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ABSTRACT

A brief history is presented of the isolation and
characterisation of the primcipal steroid hormones affecting
reproductive processes with particular reference %o
progesterone.

Section I i conéernad with information on the
presgnce and concentration of pregaataronc and related
lcf;B-katasterotda in human flulda and tissues, and contains
a review of the development of chemicsl methods for the
extraction, purification, separation and determination of
these compounds, |

A description is given of’apactrophotometric and
gaculxquia radiochromatogzaphic msthada aevelnped during the
present study. A

The reaulfa from the application of these methods to
‘human subjects during pregnancy end the menstrual cycle are
presented and discunéud.4

In Section II an iavnétigation is reported, into the
capacity of blood £to metsbolise the hormone. This aspect is
followed by in vitro studies uﬁnh the biosynthesis and role
- of progésfaronc a8 an intermadiary cunponnd in the formation
ot androgana and oestrogens in the human ovary. / ‘ The results

are ralatod tu ovarian norphalogy and a coxpariaon zs mada

!
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between the production and metabolisn of prOgiatérona in
deveioping>fclziclns, corpora lutea and postzenopausal tissue.
Examples of abnormal ovarian tissue sre studied in the same
manney and the results compared with healthy tissue.
A preliminsry investigation into the peripheral
netabolisa of progesterone in humnn-myoaetrium is reported

a8 ah introduction to studies on transforsations which nay

- - be related to the mechanisn of acfion. or degradation of the

hormone in a target tiosus,

Finalla some related agpeots of progesterone metabulism
aﬁt presented in a brief review,
| ” »mhest atudica were undcrtaknh in an attenpt to
contribute information essential for ratiomal therapy in

various forma of placental and ovarian dysfunction.
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The isol on and chorocterisstion of the princinal steroid

hormones sffecting reproductive function.

The rate of progresa in any scientific fiel¢ is
dependent upon the development of new techniques for the
vertticition and soplificeation of theories suggested, but
inadequately supported, by the results of older methods,

The isclation of the mteroid hormomes and the elucidatlion of
their metabolism apnd role in rdproﬁuotiv; function is a
good example of this phenomenon, and furthermore illustrates
the gradual adaptation of chemical and physieal techniques
to the study of biologicel problems.,

| Any aceount of the {solation and chaoracterisation
of the principal sterocid hormones must include the eatablishe
ment of both physiological and chomical criteria. The
substances must be formed in an endocrine gland, rcleased into
the blood streanm, énd produce a disceraible effcct in ancther
tissue. They must slso be shown to possess the perhydro-
syclopentenophenanthrene nucleus. This dual definition has
confused the history of the steroid hormomee, for although the
pcrhydrocyclopaﬁtcnophenanthrena nucleus wes demonstrated in
mapy blologically active éubatancca isolated from the urine |
of pregnant womem, the hormonal mature of theae compounds éas
not established until much laters Further confusion arises

from the experimontal limitations which réaulted in only



7e

¥

partial establishment of these criteris, in a variety of
specien, at widely different times.

The history of reproductive endocrinology has been
traced to the empirical ohsarvatioﬁs of anclent civilisations
(sel&t. 1950), However, perhaps the first significant
advance was the anstomical description of the female .
reproductive system by Reguer de Graaf in 1672, although
indications as to the function of these organs had to await
the refinement of experimental surgery, some two centuries
laters These studies on the ablation and transplantation
 of organs end tissues, demonstrated that biochemically active
subotances, later called hormnnéa, were releagsed from ductless
glande into the bloodatream, and transported to péripheral
tissues where albiological responge could be related to
various phases of reproductive cyoles.

Howaver the isolation from glanda of specific
coumpounds reeponsible for these blologlcal effects was more
d1££iculs to achieve, and towards 1927 attention was turned
to tha urine of pregnant womem, which was found to be a rich
source of some of the active principles and thelr metabolites,

During this period cansiderabla«?rograna was‘heing
made on the chemical cheracterisation of sterols and bile
561d§, nné thts proved of immense veluo in the subsequent -

1solation and identification of the active compounds found im
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thuvnrina of pregnant women, The pioneer work on the molecular
atruoture of sterols, depended larpely om the study of
degradation producta by cuch mothods as dichromate oxidation,
pyrolysia, and selenium dehydrogenation, and on refléction

it io remarkable that so much progress vwas made with the
limited techniques available at that times. These results
indicated that a possible formula for sterols was as shown

iﬂ F‘-Ei I.

Figels Vindauseileland formuls for sterols.

However the development and application of Xe-ray
orystollography to the study of single corystals of ergostercl
(Beranl, 19325 indiested that the nolecules vere long and
thin (7.2 x 5 x 17-208), while the Windeus~Wieland formula
should have the dimenocions (845 x 7 x 18A)s  These dimensions
ware similer in implication t& those inferred by idom and
Rosenhein (1929) from the moasurement of surface filus of

sterols, ‘These studles were reviewed by Hosenhoim and King
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in 1932, ond 4¢ was concluded that the forcula shoun 4n Tiged
would best account for the established faoto.

Figs2« Rosonhein and Klng foroula for storols.

The first spplication of standsrd cvhenical techniques
to r#pm&mﬁw endoorinology followed the deucnatration by
Acehholn and Dondal,(1927) that the orine of prognont wooen
_aﬁntéinea relatively lorge amcunte of & compound which induced
aeszéﬁa in rate end olce. The pharmacologieal potontialitiss
af tﬁie'aompuuna stinulated intennsive research into ite
 icolatton, snd this was finelly eccompliched independently
by Baiay st ale, {192§} and Entananﬁt; {1020}, Turther atudies
by Dutonandt et 8l (1‘533} deusnetrated thot the subatance,
later naced cestrone, was choricslly related to the stercls,
pnd contoined the perhydrocyolopentonophenanthrene nuclous.
4 siofler structure was attributed to a related compound 'oestriol!
which hod been iscloted from pregnancy u:’iﬁe by Harelan in i
193&.' Further ovidenve for the structure of ﬁheae eeatrogens
was roported by Gaok‘ snd Girard in 293G, |

»
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Az the present work is largely concerned with the
role of progesterone as an intermediaiy in the bilosyntheais
nf androgens and a;strugens, the early work upen these compounds
wili be briefly conaidered. Furthermore, a brief summary of
the technieal difficulties involved in their identification, A
is ralevaht to subsequent progress in the development of physico-
chemicsal ﬁetﬁada for the determination of these compounds in
body flulde and tissues. |

The isolation of the firat oestrogenic hormone from
the ovary was reported in 1935 whad Doisy and hias coworkers
(MacCorquodale et al., 1935) isolated a esubstance from the
liquor folliculi of sow ovaries, which wag identical with a
compound previously obtained by the reduction of ocestrone
(Schwenk and Eiléehrandt. 1953)* So small is the amount of
é&etrngen,st@taﬁ in the ovary that sbout four hundred litres
of liquor folliculd was progessed to uhtatafg fci*milligrams
of erystalline materisl. It was found that the subastance
which was namad'neakradlel accounted for most of the oestrogenic
activity of the sow ovary, the remsinder was attributed %o
osstrone. |

Qestradiol and oestrone were tentatively identified
in human ovarian tiscue hy‘Sm&th and Spith in 1952, and {
subgequently by Zander et al., {1959), and‘Kecskea'et4nl.,(l?éz)u

Evidence for the presence of theae compounds in human placental
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tissue was reported by Mitchell and Davia, (1954) and
Diocsfalusy and Linkvuist, (1956),

The chemical deteraination of oestrons and cestradiole
3373 in human peripheral plasma daring late pregnancy was
reported by Aitken et al., (1958), and Preaedy and Aitken, (1961).
More positive identification was reported by Oertel et al. in |
1959, who isolated cestrons, oestradiol-lZAg. and cestriol
from late pregnancy plssma by two countercurrent separations
(160200 transfers), and tuo paper chromatographic steps.
The final products were identified by infrae-red spectroacopy.

7 Progress 1n the isolation of testiculor hormones was
firat reported by MoGee, (1927), who demomstrated the presence
of an androgeniec principle in bull testis. However, the
- first pure corystalline androgen wes obtained from urine. in
1928 Ioewe et al, reported the presence of an androgenie
prineiple in male urine, and in 1931 Butenandt, (1951a) isolated
‘androsterons® from this source. The technical difficulties
involved arc reflected in the fact that in the original
isolation only approximately 15 mge. of the crystalline substance
were obtained from iB,GOQ litres of'urint. Preliminary
chemical anslyasis indicated that androsterone mipght be related
to the oestrogens, and a formula was proposed whioh was finally
proved correast by Rusicka et al., (1934), by synthesis from

cholestercl,
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The most potent androgen from bnll testis was
isolated by David et al., (1935),and named testosterone. The
structure of {his cémpaund;was conclusively proved by
Butenandt and Hanish, (1935), and Ruzicka et al., (1935) by
gynthesis from cholesterp; and dehydroeplandrosterone.

Testosterone was gubsequently isolated from in vitro
incubations of human testis by Brady in 1951, and found in
testicular perfusates by Savard et al., (1952)¢ However,
direct ovidonce for the presence of testosterone 1n humgn
poeripheral venous blood has only recently been obtained ‘
(Finkelatein et als, 1961} Riondel et al., 19633 Brownie ot

‘aley 1964)e

Progesterone and related prageatatianal,eqmyounda
were not found in urine, and so had to be aktrantea.frqm the
pndécrina glands. The hiastory of their isolation may be
traced to the first descriptioh of the corpus luteum by
Regner de Grasf in 1672, and the subsequent investigatioms
into the function of this structure, After gome unproven
hypothesen, Frﬁonkol, (1903) and (1910), investigated

| experimentally a theory, that the corpus luteum was necessary
fbé the impiéﬂt&%&ﬁn and prntecﬁion.of tha embrys in the
uteruss In these studies thi corpus luteum was surgically
removed from rabbits after ovulation and it was conclugively

shown that the corpus luteum was vital for implantation of
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the fortllised ovune PDuring the saxe periéd confirmatory
evidence ﬁaa vbtained by histologists who cbsorved niercocople
changes in the uterins glands of the rabbit during pregnanay,
apnd demonstrated that these changes vere also associated vith
the presence cf a éarpus luteun,

As s rosult of thess and similsr studies it was
coneluded that thﬁ corpus luteun scercted a qompnuné which
~ had tﬁa property of nmaintaining §re§mga§3 in éerta;n ovariectonioed
aninals, and was reapansibla for trassfornations in secretory
glands of the uterine mucoss. In 1929, Corner and Allen
utiliced this tranafbrﬁagian to develop a biclogical auosay
wethod, whic¢h proved of gmmskae value in the gubsoquent
- isoclation of the active grineiple.eznee it provided a
;qnaiitétiva and quan#&ta#ive anpay for material olLtained by
chomienl extrasction nnd purdfication,

- By 1632 tharehjéra reyarté of grﬂgeatatiﬁnalig active
ovarian oxtraocts I&aﬁ t}’aﬁ difforent laboratories, and ia
193% the avlation of orystalline progosterone from sow
ovaries was roported iné@pea&anzly and almost sizmltancously
by four groups cof vorkers (Entonanat and Vestphal, 193hag
Slotta ot als, 1934a; Allen and Vinterstoiner, 1934 Hartmann
and Veitoteln, 105Gs.b)e In general, approxinately one |
hundrod kilogrens of overlsn ticsue had to be yroea&é&d to

obtain fifty millirrsms of crystaliime progeoterones  The
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prodigious azount of work involved in this achievement
formed the basis for many subsequent tochniques used in micro
methods for the biological and chemical determination of
progesterone in human‘tissues and fluids. [IHouever, these
were not fully éxplottad for mnn& yéars until the development
of gensitive physicochemical methods of meaﬁurament;
The preliminmary characterisetion of progesterone
ha& iadicated thét it was related to the androgens and
ceatrogens, and sone confusion wﬁs resolved on demonstrating
that the substance was dimorphous forming prisms H.P, 128%
and needles M.P. 121°C, Combustion analyses vere in agrea=-
ment with an‘émpiiical formula of Chy 330 0,4 and the substance
exhibited an ultra violet spectrum ) max. 240 mp., indicative
of an os'/.l, nmaturatea ketone., These stmﬁea led 3lotta et
ale, (lB}#b) to suggest a strueture'fnr progesterone, which
vas subsequenéiy proved correct by Dutenandt and Vestphal,
{1924b) and Farnhola.'(1934a,b)u In these studics progesterone
was synthesised from stigmasterol = the structure of which
wvas known. Confirmatory evidence was alaé obtained by the
‘éyntheais of progestorone from the physiologically inactive
urinary metsbolite, pregnanedio}, {Butenandt and Schmidt, 1934).
Pbogeatarane éas subsequently isolated from bovine
adrenal corticsl extracts by Beal end Relchstein, (1938), but

the isolation from human placentae was not achieved until 1952,
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when Salhanick et ale, (1952); Pearlman and Cerceo, (1952)%

and Diczfalusy, (1952), independently announced its seporation.
Conclusive ovidence, based on inira~red spectroscopy, for |

£he presence of progesterone in human peripheral blood during
the latter stagen of pregﬁancy was preaented by Zander, (1954),
who in 19958 also isolated the hormone from human liquor
follicull and corpora lutea.

Stages in the isolation snd identification of pro-
ges#ercna in body fluids and tisguea of the human subject are
sunmarised in Fige3.

It is remarkable that the interest of both acadenmie
and 1ndustrial‘$aveat£gatora vas so intense that within ten
years from the isolation of the first stercid affecting
reproductive procesges, the three moat potent aterocids as
indicated by biologlical assay vere iasolated, ideniifiea._
charaeterisaa end made avallable #s partiallj gynthetic
‘aubstaneeac However, it 9rov§d more difficult to demonstrate
that these comyounaa‘were actually aecratad_hy'glanda in human
cubjectas In thé cast»of progesterone, progress was impeded
by the low concentration of the substance ih blood and tissues,
and the biological inactivity of the urinary metabolites,

Advancea in the chemical ﬂeterminatianvox progestofonn
and studles into its matabclism, coincided with the.devtlupé '

ment of chromatography end the application of radioactive
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1963 » 1965 « cherical determination im periphoral venous blood
of nopepregnant women,

1963 ~ chemical determination in human ovarian venous bloods
1962 = chenical deternination in humar prognant myometrium,

1960 » chenical determination in human adrenal venous blood
ofter ACTH stimulation,

chemical determination in hnnin follicular tisague, corpora

1958 -
lutea; 4solation of 20qeand 204 hydroxypregne-i=en~3-one
1954 « isolation and chemical determination in human peripheral

, plasma and uterine venous plasma during late pregnancy.

1952 = tsoiatinn frnm human placantal tisaut.

s i N i 05, Py -

1953, tatalrsyntheals of progesterone

WIS Isit ety 1 1

1934 = grystallisation, elucidation of structure and partisl
synthesis of progeaterone,

1933 «» isolation of active progestational extracts from ovarlan
ticeue.

-~ the perhydrocyclopentenophenanthrene formula for sterols
egstablished,

1929 -~ biologlcal agsay method developed for progestational activity.

Fige3s Progresa in the isolation, identification and chemical
determination of progesterone,
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isotopes to biochemical problemss Thease techniques gave
insight intq theilarge number éf steroid éom@cunds presént in
the hnman body and urine, but also indicated a comrzon basgic
sequenéc of biosynthesis in all ateraid‘producing giands.-
The difference between the glands aépeared,to be only in the
later steps of biasyhthesia. vihere the relative activity of
enzyme systems delermined the ultinmate products‘of the gland,

improved methods of analysis also ihﬁicated the
presence of other sterocids poseésaing bioclogical activity.
Thus in 1958, Zander et ale vorking on the maried discropancy
of results between biological and chemical assay metﬁods for
progesterong, isolated two other progestogens shown to be
20Qtand Eﬁyshwdroxypregn~h~en-}—ones; Sinilar advances with
regard to the androgens and vestrogens suggests that the
eariier concept of a few important active principles is an
oversimplification. Furthermari, oge storoid may exert
aavzr#l bioclogical effects either asha.funcﬁion of 4ts unique
strnctura,'ar becauge it is readily converted to another
compound.

Revent work on the‘analysis of human ovarian venous
blood (Mikhail et als, 1963f Mahesh and Greenblatt, 1963),
has indicated that thie glanﬂ secretes more than one sterold,
and it is teumpting to speoculate that the regulation of

metabolic proceases depends upon the ratlo of these compounds
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ao well as the quantity of the main hormones Hovever, for
the practical purpose of obtaining information upon levels
in peripheral blood and tissues, the ¢lassical hornmones are
in general the only opes in guificlent concentration to be
measured with the techniques available at the present time.
In the future, the simnltanequs study of related componndsb
and their metabolites, may well afford better insight into

 the regulatory meghanisms of the steroid hormones,
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SECTION 1
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The development of chemical mothods for the mantitat:ln
determination of progestercne. ‘

Apart from tecimical problems, previous methods designed

to provide information about the endogenous secretion of progesterome

are open to criticism in that they constitute a scmewhat indirect
amroaeh. Thus for two decades following the isolation of the
hormone from sow ovarian tissue, attempis to obtain information
upon the concentration of progesterone in human peripheral blood
depended upon the extension of bielogical assay techniques for
progestegens (MoGinty et al., 1939; Hooker and Forbes, 1947),
These techniques indicated that the progestational activity was -
mainly confined to tha plasma, and this observation has been
confirmed by chemical tochniques (Zander, 1954; Sandberg and
Slaunwhite, 1958), _

However, widely different quantitative results were
ohtainod by the varicus methods for bloassay. These anomalies
may be explained by the fact that the end point of any bioassay
is the product of a mumber of interrelated factors and is not
necossarily due to the activity of any one compound., This
limitation does not affect the usefulness of these techniques
as in the pharmacological testing of new drugs but it does mean
that the methods are of liriited specificity and influencéd by a -
number of unknown paraueters. | R

Another indirect approach to the investigation of
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progesterone metgbol:lsm in human subjects was the quantitative
determination of urinaiy pregnanediol, This éompmnd had besen
wolated from the urine of pregnant women by Marrian in 1929,‘
" snd subsequently identified by Butemandt, (1931b), In 1937,
Venning and Browne demonstrated the metabolic conversion of |
progesterane to sodium pregnanediol glucuronidate (NaPG) prior
to oxcmtio# in human urine, and later many methods were developed
for the quantitative determination of the glucurcnide or the free
compound after hydrolysis.

,Sn'baéquant investigations howaver ﬁave shown that there
are many limitatious in the interpretation of progesterone |
metaboliem from urinary pregnanediol estimaticns., These studies
have shown that pregnancdiol is only one of at least twelve
metabolites of progeatercne; furthermore the proportion excreted
in the urine is lov, and varies from 10-25% in d:ltfemnt individuals
(Klopper and Mitchie, 19565. " It hos also been shown that desoxy-
corticosterons (Horwitt et al,, 1944), As pm@mlme‘&ud As
pregnenclone énlphate {Arcos et al., 1964) are probable precursors
of pregnanediol,

The urinary pregnanedicl levels therefore do mot provide
accurate information on progesterome secretion, or allow for

. alternate @thwaya in progestercne metabolism. They are also
the result of total metabolism for a number of hours, and do not

show poasible changes in secretion snd metabolism which may occur
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over ahort perioda of time « aps during labour or at asbortion.

Some of the limitations of the previcua two methods
are overcone by the specific détarmination of progasﬁerone in
blood plasua by chemical techniquens lowever the development
of saticfactory methods for thi# purpose first necessitates the
- geparation of miocrogram smounts of progssterone from other
lipophilic substances and clossly related steroids, followed by
the adaptation of sensitive pbgaicthemaqal techniques for
measurement .

~ The first attenmpt to measure progestoerone in huzan

serum using a chemical technique was reported by Reynolds and
Gingburg in 1942, Shey extracted the sorui vith ethanol and
after solvent partition isolated a nonevolatile neutral fraction
containing the prné&starunca The extract vas dissolved in
ethanol and the optical density at 240 mu ues compared with that
- of authentic progestorone prepared in a similer mannere The
regulis were di&aﬁyainting for althuugh it vas possible to
 dotect Oul = 540 mg of prugeuteroné added to 10 ml of sorum,
vhich vas within the comcentrotion suggested by bloloplcel asony,
no endopenous progestorene could be found,

Further vork wos pot published for another eight years
until Haskins, (1950) introduced a edmplified ether extractiom
of plapsma, which, without further purification, vas dizsolved

in ethanol and the cpticsl density determined at 240 mu, Once
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again the method was unsuccessful when applied to p§r1phera1 placaa
from pregnant and npn-preglant women, however results were cobtained
following the intravenous administration of progestercne, which
domonstrated a rapid renoval from the blood.

In the same year Haskins et al., (1950) reported the
applicatibn of a paper chromatographic téc:_lmiqne for the isolation
of progestercne from oil in commercial preparaticns. A monophasic
system of 807 methanol was used in which yrogesteroné had an Rf
value of 0.84 end was effectively separated Lrom the oil which
~ remained at tﬁe origin, | | a |

Rowaver’further progress towards mtwducing greater
specificity into methods for the dﬁtermimtim of plasma
progesterone was reported by Butt et al., (1951) who devised a
procedure which involved simplifications of the extraction and
preliminary purification, and also included a step for the more
‘specific imolation of progestercne. This important development
 was achieved by partition of the extract between hexane and 70k
methanel on a Hyflosupercel column, tollcwcé by &« pol’a’rogfsiphic
meacurement of the progesterone fraction as its Girard complex,
This method indicated the presence of progesterone in human
placental blood, and in the peripheral blood of one pregnaat
subject with hepatitis, but was unable to detect its presence
in the peripheral plasma of normal pregnant and non-pregnant
women. This sugpested to the authors that the level must lie
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below O.1 pg/ml plaema.

In 1952 the techniques of column chromatography and
countercurrent distributicn based on the principles of Craig,
| (194%) were successfully applied by Salbanick et al,, (1952);
Pearlran and Cercec, (1952); and Diczfalusy, (1952) for the
isolation and determination of progesterone from human placentae.
owever it was the work of Zaffaroni and coworkers (1950) and
Bush, (1952) on the development of liquid partition paper
chromatographic systems for the separation of stercids which had
the most impact on further advances in the isolation and
measurement of plasma progesterone.

Edgar, (1953a,b) using one of the volatile liquid
partition systems .of fush detected proge'atéme and obtained |
7 evidence for its identity in the ovarian venous btlood of various
domestic animaisg while in 1954 zénder, using a similaf paper
chrmatomybic system, reported the jsclation of progesterone
from human peripheral blood. The identification was confirmed
in pooled samples by infra-red spectroscopy. The levels found
during the latter half of vprsgnancy ranged between 0,08 mnd 0.27ng/m
plasna, some ten times lower than indicated by diological aseay.

Once the range of progestercne levels had been indicated
other successful chemical methods were developed. For the next
eight yoars these wore generally sicilar in principle and depended
on ¥EF spectroscopy for the final measurement, This limited their -
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application to plasma samples of not less tham 10 ml volume from
prcgnanf subjects, although increased sensitivity was obtained by
the use of micro-cells which contained as little as O, 6 ml of reagont.

These methods have been reviewed by Short, (1961) and
Zander, (1962) in terms of sensitivity, speeiticity and ‘accuracy
as defined by Borth, (1952; 1957). A variety of techmiques for
extraction, preliminary purification, chromatographic separation
and spectrophotometric determination were developed and these were
sumnarised by Zander, (19625 and the essential procedures as applied
to human subjects are tabulated in Fig.h,

In general it is unfortunate that increased specificity
was often mccomplished by the introduction of additicnal steps for
purificaticn, aa this reénltod in diminished accuracy or semsitivity,
Conversely, however, more rapid procedures were opsn to criticism
on the grounds of lack of specificity.

Furthermore, because of th§ complexity of these methods
vital information was frequently not availadle for statistical
analysis and there wee an uigent need for less laborioue and timé-
consuning procedures which would slso be less expensive in nmaterials,
space and the working time of highly qualified personnel. For this
reason the introduction of thin-layer chromatography and gas-liquid
chromatography were of asp§c131 interest, A£ the same time, the
value of methods based upon the principle of douhic isotope
dilution became apparent although thess methods, as will subsequently

be discuseed, did not have the advantages of speed and simplicity.
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AUTHORS BXTRACTION TURIFICATION ISCLATICH HEASURZMENT
Reynolds partition in

& ethanol organic solvents, - ultra-violet
Ginsberg, removal of lipide absorption
(1942) in eold 707 at 240 my

methanol
Hagkins, ather - - ultra-violet
(19%0) absorption
at 240 mp
Rutt at, ethanol~ partition in ¢olumn polarographic,
al,y ether organic solvents, partition as Girard
- {1951) 321 removal of lipids chromat- complex
in cold 0% ography
) , methanol _
Zsndey ethanol- partition in iiquid u,v, abs,
B ether ~ organic solvents, partitica at 240 mp
Simmer, 311 semoval of lipids paper
(195h) in cold 70% chromat-
rmethanol ography
Hincberg ether chromotography chromat- u.v. abs,
ot al,, on aluminium . opraphy of of deriv,
(1956) oxide 2,4 dinitro at 380 op
phenylhydrazone
Short, ether after partition in 1iquid u.v, abs.
(1958) pretreatment organic partition &t 240 mp
: with alkald solvents paper
chromatography
Sommerville ethor- chromatography UeV,. abs,

& methylene on aluminium of isonico=
Deshpsnde, ohloride 411  oxide tinic acid hydraz-
(1958) after treatment © deriv, at

with alkall _ v 380 v
Gertel, ethanol partition in 1iquid u.sve abs, of
et al,, organic partition sulphuric acld/
(1959) solvents, removal paper ethanol chrom,
of lipids in cold chromatography

290 mp
7. methanol ,

Fig. %, The dcvélapmaat of chemical methods for the determination of
progesterane in humen plasma prior to 1962,
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A modified spesctrophotometric method for the determination of
progesterone in human plaema. "

In 1958 Deshpande and Sommerville described procedures
for the determination of progesterone and pregnanediol in human
plaema, snd later presented results from the application of these
methods to ten ml serial plasma samples from patients in labour
(Deshpande et al., 1960). Initially an attempt was made to
device s mathod for the determination of both compormds in the
same plasma sample, but at the time this proved impracticable for
1t was necessary to incubate the plasma for at least twentyfour
hours with ﬁ ~glucuronidase to hydrolyse the conjugated pregnanediol
and the hydrolysate conteined material which interfored with the
spectrophotometric determination of the progestercne, However,
after initinl division of the plasma, the two methods involved
sinllar extraction, chromatography and measurement. /

In this study the plasma wae treated with sodium hydroxide
prior to extrasticn with ethermmethylene chloride (4iIviv), Thle
procadure gave e clean extract which was chromatographed on a
columm of aluminjum oxide, The grégoetcrone was eluted with
20% chloroform in hexane, after e preliminary washing of the
columm with hexane and 5% chloroform in hexane. The finsl
measurerent was made apectmphomtricaIIy as progestercne
bisisonicotinic acid hjdiasma. by a médif:l.catianof the method
of Umberger, (1055), Formation of the more seﬁaitive thiosemi~

carbazone derivative (Pearlman and Cerceo, 1953) had been
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reluctantly abandoned owing to the persistence of trace impurities
in the final extract. | |

In a uuba'aquént modification of the method (Deshpande ot
ales 1960) specificity vas increased by introducing a liquid
partition paper chromatogram after the alumina column, but to
obtain a sufficiently pure extract for spectrophotometry this
additional step was followed by a second alumina chromatogrsm,
A flow sheet of the method ie shown in Fig, 5.

In this form the method gave satisfactory results which
were shows to be in good agresment (Table 1) with those obtained
by Short on the same plasma sanples (smemiu and Pickett, 1962).

TABLE T,
PLASMA PROGRSTERCNE
- pG per 20 wl
A B C b Pregnancy Flasma
AMOUNT ADDED(ng) 1.5 1‘.5 2.5 ‘{-35 -
Short, 1958 1.7 1.7 3.2 W2 3.2
‘Sommerville snd 1,8 1.9 2.2 3.3 3,0

Deshpande, 1958

However, the progesterone technique had several disadvantages.
In the first place the use of three chromategraphic steps - papar : |
ochromatography preceded and followed by alumina chrmatégraphy, ‘
is tine-consuming end laborlous and the alternatives of split
| fractions or pooled eluates reduce respectively the sensitivity
and apoaificity' of thé method. Seccndly the formation of



Blood Plasma 10 ml

treated with squal vol.
- £ sodium hydroxide,
divided into 2 x 10 m}
portions each extracted
with 3 = 150 nl ether :
methylene chloride 41l

cenirifuged
| |
Pooled methylene chloride Blasma residues
ather extraets 900 m1 discarded
evaporate to dryness,
redissclved in hexane,
applied to alumina
column _
| o |
1) (2) 3 ()
hexane eluates 5% ChC 6 eluates c¢hloroform eluates

discarded  in hexafle with 20% saved for unconjugated
discarded chlorofors = pregnanediol
in hexane

first discarded, remaining
“oluates read in spectro-
photometer as progesterone
bisisonicotinic acid

hydrazone
R
Fr16.5. Modified Method Paper Chromatography.

(Deshpande et al, 1960) hexane / 8%/ aq. methanol
S J .
Second Alumina Chromatogram

20% chloroform in hexane
eluates read in spectro-
photometer as progesterone bi-
sisonicotinic acid hydrazone
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progestercne bisisonicotinic acid bydrazone is not fdeal in view
- of its low molar extinction coefficient (e max. circa II,800).

To overcome thees disadvantages the first alunina
chromatogran was replaced by a silica gl defatting colum followed
by paper chromatography and formation of the_ more sensitive thio~
senicarbarone (e max. eircs 39,000). The advantages derived from
formation of the thiosemicarbarone derivatives are illustrated in
the absorption spectra and calibration curves shown in Fig. €.

The higher degree of purity fauouiﬁg silica gel chromatography
minimises interference in the final reaction, allowing a tenfold
increase in sensitivity over th@ original yrodadnro. At the same
time the method ie less complicated. To cbtain reproducible
results all reagents and materials iera carefully standardised.

MATERIALS.

1, Solvents and reagents.

a) Ether, peroxide free {May & Baker Ltd., England), washed
once with volume of saturated aquecus solution of ferrous
sulphate and twice with distilled water; thea distilled
slowly on a steam bath immediately before use.

b) hothﬁm chloride laboratory resgent (British Drng Houaw
- Ltd.), redistilled immediately before use. ,

@) n-Hexane, low in arcmatic hydrocarbons (Ropkin & Williama
Ltd., England). redistillaﬁ hoterc uee.

d) Feparin B.P,, pure, (technical grade not matisfactory for
“this purpose), 1,000 units per ml distilled water.,

o) Fthanol, analar quality, apactmel grade (James Burrough
Ltd., mglmd).

£) Methancl, analar reagent (James Burrcugh ma.), redistilled
- an& stored.
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Fig.G-

progesterone
bisthiosemicarbazone
3004
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- 2004 progesterane
’ n ethanol
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°
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Abaorption spectra and calibration curves of

progesterone in ethanol, progestercne bisthioseni-
carbagone, and yrogeatarons bLﬁiaonientinic acid

hydrazone.
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g) Ethyl acotate, analar reagent, (Hopkin & 53lliams Ltd,),
redistilied immediately before use.

semicarbazide re-crystallised froo methanol, 180 ng.
dispolved in 20 nl of N hydrochloric acid (provicusly
filtered) 100 nl absolute alechol (spectrozol grade).

1) £ilica gel, €0-20C mesh and 200«300 mesh (re-sieved in
the laboratory) for chromatography (L. Light & Co. Ltd,).
Winched with large wolumes celd distilled water; hot
distilled vwater; hot methanol (redistilled); ethyl acetate
(redistilled); ethyl acctate : hexane (1:l4) mixture. Dried
at 126°C overnight and stored in oirtight ccmtainers,

Ec G ﬁd other m“m.

a) Centrifupe bottles, 250 ml, with ground glace necks {made
to specification by Sclentific Supplies Ltd., England) to
Tit all-glass siphon, Tha latter has a hooked cten so
that only the extyacting solvent is withdramm.

b} Chromatopraphy columns: straight, diameter 10 mm, length
approx. 20 cny with bulb recervolr of 50 ol and precision
btore obligque stopcock, (Jencone Scientific itd., Bagland),

¢) raper chromatogram spotter, (A.% H. Hall (Engineers) Ltd.).

d} Fluticn apparatus as described by Bander £ Simver, 19%h
(Canlab Ltd., England).

#) Filter paper. Fluted paper (Creens Hyduro hardened papor
1E.5 em diameter), discs (10 om Whatman No.l) and cotton
wool used in chromatographic colums are sll cleansd with
nethanol for 4l-hours in o Soxhlet apparatus and dried in
an cven. rFaper for chromatography (Whatman Ho.2i, is
washed in a chromatography tank with 707 methanol for 48
hours, and then dried in an oven overnight. :

£) Ultra violet spectrophotomcter with microcell attachment.

Cleaning:~ with the exceptiom of the microcuvettes, all glassware
ic poaked in chromiec-acdd solution after use for at least 2b hours,
and rinved thoroughly firet with water and then distilled water.
The microcuvettes are rinsed with spsctromol alcohol after uce,

In addition, the tubes for the colleeticm of the psper eluates

and Final renction arve washed 5/¥ilfiSethancl and dried hefore use,
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A flow sheet of the method is shown in Fige 7. The
peripheral venous blood is withdrawn by a non-gressed syringe and
carefully transferred to a8 centrifuge tube containing Heparin B.P.
(10 units/ml blood). The plasma layer is removed after centrifug-
ation, the volume measured, and transferred to a 250 ml centrifuge
tottle or stoppered in a deep freeze (-1500) until 1t is convenient
to sssay. Before the thirtieth weck of pregmancy, and in the
luteal phase of the menstrual cycle 10 ml plassma is required for
the assay. In late pregnancy and during labour 5 ml plasma is
adequate, and is extracted with half volumes of solvent. When the
volume of plasma obtained falls aﬁort of 5 ml or 10 ml, it &a
diluted to the eppropriate voluma by the addition of distilled
vaters The ime of the smaller volume of plasma in late j:regmney
is preferred vhere a large number of serial anslysis are required
and sinoc, as will be shown, it 13 more cmenignt‘to 2888y
concentrations within the range 0.3 - 3.0 pg/100 »l plasma. When
higher conoentrations are encountered (e.g. in umbilical venous
blood) thé final reagent may also be diluted by the additién of a
further 0.6 nl thiosemicarbazide reagent. Tissues are finely
chopped, extracted with hot acetone, filtered and evaporated %o
dryness. The cxtract is then pre-treated with alkali and re-
extracted in the same manner an plasma.
Alkali pre-treatment and extractiont-

This procedure is designed to obtam & complete @xtreotiqn

of progesterone, with the minimum of interfering material, For this
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Flood Plasma 10 ml

treated with equal vol.
4 sodjum hydroxide,
divided into 2 x 10 ml
portions each extracted
with 3 x 150 ml ether @
methylene chloride 431 .

!
Pooled ether 31 methylene . Plasm?l residucs
chloride extracta 500 ml digoarded

evaporate to dryness,
redissolved in hexene 3
ethyl acectate 411,
applied to silica gel

column.
| (1) - (2)
hexane 3 ethyl acete ethyl acctate 3

ate 411 discarded hexane 1:1l1 coll-
» ected A

evaporate to dryness

peper chromatography
hexcne / 85;: ag. methanol 50:50

elution with 95" ag. ethanol
evaporated to dryness

extract recad in spectrophot-
omcter ag progesterone thio-
gemlicarbazone 292,302,312 m

Fig. 7. Hethod of Sommerville et ale, (1963).
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purpose sn equal volume of 4 sodium hydroxide is added to the
plasma, which ies hydrolysed by gently shaking the bottle for five
minates. If 10 ml of plasma ic used one half of the diluted .
alkaline ‘sample is transferred t.o a seoond cenftrifuge bottle, the
pipette being washed with solvent‘nixtm'e which congiste of éther ]
ﬁethylene chloride (411 v/v). To each occntrifuge bottle is added
150 ml solvent mixture and cxtraction is effected by stirring
rapidly for two minutes with a mechanical glass stirrer vhich is
washed down each time. Centrifugation is not employed routinely
" but ocould be used if there is emulsion formation. The extracts
from each bottle are siphoned through & fluted filter paper inteo a
500 ml long necked round bottomed ﬂssk; and evaporated to a small
volume; ' | |

This extraction prooeas‘ is repeated twioe and the solvent
| reduced to & small volm after cach extraction. In this manner,
10 ml of plasma sample s extracted with 900 ml of solvent mixture.
The residue from the third distillation (approx. 10 mi) is
allowed l".o cool, and is then transferred into & 100 ml shorte
neoked roundi bottomed flask. The larger flask is rinsed three
times with approximately 15 ml solvent, each rinsing being added
to the 100 nl i‘laak The solvent is then evaporated undex
rednced preaaure.
Siliea gel chromatographyt=

This step is introduced to further purify the extract

bvefore liquid partition paper chromatography.
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A smsll plug of ‘c.mtton wool ie pressed into position at
the fodt of the column which is then filled with a mixture of
ethyl acctate / hexane (134). A few grains of siliea gel (60 -
200 mesh) are poured on to the cotton wool to prevent the silica
gel of finer mesh from passing through into the collecting vessel.
The stem is then allowed to £ill with solvent. 7wo gm of silica
gel 200 « 300.mesh measured 4{n a calibrated bottle is slowly poured
into the column which is tapped continuously to ensure even packing.
The column is- then allowed to settle and a emall filter paper disec
(1 om diamcter) is gently placed onto the top. The li4 mixture is
then allowed to pass through the column until the menisous 4is just
atove the paper disc. ' |

| Durin;: the preparation of the column, 2.0 ml ethyl
acetate is added down the sides of the round hottomed flask
(containing the pleema extract) which is stoppered and left to
stand for five minutes. 8.0 ml hexsne is then added to the flask
in the same mamner and the oontents of the flask (10 ml of 114
ethyl acetate / hoxone) poured on to the column through a small
filter funnel. fThe flask is rinsed with a further 5 ml of the
1:4 mixture which is slso ad;led to the columne When the 15 ml
has passed throngh; a further 15 ml rinsing is aleo added. These
aluates are diaéarded. Progesterone is eluted ifrom the coiumn
by the addition of 15 - 20 ml (depending on the activity of

the silica gel) of 1i1l ethyl acctate / hexane and this is
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collected in a 25 ml conical test tube. The eluate is taken to
dryneas under nitméen in a water bath at €0°C, Afte: evaporation
the sides of the tube are washed down w:lth‘a small volume of
ethjl pcotate; thie is also removed under aitrogen and the tube

may bq stored in a desiccator.

Paper chrmtography:- _ ,

‘ In this step the px-ogoatomo is adoquately soparatcd
from other known A'-3-ketosteroids which, if prcunt. would
othervisc be determined by the final messurement.

The solvent system consists of 85% aquecus methanol /
hexane (50 : 50) and this iz allowed to equilibrate in a separating
funnel for at least one hour at 35° . |

The paper chromatogram is cut into atriya each 1 ca
| ~ wide and axtendiag 30 cm from the starting line. The extract ls
appiied with a i«ms capillary tube, The solvent is evaporated
bﬁ a Hall ghm@toman apottor.yhich applies a sBtrean of nitrogen
under the starting line. The content of the conical tube is :
transferred with 3 x 0,1 nl sbsolute ethanol, In additiom to
the plasma extracts, a blank strip of paper ie run and the cluate
from this is later used to corrsct for interfering material eluted
from the j;apcr only. At this stage two progesterone standards
of appropriatc concentration (mg. 0.7 ps) are pmparcd - ome to
run on papor and tlu ‘other to be evaporatcd to dmnss and atorod
in a desiccator to be read at the end of the mthod. Sudan red 1s
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applied to the starting line of the Amcx strips in order to locate
the solvent front when tho. chromatogram is running and on these
strips a lino ;Lu dram in ink at a distance of 20,5 cm from the
orisin. I!‘ thc chromatagma is alloud to run to this line the
progestsrcne besides separating from t.hi other A" =3-ketosteroids

- is adequately separated from interfering material running near the
| | solveut frmt.
-~ The chmntomphy tank is pnpnrod with both phaau in
: tﬁo uaixal faahicn; - the paper plaeod in position; thc 1lid sealcd
. with glycerine / water (asl) and the tank allowed to aquilibrate
for three hours at 35°C. At the end of this time, sufficient mobile
phase 15 acidcd. When the sudan rcd rcachcs the 20,5 em line, the
" chromatogras is removed from the ‘tenk, drloa in eir and inspected
 4n ultra viaht 1ight, The pmgcatcrm should ‘b- approximataly
| 3.3 cn :m the origi.n and an area extands.ng slightly above and
| , below the shadow (apprcximatcly 4 em in all) .u marked off in
pancn on the stcmdard and unknown strips. The aolvcnt front
is also marked; tha ares o:r the paper -tr:lp eontaining the progest- |
erone atandard is eat ont and sn idonticul soctim eguidistant |
from the solvent fmt is taken from all strips including the
blank,
'Elution'z-' |

Eaeh b oem mctim is ahaptd te s blunt point and a cut

is made at tha tlp into which a wedge ot filter paptr is inserted

(Bush, 19€1), The paper is suspended in an elution apparstus as

S
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shown in Fig. 8, and slowly eluted with 15 ml 9% ethanol. The
elute i8 collected into the developing fabes irhich are taken to
dryness under a‘.atream of nitrogen at 60°c_and may be siored

in a deaiooq.tor.

Spectrophoﬁometxyl-

0.6 ml thiosemicarbazide reagent is added down the
| ,aidgs of each tube, and a set of tubes conpriaiﬁg the unknowne,
the paper standard, paper blank, reference standard (0.75 pé;)
and reagent are ‘qtoppe‘re’d and maintained at 25°C in the dark for
1.5 hours. At the en& of this timek ench qolution is r'ead} ina
silice micro-cuvette at 292, 302 and 312 mp. The reference
standard is read against the reagent and the unknowns and paper
standard against the paper blank. Thé piogeaterone content of
‘the unknowns is calculated from a calibration ocurve based ﬁpon the
~ Allen correction factor (allen, 1950) for pure progesterone bise
_thiosemicarbazone. %y comparison of the Allen factor (D corr.)
‘of the paper standard read in this vays vith that of the standerd
read égainat the reagent a check can be made upon the straight |
line absorption of the paper background and the efficacy of the

alution step.

Time regquiredt-
The extraction of 4 x 10 ml samples and silica gel
.ohromtog,&ap}w can be carried out on the first day of the procedure.

Application to _the péper, subseguent chromatography and elution
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ocoupy the second day and the final reaction and spectrophotometry is
- usually performed on the following morning,

Acocuracy:-
. The accuracy of the mathod can be assessed from the recovery
sxperiments showmn in Table 2,

o TABIE 2 ‘
QUANTITATIVE DETERMINATION CF PROGESTERONE

* RECOVERY FROM MALE PLASHA
{pocled for replicate determination in 10 ml samples)

Frogesterone ndmv(pg) | zFrcgjea‘tem recovered (pe) Recovery ()
0,375 . 0,38, 0,31, 0,36, 0,26 28,5
0.75 0469, 0.72, 0,62, 0.78 93,5
1.50 L, L35 L2, 139 87
300 279, 3.08, 276, 235 911
bso 348, 3.52, 379, 343 80,5

6,00 O bh, M6, 509, 483 79.0

Further evidence for the accuracy of the method has
been obtained by recoveries of progestercne from the silica gel column
(Table 3) and from the paper chromatograps (Table h),
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~ RECOVERY FROM SILICA GEL

'bl’rvogaatam added (ug) Progeaterone recoversd (J)

1e9s 15y 1eby 1eb 102, 9045, 95.3, 9540

3QO .' 3.0 5 3‘0’ 3.0 . » . 98‘ 5' 98.0’ 100.0, 960 2
T4 BLE

RECOVERY FROM PAPLE CHROMATOGRAMS

Progesterone edded (ng) : ,Prég‘eatei-m recovered (/)
1e5,  1e55 1s5s 1e5 1.5 10040, 95.3, 90.0, 100.0, 100.0
1.5, 1e9y oG, 1.5 15 1080y 8945, 97.8  95¢3, 92.6

3.0, 3.0, 3.0, 3.0 100,0, 96.0, 98.2,  97.6

it may be secn that the sﬂiu gel and paper chromatosraphy
mvolve negligible losses and in view of the level of recovery
attained by the total pmedm at concentrations of 04375 - 3203/
10 ml1 plasma, no correction is appliéd, The rcdavery fron Qale plasnma
at higher concentrations (4.0 ug and 6.0 pg / 10 ml) is somewhat
' Vldwer approx. 80/ tut such concentrations have not been encountered
in the determination Qf progesterone of andogemua origin since |
emaller volumes of plasma are used for the analysis of umbilieal

venous blood,



Precision:~

The precision of the method may be aasesséa i‘x"om the
reproducibility of rceovery experiments from male plaamab
(Table 2), and from repliocste detcrminations in pooled pregmancy
plasma (Table 5)..

: TABLE
REPLICATE UETERMINATIONS IN PREGNANCY PLASMA

Week of pregnancy Progesterone (pg per 100 nl)
9th - 11th (pooled) 2.1, 1e9y 2.1, 2al
22nd - 30th (pooled) | Te3y . 8sTy 8HaTs 8al

syecificitytn _ '
’ The specificity of the method. depends upon the ndequate
prelininary purification by silica gel chromstography, and the
separation of ‘prcges"to:one from other known A'-3-xstosterotds by

paper chromatography (he:;ane / 85 aqueous ﬁtbanol) a8 ehown in Tabdle 6.

- ZABLE 6.
STEROXD rF VALUE UuVe AZS. AT 240 mp

 206(hydroxypregn=4=en~3-one | 0.23 .
‘androst-4-ene 3,17 dione 028

| 20/3 hydroxyprega-f-en=3-one 0.45

5 /8 hydroxypregn-5-en-20-one 0«55

progesterone 0,60 : S

59 and S3endrostanedione 0.63

- 5 and Eﬂpregnaned;one ' 04,69
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5e¢ and 5 ﬁprepnanediohe. As pregnenolone, 5 oland
5 /3 androatanedione. and allogramolom have xF valuas alose to
vthat of progeaterune. and if present in the plasma would form mono
or bisthiosemicarbazones ( A max. 270 mu) which would tend to
inoreane the réadlng at 292 mp, and thereby lower the Allen
correction faotor. However subsequent wark with gas-liquid
uhromtoyaphy has not demonstrated the presenoe of 91@f1cant
amounts of these aoupmmda.

Further avidance ror specificity at the aensitivit,y of
the spectrophotmlter 19 afforded by the linea;'ity of the male
‘plasma 'blank’, and the fact that the bisthioscmtcarbazone of the

endoge:ibuh progeatercne has an absorption maximum at 302 mp.

neneitivityt-

» The 1imit of aennitiv:lty of tho mthod is 0.1 pg progast-
erona, ioe. th:l.a omentmtion yields a bhthiosemicarbazme with
an Allen factor nimlﬂoanﬂ;y diffmnt from thnt of the nale

; lnama 'blank'. This allm the debemination of progeatarone in
10m aliquota’ of peripheral venous plam in eaxly pregnanoy» and
during the luteal phese of the menstrual cyocle. | |

Appucatiom- 4
; '?!w method has been applied to the detemimatlon of -

.progestarm in ser;lal samples of peripheral plaaua during pregmncy,
labouwr and postparmm, and six sarmples of myometrium (Section 1d).
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A gas-ligquid radiochromat e metﬁod for the detomi@tidn of
progesterone in humsan plesma. '

Since the development of the preceding spectrophotometric |
method, attempts have been made to use the more sensitive technitines
of fluorimetry, double isotope dilution, and gas-liquid chromatography
for the deterzhinat:lon of progesterone in humen plasma.

In 1960 Touchstone and mxraweo described a fluorimstrio
reaction which consisted 'nf heating progestcrqne at 60% for 30
minutes in 2N potassium hydroxide in methanol. When this mixture
was diasolved in mlphnria acid at roon tenperature a maximal
fluox'eacenoe was obtained at 490 mp with excitation at 390 e

Thia reaction was adapted by Short and Lovitt, (1962) and
applied to the.' paper eluate obtained from the extraction and
’ purifi.oatioﬁ rrocedures of Short, (1958). The increased sensitivity
| suggested the preaenoe of progestercne in both follict;lar endé luteal
phases of the memtrnal cyole, and the resulte :lmplied th&t the
progeaterone ooncentration was generally !ugher in the luteal than
in the follicular phase of the cyole. The values in the luteal phase
. vere in the same region as those previously determined spectro-
photometrically by Sommerville et al., (1963) and were some
lnmdred times less than reported by the hiologica.l assay method of
Forbes, (1951) However fluoroscopy at this sensitivity is liable

to interference by non-specific material, which may produce high

and erratic blank values. The results from the determination of .

endogenous progesterone at low concentrations must therefore be
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interpreted vith caution,

Avothor more senoitive approach is that of double isoctope
'ailutton. ihe principles of this techmique wore firat doscribed
by Keston et al», {1950) for the determimation of auino ncids.

The procedure involved xarmatmon of radiaactive derivotives uith
1311 pwiocdobengenesulphonyl chlurides From the auount of 1 Iin
the isolated derivative the acount of oach endogcnaus azino acid
could be determined, while the recovery throughout the method was
checked by the addition of a known quantity of the appropriate }58
derivative, »

Siwilar grdcpdureaﬂwere subgoquently applied to the
detormination of éareiénlkanﬁ oortiéoaterune (Bojeson and Degn,
1956) snd to the ﬁeterm&natian‘of piésmn‘nnd urinary aidosteront
using ;“0 acetivbanhjdride (Kliman and Peteraon, 1960). =

' .The tochnique wae applied to the deteramipation of
~ plasma p#ngvsheréno by Woolever and Goldfien in 1963, 1In this
~ atudy yrageateronaakwlkc wag adﬁa& to the plsasma sample aa an
internal eontrcl on recovery and the total prugaaﬁerone wag
' :ex%gaataé and subsequently isolated by paper ehronatographys
A tritius labelled derivative wes preparcd by reduction with
e&dium barétrit&da,fnlzgwsa byyparttal resoxidation with mangﬁneso
dioxides Th‘:&ertfutive was thsh {aolated and purified by paper
“v ckramntugraghxg The carbon 1h.anﬂ tr&tium content of kha ahmplenr
N uere éetarmineﬁ by 1iqa£é,acint111atioa eaunting anﬁ the relative
anount of euch 1aotop. calculated bg the method ot Okita at al..(195?)c
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The technique of double isotope dilution is theoretically
‘the most sensitive, accurate and precise method available, as an -
internal .stam;iard is badded to each sample, and the sensitivity is
only limited by the specuic activity of the reagent. However- 71n>
practice the #cwra.oy and precision are limited by error in
pipetting and counting, whilst the eénsitivity is limited by the
amount of baemmmd radioactivity in the final measurement.

The criter:lon of specificity is the most difficult to
satiafy as any ccnpmmd in the aolvents or reagents containing
the reactive group (1n the case of progesterone the carbonyl group)
will interfere with the final measurement. = Therefore the purity
of the derivative must be rigorously tested, and adequate specifioity
is usually only achieved after many chromatographic steﬁa. This
‘1limitation has i'asnlted in the development of methods, which at
the present are time consuming, laborim and expensive, but the
prinoiple offers great potential for dmlopment possibly in the
form of gas-liquid radioohronatogram.

| The principles of gas-liquid chramtogtap!\y vereb developed

_ by James and Martin, (1952 a,b) for the analyeis of readily volatile
fatty acids. In these studiea a stream of inert gas (the mobile
phaee) was led through & glass colum containing & polar 1liquid
(the ‘étatiom:y,phaae) on en inert eupport (10 - 12 w/w), which
 was maintained at a suitable temperature to render the fatty acids
volatile in the gas. Separstion depends upon the relative

partition coefficients of the fatty acids in the gas and stationary
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phase. The acids leaving the colusn were measured by titration
against a base. |

The vast potentialities of the :teohnique were soon
appreciated and ddaptétiona devised for the separation and measurement
of other compounds. |
. The firat application to steml chemigtry was reported
in 1959 by Fglinton et al. These authors found that cholestanone
could be chromatograﬁhgd on a coiumh of Apleson L as developed for
the separation of fatty acids, but even at 220°C the retention time
was about four hours. Shorter 'reténtion timen were reporte& by
Beerthuie and Recourt, (1960) vwho demonstrated the separation oi'
oestrone. oestradioi. oestriol and testostercne as their acotates
on a 107 column of silicone grease.

Further inprovements were introduced ﬁ:,r Yanden-neu'vei et
sl in 1960. Shorter retention times and ﬁnef separations vere
echieved by the development of stationsﬁ phases which were more
stable at higher te’mpamtuféa , and by the application of 1 - 3%
of these stationary phases to the supyorting naterial These
advances allowed the separation of many pure aterols and steroids. _ '

This work with pure solutions offered the hope of more
repid, sensitive and specific methods for the determination of
sterqida in ‘biological extreota. There were hm:ever two main
problems - to effect gdeqﬁaté preliminary separation without i'esort
$o laborious techniques and to ensure that the methods were

quantitative.
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In the present study upon the determinatioﬁ of pleams
progesterone the firat difficulty has been eolved by the use
of two dimensional thin layer chroﬁatography end the second
problem hes been overcome by the sirultancous determination of
an isotoplcally labelled internsl standard in terms of integrated
radio-activity (Collins and Sormerville, 1954).

These procedures together with & simplified extraoction
of thé plasma give 2 high degree of specifioity, necuracy and
precision.‘ The sensitivity 1s adegquate for the determination
of progesterone in 5 ml samples of pregnancy plasme and-lo ml
samples collected throughout the menstrual cycle. The time
required for the estimation is three hours plus the duration of
the gas-1iquid radiochromatogrephy, which may last from 20-80
_miﬁutes depending on ihe choloce of stationary phase anﬁ temperature.
‘ “I'his time factor mpreaen‘cé & oonsiderable advantage over other
| procedures. |

While thia‘ work was in progrése fhere were preliminary
reporis on thé application éf gas liquid chromatography to the
detormination éf progeaterone in extracts of human myometriun,
(Kumer et al., 1962) and to the identification of the hormone in

pregnency plesma, (Futterweit et al., 1963).

MATERIALS
All solvents were purified by standard techniques and
redistilled prior to use. The stationary phase for thin layer

chromatography was ‘'Kieselgel! with calcium phosphate binder
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and fluorescent indicator from Camag Ltd. (obtained from Griffin
and George Ltd., London). Gas-liquid radiochromatography vas
perfoi'meci on & Pye panchfomatogmph with s macro-é,rgon ionizé,tion
detector; the redionctivity being measured simultaneomsly by
& gas proportional cocunter coupled to an fcho ratemeter (type NTO1A)
which incorporatens an integration unit. The instrument was
modified so that all the effluent gas from the column passes
through the argon dqteétor bvefore combustion and detection in the -
gns proportional counter. A block diagram: ét‘ the apparatus le
shown in Fig. 9 The coluzﬁnsa are five ‘feet: in length and for
routine use the stationary phase preferred is 15 cyclohexane-
 dinethanol succinste (COMS) on Gae Chrom. P. 60-80 mesh (W. G.
' Pye and Co. Itd., Cambridge). Progesterone-4-19¢ (21.7 mo/mM) wvas

obtained from the Radiochemical Centre, Amersham, Bucks.

_ METIOD

The_ peripheral venous blood is vith&r@n and the plasma
i‘emved as previously described. | An intemai standard (G.1 = 0.5 pg)
of progesteronc-4-14C is added to each sample. After the addition
of £ sodium hydroxide, the mixture is shaken for five mimutes; |
oxtracted with 2 x 100 ml ether;  the extract washed with 20 ml
distilled water and evaporated to dxjrhgsa :ln- vacuo. The exti'aot |
is then transferred 'w:lth 3x5ml méthanalsohlorofom (151) to
a small conical test tube and evaporated to dryness under nitrogen

at 60°¢ (a small volume of the same mixture is added to wash the
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extract into the tip of the tube and after re-evaporation the
tube may be stored in a desiccator.

Gless plates 20 cm x 20 .cm pre coated with Fleraelgel
and stored in 2 desiceator hefore uvse. The extractes are applied
to separate plates (using a glass capillary and 3 x 0,05 ml
nethanol:ohloroform (111) on a spot 2 cm in from either side of
the right hand corner. The first system used is benzene / ethyl
acetate (3:2), tlie solvent bej,mf rllowed to travel 15 cm. The
plates are then removed, thoroughly dried, the cbmpmmds are
located under ultra-violet lig}it (2537 K) and demarcated with a
fine needlc. As an edditional safeguard, the position of the
steroid may be located elther by extrapolation from two standardse
epplied to the contralateral corners of the platey. at the start
of each chromatogram, or by sutoradiograrhy over night om Kodirex
X-rgy £ilm. The silica gel containing the compound is loosened
with a microspatula; sspirated on to e filter diec (1 om diameter
No.3 grede); eluted with 3 x 0.5 ml ethanol under positive
pressure and the eluate evaporated under nitquen at 60°%. The
élution epparatus was deviséd in the departmént by Di-. Me I. Stem
‘and is shown in Fig. 10. | ’

| Fig. 11l is a pho:i:ograph of thevnltm—viclet absorption
of four authentic steroid gtandards, and Fig; 12 QME the result
obtained in an extraoct of pfég;nancy piasma.' In eome instancéa -
(eeze post mature plesma aampleé) examination of the plate in

ultra~violet light reveals other compounds which are under investigation.












56,
Where gas-liquid chromatozraphy is not avallable, the
progesterone in the eluate (1f more than 0.1 pg) may be determined
apeotrophotomeiricany aftu' form:}ztionv of the bisthionémioarbazone, |

and the mwur; determined by liquid aolntillstioa mﬁag
: o ¢ gns-1iquid radiochromatography, the cluate s

tran-fermi ﬁtn 5 X 20 pl methanol / chloroform (1s1) to the
centre of .trectangle of folded atainless stecl gauze (previously
flemed and hcld over a warm surfaoé) which is dropped on to the
tqp of aEM eoinm after céasation of thq gas flow. Ali
conditiaa;;te cmfun;f standardised and the chromatography
) carried out at 21006. ) The ratention time of progesterone is
T2 ninutu md the relative retention time of other staroida can
be expreaud in terna of chnlestane or using pmgeaterone J,tseli‘
~asa whm
| nay  be ahﬁm WMM $he. t.lmtm. m m& of

| m'ogesteronc an thn diffcrcntisl traoe fron tho argon deteetor is

rorA routine work the mtantinn time of proguterone

oaloulated frol the pea‘i: area mua and rsferenoe to a standard
curve. i‘ron this, the gnonnf; of :lnberna.l étandard _r’gcovared
(caloulated from intégrator units on the rédioohromtograpf&
reoorder) is subtracted and the results corrected for loss.
'I'able 7 shows the relationship between progesterane,
peak he!.ght, area and :lntegrator units at one of the concentrations
used for calibration. . I?ealc' ha:lght is not aatiafactory.at relevant
concentrations whereaa 'aatisfacto:j calibration curves are ohtmed o

from peak area and integrator units. The sensitivity of the argozi
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TABLE T =
GUARTITATIVE: GAS-LIQUI& RADIOCHROMATOGRAPHY

0.5 »g progesterone -4 - uc

S o Intogratcd radioaotivity
(diffc ihl m) ‘ FSD 1,000 p.p.s. <recorder

20°% s 107 amp 3 2,000V 3 5Mmr  sensitivity
} Peak hedght (mm) Peak area (mmz) s Integrator units
w6 o 3%
10 10 | | s
125 5 "
Vig 709 D &
12 R 2 N 330
147 30 - 3%
 Moan S.De 120 # 15,3  TIl & 12,5  330% 5.5
Cooffs of | - S
variation 10.3 1.8 ; I 7Y 4 ‘

9-10 pg promaterono -d - 14

225°C mgm ' 1.ooov . Wn ¥SD 1,000 pep.s.

101 S | 205
01 1,313 o 210
102.5 © 14308 o , 202
9 1,138 ‘ o o 218 -
92,5 1,156 | a5
9845  14e31 R 200
Hean 5.D. 99.1 & 3.5 1,258 1 80.2 2094 6.1
Coeff. of : ‘

variation %e6 .. 6ed o 2.9



s8.

detector is tested daily by calculating the peak area and recovery

~ of & sample of pure pmgcsterm-h-l"c. In this commection, it

was found that a swall pmoruch (2.5 per cent) of the standard
consists of ms Lsotopically labelled compoment (possibly the

17 ct-epimey) which appears immediately bofox;o the u&n peak.

_ Tor the éctar@imtion of progesterone dﬁring‘tho duteal
‘phasc of the menstrual cycle and pregnancy, adequate sensitivity
is obtained em the panchromatograph with a current range of
107 amp; the vatemeter at minimum sensitivity (full-scale
deflection 1,000 p.;i.a. ¥ reca?aar maitivﬁy) and a chart
speed of %/hr, This permits the determination of 0.0l mg.
However as shown in Table & higher sensitivity can be obtained
by decreasing th&'aftenmtim' or amplifying the signal from the
argon detestes through a second integrator and by increasing
the chart speed,

Figs. 13 end iﬁ are photam af' differentis) traces at
10'9 amp. It will be seen that there is adequate separation of
a variety of steroids which in the thin layer system have Rf
values close to that of progesterone. Androst-k-ono-&iem is not
ehown in Fig. 13, but 1t has a vetention time between that of
5/3 -pregnane-3,20 dione and A° pregen=3/3 'Qol-oao-enq.' At thie
sensitivity progesterone has been the only steroid present in

the prdgesterom' eluate from 80% of the plasma samples collected
during the iutaal phase of the cycle or pregnancy, however in a
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Detector response (at 10~%amp )

120 80 40 o
min

Figel3s

Differontial trage from macrowargon detector (1%
CDMSt 210°C, 10~7 ampy 1,000 v chart speed 5"/hr).
Poaks represent from right to leftt solventy

5 /3 =androstane«3, 20=dions, 54 ~pregnane=3,20=
dioney A -pregnens~3 4 «wol«20-0nej progestorone,

20 /3 =hydroxyepregn=iegnei=ones 200 =hydroxy=pregne=
Lwgn-3+0ne, :



60,

1
|~
e
E
1 S
| {1
| e
‘ i ;
5
f~
) !
(7] f
c
Qo
: Q
i 1)
! o %
| -
| x|
: ] |
: wd :
! (3] |
1 : 2
i @ 1‘
o
| | L | | L | | .__l >
120 80 40 o) f
min ’
|

Fig.lh, Same conditions as Figel3.t progesterone
' (endopenous plus internal standard) eluted

from plate shown in Fig,l2,



6l.

few cases another peak well separated from progesterone has been
viasible on the gas-chromatogram.

The speoificity is achieved by the two-dimensionsl
chromatogram and by the 1% CIMS column. The thmem recording
of radioactivity confirms the identity of the progesterone peak
at each analysis. If other A’'-3-ketosteroids are detected on
the thin layer plate, these can be cluted separately or as a
group and then subjected to gas~liguid chromatography. Further
evidence on specificity has becn obtained by the use of other.
stationary phases - 10 ncopentyl glyool adipate (HPGA) and the
oilicome polymers, 57 *QF-1' and b 'SE-30'. In addition, the
1:1 dimethylhydrazone and fhe bisethylene ketal derivatives of
endogenous progesterone from pregnancy plasma have been chrom=
ographed on I’ CIMS and 3% *QF-17,
| It will be noted from Figel4 that the minimm of non-

: steroid material is applied to the column and this obviates
contamination of the .mcroé—argon detector.

The results from the application of the methoa'toggther
vith the recoveries of the internal stendard are prcsented‘ in
the next swotion. The validity of the recoverie_a‘ and hence the
precision of the method vas investigated by a series of replieate
determinations on a pool of early pregnancy plasma. Th'ev results
from & series in which the recoveriecs were both poor and varieble

are shown in Table B,



62.

TABLE 8

~Farly pregnancy
(replicates on pool)

Recovery of internal standard progesterone/Sml
84 100  0.22 0.21
20 85 0,22 0.19

Howsver, the recoveries are usually higher than 80%,
axid the loss appears to be mainly due to the technique of
‘transferring the eluate to the metal gause (since & similar loss
occurs in a proportion of the standards).’

. HMore recent refinements of this technique inolude the
int:oductian of a 'str‘em of hydroggn into the combustion chaqhei
to olear tritiun produced and so ensble the use of tritiated:
progntm §.4.750 mo/uM as an internsl standard. This
modification decreases the ratio of exogenous/proge =2 endtoegmsby
a factor of ten, and is now employed ragtinely for the determination
of peripheral px;ogeaterom during the menetrual oycle. Using
‘ pxogeeterone-sﬂ of high specific activity a significant number _
of integrator units is obtained with as little as 0,005 pg.,
although for the present, O.1 pg is used ss carrier to ,facilitate
‘the o#lculation of“ specific activity. A series of standards at
this level (and using minimm sensitivity; 1,000 p.p.s./full-seale
deflection) yields 1775 integrator units + 6.3 (mean ¢ 5.D.) with

a coeffioient of varistion of 0.04%5.
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It should be emphasised that the gas~liquid chromatography
of steroide m-eaenta special problems with regard to column
efficiency and the fsot thet the temperature for work under
isothermal conditions u relatively high. Above all, attempts
to inorease the sensitivity of the method for the determination
of nanogram amounts of steroids is obviously .essent'ial for the
microanalysis of the quantities present in plasma sampiu of
reasonable volume.

In view of the limlted quantity of steroids availlable
in serial analyses in human subjects it may be necessary to
transfer the total final product of the analyeie to the column
and some form of technigue for solid injeotion is essential,
because it would not be possidle to transfer the fs.nai product
with the small volumes of solvents which can be used for 1liquid
injeoction at high sensitivities. Accordingly, throughout the
present work aoiid injection has been employed and the top of
the column was modified so that the metal gauze to which the
| extraeta have been transferred could be dropped on to the column
and removed without the necessity to discomnect the base of the
column. This modifioation is based upon a more elaborate
system designed by Dr. Menini. 1In the ?wsent/ \fork the ganges
are suspended upon e oross wireb in an oven et 60°C so that the
trannferring .solvent is evaporated. Quantitative transfer,
eege 3 x 10 pl can than be conveniently performed. The pauzes

{obtainable from Oriffin end George, Ltd.) are placed in a glass
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sidearm (up to six gauzes at a time) and moved along the sidearm
on to the column by & magnet without interruption of the gas flow.
The elimination of the majority of the solvent front whioh would
have resulted from liquid injection yields chromatograms in
which the signsl from the steroid rises from a satisfactory
base line.

Developments in instrumentation are actively in
nprogréaa and their application to the present problem cont'inues.
tut the results obtained by the technique as deacribed are preaent_od
in the following section.
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RESULTS
Studies upon the chemioznl determination of progesterone

during pregnancy.

a) The individual variation in progesterone levels in
peripheral venous plasma.

b) The scrial determination of progesterone in peripheral
venous plasma during normal labour.

c) The seriel determination of progesterone in peripheral
venous plasma post partun.

d) The determination of progesterone in uterine venous
plasma.

e) The determinetion of progesterone in umbilicel arterial
and venous btlood.

£f) The determination of progesterone in amiotic fluid.

Studies upon the chemical determination of progesterone
during the menstrual cycle.

a) !he'range and variation of progesterone levels during
normel menstrual cycles, and the serial determination
from the same subject.

b) The determination of progestcrone in ovarian venoua
blood.

o) The determination of progesterons in adrenal venous
blood.

Studiee upon the chemienl determination of progesterone
in tissues.

a) The determination of progesterone in myometrium.
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1) Studies upon_the chemical determination of progesterone during
JXEguANcy .

a) The individual veriation in progesterone levels in peripheral
venous plagma.. '

The'reaultsl obtained by biological asmay bvefore the
chemicnl isolation and detem:lnationl of progesterone in human
peripheral plasma were very veriable. These results are shown

 in Table 9.

TABLE 9
Authors Range of progesterone levels
' menstrual cyele pregnancy
Haskins, (1941) | -  13.0pg / 100m1
' : o ~ serum
Hoffman and V.Lam,(1949) 043 - 0.4 pg/ up to 9pg / 100ml
L v "~ 100 ml blood - blood
' _ Iutecal phase
Forbes, (1950, 1951) 170 - 520 pg / up to 200pg/100ml
100 ml plasma - plusma
luteal phase
sehultz, (1953) - 38> 25pz/ 100m
. plasma
8 up-to 200pg/100ml
' plasma .
- 2 above 200pg/100ml
plasma

As already mentioned (Section 1a), the first attgmpts at

chemical measurement by Reynolds and Ginsburg, (1944), Haskins, (1950)



67.

Butt et al., (1951) failed to detect progesterone in the
peripheral blood of normal women, bhut indicated that, if present,
the level was below 0.1 pg / ml plasma. The chemioal isolation,
identification and measurement of progesterone in peripherai
plasma was reported by Zander in 1954, followed by a more detailed
acoount in 1955. He studied 9 women in the second half of
pregnancy and found that the concentration of progesterone

ranged from 4 - 27 pg / 100 ml plasma.

These levels were confirmed in a preliminary report
by Sommerville, (1957) upon plasma samples taken from 4 women
at the 36th weck of pregnaﬁcy. Progesterone was demonstrated
in 21l cases in amounts ranging from 9.8 - 12.3 pg / 100 ml plasma.

In 1958 Short published a few preliminsry results of
progesteroﬁe levels in periphetal plaéma during pregnanny,k
followed hy & more extensive paper on both progesterone and
oestrogen levels in the peripheral blood of women undergoing
Cacsarian sections and in women in labour. In all these cases
the progesterone velues fell within the range previcuély reported
by 2ander, (1955).

However early in 1959 Oertel et al. published the
results of 7 determinations on progesterone in peripheral plasma
from the nineth to the fortyfirst week of presnency. These
values ranged from 11.9 ~ 44.9 pg-/ 100 ml plasma and appeared %o
~ be slightly higher than those previously reported.

In 1959 Zander published s further 35 observations from
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the sixteenth week of pregnancy until parturition. These values
showved a mrkéd scatter and no obvious rise in progesterone level
as pregnancy progresaed. In oontrast to these results Short and
v};‘toh, (1959) published figures based on 47 individual determin-
ations on different women, which indicated a steady increase in
progesterone conéentration from the eleventh to the thirtyfifth
week. In the ‘aame study it waé also obgserved that the plasma
progesterone levels we:fe considerably higher in twin pregnancies
than in singles, moreover the levels in two women with triplets
appeared even higher. | '

These discrepancies prompted a preliminery investigation
into the individual variation of peripheral plesma progesterone
corioentrations at the same week of gestation. These results
are shown in Fig. 15 which illustrates the variation between 22

subjects at the thirtysixth week of prognancy.

b) The serial determination of progesterone in peripheral venous
‘ plasma during normal labour

Since the demonstration Ly Corner in 1928 that progesterone
could maintain pregnancy in certaink ovarieotomised animals,
there has Yeen much stimmlating controversy on the function of
‘this hormone in human pregnancy. One :hypotheaié implicates a
major role in the maiﬁtenanoe okf pregnancy and associates the
initiation of labour with a decrease in the production of pro- |

gesterone by the placenta.
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Fig. 15. The variation in progesterome levels from 22 subjccta
at the 36th week of pregnancy.
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In 1961 Zender investigated this possibility by
measuring progeaterone levels in 11 women 1 - 5 days before
parturition and eguin during labour when the cerviz was fully
dilétéd. In svery case & f£all in the level of progesterpne'
was observed. ‘These resultis ’were in apparent contradiction
with those of Aitken ot al., (1958), who found that there was
no aigniﬁcemt differences between eithcr the matermal or foetal
levels of pwogestermie (or oéstrogens) when Caesarian sections
and noymal labour groups were compared, and concluded that
parturition in women is not associated with any major changes
in peripheral progeseerone (or oestrogen).

" This }vpothesie was also invoestigated by Deshpande ,
et al., {1960) who carried out serial assays of peripheral venoﬁs
progesterone and pregna.ndiol updn &8 series of 13 women b;fore
and dm labour, In these cases there was no evidenoe of a
fall in plasma progesterone concentration in late pregnaney or
lsbour.  On the contrary there was a rise in 4 out of 8 subjects
in whoﬁ relevant date was obtained. Similarly the plasma ;
pregnanediol ccnoentmtion did not show a maz'ked fall until
after delivery of the placenta and, in sddition, it was obscrved
that elevated value»s ocourred bvefore or during labour. It wos
also noted that the rise in prégmmediol was frequently
un#ccompa.nied by a proportionafe riae_ in the concentration of
progesterone.  Thus wheress the mean progesterone 1 pregnanediol

ratio between the twentyninth and thirtyfifth woeeka was of the
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order of 1 3 4, ratios of 1 3 8 or even 1 3 14 were cobtained
in later sanples.

This experimental epproach was continued in the present
study in another patient. The plasma progesterone was measured
by the modified method involving thiosemicarbazide formation,
the plasme pregnanediol by the procedure of Sommerville and
Deshpande, (1958) and in addition cight hourly urinary pregnanediol
determinations were pefformed according to the method of Klopper-
et als, {1958). The results are shown in Fig. 16.
¢) The serial determination of pmpesterone in peripheral

- venous plasma post-partunm.

Although the peripheral progesterone levels do not
appear to fall either before or during parturition, or during
therapeutic ebortion (Short et al., 1965), it has been shown
that they do fall rapidly after removal of the placenta (Short
and Lton, 1959). This faat, together with the essumption that
the contribution to progesterone secretion by the ovaries anri
edrenals was negligible at this time, has been used by Short and
Eton, (1959) to investigate the half life of progestercme in
women undergoing Caesarisn sections. Using this method an
average half life of apprm::lmteiy 5 minutes was calculated,
vhich was in good agreement with that obtained by another method,
(Pearlman, 1957b). In the present étuczv. plasma progesterone
vas determined in peripheral venous plasma collected from five

vomen after normal delivery. The results are shown with respect
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to time after delivery in Fig. 17.

d) The détéminatian of progesterone in uterine venous hlood.

Zander and von Minstermann, (1956) determined the
concentration of pi'agesterone in 5 samples of uterine venous blood,
and found that the levels wore higher than in the peripheral
venous blood. PDuring the third month of pregnancy the concen-
trations were below 10 pg / 100 ml bloods by the fifth month they
had risen to 14 ng / 100 ml blood, and the mean of threc determ-
inations carried out during the tenth month was 26 ng / 100 ml
blood.

A more claborate astudy upon the first half of pregnency
wen presented by Fuchs et nl., (1963). ‘They det@ﬁr&ineﬁ o=
gesteme leveln bx ?& sanpha of uterme venous blood collected
from women between ths ninth and tmmtyaaeom weeku of pregmncy.
In thene cuses the mean conecntration vas 35.4 pg/ 100 ml plasma
(xonge 6 = 97), which 1s some ten fold higher than the conoentration

in the peripheral blood in early pregnancy.

¢) The determination of progesterone in umtilical arterisl and
venoun blood

Progesterone has becn measured in umbilical venous
bleod by numerous workaers ‘Butt et ale., (1951)3 Poarlman and
Thomas, (1953)3 Zender and von Minstermsnn, (1954); Sommerville

ot nl., (1959) and Aitken ot al., (1958). From the recults
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Fig. 17. Flasma progesterons levels in five subjects after
normal deliveries.
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presented it would eppesr that the progesterone concentration
in umbilicel venous blood is three to four times higher than
in the peripheral blood of the mothers

It lappem therefore that a considerable amount of the
_- progesterone produced. by the plé.ﬁenta enters the umbilical vein,
 and considersble interest has been focused on the motabolism of
this compound by the foetus. In 1962 Euxmeﬁaum and Zandey
publiched results comparing the leVels‘ of progesterone 200 and
20 /3 ~hydroxypregn-4-en-3=one, and 17 oC =hydroxyprogesterone in
the plasma of the umbilical vein and artery. It was found that
the average concentration 6f progesterone in the plasma of the
unbilical vein (37.2  0s6 pg / 100 ul) was higher than the
cancentration in the umbilical artery (14.0 + 1.8 pg / 100 ml).
'Howgvar, in eontrast, the cnneentrationj of 206 and 20,3 hydroxypregn-
4-en-3-~one aull?tx hydroxyprogesterone were higher in the artery
than in the jrdu,_ |

£) The determination of progesterone in amiotic fluid.

In 1961 Zander reported the isolation of emall amounts
of radicactivity in the ammiotic fluid after the intravenous
injection of progesterone-4-14¢ 1ato the naternal blood strean.

' Kaﬁe\rer, no progesterone has hitherto bgeﬂ identified in amniotic
fluid. In the present work %'of 8 2801131 sample of amniotic
fluid was treated with alkali and extraétedvacoording to the

‘method of Colline and Sommerville, (1964). The extract was then

purified on eilica gel according to the method of Goldzieher et
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ale, (1961) and the eluate containiﬂg the steroids placed on &
thin layer plate and chromstographed in two dimensions.

The spot §oﬁrespoml:lng to progesterone was eluted and
one third of the extract applied to gas chromatography using 37
54,30 as a’tg_tionary phase. The pesk area was compared with
"~ that of authentic progesterone.
In this case the totnl cancentration of progesterone
~ in the 280» al sample ves 38 pg. The ultra-violet'absorbing area
immediately below that of progesterone wéa eluted and one third
of the extract enalysed by gas chromatography. Two peaks were
obtained from the S.E.30 colum with retention times identical with
those of A* f:.aﬁdroetenédione and mv&mdmwegegﬁ-gnaB-ohe.

The concentrations of these two constituents were 14 and 19 pg

Tespectivelys
2) Studies m' she chemioal determination of progesterone
dur the - ‘o ) o ‘ .

a) The rangu and vu'i.ation of progastemne levels between
diffcrent individuals during normal oycles. ‘

The biological assey method of Forbes, (1951) .'mdicéted |
the pres-ence'of large ammn'm of progesterone i!i' periﬁheral pxm
during the menstrual oyole. Bauevar, the work éf Zander, (1955)' k
failed to detect the hormone which suggested ‘that ifr present at
all the level was below 5¢0 pg / 100 ml plama. ’l'he first f:lgures
from chemical analyses were rgported by Oertel et al. m 1959.

They'analysed 5 samples from the 7 - 21 day after the last
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menstrual period and found values between 2.5 and 5.0 pe / 100 ml
piasm. | | |

In 1963 Sommerville et al. using a qpectmphotohetrio
method published 'f@es on plasma samplés from 6 m‘bjectn‘ dﬁring
the luteal phase of the cycle as shown in Table 10.

TABLE 10

DAY DURATION PROGESTERONE

, : _ (pg / 100 ml plasma)
18 | 25 - - 1.5

20 . . 28 . - : 35

21 ~ o= - 3.9

g2 2 1.3

23 i 25 | 1.1

21 S 3 0.9

" comept:lem“oomred during this cycle

| 'mm.ldmtmmhlwo.lpg/mnlof
plasma 1n both the fonicuhr phnse of the cvcle and in male plaama.‘
" In 1962 Short end Levitt used & fluorimetric method for
the detem:lnétion of progesterone in 17 asamples of peripheral
‘blood from women during the menstrual cycle. The concentrations
found during the folliowlar phase (1.1 - 2.3 pg / 100 ml plasma)
- were mntm-m;m found during the iutgalphasg (1.8 - 2.3pg/
‘100 ml plaém#). In on§ woman from whom serial rs'a;mples were taken d_l'ﬁring‘
the course of the oycié, a well defined rise in the level of |

-peripheral progesterone after the presumed date of ovulation was
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reported.
In 1963 Woolever end Goldfien desoribed a double isotope

dilution method for the serial determination of progosterbna in
the menatrual eyocle and abplied the method to 5 subjects, (wbolever,
'1955). Daily samples of 10 - 1Y ml blood were removed and analysed.
The precvulatary values ranged from 0.0 - 0.53 ug/100 ml plasma,
with o mean value of 0.17 ug/100 ml. Values for the second half
of the cycle ranged from 0.6 - 2.1 pg/léﬁ nl plasma, with a mean
Qalue of 1,08 ng. A male plasms pool averaged 0.66 pg/100 ml plasma.

In 1964 Collins and Sommerville published a gas-1iquid
radioohromatographic method, which permitted serial analysis of
progesterone during-the course of the menstrual cycle. The
‘applioation of this method to random plasna,aamples from different

individuals at iirioua stages of the cycle is shown in Table 1l.

TABLE 11.

Subject Fo. Age Day of Duration Recovery of Progesterone

(vr) oyole  (days) internsl (ng/100 ml)
| atandard(%)
1 28 4 32 24 0452
2 25 9 29 95 0.75
3 24 10 30 76 o 0497
4 18 13 32 9 0490
-5 17 17 - 29 12 3490
6 34 19 28 101 1.40
7 3 19 28 9% 2430
8 3B 21 27 99 . 0:60
8 38 23 27 100 0453
4 -7 S 30 100 1.10
3 24 26 30 94 1:10
9

25 28 35 80 1.10
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Following the 1ntroduction of 33 progeaterone as an
internal standard, serial assays wete performe:d on one subject
during a complete cycle. The rcsults from this study are
shown in Fig. 18 and compared with those obtained by Riondel
et al., (1965) using a recenily published semsitive and specific
double iéotope dilution technigue. The resulte from the analysis
of & 200 ml plasma sumple taken on the tuentysecond dey of
another cycle are also illustrated. 1In this instance the ether
éxtraét wag subjected to 5 preliminary purification on silica
gel according to the mothod of Goldzieher et al., (1963). The
extract wnas thon chromatographed as in the method of Colline end
_Sommerville, (1964). Progesterone and 20 o hydroxypregn-4=cn=3=one |
wore 1dentified sfter running the free compounda snd various
derivitives on several thinelé&er snd gaa-liguid chromatographic
pyatema. The concentration of 20« hydroxypregn-4-en-3-one was
found to be npproximately_twenty timos lower than progesterone.

b) The determination of progestercne in ovarian venous blood.
Milhail et 8le, (1963) dctermined the concentration of
progesﬁéfone in ovarian:venons blood from three patients 5, 10
and 11 deys after ovulation as dctermined from temperature curves.
The levels found were 110.0, 48.2, and 28.6 pg/100 ml blood
respectively. In blood obtained'during an anovulatory oycle no
progesterone was deieeted, the level being below 2.0 pg/100 mle

The analyses of pooled sumples slso revesled the prescnoe of

9.1 pg/100 ml blood 17othydroxyprogesteurone, 2.2 pg/100 ml blood
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Fig. 18 Quantitative dntorminatim of pleasma progestercne in
- peripkeral vencus blood throughout the menstrual cycle
of a healthy woman and in 200 ml. plasmg collected on
22nd day. The range of values reported by Riondel et
al. (19€5) for samples collected between Sth ~ 10th
and 17th - 20th days is shown.
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20 &hydroxypregnen-4-en-3-one, and 3.94/120 ml blood of A* andro-
-etenedione. The minimum volume of blood used for these analyses
ves 40 ml. "
¢) The determination of progesterone in adrenal venous blood.

Short, (1960 detected progestercne in two out of three
samples of adrenal venous blood from post-menopaixsal women a.ftér
excessive stimulation with adrenocorticotrophic hormone (ACTH).
The concentrations found were 5.0 = 6.0 pg/100 ml blood, and it
vas estimated that the output of the twb aarenals wes of the order

of 25 pg / hour.

%) Studies upon the chemical datermination of progesterone in
tissues.

s) The determination of progesterone in myometriunm,

In 1962 Kumer et al. reparted the 1solation of progesterone
from 40 - 45 gn of myometrial tissue composed of pooled biopsiesn,
and in three cases from women undergoing'éaéaarian hyateractﬁmy.‘
Gas-1iquid ohromatography was used efter preliminary digaatiah>of
the tissue with 5% sodium hydroxide, extraoﬁion with ether and
preliminary puiifioation on silica gel. The level of prﬁgesterone
ranged from 0.08 ~ 0.63 pg/gm wét weight of tiséue. “In the.few
caaéa_atudied the concentration at thé placental site appeared »
~ to be higher fhan at tha an£1~placental gite, thus supportinr the
~ concept of enﬂcorine asymetry proposed theoretically by Csapo, (1961).
In view of the limitations 1mpoaed by the uae of auoh large quantities :
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of tiesue, it was deoided to study further with more sensitive
mthods 1.0 = 2.0 gnm myometrial tissue obtained at biopsy. In ali’
cases the spectrophotometry was used for the final measurement,
however in a fev inatances the results vere odnfiméd. by gau—!iqnzd

ohromatography. The resulte are shown in Table 12.

TABLE 12,

Week of Plaocental aite Anti-placental site
pregnancy g progesterone/gm. wet weight of tissue
14  0.294 S 0,294
14 , 0.120 - 04105
35 - 0,158 | 0004
36 04500 | N.D.
36 0,120 04260
% C.104 0.215

‘Three extracts of myometrium of similar‘veight- {rom hyster-
~ectonlaed postmenopausal subjeots gave zero mmiinm ot all three

| wavelengths.

mawaai’on.» | ,

| ~ The technical diffioculties mvolved in the development
of a m.'antica.l nethod for the detamiuaticn of progeeterone in humen
- peripheral plasm ave reflected in the many different procedures
whioh have been advocated for th:la purpose. In faqt t_here have been ;
Mré reports on the development of édec;uate techniques then on their
applicét;cn to b:ologio‘al_ problems. The situation has 'b_eén complicatcd

by two factors. First, the preliminary resuilts obtained froa large
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plasmo samples indiented a wide range of levels from different
individusls at the same week of pregnancy and this was confirﬁeﬁ
in the present study (Section'la). This implied that if only
‘onévsaﬁple could be taken from each individusl, large groups
would have to he nosoyed to follow the course of progesterone
lefels. .+To overcome this difficulty it was consldered deanirable
to develop a more senanitive method which would allow the serial
dctermination of smnllcr plasma scmples from the same individual;

. Secondly it vas demonatrated that the le#ela of pro- |
gesterone in peripheral plasma during the menstrusl cyéle vere
below 5.0 pg/100 ml plasme, tut could rise up to 40.0 pz/100 ml
during late pregnancy. Henoe to be applicable to all conditions
the method must be extrenely sensitive and valid over a wide range
of concenkfations. | o

In the first methods to be developed, progesterone was
measured either as the free compound or as a derivative h& N
comparigon with s standard solution 15»& spectrophotomete?. In
general.these methods tended to hé lavorious because the final
mesgurement reouired the prepavntion pf very pure extracts, and
éccurate and reproducitle results depended to g large degree oﬁ
the skill of the investigntor. The spectrophotometric measurement
also linited the sensitivity to 0.1 pz of progesterone, so that
.thaeé methods were best snited for studies on piasma>smmp1ea from
lpte pregnancy. | |

Greater acouracy and preecizion in the methods followed
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the introduction of isotopically labelled progesterone as an

" internel standerd, and later the formation of labelled derivatives
offered thé poasibility'of greater sensitivity. However Hbth
of these adventages in the form of double isoctope dilﬁtion could
oniy be Qbfained aftér numerous chromatographic steps, and the
time‘involvea for the apaay was lengthened accordingly. This
situation was improved by the consecutive gpplication of thin-
layer ohromatography énd gas-liquid radiochromatography‘to the
problem of détermining micro~amounta’of steroids in blood and
tissues;' ‘These technicues allowed the advantages from the uae'
of isotopes to be obtained with qnicker methods of purification
and s&paratiént |

The first successful application of chemical assay
methods demonétrate& low levels of progegterone in peripheral
ﬁlasma. Biological a8sRy methqdé had given variable results but
indicated that the levéla wére some tenvtimes higher in late
‘pregnanqy andbsomﬁ hundred tiﬁes higher in early pregnancy. ‘hese
digdreﬁanciea have 6n1y been partly resolved by the isolation of
200¢ and 203 hydroxypregnen-4-cn-j-one. It #180 appears likely
that the‘biologiogl aosay methods erc complicated by the antagon-
istic activity of non 'proéestational"eubatuncea guch as
oestrogen {Oléen et sl., 1952}.4

The methgdé’developed during the present study were
first appliéd to the serisnl analyses of progesterone in peripheral

planma during normal labour, for the mechanisms which initiate
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parturition are not understood although explanations involving .
either the hypdphysié, oestrogen, or progesterope netabolism have
been suggested. v | |
However the following facts havelﬁeen fairly well
established: |
1) Totel hypophysectomy does not interfere withrthe normal
oourée of parturition in women (Little’et al.,1958).
2) In 6ases of twin pregnancies in_wpmén with & double
‘uterus the twines may be born mseveral wecks apért :
- (Csapo, 1961},
3) The maternal OVarieé afe'not-requiréd’to maiﬁtainf
pregnancy after approximately three months (Tuleky and
Kotf, 1957). |
_ These findings sngyeat that the 'uteruﬂ-placenta-foetus
unit!? is an indepenuent self;regulatinp structure (Diczfaluey,
1961} and mainly as a result of}atudies on the rabbit a concept
has evolved thﬁt progesierone ﬁroddeed in tﬁe plaeenta ylgys a
dominant role in the maintenunce of yrégnancy’by a local effect
on the ﬁyomet:ial cells. A decresse in the productién of hormone
wight then initiate parturition. -
However it has also been shown that:
a) Tne levels of pregnanediol in 24 hour specimens of
’ h:ine do not show a fall hefore par&uritinn (Russell
et al., 1957T).

b) The concentration of progesterone in the placenta does
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not fall before parturition (Zander and von’Mﬁnstermanh,
1956)
, b) The level of progesterone in cord blood does not fall
before parturition (Aitken et al., 1958). '
a) -Paripherél injections of progesterone will not delay the
onset of labour (Fose and Fi.el:léz, 1960) .

HMost of the finﬁings liated above have Eeen derived from
studies on 1901&t¢d'£1§1és dr'tissnes froﬁ different subjects and
may not theréfore represent a trﬁe'pioture aé to events occurring
in one subject. - Acoordingiy it was decided that ac e preliminary
study, information on changea'occurring over short periods in the
v'_'uterna-placenta-foetue unit','éight be obtained from the serial
analvais nf maternal peripheral venous plasma. From the results
of the six cases presented vy uaahpande et al., (1963) and in the
present studies thore was no indication of a fall in progesterone
or pregnanediol, in fact there was #snally a riée in both substances
but in partioular pregnénediol. In afudies upon isolated hlood |
samples it might be more Valid-to exprega_the.reéults as pg
progesterone/100 ml blood rather than /ioo ml plasma, aithoﬁgh
' by measuring'the ratio of prageaterone ﬁo its principal metabolitg
this eriticiam is overcome to [} certain extent. |

The 1ncreaaed concentration of plasma pregnanadiol
may reflect either:
a) An 1ncreased‘secrefioh of prpgéstéione folloved by &

rapid conversion to pregnanediol.
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b) A change in progeaterone metabolism during late prepnanoy
(Bengtson, 1959) .
,'c) A decreased e;cretion ofvpregnénediol.
 Further iﬁformation on the 1n1tia£ion ﬁf labour may be
- obtained tkom cases of therapeutic abaftion. In fhis cgnnebtion
-4t is iﬁteresting that i‘eplacemex;t of the amniotic fluid by a
'hyﬁeitonio solution usnallyvpredipitates an abértion within fbrty-
-eight hours. This phenamenonkhay”be explained eithar by an
‘adierse éffedtybn’the éaxymea respoﬁaiblé fdr‘progesterone‘
vr"prodnntion 1n the placenta, or by a 1oca1 ionie effect resulting
in the depolarisation of myometrial celle.

In the present work the;possible effect on progesterone
produétion wag stuﬁied byvmpasuremént of the level of progeéterone
'in,serialbnamplez of peripheral plasma takenvbeforﬁ and after
replacement of the amniotia'iﬁnid'wifh 205 saline solution. In
two cases 1nwg§tigatéd there was no evidénoa‘for & fall in the
lévol 6£ piasﬁa progestercne, in faét the eoncenﬁration tendéd'
 tb‘femg1n steady, or élightly incresse. kSimilaf conclusions
| vere fe&ehed by Short et al., (1965) from the measurement of
progesterone in both peripheral and uterine venous plaama during
f‘thnrapentic abortion. : _ _

It may be concludeé, that the cvidence regarding the
‘folé'of progesterone in the maintenence Qf»pregnanoy in human
_subjecte is somewhat coﬁflicting'aﬁd inconsistent. *Hnﬁever

& rise in the level of peripheral progesterone has been observed
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during labour and therapeutic abortion and this mey suggest
eithers
a) An increased production and secretion of progesterone.
b) A deerease in the metabolism of progesterone.
¢) A general release of bound progesterone by the tissues.
~ After delivery of the placenta the level of circulating
progesterone falls quite rapidly. In the five cases studled two
had undetectable levels after two hours, one after twelve hours,
vhile the remaining two had detectadble smounts after twentyfour
hours. These results are in slight contradiction with thoge
of Short and iiton, (19%9) on women undergoing Caesarian section
and may represent activity from incomplete removal of the placenta,
or the slow relense of *buffered'! progesterone from the tiasues.
The enalysis of umbilicel venous blood may give better
indication as to cndocrine evenis ocourring in the 'uterus-placenta-~
foetus unit'. These studies have indicafad that the level of
progestérone is some ten times higher than in peripheral venous
blood, but owing to the inaccessibility of the materisl no serisl
studfed have been performad.,

_ The analysis of umbilical arterial and venous blood
have yielded interesting results. Runnebaum and Zander, (1962)
have shown >a higher concentration of progesterone in the vein
than in the artery which suggests production in the placenta
and subsequent transport $0 the foetus, where the progesterone

appears to be reduced at carbon 17 snd carbon 20, for the
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conoentrations of 200 and 203 hydroxypregn-4-en-3-one, and
17ochydroxyprogesterone are higher in the artery than in the
vein. It is tempting to speculate that modification of the
hormone by the foetus, which may be difficult to detect in
the mother, might contriﬁute to the initiation of lahénr.. In
thia contection Runncbaum and Zander aug,g;est that the production
of 170 hydroxyprogesterone by the foetus might be necessary
as8 an intermediary in the formation of costrogens by the placenta.
Further studics in this direction are likely to be rewarding.

The results from the determination of periphcral
progeaterane during pregnancy slthough still in 2 preliminary
stage have been‘somewhat disa§pointing a8 an index of progesterone
’ pfoduotion. - Thie may be explained by a number of factors. |
First the helf life of progesterone in mé_oa is very short and
has been calculated by different méthods to be in thé order of
five minutes. This fact explaine: the low level of pﬁogeéterono
in plasmavdespite the very high production, and means that the
analysis of pléama levels is but a small part of a very large
dynamic process. The results during pregnancy are also
complicated by the hormone being metabolised by both mother and
foetus, 80 that the level in the maternal peripheral blood reflects
toth of these processes. 1t also appears likely that the body
may use oompensafory mechanisms to maintain a relatively constant
blood level of hormone.

The concentration of progesterone in myometrial fissue
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during pregnancy has been shown to be very small (0.08 - 0.63 pg /
gm wet weight of tissue), although Kumer et al., (1962) presented
results which indicated fhat these levels were mmch higher than
could be accounted for by plasma progesterone within the tissue.
The large production and rapid metabolism of progesterone may be
neceasary to provide a oongtant and steady stiﬁulus &t these and
other receptor cells. |

~ The agreemént bétweeﬁ the results obtainéd during the
menstrual eycle in the present study (1965, 1964) and those oi“
double iéotOpe derimtive'_ methods (Woolever et al., 1963; Riondel
ef al., 1965) ié éncouraging in view of the dissimilar procedures.
'Also the interpretation of the results is not ’cmplicated by the
progesterone being metadbolised in two sepatate compartments as
is the case during prégnanoy. Az the changes in Slood‘ volume |
during the cycle are nbt pronpuneed, peripheral analysis should
 provide ﬁaqful information §n ov&ﬁan Mctim and may indieate
| whéthér or not ovulation has occurred. | | |

The analysis of adrenal venous blood by Short, (1960)

in three postmenopausal subjects whose adrenals were stimulated
wiﬁh ACTH indicated thet under normal éénditione theae £landse
cmtriﬁute little to the level of plaéma progesaterone, although
Klopper et al., (1957) have shown that there is still a sub-
stantial level of urinary pregnsnediol in fhe' absence of the
| gonads .« | |

The analysis of ovarian arterial and venous blood is
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the best method to determine exactly what this organ is secreting,
and the presence of progesterone and other steroids in the efflugnt
_bléod during the luteal phase sugeests that the regulation of
metabolie processes and hypophyseal function may depend upon
the secretion and ratio of all these compounds (Mikhail et al.,1963).
In the future, development of more sensitive methods
for the simultancous determination of these related steroide and
‘their metabolites (free or onnjugatéd) in peripheral plasma, may
provide more information on the regulation of reproductive function,
and suggest o more rational basis far adequate substitution therapy.
The use of sensitive and specific methods of measurcment may élso
be used for the more valid determination of seoretion rates, and
also to elucidate the important problem of the extent to which
endogenous or exogenous hormone enteré the cells of the target
organ. The measurement of sterold coﬁnenirutions in tissues is
also an essential preliminary for the study of the intracellular

action of the hormones on metabolic processes.
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SECTION II.
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‘The metobolism of rrozecterone in humon veripheral blcode

The first attempt to establish a guantitotive relation-
ship betwecn the amount of progesterone secreted by the various
&lande with the amount precent in peripheral blopd was reported
by Fearlinan iﬁ 1957. lie collected together dmta on blood
volume and blood progesterone concentration,. snd deduced that
the turnover time, which may be defincd as the time token for |
thé endocrine glande to ceerete as rmuch hormone as is nrescnt
in the circuleting blood et cne ingtaent, may be caleculated by
rmultiplying the bload hérmans concentiration, C, by the totul
bicod volume, V, and dividing the product by the endogonous
rate of hormone production, r, thﬁa:

T = Ly
r

The blood hormone c¢oncentration, C, nay be determined
by methods ap deseribed in Section I, and the total blood
volume by the use of dyga,’ar isotosic labelling of the cells
or piasma. An estimate of the endogenous rate of progecterone
proeduction may be obtained by a ;arietg_of methods:

a) A known amount of hormone is injected and the
perecntage of ﬁhe dose tecoﬁered as u:inary
precnonediol determined. From the avernge of
pre=injection levels of pregnanediollin the urine,
it is possible to @stiméte the average-rate of

progesterone production per 24 hours.



94,

b) tiethod (b) involves the came prineiple ac method (a)
but mﬁch smaller amcunts of icotopically labelled
progosterone nre injecteé; and the cpeeific activity
cf urinary pregneneéiol determineds
c) By the detcrmination of the progesterone concentration
iﬁ blood enterirg end leaving the endocrine gland,
snd by the simultancous détermination of the bloed
flow through thé orgoen,
a) By infusing a trace omount of icotopically labelled
hormone into the blood streeﬁ until eguilibrium ic
reasched with respect to the endogénous production,
and thon measuring the rate in decline of the
specific activity of the hormone in serial blood
sanpless |
The velidity of metﬁods ay b and 4 depend upon the
exogenous pragestefnne being nmetobolised in an identical manner
to the endogenouss  Furthermore, methods & and b are complicated
by the formation of urinary pregnanediol from other preéursora,
while mefﬁed ﬁ involves the measurement of small amounts of
radioacti#ity and. progesteyona. Vethod ¢ is 1limited by the
avoilability of the materisls lethods a and b give values for
24 bours, while methods ¢ énd ¢ give values for the time of
aesays

The‘daterminatiou'ef production rates during

pregnoancy is complicated by the foot thot the progesterone is
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motsbolised by {he mother ond foetus, and it is unlikely that
progosterone injecteé into the maternzl blood strean isntreated
in the came manner., liowever, Pearlman (1957a) estimaéeé the
production of progesterone during iate pregaoncey to be approx-
iéately 250 mge./24 hours, This figure was obtalned by
caleuleting thé specific cctivity of urinary pregnancdiol sfter
the injection of trifiated progentiorone, and celculzting the

secretion rate irom the following formula:

Secretion rate = pr—

where R = tho amount of radiocretivity injected

a = the speecific activity of pregnancdid in
pooled urine

t = the time during which the urine wss
colliected

sosuming o blood volume of 7 litres, z turnover time of 3;3
minutes wae célculated.

The volidity of méthcd'(b) for the determination of
progesterons secretion rates has boen investigated by Arcos et
ale, (196Q)¢. These outhors injected progesterone = 4 = 140
end tritisted preg«S5=enolone and determined the ratio of
corbon 14 to tritium in the urinory pregnanediol., Ananlysis
of the reoulte indiented that pregeS-enolone (or possibly
preg=S=enolone sulphmta) eountributed in = significant amount

to the level of urinary pregnanediol,

Howeveyr the resulte of Penrlman were siniloey to
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tioce euiculsted by cander (195%) who determined the seerction
rate of procectercae frop the concentreticn of propooterone
in the uterine venous bleod and the rate of blooed flow throupgh
the oronis
4 poye snecific method thap thoze involving urinalyclo

for determinntion of the seeretion rate of grogestﬁréné. is by
the intravencus adminictrotion of o smell Goce of lobelled
progeaterone (methbod d) until blocd snalysese show the exojenous
hormone to be in eguilibrivm with the endojenous. It io thea
possible to stop infuaicn ond weesure the removel rate of
labelled progesterone from the blood, iﬁie method pLas boeeon
sueecessfully aprlied to mole guhjects Ly Gomanoff ot ole, (1903).

- The early work of Hoskine, (15950), ot the develcopw
maﬁt_ef 2 chuenmical method for the deteramdnaiion of jpleacaa
pPopesterone inéie&ﬁe& that the rate of removel of introvenously
adninicterod progectorone from the bloed depended omr itc
concentrations ULhic observation bng been confirmed by subucgueat
workers nud furthermore it huo boen choun that the removal
apgrgﬁimaﬁaabtg a firct order reanction, This wor: bLes led to
the goncept of o Lalf iife of ft@gaﬁtﬁrane in tloody vather

thon to o turnover time. The relotionship bBoefweon the tuo ips

Holfelife e

L1 1%

ihe bhelfelife ray Lo defined sg the time talen for

the totol bleood lLiorpoune level to £2ll by Lelf sbould the
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'iendogenous secretion ceaae.  This situatioh may'bccur a#'the

end of pregnency aftor removal of- the placenta. ‘Short and

S bton, (1959), assumad that the ovarian and adronal secretion

was negligibla at this tice, end celculated the nalf—life of

rprogesterone in women undergoiag Caesarian»eeetion._- Iu these

'subjects the removal of the vlacentu could be éocurate;y tined

in relation to the collection of blood samples« Usidg this

method they arrzvod at a halfhlife of five minutes, which 16

, 1onger than predictea-by the turnover time of Pearlman. (1957b)s.

Future work with more sensitive and specific metho&s nay '

abviate these ancmalies and illuatrata some reluticnship betwnen‘
::the secretion af progesterone and’ the 1evel in circulating

| ' bloca. | |

| | . The aﬂministfation éf‘iahailed piogeetérone;'béSides

contribut;ng valupble infarmation on. the aecretion rate ot

‘_endavenous pragestcrone. haa also colved many problems regarding ,

 1ts metabolism. » humeroua exyarimantm asing this techniqua

have shown thnt prohably Lhe most important factors accounting

for tha rapid éisapgearance of progesterone from the ‘blood are

;the 'burfering action' of the subcutaneons tissuen, and the '

’  rapid change to bialcgically inactive matabelites. o

| Tha first ‘in vivo' experiments ‘on blocd levela :

14

with progesterone - # - ¢ were reported by Hav&s et al‘, (19;6);

1,They inJecta& the hormone intramuscularly to a woman ﬂuring
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thé eleventh week of pregnancy and found a peok of plosma

rhdioactivity twenty-five hours 1a£er, with'radibactivity still

= fdetectpble up‘to thirteen days aftet the injection.‘ Those

'_results showad a slow release of radicactivity firom the site |
- of 1naection but gave no indzcation as to the ident&ty of
_the radioactive compounds« |

o ﬁ study upou the intr@venous inaectaon of 1ahclled

vptobaeterone wes reporteﬂ by Tlote and ‘Davis in 1957, followad

14

by a more detuileé aecount, using both progeaterone A

and progesterane - 21 - 1“0, in 1961 (Plotz). ?hey.injectad
‘ ~the labelled compounds into women destined for therapeutic
_ aburtion &nd found that the radioactivity in both free and

conjugated fractions extracteé from the plasma declined.rapidly

'~;:auring the firat two hours. nnd that only small amounts of

radioactivity wero presant in both fractiona thirty-seven houra.'
after the injectian.- v

7 . ' It wes. calculated that apuroximately 11% of ‘the

: raéioactivity was removed from tha blood by the kidneys. 11ver
~.and luage withiu three hcurs after aéminis»ration, whlle only
'~5 waa present in the total plasma VOlume at that time. From
these observations it waa conaludeu that the majority ef the
‘,radiosetivity had rapi&ly disappeared from the bleod into the
..tissnes, from wnich it vas rel@aseﬁ more slewiy into the

"c&rculatian and aubsequently excreted ag eonaugatcd matabolites
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through the- urﬂnary and gastrointestinal tracts-
Another stady following the intraVGnous administration
bf prégééterone - b -llkc wao reported by uan&berg and
launwhite in 1958. They extracted the plasma aamplea for
B total free and conjag&ted steraids, and demonsirated thot the

;total free steroid was clearea from the plasma at two different‘

- tates vith halfelive« of twenty aud ninety minutes respeetively.4

. The half-life of canjugated steroi& waa ccnsiderably 1onger.

4 more detailed study was conducted by aander in

l#

:,;v1959’ f“ﬁa injéctea progeétéroﬁe I intravenously into

‘}f‘a poatmenOpausal woman, ana fauad that nine minutes efter the

:l'linjection most pf,the plaama‘radioactivity was already in the

v‘:fdra.ﬁf‘coﬁjugaiggg" chrpmategrgphig-ana1331é of thié‘fractién'
' ‘after.ﬁy&rniysis iévealed thé nreééﬁcé of nreghéne&iol and
 aoma gzspregnan~3 el ao-one.  Whe grentest proportion of the
i fr&e radioactivzty was unmetahaliseﬁ pro estcrone, but there
, w&re alao small amuunts of free pregnanolone, EOUrhydroxynregn -
- -4~an-3~one and pregnanediol. .

Ii has bceu shnwn that the. excretion of metabolites

”f_probably starts immediatal; afﬁer intravenoua injection. | In

'Ethe mtu&iea by aander 1% of the dose had accumulﬁted in the
urine by thirty minutas, and 9? by four hours. 'A‘dalaya&
.Vappeargnce iu the faeges was shown by Davia,énd Flotz, (1956),

 aa& zan&er§ (1959); }



Metabolic transfornotion of progcsterone in bloods
NQtwith*tnndinn Lbe limitations in the methoda
'5employed end minor differences in results, the half-life of
:progesterone zn hlood appears te be very uhort, and many
explanaticns have been put fcrwara:to explain ﬁh,s.phenpmenon.A
'However§<litt1e atténtién_hag beén paid to poséible metabolic
_transféraations §f progesterone by the blood and such evidence
. aé hae.ﬁeég qbéaine& ig éonfiicting,,  in 1949;Hcoker and
Forbes ieporfed ﬁhat the;ﬁiblogiéal actiyitj of progesterone
  65511ned rapiély from plasma maiﬁtéined at body temperature,
, while Légar, (1953); uaing a chemical method for meacurement,
lldemonatrated thot there was no 1055 of pragestcrane after
| incubation with whale blood fer one hour at 37° Ce
| An axneriment ‘with ox blooa was reperted by &hort
in 1958. } He incuhated ubole blood with nrogevterane at p? c
~end withdrew aamplea.evgry_hopr. ﬂnalyses indicatcd the

preaencejof ;] new‘compnﬁna tentatively idgntified as aq/shydfoxy-

"~ pregn ol won = 3 = ones 'wThé-halfalife of progesterone in

vitra was calnulated to be approximately »even hours. In B
1958 Axelrad and Wertheasen in e pr&liminary report. upon ‘the
. metabolism uf hormones in human and other mammalian blood
‘.under asaptic ccnﬁstions indicated:thut the ccnveraionvwas
_towards biologically inactive forms‘;and the moin conversion

of progesterone was to 5/3 pregnen = 30(015;-20-0119,'
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_ As ankcxtension tb these studie», and to 1nvestigate
the peasible metabolzc contrlbuticn of blood to 'in vitro'
vtud;es with tissues, blood fram two women in the 1uteal phase
'of the manstrual cycle and from +two durang 1ate prernwncy. vas
zndependently dncubated with progest»rone-

METHOD.
' ”enrmiérograma of yrogaaterane - 4 - 1#0 in benzene -
vere added to each fifty mle incubation flask, and evaporated
1to dryness undgr nxtrogens- ,Sive thousand units of heparin,

" and ao,coo units of penicillin wére‘ added to each flask,

ﬁi'j followed by twenty mnle of. blood and ten ml. of Krebs .iﬁger »

'”phoaphata buffer P Zalte ”he flaska wore vibrated at 60 vib./ |
min. at ;7 G¢ for £°ur hours, . The plasma was then separateﬁ
fron the cella by:centrifugataon and removed by»Pasteu: pipettas
The celis‘wereZthen-waéhediyith ten_ml.'éﬁliné whigh‘wasv
i-retaingakafter centrifugatioﬁ#,“‘ | |

| The plasma was hydrolysed and extracted as in tne
ethod for plagma yrogesteroae, one hundreth was removed for
i - lxquid scintillatzon caunting and the remaiuuar chromatographed
| on paper in tne system hexane / 857 aq. mathanol. .

_ ‘The cell waehings were extractea dzractly with 2 x
100 mla ether and ths total number of counts determined. B

The celle were lysed and hydrolyaed hy the aﬁdition

‘T,cf 25 mls H/é sodium hydraxiﬁe, extracted with 2'x 100 mle
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;_ether, and the total amount of radloactlvity determined.‘ Small
'amounta of quanchlng were corrected by the addition of a 140 -
Vghexadecane standard. ;
. It was found that after this procedure the percentage

dietribution of radioaotiV1ty was .as shown in Table 13

| DABIE 13,
MENSTRUAL CYCLE  rREGNANCY
| 1 2 I 2
PASKA 899 902 90,6 92,3
~ CELL WASHING ',1..5' 501 R T h.‘}'l
CELS 56 kT kT Bk

v‘Th§ ﬁapérvchramétogram'of tha plaSmé fracfidns was
inspected in ultraviolet light and scanned for radioactivity.
It was found fhat 4.91; 6.8 ber cent (Table 1&) of the radio~
activity Was'transfbrmed to a combound lésé‘polar‘tﬁan pmogeste«\ o
rone with an Rf of 0.25 similar to that of auxhantic 20 a hydroxypregn -
hpenns-one and 5 P pragnan«Sa—ol-EO—one.: ‘ '

- TABLE 15. o
MENSTRUAL CYCLE ~ ~ PEEGNANCY
: 2 I 2
4 conversion to 6.1 | 6.3f' 5 b9
more polar = . e
compound

 Table 14§ - peroontage converaion of progesterone n’“-c to
more polar compound.
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I**o mte ial atner than prog csterone was viaible on

' insgxection under ultraviolet J.ight"» after ~elut1cn.of the

- ‘.ummown radioactive area with 15 mla nthyl acetate/methanol
) .331 and formatxon of the thioeemicarbazone derivat.t*:e (case 2)
: (v,m.ere was no peak at 392 mi, hoz ever a positive Allen ccrrection
| factor was obtained - correspending to 0.2 ).tg- |
| ?he unknown camyound fram case. 1 was eluted in the
1 ssame manney and. subjacted to gas liquid radioahromatography
| con % .E. 30. !‘L"ne radicactzvity was found to be. uisi.ributed

‘,},3.n the followxng manners

~Stereid % of initinl Radio=

o - aectivity in unknown

cam;mund.g ' ‘
aowxydroxypregnanub-en-}-om 2B
krouesterane | s W90
Bﬂpregnan-Saol-eonone S 28,0%

The pfesenpa of progesterone in this fraction was

probabl’y due *‘tok overloading of the paper chromatogrem, o
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'The biosxnthes&s and role of grogestcrone as an iutermediggx
compound in human ovarian tissue, -

The poaszbility thut progesterone may function as
an 1ntermadiary connound in the biosynthesis of adrenocortical}’
atercida, androgens and oestrogens (Samuelag 19)5)‘ arose from
anélyticg; studies on the hormone piaducing g1ands,'énd from

,5in'vivo'; perfﬁéion,‘and"in vitro"studies;involving both
 1abéi1ed and aen~1abe11ed>compeunds.*' These stn6ies shovwed
£hat progesterone ﬁas Bynthesized b& 2ll steroid p:oducihg 7
glanda,-and‘iédicated that a comﬁbn‘pathway ihvolving'acetgte.
S eholesterol wentm’ pregnenolone - progasterona wae of

: major impnrtance in these orgkns, although the presence of

i ]alternative schemes were nct excludeda'

‘The preaent study is concerned with the bzosynthesie

‘of progesterona. ana ita 1mpartance as an’ 1ntermadiary aampounﬁ

. in the fcrmatian af androgens uﬂd eestragens in the human ovary. o

It dis easentisﬂ. that any study of thls kind bc correlated with

‘:‘_ovarian morphology, because the tigsue components are iu
 f continua1 state of changa» o

| _ The nature of uhe cvarian secratian is best evaluatea_'
"by‘a comparisen of ovarian 0rteria1 and venous blaod,' However,
grcater ins;ght inta which ovarian atructures nre contributing -
’,ta this aecretion and - the meehanisma involved in the elaboration
of the hnrmones may be abtaiaed by ‘in vltro' atudica wﬁth

isotoyically labelleﬁ subsurates.' In recent years with the
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increaged avatlabtltty of labelled substrates, much information

has been obtained npon.the wode of stercdd transformations

in the hunan ovary.

in Table 15«

TARLE 15,
PREGURGOR 3 AGETATE

OVARIAN TISSUE

A summary of this information is given

AUTHORS - THEATMENT STERGIDS PRODUCED
botis et ale, Normal chorionie cestrone
(1956) gonadotro= pestradiol
phin
O'Donnel et al. poleystic . humsn meno~»  pesirone
(1959) A pausal gonae oestradiol
. dotrophin '
Sweat et als, stroma oy - progesterone
(1960} corpora lutea
Ryan & Smith, folliole cyat sheep folli= cholesterol
(1961a) lininga cle stimulat~ ovestrone
ing hormone cestradiol
E progesterone
17 ot hydroxyprogest.
Afandrogtenedione
AF pregrenclone
17 CH pregnenclone
~ dehydroeplandros
sterone
Hoall et al., wedge rescctions human dehydroepland=
(1962) SteineLeventhal pitultary rosterone
gyndrome luteinising
hormone
Hammerstein gorpora lutea - AS pregnenolone
et al, progesterone
(1964) 200l olpregns-li=gn=3-ne
17 0B progesterone
A* androstenedione

oestrone, oestradiol



AUTHORS GVARIAN TIGSUE TREATMER STERUILS FROGDUCLD
Husng & corpus - prozesterone
Feariman, Juteunm 1l7e¢ Gl progesterone
(1963) 20 OH pregn-ii-~’
on-3=one
Rice et nls, nornsl huwnan testosterone
(1964%) ' stromal chorionic
ticcue gonadotirophin
FRECURSOGR FPREGHENCLONE
Lonthier & normpal human - progesterone
Sandor, ' chorionic 170U progecterone
(1960) conadotro~ androstenedione
phin '
Lanthier & polyeystic human A" endrostenedione
Sandor, chorionie
(1960) gonzdotro=
C : phin
Axelrod & polycystie - 17 Gl pregnenolone
Goldzieher, . 17 0l progesterone
(1962) A% sndrostenedione
testosterone
Gelydroepiondro=-
- sterone
19 O androstenedione
17 X200 dill proe=
gesterone
17eK20 /8 108 pro=-
gesterone
Ryan, (1963) corpus - progesicrone
. 17 &CH progesterone

Juteum

17 X0l pregrenolone
cestradiol




AUTHORS

Sweat at 8le,
(1960)

Rysn &
Smith
{1961p)

Kase et alesy
(1961)

Warren &
Salhanick
(1361a)

Garren &
Selhantck,
(1961%)

Axelrod &
- Goldzicher,
(zsea) o

OVARIAN TISSUE

107+

TREATHENT

PRECURSOR 3 PRUGESTERONE

stroma or -

sorpora

lutea

follioular sheep

cyet follicle

1inings stimlate
ing
horwone

polycystic - -

with corpora

luten

‘noraal and poate
menopesusal

normal

normal -

STEROIDS PRUDUCED

200 OF pregn=ie-gn-3~one
20 30H pregnelegn=3«one
17 GH progesterone
1701 20& AiOR pregne~
Legne3-one

4% androstenedione
oestrone

veatradiol
pregunanedione
allopregnanedione

6 3 OH progesterone

ceatrone
cestradiol

teatosterone
At gndrootenedione

17 «0H progesterons
A% androstenedions
ZOOL-OK»pregn-ltotn-}-
one

- progesterone

16008 prngeeterpni

 17040H progesterone

200: 0B praegneieane3eone
20/ OB pregn-lieen~3=one
17 ¢ 20x 4108 prcgn-lfu

. an-3~one

17120 3 Q40K preg;n-lw
ene3~0ne
Htandrostenedione
tentosterone

19 OH testosterone

‘39 OH androstensdione

19 aldo~androstenedione
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AUTHORS OVARIAK LISSUE  TOLAIMINT  STiROIDS PROLUCED
6/3 G androctenedione
oestradiol 17
Huang & corpus luteum - 176t CGH progcsterone
Fearlman, : ' ' 200¢ 0l pregnen—legne
(1963) 3-0ne :

FRECURSOR 3 ARDROSTENLDICHE

Sweat et al., stromal or - cestirone
(1960) corpus luteum oestradiol—lza
Smith & Ryan, polyeystie - ocatrone
(1961) oestradiol
Huang & corpus luteunm - oestrone
Fearlman, oestradiol
(1963)
FRECURSOR @ TESTOSTIRCUE
Wotiz ot al;, postmenopausal - oestrone
(1956) oestradiol-173
cestriol
Baggett et ul., normal equine oestrone
(1956) ‘ follicle oestradiol-174
stimulating A%androstencdione
: hornone

These ctudies have identified numerous interncdiary

compounde and it aprears that several interelated pathways are -

involved in the biosynthesis of androgens nnd oestrogens. &

tentative scheme based on probable trancformations is shown

in Fig. 19.
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ACETATE
5B-PREGNANE-3: 20-DIONE CHOLESTEROL
} 174 * 204 diOH- CHOLESTEROL
!
|
208 + 204 -OH-PREGN-4-EN-3-ONE l PREGN - 5 - ENOLONE
] / \ y
PROGESTERONE I74.-OH-PREGNENOLONE ——~ 7, 20 -diOH-PREGNENOLONE
’
L
i 17:20-di-OH-PREGN-4-EN-3- ONE <——— I7& - OH- PROGESTERONE DEHYDROEPIANDROSTERONE
.
.
»
TESTOSTERONE  ACETATE ANDROST-4-ENEDIONE ——3 58 ANDROSTANE -3:20 - DIONE
s
TESTOSTERONE OESTRONE

OESTRADIOL - 178

'rzg.19; Schca: of prﬁbublo aturo&d trlnsrurmatioha il

'hnnan ovarjen tissue,

N
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The pathway from progcstéronp'to oestradiél,
in§olving‘1? hydroxylation, followed by the formation of
A?androstenediane and’testosterqpe WAS the,firét to be
established (Sweat et al., 1960; Ryan‘and Szmith, 1961; /xelrod
and Goldzieber, 1962; Lanthier and Sendor, 1962). ©On the
othier hand there is now convincing evidence for the alternative
pothway from Afpregnenolone taAA“andraatenedione with dehydro-
eplandrosterone as an important intermediary'(&xequd and '
Goldzieher, 1961; Ryan and Smith, 1§61d; Nozll et al., 1962).
Other pbséible_traﬁsfurmationa are the fo:ﬁation of debydro-
epiandrostekoneﬂdireetly from chbleataroi with 17, 20 dibhydroxye-
cholesterol as én’iméortant intermediary, as has been demonstrated
in an adrenal édenoma (Gual et él., 1962), end the formation
of tostosterone fréubprogesterone without prior formation of
Arandrostenedione,'tesiosterona acetate being po§tulated as
an intermediery (Dorfmep et al,, 1963).

in view of the many possible pathwaye of steroid
traﬁsfcrmatiuﬁs it wes doeided to investigate 'in vitro? which
were qﬁantitatiiely the most important, in the various comp§nents
of the Luman ovary in health and diseases |
| MATERTALS AND HETHODS
a) Solvents and reagentst |

v A1l solvents viere purified by standard techniques

and redistilled pfior’to S0, The silica gel was resleved and
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ana purlticd as pravinuszy described, Alumtna was propar:d
as in the method of Erown, (1955}, for the dtttrminatinn o2
'urinnrx ocuttogtaa; - Bilice gal<5 for thin»layer chromatography;"‘ -
w8 a8 9revloua3y dcéﬂ:&bté- ,j‘ | | e
b) Ratarouct ateratd&; raﬁioautirc atandarda; and 00ENIYBeS |
Reference starci&s were obtaintd from thc MRQ '\
;.rafnrcnca cnl&ention (by cnanasy of Frofesaor w. Klsne), ’:gﬁﬁ
anzynes trau Courtin & @arnar Ltd', Loues, Sunse:. Shaep Fsayf -
'(HXK-S-I ovine standurd) vas prnparq& nad dxntributad by the
| Eadoarinn ueuﬂ; Saotiua. R.I.H,, Bﬁthﬂﬁd&, Harxlnnd, 8.3.&a .
V'Hnman p&tﬁitary F.S.Ec aontaining ap;roxiaat&lg x% Lelle wal
_;kindxy dnnatoﬁ by nr. crankn, Departmnat of cltnzeal Endacr&nolog:,
'Hizmiaghan; ] nnﬂ *a h:x;dccasn ratcruaau atanéarda trou
| th Radiﬂchemical Gantri, Amarahaa, Bunkai T
e thatrates: o
| fThe falloiing utaraién were ohtntna& fram th&
Radioahem&eal ccntra. Ameraham, Bunks: yrugnﬁnalnns~4 19 8-
o /mM, progastaruﬂauba;kc 2147 nmc/odiy andxaetcnadsgneah- 6
b2 mo/mM, taataaterantmka;k 21.5 mq/hﬁ;‘oastr&dini—iﬁélk

386 12,0 wo/aM,  The firet four

12,0 me/miM, uoatrnnanlé
starasda vere teﬂtnd‘for chﬂmiaal snd raﬂlach&a&ca& purtty*b;
asnliqnid ra&&anuhramatagraphy in the Pye Pannhromatngraph

using 1% NPGA as the_stattanary phase; the latter two for

radiochemieal purity oa_gayer uaing the ayataa‘Petrqlouﬁ ether
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(40° = 60%5,5.) / berrene 50150 / 70: aqs metlonol (1:lle AL
were 97 « 100% pures e -

Fige20 is u flow sheot of the methods
Ticouet | | |

lumen ovaries Weée oﬁtaiué& 6irectiy from the
operating theatre, and mierodissected under en illuminated
aagnifying lens, ?grt of the etructures isolaiaﬁ were taken
for histologiesl examinutian and the resuinder cnop ped into
smell pleces (apprnx. Oe5 nm) with an instrument congisting
, or parallel razor hladea 1 mue apart. held at one end in n
metal holder (donated by Ure Max Sweat, Utai, ﬁ.ﬁ.é.). " For
9urposes of comporison 0.) Ee of tisoue wae taken, but in some
cases only G.E ge of tlssue wag available. |
Incubation:
| 511 incubations wére‘étartca within thirﬁy ninutes
after interraptian of the bleod cupply. the tissucs being at |
L roon tamparatgre ﬁuring_weigh&ng'ana wineing. Ube raﬁianctive ’
auh&ttates~éreparad in benzéne were's&dea o each 25 mle
incubation flask and dried unéar & stroam of nitrogens Thé
weighed tissue was than washan into the flagk with {rebu hinhar
shosphat& hutfer, and the coenaymea ‘and gonadotraybins auaad
to give o fimal ratic of tisane to buffer of 115 w/ve
: o The final inoubation me&ium containeds
! arebs’ninger Ehanﬁhate Buffer pll 7.4, plue blucose 200 mg¢/100 ml.
z‘hAJ 1‘pM iicotinnmidew-ndenine dinucleotide (b?ﬂ}. |
‘vNAnP l,uH Nicotinamide-adenlne dinucleotide phoaphate (TPN)
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cll& 0.2 - 0'5 En V

SUDSTRATES ~  + TISSUL MINCE +  NAD  +  OVIGE GR
Inn - HADH EUMAN |
Krebs Ringer - BavP FITUITARY
Phogphate Buffer HADPH Fabelie
{ + glucose) -~ ATP
INCUBATION (3r c tor 4 hrse.)
Acetono' + refrig.
Prelim. extr, (acctone at 50°C.)
Alkali pretreatment
EXTHACTION (5 X ethermeth.d&chlora)
" SILICA GEL DEFATTING COLUMN -
Sep. of neoutral & phenolic fractions
, | S
NEGTRAL FRACTION | PUENOLIC FRACTION
PAPER CHRUMATOGRAPHY , . DAPER CHRUMATCGRATHY
FORMATION OF DERIVATIVES | N - ulz
REGIROFATOGRAEHY ON FAPER THIR-LAIER CHEOH.
OR TiiItTLAYER
' ] ’ ] ]
LIGUID - SPECTROPHOTONETRY = GAS=LIGUID
SCIHTILLATION (ihiosemicarbozide RALIOCHROMATOGRAFHRY
COURTING & Kober reactions)

Eig.acn - The 'in vitro' transformotion und analyses of
isotopically 1abelled steroids by human ovarian
tiasue. : .
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IADI 1 pM reduced Nicotinomide-adenine dinucleotide (DPNI)
HADPH 1 nM reduced ﬁicotidamida-adcnihe diﬁucleotide phéspﬁate v

IR | (TP
ATP 1 mge Adenosine triphosphate |
FSE 2 mge Féllicle etiﬁu}:ating hérmono

| Iﬁ the cases where 4‘ pregnenclone, progesterone or
teafosteroha was the substrate, 16 pge of steroid wae added,
ﬁhereas to obtain & similar pumber of counts it was necessary
to use 25 PBe A%androstenediones The flasks were then placed
in a mechanical shaker at 3706.' and incubated for four‘hours
at 120 vibe/min, |
ixtractions

The reaction was terminated by the addition of
20 ml.vacetone to each flask to precipitate the protein and
extraét the steroidss FBach flask was agitated by hand, and
left in the refrigerator OVernight at 4 Cs The flaska were
then re-extraoted with 230 ml. hot acetone (50°C.), and filtcred.
 ’into & 250 ml, pentrifuga”hottlc. ‘ The.recovery of raa;o—
activity at this stage varied beﬁweén 95 Q 100%.  The acetonq/
buffe: mixture_wae‘then evaporated until reappearénqg of the
‘buffer ﬁﬂdér vaeﬁum.' 1
Alkall pre-treatmeut: ‘ o _
Twenty mle of aodium hydraxide (pll 9.0) was added

 to cach bottle and shaken by hand for ten minutes. - The utereida :

were then re-extracted five times with 150 ml. ether/methylene
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dichloride 80:20, the extract siphoned into a round-bottomed
flask end evaporated to_dryness under vacuums The recovery
was 90 = 100 of the previous steps
Dewfatting columns

This procedure was only employed if the extract from
Vthe ether/methylene dichloride extréction was 50 impure that
enulsion formation dﬁring the subsequent separation of‘neut;al
end phenolic Iractions was anticipated,

A slight modification of the method of Goldzicher
et aly, (1961) was used. |

& plug of cotton wool was placed in the base of the
coiumn waich was filled with hexane.  The column was then
packed with two gm silica gel 200/300 mesh, The dried lipid
extract was dissolved in 1,5 ml. hexane, and left overnight
~or for at least one pour, and then applied to the column.
The vesael was then rinsed with anather 5. ml. hexane, which
wag also applied to the column, followed by 35 mle of 5A ethbr:
in benzene (v/v)e Finally, 50 mle of ethyl acetate was added
to the column and the eluate bellecteé.’v Thé'first portion
of this solvent was added when about 3v¢m; of the ether/

benzene mixture was, abQVe the silica gel; further portions

© were addaﬁ until the transition from one ealvent to the other

was completo. The ethyl aeetate fraction was eoilected in

e 100 ml. rouad-hottamed flaak and ev yoratad to éryneas under_

reduced pressuro,
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1.0 ~ 3.5% of the preéeding radiocactivity was
found on.pboling the hexane and ethet/benzene fractions and
from 4 - ?%fon‘stripyina the column with 907 ethanol.
SZeparation of nmeutral and phenolic fractions: |

The neutral and phenolic fraetions were ceparated
nccording to the method of Brown, (1955).‘f§r the determiﬁaxion
of urinary oestrogens. 1.0 mle of ethanol was added to the
ethyl acetate extract and ihe sample transferred‘with 25 ml.
bonzene to a separating funnel‘containihg 25 mle 1467 sodium
hydroxide and 25 ml. petroleum ether (40° - 60%C.). The
nixture wes extracted twice with 25 ml. 1,6% sodium hydroxide,
and the exiracte run into another separating funnel, The
«petroleum‘ether/Benzena fraction was washed twice with 15 mi,
Gistilled water, and the washings traneferred to the phenolic
fractione

The neutral fraction was evaporated under reéuced
preasure,reransférred to & pointed tube and dried under
nitrogen at 60é¢g '

The phenolic fraction was adjusted to pll 740 with
cono.:hydrdchloric acid, re-extracted with 2 x 150 mle ether,
washed wifh 25 ml, distillad water, and evaporated under
redueed'preasnre, transferred to a pointed tuﬁe and re~evaporated
under nitrogenvét 60°C.

Aualyeis vaneutréi fractions:

The neutral extracts were dissolved in 0,1 mi.
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#blaraférmfbeth&nalvlzl and'ttaﬂsferieé vith slesc espillinvies
to whatman>f§. ce ek rﬂ”ﬂﬁﬂ“r¢»»f vaper yreviea 1y washed for
45 hours with 77 methanol and cut inte strips cock 1 eme widthe
ihe extract wgﬂ’ap¢*ieg‘at.thefgtarting liﬂé a%nve o wiresn
oflnitrOgen'éeiivsré& by @ 'Lall ctrematogran spotters %véry
IVEESQI'waa reswasisd tgiée kith 0.05 gl. chiaroforn/metinnol
rixture and aprliied to tae,gager in the came masner, Fndio-
~ active sﬁmémdsﬁcrA“-Eu}:tataéiércida {visibvle in U.V. light)
| ﬁére ay@liéﬂ iefpafgllei at#ipé. The initial'ehrématngraphic
bwywtem waas ﬁaxaﬁéfﬁﬁﬂ aquecus’methanel. | |
This systew affeetively acnaratﬁa the neutral

ractian into mur regions which were de&ianatea oy /gx. and A
(FigeZlla ;'ﬁ sukﬁ@qu&nt treatﬁent dopended uron the substrate
'»aﬁedQ' | | , | |
xrA‘ ﬁdr&g;m:mlma wns the cubstrate thedfruction
1 waG aluﬁed in tha Caml&b &p}ﬂrﬁt&ﬂ with 0 nle ethyl acet%tef
'vetnanol :1 ana rowran ia the mystem retroleus ether (40 - GG Gels
Leazeue 50150 / Hetianazzwater 76230,

_:ﬁaataaturene wng gubsequently aepnrmted frow 7ot iya rﬁxy-

prowaﬁterane aﬂ& l?atnyéroxyﬁregaeaeloua hy 3¢étil§tiﬁ” {he
ixtura end r e~runnia§ in tka hux&ne}%Sf methanol ssaeem. .

iftep raﬁnet;an with ﬁcéium.ﬁﬁrohyﬁrid& ané u*ﬁaavuent oxi&ztxan

’,. w1t& wudium bisrutﬁﬁta, tha tw& 1? hydraxy com;aan&a were:

rateﬁ &slﬁ anﬁroatenﬁéione aed ﬁ@hjﬁtﬁ@?&ﬂudrﬁ&tﬁrﬂﬂe in _

- the svstom hexansfﬁj mathaacl.
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Fige2l. Incubation of gonadal ts.mn (from patient vith 3.#
testicular feminisation) with AS «pregnenclone«i="'C

 papeyr chromatogran of nmtrux fraction scanned for

_ radhmtiﬁ%’; ~ ,



1?&-3 aoedihydroxyprogeéterone an& ‘1700 20£dihydroxyprog—
nenolone (prasnenetriol) were. ulso seyarated and measure& as
A androstenedlene and dehydroepiandrosteronc after_oxiaation .
u;th sodiun bismuthate, ' o |
| The/?fractzon was eluted in the same maﬁner and run.
on thinelayecr chromatography uedng sil:lca gol G and the system i
ether @ chloroforu g:1 Thie system separatas A androstenedione,
dehydroepiandronterone and chlhydroxynregn ~4—en~3—one. B
The twc.d ~5~!:etesteroids,may be located under _ultraviolet
1igh£, and ﬁhe)ﬂruégnhydroxy coﬁpéuﬁds’ﬁith 107 phoséhomolybdic
aeid in eihan01. ' Alternatively the s eroids may?be lpcated
by autoradiographic teﬁhniques. | | | |
*mxe ¥fraction was. ncetylatcd end re-run in the
system hexane/@SW mothanol, = The steroids were located by
viewing under ultraviolet light and by seanning the strin for
: radioactivs.ty. | |
- The 4 i‘ractian was cmly obtainad whenA nregnenalone
was théAsubstrate. Gas~liquid radzochromatogranhy indicated
that the compounds were relatiVely vol&tile and suggeated
| members of thall ¥ sories (Brecksbank and Gower, 1964}, urther -
kseparation on thin-layer plates (befbre and after acetylatian) |
 according to the methads of Gcwer. (lQG#). £allowed by £ag=
' 1iquié chramatography cn 3m C.u.n.u. at 190 c. guggested the
= presez_zce of androatauﬁ.lﬁ dﬁ.en-—}ﬁ ~0l a;;a -,at_b'leagt tm; pther !

- steroids of the same series, 'The formetion of thie fraction



from various_substrafea by both huﬁan‘ovarianAand tgsticular
tissue has bcen the subject of m special séudy—nof rclevant
to the yreéent thenis.

The total number ofveéﬁnts in cach fraction was
“determined by removiﬁg the paper cdntaining the cbmpaund from
the cbrdmatogramvnnd‘countingfdirectly in & toluene based
#cintillétingAfluid. I tﬁinwlayer chromatography was used
the silica gel conteining the cﬁmpound'ﬁaa removed by vacuum
as previéﬁslyvdéscribeﬁ angd eluted into a céunting'vial.
thorougily dried, end seintillating fluid added. Small amounts

4 hexédecane'

of quenching were corrceted by the addition of C
standarde | |
Analysis of ‘the phenolié fragtiont

| ihe extracts were transferred to paper as previocusly
described and run in the system petroleum ether (40° - 60%C.)s
benzene 50:50/methancl water 70:30, for one hour at 3?00.
The paper was theﬁ scanned for radiozctivity, Five arens of
radiﬁactiéity,ware often rocorded, three of which corresponded
to standard cesiriol (at origin), oecstradiol and oectrone, the
cther two lhave not 3et been 1dentifiad. |

~ Initially the areas corresponding to oestriol,
oestradiol and ocestrone were eluted and, after the additioﬁ of
respeétive'nnnalahalled carriers, were taken through the
methylaé;on aﬁd’alumiﬁa chrumatagréphy accoprding ta the method

of Brown, (1955), for the determination of urinary oestrogens.
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Alicuots were taken for the Kober reéétian.to determine the
recovery of the carrier, and a fraction counted in a liquig
scintillaiion counters, VWhen the number of counts wete
-sufficient for detection on paper, the methyl ethers wﬁre
chrcmgtographed,in a Bush & sysﬁem, eluted, and subjected to
gas=liguid radiachromatograph& uging 1% QDHS as stationary
phase, |
_ In these studies, after extraction of the methyl

ethers witb_petroieum ether anatbenzena,»the sodium hydroxide
fraction wes adjusiea with conc. hjdrachloric acid to pH 7.0
ond re-extracted with ether, The etuer extract from the
foestriol? fractién‘éoniainad from 80 - 100% of the starting
radioaetivity‘yrior to methyiatibn. ﬁttar acetylation, the
“compound had the same RI as standard 19 —'hy&roxysahdrostwh-
vendione acetate in a Bush Bl system.

In the iattef aﬁﬁerimeuté the eluntes of the three
‘oeatrogens from the first chromatogram were re~run on thine
1layer in the systémrchlorsfarmt'acetonek733. The campouﬁds
woere located by auteradiograpby, and the respectiVe cluaton
aéetylafed and run on gas-liquid rodiochromatography uaing i
S.Es 30 &s stationary phases - |

o IDENTIFICATION OF COMPOUNDS |
"a)ﬂfFormatiuﬁ of derivates: -
1l Acotylation.

The extracf was dissolved in 0.1 mls pyridine and
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‘an equal volume of acetic enhydride =dded. The mixture waos
léft 6vernight at room tem?erature,'or heated for 1 hour at
GOQC. The réagenté wmre reméved;bﬁ efaporatioh_under a.stream
| of ﬁitrogeﬁ at 6é°c.. 1.0 ml. of methan&lywas added and re- |
GVayorateﬁ under nitrogen;- |

2 Cxidation.

The extract Qas disaolved in a small volume of
agueous acetic aedd (507 Q/#.O.ﬁ mle), 856’8& &qﬁe°?5 solution
bf sodium mutéyeriodaté (Iﬁ‘w/v 1;0nml-) added. ,Thé tubc -
was gently shaken atOppered and left in the dark for 1} hours
at roocm temperature; The aolution was dilute& with 5 = 10 |
voluncs of distilled water, extracted with ethyl acetate and
washed with saturated sodium bicnrbonate (5 ml ) end water
'(; nl.),‘ The ethyl aeatate extraet wes driod over anhydrous .
| sodium sulphnte snéd evaporatea under vacuum. |
3. Reductions - L

’ | | The‘extract was aimsolved in 2 ml. methanol aud
“ 10 nge rodium borohyuride was adueu. : nfter~90-minutes atrQOG..'
excess glacial scetic acid was adaed to'decompose the roagent.
f'The methanol was remavad under vacuum, watcr adéed and the
 ateroids extracted with ethyl &cetate: j” |
5-1 nydrclysis of acetpto esters.: |

- | ”he extrnct was dis olvvd in phasphute buffer pli

:17.@ and incubwted for 4 nours at 5? G. with acylase from
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L.’Light & Co. Ltd., England.  The products were extracted

- with ethyl acetete-

5. Fethylation.

‘ Yhe extract wap dissolved in 25 ml. of 1,6 sonium
: bydroxide. to which 0.9 £ of boric aeid was addeds " Dimethyl

,sulphate (1.0 ml.) was added using a ssfety pipette. The.

'-_’flaak was ‘ohaken until the boric acid and dimothyl sulphate

had dissolved and was,then placed in an oven at 37,0. for o

20 minutes.u Tﬁe proéeduré~was‘repea£ed by a&ding more

dimethyl sulphate (1.0 ml.) tegether with 207 sodium hydroxide

(2 mlede The flack was shaken and maiutamned at 37°C.. for

‘& further 30 minutes or ullowed to stand at room temyerature

l‘o#ernight. The flasks containing the oestradiol and oestrone '

fractions were extracteu with petroleum ether (‘000 - 60° C.).

while the oestriol fraction was extracted with bengzene,

6. Thioaemicarhazone formation, -
1hlosemicarbazida (. aight & Co. Ltd., ungland)

_re-cryatallised from nenhanol, wos uissolved in 20 ml‘ 1/10

¥ HCL'(p:eviously filtered) and 100 ml. absolute ethanpl

(nﬁectroéﬁl gradu).ad&ed. 5hevextrﬁct~w@s‘diesnIVed in l.2

ml. reanent. maintained at 25%°C. for 13 hours, and rend in

| spactronhotcmeter againrt a. paper blﬂnk.

s v"IrICﬁ 108 OF suxuﬁzns;

AS Yregnenclonet -

Snme RS as'stahéardron'paper in system hexane/85;:



meihanol, foims acétate with saﬁezﬂf aé standsrd on paﬁer in
the systea ﬁethylcyclchexaﬁe/acetic~acid s water 9#1.' Same
retention time =8 standard4df;regnenqioﬁe and after scetylation
some retention'time_asldspregnenolpne scetate on gas-liquid |

radiochromatography using 15 NEGA as stationary phasee

rrogesterone:

| b.ﬁbs.‘. ispecﬁrum (max, abs. 240 mn) forms bisthioscmie
carbazone with;max. abs, at‘Sﬂa mp, same RE 55 standard on '
peper in the system hexéne/SE% methenol, same RE qn‘tﬁin-layer
éhromatography-in the wysteﬁlﬁeﬁzene =:ethyl‘acetate[3:2,
resists acetylation, suame rgtentioh’time as standard in page
liguid radiochfomatography using 1% 3?6&. 1% c-%s}Ana 3 GeFals
a5 stationary phaseé.‘- | ﬁ |

IZaghxdrogxgrdgastarane:

Same Wf os standard on paper in sy§tem bexane/85)

methanol, recicte mcetylation, came Rf as stendsrd on thin-
-layer chromatography in the system chloroform s acetone 713
On oxidation yields A"andr‘ostenedianea

1nghzdroxynregnenoloneg

7 Same Rf ae ctandard on paper in the system pgtioleum,
ethor (40° - 60°C.) t benzene 11l / 707 methanol 50150
 Separated from lthyﬁroxyprdgesterane on thiﬁ-layar»#hrématoa
graphy using thé.éystem chloroform 1@ méﬁhanel 99311, Cn
' oxiﬁétionvyielda dehydroepiandrocterone, o

-



‘dehydroe§ianurseterowc.'

_ "aame yf as etaﬂqr“& on ?&PQE in the 5xctam nuran&/
/i’UJw metnaaol, he{Lrﬂtéﬂ zrem dslejﬂrﬁxy“?eFﬂ\nvgvﬁanj‘uﬂﬁ o5
aiuwiayer curamatagrapuy an the s;atem chlorofoza H etner “z is
: f uame r&ﬁent&aﬂ time ar free ziarczd nﬁ an ﬁcutaze atandard on
_,1 aas-liquid rad&@ehr&mavograpuy uuing 1 ﬁ“zs “s’sﬁatisnary'b

* whama.

.vlsuﬂﬂﬁrﬂdtﬁn&ﬂicﬁet _ ‘

Ehse ﬁpeetm (iﬁ’éx.ré‘bg; E‘#O m&). e::aéd Ef a5 ,f.;‘mt.ard
| i;un ganer ia the Byatem aexanafuﬁ ret&anal reaists acctyleticn,
b’;{ﬂn reéaatiaa yi&lds ttatuaicraﬁe. ivuaﬁe r&»eniien'time as

t_atanuara an a&-liqnid &&dzeaarsmatogrnghy.

'_’“Ooa;;rﬁw:g,;pm I"u - Himgnia? aa I8
| hﬁﬁd s:ectrnm fmax. abau ehﬂ maz formﬁ co oceetate
wnﬁeﬁ hvb tae aame hi aa Ftuﬂyfrﬁ aa apﬁr ia the cfstem
AIN‘Mﬁiéylcjnlownﬁﬁﬁﬂﬁ 7/ aeatic ﬂcia nater 921. Un cx;ugtiou‘
 :3ia1&a pra&\miwrunﬁ.ﬁ; | | EDEE
 ‘1,es£0ste ones.

nha. spec»rum (ﬂdx. ana. 2&0 mu}, ome 51 ca'atﬂﬂi'r

-

,iﬁ"ﬁy@éex sﬁfraaéum etﬁer (@G - QG %c.) 1 benzeno { metbauez
’"”{imutar ?Q.ﬁ&, xarma mcu%vta oaﬁn f ne auanuhru in the eyﬁtem

._Laﬁ')ﬁ&ﬂﬂ/ﬁ;; n*et}"mz.nl, :yzwlﬁs A auc}*ostm; mm on oxx::zt‘s‘;icn.

araaﬂﬁ fram lic&uyéraxyﬁromuatwruﬁa en ﬁaper af&ﬂr ucei lution,

"'iﬁ;tor‘&a tﬁa ira@ cﬁmg nma on’ %Lin-laber cﬁraﬂats rayﬂJ in tne '

stem a?lcrofarn .'oeetmne K'B.‘  zre& atursié 1na acetate a



' 35260 ‘
has éama retention time as standards oﬁ gas~liquid radiochiromatoes
graph& ueing 155 éﬁﬁsyaé statiaéary phinBe.
Ugstrones | |

Mame Rf eB ntandard on paper in the system petroleum

ether (40a 60° G.) ¢+ benzene /methanol water ?O:BO. ~ Bane
RE on thin-layer ChromatOﬂraphs in the aystem chloroform 3.
acgtone 733. Fornms acetate vith aame Rt as atandard on GLEC
usdng % 5;3-38. as stationary phase. Forms methyl ether

same Rf os standard on paper and in GLRC,

’Ggstradialnlszx o

.  Seme Rf as atandard on paper in the syotem petroleum
ether 1 benzene /70% mathanol. uame Rf on thin-layer ohromato- ‘
ksraphy 4n the syatem ehlarnforu 3 acetone ?:3.  AForms chﬁatc
and methyl ether with ceme retentiqn Limes as btandarda'én
 §&¢~1iqu$d radiochrgmafggraphy using 1% CBiS as staticnary
Pﬁasé.7ﬁ | 1 o

RESULTS.
The ovériaﬁ éalls whiéh_have‘beénrsnown Ey trange _l

planf&tionvand hiétochehical_étudiesltc.ﬁavé'a poscible reie
in hormbn§:synthésis include the granulesa and theca cells
,'Qf thé'fbllicle and coipus iuteum, the o#arian stramal caila
and tueir luteinised derivativea, and the hilar Leydig type(,
calls (ﬁurria and Scnlley, 1958). - In ovarian tumours aﬁher‘
types of active calls may also ba eneauntere&¢,~ | }

In on ut'empt to evaluate the functian of these -
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cells, and the structures they comprise, ovarian tissues
obtained from the operaiing theatre were divided into their
moin constituents and incubated with » variety of labelled
substrates,

The total number of counts (corr. for quenching
and counting efficiency) was determined at each successive
step in the ispoletion of the radio metabolites, At each
step, the recovery of steroid was corrected to 100} in terms
of loss of total counts,. The resultc are expressed as
percentage couversion of substrated

Steroid recovered (d.pe.s. corr,)
Subgtrate ndded (depess)

Yhe recovery in the totol neutfal and totnl phenolie
fraction ineludes unidentified products,
1, Follicula? Yizsuet

a) Incubation with A* ;arermené}une»ﬁ--clk.

500 mge of ovorisn tisesue obfaiaed ten éays after
the last menstrual peﬁ.cd wag incuhated witih 10 pge A‘pregnenolone.
Histological examination of a portion of the came tiszscue
indiented the presence of‘éeveloping follicles surrounded by
stromal tiessue. Aftér extraetion, B8Y of the total radio-
sotivity was recovered in the néutral fraction ond 127 in the
phenolic fraction,

The percentage of total radioactivity recovercd in

the identified metabolites is shown in Fige 226

>
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FOLLICULAR TISSUE

FIBROIDS (AGE 42)
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It moy be scen that there was a high conversion of
cubstrate with o good yield of testostercne, oestrone snd.
cectradiol, .Hore radioactivity had accumulated in the‘

A‘ %-hydroxyeﬁefo:’.ds prior to the formation of A“androstenedione
than in the 021- “-B-Retosteroids. There was characteric gble
amounts of A* androctenedione and = sﬁall aecumulation of
173120 € d10H pregnenclone, but an undetectable amount of 200t~
hydraxypregnzw-&;en-z-one‘and low concentrations of 17:20¢ -
dioH pregnig}h-en—}-onea

~ b) Incubetion with prqgcsterone-h~1“0.

Two samples of ovarian tissue containing normel
developing follicles and stromal tissue were incubated with
progusterone, The percentage trénaformationa ef substratcs

are shown in Table 16.

AGE - 37 | 43
DAY GF CYCLE post FSH and 24
' BCG ‘ :

%> neutral fraction 92-9A 92,3
progesterone - o ’ 43 1249
20 & Ul pregu=l~en-I-one 1.2 R ¢ 1Y
17120 ¢ diOH pregn=Yeene3-one 37«2 - 28.8
17 & Ol progesterone 34,2 g 3la.7 .
A% androstenedione 6.7 . l%.h
testosterone 76 | S

% phenolic fraction 7+1 77
oestriol ‘ o T - -
oestradiol 1.5 be2

cestrone : LY T 0e05




155‘ o

: It may be seen that on incubation of follicular tisaue ;  B

- with progeatorane there was a high transformatiun with gcad

'evidenca of 17 hydroxylation anﬂ desmolase activity._f In bath

'{1"cases there uae only a small yield of ZOchydroxypregnen-h-en-_’j N

~ 3<ome, but’ in both a high comreraion to 17@: 20&610L pregnon-
‘f :-k-en-3-one-  f_’ R | _ | |
e MM. S
‘ Two yieces of OVarian tisaue containing developxng : _
» '1011ic1es were incubated with anﬁrostenedione.’. The ysrcentageA° E
| f radioaotlvity in the metabolites is shown in. T&ble 17. (
: L R ..._-.Wl‘ o
Coae om B

. DAY OF.CYCLE © . . post FSH and 2h

% neutral fraotion 96.# o8

‘,_:]1! androatenadioue ,jﬁ;‘;"7?;“f{55;¢1]“;}533 <;?2;;,:\ﬁ

teatoateront > ”'f  }> }iHi;.:1; *2;if;2 ”Jlif#;ﬁQ;aﬁfﬁ

‘% phen§1ic i?adtion~ o f;_:;  MQ5'“'f}ﬂ  i *;532;2 };'

4':1; oeatrone ~',<_“A1 R fw':%.*A»O.a;f.‘¢Q~ ‘,370.067f9*'”"
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Tegtosterone was the main radiometabolite identified;
from these two experinents there wss no indlcation that the
yield of cestrogen vas greater than when progesterone or
AS preghenolone was substrates khen the 'androstenedione

fraction' was aeetylnteé and re=run in the system hexane/385;4
methanol a small compound tentatively identified as and:o—~
sterone acetate appeared near the solvent ifront,

@) Incubation with testonterone=bultc,

Only one cortex conteining some developing follicles
was incubated wlith testosterone. The Qarcentage of radio~

activity associated with the identified metabolites is shown

in Table 18,

TABLE, 18+
AGE 37

day of cycle 22
% noeutral fréction 95.9
A anarostenedione 155
tostosterone ' 7847
¢ phenolic frzetion b,1
vestriol .-
oestrone 0.01

oestradiol 1.3
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It may be scen that4A“androstenédione and ocstradiol

‘weré identi!ied as'the principal radiométabolites.

2.' iicropolycystic ovaries aesociated with the Stein-Levanthal
Synﬂronls

In 1935 Stein end lLeventhal renorted a serlea of
cases in which amenorrhea or oligonenorrhea and sterility were
associated with enlﬂrged aolycyatic ovaries. . xirautien. o
virilisa, or obosityrwera alao~present in a number of ceces.
~ Ia thé preient study QVarian’wadge resectiona‘containing
‘microcysta from patients lebulled Steineleventhal syndroae
were examinad as in the previoua study. The incubations were
| limited to thoae ovaries whieh uere shiny pearly whita;
"moderately or greaaly enlarged with irregular surfaces due to
:the nreaence of numerocus aaall aubcapsular eyata. |

8) Incubnti.on with A3 pregneaolone-h—lac.

: 500 nge of ovarian tissua containiag numercus micro-'
eysta, obtained at wedge reseetion, vas incubated with preg-A
"nenolone.~_ The yatient was 18 ycara old and designated as
atein-ueVenthal syndrome after caraful investigation.

The uereentage éistribution of ra&ioact;vity in the

. _ ident1fied metabolitas is ehown in Fig,zsa

" It may ba aeen “that the radio-metabalites centaining
the Aﬂ -%ﬁ.hyaroxy graup appear to cantain moat of the rad;o—
activity prior to the formatian of A* aadrosteuediene. ‘ 'In

keeping with szmilar inveetibations in this Pyndrome (Axelrad
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FOLLICULAR TISSUE
SINGLE FOLLICULAR CYST.

JUVENILE METROPATHIA (AGE 12 yrs)

220
> %
8
2 15
=3
Zlor
s
s 7GR W20 DHA  PRO IR 1720 A K] A6 B E
PRec. PREG. dioH PRO. IO Diowe
WEDGE FROM MICROPOLYCYSTIC OVARY.
STEIN-LEVENTHAL SYNDROME (AGE I8 yrs.)
3 0r
g
§ [5
©
210
‘s
e 5

ITOH 17:20 OHA  PRO I70H 17:20 Ey E
PREG  PREG dIOH PRD  diOH  DIONE
PREG PRO

: ﬂg.&}.

Distribution c’i’ radicactivity after incubation of
" a single follioular oyst {upper cace) and a wedge

from a micropolycyatie ovary (lower case) with
A apregnenclone~is14ic, R
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ané'dnldaithor, 196333 there vas i lafge uccﬁﬁnlﬁiiﬁn Q! :
A aadrostnkediﬁne, ﬁiﬁh 1ittle evidenaa fer the graéuction

of ﬂret ncltrngona.

500 ug. of tissnt ohtaiau& at wedge resaet&on‘trou
a sesond gcﬁtﬂnﬁ {ag‘ 22 yauru) aad containing mnltipia nieto- '
¢yata wos inoubated Bith prageuternnt. : Tha percentag& of
ﬁ raa:.uacuvsty in the £é&nt1fivd mtabouees is shown u

- Table 19. S
TAE&E 29
"‘Prageatcranu o i‘=, 7‘: ' ':123;9
"blyctoa,pragesterona -’: 7~“' qf 22;1 -'V
20 AOH pregneieaneseone B 9
“.Tvz?x 20 aio0H pruganﬁntn-5~onu,. o 2,1 '
‘.A“anﬁrostaﬁtéznaa - : .‘1' ia2S:8
| 'mtmtmm T . X
’:aeatrzaz N o ﬁ.n»j
:‘oaatrnnﬁ S f'v ??,? ; :_ AR;Bc 3
>ﬂoastradi91 e AT‘Zf . ;,‘v ,ﬁ5Dc i

1 Xt may b& soen thaﬁ theta was @ 13:53 accumulatian

' n! A" nnﬁraatemdi.om uim ltﬁtio evzaanm for @m aramt:aauan

5_ to noatragans. o
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homogenised with a glsss hand homogenimer in 5 mls Krebs Ringer
Phosphate bufier, and seperate pb:tiona of the same tissue
wers incubated with A‘pregnennlnne, prugeaierom.' AY androstens~

dione and testosterouns,

~ After extraetion, 20% of the radioactivity was found
in the phenclic fraeti.an. The _?ereaafagﬁ of radibaeth;ty
recovered in the identified metabolites iz shown in Fig.23,

It may be seen that there was a good tramsformation

| to osstradiol and aaa;rono_ttoa_ualﬁ 40 mg. af tissues Again
more radiomctivity hed aceumulated in the A “3/8 ?!vdrbxyaterbidu
~ prior %o thc formation of A'androstensdione than in the
A4 ~5~kttutamida related $o progesteronee

, ‘ After extraction 19.7% of the radioactivity was
recovered in she pbenolic fractions The distribution of
radiomctivity is shoun in Table 21

| me )
progoesterone o L 5040
170.OH progesterons 2247
" 200-0H pregueiwsne3=one 56
17120  440H pragﬁuhmn«ﬁmm 15,3
A% sndrostensdions N 0e7
teatostorone . ta
cestricl : HeDe
veatradiol | o | he2

oestrons . . 1.4
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In this tissue a much smaller amount of e#ogénous
progesierone was metebolised, but tﬁere wes evidence c£717 hyéroxy-
lation and desmoiase petivity with the formation of oéstradiol.‘
There was little 4accumu‘1atian ofA‘andrc'ostenedioné.' A
compcund less polar than progestcrone was identified vs
' 5/ pregnane=3520=dione,

¢) Incubation withWAFandrostenedione-h—lac.

| The distribution of radioactivity in the identified
motabolites was as follows: | |
androsteneﬁioﬁe 807 testoéterone 240
oestrone - 248 oestradiol 4,6
20.3% of the radidaetivit& was recovered in thev
pﬁenolia fraction.
d) Incubation witﬁ testosteréna-&«lhc.
| After extraction 22467 of the radionctivity was
racoverea in the phenolie fraction. vThe parcent&ge~distributidn
of radioactiviiy is;showﬁ balbwz-
testosterone - 7105 ’aﬁdrostenedione 1042
 »oestradio1 3eb oestrone 1.6
It may be seen that when Afandrastenediohé and
_teatosierone’were the substrates there was a good transformatioh
 tq oestrone and oestradiol, although 70 = 80% of the radio- |
activity was recovered as cubsirate. Vhen A% sndrostenedione
ﬁas snbétrata there Qas mnore oestrone formed than‘oastradiul.

There was also less Aq' androstcnedione forrmed when
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testosterons was substrate, than testosterone when  andro-
stenedione was substrate.
4, Corpus Luteumt
o Two aarpo“ra lutea ramavad on day 22 and day 13
after the last mnatrual psriod. wers imuhatad with 10 xg.
4 pregnenolons. |
It may be scoen (E‘igoaﬁi ‘that there i.a more radio-

activity assoclated with the AY «3eketosteroids prior to the

formation of androstenedions than im the A'»3 4 =hydroxysteroids,

There was @ similar yleld of ocestrone and oestradiol %o

follicular tiegue,

n) Ingubation with g »&-;',z"

. Pive corpora lutea vere incubated with progesterones

The results are ghown in Table 22,

o

S | | (1 @ ®» W
BB . @8 3 W 3
DAY OF CYGLE Post FSH & 2b 22 7 ?

- ""Rem 5

% neutral fraction 9340 B2 95¢9  Ohe6  B6ub
progestercne 5147  35.0  BeB 5149 4Geh
- 1708 progesterone 25.8 1648 65,9 2344 20,7
200K preguelegn=3eons Je6  5e2 a6 a2 bl
17120 di0H pregnehesned=one = 73 1745 76 9.3 8,7
Avandrostencdlone ' 25 240 1.1 [0 59

. testosberons . de? = 626 Selt 1.8

/oestradiel = 2e3 842  0u8 0.8 1.3

~ pestrone ' 2.8 0,09 0.06 0.1 0.6

Qeﬂtl’*ﬁl o Qia 0’? :33‘ HeDe

NaDs
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CORPORA LUTEA

MENORRHAGIA (AGE 48yrs) DAY 20

>
s 20
-
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e
S 10
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5 |
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A5 TTON 17:0 DHA PRO ITQN 17:20 2040M A8 T £ E
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PREG PREC PRO DIONE
MENORRHAGIA (AGE 37yrs) DAY 13
; o,
1437
e 3
o f
o L
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©
) 2
' — 10}
i [=}
s |
- N 13
o ") c 1
. i i s i
| S T R U
i i
% PREG PREG PRO DIONE
|
|

Fige2hs Distribution of radioactivity after the ingubation
. of corpora lutea with Af »pregunq;pmM Ce
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In all c¢nses there wae & high trencformaticn of
subsirate with good evidenee of 1?-hydréxylation and ac;hydro-
| genation.b Howevef. the:e wags only & csmall nccunulation of
_A“ andréétenediane. There was a cimilar production of
oestrogena ag in follicular tinsue.

b)Y and c) Incubpuon with A* anérm tencdionewlie I’C and
_testosterone~i=1c,

Four aligquots of corpora lutea were incubated with
ganﬁrostenediane, and.two aliquots withktestosterone. The
- results were as follaws:-

"ith androsteneaione o8 anbstrate.

‘ v v 3.‘, N 2. - T 4,
AGE R - 3 38 A8 51
DAY OF CYCLE rost FSH  2h 7 7
, & 1ICG - | »
%.neutral {raction. ; 9?,7 91,1 96,4 89,1
 A%cndrostenedione . Oke3 56,6 89,1 90,1
 testosterons = - 300 3049 - k0 2.3
sﬁanaraetamaaieno o _ - - 1e2 HeDe
% phenolie fractien 2.3 8’9, 346 0.9
cestriol =  , - _1;2 R T -
cestrone B 1 04l HuDs 042 . 0.8
‘oestradtol S 0e7 35 1l 1.

It may be sven that testomlerone was fo:med'in_ail
caaes, with'a high yield in caae‘a} A ﬁigh percentage of the
. rodionetivity was recovered ne substrate os was the cose with

follicular tiseues |
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Vie results were as followsie

“uith testasterone4ga substrate.

. ,lo ‘ ‘2’
AGE B | © 48 51
LAY OF CYCLE 7 ?

g neutfalrfréctidﬁ ' i 9i.&l 90,6
testosterone : ) - 8l.2 56,1
A’ endrostenedione . 1043 1.8
5/3 sndrontanedione . leb - 0.6
et phe#ﬁiic:fracfién, o I Beb '9.b
oestriol ST ' ' NeDa - HNuDe
oesirone . - . o _ 6,09 - 007
vestradiol ) ' N X 1.1

VIt may be seen that Iesa‘bqandréétenediane is formed
when testostgrone is 5ubstrate, than testosterona whsndA ﬂnara-v
 atenedione is aubetrate, |
-1 Iostmenopauhal tromal Ticpues c B

Two gme of cvarian tiasue, from a 62 year old subject,
wos minced in the usual manner and &ep&féte pafiions.af the
sane txamue incubated withzl pregnenalone. progesterane.

, androatenediune and tesioat&rone¢, |

) Incuhahiwn, with A _;’)X'@ﬁﬂeﬁGlOﬂﬁ;hﬁlhcnl

In this incubation (and another ineubstion in a 51
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year old women) two compounds (Othef“than the subatréte) were .
aep&rate&‘bn the first chromatogram. éne of these was
teniatively identificd ue dehydroebiandrésteroﬂe, and-thé other
us 8 mixture of 17Ul pregnénolone,'l7z2%}26ihydroxypregnenolone
‘and»20¢(hydroxypfegneﬁoione. Hovever, . these only accouhteﬁ
:t‘or'-;fxpg::réximately' 67 - 875 ohf thé total rédiaactivity, the’
»remgiﬁaer.baing accounted for a8 nnmeﬁabolised'ﬁubatrate-
&here Wil no evidence for the §roduetion of signifidunt amounts
of urogcsterohe; teséastéréne or 6en£roﬁe or oestradiol,
b) Encubatian with prowesterone-h- C» |
' There was morked evidance of “Gwhydrogenation with
“the production of approximately 12” acelhy&roxypregn:w—#—en-}»
| one. ~ fnalyees of the incubation praducts fro& 6 other poétn
ménOpausalfavarieé:indica§ed‘that‘£hié ccSVersioh véried frbm
3 - 120 In 4 cases & emall yield (ap«,»rox. 3i) of 5/3 pregnane-
.Bzaﬁudione vae obtained. v ”here was no signif&cant yield of
oestradiol or- oestrone. o
e) Incubation thh‘A aadrostenediane—h«th.
Faur,postmenupausal OVariea_wers 1ncubated with
andrusteneﬁioﬁé»and the réégltﬁ shown in Table 23
"Sﬁsllyamgunis‘af tastoaﬁafane wére prcducéd in cuses
1 and‘z. 'Iﬁ’eases'l,a #ndrj ﬁméll‘améénts of ceétrone, and

oestradiol were characterised.



BLY. 23 .
(1) {2) (3) - (4)
AGE 52 52 57 6b
LeliaFe 2 yroe 5 mthe. 9 yroe 10 yroe
i4 neutral fraction 9647 . 9547 915  98e2
“ - o '
va endrostonedione 746 787 5149 98,42
‘testosterone 1643 245 - -
¢ phenoliec f:adtian ' Se3 L 845 1.8
‘cestriol - - - -
' oectrone - 0406 GL01 0s003 -
oestradiol 0428 0.02 0,005 -

d) Incubation with teatostarone-ﬁ- Q

Two aliauots of pastmenorausal cvarian tlssue were

incubated with testoaterone«

The yercantage of raéiogétivity

. in the identified metabolites was os followsiw

| (L) ()

S €3 52 . “5e

| LeMePe . 1‘% ?Z’éu 2 ‘?PBQ

% neutral fraction 9249 G2a2
testcstéroae~ : 71,9 72.h4
: A" sndrostenedione 173 1049
5; phenolic froction 701 78
oestriol - ‘-
cesirone Oeb 0.3
oestradiol 1.3 | 1.84
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It may be seen that, with thi.s substrate, ocestrons
| and cestradiol were obtained in camp&abh yield to prew
| menopmal tissue,
6. Papilliary Adonoocarcincmat
| 140 gme of ovarian tissue from & 63 yoar old subject
with eystis glandula:' hyperplasia of the endometrium was
divided in hmlf and separate paruana inoubated with A° preg= |
nenclons and progesterone. Histological mminaticn_ indieated
& papillery adenccarcinona,
a) Ingybation with A wpregnenclon c.-h-gl"ga
‘The radicactivity was asscclatod with the metabolites
shown ia FigedS. |
St will be seen that there was transformation to
veatrogens by the abnormal ovarian tissue of this postmenopausal
| subject, bnt no progesterons was deteutables
b) I ' '

The radiosctivity was sssociated with the following

| metabolites (Table 24), =
) TABLE 24,

progesterone 6449%
17008 progesterons : 11.6%
20 0B pregneiiegn=3=one 6% -
17120 di0H pregnwieen-3-one 3l
A¢ androstenedione L.4%

S Apregnane 3320 dione GuF% -

cestrone : HaDs

cestradiol . 4 ' MeDe
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% of total radioactivity

PAPILLARY ADENOCARCINOMA (AGE 63yrs.)

A5 ITOH 170 DHA PRO MoN 120 4 T

PREG. PRO.

Fi.g:&%

mtvibation of rndtmtnbontm atter ﬂu imbattaa -
- ot a paplllary admg.;nmm of thu mratx wi.th :

AS mtgmnula
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It may be seen that there is an increased jiéld of
gﬁ-gregnane-3:2o dione and a good yiold o!’EOgthydroxypregn-—~
 _h-en-§-one indicative af 1ncrcaaed stromal cell activity, but
fur the first time in postmenopausal ovarian tissue there was
good evidenee for 17 hydroxylations There Gas only a‘zmall

‘yield of A'ondrostenedione, oestrone #nd cestradiols
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The metsbolism of »roccsierone in human nyometrium and
_ gzometri&l fibroid tibuue, _ ‘

?otwithstanding the lorge pruductioh.of,p:ogésterana
during the menstrual cyele and pregnuncy, the myometrium does
not apﬁear'to'concentrafe the hormone to any great extent,
ihe experimenis of ender, (1961), and rFlotsz, (1961). ihvolving
ithe iﬁjecticn ofcl“ prngestéroné indicated that the concentratiqn
was of the crde# of 0u6 = 0.7 mpge/gn. of tissue,.

: The first csemigal aeaaurement 6! pragésterone in
pyometriunm during latp yréghsncy wos 1nt1ma£ed by EBumer et nl,,
and'iépqrtedvin more detail by Bornes et}al., (1962)s  They
analysed féu: samples snd found levela between Dol = 046 pge/ .
gm.owet welght of tigéueatk $iﬁilar‘cogcsnfrationé to these
were found during the prcseut study. |

A mhere has alsn &een little investigatioa into the

metaboliam of prugedterene by utarina muaele.v In the 'in vivo'

experimenta»of 5anﬁer, (1?61),1with mrugesteroneahvlhc,.most
of the fres ra&iuacti?& steroids recovarad from the myumstrium
could be accounted for. ae nroyasterona.

_ Some fin’vitro’ studies with cultured hﬁmén uterinef 
fibroblaste were reported by Swea?\et 8ley (1958). These
authors incuhateékthe fibroblasts ﬁith Clbyrogeatércne avernight
at 3? C¢ in = etationary positiong and then in a roller |
app&ratﬂﬁ for an auuxtional four dayse ‘The reactian mixture

was then extracted four tines uzth warn acetone and f;ltered.
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Th§ acetdne wes removed ﬁhder vacuum in the presence éf 5 siream
of nitrogen. ‘ ”he aqueous resi&ue was renextrﬁcted with o |
‘chlcroform, evaporated, ﬂcdissolved 1n methanolschloroform 1:1
‘and chro;atographed on naper 1n the system hexane 4 fermanide.
This procedure resolved_the :adiometabolites into
six ipeake, from whiech Qthydgoiy:pregn\ z:-—l;-en-s-b_ne, 20/6 hydroxy-
prégnQIéhuen-E-onevand alloPregnanediona, and qnmetabélised
progesterone wsfé identified,  Evideh¢e was éléc‘preueuted
~ for vrescnce of bgor ;ﬁ v:sregnan-ao aol-»p-one and / or thelr
‘epi-isomera of 5¢(or Sﬁ pregnan»}ap}. -20«-one and / or tneir
epi-zsomers. - | ’ ' o
Tbese resuhta promptea further etudies into the'
;metaboliam of progesterone 'in vitro' by myometrial tissue
. from non-pregnant aubjects.b
| e HETHOD
v xhe tissue chtained directly from the 0perating
; theatre wae. processed an& 1ncubated with progeutereneuhn “c
:'as previously aescribed for the experiments with oVarian tissue--
' The produets were again extractcd with hot acetonc followed |
by a re«extractian of the alkaline aqueous extract with ether /
v;methylene dichloride #11‘ ”he extract wag' then transferrea .
jdirectly to paper with methanol / chloroforn 1:1 and chromato-}ju
graphad in the system haxane / 85% age methaaol 1:1. . o

he chromatogram was subdivideﬁ as shown in Eig.aé.
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Fig.26, 1Ineubation of myometrisl Sissue with mgeammw.l%: |
paper chromatogram of mtni fraction scanned for :
radioastivity. ,
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The fraction was eluted and re-run in the systenm
petroleum ether (40° - 60°c.) />benzene 50:50 / 70% aq.
methanol 111, acetyloted and re-run in hexane /85% 8qe methznol,
'The/3 fraction was eluted and subjected to gas-
ligquid radiochromatographj using 1% CD¥S as stationary phasees
The ¥ froction was eluted, acetylated and re-run
in the same By$£9mt
| The totel nunmber qt eaunts in each fraction was
calculated as in the experiments with ovarian'tissuea
| RESULTS
le Time Study:
| Five flaske eaeh containing 500 mg.ﬂqf m&owetriuﬁ
and 10 ngs. of pfogesterone-h—lkc were incubated at 3700. One
flask vas removed everyrhour and the reaction termined by the
addition of 20 ml. acetone, On asnelysis a radioactivé épot,wag

found with Rf 0,25 in the system hexane / 85% methenol,

- Time (Hre.) deps. (Corre) % of subsirate
' transformed
1 7 249
2 156 641
'3 199 7.8
4 260 1042
5 330 12,0

~ The unkhown compound wes eluted from each strip with

15 ml, ethyl scetate / methhnol 3tl, pooled and subjected to
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ges~1iquid radiochromatography on 1% CDMS. The radicsctivity

- was associated with the following compoundss

progesterons | ' A
" 5p pregnans3/ wol-20=0ne Loy
200L0H pregn«h=sn=3wone 38

2+ Yormel myometrium after 5 hours incubations

Potient _ b P -
oo w3
Progesterons | 88,4  90.1
5,4 pregnane 3120 dione KeDe 182
200H pregné@m-%m ) ' 643 5.1
5/5 pregnanclione ) ' o

%+ Fibroid Tissues

Battent 1. 2,
Age ] R .
Frogesterone ’ 67:4 B2k
5/», pregnone 3120 dione .3@5 3.0
20008 pregnelhwens3+one ) 1541 9e2
5 /3 pregnanclone

4z @ result of these studles it was decided to study
the exageneus metabolisn of prometerom b,y normal mynmntriun

and fibroid tiasut from the BHES utwtw.
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Patient | 1. 2. 3
fge 42 46 48

‘ He ¥ . F 5 F
rrogesterone £1a7 78e3 89,4 85,0 87,4 61.4
5/ pregnane 3120 dione 37 749 03 1.0 = -

20K0H pregnel=en~3-one )

5p}3resnanolon§ | g 1he5 1348 649 7-5 902‘ 1102v

The possible presence of A° - Bﬁ ol dehydrogenage
aetivity in buman uterine tiasue Qas investigafed by 1ﬁcubating
one gm, of fibroid tissue with pregnenclone -4 _'143. In .
this exgerimont all the iadioactivity was‘ rgcovered at;A5 -
?regﬁénolane. | |

DISCHSBION

ﬁlthough"in vitro' techniquesjm;y sﬁsgest.many
possible transformations of steroid substrates in various
iia&uesg'the’reanlta must be interpreted'ﬁith caution, for
there are many possible limitations inherent in thia approach
to the atuﬁy of metabalism. :

‘ The first essential requirﬁment 48 o stable substrate
of adequate nurity.  The ;46 prd&a#terone uaéd'was tested for
purity in a 1iauid~11quid yartition paper chrnmatographie |
i.wstem. on thin-layer chromatography, and gaa~liquid radiow
chromatagraphy* In the first two syatems enly.one spot was

visible under ultraviolet 1isht, ond only one pesk obtaeined

on scenning the paper strip for radicactivity, liowever, when
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éuhjected td‘éas—liquid‘radiochromatbgraphy using i% NPGA
énd l% CDMS as stationary phases, a small peak, tentatively
identified zs the 17 xepimer, and. constituting 2.5 of the
total radioactivity, vas observed immediately p:eceaing the
main peaks | | | | |

When progeeterone‘wasbiﬁcubatéd witﬁ buffer and
coepﬁymes nloﬁe at 37°C, for #’hours; extracteé with ether;'
énd'ehromaibgraphed on paper in the system hexane / 85% aqs
ﬁethanol, a small unidentified peak (appiox., % of total
 ré¢iaac€ivity) with a Rf of 0.195wée obSérveﬂ on scanning the
étrip for radioactivify.

The preliminary studies on the 1ncubation of
:nrogesterone with blood afforded evzdence on the presence or
absanca of enzymes in the circuleting fluid under physiological ‘
:‘conditions, and at the same time served as a control for the
*in vitro® experiments~with tisaua, In this respect the |
'metabolic activity of the peripheral plasma anpaars to be low
as only b o« 7% of the prcgesterone was reduced at eitber C = 20,
pr at c 3 and C = 5 Since the 1urgest amount of tissue
‘ used vas 500 mg. it would appear that any blood present would
not aianificantly contribute to the metabolio activit;
| attributed to ‘Lhe tissua ‘:!.n vitrot,

Similar precautiona wlth regard to purity, and
control 1ncubatlons with buffer and cnenzynes, were un*lied to

21l substrates used. " 411 vere found to be 97 = 100G, pure
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'initiany, and after incubntion withoﬁt tissue 96 = 1007 of
- the radiaactivity was recovered as the ori&znal aubstrate.
Impliczt in the interpretatien of results inVleing :

minced tissue is the assumption that all substrates can enter
bthe cells - and all at comparable rates. Since in most cases

up to 75% oi the substrata may be metabolisad the first part
of the assumption woald appear te be valid, and since similar
‘reaults arc ohtained with»homogenisad tissue the rate of
uptake would not appcor to affect the result-‘ |

| During the study on the relative zmportance and
inter»relationship of varaous pathways in the bioaynthesis af
etaroid hormonea in the human ovary, it WaB apparent that the
- resulis obtainad would ‘be influencaﬁ by the coneentration of
rigubstrata availableifor the reeyective_enzymes.‘v Consequently
'whenéﬁér‘éuffieient mate:ia1 vas a?ai;able;kthe'tiséué Was
: mincéd. suﬁdivided’and aeéarate poftiona 1ncub§ted5wi£h different
anbstratea in order to evaluata tha rclative enzyme activities
nore effeetively; §owaver. due to the ungredictable aveile
vability of human material this approach was not always poasible.
for 1n various gathalogical cenditions (e.g. utein-Leventhal '
ayndrOmeJ only portions of the ovaries were. obtainad.

' The resultﬂ from ovarian tissue. although in a

pféliminary'stage, do~appear to sugrest marked,diffe:ences iﬁ.v

_  enzyme activity within the various o#arign ccmpqnenﬁs. - Dowever,
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tiis assumes én,adequafé suprly of‘A‘pregnenolone to all
' structufeS"iﬁ vivo', and the presence of alternative pathways
nof involving pfefnenolone ahould nbt be precluded.

The developing follicles showec a.preference for
'retaining the A” Bﬁ -hydroxy group prior to the formation
‘of A* sndrostenedione, rather than an immediate production of
pfo@esﬁéronqvan&“rélated]&u-é 3 - ketostefoids. A1l the
énz&mes decessary for.ﬁhézformation‘of testostéroﬁe. oesfrone
and 6'estz‘adiol from A’ -pi‘egnenoloner were shown to be presenf.

hen prcgcstcrone was used as a2 substrate there
vas & high transformatian to 17or0H prosesterone,lsk - endro-
stenediane, Lesﬁcsterone, oestrcne and oeatra&iol.
| Iucubat:.on w:t.thA - androetenedione gave a small
yield of testostercne and no consiatcnt incrcase in the yielda
of oestrone and oestrgdiol.‘  Th¢se results and similar
.obsefiatioﬁé'with corporé lutéa ﬁéhd to inaieaté tﬁat”the
ﬁ3 procea& of aromat;satxon is a rate limitinx 5tep in the
;preﬁuction of aeatrogens. T '_ | |
» Incubation of follicular tissue with testoaterone
_’fgave alightly l-arg&r y:lelds of A%- androsteneu.icne, than .»
‘1teﬁtouterone whenAA - andrcstanadione uas suhetrate. f ”his
"»indicatea that undér uhese conaitions the reactlon aquillbrium
tenda to mvour the fama»:.on ofA - androstenedione; | |
' From these resuiﬁe itiwould?apgéar thatlfhﬁlnerﬁsl ;

’déveloping follicle is capable of producing progesterone,
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'test05tarone. oeairone and oestraéiol. Howevér. if would
~ppear that in thzs atructure nrogsafarone is not an oblibatory
] 1nte:meuiﬂry in the biosynfaesis of voth anurogens and ocestrogenss
| _ olmilar recults to these have recently boen pre-
sented by Gospouarow&cz. (196ka,b), for steroid Lransform"tious
in the rmbbit,follicle;
| 'Thé mulfinle ﬁicrocystn'aéﬂacin+§d'with‘the Stein-
‘:'heventhal synurame appeured to have a similar nuttern with
<Y‘Arebard to the radaeticn of 0therA” '-3/3 hydroxyconpounda from
'*19 uregnenolone, but’ aifzered from narmal follicles in the A
_acéumulauion of}l -an&roatenedione and the complete or alnast‘
comylete blockawe in the biosynthesis of free cestirogens.
| .when progesterone is ﬁdded as Shbutr&te therc za
'iagain a ranid metabolism w1th an accumulation of ll -androateae- |
dlcne. and, as with the incubations with.le - pregnenolone, |
no. siuniiicant amounts of oeatrogens are yroduced.
Ineubatian of this tissue frem ovarinn wedge resectionsv*

w.lth A -~ androvtenedione maults in the nroﬂuction of teatosterona

L dnd *mall amounts of various reduetion praducts Lentetively

~identified es anaroatanedlcne. anﬁrostarane and metiocholanalnne
or denydraegiandroﬁterona. R szmilar quilibrium bethecn‘
'tesﬁonterone und 4 - androstenedﬂ.one m nbserveﬁ in these
:*structures as in normql fallicles. , It woula appaar that in
these palycystze qvaries_there'is a metabolic hlock,,yrobablyu~~ v

- in 19=bydroxylation which impedes'the formatipn of oestrogens,
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and prohably results in the secretion of androrenic precursors
which wa ld account for the viriliam and masculiniaatlon
associ&ted with this synarome.

" In the case of auvengla metropathia in the twelve
3ear 01& subjeet, there was a»varyxﬁigh exératibn o£~oestrﬁgen5

_dn the urine, : At laparotomy a small single folliculnr cyst

'-fwas removed for histological and- 'in vitro' metabolic inveati—

gation. In this inatauce 200 mg.-of tissue was homogeniced
in Xrebs Pinger mhosphate buffer and aeparate aliquote
incmbdted with the precursors previously mentioned. ﬁnulysie
of all the raaiometabolites indieated that the tissue waa
_{pahentiallJ capable cf prcducing large smounts of aestroren.v>
“and wos ‘in fwct the most active tissue atudieﬂ in the preaent

eerias. when eampared to conatant weight-,

5 .

Incubaticn with l& _~ vregnenolone gnve unly o small
'yield of prwgesturone, and when pro&caterono was used as - | |
aubserate only 3 swall percentage van metabalised. &lsa Hore.
 an&rnstenedionﬁ was formea when 135>— ﬁregnenolone wos substrata
._than when proge:terone Wi s-substrate. Incuhnt1u1With »
androctencaione gave reeulta easentially similer to those
recarded for normal follicular tiesua"' " :

Frcm theme reaultc it woalﬁ apwcnr that biosynthetic;f
pathways oth@r than thosa involvinb grnbesterone Lre rolatively
more iﬂpartant in many forms of follicul@r fisaue- |

After ovalntlon. follovcd by luteiniaation of the
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granulosé ceil layer and tﬁe possible migration of 'ﬂ; éells
irom the theca into the &ranulosa l&yur, the result antrcorpus
luteum exhibits changes in the metrbolism of exOgencus substrdtés;.
in corpcra luten iﬁcubption with A 5 . yregnenolme
results in zhe formavion_of largzor quantities of progesterone -
vand related Z}“-=ketosteroidé. llowevery there ie:étill a -
 360& yield of téétoéterone§ éeatrpne and Oéétradiol'aé in the
developing follicle. The incfenae in‘hormoné secﬁetibn'ini~
this- phase of the cycle os demonstrated by both ‘blood and
- arinary 4$says is probably the re-ult or the cantinueﬁ activity
‘ggt héaa struetura¢,4 ‘
| I#cuhaiian'bf corpora luteﬁ‘ﬁith-pfogeﬁteréne
demonstrates Ewlzydro&enation w:l.th :incraamd yields of 200t~ -
hyéroxy-pregn-h—en-}-—one and 17320 Edihydroxyprog,csterune when
compﬁred with folliculﬁr tiaﬁue. - The latter compound vas .
v formerly conkidered to be an impoitant intermediary in the
formatzan of A* -anurasﬁenedione (4 weat'et al;,»lgﬁﬁ). However,’
more recent studies by ﬁmeat et al,. (Ferscnal Ccmmuniaation)._
'Ball and Fadis.-(l?é&) and ﬁxelrod.'(loﬁﬁ) have ahown that-it
“is not an intermediary cowpound and may repreaent an artef et
of the 'in vitro® eyrtem due to the unphysiologica} 1eve1 of
‘gubstrate available. he studies of Ball end Kedie, (1964),
‘uave alsa ﬂhown that in the ‘sowW ovarv 17-hydroxy1at1nn muat
precede ”O-hydro&enatiou.-,

In -all studies with corpora 1utea ihere wes & much
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16wer yield oflﬂfqnndrosteneﬂicne than with fbl?ieul&r idsnue,
but on ueing A «andrestencdione se snbf.tmte cerfnra.’ule 5ic10r.;
 0£ o3 atrone and ous trauicl were ohtainada |
'.ahe funetion and pesaible Lndocrxne uctzvity of
 ‘ovarian stioma celle hins he&n the sun;eet of & ;reat deal of
'incirecﬁ stud:f vince Lbyperplzoie of these cuvlis hss been
asroclated with_caaésr of tﬁe,ﬁfeast aﬁﬁ veriéus'pastmenoyauéal
;gynunalagical aiﬁarﬁers. ' ?rélimiuary e#periments with :
‘.labalied coéiug acat b6 {MGRQR et al.. 19;0) iﬁuicvtua thot
theﬁe cells coula syntﬁesixe 0“"irngcn8 ulthﬂu{h the *ields
“;iwere extremely smell and nﬂ 1ueermegimry caa?cunam were
;;&entifiéﬁg Eérfen and Sﬂlhaéick, (l?ﬁi)? rapo:ted that
fidcabatidﬁ of posﬁé&nog&&&&l ﬁ&ramalitissﬁa with progﬁatersgew
| &-;ké’rcsulﬁéd;iﬁ'the fdrmakion of aéi‘hydroxymregﬁ-ﬁQen-Bcbne;
;while, in aneyher atuuy, ‘atiz et ml., (1“)6). rngartna thot
 ‘.LBt0u£9T°ﬂ¢ eo 1& be trausfarmed to neatraggns by tbib tiﬂﬁd&-r
) | In tim nwseat work, exp&rimm:s wii.h A 'weunenelane
‘M uhow that. anly zﬂall ﬁercentugé ﬁiutﬂﬁ au&atrate-u&s |
‘:matéhaliaad tc n amall Jield of dehyﬁroeyzanurcsu“raﬁe and
i;hazt a mmw :alm' comgound, ‘eatmivc 1y iuentiﬁe& es zZiut-ui-
hy&roxynregneaalnne wep proauced. w ;uere wpa na evi&eace far
the a;ﬁthesia;of‘proggsierp&c.’ "uﬁﬁll mmaunta of r“uiﬁactivity R
' .wéie pésaéi&%&é'with”&aé;labeiiéa oc ctrone and oesxradiol. n“t

wore iﬁauaficie&t for cemplﬁt& iueﬂtific iiana
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Incubaulon with prognsterone rcsulted in its
reduction to 20!(h;droxy~precn~#~en- G OTLO in amounts varying
from 3 - 12% es previocusly found by Earren. although the
- presence of 5/3 pregnanolone in this fraction was not excluded.
Une ovary produced a 7, yield of a compound tentatively identified
a8 204 "hydrc;xyzareg;n« beena3eone, 17-hydroxylation appenrcd
" %o be completely abéent.v |

: Ilficubation with A¢ a_ndros;tenedione -gav§ a cmall
yield of testosferane and slightly inercased amounts of
'besirogens. . In contrest with the previous results, ihcubaiion

Qith testosterone gave oestrogens‘inﬁyielda corparable to
?rémenopﬁuaal tissue, 'This‘ihdicatea that.tcstasterone ccn be
converted to oéstrereﬁ without the forﬁation of androstenedions
o8 an 1ntermediary compound. v

It Wbuld apﬂear that if these stromal cells are
active 'in situ?, -and ovariectbmy" w&a'limited to those post-
menop&ns&l ovaries whicthere thought‘to bé éctife, oniy emall
amoﬁnts §f oestrogen are produced’compﬁreﬁ with premenopausal
tissue and pro& sterone does not appesr to be an important
'_intermediary compnund. These studies do not prealuﬂe thev
-_‘ppssibilitthﬁat.larg&r amounts of cestrogzenic material are
‘produced by eomplétely differeht réutea'to those studied.

| The effects of ¥5H, CG and HNG oﬁ‘ﬁrogesterone

" metaboliom by postmenopausal o#aries was4ihVGshigated by cube

dividing ticsue from the rame patient; =dding progesterone as
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1substrate and comparing rééﬁlté aftef the addition of Qariousj

| goéadbtrouhic Qreparations._' No increase in natabélism wag

’observeé with any of the preéaratlans- | |

' utudmes on the’ LiSSHQ from ths case of payillary -
 ' adenecarcinoma of the ovary was on ex%ension to thcse inVQsti-

‘ -gationa. : ueparata narticns of the tiseue were incubrtad with
As vragnehclone and progestercne. T.‘ne incubation. w.tth As preg-
,'nenolone gave chnracterisable emounts of oestrogens but ne

mrogesterone~w«a-deteetable and mcst.radioactivity in the

'inhermadiaries prior to the fbrmation of A* androstenedioue _
;. reaide& in the A‘) -3/3 - hydroxystaroids. : On incubation wj.th :
; yragesterone ther& were 1ncraqsed yields or B/Spmegnanealonc
s and 20e(hydroxypregn w#-en-Eaene indicativa of mnoreased
~stromel cell activity, and for the first time in ova rian tissue
';of thia ﬂge there wan evi&ence fcr the prcduction ef 1?¢Lhydroxy-
| progasteroae. owever, the yields of A androstenediove,.’
aestrone and aeetradiol were v&ry lowo , :
, The metabaliam of nrogaatcrone by ovarinu fibroid
”tissue was inveatignted in o 2% year old patient, nnd once
ngain there was only a Itﬂ reduction ‘at carbon ¢0.
+ Recent 'in vitro® studies by Rice et 8ley. (lﬁ(#b)

V'an éiéoin tiscue from normal premenopausal ovaries have- ‘

findicdted that these cells produce testObterana from ecetate.

,the ccnversion being enhance& by preparaticns of trawhxc hormonea

ith lukeinisxnb nction.
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In one case in the prcsent'study where hilar ticsue

was obtained, incubation with progesterone again yielded a
small pefcentage ofEOqthydraxjptegneﬁoenaﬁoone,4and 1f-androgana
:&re produced by these cells ae hns been sugzested due to their
histological similarity to Leydig cells in'the'iestis; pro-
guzteroﬁe dees not appgﬂr‘to bo an important intermediary
in the process. | |

© From these studies it would appear that nrobestnrone
is nat an obligatory intermediary compound in the blosyntheszis
-of andrOgena and oestrouens 1n the human ovary, =snd indeed in

”‘mmny of the cvarian tinsues it Goes not apnear to be of major

'-»:*xmportance_as an interm@diary.~ Hawever‘ it must be stresseu

that far more must be'leérﬁedvahout the relationehip between
'productién ang aécrétinﬁ and féctqré ¢ontrolling cecretion before
:the true significonce of these reéulés can be nscertoined,

| -”he tin vitro! experinents with myomeprial tissue
illustrqte that. although pragesternne has an undoubtecd
biolagical effect on this tisguq. it is comparatively slowly
meﬁabcliseag‘ The facai.pointevfor‘enzyﬁatic changé eppear to
be reﬁuction of the dcgﬁle hondiat ¢ 5; and redunction of the
_ ketoﬁe groups at g&rbanja%cmé-a and 20, ?hé arﬁér of ﬁhese.
.‘metabclic redgcticns is’unknoun; >Analysas of the reéults
did not reveal any cgnaistant paitern 1n £h¢se changes, or
between'noréél #yemet:ial tissue and myometrial I[ibroids, viﬁo

pregnanediol oo identificd in these studies'andithere_was also
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no._evidence i’éxf the formation of either 20&kor 20/3 -hydrox:,'pre(mf
ONEw3w0Nne, |

- If the atefoid’matabqlism observed in the seme 'in
‘eitu’"where there is for lecs substrate, the guestion remains
‘as to whether the cénveréiens are éesocinted wvith the mechanism
of hormoﬁevaction or fepreaent a proéass employed by the celli

to remove excess hormonal stimulations
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LUDEGDUF 1=  Relsted appects of arogestérone metabbiism.

‘The preceding seétiéns have_beeniﬁarticnlarly
concerned with two'épproachee to‘the study of progesterone
netavolisn, K Theaa;hava been the development of a new micro
nethod for the quantitetive detérmination of progecterone in
body fluide snd tissuec ond the'ﬁprlicatzon of 'in vitro'
techniques to tbe 1uvestigation of ovarian steroidogonenis.

aenerally speaking, becaLhe of the necessity for
the development and application of snecisliaed tecbniquec.
1ndividual rcaearch workers can only cover n few aspects of v
any biochemical prcblem, and for this reason‘it is vitelly
important to coﬁeﬁéntly relate and inteprote the results |
obtained by otler axpefiﬁwntai approéches; | Furthermore, the
constant intkoﬁugtion,ofjnew techniques iﬁ all'diséiplineé

has generally exposed far more problems than the technigues
vere originally‘intenaaé_ta recolve, 1hie bes necescitated
¢he repeated reappraisal znd restatement of the>;éstabliehed’
factme | : _ ‘_V |
| ﬁith'these'premiaes’in mind tﬁevfbllowing ﬁriaf
comments are intende& to ylece the work repcr%ed in the
present study in a more pencral context with rehnru to the
eollcctxﬁn af escsential infarmation for ratiﬁnal therayy in
>'placental and ovarisn dysfunctxon., ’Thefaituaéion at'the
present time may be summorised as fpllowas-' |

l. ©iosynthesis of progecst:orone and effeet of gonndotrophing,



a) lon=pregnant women.
uar;nb A normal eycle it would appear that up to .
30 ngs of probea»‘rone ere secreteu naily by the combined
production of the folliclea, eorpus luteum and to a lessar

extent the adrenol cortex. The ceerction rates during the
Vyfqlliculér ﬁhase-anﬁ the variationrbetween»1nﬁiviéuals.1n_
health and disease haé yet‘tofbé deternineds Tbe'resolut§on
ef thin nroblem ;eceﬁéitates the. dévéiognéht of ﬁare speclific
methods uhich may be couvenientlg performed for the determination 3
.‘af secretion ratea- | | | |
Tentative évi&enee nas hgén mresenﬁe&iikat the -
lﬁrgeat ccncenﬁration of eﬁﬁymeé nss§¢i ad witb the biocynthesis
ot yrowesterone are preaent 1n the luteinlsed granalosa cells
‘of.thc corpue lutaum, but the(inter~relation5hi§ ‘of guese
c«ilsfwith oﬁhers within thércorgus iﬁtéum aﬁdvsurrbundin;
tiBShﬁ is anknown¢ “ ”he sbbeellulqr 1aealisation oi enaymes
:‘wruspansibla for praéasterone bios;ntheeiw in OV&ridn »isaue is‘
also 3B get unknowns -
Little’ie %nown with'régmr& to fhé efféct of F5H5.
' ,;Lh an& luteotrOphic Jarmone on prOgosterone pro&netion. "'In 
kt vvitra' studies with curpora lutea hava 8U5gﬁﬂted uhwt LY |
-promotea the 1ncornorataon of labelled acetate into a variety
i intermadiary camnounds (Rice et aley 1964&), but thesa 4

"obﬁchationﬁ have atill to he canfirmeﬁ.‘:n v1vo' -Tho,

dlffer&nces between uhe;uwo appreaches could be explained_by
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the differencés in'préduétioh and Bécre#ion (Short, 1964),
| &he'mcchanism of progesterone SGdretian aas not
' yet.been'expioréd, and the regulatory mechanicms ore not-
'clearly‘défined. ﬁowaver,'if all:tﬁe progestocrone produced
ig immediatelj secreted then the activity of the rate limiting
enzymes in its production could aleo control secoreiions The
function of the gongdotroghina islimyortantAin this conneection,
f for if £ﬁey repulate }ﬁe formaéion of Aﬁ pregnénplone ffém |
cholesterol as is uostulatad for AéTﬁ in the adrenal ‘cortex,
then the Lonaﬁotrophins coald control the secreiaou cf
3proLesterone. Hnwever. in the avary where the bioayntheticqlly i‘
vnetzve etructufes ure under constant morphological change, the
action of the gonadotirophins ney oceur in the regulatzon of
the growth of structures wﬁich ?xo&aég thq>5§rm0nea'and the-
actual,qnanfity ?rodﬁce& anaﬁgecretﬁé‘ma§ bg_suhjéct to
adéitioﬁai;fac‘furs. » | o
v) ﬁregnant women.nu |

bkrinr graguancy there is gooa evidence unpt the
nlrcentu alco aecretes praausucrona an& tha total praducticn
,incraaaea until aﬁ the end of geatatian at 1east 200 = 300 mg./
24 hcurm are secreted. She eituation is complicated by tha

secretian and metabolism of steroids by the developzng feetﬁa; o

i with the ovary the cells invulved and the biosynthatic

: nathua;s anﬂ subcellular 1ocalisation of‘enmymea fcr nrobeaterone
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Siosynthesis is still under investization. - The problem as

o whether the initiaﬁioﬁ of labéu; is the reéult of &

decroase iﬁ'progésterbne production by the ylacenté is stiil
'unrcaalvedo | . |
-2.'— Qistiib¥tion‘gnd.cogcenﬁration in periph&ral blood,.

| After relense intq‘;hé bioad stream the pragestefone"
| rapidly diégp;aars from?thé circulations This éppgaré to be
~due in the main tobrapidrreductipn'and conjugation in the
1iVQr,(ﬁthet&en, 1059), and 2lso to a rapid diffusion into

“body tissu&s. particalarly 1nto the suhgutaneaus tat. Further-

>"more. it has buen ﬁhown by both Flotz (1361) and Zander (1961)

 kthat although the excre&iou of metabolites starts almost
'immedzaﬁely after in%rnvenaas injection of the ¢t k labtelled
hormona. this fact does not sl&nifieantly acccuﬁt for the
diaapgearance of mora;than 9&; of the dose frem the rlasma within
25 minutes. _i
"It is apgarent that the praduction, red&ctaon,

conjugation, diffusion and reéiffaszon, aeterm;ne to a ;reat
extent the 1evel,p: the spbstance in the blood un&ar both
shysiclogicsl and pathologleal conditionse |

. Characteristic changes in the level of plasma
progcs%erone bave been shown in the menstrunl cycle, and

these probably reflect the aevelonvent, maturauion and rew

gression of the corpus luteum, gith regard to the proaeﬁ@erone
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councentration in periphoral venous plrema of vregnent women,
nost authore asree that there apyears.to be 2 rise especinlly
during lsbour, but it remains to be de-ermined Qhat factors-
ore rgéponsibie'for the rise, At the moment it ie impossible
to draw any def;nite conclusions with regard to the physioclogienl
significénca of theseléhanges;

¢ bhas béen estgblished that prbgeaterone is trange
bported ih the blood in sesoeiction with the albumin fraction
of the plasma‘prqteins, bﬁt the physiologicel $ignificance of
this phenomenony apart from increasing the solubility of
@rogasterohe'iskunknownp
- B COneenﬁratianFat target tissues,
| Thé ccncentratibn of progeeterﬁne ant tarpget tissucs
is véry low &nd the high rate of production and metabolisn |
.may provide the térget célla with o sléw sustained stimulus,

| The myometrial cells do not appear to metabolise

-ryragégﬁefoné Very‘répiély; Bnt'sver a period of time effcet
snell reduetioné (in vitro)vat'c 5y C 3 and 0\20. ihe order
and significahco of these changes is unknown, but it has
'been‘postulatéd thatkthey mnay regreséﬁt chanpes in the golecule
during the regulation of'cerﬁﬁin aspeets of in@ermedimry -
metaholism§ or repreaeétbaﬁ‘ﬁffort'by the cells to remove
exconsive stimulation, | | |
-&.  Meghanien of gctioﬁ at the molecular levéls

Juet as the current trend is for chemical determinntion
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ratner than biological asesy, so;chemical ¢xplnnationa are
being sought fer the diverse biological efiects of progesicrone.
The pure compound has been shown to affect various isolated
enayme-syﬂtems and has.also becn observed to deercace #/0
ratios in rat liver (Vade and Jones, 1956a,b)e  This basie
effecﬁ’en_energy proddctian céuld secount for many of the
f o#serVed effegts Yin vivo'! but remsins to be explored in far
gieater detai1¢ |
| Another method by whieh the progesterone molecule
rpight affeot metah&lic processes is in the proviéioniof
oxidised_ccenzymes during exiensive reduction in the periphoral
gtisaueé. | | |
Gthcr pcssihillties inelude a direct offect on
' protein sgnthesin and since all enzymes are preteina ihis
eo 14 have fayr reaching effects on gellular biachemistry. It
is probably that far nore emphsais will be placed on this
| important line of research in the fufuraa V ' | |
Finally, with regard to the baaic prsbleﬁ that
nany fafms of therapy are based;upan'unauppqrtable hypath@sié
of abﬁoluté prpgeeteroné def&ai&hcy or r¢lative deficiency, |
ascociated with defects in biosynthesis or metsbolism, it
would appear thet one of the mééf‘diffihult eriteria to
ihvéstigéte_is,ﬁhether_ar not the férget cells are recsivingv 

an adequute eup ly of hormone in the right form,  Furthermore,
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since thq analysis of gonadal nd péripheral venous blood
indicates that the‘regulatian of metabolic processcs
'acuoczateu with reproduction may aegené upon a cloge b :lance
of numerous ielated compounas, more ﬁrecise information about
this balence and the factors responsihle for its revalation,

should lead to 1mportant advanceS»in therapy.,
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The trivial names of the principal steroid hormones
and their metabolites are well ectablished, and o fecilitate

reading have been used in %h.a prosent thtaik, However for

refu*aaqa purposes the a:,mtomtie nanes ars listod below:

Trlvial Rame.
pxrogeatmm
17 OH progeaterons
pregnansdions
prcgamloni
pregnanediol |
w&y&n&hn&' .

4 dchxérmpiwdraatemm ‘

17 O pregnenclons
androstansdione
'androsm&iom
teatasteranﬁ -

~ vestrone '
‘éastra&tn:t?}.?
 cestriol o

..qatmt ie Hmo.
pregas-lhegne-3:20~-iione
17 aLhymWo@M-é}-om
5 /3 mpregnane~3120~dions
5 /Joyregnm‘-»} Sleple2Geone
5§ =pregnanv3o, 200~=diol
3 /J‘ dhyazozypram-?qwaaﬁom
;im *hjdromranitﬁst«%ml‘?am
170( =hydrocxypr agnySwnnzﬁ wong
androstelieanew3i20edions
5/ wandrostane=3117=dlons

| l?f‘whyérm&a&aﬂ%n»}om |

‘ }hyatbxyotstrcbli}sﬁ(lo Jstriene~17-one
oestrasli315(10)=triene=311743 ~diod
centra=11315(10)~trione=326L 1173 ~triol
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