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TIGURE Lode2e

PROGESTERONE TN BHE STERQLD BIOSYUTUITG PATHWUAY

Diagramatic after Symington (1959)3 Goodwin (1960);
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SROTION T =  THIRODUGEION.
Ae TPROGUSTERONE TN THE ANIMAL KINGHOM,

Progesterone is the hownone responsible for the
maintenance of pregnancy in mmmmal&. Phe main sources of
this hormone &ré two temporary structures, the corpus
luteum and the placentas Progestevone is also found in
the adrenal gland and in the ovarian follicular fluid prior

to ovulabione |

Progesterone is an lmpoytent intecmediary in the
blogynthesis of tho majority of other steroid hormones.
(Fgure L.A.2.)s Its presence in follioular fluid ig ine
dlcative of its bhiosynthetic role and slso a possible role
in the mechanisn of ovulations. (Catohpole, 19593 Forbes,

1953).

During pregnancy progesterone is respongible for
the provision of a witerine enviroument suitaeble Lfor the
growth and development of the foetus. Also at this timo,
in most species of mammal, it is responsible for the ro=
duction of eyclic ovarien activity, and parily respongible

for mammary development.
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Among the mowe unusval biologieal effects are
the thermogenic and onpegthetie properties of progesterono.
Bvidence of {the formey il seen in the rvise in body
temperature of women following ovulation (Tompking, 1945)e
This phenomenon is not ssen in the dov after ovulabion bub
can be demonstrated following porenteral administrebtion of
progesterone (Wronn, Bitwon end Sykes, 1958). In common
with o mnber of othew aﬁeruiéssprogaﬁt@renEp when injecbed
intravenously, has the property of a shord-sobing general
enaoathetic. (Selye, 194lp and Merrymen, Boimen, Baraes

and Rothehild, 1954)e

EBrogesteorone is also found in the lover aninmalg

vhere ite exact funotion hav not yebt beoen elucidated.

The structural formulee of progesterone and
related compounds which are mentdoned in the texit arve shoun

in Figure l.be%. Bes also Figure l.h.l,



Be HISTORTCAL SURVEY,

Voleherus Coiter (1573) described the presence
of cavities filled with a yellow solid in the ovarye.
de @raaf (1672) geve a more definite account of these
shbructures and noticed that bthelr number appeared to be
velated to bhe nuwher of foetuses in wbtero and thexefore

asguned that they only ocourred after matlnge

Malpighi (1689) using his microscopical tech-
nigquen g&ve'the firvst acourate account of the structures
and applied the mame"ﬁorpus luteunts  Beard (1897) was
the fivset person to pub forward a suggestion of the gorpus
lutoun funotion which has survived the test of tine. He
postulated that it vas rosponsible for the suppresplion of
ovulabion and oestrus duping pregnuncy. Aboub this time
Prenant (LB?S) gsuggested that it mighi ba o glond of internal
secretion directly benefitting the "69W" with vhich it was

nssociabod.

It was not until 190% that the function of the
goxpus luteun in prognancy was conclusively proved by
Hraenkel (1903) vho demonstrated the necessity of the covpus

luteoum in the rabbit for the lmplantation of ova and the



subsequent maintensnce of pregnancys In 1908, Loehk
denonstrated the wequirements of the corpug luteum in

the ovexy for deciduoma formalion in the guinea pig.

Loeb ond Hesselberg (1917) found that reméval
of the corpora lubea in preguant guinea pigs allowved
ovulation to take plaee: In addition they were able %o
shorten the cycle length in unmated guines pigs from which
the corpore lutes vere removed shortly after their formabion.
This finding was subsequently confirmed in the covw by
Willisms (1921) ond Hemmond (L927) who were able to shorten
the 21 day cyocle in the cow by menuald exprespion of ihe
corpus lubewn at mid cyoles oestrus and ovulation L£ollowe

ing in 2 bo 5 days.

Loob in 1923 reported that folliclews way develop
in the gulnee pig in the presence of the corpora lutea bub
that ovulation did not ocour. Hummond (1927) veported a

pimiler situation in the cowe

Corner and Hupni (1918) injeoted rabe with agueous
extracts of sow corpors lubtea bub were unsble to delay

ovulation or alter the oycle.

Kennedy (1925) repeated this oxperiment in rabbits




and although ovulation was inhiblited in some subjecis he
was unable to come bo any conglusion due mainly do the

$oxic effect of the exbrach,

Papanicolaon (1926) prepared a lipid exbract of
pow corpors lutes and,using weekly injections inbto guinea
pigo, e was able to suppross oestrus and ovulabion as long

as injections were continueds

Coxner (1928) and Corner end Allen (1929) wore
able to produce endometbpisl proliferation in rabbitg by
injecting material oblained from sow corpors lutea by hotb
aleohol extraction, (Substanves which produced this change
wvere known as “progestins'). From this endomebrial vesponse
they were able o é@viaa a Simple dose/reapoﬁae asgsey for
rprogeatins”s A major development followed the above
experinents when the same anthors uging their extracts of
sow corpora Lubes were aoble o maintain pregnancy'in ovariaw

ctomised female rabbito. (ALllen and Cornexr, 1929).

Allen, in 1932, preporved o falrly pure fora of
this pregnency “compound!, while Fevold, Hisaw and Leonard
(1932) also prepared a substance of high activity from sov

corpora lutea. A greol deal of intercst was taken in these
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experineats and scoon afterwards in 19%4, the isolation
of pure erystalline hommone extrachs from corpors lutea
was announced simultanecusly by four groups of workers
(Bubenandt, Westphal and fohlweg, 19343 Hawimann and
Yettaledin, 193543 Blotba, REuschig and Fels, 1934n and
19354bg and Winbersteiner and Allen, 1934)s  OFf the four
groups of workers 1t was Slobta st ol who designated the
conpound progesterone and auégew%eﬁ a stracbural formulsa.
Soon after this Uubenandt and Schnidt (1934) eynthesised
progesterone {rom pregnanediol vhich had been isolated
from preguant women's uvine by Marrvian (1929). This
pynthesis confivmed the prediction of Slotta et al. (1934)
and demonstrated for the first tine s relabtionship of
preghanediol to the nevly isolated howvmone of pregogncy,

progestorons«
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Ce URINARY PRUGHANRDION A5 AN INDEX OF PHOGESTERONS

MERABOY T,

Following the realisation that pregnanediol was
probaebly the main metabolite of {the newly discovered proge
nancy hormone, progesterone, Veunning and Browne (19§§}'aﬁ&
Venning (193?) deporibed a method for the gravineitrie
deternination of preguanediol in the form of sodiuwn pregw
nenediol glucnponidetes The method suffered from fhe
defect that the final exbvract was not pure snd that
gpontaneous decomposition of sodiun preghanediol glucurons
idate ocourred in the urine., In spliic of thoepe shoriw
sonings they were able to demonstrate the physioclogical
relationghip hetween pregnanediol end progesterone by
ieolabing the formexr compound from the uprine of subjects
vho had veceived progesterone by injections. This wase
followed by o repoxt on #h@eaxuretian of pregnanediol as
an index of progesterone metebolisn in women (Vemning and

Browne, 1957).

Agtvond and Jones (1941) elininated seme of the
defects of the above method by introducing an acid hydrolysis
of the urine, The final produet was pregnanediol which

vos estimabed grovimetrically., The sawe year Talbot, Bormon,



MacLachlan and Wolfe (1941) doveloped o procedurc for ope
timating free pregnancediol colordmetricnlly as bthe sulphuric

acld chromogen.

Severel improvements of the "Astwood-Talbot®

method vere elaboreted by different groups of workers.
Pnzyune hydrolysis was introduced by Talbob, Rynn and VWolfe
(194%) and later by Cohen (1951). This avoided the forastion

of the uawented pisments produced by aeid hydrolysis.

Blov gooling to effect the precipitetion of proge
nonediol was one of the improvements advocated by Somuerville,

Gough and Marxian (1948).

Chromatography for preliminary purvification was
ubiliged by a number of people (Muber, 1947; de Watieville,
1950; Stimmel, Rendolph and Conn, 1952, and Chaney, MoKes,
Fiocher end MoColgen, 1952). It subsequently bacame apparent
that these latter methods muffered from the disadvantage
that impuritles wveve giving rise to an over-estimate in the

final readings.

Klopper, Mitohie and Browm (19%5) and Klopper (1956)
deviged o relatively simple but specific method for preoge

nanadiol sultable for woutine laboratory usc. This involved

12




13

the use of column absorpiion chromatogrephy end subssquond
acotylation for Lfurther purifications Tinal ostimation
was based on the sodiuwn aulyhiﬁe/amlphuric aoid chromogen
of the di-ncetate, | Althongh acid hydrolysis was uwsed in
this method there sppearved to be no unwanibed pigeenis inber-

fering with the final estimation.

. Pregnencdiol was veported to he present in levge
gquantities in the urine from pregnant cows (Varker, 19%6)
but O'Woore (L947) ves unable to substantiate this finding.
A rmumber of different groups stiempbed to settle this snomaly
using o variety of the methods desoribed above. (CQouie
and Greenbawm, 19483 Stevenson, 19473 and Hill, Peterson
and Cohen, 19%4)s  However, none of these studies revealed
the presence of pregnanediol in sufficlent guantity to werdant
ony kind of quantitative estimation. In 1959, Kiyne and
Wrlght, in o very caveful chenical study of the uwinany
greroids of the cowy weore able to isolate only trace amounta
of pregnenediol in addition to a varlety of other "dlols".
¥rom this end the weport by Wright (1958) it would appeew
that the mogt lmporbent urinexy metebolite of progesterone
in the cov ig 5ﬁ~Androﬂ%anewﬁpL:1?0(&101 vhich is found in

vory small auantities ln the ugines A possible explanstion



of the high levels of pregnenediol found by Mavker (1938)

in cowsn urine in given by Weight (19%8) who suggested that
£o00ol contamination of +he wrine nay have oeourwed, parvicular~
ly in view of the fact that o number of €21 diocls have been

isolated from covw blle (Pearlman ond Gemseé, 1948),

It is appavent that ia animale other than man
the roube of exeretion of progesterone mebabolites ip via
the alimentary twact, as it has been shown thet injected
progosterone « 4 « L4 vesulis in e high peroentage of
bilioxy exoretion of the radiosctivity in cate (Teylor mmd
Sorateherd, 1969) and foecal exeretion in rats (Shen, F)lliob,

Doisy and Dodey, 1954),

In addition faecal endrogen excretion in the cou
is incvenped following the intra musceulav injection of
progestereone (Mller and Turaer, 1955)s It would therefore
appear that pregnanediol is of no value as an index of pro-

gestorone motabolism in the cov.

The alteommebtive nothods available for the situdy
aof yprogesberone metabolism in tﬁe‘aﬁw ares

(4) Bio-assay Metheds and

(B) Chenical Methods.

Phese will be discusged under sepryate headings.
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D.  SURVEY OF S BIO-ASSAY MEFHODS USED TOR FROGESEHROND
ESSIMATION,

Using the method of Corner (1928) and Corner and
Allen (1929) in which aleoholic extracts of luteal tissue
vere injected into ovariectomised rabbits, Kioura and Cornvell
(1938) measured "progesting in sov covpora lutea during
pregnancy and the oestrous gyeles +the response being messured
subjectively as the degroe of endometrial proliferation.
Using similar cviteria, Bloch (193%6) measured "progestine
in periphexal blood. The levels he found in the pregnanty
sow were, however, shoun to be a congiderable over-estimate.

(Short, 1958%).

A variation of the Corner and Allen method was
desoribed by Clauberg (1950) uwtiliging oestrogen treated
imnature female rabbliis in which ovariectony was unnecessary.
MeGinty, Anderson and MceCullough (19%9) increased the sensitivity
of the latter method by introducing the extract into an isolated
segnent of the uberine horn snd noting the decldual response.
This method was used in a number of studies in an attenpt to
measure "progestins® in plasma of different species. (Haskins,

19393 Haskine, 1941y and Hoffman and Von Lam, 1948).
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Shapdzro (1956) ovolved o test for "progestin

in which he injectod oxtracts inbo tho boad (Ienopus leevis ).

A posdtive result was indicated by ovolablon and ovipositions
" Howevery this uas very aon-specific as o large nunbor of obther

gheroids, and algo gonndoirophins, gave a poaitive pesulb,

Tuyvend de Wit (1938, 1941) developed a bio-asooy

for progesterone using the fomale bitterling (Rhodous suarus)

in whieh the response Ho the exbract wan neaspuved by the
behavigur of the ovipesibtor. e obinined some indication
that progesterone vas present in the blood of the cov and

the plge

Hooker and Forbes (1947) devised o wethod of
progaesterons aseny wvhioh had o seasitivity of 0.3 mlerograme
por nicvolitye. This invelved the Introduetion of an extract
into an isclated wberine sepment of the ovardectonised mouse
followed by on assesepent of thoe hypertrophy produced in the

totromal suclel! of the eudonobiinm.

Severel groups daployed this method for the
measurenont of poripheral blood Yprogestins” in a numbur of

different speviests



Yorbes, Hooker and Pfeiffer (1950) « Monkeye.

Forbes (19%51) - Human and Monkey.
Beyans (1951) - Monkey.

Neher and Zarrow (1954) - Twes

Zarrow and Neher (1955) ~  Rabbib.

Generally speaking the results were gomevwhat
variable bul many bore o relationshlp o eunbaseyuent chemioal

determinations of progesteronee

Bio~assay methods however suffer from the defect
of boing relatively non-gpecific for progesterone snd efforts
vere continuounsly being mode to develop a specific chomlcal

method for the measurement of progesterone.
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iy et S AT T 1)

PHEEIGAT, MECHODS FOR DRI HSUDIATION OF PROGESTFRONE:

Properties of procesterones  Progesterone (pregnene=qmci-

%220 dione) iz a 21 carbon steroid hocmone possessing a

double bond between carbon 4 and % and ketone groups ab
carbons 5 and 20+ (See Figure l.4¢3.). In pure Loxm it ie
a white orystalline solid with a molecular weight of 314

and is very soluble in lipid solvents and plasma but almost
insoluble in water. It has, in common with meny other A4 -« 3
cetone sberolds, a well defined absovpiion peek at 241 mp in

ethanolie solubion.

The chemical reactions of progeﬂteréne are agein
shared by a large number of different steroids. %hese
include the Zimmormen yveactlion, in which progesterone shovs
up ag a blue spot on poper after treatment with alcoholic
potaasium hydroxide, and the sodiunm bydroxide fluorescence
repction described by Bush (1952)e  When treated with
sulphuric acid it gives o chyomogen with an absorpiion peak
at 290 mp o fealure shared with several obher eteroids

(%affareni, 1950).

Progesterone ocan be partly reduced with sodium
borohydride to yield small awounts of both ite 20 hydroxy
opimers (Norymberski and Woods, 1955).  lowcver, since proe

gesterone has no hydroxyl groups it cannot form an acotate.
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Tue to the presence of the ketone groups,
progesterone will form derivatives with a number of compounds.
These include the iponicotinic aecld hydrazine derivative
(Ereoli, Giuiseppe and fuggieri, 1952). %The bisthiosenie
carbazene derivetives (Bvans and Gillem, 1943) and the
bisdinltrophenylhydrazine weoction (Klein, Weiner and Gordon,

1948) .

Mone of the properties of progesterone so far
desoeribed are suitable criteria of identification. They
- ¢any however, be uged as o neans of quantitative estimation
or for confirmatory tests provided that prior isolation has

been effected by physical snd chenical means.

For conelusive identification iV is necessary to
compare the infra~red specira of the isolated compound and
authentic progesterones Alternatively, using gas liquid
ehremategraphyg-tha relative retention time of authentio
- progesterone can be compared to the relative retention time

of the unknown steroide

Chomical melthodss ‘These are generally based on the
propertics described above and consist of extraction of

the various tissues with suitsble lipid solvents, some



degree of purification and using physical mesns either the
direct measurement of (a) progesterone itself or (b) some
chemical devivative of progesterone. %The methods wbilising
the measurement of progesterons itself will be described

first.

(a) Measurement of Progesterone Itself: Reynolds and

Ginsberg (1942) extracted progesterone by the method of
Allen (19%2) and then measured progesterone directly by
ultra-violet spectropbotometry. The absorption in ulira-
violet light depends on the presence of A4 -~ 3 ketones
however, since it was not possible, at that time, to separate
progesterone from other A4 ~ 3 ketones, the method lacked

specificity.

Hagkins (1950) using a simple ebher extraction
measured by ultra-violet spectrophotometry the concentration
of intravenously injected progesterone in rabbits. The firset
atbenpt to isolate progesterone by paper chromabography vas
made by Hasking, Sherman and Allen (1950) bub this was only

partislly sucocesaful.

A further refinement in the purification of pro-

gesterons was made possible by the rather elegant paper
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chromatographic techniques devised by Zaffaroni (1950) and
Bush (1952), Using the aqueous methanol paper chromatow
grephic systen of the latter to isolate the progesterone,
Tdgar (1953%) measured progesterone in hody fluids and
tissues of domestic animals weing ultra-violet absorption
at 240 mp. He was unable bto detect progesterone in the
periphaeral blood of the ewey cow, sow or mare, bub measured
the relatively high gquentities present in the ovarian vein
blood of pregnant and cycling eves and sows (Bdgar, 1952,

and 1953°% Hdgar and Ronaldson, 1958).

Independently, Zonder and Simmer (19%4) using &
similar method to that of Bdgar (1953") isolated and messured
progesterone in various body fluide and tissues of women
during pregnency and during the menstrual cycle. Zander,
Forbes, von Minetermen and Neher (1958) using the above

method showed that the 20 hydroxy epimers of progesterone

had blological sctivity which partly explained the discrepancy

between chemical and bio-assay methode.  Zander (1954)
identified progesterone in human periphersl blood during
pregnancy nging infra-red spectrophotometry for finel cone

Firmation.

Roeside and Turner (1955) using a combination of
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Bdgarts and Zandex's methods measured progesierone in the
ovarian vein blood of the goat and in the peripheral blood
of cows injeeted with exogenous progesberone, but like
Ldgar (IQBBh) they were unable to deteot progesterone in
the peripheral blood of couws during the oestyous gycle ox

during pregnancy .

Progesterone vas umeasured in the corpora lutea
of sows and cous in different reproductive states by Loy,
Meshan and Casida (1957) using chromatography on aluming,
counter current distribution and final measurement by ulbtrew
violel absorptions They found a wide range of levels in
sov corpora iutea (20 to 105 pg/em of tissue) but the material

was nostly undated. Mo figures were given for the cow.

The use of sodium hydroxide treatment of plasna
prior to extraction with orgenlo solvents was utilised by
Short (19583), vwho omployed ether exitraction and paper
chromatographic techniques as well as dirvect ultra violet
spectrophotometry which resulted in a method of excellent
sengitivity, specificity and vepeatability. Using this
method Bhort measured progesterone in a wide variety of
tigsues including plasma in a number of different species,

Using very lavge volumes of plasma he was able to detect
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progesterone in the peripheral bhlood of cattle, sheep,
piga and hovees in different reproduotive states. In
addition he wag able to measure plasme progesterone in
women throughout the course of pregnancy (Short and Eton,

1959) s

Gorski, Erb, Dickson and Butler (1958) using an
ethyl acetale ¢ benzene extraction procedure, measured pro-
gesterone and ite 20p eplimer in corpora lutea of cows. They
also found progesterone in normal ovarian tissue and in
the adrepal glands but were unable to detect it in the placenia

of the cowe

Qomparatively lerge amounts of progesterone were
isolated from the human placenta using sodium hydroxide
treatuent prior to ether exiraction, followed by column
chromatography and counter ourrent distribution (Selhanick,

Noall, %orvow and Samuels, 1952; and Diczfalusy, 1952).

Short (1956) also ubilised pretrentment with
aodinﬁ hydroxide followed by ether extraction, counter current
distribution and paper chromatographic separation and studied
progesterone levelg in the placentae of the donestic animals.
He detected progesterone in the placenta of the mare but vas

unable to isolate if from this source in the cow, sow, eve



or bitche Pearlman (1957&) and Gorski et al. (1958) wore

algo unable to {fiad progesterone in the placenta of the cou.

(b) Chewlcal Derivatives of Frogesbterones The methods
described in section (a) above have all been hased on the
direect measurement of progesterone by ultra-vioclet spectro-
photometry., Several workers have prepared chemical derive
atives of progesterone in an attempt to attain higher sei=

sitivity and specificity in the final reading.

putt, Morris, Morris and Williems (1951) who
extracted with an ethanoli:ether (5s:l) mixture, purified
the extract by column chromatography snd measured the
Qirvard derivative of progesierone by polavographic means.
By this method they weve able to measure accurately the
relatively high levels of progesterone in human placental
bloods This was the first time thal progesterone had

been measured in blood with any degree of accuracye.

Peariman ond Cerceo (19523 19%53) using ether
extraction alter pretreatment with allkali, followed by
formation of Girard derivatives, counter current distribution
and final estimatlion of progesterone as the bisthiovsemicar=-

bazide derivative were able to measure progesterons in hunan
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plasma as the dinitrophenylhydrazine derivative, bubt ran
into considerable difficulties with contaminating lipid

material.

Sommerville and Deshpande (1958), using sodium
hydroxide pretreatment of plasmo, extrected with etherimethylene
‘ghloride (451) mixture folloved by chromatography on alumina,
measured progesterone as the isonicotinic acid hydrazine
derivative, which unfortunately has o lov molar exbinction
coefficient and the method therefore lacked sencitivity.

(Short, 1961).

Oertel, Wedss and Mik-Ness (1959) ueing ethanol
for extraction and paper chromatography for separation of
érogasterone,m@a&uraa the sulphuric aecid chromogen of pro=
gesterone in wltra violet lighte In this way they were
able to meagure progesterone in the peripheral blood of

women during pregnency and during the menstrual oycle.

Simmox and Simmer (1959) using an extraction and
purification method similar to the method described above
(Gertel et ale 1959)y utilised the thiosemicarbazide derive
ative for the final estimation of progesterone. They were

able {0 measure successfully the levels of progesterone in




the plasma of women during late presnency and the values
they found agreed well with those reported in previous

atudien of this lkind.

It will be apparent that many mebthods have been
deseribed for the measuremcnt of progesterone in biological
metoriale. Generally speeking most of these methods were
very elaborate and, due to emulsion formotion, were une

suitable for the processing of lavge volumes of plasma

(Shoxt, 1961), On the other hand the method of Short (1956%)

was suilable for dealing with the large volumes of plasme
necessary for the estimation of ciroulating progesterone in
cows whioch were the enimals to be utilised in this study.

(Vide - discussion).
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RONE TN THE GO,

Progestorone has been denongbrated in nany
hovine tinsuwes but hos not bheon the subjoct of many
investigationn due lavgely to the diffioulty of wnaliing

aocurate measurenents of the lov levels which poeur in

this wy&éﬁaa.

s In the daixry oow ﬁhm imyortanéw of
the corpus 1ufgum in the:mmintmnana@ &f pragnancy wés
ﬁemaﬂ&%r&@ﬂﬁ h& yilliams (1909) who showed ﬁh@ﬁ yemoval Qf
this structhure durding preguonoy resulied in z&'f:zmkim;x. ‘.E*szié

finding vas confiruned by Hess (1920) end Bohmaltz (1921)

"Erpgeoting® were Ldentified in large quentitlies
in bovine corpors lutee by blo-aspay methods (Kinura, 1935,

and Bretochweider, Duyvene and Knoy, 1942).

Molubt (1924) reported the cave of an ababioir
eow in advanved preguonay (epproxivetely 230 days) wbich
had both prosely and bigtologicnlly a small non-functionnl
corpus Iubeuns  This vas the Dirpt indiestlon thet the cow
in advanced preghanecy might have an alternative souree of

terogesting.  Phe sane awvthoy in o stedy of the corpus
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luteum during pregnancy, HMoltatt (1927), found that in
many cows there was o marked regression during the second

half of gesltation, with histological chonges similay to
that seen in the coxpus luteum at tho end of the ocatrous

cycle.

A convenient explanation followed when Adler,
de Fremery ahd Pousk (19%4) detected progestabional activity
in extracts of cov placentae using a bio-aspay method. This
finding vwes partially oonfirmed by Fhrhardt and Hordt (1937)

who deteated "progesting® in one out of three cow placoentae.

Uren and Raeside (1951) confirmed experimentally
the observation of MoNutt (1924) when they showed that the
removal of the corpus luteum in a cow 205 days pregnant; and
without progesterone replacement therspy, did not interfere
vith gestation and parturition. In addition it vas found
that to maintain pregnancy in cows when the corpus luteum
was removed prior to 200 days of pregnency, 100 wmg. of
progesterone in oil had to be adminisiered dmily by intrae
mascular injection. MeDonald, Nidols and MeNutt (1952)

confirmed these findings and in addition found thet in the

28

event of caxly removal of the corpus luteum replacement therapy

could bestopped as early as 140 days without shortion resulting.



It was therefore considered that the placenta of
the gow produced pxogeategane in late pregnancys  However,
Short (1956) was unabdle to deteot any progesterone in the
placentae of cowe during late pregnancy. This was cone
 firned by Peariman (1957%) ond Govski, Krb, Dickson and
Butler (19568)« The latter group using ethyl acetate ex=
traction, paper chromptogrophy and ultra violet epectroe
photometry, could not detect progesterone in three litres
of uterine vein bleed from a heifer in late pregnancy, nor
in the placentae of Bix cows.. They also confirmed the
findings of Gorski, Dominguez, Samels and Nrb (1956) that,
in addition to the corpus luteun of the oycle and of prege
nancy, both the sdrenal gland and the non~lutesl ovarian
tissue contained progesterones In addition they detected
208 hydroxy progesterone, & metabolite of progesterone, in
luteal tissue from pregnont and non-pregnent covws, This

conversion has been shown to ocour in vitro in cow luteal

tissue hamogenataa with added progesterone (Hayano, Lindbewg,

Veiner, Homenkrantz and Dorfmen, 1954).

Englehart as early as 19350, noticed progestetional

activity in young rabbits injected with lipid extracts of
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the adrenal glands. Cellow and Parkes (1936) prepared extracls

from the sdrenals of wost of the domestic animals which
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produced full progestationsl vesponse in rabblts. The
chemical identification of progeeterone from the ox adrenal

vag reporved by Beald and Reichetein (1938).

Bolfour, Comline and Short (1957) isolated pro=-
gesterone from the adrenal vein blood of pregnant and non-
pregnant cows, calves and steerss  Short (1960%) estimsted
thet the adrenal glands of the pregnant cow could secrete ap
much as 1.5 mg/hour,whiah would represent a elgnificant
contribution to the maint@haﬂca of pregnancy. Howevery he
pointed out that a proportion of this might result from

surgical stress during canulation of the adrenal vein.

Bolfour, Comline and Shovt (19%9) have shown thatb
the adrenal gland of the nowborn calf secretes only 20 >
hydroxy progesterone but {that there is a gradual change to
progesterone itself whioh is conplete by about 2 monthg of
apes The significance of this is ab prosent unknown but

suggests that an enzymic factor is involved.

short (1957) made a fou preliminery cbservations
on plasma progesterone levels of the cow during the oestrous
oycle. lle detected the horxmone in two out of five samples

examineds
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fhort (195&”) uging large volumes of plasns
measured progesterone in the peripheral blood of cattle
throughout the course of pregnancy and foundl that the
level was of the order of 1 jpg/l00 wl uutil three veeks
prior to parturitions At this time 1% began to fall

and was undetectable at calving.

Mares and Caside (1960) measured by the chemical
method of Loy et als (1957), the levels of progesiterone and
the 20p epimer in Yhe corpus luteum during the ocesiyas cycle
in the heifer. They béaeﬁ their finding on the estimation
of aorpdra luten obtained per vaginum from two heifers on
daysy Ty 9y 11, 13, 15 and 17 of the oesta@m cyole. Progese
terone concentration was found to increase from 26 pg/en on
da&’f to a wmaxinum of 45 pg/gﬁ on day 15, when 20B hydvoxy
prégestarone Qam aleo at its highest., There was little
dif?exene@ in gorpus luteum weighte on the various days of

the cycles

Zimbeluan, Loy and Uaside (1961) studied the
progesterone level in cow corpore lubtea on days 14y 18, 23,
28 an@ 42 of pregnencys They found the highest levels on
day 14 (35 pg/en or 200 pg/gland) with a gradual £all in
level with advancing pregnancy. The quantity of QQB hydroxy
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progesterone did not vary with the stage of pregnancy.

Sieveral groups of workers have raparted the
levels of progesterone in the corpus luteum throughout
the course of pregnancys There appears to be some diver-
gonge of yesulis,voth in the lavéla found in the glands,
and the stage of pregnancy at which the maximum level wasg
attaineds Kaey (1942) using s bio=assay method found
that the maximum level was resched during the 3rd month of
gestation and this was subsequently confirmed by a chemical
method of estimation (Stormshek and Brb, 1961).. Melaupy,
Hearn and Rakes (1959) and Kristoffersen (1960}, both using
chemical methods found maximum levels. during the fourth
month and £ifth month of pregnangy, respeotively. The
concentration of progestorone varied with the method used
but genorelly fell within the wenge of 10 to 25 pg/en of

tisoue.

In g similer etudy to that of Maves ob ale (1960),
Mares, Zimbelmen end CGaside (1962) studied the levels of
progesterone in the eorpus luteunm during the oestros cycle
in the ocow on days 3, 5y Ty 94 11y 13, 15, L7 and 19 deyss
They reported low levels of progesterone and the 208 epimer

on days 3, 5 and 7 when on day 9 theve mppeared to be a
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marked incrvease from 25 ug to 35 ng per gram of lutenl
tisoue, The peak level of 45 pu/en was reached on day 15
of the oycle and fell sharply on day 17 to ?,pg/gm although
there was not such a marked reductlion in corpus luteum weight

at this ftime.

. Loy, Zimbelman and CGaside (1L960) and Zimbelman,
Loy ond Gasida (1961) have studied the effects of administored
ovarian hormones in corpus luteun function and development in
the oowe  Tho genoral offect was that the progesterone cone
centration in the corpus latsum was depresged when axogenous
progesterone vas given but the weight of the gland remained
unchanged, UWhen ocstrogens were adminiglered the corpus

luteun regressed prematurely.

The relative sbundance of progesterone conpared
to other steroids in follicular fluid of the cow was reported
by Short (1962) in contrast %o his previous findings in equine
or hwnan follicular fluid (Short, 1960; Short and London,
1961)s However, the outhor pointed out that this high level
of progesteyone could hévpaﬁtly due o contamination with

fluid from luteal cysta.

Barly embryounic death in cattle has been reported



as a major cauge of infertility by a number of difforent
vorkers. (Tanabe and Casida, 19493 Laing, 1949; Howk,
Wilthank, Xidder and Casida, 19593 Asdell, 1958 and
Greenstoin and Foley, 1998)e  In normal cows the general
Linding was that & fow doys after service fertllised ova
verd present in spproximately 904, while after one month,
the porcenbage of cows pregnant had fallen 4o epproximetely
60%. In oowa knoun to have diminished fertility (repeats
breeders) the figuves wewe 60% and 304 at 3 doys end one
month respectivelys Thies constitutes a major production

loss to the agriocultural industny.

In viev of the fact that progesterone is so
intimabtely concerned with eumbryonic life a number of
trials have been run to observe the eflect of exogenous
progesterone on congepbion rates and embryonic mortality
in selected groups of cattles Various workeras have claimed
different degrees of success with progesterone therapy fox
improving conception rates in “repestwbreeders" and normal
cows (Herwick, 1953; Dawson, 19543 Wiltbank, Hawk, Kidder,
Black, Ulberg ond Casida, 19565 Johnson, 1998 and Hansel,

Mekntee and Wagner, 1960},

Some preliminary studles have been carried out
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on bthe relationship betueeon embryonia death and the pro-
geatorone content of the corpors lulea in normal and

"ropeab-breeder! coud.

Uoning the method of Stormshak, Hunt and Brb
(1961) which incorporates the use of an internal marker
of progesterone - 4 = ClL4s BErb and Btormshak (L96L) esw
timated the levels of progesiterone amd 208 hydroxy prow
gesterone in the corpus lubeum, ovaries and adranais in
the normal end repeat-breeder oow during the oyocle and
during early pregnancy, end found the levels to be cssenw
tdally the asame. The total quanbdity of progesterone was
less then 100 hg until ofber the sixth day of oestrus,
Maxioum quantlbies were obaerved {rom days 14 te 16 of the
cycle with six cows averaging 251 pg pexr gland.. Total
progesterone did not decline until near the time of exw
peoted owstrus. During pregnanoy the average total gland
level for seven cows at 25 to 34 deys pregnant was 161 pg

while at 37 to 42 days it was 250 pg.

.Faate, Zimbelmen, Loy and Casida (19%9) using the
progesierone estimation method of Loy et al. (1957) studied
the progesterone levels in ocorpora lutes removed per veginum
from firet service and repeat~brecder heifers on day 14 of

the oycle. Results indicated that there was no significant



36

difference between the two growps of seven animals used,
in the gland welght, progesierone conbent and proportion
of functional luteal cells. The study was repeabed on
pach animal following the elopse of one znormal cyole bud
there vas agmin‘ne Qifference between the two groups and
no differense from the previaua roesulte except that the
w&ight‘of the firet corpors luten was somewhat heaview
0Il averags ﬁhén the second. The progesterone concentra-
Hion xangeﬂ from 18 to 80 pe/em and the total amount per

gland from 80 4o 394 pge

Staplos and Hansel (1961) studied the progege
terone levels in the corpora lutes of heifers in relation
to embryo survivel ot 1Y% dayes ofter mating. JYrom a
group of 27 animale the conception rate was T4 and fthere
was no significant difference between the pregnant and
non~prognant animels in the levels of progesterone present
in the corpora lutens iovever the lovels of 20B hydroxy
progestersne appeared to be asubstantially higher in the
non~pregnant heifefao These workers élse studied the
effects Qf daily oxytoecin injections in a éimilar groub
of heifers and found a much vedused conception rate (40%)

with most animals showing pgigns of precocious ovulation



prior to slaughter on the 15th day. In those animals
vhich were pregnant the progesterone content of their
corpore lutea did not differ from the levels found in the

untreated group.
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G EROJROT AN

D PLAN_OF BXPRRIMENGS..

The object of this study was firstly to estabw-
lish normal blood progestevone levels for the cow during
the oestrous oyele, In addition it wap hoped to establish
tissue levels ond study the metabolism of progesteronc in

the cov at this time..

Following the preliminery study the intention
was to examine the distribution of progesterone in ine
seminated cows in an atbempt to establish whether this
horunone was related to conception rates or possible embryow

nic mortalitye.

It wes fortunate at this time that a study éf
embryonic death in catitle wag due to commence in the
iniversity of Glasgow Veterinevy Hospitale. This project
wag Tinahced by the Agricultural Research Council and was
under the direction of Dxm. Boyd, Baosich and Young. The
objeot of this study was to compare the histology of the
endoerine glands and repreoductive organs of cowsy pregnant
and nonepregnant at 16 and 26 days after insemination. In
addition immunological and bacteriological aspects were to

be atudiede




haring the period of siudy it was hoped to
examine, at the Veterinary Hospiial, clinical cases which

might be influenced by progesterone or its metabolites.

The methods selected for the determination of
progesterone in plasme end in coxpora luten were those of
Short (195&3 end Rovlends and Short (1959) weapectively.

For the estimation of progesterone in body fat, the extract-
ion and purification procedures were based on those of Allen

(1932),

Ouing %o the difficulty of estimeting progesterone
in bovine tissues o considerable amount of tiwe was to be
devoted Lo the examination of the methods employeds Yhis
vas particularly necessary with bovine plasma wvhere, as a
resald of gel formation, difficulties can be encountersd
during the extraction procedure. In addition poler lipid

impuritien on {the chromatograms can creabta problems which

are not normally encountered in other species. (Short, 19§8b;

1960, personal communication).
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SECTION 2 -  MEEHODS

Introduction: Tho methods were based essentiolly on those

of Short (195§$) and Rowlands end Short (1959) with some
modifications,notably the incorporation of an internal radioe=
notive marker of radio-progesterone (progestercne = #4 = (14).
With bovine plasme samples it was found necessary to acetylate,

then re-chromatograph the progesterone gpot.

Do REAGENTS.

Peroxide Iree lithers This was prepared by the method of
Brown (1955) in which diethyl ether B.P. Solvent was washed
with a twentieth volume of a saturated solution of ferrous
sulphate followed by three 1/10th volume washings with
distilled vater., Final purification was carried out by
distillation at 560. The peroxide free ether was stored

in dark bottles and was used within a fortnight,

Ethyl slcoholy was "Special for Spectroscopy" (James Burrough
Linited, London). This was not re-distilled before use.

All othér oxganic solvenits vere re-distilled before use on

a 60 centimetyve frachionating column packed with single turn

glaps heligos.
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Radio-potive Progesberone (progesterone - 4 = Cl4) was
obtained from the Radlo Chemical Centre, Amersham. The
gpeeific activity was 27.9 po/milligrem vith a radio

chemical purity of 102407

Markex &teraida were obbained from the M.R.0s Steroid

Reference (olleotion, through the courtesy of FProfessor

Wa Klyno.

All other chemicels used were of Analor grade,
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FIGDRE 2.B.I.

ELUTION APPAHATUS,
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APPARATUS

Ba

Glass Homogenisers wero made by~wesléy Coe Coe Libdey
Canbridge. They were 10" in length ond made to the

gpecification of Dr. L.Q. Samuels.

(Quickfit end Quartz) was used

to evaporate methanolic extracts to dryness.

Chromatosraphy tanks were obteined from Shandon Seientific
Co. Ltde, London. he type used was the Universal 13"

Strip Chromatanks.

A Hanoviae "Chromatolite" Ultraviolet Lamp emitting at 2537A

was used in ultre violet contact photograpiy.

hlution Apparatusg was o modified version of that desoribed
by Zander and Simmer (1954), made by Camlab Ltd., Cambridge.

See Figure 2.B.1.

A Unigon 542500 spreotrophotometer was used for final

reading of samples.

Quoarts microcells of capacity of Oe4 ml and an optical
path of 1 om. wore used in conjunction with a quartaz

focusing lens.



FIGURE 2.B.2.

CHROMATOGRAHti1 CABINET
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Carbon 14 gounting sauloment Carbon 14 was measuved with
g thin mica end-window (.M. tube type B.W.3H. (20th Centuxry

Blectronics) and a Panax Scaler type De 657.

Chronatosraphy Cabinet %his wao used for temperature conuA
trol of chyomatography tanks and wap made by Mr. Gunbrip,
Senior Techodelan in Animal Research Station, Huntingdon
Road, Cambpidge, through the courtesy of Dr. T.Re.Rs Hanne

- Vide photograph - Figuve 2.B,2.

Glossuare Most of the glasswere was supplied by Quickfit
and Quertz Ltde This dncluded distillation apparatus,
separating fumels, condensers, equipment fitted with

groand glass joints.

CLEANSING OF GLASSWART

All glaseware used in the determingation was soaked
overnight in ohromic acid (Cone. Hy80, 3 Saturated potassium
dichromate - lil). Several washings in varn water was
followed by a two hour immersion in an 0.2¢% solution of
sodium sulphite « poidified with sulphuric neid to remove
any remaining traces of chromio acide (Brovwn J.Bs, 1955).
After repested vashings with warm wvater end a final rinse
with de~lonized water the apparatus was dried in o hot air

ovah at 110°.
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Co _ DXPERTMENTAL MATBRIALS.

The tissues uwsed in the present study were bovine
plasna end bovine corporas luteas. A small number of hovine
body fot and milk seuples were slso utilised. The blood
sanples were colleoted from the jJjugular vein by meens of a
canula with sodium oxalabe (0.254) as an anticongulent.

The blood was spun down immediately in an M.9.B. medium
refrigerated centrifuge ab 0°¢ for 1 hour at 2,000 x G,
Blood samples which were obtalned at a distence from the
hogpital were collected over loe and stored ab 0°¢ until
the plasma could be separated. Plasma samples were stored

in a deep freecze at -1500.

The majority of the corpora luten tere obtained
at slaughter. These vere carefully dissected from the
ovary, veighed, and o portion veighing approximately 0.5 gm
was removed for aseaye A smell number of corpora lutbes
weye removed from the live animel per veginum under poster-
ior epidural snaesthesia. The animal was restrained in s
wgrush" and 4 co of a %% eolution of procaine hydrochloride
injected at the sacro-cocoygeal junction.  Anaesthesia
followed within minuﬁaﬁ and involved the buttocl, perineum,

vulva, vagine and teil. The vaginel floor was




depresged by means of a long metal probe zand an inecision
of 3.5 ome. was nade with a guarded blade in the dorsal
anterior vaginal fornixs The depression of the vaginal
floor was a precaubion agalnst asoidental denmage B0 the
apria or rectum. ﬁ& reotal manipulation the ovary,
containing the corpus Jubeum, was guided through the
inelsion into ths‘vagina whare the corpus iuteum WAS en=
noeleateds The ovary in thig situation could be inspected

by means of a vaginal speculuns

Bullock bloond was collected over ice at Glasgow
Abat:oir and conveyed o the laboratory where meparation

of the plasmne was carvied out ab 0°0.
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Vs PROVEDURTS

The procedures can be counsidered in the following

stopss

1. EXERACPTON OF PESEUR: orude lipid extraction of plasma,

gorpus luteun or other tissues.

2+  PAPER CHROMATOGRAPHY: separabion of steroids from
other lipids.

Locntion of steroid

"spote" on chromabograiie

4« BLUTION: recovery of steroid from paper using elution

apparebus described above.

He¢ BPECTROPHOTOMUIRY: quantitative estimation of steroid
in Unicam S.P. 500 at 220, 240 and 260 millimicrons.
6 veon-4 COUNTINGs measurement of recovered radio

activity direct from test solution in quartz miocrocells.
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BLOY SHERR FOR EXTROCTION OF PLASMA.

BLOOD PLASUA
Treat with 4% NaOH ndd 1000 c.p.m. progesterone
- 4 = ClA snd extrset 2, 3 or 4 times with an

equal volume of ether.

P PLASMA RESTIUR

Wash with 1/10 volume distilled water to

remove traces of NoQH,

o WATER SOLUBLE

RESIDUL,.

Bvaporate to dyyuess, redissolve in light
petroleun and extract with 704 aqueous methanol.

LIGHT PRTROLEUM

#  RESIDUL.

Bvaporate to dryness on rotery film evaporator
and transfer bto 2 nl glass tube with washings
of absolube methanol.

CHROMATOGRAPILY
This is followed by elution, acetylation, re-
chromotography ond meagsurenent in spectro-
photometer. Radiosctivity in sample counted

and recovery % caloulatod.




1o  EXIRAGRION OF SISSUR:

(A) ZLASMAs 500 ml bovine plesma was treated with N

godiun hydvoxide to give o final concontration of ¢l
0.18 ng of progesterone - 4 - (14 (appromimately 1000
counte per wminute) vas added in 0.2 ml benszene by means
of an auto sero pipeties A standard pleachet containing
the same amount of radio-progesterone was prepared at the

sane Gtime.

Phe plasns sample was stirred with o glass vod
t0 ensure thovough mixing of radio-active progssierone,
plasma and sdded sodium hydroxide and then extrocted 2, 3,
or 4 times with an equal volume of pevoxide free ether.
Bther extracts weve pooled, washed with a 1/10%h volume
of distilied vwater to remove traces of podiuvn hydroxide,

and concentrated to near deyness in a wveberbath at 709¢

The last traces of ether vere removed in & streom of nitrogen

over a warm vater bathe

Maring the ether exbtraction of the plasma from
cortain individual covs there was o tendency forx the fore
mation of a gel which varied from o slight thickening op

increased viscosity to a solld table~jelly like formations
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LUTEAL EXSOUR
Homogenise lutenl tissue with 4 x 5 ml portionsg
of 24 NaOH W/¥. Add 1000 c.p.m. of progesterone
- 4 = Gl4 and extract homogenate with 6 x 14
volumes of ether,

YISGUR
> RESIDUR

<

STHER BXIRACHE
Wash with 1/10 volumes of water until neutral

to Litnus.

WATER SOLUBLE
o — - e RESITDUT

Bvaporate to drynsss, redissolve in light
petroleum and extrect with 704 agueous
methanol.

LIGHD? PEIROLIUM
=  RESIDUE

v my

HANOLIC HXIRACH

Fwaporate to dryness on rotary film evaporator
and transfer to 2 ml. test tube with washings

of absolube methanol.

V' CHROMATOGRARH
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Vhen gel formabtion ooturred it was usually after the
firet ether extyraction had been token and it vas nobiced
in both fyesh and deep frozen samples. IH oscurred more
componly in the first two opr three samples taken from
individusl cows then it seened to taper off following a
slight inovease in the plasma yield from these cows, I%
8lso occurred in one cow (vhich had not exhibited this
phenomena previously) following a course of injections

with chorionic gonsdotrophin. (L.H. Vainly).

The difficulty of the gel formablon vas ovore
gome by adding 100 wl of distilled weter to the "golV
plasma end gently etirring until the plasma hed rve-dissolved
vhereupon the exbraction process continued with extra ether

o make np for the inecreape in volume.

Bs  CORPORA LUTEAs The exbraction method used wos based

on that of Rovlands & Short (1959)s The luteal tiseue

was homogenised in a glass homogeniser with four § ml,
volunes of 244 NaoW (W/V). 0,18 pg radio-progesterone
(1000 cepems ) contained in 042 nl benszene was added to the
pooled homogenate which ves extracted six times with 29 ml
ether. A standapd planchet conteining the same amount of

radio progesterong was prepared al the eame time, The
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PLOY SHIRS FOR

BODY AT
Po each 100 gms of homogeniped ot add 10 ml
SN WaOH, mix 2nd allow %0 stand for 30 minutes.

Baxtract 3 times with an egual volume of ether.

= FAT RESINIR

Vash pooled ebher exbrest with 1/10 volume
distilled water to remove traces of NaOHl and
evaporate to dryness.

WATER SOLUBLE
> RESIDUR

ASHED DTHER BXURACT
Bxtract residue twiee with 400 ml T70% methanol

ot Eﬁoﬁ Preose Lo nlﬁg and filter cold.

BEUHER SOLUBLE
+ TAT RESIDUR

Bvaporate to dyryness and transfer with 3 washings
of absolube methanol 40 a 5 ml centyrifuge tube.
Redissolve in 5 nl. warm 70% methanol and freeue
at «15° overnight, Centrifuge at 2,000 G in the

mworning and decant supernatant which ls evaporw

ated to dryness.
Y
CHROMATOGHRAPHY
In most cases acetylation and rechromatography

was necessary to purify the scomple.
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ether extracis vere pooled and washed three times with

2 ml portions of distilled water or until neutral to
litmus papere The ether extract was then evaporated

to partial dryness and final traces of ether were removed

with a stream of nitrogen in a warn water bath at BOOa

The dried ether extracts of either plasma or
corpora lutea were then treated in the same way. They
vere taken up in % x 10 ml volumes of light petroleunm
(40° - 60°) and transferred to & separating funnel. The
light petroleum contalning the lipld extract was then exe
tracted six times with 10 ml 70/ methanol (Allen, 1952).
This alloved for aeparation of the steroids from the plge
ments and crude lipids contbained in the light petroleun.
Progesterone under this system has a partition co~efficient
of one (1) so that theoretically the mebhanolic extract

containe 98.4% of the available progesterone.

The methanolic extract contained in a %00 ml
round bottom flusk was then taken to deyness on a rotary
film evaporator ueing o water bath at 60°C end a reduced

pressure of approximately 60 mm of wercury.

The residue wos dissolved in 1 ml avsolute methanol,

transferred to o 3 ml gloss test tube, and evaporated to



PERIPHERAL

FIGURE 2.D.1

ORIGIN

20 p HYDROXY
PROGESTERONE

PROGESTERONE

SOLVENT FRONT

BLOOD COW MID CYCLE

720 ML PLASMA.
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dryness under a stream of nitrogen in o water bath at 500,
This was repeated using one further washing of 1 nml methanol

and lastly one of 0,% ml methanol.

Cs BODY WAT: Using pre-treatment with sodium hydroxide

and the freeze-precipitation methods employed by Allen (1932),
body fat from cows was exanmined for the presence of proges=
terone. The initial purification steps are shown in the
flow sheot for body fat: the final scetylation and chrone

atography belng identical 1o that used for other tissues.

2e  CHROM MAPHY:s  Preoparation of papers Whatman
chromatography papor No.20 in strips measuring ll.5 x 42.5
cms., were washed by descending flow in sbsolute methanol
for 46 hours and then allowed to dry in air. The residue
in the test tube was dissolved in 0.05 ml aboolute methanol
and applied to the paper in strips using s hot air bhlower.
In order to ensure the complete transfer of the residue to
paper, two further waﬁhingm of 0,025 ml sbsolute methanol
each were used and applied to the paper as before. Marker

steroids are shown in Figure 2.D.1.

The paper was placed in the chromatography tank

in such a way that the origin line was placed 6 cms, from
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the trough edge and the first 4 ome. of the paper was
horizontal (Bush, 1952)., The paper was equilibrated in
the tank for 1 hour at 259 before the solvent moblile phase
was run in.  The solvent system used was Bush type A,

80% methanol s 1i§ht petroleun (80° - 100°C) 1:1 (Bush,
1952)s  The edditional system of =70 Mothanol. s Hexane
(500 - SDQ) was found to give a good aeparaﬁiqn’of Pro=-

gesterone Lrom the solvent front when this was required.

When a new tank was set up for chromatography
about 200 ml. of each solvent was placed in separate
sontainers in the tenk and an equilibration period of 18
hours was allowed before any chromatography vas carried

out in this particular tank. (Clayton, 1956).

The chromotogramns were normally developed with
100 ml of mobile phase and & descending flow of solvent.
The time alloved for developuent wes 23 hours and the

papers vere dvied at room temperature in alr.

Fe  ULABAVIGLEL COWPACE PHOTOGRAPIHYs Dry chrometogroms

-
Ll

were pleced on top of a sheet of contact paper (Kodak
Duostat Reflex 13) and pinned to a thin wooden board which

waa then flexed to ensuye good contact of the papers during
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expogure to ultravielet light. Fhotography was carpied .
out at a disbance of 20 cms. from bthe source (Hanovia
Chromatolite) for a period of 3 seconds. WThe conbact
photographs were ﬂevgloped, fixzed, and washed in the usual
manneyr then dried in a curved prinb drier to prevent shrinke
age or distortion, Steroids possesasing & A4 - 3 Xetone
Q>§ﬁ unsaturated Ketone) group shoved up as white spote on
o dork beokground. Migure 2.D.1s (Fisher, Parsons &
Morrison, 19483 Markhem & Smithy 19493 Bush, 19523 and
Haines, 1952)s The vwhole procedure was carried oubt in

a photographic dark room with normal safety conditions of

lightings

As  HELUTION: The chromatogram was rewappli@é to the dxy
print and correct sppesition ves achleved by the pin holes
preaents  The exeot logation of the s teroid wes determined
by holding the two papers sgoinst an ordinary light source.
& felnty pencil line was drawn round the spot which was then
cut oute A paper blank of the same dimensclions was taken
from an area the same digtance from the origin as the Gesd
B8pot, ie.e. of the same RBfs value. The hottom edge of the
areas renoved were cut to form a blunt point as described

by Bush (1961), then suspended by means of stainless sieel
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elips in the elution apparetus deseribed above. 5 ml
absolute wethanol was then allowed to drip slowly onto the
papers sand the flow vas sdjusted so thet elution was con-
plete in 20 minutes. The eluabtes were collected in 100 ml

vound botltom flacks.

S5e SFECTROPHOTOMIIRY: The test and blank eluates were

evaporated to dryness under reduced pressure in o waber
bath at 50°G¢ The residues were reedisgsolved in 1 ml
ethanel and transferred to the guartsz nicrocells. Absorp=
tion wmeasurements were made at 220, 240, and 260 milli=
wigrons in a Unican S.P. 500 spectrophotometer. The
formula of Allen (1950) vas used to compensate for linear
background absorption due to impurities. The corrected

absorption can be expressed as followss

Corrected aplical deneity
s 0.D6240 = (0.04220 + 0.D.260)
at 240 up 2

The amount of progesterone present in the test solution
was caldulatﬁd from the standard celibration curve shown

in figure J.4.2.

6. CARBON 14 COUNTINGs Immediately following spectrophoto-

motry 0.2 ml of the toest solution was removed from the
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microcell by means of an autowzero plpette, rum into a
nickel planchet, and allowed to dry with gentle heabing.
Cavbon 14 aobivity on the btest planchet was debermined in
the counting equipment described sbove. The standard
planchet, conbteining the amount originelly sdded, was
counted before and after the test planchet. Irom these
findings the percentage recovery of the radiocactive braocer
was celoulated and this was taken Yo be the seme as the

recovery of any progesterone present in thoe originel sample.

The precautions obperxved in the vee of 014 vare
those described in The Code of Practice of Persons Exposed

to Tonising Redistion in University Laboratories (1961 ).



SECUION 3 =  RESULYS AND DISGUSSION
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BRAMINATION OF METHODS,
PROGESTERONE IN THE OYOLING COW.

FROGESTERONE LEVELS IN THE COW
DURING BARLY FHEGNANGY,

PROGESTIRONE LEVELS IN COWS WITH

. CERPTAIN CLINICAL CONDITIONS.
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RESULDS, & DI8CUSSION

In this seotion the results obtained during the

preliminery study of the method are presented under the

following headingss

1)

(2)

(3)

(4)

(5)

Absorption spectrum of progestorone and

the use 6f the Allen Correction.

Préparation of concentrated solution end

construction of calibration ocurve,

lecovery of progesterona from bovine plasmae

Recovery of progesterone added at various

steps in the procedure,

The use of progesterone « 4 -~ Cl4 as an

internal markere

63



64

PIGUKE S.A.l.

“~ONv 3 N W 35 g SO 31 m

NO Boav



65

SECYION 3 = 3R

Ae  Ereliminary Study of Mobhods.
(1)

llen Covrections

A compound absorba light of different wave lengths
to a varying degree depending on the chemieal nature of the
compound under investigation, e.g. there is intense absorp-
tion of light at 240 millimicrons (mp) in the case of steroid
A4 - % ketones including progesterone, An absorption specw
trum coan thus be dobtermined by plotting opﬁical denelity ageinst
wave lengths  The absorption spectrum of progestercne in
ethanol is shown in Figure 3.A.1e It should be noted here
that an identical curve is produced by many other steroids
possasaing the A4 ~ 3 ketone grouping. Thus without prior
chonical isolation, in this caée by paper chromatographio
moansg, UeV. absorption is non-specific. It is also worth
recalling heve that this property of U.V. absorption is used
for detection of progestorone and its 20 hydroxy eopimers on
paper chromatograns as described above on page 58 undexr

wethodse



66



200

FIOCEB 3.A.2.

EXPLANATION

WAVELENGTH A MILLIMICRONS*



In order to obtain maximum sensitivity during
spectrophobometric estimation 1t is essentiol to use the
wave length ot which maximuwm abeowption ocours, in this

X

cage 240 millimicrons. This is ﬁermed‘%%%g'

Shouldy, hovever, there be present other maberinl
vhich absorbs light in the \Wax. region then it is necessapy
to correct the optical density reading for this interfo-
PENCe. The method asg& %o correct for theme impurities is
that desoribed by Allen (19%0) and is hased on the provision
that the abgorption by the impurities is of a linear nature
over bthe reguired vwave length range. Thus, by neasuring
the opblcal deunsity ot wave lenglh equidistant from the
aﬁasrpﬁien maximam, =21nd subtracting the average of the two
from max, a nev figure is cobiained which is more repreuenbe
ative of the opblical density of pure progesterons at this

concentration. This is shown diagramatically in Figure

3eheds
The Allen Covrection can be rvepresented by the
formulas
Corrected = AG = (DF + ER) = AC - B
Optical w
Denslty 2 aB

To demonstrate the usefulness of this procedure

o hypothetical case of two absorpbion ourves of progesterone



in shoun in Figure 3.A52? Av fivet sight the upper curve
would appesr o represent o higher concentration of proe
gesterone than the lower one because AC is much greater
that B0 Howvever, after the application of the Allen
Coxrection to each curve it will be seen that the optical
densitieos of the two solutions are represented by the
lines AX and BY. Therefore the corrected callibration
ourve is based om bthe apparent peak (AX or BY) and not so

much on the total hoipht of the curve (AC or BO).
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F16TOB 3.A.3.

PROGESTERONE CALIBRATION CURVE FOR

UNICAM

SPECTROPHOTOMETER — QUARTZ MICROCELLS

3 4 5 6 7 8 9 10

PROGESTERONE ~ CONCN.  (JIGM) ETHANOL
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(2) Preperation of concentrated go:

g_ ULV

Progestorone was obtained from Messis. Orgoanon
Ltde, and this was checlted for chemical purdty by chroma=
tographing approxinately 100 ug using Bush System A. It
was established that there waes less than 19 contamination

with either of the 20 hydroxy epimers of progesterone,

20 mg of pure progesterone was dissolved in 100 ml
nbsolute ethanol and suitable dilutions were made with
absolute ethanol to give a series of solutions of known
concentration. The optical density of these golutionas
was measured at 220, 240 and 260 ©n using quartz microe
cells in the Unicam S.P« 500 spectrophotoneter, and the
calibration curves shéwn opposite in Figure 3.A.3s con~
gtructed. It will be seen that over the range used the
reletionship of progesterone concentration to optical

density is linear thus following the Beer-Lembert Lavey

(3) Recovery of progestercne odded %o bovine plasma.

Pooled bullook pleosma was obtoined at the abattoir.

To 500 ml aliquots of this plasme was added 5 pg of pure



REGOVERY OF PROGH

TABLE Sebeds.

MALE PLASHA.

JLERONE ADDED 70 500 ml BOVING CASTRAND

Amount Added Anount Recovered Percentage
in pg. in ng. Recovexry

Wil Wil Nil

5420 %410 564 9%
5420 2482 544246
H¢20 2.88 55 4%
He20 258 49465
5420 4420 184 9%

SeDe & 104178 Helle = 4455

Mean = 5950
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progesterone and the estimation as described on the flow
sheet in the method section was carried out. Table Jelels
shows the gquantities of progesterong uvhich were obtained
at the end of the procedure, It will be seen that no
nrogesterone was detected in the blenk sample and that the
overage recovery of the added progesterone was 59.%% .
4455 (B.B¢)s This compares favourably with the results
obtained by Short (1953b) who recorded a mean recovery

of 636 % 2% (Suke)s

In an attempt to esbtablish a basal level in
bullock blond a further 2% litres of pooled bullock plosma
collected at slaughter was estimated as individuel portions
of 500 ml, Again there was no detectable progesterone in
any of the individual 500 ml samples or in the 5 elutied
sanples re-pooled and rechrwomatographed as one samples
However, it was observed that with esch sample and as in
the original plasma blank the first chromatogram shoved a
gpot vhich ran st the same Rf. as progesterone hut which
had no abgorption peak at 240 millimicronz, was negative
o the Zinmerpan reagent, and dilsappeared when Quﬁjeoted
to moetylation and rechromatography. Theseme type of

contanination wag seen on the first chromatogram with a
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CABLE 3he2s

OGESTERONE, ADDED 70 1000 ml. BUHER,

Amount Added Auncunt Recovered Percentage
in pg. in pge Recovery
5420 4e43 8527
5020 4452 86 ¢ 9%
5420 4+80 9245%
6410 5451 90437
6420 5402 B2 3%
6410 G50 902%

SoDe = 36428 Sele = 1440

Voan = B87«9%
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RECOVERY, OF PROGI

PABER 3odels

SOTHRONE FROM PAPER AVLER

CHROMATOGRAPHY AND ELUPION.

PROGEBYTBROND

Aémunt Added Amount R@covérefi Pemeﬁ‘hage
in nge in pg. Recovery
5420 5400 964 2%
5420 4+95 95 265
5420 4e60 884 5%
6410 565 924 6%
6,10 6.00 08 ¢ 495
6410 548 89.8%

Sele = 50548

Dells = 1072

Mean = 95.4%
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nunber of cow plasme samples. The exact nabture of this
material is not known but wan thought to be o falzly

polar lipid weterial from the plasmo.

(4) Recoveny of prosesterons added ab verious steps
in the procedurc.

In. view of the lov recovery from bovine plasma
information wa&Aﬁgught sa to where the losses of progede
torone were ovcurring., To this end the procedure was
broken down into steps ond known quantities of progester-
one added at wvarious points after which the estimeiion vas
carriad out to completions

To HECOVERY OF PROGHSTERONE ADDED T 1000 16, ETHIR.

Table 3.A42. shows the resulis obbtained when 5 pg of proe
gesterone was added to 1000 ml of ether and it will be
seen that 07« = L.4% (S.84) of the cdded progesterone

was recoverad.

Wable 3.As%e shows the wesulis obtained when 5 pg of proe
geﬁta;ane was applied directly to Whatman 0,20 chiomam
tography paper and the procedure, chromatography, elution
and spectrophotometzy, csrvied Lo complebion. In this case

., O 2 L
the average recovery of the added material was 934450 = 34550%.



COMEARTSON, BRTVEEN RECOVERTE
PROGESTERONE FROM 500 ml BULLOCK PLASHMA.

DABLE Sebede

&

QG

LERONE AND RADLO

(45 ng "Organon® progesterone in 1 ml. ethanol and
1100 counts of progesterone - 4 - (14 in 0.2 ml Benzene).

Percentage Recovexry

Semple | Progesterone | Counts/min
recoveread recovered Progesterone Radion
progesterons

1 175 430 39 41

2 2475 123 61 66

5 2430 591 o1 24
4 1.81 482 40 44

5 2,76 702 62 64

Mean: 51 54




e

PABLE 5ohebe

COMPARISON FETWENN RECOVERLES OF PROGESUERONE AND RADIO

PROGESVERGNE FROM 1000 ml FRHER,

(4+5lng "Orgonon” progesterone in 1 ml. ethanol and

1100 counts of progesterone - 4 - (14 in 0.2 nl Benzene).

Sample | Progesterone | Couwnts/min Paraenﬁagg Recovemy;

recoverad #ewovered Progesterons Radio= _
nrogesterone

L dedH 998 92 91

2 410 1051 91 95

3 34T0 902 82 81

4 3472 976 82 ag

2 375 1002 83 91

6 4,00 1011 89 92

Means a7 90

17




TABLE 30406+

REGOVIRY OF RADIO~PROGESTERONE ONLY JROM PAPER

FOLLOWING GHROMATOGRAPHY. AND BLUTLON..

RADIOPROGESTHERON B

Counts/min Counts/win Eereaﬁtage
added recovered recovery
1030 942 915
1030 986 95, 7%
1030 ouB 95¢9%
1030 970 94e 27
1030 946 91+ 8%
1030 1004 97 o 55
BeDo = 2¢408 Selle = 1 Q-Qﬂi Mean &= 94053-“?';3

The comparable figure for non radiowactive

e ‘
progesterone vas 93.4% = 1.7 (5.8.) as shown

in TABLE 3.A.3.
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Trom the above results it will be seen that the
greatest loss cccurs when the plasma is extracted with

ebher as subsequent to this good yields are obiained.

(5) Tne Use of Progesterons = 4 = 014 as an internal
narkor.

In view of the wide range of recoveries (78.9%
to 49.60) (Table 3,A.1.) obbained it was felt that it
would be desireble in this study, vhich involves the
detection of small fluctuations in very low levels, 0
have a measure of individual recoveries. « It vas therow
fore decided to vepeat the abeve recovery experiments
using Cl4 labelled progesterone, firstly, to confirm the
resulte obiained and, ﬁeeénﬁly, to determine if in fact
there was good agieement betveon the recoveries of proe
gestorone and radio-progesterone (progesterone - 4 - C14)
in individusl) samples. The réeovari@s of the two types
of progesterone from plasma, ether and paper are shown
in Tables 3elledes Fehebey and J.4.0., respectively. It
will be seen that in all ocases the regovery of the pro-
gesberone closely paralleln that of the progesterons - 4 - (l4.
This confirms the previous recovery cxperviments and would
indicnte that the use of progesterone - 4 - Cl4 as an internal

marler ig justified.



PMurther information on the shruoture and
preparatory work of progesterone - 4 - Cl4 ig given in

the appendix.
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DISCUSSION OF METHODS

The method used in the present study appeared to
be well suited to the estimation of progesterone in bovine
plasma in that o very small amount of steroid could be
measured in a large volume of plasma. The incorporation
of a radionctive marker to calculate individual recovery
rate was particularly useful as it was found that recoveries
of added pfbgeaterene in addition to being low (in the order
of 50%) elso varied between individual samples with a range
of 40% to T0H recoverys Another advantage of having an
internal marker was thet in the event of ndditional purifi-
cation s%eps being necessary with an individuwal sanple, then
the exanct recovery waa’knnﬁn for this particular sample.

From the results obtained in recovery experiments it is

‘apparant that the losses of added progesterone cccurred

during the ether extraction of the plasma. This is in agree=
ment with the finding of Short (1958a) who found, in addition,
& marked species variation. It hes been shoun by Uik-Nes,
Schellman, Lunmry and Samuela.(1954) that a number of diff-
erent steroidse are in veversible combination with proteins
in solution. Also, Wesphal, Firshchein and Peavce (1955)

have shown that 90% of progesterone -~ 4 ~ Cl4 added to
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human olbumin migrated with the protein during eleotro~
phoresis. However, it would appear that with many steroids
the link with protein is easily broken when the plasma is
extracted with oxganic solvents. (Bibile, 1953 and Bush,
1955).,  However, Bischoff, Stauffer and Gray (1954) have
indicoted that the less polar steroids (which include
progesterone) and the phenolic steroids (whiech include
oestrogen) may be more firmly bound to proteins than the
corticosteroids. However, Hooker and Forbes (1949) eaw
timated that progesterone vas 90% free in placma. The
observation that recovery of both progesterone and progese
terone = 4 -~ (14 added to bovine plasme was lower when

gol formation ocourved during ether exiraction suggests
that in these cases a mechanical trapping of either the
progesterone or of the ethexr or both may be partly respons-

ible for the low »recoveries in these c¢ases.

The method for estimating progesterone in plespa
as used in these studies was not ideal due to the large
volumes of plasme (500 to 800 ml) required to yield a
sufficient amount of progesterone for acourate measurement,
Congsequently, very large volumes of ether had to be handled
both during initial purification of solvents and during

repeated extraction of the plausma sanples. 48 a result of
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the large amount of plasgma exitracted, the amount of contame
inating lipid material was propovtionatoly large, and this
led to Aiffioculd separation during the initial chromotoe
graphy step. The use of bthe acetylating step, in addition
t0 assisting in the removal of lmpurities, also made the
estination very much more specific for progesterone. (Bush,

1961),

It would appear therefore that a method with an
incoreased sensitivity would be of immense value in the
estimation of bovine plasme samples o8 this would ocut down
both the volume of plasma and the volume of solvents used
and consequently the time taken for the estimation. In
addition it would then be possible in the individual animal
to collect a greater numnber of plasme samples at more fre-
quent intervals than was possible in this present study.
One such improvement in sensitivity is that reported by
Touchstone and Murawee (1960) of an increased fluorescence
of progesterone in aulphur;c acid when subjected to prior
treatmont with sodium hydroxide. . Short and Levetst (1962)
have recently utilised this finding as the basis of a method
of measuring the low concentration of progesterone during
the menstrual cyole in women using only small volumes of

blood. Considerable difficulty was experienced with
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fluorescence of the chrometography paper blank during
the estimation bubt in spite of this the methed produced

results of considerable interest.

Bush (1961) has suggested an improvement in
sengitivity by developing an isotopic method for pro-
gesterone determination. He suggested that ke%ﬁl&tion i?:;K
of progesterone with labelled ethanedithliol or ethylene /

glycol could he carried out, folloved by a determinetion

of the redio activity in the sauple,

Zander (1962) has suggested that if the dinitro-
phenylhydranine or thiosemicsrbaside derivations of proe
gesterone were made wibth Cl4 labelled reagents o quantit-
ative method forx the estimation of progesterone could he
developed. He also suggested a mebhod involving the
chemicol or enzymstlc reduoction of the ketone group ab
O=20 followed by acetylation with Gl4 ae@tié anhydride and
meagurement of the radio-activity of the igolated deriva-

tive.

The method described by Rowlends and Short (1959)
for progesterone estimation in Iluteal tiesue was found to
be suitable, but the recoveries of progestercne obtained

in this study were somevwhat vexiable. The addition of



an internal marker of progesterone -« 4 - (L4 was found %o
be an advantage. The recoveries oblained were good, with
a range of 60 to 90 slightly lower than those obbained
by Rowlands and Short (1959) but higher than those obtained
by Stormshek, Hunt and Erb (1961), using o different method

but with en internsl marker of progesterone = 4 « Cl4.
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SHCTION 5 - R‘ESULTES AND DISCUBSTON

L

In this ssction the results obtained in oyeling

cows are presented in the following ocxders

(1)

(2)

(3)

(4)

Progesterone concentration in periphersl

blood of cous during the oestrous cycle.

Progesterone concentiration after removal

of the corpus iutoun in the cov at mid~cycles

Progesterone concentration after bilateral

ovariectomy in the covw at midecycle.

Metabolism of injected progesterone in

ovariectonised covuse

Progesterone in the body fat of cows at

nid-cyole.

Progesterone concentration in milk.
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By  BAPERIVMINLAL RESULLS

& e Dt

(1) FLASMA PROGRSTERONE GONGENTRATTON DURING SHE QRUIROUS

GYGHE i THE G0N

Belection of cows for the seviess Adult Ayrshire

covws were pucchaned from local fearms foyr the purpose of
following progesterone levels in peripheral blood during
the cestrous eycle. Before purchasing, an investigation
into the animals! breeding hiskory and physical conditdion
wap carried out on the farm to ascertain that each cow
vas compatible with normality. Particular attention was
paid o the reproefuetive traect to neke sure that no gross
phygical abnoruality was present and that the animale were

suitable foy periodic reotal examination.

During the wianber wonths the subjects vero kept
in a byre along with other normel cowse In order to deteet
oestrus they were turped into & small covered yard slong
with at least two other adult cows and observed thrice daeily

for signs of oewbPus.

During the sumner and spring the subjects were

kept in a small paddoock reserved for & number of normal
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cowe and they were again observed three times dally for
signs of oestrous bohaviours %he following list records
the oestrous signe noted in the sixz subjects. The Livst
tue pigns wepe obzerved in all the animals while the

roepainder wore variable in ocourrences:

1. Hiending steadily for other cows to mounte.

2. lLateral movement of the tnil hesd to expose
exbernal genitalia.

%e  Rhythmical pulsation of the 1umhar mseles.

4o Bellowing together with general restlesonesse

5. Ococagional sppeorsnce of mucus from the vulvas

In eddition each cow was examined by rectal palpation

for uwberine turgidity on the day of ocestrus. Subsequently,
ovarian palpabion wasz cavried out every second ﬁay'in order
to determine the growth of the corpus luteums In all
subjeats a structure resenbling a corpus luteum could be
palpated in one of the ovhries by the 6th day post oestrus,
In addition in another series of experiments involving .
some of these animals vheore the corpus luteun was surgically
removed at a known btime after ocobtrus it was evident from
the size of the gland that the predicted time of oesirus

was correct.



SUMMARY, OF NISTORTHS OF THN

PROGESIERONE DIPRR

TABLE 3elle

MINATION, ]

SIX COWS VSED FOR PLASHMA

¢ oV A B ¢ D R r
Age in yeovs 5 3% 10 8 24 4
Numbex of @rmm
parturitions 2 2 7 3 1 2
Month of sempling Mare June Jan. Tebe Voy  Aug.
Lactating yes yen yes yes yes 1o
Inteival sinoe last 1
pariurition in wmonths : 4 4 5 5 6
Veight in 1bs, 957 1156 832 681 1073 1008

89
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A& summary of the histories of the six cows

used ag expervimental animals is shown in Teble 3.B41.

A bloed sample vas collected from each subjeot
g soon as possidble aftey cestrus was detected and on
subseguent days of the cyele between the hours 0f 9 Gele
mné.lﬁ psts  None of the animale appeared 4o be affecteﬁ
by the colleotion of approximetely 1200 ml of blood vhich
van carvied out quickly end with as little excitenment ae

possibles

The day of‘neatruﬁ ves taken as day one of the
cyale and within the series three cows had 21 day eycles
and three hod 25 day eyoles. Theso are mll within the

limits of the normel oyele length (Apdell, 1946).

On examination of the oix graphs it will be
seen that there is a conslderable variation between cous
in the levels reached during mid~cycle, but good agree-
ment in the low values seen immedistely pre and post oestius.
fThe basie pattern which emerges in each of the gix anlunels

is as follovysge

There is a low level of oestrus folloved by a

sharp rise until dey ten when there is a plateau formation
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until day 17 at which point the level falls to the cestrous
level again. A desoription incorporating the salient
features of the results for the individual cow are given

immediately following the appropriate figure and table.
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FIGURE I.B.1.
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TATLE BeBeZe

BLASHA_PROGESTURONE CONCENTRATION DURING OBSWRIS GYCLE

=800 As

(2 extractn vith an equal volume of ether).

Doy Volune of - Progesterone Recovery
of Plasma (ui) |  level of
Gycle (pg/100 ml | Rediomctivity
plasma) ()
1 500 0.16 50
4 500 0.24 5%
8 600 b 0.51 39
14 600 - 0.83 51
16 600 .72 a7
15 500 0430 35
23 500 0415 35
Mean = 41




IVELS N COW A. DURING Tk

QUESTROUS CYCLI.

FMigure 3.8.1. shows the results obtained for
Cow A in a pilot experiment to determine the svtage of
the cycle at whioch it was possible to detect progesterone
and to estoblish the basio pattern of events., It will
be seen that there is a uniform rise and fall of proges-
terone concentration between the suocesaive days of oestrus,
in this subject day 1 and 2. The peak level of proges=-
terone occurﬁed at about mid cycle and reached a maximum
level of 0.8 pg/100 ml plasms, %The recovering rates of
progestorone =~ 4 « 014 were uniformly low in all the samples
and this was probably due to the fact that only two ether

extracts wore used.
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PLASMA, PROGESWERONE CONGE

TABLE 3eBs 3

- COif Be

RATION DURING ORSTROS CYCLE

(2 extyacts with an equal volume of ether).

M| plokume et | eogosierons | Becorery
Cycle (pg/100 mi | Radiosctivity
plasma) (%)
| 1 500 . 0,15 53
3 520 0,24 44
5 550 0450 a7
7 610 0,57 40
8 600 1400 33
10 600 1443 35
12 600 0.88 40
14 640 1.44 33
16 620 0.84 o8
17 650 0445 40
19 640 0,14 33
21 700 0,19 51
Mean = 423
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QRSIRUE CYCLE.

Mgure 3.8,2. shows the results obtained for
Cow B from which samples vwere collected at more freguent
intervals. It will be seen that the level rises quite
sharply from days 1 to 8 and thereafter the levels appear
to fluctuate, reaching at times the highest recorded in
this series, bhefore falling to alwmost zero at day 21,
The difference in levels on days 19 and 21 are not signif-
icant as they are both bordering on the lover limits of
sensitivity of the methods The recovery wotes are again
lovw due to the use of only two extracts of ether and in
certain cpses,the need for rechromstography in orvder to

effeat a ¢lean separatione.



98



LAY A

OO

MQURg 3.B.5.
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TABLE S.B.A.

jaASm. aOSBSTEROHB COMCaMTHAT10ll DOEIMQ gBSMffE d C M

- COW c.

(4 «xtraotB with an equal volume of ether).

Day Volume of Progesterone Recovery
of Plaama (ml) level of 1
Cycle ()ig/100 ml Radioactivity
plaama)
1 500 0.10 38
5 500 0.16 31
570 0.22 47
7 560 0.56 25
9 610 0.56 21
11 620 0.42 60
13 650 0.6) 68
15 640 0.54 69
17 680 0.51 59
19 660 0.47 69
21 600 0.16 63

Mean » §$0



(e¢)  PLASMA PROGESTERONG LEVELS IN COM C. DURTNG DHE

QESTNUS QYCHT

Gel formation in the samplestaken at the be~
ginning of the cycle was responsible for the low recoveries
seen at this times The maximum level at mid oycle wes
low, reaching only 0.5 pg/l00 ul plasma, while the curve
did not show signs of regression until day 19 to give a
loycle of 25 deys duration. This cow at 10 years of age,

vas the oldest animel in the series.

10¢
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TABLIY

+Be 5,

PLASMA_PROGESTERONE CONCENTRATION DURLNG OESTHCIS CYOLE

= COH D,

(4 extracts with an equal volume of ether).

Day

| piolmof | ogeterons | fooorory |

Cycle (ps/100 ml | Redioactivity |
plasma) (%)
1 570 c:.w 61
3 590 0,13 45
5 50 0420 48
7 510 0,28 69
9 640 d-ﬁﬁ 7
11 600 @‘.(57 26
13 630 6.52 63
15 650 0.77 45
17 630 0,48 58
19 690 0us 48
20 640 0430 70
22 600 0.14 27
23 610 0.12 60
Mean = 49
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()  FLASMA PROGESIWRONE LEVBLS IN COW D. DURING THE

QESTRAIS OYCGLE,

This animal with o level of 0.T7 mg/i00 ml
plasma was lower than average for the peak level at
mid oycle, The wecovery rates of progesterone « 4 = Cl4
were low at the beginning of the cyole agein due %o gel '
formation in the plasma. Both cow ¢ and cow D tended %o
show a more gradual rise to a maximum then the other cows

and both showed a longer cycle length <« 23 dayse

163
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DATIE 32D

PLASYA, FROGDSTERONE GONGRNTRALTON DURING ORSTROU CYCLA

- (393:!

”

L&
B S0 T A P

(4 extrocts with en egual volume of ether).

1}@ , Vﬂlumer of | ?ro;sg@:sisemm ﬂéco@ry

of Plasma (sl) | level of
Gyole | (pe/100 ml  |Radiocactiviby

plasma) (%)
L 550 0,10 63
3 560 Osl13 53
5 520 0428 60
7 510 0,88 34
9 440 0.80 58
10 510 1,12 48
i2 530 .21 39
14 590 0,89 35
15 470 0,85 44
16 570 063 40
17 590 047 20
19 G60 0e25H 42
21 600 0.07 49
~ Meon = 45

1065
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e)  PLASMA PROGESTRRONE IIVELS IN COW %. DURING WOR
Tl A orrwenies, kA AN O R A mgmwmmwml

OFSTROIS CYCLE

The results for Cow § demonstrate an uwnusuelly
sharp rise in progesterone concentration early in bthe
cyele. It will be seen that a lovel of 0488 ng/100 ml
plasme 18 reached as early as day 7 while a fall in cone
centration appeared Lo commence on day 15 to give a coycle
of 21 doys duretion. The maximum level of 1.21 wg/100 ml
ocourred on day 12 of the oyele whichwas earlier then in
most snimala, This vas unexpected as in fact samples vere
collected on consecubive doys (14 to 17) in order to pine
point the day showing maximum levels Reocovery rates of
progesterone = 4 - (14 were wniformly consistent during

the whole ayole. » Visual estimate of the progesterone

levels during the cyole in Cou B is shown in FMigure 3.B.10.

(see page 116).
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FIGURE 3.3.6.

PLiSMA PROOESTOtORE CONCENTRATION DORIRO CYCLE
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TABLT 3oDaTs

Volume of

Progesterons

of Plasna (ml) level Raaggery
Cyele (pa/100 wl | Radioactivity
- plasma) (%)
1 530 Q.10 65
5 510 0416 70
7 520 0.17 70
9 560 0e4d 68
11 630 052 69
13 610 0.47 75
14 550 079 68
15 620 075 55
16 560 0.86 49
18 620 0461 60
20 640 0434 69
23 600 0408 55

Meon = 64

1068




In Cow I it will be seen that there is o more
gradual rise in progesterone concentration up to day 11
with o peak level at day 16, Regrassion of the ourve
does not occur until dey 18 to give a oyocle length of 23
days duration. Samples were collected consecutively on
days 13 to 16 in an attempt to localise the day on which
the meximum level ocourred. Irom the results it is appoe
rent that the levels on days 14, 15 and 16 were gimilarly
highe The recovery ratés of progesterone =~ 4 « Cl4 wexe

uniformly high in all samples.
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COMPOSTEN GRAPHS OF PLASHA PROGESINRONS LEVELS.

fu ovder to demonutrate the range of values
during the oestrous cycle, plasma progesterone levels of
the gix cows were plotted on the same graph. flgures
AeBeTe and 5.B.64 show the levels corrected for exﬁrac%ién
loszes and wncorrected respeckively. It will be seen
that there is greatey variation in the corrected ihen in
the uncorreoted values. The dally wmean values of proe
gesterone concentration for the eix cows during the oycle
arve shown in Flgure 5.3.9¢ The shape of the curve for the
correoted 1evei closely resembles that of the wum orrectod
readings. It should be noted, however, that no allowvance

has been made for differences in oycle lengithe

The general pattern in the composite graph,
Figure 3.B.9«, would appear to be a gradual ihﬁrea&e from
the day of ovesbrus to about doy five, followed by a more
rapid riae to a platean from day ten to day sviztecn. The
progeaterone concentration then appears to fall to the day
one level at a uniform rate, similar to that at whiech i%

originally rose to the plabeau.
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PABLE 5348,

BURING TWO SUCCHSSIVE

CYOLEs TN THW S AWE COW.

(Results expressed in‘pgfLOG ml. plasms)

Doy of COW I Cow X
Seownpling : '
1st oycle | 2nd oyecle | let cyele | 2nd cyele

11 - - Q.52 0470
12 121 0.98 - -
13 - - 0« A7 1.05
14 0.90 L1.35 079 -
15 0.85 - 0+75 1.18
16 0.63 1,05 0.86 095
17 0.47 - - -
18 - - 0.61 -
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SUQCESSIVE CYCLES,

In order to compasre the levels attained during
two suocessive oycles in the same cow, samples were
collected from cows K and F during the oycles immediately
following those just desoribeds (nly a2 emall numbexr of
samples were token on certain pre-seleocted deys during mid
oyole as it was considered that the removal of an exceasive
amount of blood following close on the previous experiment
might be detrimental both to the health of the animal and
to the validity of the results obtained. Accordingly,
gamples were collected on days 12, 14 and 16 in the case
of cow B, and on days 11, 13, 15 and 16 in the case of cow F.
The results are shown in Table 5.H.8. vhere it will be seen
that in cow B the levels are of the pame order but the peak
hes gdvanced from dey 12 in the fivst oyele of 21 deys
duretion, to day 14 in the second cyele of 22 days duration.
In cow ¥ the pesk hos changed from day 16 in the first cyelo
of 23 days duration, to day 15 in the second cycle of 22 days
duration. It will be seen that in this subject the levels

in the second oycle sre higher then those in the first cycle,
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FIGURE 3.B.10.

D



DISCUSHTON OF PLAGMA PROGESTERONE L

OQESIROES CYELE,

EVELS DURING GBI

ntroductions In a very early study of the levels of
Yorogestin in the corpora lutea of adws, Kimura and
Cornwell (1938) using a bioe-aspey method reported a rise
and fall of "progestin® during‘the course of the 21 day
¢yele in the sowes Zaandor, forbes, von Minsterman and
Nehor (1958) demonstvated o rise and fall in the total
progesterone content of human corpors lutes between the
time of ovalation and the subsequent menstrual period
It has alsg been shown during this tima.im wonen that
pregnanediol, the main urinsyy metabolite of progesterone,
aloo rises and falls. (Klopper, 19573 Drown, Klopper

and Loraine, 1956).

In addition plasme levels of progesterone in
wonen during the lulsal phase of the cysle show a rise
and fall with a peak level of about twice thaht seen during
the follioular phase of the oyele. (Qertel, Weiss and
BikeNos, 1959; BShort, 1962; and Sommerville, Picket,
Collins and Denyer, 1962).

The general pattern of progesterone concentration

117
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seen dueing the ocestroas eycle in the present study appeared
to reflect vemarkably well the physiocal lnocrease in size of
the corpus luteun in the cow during the cycle, an account
of which is given by Hemmond (1927). In addition the
blood levels apgrecd well with histological changes in the
cow corpus luteum weported by MoNutt (1925), who showed
that vascularization was complete by day 9, while lipoldal
droplets appeared on day 14, and definite retrogression of
luteal cells ocourred on day 17 of the cycles Also, Hensel
(1959) found that the corpus luteun in the cow reached a
maximun gize on day 16 %o 18 of the oycle then began to
regress while, Hencool (1962), was able to detect olinionlly
by rectal palpation that regression ocourred sbout day 16
and that there was very rapid involution from day 18 one
vards, Ddgar et al. (1958) measured the progesterone
concentration in ovarian vein blood in sheep during the

16 day ocestrous oycle, and although there wam a wide variw
ation in levels between individuals the ganeral trend was
for the level to follow the growth and vegression of the

agorpus luteuns

Information in the literature on plaoma pro=-
gestercene concentration in the cow is very limited and is

concerned wostly with the levels found during pregnancy.
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The maximam levels of progesterone in the six cows used

in thio study renge from 0.63 to 1.44 pg/100 ml ond ave
similer to these reported by Skort (1958) in normal cows
during pregnancy (0.8 ng to 10 pg/100 ml) end also in a
peries of cous which exhibited prolonged gestation butb

had normal levels - 0.65 to l.BE.pg/lOQ m) (Holm and Short,
1962). Using a different chemical wethod Bowermen and
Melampy (1962) reporited a much wider scatbor of levels
during normal pregnancy in the cows with a range of 0.00 pe
t0 2413 pg/100 ul plasma. The only study of progesteronse
levels during the oycle in cows is that reported by Sullivon
(1960) vho measured progesterone levels in nine cows, buk
only on days 1y T, 13 and 19 of ithe c¢yole, when he recorded
mean levels in pg/l00 ml plamma of 0.24, 0.56, 0.46 and
042%, rospectively. The corresponding figures in the pros=
ent study ere 0.1l, 0.48, 0.78 and 0.34 pg/l00 ml plasne
which represents a much greater rise and folle In addition,
the level 0.11 seen on the day of oestrus in the present
study is less than half that determined by Sullivan in spite
of the fact that, using the present mebhod, the day one
level may be a slight over-estimate due to (o) Nonespecific
abporption from the poper ab low optioal density readings,

and (b) %he ever present danger of even minute traces of
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progesterone surviving the rigorous washing up procedure.

There ave o nuwber of possible reasons as 4o
why Sullivan's zesulits differ from those reporied in the
preseant study. The most obvious difference is thot of
Sullivants method which was quite involved; the final
readings being based on the formabtion of the sulphuric seid
chremogen of progesterone (Oertel, Weise and Bik-Nems, 1959).
In addition, he used only 350 ml of plasme por estimation,
which ia‘abaut half that veed in the presend study. This
together with the fact that his rmgeveriea of radio=-nctive
progesterone wore lov (12% to 55%) would tend to yield an
amount of progesterone too suall for accurate measuromont.
Another vesgon for the varistion in findings is a possible
difference in the ocriteria used for the detection of cestius
and the tining of the oestrous eycle, aboul which Sullivan

gives very little informntion.

Legtly no mention was made of the washing up of
glaspware vhlch is extremely lmpoxrtant whﬁn ecatinating
nicrogran qumnﬁibieﬂ‘éf gterold and could poseibly have
contributed to the discrepancies between the two aeﬁé of

roesults,.

In the present series the moximum mean level of



121

078 during the cycle is somewhat lower than the mean
level seen in cows at both 14 and 16 days affor laseme
ingtion, both pregnant and non pregnant, as desoribed in
Seoction 3.Cs  However, this level in oycling cows may he
dispropcrtiénately low due to the small numbeyr of snimals
(six cows) used in the present serios end the fact that
they may not all be truly rgpramentative of normalityo.

Tor example, cows ¢ and D showed bhoth lower maximum and
oversall levels of progesterone than was seen in the other
aninalgse It would be difficult in these cases to determine
whether this was due to the faet that they were bhoth much
older snimals than the rest, or the fact that they were both
sampled at a time of the year (January and Yebruary) when

reproductive activity of cows is known to be diminished.

A closer relation of oycling to ilnseminated cows
ig obtained by teking the mean of the maximum level attained
during each cycle (cycle maximum) rather than the maximum
mean daily levels 'The maximum levels seen during the cycle
in covs A, B, 0, D, B, and F are 0.83, 1.44, 0.63, 0.775 1.21
and 0.79 pg/100 wl plasma, respectively. This gives a mean
cycle maximum figure of 0.94 pg vhich ls more comparable to
the levels szen iﬁ inseninated cows prior to slaughter whioch

had a range of means from 0.93 to 1.14-Pg.




The curves representing the corrected and une
corrected levels which are shown in Pigure 3.B.9 are nore
divergent duxing the firet half of the cycle than during
the second half. Thirp indioates a lower recovery during
the firet half of the cyocle which is probably a direot
consequence of the increased tendency for the plssma to
gel during this period and therefore to yield lower recovexry

rateg,
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DABLE FeBss

PLASMA PROGESDERONE CONGENTRATION AVITR REMOVAL OF

THE CORPUS LUTBUM PER VAGINUM ON DAY 12 OF CYCLL

(ﬁﬁw De

Gorrected for extraction losses

‘Plasm&

Time din Recovery
minntes after Volume of Progesterone of
removing Plasma (ml) | Concentration | Radioactivity
corpus Luteun (pe/100 ml ()
plasgma)
Control 630 0.86 51
15 630 0.54 64
60 660 0.31 65
180 650 0.15 60
24 640 - 52
Hours

Total weight of corpus luteum = 9,27 gusg.
= 51048 g

Progeeterone content
208 hydroxy progesterone

= 535ed NG
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TADLE 3eBalOs

PLABMA. PROGHSTERONE CGONGENTRATION AIMER REMOVAIL OF

G PR L P

THEE CORPUS LULHUM PER VAGINUM ON DAY 12 OF CVELR.

GQ‘»’! 14 #

Gorrected for exbtraction lospes

Pime in ' Plasma Recovery
minutes after Volume of Progaesterons of
removing Plasma (ml) Concentration| Radioactivity
corpus lubteum : (pg/100 nl (48)
| plasma )
| Control : 630 1.08 35
| 14 | 600 0,67 39
| 30 610 0.39 64
60 610 0458 40
180 600 0,17 60
24 620 0.13 48
Hours

Total weight of compus lubteum = 5.82 gne.
Progesterone contont = 2245 ng.
208 hydyoxy progesterone = 2LeD NGe
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THE EFFECT OF REMOVAL OF THE CORPUS
LUTEUM ON PLASMA PROGESTERONE CONC

COW B - -

COW E

O = 30 60 0 180
TIME IN MINUTES AFTER REMOVAL OF THE
CORPUS LUTEUM PER VAGINUM



(2) EPLASMA PROGESCRRONE CONCBITRATION AFUER REMOVAL OF
1 CORPUS LUNRUM TN TI0H COW AT MID CYCLE.

In order to study the part played by the corpus
luteum in maintaining the progestercne level in the blood,
experiments were conduoted in which the corpus lubeum was
removed at a time when the plasma progesterone level was

at its highest, i.e. durdng the mid oyole plateaune

Cows B and I were selected for investigation and
the corpus luteum in each subjeot was removed from the
ovary per vaginum on day twelve of the cycle by the method
desoribed in section 2,0. page 47. The plasma progesterone
concentration vas measured immediately prior to, and at
known times after removal of the gland, the resulis are
shown in Table 3.B.9¢ and 3.3,10. for cows B and B respectivelye.
The levels are also shown graphically in Figure 3.B.11, 1%
will be seen that there is an initial rapid drop during the
firet fifteen minutes followed by a more gradunl fall lasting
gome hourse In both cows there was no measurable progesw -

terone 24 hours after surgerye.



PABLE 3.Bs11.

PLASMA PROGESEWRONE CONCENTRATION ATYER REMOVAL OF

BOU OVARLES BY TLANK LAPARQTOMY ON DAY 12 OF CYOLE

COW B

Gorrected for extrachion lossesn.

Plasma,

Hecuvexry

Time in
| minutes after | Volume of | progesterone of
| removing Plasmo (ml) | concentration | Hadiocactivity
| both ovaries (pz/100 ml {36)
plasna)
Control 620 0.90 40
16 620 0432 45
60 620 0.41 60
180 630 0.25 A4
24 610 Trace 52
Hours

Total weight of corpus lubtewn = 8.42 gnsg.

Progesterone contend
208 hydroxy progesberone

= 284.6 pg.

= 103 ng.

12

)
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SABLE 5 eBe12,

PLASMA PROGESTERONE CONGENIRATTON AWIER BEMOVAL OF

TR LB ey

BOCH OVARTES PER VAGINUM ON DAY 14 OF GYGLE
GOW_Ba

Correoted for extraction losses

Time in Plasma : Recovery
minntes afber Yolune of Progesterone of
removing Plasme (ml) | Concentration | Radioaotivity
both ovaries (pg/100 ml (4%)
plosna)
Control 550 0,93 50
12 490 0.60 42
30 560 037 56
|
60 | 580 0436 63
180 | 640 0.24 71
24 ', 620 - 42
Houxa

Total weight of corpus luteum = 6.475 gms.
Progesterone content = 20244 NG
208 hydroxy progesherone = 52,5 1g.
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FIGURE 5.B.12.

THE EFFECT OF BILATERAL OVARIECTOMY
ON PLASMA PROGESTERONE CONC.

COW B
COW E
-0
-0
o Is 30 60 120 180

TIME IN MINUTES AFTER REMOVAL OF OVARIES
B-FLANK LAPAROTOMY : E- PER VAGINUM .
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It was thought that the progesterone level

remaining could have come {rom the residual ovarian

tissue aftor enueleation of the corpus luteun. The same
cows were bilaterally ovariectomised following the elapse
of one normal cycle from the previous experiment. Cow B
was ovariectomised via a flank laperotomy on day twelve

and Cou B per vaginum on day fourteen, Again gserianl

blood samples were taken immediately prior to and ab known
times after ovariectomy and the results for Gow B and B ave
shown in Tables 3.BJll. and 3,B,12, respeotively. The
changes in plasma progesterone concentration are also shown
graphically in Figure 3.B.12. when it will be seen that the
results do not differ from thoaeiabﬁained following surgical

removal of the corpus lubeum.
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DISCUSSION OF THE EFFECT OF REMOVAL OF THE CORPUS
LUTEINM ON PLASMA PROGESYERONE QONCHNTRATION.

The initial drop in progesterone level which
occurs within the firet 15 minutes folloving the removal
of the corpus luteum is almost certainly due to the
cessation of the main endogenous supply seeretion and the
known rapid diseppearance of progesterone from the perie
pheral blood - in humans (Pearlman, 1957%; Zander, 1959
Short and Kton, 19593 and Sovia, Haskins and Melafferty,
1959) = in the rabbit (Zarrow, Shoger and Lazo-Wasem. 19544
and Rappoport, Goldstein and Haskins, 1957) = in the sheep
(Bennet, Hoursnell and Hhort, 1961 3 and Brush, 1961) - and

in the cow (vide infra).

The levels represented by the secondary flat
part of the ecurve could he due to a contribution from

other sources of progesterone in the body, namelys

() Qvarisn tissuegs progesterone has been reported in

ovorian tissues with all luteal tissue removed. (Gorski,
et al. 19958 and Irb and Stormshak, 1961). In addition
progesterone has been reported in ovarian vein blood from

ovaries with only follicles or cyste present, in the sow



and ewe (ldgar, 195§b) and in the goat (Raeside and Turner,

(1955).

(b) Eggmgggggg;wg;ggggL Balfour et al. have shown that
bovine adrenal vein blood containe o considerable quantity
of progesterone. Short (1960a) estimated a level of 1.5
mg/hr. in late pregnancy in the cow but peinted out that

surgicel stress wmight heve contributed to the lavel.

(o) DBody fot depots: Kenfmenn and Zander (1956) have
demonstrated the presence of progesterone in the body fat
of women during the menstrual oyele, duwing pregnancy and
following the injection of exogenous progesterones In
fect during pregusncy the level in ihé body fet appeared
o be higher than that in the plasme. Davis, Plotz, Lupu
and Ejarque (1960) using progesterone = 4 ~ Cl4, in preg-
nant women found the highest concentration of radiocactivity
in the body fat some hours after injection. As reported
above in covs at the saue stage of the cyole as ﬁke cows
used in the present experiments, ithe progesterone levels
in the body fat were % to 10 times higher than those in

the plasmas

Following the elapse of one normal cyole, the
effect of bilateral ovariectomy on plasme progesterone

concentration, wae essentially the seme as that obieined

1372



by wemoval of the corpus luteum. This indicates thet a
residual ovardan contribution is not responsible for the
flat part of the curve, The faot that no progesterone
could be detected 24 h@ura aftey aurgery'in any of the
cove used in the abova)expﬁrimanﬁs suggests that a fat
ster&ge/ralaasa'meahaniam may be more important than an
adrennl secretion, However, an adrenal contyribution
of yrugestwroné lagting less then 24 hours due to péat

operative suprgidal stress cannot be ruled out completely.
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(4s)  METAVOLISM OF INJECDED PROGESTERONE TN OVARI-

BUTOMISED GOUS.

The rapid rate al which progesterone dissppesrs

from the ciroulation has heen reported for a number of animals

(vide discussion) including men and in order to confirm that
simlilar events occurred in the cow the following experiments

vere carried outi

100 mgm of Organon progesterone, previously tested
chromatographically for chemiocal purity, vas dissolved in 10
ml mbsuluté ethanol and injected into the right mammery vein
of an ovariectomised cow (F), from which a plasma blank had
proviously been withdrawn. Berial 1 litre blood semples
were then cellacfaﬂ by means of s wide bore jugnler canula
through which the flow was 1 litre of blood per minute. The
results are exprossed in Teble 3.B415. and shown graphically
in Figure Fe.Bel3ds vwhere it will be seen that there is an
extremely rapld removal of the exogenous progestercnc from

the blood.

In the two minute sample there were spots on the

chromatogram vhich ran at identlcal Rf's to the two 20 hydroxy

epiners of progesterono (20-{and 2095) and vhose combilned
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level wvas one £ifth of that of the progesterone level ine
dicating a rapid breskdown of the injected progesteronc.
From the initinl slope of the curve it would appesr that
the half life (time for progesterone level to drop by half
its original velue) is of the order of 6 winutes which is

comparable to that veported for obther species. (Vide discussion).

It wil; be noted that although there was an apprew=
ciable level of the 20 hydvoxy epimers at two minutes afioer
injection, the level of these not only fell raplidly in pavellel
with progesterone, but, in addition, the ratio of the two

epimers 20%to 20B altered.

In order to determine vhether rensl excretlion was
contributing to the rapid clesxyance of progesterons from the
clreulation, a similar experiment vas performed in a normal
gowe  This animal hed a speclally designed "Ramshorn" urinexy
catheter in situ in the bladder through which conbinuous fLlow

urine samples veve colleched. (Anderson and Pickering, 1961).

100 mgme. of progesterons in 10 nl ethanol was
injected into tho vight jugular vein via a polythene oathetew
and serial 20 ml blood samples were withdrawn from the left
Jugular vein immediately prior to, and at known intervels

after injections At the same time 10 minute continuous flow



DAL 30Belds

PLASMA PROGESTERONE CONCENVRATION AFTER THE INTRAVENOUS

INJECITON OF 100 mgm PROGESTERONE IN

\BSOLUTI: BPHANOL

« NORMAL GOV,

Pime after Volume of Progesterone Recovery
injection Pleasma (ml) Concentration of
in minubes (pg/100 ml  Radicactivity
plasma) (%)
Control 18 nil 62
Qe 13 5244 68
1.0 12 89.6 48
2e5 12 39.2 45
1045 51 1541 56
15.0 105 Ged 61
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urine samples were colleched via the urinary catheter inmes
diately pre and post injection, The results are presented

in Table 3.B.14¢ where it will be seen that the rate of
progesterone clearance from the blood is similar to theb
obbained previously. In this case it was nobt posaible to
detect either of the 20 epimers of progesterone as only
volumes of blood large encvgh to measure progestorone salbisfac-

torily were withdrawn.

A small amount of progestorone (2.6 pg) was found
in the second urine sample (300 ml) vhieh represents an -
extremely small fraction of the total emount injected and thus
renal clearance of progesterone per se does not appear to be

of significance.

In this experiment the jugvlar vein blood samples
wvere withdrawn more frequently starting from 6.5 ninutes
following injections The reoults indicate that progesterone
is detectable se early as 0.5 minutes and that a peeck level
is reached at sbout one minute after injections Hn extremely
rapid diaapyearancé of progesterone from the plasma then

follows as described previously.

In order to confirm further the identity of the

20 epimers another ovariectomised cow was injected intro-



venously with 100 mgm of progesterone and two litres of

blood were withdrewn within 5 mimgtes of injection. This
sanple yielded both 20 epimers in addition to progesteorono
end the ratio of the three compounds was similar to that

seen in the two minmute samples in the fivst ovariechomised
cov used. The two epiners were tentatively identified

by their Rf valuwer on paper chromatograms, by their sbhaorption
-gpeetra in dhanol, and by the forwation of acetatos (Zendew

ot al.1958; Bush, 1961),



The repid vemoval of injecled progesterone irom
the peviphersl blood has been reported for a number of
different species. Whe posgible routes by which this
eould occour are by diffusion into the body tissues include
ing upteke by protein binding, catabolism of the progess
terone molecule or bylrenﬁi_exreticn. The resulbs of
this study dndicate that even with a massive dose oata-
bolism of the injected piogeatérane to both QObLand 29@4'
hydroxy~progesterone tokes place within two minutes of
injeotion; these metabolites amounted bo abows one Fifbh

of the progesterone ciroulating at that tiues

The presence of the 20/ epimex is interesting
as only the 20 epimer has been demonsirated in adult
 bovine tissues. The exception being the presence of the
20, epimer in the advenal vein blood of the oalf prior
to the 64th day of life (Dalfour et als 1959)e  Short
(l?SBb) demonstrated a slow conversion of progesterone by
whole bullock blood to the 20p epimer when incubated at

37°.  Heyano et al. (1954) demonstrated the in vitxro

141 .
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conversion of progesterone to the zoy epimer by bovine

luteal tissue homogenates with added progesterones

The maih sibte of progesterone catabolisw is in
the liver, as in hepatectomnised reabbils $he vate of
removal from the cirveulation is meykedly reduced compared
to controls, (Haskins, 1950)s In the hepatectomised rots
a slow conversion to the 20 epimer tokes place in exbra-

hepatic tissues (Berliner and Wiest, 19563 and Viest, 1956).

A possible explanation for the appearvence of the
20X epler in this instonce 1s that the 20B hydroxylase
enzyme eguilibriun became upset and thevefore wore substiate

wos avellable for 20¥ hydrozylation

There is o considerable species variation as $o
which eplmer is formedas  Tn the human subjeot the 20K epimer
pradomingtes in the placenta, luteal tissue and in blood
(Short, 1957; Yander eb al. 1958, and Short, 1960°). This
is in keeping with the presence of pregnanediol (prpregnaneu
3, 120 Adiol) as the principal metabolite in pregnant women's

urinea

Vhen progesterone is inoubated with human liver

in vitro, reduction of Hhe 20 ketone groups is alvays



aceampanieﬁ'by'reducﬁi@n of the d-ring as well (Atherden,
1959)s It may be that with messive doses of progesterone
the enzyme responsible for A-ring reduction im the bovine
is more wveadily overloaded than that responsible foy the
reduetion of thé 20 ketone group thus alliowiag an acouwiye
lation of the 20 epimer3¢ Altevnatively the formation

of the 20 epimers may be a result of exbra hepatic metabole
ism as in addifion to the work of Berliner et al. (19956)

it has been shown that the 20 epilmers are formed in tissue
oultures of human uterine fibroblasts (Sweat, Grossor,
Dorliner, Swim, Wabors and Dougherty, 1958) and also in hunen

placental tisswe (Little, DiMartinis and Nyholm, 19%9).

The fact that Jp-pregnane-iw 120 diol is present
in only trece amounts in cow's wrine (Klyne and Wright,
1959) and that Peerlumen and Cerececo (1948), in a study of
pregnant cow bile, found lawge amounts of Sh-pregnane-3
320p diol, suggests that the 208 hydroxylation of proges-

torone uwnder normal conditvions is the predominant pathway.

The rapid removal of prggeatarmne from peripheral
blood has alveady heen disouseed. (vide supra). From
Figure 3.Ba13. it will be sgeen that the half life of pro=

gesterone (fime taken for the blood level %o fall by half)

143



FIGURE 5.B.14.

METABOLISM OF PROGESTERONE.

BLOOD
CORPUS. LUTEUM
ACETATE LIVER.
CHOLESTEROL 200cOH PROGESTERONE
PREGNENOLONE 20p OH PROGESTERONE
PROGESTERONE
PROGESTEI
PREGNANEDIOL
OVARY
KIDNEY
PREGNANEDIOL
PREGNANEDIOL
PREGNANEDIOL
GUT
URINE

PREGNANEDIOL YIELD
HUMAN — 20-30 3
cow — < 1%
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i8 in the order of 6 minubtes vhich compares with an
equivalent of 9 minutes for women (Peavlman, 19573
Short and Hton, 1959)e The sheep on the other hand has
a ﬁligh#ly shorter half life at 4 minutes (Bennety

Bouranell and Shorts 1961).

the removal sf-"frae" progesterone from the
ciroulation due to binding with the plasme protein is
not very likely in viev of the recent finding of Yorbes,
Goulombre and Coulombre (1961) who studied the inect-
ivation of progesterone by rat liver in vitre and found
that protein binding did not ocecur to a aignifiaanf

exbents

The pathvays of progesterone meiebolism and the -
comparative yields of urinery pregnanediol in pregmnt
women and in the cow are shown diegramatiocally ln Figure

SeBelde
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PATITE BaTlelBe

FROGESTERONE

L0 T BODY_EAT OF COWS,

Dayo since | Anount Progenteronce
gostrun of it ' :
Lot Fat ® | Plosme Gorpun
(ame) Pe/100 gns | ps/100 ml | duboum
| ug/glend
13 400 6ol 092 147
1 850 <1 pg 0.11 23
ovariecton= |  4R0 <1 png nil nil
ived cote
bullock, | 380 <1 pg pil nll

# Nobt correoted for extroction lospen.



(5). PROCESTURONE T1_WHE BOWY FAT QF (OWS.

Pollowing the obsorvation reported above thab
progesverons ie oo replidly removed from the circulation
in the covw and that-a residual level persisted Lfor some
hours afber injecbion, it wap thought thet the body fod
might acb as a vroservoly for progesteronc. Accordingly
it ves deolded to examine the body feb of normal cows
for the prevence of progesterone omd/or its metabolites.
Body fab, blood and luteal samples were obtained at
slanghbter from a small nunber of cows vhiech had not
previously been trested with progesierone and whioch were
ot o known stage of the oestrous cyoles The faby which
vos obbained from the kidney veglon, was éxtraaﬁaﬂ an
deseribed in the Methods Soebion and the yesulis for the
various blssues are shown in Table 5.B.15. It will be
seon that ab mid ecyele (13 deyp) the Llevel of progesterone
in body fat ic between 5 and 10 times the level of that
found in the plasme (assuning that 100 gm of fat is equive
alent to 100 ml plasma) while ot oestrus, in ovariectomised

cous and in bullock fat the lovel was comparatively low.

The progestezone obieined from the body fat wves

tentatively identified by its RE values in Dush system A,
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PIODRE 3.3.15.

nm-BBD BPECTRPM OF FB QoKsyoHOCT ISQMEP

gaow BODY FAT (a)

1 -
L/ A 'y

JMj\if<ength in) — *-

1 Yy

IMive number (cm™)
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by its ultea-vielel absoxption spectrunm in ethanol and by
the blue colour which developed on application of the
Zimmerman veegent, In addition the compound gave a
yellovw godium hydroxide fluorescence os described by Bush

(1952).

For fucther identification the steroid eompbund
(epproximately 80 ug) obtained from the body fat of the
two cows ab mid oycle was subjected to infra ved anelysise
Figure 3.Bel5. shows the spectrun of the unknown compound
(A) as compared with 50 pg "Organon" progesterone (B) and
the infra red reference spmcﬁrﬁm of authentic progesterone
(6)e This analysis confimymed the presence of progesierone
and ravemled the presence of an additional ﬁmall'peak in
the "red reglon™ whioh was %entatiﬁély identified as an

avobate grouping.

in Qrﬂem 4o further confivm the presence of
progesterone and if possible to identify this twace of
Anpurity &~ﬁﬁ&ll part of the sample Qaa'subjeate& to
gos/liquid chromatography. In this snalysis the retention
tine of the semple relative to cholestone was identical to
that of authentic progesterone al 0.84. Furthermore, from

the shape of the peak obbained with the sample it was e
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FIGUBS 5.B.16*

gAS/LIUPID CHROMATOGRAM OF FROGE3TEROHB

ISOLATED FROM BODY FAT.

144 )
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apparent that it vepresented a sample of at least 9%%
pure progesterone. (Figure 3.8 16.).  The balance

could he accounted for by trace amounts of either othex
steroids or their acetatess This possible presence of
acetate is nobt surprising since acetic anhydride was used

in the finel purification of the sample.

Reference = unpublished at binding

"Phe corvelation of gos/liquid chromatographic behaviour
and strucsture of steroids."

Cod.We BROOKS, and L, HANAINEM, Biochem. J. (1963)
81, 151,
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DISGUSSION

Koufman and Zender. (1956) reported the presence
of progesherone in the body fat of women during pregnancy,
during the mentrual oydle and after injection of exogenous
progesterones. The level they found in.fat in labte prege
naney was 170 pg/l00 gm fat tissue, vhich is considerably
higher than the levels found in plasme at this time - 5
t0 35 pg/l00 nl plosma. (Zander, 1954 and 19555 Sommer
ville, 1957 and Bton end Short, 1959)« In addition,
Plotz and Davie (1957) using progesterone - 4 ~ Cl4 found
the highest‘ﬂnncenﬁratioﬂ af'xadioaetivity in the bedy

fat for some hours afber injection.

The presence of progesterons in the body fat of
cowg, at a level higher than that in the plasma, is therew
fore not surprising. It ig interesting to speculate as
to the role of the bady fat os a depot for progesterone
and poseibly ether steroid hormones. It is probable that
diffusion into the body fat will partly account for the
rapid diseppearsnce of injoocted progesterone in the cow as
is the case in the rabbit (Zarrow ¢t al. 1954). The reg~
idual level of 0.5 1g/100 nl which pevsisted in the ovari-

ectonisod cous for some hours after the injection of
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progesterone might indieate a slov release of this sube
stance from the fat depots back into the circulation.
The same reason would explein the plasma level of prow
gesterone persisting after wemoval of the ovaries in

the experinentis described aboves

Lf the body fat does act as a reservoly of
progestervons 1t might prevent gresé fluctuation ia the
blood level if the endogenous supply vas to alter markedly.
Assuming that the amount of fot fiaaue in a cow weighing
500 kge i3 79 kge (Morrison, 1959) and that the concenw
tration of progesterone is L0 pg/l@ﬁ gmg then tha'ﬁotal
amount of progesterone stored would be 7+% ngs This
amount, provided it were releaseﬂ~at a sultable rate, could

probably maintein o blood lavel for some hours (Shortyl959).

. Phe comparatively low levels found in the fat
of the cow at oa@tmua; in the ovariectomised cow and in
the steer would indicate a low endogenous production of
progesterone in these aninals. %hé only fat samples in
vhiech progesterone - 4 -« Cl4 was utilised as en internal
marker vere the ones from the ovarieotomised cow and the
steer in vhich the recoveries vere 37 and 24% wespecbively.

This is not surprising in viev of the number of purifications
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necessary with larvge quantities of fat tissues Progese
terone - 4 - Gl4 was nob used during the exbraotion with
the fat from the cows ot midecycle as it was desirable
that the progesterone should be uncontaminated as furbher
Ldentification of the progestereone by physical means was

anticipated.



(6)

In view of the fuct that progesterone was found
+0 be widely distribubted in the body tissues, litre semples
of milk vere collected from wo cous and examined for prom
gesterone content. These were processed in exactly the
osme way apf plesmo pamples except that, owing to the high
fat content of the milk (approximately 4%), the residue
had to be de-fatted by the freeming agueous methanol proce=
dure adopted by Allen (1932)s Milk obteined from a cow
92 days preguont contained 8.6 s of progesterone pey litre.
On the other hand milk obtained fyom o cow three days post
cestrus did not contain any detectable progesterone. The
recovery of radio-progesterone added to these two milk
gamples was 37% and 24% for the pregnanf and non-pregnant

cous roespectivelye

DISCUSSION

Trom the above rowulte 1t is apparent that the
concentration of progesterone in milk is spproximately the
game as that found in plasma. The concentration in the

pregnant cov's milk ves 0.86 pg/100 nl vhich is siwiler
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to the plasma level found at this stage in pregnancy by
Short (1958”). Similaxly the failure to debect proges-
terone in the nilk sauple obbained from the covw early in
the cycle agrees with the low level found in plasma ab
this time in the present study. Had the recovery from
this sample been higher it might have been possible to

detect some progesterone in this sample.

In viev of the high fab content of milk and the
diffioulty in removing it duving processing, there would
appear to be no advantage of this materiel over plasms

for the investigation of progesterone levels in the cow.
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SROTION 5 w RESULTS

C. FPROGCTSTERONE STATUS OF THE COY DURING BARLY PREGNANCY.

(1)

(2)

(3)

(4)

(5)

(6)

Progesterone concentration in peripheral blood
and in the corpus lubdum in cows 16 days after

insemination ~ progunant and non-pregnant.

Progesterone concentration in peripheral blood
and in the covpus luteum in cous 26 days after

insenination « prognant and nonepregnant.

Progesterone level in peripheral blood in selecied

cases two days prior to slaughters

Relationship between progesterone concentration
in blood and tobel ¢orpus luteum contenta ab 16

and 26 doys after insemination.

Relationship between the progesterone conteni of
the corpus lubeum and the glend weight at 16 and

26 days after ingemination.

208 levels in the corpus luteum.



158

SEOTION 3 = RESULDS

(.  PROGUSTERONZ STATUS OF GOWS IN TARLY PREGNANGY.
(l. & 20)

Introduetions A unigue opportunity arose to examine the

progesterone status of cows in carly pregnancy during an
investigation at the Veberinayy Hospitel into a&iﬁy
émbryonic death in catiles This study was undertseken by
Urse Boydy Bacsieh and Young with the fiamenclal support of

the Agricnliural Research CGouncila

Plan of Ixperiments An integral part of this study wag
that the investigation into embryonic losses in normal

cows should be carried oub under farm conditions. Aceord-
ingly, a group of 40 cous were seleocted individually over
a period of one yeur from nelghbouring forms. The breedw
ing history sad physical state of cach onimal, pertioularly
its gonitalia, were used to assess normality. VWhen an
anionl was selected 1t was artificdslly inseninated on the
form within 24 hours of oestrus having heen obsexved by the
farmer and brought into the Veterinary Hospital for slaughter
at o known time after inseminetion. One half of the cows
woxe élaughter@ﬁ abt 16 days end the other helf at 26 daye

after insoninabion,



ZABLE 3.8ads

PROCESTERONE STATYS IN COWS = 16 DAYS NON~PRIGNAND.,

. Plasna Progestorone | Totel Weight
Cow Progesterone in of
Humbex Concentration| Coxpus Luteum | Corpus ILuteum
(pa/100 ml | (Potal content | (Weight in
plasna) Cinopg) | grems)
1 0.8% 255 6.20
12 0.91 258 6439
14 1.08 352 5eT1
20 1.24 427 7433
23 0.9% 258 4e63%
30 0.91 197 5453
52 0465 253 628
33 0.83 298 540
Meon = 6093 28407 5.93
SeDe = 0.18 69 -0 0.6
Sele s 0,025 8.7 0.08

)
g



PROGESTERO

ZABLE 3e0e20

NI

SUATUS TN COWS_~ 16 DAYS PREGIANT

Plasna Progesterone | Potal Velght
Cow Progesterone in of
Numbay Concentration| UCorpus Luteun| Corpus ILuboum
(pe/100 ml (Total content| (Weight in
plasme) in pg) grans )
2 0,96 253 6407
3 110 357 Te53
4 1.18 324 D47
7 0e83 256 4495
8 Le54 %09 5091
9 0.68 213 £ 52
10 led4 535 T+85
15 1,10 263 He 39
21 091 500 6008
29 1.05 220 4490
31 Lo g7 356 6419
36 0. 76 355 6467
Y l.12 553 Te21
40% 1.51 3&5&%@? 7o mgzgg
Yean = L.10 298 6415
SeDe & 0.26 51 1.05
Gel. = 0.018 5067 0057

# Yuwin €

orpore Lubea
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FIGURE 3.0.1.
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Codleotion of Semples: One Jitre blood samples were

ohtained by Jugular puncture one hour prlor o slaughter.
To provide additional informntion blood semples wers
collecbed on bthe farm from cerbala snimals two days priop
to slaughter, l.0. abt 14 and 24 days in the 16 and 26 day
groups, respectively. At slaughter the overies were
renoved as guickly as possible and the corpus luteum or
aorpora lutesn vere ﬁisaeaée& outs Bach gland was weighed
cand a vepresentative sample weighing approximately 0.5 gn

venoved Lor progesterone ssbimation.

Regultss %he procsdure gbr progesterone eantimation vas
carried out as heforve on the plesma samples and corpors
lutea oblained from these eniualss In ad&itibn, with
corpus luteum samples it was poseible 4o measure the
emounts of 208 hydroxy progesterone present in the gland.
The results in the 16 day group of cows pregnont and none
pregnantare shoun in Toble 3.041s ond 3.042¢ respoctivelye
T4 will be geen that the leovels in both the plesma end
corpora lubes of thewo groups do not differ markedly.

A visual comparison of the plasma concentration bebween
cows pregnent and nonepreguoent at 16 doys can be geen in

Pigure 5.C.l. Heve, cach symbol represents the level of
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TABLE 30GeBe

PROGESTIRONE STARUS AN COWS = 26 DAYS PREGNAN

Plasma Progesterone |Total weightf‘
Cow Progesterone in of
Nuanber Concentration! Corpus Luteum |Corpus Lubteun
(Pg/lﬂﬁ ml  |(Total conteont| (Weight in
plasma) in ng) grams)

6 1.60 351 De78

11 1.20 537 7440

13 0.92 239 6434

16 1,55 421 7401

17 1.63% 454 8460

18 0.88 301 4456

19 1,10 257 5480

22 1.28 322 6o 45

24 0.86 192 375

26% 1.41 414%%33 7.692§:§$
27 0.85 211 5¢41

55 0.91 257 5044

41 0.69 268 6450
Mean o 114 308 6e22

SaDe = 0429 81 1433

Selie u 008 22 0.10

# Twin Corpora Iutea.
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EABLE 5eCode

PROGESTIRONE SPATUS IN COWS - 26 DAYS NON-PREGHANT

W

(The ovarien of each animal contained both o regresge
ing and o developing corpus lubtoum). =

Plesns, Progosherone Potal Velght
Gage Progesterone in corpus of
- Goncantration luteun Qorpus Luteun
Number | (g/100 nl (ps/gland ) (in gns)
plasma) o .
~ OLd 1 Rew 014 Ney
L3 .
5 0.12 103 | - 0.2% -
25 0,11 18.0 10.6 0.90 0,46
' |
28 .12 2e1 24.1 052 066
34 0.22 . 408 |  0.28 |  1.67
39 0.51 - 12448 Ould 5,20

% Cov No«5 vhich was subseguently wibhdrawn
from the sevies due Yo the presence of oystic
ovavian degeaeration had only one regressing
corpus luteunm.
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FIGURE 3.C.2.
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progestercne of an individuel animal at the time of
glaughters The ordinste of the graph shovs the aalunals
nupbered 1 bo 40, in the sequence in which they were
inseminated and slaughtered. Only half the animels wewre
of course slaughtored at 16 dayse The selection of
animals for slaughter at either 16 days or 26 days after

inseninntion was purely at random.

The results in the 26 dsy group of cows, pregnmb
and non-prognant, are presented in Tobles 3.0e3 and 3.Ce4e
rospectively, and in sddition shown graphioelly in Figure
BeGe2e It can be ééen that there is o marked difference
in progesterone concentration in both plaesma and in corpors
lutea between the two groups. This is in agreement with
the finding bhat the ovaries of the nonwpregnent cous cone
tained a new growing covpus lubeun and an old yegressing
one excaept for aoﬁ Ho«% which had only e small regressing
corpus luteun and no signs of a recent ovalation. WThis
animal was svbsequently deleted from the series due to

evidence of oystie ovarian degenoration.

From the ovarien findings ot slaughter it would
appear that all the cows none-pregnant at 26 deys had

recently ovulated. Had eny of these animels been detected
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in negtrus they would heve been re-~inseminseted. The
fact that these animals were not reported in cestrus
indicates that elther they Jdid not manifest clinical
signz (silent heat) or that the farmer elther failed
to obgerve cestrus or failed to report the cccurrence

of oesbruse.

Of the covs inibinlly designated to the 26 day
group, bthree aninals wvere detected in oepbrug by the
farmer prior to slaughter at 26 agﬁs. Phe animels in
question were cows Nos 7, 12 and 36 vhioh had returned

0 cestrus by days 16, 22 and 19, respectively.

Nose 7 and 12 were re-allocated to the 16 dey
group and nunber 36 wos re-allocated to the 26 d@y group
but was again detected in cestrus prior to slaughter, this
time on day 20. On this ocecaslon the animai wags rew
allocated to the 16 day group and when sloushtered 16 days

post dnseminakion it was found to be pregnant.

Gouw Nos39 shovws a higher concentration of proe-
gesterone in the plasma and in a corpus luteun of a greater
veight than the others in the growp. This is, however,
compatible with a return of cesbrus betveen 18 and 20 days

aftor insenivation, and the formation of a nev corpus luteun
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vhich was 6 to 8 days old al elaughter. This in turn
would produce o plasma progesterone concentration of
approximately 0.5 ygflﬁﬂ ml plasna as seen in cous
during days 6 to 8 of the oestrms gyocle, and in this

subjeot cow No.59.



PLASMA Hﬁ&@Eﬁ@EﬁgﬂE CONCINTRATTON AL 1

’;‘ «Q,BLI& i wlle :) .

LNSELINAG TON
(pe/100 m} plasma)

PREGNANT NOW«-PREGANT
Cou Noe | 14 Days 16 Doys | Cow NWo. | 14 Days | 16 Days
29 l.16 105 23 0«84 0.95
31 1.64 1.47 30 0.98 0. 91
57 1.35 1.12 55 0.80 083
Means 1.38 1«21 0.87 0.90

16

3

v/



PLASMA PROGESTERONE CONCENERATION AT 24 & 26 DAYS AWIER

PABLR 340460

LNSEMINATLON.

{(pg/100 nl plasma)

PREGNAND

NON PREGNANT
Cou No. 24 Days | 26 Days | Cow No .” 24 Daya |26 bays
11 1.2 | 1.20 25 0s12 0,11
16 1e83 1e35 28 0,12 0.12
22 1419 1420 %4 0.10 0.22
24 0.88 0086 39 s 35 0451
26%* 1455 141
35 085 0,91
Heans 1. 10 117 0.7 Q.24
# Twin corpors luten.
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3, PLASHA PROGESTNMRONE CONGENSRAMTON TN THIE 16 AND 26 DAY

PLASIA PROGESTERONE CONGENSRANION XN WHI 16 AND 26 DAY,

GROUPS W0 DAYS FRIOR TO_SLAUGHIER.

Yo provide additlonal informetion blood samples
were collected, uvhenever poasible, on the furm two doys
prior to the cows being slaughitered ot the Vebterinary

Hospital.

The resulte obbtained in the 16 day group ave
shoun in Table 3.0.5, where it will be seen that in both
the pregoant and aon-pregnant animals the levels on day
14 and 16 are of » similar order, It will be seen that
in this rather meall sample of aﬂiméls the wean level of
the non-pregnont cowva is somevhal lower then the wmean

level of the pregnant covs.

Table 5.0.6. shous the veoults obitained in the
26 day group. It will be seen that theve is o similaridy
botuaen the 24 and 20 dey levels of the individual cow in

bhoth the pregnant and non-pregnant anlmals but that there

ie a marked difference between the pregnant and nonspregnait
¥

animals as o vhole.
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4o RELARIONSHIP BULIWETN THE PROGESTERONS CONTINE OF THE

CORPUS LUTRUM AND UHE PROGESTERONE CONCENURATION TN

PLASHA.

Using the results obtainéé in the 16 and 26
day groups it was possible to consitruct a graph to show
the relationship in eaeh cow between the total amount of
progesterone found in the corpus luteun snd the progese

terone concentration present in the plasma.

It will be seen in Figure 3.C.3. that the glands
conbaining the greatest amount of progesierone appear 4o
be assoclaeted with the highest levels of progesterons found
in the plasma. Convergely the glands containing the lowest
quantities appear to be associated with low plasma progese
terone lovels. The relationship is on the whole not well
defined for it will be seen that at a given level of pro=-
gesterone in the gland the plosma concentration often shows
o range of rvesdings differing by ao much as 0.5 uge which

may represent a difference of 504 belveen veadings.
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5. RELATTONSHIP BEIWEEN THR TOPAL PROGESTERONE CONTRNED

AND CHE ROTAL WETGHE OR THE CORPUS LUTHUM,

In ordey %o demonstrate the relationship betueen
the corpus lubteum weight and its progesterone content resulbs
from the 16 and 26 day growps vere used to construct a graph
vhere the totel content of progesterone In the corpus luteum
was plotted against the welght of the glond for each cov in

the sorles,

Mgure %.C.4. shows the results obtained and 1%
will be seen that progesterone content of the corpus luteum
rises with the increase in the gland weighte 1t will be
soen that the 26 dey pregnant group, represented by solid
ﬁriangleé,‘shﬁﬁa the greatest range of both gland welght

end progesterone content.
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DISCUSSION OF PROGUSTERONE LEVELS TN BARLY PAVGNANGCY.
DISCUSSION OF PROGESTERONG LEVELS IN BARLY PAVGNANGCY.

The lack of any histological evidence of embryonilc
degeneration ocourring at 16 days in the present study is
digappointing in view of the fact that this is the time
vhen grea%;almngation of the blastocyst is occurringe
(Winters, Green and Comstock, 1942)s It was suggested from
the study of Houk et’al. (1955) that the most likely time
for embryonic deaths to ccour vould be between 16 days and

the day of return of ocestrus.

Yhe blood levels found in both the presment and
non~pregnant cows at 16 days in this series were of the

game ovder, They also did not differ markedly from the

176

levels ot 16 days measuved in the six cous durdng the cestrous

cycles The marked difference in levels at 26 days betueen
pregnant and nonepreégnont cows can be explained a return of
oeatrum\aa evidenced by the gigng of a recent ovalation in
the latter group. This isg in sgreement with & xeport by
Hawl, Wiltbank, Kidder and Casida (1955) who stated that

3 gows oub of a group of 50 inseminsted aninmals ﬁhawgd @Y i

dence of a quiet ovulation when slaughtercd at 34 days.

The slightly higher progesterone 1evela in both



plasne and corpora lutes in the 26 day pregnant cous over
the 16 day pregnant snimals ds in agreement with the finde
ing of Stormehok et al. (1961) who indicated a rise of
progesterone in the corpus lutewn during the fivet few
months of pregnancy, followed by a gradual descline.  Howe
aver, Mares and Unsida (1969) reported a fall in coxpus

lutenwn content ot this times

From the pree-slaughter levels in the pregnant
aninale between 14 and 16 days the level appears Lo drop,
whereas in the non-prognant group the levels sre eithex
the same or rising slightly. Thia could indicute o slower
maturing corpus luteun in the 16 day non-pregnant group,
pasuning that blood levels are g relisble guide to luteal

levelos

It would appesy that at the sbages of pregnsney
investigated in this study progesterone does not seen to
be a critical factor in elther cvonception rates or embryonic
death. iHowever, from the Findings in the above pevies to-
gether with the levels seen early in the oestrus cyole of
the normel cow it would appesr bthat plasma levels of Pro-~
gesberone could be important during the filret few days of

embryonic life. At thisg time the ferdtilised ovum cam be
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recovered in 904 of inseminated enimals (Leoings 1949)
but little is knoun abous the poaition of the fertilised
ovun in the oviduct relative to the uterus ot this vitel
abages It may be that the level of progesterone is
oritical at bhe 3 to 5 day stage vhen, by alierving the
rate ot which the ovum btraverses the oviduot, it could

affect embryo survival.

In e histologleal study of corpors luten during
16 to 34 days of pregnancy in o large series of couws Foley
and Greenstein (1958) found a range of corpus luteum weights
0f %420 gn to 9.2 gms which compares with 3.75 gm to 8.60 zms

in the present serlies.

The general velationship of a higher blood level
in animals with wost progestervone in the corpus lubeum or
the heaviest gland weight is in keeping with the finding
of Moore, Rowson and Shoet (1960), and Short (1961) who
indicated that in superovulated ewes the greater the number
of corpora lutea pregent in the ovaries the higher vas the
blood level both of progesterone and the 202 epimer, the

lattor vwhich is alego found in sheep plasmo.

The two cows in the present series which had twin

corpora Lutea had blood levels well above the average for
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thelr groups. Cous No. 26 and 40 had levels of L.4L ng
and 1.51 ng vhere the mean group levels were l.14 end 1.10
‘pg/loo ml plasma in the 26 deoy and 16 day pregnant group,

respectively.

In the present study the lack of a close rew.
lationship between hlapd and corpus luteum levels is not
surprising as no allowance has been made for the body
veight or blood volume of the individusl animal. Another
factor vhich could influence this relationship is the
vageulayity of the corpus luteun and the rate of blood
flow through the overian vein. HBomenoff, Deshpande and
Pineus (1962) have demonstrated in the bitcoh thet there
tends to be & significont relationshlp between progesterone
secreblion rate in ovarden veln blood, and the blood flow
vate, Other factors may he involved such as the vardation
in the rate of metabolism or even the degree of falness of
the animal in view of the faot that fat appeavrs to act as

a phovoge Organ.

The effectiveness of progesterone therapy for
inmproving coneepbtion rates in repeab-breeder cous 1
pomevhat uncertain.  Herrick (1953) and Davson (1954)

both claimed an improvement but the conception rates of
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their control animale were rather lowe Wiltbank et al.
(1956) using two differvent dosage levels found a 129 improve-
ment over the conbrol animls ab 34 deys post insemination,
but the concepbion retes were oaly 42¢% and 3074 in the tvo
groups.  In addition vihere the corpus lutoum had rvegressed
there were no live embryos in sPiﬁe of progesterone therapy.
Thiw, together with the faot that an appavenily functional
corpus luteum was present in gll those covws with dead embryos,
suggested that the death of the embryo aanaéﬁ regression of
the corpus luteum. Hovever, there is the possibility that
progesterone therapy could have prevented the death of an

embryo and thus maintain the corpus luteums

John&ton (1958) reporbted that progesterone trent-
ment impraved the conceptlon rates of first servioe animaly
but again the contxols were very lows The two rabes being
T2 for the treated and 405 for the unirested. The national
figure for conception rates of first serviee heifers is in

the order of 65 (Voyd and Reid, 1961).

Hansel et al. (1960) adwinistered 20 wng of
progesterone on the day of cestrus to 36 repeat-brecdors
with 28 controls. The administration of progesterone ab
this time is reported to hasten ovulation (Cansel end

frimberger, 1952). However, at 50 daye there was no



significant difference in concepiion vates hebween the

WO groups.

Progesterone levels do not appeay to differ
at 16 days betveen oestmus cydle cows and cows vhich have
been inseminated, vhebher pregnant or non~pregnent. This
is in sgrecment with Rowlands et al (1959) vho demonstrated
that the progesterone concentration in the corpora lutean
of mated and unmated guines pigs was the same ab six days
after ovulation, vhich is the mid~point of the luteal phase

in the guinea plge

Staples and Hansel (1961) using an internal marker
of progesterone « 4 ~ Cl4 estimated the progesterone content
of corpora lutea from pregnent and non-pregnent helfers 15
doys after matings. They obitained recoveries of TO to 80%
for radio-progesterone and, from the dots presenited, the
average content of progesterone was 2L0 ng fyrom an average
gland welght of 4.2 gn. There was no difference in pro-
gasterone conbent between the proguant and nonepregnant
animals although the 20p hydroxy-progesterone level appeared

o be higher in the non-pregnent aninals,

In the cow at about 16 days a mechaniswm mugt exisy

which will prolong or terminate the life of the ecorpus luteum
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depending on vhether the aniwal is pregnant or nouwpregnant,
The developing blastooyst in the cow at 16 days post
insenination is a very thin elongated structure which hasnot
yobt becone atbtached to the endometriume It is difficuld

to imagine how 90 small a stueture can influence the course

of evenbs leading to the maintesnance of pregnancy.

It hasg been known for some btime that the uterus
has & profound influence over the corpus luteum. The
experiments by Losb (1923) in the gulnea pig demonstrated
that hysterestomny at the sppropriate time vesulted in the
mointenance of the coxpore lutea in an apparently functional
stnte. Rowlands et al (1959) confirmed these findings
and furthermore showed that tha covpora lujea so maintalned
had o higﬁax concentration of progesierone than wvas seen

st any other time.

- Bimilar effects to those seen in the guinea pig
wvere reported for the cow and ewe (Wiltbank and Capida,l996)
and the sow (Tu Wesnil du ﬁui%sbn and Dauzier, 19%9) but
apparently not in the other species so fay investigated

(cefo veview Perry and Rowlands, 1961).

Duncan, Bowverman, Anderson, Hesyn and Melanpy

{1961) have demonstrated in vitro the effect of sow endometrium



extracts on progesterone synbthesis by homogenates of sovw
corpora luitea. They found that endometrial extracts
taken during the early pert of the eycle had some stimulus
on progesterone aynithesis but that extracts of endometrium
from sows at day 16 of the cestrous cycle hed a definite
inhdbitory éffact. However, no one has yet shown this

offect on the live animal.
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FIGURE 5.C.5.
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DOTAL AMOU

AP 16 DAYS AFTIR INSTMINATION e PREGNAND.

TADLE 0ol

AP 16 DAYS AFTER INSTMINATION w PR

JGNANT

Progenterone

Ratio of

Cow N 2% hy%ro” 208 t
Jow Noe progesterone o
(pé/giand) (pe/gland) prggégiergne
n gland,
2 37 253. 1:7
3 30 357 131l
4 54 324 136
[ 49 236 185
8 44 309 137
9 45 213 135
10 66 335 125
21 20 300 1:15
29 21 220 1:10
31 36 336 119
40" 36 229 116
o5 365050 15{115
MEAN3 4% 295 L7
# Twin corpora lubes.
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HSTERONE TN CORDPUS TAMGUM

SEMINATLION = NON PREGNANT,

20B hydroxy Progesterone Ratio of

o | PRI | (/o) | s
in gland
1 24 255 138
12 42 258 116
14 - 60 332 | 114
23 35 | 258 ] 127
30 N N T 115
33 65 298 115
MEAN: 50 266 1:5.8




TABLE 3829,

TOTAL AMOUNE OF 208 HYDROXY PROCESTERONE TN goumg yEUD) __g
26 DAYS ATTER INSEUINADION - PREGHANI,

187

20p hydroxy | i’*rogaawmm | Ratio of
. ’ progegterone 208 to
Gow No. (pe/glend) (ne/gland) proge%:uerone |
in gland,
6 41 331 118
11 120 331 113
i3 38 239 146
17 53 454 1:9
i8 87 301 113
19 150 257 112
22 29 323 131l
* 25 194 118
26 62§§7 4145220 14 7€1:6
35 17 257 13
38 75 268 114
MEANs 63 318 l15.6
® Twin coxrpora lutea.



6. 208 HYDROXY PROGESCERONE CONTENT OF THE CORPUS LUTHUM

AN HE 16 AND 26 DAY GROUPS.

In most luteal ssmples 1t was possible to measuré,
in addition to pxogesﬁaran@, the amount of 208 hydroxy
progesteronc, (See Figure ﬁ.G.S,); The calibration cuvve
for progesterons was used Ho obtaln quantiteiive measurenent
of 201 "apobet as the ulitra violet exbinction coefficients
of the two compounds in ethanol are essentinlly the samo
(Bhoxt, 1958&). In addition the 20p levels vere corwected
for extraction looses using the facovery rates obbained with

radio progesterone.

A number of Eqp lavels from the series could not
be measuvred due to streaking from bthe ovigin line cbscuring
and contaminating the 208 "spot? but not interfering with the

measurenent of the progesterone “apot®.

The yesults for the 16 day pregnant, 16 day none
prognant ond 26 day pregnent animals are shoun in Tables
BeCafoy Bué,a., and 3eGeY. reapeeﬁival&. It will be seen
that the mean levels of 20B hydroxy progesterone do not
differ markedly among the three groups. However, it will

be seen thaet in all three groups there lg a pronounced
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individual vaviation in both the tetal and relative amounts
of 20§ hydroxy progesterone and progesterone present. Only
trace amounts of 20p hydroxy progesberone were found in the

26 day non-pregnont group.
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DISCUSSION OF 20B LEVELS

138

Gorski et al,_(lgﬁaa) who fivst reported the
ogcurrence of the 20p epimer in the corpus lubteum of the
cow found it to be present in quantities amounting to one
third, to one fifth of that of the progesierone presents
(Gorski et al. 1958b)‘ However, these were from wndeted

samples and no allowance was made for exbraction lossged.

Phe quantities of 20P hydroxy progesterone in
curpora.lutea reported in this study ave pimilar to those
reported by Mares et al., (1962), who recorded on the 15th
day of the oestrous cyole in the cow 6 pg/gm with a total
of 32 pa per gland, The ratio of the latter Lo progesterone

was L7«

Bowerman snd Melampy (1962) reported 4T ug to Q.O‘pg/gm
of progesterone and the 2Qﬁ epimer respectively in day 16
of the cycle. They carvied oubt some inoubation experimonts
in corpora lutea and found that the relative guantities of
the two steroids present chenged considerably as incubation

progressods

Stapks and Haneel (1961) in a study of embryo

survival in heifers found much higher levels of the ZQP epimey
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in the covpora lutea of those animals non-pregnant at 15 deys
after insemination. Although in the present study there was
e slightly higher amount of the 2Q@ epimeyr per gland in the
16 day non-pregnont group the difference bebween it and the
16 day pregnant group was not considered to be significant

in view of the small number of samples examined.

The exact significance of the 20 epimer in the
cov is not clear. Most invesiigaetors ebnsidar it to be a
metabolite as it has heen shown to be produced when cow
corpore lubea are inoubated with progestercne jn vitro
(Hayano et al. 1954)s  Appavently, during the extraction
proeadure utilised in this study none of the progesterone
present in the luteal samples was converted to the qu
epimer as vedlo-activity was not detected in the "qu zona"

in several of the chromatograms vwhich were examined.

20p Hydroxy progesterone has been shown to have
weak progestational activity with certain straing of mice
in the Hookerw-Forbes bio-assay (Zender et al. 1958), and
therefore some luveshbigators add the QQﬁ epimer to the anount

of progesierone present and designate this as "total progestin'.

Welst (1959) has demonstrated that the conversion



of progesterone to the 204 epimer, by rab overian tisoue

in vitre,is in fact reversible but was of the opinion that
this interconvertibility was not involved in the mechanism
of hormone sction. There is no evidence to date that this

happens with the 2{)}3 apiners.,



SECPTON 3

CONDIT IONS,

)

(2)

- RESULTS AND DISCUSSION

Gows with hydrops allantois.

Oows with retained foetal membianes.



194

Ds  PROGESTERONE IN COMS WINH CHRPATN CLINICGAL GONDETIONS.

1. Progesteronc in coys with bydrops ellsntoiss

Hydrops allantols in cows generally ocours in
late pregnancy and is characterised by an excessive
accumulation of allantoic fluid. The foetus and/or the

foetal membranes are frequently oedematous.

The first signs ave usually gross distension
of the abdomen folloved by general discomfort and malaisec.
The incidence of the disease is low but the cow is usually
unable to calve and death follows unless the calf is de=
livered by ﬁaesarean section, DBven under these conditions
the meternal mortality rate is high possibly due to the
sudden loss of allantoic fluid vhich may amount to as much
as 60 gallons. Qlow drainoge of allantoic fluid from the
uberus by means of a vetaining catheter, prior to surgical
renoval of the footus, appears to be helpful. (Neal, 1956).
The osuse of this condition is at present being investigoted
at the Uﬁiversity of Glasgow Veterinary Hospital by Mr. P.G.
Hignett ond Dr. T.A. Douglas with particular reference to
biochemical chonges in the foetal fluids, the foetus and the

dame
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PAR g" :‘cgolo

WITH HYDROPS ALLANTOIS.

Plosna Progestorone | Total Weighi

Cage Progesterone in of
Concentration | Coxpus Luteum | Corpua Luteum)
Numbexr (pg/100 ml (ng/gland) (in grams)
plasme )

18276 1.10 96 4e9
18735 O34 73 243
18734 1.09 197 4e3
18943 0.08 a1 307
19023 1.84 228 743
19606 1.21 153 4a7
19757 0.92 120 345
Means Qs 9.1 150 4. 38
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TABLE ﬁé sllele

SUMMARY OF HYSTORIES O CASES OF HYDROPS ALLANTOILS

Case Number Aze of Cow Approxinate

in years stage of Renarks
gestation

18276 3 7«8 Calf oedemabous |
months and deformed.

1873%3 2 8 Gall normal.

: montha

187354 2 over T Qedematous
mnonths nenbranes -

ealf normel.

18943 3 over 8  Calf normal.
months

19023 5 8% Calf normnal.
monthe

19606 4 8 Qedenatons
nonths memnbranes.

19757 2% 8 Galf nornal.

months
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Coses of hydrops allentoils ocour gsporedically
and about ten ave referved to the Veterinary Hospital
PET annuin, In most cases the affected anlmmls are
purchased fyom the owner so that slsughter and collection

of mabterisl con be vavrried oub as desired.

The levels of progesterone present in the blood
and luteal tissue al the time of slaughter and the history
of each animal awe shoun in Tables %.Dele and 302, ve0=
pectively. It will be seen that the plasme progesterone
concentration shows o wide variation with a range of 0.%4
t0 1485 pg/l00 nl plasme. The weights and the proges-
terone content of the corpus luteum are considerably Lover
than that seen earlier in pregnancy albhough again there

is o considerable varistions

I@h@ relavionship betveen plasma levels and gland
levels ox wéigﬁts noted in early pregnancy at 16 and 26 days
appeared to apply in these hydrops covwse In this small
sample there appeaved o be a closer relationship between
plasma levels and gland wéilght then the glend content of

progestoronte

Tt will be seen thab the average age of thepe



cases is vexry low, with s mean age of 3 years while 1t is
apparent that the disease was occurring in late pregnancy
at an aveyrege time of 8 months, the normal gestation

period being 9 months or 280 days.

In the fivet three cowa examined in this series
litre samples of amniotic snd allantoic fluid wewre examined
for the presence of progesterons and Lis metabolibes hutb

in no case were any of those compounds deteocted.
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DISCUSSION OF. PROGESTTRONE LWVELS TN COVS WITH

IYIROPS ATLANIOTS.

Plasme levels of progesterone in cous with
hydrops allantois were similer to those seen in cows in
early pregnancy and at mid-cyele. The only exception
appeared $o be cow No.l8733 vhich, vith a level of 0.34 mg/
100 ml of plasma, could have been approaching parturition,
a8 Short (IQSSB) hos reported a gradual fall in plasma
progesterone concentration 2 to 3 weeks prior to calving.
Cow No.19023 had o high plasna level of 1.84 pg/100 ml
plasma and from the service date vas 256 days pregnant with

24 days mtil the expected calving date.

The weight of the corpus luteun vas generally low
with an average welght of 444 grams, This agreed with the
finding of Melutt (1927) who found low corpus luteum wiights

in late pregnaney in abattolr cowsy although there vere two

cases in vhich the glands were hesvier than any seen in sarly

pregnoncy. It vould sppear therefore that progesterone
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levels in the tissues of cous suffering from hydrops allantois

are compatible with normality.



o, RELAPION OF PROGESVERONE 70 BERAINGD FORTAL MEMBRANES

In the experiments carried out by Molonald et al,
(1952), in which pregunsney was maintalned in cows by proe
gesterone injections after removal of the corpus luteum,
it was noted that in these cows in which progesterone ade
ministration ves stopped some weeks prior to the expectnd |
perturition date, 7 oul of 8 cows relained their placentas,
but had o shorter than norwmal gestatione In a subseguent .
experiment (MoDonalds Mollutt wnd Wichols, 1954) in which
the above couditions were adnered to but in which progese
tgmone therapy was rvecommended for the last 30 days of
pregnancys none of the animéls retained thelw placentas
and all calved at or near the expected dates The authors
vare unable to decide whether the apparently "beneficial®
effect of this pre-partum administration of progesberone
wos due dirveotly to a raised blood level or due to & proe

vention of early parturition.

In a lavge seale brial McDonald and Hoys (1958)
adninistered progesterons to 93 normal pregnant cows on
deys 33, 23, 13, 3 and 2 days prior to calving and compared

the inecidence of retention of foetal membranes in 93 control
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aninols. Where was no signiflcant difference between the
two groups except that in 3 untrveated cows with twine all
retained, vhils in 4 treated cows with twine, none rebained

their placentas,

In 2 sinilay type of experiment,; Johnson and Frb
(1962) maintained pregnancy in cows, ovariectomised aariy
in pregnency, with progesterone injections and found that
if the injections were gbtopped more than six days prior to
expected parturition then retention of membrages occurred

(oix out of six cases).

In view of the ahove findings blood samples

were collected from six post parturient cows, threse of vhich
had retained theiy foetal meﬁbwanes for a period greater than
12 hours post-cnlving and three of which had delivered them
within 12 hours of calving. The progesberone levels are
ghown in Table 3.D0.%. where it will be seen thel the levels
are sinilarly low, ALl blood samples were cellected bebueen
12 and 24 hours post-calving and prior to any form of tvent~

mnent.
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DISCUSSION OF REPATLNID FONTAL MEMBRANES

wn

It would therefove appear that there is, in the
small sample of cows examined, no difference in progesterone
levels in those cous which retained their foeltal membranes

and thosevhich did nob.

The faot that in ovariectomised cows, maintalned
in pregnency with replacement progesteronce therapy, the
oocurrence of retantioﬁ of foetal membraones appesred bto be
influenced by the presence ov ahéence of progesterone at or
near calving, doss not necessarily indicate that such ia the
onse in "normal" (nonwovariectomised) covs.  The findings
of McDonald et al. (1958) in thelr trial vith normal cows
would tend to emphasise this. Hovever, from the report'of
Shoxt (1953“) that the progesterone level in the prognant
cow falls slovly from about 2 weeks prior to calving, thore
ig a possibility %h@t the progesterone levels prior to and
not after onlving could be critical., This is given some
support by the findinge of Johnson et al. (1962) described
above, in vhich six ovariecivomised cows oul of six relained
their membranes when progesterone administration was stopped

more than six days prior to the expected calving date.
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The part played bg progesterone in the retention
of foetal membroanes may be associated with uterine mobtility
a8 Venable and Mclonald (1958) have shewn that ovariectomised
covus as described above have s diffevent post-paritum nterine

motllivy from normal cows abt thisg time.



BECTION 4 = GENERAL DISCUSSION.
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GENERAL _DISCUSSION.

Pregnanediol as an index of progesterone
metabolism in the cow has beon shown to be of no value
due to the foot that the exoretory pathway of progesterone
in this specieg is probably via the faccal route in the
form of an androgen. In this context it 1o interesiing
to note that a species of Fugarium vhich may occur in the
rumen can convert progesterone snd some related sterolds

to an androgen {(Androste - li4 diene - 3317 dione).

Blo=asmay methods for the estimation of proges.
terone suiffer from a marked laeck of specificity, particule
arly in view of récent findings that a large aumber of ree
lated steroids give positive results in some of the microw
- big-assay procedurss. For.mxample, Zarrov, Neher? Loagow
Wagenm and Salhenick (1957) have shown thai, using e diff-
erent strain of wmice, 17lhydroxy-progesterone is 60 times
more active than progesterone in the Hooker-~Forbves bio-
asgay.  Also ﬁhe}&ﬂ epimers have been shown to have some
biological activity in this assay (Zander et al. 1998)«
Chemical methods have now almogt completely superceded bio=-
aosays and it is not surprising that they differ comsiderably

0 the resulte previously obtained by the bio-assay methods.



Phe plasma and covpus luteum levels of proe-
gesterone seen during mid-cycle appeared to be of the same
order as the levelsp seen in cows 16 and 26 daye after ine
gemination, which sgreesn with the finding of Rowlands et al.
(1959) for the mated and unmated guinea pig corpus luteuu.
Trom the levels reported by a number of workers for the
progaétarnne content of the corpus luteum of the m&ted and
unnated cow a state similar to the findings 1n the preosent
study exists. This sibuilarity of levels is not surprising
a8 the cow appears to depend almost entlirely on the corpus
luteum for its endogenous progesterons. Bvidence for this
is seen in the rapid drop of plasma progesteronse conoens |
tration d@aciibed above in the cow, following the removal
of either the coxpus luteum or the overies., This rapid
disappearance is common of many speecles, however, owing to
the sensitive ﬁechni@u@s used in this sbtudy it vas possible

to measure the lovw residual levels in these gancs.

It i3 not ezxactly olear to what degree, if any,
the adrenal gland is involved in this finding. However, in
view of the finding of a very high lovel of progesterone in
the body fat of oows at this stage in the cycle it is likely

that this sowrce may be the mowxe important of the tuos

20
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The levels of plasme progesterone in different
individual cows exanined during this study varied cone
giderably and among the possible faciove suggested vhich
wight influence these are, the veight and progesterone
content of the corpus luteun, the vascularity of the corpus
Inteun and rate of overdian blood flow and possibly the
amount of progesterone stored in the body fat. In this
context it is well kunown that there is a very wide vange
of values for the proportion of body fat in different car~

Casei

The ropid bregkdown of the large quantities of
injected progesterone in the cows desoeribed above would
indicate that the liver has a remarkable capacity to
catabolise this steroid. It also indicates that there must
be a very large surnover oy production of this hormone in
the cov and it is not swrprising that the levels are very
lowse The plasma levels of "oestrogen" in the cow ave also
very low. In a vecent study Pope, Jones and Wayneforsh
(1962) were zble tu detect about 5 g of “"eestrogen" per
litre of vhole blood bub only during the last two weeks of
gestations This ig interesting in view of the fact that
progeaterone concentration ie reported to be dropping ot

this time and might indicate a poseible role in paviéurition.
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The above workers were in addition able to detect with
some difficulty trace amounts of cestrogen in about 10

litres of blood taken from covs on the day of oestrus.

There is little doubt that progesterone plays
an important function in cerly embryonic life in wmany
gpecies but it vas not povsible to demonstrate o notural
deficiency of progesterone at the times stated in the
present study. The promising results obtained by some
of the progesterone therapy itrials as a means of improving
fertility in catile are difficult to explaine. However,
the conditions of the trisls vary so much between the
different groups that no definite conclusion can be resched

at present.

It wonld appear from the studies of progesterone
lovels during the cestrouscyecle in the norma) series of
cows that the levels eaxly in the oyole might be a move
profitable line of approach in enbryo mortality studios.
However, the levels are so much lower at this time that »

more sensitive method of estimation would have to be employeds

Progesterone levels in the clinical cases oxamined

during this study appeared to be compatible with normality,



but in view of the experimental work carried out by
MeDonald ot al. (1952) on retention of foetal wmembrones
in the cow, il woudd appear that progesterone levels

prior to parturition may be worth studying.
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S UMHLR V.

A ocareful study was cerried oul of the method
of Shoxt (1958&) and Rowlands and Short (1959) for the
estimation of progesterone in plesme and in corpora lubes
veapactivelys, Toxr bovine plasma it was found necessary
to acetylate bthe first chromatogrom eluate with an acetio
anhydride/pyridine mixfture and subject the residue to a
further chromatography stap; These additional steps ine
creased the specificity of the methed for progesterone and
at the same time yielded a comparetively pure final product.
In addition the incorporation of a radioaoctive marker to
caleulate individual recoveries was found o be an advanitage

in both plasma and luteal samples.

Using the above mebhod plasma progesterone cone
centration was measured throughout the cestrous cycle in
slix noﬁmal dairy cows. The gensral pattern consisted of a
gradﬁal rise in progesterone concentration from near Zero
levels on the day of oestrus (dey 1) until day 5 when 2 more
rapid rise occurred up te a level of abeut 1.0 yg/lﬂo ml
rlasme on day 9. The level remained at about this value

until day 16 when a decline occurred until near zero levels
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vere reached on the subseguent day of ovestrug. There
appeared to be a considerable variation in the maxinum
levels attained duving mid-cycle in individual dows.

Phe range of values at this fime in the six animals used

was 0463 t0 Le44 pg/l00 ml plosna.

The removal of ihe corpus Iluteum or ovaries
during mid-cycle in the cow yesultbed in an initial wrapid
drop in ploswms Qrcgesteﬂone concentration folloued by a
more grodual decline. “The'faoﬁ that this oceurred after
the removal of either the covpus luteum or the ovaries

indicated that the residusl progesterone level did notb

originate from ovarian tissue other than the corpue lubeums

It was tentabively suggested that the residual level could
be due bo s contribution from @ihh@f the adrenal gland ox

the body fat depotee.

The subgequent deiermination of comparstively
high levels of pr@gasﬁarone in the body fat of covs at mide
eycle emphasised the latter as the more likely of the two
soﬁrcas, with the reservvatbion that an adrenal contribution

due to eurgicel stress could not be ruled out completely.

The rapid disappearance of injected progesterone
P Y ¥

from the ciroulating blood of the cow was in keeping with

21
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the obsexvations made in other speoiess There was evidence
to show that this vas partly due Lo catabolism of the prow-
gesterone molecule and partly due to upbeke by the body
tissues, probably the body fat. Furtheréara it was shoun
that renal exeretion ol progesterone per se did not ocour
to any appreciable extent. The hali life of progesterone
in the blood of the cow appeared to be in the order of 6

minutes.

Progesterone in the body fat of cows ab mid-cycle
vas found to be 5 to 10 times thet in the plasma and the
identification of the progesterone from this source was
gonfirmed by infra~rved anelysis and gas/liquid chromato-
Srophy. In fat from couws early in the oycle, from ovari-
ectomised cows and Lrom bullackﬁ,Apragesterone was 1ot
pregent in any measurable guantity. Progesterone was also
found in cows milk vhere 1t appesred bo reflect the levels
found in plasmae. However, in spite of nllk being more
available then plesma, owing to its high fat content, it
was not couslidered to be a betber source of material for

the study of progesterone metabolism in the cow.

Plasma and lubteal levels of progesterone vere

studited in a series of 40 cous ab 16 and 26 days after
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insenination. The levels of progesterone In the pregnant
and non-pregaant enimals when slaughteved ot L0 days were
of the same orders while at 20 days the marked diffsvence
hotweon the levels in pregnant and nonepregnant couws could
be accounted for by evidence of o yvecent ovulation in all

cous in the latter group.

In this geries of 40 couws bhewe appesred to he
a relatianship between the plasma levels and both the
luteal welght and progesterone c¢onbents The higher blood
levels appesred to be asséciated with the heaviest glends
which in general contoined more progesterones Converselys
low blood levelsn were observed with emall glands which
generally contained less progesterone. The absoluite and
relative amounts of QQﬁ hydrogy-progesterone did uot vary

slgnificently anong the groups.

Progesterone levels vere investigated in certain
clinical cases wade available through the Veterinery Hospital,
namely cases of hydrops allantois and cases of retalned foetal
membranes. However, progesterone levels in bthese anilmals
did not appear to differ slgnificantly from those found in

normal couws.
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FIGURE AP.l.

RADIOPROGESTERONE

CARBON ISOTOPE IN  POSITION 4

IN  STEROID  RING

>
7\

PROGESTERONE —4—Cl4

SPECIFIC ACTIVITY = 283 /UCURIES / MGM

No. OF COUNTS/MIN. RECOVERED

RECOVERY = No. OF COUNTS/MIN ADDED

500 X 100 °
=6 = Jooo = 59

o
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APPEUDILIX

i et e

PROGESTERONH

Radioprogesterone contains an isobtope of carbon
(carbon 14) in position 4 in the sterold ring A. as shown
in Mgure Apels 0.1 mecs was purchased from the Radiow
chemioal Centre, Amersham and vag conbained in 2 ml. bhenzmene
in o glase vials The dpecific activity of this sample vas

stated to be 27.9 peo./milligrans

.’ amount of progesterone in 0.1 m.c. of this sample

- §%?§" (0ol mece = 100 pac.)
=3 or_k‘”-'»

o, mumber éf disintegrations/min from this sample
= 3,50 x 2749 ® 3.7 x 10% x 60
(L pece = 307 % 10* dleintegrations/seo. )
@ 221,736,040 disintegrations/min.

Bfficiency of Geiger«Muller tube is in the ordox

of Y04 so thet only one tenth of the counte will be registeved.

Number of counts reguired = 1000 counts/min. in

218




0.2 mlo benzene,

«"» final volume required

= 221,778,040
5000 x 10

= 43450 ml,

The semple vas dissolved in 100 ml of distilled
benzene and serially diluted to give approxinately 1,000
counts/min in 0,2 ml benzene. This contained epproxie

mabely 0«2 Wug. progesberone « 4 -« Cld.

GHEQK;QN PURLLY OF RADIO=-PROGESTERONE

25,000 counts/min. in 5 ml benzene nd containing
approximately % ug radioprogesterone was concentrated snd
chromatographed in the normal manner. The spot was elutbed

and indicated o velue of 4.60 pg progesterone. The radio

activity of the sample was 23,400 counts/min. which represents

an approximate recovery of 90%.

Phis shows bhat 1000 counts of madioprogesierone

is equivalent to 4,60 x 1000 = 0,19 pg. progesterone.
2359400

This amount was therefore deduoted from each

corrected reading.
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FiaUHE AP.2.

iPTOHAJIOCBAa OF fROGESCROBE - 4 - Cl4.

ORIGIN

PROGESTERONE

SOLVENT FRONT



EFFLCIENGY OF GRIGER=MULLAR TUBER.

As shoun aboves

Number of disintegrations/min in 3.58 m.g. .
progestevone ~ 4 - Q14

= 221,758,040

«"o 1 pg. Drogesterone « 4 - Cl4 = 221,738,040

34580

= 61,958 diﬂiﬂtagﬂatiaq&/
mina

¥rom speetrophotometric estimation and .counting of progese
terone = 4 - Cl4 it is known that 4,6 pge radioprogesterone
= 23,428 sounte/min,

o"s Dfficiency = 23,428 x 100
of (oM, 46 x 61,938

tube
= ﬂn?%ﬁ

1 ug madioproge&ﬁexon@ wa.s chromatoéraphed.in the
normal manner and afteor contaét rhotography, the paper chrome
atogram was placed in a casaeﬁée together with en Xeray film
(unsoreenod).  After 1L week the film was developed end os
seen in Miguve Ap.2s the darkening of the film caused by the
radioactivity corresponded exsctly to the Rf. of the mavker
progesterona. It will be seen that there is no evidence
of radioactbivity éith@r at the origin or in the 20 epimey

regions of the chromabogram.
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