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Oestrous cycle of the North American bison (Bison bison)
characterized by urinary pregnanediol-3-glucuronide
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Summary. An enzvose immunoassay (or urinary pregnanediol-3a-glucoromde (PdiG)
was evaluatéd for the indicect measurement af progesterone metxholites during the
cnsdros oycle and early pregnancy of uncaprured North Amesican Bison Compur

sons belween plasina propesterone and urirary PG, dass-response parallelism
hedwesn the stavdard corve andd diluted diine samphes and hagh-performancs bl co-
chromuatopraphy revealed that PAG was a primary immunoreactive uring v meta b
of progesterons in bwson Urine samgples were collected efirecily from the soil Trom
2% bison cows during ile Augusi rurting season and analysed for PAG. Eight tason
tows demonztrated complete oestrous cycles ranging from |5 10 26 da yaodrmsan Cycle
length = 2312 & 0-T6 days) andt behavioural cestrus among four of these cows corre.
kited with PAG padics. Mean PAG nadirs were 6342 + 7161 nome uriry creatinine
CCr and mean penk midlutes! values were 5453 £ 13T ngimg Cr. Scven of eighl
secime pregaant, indiating that bison exhibit a second seasonal cesirus. Eighteen
other bison cows were pregnanl priors to the beginning of the study and demonstrated
ron-cyelic wereased PAG concentrations { = 200 ng/me Cr) duning the I0-day course of
collection. Theee cows ovalated and became pregiani during the Saday cellection
period and tken exhibited mereEsing unnasy PdG o concesirations. This repor]
demonstrates that avarien Nnction in uneirptured bason can be moanitered By means of
urinary PdGi and thal both ovalstory cycles and early pregnancy cun be detocted.
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Introduction

The Norih Amcncan bison (Bior S is found [reeroaming en numerous preserves and in
commemerenl herds throughoul North America. In irs frec-roaming stace, the reproductive biology of
thiese Tarpe wiguluiss has besn the subject of numerous studies (Lot 197%; Robitaille & Prescott,
1981, Sambraus, 1981, Lou & Galland, 1985; Rutbere. 19868, b Maher & Byers, 1987), but all
lave been eonfined 1o behaviouri| observations or examination of tissues from - stavghoersd
animals. Bison cows first breed at 2 vears of nge (McHugh, 1958; Fuller, 1967; Halloran, 1968
Haugen, 1974) wnd lecundity i age-dependent. Based on examination of corporn lutea {1438
ovaries) from slaughtered bison. Haugen {19743 elzimed that a second cestrus and ovulation par
VT i vare among bison; and Rutberg (E9%4a) did not abierve cows fiom the National Bison
Bange breeding more than once per sepson, Kransnski & Raceynski (1967) reported that among
Evropean bison {Biven bonasai) behavisural manifestalions of oestrus lasied -3 days and. thai
vesiTus mecurred svery 18-22 days,
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Deespne the imteress m son by wildtife Bictliggsts and (e merensing commercil value of the
aconmiths, endovnse charsciemzation of |her aestions eyl buas nol been reponted. Becawse he
apeies s intrctable, squental blood swmplng i mprachical. This stucdy charicienined the oes-
trows cvele ol the bisow withoul capluse o Iaradling, by snomtonng uriniry sleroid metabalies A
urinary miclabalie of progesicrone wis mcasurcd, which weald indicite Sormeiio of the carpus
buteum aid, by smphicition, the oeeorrence ol d grevions evilstion The rationade lor his study
Baset on the necd 1o determine the cocurrence of avelition wmong free-roaming bisan in erder to
determine the mechanisies of reprodoctive sell regulaticn,

Materials amd Methods

Assay validntion

Cormparisn of plasma progesierame aod winory pregnaneadiol foghanrenialy, Ta valsdine the indiroct measuremen
ol plussnn progesderons thivugh the usc-of ur nErY piepnaneciod hepluenrenice (P40, peired Blead 2nd wrine
azmples wen collocked from Ree sexually maiuee Beon cows killed don ng i conirnlled hunt in Monoann, D%SA, pusi
nenbaf the Yellowstane Satansl Park bawndacy (4574 Iu-.il:uﬂ.n::|_dur|ng, Diecenbe 1958 ane Juvay s Frbruary
Y. Blod samples were collocied Mo poolad blocd in 1he carcasses within iinaiten af” death aidd the plasms wasz
separa el hy centrifugitwm and stored Tromen Urine samples were valloceed By e tormg the Rladder witha el
Springe nnd an£2 goige ieadle-and withdrewing urize. which wes al=a siored fioeen. Plasma sl wire assayed

for propesierone whing an cneyrme immunosssay (ELA} descritied by Munra & Stabenfeldi {1984 Recovers of

|' Hiprogesterone fram plasma was B+ T4% (n = 5). The tinra-assay cosffisent al variation was 4935 Urinary
FaCr immunareaciivity was ditermined by ELA oy described by Shidelier &2 of, {19900 arel Kirkparrick o e, ([ 990] wils
the follpwing medificanans: The uring samples wiere diluted 191 wil dislled H 0 H 00 amd 30l ol 1 dilatsan
way avsayel The amti-Pe andiserem |FI0 s dbiluped oo | 191 0860 preduces] & wable siandasd cusa hetween
T and 10 ng The antor- o = I7) and inlza-assay 0= 100 copfficienis af varizlion wese [4-54 TR0
rpedienly. The apeahicily of 1= Pd amimserem, determieed by Ela was prennanedind da-glicuronids, 10095,
A-dihydrafhydraylpropesiernne, W-7%; pregranedisl, T3%; Mp-ddisdofhydrony | progesicrose, 25%. All
ather sleresds oF stersid conjugaess cross react & less than 0-1%. The Pl mandard was SH-pregnare: 3o 2ie-dicl
giucuronids (g Diochemicsl, 5t Loais, MO, USA] Masma progeierane and whinary PEG conceritrations were
vampared lon thy ve Bison cows

diiph-performance Ngwid en-vheamatography. 1o eilablish the speailicity of ibe Pali LA for bison urns e
samples freen two pregnast (appasimsiely 4 monihs prognant) and fee nun-pregnant hison were znalysad by kigh-
performznce liguil vo-chromanogsaphy [MIPLE) as deseribed by Kirkpairick or afl 190 Samples af 1 mb were:
eatracted beice, each time with 35 il of digthyl ether, i remove Tres steraids; | mi ol isslhenclelmaznol 117 was
acded 1o ke inmeg, the miviars was vortesed, conled 1a —55C centifuged (1500 ¢ for 1 mind 1o remaove silts amd
the supernatan] was removed for [IPLC Approsimately 00 pm. al . 'Hlpregnaredial- Wi-glueuronids
{2020 Crirmmal; Courtaald Institude, Londan, UK was addad o wree as 2 ao-chrmatography marker amd (ke
supsrnatant wius reduesd fo ~ DO ml valim: under M, Recavery el [PHPAC was 81T 4 439 1 = Ay Afler 25l
wasinjicied onto a [-en HELC column (ALTEX, Wtirasphen-00S, dp S0 [-0-ml Tractions wie sallected during &
MeDH O gradean | H=65% MeH aver 40 minl Erom cach lraicticon, 200 ul was mised with 50 mlof scicullsigee
vovkiail {Ready Mrolvin, Beckman, USAT and radicas) wily was mensuned Lo menitor P40 secovery, The TEfInE
B0 b was esaporatad, redissabed in 100wl of dH .0 and zgsayed Foe POG as described slave Fractines FETTERTLAT
nemanarzactive P were campaced will Factices sontuning [P HjPed

Parallelion to thr damdeed caree. The guantizanve sature of the PdA0G E14 for bisas ione was raablished hy
dewitloqing & dose-response oarves 10 g umne sampls Samples were dilub 101, 152104, 15 walh d 0, mepsurad
Fur PACr as deceribed and combpared with (be asay standards

Longitudinal urine sampling and Pricessing

The éssay was applisd ta 377 wrine samples salleetod during 1he Avpust L559 rutimg season, overa Jinday pened
from I3 sesunlly mabare cow bison imhabiting -~ 70 ha in sarthem Wyoaming The cows vanped in age from 3y 17
wears ard 2T were of praven feoliny and were P ol s total herd ol B0 bizon Six s2aaslly mature bulls were proscnl
among the hevd g all lmes, Water was available from nabural s md S and feed wrs maiural grass. The bison
were phservedd Trom a distnece of 50- 100 m and wrine symples were cullcted amce 2 dig of posssble and ai o isinimuem
of every 25 days betwesn 0600 and 18:00h Uring smples were mspirated Mrom pealioen 1he pround o exirscied
direcily Trani ke soil immediatcly aler a orination 3= described by Barkpatrick o al {19381 &1 cows were iherdificd
By numberad colour-coded car tags, which kad bern plazed en them when calves, wnd by a variecy of identifying
physaal chamcieristics. Samples wers pliaced on joe imamediately afier callectian and stored Trazen in plastic vials
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within 73 B aleallocivn, iine sampdoswene simabesed i IV otz s desenled v, R o sl e
14700 weae amcsursd by ihe vl mehosd ol Taessky 119541 |..'|||:.|.'!| PPel0i s vesdoncd b cicalimes
soiienli i gl reperted o peg € St Toe Ao in enine comaentiatnoms The paiers ol 194G
carretnn fin hamnmal wais r\lllll:ll."1:I il L'I"III'I_II-\.'I.l with bohavieni nhaerealnie . wivich woeo necen e :|-|-|!|
1%t Dnian: wens v e alesintiis heliavener g olaspbagl by M'\-'“IlL'll 11 SEE il citlvang bt Tod' Al
Moz asal | 10 were rovoraded Do il o 1B 1 hpwsn coms e rmphes witl 01 valses Fetow 100 gl
PRI oo TF 1R al 1 he tonal waleuteadd weme coaiende e o Fae oo b fen sl e sttt e o PUIET wml aeelugdon

P e resnlis Blelirassrsl olsereons were ot availabibe i all s in slis aluily

Hesulis

Piasma progesterone and urinary PdU-concentiatrons lrom the five bison Ailled in 1he contralled
hunt tanged trom 049 20 10-5 agiml and 1002 10 33061 ngfmg Cr, respectively (Table 11 The
carrelition cocfficien helween plasma progesierone and urinery PG conceniretions was e = 0°93
wnil sugpesle thil i lison cows PdC accurately reflects plasma progesterone secretion

Tuhle 1. Plasmn progesierone and Gringry preg
rinnesice]: - plwcw ronuie (PAG Y in v bison cows

I'I.l =1
Hasin Ape pragssmmanT Llrine Bdie
. {years) [ngimi} [ngdml £
| 3 09 L&)
& 4 1% Myelh
k) P 13 Loy
Ta* B d-| 12571
EE z 114 A

*Prepnant eow, dofined by the pressnee of @ e

Both 6.7 HIPAG (fractions 32 1o 34) and immuncreagtive urinary PG from pregngnt 2nd
furi-pregnant cows cluted in the same frections in HPLC, indicating that the MG FIA was
predominantly specihic for PddG (Fig 11
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Fig. L. High-performance liguid co-chramitopraphy profiles of [*H|prepnanediol- 3-glocuro

e (B B asd wrnary immunoreactive PAGE (%) from 3 pregnam beson caws [FHIPAG 20d
the immunnrencios: Pl cloted o Mractions 17—

The five vrine samples sanged from 6-2-25-5% banding af the 121 difution to 396 75-6% a1 the
18 diluzion (Fug, 23 '
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Fig. L Stundard curve of prograssdiol-3-gluceronide (PG assay and seral dilubons (00 1
L&) el fve randomly selocied cow basan urine samples; each sample shown by a dilferent symbssl,

Eight bizson demonsiraied clear PEG nadi, which were (oliowed by PAO sncreases, Oesiious
hehaviour wis coincidenlal with the PAG nadir for fowr of the cows and |"|3 T allustraies the
patiern of Pl excretian in (wo of these cows. The length of the luteal eycles for all eiphi cows
displiying 8 PG nse. mcasured by the number of dayd between PG nadirs, ranged Trom 9 1o
26 days with o mean of 23-12 4+ 476 (3ecm.]. A composite urinary PAG profile for these eph
cows L illustrated in Frg, 4 The PdiG nadire for ndeeiclual cows ronged between 35-7 and
1213 ngimg Cr.owith a mean of 63-82 | 11 &1 at the heginning of cach cvcle and 55 7 1 X 2ngime
Cr ot the eind el euch eycle, Pank values Tor fadividial cows during mudlpizal phase ranged rond
WA-2E 1o 08D ngmg Cr, with a mean of 52600 = 13373 npding Cr. Seven of (hese cows becime
pregnant afier | Seplembar 1989
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Fig. 3. Lutesl-phase urinary gatterns of pregnunedssl boplucurnmide {PAG Fon vas bisom covws:
Cial Mo 400, [h) Moo 424, (Th days of obseresi behavioural aesitos.
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Fig. 4. Men (+5.em.} uonary pregnanediol-3-glocuronide (PO} Tor eipht Bisen cows ool
kected al o minimim of once every 3 days between 11 Tuly and 30 Avupust, Day O represents
algmmnent of the PAG nusdir for each cow,

Eighteen cows did not display & clear cestrons cvele based on urinary PAG, bot imsiezd showed
nen-cyelic, contimully incecased PG concentrataons (= 200 nglmg C1] thro uphaout the enllestion
peerd, whivh ended on 31 August Based an o gestiinon lengeh of 270 diws (Asdell, 1964 snd the
retrospective swssessmenl of perlanlion dates. these cows wore alrendy pregnant when the study
began, The nes-cvelic; increased unnry Pl concentralinmg prezumably reflect progesteromns
production during early pregnancy. Another three cows had clear urinary PdG nudirs and
becime pregoant during the study penod . These cows Len demans: rated PnCTENEG Wiy P
comcentrahons until the end ol the 30-day collection seriod.

IMscussion

The vestrous cecke of 19-26 days reflected by urinnre PAG i thas sl udy approsurcies the 1822 day
tyuie reported for European bison (Krusinsk & Raceynskr, 1967} As danly wrine sample collections
were ol always possible for each animal, several davs oecurred between 4ome collections. The
lengths of e cestrous cyeles reporied here are, therslore, approximale; but they Tall within the
vitlues Teported on the basis of behavioural observation (Krasinski & Raczynsks, 1967 for a
subspecies of North American bison and Tor the oostrous cycle of ihe clossly related and
imterbreeding domestic cow {Has fawrna) (18-24 devs: mean = 2128 = 66} [ Asdell, 14843

Alihough neither HPLC nor co-chromalography alone can be used as evidence for the muolecu.
lar strueture of an immunoseactive sy betance, together they provics evidsnce thal chermical tdenkity
w fikely (o oxist betwsen standacd and unknowsn. This is particulaszly trug Tor most of the common
mictanalites of progestesomns, a5 most have been characterzed and shoswa nol 1o co-chiromalograph
with PACi using HPLC (Liskowsks & Waolle, 1972 LoskutofM e of . 1983 Shideler o af . TAEE).

Although increasad concentrations of progesting, =5 indicated by winary PEG, cannor he used
as pronl of ovalation thisis the most likely contlusion when the observed patterns fil the predicied
profile of the sestrous cycle. There are four major canses for progestin increases: ovalation, lukei-
nized follicles, persistent corpora lutea and extr-ovarian prowesting, but only evabation and tse
formation of a corpus luteum result inoa cyolic rise and Tall in plasma prosesteronce. 1o this shiaely,
increases in PAG for 23 duys, separated by periodic nadirs, are consistent with nvilntary cycles alf
cther Artiodactyly, including the domestic cow,

Fourof 1he cows exhibiting oestrous cycles an the basis ol wrinary PAG mamiested hehavioural
signg of oestrus, including the constant raising and swishing of the il and gnifling ol 1he vilva
by bulls and other cows {McHuegh, 1958) on or about the lime of prefuteal-phase PACE nadirs.
Behaviours] manifestations ol oestrus lasted ~ 1 53 davs, which 15 similar to Eurcepran bison
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TR sk & Baceprki, R0 Dis stty Bwosed ancadociniingicil patleris, bul the corpe-
spriclonog Bovween e b ol 9405 mdies s Bebaveouri] oosiius supgesizihar the evalaation of
rmary steroid mctabolics can by applicd 10 belaveoural aswell a8 1o epradissive studies

Lresprie sludies suggestong that bson ane nol polvoesteong ) Fawrpen, 199, Walherg, T84 1),
seven cl e eighi coves sha densonsinied o clear hateal prlusse wrd enmploe acairous cyvile bocamie
pregnsiit g tese socomd o le and sebsuguently prodeced il The diies ol culving for Hhase
cowes conlirm conceplion duning Seprember 89 and suppen the exislence of @ second seasomnal
BT

Lirimary stercid metsbobies 1o sludy seprodseive function 1n I'r-u_--:r||;|.rn|.-|g upcapiuncd usn-
pulates should be wsed with caution. 1 s important to be certain that the particular wrinary metab-
olite beimg ovdluatal relfecis o specific idenofiablk: plasma steeoid Limlariunuizly, it i nod alwiys
peasthle Lo coliect paired bloved and unne samples 1o validate the relatonship between plasma arl
unnmary hormones; only five matched camples of blood am? erine wess availible from bison cows,
However, the high degree of coirciation beiwson plasma propesterone aad wenary PG supporis
the contention thal, in beson cows, PAG s o major urinary metabaolie of progesterone and o vald
imchirect measurement of this ovarian steroid. The HPL co-chremataenem imdicaies that the EL4
st i ths stusly wais, in Fact. measuring PG This is further supported by studees of the metabalic
late of ["*Clprogesterons in domestic cows (Purdy et al, 1980, Clemens & Estergresi, 1982}, in
which significiant quantities of labefled SE-pregrane-da,200-diol gppeared i the liver and the
kuiney. Feher (1975) demonstrated that PAG was the major urnery progesterone metabolite in
cows. In other specics, including rman (Munro er of, 1991) and horse (Kirkpatrck o af, 19901
there ks a strong comrelntion betwesn urinary PEG or PAG-like metaholites 2nd plasma progeier-
one. The similarity between the siandard cuive and the dve uvexteacted serially diluted wrine
samples ndicates that soil minerals were not interfenng 1o any significant degree with the assay
and that there were ne other major metabobites with sinificant coims reactivity with the ance-Pdd
anubody al dilnions betwen 11 and 158, Previous studies have demoensirated 1l recovery of
[*Hahellsd steroid conjugates from soil is =M% (Eirkpatrick e al., 1958}

Lo seane ceses, dramatic decreases of PAG in the middle of the lotenl phase curve were prodsced
from samples with ercatinine values at the low end of 1he range. In the dagnosis of prepaancy o
horses by imcans of urinary costrone conjugaiss, samples with creatining values of <01 my/ml are
ol considersd relizble. The hison in this study showed preat varistion in daily creatinine concen-
trations, which penerally reflected day-lo-duy actdvity patierns On some daya, the herd moved
constiantly, stopping only to praze, and not watering at all; on other davs i spent several hoors
walering. An altgrnative sxplanalion for the cerace lutenl-phaze PAG proliles s ourd in the work
of Plotka et &l {1967}, Dobrowolsk: er o/, (1968} and Donaldson o of (19700, all of whom reporie
8 mudiutenl decline in plasma progesterone in domestic cows, Despite the unevenness of the daily
values, oestrous cycles can be elearly tracked using unnary PAG

This study details an approach 10 the study of reproduction in uncaptured Bison that elimintes
the need o7 caplure, unomobabization or blood collectian, Major advantages of this methed include
g rapid { < & h) direct non-eadiometne ETA procedure, which uses = 50wl ol urine for both the PG
ind creatining evaluations, Female bison can be monitored withoul the alteration of normal
physiclegicel patterns that might result from the stress of capture or handling. 11 i now possible to
manitor the pecurrence of ovelation and early pregnancy in bson, events that iy be halpful in
undesstanding ovarian dysfunction, persistent cospora lutea, early pregnancy failure and otles
evenls which may be associated witl the phenomenan of ungutile reprod sctive sell-regulation

The authoss gralefully ackpowbedge the lopistical support provided by H. Thomas, of the
gar-X Ranch, in Fowell, Wyoming, and assistance in colleetng the matched blood sad urine
samples by Lo Elig, of the Montana Department of Fich, Wikdlife and Parks This study was
lended i part By the Associated Students of Exsters Montani Clollege, Stemna X, snd Mational
Seience Foundation Ressarch Opportunity Awsard BNS-8719608,
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