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SUMMARY

Ll s e

EPIDEMICLOGICAL AND HORMONE STUDIES IN BARLY HUMAN

PREGNANCY =  NORMAL ANO ABNORMAL
Byye Melle RMagponghton M.Ba ChieBe(Glase) FoRCeQeGo
Chapter 1. Introduction to the Thesis.

Chapter 2. Bpidemiological studies in abortiong and

subsequent reaproductlive performance.

1s Women who start childbeoring with 1 or 2 cengsecutive

aboytions arce compared with those who gtart with
1 or 2 normal proegnancies,

Za Women who storté childbearing with 2 abortions are

older, shorter and of loweyr soclomcconomic statun

whan the other 3 groups.

P
>

In the first continuing pregnancy these wonmen

have a higher incidenge of threatencd abortion

and premature labour. Theiy perinatal mortality

is increased due mainly to ‘prematurity! and

"foetal deformiey’s They also have an inereasaed

incidence of operative delivery.,
£ 38 The group with 2 previous abortions have a

tendency 4o poor foetal growth and this is
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assocliated with premature labouy.

Wwomen who abort in thelyr first pregnancy have

an increasced risk of abortion in thelr subsequent
raeproductive life,

The recrrent abortion risk increases with
suecessive consecutive abortions from 25. after

1 abortion to 58% after 3 abortions,.

one third of abortions occur before 2 months
gestation and §0% Dy 3 months.

In abortion studies the "primary recurrent aborter!
with 2 or more congecutive abortions should be
studied, Observations must start hefore 8 weceks
of gestation or earlier if a previous abortion has

occurred before this timg.

Chapter 3. Hormone as8says in normal early pregnancysy

[

2a

in abortion and in hydatidiform mole,

Urinary pregnanediol and oestriol assays are made
ia 3 groups of women (1) Normal pregnancy

{2) Women with at least 2 previous abortions and

ne successful pregnancies and {3) Women who aborted
in the pregnancy studied.

There is no significant differenece in oestriol

and pregnanediol cexcretion hetween the women who
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aborted and those in which the pregnancy continued
successfully » until after 16 weeks of gestation*
These 2 assays are of no value in forecasting
abortion until after 16 weeks of pregnancy*

The assays were perforned in 5 cases of
hydatidiform mole. In these cases the urinary
pregnanediol and oestriol levels may be normal

but are more likely to be 1low. There may be
some change in steroid metabolism in this type

of case.

Chapter 4. Conversion of progesterone to pregnanediol*

1.

After the injection of 1l00pc. tritiated progesterone
the percentage radiocactivity excreted as
pregnanediol was measured in 4 groups of women
(1) Non-pregnant (2) Early pregnancy (3) Late
pregnancy (4) Abnormal pregnancy.

There was a significant difference between the
results in abnormal pregnancy and the other 3
groups. The percentage conversion was less in
abnormal pregnancy especially in cases of
hydatidiform mole.

There was no difference in conversion inthe

same subject, non-pregnant and pregnant.
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Chapter 5. Progesterone metabolism in the human

[

o~
»

previable focotun,
Perfusion of previable foetuses with 4=-C%°
progestorone for 14 and 48 mine., showed that
40% of the padicactivity is present in the liver
aﬁ'i4 mine. mainly as 20c dihydroprogesterone and
in the adrenal 3.4% of radicactivity is presenty
malnly ag polar compounds, Aftoer 48 min., the
maliln compound in the liver wae preghanediod and
in the adrenals, polar compounds probably
corticosteroids,
The foetal liver is the chief site of progesterone
metabal&sm\and this orgaen produces mainly rceduced
metabollites, The adprenal mevaboliges progestcerone
Lo corticostercids,
Progesterone from the placenta is used by the
foctus Lo produce corticosteroids for ibts own

homoostasise

Chapter 0. Sterold studies in a case of hydatidiform

te

mole,

The urinery pregnanediols pregnanctriol ratio in
molar praégnancy is 2:1 compared with 20:1 in

normal pregnancy.
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Mole tissue was incubated with [4-‘46] pragnenolons

‘as pregursor, and 170 hydroxypregnenolone,

progesterone, 16c hydroxyprogesteront¢e and 1683
hydroxyprogaesterone were lsolateds

holesterol, piregnenolonc, 17 hydroxypragnenolone,
pregnonediol,, pregnanetriol and androstenedione
were isolated from cxiracis of mole tissue and
theca lutelin ¢yst flwid: 170 hydroxyprogestcrong
wag igolated from c¢yst fluld but not {rom mole
Lipouag,.

fiole tissue is capable of steroldogenepls but
there was less synthesis of progesteronce than
normal.

The increase of 170 hydroxylation indicated by
the clevation of upinary pregnancitricl execrction

is ovarian in origin,.

Chapter 7. Urinary stereold exeretion after gonadotrophin

Te

therapy.

There is a significant inerease in pregnanediol
excretion in the luteal phage of the menstrual
gycle due Lo the ovarian production of

170 hydroxyprogesteront,.



o
A

6.

Urinary pregnancetriol exceretion alge rises in
the luteal phase of gonadatroﬁhin stimulated
cyeles and in gonadetrophin induced pregnancies
untdl ¢ - 8 weeks,

Measurement of this metabolite may be a valuable
paramceter of c¢oprpus luteum funcition in the
menstprual cycle, and in early pregnancy.

This assay may bhe of value in detecting
hyperstimulation of the ovaries by gonadotrophing,
It may also indicate when the corpus lutcum of
pregnancy is deflcient and be of help in fore=

rast ing early abortlion.
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CHAPTER 1.

Introdecbion oo the Thosig

The theme of bthis thesis Ls Yeaprdy pregnancy"
phat ls from congeption untdl abowt 20 woeeks of
gé&ﬁa%i&m, ~?h&ﬁ.$@?$mﬁ &nﬁéﬂﬁﬁﬁlimglaﬁﬁa&éaﬂ,
plagentation, the Qarly developnoni of the footus

Abaelfs, and of the foeto-placental unit.

The wehtor's G?i@&ﬁailﬁﬁﬁﬁfﬁﬁﬁg whtdoh fed to this
phudy, was concapned with abﬁragﬁﬁ andy in particular,
witly the stuady of recuprent abortion. Puch had boen
writton, about mobthods whopeby aboprtion eounld be forecast
kut the rosulis wero 2o inconsisbent that further
investigation soened ReQessary. Adthoueh nueh rﬁs@ﬁ#ﬁ&
had boep devotoed to the study of abortionsg and a groeat
volume of weitdngs on the subjeet bad acoumulnted,
undarstarding of tho process had gxponded LAtcle.

Thorg are a nonbar of poasons for this, not least of
whichy is the fact that auch of the study had had, of
necasclilty,; o be conducted within the context and |
IZiwdtations of olinical medicing, The selontifie
pringiplos of oxact doefinition of maborial, angd of

contrals, have been Jargely ignorod, Altheugh widely
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necapiod dofinitions of ‘threatencd? abortion,
Tinovitable' abortlon, "misced' shortion and Ypecurrent?
ahoytlon have éxiﬁﬁﬁﬁ for degsden theso gatagories

mave not been pigidly eoparated, ondy in weitings on
She subjoct thoere has boon dneufflcient diseprinination
hotween these ontitias. Pop oxample, the neandng of
recuprrent abortion is net elear fron the literature,

il L4 soonmed prebable that lipitat lon of study of
poguprrent abortion saterdal Lo paticnts whe hove had
thren {(rather than two) conseoutive aboptions, was an
snnagassnrily severe sestriction which wos based on &

taeky ageeptancs of Malpas® (1538) formuln,

It scemed thervefores dnportont, in the fiest
instancs Lo invesblgnee ite general ineldencg of
aboPeiony and then to determing the peppoductive
Blatory of women vho bogen childbeapring with an
aborslon. Thisg woundd sive footusl informulon gbhou
tha pumber who abortaed agadn and pgoing indigate
whethor thore was genorally poor reproducitlon in these
women, and the papticuwlar aspeets of thoeipr subsoeguent
preginancigs to which attantion should bo pnid dueing
the perlod of anfoenatal Cores % would, in papticular,

holp to define Lhe typo of woman most 3liable ©o abort




again and alpo give indormation about the gestation
pepriod at which abortion ocecurred, It was felt by the
writers that Frequently, in therapeutlice trials of drugs
in recuprront abortion, the dyugs were given long past
the pestation period at which abortion was likely and
that the pregrancices were alpeady highly selected by

virtune of having already progressed passed this pepriod.

The results of an invaestigation into these
problems are reported in Chapter 2. Iin this chapter
some description of the characteristics of the wonen
concerned, such as age, hoedght and socio-egonomic group
are discussedy and the problems agsociated with thele
NGRS pregnency are assessed with particular seference to
perinatal mortality. Thelpr later reproductive
pattern 1s reoviewad, and the number of subsequent
abopytions is cowmpared with that in 2 normal group of
WOMEN » The question of the gestation pericd at which
aboption and especlally recurvent abortions take place
is surveyed, and the chapter concludes with a
dissertation on the implication of the results to the
design of studies on abortion with particular relation
to the gestation period at which therapy, if anmy,

should be started and the women who should be studied,
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Tho desiszn evolved in Chaopher 2 is then applied
o Bhie sbudy of a peowp of aboption nronhe women and 7
shudy ls made Be disQevor AP the measuproment of two
staroid hornenes, sestriol and progaanadiol, tn the
maternal wring in progoaney, will glve suy heldpful
Information abont the likelihood of sbortion coecurring
in thosg women. The reason why those two stepocids
are wmost Likely %0 bo of velue is discussed olong
with infoprmation abont theiy derivaction and the
metabollisn of thelsy precursors. The chaptor concludes
w&thlﬁmmﬁ obaseprvations on another abnormality of early
prognaney - hydatidifeorn mele » which is of particulay
inteprast duc to the absence of the foetus in these

CuBag,

The rasulos obtained In Chaptoy 3 pose a number
of guestions eoncoerning progosterons netabollism and
twe of thege apre selected Tor furthey investigan ion

in Chopters 4 angd 8,

In Choaptey 4 the conveprslion of pregesterong to
prognancd ial is cxonined, The work in Chantoer 3
piowed o groad variaslon in preghonediol euaeretion,

and ong of Lhe pogsdble axplanations of thio was that
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there was a variability in conversion from the parent
steroid to the uwrinary metabolites. The resulis of
prravious work on this aspect were confusing. Yhe
¢hapter begins with a ‘review of progesterone metabolism
in early humdn pregnancy. A description of the
methodology invelved is then given and the presults

areé discussged,

The other asgpect aaleétﬁﬁ for intensive study is
dlscussed in Chapter § on progesterone metabolism in
the human previable foeetus. On a previous oc¢casion
the writer and Dr. Klopper (Klopper & Macnaughton 1959}
had found pregnranediol in the liquor amnii, and the
guastion of the metabolism of progesterone and the
production of pregnancdiol by the Poetal compaprtment .
was another possible factor affecting maternal exoretion,
There was little information avai;a&le at. Lthe time on
this aspect, and porfusion axperimanté of previabla
foctuses with radidactive progesterone were undertaken
to elucidate the problems The technique of the
experiments and the resuylis are discussed in this
chapter.

\

Ag a result of the work on conversion of progestepre
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- one to pregnanediel described in Chapter 4, women with
hydatidiform mole were f&gmd to have lower conversions
Hiran normal women, The guesvion of a different
nathway of sterolidogenasis in thesa cases was thought
to be a possible oxplanation, Steroid gtudies in
hydatidiferm mole were then undeptaken and are reported
in Ghapter G. In these studics molar tissue was
incubated with precursor pregnenolone te determine the
sterpidogenic pathways in this tissue and steroids
were extracted directly from the molar tissuc itself,.
The storoid. content of the theca luteln ovarian cysts
%h@éhxarﬁffrﬁquently @5@3@&& in cages of hydatidiform
mﬂiﬁ was examined and the origin of certain steroids
sugh as 1¥¢ hydrﬁxygrageﬁﬁerﬁne ascertained, The
raéalta here do show a change in emphasis of the

steroid pathway in these womens.

The findings eof Chapter 6 are then applied to tha
measuronent of the ovarian yésﬁ@nsa in amenoprrhoelie
wenen being treated with human menopausal gonadotrophins,
ﬂhgpﬁ@w 7 discusses an investigatlon into urinary
sterold ﬁﬁﬂre&ian after gonadotrophin therapy. The
stimulation of the ovary caused by gonadotrophing is

BOov unlike thaet Tound in some cases of hydatidiform
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m@l@'ﬁ@ﬁ the poarticulor uveg of prognoanetriol ezoretion
in mﬂaﬁﬁfiﬁﬁ coppus futeun function in the menstrual
eyelay and aloo in carly prognancy bs ovolustoeds  The
chapber coneludos with o yoferonce to the possible

upe of this apsay in forecasting abeortion, the original

pharting point of this chesls.

En onobh ohapber dhe ?ﬁiavanﬁ Litorature ip
aviawad aﬂ& the redation of ohe work e that in the
Liternbure 18 showie Bach chapier dipeunsps a
Al forent aspect of the @varniz theme and the relovant
Litepature ond digeugsion have been inecluded in each
chapter pathor than in on overnll ilatroductlion, in
this way vropotition is avoidod and the thoughts on sach

annaet are hapt bopathar.

ha purpsse of this introdugilon is to ashow the
relationship of the chaphers to ensh other end to the
ovaerall sheme of early prognoncy. hie thome I8
Llinetentad by plotes I - Vi, which are taken from
*ors Granvillels Crophic Illustrations of Abovcion and

The Disoouses of Menstruatdon® (18353).
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CHAPTER 2.

Epidemiological studies on abortion and

gubsequent reproductive performance

Much has been weitten on the problem of abortion
and its incidence (Malpas 19383 Bevis 19813 ete.) and
there is eonfusion in the literature on the probability
of abortion oceurring in a subsequent pregnancy
particulariy in women who have expeérienced recurrant
abortions.. The theoretical calculations made Tirst
by Malpas (1938) and later revised by Lastman (1956)
gstinate the risk of spontaneous abortion occurring in
women with a history of a given numbery of abortions.
Malpas considered that, after one previous abertion,
the risk was 12/%, after 2 previous abortions 38% and
after 3 previous abortions 73%. These were revised
by Eastman to 13, 37 and 84% respectively. These
figures have been subjected to much criticism on the
grounds that certain assumptions onh waich the
calculations were based were faulty (Warburton &
Fraser 1959; Goldzieher & benigno 1958). Malpas (1938)

for example, assumed that spontancous abortions occur
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aither for a *recurrent cause' op for a *non-rccurrent'!
cause Leoe that cguses of abortion can be divided into
a group with 100% change of recn#ranae and a group
with a chanee of recurrance equal to the incidence
of aa@?ﬁiaﬁ (exclnding habitual abortion) in tﬁ@

gengral population,

?he gastation gracéﬁﬁ depends upon such a complex
iateraction botween maternal and foetal factors, both
genetle and eaviponmental, that 4% must be susceptible
to interference by a very large number of agents and
therefore Malpag' assumption is not valid. Rasults
from these @alcﬁla%iona have been widely auoted, and
have been vsed ag controls in studies concarned with the
prevention of habitual aboprtion,. James {19062)
suggestod that these ealeulations ghould be abandoned
a8 bthey have boen shown to bBe hased on unreliable

catimates of the parametors used.

It is the purpose of this chapter Lo discuss the
guestién of the incidonca of ahortion and o deseribe
an dnvestigation inte the charactepristics of women who
abort and thelr subsequent reproductive pepformance.

This investigation describes some characteristics of
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women whe are more lianble to abortion and indicates

the impoertant points in theip subsequent reproductive
life, As a result women at particular risk can be
jdentified and agttention directed to prevention of the
special risks of their subsequent pregnancies such as,
threateoned abortion or premature labour, The '
chapter concludes with a discussion on the relationship
of the results to the design of studies on abortion

and the particular pitfalls which should be avoided

in such studles.

incidence of abertion

it is difficult, if not impossible, to obtain
ageurate information about the inclidence of abortion
for a nunber of reasons -
a)s In early abortions, before the placenta is well
defined, the products of conception may easily be
pagsed with little or no discomfort especially in a
multiparous patient, and any bleeding may be mistaken
for a menstrual period. There are considerable
nunbers of women who come to the gynaecological
dapartment with menorrhagla, discharge or staining,

apd are shown to have a 'missed' or incomplete abortion
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by the presence of villi ﬁn@/@r decidual reaction in
che endometrium when material recovered at curetiage

is examined histologically.

B)s A number of women, particularly, it is preaumed,
mulﬁipa?a@$ itave an abortion, usually early, wéich shoy
recognise as suchy but they are not 111 and do not
goek advice,

e}s A number of women, with abortions, are treated at
itome by thediv own doctors and no record or notification
of the evoent is made,

d). Phere may be deliberate concgealment in a number

of cases where the woman is not marpied or where the

abortion is criminally induced.

it is thought, in the serics described here, whera
the pati@nt@’ fipst pregnancies end in abortion, and who
have recurrent abortions with no &i?a childpren, that
the information concerning the abortlons is likely ¢o
be more accurate than abortion information in general
because the women presumably want childeen, The
greeption to this may be the abertions which occur in
later pregnancy numbers in which thé gquestion of

induced abortions cannot always be ruled out,
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Some data on the range of abortion incidence from
the Literature ks given in Table 1. Here the lowest
incidence is 7.0% (Tietze eb al, 1950) and the
highest 18.05% (Malpas, 1938). Hoprtig and Livingstone
{1244) give a proportion of 10.66 ending in abortion

of 1150 pregnancles in private practice. Tietze and

Martin (1987) found a rate of 174 spontanecous and 19%

indueced shortions in a sample of white marricd wémen
of rather superior eduwcationg in the United States.
Baird (1957) says that 'the incidence of abortlon
relative to births at torm is probably 104 if criminal
ahoptions are excluded' and Stallworthy {1985) gives

a similar figure, Whitehouge (1929) in an investe
igation of 3000 hospital and private patients attending
for gynaccological complaints found that 1072 of 11,450
patients {17.29%) had ended in abortion end the
Intopdepartnontal Committoee on Abortion {1539)
estimated that for evepy 600,000 live births in the

& years preceading thelr report between 110,000 and
180,000 abortions ecourred; of these the Committee

estimated that 40% were induced,

Probably the most accurate incidence is that

reported by Stevenson et al, {(1959) from



Belfast In this study total hespital abortien
admniepions were obtained and to thig was added the
numbers treated at home, ascertained from information
from midwives and health visitors, and from the claims
of dooctors for feeos for treatment of abortiong under
the Nepthern Ireland Health Services Scheme, & most
comprehensive sample was therefore obtained and an
ostimate of 11.8% of all pregnancies terminating in
identifiable abortions was arrived at. The writers,
ﬁQW@Var, thought that the real frequency was probably
somewhat greater than this,. This magnitude of abortion
frequency is gonewhere about the middle of the ranges
shown in Table ¢ . It is clear that there will be
a wide flugtuation of rates depending on how a sample

Ls Qbﬁﬁinad.’

Epidemiologieal

charactoristics and obstetric

performance of wonen who abort

Sourcos of babka

In this study a number of different sources of
data have been used and these have been collated to
mpke the resultant information as eomprehensive as

possible. While it is recognised that the main
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difficunitics discussed previously obtain, it is thought
that bhe results gliven here are as accurate as posaibla.
By considering aboritions occurring In the early
pregnancies of women with no live children the points
menitioned above are greatly obviatod since the women

are anxious to have a sucpessful Prognancy . In the
following serics, however, where abortions are noted,
it is possible that some of these may be induced and

not sponNLanedus.,

Five main sources of data have been usedi=
Group fe Maternlty Records of women having first
{(7391) or sccond (8370) pregnancles have been
secrutinisceda. This group has been used as
gontrols, Theiy obstetric performance hag
been aamgareﬁ with women who began thelp

obstetric 1ife with cone or more aboprtions.

Group 2. A series of women (911}, cbtained from
‘Maternity Recordss whose childhearing life
began with an aboption. The performance
of this group in the seccond pregnancy hes been

compared with that of groups 1 and 5§,

Group 3, A serdes of women {104} talken from



Group <.

Group He

gynapecelogleal racoprds, where the first
proghancy onded in abortion,. These women
have been followed up for ab lcast § years
to determine their subsequent obstetric

history and te compars it with group 4.

A series of women (83}, taken from obstetric
vecords, who began childbearing with a
normal pregnancy and who were followed up
for a poeriod of 0 years. This group has
been used as a normal control for comparison

withh giroup 3.

A series of women (129), having their 3rd.
pregnaney where the firet two ended in abortion,
This group has been uged to illustrate any
changes in obstetric performance cdmpar@d

with groups 1 and 2.

In the tables, it will be scen thot the numbers

in some of the groups are not always complete. This

is due to cértaln aspects of the daty being incomplete

in individual cases,. These are relatively fow in

number and this does not alter the main trend of the

raepultas
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Epldemiologiecal Characteristics

in order to compare wonmen who start childbearing
with abortions and those who start with normal
pregnancies the factors of age, height and husband's

Social Class are compared first.

Age - Table 2.

The group of women whosge first 2 pregnanclies
ended in abortion contain a higher proportion of
women over 30 years than any of the other groups.
This group and that with 2 normal pregnancies roscmble
ecach other most closely. The risk of abortion is
said to be greater among older than among younger
women (Tietze et al 1950). Foetal loss in general
tends to inerease with incereasing age of the mother
after 20 years (Shapiro et al 1962) and these workers
also showed that women whose last pregnancy ended in
a foetal death have twice as high a less rate in their
next pregnrancy as other women. When the incidence
of abortion is related to marriage duration and age an
increase is found in women over 25 yeors (Table‘s), and
the National Statistics for Bngland and Waleg show a

steady incerease of childlessness with rising age at
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nappriagc. Childlessness in-this scnse includes
women who have both abortions and foetal deaths and
who have no living children. The classical studies
of Louis Henpy (1983} showed that, in a seciety not

us ing modern contraceptive methods = nineteenth
century England = the probability of having another
child was related to the age of the woman and not to
the numbeyr of pregnancies she had alrcady hada More
recently MeKeown and Record (1957) have shown that the
proportion of women becoming pregnant again within

2 years of their first baby diminished with increasing
agca There is much accunulated data showing the
dilaterious effect of age on the reproductive process
and this effect is again shown here in connection with
women who start their childbearing with 2 abortions
(Baird et al 1988)., The association of age and
abortion was recognised many years ago by Burns (1843)
who statoed thot "aavaneement in life, before marriage,
is another causec of Treguent abortion, the uterus

being then somewhat imperfect in its action.

Height - Table 4.

The features of this table are the differences in
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ptature between the women who have 2 abortions and those
in the other 3 groups, one third of women with 2

initial abortions are under §'1" compared with one

fifth in the other 3 groups. At the other end of

the scale 204 of these women are over 5% compared

with at least 2695 in the other 3 groups.

Husbands Social Class « Pable 5.

This table shows that women in the 2 abortion
group have a higher proportion in social class 4 & §

than in the other groups.

lieight and social class taken together are a
well recognised measure of physique and general health.
A persons height is determined by both genetic and
environmental factors; ¢o attain one's potential,
adequate nourishment is required at all stages of
growth including that in utero. Maternal stature has
4 strong association with social class and Table @
taken from the Pevinatal Mortality Survey shows the
distribution of maternal height within socio~cconomic
EXroupse The proportion of women under 62" is
greater in social class IV and V and least in

gogial c¢lass I and II so that there are more short
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women ag one goes down the soclal peale, The effect
of height and soclo=gconomie group on perinatal
mortalivy is alseo well known and Table 7 from the
2ide Report of the Perinatal Mortality SBurvey (19068}
ghows this cloarlye. The lowest pevinatal mortallity
ie in tall women in Social Qlass I and the highest in

small women Ain Social Class IV angdg V.

The resulis of this study indicate that wonen
aharting their childbearing with 2 abortieons are
Iikely to be smaller and of lower soclo~economic status

than those in she ethor 3 groups shown,

Duration of Maprlince and number of children

Duration of Mapplnce and numbep of eghildrenures for

wonen having thely first normal pregnancy and a gepries
of women whose Tirst preguancy onded in aboption,
talken from group 6y are compaped by dupation of

marriage {Table 8 ).

Almost half (49%) the women who begin with an
abortion gomplete this pregnancy within ona year of
mapsiage compared with 42% of women whe have a

legitinmate Pierst bhirth, The cumulative total shows
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that there is little difference hetween the two groups

at the § year porlod, These Pindings are not surprising.
The majority of women, whatever theliy social czasé
concelve within 1 year of marriage (Xllsley 195G) and

if abortion should ocemp it will he completed within

the year, whereas if Che pragnaﬁcy.aontinues the

delivery will not occur within the year from marriagce

Obstetric performance in first continuing pregnancy

"he next aspect to be considered is how women, who
have started their childbearing with an abortion behave
in their first continuing pregnancy. In Table 9 the two
groups of women who begin with 1 or 2 abortions are
compared with 2 normnal groups. The particulapr aspects
considered are, threatened abortion, antepartum

hacmorrhage, prematurity and perinatal mortality.

Threat@néﬁ Abortion.

The table shows that ﬁheré is more threatened
abortion in these continuing pregnancies in the
abortion groups than in the normal groups. This is
partigularly marked in women whose first two pregnancies

both end in abortion suggesting that in these women
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shere ig a particular tendengy to early pregnangy

hloeeding.

Antepartum Haemorerhaga.

Thaere is little difforence in the incidence of
antepartun haemoerrhage in the groups. The figure
Of 341% Tound in women having a thifﬁ pregnancy atrter
two previous abortions is very c¢lose to that of 3.0%
found in a gurvey of 30,3835 single pregnancies by

Paintin {(1962).

Premaburity.

There 48 also a tendonoy for the number of
prenature birthe o bo greater in the women with
1 previous aborbion and this trend is more marked io
women having thelr Lhird pregnancy where tho first two
gnded in abortion. Fromaturity ls therefore commoner
In pregnancy when abortioh has occurred in the previous
PreEnancye To distinguish between premagurity due
o the “emall Por dates" or poorly grown baby, and the
baby that is normally grown fer the gestation perioed,
but is delivered carly, the weighis of babies at
various gestation periods in the four groups of casus

were exomined (Table 10). Babies born to women in
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both pprevious aboprtion groups up to 35 weaeks of
gestation seem to be smaller than in the other two
SPOUDS o This may mean that pregnancias in these
aroups herminate at an earlier stoge of gestation,
However, women in their third pregnancy with 2 previous
abortiong have babi¢s at least half a pound lighter

| than any @f\the other groups at the 36 = 37 week

period.

The proportion of deliveries occurring befbre
306 woeks of gestation is considéred in Table 11,
There are more deliveries before 306 weeks in Dboth
abortion granps'than in the normal groups and this is
partienlarly so¢ in the group with 2 previous abortions

where it is double that Ffound in normal primigravidae,

These results show that women who begin their
¢hildbearing life with two abortions have an increased
risk of prematurc labour. The wonen whe have
pronature iabour also have small babies for the gestation
period and these babies are therefore 'small for dates'.
Phere are a number of possible actitlogical factors.
in some cases a uterine factor may operato. This may

be a uterine abnormality which can be easily detected
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on hystheprograplhy. Another possible explanation ig
that of inadequaie uwberine accommodation which Ls well
doounented in animals by Reynolds (19868} but vory
diffioculs to prove in the human subject. Thoere is a
vepry constant relation belween the uterus, on one hand,
and the size of its contentsy on the other, The
uteprus affects the silze of the offspring and the sige
of the offspring affechbs the uwberus. Aﬁaymmld& {1259)
noteld that, as the last phase of wbherine accommodation
becowmes ostablished &h&.ﬂﬁntﬂﬂﬁﬁ of the uaterus oubtsrow
e confines of an increasingly unfavourable utering
environment and elther parturition or foetal death is
the inevitable climax. It secems possible that im
this group of women thoere may be a fawnldt in vterine
ageommodat ion leading to inadequate Toetal growth and

prematnre Labour,

it has also been shown (Baird 1983) that the
ingidence of prematurity is related to social eclass
hé&mg highest in the lower socio=eCconomic L£roups.
This scems to be a Tactor in vomen having two initial
abortions. It is not the whole answer since a
npumbar of women with a8 good ascio~econonic history

also have premature labours and poorly grown babies.
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Hero the effect of age on the reproductive process

may be important since these womnen are on the whole
older than those in the lower soclo=-cconomic groups.
Reld (1961) has shown that some mothers repeatedly

have premature bablese. The tendsney to repcat
unguecessfal pragﬁanciea is alaé higher in women who
begin childbearing with one or twe abortions. it is
of prime importance to monitor foetal growth with care
during thesc pregnancies, Although poor focetal growth
can he detected ¢linically the use of urinary éterald
analysis (Macnaughton 1967) or ultprasonic techniques
(Willoeks et al 1967) are particularly helpful in
management of these Qases. If deficient foetal growth
is detegted it 1s these women who are also morce likely

to have prematuwre laboure.

E&rinata;hﬁnrtalipg

The main difference between the abortion and
nopmal groups in Table 9 is in perinatal mortality.
In the abortion groups, the rates {for one previous
ahortion and two previous abortions are 434271000 and
3848/ 1000 respectively compared with 30.7 and 20.9 in

the first and second normal pregnancy group,
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Thoe causes of these deathg have been analysed
and clapsified by the method of Baird et al (1854)
and the results are shown in Table 12. In the case
of the group of thiprd 9?@@&&&#1@5 with 2 previous
abopritlong, numbers only are glven since these are too
swall to make percentages meaningful. There arc two
mnain causes for the increased perinatal moritality.
The numbor of deaths due to prematurity and foctal
deformity are considerably greater in both the previous
abortion groups. Seven of 26 deathys in the 1 previous
abortion group and 1 of § in the 2 previous abortion
gyroups were due to prematurity and 7 of 206 deaths in
the Copmer group wore due to doformitye. in the latier
group 3 of § dceaths wapre due to foetal deformity - a

high proportion.

?hg cause of most foetal abnormalities ig obscure,
indirect ovidence suggests that foetal defegts may be
brought about by inadequate intra uterine environment,
Abnormalities of implantation are assocliated with a
high inaidence of malformation (Hertig 1967) and it is
well known that in many early abortions the foetus op

the fertilized ovum are abnormal (Hertig and Roek 1944).
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“Phepre is an ilncreased incidence of foetal abnormality

i? pleeding hes occurraed in the eaprly months of
pregnancy {(TFurnbull and Walker (986). it seemp
Likely that the fauliy intgauvterine environment which
laads o deficient implantation ang development with
resulbant abortion in the first one or two pregnancies
in the abertion groups may be present o a lessar

@xﬁﬁh@ in the next pregnancye. it may be insufficient
to preciplitate abortion but sufficient to intarferc with
nopmal Toctal development thus resulting in foetal

abnormality.e

Performanee in Labour

The four groups are considered by incidence of
Cacsarean Seectlon,; forceps delivery, assisted delivery
and spontaneous delivery (Table 13 )., There is a
slight increase in the number of Caesarean scctions
in the {1 preovious abortion group and this rate of §.9%
ig douvbled in the 2 previous abortion Zroup. Hore
forveeps deliveries (19,64) were done in the {1 previous
abortion group than in the ﬁﬁﬁmaé'gramp but this was not
80 in the 2 previous abortion group where the main

difference was in the number of Caesarean sections
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performed. In Table 14 the indications for

Gaesarean section in the third pregnancy of the

2 previocus abortion group are given, Fourteen
women were delivered by Coesaraéan section. in

7 of these (80%4) the operation was elective and § were
gver 30 yvoaprs of agc. Other veasons for gection were
placenta praevia (1), Broeech presentation (1), Foetal
digtreas (3), Incoordinate uterdine action (1) and

Disproportion {1).

These increassed operative delivery rates reflect
the desive of the attendant to minimise delay in
Labour and not to '"take any chances' with the baby.
In most cases whare the obstetrie history is poor there

is am ineyeased inecddenge of operative delivery.

In the Caesarean Section group the factor of age
is particularly evident and & out of the total of 14
women were over sthe age of 30 years, in all hut one
of these women the Caesarcan sectlon was elective because
of the gombination of bad obstetric hlstory and age.
The othaer interesting feature of these women is that only
2 of the total were over 5'4% in height, They were

almost all medium (5'1" - 5'4") or small {(under 5'1%).
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This is a highly selected group with a large
proportion of short women. The comhination of
grntl sﬁatur&g rela%iveiy old age and a history of
previous abortion make the likelihood of Caesarean

Jection very great la these women,

There are still, in spite of the adverse higtory,
a relatively large number of women in both abortion
groups who had a spontancous delivery although the

numnber is loweey thon in the normals,

Fertvility following fTirst pregnancy

In Tables 18 @gd 16 the fertllity of women following
a pormal Piprst pregnangy s compared with thatv of
women whoge Tirst pregrnangy ended in abortion. Iin
the Pirst table (15 the number of subsequent children,
the number of gnﬂuamesafu& pregiancies over 28 weeks
and the nunbey of women whe had abortions only
following the initial pregnancy are ghown. The detailed

data about abortlons are shown in the second table (16).

Neaprly 8% of women who aborted in their fTirst
pregnangy had abortlons in all their subseguent

pregrancles, whereas no woman whose first pregnancy wag



normal had abortions in all their subsequent
preagnancles., Teves Wﬂﬂ@nviﬂ the first group did

carypy pregnancies past 28 weeks bub these werg
unsuecessiul. Thorefore 104 of women in the abortion
group had no subseguent suegessful preghancy compared
with pone in the noprmal group. The number of women
in the normal group who had no further pregnancies
after the fi?at one was double that in the abortion
BEroupe The total numbepr of women having abortions
during subsequent childbearing in the abortion growup

e 36,0% compared with 20,84 in the normal group.

There seoems litt&e-d@uht that when a woman begins
chdldbearing with an abortion a grester number of her
subsequent pregnancles will end in abertion than when
her initial pregnancy ended with a live child. Very
Liﬁt&@‘iuf@wmati@n is available on the subscquent
preguancies of women who initilally miscarried.
According to the data of Whelpton and Kiﬁér {1948)
approximately 75~-80% of women having an initial
niscarriasge will eventually have a potentially viable
foutug of 20 opr more weeks gestation. This is not

very different from the figure of 83% obtained in this
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gtudy. The premalning t7% consists of approximately
7/ who had no further pregnancies, 8% who had nothing
but abortiong, and 2% whose pregnancies continued past

28 weeks, butl where the baby did not survive.

Eighty=five percent of women whose {iprst pregnancy
wag neprmal had further live children but the remainderp
had no ®OFE Pregrancices, None of the 83 patients

in this group had any subsequent abortions oy premature

labours. The Tact that 14.8506 had no further
pregnancies Ls unusual, The peasons are not clear.

It is not solely an age phenomenon since of the 12
women, § were over 30 years and 6 were under 30 years
at the time of their first preznancy. This £H03 80
ratioc does show that an unusually large number were

in fact older at the time of thelry Tirst pregnancy and
may not have desired oy been anle to have ancother child.
These women were all followed up for 10 years go it is
unlikely thas they would have ancther pregnancye i
ig of interest here to recall the views of Matihews
puncan (1871) who enunciated what he ealled his "Law
of relative sterility's. This was, of course, in an
age of no contpraception but At may be still partially

true, The law states that 'a wife, whe, having had



ohildron, has ceased fopr § years Lo oxhibit forcility,
has probably beconme relatively steplleog Chat ds will
probably baar no more obildren, and the probability

incroasos as tlmoe olapsoes’e

The wanman with poveabed abortions dossz not have
difficulsy in becowming pregonant but in "holding on'
to ohe prograncy. The findings in this siudy support
the wicw of Joavert (1087) who alasp sald that fertility
was ot reduced in these woten. They do net beap
put a commonly held opinion that womoen with a histopy
of popeated op sponbansouns abortion have a low ovoerall
fortility (Bounelly and lLoeke 1955). Tho rapeated
abertion rote An sterility patiente {(16%) reported by
pirnbeg at al (1952) is not very much above that in

"none-sterile’ pationts.

It does not secm that there is a general close

ralavionship botween abortion and storldlitye

Reaurrent Abortion

The numboy. in bhae aborsion group who aboyted
agalin ln pugccessive gregnancios s showa in Table 17,

Apnlysin of these rosults shows that ﬁh&r@'ﬁa an
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.inﬁreaﬂiﬁg abortion rate in this type of woman. In
she second pregnancgy with one previous abortion the
rate was 25% which is not so wvepy much greater than
the incidence of abortien for first pregnoncices.

In the third pragmanc& with two previous abortions
the pate is almost doubled to 4485 and more than half
§ 5845%) of those women whe Rave aborted three times

aborted again in thelr fourth pregnancy.

The results show that the main iﬁcvsaae in
aborvion probability eccurs after 2 suceessive
abortions and thoerefere, AT abortion prone women ape
belng selected for study it is unwise te restrich the
study oW women who have bhad 3 or more vecurrent abortions
as suggested by Malpos £1938)., This view is also
ezpressed by the Council on Phaymacy and Chemistry
of the American Medical Agpociation {1940D), Goldziehear
and Benigno {(1958) and Robepts (1964)., There is,
howevery a wide scatter of probabilities in the
Liteyature (Table 18), This wide range of recurrent
abortion frequency suggests that the published
ﬁaaﬁrial is gquite heterogeneous and that for more

accyrate studies individual control grouns must be



used, James {(1963) noted the high vapliances seen

in the observed distributions and suggested that the
abortion probability should remain relatively conptant
within each womang AP it had varied this would have
reduced the vardance (Bdwards 1960}, It seems likely
that abortion probabilities do, in fagt, vary from

one woman Lo another although not appreciably within

a given woman, This, of course, does not deny that
in a few cagses aboprtions are asgociated with blood
group incompatibility and that the probability of

Lgowimmunisation inereases with gravidity (Glass 1949).

Gestation Pepiod of Aboprtion

The results of an analysis of the gestation
pariods at which abortlon occurs are shown in Tables
19, 20 and 21, About one third of abortions take
place before 2 months gestation and 80% have occurred
by & months, Iv seems likely that many of these
early abortlions may have a chromogome anomaly. Caprp
{1967) found that the wmean dupatien of pregnancy ferp
44 abortion specimensg with chromesome anomalies was
85.9 days Trom the First day of the last menstyrual

pariocd to the day of abortion. The mean gestational
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age for 144 abortions with normal chromosomes was 106.7
days e it is probable that women who abort early in
pegnangy are more likely to do so due to a Toectal or
ovalay abmermaiit& and those abortions which occur
ilater are more likely to be due to gome ubérine or
environmental factor. When thetapy is considered it
should be renembered that 0% of women abort after the
third month and ﬁhaa the danger of abortion is not over

by this timc.

Women wiio aboprt in successive pregnancies show
the same patéaern except that those having a third
succespgive abortion tend to continue thely pregnancy
for slightly longer. It is posgible that these women
are subjegted to more care during this pregnancy in
view of their. previous obstetrie history, and that
continuation of thelr pregnancy foyr a longer pepiod

may be due €0 this carce.

If the gestation period of the second abortion is
compared with the first (Table 22) in the same woman,
between one half and two thirds of the women will
abort at the same time in the second pregnancy as in

the first, This means that there is a strong
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tendenoy for women whe are aboritdon prone to gbort

at the same gestatlon period in a gubsequent pregnancys

The paelevance of these rasults to the dosign
of ptudics and the use of theprapy in recurrent or

hiabitual abortion will be discussed latoere.

Interval between presnancies

e

The intepval botween pregnancies in women whose
firse. prognancy is normal compared with women whose
first pregnancy ends in abortion is shown in Pables 23
and 24. HalfT of the women {40%) in the abortion group
have a sccond pregnancy within a year from the time
% the asbortion and 80y have a third pregnancy within
2 yearg compared with 174 and 38% respectively for the
aormal womdhe in the abortion group 82% of women
have had a second pregnaney within 8 years whercas only
73% of women starting with a normal pregrangy have a
second child within this time, The picturce is the
same when the interval between gecond and thipd

pregnancies is considercd (Table 24).



This bears out the previous finding that women
who abort are ﬁ@t infertile, indeed ﬁhéim fertility is,
if anything, increaseds it is not that they are
upnble to hegome pregunant as suggested by Guttmachor
(1956} but that whoen %&@? do achieve o pregnancy it

does not continue to viablliity.

&

» and Duration of Nupriase

The incidence of Tipst abortion &s greater over
the age of 2§ years than under 25 years for all marriage
durations (Table 3 }, but particularly so after marriage
has lasted for over § years when the rate is more than
double that unaer 28 years for the same marriage
duration. Guttmacher {1956) showed that when
contraception is not praciised "There is a debrimental ‘
@ffect of ilnereasing sge on forvilivy'. Those findings
substantiate the resulits discussed on page 16showing
the delrberious effect of age on the repproductive
ProgREse Guttmachey {3936) has also shouwn, that age
and a prolonged state nf matrineny were separate antie
fertile Factors. He was surprdsed to find that tho
time required for a first conceptlon increasced by

soeven hundredths of o monti for each veay of the wife's
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age and almest two fifths of a month for each year
of marriage. tThe explanation of the effect of ago
and duration of marriage on abortion and fertility

are no doubt ¢ompler and gevtainly obgcure,

Relation of results to. the design of abortion siudles
There 4s po mueﬁ variotion in the design of studies

on abortion that the results arce scldom comparable,

one aammaﬁ error is that ‘Primary habhituvual aborterst,

women who have had 2 or 3 consecutive spontaneous

abortionsg beginning with the Cirst pregnancy are

confused with *Secondary habltual aborters', a term

which designates those women who have had threce or more

gongecutive spontancous abortions following delivery

of one or more Ammature, premature opr full-term infants

{Javert et al 1949),

The twe main points brought ocut by the present
worls apre =
(1) The type of patient that should be studled and

{(2) The gestation poriod which should bhe studied,.

t)e Type of paticnt

The classification of patients liable te abortion
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has given rise te much discussion (Goldzieher and
Benigno 1958). The term 'recurrent aboptiont® ig
froquently used to degerdbe women who have had three
or more successive aboprtions{e.z. Malpas 1938, Speert
1984, and others). it is, however, apparent from

the present work that wvomen whoe have had two abortions
are likely to abort again in 40% of cases and that
these women should be termed Yrecurrent aborters' and
placed in the ‘abortion prone' group {(James [903).

It is important to exclude women who have had only one
aboption. liany fTirvst pregnancics end In abortion
afber which Turthepr pregnancies are successful {over
80%) « Bubjects with only one previous abortion are
therefeore & heteprogoncous group in which the pecurpent
alemnent iﬁ minimally represented, Subjects who have
had one op more viable pregnaenclioes intersperged with
abortions {(secondary recurrent aboption) are likewise
a mixed group and unsuitable for comparabive study.
Idonlly subjects with four or more abeortions are the
most sultable group to study as the abortlon rates in
this group are considerably higher thanm those with tweo
op thiee previous abortions and the resulis of therapy

wounld therefore be easlier Lo evaluate. The numbhers of
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thepe patientg, howevery, which present at any one

glinic are vepry small,

Threatened abortion may, in practice, be very
4ifficult to distinguish from inevitable or missed
éburniaﬂ. Studies on threatened abortion (Colvin
ot al 1250; Goldzicher and Denigno 1958) have not
proved very usceful in discriminating between successful
op ndifferent troatment oy cupplying information as
to the cause of abortion, Mach the more promising
group in this respect would appeapr to be the primary
pecurront abortion group with two or more previous

aboprtions,

2)e ﬁgmtaﬁ&on“periéd o he studied

Littvlae attention has been paid to defining this
aspegt of the problem, In his monograph on
‘Spontaneous and habitual abortion'! Javert (1957)
barely montions gostation period even although the
question of therapy in habitual abortion is widely

disguosed.

Most workers nave gommenced sbtudying patients at

varying steges of gestation without any referonce being
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made to the gestation period at which previous abortions
had occurrved, It has been shown here that once thipd of
abortions take place before two months of gestution and
304 have occecurred by the end of the third month,
Fuptbhermore between one haif and twe thirds of wemeh
abort at the same gestotlion period in subsequent
presnancics, This suggests that initial observations
in abortion studies must be made at the latest by

& weeks, and any therapy being used should have started
by this timc, ¥f a previoug pregnancy has ended in
abortion at an earllieyr stage thon & weeks, thios

garlier pevrlod should be taken as the time by which
initial obscervations should be made. If, for instance,
observations, and/or therapy, are started as late as the
14th week of gestation (Goldzichey 1064) it is highly
probable that these spubjecis are alrveady naturally
selected against abortion and this tends o vitiate the

trial of therapye.

A further polint which has to be noted is the time
ab which women normally pregent themselves at the
antenatal elinice fop the fipst visit. Secott et wl (1956)
have given some informationr on this aspect, They found

that, in Aberdeen, 36% of women with two living children
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attended for the first time after the 20th week of
piregnancy as compared with 21% of women with one child
and 12% of childless women, Women with the game number
of c¢hildren attended earki@r‘i? thedy pr@%i@uﬁ pregnaneies
had ended in abortion or stillbirth showlng that patlients
who have reason o fear complications consult a doctor
garlier In pregnancye. This tendoney was Tound &0 be
moyg pronouncaed among women whoe had had previous
pregnancles ending in abepilion than in wemen who had
stilibirths op whose ¢hildren had died gubsequently.

In spite of provious abortiony however, the average

weely of firgt attendance in mulilgravidae with no

Living children wag 12.5 weekss ¥t is quite evident
vherefore, that special arrangements must be made L0

gsee cases Tor aboption siudies carly in pregnancy before

they normally attend the antenatal clinie.

?hiﬁ study shows that when a woman starbs child=
bearing with an abortion her subsequent peproductive
behaviour is different, with mopre complicated pregnancies
and a highepr pate of Teoetal loss than a woman whe starts
'with a nopmal pregnancy. These women thepefore, Torm a

group requiring strlcet antenatal supervision in all



subscquent pregnancies so that the foetal less can

be loessened,
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Hormene sdasnys in nogmal early prognanay,

A phbortion and in hydestidiform modc

-

1o Nopmal caprlyv presgusney amd aboerionon
e e 2 hriany f oty = ?

TRy

in ehaptor 8 At wos suggepted Lhat once a wonak
Brad had two abortiens withoul any live cohildren she
ghould bo placed in an aboptloR-plone seoup. Thle
chapter widoh deanls with sterold assays in abnorwal
garly piagnaney, stoms diggotly Trom this worl. The
objoel haore was o disooever the value of feptain
sherelid apsays ia bhe nasnagonant of proeguprent abortion
aid 80 asceprtain what happong Lo thoe horsone Lovals in

this type of Casd.

The wwo nain storeolds to be considercd in the
Pipat, instance ave (1) pregnanodiol {§heprognonsoiom
20a=diold) and (2) costriol, one of the three classical

pestrogens {oosbradiol 17B, ocestrone and oecsbtricll.

Hoth these spubstanees are oxereted in the uping in
pregnancy and some Indtlal observations will beo seade on

holy depivatlon nnd metabolliom,



14,

1s panod Lol

LRI T A I e e S

Thio compound is a charasterdstic metabolite of
progosteron? and was isplated from labo progpRaney
vrring by Morpdan in 1020, In 1084 Dutonandd and
Bohnids domenstyated o gonnection between pregnapnadioel
atd vhe agtlve hoymone progesternne hy aynthesising
thoe latier from pregooanodiod,  in 1930 Odoell and
Marpion oxbractod o gombdned form of prognapediel fyom
PELONANGY Urind. Thoy noted thot the free suogoid
Coould be obtodined hy hydrolysis of Shis gompeund wibh
net peids In the oame year Vonnlng and drowns { 1956)

Laolabed dhoe woter soluble gombined Torpm of

iyﬂf

progionad jol from bubtanoed extprasts 6f lotoe prognangy
Biiie, Thay were able o show that 44t wop prosend

2s Lie monosodinin gsdd of peegnancdiold glucuronio acid,

In 1937 Venndng et al dengnsiprstod a physiologieal
gonngetion bebweehn progoesterene and pregnanedicl by
isolating Ghe lotbor fron the ueine of subjects

Anjected wiith progesterene and of normal wonen in thoe

tutaal phagse of thelr meanstruaal eyalos

Thie pelationship of grogestorong o proghancdiol

En the fuman and Lhe vecovory of ardnory prognancdliel
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after ths injoction of progestopong will be diaeussed

in detadld in chapter 4.
Greans produeing sresnanoedliol precurgor £n proegnancy.

Grgans produsing pregnonediol nrepurgor in prognoncy.

he OVRPY. Frogestarons & peoduced by the coprpnsg
Tuteom in the overy and has boen dsolated from

Ehla tipsus, {(Bubenondd ob al 19543 Bhopt 1862} .

e  Plosenba. Progastoprone bag beon isolated Trom
human niscentas {(Fearluen and Cercec, 1082b).
Thooue cuiture eapoerimonts suggesi bhat AL is
ppadueod by the pynoeviiotrophoeblast and most of
Lhe preguanadiol found o 124 proghancy upring
priginates From plocental progesberong. Some
metabsliom of progestéapone ocours in thie footus
{sae Chapter 5}y and pregnencdiel has been
isolated frowm the fostal Livap, That the foetns
pight oxgretse ppesnanediod in the upine scemed
Likely following the findiog of this gompound in
e Liguer apni by Kl@ﬁp@? and Moenaughton {1088},
Hfome of the pregnonediol in the moterval upring in
late pregronay b3 almest certalnly of Poetal origin
But sineca Tootal death presulis in vepy Little Af

anry reduetion in prognanedlol oxerotion in vhe
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in the maternal weing tho anount pust be spmall

{folemon D08 - pavsonal gonsunioation),

L Adirannd e A slgnilicant fraction of the
prognanndiol noepwmally present in the uriong has
besn shown o coma from the adrenal gland, ond
thhore Ia an associadtion batweon she Revels of
upinary spregnanadiol and the physiologicoal aotivie:
of thoe adyensl {({lopper of ol 1957). in fagb
poust of the preguonedlel present in dthe wyeine of

post menepangal woemen comes Trom Che adeonal sland,

Progaanneddoeld s theprefore derived {from photursop
syathasioed Jn these throe altes and the guantitative
relaticonshlip botween progestereng produetion and
mgbabalite oxereblon will be discupsed in Chapbter 4

togathor with fupdther notes on the metaboliom of

% &

BAFR oo B e s e A B ew o *
Pradivemyandaiel Brerotion in normol prospancy,

Pregpanediol excpobdon in nogmagl peopnancy

F Y . (; gjﬁ 2% . 5 3 g %3 b o

TablasY fpeom the paper by lopper & Billlewios
{1008} shows the stoady pise in prograncdiol execpoetlion
theoughout normal preznaney. Lo the peesont conboexd

only the levelo vp to §J6 woeks gostation have beon
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given ag Shis is the perliod of prognaney being
paptitularly studiod. Thaso resulis ggroe well
with thope of Sheavrman (1289} using the somoe assoy

tognndgud,

Ze Qastriod

Phodbire it i

Buping pregnonty, inereasing anounbs of gostrogeng
are axoreted 4n the wmaternal urdne and 46 has boen
entoblishod that tho plagents §s the madn soureo of
urinary ocestrogen in the prognond wonona The ovidones
for this view is adeguatoly supmarised by Rlezfalusy &
Proen {1061). Althouph a largs number of differont
gentbrogens are found in pregnancy uvrino {(Brover 1064},
not 8il of these appear o he manufactureaed An she
placents and consideration is upually centyoad on the so
egalicd clpssical oestrogens = gogteong - oentradlicl 1783
and onatpioal, These substnnees, and particulaply
nestriol, have been most Intensively studied in

practlice.

e i

Blogenecolys of Ocstrosmans tn pregnancy

b was sssunmad a¢ fisst that $¢bhe human placento,

ihke bhe ovary, eould synthesise oestrogons Crom
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acebatos sinen tho convaprsion of agetate Lo uerinory
sestrogen had heen demonstratod in the proegnant mare
Warbin o6 al 1087} and the conversion of radivactive

gholegtarol Lo ppinary oosbrogen in o pregnant wvonan

K
had also been veportod (Lovitn ot al 1DG62), it &g

not poosibley howover, to denonstyate in vites tho
plocantal converslon of acetats o ogsitrogen, nnd

tho disgropoptionately large amounts of coserioel found
in lato pregnancy oannot he cuplalned by the placental

moetabolion of oestrone opr oegitradicl because tho

s

necassary 16 hydeoxylatlon poagtion io inefficliont in
ghe placento {Loevitz ot al 1962). Farthermore 4¢
has boeowe ovident from the studies of Froadsoen and
Goaboeman (1203) and Casamer (1959) shat she Tochtus is

asgantdod for maxdnum cesirosen produchion.

I{ geems Lruo howevaer, that the plagcenta ddoes
saeraet ogoptriol sinee the concentratdon of totanl
eestriold is Dighor in uterdine venous blood than ia
maternal ara vein bleod {(Roy 1962). The increased
uprdinary exeretion of oestrogong duriayg prognangy ¢losaely
papraliels the ingroease in placental wolght and, after

rameval of the plocento the gestregen oxceretion
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diminisghas roapldly {(Brown 1287}, The placanca
produces the three ‘clossieal! aesLPrOgeNS, 0usLrono,
ooshradiol) 1V and cestpdol « the last coppound being

panufngturaed in the largast smounie

Tho pladenta appoars (0 be gapable of produging
soestriod in vive ond ip witro (Gyon 10Q0),; but not hy

Lt D it F A BN S 3e Y

gyntitesds from scctate and cholestarods  Placental

parfesion op itcubation with labelled sectato and

sholeatarod {(Lavies ot al 1962) did nob show tha
formation of sosiprogensg It afber porfusion of

tepm placentas in vitre {(Wapren & Tinhorlake, 1064y
Cadapd et al I062) and midiern placentas ho situy

(Balbe at al 1004a & b)), bostosborene and other neubral
10 spoepralds have boon ¢ransformed into the
gurroesponding 0gabProgens. The gombinad setivitlies

of foegtus and plagenta convord won osubtprogonie starolids
Lo oasdrogens and hig ko an Luporiont source of

postrogan in pregapney, (Mitchell, 1967).

Boply in mormal ppegnaney a largoe Teaction of the
sradd Cotal apount of cestriel present is dopived from
gousrees puch as ovaprdan ocostradiol, Ag preguancy

piroeocds whds Traction decpeases and at terin anounts
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Ho only abouk K of tobtal ososirioel production {(8iiterd

nivd Machonnid 1986} .

Prondsen angd Scakanon (10081, 19683) first suggéstoed
that the feetal adseonnld aight supply an ocsétrogon
proegnyosar Lo bthe plagoenibo. The woark of Sauliecw and
Broy (IR63), SALtord and Nachonald {1963) and Bolte
ab nd (§964b) showed that dehydrooplandrostorons
pudphatbe (DUAS) whieh As clyveulating in pregnand woemen
La Qﬂﬂ%&?ﬁﬁﬁ Lo grinary o0sterDEang . Hish concontpate
Long oF BUAS bave been found in copd bhlood (Simmer et
Al §0843 Sbhorloln (965) s suepporting the suggoestion that
this voutrogoen proecursor noy bho produced in the foetal
adrennls, Pie DHAS whieh vogohon the placenta via
the wabilical clereulasion s conveorted to uwprinary
oogtrogen {Dodsoe ot al, 1B0ML): 46 s poducnd ab C=17
and 1oe hydeonylatod masiniy in the foctal liver, {(little

190 hydprogyiation tabkos place Ln the placoental.

Guee ocstriol hay been forned by the placonta
gone resthos the foetus, whore 6 is convarted into
e coriagponding j-sulphato. Thoe vestirliols3
audphaca feopmed Lo probtuwrned Lo the plucenin, whero 46

Lo dn part, bhydrolysed by the apylsulphovese and



Liberated eestriol iz preturncd to the fectal and
matarnnl conpartnents. in the methor this vestrlold
s gonjusoted with the Sepulphate and gplucosiduronate
and oueretod. The mebtabollonm of vestriol in both
matornal and Toctal cowpavtimenta fg ¢havacterisad
madnly Ly changes in confupatlion pnd not in the steroid

pedety {(Dicefalusy & Denaglans 1960) 4

Hoynes et al {1964) siudicd the netabollism of
osobradiol-4«0*" in perfused footuses and found thab
the major motabollifos wore pesiradiol-=8«spulpbote and
GROLPronG=5S-sulphata, They were not able to domongtprade
the Termation of oostriol frem gestradiol in sthe foetus,
Farthoerinora, the pepfusion of the footo-placental unifd
dn sitwe did nob reveal the presence of any pignificant
amoung of oestylols gasbradliol, thorefore, which
preachies bhe Toetus via the vabilicnl clroulation, is
ot motaboeliged o opestricl Lo ahy exbont. There kg
alooe Little conversion of sestrone to oestrlel aince
whoeft the deolated foobtus was porfused with occgtrong=3%=
pulphat o, only a small amound of oestrind was isolatod

Brmorman 0t ol I908) .

Gestriol iz manufactured by the placenta from bpoih
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footal and peiernal preoupeaoers. A Foetowplacguntald,
pasbriol-fopulphate oyele is osbablished consisting
ef voobal sulpbuyylation ond placental dosulpburylation
{Goabelsmann Qb ald, IHG6Y . Gome oesbrlel-3-agulphate
Ao exorated by the footus in the pimioetic sac {(Troon
19613 Diesfplusy ot al §0033  lats ot al 1065); it
reaches the mepbrones whore % 38 hydroelyseds she
oentriod ie Liberated, and teansferred B0 the maternal
pigd foebal appanisns, Tho mmﬁa@ﬁiiﬁ pathways of
a@ﬂt?&gén matabolisn whieh cceupr in the Cpote-plagental
viid ape basdeally dug Lo difforonces in enpynn
distpibuéion between the foetue ond placentae

Crinicel Sienifliconco

Cliniesd Bienificonco
As u Posult of the papdt played by the foetal

<

adpenal glands in sgupplyling procursor 1o hydroxys
dehiydrogpiandrostapone sulphata, (DHAS) Fer the plpeontal
elabopratlon of conipiols munh of which lsg excreted in
ingroasling ensunts throughout prepnongy in vhe naternal
upring, the measurcenent of costriel in the wrine hap
provided a wgeful Lood fﬁé peasgrivg fooebnl vitality.
Matornad DEAS gentribubes o pelabivoly minop proportion

of the fotal sestplol throughout prognancy via hoth
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noutral and phenolie pathways,

Kardky in noprnal praognancy o lavge proportlon of
the wostal nwount of oostpriol is dovrived frem other
gouroes « poasibly ovardan, Fith lengthening
pregnaney Lhds soaret decpreates in lmportance, and at
topm B8% of bhe ocatriol dg Topned In the plagentag
aadnly frowm nouipal precursors arising in the feoetus
{Bitoerd & Machonald 1968),. I, sherofore, the ¥
any asbgoprmality of tho Tooatus, this may be reficcioed

in the gestriel encopretion in ohe matarnnl uring.

This is supperted by the Linding that all tho
ooeliriol Pormed by o women with an anengephalic footus
appeers o be derived Prom mnbornal DHAS prinardily vio
gentkadiol {(Siiterld and Machonasld 1866). When the
fpetup L5 anencaephalip, the matoranl uvinary ocstriol
axgretion e one-tonth of that found ia hormal prognanoy

Prondeon and Stakoman 1963). En these foctuses Lho

foctal sone of the adrennl gland Lz smnlldl op absenb,

Materinal oostplol exeryotion has alge Deen shown
Lo correlate with baby weight {Coyle & Brown 1850353

Froandagon & Shakoman 19680}
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Upinapy Geotriol exeretion in normal peeonaney

The main wrinary end produet ef thie cestrogeons Lo
oesbriol and many ﬁ@?k@?é have been Anterogted in the
peingry output of thls ostereld in pregnansy {Bprown 19854
Aondel £ Goldborg 19873 Lontern 106863 fellar ¢t al 19869
Frondoon & Btakoman 10603 Hobkishk et al 19603 Kalisor
10605 Gorpsh 9200 Hiopper ot al 1063y OGrocne ot al 18813
Borgh 10613 Bonordeas 19623 Hobkirk & Nilsen 180623
Beling 19083 Yray & Russell 19065 Qovle & Brown 10638).
Bt e difficult to comparg the values obbalned by
Gifforent workers as their assay mothods, shelp
gplierin for normal pregnancy and thedsr éxperimental
doglisnn bave been different. The sapers guotoed
Foport mean values during the lasdh month of pregnoney
vaprying from Tieg {Zondok & Goldborg 1987} to 32mg.
{Kallar ot a8} 1958) por 24 hrse It in noy posslibls
on the bagis of $hese publigations to spoecily with any
syagtituds the ghanges In ecstriol caorevion during
piregunaney bud only the extent of variation hte bhe
axppotods As with proghenedicel the swings of
arxerabion from day o doy in the sawe peoiont moy bo

wide {(Rlopper 1963},
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Mobhod of asaay of ueinoeey preonanoediol
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The assay methed used in the pregoent investigation
g that of Hioppoay ot al {(iDE5). ALY asgays ware
made on 24 he, upine collactions whidch wore parformed

of woeekly funbopvalo.

Method of assay of updinogry ccafriol

A
In the praseat inveostizgations dwo mothods of assay
Word usnde Fow vory oarly progbancy the ¢lassieanl
mothod of Brown {(1288) was usad but afber 12 woeks of
geshat lon the shorter mathod of Zloppor & Wilson (1962)
was phoforirod. In the latbtor mothoed the fipst four
atens of the Brown {1958} method, acid hydrolysisc,
axbraction, polvent pavtltlion, ond hot alkali treatnont
avre udsod and Lhe oestrlod gontont of ohie rosidug &8
dosoprnined by tho Kobaop ?Q&ﬁQ@QR ap in the Bprown methods
Raognuss in early progoaney mﬁ?é bhan 8 mle of uring has
Lo be wged in oprder to gobt onough ocgsteiocl for ccourato
speoebroephotonetsyr e meaguroament sufficient impurity
panalng in e ceestriol froction to produce an aﬁppﬁéiﬂﬁ&a
dunerease 4in the background coloup A fapthey

purification step is, therefore, necessary with eaprly
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PERGZNORCY Wring, This 1a cebloved hy methylating
the oestriol fraction from the ¢hromatogpraphic golumi
and then recovering thoe I-mnebthyl ethepr by a second

ghronatogranhic sbep.

Subiochy
" e 1 1 o 2 B

Usebnary ccstriol was studicd in thpree groups of
women { 1) Noemally pregnant women (2) Womon with ne

sugcessial pregnancy ang at leagt two abortlions nong

af whleh hod excocded 24 weeks zostnb ion. The prognancy
studicd ondad successfulliy.. {3} vomen who nhorood in

e prognancy studicd.

tpinary proghancdicl ocxercotion was alno studiod

HEN
ot
Cod

aroups 2 and % and she levels comparaed with thoseo

veported fer normal prognancy hy Hlopper & Billewics (1963) -

Upine eollectiong from women in groups 2 and & were
aglwnys startoed before the gestablon bime at which any
provieus asbortion had ocouprproad, This Lo imvortant,
ginge as polioted ogut in Chapter 2, abortion tonds 6o
Segue ot the sans Line In suceessive pregnangles, and
Prendg of cexcretlon might be missed 4§ collections are
begun of ber this timc, fupthepmore the individuals would

then be selected toward continuntion of tho pPregnancy.

Sy
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Resulis

[RIAsn D IR SPUESE N y s

Presnapnediol excretion

L S LECTRE

Tables 28, 26 & 27 show the mean excretion of
pregnanediol with standard deviatlion in the threc groups
from § ~ 16 weeks of pregnancye. There s no
statistically significant difference between the thyec
groups at similar stages of gestation, The meoan of
the "successful two previouws aboriion' group tends Lo
be slighitly higher at gach stage tlhan the noprmal group
which was composcd mainly of primigravidac, This
suggested that they wore behaving, as {ar as pregnanediol
ig conecerned, like muliliparous WOREN. Kiaopper and
Billewiez (1963) showed that primigravid wonen exereted
significantly less pregnanediol than multigravidae
during pregnancy and these findings osupport this
observation. Shearman {105§8) did not give sufificient
data in his paper but (Personal communigation 1968) did

say that other data he had confirmed this view,

speclal Casep

WO AT Y S e G r Sy A AT Y

Two individunl casces where pregnancdiol oxciretion

had been measured in the luteal phase of the menstrual

Y
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eyole before a prognancy had occurred have alse boen
sLudioed, Figure i. in onc woman the proegnanediold
level rosae to t4ng/24hre at 11 wecks of prognancy, well
within the nornal rango. it then dropped to dmg/24hp,
at 10 weeks, the normal non pregnoant luteal lovel for
this inﬂxviﬂuél. Thepeaftor it rose steadily untild
term when the pationt was delivered of a normnl c¢hild,
At no time dJuping the low lovel of pregnancdiol wore

any signg of abortion prasent.

The socond subjogt had a rdag in urdnary
pregononediol level to 19mg/24hre ot 10 woeeks, The
level then fell to 2.05mg/24bre at 25 wecks, the normal
Iutenl level for this patient, spontanecous abortion
cccurred shortly after. These serial results
indicate that oven this type of measuremant in
Individual women may give little indication of the

outcone of the pregnancy.

Urinory oestriol exerotion

Tables 28, 29 & 30 show the urinary cestriol
exeretion in the 3 groups from § = 186 wecks of prognrancye
Again no signdficant difference in excretion is

gvident, Figure 2 shows that ap until 16 weeks some
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women wiio are going to abert show a renarkably normal
Geohbiriol exerotion. gerial roadidgs in theso womoen

give little indication of imponding aboptlion,

The gestation period studied in these subjocts
was botwoeen § and 16 weoks of preghaanegy and little
indication of impending abortion can be gained from
these studios. However, in lntep abortions some
information may be galned by the neasurement of
pestriod cxceretion in a simdlar way in which it is
uged to give information in lato prognoncy. Goestriol
egxeretion in the urine in late progononoey has given
in?wrmmti@n'nﬁ to thoe wellbeing of the footus, AfPtoy
20 wecko tho éexeretion of owstriol in the maternal
urine gives aformation about tho growth of the bhaby.
Joyio and Brown {(1963) studied the oxerction of
ocstriel in 31 women who were delivered of babies
walghing under 3000g. after a gestational period of
more than 37 weeks, in this geries the oestriol
Svalues were normal until about 18 weeks but thercaftor
the rise was two thirds of the normal level aftoer
30 woeks. Destriocl exceretion appears to correlate
with the weight of the baby, o finding also reported

by Frandsen and Stakoman (1960).
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in o patient being studied as a case of nermol
prognansy, oostriel excerotion pemained low for 3 months
beforo abortion Pinally occurred at 26 weeks (Fige 3)
passdibly reflacting the decline in fooetal vitality
and avontual foetal dewths - Proegnanediol excrotion
did not Tall until shoprtly beforo the aboption and
prosumably remained st normal levels until placéntal
death Aryespeetive of thoe state of the footus, Those
findings therefops support the contention of XKlopper
and Biliewicz (1963) that up to 20 weeks aof prognancy
o g0 the urinapy oestirdol exaeration popprosentis
gostragen preduction by the trophoblast from maternal
procuarsers and perhaps the ovary, whiloc later in
praegnaney tho oeffaets of the footal productdon of

proeursors, provicusly discusscd, bacome important.

presnanediol/ocstriol ratio

£% has beon suggestoed that differonces in hormonnl
goneentration batweoen ocstrogen amnd progoesterong
infivence myometrial contractility in the human
{(Bengbsaon 1962). Phis suggestion is based on
invaotigations of thoe hovmonal control of the rabbit

myoncetyivm and Csapo {(19G1b) was able to produce in
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this animal condibions resembling missed abortion Hy
means aof progoesterons dnjeetions aftepr removal of the
gvary and separation o¢f the placonta, Geapo (186t0)
suggested that progesiterone, by affecting the mesbraneg
potaential of the myonmagtrial cell might blocgk the
propagation of contpracbion wavas Lhrough the ulerus,
pupiyvama and Csape {1001) claimed that the nyonotrlial
Block wes most probounced in the lomediate vicinicy of
tha placenta, gubp@ftimg the viogw that the pestralining
fachoy woe deplived from Shoe plagenbtn. A second hormonal
facvor concarned An myonmebtedald agbivity mny be sestrogen.
Corner and Coapo (1983) in n study of the contractlile
ayosten of uterdne muscle found that the concentyration of
tLhe @&ntract&lﬁ proteln actomysling couvld he incercased by

ARELIOTCN .

Kiopper and Billowies (1963) ssudied vestrliod
grepration during prognahoy and suggesbod Lhat this
particular vestrogen night be concernad in the onsat

of Xabour,

Iy sheroeforey, one measures the excretion of o
progesterone metoabolite {proegnonedicl) abd oostpiol
i wiomen whoe abort, the patlo of these hopaones presont

nbt the wiwe of abortion may be obtalinod,



Fow workoers have dn fact measuraed the prognancdioi/
oestriod ratio, Hodaer (19¢0) considered this aspoot
But mad monthly mogsorencnts AR only one womone
Blopper and Billewles (1963) nade some obsepvations
on this sabjeet (Fige 9). They found that in oanply

progioaney about 100 times ag much pregnonediol as

pestyriod is being exeroted, By 20 weoks the patio
hog follon 40 about 321, They algeo obheeopved thot

pubsaoguent to 230 woeoks the potio continued to all
although, nore slowly, and by term tho ameunte of the

two netobolitos were approximptely agual,

bregnanediol/ocstrieod ravio in the present study

Tables 51, 32 and ﬁs‘shaw the ratio of oxcretion
of upivavy prognanediol and oestriol in the three groupga
There are great varlations within the groups and this
may e due to the small numbers ab some woeks of
gostation, Hlowevar, thore i no ﬁxgnir£mmnt

AL foeponee botween the groups.

The resules shown here suggest that there is no
significant difference in wrinary excrecion of oostriol

and pregnonediold in abortion and in normal pregoancy.



Discussion

Thare are oany roports of urinary preghanediol
levols in threatened and habitual aboption and resnlis
vary graentlye gome peports suggoest that a decraeasing
oy constantly low exceretion Lz Tollowad by abortion
{(Boprglin 10566 Rawlings & Kedeger 19593 and others).
Qthoer investigntors have found pregnanediol
deterninadtions of little prognostic value {(Russell et al
1987). Measurencnt of urdnary prognancdiol in cases

of threatencd and recurrent abortion has sometimes been

used as & oriteria fﬂﬁ*ﬁéégﬁﬁt&n ﬁh@vaﬁy. In sone
roepoprts thoerapy has been basced on the results of single
aszays (Kupperman et al 19603 Morgan et al 1860).

Xt ds cviddent from the series reported here thoat this

i not Justifiable,

it io interesting cthaot great variatdons occur in
pregnanediol exeretion in the sane patdoent, This is
vory ovident in the case shown An Fige 1, where tho
pregroncdiol exeretion fell to lutcal levels at 17 wecks
and then pose nornally to torm without any elinical
evidenco of abnormality in the pregnoncye. it ¢could he

spggested that the fall wes due to bhe falling corpus
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luboun. However, it has been shown by Diczfalusy

and Borall {(1961) that the ovapian ¢contribution te the
gxoretion of both oestrogoen and prognanediol at thia
stage of pregnancy is very small if Aindeed there is
any ab all, In pregnangy vaprdable anounts of
adinindstered progesterone are cenverted to pregnanediel
{soe Chapter 4) and, furthermorc, pregnanediol has
beon isolated from the fagces during pregnancy s
mentioned already (Klopper and Macnoughton 1959),

it, s eloar, therefore, that changes in pregnanediol
excretion may be due o alterations in metabellism and
may not entircely reflect progesterons production, it
Aa pladn from the results that pregnanediel axeretion

givos little indication of the pregnosis,

The same is tiun of cestriol measurements up to
18 weeks of pregnancy. Thereafter when the production
of foatal precursor begomes evident oestricl results may
Be mepre m@@niugqu, as in the case mentioned when
pestriol output was depressed for § nonths before
aboptden occurred at 26 woeks, The findings are in
agroement with those of Klopper and 3illewicz {1963)

A similar picturce is reported by Coyle and Brown (1963)

!
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whoen measupamont of eostricl axceretion proved of

great value in assessing the viabilidy of the footus

in cases with complications sueh ag pro-enlanpsia and
paoy foobal growth gyndrome, Hahnel and Mavetin (10G4)
have also found that (he costrogon oxevrotion in gases
of theeatonad abortion gontinning Lo Lern was not
adenificantly diffarent fron noprmad bhut that in oasces
of Inevitable abeetlon the srinapy exeretion of
Q@gﬁraéiﬁi 170 end oestyong wos significantly lower
whan in thoe nermal groups probably due €o the ¢ropho-

blastic and foetal production being cut off by this timce

The ratlo of prognonediol to ﬁﬁﬁ%?%@i in noronal
presnaney hos been consldered by Yaiser {(1960) and
Ricpper and Billowics £1963). It is oloenr from the
roondts of this study thot there fs ne glgnificant
shanze An this vratio before abordion ovours flere it
should aloo be ronembored that both oostrisd ang
mragnanadiol ape the ond rosults of g sovies of
netebolic processes and may not pofloect ovonds ocourping
abt the ealliaslor levol. ghort and Moore (1968) and
Wallor (1963) found no change in hlood progostorono
lavels ab the onset of labour and Bton and Short (31000)

could find no constant relationship hatween blood
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progestoponn loveln and the ounbconz of thpeastonod
phorbion. Pige 5§ shows the polotionship of blood
peogestarong levels 4n proghonay {Bton and Shoyrs 1060)
and apinney oxeretion of prognancediol (Kloppor ang

Billowion 1865, angd Shearman 19858).

2e  Upinopry expretion of gastrocon ahd Pracnoncodiol in

Budatidiforn mm%e

fnbroduction

It Ao well ostoblishad that the aringe of paticnts
wiith hyﬁm%&dif@rm mele contoains high concengrationg of
chorionic gonndotrophin {Hanburgor (043) but thepro apo
fow ropoprts on thae oxercetion of othor ROrmoOnes .

Ploenud and Dorthlault (1951) found Shat some pationts
with hydatidiforn nole enoroted inorcased awpunts of
pwagﬂémﬁﬂiwig some nogmal and sone dininished omounts,
Sondop and von Mungbormonn {(1986) reported that mole
Bisnnue had clmest the samae concenteration of progesterong
an norond pinocontal tissuo, payne {1941} found a
poranl excretlion of oostyrogons in fwoe cases of
hydntiditern mole ond flingleis and Hinglais {19049)
proeporhed o sinilar finding in 10 casos, in hoth these

davestipations a bleologlienl asaoy method was used.
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I $4ve capos, howover, Snith and Smith (1935} found
ancroblon of oestroegen which correpspondaed €O nonw
pregsiont lovels. Brb ot al (319G1) reported on two
eosas of hydotidiforsn mole ond founrd that ong pationt
anareted nopind pnountn of the three elmssical
gaatroegens , oustrone, oastradiol ond Qﬁﬁ%?&@l but low
anounss of pragnanediol whoreas the other oxercoed
sfepdl amoults of oestrogen -~ Lhe lower lindt of the

noeinl poangoe < but norwal apounts of prognanedicl.

Frandoon and Stabkenan (é@ﬁ@) hawve rovicwed seno
of the laformation congorning the aexeretion of thooe
hepmones &n hydatidiform melo and have deseribed theip
faindings dn 10 gapes, Thoy gongluded shat, as fop as
propnanedlod exgpetlon was concerned orly ong out of
five cuses bad an gxerciion levoel similar o that
found in nopasl pregnancyy whereas all the others hod
g lowor exepotdon lowel like ¢hat found in tho nopn-

pragnait subjoeche

A Tar as sestriol exerection wos eoncernad they
found that Lhis wasgy In goneral, wmuch lower thon in
nogrital pregnancy of the same gestadtion periode in

addition the ratio of oxeretion of ogestriol to oostradiol
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and ocstreone corresponrded o that found in the none
prognant woran . These workors concluded thoat oestrogen
netabelicm dn ¢ases of hydatidiform mole pesembled thay

found 1n the nons~pregrand wWoOLaK.

it was thought that, singce there was some confusion
in the literature about the excretion of oestrogens and
preghanediol in cases of hydntiﬂif&rﬁ moele furthep
information was desirable as this woeuld help to
gluagidate the hormone ploture in caply pregnaney‘thmﬁe

~being no foctal component in cases of hydatidiforn wole,

A amall number of suitable cases became available

ond wara stwdied fFrom this appoct.

Bothods of Assay of the lopmones

in cases 1 and 2 pestyrone, ocstradlol and ocestriol
were neasuyred by the moethod of Brown {(1985) and in cases
G 2 angd § oestriol was measurced by the nethod of

Chrown and Goylo {(1963) .

Prognanediol was meagsured by the mothod of

Elapper et al (1958).
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Olinfeal Swamariaen

Tho patdent was o primdigravida aged 21, who was
admdthad with vaginnl bleeding at tho 10th weok of
DEBENARSY o Yhe Hoghen tost was posftive in a
dilution of 12100 but negative ia 11200, PYhe uterus
was eunlargod (o the sdge expectad at 4 wacks of
gestation and continued to grow more rapidly than
nopand o Interaittent Dleoding continved and a mole

was prssed at 17 wocks,

dase 2

The paticns was o pplaigravida aged 24 yoars, who
was adrdited at the 11eh week of pregnancy with vaginal
PLECGING. The viorus was of aormal pise fovr Lhe

pestatdon pordods Yhe Hoghen tood was positive in n

dilation of 3160 and nepgative 15200, internitient

Bloading continued and a wole was paosad at 19 woeokSe
Throe weoks latoe ohe patiend wés po=admnivited 40
Bogpload with sovere vaginal bicedinge The uterus wag
bﬁ%kg'naé soft and a blue vaseualar nodula was present

dn the lowor vazino. Frozen soetions of curettings

and of tie nodule suggested chorio-garcinoma 8o
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hyohaorecbomy and oueinlen of ¢ho nodulo woere porformnad,
At operation fwo theen Juboeln ayots woere found
mosonring 7 5 85 % 4on. and 8 2 ¥V n jene pospeebivelye
Histology of the uterus ohd vaginal nodule suggostoed
thot the condition was chorigeadonons dontruons and
nes ehourio-carcinomn. Fallow up over tho nexd Gwo
yoars ahowed no ovidenco of pocuprenncd and the HiLee

of ponadotrophing in the apring romalinod noraanl,

Qaue 3

Phe paticont was aged 28, para 2, adnitied at
18 woeks gestation with yaginal blocding. The uterine
piee woao noprmeld for tho gestabtion pordod, Tha preghoney
gontinued with indtormddtent biooding aat il thoe 19th -
wook when thoe blood pposoure pope 6o 2040/ 120mmilz  and
the vwpine containgd 1271 of albunen. SpoRtancous
dalivery of o hydatidiform el Pollowsd bhe acute riso
Iny bload prosguprde The pationt hag sinceo had n

Ol DRosnaney .

Case 4
e potient was o prindgravide aped 19 yoare, who
was adindbihed ot 10 wooks of pragnoncy with vagingld

blecding. The vborus was small for the gestation period,
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The Bogbhon test wag woalkly positive 1310 dilution,
intepmittent hileeding contlianed and a molde was passed

2 & i il
an 20 wWoaniioe

Gagn G

The patient was aged 26, para 2, and was adnltted
with Aintorniticont vaginal blecding ot 1Y weoks gestation,
The wteprine size was nornal Por the gestation period.
Thoe Hogbon tost was positive 1210 dilation but negative
12 4130 diintion, intermittent bleeding continued and

g mole was passed at 16 wooeka,

BRagalts
[ o ]

Tablo 34 shows the apdnary olorotion of hormones
in bhe B coanesn. Pregnancdiol oxdprotion and ocstriol
guarotdon wore neasured in all ¢asos and Lhe theo

Yalascioal? postrogens and progoanediol in two subjects.

in Cnses § and 3 the lovels are higher than in
nosnad pregnancy whereas in Cagos 2, 4 and § the levels
apre mueh lowvor then noprnoal and dndocd approxinate ROPFe

B0 Lhose found 4n Che aon-progoasnt staba.
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Canbriold

Gapa 1e  The levels of ogstriol oxerotlion pomalned
upenal untll 18 weeks thovesfiopr Tlattening out
in & manper found in intra ndaring death slready
mentionod,

Case 3. Only a eingle proading &b 19 weaks was

»y

availablo, Thid s was Yower than noprmal bhug

gongdderably higher sthapr thoge found in Cosns 2

andg 4 whors pooulis wore available at 19 wooka,
Cases 2, 4 and 8, Phe lovels of ooty iol oxeretion

in these pubjecths woprg nuch below the normal

Por the gestotion parlod ond wore cimilar o the

lavels roported by Peandson and Staheman {1964)

for hvdatidiforn nolo.

goshrone and gostradiol

The levels of thosa stareids tondod Lo follow
those of oastirdol, bedng high in Case 1 and low in
Croe e The oestploelsgoentrong plug gostradiod ratio

warded Peoam § bo 9.7

Bisouwnsion of mele reswlita

A8 hag beoon mentioned before it scens olnost

cepbain <hat the placenta produces progestercone and
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R Gose 3-in this soviesy the levels of ocptyriol
pomadned high until the 16th week of prograncy, while
thoso of peregnanediel wvero above those of normal
sub jects ot thé sane geastation perdod. in this
ﬁ%mjﬁeﬁ at. denst until the 160th week, the oostrogen
production was within normol limiés in spite of the

absonce of a Tostut.

e
i3

20

e pooms pogsible, therofore o have nopyngl
agpstrogen production fn the first 8 sontho of mprognangy

without a foctosploceutal clrevintion.

The ecestrogen laovel night be due o iuncroavod
peoduation by ohe ovarlas, which may be oxeessively
gttmulinted by the large anounis of gonadobrophin
perauoibs This seoms doubthfful, however, since from the
datbe In Table 1 of the papop of Frondsen & Stakomon {(1964)
Table 38} the lewel of gonadotrophin wns lowest in tho
padiont with the highest level of ogotiriol, In the
prasent ¢ases thopre was no coyrrelation bebween the
leval of gonadobtrophling as measuroed by the Hoghon Lest

and the hopsone excroation, orF Che presence of theea
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muiwiﬂ ayabs ond the excretion lovale. The hormeno
ey thoeraforoc, aithor bo produced by thoe ovary o by
the tpeophoblast, posedbly by o difforent metabolie
9mthw&y froem that found in povmal prognaney, oRd
farther worl on tey o elngidote Chis problom ia

pappraad in Chantbor S



2.
75,

CHAPTER 4.,

The Conversion of Progoestergne o Pregnonediol

EPTPESLATI LT CITRIATT

in chapter 3, when the erigin of preghancdiol was
discussed the pelationship of the amount of progestoreng
represented by urinary pregnancdiol was mentioned.
Almost invariably esiimates of urinapy metabolites ape
made o obtain informavtion about the production of the
epriginal hormone, For this purpose Lt is uselul o
Enow the pratio between active hormeoene and inert
matabmlite‘and it is essential that some fairly
constant relationship should exist between the two ©o
wake results meaningful, Hytten & Leitch (1964)
rightly remark in their book "Phe Phyéialagy of lHuman
Pregnancy’® that "It is curious that so much reseapch
has been expended on polishing the technique for
estinating pregnanediol and so littic on discovering
how Talthfully it is likely to represent its parvent
hormono', Tt was with this admonition in view and
alsp becausce of the pather varied resulis reported in
¢haptey 2 that it was declded to invegtigate furthep
the relationship of progesterone o wrinary

pregnanediol,
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Pepcentage recovery of 1uaeated progesterone as
urinary pregnanediol

This figure has varied from report to report.
The following aré‘some figures from the literature,
7.9% Quilligan and Rothchild (1957); 9-16% Sommcrville
and Marrian (1950); 20% Klopper and Michie (1956);
abprox.-ﬁﬂ% Guterman (1953); 20~40% Davis and Plotz
(1957) and 30~35% Davis and Fugo (1947). Some
workers have also reported thatJthe percentage recovery
of administered progesterone as urinary pregnanediol
igs higher in pregnancy than in the non-pregnant state
(Vgﬁalng and Browne (1940); Sommerviile and Marrian

(1950)3 Guterman® (1953).

in contrast Pearlman (1957) using tritiated
progesterene found that the conversion of administrated
progesterone to pregnanediol was lower in the pregnant
subject (6~-15%) than in the oophorectomised/
hystereccetomised woman (14=27%), This latter finding
geens more logical since some of the administered
progesterone could be taken by the foetus and/or the
mother whereas in the non=pregnant woman it would

overload the system giving risc to increased convepsion
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and excrotion of pregnanediol, It also seems true
that Lhe coxogenous pregesterone can be converted o
pregnanediol in the absence of a uterus and/fopr ovarices,

Buxton (1940) and Guterman {(19563),

Preseng sStudy

In view of the varying results obbtalned and
ralative lack of information on the conversion of
progesteprone to proegnanediol it was deg¢idod to
investigate this problem Turther using trivlated
progastereng o study any difference in the conversion
between normal and abnormal pregnancy and o detoerming
whether the conversion values were related o
abnermalities of pregnancy, cspecially carly prognancyes
Guterman {31953} had suggested that there was a highep
conversion of progestoerone Lo pregnanediol when a

viable foetus was presenc.

Metabolism of progesterone

Pregaanediol) is considered to be the principal
urinary'metabalite of progesterone, Weist ¢t al (1858)
and ih no report has more than 40% {(average 20%) of
adninistered progesteronc been converced to pregnanediol.

When 4=t progesterone was injected Davis et al (i19258)
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recovered 28.584% from the facces in the next 10 days.
Wegligable amounts are sccreted via the skin (Devis

and Pilotz 1957) and although no C** 0, could be detected
following administration of 4-C**progesterone €0, was
f@ﬁnﬂ in expired air after administration of 2 i=0%°
progesterone (18-19% in %1 hr.) Davis and Plote (19853),
This final repoprt illustrates that the side chain can
bBe broken off in metabolism with the possible formation
of androgens C.ge androstencdione, androsterone and/or

ebipchplanclona,

It has been reported that a large ampunt of
progesterone is stored in mabernal fat (Kaufman and
Zander, 1256) and Plotz and Davig (1987). The latter
workers showed that after 12, 24 and 48 hwre 17,7, 5347
and 18.6% respectively of injected progesterone was
found in maternal fat either as progesterone or iis

mebahollies.

Until cadioactive progesteronce c¢ould be adminisiepred
in vhe form of tritiated progesteronce other urinary
metaholites of progesterone could be deteched only with
difficuliye. The use of labelled progestereone in humans

has shown that this hormone can also be metabolisoed to
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conpounds which are more polar than pregnanedicl.

Chang et al (1960) found that 2% of the administercd
dose appeared in the polar fraction and Contractor and
Pearlman (1960) found 0,8 = 2% of the administered dose
to appear in the ketonic polar fraction. Since these
latter workers used progesterone labelled with tritium
at C=106 and alse hydrolysed the urine with aecid it is
likely that many of the polar compounds were destroyed
and the figure they quote is therefore much smaller than
the true conversion. Greater conversions have, in fact,
been raported by Harkness and Fotherby (1963) who

found aboul 6% of the administered deose in the polar
fraction aﬁd by Romanoff et al (1963) who found a

value of 6 - 7%, The pesults of Harkness and Fotherby
ghowed the kKetonic Traction to contain a greatep
proportion of these polar metabolites than the none

kotonice fraction,

it seems likely that a larze proportion of the
polar fraction is composed of metabolites with an oxygen
function at pesition 6, Kamyab and Fotherby, (i1963), and
James and Fntherby (1965) have shown that the
administration of progesterone is also associated with

an inereased excretion of these G-=oxygenated metabolites,
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A number of compounds with a hydroxzyl group at
position 16 have also becn isolaped from upine, These
compounds arise partly fﬁﬁm 16a=hydroxyprogesterong,
T™his compound has been isolated from corpora lutea
and placental bloocd after normal delxvery'(Zander et al
1962), and algo from the peripheral metabolism of

progesterone or its metabolites (Fotherby 1964).

Therefore, although conversion of progesterone teo
a number of other metabolites occurs in the human and
many of these metabolites can be fisolated from human
urine following administration of labelled progesterone,
pregnancdiol is the most characteristic metabolite and
has bheen nost cqmmenly used as an index of progesterone
production. The radioactivity recovered as urinary
pregnancdioel following intravenous injection of
tritiated progesterone gives a measure of the conversion

rate of progesterone to pregnancdiol.

Assay of urinary pregnanediol

The method used for the estimation of pregnanedlol
was that of Klopper et al (1985). It is considered
ppegific for SP=pregnance=-3a=20c-diol since the

final purified diacetate is only slightly less pure
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than she diacetate of the pure compound {(Klopper et al
3955; Joyle etral (1956)). The method inveolves acid
hydpolysis, toluene extraction, a permanganate
oxidation step to romove the-decomposition products of
pregngnediol following acid hydrolysis, chromatography
on an-alunina column to isolate the free praegnanediol,
acgtylation and fuprther chromatography Lo Jolate
pregaansdiol dincetate, Yhe final assay is by colour
daveleopment with sulphuric acld. No correction was
made for extraction loss, all studies ware comparative
and legscea occurpring dupring the procedure were known %o

be ¢onstant within the overall crror of the method,.

Measuremoent, of the radioactivity present in the upinary

RN Y e . i E T R R TR P L ST O T e

pregmanediol follewing the intravenous injection of 1%

progesierone

The radiocactivity contained in the pregnanediol
diagetate produced was measured in a Nueclear Enterpriscs
single chaunel Liguid scintillation counter, The
@fficiency recorded when tritium wag measured was 22.850.
The radloactiviity was measurced in counting vials of

15 ml, capacity.

The sceintiliastion fluid usced consisted of:im
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4. 245 Diphenyloxazole (PP0O) and 0.05g. p=bis[2={5=
phenyionasolyl)] benzene (POPOP) per lLitre of ioluene
(Bcintilliation grade).

The cmﬁpanenta of the scintillation filuld were all

purchased from Nuclear Enterprises.

To renmove any erroire in padlcactivity measurament
due Lo ithe background urinary material extracted, a
gample of urine obtainaed »nrioy to the radicactive
injection was also extracteds. Singe the dally
percentage regovery of injected progesterone as
pregnancdiocl falls off markedly after the First two days,
larger volumes (150 ml,) from the 3rd., 4th and Hth days
had to bhe cextracihed Lo give sufficient counts for

ageurale neagsuremaents.,

Buplicate analyses were performed in all cases and
duplicate samples were also extracted for direct

measurement of the pregnanediol present,

The overall findings are expressed as results undep
the following headings =
t)e The absolute amouni of preznanediol exereted cach

day in mg/24 he. pregnanediol diacetate.



2)e The ampunt of radioactivity recovered cach day and
hence the percentage of tritiated progesterone
injected which isg converted to pregnenediol and

excreted on each of the § days,

The amount of radioactivity left invthe syringes
and ampﬁul@s_after injection wae neasured in a number of
Cases . The aiapage amount remaining in these was
T.10e (8D 7 0,20} in 14 cases, This means that on
average amount of 98,81uc was injected. in view of
the very small error-involved raesults were calculiated

on o basis of 100% injection of the progesterong.

Results

g T

Thﬁfbllcwing mntrqugggiméﬁiggg;ogwiﬁmgy{Eiﬁfea1Lr0gesterene

following intravenous injection of tritiated progesterone

The paticnts studied were separated into fourimain
groupss nenspregnant, carly proghancy, late »egnancy
and women with abnormal pregnancices, One hundred
nicrocurics of tritiated progesterone dissolved in
ethanol were given by intravenous injection inte the
antecubital vedn and wrine collected in 24 hour periods

for 85 days after the injection,

The dally percentages rccovered as pregnanediol on
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the first § days are tabulated in Tables 36, 37, 38 & 39.
it ia clear bthat the majority of the pradiom

actlve pregnanediol was recovered in the first 24 hour

‘u?ine specimen after injectien of the labelled steroid,.

The exceretion of radicactiviiy fell to very low levels

by Day b Table 36 illustrates the recoveries in the
pone=pragnant subjoct. In Case Ho. G, 4t should be

pointed out that the prehablg reason for high recovery
on Ray 2 was due {0 post oeperabtive prenal roioention.

On Day 1, urine volume, creatinine excrecion, and
preguancdiol ezxgrcetion were all subenormal. Thoe
poereentage recovered as pregnanedicl in the group of
non=pregnant subjects varied from 5,09 « 14,210 - a

falrly wide scabter.

FTable 37 illustrates regoveries for subjects in

early preghancy.

Case 11 had triviated progesterone injected into the
wberine muscle just befere hysterectomy and the firse
48 hour uvrine sample was pooloed, in the 11 gases of
apparently normal early pregnancy studioed it can be seen
from the table that the total percent recovered as

upinary pregnranediol varied from 6.81 = 15,14, There
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appeared to be no difforence from the 7¢h o 19%h weel,
the ammﬁnt'yanmvared depending on the individual, In
Case 11 where an inbrauterine injection was performed

Bhe peraenta@a recovered was 10,79 and fell within the

range reporied after intra venous injection.

Pfable 38 shows the conversion in the late preghancy
aunjemtﬁ {all three are in the last 2 weeks of preznancy).
The toeobal percentage recovered in these women varied
from S8.7F = 10.58 and again Lt appeared that any
difference sesmed o depend on the individual rather

Lhan on the sitage of gegtation.

Table 39 includes a number of ¢linically abnormal
cases showing thelr conversion over the five day pariods.
In this group the percentage recovered as urinary
pregnanediol ranged from 1.42 o0 9.90 {Case 22 had only
a tiivee day recovery period but assuming that she had a
gsimilap fall in percentage recovery as is present in all
ohher cases the total regovery should hardly bhe
inflyenced) ., Althoughb there is a wide raage in the
total percentage acbiviity recovered as pregnansediol the

average in the abnormal cases appeared lower.
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PTable 40 illustrates the variation between the
four groups. Testing fer significance by the 't?! test
there was no significant difference between the none
pregnant, early pregnant and the late pregnant subjoects.
However, therce was a significant difference between
abnormal pregnancy and the othey three groups and 1t
seoms likely that there may be some altered metabolism
of progegsterone Lo urinary pregnanediol in these
abiormal cases,. Further work on this subjcct will be

deseribed in chapter 6.

Bpecific Actlvity of the pregnaonediol isolated

The speciflic activity of the preginanediocl diacetate
iscelated frowm the urine was calculatved for each of
5 urines, The pregnancdiol excretion in mg/24 hr. was

determined as pregnanediol diacotate.

radioactivity in pregnanediol diacetate
Bpecific Activity _ _ mpe/2dhe, w1000
mg. preghanediol diacetate/24hr.
Table 41 illlustrates the dally specific activity of
the isolated pregnanediol diacetabte,. The results may be
separated into two main groups. The first group

gontains all the patients whose gpecific aectivity of

T Yot Vot wins”
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pregnanediol diacetate is above 480mpc/mg on the Tirst
'day and above 100mpe/mg on the second daye. The segond
group contains the remainder although there is possibly
a small third group present which deoes not fié either

category.

The non-pregnant cases all fell into the flirst
group tegether with & out of 11 of the early pregnant
CaBas., No late pregnancy ov abnormal cagces were in
Lhis group. In the gsecond group, all bui one of the
late pregnancy Ccases were preseénte The third group
contained a mixture of early pregnancy and abnormal

o s
QAaSES .

Since the radicactivity exereted in the urine as
pregnanediol was almost constant, i.e. there were no
signiflicant difTflerences in the percentage recovery
haotween the ecarly, late and nonepregnant subjccts,
when the pregnanaediol was low =  the non=pregnant and
early pregnant women = {the specific activity was highe
Gonversely, in latce pregnancy, when there was an increase
in the pregnanediocl excretion the specific activity was

3, OWe

These results do not suggest that specific activity
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pepy se gave any particularly useful additional
information about the various types of pregnancy

ptudioed,

Upinary preognanediol) excretion, and percentage conversion

of progesterong to pregnanediol in a hysterectomised woman

The results are shown in Table 42,

The percentage conversion to pregnanediol fell
within the usual ronge for a non-pregnant subject but
the specific activity was axtremely high due to the very

low absolute amount of pregnanediol excreted daily.

Exeretion by same patients nepepregnant and pregnant

Two paticnts were studied in these two states to
determine whether pregnency changed the conversion in

the same individual,

Cases 5 and 21 were the same patient in the none-
pregnant, and then the pregnant state - before abortions
Similarly Case 4 and Case & were the same patient in the
non=pregnant, and then the preghant state. Birect

comparison of these results is shown in Table 43.
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poadihaageblivity recoevered ag proghancediol deopped glighfly
aad, siuce the nbpelate npount of gproeghansdicel vosc
wiih progpaney, da Both copes bha apeclile acvlvity

dacprannid .

Py
Y 6 .
} 45- 3 %,; 1 @ ;‘n
Bl A B P PR AV

he average amegunt of radleaetivity pocovarad o
wrdnary geasnoneidsd ever § dovs aftor dnbravenogs
injection of bpitiated progastopeny o normol tohe

pragnant and progooant sabjectbs wea W8 wkth o ponge of

SeBit ond V2890 ke posudd ooupored fovourably
with previous reporéds Guililpsn & Zothehile {(1557),

Bowpsepvitile & Morrdan (108G) nnd Gutoprnan {1083} slithouzh
pet as hish oas Davis & PFlosnz (10571, Howaunr, contrary
Lo VYenning and Browne {1048) nnd Somoepvillo and
Bapedan (10803 eho Pound Bigher Lovels of rocovoepy
progasaney Lhan in holeprognnioy, and o Poeaplmoan (19857) 4
Wit p @&Rv¥?ﬁ®3 found hdghop levaeln of rogovery In Doke
ppagnent women, Shils work sugmosto hat thore is nw
Giiferonce in thi perosntsge rocovery between Gho

prazaant, {(sarly or late)l and Lhe now-Dragnait women.

Floppop and Miebie {(7906) also found noe difforonco &n
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FOCOYEry. Honce 14 wvould appear that the presencd

of a foetus dées not make any difference to the
pereantage of progestoerone that is eonverted to
praegnancediol., In one case, in the proesent study,

Lo which abortion occurred the percentage recovered

as pregnanediol was low. This result is in
accordance with the viow of Guterman (1958) who
puggested that the percentoge regovered as pregnanediol
was highor when a viable foetus was prescnt, it ig
cleap that this matter is not finally resolved and
further work is required to clarify thig point. in
gontrast to this,; potients with abnormal pregnancles,
for example hydatidiform mole and pre=cclampitlce toxaenia,
tend to have a lower percentage converslon {(average 5e52%) e
The production of progaesterone in these cases ig lower
than nopmal since the absolute uprinary pregnancdiol
levaeds tend to be Low also. In the hysterectomised
pacient, (Table 42}, the percentage recovered as
pregnancdiol was within the normal range and this
gonfiymed previous reports that the uterus and/op
ovaries were not necessavily required for the normal
conversion of progesterone ¢o pregranediol, Romanoff

(1962) in fact, found 14% of administered progesterone
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converted Lo urinary pregnanediol in men.

Althoughh a viable foeetus was delivered in Case 30,
an extremely low convepsion o urinary pregnancediol
(0.49%), and abgelute urinary pregnanedkol excretion
(2, 8mg/24hr,} were found, neither apparcntly in=
gonsistent with a successful pregnancye it seems
Yikely that the metabolism or eoxeretion in this case
must be different. The total urinary radicactiviiy
in this case was only 1.5% on day 1 suggesting =
(1) alternative excretion route (2) gome alteration
in metabollism or (3) incressed maternal Tat storage op
of ‘hound'® progesteronc. (Pable 44), )

The first ﬁuggaétiwn 1s quite poassible and is
suppayéed by the work of Klepper and Macnaughton {19859)
who iscolated pregrnanediol from the faeces in late
pregnancye. Phis pregnanediol was in the free form and
these workers gsuggested that the alimentary excretion
of pregnancdic) mizht depend on hydrolysis of its
conjugate in the gut,. They also suggested that the
possible alimentary loss of a variable proportion of the
prognanediocl produgtion of the body might explain ithe

¢ongiderable variation in urinary output of pregranediol
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ag in the ¢ase cited.

An &lte#atimn in wmetabolism may be found in livep
disease when disappearance of progesterone from blood
plagme takes much longer (Patrini 1964), probably due
to interference with the conjugation reanction of
pvagnanediol {(Rogers 1956} Since the urinary
pregnanediol excretion was low, the formation of
progestoerone wap probably low and hence the increased
yrequirement fopr exogoenous progesterone which may be
hound® to protein for transport and readily available,
Hooker & PForbes (1940), or stored in the Tat, Kaufman

& Zander (1984) and Plotz and DBavis (1957).

The Tirst 24 howr urine speeinen after the intra-~
venous injection of progesteérone contained most of the
lahbelled pregnanedliol but over the next 4 days
maagurable amounts were still prasﬁ@@. These Tindingo
are similar to those of Rothehild (1983), Harkness &
Fotherby (1963), Davis & Plotz {(1958) who showed that
after a shapp risc there was a levelling off in the
cunmulative pregnanediol recoveored 48 hr. after intrae-
venoﬁs injection, Van de Wiele et al (1960) réported

that most of the pregnanediol was excreted in the first
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12 hours with some sthroughout the next 36 hyre. and
Guilligon & fothehild (1987) found that the majority
was excercited as carly as 4 - 12 hre showing a vopy

rapid metaboligm o pregnancediol glucosiduronatbc.

Sommerville & Marrian (1880) detected a Ypriming
@ffﬁct‘ Le@e & stepwise rise in cxcretion of pregnancediol
following administration of progesteronc, which
required the presence of a uterus, However, the
results of ﬁoﬁhchila {1053} mave no indliecation of thig
priming effect in the post menopausal female and this
was later confirmed by Marrian et al (1954} and Kloppoer
& Michie (1958). In the present study only the firet
& days urine were colliected and therefore this effect

was not scudied,

The resulis discussed in this chapter are generally
rather inconclusive and a much larger series of cases
would be required o obtain mors concrete resulis,

The change in conversion of most interest is perhaps
that obitained in hydatidiform mole. it was decided o
examine this situation further and the results of this

investigation are yeported in Chapter G,
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Ppocestorone metabolism in the human previablc joetus

When the metabeiic pathways o and orfiging of
pregnanediol were being discussed earlier in this thesis
allusion was made to the foetal metabolism of
progesterong, and foetal production of pregnancdiol as
a pogasible fTactor in altering proegnancdiol cexeretion
in the mother, This chapteoy describes woerk undertaken
to asgertaln the role of the foctus in progestereone

metabolism and the foetal production of pregnanediol.

introduction

There i8 good ovidence that the foetus receives
prage&te%&me frdm the plagentd and metabolises Chis
ROTMONRC. It had foymerly becn thought that the foetus
itpedf was o souree of progesterone when Forbes (1988)
found that the level of the hormone in the umbilical
artery was hipgher than in the um&i@ical vein. However,
the méﬁh@d used (Hookey and Forbes 1947) was none
gpecific and L¢ was later shown that zod-aihydwo-
progesterone (20c=hydroxypregn=4=cn=j=ane) had a highep

potency in this test than progesterone (Zander et al 1058).



Runnebawn and Zander (1962) showed that the level of
nprogesterone in the umbilical arterics was congiderably
lower than that in the umbilical wvein, whereas the
concentrations of (7a-hydroxyprogesteronc, 20a and
20f=dlhydroprogaestarone were higher in the artepries,
This was confirned by Greig et al (1962) whe showed
that the ratie ol progesterone in the arterial to that
in the venous umbilical vessels wan 13 1.8 and this
finding was substantiated by Van der Molen (1963) and

Harbhet ot al (1964).

in viow of the differences in preogesteronc levels
in the umbilical vessels {see Fig. §) it secemed therc=
fore likely that the foetus metaboliced some of the

progesterone it roceived from the placental clrculation,

Selomon et al {1965) perfuscd foctuses of geste
ational age 17 = 21 weeks with progesteronc=4=*g¢ and
isolated pregnanediol from the liver. This compound
contalned approximately 285 of the radloactivity
perfused inte the foetus, It was concluded from this
and later work, by the Same giroup (Bipd et al 1985),
showing the pregnancdiol was in the form of the sulphate

ag well as the glucosiduromate, that the function of



D8,

the foetal liver wos o producce raduced metabolites
while the adrenal gland of the foetus at mid term
wbilizéd circulating progoesterone for the production

of corticostaorolds.

Present study

Materials and Methodg

Several ezpeplinents woere performed., The presulis
of #wo, indicoting vhe shert and leong term metaboligm

of progesterone are desoribod,

1)e A foetus of 16 weeks gestational age was obtained
at. therapeutic termination of pregnancye. A
formalin soaked wad of cotton wool was placed over
the vmbilical cord to prevent spasm of the vessels
during cannulation, [4=2%2] Progesterone (2uc)
dissolved in twe drops of alcohol and iml, of 0.9%
Soddiumm Chloride solution was injected through the
umbilical vein, The heart stopped 14 minutes
after the injection, The foetus was dissected at
oncey the orgoans removed, weighed and sitored at

~20° until extracted,
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A Foetus of 18 weeks gestational age was obiained
at therapeutic aboritlion as in experiment f.
Group O, Rh positive blood diluted 331 {v/v) with

% dextrose in Ringer solution and exygenated by

bubbling oxyagen through 1t, was uged o perfuse

the foetus by a modification of the method of
Westin et al (19258), The composition of the

perfusion fluid {pH 6,6) wass glucose, 400ng/

100mls Oxygen 8§% sacurationg ci- BOm~cquiv/1i.
and GOy, contaent, 10.8n-~cquiv/L, After

cannulation of the umbilical vessels the foetus
was iamepsed In 5% dextrose in Ringer solution

in 2 perfusion chambor complcetely filled with
soludion, In this way nressure changes due

to increage or decrease in blood volume could he
tebacted on & manometer. The bleood dripped into
the wmbilical veln at a prate of § - 20 dropsg/min,
[4=*%C] Progesterone (i10pc) was injeckted and the
arterial oubtflow collected for 3 % 185 min. periocds.
The blood was centrifuged and stored as in
axperiment 1. The accompanying dlagram, Fige. 7,
Allustrates the appcearance of the apparatus uscd

in the perfusions.
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The fdentification of radlioagtive metabolites and

griraction procedures used have already been published

~{Greig and MNacnaughton 19G7) and will not be described
here in datall, A flow sheetl is a&gﬁndedp Fige 8

wirieh ghows the outline of the progedures.usad,

Results

Radioactivity in foctal tissues 14 min, aftop injection

af [4=*%¢] Progesterone

Afver 14 min., 40% of the radigactivity was proesent
in the liver and JZ.4% in the adrenalse. = In both {he
Livay and adronals the radioactive material extracted
was mainly 'free' steroid, 919 & 82.5% respectively.
After hydrolysis with the enzyme preparation from
Latella Vulzata, which convains mainly Beglucuronidase,
845% of the conjugaved material in the liver and 68% of

that in the adrenal was extractable.

The ddentification techniques showed that the
radicactivity was present mainly as ZOmnéihyﬁrg~
progesterone in the liver, whereas almost half of that
in tﬁe adrenals was present inr the form of polarp

nateriel, (Table 48). A similap distribution of
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compounds was found in the ‘conjugated' firactions
(cece Table 46); the principal conjugated sieroid in
the liver was proghnanediol whergas the adrenals ¢contained

47 gompares the

wainly polae compounds. Yoble
percentage of free and conjugated steroids in the liver
and adrenals 14 min. after injection of [4«*4¢]

PPegesterone.

hodioactivity present in foetal tiggues after perfusion

Roddwith [4=2%c] progesterone for 485 min.

with [4=2%c] progesterone for 45 min.

" The total radicactivity recovered from the foetus

was 18435

The ¢ompounds detected in the free fractionr are
ashown in Pable 49, The maln compound in the lives
was pregnanediol and this was confirmed after recrystalle
isation of the diacetate to constant specific activity.
The Table shows that in many cases, progesterone was
still the major 'free' steroid, particularly in the
blood, where it accounted for 66.85% of the radioactivity
An ghe first 15 min. sample and §1 in the 30 « 45 min,.
poriod. Pregnancdiol was found both in intestine and
liver and a little radicactivity was present ag

progesterone in the liver. In the plasma samples,
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a8 the amounts of progaesterone and polap material
decreased the amount of 20u«dihydroprogesteronc, the
prineipal initial metabolite of progesteronc, rose.
In the liver and plasmay the polay fraction geparated
into several compounds one of which was probably

16¢ hydrexyprogesterone and another probably

G hydroxyprogesteronc,

Therefore the main *free' sterold in the liver in
the first cxpepinment was 200=dihydroprogesterone and in
the second experiment pregnanedicl « gee Tablea 48 & 46
In the adrenals mout of the radiocactivity was present

as polay materlial in both experiments,.

iscuoslion

AL LR
These experiments show that a large proportion of
administered progescterone was motabolised in the foectal
liver and this accords with the results of other workers
(Solomon ot al 1867). Liver deactivation of progeste
erone has been peporved in vive (Forbes & Hooker 1949)
although not jin vitro, Bngel (1944). it is not really
surprising that the liver is one of the main siteg of
metabolism in the foetus since, in the adult a large

proportion of the metabolites of progesteronc have been
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deteoted in the bile (Sandberg & Slaunwhite 10583
Welst ot al 1980). Zander {(1961) aloo injectad
4wt progestorene into the umbilical vein at tormine
achon of pregnency and found that the majority of

radlioactivity was present in the liver.

In both fToetuses investigated the percentage of
c¢on jugated sterolds was much less than that of free
stereids {(Liver oxpts 1, 919 free; expt., 2, 93.5% free).
In oxperdment 1, of the conjugated material in the
rLivepr and adrenals 86% and 74% was hydrolysed by the
ensyneg preporations uwsedes In experiment 2, all tho
radioactivity was released by enzymie hydrolysis except
for small amounts in the livear. Engyme hydrolysis was
performed using. Batellin. Yulsata, Fince this énxymc
containg greater P-=glucuronidase activity than sulphatase
activity {Leon et al 19()) it suggepts that the
conjugates were principally glucesiduronates paprticularly
in the ¢ase of the liver, This seems rcasonable since
gonjugated vregnanadiol in the upine is conposed aimost
entircely of pregnanediol glucosiduronste {(Cropy ot al
1962) although Zander (1964) hag found principally
culphate conjugation. Solomon ot al (1967) isolated

Both pregnanediol glugosiduronate and the sulphate fron
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the foetal liver after perfusion with labelled
PRroZestorong. The liver has been known %o have a
principal reole in progestoerone métabﬂl&em. In the
vrabbit it was ghown to have a najor role in the
deactivation of progesterone (Masson & Hoffmen 1948),
In women, 3t has been shown that when liver discase was
presenby the disappearance of added progesterong from
the plasme took much longer and this was attributed to
slower intrahepatic metabolism of the liver {Patrini,
1964) o In the liver of the foetal and nowborn guinea
plg Pulkinen et al {(1261) found that half the pregesterone
wag metabolised and about one tenth counld be identified

ag a preghanediol-type metabolite,.

In the present study, 14 minutes after injection
of inbgelled progezterone the principal steroid identified
was 20a-~dihydroprogesterene (36.5%5) with approximately
equal amounts of polar compounds, pregnanedisl,
20p-dihydroprogesterone and unchanged progesteronc.

A small amount (3%) of pregnancolene was also detected.

In the second experiment 45 minutes after injection
of the progestorone 699 wag present as pregnanaediol and

almost ¢qual amounts of polar compounds and progesterone,



The presenge of 20a=dihydroprogesterons and obther 3G

200 diols woas cxpachted after the finding by Villec and
Loring {1963) of the prescnce of 200 hydrouye~
dehydirogenase and 3o hydrozxy-dehydrogenase in the human
foetal liver. They had*?@und 20e-dihydroprogesterone
and pregaanodiol aﬁ.ywaﬁnﬁﬁa of @rogeat@veneg a

finding supported by Zander (1961). The latter,
nowever, aiﬁg detected Gf hydroxyprogoesteronc,

170 hydroxyprogesterone and 208 dibydroprogesterone

as well.aa a large amouni, (20%) of polar gteroids.
Solomon ¢t ol 41965} dotected progesterone, Prognanolone,
Zomwdihyé?aprogesﬁarano and chiefly pregnanadiol prescnt
in the liver, There was noe padiosctivity in the

170 hydroxyprogesterone orea in the presont study or

ia that of Solomon et al (196§) but since Lt was detected
by Zander (i961) 1 win, after injection it may be
produced in the very early stages of the metsbelism of

progesterone,

fa the adpenals there scemed Lo be mere active
metabolism and conjugaticn of the radioactive progesteronc,
This view io gupporied by the results of Selonon et al
(1967) . After 14 miney 4745 of the Tree padioactlivity

gneracted was ﬁular material although pregnanediol,
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200=dihyiroprogesterone and unchanged progestepone
were also present with a small amount (G.75) of 20f=
dihydroprogesterong. in experiment: 2, after 485 nins
60% was present in the polay siterold fraction with the
rest 0fF Ghe pradiocactivity as unchanged progestorong.
Solomon ot al {(1958) after incubating humon foetal
adyrenals with progesterong, iseglotod 17o-hydroxye
progesterong and androstenedione, and Weliky and Bagel
{1963) found 1Go=hydroxyprogesterone on incubation of
human hyperplastic adrenocortical slices with
PrOgesloronG. In n gtudy of the metabolism of
progestorone by foetal testes in vitro, Acevedo et al
{19658) , detected 16u-hydroxyprogesterene, J7e-hydroxy-

progaeterong, 206 and 208 dihydroprogesterone and

deoxyveorticosthorong .

It is sherefore evident that extensive moetabollism
of progestarong occurs im bthe fogtus. En ¢he liver
reduction products form the main compounds and pr@gnanen
diol is a major metabolite in this situation. In the
adrenal glandg polay compounds are formed and these have
been shown (Solomen 2v al 1967) %o be mainly corticolids,
The foetus therefore uses the progestorane it obbtalns

from the placenta to manufacture its own corbticosteroids,
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dinee prognanediol has boen show Lo be prosent in
Liguor amadd {Eleppoer & Macnaughton 1259) Lt geonmn very
Likoly that Ghis comeg fron foctal urine and fg tharefore

a resnlt of thoe Toetnl metaboliom of Progesiorons.

it de proboble that focbal proghancdiol passes
te the maternnl cirenlatlion elthor acress the anniotic
sa¢ or vin the placoental civeulavion so that o proportion
of the pregnanodioel &xcvmﬁﬁa'&n tha matornal arineg
ordgdnotes in the footus, It ks not hknown what
propoveion of maternal proegnonediol this foctal componesnt
FOPG« in ecarly prognoancy it nwmed boe vopry smoell sinee
there Ls little change wiien foetal death ocours at
nbopblon uallke ocestriol onepretion which falls very

sheeplys

Bong infopmatdion, however, s given or Lhis appect
by Kiopper et ad (1966) who found that, when saline
aportion was peprformed, préeghapediol ocutput did net
fall zprocatliya In soven patients the average only
fell to 785 of Lhe pree-injection levels wlth » prabge
af A4 = 108k Two poatients in fact shewed ne £all in
avepage pregnancdiol ocutput at all during the Lnjeetione

abortion porloed.
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Changes in pregnancdiol excretion are net casy
Lo interpreba It may be that the foetus is proesponsible
for some 208 of the pregnanediol which appears in the.
methers urine, The faet Lhat ocestriol cubtput falls
nuch wore steeply than preznancdiel outpud in the firsid
40 Wy, afber saline aborticn (Klopper et al 1966) mokes
it unlikely that foctal metaholism of precursors is asg
iwmportant a step in the pyroduction of pregnanedicl in
the mothers urine as 4t is with $he production of

oeatiriol.

it ﬁﬂﬂmé thevelore that the foetal metaboliom of
progesterone and the foetal production of pregnancdiol
way be prelatively unimportant as for as the maternal
euxcretion of pregngnediel i1 conceprncd. The changes
in gonveprsion of progesterond Lo prognanediol discusged
in Chapter 4 ap¢ probobly of more importances. Eé
was found in thesec inﬁestigations thgtlpartieulayly Low
¢onveresions accompanied the presence of é hydatidiform
mole and A4 was decided o look av steroldogenesis in a
cage ¢f hydatidifomn mole in detnil, Some nbs&rvaéiamﬂ
on thisg subject ave veported and digeussed in the neixt

chapiore
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CHAPTER G

Seeroid Studies in a cose of hydatidiform mole

£t has been already shown in Chapter 4, that, in
cortain abnoprmal pregnancies, of which one vericty is
hydatidiform mole, the conversion of progesterone G0
pregnanediol is lower than in normal pregnancy. The
guestion then ariges as te what othey pathways of
metabolism gould be occupring in these women, Stitch
&é al {(1986) obseprved a aonﬁideraéﬁe inerease in the
production of upinary pregnanetriol in a case of
hydatiditform mole suggesting that an alternative

pathway might be favoured in this type of case,

A

e

It was thereforg decided o lavestigote this problen

Dy -

-

{1) determining the urinary stepreids in hydatidiforn
mole and o sudtable case of molar prognancy wag
usoed for this purposc,

(2) investigating the steroids prescnt in mole tissue
and theca lutein cyst fluid,

{3) incusation of 3 homogenatce of the mole tissue with
[ am® 2] pregnencloeong, o determine lis steroide

ogenic capacitye.
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Qlinfcal Histopy:

B

, A woman 4 months pregnant in her second pregnancy
was admitted Lo hospital with persistent vaginal
bloeding. At examination, the uterus was:found'ﬁa
bo anﬁid@rabﬁy layrger than éxpected fop &h@ gestation
pepriod, A Hogbhen toest was poerformed and found Lo bhe
positive im a dilution of /200, A diagnosgis of
hydatidiform mole waﬁimaéﬁ and lapap@témy peprforned.
At ﬁﬁiﬁ operation a typlcal hydatidiform mole was
évaauaﬁed from the uteruss bilateral ovarian luteal
cystg were found and 200 ml. of cyst fluld was aspiratoed

4 (4]
and stored at «20 for later examination.

Histelogical examination of the mole confirmed the
diagnosis and examination of a bhiopsy specimen of
ovarian tissue showed that the eysts were of the thoega

lutein £ype. :
Rotermination of Urinapy Storoids

Betermination of Urinapy Storolids

The weinary levels in mg/24hr. of pregnanediol and
pragnanetriol were deteprmined by the methods of Klopper

et al (1958) and Stern (1957).
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Injection of Radloactivity

Gonversion of injected progesterone to pregnrancdiol
and pregnanetriol waps measured by using the technlique
descyibed carlior in Chaptaor 4. Fiftty microcuprles
of [ 7a="1] pregesterong were injected into the
antecubital vein of the mother and the gtaroids were
igolated fTrom the maternal urine for & daye aftor Ghe
injections The writiuvm content of these Tractions
gas then determined., These deteorminations were nade
hefore laparotony and evacuation of the utorus and after

a proviglional diagnosis of molar pregnancy had beoen made.

Betermination of steroids in mole tisgue and ogvarian

eyat fluid.

Fifteon grams of mole tissue were incubated with
[4=2% 0] pregnenolone as procursor. Sterolds wore
axiragted from the lincubation mixture the remainder of
the mole tissue and the ovarian ¢yst fluid on¢e with
athanol and o further threeo times with 80% cthanol

the combined extracits were then evaporated to dryness,

The drled ¢xiracts were partlitioned hetween ethep
and water and the ether fraction from the extracts wes

examined Tor neviral storoido,. Preliminary fractionation
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was performed by column adsorpiion and columm partition
chromatography and zones of individual gteroids were
isolasted by thin layer cehromatography. Spots on

thin layer chromatograms woere identified by spray
cgolour reagents, altraw-violet absorption and gas lliauld

chromatography aftey clution,

The individual mpetabelites from each of the extracts
weee chromatographed until radio-~chemically pure and
chavactorised by isotope dilution oy roeverse isotope
dilution, All metabolifes and derivatives were
arystalllae@ L0 eon@tant'ﬂpeeifin activity thwough at
leasit three crystallisation steps. wWhere no high
apeCifie activity radioactive standards were available
Identiflication of steroids isolated from the mele tissue
and oyst fluid was performed using some or all of the
following criterlias chromatographic mobility,
deprivative formation, ultraviclet absorption, colour
reactions {Zimmerman chromnogens, sulphuric acid
chirpgmogens) , and gag liquid chromatography. Quangitive
estimations of the amounts of each material isoclated
rom the mole tissue and ¢yst fluld were made on the
bagis of eprystalline weighto, isotope dilution studies,

colour chromogens and ultpaviclet absorption and are
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expressed as pg/t0Oml,. (cyst filuid) and pg/ 100g wet whe
{mole tigsue). Radloactive zones on thin~layer plates
woare located using a Nuclear=Ohicago Actigraph EILL Sopip
Sennner with a thin laver atﬁﬁchﬁenﬁo Samples for
gquantitation of radloactivity were counted in benzene
solution in a Naelearnﬁﬁicagﬂ Uniluy Maprk I Liqgudd
dcintillation Spectrometer in o seintilliation fluid
containing g 2,5~diph@nyloxaﬁoie (rPPO} and 50mg of

2,2=paraphenyl bis S-phenyloxazole (POPOP)/1litye tolucho.

The above is a summary of the main steps of the
methodology invelved and the full details of the
extraction procedurcs, igsolation and characterisation
of sterolds, quantitative determination of isolated
sterolds and determination of radiopectivity are given

iny the paper hy Qoutts et o (1569),

The urinary excretion of pregnanatfia&, the
excretion product of ifa=hydroxyprogesterone is only
glightly elevated in normal pragnahcy {Focherby et al
1965) meagured £from 11 weeks until torie. The whole
subject of pregnanetriol excretion in pregnancy 1s

discussed fully in Chaptoer 7.
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&gaulta

The levels of urinary pregnanediol and pregpanetriol
were 16.5 and 10.7mg/24hr. when determined by colorimetyric

methodsy 6,43 and 2.84% conversions respectively from

injected [ 7a=#t] progesterone were found,

By both meihods the ratio preghnanediol: pregnanetriol
in this subject was approximately 2:1 whereas that in
norwal pregnancy is 20:1 {Havkness & Love 196G). gince
the pregnanedisl levels are within tLhe normal range
{Coyle et al 1836) this ratic significs a greater
agxcretion of preghanetriol than occurs normally,

indicating increased secretion of i7e-hydroxylated steroids.

Table 49 shows the metnbolites isolated after

incubation of [4=**¢] pregnenolone with mole tissue.

Ag well as unchanged precursor,; 17¢ hydroxypregnenolone,
progestorone, 16o hydroxyprogesterone and 16 hydpoxy=

progesterone were isolated,

Table 80 shows concentrations of sterolds and
steroid precurscers found in the extrscts of mole tissue

and eyst fluid,.

Cholesverol, pregnenolone, 17¢ hydroxypregnenolone,
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pregnanediol, pregnanciriol and androstenedione were
Laolated from both extracis. Progesterone and iis
170 hydproxyiated deprivative woere isolated from ¢yst
finid bput not from the mole tisgue in measurcable

amound o,

Batecitable guantlities of oesitrogens were not
observed in elither of the extracis but colour peactions
auggestaed the proesence of Grages of them in the ¢ysé
filuid extracie The naternal urinary excretion of
oestriol was low {250ug/24hr.) in this patient hefore
Lapavotomy debermined by the method of Brown & Coyle (1963).
)

Biscusoton

In a gose of hydatidiform mole accompanlied by
ovarian theca lutedin ceysts a greatly increased uarinary
exeretion of pregnanciprliol was observed, Stitch et al
(1968) made the pame observation in a similar case and
chapracterised this pregnanetriol asg SP=-prognano=3u, 7o,

20a=tyriol, the exeretion product of 170 hydroxyprogesterone,

inoubntion of mole tisgue

On ingubation of the mole tissue with [4=27¢]

pegnenclone under conditions sulbable for steroide-
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ogenesis 170 hydroxypregnenolong, progesherong,

i0u hydroxyprogesierone and 188 hydrozyprogesterone

were formed. Although a search was made for 170 hydroxy=
progesteiront, none wgs?%éund. It would appear however,

that since mele tissue was agble Lo form progesteronc
and {7¢ hydroxypregnenalone it should have the capacity
for synthesiging 170 hydroxyprogesierong. Pe?haps'
on preduction 1¢o hydroxyprogesterone is metaboliged at

a gimilar rate to its synohesis thus proventing lsgolation,

£t therefore scoms ovident from the lack of
accumalation of 170 hydroxyprogesterone that the
increased excretion of pregnancoriol is unlikely to

Be a funchtion of the mole Lissug,

16 hydroxylation is an important step in the

hiogsynthetdc pathway to oestriol. Cuprrent views on
the Toeto=placental s8teroid relationghips at mid term

Solomon et al §9P67) indicate that ide-hydroxylation is
a functlon of the fostal liver and adrenal and that this
hydrozylated progestorone is then transported to the
placenta, However, Ghis abunormal placenia is capable
0f feorming the precursor of cestriol, Thia hydroxylation

may oenly occur in the abnormal tissue because larger



quantivias of precursor vhan nepmal are belng formed or
possibly as an alternative to noymal pathways which ape

absent = no 20=dihydroprogestorones wore foprmed,

“he rogults of this incubation shows that
hydatidiform mole tissue.ig active in stveroldogonesis;
it is pble te form progesterone and to perform

bydroayviations of storoids.

Steroids of the mola tlssue

Loavits ot al (1962) showed that the human plagenta
gould not ferm the steroid nucleus from acctate but
doepended uébn prefoprned proegursors for the mynth@aia'
of progasterene. In the placenta both chalesterel
{Solomon 1960) and pregnenolone (Pailmer ot al 1966)
can agt ag progesterone praeeurgoers, It i postulated
that these substances ore transferred 4o the placenta
in the matcernal blood and are retalned by that organ
for pynthesis of progosterene and pelated hopmones,
From the levels of cholesterol and pregnenclone found
in maternal bleood, cholesterel would appoar to be the
preferved precursor. in this uaaé the synthesis of
progoesterone will proceed by way of pregnenolonc

(Solomon 1960).
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As well as forming progesterone the placmnta hao
been shown by studies é&mgiﬁggj to contain enzynme
asysbems capable of metaboliging progesterone 1o 200w
'dihyﬂwaywmgesterana and 17a~-hydroxyprogesteraone
Little et al 19593 Little & Shaw 1961), i6u=hydroxy=
progesterong and androstenedione {(Little et al 1963;

Warren & Cheatum 1864) and 6p~hydrozyprogesbterone

{Rerliner & Salhanick 1956).

From the abnormal trophoblastlic mole Lissue
cholestercl, pregnenclone, 17¢ hydroxyproegnenclone,
pregnanediol, pregnancetriol, androstenedione amd a
wrace of progesterané #@re Lsolated, Although Pcearlman
and Cereeo (1952h) observaed that successful extraction
of progesterone from placental tissue required a high
pily it is not felt that poor cexiracition was resnonsible
for the low level of progesterone found, singe Greig and
Macnaughton {(190687) = .sce c¢hapter § = used a similap
exiraction mothed to that uscd her¢ and also boegause
progesterone was isolated from the ovarian cyse fluld
by the same methods. Failure to extract a substange
from a tissuc does not necessarily indicate lack of
gynthesis of L¢ but in the light of the amounts of

progestoerone isolated from placental tissue in previous
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gtudies {(Chamberlain ¢t al 192682} iv ig concluded that
in this hydatidiform mole there was a decreased
syﬁtﬂeﬂié of placesntal progesterong, This might reflect
a lowered placental Function or could wmean that part of
the placenta had regressed oy separated from the
uterine wall and that only the remainder was capable

of producing sterolds. The lowered progesterone
production must be eguated with the ﬂarmal proegnanediol
levels found in this patient and this will be discusged
latere 20o=Dihydroprogesterone was not found in the
sole tissue and neither was (7o=hydroxyprogesterone
although [7o=bydroRypreghnencolone was ldentified,
Pregnanediol and pregnanetriol, the saturated reduction
products of pfageﬁiﬁvoa& and {7o=hydroxyprogesterong
respecilvely, were both iLdentificd, Pregnancdiol i
a normal consgituent of placental tissue (Peariman and
Cerceo 1982a) and the pregence of pregnanetriol was not
surprising sin¢e the patient ex¢reted large guantities

of this substance in hey urine,

It is concluded Crom these studlies that the mole
tissue was capable of stereidogenesis but there was

less synthesis of progesterone than is nermal; there
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wag alse an acﬁﬁmpaﬂying Lack of the nornal hydroyuye
latad derivatives of progesteroncs Chamberlain

et al (1968b) using gas-liquid chromatography have
gtudicd extracts from threc geparale molos. Hlchough
these workers found more pregesteronc than observed in
vhig study they alste econcluded that the abnormal tissue
produced less progestorone than normal. o (7o=hydroxy=
progasteroeneg was extractoed from the mole tissue and

only a small amgunt of 7e=hydroxypregnenalone,

Although a gmall amound of pregnanetriol was isolated
these Tindings lend support to the conclusion dyawn frol
the incubation experimenﬁﬁ'@hat the incereased uprinary
exercehbion of prognanetpiod in this case of hydacidiform

mole did not originate from the mole tiocsue.

gteroids in ovarian cyst filuid

Cholesterol, prognenclone, I7au-hydroxypresnenolone,
PEOgEsLErone 3?m-hydr0xypregastérnnﬁ, pregnanediol,
pregnanceitrliol and androstenedione were isolated from the
ovarian cyst Tluid, The compeunds isolated from the
eyst fluid were the same as those found in the mole

tissue with the additiom of measureable amounts of
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progoesterong and 170-Rydroxyprogesteronc. Apars Fron
the precursors cholesterel and pregnenolone, all otheyp
substances lsolated were found in much lavger
quantities than in the mole tissuc, (Table 50},

These pesulis suggest that the increase in
i7=hydroxylation which was significd by an increased
uprinary oexeretion of pregnanetriol, is ovarisn in
oyigin, This conglusion would ke in agrecmendt with
the Tindings of Stiteh et al (1968) who observed that
pregmaﬁet?ial exzeretion pemained high afteyr evacuation

of the uterus unitil regression of the cysise.

In hydatidiform mele the trophoblast produces
large quantities of human ¢horionic gonadotrophin
{(oCsGa) = the Hoghen test was positive in a dilution
of 18200 =~ and it is probably as a resuli of over-

stimulation by this hormone that the ovarles hecame

CYShEiCa These ovaries ware stimulaeted o produce
17a=hydroxyprogesterone, Bvidence fopr the secretlion

aof a pregnanceriol pf@auwsar by the ovary is given by
Fotherby {(1962) and this will be discussed in the next
Chiapter when the gvayian production of hﬁrmonﬂé b

considered following stimulation with human nmenopausal

gonadotrophin,
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Gholestorel from the maternal biood or ovary 8
probabiy uoed %ﬂ tLhe precursor of (7-hydrozxy sterolds
and overstimulation would resell in lncraeased production
of a1l the intermcdiabes in this pathwoy - prognetnelonc,
tVo-hydroxyproegnonolong and progoestorone w‘as wall as

Ghie axopehory produet, prognonetpriol, « Flg, 0,

The p@ifﬁyﬁtiﬂ ﬂ@a?éﬁﬁ produced small guantisviles
of androstenaedione bul 1o beace. of Lostosiarons e
found in thoe eysd fluld,. The faet that the ovarlion
aye noth atinglatod to produce ocstriol is An agroohent
whih she Findings of Frandosoenn {1968) and the lowerod
wpinary exercotion of sosteriol freguently found in many
cosos of hydodidiforn mole, alsn obsepved in this onsoe
gid doseribod in some detadl in ghaphor S Thic ia a
fuvithor factor which gupports the hyposhesis that the
prasgmes of foatal pregursors of oositirinl are neceysury

Fovr the ingpreased production of castirioldl in proznahoy.

The noermnd preghansdiol lovels foungd in such o
ease may be miclesding ginco they may vefllect normnal
plagontal function, or mpy indicote lowared placental
functlon at the same Lime asg an fncrcaned ovarlan

peoductlion of progestorone which may axplaln thoe
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findings reporced in chapter 3, where the pregnanediol
lavels in cases of hydatidiform mole wayry from low €O

normal e

Goneclusiong

From these investigations the following conclugions

may be drawn (1) there was an Llncreased urinary
egxeretion of pregnanceiriel (2) the mole tissue was
active in svaorold metabolism producing i7c=hydproxye=
pregnenolone,; progesteroncy (o=hydroryprogest.or one,
and 16g=-hydroxyprogesteronce from pregicnolone, but
apparently less progesterone than a normal placenia.
The increased urinary exeretion of pregnanetriol is not
a funcilion of the mole tissue (3) the high urinary level
of pregnanetriol is probably of ovarian origin (possibly
a8 o yeﬁglt of overstinulation by the high levels of

H.G.G. 9?@8&“3)0

The effect on the ovary of the high levels of
HalluGe pihoduced by the molar tissue is of paprticular
intercst, in the therapy of some amenorrhocic women
combinations of fellicle stimulating hormone and HeC.Ge
are now in regular uwge for the induction of ovulation,

Ong of the most tyroubleseme complications of this
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thoerapy is hyporstimnlation of the QVary‘ The
pyndrome, as far as the ovary is concerned, is analogous
o that produged by the H.0.0s from a hydatidiform molce
The pesulis of Chis melar investigation are now

applied, in the next chapter, to women being treated
with human menopausal gonadotrophin and thelr rcelevance
Lo the measurement of corpus luateum function in these

wonmen is discussed,
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CHADTER 7.

Upinary Stereid exceretion after

Gonadotrophin Therapy

In the previous chapter it was suggested that the
high level of pregnanetriel in the uprine of women with
Bydatidiform mole has lés origin in the ovary. It
is produced in the theea lutedin cysts of the ovary
which are caunged by the lapge gquantitics of H.C.G.
present in the clireulation of these women and does
not resuld from metabolism osceurring in the trophoblast
itsalf, These findinge are relevant o early
pregnancy induged by human nenopauvgal op pituliary
gonadotrophine where hypoerstinnlation of the ovary
froquently occurs, due to excessive dosage of
gonadobrophin. This is a very similap situation to
that found in the hyperstimulated ovaries in

hydatidiform mole.

The information obtalined in &the previous chapter
has been applied to the study of a small number of
woman in whom ovulation was induced by human menopausgal

gonadotrophin and this work forms the basis of this
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chanpiers | These presulis are as yei ratcher preliminary
but are of considerable finterest and it is felt they
are waytﬁwhilﬁ discussing in thls thesdis. Thay both
help to round off the work peported and ot the same

Lime pose a number of problemsg for fubture work, To
put the position of pregnangiricl into perspective

aome aspechs of sterolidogaenesis in the human ovary

will fiprst be discusgsed.

Steroldogenesls in the human ovary

The human @#ary ig capable of synthesising
cholesterold from aceihate probably by the same route
as that established for hepatic chelesterol synthesis
{ropjak and Cornforth 19M), Pregnenslone is formed
by splitting off the side chain and progesterone is
formed from pregnenolone by removal of 2 hydrogen atomsg
and the shift of the double bond from the deltn § to
the aﬁité 4 position, ‘The steps of the blosynthetic
pathway to oegtrogens are shown in the diagram (Fige 9 )
The relative Importance of the several alternative
poutes from pregnenolone to ogstradiol are not lknown
in any detail. There is some evidence that in the

follicle, oestradiol may be formed by a pathway not

el



Involving progesterone, whereas in the corpus luteum
a pathway lnvolving progesgtoprone may predominate

{R&an and Petro 1066).

Gestriols As has been sadd earlier in this thesis
gestriol is present in large quantities in human urine
and i oestradiol ig glven 40 a woman a eonsiderable
praportion of this wmaterdal iz exoreted in the urine

a6 sestiriole The ¢onversion of oestradiol into
oesbtriol occurs in the matornal liver and gestriol

has usually been conslidered %o be a gatabolic product
of vestrone or oestradiol. it has alse been thought
to bhe o detoxzigation product becaunse its ocastrogenicity

S

lower ond it is more soluble in wator than the othep

faatn
Lf

two classlcal ocestrogens, " There La, howevor, evidence
that the ovary dees seorcte caestricl, especially during
the luteal phase of the cyecle (Barlow and Logan 196G6)

and the ovary has been shown 0 contain a 160 hydrosylase.
Gegtriol may thorefore be congldered an ovaprian

oestrogen In Lis own pright. It is not yet cloar
whathery as in the liver this ovapian oestriol is

formed from ovestrone and oestradiol or whether, as in

tiie placenta from (8o hydroxy dehydrocpiandrosteronc.
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Qontrol of ovarian blogcnesis

The pitultary gland secretes trophic hopmones
Whie@ gtimulate the endoorine glands to produce theip
respective hornones. Follicle stimulating hormone
{Fo8,0.) stimulates Follicular groweh and results in
increascd vestrogen excration,. In this sense Fe8 e
stimilates cestrogen production but it is not ¢loap
thet 1€ haﬁlany specific effect on staroidogencsis.
At the menopausae, for example, high levels of F.8.U.
arc assoclated with low ossirogen levels becausce of

the absence of growing follicles.

iR _vitro preparations of Fe.8.0. have been reported
to stimulate the rate of conversion of cholesterol to
preguenclone in non pregnant bovine corpora lutes
{lehii et al 1963), but these resulis could noi be
reproduced (Yago et al 1967). ¥t &p also impossible
0 obtalin pure FeS.He Loc. not conbtaining a proportion
of Luteinising hopmone (LH) and ié cannot therefere bo
gaid that any action due to thisg F.B.H. is due to this
material alone since it might be due to the LH

gonvanination.

in ¢ontrast there is considerable evidence that
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Lo.le can specifically influence steroidogenesis (Savard.
ot al 19683 Chanping and Short 1966). It has the
affect of increasing both the rate of eonvarsi@ﬁ of
cholaesterocl into progesterone and the de-nove

production of the lattoer.

in caprly proeghancy, it may be a speciflc action of
chorionic gonadotrophin on steroidogenesic thaid
mailntaing production of progeshbeirone and ocsirogen
by the ¢oprpus lutcunm, The LW.dl. peak in the menstrual
eyvele {(see Fig.10) is of short duration and oceurs
near fthe time of ovulation and not in the luteal phase
of the cycle (Midgley and Jaffe 1966). It appeoars o
bo agsociated with ovulation and posgibly with corpus
Luteum fTormation bul does not appear to malintain stoereld
geeretion during the luteal phasc. There does not
gseoem Lo be a shayrp decline in L., associagted with the
decline ol the luteanl steroidogencesis and it is
difficult vo explain how rising levels of cherionie
gonadotrophin continue the life span and ateroid
secrcetion of the corpus luteum when concepition occurss,
Tﬁa presence of a uterine lutcolytic factor, for which

there is ovidence ip soveral animal species (Short 1666)
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does not scem Lo obtalin in the human and removal of
the uterus appears to prolong the Lifoe of the corpus

luteum by only a feow days (Andreoli 1968},

FThe effeet of gonadotrophing on ovarian cellular
metabolism in vive is almost completely unknown alchough
che resuleant storeld cexceretion is well dogumented, € 8.
Loraine and Bell (1968}, at any rate as faor as
oegbrogen and proghanediol are goncerned, Where
ocher sterelds and payticularly pregnanetriol are

congerned evidengce is much more scantye

The ovhey sterold of papticular interest is
pregnanctriol (Sp=prognanc=3a,170,200=triol) and ito
origin and exeretion in the menstrual cycle and im

pregnancy will now be discussoede

Pregnanetriol (SPepropnanceso,i?c,20c-triol).

In the biosynthesis of the steroid hormones
170 hydrexyprogesterone ig an important intermediate
{Samuels 1960). The principal urinary metabolite of
170 hydroxyprogosteroene is pregnancetriocl (Axelrod and

Coldzicher 19603 Fukushima et al 1961).
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Phere apre three peossible precursors of pregnangtriol
namelys tl=deoxycoprtisol, 170 hydroxypregnenolone,
and 170 hydroxynrogesterong. Fotherby and Love {(1060)
studied the conversion ol these precursors te
preghanetriol and found that by fapr the greatest
conversion {35%) ocecurred when 170 hydroxyprogesierone
was injected. These workers concluded thaib
pregnanctriol was therofore the main metabolite of

170 hydproxyprogostorong,

The ovarian production of a sresgnanctriol precursop

it has been suggested (Brown 1956) that ovulation
oceuirs at abeud the Cime that the exceretion of oestrone
and oestradiol reached a maximum towards the end of
the folliicular phase of the menstrual oycle, The data
of Fotherby (1962) showed that gh@ra was a significant
rise ln pregnanctrlol exeretion on the day that the
exgrecion of oestrone and oestradioel peachad é peakas
The magnitude of vhe ?ise'ﬁuggﬁsts that the precursor
responsible in the second half of the menstrual gycle
wag 170 hydrozyprogestarone since oestpogen legvels ape
lower at this time, P70 Hydroxyprogosterons is known

to be gecreted by the adrenal coritex and the majordty
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of pregnanetriol in the urine may arige Tfrom this
BOULCC, From the day of ovulation this adrenal

r from

L8

pregnanetriol is supplemented by some arisin

wacursors secreted by the ovary,
H

Although the evidence (Fotherby 1962} suggests
that the ingrease in pregrRanciriol exeretion in the
menstrual cyele (Flg. 11) is due ¢o an increased
gsecraetion of precursoy Trom the ovary it could possibly
be due to increased adrenal production at this time.
Hlowever, that the ovary is responsibley, is spupported
by the Tact that the biogynthesis of oestyogens fron
cholesterel involves 170 hydroxyprogestorone as an
intermedinte {(see Fig., ® ) (Ryan and Smith 1965) and
tiris steroid has been identified in eyeracts of humon
ovaries {Zandey 1958) and in huﬁan foklicular fluid
{Sshort and London 1961). Fupther support for &he
ovarian seceyretion of a pragnaﬁetriul precurser is
provided by Fotherby (1962) who administered nor=
athisterone to normally menstruating women and found
that the rise of pregnanetriol exceretion in the second
half of ¢the cycle did not occur, Since the segond

gestrogen peak and the preghancdiol peak did not
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oceur in these womeng Fobherby (1962) concluded that
the degrease in the excerction of pregnanctriol dupring
the adminigstration of the synthetic steproids was due
Lo o suppression of precursors fyom the ovary which are
mabtabolised to prognanetriol viz 17v hydroxyprogesterone

in the ¢orpus lutcum,.

it would appear, thereforc, that the excrcetion of
pregoanetriol in the urilne mizht give some asﬁimmte of
whie gorpus luteum activity of the ovary and that thlig
might be a valuable steroid Lo nmeasure in the urine in

cardly praegnancyes

Preguanctriol excwvcetlon in human presgnancy

The mosi reliable estimates of urinary pregnanctriol
output during nogcmal pregnancy are probably those of
Harkness and Love (1066).,. Previous methods .0
Fotherby and Love (19260} were prebably not specific for
the determination of ﬁ%&gnaneﬂrial in the urine of
pragnant women (Fotherby ot al 1865), Phese previaug
methods (Bongiovanni and Clayion 19843 Stern 1957)
used a sulphuri¢ acid colour preaction Tor eﬁtimﬁﬁing the
steroid and there are compoundg proesent in the uwiring of

women during pregnancy that interfere with this colour
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peaction, These intepfering sulphuric acid chromogens

in pregnancy urine increaged with duration of the prégnancy
and Fotherby et al (1968) found that at least some of the
interfering compounds in pregnancy uwringe are polar
metabolites of progesieronc. In non=-pregnant women

and in carly pregnancy the method of Fotherby and Love
(1860) is suitable since the amount, of interforing

substances ig minimal .

In theiyr paper Harkness and Love (1966} mecasured
upinary proegnanetrlol exeretion in the wurine after the
22nd week of preghancy and Fig. 12 As taken from thedr
raesulis, This shows an increase in the last trimester
reaching o maximum at about 36 = 37Lh weeks of pregnancyes
Thore were lapge variations between individusl patienis.
The increasce found by these workers was not 80 gread
ag that deseribed by fHoremann and Silverman {1953) and
Ronan et al (1960}, Harknoess and Love (18266) also
gehimated pregnanetrlol cxeretion durding pregnancy in
an adrenalectomised woman and found that the leval also
ingereasad., They suggested that the focto=placental
unit is probably the souree of the incrcased amounts of

wrinary pregnanetriol in the adrenalatomised prégnant
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weman and presumably it is also the origin of some of
the inerease ohservad La ﬁmrmailpregnmnt women in the
second and third (rimesterg. The ogeurrance of the
rise in bthe last Leimester of pregnancy suggests that
whe foeital component of the foetowplaceontal unit may

be the more important souprce of the increase in urinary
prognangtriol. This suggestion is consistany with
the scheme proposed by Diczfalusy (1964) for the
sterolid metabolism of the focto=placental uvnit abt mid

pregnancy.

ALY the workers alrveady refepred to have measureqd
the urinary exgretion of proegnanotriol from mid pregnancy
and there ls no information as o what happens in very

caprly pragunancye.

It is well known how difficult it is to cbuain
Information at vepy early stages of human pregnancy buai
bhe advent of gonadotrophin therapy for stimulation of
gyvunlation in amenoprhoecic women hos meant that a number
¢f women are under gbhservation at the time of congepitlon
and dupring the very carly stages of pregnancy. it is
therefore possible (o measure urinary steroids in these

patients in ¢he cycle in which prognancy occurs and
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ebsrprve the changes which take place in steroid
exceretdon at this very early stage of pregnaﬁcy, wiieh
in fact implantation and the growth of the bhlastocyst
are taking place. 5t is at this time that the corpus
lateuwm of pregnancy, in the human, Ls of gome importance
singe aféer 38 days, 1t has been shown by Tulsky and
Koff (1957) that human pregnancy can continue even if

the ¢orpus luteum has been removed.

Qlinieal Historiecs of Patienis

Case NG. 7o Polle ‘Age 3% 4 decondary amenorrhoea fap
& years,
The menarche occurred at thoe age of 14 years and
the nenstrual cycle was regulay at Firste. At the
age of 13 years 1t became less regular and finally

stopped when the patient was 26 years olds

She was first seen at the age of 34 years and
tested Tor sultability for gonadotrophin therapy. The
detalls of this investigation are not pertinant to the
agpect of the subject bheing discussged and will not be
given here, She was Judged to be guiitable for the
indunection of oVulation with human menopausal

- gonadotrophin,
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Thig patient became pregnant after trcecatment
and aboption occurred at about 2=3 monrths of pregnancy.
in a scecond pregnaney twing were conceived, This
pregnancy proceeded to term when she was successfully

dalivered by Gaesarean Scegtlion,

The resulis of stercoid cxeretion assays durlng the

aborted and twin pregnancy will be discussed.

‘ase Noe 2. Be di Pe Age 27 yrs. Sccondary amnenorirhogs

for 4 yeorg feliowing the birth of her only child,
The menarche ocourred at age 13 years and her

mensbrual eycle was rogulay until her Tirst pregnancy

pgecurred at age 23 yoearo. The pregnancy was uneventful

and she had a normal delivery at term with no

complications. tlenstruation did not return and aftor

4 years she was @eated fﬁr‘su@tah&lity for gonadotrophin

therapy and found 6o be sultables

She was treated with humon menopausal gonadotrophin
Lo a aumber o7 cycles before a pregnancy occurreods in
the first half of this pregnancy she had intermittent
vaginal bleeding and rested in hoepital for prolonged

pepicds at this timo,. She remained well during the
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middle trimester of her pregunancy and then had further
hlceding and was admbtied to hespital again for rest
and supervision at 34 wecks.s she was delivered
successfully by Caesarcan Scection at 39 weeks of
Pregnancyes The results of storold exeretion in a
eycle and during the early pert of pregnaney will be

discussad,

Case No. e 3eFe Age 32 ycars. Secondary
amenosrheen for 7 vearss
The menarche ocecurred at the age of 13 years and
the menstrual ¢yele continued ¢o be Tairly regulap
until the age of 23 when the amount of bleeding

hecame scanty and menstruation finally cceased altogether.

Titis patient was Pound €o be suitable for
gonadotrophin therapy and scvaoral c¢ycles of treatment

have bheen given,

The results of storoid excretlion during these
¢eycles will be discussed,
GCase Noo 40 CaHe Age 35 ycars. Nullipara.

This patient suffered from scvere endeometriosis

and total hysterectomy and bilateral salpingoe-
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gopharectomy werce parformeds She kindly agreed Co
cooperate in an experiment to determine the effect of
administered F.l.dde and &.ﬁ. to an oophercctomised |
WoRan . She was given 7850 IU. F.8.H. plus 1000 1y,
HeCalo and her urinary steroids were measured for

14 days therealtep. The object of thig cxperiment
was o find out whether preopnencitriocl exerccion rose
afteér gonadotrophin stimulation in the abscence of the
,@vayy lee, whother nome of the incrgase wns due to the

adrenul .

Asgay mothods: Urinary pregnanediol was meagured by
the method of Klopper et al {12585), ond urinary
oegtriod by the mothod of Rrown (1955) as modified hy
Brown ot al {1957). Proeguanetriol was measured by
the method of Fotherby and Love (19G60) which- is.
suitable for measuring this substance in the non=
pv&gﬂanﬁ state and in early pregnancy wvhere there ig
little incorference with the sulphurie acid colour

reaction,

o

lesulbse

S MR S T

Fige 13 shows the pregnanediol excretlion and the

oestyriol cexceretion in 48 hour urine specimens in Casec
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Nos. 1 in the preghancy in which abortion occurred,

Phe levels ol both hormones rose to above non-pregpancy
loevels until bleeding occurred (B) after which time there
wag a graduwal fall in both steroids, the °*Gravindex'
preghnancy test became negative and sbortion finally

Loak place.

Fig. 14 shows the fipst 20 weelks of a twin pregnancy
which resuliéed in a puccessful conclusions. En this
pregnancy the exerecion of cestriol and pregnanediol
rose in the usual manney assoclated wicth early pregnancy

and the hormone pabtern in the uring roemained noepmal

tiil Loerme

ﬁig.liﬁ shows the exeretion of pregnancdiol,
pregnanetriol and cestriol in a gonadotreophin stimulated
eycle in Casc Nos 2. Unly | ogsirogen pealt is
present in this ¢yela and there are peaks of
pregnancediold and pregnrancipriel aficr ovulation theroe

after the levels falling toward the end of the cyclce.

Fig. 106 shows the exeretion of these three steroids
in the urine of Case Noe 2, in the cycle in which
pregrancy occurred and the axcretion thereafter till

30 weeks gestation. There is a fall in oestriol
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after §=G weelks of pregnancy but the level then beging
to rise agalin to normal preghancy loevels. Pregnanediol
exorction follows the game patétern with o fall to
velatively low levels at about 12 weeks = it was during
this time that bleeding oceurred and there may have

been deficient sterold blosynthesis in the trophoblastic
tissue around this time accounting for the fall in the

urinary oxerction of steroid metabolites.

The exgretion of pregnanctiriol in this case also
yose pare passuy with pregnancedioel up to 6 weehs of
prregnancy and then fell to the levels wasually reported

for human proegnancy.

Flgse 17y 18 and 10 show the excretion of o
preghrancdiol, pregnanctrield and oestricl in 3

gonseentive cycles stimulated by goradotrophlin Cherapy

in Casc Hoo. 3. In the gt. and 3rd, eyél@s the response
is morc marked than in the 2nd. cycle and this conlirmg
the vapriabllity of response by the same woman teo the

game dose of gonadotrophin in different ¢ycles that has

been commentced unon by Crooke et al (19668) and others.

Fig. 20 shows the urinary excretdon of the threo

hormones in the urine in Case Neo, 4, where the ovaries
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wore absent. There is a little rise inm oestriol
guxgeretion but rTittle change in ¢the eyeretion of

pregnanediol and pregnanetricl.

Biscussion

In IPig, 13 where abortion occurred the initial
levels of cestriol and pregnancediol pose as would he
expected in normal progRancy. At about G0 days
gestation there was some hleeding and thereafter the
levels of hormone exeretion fell. It seems probable
that when bleeding occurred there was gome dispruptlion
of the trophoblasy which resulited in death and
&mbaeqmenﬁ fﬁlling oF tﬁe levels of uprinary metabolites
of the hormones manufactured by the trophoblastic

tissucs

Thig ecage confirms the results discussed in
Chapter 3, and shows that me&wﬁremant of these two
wmetabolites, viz, pregnanediol and oestricl, in the
urine during preghnancyy s not likely to give an
indication of impending abortion, This result would
indicate thﬁt, at thig stage of pregrancy when abopr¢ion

occurred the ovarian contpibution to the level of these
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sterolds in the maternal urine must be minimol,
Dilezfalusy and Borell (1961) measured the outpud

of oestrogens and pregnanediol befere and after

renoval of the ovary seventy alght dayé after the

date of the last menstrual period. In the ypemoved
@V&?y‘theﬁﬁ workers found a fully mature corpus luteum
of preghrancye. singe the level of both tLhe oestrogens
and pregaancdliel remained the same after oophopreciomny =
indeed shat of pregnanediol actually rose after the
operation ~ it was eoncluded that during the third
month of pregnancy a higtologically moture coprpus
luateum of pregnancy did not seem Lo be a significant

source of urinary cestrogen and prognanediol,.

It may be true, and scems likely, that av even
earliier stages of pregnancy the ovarfan contribution
may be significant. but this would appear o be al very

eaply stages only.

The pattern of excwetion in the twin pregnancy is
shown in Pig. 14 . There ig a gteady prisc in hormonc
level. The levels in ¢his case éve rather higher than
those reported for LWin pregnancy. Femzell and Roos

{1966) found the average excretion of prognancdiol ©o
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be ainost ﬁﬁm sane in those women who conceived o
gingle fafont opr twins bult woas significantliy highor
only in those womoen coneeliving dtriplets or more
fontbusns,. on the other hand the average ereretion
ef oostrogen has baon found by theso workoers $o bo
scmowhot lower fn Choseo women who gave birvth o a

ginpgle Infant than in those who goave birth Lo twins,

tripioto ov nore foebuses. Phe findings in thoe
ppeceont pobilent would support bthis viaow, finfoprtunatoly

tho lavels of prognaunoebyriol wore not availoble &n Ghin

WML »

Prespapetpiol cxcpoetion in the sonadobipophin

ghimulatod cvoloe

rna R A et SR
Phe origins and perogursers of arinary pregnanetiricol

have slrendy beoen discussneds Vory iitvla Laformation
o svaillable in tho Literatwpo nbout thoe ongeebion of
praeghpaneiylod in the virdoge of wonen bhelog treated with
gonadotrophing alohouzh much has beon weitton aboub
ocgbregons and prognanodiold (Loraing and Dell 1260)
Lopalng ob ol (i9466) have raported a few cyclaos of
proagnanaete el exerchion in wgmmn wiio Bavo booen given

gloniphens fop lnduction of ovelation, and tho patéorn
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in these eycles has been of the same order as that
found in the normal cycle where ptimulation has been

by eéndeogenous gonadotrophin,

Four gonadotrophin stimmiated eycles are shown
where the levels of pregranetriol have been measured
in the urine. Figo. 18, 17, 18 & 19, Three of thesec
(17, 18 & 19) were successive cycleos in the same woman
and the fourch (18) was in a patlent who became pregnani

in a subsequent cycle,

The results show that in the gonadotrophin
stinuiated ¢cycle the upinary excretion of pregnanetyiol
rigses during follicle growth and is greatest just aftor
ovalation i.e. between day 4 and 16 when the corpus

luteunm 1o most acltive,.

As bhag bheen mentioned before the principle precursaor
of pregnanetriol is fYo=hydroxyprogesterone {Fotherby
1962), Strott and Lipsett (1968} have shown that
there is a significant differsnce in plasma (7o=hydroxye
progesterone lLevels between women in the Tolliculapr angd
luteal phases of the menstrual cycle, These workers

indicate vhat the higher {7e=hydroxyprogesterone levels
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during the luteal phase of the cycle guggest that the
corpus luteum ig the gource of the 17a=hydrosnye-
progestorone, There is no doubt that this sterold
is seoereted by the ovary and Mikhail et al (1963)
showed that the levels of 1T7a-hydroxyprogepterone in
ovarian vengus blood weére 60 timeg those found in
paripheral blood theroeby proving ovarian scecoretion of
f 7a=hydiroxyprogesterone, ¥t is notable that in

Case 4, where the ovaries are absent, there is no rise
in the level of pregnanetriol following adminisiration
ol FeB.Ha and L.l This glves furthepy support Lo
the ovarian origin of the increased amounts of this

substance found in urine doring the menstrual cycle,

The suggesﬁicn theprefore Ls that the corpus
futeunm does in fact scorete moderate amounts of
i7a=hydroxyprogesteroene and this acgorde with the
findings reported in Qhapier 8, where this compound
was detected in the theca lulein cyst fluid from a
woman with hydatidiform mole, ‘Phat the secretion is
from the corpus luteum is furthey supported by the faet
that in men, where the lovels of 17ae-hydroxyprogesterong

apre higher than those in the follicular phase of the
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cyelo im women, Shere is a substantial ingrease in
urinary proegnanetyriol followling the administration of
Human Chorionie Gonadetrophin o normal men {Jayic 1965;
Jandau and Lancs 1289). Thoere appears Lo be a
gradual decline in steoreid synthosis ia the ceppus
luteuwn during bthe luveal phage of the ¢yele gince the
Lovel of boith pregnanedliol and pregnanceériol fall
Cogether. Other cvidence that this is g0 is based on
the progesterone content of the tissue, and the
progesterone content of ovarian and peripheral venougs
bloed (Zander et al, 19583 Mikbail ot al, 1963).

On the othaer hand recent work by Le Malre et al (1268)
on measurement of progesiverone synthesis in the coppus
lutcum failed to roflect the expecied gradual decline
through later phases of the menstrual ecycle, These
workerg found that only the abrupt complete failure of
coppora lutea, 14 days and overy, to incorporata 144
agobtatey accorded with previous observations of
cegsation of function of the corpus lutecum at the end
of the cyele. The reasons for this latber Tinding
are not clear but an obvieous shortcoming of in vitro
studics of the type performed by Le Maire ct al (1968)

is the groeat variabllity in the synthotie capacitics
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pregnancy iLs a funetion of the cerpus luteum of
pregnancy and that the amount found doese in faci,
give a meagurement of this corpus lutecum activiiye.

A gecond patient (Case 3) has recently become pyegnant

and haps shown the same Tindings In very carly pregnancy.

It has Dbeen difficult Lo assegs directly the
Pancilon of the corpus lutcum of pregnancy. OGvarian
and peripheral venous progesterone levels have bheen
neasared at intervals throughout pregnancy (Milkhail
and Allen {967) and this data suggestod that the corpus
Juteum was the importont source of pfog@steruna during
the fipst 12 weeks of pregiRancye lore roecently
Yoshima et al (1969) have measured plasma ) 7o=hydroxy=
progesterone in women who became pregnant after
ovulation was induced with gonadotrophin. Since the
pPlacenta has no or only very limited capaciity for
3?mhyarox?1atimn {ralmer et al 19663 Jungmann and
Schweppe 3967) measurenent of plasma 170=hydroxye
pragcéﬁmpane or its malin upinary metaboliie
pregnaneirial should reflect coxpus luteum funciion.
The findings in the present case it exactly those of
Yoshima et al (1969). These workers found that che

peak of plasma {Za=~hydroxyprogesierone was betwean
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4 and 8 weeks of gestatdion and by 12 weeks this
compound had stabilised ¢o a level which was
maintained for the remainder of ¢he pregnancy {(Fig. 21).

Plagma progesterone, on the other hand rose Lo a
D 5] ]

pealk about 3 =~ 4 weeks aftéer H.CuGo Phe level then
fell reaching a nadly at six to cight weeks, Thig

wag followed by increasing levels, almost cortalnly dug

te placental production of ProgesteronGe

Note on the functional 1lifc of the corpus luteum of

pELEnancy

The functional life of the corpus luteum of
prégnancy in mon has given rise Lo gontroversy oveyr
the yearse Beatvered reporits indicate that its
Tunction may not be important o ﬁha continuation of
preginancy after ¢ weeks, (Deansly i1966), but as has
been sugrested earlier in this chapter the work of
Tulsky and Koff (1957) and Froowis (1963) indicate
that abortions tend to cccur after removal of the
corpus lutcum during the fifth to sixth week after
goncept lon whereas afher the sinvh week there were no
gpontancous abortions. Thegse data are eonsistent

with an early lumportant role for the corpus luteum,



It does not, however, help with respeet to
eontinuing corpus iuteum funcilon in pregnancy.
Histological studies of the corpus luteum of plegnancy
showed the perslistence of granulesa lutein cells
throughout pregnaacy {(Gillman et al 1941}, These
s&émeﬁ Lo peach thedy greatest deve&opmeﬂﬁ baoetween the
second and third month and to disappear shortly Lherce
after, Melson and Greene {(19868) after extenpive
study concluded that the corpus Luteum of pregnancy
actively Plourished and wag Tunctienal during the
first oix weeks of pregnancy, deteriorated markedly
from the 8th to the 16Lh week and was passively
maintained from then on until the Lerminastion of the
B egnancye.e These wopkers congluded that the ovary
during the lorger portion of pregnancy appeared from
a ﬁistolggieal point of view, to act only as an ¢nd
organ influenced by extrinsic substances prohably of

placental origin,

Elovated plasma (7o-hydroxyprogesterense levels
were found In the luteal phase of the ¢yele {(Yoshima
et al 1969} and these workers found that the plasma

f7o=~hydroxyprogesterone level was a good index of
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folliculap development and luteal function, They
suggested that they could examine one aspegt of

steroid production by the corpus luteum in the presence
of a Functional placenta. They cestimated, from the
divergence of curves of plasma ppagasﬁerene and
{7a=hydroxyprogesterone (fig. 22, that the life of

the corpus luteum of preghnancy was about 10 wecks.,

If, therefore, thc plasma {foe~hydroxyprogesterons
does monitor the carly corpug luteumy and the evidence
that it dees seems good, then the main metabelite
pregnanetriol could aluo be used in bhis waye The
agvidence off the present twe casces sugpgests that it doos
and thaerefore i¢ is put forward that the measurement

A

of pregnanetriol in the urine in very early pregnancy
may be helpful in mopitoring abnormalities of early
pregnancy due to deficiency of corpus lubteum function

such as early abortion,

Buring the Tirst six weeks of gestatlon the
corpus lutcum is the prodominant source of progesterone
and after the nadir of plasma progesterone is yeached
the placenta agsumes the jimportany role in progesterone

production, The occurrcehce of the nadir in the plasma
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progesterong curve suggests that this should be a
gritical period in pregnancy since cither an uwnusually
rapid fall in progesterone producition by the corpus
lutewn oy a too slow inerease in placental progesterone
producticn ¢ould result in plasma pregesteroeona levels
incompaﬁible with the confinuation of prognancy. The
value of urinary péegnancdie& meaguremnents in eaprly
pregnancy have been shown ecaplier in this work te be
unrceliaeble in Torecasting abortion and giving
information about Lhe coprpus luteum, and it is now
suggested thot urinary pregnanetriol estimations
should be used instead unless suitable methods of
assay of plasma levels of hormones can be developaed
for thisy but this involves more complex methodology

and repoated veni puncituprc,.

one point which must be notedy however, is that
urinary pregsnanediol excretion is well known to be
greét@r atter induced ovulastion than after normal
ovulation (Gemzell 1965). The levels of (Y=hydroxy~
progesterone and progoescerone noted once week afterp
evalation induced by gonadotrophing were higher than

those scen at a comparable time of the normal luteal
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plinse and the levels of pregnanctriol seen in the
upine in the present cases are also higher than those

previously reported.

These higher lovels may be due to mupléiple corpora
luteay or perhaps Lo a larger ¢orpus lutcum and are
nost probably atéribuotable to Lhe dosce of gonadotrophin

used to induce ovulatione

+

Ly Ls impossible, therefore; o consider
gonadotrophin induced ovulation as normal and the
high exeretlion of pregnanediol and gestrogens nobted by
many investlgators atiests to Lhis, Thepre is however,
noe preason o suppose that the time relationships of
gorpus luteun growth and persistence are altered by the
P?&vimuﬁ injection of gonadotrophinsg, The increascd
gxeycetion of pregnaneitriol in gonadotrophin stimulated
cyeles where the level is higher than that normally
reported are similar to those seen in cases of
hydatidiform mole where therce is also oxcossive

stimulation ns described in Chapter 5.
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CHAPTER 8.

Summary and Coneclusions,
PSR PR T T AN IOV Aoy

te Stimmaby
Chapter 1. Introduction to the Thesis,

The introduction discusses the thoughts leading
te the studies and shows the prelationship of the

dii'ferent chapters to each other.

Chapter 2. Epideniological studies on abortien and

subsequent reproductive performance.

1o - Women who start childbearing with 1 or 2
consaecutive aborticens are compared with those .
who start with 1 opr 2 normal prégnanmies in
respect of age, height, husband's social classg,
ebgtetric performance in subsequent continuing

pregnancy and later reproductive performance.

2. Wonen starting childbearing life with 2 abortions
are older, shorter and of lower soclio-economice
status than the other 3 groups. Their problem

is not 'fertility' but the difficulty of 'holding

on' to the pregnancye.
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in the first continuing pregnancy these women
have a higher incidence af threatened abortion
and premature lLabour. The perinatal mortality
is incraésed madinly due to "prematurity" and

# footal deformity? . Taere is also an increased
rate of @peﬁative'delivary, of forceps after

i provious abortion and of Caesarean ﬁedtian

after 2 previous abertions,

In the group with 2 provious abortions there is
an increased tendency Lo poor foetallgrawth and
the women with poor feetal growth also have

prenatuare labour, Meticulous antenatal care is

indicated in these wonen,

Bight percent of women who abort in their first
pregnancy aborted in all their subscquent
prognancies and 109 of this group had no

subscqguent suegessful pregnancy.

The yecurrent abortion ripk increages with
consecutive abortions from 25% after 1 previous

abortion to 8835 after 3 previous abortions,

One third of abortions take place beforc 2 months
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pestation and 504 have oceurred by % monthg.

The results suggest that in abortion studies the
wype of paticnt who should be studied is the
'primary recurrent aborter' with (wo or more
previous consecutive abortions and no preghnancies

which have progressed past 28 weeks,

initinl observations in abortion studics should
be made, at the latest, by § weelks of gestation.
if a previcus abortion has ended at an earlier
stage than 8 weeks the indtial observations must

be made before this time.

Chaptaer F. Hlormone assays in normal esrly pregnancy,

e

pL "

in abertion and in hydatidiform mole,

The metabolic pathways from precursors to

pregnanediol and oestriol are discussed,

Urdinary pregnanediol and oestriol assays are
made in 3 groups of women (i) Normal pregnancy,
(2) Women with at least 2 previous anbortions and

no successful preghnancies and (3) Women who aborted

in the pregnancy stundied,
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K There is no gsignificant differcence in ocstriol
and pregnanediol exeretlion between the women who
aborted and those in which the pregnancy continued
successfully until 16 weeks gestation., Thereafter,
when the foetal component of cesiricl production
takes offoet laﬁ oestriol excrcetion is significant,.
Thare is no difference in the pregnancediol/oestriol

ratio between successful and unsuccessful cases.

44 Urdinary oco¢striol and prognancediol assays are
of no value in forecasting agbortion until after

180 weoks of pregnaney.s

Sa These Ltwo agsays are perforned in § cases of
_nydaﬁiﬂifnrm mole where the trophoblast s
abnormnal and the foetus is absent, Urinary
prognanedkod lovels are higher than normal in
2 cases and lowew in 3. The level of cestriol
was normal uwntil 16 weeks in ¥ casc and then

flattened out, In tho other 4 cases it was low,

s In hydatidiform mole wurinary preghanediol and
oestriel levels may be normal but are more likely
to be low. There may be some change in steroid

metabolism in this type of case.
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Pregnanediol is the characgteristic urinary
metabolite of progaesterone but other more polar
matabolites are also exercted in the urine

espacially 6 aﬁd 16 hydroxylated compounds,

After L.V, injection of i100uc¢, tritioted
progesterone the porcentage radicactivity excreted
a3 pregnanediol was measured in 4 groups of women
(1) Nonepregnant {(2) early pregnancy (3) late

pregrancy (4) obnormal pregnancy.

There was noe significant difference between the
nofn=prognant, caprly pregnancy and late prognancy
subjects, but there was a significant difference
between abnormal prognancy and the other 3 groups.
In particular the cenversion in cases of

hydatidiform mole was lowe

There was no differoence in conversion in the

same subject - pregnant and non-pregnant,

Conversion of progestéerone o proegnancdiod.,
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Shaptaoy S Progestorong metabolicm ian the bhuman

[

%)
.

proviable foatus,

The levels of progesterone in the umbilical
vongols inaicaﬂe that ®hz human foctus netabollses

whis hormong.

Perfusion of previable foetuses with 4~C*?
progoastavone for 14 and 485 minutes foellowed by
exthoction of the tissues and identificntion of
metabolites shows that 40% of the radicactivity is
present in the liver aftor 14 minutes mainly as
200 dihydroprogesteronc, The adrenals at

14 minutes contain 3.4% of the radicactivity
mainly in the form of polar compounds, After

45 minutes the main compound in the liver was
pregnanediol and in the adrenals poloar compounds -

probably corticosteroids.

The foetal liver is the chlef site of metabolism
of progesterone and this organ produces mainly
veduged metabolites. The adrenal also metabolises
progescerone to polayr compounds, such as

corticesturodds,
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4. Progesterone from the placenta is used by the

foetus Lo produge corticostoroids for ite own

homeostasia,
Chapter 8. Sterold studies In a case of hydatidiform
mole,

Te The inercase in upinary progaanciriol excrction
in cases of hydatidiform nmole suggests an
altaernative metabolie pathway in these cases.
The prognoncdiolspregnanetriol pratio in molar
pragnancy 48 2:1 compared with that of 20:1 in

nOrmal pregnancy.

2s Mole tissue was incubated with [4=*4¢] pregnenolone
ag precursor, and 170 hydroxypregnenclone,
progesterone, 160 hydroxyprogesterone and

183 hydroxyprogesterone wepe isolatod.

=

‘ Sholesterol, pragnenolone, 176 hydrogypregnenolone,
pragnangdial, pregnaneterlol and androstensdione
ware iselated frmﬁ égifaetﬁ of mole tissue and
theca iubtein cyst fluid, 170 Hydroxyprogesterone
wag isolated from cyst fluid but not from mole

tigsue,
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4o Mole tissne is capable of stereidogenesis bud
there was legs synthesis of progesterone than

normal,

He Fhe increase in {To hydroxylation indicated by
the elevation of the urinary exeretion of
pregnanetricol, is ovarian in origin, perhaps due
to stimulation by the large amounts of H.C.G.

civeunlating in these cases.

Chaptor 7e Urinary asterold oxcretion aftep

gonadotrophin therapy.

o Gvarian steroid blogenesis is contyelled by
FeSalla and LHe. It ig not clear that F.8.H.
has any gpecific effect on steroldogonesis but
Lelle Can lmerense the rate of conversion of
cholescorol ipnto progestorone and the do=-novo

piroduetion of the latiter.

2 The major precursor. of proeghanciriol is 170=-
hydrongyprogestorone and there s 2 significant
Inereasae im the excr&t&én of this metabolite in
bhe luteal phase of the menstrual cyele, This

is due to ovarian production of 170 hydroxy-
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ProgesteronG.

Urinary pregnanciriel excrction also rises in the
luteal phage of gonadotrophin stimulated cyclos
and this may ba a valuable meagarce of ¢orpug

luteoun. function,

The excrceuvion of this subgtance algo prises in
early pregnancy duping the growth of the corpus
luteun of pregnrancy and fgi&ﬁ o noraal pregnancy
lovels alfter 6 = 8 weeks of gesitation when the
main function of the corpus luteun of pregnancy

appears ©o be past.

The pattern of urinary pregnanetriol levels in

vary early pregnancy agrees with that of the plasna

levels of precursor 170 hydroxyprogesterone,

Urinary pregnanetriol excepretion up o ¢ - 8 weeks
of pyegnancy may be valuable in deteecting the
hyperstimulation syndrome aftaer gonadotrophin
therapy, and also in monitoring the corpus luteum
of preghancy. It may indicate when the latter
is deflcient with the resultant possibility of

early abortion,
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2. Lonclusions

Wonen whe boegin childboaying with one or two
aborvions have a relatively pooy subseguent

reprodnctive porformnanca,

Upinary oesiriol and pregnangdiol aosays do not
hielp An forecasting abortion up to 18 weelks of
pestoation and may nod be helpful in diagneoing

hydutidifornm mole.

The conversion of progesteronc o pregnanediol

Lo low in abnormal proegnancyes

The foetus uses progesterone ¢o manufacture

adyrenal steroldn fopr its own homeositasls.

The ineressced 17=hydroxylation which takes place
in hydatidiform mole oceurs ik the ovaries probably

due Lo stimulation by H,C.G.

N

.....

Urinary pregnanetriol cxerction is a measure
of corpus luteum funciion in the menstrual cyele

and of the corpus luteum oF early pregnancy.



Fupthey work arising from this thepioe

[

2

-

Invegtigation Into the contpal of storodd
methabollom In the human feetus and foolto~

placental unic.

Measuroment of other sterold metabolites .z
g and 18 hydroxyviated metabolitos of progaesterone

in the uyine in prezgnancy, normal and abnormal.

Puprther investipgation into the use of pregnanetriol
and also of plapma 17a hydroxyprogesterong in
early pregnancy Lo agssess ¢orpus luteum funetion

and s posgiblce use in forecasting abortion.

“he use of these assays in the prevention of
ovaprian hyperstinuiation with subsequeni multiple
gpvulation and mulbiple pregnancy in therapy with

human gonadotrophing,
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PLATE 1.

SPECIMENS OP VERY EARLY MISCARRIAGES Sj WEEKS TO
8 WEEKS AFTER MENSTRUATION
(from Oranvill* 1ISgS)«



PLATE 1II,

17 NMooruft

SPECIMENS OF MISCARRIAGE 9 AND 10 WEEKS AFTER

MENSTRUATION

(from Granville 1ISsS),



PLATE III.

K

1 M
SPECIMENS OF MISCARRIAGE 10 - 11 WEEKS AFTER
MENSTRUATION

(from Granville 1853).



PLATS 1IV.

SPBCXMKNS OF MISCARR1IAOB BBTWBKN 12 AND IS WBEBS
AFTER MENSTRUATION

(from Oranvill* less).



PLATE V.

SPECIMENS UK MISCARRIAGE BETWEEN 12 AND 18 WEEKS
AFTER MENSTRUATION

(from Oranvlllo 1833).



PLATE VI.

SPECIMEN OF A MISCARRIAGE AT FIVE MONTHS

(fro. Granville 13s3)
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BARLY PREGNANCY AND LUTBAL LEVELS OF 2 WOMEN,
I QABE 1 G THE PREGNANCY CONTINUED,
I CASE 2 ®---=-% ABORTION OCCURRED.




EX.GO 2e

OESTRIOL EXCRETION IN ABORTION
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FIG. 3,
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ABBCLISBA ARIS = WEEKS OF PREGNANCY.

ORPINATE AXXIE = PREGNANEDIOL/OCESTRIOL RATIO.
(From Klopper and Billewicz 1963)
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MATERNAL AND CORD PLASMA
PROGESTERONE VALUES
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MATERNAL ARD CORD PLABMA PROGESTERONE VALUES

{(f'vom Gredg et al 1962).




FIGC 76

FOETAL PERFUSION APPARATUS

e Heparinised oxygenated
— type "0" adult blood
? ) pH 7.4
6
To umb.vn,
E |

——3From umb. art.

Perfusion Chamber with foetus
in 50% Hartmann's solution.

FOUETAL PERFUSION APPARATUS.




FIG. 8.

FLON SHBET - TISSUE AND PLASMA BEXTRACTION

Plasma oy tissue (1 vol)

extract with Gthanol (5 vol)
3 X 8Q% ethanol (2.8 vol)
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Aqueous extract
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Scintillation Boil 30 min., and
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2 = 50ml. cther
As 'free' for
counting Ether extract
dryness
, ‘Acid hyvdrolysablo!
fraction

As '"free' steroids
for counting
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TABLE 14

TSI DRI

INCIDENCE OF ABORTION.

TIETZE , QUTTMACHER AND RUBIN
HUBSOR AND RUCKER

REPORT OF BIOL. & MED, COMMIS.
DAVES

BAXED

STALLWORTHY

HERTIG AND LIVINGSTONE
STUVENSON,, BURGEON AND RMeQLURE

INTERDEPARTMENTAL COiM. ON
ABORTION

TEETZE AND MARTIN
WHITEHOUSBE

MALPAL

paie
1950
1945
1950
1950
1957
1955
1944

1989

1839
1987
1929
938

Ineidence

7407
1040/
i0.0%
1009
10.0%
10.0%
10+ 675

i1e8%

16 - 20%
17.0%
1702%

16.0%
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g

i3
L]

»
&3

o i}

L]

G

§°Z2 Foa At

tad

& IGIESR CF JIAC T FE L OF JeUun

o CoToCahs
goTyIGEY 48] JO COUSBTIUT oI008y 38) JC SOUSDTOUT afewraaen
»mﬁ. LY ERS IHVIESYHE BoA NOILGO0UY 8l O J0 ZUNICGIORI
A Syl S B




?A Bli E 4‘ *

COMPARISON OF 4 GROUPS BY HEIGHT (%) .
Undep

npIcHT 5 51" =54 Y44
2nd Proge |
1 Abortion 20,7 Gl1e7 276 100,.0
ard ?reg.>
2 Abortions 33.3 47.5 19.2 100,0
18t Prege. 23 40 49,0 274 100 .0
20d Prege
No Abortions 24,0 50,0 26,0 100,.,0



PABLE 5,

COMPARASON OF 4 GROUPS BY MUSBANDS SOCIAL CLASSHS (%)

SOCIAL CLASS i &2 3 o8 .
2nd Prege. :

{ Abortion 12 04 G4 e 1 2548 10040
3rd Prog.

2 Abertions 1447 55,0 3043 100,0
156 Preg. 111 640D 24,0 100.0
aRd Froge .

Ne Abortions D.8 G2 658 27.8 09,8
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TABLE 16,

TOTAL NUMBER OF ABORTIONS IN TWO GROUPS.

ist,
1 Previous Abortion Group Normal Pregnency Group
o f104 patients) (83 patients)
Toual Ho. of Mo, of Ho. of
Aboprtions Patients % ratients %
i 20 19,3 10 121
2 8 Ta7 8 G0
3 6 Ge G 1 te2
% 2 18 1 1.2
6 0 -
(+] ¢ -
? i 009 -



T

TABLE 17,

NUBBERS WHO ABORTED XN SUBSHOUENT PREGNANCIES

FOLLOWENG 1ste ABORTION (TOTAL 83)

No. of women whe abeorted in 2nd Pregnancy - 268 (25%)

Hoe o women who aborted in Jrd Preghnancy .
after 2 previous abortions - 12 (11.5%)

9 of those who aborted in 2nd Pregnancy - 463

Naoe. of women who aborted in 4th Preognancy
after 3 previous abortions - 7 (8.7%)

% of those who aborted in 3rd Pregnancy - 58,3%



Pade:
0
L15] 6]
) o]
= [o N ) £
Pal v Uy & a2
- O] O 1 % 1t @ 32
& EA G O I ) cof %o My »
4 Gaf fa fa (i
B IO} I <R AY . O <
e A
1 KT R
I
£ .z:)
3
g Q
Kol B 51
t Lo B X
@ » ¢ owR
L 1 ST ] <P o
1] WE B b I T BT 4 T o R A e B AR 4 .
o w4 O ™ L\ B S T s B v g [ I 1
3] L fo fa o)
o ot SR A N o
o 2]
s e
o &
£l £y
Q o
for Uy
e W E <
» L o. . R
o w vl D
o Q Wi B OO 8 W W oy g% 0 .
- QO t ] oy 4 A I T T
=3 St fu fa [
. | ] AT iR
tan] o
«f! %11 [\
Font s
Sz ad
b
o
ford Bha
B ]
o4 priad
o) £y
o] P o
! iy ¢
w £y
Lo SR} Qﬁ
i i, N fry
2 [ Lo SR
o e G 5}
A & Lo | ooy b
pios] TR e temd o] ) P
£ Nt () f;L: T3] fon
) Yo 1 5 een ) e bm o
e MO T T R A o\ A S N B s W
Hy wnogp w0 (3 W we W0 o
{24 M2 W wer ] LY D Gy B e
oy [ TR 4% fons ta o v b e s
A ow gy L, S w0 e [54
[£2) Ly e ffi; 331 [£3] T Yy oM
3 fa MR ;o & BPa oy oh
beoh O od ) Ropd o O o ) ) e
o ot S <3 B L R~ £ O 7 B S B A s S S A
o S5 B TR B - S A I o 2 B s B o
B :7 Cwd 1 Gy o 52 L4t S Q; e 24 =g ot
ta el BT o S O B L S B 7 S TS O B



TABLE 19.

GESTATION PERICD AT WHICH ABORYTION OCCURS

T
o o

1s8t. Prograncy ending in sbortion

Zime of Abortion Numbep -
p to 2 nonths 2856 3248
2 months = 3 months 131 5.1
3 months -« 4 months 296 341
Over 4 months 187 18.1
TOTAL 869 100.1



TABLE, 20,

GESTATION PRERIOD AT WHICH ABORTION OCCURS

2ade. Pregnancy ending in aborition

Time of Abortion Numbey . b

Up o 2 months _ 37 50,3
2 monghs = ¥ months 24 19,7
G months = 4 monbhg 39 52.0
Qver 4 monbths 22 18.0
TOTAL 122 100.0



TADLE 21.

GESTATION PERIOD AT WHICH ABORTION OCCURS

Thiprd Pregnancy e¢nding in aboption

fime of Abortion Numberyp p
Up o 2 months 8 383
2 months « 3 months 2 843
3 months = 4 months 4] 37«8
Ovoer <4 months ] 2048

TOTAL 24 DOLO
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TABLE 23,

INZERVAL BETWEEN 18t. & 2nd. PREGNANCY
{to ncarest year)

Intepval MNormal ists Abortion
in Years No, B N0 o %
i 14 1741 64 5041
% 17 21.0 38 30.0
3 16 2040 9 740
4 8 10,0 2 1o
g 4 540 8 GeD
6 4 540 0 -
'] 3 P § 1 Q.8
& 4 G40 Q -
9 ; te2 0 -
10 0 | - Q -
Nil 10 1244 8 6.3

TOPAL 81 0G4 127 09,7



%ﬁ&w“ ¥

INTERVAL BETWEEN 2nd. & 3rd. PREGNANGY

I8Ce Preg. Normpl st Pireg. Abortion
Entoerval ,
An Yoars No., 4% Noe %
i 17 - 24,0 24 | 2840
2 6 8.6 18 | 2240
3 i 1548 8 ' De3
4 & 11.4 12 T 14,0
5 i 144 3 3.5
] 2 2.358 4 406
7 0 - o . -
8 1 14 0 -
9 0 - 0 -
10 0 - @ -
MNil 24 348 16 1846

TOTAL 70 09.986% 86 - 100,065



PALLE 25,

PREGNANEDION RXCRETEION. NORMAL PREGNANGY

{from Klopper & Billewiez (19G63)).

Weaks of Exeretion in mg/24ehv. (L 5D},
Pregnancy (Numbex of cases in brackeis)
g - - -
g Gel8 {2)
7 B 18 {2)
8 7467 % 1,169 (8)
9 7,91 % 2.544 (6)

10 843 ¥ 148285 (V)
11 10.06 5 2,751 (7)
12 10,58 %  2.239 (8)
i5 11.04 & 3,005 (8)
14 11677 £ 5,019 (5)
15 12.91 ¥ 3,560 (%)

16 12.38 % 5,108 (8)



TABLE. 2,

PRUGHNANEDBIOL BEXORETION ii GR) BN PATIENTS
WITH 2GR MORE PREVIOUS AZORTIONS,
PRESBNT PRUEGHANGY SULNOESBPUL,

(HUNBER OF CASES EN DRACERTB) .

Woeks of Progimoediel omeretion

freguoncs BN .70 1) 0
5 Bab { 3}
o | Beli © 2488 { 4)
7 : Dok L fab8 (8
6 Bal ¥ 2435 ( 8)
] e85 L 2440 (11}
0 1.2 % 2.81 (16}
it S 1te? ¢ 3428 (14)
12 | 12e7 = 3468 (14)
(K 12,0 = 4,37 (14)
14 14,1 1 8.02 (14)
15 160 ¥ 5,83 (10)
17 | 1500 & 0e84 (34}



TOBLE 2T

PREGNANTD IO BECRATION {ﬁ 560}

PATIENTS WHO ARDRTED XU PARGENT PREGHANGY «

(RUNBER OF (ASER IN BRACKETE) .

Weoeky of Fregnanediol oxorosion

8 Goli { 3)
¥ o8 T 2447 { 5)
7 o7 5 teme ( B)
8 Ge ¥ 347 { O}
o 2.0 L Be02 (30
o S8e0 ¥ 5416 { )
11 Te? Y 2489 { 8)
12 7,9 ¥ 2473 ( O
15 a8 1 Fa0B (0}
149 2.8 & .50 { 4)
15 0.6 { 3)
16 §3.8 { 2}



TABLE 28,

ORBTRIGE HECRRPION (L 80)e
NOREAL EXQRBETLECH,
{HUMBER OF CABES IN BRACEETS) .

Hoohs of Qoatriol excrotion
EES Y L 2%
Bremnancy 2 T —

8 048 L 0,548 {4

8 G021 L 0,369 (6)
7 0,101 % 0.0438 (7)
8 : 0,139 T 90,0848 (8)
% Da284 L 0,082 {8)
i 0.28% T 0,222 (7
1% 082 % Defid  (5)
12 D48 5 0287 (3)
15 Qo8B0 W 0,379  (6)

14 14078 £ 0,784 (7
a 5 " < ?t‘.’?ﬁ 3: ﬁ} » {,’:9{3 i {3§

14 2 o 88 ¥ Da 708 {8)



ORSTRIOL Bicrision & snd,
PATEIRHTS WITH 2 OR HORE PoEVIONS ARORTIONS.
PRESENT PREGNANCY SUCOEESFUL.

{NEMBER OF PATIENTS IN BRACKETS) .

Weoks of Destpricl ekeretion

pypgnaney . gl 24he, .
4 Q088 LT 0082 ( 4}
8 Dot ¥ 0048 { 8)
7 D082 - 0,033 { 8)
8 Ge218 © 0,126 ( 8)
9 Q216 © Ol 134 { D)

i0 0304 T 0,167 (1)
11 0.0 © 0,504 (12}
12 0088 L 0,258 (11)
15 D799 L 0,802 (10}
14 GoUBO L 0310 {12)
15 1603 5 0.8595 (11)

16 2,06 5 0,626 { 8)



SARLD 3()o

. ORATRE0L Drenzdion (¥ sm).
PAPEENDS WHO ABORTED IN PRESKNY PREGNANCY.

{REBRE 0P 3 wlﬁnws I BRACEETG) e

Hookn of Oastpicl oxeretion

prognoney OO .7 3t . TAL W
5 Q.078 {2}
A Q065 {2}
7 0048 ¥ g.0024 (4)
8 Q082 T 00,0414 (4)
& 0,063 ¥ 0,051 (4)
10 00635 {5}
b 0.t U Q.i08 (4}
{3 a5t {2)
S Do {2)
4 $e03 (s}
14 0 B0 {2}

10 1e 7585 {2}



TABLLE .

*

RATIO OF BRCRETION OF PRECHNANEDIOL & OESTRIOL €E$D);
NORMAL RATIO.

{NUMBER: OF CASES IN BRACKETS).

Weoelks of

Pregnancy Ratio
& 181.7 ¢ 9348 (4)
@ 147,89 + 64,2 (5)
7 9248 + 32,1 (7)
8 G54 « 20,6 (8)
] Gla1 + 3344 (8)
10 4646 ¢ 17,2 (7)
11 3644 + 29,2 (8)
12 378 v . 358 (8)
13 34eG + Aiel  (6)
14 2240 &  249.1 (7)
15 7e5 Ge71 (6)
16 5.2+ 3416 (8)



FABLIE E 3L

RATIC OF SHCRETION OF POBGHANEDIONL & OBSTRIOL (L 8D).
PATIENTS WITH 2 OR MORE PREVIOUS ABORTIONS .
PROGRNT PREGNANCY SUQURSHFUL .

(MUKBAR OF CASES IN DRACKEYS).

Wooks of

Erepianoy atio
5 150.8 & 57,0 { 8)
& 7205 T 46,8 { 4)
7 79449 T 41.8 { 0)
0 49457 L 26,0 (&)
2 60,28 L 40412 { 9)
17 B 458 T 2ded  {14)
i1 B5.88 T 24,8 (12)
i2 31e88 L 20,8 {11)
16 0.28 L 1044 {10}
§4 194 & 740 (32}
P8 %9.&5 Lo BeE (11)

16 Teti T GeB ( 8)



- ii:% }S ;« §

«l
R T »—k e

BATEO OF BXOREVION OF PREGNANSGIOL & opstrion &sbni.
PATERNTE WHO ABCGRTED I PRESBRT PREGHARCY.
(NUMBER OF CASES N BRACEETSY,.
wWoulkn of
Rragnaney, latis
5 4.6 (2

G B L 20,4 {5}
7 1t2e & B147 {4)
a 112.0 % 24,8 {4)

i

?’10 bﬁ ﬁ‘ ?’;-5&6 {‘{2‘}

3o 2.7 T BD4G (3)

11 pre ¥ 87,5 (43
143 2953 {2)
ia B0 (2}
gt 1060 F Ge7 {3)
15 1846 £2)



URINARY EXORETION OF ORSTROGEM AND PREGNANEDIOL IN HYDATIDIFORM MOLE

weeks of Ratio of Oestriol:

Cape Pragnancy Oestyrone Oesitradiol ©Cesiriol Destrone & Gesitradiol FPregnanediel
MNee from L.M.P. pg/24hrs pg/2dbr, ug/ 24hivs gl 2, wgl 2400 .
(] 0 40 2648 188 243 5482
it 1645 7340 385 ' 1.6 0.8
iz - 3%0 125 568 Te3 22,9
i3 308 107 838 fe8 270
T 388 176 742 14 5140
16 264 100 828 242 21.0
§7 504 108 8490 a3 Fied

2 ii 28 178 122 Ze8 Ga8
i2 Ga & G a0 44 30 GO
B4 %0 28 31 4o? 2043
37 2740 Geb 2448 a2 2.8
i8 117 2e7 14458 140 0.8

3 5 - - - - 25
16 - - - - B 21
7, -~ - - - . 23
18 - - - - S 17
19 _ - - 1832 - 2445

4 16 - - 146 - : 445
17 - - 104 - 7.5
18 - - - - Tell
19 - - - - 843
20 - - 173 - 9,0

5 it - - 134 - 440
12 - - 56 - 340
15 - - 144 - 440
14 - - 154 - 505
15 - - 160 - 6o 5
16 - - 84 - 6.5




X4 BT SR
I R

EXCRETION OF QLSTROGEN, GONADOTROPIHIN AND PREGNANEDRIOL IN CASES OF HYDATIDIFORM MOLE
{(from Frandsen & Stakeman, 1964}

weeks of Ofy Oy Ofq OLg/ G P
Case Amenorrhoca wpg/24hr. pg/24hr. pg/2dhr. 08, DHEa 1&/24hr, mg/24hg .
Kok 19 - - 85 -
20 - - 210 -
L.e 25 21 12 104 3ei 132,000 3.2
26 26 12 138 - 650,000 3.2
AaDe i5 - - 269 700 4,000
Bohe io 1686 45 219 1.9 800,000 3.6
17 - - 280
G i5 - - 528 -
18 - - 1100 -
KeSe 18 - - 100 24,000
Lof‘{io 20 - - 43 -

LeB, 12 137 29 125 0.9 854,000 7.6
i3 - - 132 247G, 000
14 77 85 150 160 2500,000 7,7
i5 262 187 240 0.5 2540,000 5.6
16 - - 194 5700 ,000
17 - - 425 8400 ,000
Bll, i1 - - 184 -
15 62 19 102 1e3 240,000 1.9
T.E. 52 (7) 94 68 33 22 46,000 3.4
OF, = gestrone
Oy = Oestradiol

Oy = Oestriol
G «~ {donadotrophin

P« Pregnancdiol




FABLE 56.

BAZLY AND O BAY ROPAL PEROENTAGE BECOVERY OF

Saln JHIRCTRED TRITTAPER PLOCGLSTERONG AS URINARY

EREGNANERIOL KA GROUP OF HON-PREGHANT PATIENGS.

Raily ¥ Bocovary
Y SRR A BT R < 2 » dpnee) A N =z ¥ " T S = v o
Lase § p 3 4 & Tatal
_ Fecovory
P &£ o Aoy q F 3 o+ ; ol
i nf.’%eéé{; g*"?& @Q 3 {}‘.gﬁ \‘5;3@03 {'3..953

2 85481 tadil Ge7 0,08 e 13 11,34

G Gedd GotH Gastd 118 0,05 1423
. Cald .00 € u Bt LI De11 a8t
5 » 32 ?;g@c’ £ O ngf‘i o210 g 1o



TABLE 3?0

VARAN WS S TP YOIt

5

DAILY AND 5 DAY FOTAL PERCENTAGE RECOVERY OF K.V,

IN3EQ?E& TRITIATED PROGESTERONE

AS URINARY PREG=

NANEDEOL, IN BLEVEN SUBJRCTS 7 = 19 WAEYS PREGNANT
Woeek of Raily % Recovery Total %
Case Gegtation 1§ ' 3 4 8§ Lecovery
6 7 5402 1460 Q.77 0,79 0.46 8404
7 B 10,60 5432 138 0454 Ce43 15,67
£] 10 2451 § 860 2430 0,29 0420 4,66
9 i2 710 1. 70 1400 0,80 Oe 1 10.586
10 13 11.56 2«10 130 0.56 Q.08 15414
il [R5 B 480 Ge78 O.78 0.48 10.75
12 LK) 384 0,70 0,88 0,16 0. 14 5422
13 38' 15470 24060 3686 0.30 0,13 19,59
14 18 a7 0.38 Cu33 Ca10 0,24 6.81
16 18 Ba28 2.00 04062 Oa24 Oe 14 11,28
14 i9 G408 0488 0415 0434 0,14 744



LABLE 3G+

DATLY AND § DAY TOTAL PERCENTAGE RECOVERY OF 1,V

INJECTED TRAITIATED PROGESTHAONE AS URINARY PREG=

NANEDIOL IN SUBJECES 59 and 40 WEBKS PREGNANT

Weak of paily % Recovery Totnl %

Case Cestation 1 @ @ ool 3 4 . 4] Recaovery
17 39 4468 054 0,45 0,22 0,11 5.80
18 40 13,60 2,24 0,28 0,16 0,07 16.38

19 40 Be23 187 0e53 0418 007 598
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TABLE 40,

v AR AR RS, nr.wi-miﬂ&

LOMEARTEON OF T AVERAGE PTOTAL -PERCHNTAGLH LEQOYERE

VAL I L RN iy KA L b O L

OF THE TRITIATED PROGESTERONG ANJECTUD AS URINARY

PREGHANEDEOL XN THE FIRST TIVE DAYS POBP ENIZCTION
ST Y A Y 4 Pt AL TR Sy S SR EF A pr HARIR P QAR T SIS £ T i amia

LT e Iy

i Four GRouvs oF WOl

Ho. of Avarage i Shandard

Gasea  Reecgveved Daviation
Honeprognant 5 D438 Y a.u2
71D weeh gestatlon 13 104 83 ta,60

1+

10.38 Batl

4

%9 & 40 woek gastation

ADROIRAL PPOgRGhCY o Hed? T 2488



TABLE 41,

BAILY SPECIFIC ACTIVITIES OF

wg/24hr, urinary pregnanediol diacetate isolated

Case i 2 3 4 §
N.F. 1 5.73 7.89 Ge 60 5.23 $.57
2 7.5% 6.30 8,82 2.52 4.33
3 .40 17.206 7.06 3.85 2.70
4 5.26 2.27 2.77 2,77 354
& L H 4.03 5.86 4437 2.88
E.Fe & 17.84 13.23 12.60 12,60 12,60
7 1575 11,87 .14 i6.10 15.75
8 5.04 10.46 3465 5.54 16,70
9 6430 5.88 7.80 8.18 5.04
tC i8.50 15.28 16.38 16438 §.67
it 10,71 6.30 10.08 8.82
i2 1G.40 7.88 .32 3.65° iS.12
i3 254,20 28.20 22.68 22.058 25.94
14 12,80 10.08 8.82 10.08 8419
15 7.56 8.18 11.34 5.80 9,7
11 i7.84 20,78 15.75 14.49 13.23
L.Pe 17 12.92 8.32 21442 28433 2i.42
18 74,34 58.54 78.38 85.68 90,72
i9 40.95 £§3.€0 64.26 54,18 §2.92
A.P. 20 9.77 13.23 10473 18.38 13.23
2t 8.82 12,60 8,32 S.04 8.45
22 G. 68 10,58 6.30 - -
23 6430 €.19 378 54158 8418
24 9445 13.80 8.32 t1.21 10.52
25 8. 14 18.63 12.16 16,00 13.29
28 18.50 18,77 19.66 12.73 .51
27 11.34 8,82 7.06 0. 71 i4.49
28 iS4.90 5.19 22.88 22.68 22,88

PREGRAKEDIOL DIACETATE ISOLATED
Dally Specific Activity im Nue/mg.

£ 2 3 4 8

. 821 i83.8 88.2 G4 o4 1268
1Z218,8 23042 87.3 3ie7 30.0
2478,86 38147 £9%e8 328.5 jlat
2018.3 4322 .9 IS5, 11861 Zied
516.8 513.8 138.9 84,3 87e%
284 ,.8 120.8 Siel 82 .7 3Ca &
G73.0 Z277.8 1281 5.8 273
4EE .3 143 .4 BZe2 52 4 {5.8
ti27.C 288.1% 14718 Gied 2848
63711 (08,5 82,8 2442 15,8
8277 . 1238 Fh o4 5242

3E88,.2 38,8 4848 43.8 Se3
G23.C 103.2 37T 3.8 Sad
4722 38,4 14,7 337 17e1
750.0 4Ged 28, 1% 3248 2447
468 44 S8 35«4 1648 10.8
38262 38, 21.C Gof Sel
18248 2245 ZeS 69 Ce8
182,17 3tatl 8el 3.3 Ta3
.‘w@mw.mm mmim MCGW mMom mﬂmm
22840 102 4 7248 15.8 268
mmmlﬂ Nmﬂm MQ‘@ - -
Zitel 27{.8 88,8 15«8 183
7870 §i2a3 7040 2848 S8
21242 G4e1 2Z2.0 4.4 $.0
i22.8 54.9 7.8 Ced Ze2
5224 % 8Z.0 364 14,0 Se &
32448 513 23.8 10,1 Be7




——

TABLE 42.

HRENARY UREGNANEDIOL EXCGREYION PEROENTAGH CONVARDION

OF PRITANTRER PROGESTRRONE 10 URINARY PRBGNANED 10H,

AND BPROYFIC ACTIVITY OF THE FREGNANLDIOL IH A

WOMAL S19H NO UTERUS

9% Qonversion Gpeallic Actbivity of

Day Proghanediol e pregnanediol dingotate
N BT w prognanediol {npe/ng) ¢

136 T 36042

=1

2 a8 € 63 SU3e0
3 YL Q. 62 3
4 be 7 D2l 11G.8
& 127 D8 238

Total & converstad - 7,068



TABLE 43

GREEARLRON OF LEBSULTS AN THO PATIENTS IN THE

NOIPRAGHANE A0 PREGNANE BIATES.

Patient 4, ©Qoasc B Nome=Ppaghantd Capt 27 Ppognant
% %

dax Recoyertd Halle, Rugovernd Hals,
] 282 814648 % WEk2 228 ,0
2 2 W37 BG40 Tedh 102 o4
o e B4 1300 &2 G4 e
4 a28 Ed oo 83 .08 8.8
e Qe & 87«4 Dedf 28 &

Total G068 A28

Potlond S Qman»«¢ Non=-Prognant ﬁa@ﬁ & Prognant

bay  messvorsd gahs Rocovered  fede
z Beli? 201543 2Bl @5@;%
2 G086 GL2 a9 § s 143 od
& QoG4 08,0 e 80 82 o2
4 Cad 14944 {e20 82 04
5 Oeit Siat 20 6.6

Potal 8451 4488

{Gade = Spociiic Activity)



URANARY PREGNANEDIOL EXCRETION, PERCENTAGLE CONVIERSION
OF TRITIATED PROGESTERONE 70 URINARY PREGNANED IQL,
AND BPECIFIC ACTIVITY OF THE PREGNANED IOL DIACHTATE
LOOLATED XK CASE 30 = 38 WEEKS PREGNANT,  LOW
PREGNANEDIOL EXCRETION ARD DELIVERY OF LIVE CHILD

Specific Activity
of pregnanediol

Prognanedioel % Qonverted to diacetate
Pay WE o Pregnancediol (mpc/mg)
i 3428 0.38 9561
2 2.8 0G.06 19.1
K 2.0 0.02 7.9
4 2.88 0.01 2.8
5 2.18 0.008 1.9

Total % converted = 0,497



TABLE 48,

DISTRIBUPION OF RADIOACTIVE COMPOUNDS IN THE 'FREE'

FRACTION OF LIVER AND ADRENALS 14 MIN. AFTER INJECTION

OF [4-34¢] PROGESTERONE INTO A HUMAN FOETUS

s

m&tabalitg
Polar Material
Pregnanediol
20cedihydroprogesterone
20p=dihydroprogesterone
Pregnanolone

Progesterone

% of Total Radioactivity
present in

Cive T Adrennie
16.6 4740
19,2 | 1545
5645 17,8
11.0 8e7
3.2 o
1344 15.6



TABLE 46,

DESTRIBULION OF RADIOACTIVE COMPOUNDS IN THE 'QONJUGATED '

ERACHIEONS OF LIVER _AND ADRENALS 14 MIN. AFTER INJECTION

OF [4-*%¢] PROGESTERONE INTO A NHUMAN FORTUS

]

% of Total Radicactivity present
in _the two conjugated fractions

Metabolite Live Adrenals
[ 2 i 2
Polay Material 2048 28,8 4548 100
Pregranediol 31.9 8446 39.9 -
20a=dihydroprogesterone 19.4 - 0,0 -
208=dibhydroprogesterone 9.9 - 0.0 -
Pregnranolone 7o 9.4 0,0 -

Progesterane tiat Ge2 1443 -
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TABLE 50,

LTINS L A7 mokirn & 248 Vi

CORQENTRATICNG OF BTERQIDS AND STHROLD PRECHLS wz

FOUND BN THE EATRACTS OF HOLE TISEUR AND CVBT FLULH

Mola Tissue Gyst Fluid
QUOSLARCE e ASL1008, wat welehed | (el 1000LY
Chelesterold | 30,000 12 » 500
Prognenolone 1,200 80
§ el ydroxy progacnolong 120 1000
PRrogentorons Teace {400

{not characterised}

??thJgFﬂmyﬁﬁﬁzﬂﬁﬁﬁ?ﬁﬂ% « § 000
Prognancdiol 370 14600
Pregunanctriol 256 1380

3
~

Anpdyostencidiono

f‘}
o
43
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