison (Bizon bisan® (s PG, howe
ever, PdG is absent in the mare,® Conversely, (PG, the
primary P, metabolite in the mare, is absent in the cow agd
bisom.

The comrelation coefficients between urina ¥y slemid
metabolites 2nd fecal metabolites or progesterons were the
leawest for (PAG, and 1he srongest for P This sugpeses thar
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Figure 3A. A comparison of urinsry and fecal iPAG with &
cormalation of r = (.42,
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Figuire 3B. A comparisan of urinary iPdG and facal
progesterone ir = §.83).

fecal progesterone s & more accurnie measure of lufeal
funclion in manes than (P40, Despite soane very how correla-
tion cocfficients, particulary for urinary vs fecs| E.Cand
PG, all 3 fecal hormones provided a sjualitative view of
ovarian endocrine activity that was useful For identifying che
tirmse of estrus, the cecurrencn of evulation, and the Prescace
of & luteal phase in the mare. This provides the field hiologis
with a relatively simple approach 1o monilanng ovarian
fenction 2mong forsl mares, without the phyvsialogrcal stress.
== of capture and the costs of immobilization. The same hasic
techniques should be rpolicahls b a varicly of free-roaming
exitic ungulates, although care muost be whken 6o idenrify the
specie fecal deraids or dheir metahalites and tovalidote theis
accuracy in identifying reproductive events in cach speCics,
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