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PREGNANCY AND OVULATION DETECTION IN BISON (BISON BISON)
ASSESSED BY MEANS OF URINARY AND FECAL STEROIDS

Jay F. Kirkpatrick,' K. Bancroft,” and V. Kincy!
Uraoaness Hanaancn ealiiole. 1500 Mok Diinge. Monlara, B0 (185
‘Lepariment ol Boodgical Seiencos Bt Monlang Undens, Bloage Baoalars 5211, LSA

A AT Beaually mature bison (faon faen) cows swene iested Tor hoth pregnaney and svie-
lattor by incan: of urithiry stergid metabalites and lecal soradds The QT aracy of pregnancy
dingnosls was determined amang 16 bisen cows, in approxizmuately the third month of mestation,
Loy s ol arinary gregnancdiol- e icurenide (PAG) urinary estrene eonjugates (6O, and
bexal total esteogem (TEL Urinary PAG was LS aceurate, nrinery 0 was #80% accurate, and
fecal TE was TS acourats in predicting pregiaocy . Fecal progeseranc (P and T as well az
arinery B and PdG: eoncentiations all increased from eonception {August) Deeagh [amary, Lut
sigmificant differcnees were nol apparent until Nevermber During the ratting sewson ovislation
witk distected by Incregses in wither urinary PAG or feoal T, coneenteatives. Buth pregnancy and
mvitlation weee deteeted in uneaptared hison with reaconable securaey by means of uricary and

Feeal stevaids ar teic metabalites,

Koy tvords: Bison, Bson Bson, svalation, pregnacey, reprsluction, sternics, urine, feres,

INTRODUCTION

Until recently the study of repraductive
physiolegy in large Free-roaming wildlife
has required immobilization ar capture of
aiirmals oomessure endocrine levals in
Bloexd, Dioring the past decade, diagnasis
of pregnancy and non-invasive study of
ovarian function in captive axolie species
havee besen based on measurement of wri-
nary stereid metabalices (Loskutofll et al |
1883: Lasley, 1885) Urine can be collected
fram cerlain Freercaming wildlife and
ased b the stody of reproduction. Kiek-
pateick el al. (1858, 1990, a, b} diagnosed
pregnancy  jn ungaptured feral hooses
i Equus caballuy) by messuring winary es-
rane conjugsbes (1, ) or non-specific pro-
gestervne metabolites (PAG). Collection
ob seriw] vrine samples has geonalied the
claracterization of conceptive and non-
conceptive ovcles in feral horses (Lashey
and Kirkpatrick, 1981) and Norih Amer-
ian bison {IHsom tizan} (Kincy of al,, 1990
Kirkpatrick et al., 19815,

While these technignes are sucoesslul,
volivction of urine, even in snow, can be
lime-consuming. Tse of feces lor similar
studics bas such Il.f['\-u".'lllhlgt".'\- ax-ewsily ob-
servable eliminating D | hes amimal and rel-
atively easy lecation of the excrement. This
strategy has led (o successtul pregnancy

detection in feral harses by means of fecal
total cstrogens (Kirkpatrick et sl 19905)
snd Fecal stercid conjugates (Kickpatrick
ok sl, 1991a),

Vary little s known about the repro-
ductive physiology of free-reaming hison,
The objectives of thiz study were to de-
termine if pregnancy eoild be detrctod by
means of wrinary and fecal steroid metah-
olites. and it cvulatlon could be detected
b eesns of urinary PdG; and fecal pro-
pesterone (10 The hypotheses tested wero
(i) coneentrations of focal cstrogens and
progesterone and urinary cstrogen and
progesterone metabolites differed signifi-
cantly betweoon pregnant and non-preg-
nant animals, and (b ovulation could be
detected by identification of a luteal phase
pattern of excretion of [ecal prengeska e
and urinary progesterone metabolites. Our
study was based oo the desive to under-
stand the mechanisms ol reproductive sell-
regulation and the changes in repredactive
suceess thal secompany  enviconmental
[ ESS U

MATERIALS AHD METHOCE

Amimmals o Whis study were part of a herd of
approximately B0 bison inhabdtiog o 200 ha range
in soathern Wiyoming (445040 M, 108°2°W), The
vegetation incloded predominantly maixed- grass
praicie and has heen descrihed by Enight of al
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Fxpesrimenl | Droaring Movem ber V985 Litgong
wers nlserved Trom o distanee af 30 1a 1000 0
uritet smpres were eollected From 18 cows $lrine
WS .as.pimlr.-d from p-mh an the |';I,'-|}I'.I'||_'| o &L
tracted from freshly saaked earth a5 describid
by Kirkpatrick et al. (1988, Samples were ke
F R [ r|'||ril'|j: thir |'Iﬁl|- i |_'|""||-;,'|_'|||_'|:| ;_|_|||_| shiorvl
at =7 O owitlegul preservatives unlil Lested 2 o
Awag bater Foval ssonples were stored in plasic
bips . =7 0 wunli] tested

Livine sarnples were dilued L2 with distilled
water coHADE 20 gl of the diluted 5..'||:r|].'-||.- WHTH
aialyvecd lor pregnaediol-Sa-glucucsnide (140
and FAT The enevme innmumssssvs Tor PAG
and B C have been deseribed provipesly {Rirk-
patrick of @l 19900 Munra et ol 19910 qod
the Pela aesaw bas been validisted in bison {Einey
et al., 19580 Kikpatrick ol al, 19915 Ty oe-
caunt for diferences in urine copcentralions,
urine samples were diluted [room 12530 Lo L1040
with d FLO anc analyeed For creatiogne () oo
crntrations by the mierocolorimetiic method of
Tawssky {1834} Pregnanediol-S-t-glucuronide
angl BoC values were calibeated Lo O values and
reparked a8 modmE Co

Wet focal smphs were weighed sod 05 g
samples were exteactod in ethyl acotate/hesane
2 VIV and ﬂ.nn.|3,-,zﬁi for total catrogens by
rulinimrnuneassay (Kirkpatrizk ot al | 1080k),
The erass resctivity of the antt-cstrogen antl-
baody with [ Thcstradiol was 11% (Eickpatrick
etal | 1980h). Approsimately 5000 counts per
minute (opm) of H-1TE edradiol was added to
cach fecal mmple belore extraction in order fo
cibinate pecevery ol esropens. Totwl estrogens
syare reported as ngfg owel feees In Jamaurs
0SS, the bisog were confined in chutey wed
tesbed Lo pregnancy by rectul palpation; culves
were counbed duriong April, Moy and June. Based
wn Lhe diles of pactuzition; 12 of the conseptions
bud peeacred between 15 July and 10 August
Loss

Experinaent & Pecal samples were collected
Fronm sis Blen cows in Seplember. November
1988 and January, 1990 Weighed sanples ware
catracted with dHELO, the cesidue drfed ard
wakghed, 025 g was rebydrated am] extracied
with dicthyl ether, amd rediswlved in 958 etha-
nol b the methods of Desaulodeis al ol {1984),
Approatoately DOOOT cpos ol =1-mogesierone
was added to ol Tecal 5u.1:||.[.|5|:- Lielure extrac-
ton Lo ocde boestimate recovery of P Tweniy

— FRFECEENTS AR TS KT R [

el ol e d FEjpdd estract swere analyred for PAG
andd B The elhanol extracly seere dilaled
Lol ey Lo L0000 i L) aned 30kl weere azsaped
tor 1otal sstrogens 1:-!, |;_u:|.ni|n|'r;||1||:|;|_=_5$_-..' iKirk-
palvick otoal 19900LE and for P, by crzyme
pvnnnassay (ansn and Stabendeldt, 1954)
At valoes are given as npdg dey Teces Mean
coancentrations [or ."'rnpfnrnhnr 1R Ravemibr
LElg and Jameary 1990 svers tested For sgnil-
weant differences with Student’s t-test (Freed-
iran el aml, 1976) Mregnancy was ronficmed |1}'
vectal palpation in Januar: 1990, and calf coonts
W ITAGE i April, Mav ond June, 1HA0, Phales
ol parthrition indicated that five of the sx con
ceplivns vecwired Delwesn 23 July apd 13 Au-
gusl.

Eaperiment 3 Urine and fecal samples weree
collected approgimately svery # 1o 4 dayy dug-
ing the rutbing seuson from Gve sexoallv snaluce
core Brison Degween 38 July and 31 Adgust 1955
Llpine samipdis were coblected, fared, and ana-
bwed For 1A as described in experiment 1 On
s dawe bolh wrine and fecal samples were
collected [fom the same cow Bat on other days
oily cne tvpe ol sample was collected  Fecal
sapgrpbed were weighod aod ealractod with dieth-
vloather aned the vesidue redissalved o cthanaol
s deseribed by Tresaulnier et &l (10850 The
elhanol extiacls wese diluted L LOO iy dH, O and
20 gl were amalyzed los P, dunio and Staben-
Leddi. 19847, The pallerns of urinacy PdiG ang
leval B, exceetion were recorded for cach hison
cow sl oompared by rogresslon analvess; the
vorrciation costficient for thetwe hormones was
determined (Frocdman ot 5=||.I 16878}

RESULTE

Experimeant 1; Mean [£5E) recoverv of
AH-1T3 estradial from feces was G218
[ =F.45)%, Fourtesn of 18 cows were preg-
nant during Janvnary 1980 as determined
lvy rectal |__:l.-\.ll|.":l.-'\.l||l:!lll. and all 14 delivered
-:::-||'.-'|-e:1 ::Illrillg 1959, T]IF! tatal feral estro-
gt aralyvsis was e mosl sccorale lest for
pregnency, with LOGng v feves Deing the
leoweest wmlue in pregnant ueas arl 020
ng g being the highest value in o non-
pregnanl cow (Table 1} Using 1.0 ng /g
feces as the minimum value for pregnan-
oy, lotal Fecal estrogen analysis was 100%
pocnrairasa ||'mgr|n~;l i lest For pPregoancy,
Ulrinary PG analysis was equally acow-
rate. The lowest urinary PdG wvalue for
pregmanl cows was 517 |1g_."'|:'l'l:{ i while
59 npsmg O was I Ly ‘IIIt:l:IE.‘il vilue for a
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neT-prognant cow B coarrelaloen el -
bicicnt between total feesl eslrogens and
urinary PG was v = 070 [F = J00])
[lsimgz a value of =100 ng/me Cr s the
minimum PAG value for pregnancy, uri-
mary PAG analyvsis was 100% accurats in
predicting pregnancy The wrinsry EO
analysiz was less sccurate i predicling
pregnansy, The lowest urinary B, valog
for pregnant cows was 94 ng/mg Cr and
the highest E,C concentration for a non-
pregnant cow was 11.3 ng/me Cr. The
correlation coefficient between total Foeal
estrogens and wrinary B was r = (472
(P = 0049), Using 10 ng/mz Cr as the
minimum E,C vslue for pregouncy, uri-
nary 15O analvsiz was 895 accurske.

Experiment 2 Urinary I, C and PdG and
fecal ¥, and total estrogen concentrations
all rose between the September colloction,
approximately | mo postconception, and
Jamuary. approximately 4.5 mo postoon-
ception (Fig. 1), Urinary E.C and PdG did
not inerease significantly (P = 0030 be-
tween September and Neovember, but did
(8 = 00001 between November and Tan
wary. Both Fecal P, and total cstrogons rosc
significantly (£ = 0,001} between Scphem-
ber, Movember, and Januwary

Faperiment 3 Urinary PAO and fecal P,
cncenbrelions -|'J.||.r|:|:i|§; the 32-<lav oollen-
(N [:l1-'r|l.:-c:| I‘I.I'LI|. i pallern conscslent witlh
the estrous ovele ol 1he cow {Brs i)
Asdell, 1964 an the European bison (Sisomn

tnenres | (Krasinski and Raceynski, 1967}

Mean | L5E) recovery of "71-F, from feces
was B8 (£551%. Basal Fecal P, concen-
Iraaticay r:lrl:lll:.l!nlg irvielatiom r:Ls:-gﬂﬂ -
Laipg .:-l[_1[_|r|:-:-:irr|a1|_-e'!1.. 2T Tes 3 0H 0 ::.g.-"g
leves and reached g pesk of 5,000 Lo L0
ng/gmidway through the lutea] phass (Fig
B Thases walues wers similar 1o Thoee in
cloamesl i e [m'\-.:ll,l.lrm-:r:i eloal. 1885
Gasw] urinary PdC concenirafions preced-
'ing orveslpbiom r1'|r|§-e,-ﬂ_|- bl aweren 5 b EOH ||g_.-'
mg Cr and regched g peek of 330000 1000
ne/mi o at mid-luteal phase [Fig, 21, The
correlation  cosfficient  between urinary
PG and fecal T, for the live bison cows
menitorsd during The Augest il r.'lrl_[f!&d
Fecn o low ol ¢ o= 0310 b |||g|'| af v o=
523 however, in wll fives cigses Lhe Laleal
EIiI.HI:I"lI ol F‘, sECrelion waxa—:vie]t:rll [ar bxeal I
harmones, Four af @ hes e bison demon:
strated classic estrous bohavior which was
coincidentul with both PAG and P, nadie
immediately proceding loteal phase ele-
vation Four of the fve bizon had & sccond
cstrous ovele during September 1959 and
datcs of parturition in 1990 corroborate
those second estrous cveles ws the times of
conoeption

HSCLSEI0N

Suceessful use of urinary steroid metab-
olites and tocal free steroids to detormine
pregnancy in the Morth American bison is
bazed on previous work with related mem-
bers of the arder Artiodactyla. The pres-
ence of lmmunoreactive PAG has been
demonstrated in the urine of okapi (Cka-

T
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[erenses in (A0 urinary estiene conjugates (200 (D arinary prepnaeedivtG3-plosuceanide

(R 0 Taea] proszestaree, and (00 Tecal ool estropens thoough approgimetely 180 deys of pregnancy.

tra jehveabond) (Lockololl et al | 19521, arvs
(Orya beisa heiaa), bongo (Tragelephis
eurgeerisy wnd domestic cow (Loskotel
edoal,, 1985 giratle (Girafle comelopor-
dafing (Loskutolt ot al | 9867, Lld's Deer
(Cervuy eldi thamin) {Monfort et sl 156K
gnd the Morth American bison (Kincy et
gl 190: Kirkpatrick et-al., 1991k}, Ad-
ditionally, Pd(s is the major product =f F,
meisbolism in domestic cow uring {Feher,
19757 and utinary FdG accurately reflects
pigzsma P, in Eld's decr (Monfort et al.,
1980 and bison (Kirkpatrick et sl 19%1b).

L'rinary estrone conjugabes ars very ac-
curate in the early (=35 davs posteoncep-
tion) detection of pregnancy in the Perizo-

dactvla and particulurly the Fouidae
{Kassam and Lasley, 1981 ; Kasman &l al.,
L1445, 1645, 1988 Crekala ot sl , 1990}, bl
these steroid metabolites are not vseful for
garly detection of pregoancy among the
Rowidae, This 15 probably because bowvids
metabalize plasma estrogens to other forms
of conjugated compounds. However, by 3
o 4 ma uF [IFRE TG . E!-'.I:rﬂs_{-F:l:‘l. Concen-
tratines hove increased (n bovids to the
painl where gslrone conjugates are useful
preslictors of pregnancy, despile repre-
sl-:;l.l:i_rlg anly o minar urinary metabalite.
Thix s corroborated by the dramatic in-
eresiae in Tecal estrogens demonstrated by
Snfer-Hermann et al. (1987} in cows, red
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2 Faterns of wringry peegnanedic-3&glosereaide [PECEH oad feeal progesterane (Feoal Fop

iactetion during the lateal phise for five bison cows. Arrws indicate the dovs o elerverd behavieral ssirus

buftalo (Syneervis cafer nanws) and yak
{Bog meafus). The primary fecal esirogen
during pregnancy in cows, after 90 days
posteonception, i 17d-estradiol (Mot et
Al 19541, and the elevation of estrogens
worreat -a:|_'|_|;|u|__=||‘| thal an eslyogen raddin:-
immunoassiy wilh onlvan 11% cross-reac-
Lty with this par g metabolite issen-

sitive enough for pregnancy detoction The
assay in Lhis sludy, however, was used 1o
measure total estrogens, and the presence
of [T-estradiul in pregnant bison is only
assumed.

Use of urinary PAC, F.C, or fecal total
sstrogen concentrations for accurate preg
naney detection in bison was nost reliable
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siFter 0 hsvs postoonception. The patlern
Al frnerease (o Fecal total estrogens and wei-
nary 1,00 In the bison is sirnibar G clisoges
i plasia tokal estrogens anel Frcal esteo-
pnE s 0N thz r'-rl!r_',ll:lrll domestic cow
LEesanloiers el ol 19881

The srrall nomlser of non-prognant an
imals in this shody :|||:|.=".-'|?:l'|t1'.‘{| Jnu.l'[.-"si.*:- ol
the full Fango of values Far the steroids
measured. Perhaps with o lorger number
of mm-pregnant animals, the range of hor-
maomne values would be greater and Hheae
curacy of pregnancy diagnosis might de
CTEESE:

Cyvolation and lormation of the corpus.

[t could not be confireed l:l:.-' rectal
palpation or ultrasound in bison of this
audy. While prosence ol & (el could be
detected by rectal pakpation, the mirec-
Lsibale it of the animals did nal permil
the sensitive palpation technigues se-
quired for detection of corpora lutes. Ul-
rasound was not available. Despite the in-
shility to confirm ovulation by either of
these direct methods, the paltern of P, se-
cration was indicative of ovalatlon. There
can be at lesst thres dawses bor increases
in F,, i_ru:l_u_di_ng covalatiom, formation of a
porsislen] corpie liutenm, or extra-ovarian
fadrenal P,. However only ovilation and
lormation of the corpus luteum resull in
the P, patlern seen in these bison. There
was an svident 2 to 3 day lag in excretion
of fecal P, compared to the excretion of
urinary PG Despite the low correlation
cocfficient between urinery PG and fecal
P, in some of the animals, the luteal phase
pattern was clearly eviden! and o reliable
indicator of ovulafion

Spveral different extraction  methods
were used For the recovery of steroids or
their conjugated melabolites for the three
experiments. The cthyl acetate/hexane ex-
traction used in experiment 1 for the re-
covery of free estrogens was based on the
previnus suocessful extraction of foeal es-
trogens and diagnasis of pregnancy in ferad
beirrses -:_F:irhp;.ll.rit':k el :3]., 19’5—]Ub:|. LExtras-
igm ol B0 and PAG veguired water ex
Iraction rather thas organic solvent ex-

raction, Conjuaated sterpid metalolites
wres excreted primarity by way of the urine,
after being resoriued from the gut nto the
vascular beed; however, a small proportion
of the conjugates remain trapped in e
gl aned are exncreted tn the Toeces (Lasley
and Kirkpateick, 19917 These Feoal stereid
conjugates remain water soluble. Finally,
the cther extraction used for progesterone
was based on the recent work of Desaul-
piers el al, fLUsaT whevsiccessbiully applicd
this method to the fecal analvsis of B, in
covwn and muskoxen (Ol sovchatus)
Tritted P, could not be used (o deter.
mimalicn ol P, recovory Laoeannse t:h'lﬂ;l:'
amnournds ol planl pigments also wre re-
moved with the ik her #xlraction, apd e
imtecference of the speclrophotometey is
too great for liguid seantillation counting,

Validation of urinary and fecal steroid
analysis in lurge intractable animals is dil-
ficult wod cannol alwavs fellow the same
procedures used  with captive anirmicls
(st and Kirkpateick, 159410 Walidation
il these methods rests on several assunip-
tiong. Fiest, it has previously been dem-
ensdrated that there is a strong correlation
hetween plasma P, snd orinary PG in
bison (Kirkpatrick et al., 1991k} therefore,
the correlations belween urinary P and
fecal P, demonstrated here (Fig, 2} imply
a correlation between plazma and fecal Tl
Second, high perlormance figuid chro
|'|:'|.:3'|:|:|ﬂ|:'ap]'_|:.-' 'p:'n;-_“.-'i_|_|1,:|$|}- hias been used o
validate the presence of PAC as the pri-
mary P, metabolite in bison urine (Kirk-
patrick e 2l 1990}, This is supported by
the work ol Feher (19731, who deanon-
strated that the primary [ melabolite in
the domestic cow alsa was G Third,
parallelisem between serially diluted sam-
ples wnd the PAG sandard curve previ-
pusly have been demonstrated in bison
(Kirkpatrick e al, 1891L). Finally, the ul-
timnate validution of these techniques @ a
measure of the seeuraey in predicting the
physiological cvents in question, namely
oviulation and pregnancy, rather than the
precize nature of the metabolites being
measured,
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