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ABBREVIATIONS AND TRIVIAL NAMES

Tho following abbreviations and trivial namos aro uccd in this thesig.

cholootorol

progestorons
20a~dihydroprogesterons
203~-dihydroprogestorono
pregnanolons
3p-hydroxy-50-pregnan-20-one
pregnansdiol

30, 208~ ihydroxy=5p-pregnano
38, 203-dihydroxy~Sa~prognansa
pregnanedione
6B~hydroxyprogesterone
1léo~hydroxyprogesterons
170~hydroxyprogosterone
prognenolons
L7a~hydroxypregnenclone
deoxycorticostorone
corticosterons

160, 17a~dihydroxyprogesterons
170, 20a~dihydroxyprogesterons
17, Zoa—dmydm:wpmgestemne
hydrosorticons (corticol)

aldosterons

chologtbae=5=-cn=38-0l

progi=l~=ona=3,20~-dions

20_:1,-hydrox;yprogn-l4=en«3=om

203-hyd roxyprogn=L=on=3-0n2

Fo~-hydroxy-58-prognan=-20=-ona
38~hydroxy-St-prognan=20-ono

30, 203~dihydroxy-5a-prognans

30, 203-dihydroxy-S8-prognanc

38, 208~dihydroxy-5a-prognang
5p-prognan=-3, 20-dionc
6B-hydroxypregn-4~eno-3,20-dione
léa~hydroxyprogn~4-ene=3,20-dione
17a~hydroxyprogn-l-ons=-3,20-dione
3p-~-hydroxyprogn=5-cn-20-ons

38, 1To~dihydroxyprogin-5-en-20--ons
21l-hydroxypregn-4~ons-3,20-dione

118, 21-dihydroxyprogn-4~one-3, 20-diono
1éa,17a~dihydroxyprogn-h-enc-3,20-diono
170, 200~dihydroxypregn-i=-en-3-one

170, 20-dihydroxyprogn-iy-en-3~ons

118, 170, 21-t rihydroxyprogn~h=-onc=
3,20-diono

118, 21-dihydroxyprogn-h=on-18-al=
3,20-diono
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léz~hydrosxyhydresorticono

18-hydroxyprogostorony

18-hydroxycorticostorony

l8-hydrozgydom;ycorticoatomm

deoxycorticol,

tootootorono
andrositoncdions
Léa~hydroxyandro stonodiono
llB—hydrmz;yandmstonodiom
dehydroicvandrosterons
androgtensvriol

eobriol .

pregnanolone sulphatc

20-keto- 50~ prognan~-3p-yi.
sulphato

pregnanolons sulphato
dehydroisoandrosterons sulphate
pregnancdiol sulphate

pregnancdiol glucuronide

deoxycorticostorone sulphate
corticocterone sulphate

118,160,170, 21-tot rahydroxyprogn=-
l=one=3,20-dions

18-hydroxyprogn~i=ons=3,20-diono

118,18, 21~ rihydroxyprogh-l~cnc=
3,20-diona

18,21 ~-dihydroxypregn-ly-cnro«3, 20-dione

L7, 2)=dihydroxyproga-l=ons=
3,20-diono ‘

178-hydroxyandro dc-»@-on;ﬂ-»onq
androst-L-ons=3,17-dione
léo~hydroxyandra st-becno-3,17-diona
11g-hydroxyandrogt-~l=one-3, 1 7=dieonc
38~-hydronyandrogt—-5-cn~17-one

38,165, 170~t rihyd roxyandrost-5-eno
estra-1,3,5(10)-tricne~3,160,178-triol
20-keto-58-pregnan~3a-yl sulphatc

20~ket 0-50~prognan-3g-yl sulphate

20-I:etopregn—5-eno-33-yl. sulphate
17-koteandroat-5=0nc-3g-yl. sulphate

3a, 200~dihydroxy-58-pregnan~
(3 or 20)-y1 sulphate

3a, 202~dihydroxy-58-pregnan-3g-yl-
B-D-glucopyranosiduronic acid

3,20~diketoprogn-4-on-21~yl. sulphate

118-hydroiy-3, 20-dikkctoprogn-L~on-
21-yl sulphate



estriol sulphato

ogtriol glucuronide .

ACTH

ng

1o

cpn

ML

sutra-1,3,5(10)-trione-160,17p-
dicl-3 sulphato

ogbra~l,3, 5(10)-trionc-3s,178-diol=
1é0~yl-B-D-glucopyranosiduronic
acid

adrenocorticotrophlic hormone

nicrogran

milligron

nicrocuric

combo por minuto

nillilitor

crystal

mother liquor



INTROPUCTION

During tho lagh ien yoars a large number of publications have
been dovoted to problems of steroid motabolien in tho human fotus.
Mach of tho intorest in this area was ctimulated by tho rovicy
article of Lanman (1) in which ho ro-omphasized the uniquo physiol-
ogical and amatomical foaturco of the fotal wone of the adromal.

He aleo pointced cut thot this structuro wac prosent in siminno ard
roro rocontly it has boen doseribed in the armadille (2).

Uhen tho invostigations to be described werc initiated, a
nuber of publications had described the in vitro conversion of
various substrates Lo steroid mstabelitcs by the huran fotal adronals,
testes;, ovaries, and llver. Our approach to the problem of steroid
metabolism in the midterm human fetus was based on parfusion of tho
fetus with labelled precursors. To accomplish thioc aim we initiated
a very profitable collaborative study with Profescor Egon Diczmfaluoy
at the Karolinegka Hospital, Stocikholm, Sweden. The parfusion of the
fotuges and the initlal tisoue extractions were carried out in hio
laboratories.

This thesis will describe the methods uged and the resulto
obtained from the perfugion of intact and totally adrenalectonized
previable human fotuses obtalined at therapsutic abortions carried
out in Stockholm. Bsfore procoeding to a description of my own
worlt a brief historical review will ssrve to orient thils data in
relation to what was already knowm about steroid metabolicm in the

huran fetus,



The presence of neutral steroids in the blood and tiscues of
the human fotus ab varying times throughout normal gostation has
boen documontod (3,4,5). Similarly, noutral steroids have been found
in cxbracts of placentas (6,7). Such findings have raisad the
question as to vhethor the gboroids icolated from tho fotal tissuon
wore prcduced thorein, foried in tho placenta, or synthesized in the
matornal tiscuecs and trangported to the fetus. In an attcmpt to
anauer thego questions a number of jinvesbigators have been gtudying
maternal-fotal cteroid metabolliem using numorous oxporimental
appronches.

Trans placental passage of gtercids has been demonstrated by
the injection of labeled pracurcors into eitheor the matermal or
fotal compartment and the gubsequent isolation of the ccmpound oy
its metabolite(s) in the other compartment. Thus the passeage of
L,-1bc-progesterone from the mother to the fotus has been shoun (8).
An approximation of the production rate of progesteronse shows thab
it does rige during pregnancy (9) but the contribution fron the fetus
is thought to be low as evidenced by the minimal fall in urinary
pregnanediol. when the umbilical cord is clampad (10). Thers hac
been considerable discussion about the true value of progestexons
production rates, as the urinary metabolite pregnansdiol uged in
the detormination is not uniquely derived from progecterone (11).
Thus sscretion rates of progesterons based on urinary pregnanediol
are artificially high. This is espacially true for the non-pregnant,

gtate and may be important in pregrancye. Tho increase in
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progegterors production in pregrancy is assumed to come primsyily
from the placenta although thers is some increass jin ovarian pro-
duction in the first trimestor (12).

The trancfer of many cteoroids between the mother and fohuo hao
boon described (13,14). Maternal cortisol may woll account for
about. 8073 of the circulating corticol in tho fotus and this io
cupported by rocont Gtud-ima in Addiconian'sp maintainod on pradnicono
{15). In these pationte no corticsol was found in the matornal cir-
culation and the trace amounts found in the fotal circulation werc
assumed to come from the fetal endocrine tissues.

The transfer of conjugated steroids across the placenta has
also bzen studied. Following injection of 3H—est.ricl-3-—aulphate and
Lot ri01-16-glucuronide into the amniotic fluid at midterm, 2H-
sgtriol in the free and sulphate forme and Usg_ostriol as tho
glucuronide wore isolated frem maternsl urine (16).

Bolté st al. have demonstrated the transfer of dehydroiso-
androsterone sulphate (DHAS) across the placenta both from the
mother to the fetus (17) and from the fetus to the mother (18).

The role of the placenta in steroid biosynthesis at mid- and
full-term has been extensively studied using both in vitro in-
cubations and in gitu perfusions. The in vitro production of
progesterune from 1-11°G-acetate has been demonstrated in low yield
(19) but the most officient precursors of placental progesterone
geem to be cholesterol (20) and pregnenolone (21,22).

Progosterone is transformed to a number of products in

placental incubation studies, Thus 6f-hydroxyprogestorons (23),




170~hydroxyprogesterons (2), 20z-dihydroprogesteronc (25) and
16a~-hydroxyprogosterone (26) havo all beon icoloted f£rom the incub-
ation of term placenta proparations when tho added substrate wao
progecterono.

The formation of testostorone or ﬂé«andfostenodiono by incub-
ation of placental tiscwo otarbing with C-23 procursors bng boon an~
rawarding, thus ouggooting a lack of the 03720 doczolace onzyme i
the placents. UWhen C-19 compounds such aa androctonediono or testo-
atorone are used ao tho procurgor, rapid aromatization to oshrogono
will occur in placenta incubation gtudieg.

When midterm placentas were porfuced in situ with pregnenolonao,
it was efficiently converted to progesterone (27,28} but no furthor
metaboliem of the precursor could be demonstrated (29). Testosterone
conversion to estradiol. in the perfuced midterm placenta has been
demonstrated (30) as well as the conversion of dehydroiccandrosterone
and androstenodione to estriol (31). Vhen the icolated term placenta
wae perfussd with pregnenolons it was poooible to demonstrate the
formation of progesterone and 6p-hydroxyprogesterone (32).

Tn an effort to dofine the biosynthetic potentialities of the
human fotal adremal, oxtensive studies using slices, minces, and
homogenates of adrenals obtained at early, mid, or late gestation,
pave been carried out. Whon acetate was used as the substrate,
adrenal slices were capable of forming androstencdione, dehydroiso-
androgterone, and hydrocortisons (33).

The conversion of prognenoleno to progesterone by the fetal
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adrenal is very depondont on the cofactors (34) procont in the in-
cubating medium, ard on tho geotational age of tho fotus from which
the tissuc is obtained. This conversion requires two engymos, the
3B8~-hydroxysteroid dohydrogenase and the Ad-igomerase. It has boen
postulated (35) that there ic a lack of "i;he 3B-hydroxysterolid
dohydrogenacs onzyme until late pregnancy and this is oupported by
the histochemical studies of tho fetal adronal (36,37). It hac baon
phoun that this onzyme ig abgent from tho fotal zZons of the cortox
throughout. gostation and is only found in the thin rim of truo
cortox afbter the fourth month of gostation. _

Progesterons is efficisontly metaboliesd when used in fotal
adrenal incubations, There appsars to be a definite pattern of
products formed which changes as gestation progresges. It has beon
assuned that the metabolites formed raflect serial enszyms changes
in the fetal adrenal. Thus the 1llg-hydroxylase and 1lT7o~-hydroxylase
appear by the tenth week of gestation, 2l-hydroxylass later, at
about tho fifteenth week (38) and the 18-hydroxylase, much lator,
probably closs to thirty weesks. Table I shows the steroids that
have been isolated from fetal adrenal incubation studies when pro-
gesterone wapo ussd as the substrate. Also shovn in this table are
the steroids isolated from the adronals of newborns incubated with
progesterone.

The formation of conjugated steroids in fetal adrenal incub-
ations hao been studisd extensively. The presence of sulfokinase

in various fotal tissues has been demonstrated (46). The fotal



TABLE I

FORMATION OF NEUTRAL STEROIDS TN FETAL AND NGUEORN
ADRENALS USING PROGESTERONE AS THE FRECURSOR

STEROID REFERENCE

TFETAL NEWEORN

Cortisol L5 42,043,440
Corticosterone - b2y 43, bl
11~dsoxycorticol - 42
1l-deoxycorticosterons LO leds
1éa~hydroxycorticol A -
17s~hydroxyprogesterona 39 bty
Léo~hydroxyprogesterons 40 Ly
163, 17a~dihydroxyprogesterons 45 -
A”'-amlrosrbenedione 39 Ly

ilﬂ-hydro:mndrostenedione b5 -
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adrenal sulphurylating activity excoeds that prosent in the fetal
liver and in the adult adreral and liver., Sulphurylation of cortisol,
corticosterone, ll~deoxycorticol and ll-ceoxycorticosteronc has boon
reported (47) using adrennls obtained from full torm or promaturo
infantg, The icolation of dehydroiscandroctorone oulphate following
an incubation of midterm fotal. adronnl homogonate with pregnonolens
has alco boen roported (48).

In addition to the adronal, othor tiscmes of the human fetuo
have been incubated with various sberoid procurcors. Fotal liver,
incubated with progesterons led to the icolation of 20u-dihydro-
progesterons and cf & compound which was partially identified as
prognanediol (49). Tho fetal ovary, at least up to twenty weeks
gostational age, was relatively inactive with 20n-dihydroprogesterone
baing the only compound identified after incubation with progesterone
(50). The fetal testes on the other hand wore quite active at an
sarly age of gestation, showing espscially, extensive 17o~hydroxylass
and side-chain splitting activity leading to significant testosteronc
production. The formation of steroids from l-lhc—acetate using an
in yitro organ culture of human fetal tectes hag been studied and
pregnenolone, progesterone, l7a-~hydroxyprogesterons, androstenedions
and testosterons were isolated (51). Incubation studies using homo-
genates (52) and minces (50) of fetal testes have baen carried out
with h—th~progesterone and 7@-3H-pragnenolone as precursors.,

Table II shows the products isolated from such studies. The

formation of the A&;B-keto gtoroids, testogterone and androstensdionae



TABLE IX

PRODUCTS OF PROGESTIEROMNE AND PREGINENOLONE

INCUBATION IN HUMAN FETAL TESTES

FROGESTERONE

1éu~hydroxyprogesterone
17¢~hydroxyprogesterons
Zog-dihydroprogasterone
Testogterons
Androstenedions

1T7a~hydroxyandro-
stenedions

20p-dihydroprogesterons
Dsoxycorticosterone
Dsoxycortisol

17a, 20n~dihydroxy-
progesterone

17e, 203~dihydroxy-
progesterone

REF,

52
50,52
50,52
50,52

50

50
50
50
50

50

50

PREGMENOLONE

Testooteronc
Androstencdione
Dzhydroleoandrosterons
Ardrostenstriol
170~hydroxyprogesterons

1Ta~hydroxypregnenolons

REF.

50
50
50
50
50
50
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from pregnenolone suggosts that there is no lack of 3g-hydroxystercid
dehydrogenase in such in witro studiecs and this is corroborated by
the histochemical studies of Baillie et al. (53) in which the enzyms
was found in the testes of very young fetusss.

The asgessment of steroid synthoois in the fetus and placentn
has boon based primarily on tho rooults of incubatlion or psrfucion
gbudico of individunl tissuco. The rooulte of cuch oxperiments arc
opon to reasonnble criticiem concerning tho prosonce or abgonce of
necescary cofactors in incubations and the rcmoval or disruption of
organ interrcactions in porfusion studies. Thug incubation or parfusion
gtudies of individual organs refloct only the ability of the selected
tisocue to metabolize the substrate under the particular conditions of
that experiment. In an effort to overcome some of thess objections,
we became interested in the technique of perfusing the whole fetus
via the umbilical vein. UWe hoped that such studies would give us a
clearer concept of the motabolism of progesterone in the midterm
previable human fetus whon tissues were functioning in close to nor-
ma) relationship one to the other.

Similar studies have been carried out previously for the C-18
and C-19 steroids (54,18) and the metabolic fate of free and conjugated
estrogens in the fetal-placental unit has been well defined (55). Much
less information is available about the fate of C-2L steroids. Per-
fusion of pregnenolons into midterm fetusss resulted in the isolation
of dehydroisoandrogterone sulphate and pregnenolons sulphate from the

adrenal (56). Using An,-u"'c-progeaterone as the precursor in parfusion



10
of midterm fetuses, Zander (57) has roported the icolation of 17a~
hydroxyprogesterene, 6B~hydroxyprogosterono » 20a~dihydroprogecterons
and 208-dihydroprogestorone frem umbilical artery blcod. In the
eamo experiment he reported tho presence of pregnanediol in tho
liver of the porfused fetue. Zander hags alco carried out parfusion
of a full term anencephalic fotus (58) and identifiod 200-dihydro-
progesterons, prognnnodicl, and pregnanedions in tho uneconjugatod
fraction. The predominant steroid in the hydrolyzcd "mlphate!
fraction was identified as pregnansdiol. The ilcomer, 5B-prognons-
38,20B8-diol was aleo dotocted, but all of tho ident ifications wero
baced on the mobilities of the mastabolites on paper chromatogramg,
in comparison with authentic steroids.

The embryological develogment of the adrenal gland and its
morphological characteristics help support the position of
prominence held by this gland in steroid preduction and metaboliem
in the fetus, In man, the adrenal censists of two glands united
tegether. The cortex and medulla afe developmentally, histologically
and may be functionally unrelated. Each part is derived from a dis-
tinct and different parent tissue (59). This discussion is concerned
with the cortex which is mesodermal in origin being derived from the
ventral portion of the celomic epithelium. The mesothelial buds
appear in the 5-6 mm embryo and by the time the embryo is 12-15 mm
these buds have separated from the parent mesothslium and form compact
cellular masses lateral to the aorta. The gland grous steadily eo
that by the third wonth of gestation it is somswhat larger than tho
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kidney. Ths further growth rate is clower than that of othor oxrgans
g0 that by birth it is about one-third the oize of ths kidney,

Our gtudies in the previable fetus are carriod out betwcon 16
and 20 weeks gostation when the fetal adronal is relatively largo
in glze. At this time two distinct cell typos are discernible in
the cortex. The outer rim of cello malke up only 207 of the total
cortex (1). This layer is the precursor of tho adult cortox and
histologically resembles the glemeorulocn eell layer. It has boon
suggested (60) that this sone is rolatively imnctive phyoclologically
as itoc chief product in the adult, aldosterons, is not required by
the fetus in the maintenance of electrolyte homeostasio (45). Salt
and water metabolism in the fetus is probably controlled by the
placenta, If the suggestion that fetal pitultary ACTH is the
trophic factor acting on the fetal adrenal, the discropancy in size
of the two cell layers becomes even more logical as ACTH in physio-
logical amounts does not sscem to causs much increase in aldosterone
production by the adult adrenal (61),

The inner part of the cortex is referrsd to as the fetal or
X zone. Histologically thess cells are lilte thoss of the reticular
zone in the adult adrenal coxrtex. This 1s the active tissue in terms
of growth and accounts for the large size of the adrensl in early
life. The preciso trophic factor causing this rapid tissue growth
is not definitely knowm. Many factors have bsen considered res-

ponsible for the growth of this tissue and include chorionic

gonadotrophin (62), growth hormone (63) and estrogens (64). Houever,

e — e e M smvunTEe o cee—
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the curront concepts cuggest that fetal ACTH io the trophic agent
(65). In anencophalic infants with much emaller pituitariec than
normal, thore is parallel atrophy of tho adrennl fetal zone but not
of the outer adult zons, Tho prosence of an actively growing fotal
adronal cortex plus the evidence from incubation ctudies of spscific
encyme deficiencies in both the adrenals and placenta suggested thab
the fotus and its placenta functiocn as a carefully ccordinatced bio-
chomical unit with certain reactions cccuring in one cempartmont
followed by transfer via the umbilical cord circulation to the other
compartment where the naxt sequential reactions talko place.

In view of the 3B-hydroxysteroid dehydrogenacs deficiency in
the fetal adrenal the production of progesterons fraom pregnenclono
was postulated as occuring in the placenta. This progesterons then
is carried to the fetus and cleared by the fetal tissues ac ouggested
by the umbilical vein-artery concentration gradient of progesterons
which has been demonstrated by several workers (66,67). The capa-
bility of the fetal tissues to metabolize progesterone by hydroxy-
lation, reduction and side chain cleavage has bsen demonstrated.
Sulphurylation then occurs in the fetal adrenal or liver and thoe
pfoduct returns to the placenta where hydrolyeis and aromatization
of the propsr precursor can OGCUr.

Thus, when our studies began it seemed necessary to investigate
the metabolism of progesterone in the previable human fetus employing

a more physiological approach. To appreach such conditions more
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closely wo chose to perfuse the intact and adrenalectomized fetusag
uging oxygenatod, hoparinized adult human blood containing l;,-u”(}-
progesterone. Following porfusion the tiéauem wvere oxtracted and

metabolites isolatod and identified,



METHODS

SELECTION

Fetuseo were obtained by abdominal bysterotomy which was
carried out under general anesthesisa. The decision to carry oub
thorapoutic abortion was based on medico-gocial or social-medical
indications according to apscial pormigoion granted, upon roguoct
of the pationt, by the Royal lMedical Board of Sioden. The oporation
vap carriod out vhen the fotuses were of gestational age ranging from
oixteen to tuwonby weeks. Only fetusas that were groscly normal wero

ucsd in this gtudy.

TECHNIQUE OF PERFUSION

Perfusion of the fetus was carried out by personnel in
Dr. Diczfalusy's laboratory using the technique of Westin (68) with
only slight modifications. The psrfusion apparatus (Figure 1) con-
sisted of an oxygenator (I), psrfusion chamber (II) and a heater (III).
The psrfusion chamber enclosad the fetus completely and ensured a
constant temperature and bloed volume, The oxygenator ssrved the
double purpose of oxygenating the blood for perfusion and of elev-
ating it to a suitable level to create adequate hydrostatic pressurs
during porfusion of the fetuas.

The perfusion chamber was a glass container filled with equal
volumes of isotonic saline and 5.5 psr cent glucosge in which the

fetuses werse immersed., The contalner ims sealed with its cover and
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tho vmbilical cathoters were brought out by the side oublot 38,, Tho
tomperature of the bath surrounding the fetug wvos controlled by tho
regulating dovicolo iv,zifa’t‘l'sa noryroy parb of tho charber bonecath tho
porforated dimella With tho chamber £illed with £fiuid and all tho
alr evacuated, the volume of the fotus could not chongo approciobly
and uwnbilical arsorial oubflcow mugh thorcofore cgual umbilical venroun
inflotr,

The oxygenator conalobed of a wobobing c;vlim;ﬁerz with a
spimll attached to its imnor woll. Tho cylinder tas placed at an
angle of 300 to the horizontal plaro and ik rotated with o spscd of
38 revolutions per .minute,, Blocd intreduced at the louwsr emﬁﬁ’i""
comes either from the Lebus 6r the reservolr of adult human typs O,
heparinized blood. It was transported to the higher end by tho
- votating cylinder with itscpiral. The blocd was oxygenated as it
wac spread as a thin £ilm on the spiral. The cxygenation was ‘
achieved ‘hy passing hunidified oxygené at 4 litres por minute‘?l dowm
the cylinder. Thuo with gas oxcimnge, the oxygen tension of tho
blocd was gradually increased and the carbon dicxide tension de-
creased as the blood was transported to the uppsr end of the

oxygenator. The final &wgen saturation was over 95 por cent. The
oxygonated, heparinized blood was collected, filtered to remove

foam, and then paseed by hydrostatic pressure, into tho fetus via
.the umbilical vein catheter. The blood flowr was recorded by a
photocell drip counter and the rate was controlled by the hydrostatic

prossure. This vas usunlly about 40 cn of water and this could be
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altorod by changing tho height of tho porfusion chambor relative to
tho outflow from the oxygenator. Tho opbimal veolume for tho onbiro
perfusion systom including tho fobus wao cboud 250 ml, The oyston
was primod with froch hoparinized, type 0, Bh nogative adult humon
blocd diluved with 159 caline. Tho oxygenator wac surrounded by o
heating jookot and the exporimonts wore corrlcd oub ab 20°¢ indbinlly
ond lator ot 32°C.

No pre-opovabive soloction of cacos wao mado othow than tho
olininotion of rocognized abnoxmnl fobucon. Tho time of day of
oparation, tho induction dnd maintoranco of arocthooin, and tho
precise oporative tochnique varied fiem casa to cace, In all caces,
the fetus wao obtained by abdomiral hyeterotomy and the cord was
clampsd as coon as possible.  The fetus was raroved from the uterus
and placed in a bath of crushed ice and caline. About 3-5 cm, ' from
tho umbilicus, emall incisions were made into the wibilical vessels
and soft plastic siliconized catheters wero incorted into tho
umbilical arserics and vein. The tip of the venous cathotor reachcd
the caudal end of the ductus verosus while the tips of the arterial
cathctors reached just inside tho abdominal wall. The positions of
the catheters wore secured by means of a ligature around the cord.

In random cases bilateral adrenalectomy was carried out follow-
ing successful insertion of the cathesters. This was performed by
Dr. R. Wilegon using bilatoral flanl incisions with ressetion of tho
tuelfth rib on either side. The total oporating time was twenty five

minutes. Completences of adrenalectomy was asesssod by caraful
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oxamiration of the oparative sito at tho Lime of dissection of tho
organs, In tho fetusoo undorgoing total bilatoral adronalectony,
hydrocprt‘laone wao added $o tho porfusing £inid in a concentration
of 28 pz./ml.

Folloizing ingortion of the ecathotors and adronalectemy tho
fetug was placed in the porfusion chambor £i1led with oalino, b
vas maintained ab 20°0 f§1° tho initial ctudico and ab 3200 Lox tho
lobor oneo., Bleod roturning from tho febus via tho wmbilical
artorios wvos colloctod in boalors and uao nobt roturncd to tho
oxygemator Lor rocycling to tho fobtuo, Tho inflow drop rabo wao
adjucted to equal tho outflow rate. Cemmoncing at timo soro and
after every fifth minute of porfusion, one-tonth of the radicactive
substrato was injected into the umbilieal voin cathoter. The in-
Joetion was given slowly over one minute with continuwous visuval
monitoring of the fetus., Tho final portion of the madicactive sub-
strate wvas injected In the 45th minmute of tho psrfucion and the
perfusion was terminated at 60 minutos, The fotus wap removed from
the chamber and the chest and abdominal cavities oponed, Propylons
glycol was the solvent used in dissolving the labelled 4-""C=-
progosterone. It tends to cauce hemorrhage but intraploural bleeding

was found in only one fetus.

FCOLING OF TISSUES

At the end of the parfusion the organs wers carefully dissected

out, blotted fres of any blood and weighed, The bloed roturning Lrom



the fetuses was colloeted in othanol and the volume meagured,

Tho tisouac from nimo groosly nornl fotuses weore used for
the icolation of radicactive motabolitos of progestoronc. Iour
fetucos wore imtact and five were oubjocted to total adremnloctomy
prior to tho porfusion. IMles arnd fomnlos vors procesced togothor
bub tho cxbracto of the tisowes fren the intaet Lotucoo wora proecocsd
coparaboly £rom thooo of tho advenaloctomized fotucso, Using thoe tuo
oxperinentval groups, pools wore made s)f tho cars $isouo from cach
fotus, The oex of tho fobus, the ermum-hool length in centimotors
and the doco of !n,«u&0=prcgootorono (in epn and pg.) perfused io

given in Table IIL.

EXTRACTION OF TISSULS

All tissues were homogenized in 100 per cent ethanol using
oither the Waring blendor or quartz eand with a mortar and postle.
The homogenate was cxbracted twico with equal volumes of absolute
obhanol and then with three volumss of 80 por cent ethonol. The
ethanol extract was taken to dryness on the rotating flash evapor-
ator abt 4!..,.000 and the rosidue was thon talen up in 70 por cent
methanol. This was octored at =20°C for twenty-four hours and then
centrifuged at -15°C at 2000 r.p.i. for twenty minutes. This pro-
codure corved t.ov defat the extract. The supernatant was collected
and roduced to a emall volume in vacuo. The pH of this colution
was adjusted to 7.2-7.5 with ammonivm hydroxide end then it was

stored in a desp freoze at ~20%C until procesced furbhor,
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PARTITION OF TISSUE EXTRACTS

The slightly alkalins msthanolic extract of cach tissue pool
was dried in vacwo, thon the residue was takon up in methanol and
an aliquot was taken for counting, Tho rewaining oxtract vne talon
to drynoss again and the reoiduo diccolved in wator previously
cquilibrated with an ogqual volume of ether. The agucous colution
vas transferrod to a 500 ml soparatory funnol with wnohingo, using
a total volums of 100 ml of water, and 100 ml of obhor was added to
the funnsl. The aquoous colution was extracted with the ethsr by
swyirling the solutions. This was done carefully to avold extencive
cmulsion formation. Stubborn emulsjons were cleared eilther by adding
excess othor or by filtering through glaos wool. After standing, the
lower aqueous phage was run off and the uppsr other phase was poured
into a sezcond 500 ml geparatory funnsl containing 100 nl of water
previously equilibrated with an equal volume of ethor and the ex-
traction repsated. A total of five 100 ml ether strippings were
carried through the three one hundred ml water fractions. The water
and ether portions were pooled separately and talten to dryness on
the flash evaporator. Iach extract was dissolved in methanol, an
aliquot was taken for counting and the remainder stored in the
refrigerator at 4°C until it was further processed. In this manner
the metabolites were separated imto an ether solublse unconjugated

fraction and an aqueous soluble conjugated fraction.
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CHROMATOGRAPHY

Column Chromatography. ©Silica gel chromatography was usad for
the preliminary soparation of the unconjugated (ecther colublo) radio-
active metabolites. A typical silica gel cvolumn waso preparsd asg
follows, To twenty-five grams of silica gel (Davideon 3100-120 mcsh)
contalined in a beaker, wore added ten ml of absolute ethanol with
vigorous stirring. Approximetely 100 ml of the oluting phase (con-
gisting of 0.25 por cunt othanol in mothylene chloride:ligroin B,
1:9) wao then added to tho silica gel with ctirring. A loosz fitting
plug of cotton wool was placed at the lowor ond of an all glaso
column (75 cm long, 1.3 cm 0.D.) and the column was filled with the
eluting phass. With the stopcock open, the silica gel glurry was
poured into the column and the column was tapped with a rubber
hammer in order to expel air bubbles and to achieve uniform packing.
The dried other extract of each tissue was discolved in the eluting
phase and transferred to the column with soveral washings. Five ml
. fractions were collected using a fraction collector with the rate of
flow belng twelve drops per minute (15 mi par hour). This column
had an elution volume of about 35 ml when checked with Sudan III (69).

A 0.1 ml aliquot was taken from cach fraction and the radio-
activity was counted and represcnted graphically'by'p&otting ths
fraction number on the abscissa against the counts per minute (cpm)
in each fraction on the ordinate. The eluting solvent was altered

pariodically, the changes being governed by the pattern of radioactivity
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eluted from the column. The changes in the elution colvent are
shoun in Table IV. Tho diserete poaks of radicactivity eluted from
the column were pooled, weighed, and the residues stored at 490
prior to purification by paper chromatography.

Partition column chromatography was used for tho separation
of the conjugated (water soluble) radicactive metabolites of
progesterone. Cclite was tho column oupport and it was prepared
at room temperaturc as follows. Egual volumes of‘Celite (dohno
Manville 5,5) and 0.6 N HC1 were mixed and left for iwentyafour
hours. The Celite was then washed contvimuously with tap water until
approximately neutral. This required about thirty-six hours, The
Celite was then washed with four volumes of distilled water, eight
volumes of methanol and then spread thinly on a flat tray im ths
fume hood to dry. The alr dried Celite was stored in sealed bottles
until used.

A total of 80 to 100 gms of Celite was used for each column
with the precise amount of support being chosen in order tb obtain
a ratio of the weight of sample to weight of support in the range
of 1/500 to 1/1000, The solvent system used for the partition
column was a slight modification of the system described by
Siiteri et al. (70).

Table V outlines the solvent changes that were made as dis-
croto peaks of radioactivity were eluted from the colnmn,

An appropriate amount of Celite was placed in a Waring blendor

and it was covered with mobile phase, A volume of stationary phass
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TABLE 1V

SOLVENT CHANGES ON SILICA GEX. COLUMNS

Number of
Solvent Chango ¢ Ethanol im Mothylens Chlorido:Ligroin B

1 Q.25 1:9
2 0.5 1z4
3 2.0 1:1
3 1.0 in Methyleme Chloride
5 2.0 " "
H 3.0 " s
7 40 u "
8 5.0 " »
9 6.0 " "

0 8,0 " "

1L 10.0 " "

1z 100.90



25

TABLE V

SOLVENT GHANGES ON CELITE PARTITION COLUMNS

Iso-Octane st~Butanol/Ammonium Hydroxide:Water

Initial 300:500/ 25:475
lst change 200:500/ 25:4,75

2nd change 1502500/ 25:475
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equal to onc half tho weight (in grams) of Celite was clovly added
with constant ctirring. A cotton weol plug was leocaly placed ab
the lover ond of an a2ll glass column (95 cm long, 2 cm 0.D.). Tho
column was filled with mobile phago and then the Celite was added o
the column and packed tightly and uniformly with a gtainleoss gbool
Maroin Fackor (71). Tho mobilo phnes was alloved 4o percolato through
the packed column for at lenst twolve hours bofore applying tho
cample. Tho aquoous fraction was taken to dryness in a 100 ml
beaker and olx grams of Colite weors added. A slurry vas made with
mobilo phase and then 3 ml of stationary phase worc added with cone
stant otirring. This mixture was then placed on the column and the
top of the column was covered with washed sea sand,

Pregsure, in the form of air, filtored through cotton wool and
a columh of calcium chloride, was applied to the column to obtain a
flcir rate of approxirately twolve drops psr minute and 10 ml
fractions were collected. A 0.2 ml allquot was taken frcam each
fraction and was counted. The fractions containing discrete psaks
of radioactivity were cambined, dried, aliquots removed for counting

and stored at 4°C prior to furthor chromatographic purification,

Papor Chromatography. Strips of unuashed Whatman No. I filter

paper, 17 X 5_6 cm vere uusled° The eolvont systems used are outlined
in Table VI. 1In the Bﬁoh type systems tho papsrs were first equil-
ibrated in an atmoaphers of mobile .and gtationary phase for at leact
olx hours, and then the chromatogram was developed with mobile phace.

In tho Zaffaroni typs oystéms the papers were imprognated with



TABLE VI
PAPER PARTTTION CHROMATOGRAFHY

Systen Solvent ' Reference Tyeo
Unconjugated Steroids
A Ligroin C/Propylens Glycol 72 ZAFFARONT
B Ligroine . (1)/90% Msthanol (1) 73 BUSH
G Benzene :Cyclohoxane (1:1)/Propylene Glycol T ZAFFARONI
D Toluens/Propylens Glycol 75 ZAFFARONI
B Bensene (500)/Msthanol (250):Water (250) 76 BUSH
F Tso-octane (400)/t-Butanol (360):tater (120) 77 BUSH
G Tso-octane (10C):Toluene (360)/Eiethanol (1,00) s¥ater (1C0) T8 BUSH
Conjugated Steroids. 7
H Iso-propyl ether (300):t~Butansl (200)/"
Armoniun Hydroxide (50):tater (450) 79 BUSH
J p-Butyl-ether (300):t-Butanol (200)/ .
T : Armonium Hydroxide (20):Water (180) 79 BUSH
K Toluene (250):n-Butamol (250)/
' Armoniunm Hydroxzide (25:Water (450) 79 BUSH

Le
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propylene glycol:mobthanol (1:1) and blotted just prior to application
of the gomples. Thoco papors x;rero not equilibrated with tho solvento
prior to devolopront of the chrematogramo. All chromatography wao
carried out at room tempsraturc. |

Yhon the Al’e3mkoto cteroids wore ucad as standards, thoy woro
located on 'bh@‘chromatograms by roano of ulﬁm—violot light courco
(Chromatovuo 254 rw maximmm). Tho 1l7-kotoctoreid standards word
located on papor by the uco of the Zimmorman roaction as deceribed
by Savard (58). The paper obrip wao dippcd in a colubion of 2.5 B
potasoium hydroxide in abosluto othonol, blotted dry, and thon
dipped in 2 per cont meta-dinitrobenzone in absolute ethanol. The
17-kotostoroids appsared as violet-blue spots after heating to
60-70°C. Ring A reduced cteroids wore detected by dipping the
paper strip into a golution of 10 per cent phogphomolybdic acid in
ethanol, blotting the strip, g.nd heating in an oven to 60-70°C (80).
The sbteroids appeared as dark blue-green spots. Radlcactive meta-
bolites were located on paper chromatograms by scanning a linear
gbrip, 3 cm wide, cut from the middlé of the developad chromatogram
in a windowless gas flow 4 gcanner (Vanguard Instruments Modol 800).

Motabolites were eluted from the papsr chromatogram by hanging
tho eslected arca of paper on the end of a curved stainless steel
needle which was attached to a 10 ml. all glass oyrings. The solvent
used for elution ran down over the papsr and was collected as drops
from the end of tho paper. Two 10 ml portions of methanol were used

for the olubtion of each arca of papsr containing labelled steroid.
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The oluato from the Zaffaroni type oystems usually contalned
some propylene glycol vhich incroased the weight of the oxtract
obtained, For this reacon the residue of tho materi@l oluted was
oubjected to an othyl acotatoswater partition. Thé unconjugatcd
oboroids wero parbitioned into the obhyl acctato loyor which wao
thon dried over anhydrous cedium sulplm{,o and ovaporated in vacuo.
Such rosidues wore thon roady .i’or tho next chrcmatogram or for

crystallization,

DETERMINATION OF RADIOACTIVITY

Aliquots of samples to be counted were evaporated under nitrogen
in 5 dram vials (l*meatdn Glass Company) and the residue was dissolved
in 5 ml toluene containing 0,33 of 2,5-diphenyloxazole and 0.01% of
l,b,—bis—2(S-phenylomzolyl)-benzone, ' Compounds which were insoluble
in toluenc such as very polaer unconjugated steroids, or the conjug;
ated steroids were dissolved in 0.1 ml or 0.2 ml mebhanol prior to
the addition of the toluene scintillation mixture. To correct for
quenching a g inte‘rnal standard diseolved in 0.3 ml of toluene wms
added to each vial which was then recounted.

A Paﬁlcard Tri-Carb liquid scintillation Spectrophotometer (Model
3214) was used for counting. All the expsriments to be described
involved the use of only one isotops, U*Co The counting efficioncy
for 1b¢ ﬁaa 90% with the photomultiplier set at a gain of 60% and
with the lower discriminator set at 50 and the upper discriminator

sot at infinity. This efficiency was determined using standard 1‘*0
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hexadocane (CFR Batch 5, Amorsham, England). The background count-

ing rato at thocs cettings woo botueen 33 and 36 cpa, In all in-
gtances cufficiont counts were accumulated to givo o standard orrer

of no roro than 2%,

FURITY OF SUBSTRATE

L;,-l""(-‘}-progeotorone (opodific activity 69 pe/mg) uac obbained
from the Radiochemiocal Comtvre, Amorcham, Buclkinghamchiro, England
(CFA-148, Bateh L7). The labolled storeid was purificd by thin
layor chromategraphy on silica gel G ucing ocystom H of Licbea (81).
It vas stored at 4°C in bonzeno :mat&anol (3:2). Botwcon 160 and
200 pg of progesterons wore used in each of the perfusion expor—
iments. The labelled progesterone was dissolved in 1.4 ml of
propylene glycol and ons-tenth of the total wolume was injected
into the umbilical vein cathotor evory fifth minute commencing at
time zoro and finishing in tho forty-fifth minute,

FORMATION OF DLRIVATIVES

All derivatives were formed on a milligram scale using the
nixture of the weightless radiocactive metabolite and the non-

radicactive carrier.

1. Acotatog
The acetates were prepared by discolving the steroid in
pyridine and adding acetic anhydride in a ratio of 2:1. The minimun

volumes of reagents used were 0,2 ml of pyridins and 0.1 ml of acotic



3L
anhydrido. After the mixturo was loft at room temporature for

eighteen hours, the roaction wao terminated by trensforring tho
colution to o 250 ml soparatory funnol contoining 50 ml of ico wabor
and 1 ml of 6 N gulphuric acid. This eolution wao thon oxbractod
threo times with 100 ml of othyl acctate and the combinod obhyl
acotabo oxbracto wore wached with 6 N owlphurie acid (3 x 10 nl),

1 Il cediwn hydrexido (3 = 10 ml or until boocic) and vith distillcd
wator (3 x 10 ml or umbil neutral). Tho othyl acctate wac thon
dricd over anhydrous cedivm suiphato, filtorcd, and ovaporatcd.

Tho accbotos thus formed werc thon chrematographed on czall alumien
colunng prior to crystallization. Tho colvont oystens uscd on

those small columns varied, deponding on the asctatc formed.

2. Reduction

Sodiun borohydrido reduction tme performed as doscribed by
Norymberski and Wood (82). The product of the reaction was thon

chromatographed on a cmll alumina column,

3. Chromic Acid Oxidation

Tho oxidative cleavoge of the side chain at position C-17 wao
carriod out using the method doseribed by Solemon et al. (83).
Acotic acid was purificd cach time by refluxing it for four hours
over potasoium permanganate (3 por cent w/v) and then it wno dis-
tilled. The fraction that came off at 117-118°C was colloctod.

A 90 por comt ocetie acld colution in wator was mado up and thio in
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turn vas used to make a two por cont chronic acid colution (u/v).
Botweon 12 and 15 mg of ctoroid woro discolved in 0.5 ml of tho
acoetic acld and 0.3 ml of tho two por cont chromic acid colubion
wao added. A conbrol tubs conbaining all the mlut.iemvbut 5]
oﬁoroid wns propared. Tho originnl colution wnc a dark colour and
changod to o groon-broum coleour. Uhen the groon colour a.pp:mﬁcd a
cocond Q.3 ml of chwonle acid wac added and tho reaetion allowed to
proeéod for an additional &two hourc. Tho roaction wao ctoppsd by
tho addition of 25 ml of wator. Tho aquoous roaction mixburo w_a.o
oxbracbed with othyl acctato (3 x 50 m1) and tho pooled othyl
acctate extracto wore waehod with 1 I codium hydroxide (3 x 10 ml
or until basic) and distilled wator (3 x 10 ml or until neutral).
The ethyl acetate was dricd over anhydrous codium gulphate, filtered,
and evaporated on the flash ewaporator and the residue was then

chromatographed on an alumina column,

SOLVOLYSIS

Steroid sulphates wers cleaved by solvolysie, using a slight
modification of the met.ho& described by Burstein and Licberman (84).
A total of 100 ml of freshly refluxed and distilled tetrahydrofuran
was equilibrated with 100 ml of distilled water at pH 1. Sodium
chloride was added to the water to give a 20 por cent solution (w/v).
Then 50 ml of the equilibrated tetrahydrofuran was added to the dry
gterold rosidue and 70 par cont porchloric acid was added to the

nixturs (0,09 ml por 100 ml of totrahydrofuran). Tho mixture wao
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incubated for 18 hours at 37°C and thon it was noutralized by tho

addition of 5 ml of comconbtrated omronium hydroxido por litre of
colution. The golution o rcduccd in volume and thon diluvied to

25 ml with distilled wator, This solubtion uac thon oxtracted ith
obthyl acotabo (3 1z 25 ml) and tho poolod othyl acetato oxcbract o
wnched with 1 I codivm hydrexide (3 x 5 ml or until basic) and thon
with distilicd wotor (3 1t 5 nl or until neutral). ‘The othyl acotato
was dricd ovor anhydrous scdivm culpinte, Liltored, and ovaporatcd

t0 drynesos,

B-GILUCURONIDASE HYDROLYSIS

The agueous colubion to be hydrolyzed with p-glucuronidacs waso
adjusted to pH 4.7 using 50 per cont culphuric acid (v/v) or L N
gedium hydroxide. To the aqueous solution was then added 2 por cont
by volune of 2 lolar acetato buffer, pH 4.7, To the solution wae
added B-glucuronidaco at a concentration of 600 uvnitg par ml. Thon
5 nl of mothylons chlorido wac added to the mbxturs to control
bacterial growth, and the mixture wvas incubated ab 37°G for f£iwvo
days. Then the liberated steroid was oxbracted with othyl acetate
(3 x 40 ml) ard the pooled ethyl acetate extracts wore washed with
0.1 N sodium hydroxide (3 x 10 ml or until basic) and with distilled
wator (3 x 10 ml or until noutral). The nsutral extract was dried
over anhydrous sodium em].mm;&tc-zls filterod, and evaporated to drynsso

to give a reoiduc which was purificd by chronatography.
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COLUMI CHROMATOGRAPHY PRIOR TO CRYSTALLIZATION

To facllitate crystallization following roduction, acobyl-
ation and other reactions the product formed wng purifiocd by
chromatography. This sometimes involvod papor chromatography ao
diccusced carlier or moro comonly the weo of ¢mll columng in
which the cupporting medivn o olther oilica gel er alunina,

Thg oilica gol (Da.viclsc;uviD 100-120 roch) wmo ucad ao pur-
chnced, in amounts ranging botween 50 and 100 timoo tho woight of
tho cborold being purificd,

Harshaw alumina (200 mosh) was deactivated by the proceduro
previously doscribed by Solomen et al. (82). The columns worse
packed as described earlior and were developad with variable
ratios of ligroin B to benzens.

RADIQCHFMICAL PURITY

Tentativo identification of the various metabolites isolatcd
from the tissue extracts wms achioved by comparing the mobility
of the unknowms with selscted authentic standards in different
paper chromatographic systems. When the mobllity of the laballed
metabolite corresponded to a known standard, the esgentially
woightless radleoactive materials were eluted from the paper
chromatograms and were mixed with an appropriate weight of puro
non-radicactive carrier. Knowing the amount of radioactivity
added (epn) plus the weight (mg) of carrier, it was possible to

calculate the expected spocific activity (cpm/mg). The mixturo
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wae thon crystallized two to four times using appropriate colvent

pairs. Following cach crystallization tho mother liquor was carc-
fully aspirated from tho crystalo. Tho ecrystals were washed twlec
with a ouitablo non-polar colvent and the washingo added to tho
mother liguor. The crystols and wother liquors vere carcinlly dricd
under nitrogon. An aliquot of tho crystals, corrosponding to 0.5
to 1.0 mg ws vomoved ard accurately weighcd on a Hotblor micro-
balance. Thoy woro quanbitobively trxansferred to a counting vial,
discolved in methanol, dried undor nitrogon, ard thon the radic-
activity counted in toluono phosphor. The mothor liquor was
quantitatively transforred to a volumstric flaclk. An aliquot was
transforred to a vial, and counted.

When the specific activities of the crystals and mother liquor
wore within the limits of experimantal error after two or more
crystallizations a sultable derivative was made and it was purified
by column chromatography. The derivative was then recrysttalliaed
two to four times. The metabolite was accopted as being radio-
chomically pure when the spacific activity of two successive
crystals and mother liquors differed by less than 10 per cent,
Infra-red spectra of cach derivative formed were obtained on a
Pericin Elmer model 221 spectrophotometer. The spectra were obtained

using a solution in carbon disulphide or as KBr disks,



36

FREPARATION OF STEROID SULPHATES

Sulphates wore propared using a method similar to that dog-
eribed by Fiagor (85). The unconjugated steroid was discolved in
1.0 nl of dry pyridine and this colution wvas transforred to a tubo
irmorged in ico, containing a frochly propared mixture of 1.0 ml
pyridine ard 0.2 ml of chlorooulphonic acid. Aftor gtanding in
ico for tuonty minuteo, twenty volimes of ethor wero added to
precipita’i;_o tho pyrldinivm oulphato, The sulphate colutlon was
centrifuged, the oupermtant removed and the rosidue washed tuieo
with cther, The rosulting rosiduc was dissolved in 30 ml of 1 N
ammonlun hydroxide and this colution was extracted with n-butanol
using 15, 10, and 5 ml portions of solvent, Tho n-butanol was
removed in vacuo and the residuc was dissolved in methanol, filtered,
and crystallized. The molting points and infrared spsctra of tho
product.s wero compared to thoss of authontic standards when possible.
Sulphates vere detected on paper chromatograms using the mothod
described by Roy (86). The paper strip was dipped in a eolution

of chloroform:methylene blue (1:5). The sulphate area turned blue,

SOLVENTS AND REAGENTS

All solvents were of reagent grade and were distilled prior

to use.
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RESULTS

The oxporimsntol reoults o bo deoeribed woro obtained followr-
ing porfucion cxuporiments carried oul In four intact and fivo totally
adrenaloctomized previable human fetugss., Purificd lg.«l‘l”c-progeatorone
dissolved im propylene glycol wasg injectod into the umbilical voin
poriugion cathoter overy fifth minmutc in ten cqual amounta.
Oxrygonatced and hoparinized type O adult human blood was porfucod in
olngle cycls throughout tho ontire omno hour oxporiment. AL the ond
of tho porfusion all tho tiscues wore ocxbracted and dofavted. Tho
same bicouos within cach expsrimental group wore pooled to malko ono
from the intact and the other from the adrenaleetémiged fetusoes,

Theon the metabolites vwere ssparated and partially ldentifiecd by
column and papsr chromatography and the final identification and
dogree of radiochemical purity was establiched by corystallization
following addition of unlabelled carrier steroid, derivative form-
ation and recrystallization.

GENERAL

The sex, crown-hesl length and tbtal amount of radicactivity
perfusad in the four intact and five adrenalectomized fetuess arc
shown in Table III. The gostational age of the fotus at the time
of interruption of the pregnancy was calculated from the first day
of the last normal monstrual poricd and was between 16 and 20 woeekg.

In Table VII ars shown the total blood volumes and tissuc



TABLE VII

"~

RADIOACTIVITY IN TISSUE POOLS FRQM FOUR INTACT FEIUSES PERFUSED WITH 4=lkG-FEGGESTEROHE

Tissue

Perfusate I (0 - 15 min)
Perfusate II (16 - 30 min)
Perfusate IIT (31 - 45 min)

Perfusate IV (46 - end)

Adrenal
Liver
Lung
Kigney
Intestine

Residue

“Voluxme

(m1)

152
163
166
180

Weight
(gm)

3.6
38.9
3401

7.6
2.5

738.0

Tissue

Extracté

e x 10
5.59
8.21
2.38
6.36

0.57
5.81
1,78
0.39
1.23
6.8%

BEther Fhase

e X lO6

5027
7.83
775

5.88

0,31
4.97
157
0.3%
1.07
7.9

=B

of
otal
9o3
95.5
82,7
92,5

5ho2
85.7
€8.2
87.0
86,2
116.0

Aqueous Fhago

6 g of

e x 10 Total
0,19 3ol
0.45 505
0.81 8.6
0.56 8,8
0.22 38.6
0,61 10.5
0.12 6.8
0,05 12,8
0,17 13.9
0.50 13.1

1
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39
weights f£rom cach pool of tissvo following tho porfusion exporimont

in four intact fetuces. Alco chown are tho total cpa in each tioouo
pool. Duc to an oversight thoso values woro not corrected for
quenching, thus accounting for tho apparont discrepancios in tho
counts choun in this tablo (e.g. rosiduo). Tho cpm and por cont of
total cowrto in tho othor fraction and acucons fraction afbor
partitioning aro imcluded in this toble. Teble VIII chowo olmildor
dota on the distribution of radicactivity in the tiocuo pools fren
tho five porfusionc in t@tally adromloctomized fotuwuoo, Theco

counts wero corrected for quonching.

THE ISOLATION, IDENPIFICATION AND PROOF OF RADIOCHEMICAL PURTTY
OF METABOLITES ISOLATED FROM THE FETAL TISSUES

ETHER SOLURLE METABOLITES ISOLATED FROM THE TISSUES OF INTACT FETUSES

Each tissue extract was chromatographed initinlly om a silico
gol column using a discontinuous gradient. The eolvents used to
develop this column were ethanol, methyleno chloride and ligroin B,
An inoreasing concentration of cthanol in a changing ratio of
mebhylene chloride:ligroin B was uced to olute the metabolites, £An
aliguot of each column fraction was counted and the radioactivity
eluted served as a guide in changing the solvents applied to tho
column., This typs of chromatography afforded a good initial sopar-

ation of the metabolitos of progesterons in ench tissue cbudiocd.



TABLE VIII

RADIOAGTIVITY IN TISSUE FOOLS FROM FIVE ADENALEGTO’IHZED FETUSES PERTFUSED WITH Q-MccPROGESTEB.QHE

Tissue

Perfusate
Ferfusate
Perfusate

Perfusate

Liver
Iang
Kigney
Intestine

Residue

I (0 = 15 min)
IT (16 - 30 min)
IIT (51 - 45 min)
IV (46 - end)

Volums
(=1)

2%
385
330
384

Waight
(en)

4409
35.1
7.8
31l.4
£50.0

Tissue
Extract6
epa x 10

6.68
9,63
7.21
7.10

6.37
1.39
0,29
1,18
12.84

Ether Fhazo

ep3 X 106

Iy,
9.60
8.77
7.29

6.43
L.62
0,30
111
18,27

9 of
Total

1i1.0
99.7

122,0
103.0

102.0
117.0
103.0

9400
12,0

Aguecus Fhuee
CER % 106 'éotzi
0.26 3.9
0.47 5.9
0.36 5.0
0.2 3ed
0.34 5.3
0,07 5.0
0,02 6.9
C.13 11.0
0,59 bob

0%
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The fractions containing dioccrobe pealks of radiocachivity elutod

woro pooled, dricd, weighed and aliguoto wero counted. Soquontial
papar chromatography was then carried out using the systoms outlincd
in Table VI,

Crystallization of the radionctive motabolitc with authentlc
cerrior, dorivabive formation and raerystallization wore carricd out
ucing the tochniquoo discuoccd provioucly. On cortain oseasions
follouing initinl cryctallication the came compounds lcolatod from
differont tiscuos vero peoloed for dovivative formation and ro-

crystallization,

ADRENALS

The coparation of radicactive metabolites following silica gol
colunn chromatography of the ether soluble material from the adremals
is chovn in Figurc 2, The fractions pooled and any cempounds ildent-
ified from the pool are shoﬁn in Tablo IX,

Paper partition chromatography of the individual radicactivo
poaks shoun in Table IX was carried cut. Somo of the labelled material
from the column resolved into a numbar of emall zones aftor papor
chromatography and identification of these wns procluded bacauss
thoy did not contain a sufficient amount of radiocactivity. Table X
shows the paper chromatographic systems used in the purification of
tho identified metabolites of the adrenal ether fraction. Aleo
chown is the radiocactivity oxproosed as cpn cluted from the final

paper plus the weight in mg of the carrior steroid added prior to



SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER
EXTRACT OF THE ADRENAL FROM THE INTACT FETUS
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TABLE I

TOFAL CFI AND METAEOLITES ISOLATED FROM THE RADIQACTIVE FEAKS
OBTATIED AFTER COLWMN CHROMATCGRAFHY OF THE LTHER FRACTION FROL

THE ADRENAL

PFracblono [+ om Hotabolito Idontificd
28-31, 36,000 | Progecterons
235=42 17,600 Two unknovms
55-67 35,500 20z~dihydroprogosterons
17e~hydroxyprogestorons
68-76 23,800 Two unknowno
77-82 17,000 One unknown
83-89 | : 66,200 1éo~hydroxyprogesterono
90-97 17,300 Ons unknown
98-10%6 36,800 One unltnown
107-125 7,900 Two unknowngs

126-129 4,300 Two unknowms



TABLE X
FURTFICATION OF METABOLITES ISOLATED FROM THE ETHER EXTRACT OF THE ADRENAL FRGY THE
PERFUSED INTACT FETUS '

Compsund 20g~-dihydroprogesterons 1Ta-hydroxyprogesterons iéo-hydresyprogesterond

Cpn eluted from

silica gel column 35,500 856,230
Paper chromatography c / ,\C D
gystens uesd tG | A }
purify metabolites )4 A G

Cp2 eluted from

fipnl peper 9,300 s, 550 15,030
Carrier steroid (mg)

added to eluate 15,80 23,60 27.C0

77

o
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crystallization. Three mctabolites werc idonbificd from the adronnl
ethor fraction. Thogo aro 20n-dihydroprogesterons, léa-hydroxy-
progesteronz and 17e~hydroxyprogestorond. The crystallization data
of the sberoid and its appropriste dorivative is chovm in Toble XI.
The side chain of 17u-hydroxyprogesterone was oxidiged with chromic
acid to yilold androstenedions, It should ko notcd that tho puro
20u~dihydroprogesterone obbtained by crystallization was then mixcd
with tho game purificd motabolite igolated from parfusate and livor,
This nixture was then acetylated and crystallized. This accounto
for the widely difforont specific activity of the froo ccapound and

jtes derivatives,

FERFUSED BLOOD
The psrfusate roturning from the fetus via the umbilical artery
cathotor(s) during the one hour experiment was collected at 15 mimto
intervalo (numbered 1-4). Iach portion was processcd soparately but
no consictent diffe'rences were noted in comparing the resulto
obtained for the four samples. Illustrated in Figure III is the
elution of radicactivity from the silica gel column when tho
extract of perfusate {(number 4) was chromatographed. This figuro
 is representative of the four blood extracts which wore processed.
The metabolites in each blood extract were investigated
coparately. In Tables XII-XV are shown the fractions pooled from
each column, the amount of radioactivity in the pool, and the

metabolite, if any, ultimately identified in that poalk.



TABLE XX
DEMDNSTRATION OF RADIOCHEMICAL HOMOGENETTY OF METABOLITES ISOLATED FRCM THE KTHER EXTRACT FROL
" THE ADREMAL OF THE FERFUSED INTACT FETUS |

(specific activities - cpm/mgn)

2Ca~dihydroprogesterons 1T7a-hydroxyprogesterons légs-hydroxyprogesterons

Crystalligation XL ML XL M, p:48 ML
1 660 635 150 300 560 530
2 625 630 15 165 5,0 580
3 655 615 135 150
Caleculated 590 190 555
20z~dihydroprogesterons Al"’-androstenedione 1léa~hydrexyprogosterons
acetate® - acetabe
XL M, XL ML XL ML
7520 7500 165 170 500 530
7L80 7400 170 155 500 520
7480 7350
Calculated 8030 160 590

#The diserepancy in specific activities between 20a-dihydroprogesteronz and its acetate is due to the
combination of 20z-dihydroprogesterons from liver and perfusate (follewing erystallization in the free &
form) with that from the adrenal, then acetylation and recrystallization of this mixture,
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TABLE XIX

TOTAL CEM AND METAEBOLITES ISOLATED TRCM THE RADIOACTIVE FERAKS
OBPATNED AFTER COLUMN CHROMATOGRAPHY OF THE ETHER IRACTION IROL

PERFUSATE I

Fractions cpa IMoboabolibo Icolnted
22-Lky 4,831,000 Progastorons
52-64 51,000 20u~-dihydroprogesterone
65-T6 149,000 16o~-hydroxyprogesterens
77-86 19,000 Corticosterons
115-117 18,000 Unknown

L8
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TARLE XIIX

TOTAL CFI AND METAEOLITES ISOLATED FROM THE RADIOACTIVE PRAKS

OEBTAINED AFTER COIMIM CHROMATOGRAFHY OF THE BTHER FRACTION IROI

Fgfactiono

1-11L
12-25
26-36
43-68
69-79
- 80-91

92-97

98-10L4
105--125
126-137

FEREFUSATE XL

vcpm

175,000
6,475,000
61,000
101,000
63,000
24,0,000

38,000

22,000
51,000
36,000

Hetabolitoe Icoh@cﬂ

Unlenoum

Progestorons
Prognanolonos
20p~dihydroprogestorons
20a~-dihydroprogosterono

L6a-hydroxyprogesterons
plus unltmom

1l6o~hydroxyprogostorons
pluz unknoun

Corticostoerons
‘Two unknowno

Two unknowns
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TABLLE XTIV

TOTAL CEM AND METABOLITES XSOLATED FROM THE RADIOAGTIVE FEAKS
OBTAINED AFTER COLUMN CHROMATOGRAPHY OF THE ETHER FRACTION FROL

FERFUSATE IXL

~ Froctiono cpa Motabolite Irolated
311 233,000 Unknowm
12-22 6,163,000 Progestorone
23-32 116,000 Progesterons,Pregnanclone
33=42 99,000 " Frogesterons,FPrognanolons
50-61 396,000 20m~dih;ydr0progeaterohe
67-73 ' 636,000 1léa~hydroxyprogesterons

plus unknotm

T~95 159,000 . 1léa~hydroxyprogesterono
plus unknoumn

96--100 28,000 Unknoim



TABLE XV

5%

FOTAL CEM AND MEFABOLITES ISOLATED FROM TRIE RADIOACTIVE FEAKS

OBTAINED AFFER COLUMN CHROMATOGRAFHY OF THE ETHER FRACTION FROL

Fract iono

6-10
18-30
3137
38-52
' 57-6L
65-77
78-89
90-105
106-115
124127

FERFUSATE IV

cpi

9,000
295,000
l,330,000
198,000
197,000
234,000
112,000
35,000
37,000
26,000

Motakolitc Icolated

Unlmowﬁ

Progesterons plus unknown
Progesterons, Pregnanolono
Prognanolono
20n~dihydroprogesterons
Three unknoung
Coxrticosterons plus unknown
Two unknowns

Four unknownso

One unitnown
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The four motabolites icolated from tho porfusato woro presont
in the camplos collocted at tho various time intorvals and in
Toble XVI aro shoun tho preccdures ucod to icolate the motabolitog.
The papor chromatography oystems uccd for cach compound are chown
along with the number of cpm clubed from the £imal papor. Tho
apnount of authentic carrior in mg mised with tho radicactive
netabolite for crystallization 1o alco showm. Tho crystallization
date for the frec compounds and tholir dorivativoé are chovn in
Tablo XVIT, Prognanolone, 20z-dihydroprogosterone, iéo~hydroxy-
progocborons and eorticoctorons wore igolated frem tho porfucato
and the radiochomical purity of cach was establiched,

Following initial crystallization of the pregnanolons, the
firgt mother liquor was recerystallized with the epimer 3B-hydroxy-
Sa~prognan-20-one, . The continued association of radicactivity with
the carrier in the crystals plus the formation of the derivative
and its satisfactory crystallization is taken as evidence that

thoge eopimers are present in the axtract of the psrfucate.



TABLE XVI

PURIFICATION OF METABOLITES ISOLATED FROM THE ETHER EXTRACT OF PERFUSATES

Hetabolite 20z~dihydroprogesterone Corticoctercne  léa-hydrozyprogosterond Progranolons
Perfusmate I I T I
Cpz eluted from

silica gel column 41,600 19,000 38,CC0 99,CCO
Paper chromatography B D B A
gyctens used to v $ v

purify metabolites . C c G

Cpm eluted from
£inal paper 12,150 3,960 11,500 38,2C0

Carrier steroid (mg)
added to eluate L.T75 33.55 13,05 31,20



TABLE XVII

DEMONSTRATION OF RADIOCHEMICAL HOMOGEMEITY OF THE METABOLITES ISOLATED FROM THE ETHER

Crystallization
1
2
3
iy

Calculated

1
2

3
Calculated

20z~-dihydro-
progesterone

XL HL
640 950

640 640
650 670

820

20g~dihydro-
progesterons

Acetate®
XI, ML

4350 4540
4260 4300
4290 3960
42C0

EXTRACTS OF THE PERFUSATES OF THE INTACT FEIUS

(specific activities - cpm/mg)

Corticosterone
XL ML
120 180

110 120
120 110

120

Corticosterone
Acetate
XL ML

90 90
9 90

110

16g~hydroxy-
progesterone

XL ML
590 980

560 610
570 560

850

lég~hydroxy-

progesterons
Acetate
I, ML
44O 420
440 440

440

Pregnanolone
XL, L
340 5130
300 780
280 340
290 300

220
3a,208-dihydroxy=-
58-pregranc
XL I
270 270
270 260
290

3B-hydroxy-o—
pregnan-20=-one

Xi ML
600 1750
690 820
710 720
960

38,208=-dihydroxy-
fg-pregnane

XL ML
750 710
720 720
710

#The discrepancy in specific activities between 20a-dihydroprogesteronz and its acetate is due to the
combination of 20z-dihydroprogesterone from adrenal and liver (following its crystallization) with
that from the perfusate, then acetylation and crystallization of this mixture,

9



LIVER

A tuenty-five gram silica gel column dovelopod with a dic-
c@n‘binuousvgradiom ueing inercasing concontrations of othancl in
methylene chlorido:ligroin B s used for tho proliminary paurific-
ation of the livor extract frem the porfusion studico in tho imbtach
fotus. The graphlc reprocentation of the elutod radicactivity ds
chovm in Figure L. Tho fractions psoled, tho total cpa in cach
pool and the motabolites identificd arc gshovn in Table XVIII.
Tndividval radicactive poako fyom thoco pools wors Uubjocted o
doscending paper chromatography. Tho oyotoms unoged arnd tho cpm ro-
covoraed from the final paper for the throe compounds idontified aro
showa in Table XIX. As shown in this table, less than half of tho
icolated radicactivity (551,400 cpm) was mixed with carrier gtoroid
for crystallization. The crystallization data for these compoundo
are given in Teble XX,

LUNG

The initiel eoparation of tho radicactive metabolites of
progesterone was achieved by absorption colunn chromatography using
sllica gel asc the supporting wedium, The column was developad using
gerial colvont changes involving incroasing concentrations of ethanol
in mothylene chloride and ligroin B, In Figure 5 is shown the
olution of radicactivity, deotermined by counting an aliquot of ocach

of tho 5 ml fractions, Ceortain fractions from the radioactive peaks






TABLE XVII

TOTAL CEM AND METABOLITES ISOLATED FROM THE RADIOACTIVE FRAKS

ODTAINED AFTER COLMIN CHROMATOGRAFHY OF THE ETHER FRACTION FROM

Fractionno

5-12
116-27
28-35
36-53
54256
57-69
T0-77
78-93
9U~100
101-112
123-129

L[5 14}

62,150
22,650
297,600
503,600
168,400
716,600
209,050
1,664,000
132, 500
243,700
121,200

THE LIVER

Motabolito Icolabed

Unltnovn

Unknown

Progesterons

Progranolone plus progesterono
Pregnanolone plus unknown
20z~dihydroprogosterons

Three unknowns

Prognanediol

Two unknowns

Two unknowns

One unlnouwn




TABLE XIX

PURIFICATION OF METAEOLITES ISOLATED FROM THE ETHER EXTRACT OF THE LIVER

listabolite

Cpz eluted frem
silica gel column

Paper chromatography
systems used to
puarify metabolite

Cpn eluted from
fimal paper

Car?ier stercid (mg)
added to eluate

Fregnanolons

503,160

B

{
A

354,900

100.0

202-dihydroprogesterons

503,600

21.65

Pregrancdiol
1,655,000
B
|
C
1,220,CC0

551,400 cga
110,92

89



TABLE XX
DEMONSTRATION OF RADIQCHEMICAL HOMOGENEITY OF METABOLITES ISOLATED FROM THE ETHER EXTRACT FRCH
THE LIVER OF THE FERFUSED INTACT FETUS

(specific activity - co/mg)

20a~-dihydroprogesterons Pregranolona Progransdiol
Crystallization XL ML XL, 1% X5, ML
23350 23100 2570 4970 5350 4310
2 23090 23020 2570 L4220 5120 4650
3 23270 23270 2,10 3240 5200 5330
L 2560 2500
Calculated 23260 3356 4,980
20@-dihydrcprogestérone 302, 208-dihydroxy- Pregrancdiol
Acetate® 58=pregpans Diacetate
X, ML XL 1L X I
7520 7500 5350 4310 4210 4090
7480 7400 5120 4650 1380 4330
7,80 7350 52C0 5330 1360 LOLO
Calculated 7620 49C0 L1€0

#Following initial erystallization of 20g~-dihydroprogesterons jeolabed frem liver and adrenal
extracts, the final crystals of each were mixed togethsr, acebylated and recrystallized. Thic
accounts for the difference in specific activities of the acetate ccapared to the free ecmpound,

69
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61
wore combined as chown in Tableo XXI. Tho total cpm in each paak
is showm along with any metabolite isolated. Further purification
of the radioactive material wao achieved by papor chromatography
using tho specific eystems showm in Table XXII. The cpmn Yscoveorod
from the final papor and the amount of authentic carrior storoid
added to the labolled motabolite prior to recrystallization axa
aisc» choun in this table,

The erystallization data of theso motabolites aro shoun in
Table XXIII. The dotection and proof of idontity of the epimors
of prognanolonc was £irst demomncbrated at this time. Prior to this
only the 39,58 opimer had bsen Acolated but the mothor liguors of
its ecrystallizations had contained large amounts of radioactivity.,
Included in this table is data from an attempt to crystallize tho
5B~form with radioactivity eluted from the papsr. Most of the
radjoactivity appeared in the £irst mother liquor and very little
radicactivity remained with the ecrystalline materinl suggosting
that there was little if anj of the 5g-form., Tho firct mother
liquor wae then mixed with the Sm~epimer and crystallized with
the good results as shown in the table.

KCIDNEY
The sther extract from the kidneys obtained from the perfused

intact fetuses was subjected to absorption column chromatography

on silica gel as the initial purification procedure. Approximately

100 five ml fractions were collazcted using a discontinuous gradient
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TABLE XXI

TOTAL CFil AND METABOLITES ISOLATED FROM THE RADIOACTIVE PEAKS

~ OBTAINED AFTER COLWUMN GHROMATOGRAFHY OF THE ETHER FRACTION

IFractions

7-13
27-3h
35-42
L3-53
54~59
62-66
67-76

82-86

FROM THE LUNG EXTRACT

cpm

125,000
30,000
96,000
107,000
38,000
1,2,000
65,000

32,000

Metabolite Icolated

Unknovm

Unknown

Progesterons

Progesterons, Pregnanolone
17a-hydroxyprogesterono
200~dihydroprogesterons

6B~-hydroxyprogesterono
plus uninown

Two unknowms

62



TABLE XXIX

PURIFICATION OF METABOLITES ISOLATED FROM THE ETHER EXTRACT OF THE LULG

Metabolite

Cpn eluted from
silica gel column

Paper chromatography
systems used to
purify metabolite

Cpn eluted from
final paper

Carrier steroid (mg)
added to eluate

Pregnanolon2

107,000

A

56,350

15,62

17a~hydroxy-
progesterons

38,000
B
!
c
9C0

10.95

20z-dihydre-

progesterons

42,000

C

21,350

15,20

68-hydroxy-
progesterone

65,000

e

16,800

17.4C

£9



TABLE XXIII
DEMONSTRATION OF RADIOCHEMICAL HOMOGENEITY OF METABOLITES ISOLATED FROM THE ETHER
EXTRACT OF THE LUNG FROM THE PERFUSATE INTACT FEIUS
(specific activities - cpm/mg)

38-hydroxy-5a- 17a~hydroxy- 20g-dihydro- 68-hydroxy-
Pregnanolone pregnan-20-one progesterone progestercne progesterone
Crystallization L ML L ML oL ML L ML L ML
1 250 2020 670 840 70 120 1530 2065 765 960
2 215 650 665 720 75 70 1495 1610 770 770
3 1.5 750 | 665 680 1465 1490 770 770
Calculated 1230 815 80 1405 965
3g,203-dihydroxy- 38,208-dihydroxy-  A*-andro- 20u-dihydro-  68-hydroxy-
58-pregnane Sa-pregnanz stenedione progesterons progesterone
Acetate®® Acetate’*
I M I, ML I ML XL, ML L ML
1 - - 5490 5905 960 950 2390 2395 24),5 233C
2 - - 5855 5845 960 945 2395 2400 2480 2450
3 - -
Calculated - 6010 960 2520 2370

#In each of these cases crystal III was mixed with identical crystallized compound isolated from other
tissues prior to derivative formation and recrystailization. This accounts for the differences in
specific activities between the original compound and its derivative.

9



65
olution in which incroasing concentrations of ethanol in a changing
ratio of methylene chloride in ligroin B wao the doveloping solvent
nixturc., Tho olution of radicactivity from tho column ic cshowm in
Figure 6, The diseroto radicactive poaks wore pooled and the total
crn in cach peak obtained. Theso data along with the motaboliteo
icolated from tho various peaks are given in Table XXIV. MNoro pro-
clzo ddentification of the radiocactive mstabolites was achieved by
paper chromatography using the systems shown in Tablo XAV, Tho
radicactivity ocluted from the final paper was mixed with authentic
carrior prior to crystallization. Crystallization data for the
four metabolites isolated from the kidney extract are shoum in
Table XXVI,

INTESTINE

The same silica gel column previously described was employed
in the isolation of the radicactive metabolites of progesteronc
from the pooled extracts of the intestines from the perfused pro-
viable human fetuses., Radicactivity eluted from the column, deter-
mined by counting aliquots from each fraction, is shown in Figure 7.

Tho fractions under each poak were pooled and counted and the
cpn as well as the metabolites isolated are shoun in Table XXVIL,
Further purification of the metabolites was achieved by paper
chromatography and the systems used and the radioactivity recovered
from the final papsr system are shoun in Table XXVIII. The amount

of authentic carrier added to the labelled metabolite for reery-

gtallization is also shoum.



SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER
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TABLE XKV

TOTAL CEF1 AND METABOLITES ISOIATED FROM THE RADIOACTIVE PEAKS
OETAIIIED AFTER COLULDY CHROMATOGRAPHY OF THE ETHER FRACTION

FROM THE KIDNEY

Fractions cpm Motabolite Isolated
3= 6 22,000 Unltnoun
31-38 208,000 Progesterone
54~59 15,000 Pregnanolons
60—6& 14,000 2dsb-dihydroprogostemna
70-82 20,G00 6B~hydroxyprogestorons
16g~hydroxyprogestorons

90-109 292,000 Three unknovms




TABLE XXV

FURIFICATION OF METABOLITES ISOLATED FROM THE ETHER EXTRACT OF THE KIDNEY

Hetabolite

Cprz eluted from
silica gel column

Paper chromatography
systems used to
purify metabolites

Crn eluted frem
final paper

Carrier stercid (mg)
added to eluate

3B-hydroxy-3a~-
pregnan-20-one

15,000

A

6,750

15.25

20a~dihydre-

progesterons

14,000

c

10,100

13.15

é3=-hydrozy-
4 J
progesterons

20,0980
B

J
c

1éz-hydroxy-
progesierone

20,600

B

!
c

2,500

14.C0
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DEMONSTRATION OF RADIOCHEMICAL HOMOGENEITY OF METABOLITES ISOLATED TFRCY THE DTHER EXTRACTY

Crystallization

Caleculated

Calculated

#iFollowing crystallization of these metabolites in their frec fomm,
with pure crystals obtained with the
This accounts for the discrepancy
end its acetate, -

fermatieon.

1

2
3
L

1
2

TABLE XXVI

FROM THE KIDIEYS OF THE PERFUSED INTACT FEIUS
(spseific activities < cp:]/mg)

1léa-hydroxy-

3p-hydroxy-5z- 20a~dihydro- é8-hydroxy=
pregnan-20-one progesterons progesterone
XL ML h:e s ML, p:(H I
250 230 680 800 350 1830
270 280 620 1080 280 700
300 260 630 630 20 720
250 250
300 770 570
38,208-dihydroxy- 20a~dihydro- ég-hydroxy-
5g~pregnane progesterone Progesterons
Acetate® Acobatei*
XL ML XL ML, bi(H I,
270 240 2390 24,00 590 570
270 250 2390 2400 660 60O
295 2520 575

progesterons
D¢ PR 1 A
110 350
100 250
100 120
c0 110
180

1éo-hydrexy-

progesterons

Acstabe™

mn M
535 420
L35 440
L£10

the third erystal was mixsd
came metabolite from other tisscues prior to derivative
in specific activity betueen the free ccrpound
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SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER
EXTRACT OF THE INTESTINE FROM THE INTACT FETUS

CPM/ FRAGTION
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TABLE XXVIX

TOTAL CEXl AND METAEOLITES ISOLATED FROM THE RADIQACTIVE PEAKS

OBTAINED AFTER COLUMN CHROMATOGRAPHY OF THE ETHER FRACTION

Fractions

5-12
15-22
23-27
28-31,
35-50
51-59
60-67
68-76
77-81
96-110

115-118

FROM THE INTESTINE

cpm

3,000
56,000
15,000

528,000

153,000
32,000
33,000
25,000
18,000
14,000

4,000

Metabolito Isolated

Unknovm

Unknown

Unknowvm

Progesterona
Pregnanolone
Pregnanolons
200~dihydroprogesterons
Unknovn

Unknoun

Unknoun

Unltnovn
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TABLE XXVIII
FURIFICATION OF METABOLITES ISOLATED FROM THE ETHER EXTRACT OF THE INTESTIVE

Mstabolite Pregnanolone 20z~dihydroprogesterons

Cpm eluted from

silica gel column 32,000 33,0C0
Paper chromtography A G
systems used to 1! J
purify metabolite B C
Cpm eluted frem

£inal paper 16,600 16,450
Carrier steroid (ug) :

added to eluate 23.40 28:45
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Only two compounds were igolated from the oxtract of intostines
ard the crystallization data demonstrating the radicchemical purity

of thoso metabolites arc shown in Table XXIX,

RESIDUL

After the opecifie organs had boen dissected frec, all the
tisoues loft ouch as the heart, brain, gonads, bons, mmsclo, and
ckin were desigmted as the residuo. This extract, accounting for
about. 15 per cent of all the radicactivity recovered, wns chromato-
graphed on a 25 gm silica gol column as previously described, The
radiocactivity eluted from the column in shoun in Figurc 8. Tho
fractions compoeing each psak of radicactivity were pooled and
counted and this data is shoun in Teble XXX. Further purification
of the metabolites was carried out using papsr chromatography. The
systems uced, the cpn eluted from the final paper and the weight
of carrier added to the partially identified metabolites prior to
crystallization are shoun in Table XXXI. The data demonstrating
radiochemieal homogeneity is shoim in Table XXXIT,

The metabolic activity of the differsnt tissues under
investigation is in part roflected by the amount of progesterone
isolated from each tisoue and also by the amounts of different
metabolites produced in those tissues. Using the data presented
in Table VII, the total radioactivity in the ether plus aqueous
phages can be calculated. This total was taken to represent the

radioactivity in each tissue. The proof of identity of ecach
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TABLE XXIX
DEMONSTRATION OF RADIOCHEMICAL HOMOGENEITY OF METABOLITES ISOLATED FRCH THE ETHER
EXFRACT OF THE IIFTESTINE FROM THE PERFUSED INTACT FETUS

(specific activities - cpn/mg)

Pregnanolone 20z-dihydroprogesterong
Crystallization X ML X I
1 305 1925 670 1695
2 310 315 690 690
3 300 300 é60 680
Calculated 710 520
35, 208-dihydroxy- 20z~dihydroprogesterons
58-pregnans Acctate
XL ML I ML
320 315 580 610
322 315 580 570
Calculated 305 285

i



SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER
EXTRACT OF THE RESIDUE FROM THE INTACT FETUS

CPM / FRACTION
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TABLE 200K

TOTAL CFM AND METAEOLITES ISOLATED FRCM THE RADIOACTIVE ESAKS

OBTAINED AFTER COLUMN CHROMATOGRAFHY OF THE ETHER FRACTION

Tractbiono
2-8
 9-13
232
33-38

39-53

54-68
69-73
76-81

82-95
96-102

FROM THE RESIDUR

epn

763,000
425,000
I,,4461,,000
656,000
200,000

239,000

131,000
144,000
175,000

173,000
260,000

Metabkolibe Icolated

Unltnown
Unknoun
Progesterons
Pregnanolone

200~dihydroprogesterone
plus unknowm

17a~hydroxyprogesterono
200~dihydroprogesterone

Unltnown
Three unknowno

16a~hydroxyprogesterons
plus uninowm

Two unlmowns

Unlenoum



TABLE XXXI

PURIFICATION OF METAEOLITES ISOIATED FROM THE ETHER EXTRACT OF THE RESIDUE

3f-hydroxy-52- 20z~dihydro=- 17o~hydroxy- 1éo-hydroxy-
Ketabolite pregnan=-20-one progesterong progesterons progesterons
Cpz eluted from
silica gel column 656,000 199,800 239,CC0 175,000
Paper chromatography A c : G 5
systems used to i |
purify metabolites A H
Cpa eluted from
£ipal paper 154,500 34,800 57,500 25,600
Carrier stercid (mg)
added to eluate 32,60 18.85 43,05 36,35

b



TABLE XXXTI
TEMONSTRATION OF RADIOCHEMICAL HOMOGENEITY OF METAEOLITES ISOLATED FRCH THE ETHER

EXTRACT FROM THE RESIDUE OF THE PERFUSED IUTAGT FErUS
(specific activities - epa/mg)

3p-hydroxy-5z- 20z~dihydro- 17a-hydroxy- 1é2~hydroxy-

pregnan-20-one progesterone progesberone progesterona

Crystallization XL ML, X, ML, p:e HL X 4

1 10540 24950 1330 2350 1030 1190 560 820

2 10870 11520 1320 1660 1050 1070 590 650

3 10430 10%90 1320 1320 600 590
Calculated 1390 1850 3110 690

38, 208-d ihydroxy- 20g-dihydro- M _apdro- 1ég-hydrosy-

Sa~pregnanc® progestercns stensdions progesterons

Acetate’® Acotabo™®

X, ML XL HL p3 I, o, ML

1 5850 5900 2390 2400 280 950 430 420

5860 5850 2390 2400 960 950 430 440
Calculated 6010 2520 960 440

Z#Following cuccessful crystallization of the metabolite, crystal III was mixsd
IIT of the same compound in othsr tissues, )
Thie accounts for the difference in spscific activities bstween the derivabive

cempound.

The derivative was then formed and

il

17ith the crysial
recr,ystallizc:lo
and its parend

8/
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metabolite was establishod by recrystallization to constant spscific

activity oxprosced as epm por mg. If tho opscific activity (epn/me)
of the fiml crystal, prior to dorivative formation, is multiplicd
by tho ueight of carrior (mg) added, then the amount of radicactivity
(cpm) in the specific metabolite can be caleulated. Tho parcontoge
of the total radicactivity in a tiscwo roprocontod by this purificd
motakolite is then calculatod, In Tablo XXIIT tho porcontage of
unchanged progostorone and of the radleactive motabolites fourd in
each tisoue are chown. This is a minimal figure as thero is no

corraction for loocoo incurred during the procedures,
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TABLE XXXIII

UNCONJUGATED METABOLITES ISOLATED FROM THE TISSUES OF THE INTACT MIDTERN HUMAN FETUS FERFUSED

ITH PROGESTERONE (EXFRESSED AS PERCENTAGE OF TOTAL ETHER AND VATER SOLUBLE RADIOACTIVITY)

Progesterone

Pregnanolone

38-hydroxy-53~
pregnran-20-cne

20a-dihydroprogesterone
Pregnanediol
é8-hydroxyprogesterons
1léz-hydroxyprogesterons
17z-hydroxyprogesterone
Corticosterone
Cortisol

(- not isolated)

ADRENAL PERFUSATE LIVER

Le2

268
0.6

036

905

< 0.5

< 0.5
1.1

< 0.5

1.7

< 0.5

2.9

4.0

LG

35.2

1.0

1.3

0.8

< 0.5

KIDIEY

&3.3

1.2

2.1

0.8

0.5

TITESTIIE RESIDUD

28.3 26.6
0,6 -

- 3,8

1.5 < 0.5

- < 005

- 0.5

08
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ETHER SOLUBLE METABOLITES TSOLATED FROM THE ADRENALECTOMIZED FETUSES

GENERAL

Following the portitioning of the tiscue extract between cthor
and water, the aqueous phase was evaporated to drynsss. The rosiduo
was dissolved in methanol and stored in the refrigerator until
processed. The ethor fractions wero taken to drynoss and trang-
forred to t-reighed tubee in preparation for purification and icclation
of metabolltes,

The initial step in the ceoparation of tho mehabolites of the
ebher extracts was by silica gel column chromatography as described
in the previous section. Fractions under discrste psaks of radio-
activity were pooled and further purified by papsr chromatography.
When a tentative identification of a metabolite was made by
comparing its mobility in different paper chromatographic systems
with knovm standards, proof of its radiochemical homogeneity wao
provided by crystallization to congtant specific activity as
previously described.

This procedure of purification, irolatilon, and proof of
radiochemic‘al purity was carried out for each metabolito of

L—MC-pmgesterone isolated from the tissues to be described below.
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PERFUSATE

The perfused blood was collected from tho umbilical vein
cathoter(s) during four fifteen minute intervals which are roferred
to as perfusates I to IV. Each perfusate was processod
sgparately.

Initial sillica gel chromatography was carried out using
several solvent changes at times indicated by the radiecactive
moterial detectable in the fractions. An increasing concentration
of ethanol in an increasing ratio of methylene chloride to ligroin
B served to obtain some separation and purification of the
metabolites., Figure 9 shows the pattern of elution of radio-
activity when the perfusate collected from 45 to 60 min., was
chromatographed on silica gel. This pattern is typical of that
for all four psrfusates.

The selection of the column fractions to be pooled together
was controlled by the elution pattern of the radicactive material.
The fractions chosen, the cpm in each pool, and the compound(s),
if any, isolated from the pool(s) are shown in Tables XXXIV, XXXV,
XXXVI, and XXXVII.

A total of four metabolites in addition to progesterone were
found in the extracts of the four psrfusate samples collected from
the adrenalectomized fetuses. The sequential paper chromatographic
systems and the cpm eluted from the final papsr chromatogram aro

shown in Table XXXVIII. The weight of authentic non-radiocactive



SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER
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TABLE XXXV

TOTAL CPM AND METABOLITES ISOLATED FROM THE RADIOACTIVE PEAKS

OBTAINED AFTER COLUMN CHROMATOGRAPHY OF THE BTHER FRACTION FROM

Fractions

3~12
23-32
33-36
37-57
58-62
63-72
73-86
87~120
2121126

PERFUSATE I

cpm

10,000
5,120,000
66,000
91,000
23,000
90,000
334,000
34,000
9,000

Metabolitec Icolated

Unknovm

Progesterons
Progosterons
Progesterone

Unknown

v20a—dihydroprogesterone

Two unknown
Three unknown

Ons unknown



TABLE XHXV

TOTAL CPM AND METABOLITES ISOLATED FROM THE RADIOACTIVE PEAKS

OBTAINED AFTER COLUMN CHROMATOGRAPHY OF THE ETHER FRACTION FROM

Fractiong

L=-15
16-25
26-36
3748
49-57
58-T70

71-79

80-92
93-101
102-113

114-119

FERFUSATE 1T

cpm

328,000
6,230,000
320, 000
165,000
10,000

277,000

421,000

81,000
38,000
35,000

42,000

HMetabolibe Isolated

Unknown

Progesterone

Progesterone, Pregnanolone
Progesterone, Pregnanolone
Progesterone

Fregnanolons,
20a~-dihydroprogesterone

68-hydroxyprogesterone
plus unknown

Two unknown
Two unknown
Two unknovwn

Unlcnovm

85
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TABLE XXXVI

TOTAL CPM AND METABOLITES ISOLATED FROM THE RADIOACTIVE PEAKS

OBTATINED AFTER COLUMYN CHROMATOGRAPHY OF THE ETHER FRACTION FROM

Fractiono

3-11
12-21
22-25
26-36
37-40
4164
65-76

77-91
92-100
101-112

113-119

PERFUSATE III

cpn

267,000
5,263,000
58,000
172,000
30,000
332,000

372,000

100, 000
36,000
51,000
L4y,000

Motabolite Isolated

Unknovm

Progestorone

Progesterone

Pregnanolone, Progesterone
Pregnanolone
éOa,-dihydroproge sterone

Pregnanediol,
plus unknown

Two unknovm
Two unknown
Two unknown

One unknown
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TABLE XXVII

TOTAL CPM AND METABOLITES ISOLATED FROM THE RADIOACTIVE PEAKS

OBTAINED AFTER COLUMN CHROMATOGRAPHY OF THE LETHER FRACTION IFHOM

Fractions

b= 9
10-15
16-22
23-27
28-31
32-38
39-43
44~53
Th-83

84~-90
121-126

PERFUSATE IV

cpm

119,000
220,000
I, 325,000
90, 000
180,000
24,5,000
171,000
267,000

185,000

124,000

96,000

Metabolite Isolated

Unltnown

Unknown

Progesterone
Progesterone, Pregnanolone
Progesterone, Pregnanolone
Progesterone, Pregnanolone
200~dihydroproge st erone
20o~dihydroproge sterone

Pregnanediol,
plus unknown

One unknown

Three unknown



TABLE XXXVIII

PURIFICATION OF METABOLITES ISOLATED FROM THE ETHER EXTRACT OF THE PERFUSATE

20a—-dihydro~ 6B-hydroxy-
Progesterone Pregnanolone  progesterons Pregnanediol  progesterone

Cpm eluted from

silica gel column 4,325,000 180,000 267,000 124,000 184,000
Paper chromatography A B A B B
systams used to l 1 B"r I
purify metabolites < & v

B A C A C
Cpm eluted from
final papsr 3.189,000 52,500 215,850 58,100 72,215
Carrier steroid (mg)
added to eluate 196.12 52.60 21.10 38,40 33,55

g8
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carrier steroid added to the radioactive material for subsequent
crystallization is also shown in this table.

The data showing that radiochemical homogeneity was achieved
for each compound is shown in Table XXXIX. Unfortunately tho
occurrence of the pregnanolone epimer was not recognized at the
time these results were obtained., The excess counts in the first
mother liquor resulting frow the crystallization of the radio-
active material with pregnanolone suggests that some of the

excess counts may represent the epimer, 3B-hydroxy-5u~pregnan-20-one.

LIVER EXTRACT

The procedure for the isdlation of progesterone and its ether
soluble metabolites from the liver extract of the perfused
adrenalectomized fetuses involved the use of silica gel absorption
column chromatography as described earlier. The graphic illus-
tration of the radiocactive material eluted from the column was
obtained by plotting the cpm in each fraction against the
individual fractions, as shown in figure 10,

The discrete peaks of radiocactive material were pooled as
shown in Table XL and the total cpm and compound(s) isolated from
the various peaks are also shown in this table.

Further purification and tentative identification of the
metabolites was gained by the use of sequential paper chromatography
using the systems shown in Table XLI. The cpm eluted from the final

paper and the weight of non-radioactive carrier steroid mixed with




DEMONSTRATION OF RADIOCHEMICAL HOMOGENEITY OF METABOLITES ISOLATED FROM THE ETHER EXTRACT
FROM THE FOUR PERFUSATES OF THE PERFUSED ADRENALECTQMIZED HUMAN FETUS

Crystallization

Calculated

Calculated

1

(U SV V]

Progesterocne

XL ML
15700 16100
15600 15200
15900 16000

16300

Aﬁ-pregnen—
38,208-diol

XL ML
15400 15100
14900 15100
15800

TABLE XXXIX

(specific activities - cpn/mg)

20a~-dihydro-
progesterone

XL ML
10100 9800
10500 10200
10500 10500

10200
20g~-dihydre-~
progesterone
Acetate
XL ML
9500 7900
94,00 9000
3300

Pregnanediol
XL ML
1390 14310
1400 1400

1500

Pregnanediol
Diacetate

XL ML
1110 1010
1110 1100
1100

Pregnanolone
XL ML
330 6400
310 1600
285 405
290 285
390 285

1000

3a,208-dihydroxy-
SB-pregnane

XL

280
280
290

ML
275
295

ép-hydroxy~

progesterons

XL
1745
2060
2050
2020

2245

ML
3065
3535
2370
2180

68=hytiroxy-

progesterone

Acetate

XL
1715

ML
1790

1750 1795

1790

06



SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER
EXTRACT OF THE LIVER FROM THE ADRENALECTOMIZED FETUS
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TABLE XL

TOTAL CFM AND METABOLITES ISOLATED FROM THE RADIOACTIVE PEAKS
OBTAINED AFTER COLUMN CHROMATOGRAPHY OF THE ETHER FRACTION IFROM

THE LIVER
Fractions cpm Metabolite Isolated
5- 9 54,000 Unknovn .
10-13 285,000 Progesterons
=24 654,000 Pregnanolone, Progestorone
25-41 333,000 20a~dihydroprogesterons
1,2-62 181,000 200~dihydroprogesterons
plus one unknown
63-Th 226,000 Three unknowns
75-95 2,418,000 Pregnanediol
: plus unknowm
96-109 161,000 Unknown
110-122 431,000 Unknown
123-135 88,000 Unknown

136-140 283,000 Unknown
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TABLE XLI

PURIFICATION OF METABOLITES ISOIATED FROM THE ETHER EXTRACT OF THE LIVER

Metabolite Pregnanolone 20g~dihydroprogesterone Pregnanediol

Cpn eluted from

silica gel column 654,000 333,000 2,418,000
Paper chromatography ? B A
systems used to j
purify metabolites l & ¥

A B B
Cpm eluted freom
final paper 304,450 174,600 1,624,700

Carrier steroid (mg)
added to eluate 89.75 53.85 72,50



the radioactivity is shown in this table,
The crystallization results which egtablished the identity
and dogree of purity of these radicactive metabolites are shoun

in Table XLIY,

LUNG EXTRACT

The ether coluble portion of the extract from tho lungs of
the adrenalectomized perfucged fetuses was chroma.togmphed on a
25 gram silice gel column in tho mannsr previousily.described. In
figure 11 tho plot of the cmm per fraction against the fraction
number is shown. The solvent changes are aleo shoun.

The diescrete peaks of radiocactive materiel were pooled and
counted as shown in Table XLIII, Compounds that were completely
identified from the various psaks are also shown.

Tontative identification was obtained by descending papsr
chromatography using appropriate systems as showm in Table XALIV.
For recrystallization the eluted radioactive material was mixed
with authentic carrier steroid as shown in this table.

The crystallization data for the three compounds are shown

in Table XLV,

b/



. TABLE XLII
DEMOHSTRATION OF RADIOCHEMICAL HOMOGENEITY OF METABOLITES ISOLATED FROM THE ETHER
EXTRACT OF THE LIVER FROM PERFUSED ADRENALEGTOMIZED FETUSES
(specific activities - cpn/mg)

Pregnanolone 20a~dihydroprogesterone Pregransdiol
Crystallization XL I ML X
1 2110 4640 2990 3730 221,00 26400
2 2060 2460 3070 3010 22600 22100
3 2060 2350 3030 3040 22600 224C0
L 2090 2090
Calculated 3390 3230 221,00
3a,20B-dihydroxy=- 20z-~-dihydroprogesterons Pregnanediol.
5B-pregnane Acetate Diacetate
XL ML XL 14, par JE1A
1 1980 1980 2,70 2470 18400 20200
2 1970 1970 21,70 2460 18400 184C0
Calculated 2080 2670 179G0

.,

1)



SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER
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TOTAL CPM AND METABOLITES ISOLATED FROM THE RADIOACTIVE PEAKS

OBTAINED AFTER COLUMN CHROMATOGRAPHY OF THE ETHER FRACTION IFROM

Fractions

3- 9
10-18
19-25
26-35
36-5;2
L3-Sk
55-69
70-76

77-88
89-112
113-119

cpR

68,000
128,000
913,000

146,000

76,000
105,000

56,000

16,000

22,000
38,000
16,000

THE LUNG

Mctabolite Isolated

Unknoum

Unknown

" Progesterone

Progesterons, Pregnanolone
Pregnanolone

Prognanolono
20a~dihydroprogesterons

6B-hydroxyprogesterone
plus unknoumn

Unknovm
Unknovm

Unknown



TABLE XLIV

PURIFICATION OF METABOLITES ISOLATED FROM THE ETHER EXTRACT OF THE LUNG

3B-hydroxy=->5a- 20z~dihydro- éB-hydroxy=
Metabolite pregnan-20-one progesterons progesterone
Cpn eluted from
silica gel column 76,000 56,000 16,000

Paper chromatography

systems used to A C c
purify metabolites

Cpm eluted from

final paper 49,700 39,800 7,100
Carrier steroid (mg)

added te eluate 39.40 19.95 92.20
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TABLE XLV

DEXONSTRATION OF RADIOCHEMICAL HOMOGENMEITY OF METABOLITES ISQOLATED FRQM THE ETHER
EXTRACT OF THE LUNG FROM THE PERFUSED ADRENALECTQMIZED FETUSES
(spscific activities - crn/mg)

3B~hydroxy-JSo~
pregnan~-20-one 20z-dihydroprogesterons é8-hydroxyprogesteron?
Crystallization XL ML XL ML XL ML
1 1100 1730 1760 2760 545 2370
2 1130 1120 1760 1830 555 540
3 : 1100 1100 1790 1760 535 575
Calculated 1260 1990 770
3B ,208-dihydroxy- 20a-dihydroproge sterone 6p-hydroxyprogesterons
S5g-pregnane® Acetate® Acetate’*
XL ML X, ML X ML
1 760 780 3170 3200 24,0 2230
2 770 780 3150 3190 . 2,80 2450
Calculated 800 3420 2370

#Following successful crystallization of the metabolites, crystal ITT was mixed with the same
metabolite crystallized from other tissues. This mixture was then gubjected to derivative
formation and this accounts for the discrepancies in specific activities betueen the free fora

and its derivative.

66
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KIDNEY EXTRACT

A silica gel absorption column was employed for the first stop
in purifying the other coluble lkidnoy oxtract using the system
deseribed previcusly. In figure 12, the radicactivity eluted has
been plotted againgt the fraction numbor.

The individual peaks of radiocactive matorial, found by
counting aliquots of the fractions, wore poolcd togother a,n;d
recounted. These data are showm in Table XLVI. Only two meta-
bolites were isolated from thilo extract. The further purification
by paper chromatography is indicated in Table XIVII. The cpn
eluted from the paper and the weight of carrior stercid mixed
with it for crystallization are algo shown in Table XLVII.

The data demonstrating the radiochemical purity are given in
Table XLVIII.

IN‘I‘ESPINAL EXTRACT

The relatively simple chromatogram obtained when thé ether
soluble extract from the adrenalectomized fetuses was chromato-
graphed is shown in figure 13. This was absorption column chromato-
graphy on a 25 gram silica gel column eluted with increasing con-
centrations of ethanol in methylene chloride and ligroin B.

Pooling of the fractions was carried out as shown in Table
i(LIX and the total counts in the peak along wiﬁh any compound
isolated from that peak are shown in the sams table. The radio-

active pools wero studied further on suitable paper chromatographic



SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER
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TABLE XLVI

TOTAL CFM AND METABOLITES ISOLATED FROM THE RADIOACTIVE FEAKS

OBTAINED AFTER COLUMN CHROMATOGRAFHY OF THE ETHER FRACTION FROM

Fractiono

L= 6
7-11

- 17-22
23-25
26~31
32-48

70-73
90
92-96

THE KIDNEY

cpn

11,000

18,000
152,000
4,000
13,000

30,000

10,000
1,000
10,000

Hetabolito Isolated

Unknovm

Unknown

Progesterone

Progesterons, Prognanolone
Pregnanolone

20o~dihydroprogesterone
pregnanolorie

Two unknown
Unknown

Unknouwn

102



TABLE XLVII

FURIFICATION OF METABOLITES ISOLATED FROM THE ETHER EXTRACT OF THE KIDNEY

Metabolite

Crm eluted from
silica gel column

Paper chromatography
systems used to
purify metabolites

Cpm eluted from
final paper

Carrier steroid (mg)
added to elunate

3B-hydroxy-Ss-pregnan-20-one

13,000

6,000

30,000

19,000
25,000%

31.30

20z~dihydroprogesterons

30,000

€0t




.

TABLE XLVIII

DEMONSTRATION GF RADIOCHEMICAIL HOMOGENEITY OF METABOLITES ISOLATED FROM THE ETHER
EXTRACT FROM THE KIDNEY OF THE PERFUSED ADRENALECTOMIZED FETUS

(specific activities - cpn/mg)

3p-hydroxy->5o~ 38, 208-dihydroxy- 20z=-dihydro- 20p~dihydro-
pregnan-20-one 5a-pregnanc progesterons progesterons
Acetate’®
Crystallization p:en ML XL ML X, 1, XL UL
1 530 820 760 780 380 540 3170 3200
2 500 570 770 780 390 4CO 3150 3180
3 510 510 ] 380 370
Calculated 800 800 L20 3420

#The erystalline material obtained in the third crystallization wes mixed with similar material
isolated from other tissues and then a suitable derivative was formed and erystallized. This step
acecounts for the difference beyond that expected in the specific activities of the original
compound and its derivatives.

0t

—



SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER
EXTRACT OF THE INTESTINE FROM THE ADRENALECTOMIZED FETUS

CPU/FRACTION ;
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TABLE XLIX

TOTAL CPM AND METABOLITES ISOLATED FROM THE RADIOACTIVE PEAKS
OBTAINED AFTER COLUMN CHROMATOGRAPHY OF THE ETHER FRACTION FROM

THE INTESTING

Fractions cpm Metabolite Isolated
3-9 48,000 Unknoun
25-32 61.,000 Progesterone
38-46 645,000 Progesterone
47-61 60,000 Pregnanolone
62-69 18,000 Pregnanolone
71-76 41,000 , 200~dihydroprogesterons

88-96 66,000 Two unknown
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systems. The amount of radiocactivity recovered from the final papar

and the weight of non-radioactive steroid mixed with it for cry-

stallization is shown in Table L,

That radiochemical homogenseity was achieved by crystallization

of the two compounds is shown in Table LI,

EXTRACT OF RESIDUE

The residue of the fetus was congidered to include all tissues
remaining after careful dissection and removal of the individual
organs being studied soparately. Included in the residue would bo
the brain, heart, gonads, muscle, bone and clin. The adrenals wers
removed prior to any perfusion of labelled le,-u“'c-progesterone.
Following the ether:aqueous partition, the ether soluble material
was chromatographed on a 25 gram silica gel column, The column was
developed using a discontinuous gradient with an increasing concen-

tration of absolute ethanol in an increasing ratio of methylene

_chloride to ligroin B. Aliquots were talten from each 5 ml fraction

and the radioactivity in each aliquot measured. The cpm per
fraction were plotted ageinst the fraction number as shown in
figure 14,

The peaks of radiocactivity were pooled and total cpm obtained
as in Table LII. TFurther purification and ‘initial identification
of the radioactive metabolites were carried out using paper chromato-
graphy as outlined in Table LIII. The cym eluted from the final

paper are also shown. In the case of pregnanolones only a portion



TABLE L

P_URI}:’ICATION OF METABOLITES ISOLATED FROM THE ETHER EXTRACT OF THE INTESTINE

HMetabolite Pregnanolone

Cpn eluted from

silica gel column 60,000
Paper chromatography A
systems used to ' )
purify metabolites B

Crn eluted from
final paper 36,760

Carrier steroid (mg)
added to eluate : 28,60

20z~-dihydroprogesterone

4,000

We—Q

23,500

28,40

80T
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TABLE LI

DEMONSTRATION OF RADIOCHEMICAL HOMOGENEITY OF METABOLITES ISOILATED FROM THE ETHER
EXTRACT OF THE INTESTINE OF THE PERFUSED ADRENALECTOMIZED FETUS

(specific activities - epn/mg)

30, 203-dihydroxy- 20z~dihydro- 20u~dihydro-
Pregnanolone 5p-pregnane progesterone progesterone
Acetate
> (Crystallization I ML XL M XL L X ML
1 570 6360 550 550 770 870 600 670
2 550 1240 560 550 780 790 660 670
3 550 550 0 Th0
Calculated 1270 545 830 660

60T



FROM THE ADRENALECTOMIZED FETUS

SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER

EXTRACT OF THE RESIDUE

CPM/ FRACTION

110
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TABLE LII

TOTAL CFM AND METABOLITES ISOLATED FROM THE RADIOACTIVE PEAKS

OBTAINED AFTER GOLUMN CHROMATOGRAPHY OF THE ETHER FRACTION FROM

Fractions

3-5
6-10
11-23
238
43-48

19-66
6775

76-87
88-95
96-102
103-111
112-117
118-126
- 127-137

THE RESIDUL

crm

1,932,000
1,34, 000
75433,000
2,173,000

171,000

1,074,000

151,000

470,000
434,000

51,000
133,000

93,000
516,000
281,000

Metabolite Isolated

Unlcnotm

Unlktnovmn

Progesteronoc

Progesterone, Pregnanolone

Progesterone, Pregnanolone
plus unknown

200~-dihydroprogesterone,
170~hydroxyprogesterone

20o~dihydroprogesterona,
17o~hydroxyprogesterone

Three unknowm
Two unknoun
Three unknown
Two unknown
Two unknown
One unknown

One unknown

111
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TABLE LIII

FURIFICATION OF METABOLITES ISOLATED FROM THE ETHER EXTRACT OF THE RESIDUE

Metabolise

Cpn eluted from
silica gel column

Paper chromatography
systems used to
purify metabolites

Cpn eluted from
final paper

Carrier steroid {(mg)
added to eluate

3B-hydroxy-5a-
pregnan-20-one

2, 1739 OOO

A

1,795,000
(85,000)%

3k.0

20x~dihydro-
progesterone

1,073,000
c
\
A

270,000

61l.11

17a~hydroxy-
progesterone

1,073,000

= L—-Q

205, 7C0

#0nly 85,000 cpm were mixzed with the 34.0 mg of carrier steroid for crystallization

e

AN
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(85,000) of the total recovered radicactivity was used to mix wibh
the appropriate weight of nonradiocactive carrier steroid as shoun,
This mixture was then crystallized, subjected to derivative formation
and then recrystallized to demonstrate the proof of identity and
degree of purity of the isolated metabolite. These data are shoun
in Ta.ble‘LIV° As with all tissue metabolites, the infra-red
spectrum of the product of dorivative formation was obbained ag
verification of its structure.

As an indirect guide to the metabolic activity of the vafious
tissues in the perfused midterm previable human fetus in the abssnce
of both adrenal glands, the per cent yield of proggsterone meta-~
bolites in the different tissues has been calculated. This is based
on the total cﬁm found in the ether and aqueous phases after
partition, using the data from Table VIII. The total cpm thought
to represent purified metabolite was obtained by multiplying the
specific activity (cpm/mg) of the final crystal by the weight (mg)
of the authentic carrier steroid ﬁsed in the crystallization. The
fraction of the total radiocactivity in a tissue found as a radio-
active metabolite in that tissue has been expressed as a

percentage in Table LV.




TABLE LIV
DEMONSTRATION OF RADIOCHEMICAL HOMOGENEITY OF METABOLITES ISOLATED FROM THE ETHER EXTRACT
OF THE RESIDUE OF THE ADRENALECTOMIZED FETUS
(specific activities - cpm/mg) '

3p~-hydroxy-Sa- 20a-dihydrc- 17a-hydroxy-
pregnan-20-ona progesterons progesterons
Crystallization XL ML XL ML pan ML
1 2380 4150 4520 4860 3420 3490
2 2170 2650 £520 L4750 3460 3460
3 2240 2280 4290 4260
4 2200 2250
Calculated 2500 44;00 3200
3B,20B-dihydroxy- . 200~dihydro= L
5a~-pregnane progesterone A*-androstenedione
. Acetate
XL ML XL ML pan ML
1 2130 2220 3850 3710 3550 3530
2 2120 2180 386C 3740 3550 3520
Calculated 2210 3780 3685

T
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TABLE LV

UNCONJUGATED METABOLITES OF PROGESTERONE ISOLATED FROM THE VARIOUS TISSUES OF THE PERFUSED,
MIDTER! PREVIAELE, ADRENALECTOMIZED FETUS (EXPRESSED AS FERCENTAGE OF TOTAL ACTIVITY I THE
TISSUE FOUND AS ONE METABOLITE) '

Perfusate Liver Tung Kidney Intestins Residue

Progesterone : 3.1 3.2 L6 L3.7 bhody 29.2
Pregnanolone < 0.5 2,8 - = 1.3 | -
38-hydroxy-5a~pregnan-20-one - - 2,6 0.5 < 0.5
20z~dihydroprogesterone 2.4 2.44 2.1 1.3 1.7 1.4
Pregnanediol - 24,0 - - - -
68-hydroxyprogesterons 0.7 - < 0.5 - - -
17a~hydroxyprogesterone - - - - - 1.2

= Not isolated
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ISOLATION OF CONJUGATED METABOLITES FROM THE TISSUES OF THE INTACT

AND ADRENALECTOMIZED PERFUSED PREVIABLE HUMAN FETUS

The data obtained from the ether-aqueous partition indicated
that many of the tissues had very small amounts of radiocactive
material in the aqueous fraction. The procedure utilized for the
geparation, isolation and identification of metabolites was more
complex than that used with the ether fractions and each step was
associated with unavoidable losses., Thus the isolation of meta-
bolites from tissue extracts having low total amounts of radio-
activity was precluded and so as a result only selected tissuc
extracts were processed. In the experiments involving the intact,
perfused fetus, the extracts from adrenal, liver, and residue were
studied, and in the adrenalectomized fetus only liver and residue.

Initial purification of the metabolites in the aqueous extract
was achieved using a Celite partition column in which the stationary
phase was ammonium hydroxide:water (25:475) previously equilibrated
with the mobile phase which was iso-octane:t-butanol (300: 500). The
column was "wet-packed" as described in "Methods" and after the
mobile phase had percolated through the column for twelve hours,
the sample was applied in a slurry of Celite by the same "wet~pack"
technique. The column was developed with mobile phase and 10 ml
fractions were collected. An aliquot from each fraction was used
to determine the total cpm in the fraction. The polarity of the
mobile phase was increased after the first forty fractions had been

collected by changing the ratio of solvents in the mobile phase to



117
iso-octane st-butanol (200:500)., The next solvent change t-}as made
after 140 to 180 fractions had been collected and the ratio was
changed to iso-octane:t-butanol (150:500), The final solvent change
prior to stripping the column with absolute ethanol was to iso-octane:
t~butanol (100:500) and occurred after about 200 fractions had been
collected.

Material eluted as discrete psaks of radioactivity from the
column was then subjected to further purifica;tion by paper partition
chromatography using the solvent systems showm in Table VI. Due to
the lack of carrier amounts of conjugates it was frequently
impossible to make a tentative identification of the metabolites
by comparison of mobilities on paper. In these instances the
unknowns were subjected to hydrolysis with B-glucuronidase or
solvolysis using perchloric acid and then the unconjugated meta-
bolite was chromatographed on paper using appropriate paper
chromatographic systems,

Final proof of identity and assessment of degree of purity of
the isolated metabolites was carried out by isotope dilution as

previously described.

AQUEOUS EXTRACT OF ADRENALS FROM INTACT FETUSES

The aqueous soluble material from the adrenal extract weighed
154 mg and contained 220,000 cpm, It was chromatographed on an
100 gn Celite column using a decreasing ratio of iso-octane to

t-butanol as the mobile phase and ammonium hydroxide:water (25:475)
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as the stationary phase. A plot of the cpm per fraction against the
number of fractions is shovm in figure 15. On the basis of this
diagram certain fractions were pooled and the total radiocactivity

in cpm was determined. These data, along with any compound isol-
ated from a peak of radioactivity are shown in Table LVI.

The failure to isolate cortisol from the ether soluble extract
of the adrenal raised the possibility that this very polar steroid
had partitioned into the aqueous phase at the tinme of the ether:water
geparation of the initial extract. The elution of a peak of radio-
activity from the column at the end of the first hold back volume
supported this concept. Paper chromatography of this radiocactive
material in systems F and E confirmed this and 4700 cpm were mixed
with 48,7 mg of authentic non-radioactive cortisol for crystallization,
These data along with the results of recrystallization of the acetate
formed from the second crystal are shown in Table LVIL,

Shortly after the first solvent change two more discrete peaks
of radioactive material were eluted. The first of these was
tentatively identified as deoxycorticosterone sulphate by paper
chronatography in systems H and K. The radiocactivity associated
with this standard, 7500 cpm, was eluted from the second paper and
mixed with 28,6 mg of authentic deoxycorticosterone sulphate that
we had synthesized by the method described by Fieser (84)., We were
unable to find a solvent pair that could yield satisfactory
crystals and so the mixture was subjected to solvolysis (83) and

the product crystallized following initial purification on an




CELITE COLUMN CHROMATOGRAPHY OF THE AQUEOUS EXTRACT
FROM THE ADRENAL OF THE INTACT FETUS
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TABLE LVI

TOTAL CPM AND‘METABOLITES ISOLATED FROM THE RADIOACTIVE PRAKS
OBTAINED AFTER COLUMN CHROMATOGRAPHY OF THE £QUEQUS FRACTION

FROM THE ADRENAL EXTRACT

Fractions cpa Metabolite Isolated

17-36 Lk, 000 Cortisol, two unknowns
183-187 12,000 Deoxycorticosterone sulphate
188-198 18,000 Corticosterone sulphate
199-213 16,000 Two unknowns

215-232 29,000 Three unknowns

260-267 5,000 Unknown

A1l others 64,000 Unknowm
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DEMONSTRATION OF RADICCHRMICAL HOMOGEMEITY OF METABOLITES ISOLATED

FROM THE AQUEOUS EXTRACT OF THE.ADRENAL

Carrier
Radioactivity
Crystallization
1

he]

W

Calculated

Crystallization

1
2
3

Calculated

Crystallization
1
2

Calculated

Hydrocortisone
/¢8n 7 mng
4700 cpn
Xt ML
85 130
75 160
65 105
65 90
95

Hydrocortisone
Acetate

XL ML
55 55
55 50

60

(specific activities — cpm/mg)

Deoxy-
corticosteronao

20.0 ng
o400 cpm
I ML
210 440
200 250
190 200

270

Deoxy
corticosterons
Acetats

XL ML
190 210
190 200

190

Corticosteronc
Sulphate

3.4 mg
23300 cpm

X ML
290 360
280 360

320
Corticosterone

L ML
310 360

340 340
310 310

380
Corticosterone
Acetate
XL ML
320 480
320 330
350
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alumina column, The material obtained in the third crystallization
was then acetylated with acetic anhydride and pyridine and re-
crystallized. These data are shoun in Table LVIIL. The final meta-
bolite identified was eluted from the column in fractions 188 to
198. This was chromatographed in systems H and K and 23,200 cpm '
were eluted from the sacond paper chromatogram. Having been
tentatively identified as corticosterone sulphate on paper, it was
mixed with 73.4 mg of authentic carrier and crystallized with great
difficulty. The crystalline material was solvolyzed and then cry-
gstallized in its free form. As further evidence of proof of
homogeneity and degree of purity, the mixture was acetylated and

crystallized again., These data are given in Table LVII,

AQUEQUS EXTRACT OF LIVER FROM INTACT FETUSES

This axtract was subjected to column partition chromatography
on a 100 gm Celite column using the solvent system iso-octane:
t-butanol (300:500)/ammonium hydroxide:water (25:475). The polarity
of the mobile phase was increased in a discontinuous fashion by
decreasing the ratio of iso-octane to t-butancl. The elution of
radioactivity from this column is illustrated in figure 16. The
times of solvent changes are also shown.

The fractions containing discrete peaks of radioactivity were
pooled, and an aliquot taken for counting. The total cpm in each
peak and any ident;'.fied metabolites from the peak is shown in

Table LVIII,



CELITE COLUMN CHROMATOGRAPHY OF THE AQUEOUS EXTRACT
FROM THE LIVER OF THE INTACT FETUS
CPM/FRACTION
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TABLE LVIII

TOTAL CFM AND METABOLITES ISOLATED FROM THE RADIOACTIVE PEAKS

OBTAINED AFTER COLUMN CHROMATOGRAPHY OF THE AQUEOUS FRACTION

OF THE LIVER
Fractiongo cpm Mstabolite Isolated
- 17-27 188,800 Unknown
57-61 43,100 Pregnanolone Sulphate
62-66 95,000 Pregnanediol Sulphate
T4,-86 38, 500 Unknown
87-95 40,000 Pregnanediol Glucuronide

124-152 27,300 Unknown
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The initial peak of radioactivity eluted at the end of the
first hold back volume was suspscted to contain polar unconjugated
metabolites but no conjugated or unconjugated compounds were
identified.

The radioactive material in the gscond psal was chromato-
graphed in systems K and J and tentatively identified as pregnanolonc
sulphate., A total of 34,700 cpn were rocovered from the socond papor.
Approximately one-third of this was taken and colvolyzed and the
preduct was then chromatographed in systems C and A, In each system
its mobility was congistent with that of pregnanolone. Tollowing
elution from the second papsr, 5,700 cpm were mixed with 25,2 mg of
authentic carrier and crystallized. The third crystals were re-
duced with sodium borohydride and the resulting 3u,20B-dihydroxy-5p-
pregnane was recrystallized to constant specific activity. These.
data are shown in Table LIX. The remaining 25,800 cpm were mixed
with 31.7 mg of carrier pregnanolone sulphate and crystallized as
shown in Table LIX;

The third peak containing 95,000 cpm was chromatographed in
© systems K and J and 82,000 cpm were eluted from the second paper.
Approximately one third of this was solvolyzed and the product was
then chromatographed in systems C and D, In each case the unknown
had the mobility of pregnanediol. A total of 18,000 cpm was eluted
from the second papsr and mix.:d with 71.4 mg of carrier and cry-
stallized. The material from the third crystallization was acetyl-

ated and then recrystallized. These data are also shown in Table LIX,



TABLE LIX

DEMOKSTRATION OF RADIOCHEMICAL HOMOGENEITY OF METABOLITES ISOLATED FROM THE AQUEOUS EXTRACT

OF LIVER FROM INTACT FETUSES
(specific activities - cpn/mg)

Pregnanolone
Carrier 25.2 mg
Radjoactivity 5700 cpa
Crystallization I ML
1 155 310
2 160 170
3 155 170
4
Calculated 225
3¢, 208-dihydroxy-
5B-pregnane
I HL
1 165 155
2 170 155
3 160 150
Calculated 155

Pregnanolone

Sulphate
31.7 mg

25800 cpm

XL
780
615
410
445
815

ML
980
815
685
500

Pregnanediclit

Lol ng
18000 e

. ML
2,0 385

2,5 290
225 200

250

% - from pregnanediol sulphate st~ from pregnanediol glucuronide

Pregnanediols™t

38.4 mg
10700 cpm
260 2CO
275 240
275 260

270
Pregnanediol
Diacetate
X ML
205 200
205 200

195

9¢t
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Since the monosulphates of pregnanediol were not available we could
not carry this proof further by crystallizing the isolated material
as a sulphate.

Degpite sequential chromatography and solvolysis no meta-—
bolite was identified from the fourth discrete peak of radio-
activity.

The radiocactive material in the fifth peak was chromatographed
initially in system K and the eluwate from this chromatogram was
divided into two equal portions A and B. Portion A was first
subjected to solvolysis and 6000 cpm were dissolved in ethyl
acetate. The nature of this radiocactive material was not established.
The remaining 14,000 cpm which were still aqueous soluble were then
hydrolyzed with B-glucuronidase and the resulting product was
soluble in ethyl acetate. When this material was chromatographed '
in gystem A it had the mobility of pregnanediol. A total of
10,400 cpm were recovered from this paper, mixed with 38.4 mg of
non-radioactive pregnanediol and crystallized in this form and as
the diacetate as shown in Table LIX, Since the pregnanediol was
isolated and identified only after solvolysis and B—glucuronidage
hydrolysis had been carried out it was important to prove whether
the pregnanediocl was present as a glucuronide or as a "sulpho-
glucuronide", To prove this, the part B of the eluate from the
first chromatogram was subjected to B-glucuronidase hydrolysis
first. On this occasion 14,000 cpm were dissolved in ethyl acetate

and 6,000 cpm remained soluble in water., The material soluble in
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ethyl acetate was tentatively identified as pregnanediol by its
mobility in system A. Thus it is apparent that the pregnanediol
present in this peak of radiocactivity eluted from the Celite column
was pfesent as a giucuronide and not as a "sulpho-glucuronide.

No metabolite was isolated from psak 6 by either chromato-

graphy or fB-glucuronidase hydrolysis.

AQUEQUS EXTRACT OF RESIDUL FROM INTACT FETUSES

This extract weighed 8.2 gm and contained 640,000 cpm. It was
chromatographed on a 100 gm Celite column using the system iso-octanes
t-butanol (300:500)/ammonium hydroxide:water (25:475). Solvent
changes were made as indicated by the appearance of radioactivity
from the column, These changes involved decreasing the amount of
iso-octane in the mobile phase. The times of these changes are
shoun in figure 17. This figure shows that only two important peaks
of radioactivity were cbtained from this column, and the appropriate
fractions were combined.

The radioactive material in peak one was chromatographed in
systems F and D and its mobility suggested that this was composed
of unconjugated material but no identification was achieved,

A total of 230,000 cpm were recovered in the second peak., This
material however was quite oily and coloured. The residue weighed
24,1 mg which made it difficult to proceed directly to paper
chromatography. As the next step this material was rechromatographed

on a 20 gm Celite column which was set up using the system



CELITE COLUMN CHROMATOGRAPHY OF THE AQUEOUS EXTRACT

FROM THE RESIDUE OF THE INTACT FETUS
CPM/FRACTION
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iso-octane :t-butanol (200:500)/ammonium hydroxideswater (25:475).
The radioactivity from the column was eluted in throe poorly defined
peaks designated as A, B, and C, This is shown in figure 18,

Pealk A, weighed 3.7 mg and contained 22,000 cpm, This was
gubjected to chromatography and after solvolysis no metabolite was
isolated.

Peak B, weighing 55 mg and containing 23,000 cpm was chromato-
graphed in system H and three psaks numbsred Bi, By, and BB wore
obtained. No identification of a metabolite was made from peak 5.
The material designated By comtaining 5,500 cpm was rechromato-
graphed in system H, the eluate was solvolyzed and then the product
chromatographed in system A where it was identified as 3B-hydroxy-
Su~pregnan-20-one. A total of 1,700 cpm was recovered from this
paper, mixed with 16.8 mg of carrier and crystallized, After the
third erystallization, the crystalline material obtained was re-
duced with sodium borohydride and the product recrystallized.

These data are shown in Table IX. Area B3 containing 5,600 cpm
was rechromatographed in system H, and the single peak was eluted,
golvolyzed and chromatographed as an unconjugated metabolite in
system A where it was identified as pregnanediol. A total of
2,000 cpm was eluted from this paper, mixed with 16,2 mg of carrier
pregnanediol and crystallized. After four crystallizations 5.6 mg
of material was obtained which was acetylated and recrystallized.

These data are shown in Table LX,



CELITE COLUMN OF PEAK TWO FROM THE INITIAL

CHROMATOGRAPHY OF THE AQUEOUS EXTRACT OF

THE RESIDUE FROM THE INTACT FETUS
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TABLE LX

DEMONSTRATION OF RADIOCHEMICAL HOMOGENEITY OF METABOLITES ISOLATED FRCM THE AQUEQUS EXTRACT
OF RESIDUE FROM INTACT FETUSES
(specific activities - cpn/mg)

3f-hydroxy-5a-pregnan~-20-one= PregranedioliH
Crystallization XL ML XL ML
1 50 165 70 205
2 5 75 65 95
3 50 55 60 75
L - 60 60
Calculated 100 130
3B, 20B-dihydroxy~5a~pregnane i?regné.nediol Diaceuate
XL ML p:e¥ I
i 60 25 50 L5
2 50 50 50 50
Calculated 50 50

s#-fron 20-keto-Sa-pregnane-3p-yl sulphate
i#t=from pregnanediol sulphate

AN
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Although the radiocactive material in area C was chromato-
graphed and then dissolved in ethyl acetate after solv'olysis, no

metabolite was identified.

ISOLATION OF CONJUGATED METABOLITES FROM THE TISSUES OF THE

PERFUSED ADRENALFECTOMIZED FETUSES

AQUEQUS EXTRACT OF LIVER FROM ADRENALECTOMIZED FETUSES

Following the ether:water partition of the extract from the
liver of the adrenalectomized fetus, 900 mg of residue containing
1.09 x 106 cpn was obtained in the aqueous extract., It was
chromatographed on a 100 gm Celite column using the system
iso-octane:t-butanol (300:500)/ammonium hydroxide:water (25:475).
Aliquots of each fraction were counted for radiocactivity and the
cpm per fraction were plotted against the fraction number as shown
in Figure 19. The more polar radioactive metabolites were eluted
from the column by decreasing the concentration of iso-octane in
the mobile phase, These solvent changes are shown in Figure 19.
Only two metabolites were successfully identified and purified,
The first, pregnanediol sulphate was isolated from t he second major
radioactive peak eluted from the cclumn (fractions 64-83) and the
second, pregnanediol glucuronide was isolated from the pool of

fracﬁions 109 to 141,
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The pool of fractions 64~83, from which the pregnanediol sul-
phate was isolated contained 349,000 cpm., This material was
chromatographed as a conjugate in system H and then one-tenth of
the eluate was solvolyzed. The product was then chromatographed
in systems A and C where it had the same mobility as authentic
pregnanediol. A total of 11,500 cpm wers recovered from this
final chromatogram. One half of this eluate was mixed with 20 mg
of carrier pregnanediol and crystallized. The crystalline material
obtained after the third crystallization was then acetylated and
the resulting diacetate was recrystallized. These data are shown
in Table IXT.

A total of 127,000 cpm were obtained when fractions 109-141
were pooled, This material was chromatographed as a conjugate in
system K twice and then one half of the eluted metabolite was
hydrolyzed using B-glucuronidase, The resulting product which was
soluble in ethyl acetate was chromatographed in system C where its
mobility was identical with that of pregnanediol. A total of
11,000 cpm from the eluate was mixed with 26.2 mg of authentic
pregnanediol and was then crystallized, first as the free steroid
and following acetylation as its diacetate. These data are shown

in Table LXT,



TABLE LXT
DEMONSTRATION OF RADIOCHEMICAL PURITY OF METABOLITES ISOLATED FROM THE AQUEQUS LIVER EXTRACT
FROM THE ADRENALECTOMIZED PERFUSED HUMAN FETUS
(specific activities - cpm/mg)

Pregnanedicl Sulphate Pregnanediol Glucuronide
Solvolysis B-glucuronidasz hydrolysis
Carrier ' 20.0 mg 26,2 mg
5700 cpm 110C0 cpm
Pregnanediol Pregnanediol
I ML I, ML
1 255 330 425 LO5
2 25 270 405 405
3 255 255
Calculated 290 420
Pregnanediol Diacetate Pregnanediol Diacetate
L HL XL ML
1 205 185 - 340 310
2 195 200 325 320
Calculated 200 320

9¢T
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THE _AQUEQUS EXTRACT OF THE RESIDUL FROM ADRENALECTOMIZED FETUS

The residue in the aqueous fraction from the extract of the
residual tissues was chromatographed on a 100 gm Celite column
using the system iso-octane:t-butanol (300:500)/ammonium hydroxides
water (25:475). By decreasing the amount of iso-octane in the
solvent system, the polarity of the solvent was increased. The
pattern of radioactivity eluted from the column is shown in Figure 20,
vhere the cpm in each fraction have been plotted against the fraction
number. As is shoun in the figurs, the single major pzak was eluted
at the end of the first hold back volume, Very polar free steroid
metabolites were suspacted in this psak but none were identified.

Pregnanediol glucuronide was isolated in the pool of fractions
179 to 195, which contained 107,000 cpm., This material was first
chromatographed as a conjugate in system K where it separated into
three areas. The third area which contained the pregnanediol
glucuronide was chromatographed in system K again. One half of the
eluate from this chromatogram was subjected to hydrolysis with
B-glucuronidasge and th;an the product was chromatographed in system C,
The mobility of the unknown and of pregnanediol were identical in
this system, A total of 2,600 cpm eluted from the paper were mixed
with 21.2 mg carrier and crystallized in the free form and after
acetylation as the diacetate. The results of these crystallizations
are shovmn in Table LXII. The very low spscific activity suggests
that pregnanediol glucuronide may have been identified.

In all tissues except the adrenmal, the great majority of
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TABLE LXIX

DEMONSTRATION OF RADIOCHEMICAL HOMOGENEITY OF THE METABOLITE
ISOLATED FROM THE AQUEOUS IXXTRACT Of THI; RESIDUEL FROM THE
) PERFUSED}ADRENALECTOMIZED FETUSES
(specific activities - cpm/mg)

Pregnanediol. Glucuronide
B-Glucuronidase

21.2 mg carrier

2600 cpn
Pregnanediol
XL ML'
1 2, 46
2 25 33
3 2, 25
Calculated © 125

Pregnanediol Diacetate

XL ML
18 19
2 19 18

Calculated ’ 19
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radioactivity was found in the ether soluble fraction of the tissue
extracts,. The yield of mstabolitoes as conjugates from the aqueous
fraction was low in most cases as shéx—m in Table LXIII, These data
are é}cpressed as the per cent of total radiocactivity in a tissuo
which is found as a spzacific metabolite. The total activity in a
tisgue is the sum of the cpm in the aqueous and ether fractions

after partition. The radioactivity as a metabolite is the product

of the weight of carrier ussd in the crystallization and the final
constant specific activity of the crystals., This is & minimum

figure, not corrected for losses, Although all the mectabolites

shown in Table LXIII were definitely isolated; the minimum sig-
nificant figure in terms of yield is 0.5 per cent, It is particularly
evident when considering the conjugated metabolites, that the per cent

yield was very low in most cases,



TABLE LXIII

CONJUGATED METABOLITES OF 4-L4C-PROGESTERONE ISOLATED FROM TISSUES OF THE INTACT (INT)
AND ADRENALECTOMIZED (ADX) PREVIABLE HUMAN FETUSES (EXPRESSED AS FER CEIT OF TOTAL
RADIOACTIVITY IN THE TISSUE)

Adremal Liver Residue
» T  ABX | T ADX
Corticosterone sulphate 3.9 - - L o- -
Deoxycorticosterone sulphate 0.7 - - - -
Pregnanolone sulphate - < 0.5 - - -
20-keto-5a~pregnan-38-yl sulphate - - - < 0.5 -
Pregnanediol sulphate - < 0.5 K0.5 0.5 -
Pregranediol glucuronide - < 0.5 <0.5 - 0.5

- not isolated.

Tt
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DISCUSSION

The experiments which have bsen described wefe designed to
explore in a broad manner, the metabolism of progesteronz in a
number of fetal tissues at mid-pregnancy. The psrfused, previable
human fetus in the intact and in the totally adrenalectomized state
served asg the model system. Normal fetuses were obtained at
therapsutic abortion carried out in Sweden at midterm under the
control of the Royal Mzdical Board of Sueden. The perfusion of the
fetuses and initial extraction of the tissues were carried out in
tho laboratoroes of Dr. E. Diczfalusy in the Karolinska Hospital,
Stockholm, The sebaration and isolation of the radicactive meta-
bolites were carried out by myself in the Endocrine laboratories
of the Royal Victoria Hospital, Montreal.

In this type of expsrimsntal approach the fetus was immersed
in a bath under controlled enviromnmental conditions, and oxygenated
human blood was psrfused through the fetus under the conditions
detailed by Westin (68). Under these oxperimental conditions of
controlled temperature and oxygen tension Wbetin has maintained
fetuses for up to four hours and observed a stable electrocardio-
gram and rhythmic fetal movements for the entire experiment. A
successful perfusion for our study lasted one hour during which
time the fetal heart continued to beat. Duriﬁg this time, small,
equal amounts of h—th—progesterone were added to the perfusing
fluid‘at regular, short intervals. At the completion of the one

hour perfusion, fetal tissues were extracted and the labelled
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mectabolites were separated in;f,o ether and water soluble portions.

In some cases total bilateral adrenalectomy was performed
prior to the perfusion. This was carried out by Dr. R. Wilson
working in Dr. Diczfalusy's laboratory in Stockholm.

It is realized that the expsrimental model was studied under
conditions which were quite different from the physiological
conditions existing in utero. Considering the variation in results
that have been obtained with in vitro incubations of slices or
homogenates of fetal tissues (40,4),42) we felt that our experi-
mental design approached the physiological situation more closely.
Because the experimental conditions were not perfect, our results
have been interpreted with some caution.

At the end of perfusion, the tissues were first extracted with
absolute ethanol and then with 80 per cent ethanol and the residues
of the ethanol extracts were defatted by dissolving them in 70 per
cent methanol and precipitation of the fats at -20°C. The residues
of the supernatants were then partitioned between ether and water
and the radioactive material from each phase was purified by column
chromatography. The extracts of the ether phase were chromatographed
on silica gel columns and the extracts from the aqueous phase were
chromatographed on a Celite partition column. Individual metabolites
or mixtures eluted from the columns were further separated and
purified by paper chromatography, The radioactive metabolites were
located on paper with a chromatogram scanner and they were partially

characterized by their mobility as compared to standards chromato-



graphed at the same time. When a uniform peak of radioactivity

was obtained the metabolite was eluted and mixed with carrier. The
mixture was crystallized until the specific activity of the crystals
and mother liquors were constant. Then a derivative was formed and
the crysballizatioh repeated. These rigid criteria for radio-
chemical homogeneity were applied to every metabolite isolated in
these studies.

The data included in Tables XXXIII, LV, and LXIII are based on
this rigerous demonstration of radiochemical purity. The total amount
of radioactivity present as a specific metabolite is indicated as a
percentage of the total radioactivity in the specific tissue. These
are minimum pesrcentage figures as there is no correction for any
losses during the isolation procedure. Although the precise figure
is small in many cases, particularly in connection with the
conjugated metabolites, the rigid criteria make them significant.

The results indicate that at midterm the adrenal and liver
are the most active tissues in the human fetus in terms of steroid
metabolism. Similar results were found with radioautographic studies
following perfusion of h—th—progesterone in which there was
selective concentration of radiocactivity in certain tissues,
particularly in the adrenal and liver (87). In addition in vitro
incubation studies have clearly established the fact that the
human fetal adrenal can actively metabolize steroid hormones under
selected experimental conditions,

The results obtained from the perfused intact human fetusss

indicate that many tissues at mid-pregnancy are capable of carrying
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out extensive metaboliem of progesterons. In an effort to define
the metabolic capability of fetal tissues in the absence of any
direct or permissive action of the adrenzl, similar pesrfusion
experiments were carried out using totally adrenalectomized midterm
human fetuses,

It was possible to isolate léo-hydroxyprogesterone from the
adrenals, perfusate, kidneys and residue of the intact fetus but
it was not found in any tissue frém the adrenalectomized fetuses,
l6o~hydroxyprogesterone has been isolated from incubation studies
using adrenal (40) testicular (52) slices in which progesterone was
the substrate, 1In the psrfusion experiments the testes were in-
cluded in the residual fetal tissues and as such, could be the
source of the léa~hydroxyprogesterone in the residue. The absence
of this metabolite from all tissues of the adrenalectomized fetus
wokes this less likely. It may be that the léo~hydroxyprogesterone
was synthesized in the fetal adrenals and then passed via the cir-
culation to these other tissues.

170~hydroxyprogesterone was isolated from the adrenals, lungs
and residue of the intact fetus and from the residue of the
adrenalectomized fetus. This metabolite has also been identified
in incubation studies using human fetal adrenal (40) and fetal
testes (52) with progesterone as the substrate. As 17a~hydroxy-
progesterone was isolated from the residue of both intact and
totally adrenalectomized fetuses, it suggests that it may have been

formed in the fetal testes,
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Despite careful investigation H*-androstenedione was not
isolated from any tissue of the psrfussd fetuses. This is in con-
trast to.the results of in vitro incubation of fetal adrenals (37)
and fetal testes (50) with progesterone. These variations in results
emphasize the difference in the expsrimental conditions between
incubation studies and our psrfusion experiments,

It was possible to isolate 6f-hydroxyprogesterone from the
perfusate, lungs, and kidneys of the intact fetuses and from the
perfusate and lungs of the adrenalectomized fetuses, Thus
6B~hydroxylase is found in tissues other than the adrenal,

Corticosterone was isolated only in the perfusate of the
intact fetuses but was found as corticosterone sulphate in the
adrenal in relatively large amounts. It may be that corticosterone
is produced only as'the sulphate at this stage of gestation and that
cleavage of the sulphate radical is required before corticosterone
can leave the adrenal glands.,

Hydrocortisone was isolated only from the fetal adrenal and
only in the unconjugated form. Recently, however, the presence of
hydrocortisone sulphate has been reported following incubation of
full term human adrenals with progesterone (47). In addition it has
been isolated from the adrenals at midterm following the injection
of a-lAC—progesterone into the vmbilical vein with the fetus
in utero (88).

None of the unknowns had the polarity of 18-hydroxyprogesterone,

18--hydroxycorticosterone, 18-hydroxydeoxycorticosterone or aldosterone,
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In addition neither 16a;,17c~dihydroprogesterone, nor l6a~hydroxy-
hydrocortisone was detected.

Tt was possible to isolate 20p~dihydroprogesterone from all
of the tissues studied in the intact and totally adrenalectomized
fetuses., This confirms the previous detection, by paper chromato-
graphy, of this compound in several tissues of the midterm fetus
injected with labelled progesterone (55).

Pregnanediol was isolated from the liver of both the intact
and adrenalectomized fetuses., It was the majcr radioactive meta-
bolite there, accounting for more than 20 per cent of the total
radioactivity. It was also isolated from the perfusate of the
adrenalectomized fetuses,

Various fetal tissues showed a high degree of enzymic
stereospscificity in the reduction of progesterone to the epimeric
pregnanolones. The selectivity in this respect was identical in
the intact and adrenalectomized fetuses. The 3a,5p-epimer was
isolated only from the extracts of liver and intestinal tract,
whereas the 3B,50-epimer was isolated from the lungs, kidneys and
residues. As expected, both epimers were presgnt in the perfusate.
Progesterone was found in all tissues studied but only 3 per cent
of the radioactive material recovered from the liver and 4 per cent
of that found in the adrenals was progesterone. This steroid
accounted for as much as 10 to 45 per cent of the total radio-
active material recovered from other tissues. These results
indicate an extensive metabolism of progesterone by the tissues

of the previable midterm fetus and that the liver and adrenal are
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the major sites for this metabclism.

Some conjugated metabolites were isolated from certain tiissues
of the intact and adrenalectomized fetuses. Corticosterone sulphate
and deoxycorticosterone sulphate were isolated from the adrenals of
the intact fetuses. Pregnanolone sulphate was isolated from the
liver and residual tissues of the intact fetuses but was not found
in any tissues from the adrenalectomized fetuses. The appropriate
epimers were isolated such that it was the 3(1,, 5B-epimer of
pregnanolone sulphate in the liver and the 3B, 50~epimsr in the
residue, Previously it was shoun (89,90) that the fetal tissues
lack a steroid-3-sulphatase so that the failure to isolate
pregnanolone sulphate in certain tissues: cannot be attributed to
cleavage of the sulphate. A more reasonable explanation would be

that it was actually present but in such small amounts that it

. escaped detection.

Pregnanediol was isolated both as a sulphate and as a

glucuronide from the liver of the intact and adrenalectomized

~ fetuses. Pregnanediol sulphate was isolated from the residual

tissues of the intact fetuses and pregnanediol glucuronide from
the residue of the adrenalectomized fetuses. There is, again,
no obvious explanation for this apparently selective conjugation
of pregnanediol in the residue of the two experimental groups.

A comparison of the results obtained between the intact and
adrenalectomized groups shows a remarkable similarity which is

further support for the autonomy of the individual tissues
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independent of any influence of the adrenal. The relatively high

concentration of hydrocortisone (28 pg per ml) added to the perfusing
fluid in the adrenalectomized group does not appear to have altered
the metabolic fate of ﬁhe a-th-progesterone in the tissues of these
fetuses,

As expected no 11P-hydroxylated metabolites of progesterone
were detected in the adrenalectomized fetusss and such metabolites
were found only in the adrenal or perfusate of the intact fetuses,
The failure to isolate any lés~hydroxylated metabolites in the liver
of the intact or adrenalectomized fetuses is of interest as this is
in marked contrast to the results obtained with estrone and its
sulphate (91,92), when these labelled steroids were perfused through
previable human fetuses. When estradiol (89) and dehydroisocandro-
sterone (93) were perfused, léa~hydroxylation was demonstrated in
the liver again. This suggests further specificity of enzymes
involved in the hydroxylation of various sterold substrates in
the midterm human fetus.

Of the nine metabolites isolated in these experiménts six have
previously been reported to be formed from progesterone after
incubation with human fetal tissues., Three metabolites, the two
epimeric pregnanolones and 6f-hydroxyprogesterone have not
previously been reported although 6B-hydroxylated compounds have
been found in maternal pregnancy urine (94) and in urine of
premature and full term infants (95),

Thus it can be concluded that the tissues of the perfused
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previable human fetus can carry out extensive metabolism of
progesterone at midterm. This includes hydroxylation, reduction,
and conjugation. There is evidence of tissue specificity for many
of these reactions.

It is clear that the fetal adrenal in particular attains a
phase of active function quite early in the gestational period and
that it can produce hormones which in the adult are biologically
active. There is evidence in the rat and rabbit (96) that these
hormones have specific metabolic effects on the liver and heart
of the animal, in terms of glycogen deposition. In humans there
is indirect evidence of the production of biologically active
steroids by the fetus as manifested by the clinical amelioration

of Addison's disease during pregnancy (97).
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SUMMARY AND CONCLUSIONS

Previable human fetuses at gestational ages of sixteen to
twenty weeks were obtained by abdominal hysterotomy carried out
for therapeutic abortion as authorized by the Royal Medical Board
of Sweden.

Perfusion with h—lL’C—proges’cerone was carried out under
controlled conditions. Two experimental groups were studied. The
first, consisting of two male and two female fetuses were intact
and the second, consisting of three male and two female fetuses
were subjected to total bilateral adrenalectomy prior to the
perfusion,

Selected tissues from each experimental group were extracted
following a one hour perfusion. The metabolites of h-u"C—progesterone
were isolated by column and paper chromatography in the conjugated
and unconjugated state. Each metabolite was subjected to crystal-
lizatio;l with added authentic carrier to demonstrate radiochemical
homogeneity and the degree of purity.

Nine compounds excluding progesterone were isolated, three of
which (corticosterone, pregnanolone, pregnanediol) were found both
in the form of a conjugate and as the free steroid. One (deoxy-
corticosterone sulphate) was found only as a conjugate whereas the
other five (20u-dihydroprogesterone, lbéo-hydroxyprogesterone,
17a~hydroxyprogesterone, 6B-hydroxyprogesterone and corbisol) were
isolated only in the unéonjugated form,

The results demonstraté that the tissues from the
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adrenalectomized group are able to carry out extensive metabolism
of progesterone, The results also showed that the ll-hydroxylated
metabolites were limited to the intact group as would be expected.
Tissues from both expsrimental groups were able to carry out
significant conjugation of metabolites either with sulphuric acid
or glucuronic acid. Certain tissues evidenced enzyme specificity
in terms of reducing ring A of progesterone to form the epimeric
pregnanolones. Tissue enzyme specificity was suggested by the
different results obtained when these data were compared to
perfusions in which estrone, estradiol, or dehydroisoandrosterone
was the substrate,

Definite evidence of the biologic significance of these
metabolites produced in the midterm fetus is lacking but the evidence
would suggest that the fetal adrenal in particular, is producing
compounds which are important in maintaining the fetus in a state

of health during this period of rapid growth and development.
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CLATIMS TO ORIGINAL RESEARCH

1. The development of chromatographic procedures for the isolation of
motabolites from t_.he tissues of the midterm human fetus perfused with
progesterono=-i- e,

2, The isolation of corticosterone sulfate, deoxycorticosterone sul-
fate, pregnanediol sulfate, pr_egnanediol gluquronide, pregnanolone
sulfate and 20-keto-5a-pregnan~3p-yl sulfate, pregnanolone, 3B-hydroxy-
So~-pregnan~-20-one and éB-hydroxyprogesterone i‘rom human fetal tissuc—;s
(Biochem, & Biophys. Acta 104 623, 1965 ard J. Clin, Endocr. Motab, 263
1144 and 1155, 1966).

3. The demonstration of tissue stereo-specificity in the reduction of
progesterone-h—lhc perfused in the midterm previable human fetus. From
the liver and the intestine it was possible to isolate 3o-hydroxy-53-
pregnan~20-one and from the lung, kiglney and residue it was possible to
isolate BB-}Wdroacy'-%;pregnan-20-onec

ko It was demonstrated that tissues other than the adrenals are capa~-
ble of 170~ and éB-hydroxylation of progesteronevwhen it was perfused

in the adrenalectomized previable midterm fetus,

5. Labeled testosterone, androstenedione, aldosterone and. 16,17-dihy-
droxy steroids were not detected in the fetal tissues which demon-
strated a qualitative difference between the findings in the perfused
fetus and those obtained from the incubation of progesterone with slices

or homogenates of adrenal tissues of the midterm human fetus.
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