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ISOLATION, ORIGIN-AND METABOLISM OF NEUTRAL 15X-HYDROXYSTEROIDS

IN HUMAN PREGNANCY

Labeled 15X -hydroxysteroids were prepared microbiologically.
Three neutral 1% -hydroxylated steroids, namely, 15¢-hydroxypro-
gesterone (15P), 15«-hydroxyandrostenedione and 15«-hydroxytes-
tosterone were isolated from human late pregnancy urine. Among
a large number of subjects examined, 15P could be detected only
in the urine of subjects in the second and third trimester of
pregnancy and it was not found in the urine of non-pregnant fe-
males and newborn infants. 1In two studies, 3H-progesterone was
introduced into the peritoneal cavity of the human fetus at the
time of amniocentesis and simultaneously 14C-progesterone was
injected in the maternal compartment. From the glucosiduronate
fraction of the urine collected following the injections, 15P
was isolated which contained 3H but insignificant amounts of 14¢
indicatir .nat 15%-hydroxylation of progesterone occurred in the
fetoplacental unit and not in the mother. In a similar study in
which 3h-progesterone was introduced into the peritoneal cavity
of the fetus and 14C-15P was injected in the mother, a 0.08% con-
version of progesterone to 15P was obtained. 1In initial studies,
non-labeled 15P was administered orally to normal male subjects
with or without the simultaneous intravenous injection of the 1la-
beled steroid and the urinary conjugates were hydrolyzed with Glu-
sulase. The following six metabolites were identified: 15P, 3«,
15(-dihydroxy-5-pregnan-20-one, 3,15 -dihydroxy~58 -pregnan-20-
one, 3B ,15(-dihydroxy-5p-pregnan-20-one, 5 -pregnane-3%,15«, 20B -
triol and SB -pregnane-3«,15«,20p-triol. Following the intravenous
injection of labeled 15P to a pregnant and a non-pregnant female,
all the metabolites described above with the exception of 5B -
pregnane-3d,15«,20B-triol were shown to be normally excreted in
the urine of the pregnant female but not in the urine of the non-

pregnant female. The production rate of 15P in the pregnant fe-

male was calculated to be 80 pg/day.
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ABBREVIATIONS AND TRIVIAL NAMES

The following abbreviations and trivial names are used

in this thesis:

dehydroisoandrosterone 3F-hydroxyandrost-S-en-17-one

dehydroisoandrosterone sulfate 17-o0ox0-androst-5-en-3B-yl-sulfate

16 -hydroxydehydroisoandros- 17-0x0-16X-hydroxyandrost-5-en-

terone sulfate

androstenedione

15{~-hydroxyandrostenedione
11p-hydroxyandrostenedione

testosterone
15d-hydroxytestosterone
15d-acetoxytestosterone
154 -hyaroxytestosterone di-
acetate
adrenosterone
progesterone
20o{-dihydroprogesterone
20-acetoxyprogesterone
20P-dihydroprogesterone
20p-acetoxyprogesterone
15%-hydroxyprogesterone
15-acetoxyprogesterone

15B-hydroxyprogesterone

15o(-hydroxypregnenolone

3p-yl-sulfate
androst-4-ene-3,17-dione

15e{-hydroxyandrost-4-ene-3,17-
dione

11p-hydroxyandrost-4-ene-3,17~
dione

17 -hydroxyandrost-4-en-3-one

15,17B-dihydroxyandrost-4-en-3-
one

15(-acetoxy-17B-hydroxyandrost -
4-en-3-one

15d,17P-diacetoxyandrost-4-en-
3-one ’

androst-4-ene-3,11,17-trione
pregn-4-ene-3,20-dione
20{-hydroxypregn-4-en-3-one
20d-acetoxypregn-4-en-3-one
20B-hydroxypregn-4-en-3-one
20p-acetoxypregn-4—en-3-one
15 -hydroxypregn-4-en-3-one
15¢-acetoxypregn-4-en-3-one
15p-hydroxypregn-4-en-3-one

3p,15-dihydroxypregn-5-en-20-one



15-ketoprogesterone
16{-hydroxyprogesterone
16 -—~dehydroprogesterone
17d-hydroxyprogesterone
isopregnanolone
l16-dehydropregnanolone

deoxycorticosterone

15(-hydroxydeoxycorticosterone

15p-hydroxydeoxycorticosterone

cortisone

cortisone acetate
2l-deoxycortisone
cortisol
6p-hydroxycortisol
9¢{-fluoro-hydrocortisone
aldosterone

tetrahydroaldosterone

18-hydroxytetrahydrocortico="

sterone

Aldactone

pregn-4-ene-3,15,20-trione

164 -hydroxypregn-4-en-3-one
pregn-4,16-diene~3,20-dione

17o{ -hydroxypregn-4-en-3-one
3-hydroxy-17¢ -pregnan-20-one
3«-hydroxy-5#-pfegn-lG-en-ZO-one
2l1-hydroxypregn-4-ene-3,20~dione

15¢¢,21-dihydroxypregn-4-ene-
3,20-dione

15p,21-dihydroxypregn-4-ene-
3,20-dione

17ol,21-dihydroxypregn-4-ene-
3,11,20-trione

2l1-acetoxy-17%-hydroxypregn-4-
ene-3,11,20-trione

17ol-hydroxypregn-4-ene-3,11,20-
trione

11,17, 21-trihydroxypregn-4-ene-
3,20~-dione

6B,118,17(,21~tetrahydroxypregn-
4-ene-3,20~dione

9%-fluoro-11p,17«,21-trihydroxy-
pregn-4-ene-3,20-dione

11P,21—dihydroxy-3,20-dioxopregn-
4-en-18-al

3,11p,21-trihydroxy-3,20-dioxo-
SB-pregnan-18-al

3«,11P,18,21-tetrahydroxy-sp-
pregnan-20-one ..

3-(3-0xo0-7l-thiocacetyl-17B -hy-
droxyandrosten-17«-yl) pro-
pionic acid of-lactone



dexamethasone 9ol-fluoro-16-methyl-21-acetoxy-
11,17 -dihydroxypregn-1,4-diene-

3,20-dione

estrone 35-hydroxyestra-1,3,5(10)-trien-
17-0ne

estrone sulfate i7-oxoestra-1,3,5(10)-trien-3-yl-
sulfate

15€-hydroxyestrone 3,150 -dihydroxyestra-1,3,5(10)-
trien-17-one

15 ~hydroxyestrone 3,158-dihydroxyestra-1,3,5(10)-
trien-17-one

16d-hydroxyestrone | 3,16 -dihydroxyestra-1,3,5(10) -
trien-17-one

estradiol estra-1,3,5(10)-triene-3,17B-diol

15 -hydroxyestradiol estra-1,3,5(10)-triene-3,15X,178-
triol

15P-hydroxyestradiol estra-1,3,5(10)-triene-3,15p,17B~

: triol

estriol estra-l,S,S(10)-triene-3,164,1q3-
triol

lsd-hydroxyestriol estra-1,3,5(10)-triene-3,150/,160¢,

. 178 -tetrol

DDQ 1,3-dichloro~5,6-dicyano-benzoquinone

CDClg deuteriochloroform

TMS tetramethylsilane

F-DPNH Dihydro-p-Diphospho-Pyridine-Nucleo-
tide disodium salt

Tris buffer Tris(hydroxymethyl)-aminomethane + HC1

EDTA ethylenediaminetetraacetic acid

N Normality, that is, the equivalent
weight of a substance in 1 litre of
solution

£ acceleration due to gravity

g gram



mg
Pe
mC

BC
mM

milligram
microgram
millicurie
miéchurie
millimbie

m1cr011tre

m111111tre

dlslntegratlons per m1nute

meltlng p01nt

mlxed meltlng p01nt ,ﬂ;ee

Parts per mllllonivafﬁf

degrees Cen“‘

the ratlo ofgth‘ ,velocity" of the
substance -under” con51derat1on to
‘the: veloc1ty of “the mobile phase
1n a chromatograph1c system.;
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@ INTRODUCTION

Microorganisms were first reported to be capable of
hydroxylatlng neutral and " phenollc steroids in the 15d- (1-3)
“and 15? p051t10ns(1 2). The flrst indication that 1l5&«-hydroxy-
n”:ilated ster01ds can be formed by mammallan tissues was the
Tf“report in 1960 by Neher and Wettsteln (5), who presented
'x{?chromatographlc ev1dence for the presence of. 15d hydroxy-

ffttestosterOne in. extracts of bull testes. In 1964, Knuppen and

?ﬁBreuer (6) reported the in v1tro conver51on ‘of - estrone to 15&-

"hydroxyestrone by boV1ne adrenal tlssue,’and 51nce that time

'mbervof 15&- and 156 hydroxylated-estrogens hasz been iso-

"71'1ated from‘human pregnancy urlne.
Durlng the last ten years a large number of publlcatlons
has been devoted to problems of ster01d metabollsm in the

'_human fetus.f In thls regard ’studles on 15! hydroxylated

‘ster01ds;3re of partlcular 1nterest :Although both the adult

'human adrenal.and 11ver have been‘shownuto be capable of hy-

droxklatlng estrogens 1n the 15e - p051t10n (7 8),'such com-

pounds.haVe been 1solatedﬂonlyﬁfrom 1ate human pregnancy ur-
1ne:(9 15) i It has also been shown that the human fetus can
apconvert estrogens to thelr 15« hydroxy analogues (1116)
'”:and avallable ev1dence suggests that ISM hydroxylatlon might
"fbe a pathway of ster01d metabollsm whlch is unique to the
.”;fifetus (16) | |

In contrast to estrogens,,lSd—hydroxylation of neutral

fﬂsterolds_by mammallan t;ssues has not been fully demonstrated,



"ster01ds could oecur 1n the“human fetu'

Neher and Wettstein (5) presented evidence for the presence
of 15d -hydroxytestosterone in extracts of bull testes, How-
ever these authors suggested that 15d-hydroxytestosterone
might be of bacterlal or1g1n (private communication, Dr., A,

Wettsteln) ‘ When the m1d term previable ‘human fetus was

perfused w1th (4 14C) progesterone (17), lSd -hydroxyproges-
‘terone could not be detected 1n the fetal adrenals and liver,
'When the present studles were 1n1t1ated only 15~ hydroxylated

'hestrogens had been found in 1ate human pregnancy urlne. Our

worklng hypothe51s was that 15d hydroxylatlon of neutral

’laternn pregnancy

:Fand an 1nvest1gat10n was undertaken to 1solate such ster01ds

’ffdfrom late pregnancy urlne.s Before d15cu5$1ng the present inves#

:i§p15¢-=and lSﬁ hydroxyster01ds had been 1solated only from

ftlgatlons,:current knowledge regardlng 15d~~and 156 hydrnxy-

]gsterords w111 be rev1ewed

1Tseiatien”ef'iQQQQand*IEF;H}dreéjéteroids“frdthrine

human 1ate,pregnancy urlne and all of them were estrogens.

The flrst report of the 1solat10n of a 15d hydroxylated
ster01d from human ur1ne was publlshed 1n 1965 by Knuppen

et ‘al (9), who 1solated 15« hydroxyestrone from late pregnancy

"urlne.. The concentratlon of this sterold in pregnancy urine

was found to be approxlmately the same as that of 16-hydroxy-
estrone, 130 pg/liter (18).

A new metabolite derived from estradiol was obtained from



neonatael and pregnancy urine by Hagen et al (10) and by

Gurpide et al (11). The compound contained four acylable hy-
droxyl groups and formed an acetonide. One tentative struc-

ture suggested by Hagen et al (10) was 15d-hydroxyestriol,

Later Fishman and Guzik (19) reported the chemical synthesis

of 15d-hydroxyestriol and comparison of the synthetic tetrol with
the isolated urinary metabolite showed identity in the infra-
red spectra, maQS‘spectra,.color reéctions and Rg values in

various chromatographic systems., Thus it was established that

- the metabolite isolated by Hagen et al and by Gurpide et al

was 15d-hydroxyestriol. Recently, Zucconi et al (12) isolated

15d ~-hydroxyestriol from human pregnancy u:iné and fr@m the

urine of newborn infants and they éstimated‘that its‘cdncen-

tration in pregnancy urine wasrgreater thén*Q.Z-mg/liter.
Knuppen et al tlS) isolated 2.8 mg of cryStalliné 15¢-

hydroxyestrone and 2.4 mg of crystalline lSF-hydroxyestradiol

~from a large pool (80 liters) of late pregnancy urine. These

authors estimated that the 15f-hydroxylated estrogens were

present in human pregnancy urine in similar concentrations

- as the corresponding 15« -hydroxylated analogues.

More recently Lisboa et al (14) isolated 5 mg of crys-
talline 15¢-hydroxyestradiol from a pool of 100 liters of
acid-hydrolyzed late pregnancy urine. The isolation of this
compound from late pregmnancy urine was also reported by Knuppen
and Breuer (15) and its concentration in urine was estimated
‘to range from 50 to 100 pg/liter. On the other hand, using

gas liquid chromatography, it was reported that 154-hydroxy-



estradiol is not present in detectable amounts in urine col-
lected durlng the second trlmester of gestation (20) This

'latter f1nd1ng is not w1thout precedent.

]Isolatlon of 15& Hydroxyster01ds from Tlssues

'.Only two reports on. the 1solat10n of 15d-hydroxy5ter01ds
'?pfrom nanmallan tlssues can. be found 1n the literature., In

‘fiséo Neher and Wettsteln (5) 1solated 15d hydroxytestosterone
1fftom the testlcular tlssue of bulls. However, the 1dent1flca-

‘tion of thlS compound was based on chromatograph1c eV1dence

:fand the authors also suggested that 15“ hydroxytestosterone

‘-.}mlght be of bacter1a1 orlgln.a In 1966 Zucconl et a1 (21)

.g;solated from human meconlum a phenollc tetrol whlch later was

’“1dent ed 19) as lsd-hydroxyestrlol

'TfSter01d 15dggydroxy1ases

The ab111ty of anlmal tlssues to 1ntroduca the 15« ~hy-

”ifdtoxyl group on a'preformed sterold has been studled to some
‘?iextent.a The experlmental d951gn employed to demonstrate these
3;eonnet51ons has ranged from perfu51on of the preV1ab1e human

‘fetus to 1ncubatlons of dlfferent tlssue preparat1ons with

‘the.appropriate-precursor.

| In 1964 Knuppen et al (6) reported that estrone incu-

bated w1th bovine adrenal homogenates was converted to 150-

hydroxyestrone. The same authors later reported the conver-

sion of estrone and estradiol to 1l5&-hydroxyestradiol by hu-

man adrenal tissue slices (7) and by human liver slices (8).



In 1965 Schneider (22) demonstrated the conversion of
deoxycorticosterone to 15d- and 15 -hydroxydeoxycorticosterone
by liver slices of the American bullfrog, and Levy et al (23)
isolated 15d-hydroxyestradiol from bovine adrenal glands per-
fused with 14C-estradiol. The isolation of 150 -hydroxyestra-
diol from the liver of previable human fetuses perfused with
labeled estrone and estrone sulfate was reported by Schwers
et al (1l6), This metabolite was also isolated from the fetal
liver and the placenta following the injection of labeled’

- estrone and estradiol into the intact feto-placental circula-
fion at the time of laparotomy (24). Mancuso et al (25) iso-
lated 15d-hydroxyestradiol from the liver of previable human
fefuses perfused with labeled androstenedione and testosterone
but 1% -hydroxyandrostene:‘one or 15d-hydroxytestosterone was
.not isolated. It is now well established that the human fetal

liver possesses a very active steroid 15¢l -hydroxylase,

Formation and Metabolism of 15¢d- and 158 -Hydroxysteroids

Present evidence suggests that there are at least two
pathways by which 15d-hydroxylated estrogens are formed; direct
15d-hydroxylation of pteformed phenolic precursors, or 15d-
hydroxylation and aromatization of C-19 neutral steroids. Whe-
ther aromatization or 15d-hydroxylation of neutral steroid pre-
cursors is the first step in the formation of 15«-hydroxylated
estrogens is not clear. It was mentioned earlier that when

previable human fetuses were perfused with labeled androstene-



dione and testosterone only 15{-hydroxyestradiol was isolated
from the fetal liver and 15&-hydroxyandrostenedione or 15¢-
hydroxytestosterone could not be detected (25). On the other
hand, in our laboratories Stern, Givamer and Solomon (26)
showed a 30-40% conversion of labeled 1l5el-hydroxyandrostenedione
to 15 -hydroxyestradiol following incubation of the labeled
precursor with the 10,000 x g supernatant fraction of human
placental tissue and Younglai and Solomon (27) have isolated
labeled urinery 15d-hydroxyestriol following the intravenousd
injection of labeled dehydroisoandrosterone sulfate and lé6«-
hydroxydehydroisoandrosterone sulfate to a pregnant female,
Following the intramuscular administration of estradiol
to infants born with multiple malformations, Hagen et al (10)
isolated from the urine a metabolite which was later identi-
fied as 154-hydroxyestriol (19). This compound was also de-
tected by Gurpide et al (11) in the urine of pregnant women
with erythroblastosis fetalis following the simultaneous ad-
ministration of tritium labeled estradiol into the peritoneal
cavity of the fetus at the time of amniocentesis and the in-
jection of l4c_1abeled estradiol in an antecubital vein of
the mother. The isolated 15« -hydroxyestriol contained tritium
but little oxr no 14C, thus demonstrating its feto-placental
origin, In the same studies labeled estradiol was administered
to non-pregnant women and labeled 15«K-hydroxyestriol was not
detected in the urine, Labeled estriol injected intra-amnio-

tically served as a precursor of 1l5d-hydroxyestriol. On the



7‘

other hand, labeled 15K-hydroxyestriol was not found in the
urine after the administration of labeled estriol to a non-
pregnant woman. In some pregnant subjects maternally admin-
istered estradiol or dehydroisoandrosterone sulfate was con-
verted to a small extent to 15¢-hydroxyestriol. When a mix-
ture of tritiated estriol and l%C-estradiol was administered
intra-amniotically to a pregnant subject (28), 15&-hydroxyestriol
containing both 3 and 14¢ was isolated from the urine. The
minimal percent conversions of estradiol and estriol to 156(-
hydroxyestriol was 12 and 0.7, respectively. The results ob-
tained in these studies also suggested:that the conversion of
estradiol to 156{-hydroxyestriol occufsbonly partially via es-
triol.

Jirku et al (29) injected labeled ésfrone sulfate to a
non-pregnant female and they isolated 1abQ1ed 15f-hydroxyestrone
from the sulfate fraction of the bile. The 15&-hydroxyestrone
"sulfate'" comprised about 10% of the radioactivity in the bili-
ary sulfate fraction which comprised about 15% of the total
radioactivity excreted in the bile. One third of the total
radioactivity excreted was detected in the bile. However,
15(-hydroxylated estrogens have not as yet been isolated from
the urine of non-pregnant females.

There is a single report in the literature on the metabol-
ism of 15&-hydroxylated estrogens. In 1966, Knuppen et al (13)
studied the metabolism of 15&-hydroxy- and 15-0ox0-estrogens

in vitro using human liver slices. A number of products was



isolated, two of which were identified as 158 ~hydroxyestrone
and 158 -hydroxyestradiol. These authors suggested that 15@ -
hydroxylated estrogens arise elther by direct 15€~hydroxyla-
tion of estrone and/or estradiol or by part1a1 oxldatlon of

156 hydroxyestrogens to form the corre5pond1ng 15 ~0XO0~ com?
pounds and the metabollc reductlon of the latter to 15€-hydroxy-

estrogens.



MATERIALS

Purlflcatlon of Solvents"

Acetlc anhydrlde (Flsher certlfled) was dlstllled over”
fused sodlum acetate in an all glass system and stored under
anhydrous condltlons 1n‘a de51ccator.'

Pyrldlne (Flsher certlfledJ was dlstllled over lunns-ofl
barium oxide under anhydrous condltlons.w The pure reagent‘

was stored 1n-a-desmccator.eg;{_Mj;“ ST

Absolute ethanol (Gooderham and Worts) conformlng to thef

spec1f1cat10ns of the BrltISh and U S.;Pharmacopoela,,was used

d1rect1y as purchased.
Tetrahydrofuran (Fisher certlfled) was.refluxed[for a.
minimum of two hours over KOH pellets and then dlStllled. Thls

solvent was purified 1mmedlate1y before usef

Benzene (Analytical grade, Malllnckrodt) was:dlstllled

over KOH pellets prlor to use.Ql‘w”

benzene was prepared Dy

distilling benzene Wlth phosphorous,pentoxlde underwanhydrous

condltlons. The dry reagent was sbored 1n a de51ccator.

D1ethyl ether. (Analytlcal grade, Malllnckrodt) was dls-dffie3
tilled over KOH peilets prlor to use and was stored 1n the cold
for short periods of . tlme in brown bottles.db | ‘-‘ .‘ |

Chloroform- (Analyt1ca1 grade,.Malllnckrodt) was, dlstll-fﬂ{f
led over potaSSLum carbonate and preserved by the add1t1on ofﬁi

ethanol (1% solutlon)._‘

The solvents lieted below were all distilled prior to



10.

use without any additional treatment:

‘tigations to be described were used as purchased.

”fwlsource is 1nd1cated. ST L

T»l-..»m;hyl acetate (Flsher certlfled):
.Methylene ch10r1de (Flsher certlfled)

'“’Toluene (Flsher certlfled)

';A;l.other reagents and chemicals mentioned inxthe{inYEé;“

Tertiary Bﬁtanol (Practical grade, Distillation Products
Ltd.) ’ :
Acetone (Analjtical gradé, Maliinckrbdt)
Cyclohexane (Practlcal grade, Dlstlllatlon Products Ltd )

Iso- Octane (Pract1ca1 grade, Dlstlllatzon Products Ltd )

Methanol (Flsher certzfled)

Skellysolve B (Skelly 011 Co. )

The foliowing steroids were uSed;as-StandardsiandithéifW;

lﬁd-Hydroxyprogesterone (Squ1bb Inst1tute for Medlca

Research ‘New' Brunswzck, New JerSey)PI””-“

”f15d Hydroxyprogesterone (a glft of Dr.:P A D13551, SQUIbbi;

Instltute)

150 - Hydroxyandrostenedlone (a glft “of Dr. P;A.‘biassijg;"”
15d-Hydroxytestosterone (a gift of Dr, P,A;:Diassilf;? S

Progesterone (a gift of Dr., A, zaffaroni, Syntex)

~Androstenedione (a gift of Dr, A.3Zaffar0ni)Q*”"'

The melting poinf'énd infrared spectrumbwere obtained on



"pNuclear Corp.;rBostnnTH

;_fpurlty as descrlbed in.a’ sep”

each standard prlor to use. - In some instances the standards

;were purlfled by chromatography on small columns and recrys-

B talllzed prlor to use."

Rad:oactlve ster01ds were purchased from New England

.Massachusetts and were checked for

ate sectlon of thls the51s. “ﬁw

Enzymes and Cofactors

f[;p(EDTA, Flsher SCIentlflC Co }

5ﬁu§fSpec1a1 Reagents

Dlhydro-#-Dlphospho Pyrldlne Nucleotlde Dlsodlum saltu;,ﬁp;wr

(B-DPNH) was purchased from S1gma Chem1cal Co.f

11,

20@-Hydroxy Steroid Dehydrogenase, Type 11 (from Strep-aﬁfrjv

tomyces hydrogenans) was used as. a suspension 1n 2”2Mrammon1umj S

sulfate, 5 mg/ml (Sigma, Lot 97B~0490} The enzyme was'. alwaysfei”

stored at 0-5°C., One mg of the enZyme reduces 12 pmoles of

cortisone permlnute with @-DPNH at pH 7.6 am 25°C,

Ethylenedlamlnetetraacetlc ACId was . used asvpurchased'

Phosphomolybdlc ac1d (Flsher certlfled) A lOm.Lw/v)

.::solutlon 1n absolute ethanol was prepared. Thls solutlon was
'~gstab1e for long perlods of tlme when refrlgerated in a tl“ht-

Fupyly stoppered dark conta1ner._:,7-f'”

Alumlna (200 mesh Harshaw Chem1ca1 Co., Cleveland, Ohio)
was washed and deactlvated accordlng to the procedure described

by Solomon et al (30) The alumina was refluxed with ethyl



acetate for five days. It was then washed with methanol,
with,wa;er fpr fwo days, and again with methanol. After
drying in thé oveh'at 120°C it was deactivated by the addi-
tion of 5 ml of water per 100. g alumina and stored in tlghtly

stoppered bottles..

: Ce11te (Johns Manv111e, No. 545), was flrst washed"

12,

| w1th 50 hydrochlorlc acld for 24 hours, then w1th tap waterr‘

for 72¢1OQ;hoqrs§;and;wlth distilled.water, and finally with
méthanoi.' It was then air-dried at room temperature for 48
VMhouiS; Qr in an'ovén:af-80-90°C-for'18-hours and stored in
 brownrbott1es{

Siiicé'gel (100-200‘m§sh; Davison Cheﬁical Co;, Balti-

more, Maryland)kwas purchased in 5 1b, lots, and used directl

Ye
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©  METHODS

Measurement of Radioactivity -

Aliquots of samples to be counted Were'evaporated un=

der nltrogen in 5 dram v1als (Wheaton Glass Co., M111v111e,'7_;

“N.J. ) and" dlssolved 1n 10 ml toluene conta1n1ng 0 3 (w/v)

of 2,5- dlphenyloxazole (PPO) and 001° (w/v) of 1 4 b1s[?-'
(5- phenyloxazolylﬂ benzene (POPOP) Samples whlch were 1n-.
soluble in toluene were dlssolved in 2 ml of methanol pr1or
to the addltlon of 10 ml of toluene phosphor, - Radioactivity
in aqueous solut1ons, such. as urine, was measured by dissolv-~
1ng a l ml a11quot in 15 ml of a dioxane solution which con-

tained 0 7o (w/v) of PPO, 0.,06% (w/v) of POPOP and 10% (w/v)

,of haphthalene;'»All samples were counted for a time sufficient
to gireia standard deviation of no more than 5% in the case

‘l‘of quenched samples, and 2% in-the case of unquénched sam-

T’ples.. A three channel Packard Tr1 carb llquld Scintillation

spectrometer, Model 3002 was used for countlng.-'
When a 51ngle 1sotope was counted, the sett1ngs of the
1nstrument were as’ follows. The ampl1f1er ga1n of the green ?'

and red channels was set at 60/7and the pulse helght d1scr1m-

1nators at 50 to 1nf1n1ty._ At these sett1ngs_3H was countedin

w1th an eff1c1ency of 35 -and 14C w1th an eff1c1ency of 85

In the presence of methanol the eff1c1ency of countlng was:f;

18% and 80% for 3H and 14C re5pect1ve1Y-.ﬁd

For the 51mu1taneous countlng of 3y and 14C ‘fhélféAF
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.channel gain was set at 30 w1th pulse helght dlscrlmlnators‘
1at 50 to 450" the galn‘on the green channel was set at 40
with the dlscrlmlnators at 700 to 1nf1n1ty.3_Efflclency of =
counting at these settlngs was 28% for 34 ahd 64/‘for 14C
When methanol was in the counting V1als, the red channel galn
was set at 40% with the dlscrlmlnators at 50 to 300 and the
green channel had a gain setting of 50% with the d15cr1m1n-7
ators at 550 to infinity. Efficiency of,countlhg at these.h‘v
settings was 15% for 3H and 53% for l4c, o

The absolute efficiency of countinglwaSweaiculeted'3“97h“h

with the use of 3H and l4C labeled hexadecane standards ob

tained from The Radiochemical Centre, Amersham, England.u Count-f{f

ing vials were washed with detergent, then rlnsed thoroughly'”*x

with water and with methanol. After drylng 1n an oven and
equilibrating at room temperature the v1als were welghed to’ fi"‘

a constant weight, Aliquots of 3H and 14”

kept in a desiccator for a few hours before welghlng., Thlse

constant weight was obtalned. The total dpm of each sample‘hf-f

-*&Awas computed from the welght of the hexadecane and 1ts sPeC1f1c__~

:Inﬁgimolfaneoﬁs‘ooﬁhting_of‘two-ieotopee;ftheetotal 34
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and 14C counts were calculated using the discriminator ratio

method of Okita et al (31) as modified by Ulick (32). The

following‘equations were used:

" N
SH - Nl - -—g
b
and l4¢ = N ;‘Nla
where N1 = total counts in the red channel

N2 -,total_countsbin the green channel
a = 3H in the green channel
3H inrthe red channel A

A_b = 14C in theﬁgreen channel
o l4ce in. the Ted channel
Everf-set of‘viels Was‘counted w1th 3H and 14C standards
‘ dn order to determlne the "ﬂ"land "b" ratlos.¢ The opt1mum5 
3dcond1t10ns for double label countlng in. the absence of methan-.u.
lol were obtalned with ‘an "a"'ratlo of approxlmately 0 008 and
'-"b" ratlo of 3 05 - in- the presence of methanol the "a" fﬁfth}
ffand "b"‘ratlos were approx1mately 0 017 and 4 08 respectlvei}t!n
‘All counts were converted dlrectly to dpm.indi%:
| Counts of samples whlch only contalned al51ng1e labei
‘were corrected for quenchlng w1th the use of 3H and 14C lab-
eled toluene as 1nterna1 standards.f VlaIS”were recounted after
.addltlon of a known amount of radloact1V1ty in 0,1 ml or 0,2
‘ml of_toluene.._Comparzsonyof the increment of counts with
the.actua1 numbef of counts -added, provided a ratio which was

used to correct the original quenched sample count. Samples
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containing both 3H and 14C were recounted after the addition
of 3H internal standard and again after the addition of lég
internal standard. The values of ﬁa" endlﬂh"'werchalculated
from the increments in the.tWO channels following addltion

of the two standards. .

fic Co.)

" Melting Point Determinations‘

All melting p01nts were determlned w1th a hofler block

(H.O. Post SCIGHtIfIC Co. Inc., New York) and were corrected

"by reference to a- standard curve . -based. on the observed melt—'

f,1ng points of a series. of prmmary standards [Flsher Sc1ent1-"

fas descrlbed by Roberts et al (33 ) and were examlned as 1

- Spectral Analysis'r“

Infrared spectra were obtalned w1th the use of a

M.Perkln-Elmer Model 221 Spectrophotometer.3 Samples were prepared

"solutlons in. C82 whenever p0551b1e. Samples 1nsolub1e 1n CSZ
'were examxned as dlSper51ons 1n KBr dzscs, us;ng 200 500 pg

Lwhof ster01d and 20 mg of kBr (Powdered I R 6890 Infrared

Quallty, Harshaw Chem1ca1 Co., Cleveland 6, Ohlo) f In‘some~h:

"1nstances only mrcroamounts (20 60 gg) of a compound were"
”avallable for 1nfrared ana1y51s and these were examlned in

'KBr (10 pg/z mg KBr) w1th the ald of a Perkln Elmer 6x micro-

sampllng un1t (Model 186 0011)

Mass spectra analyses were performed through the courtesy



fyuitleS) of approx1mate1y 50 pl volume. Chemlcal Shlf measure

':ffments were obtamned from 1nd1v1dua1 51de band measurements,

"“1;HA 100 spectrometer was used and 51nce the 1nstrument was
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of Drs, L. Durham and C. Djerassi, Department of Chemistry,
Stanford Unlver51ty, California, and in one instance by Dr,

‘.G. Slomp, the UpJohn Company, Kalanazoo, Mlchlgan.r

Nuclear magnetlc resonance spectroscopy was performed
_through the courtesy of Drs. L. Durham and C. DJera551, and
n1n-one 1nstance by Dr.HG. Slonp.; The nuclear magnetlc reson-r

‘t.ance spectra (NWR) were- Tun on a Varlan HR 100 spectrometer._'”~

Deuterlochloroform (CDC13) ‘was used as the solvent w1th tetraJﬁdl

methylsmlane (TMS) as an 1nternal standard szamples were ex;:dd

"1”am1ned‘aS~CDCls solutlons 1n a glass mzcrocell (NMR Spec1a1-f¥¥;i

u51ng TMS ‘as’ reference standard In some 1nstances a£Var1an,.j”

E yfleld frequency locked the spectra were dlsplayed on precalléf_gi

“’pbrated Charts'”}ff,fffff“ﬁ”

'LiiChromatography

Alum1na Column Chromatography._Alumlna (200 mesh) was

"“pprepared for use as preV1ously descrlbed The welght of ad—:?f
”nsorbent used ‘was approxlmately 100 t1mes that of the welght
Cof extract to be purlfled The columns were prepared by slowly
dpourlng the alumlna 1nto a small glass column contalnlng the
-developlng solvent,pusually Skellysolve B. At the same time,
the column was tapped vigorously to eliminate air bubbles,

Fractions of 1 ml per g of alumina were collected., Steroids
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were eluted w1th 1ncrea51ng concentrations of benzene-ln,t‘
7Ske11ysolve B or w1th 1ncreas;ng concentratlons of absolute
ethanol 1n benzene. The column fractlons were comblned on’
-the ba51s of a visual examlnatlon of the re51due in each flask

- or on the basis of the radloactlvmty 1n each fractlon.,7”'

Ce11te Column Partltlon Chromatography.; Cellte, pree;tﬁ
~ pared as descrlbed above, was used 1n the ratlo of O 5 to 1 0
ng per-mg of extract. - All columns used had a ratlo‘of helght
’Jto diameter of 20 or more. The Cellte was stlrred 1n a Warlng
~e.Blender with sufficient. moblle phase to exclude alr, statlonary'
.dﬁfi phase, 0.5 ml per g of Cellte, was added slowly to the mlxture,
“! then the Celite was added to a glass chromatographzc column' 5
fm and packed tightly w1th a Martln Packer (34).‘ When p0551b1e,
"samples were dissolved-in a m1n1mum volume of moblle phase
”'ﬂ‘;land the solution was applled to the top of the column.;‘ThoSe

“Efffﬁsamples not readily solubie An moblle phase were dlssolved in

“. stationary phase and mzxed Wlth Ce11te in the same proportlons
'%used to pack the column, and the charge was applled to- the top of.
i_the column. The effluent was collected in tubes u51ng an ‘auto-"

:fddmatlc fractlon collector (Buchler Instruments;‘N J. ) Hold-

“_lback volumes (HBV) of columns were deternlnea by measurlng the lfﬁ
”dvolume of solvent requlred to elute the dye, Sudan IV, as des;;;mv

.e-crlbed by Johnson (35) and varied from 1.2 to 1.8 ml per g of
5_‘Ce11te.: All Cellte columns were developed at room temperature;l‘

The effluent from the columns was collected at the rate of -

0. 2 to O 4. ml/g of Celite per hour, and analysed by measurlng
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the rad10act1v1ty of sultable allquots from each fraction,

Paper Chromatq&;aphy. Sheets of Whatman No. 1 or No,

':yﬁ}a§3MM fllter paper 17x57 cm were used throughout." Chromatography
3”on paper was accompllshed by elther one of two methods. When

Bush type (36) systems were used the sample was applled on

‘the startlng 11ne of the paper whlch was then equ111brated -
in the chromatography tank for a minimum of four hours before
the addition of mobile phase. When Zaffaron1 type (37) systems
were used, the paper was impregnated with statzonary phase by
dipping in 50% solution of stationary phase,lnemethanol'and blot-_
ted twice just prior to the applicationfethheeaamples'in'order
to remove excess stationary phase. No equilibfatidn.was”nec~
essary when such systems were employed, | )

Ultraviolet abs-rhing steroids were'iocated‘bn paper
with the aid of a viewing box (Chromato-Vue}-Ulipafiolet Pro-
ducts Inc., San Gabriel, Calif.). Othefftppee5qf;$teroide._
were visualized by spraying a 1 cm stripaefffhe:chromaidgfam'
with phosphomolybdic acid followed by heatlng of the. papers

Ce to about 909C for 1-2 mlnutes, or unt11 a blue spot appeared

uajpagalnst a yellow background Thls method of detectlng ster01ds

ﬁfﬂﬁ?On paper was ormglnally dev1sed by krltchevsky and Kirk (38)

,A;Radloactlve ster01ds were locatedfﬁithqthegald of a Packard

- :Model 7200 strlp scanner.l_

Areas of paper contalnlng the ster01d to be eluted were

eﬂcut 1n small squares, covered w1th methanol and ‘allowed to

pastand for 2 15 hours..-After fllter;ng_the-solvent, the paper
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squares were washed twice with additional amounts of methanol,

and the combined methanol extract was evaporated in vacuo.
When propylene glycol was present, the residue after evapo-
ration of methanol was dissolved in ethyl acetate and it was
washed three times with 1/5 volume water to remove any traces
of this stationary phaset‘ﬁThe ethyl aeetete;mashdried over
Naz504 and evaporated‘under vacuum at 40°C,

Silica Gel Column Chromatography: Urinary extracts:

were first chromatographed on large silica gel columns, A -

~slurry of silica gel.inImethylene_chloride”was transferred -

.settling of the support and the exclu51on of a1r bubbles.

- The sample to be chromatographed ‘was . dlssolved 1n methylene:

chlorlde and applled to the t0p of the column. The column
was developed with methylene chlorlde or thh ethanol JAin

methylene chlorlde dependlng on the nature of the extract.‘

to a glass column whlch was tapped v1gorously to ensure even - : -

The effluent from the column was collected at the rate of 30 4017i

ml/hr when large columns were used. Ind1v1dual fractlons

sometimes varied from 8- 12 ml but most fractlons were about 10

ml, A timer was employed to regulate the volume of the frac-
tions collected. Aliquots of fractlons were removed‘for the
determination of radioactivity and individual fractions from
each column were combined according to the plot of radioac-
tivity versus fraction number. When large columns (100-300
g) were employed an aliquot from every fourth fraction was

taken for counting.,



Small silica gel columns were also used for further
purification of the ster01ds eluted after paper chromatogra-

phy. These columns were prepared 1n the manner descrlbed

21,

above except that l ml fractlons per g of adsorbent were col;

lected

Th1n Layer Chromatograph -G (Merck) was

‘mlxed w1th a volume of water equ1v=1ent to tw1ce the welght"fﬁ5

Nfof the szllca gel, and spread on 20x20 cm glass plates to a |

'idepth of 1 mm, usang a Research Speclaltles Co. spreader.‘

'nggiThe plates were: dr1ed incairs ‘for one hour or more, and then

'ﬁﬁjheated to 120 C for one half hour.‘ Samplés were spotted on

tf{a llne 2 cm from one edge. "Chromatograms were developed by
’,Jascendlng solvent flow 1n small glass tanks with glass covers

>7w1thout equzlibratlon.

Stero:ds were‘located on the thin layers by their ab-

tw1ce,ﬂ

at 40°C.

Solvent systems.used'in“alI”ofﬁfhehcnronatographiciseél
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| parations torbe described in the thesis are shown in Table 1. .

TABLE 1 =

Solvent Systems Used in Chromatbgraphy

System Type _ Solvents
A PPC* Toluene-propylene glycol

B PPC Skellysolve B:methanol:waterv(10:9:1)'e- .

C PPC Iso-octane:toluene:methanoleﬁater (5:5:7:3)

D PPC ISo-octane:methanolfwater (10:9:1) | ‘

E CPC** nQHeptane:ethY1 acetate:methanol:water L
(10:10:13:7) |

F CPC n-Hexane:ethyl acetate:methanol:water
(10:10:13:7)

PPC Benzene:cyclohexane: (1:1) - propylene»glycoll

“ D @

PRC n Benzene:cyclohexane.(1:1) - ethylene glycol

PPC Benzene:methanol:water (20:11: 9)
K TLC*** Benzene:ethanol (1:1)

L PPC Toluene:ethyl acetate: methanoltﬁatet;iht-tif
(9:1:6:4) IR

ij;;.M | PPC Chloroform ethyl acetate (5 1) formaftfﬁ:\g;

'qulde

iChloroform ethanol (9 1)

"_fHexane ethyl acetate (1 1)
';fjlso octane t butanol methanol water (10 2 7: 1)

5fBenzene ethyl acetate (2 1)

_‘*PPCv Paper Partltlon ChromatOgraphy T
**CPC Ce11te Column Partition Chromatography
***TLC - Thin Layer Chromatography
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a;Preparat1on of Ster01ds for InJectlon

‘ Whenever p0551b1e labeled ster01ds were . stored 1n ben-
-zene methanol (4 1) solut1ons.1n the refrlgerator in order

to minimize the*dangers of self decomposition. Prior to in-
'jectiOnvsuitablewaliqhots'ﬁere‘transferred"todsterile'vials,
using sterile pipettes; Solvents werehevaporated under nitrogen
" and the residues were dissolved in O;SLmllof‘ﬁbsoiﬁte.ethanoi.
Immediately before injection, 10 ml of sterile”isotonie“saiine"‘
was added to the vials and the mlxture was then 1nJected slow~ﬁ;4,
ly into the. antecub1ta1 vein of the subJect from a: 20 ml- sy=
ringe. The syrlnge was washed once by draw1ng the subJect'“.“““
‘blood which was ‘re- 1n3ected. After the 1nJect1on the syrlnge,
needle and vial were washed w1th saline and. w1th ethyl acetate
~and the radioactivity measured in these washlngs._ ThlS radlo-;f*”””

activity was subtracted from the rad10act1V1ty or1g1na11y preaffﬁ’

dpared for the 1n3ect1on.w""

In some instances a. more dlrect approach was employed tof]V.

ﬁldetermlne the - formatlon and metabollc fate of a stero1d ‘in

' [)1ate pregnancy._ Th1s approach 1nv01ved the adm1n1strat1on of

:the tr1t1um labeled ster01d 1nto the per1tonea1 caV1ty of the

»fetus dur1ng a transfusron u‘ero,‘for erythroblast051s fe-_

ttalls, and the 51mu1taneohs‘an3ectaon of the ;40 labeled
"hster01d 1nto an antecub1ta1 veln.f Maternal ur1ne was then.eole‘
hlected and the metabolltes 1solated The 1n3ect1on’of theﬁl
'ster01ds and collect1on of ur1ne was-done by Dr. J.M.

Bowman,

Rp Laboratory, W1nn1peg, Canada. The urine was then frozen
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and sent to Montreal. The‘steroid to be administered into

the peritoneal cavity of the fetus was transferred from the
vial with a syringe and mixed with the packed donor cells.

The vial was rinsed with 4 ml saline. This was drawn into

the syringe and also added»to_the blood};~Usua11y the steroid
was‘mixed withalso ml-of-biood-which'waSTtransfused:slowly.‘
At the end of the transfu51on,'the remalnder of the blood
(some 30 40 ml) ‘was’ sent together w1th the v1a1 vthe syrlnge,“

“”and the plastlc tublng., The syrlnge, needle and v1a1 were.

A zwashed thhgsallne and w1th ethyl aceJate,‘andwthe re51dua1

'”learge beaker and mlxed w1th a known amount of ster01d labeled

"7;w1th 14C.~ Ethyl acetate was then added the mzxture stlrred

'j;fand the ethyl acetate*was remov 7e “111573?199£f1W?5h5

:ﬁlng of the blood Wlth ~ethyl acetat,

the radroactlv 'hyl acetate-.

oﬁwashlngs was:measured and corrected for losses u51ng the pere‘-
cent recovery of the labeled stero1d added in the blood The
rad10act1v1ty adsorbed on the plastlc tublng was estlmated byf“ﬁ‘
counting one cm portions of the tublng in. toluene phosphor.
The total rad10act1v1ty recovered from the vial, syrlnge, nee-

dle, blood and the tublng was then subtracted from the radlo—

" act1v1ty or1g1na11y prepared for the 1nJect10n.-

Hydrolysis of Urinary Conjugates

Urines not processed immediately after collection were

Fradloact1V1‘y was measured. The blood was transferred 1nto a tt-V”‘

was Tepedted 3-4 t 1mes B
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stored in the frozen state.

In order to hydrolyze the steroid sulfates, a modifi-
cation of the solvolytic procedure of Jacobsohn and Lieberman
( 44) was employed. Each day's urine was adjusted to pH 1
with sulfuric'acid.. After addltIOH of sodlum chloride, 20%
(w/v), the ur1ne was d1v1ded in f1ve equal aliquots and each
one was extracted with a volume of freshly distilled tetrahy-
drofuran equal to the total volume of urine. The tetrahydro-
, furan was f11tered through glass wool and to 1t was added 0.11
“ml of 60“ perchlorlc ac1d per 100 ml of solvent and the solution
was left overnlght in. the dark at 37 C.‘ The tetrahydrofuran
-solut1on was then neutra11zed w1th 0.5 ml of concentrated ammonium
ehydroxlde per 100 ml solut:on and the solvent was evaporated in

vacuo, to y1e1d an aqueous-phase which was extracted with ethyl_

'1”acetate.; A volume of ethyl acetate 1 5 to 2 t1mes that of the

”ffaqueous phase was d1v1ded among 3 senaratory funnels 1n the

"viratlo of 2 1:1. The aqueous phase was then passed through the

three funnels in sequence, uslng about 1/5 of the solutlon at

a tlme. The ethyl acetate was then comblned washed w1th 0.5N
NaOH to remove plgments andaC1ds, and w1th water until the water
washes were neutral. The ethyl acetate was then dried over

NazSO4, flltered and evaporated in vacuo at 40°cC. The residue

- e T

and it will be referred to as the sulfate fraction.

The residual aqueous phase plus the alkali and water washes
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from the above extraction contained the steroid glucosiduron-
ates, In order to hydrolyze the conjugates, the combined
aqueous phase was adjusted to pH 4,7 with glacial acetic acid,
mixed with 5 ml of 2M acetate buffer pH 4,7 per 100 ml, and
to this solution was added 40 mg of powdered f-glucuronidase
preparation (Baylove Chemieals, Musselburgh, Scotland, two
million Fishman units per gram) per 100 ml of solution. Me-
thylene chloride (10 ml) was added to the eolution as preser-
vative, After incubation for 5 days at 37°C a neutral extract
- was prepared as previously described for-the sulfate fraetion;
~This extract contained the ster01ds excreted as gluc051duron-
ates and also those ster01ds excreted as double conJugates
with sulfuric and glucuronlc aclds (e.g. ‘3-su1fate-15-gluco¥
siduronate) and it will be referred to as the glucoeidﬁronafe
fraction, | |

In some cases; simulténeous ehzymatic hydrolysis of sul-
bfates and gluc051duronates was accompllshed w1th the use of
‘ Glusulase (Endo Laboratorles, New Yonk), a mlxture contalnhw
.1ng 100,000 unlts of ﬁ glucuronldase and 50, 000 unlts of
sulfatase per ml. Urine was‘adJusted;to pH 5.2 with glac1a1_
.acetic acid, and 5 ﬁl of 1;éﬁlsodium acetaie buffer plus 0.5
ml of the enzyme mixture were added per 100 ml of urine, Me-
thylene chloride (10 ml) was added as a preservative and the
mixture was incubated at 37°C for 3-5 days. A neutral ethyl

acetate extract was then prepared as previously described.
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Preparation of Derivatives

Acetates: Steroids to be acetylated were dissolved in
two parts of p?ridine and one part of acetic anhydride in
glass stoppered tubes, and left.in the dark at rodm'tempera-
ture for about‘18 hours. Steroids acetylated w1th labeled
acetic anhvdride wereAdissolved_in equal volumes of pyr1d1ne and
a 20% sdélution ofhaeetic‘anhydride.ln benzene and the m1xture1
was incubated overnith at 37°C; At least a 0 2 molarbexcess,
of acetic anhydrlde per mole of stero1d was used Acetylatlons |
were stopped in two ways. -In one procedure,‘the tube conta1n~5r
ing the reactants was placed in a water bath at 40°C and -the
solvents were evaporated under a stream of nltrogen.: SeveraI-
portions of benzene: methanol (1:1) were added and*each was
evaporated until the odor of pyr1d1ne could not be detected

In the second method the reaction mlxture was transferred to:*fh

ice-water contalnlng 5% 6N sulfurlc ac1d, and the ster01d ace_ﬂq:‘”'

tate was extracted W1th ethyl acetate. The organ1c phase wasrrtf“”

washed f1ve t1mes w1th 6N sulfurlc ac1d three tlmes W1th 1N
sodium hydroxide and w1th d15t111ed water unt11 neutral drled‘-”

over Na2504;,f11tered and evaporated 1n vacuo.‘

Sodlum borohydrmde reductlon:'.Reductlon with NaBH4 was‘
performed by the method descrlbed by Norymberskl and Wood (39)h‘
with minor modlflcatlons‘. A 0. 4° solutlonkof the stero1d wasr
prepared in methanol. This solution was cooled in ice-water

to 4°C. To it was added a 1.6 molar excess of NaBH4 and the
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reaction allowed to proceed for onme hour. The reaction was
stopped by the addition of 6 drops of glacial acetic¢ acid and
the methanel wae eVaporatedito give a residue which was dis-
solved in ethyl acetate and water. Then the organic phase was
washed W1th 0. 1N sodlum hydrox1de, water, dr1ed over Na2504

’and evaporated Ain- vacuo.;:

Pregaratlon of 15“ Acetoxy 20P-hydroxypregn 4 -en=3- -one:

An a11quot of 150 - acetoxyprogesterone (3 4 mg) was dlssolved

'tln 0.4 ml ethanol and the solution was added slowly to 20 ml
bof_b.lM Tris buffer pH 7.6 with EDTA (2.7x103M) in a 125 ml-:
‘Erlenmeyer flask. Following the- addltlon of 194 mg P—DPNH and 7
vO 2 ml (1.0 mg) of ZOF -hydroxysteroid dehydrogenase theﬁm;x—v_ia
ture was incubated at 25°C and 180 cycles per_mlnute iﬁ a.éyef;
rotory Shaker (New Brunswick Scientific Co., New’ Jersey] After,;
two hours of shaking, the reaction was stopped with 50. ml’ of
distilled water and the steroids were extracted withEethylffi:ﬁ
acetate to give 2.8 mg of residue.’ It was chromatographed onvfﬁu
a thin layer plate using system Q and two u1trav101et absorb-

ing bands were observed at average dlstances of 4.8 and 6 3.

cm. The less polar band corresponded 1n mob111ty to lsd—acet-a.
oxyprogesterone standard. The more polar band was eluted to. g1ve
a residue (2.3 mg) which was crystalllzed from acetone Skelly- i
solve B to yield 1.5 mg of coarse needles,_mp 192 193 'C. ?Its  e
infrared spectrum (CSZ) 1nd1cated the-retentlon of the acetate_r
group (1738 and 1240 cm-l); the presence of the Aﬂ 3~ ketone

function, the losc of the 20-ketone group (1710 cm 1) and the
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appearance of a hydroxyl band (3590 cm'l). This infrared
spectrum was identical to the spectrum of the material obtain-
ed following NaBH4 reduction of 15d-acetoxyprogesterone and
oxidation of the resulting product with the DDQ reagent as
described below, The material obtained after incubation of

.vlsdsacetoxyproéesterone-nith Zoffhydroxysteroid dehydrogenase
" was therefore;identified”aSGISd?aEetoxy-Z0§-hydroxypregn-4-en-
‘d 3 one;,, . e e _

D1ch10rod1cyanobenzqgu1none 0x1dat10n A derivative of

_15« acetoxyandrostenedlone and 1&* acetoxyprogesterone was
:;prepared by reductlon W1th sod1um borohydrlde ‘and subsequent
d“joxldatlon of the a11y11c alcohol at C 3 w1th 2 3 dichloro- 5,6~

d1cyanobenzoqu1none (DDQ), accordlng to a modlflcatlon described

";_by Ruse and Solomon (40) of the or1g1na1 method by Burn et al

-3(41) ~In-a typ1ca1 example a. total of 44 mg of l&x acetoxypro-

'fggesterone was reduced w1th NaBH4 as descrlbed above._ The pro-

'*qucts of reductlon were dlssolved 1n 3 ml of freshly distilled

'd1oxane contalned in a glass stoppered tube to which was added

'-33 mg of DDQ reagent - The reactlon mlxture was left in the

7f'_dark at room- temperature for 27 hours and the hydroquinone for-

sumed was removed by flltratlon and the filtrate was evaporated

to dryness., The re51due was dlssolvedan ethyl acetate and

‘ﬂthe organlc phase was washed first with 0.5N NaOH until all pig-

7fments had been removed and then with water, dried over Na,S80,,

filtered and evaporated in vacuo. A residue weighing 360 mg

was chromatographed on a 5 g alumina column, and elution with
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benzene yielded 30.9 mg of crystalline material. Crystalliza-
tion from ether-methanol gave 25.6 mg of coarse needles, m.p.
192-19300, which were UV positive when a solution of the crys-
tals was applied on paper. Its infrared spectrum (CS5) was
identical to that of l5d-acetoxy-208-hydroxypregn-4-en-3-one
prepared with 20§-hydroxysteroid dehydrogenase as described
above. A mixture of the NaBHy reduction product and the mater-
ial prepared with 20B-hydroxysteroid dehydrogenase did not show
depression of the m.p. (mmp: 193-194°C). Similarly, fhe struc-
ture of the derivative prepared by NaBH, reduction and DDQ
oxidation of 15e-acetoxyandrostenedione will be 15el-acetoxytes-
tosterone. Direct evidence for the formation of the latter

will be presented in the experimental section.

Recovery of Steréids from Counting Vials

In some instances material taken for counting had to be
recovered in order to continue with an identification or pu-
rification process (42). The contents of theccounting vials
were dried under nitrogen and chromatographed on thin layer
plates in system ethyl acetate:n-hexane (1:1). The PPO and
POPOP usually migrated with the solvent front while the steroid

was slower in mobility. The steroid was then eluted with

ethyl acetate,.

Standardization of Labéled Acetic Anhydride

Three Batches of (1-14C)-acetic anhydride (Batches #1,
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#2 and #3), specific activity 1 mC/mM, were received from New
England Nuclear Corporation. These solutlons contalned 1 mC
(10.2 mg) of the reagent in 0 04 m1 of benzene and they were

used directly. Two. d11ut1ons of Batch #1 (25 fold and 125-;

fold) with 20% acetlc anhydrlde 1n benzene gave solutlons l;ggffd
and 2. Two Batches of 3H acetlc anhydrlde (Batches #4 and ”, |
#5), spec1f1c act1v1ty 10 mC/mM and 100 mC/mM ’respectlvely,_::
contalnlng 1 mC (10 2 mg) of the reagent 1n 0 04 ml of benzene
were also used The spec1f1c act1v1ty of the acetlc anhydr1de
in each solutlon was determlned by the acetylatlon of 15 25 mg
deoxycortlcosterone (DOC) and the measurement of the spec1f1c
act1v1ty of the resu1t1ng acetate (DOCA) After acetylatlon

of. known amounts of non labeled ster01d the products were chroé
matographed on alumlna columns prlor to crystalllzatlon Con-

stant speclflc act1V1ty of each acetate was achleved as shown

in- Table 2

Determ1nat10n of Endogenous Spec1f1c Act1v1t1es (dpm/mg) of

Isolated Metabolltes;]_f”'

FolloW1ng 1n1t1a1ﬁchromatographyrof.urane'entracts .on
a silica gel" column .the mater1a1 w1th1n each peak was further
purified and partlally 1dent1f1ed by chromatography on . a. Cellte
column and/or paper.f To facllltate crystalllzatlon of the 1so-f
lated steroids after f1na1 chromatography,.they were percola—h
ted through small 3111ca gel or alumlna columns as prev1ously

described. For the determlnatlon of the endogenous spec1f1c
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TABLE 2

Standardization of Labeled Acetic Anhydride*

Specific Activity (dpm/pg DOCA)

Crystallization Crystals Mother Liquors:
Batch #1 | 1 2.85x10° © 2.68x10°
| 2 | 2.54x10% 2.82x103
Solution 1 1 | 110 105
2 | 115 120
 $01ufion é 1 . 22 21
2 . , 23 ' 23
Batch #2 1 3.59x10% 3.20x10°
o .  3.50x103 3.47x103
Batch #3 1 o 3.08x105 2.95¢103
2 3.13x103 3.19x103
Batch #4 o1 3.27x10%  3.14x104
| 2 . s.ex10ft 3.26x10% .
Baten #s L s.emxao®seexaos
| 2 seesxi0® sexaeS

*All solutions were standardized against deoxycortiéQéféféne.  ii: 
The acetic anhydride of Batches #1, #2 and #3 vas labeled with' ¢
14¢ while that of Batches #4 and #5 was labeled with 3§, =

_ac;ivities,»oﬁéjofathe twoif§lloWi#g methods‘WQregused:.

,a)‘wnén_i;o1aped;inf$ﬁf£icién£igﬁaﬁﬁté the metabolites
were cfygtéllizééfdiféeti} fr6ﬁiéﬁ:;P5f§h£i¥f¢1;&i§gﬁ£ 5£*£#?€T.
until the finai specific aéfi?itiés_affiﬁéfé%&ﬁfaié:éﬁd hbtﬁéf‘
liquor did not differ by more thanIIO%; -FdliAQth each ¢rys-
tallization a 0.400 mg to 1 me aliquﬁt

of the crystals was

removed and weighed accurately on a microbalance (Mettler Model
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1 912-3 x 3) before being transferred to countlng vials ot

'fj;to volumetrlc flasks from whlch allquots were taken for count-

~;¢;ing . Mother 11quors from crystalllzatlons were transferred

'?ito small (2 0 3 0 g) th1n glass Erlenmeyer flasks which were
'_accurately welghed After drying and re- weighing, the contents

fdéof the flasks were. quantltatlvely transferred to volumetric

m;flasks and suitable a11quots were. counted - The balance used

h‘_ﬁwaS‘accurate to 10 pg in the weightvrange of theﬁweighing
" paper and flasks. In the case of certain metabol1tes, as 1it- SR

- tle as 110 pg was available for weighing. At thls level errors:

o in weighing were about 5%. Sufficient counts were: accumula—:

ted to give a standard deviation of not more than 2

b) In most instances the isolated urinary stero1d d1d

not have sufficient weight to determine its spec1f1c act1v1ty

by direct crystallization. The specific act1v1ty of theseéﬁfﬁhi
steroids was determined by acetylation with - labeled acetlcvan'
hydride using the isotope derlvatlvevprlnc1nlef ] ] »
man and Peterson (43). The 1solated;comnound}c ntainlngzshf‘
rq_was acetylated with one of the standardlzed solutlons of (1-1:4 ){‘
ﬁacetlc anhydride. Those compounds conta1n1ng 14C were acetyla—

tﬁsﬂhted with one of the 3H acetlc anhydrlde solut1ons. The product'“ |

'was.mlxed w1th the approprlate carr1er acetate and after chro—
m ography of the m1xture on a small alum1na column, 1t was .
"H_ystalllzed unt11 the 3H/14C ratlos and the spec1f1c act1V1t1es
'?of the crystals and mother 11quors were constant _ The spec1f1c

‘ﬁa 'Q fh.fact1v1ty of the isolated steroid was calculated accordlng to the
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‘hDetermlnatlon of

“tact1v1ty was’ acetylated w1th acetlc anhydr1de hav1ng a dlfferent

_ jhlabel an
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expressions:

axbxdxn

S'Af :‘_ C s when 1-14C acetic anhydrlde was used,
o “and S.A. = axbxn , when 3H acetlc anhydrlde was used.

-dxC

where S.A. specific act1v1ty of the isolated metabolite

a specific activity of DOCA (dpm l4c or 3H/Pg)

14

o pe molecular we1ght of DOCA
- C "=hmolecu1ar welght of the metabollte‘
d “‘iiSH/14C ratlo of the acetylated metabollte

n = number of acylable groups._‘

the product mlxed Wlth the appropr1ate carrler acetate.lgh

7,After chromatography of the mlxture on. a small alumlna column

it was crysta111zed unt11 the - /14C rat1os of the crystals and B

t{mother 11quors were . constant and ‘the spec1f1c act1v1ty of: the‘

njlsolated ster01d was. calculated as prev1ously descr1bed Then

the welght of the ster01d orlglnally present 1n the urlne can

be calculated accordlng to the well known 1sotope d11ut10n
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equation:

A = _sal
sap

-1 x w

where A weight of the isolated steroid’

saj specific activity of the steroid added in

urine

sap; = specific activity of the isolated steroid

fl

and = w weightdof;the.StEroid.added in urine.‘

Determlnatlon of the Percent Conver51on of InJected Ster01ds

to Urinary Metabolltes‘gzn--

The percent conver51onvof an 1n3ected ster01d to 1ts,
ur1nary metabol1tes was calculated u51ng one of two methods. .
' Where the endogenous spec1f1c act1V1ty of a metabollte wasl
obta1ned by d1rect crystalllzatlon of the ster01d the.5p801flc
__act1v1ty and the welght of the pure crystals were: used to cal-,
‘culate the percent conver51on of the 1nJected dose to the ur1nary
vmetabollte.h When the 1solated metabollte could not be obtaln-‘
‘ed in a crystalllne form 1t was acetylated wzth 1abe1ed acetic?
_;anhydrlde dnd the nroduct mlxed W1th the approprlate carrier
‘acetate._ The m1xture was. chromatoqraphed on a small alumina
;column_and erystallr;edtto;eon;tant-specific activity. This
Specific activity'end the wéight’of'carrier acetate were used
to calculate the percent conversion of the injected dose to

the urinary metabolite.
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Preparation of Labeled Substrates

Labeled 158-hydroxylated steroids were prepared by the
incubation of appropriate labeled substrates with either a
strain of Penicillium (ATCC 11598) or with the organism,

Colletotrichunm linicola, kindly supplied by Dr. P.A. Diassi,

the Squibb Institute for Medical Research,‘New Brunswick, New
Jersey. ' These organisms are capable of hydroxylating the
steroid nucleus at the 15¢(-position’ (2,4).

(7 -SH)Alsd-HydroxxprogesterOne. - This substrate was pre-

pared by the 1ncubat1on of (7- H) - progesterone with Colleto-—

trichum 11n1c01a._ The m1crob1olog1ca1 hydroxylatlon was per-

formed through the courtesy of Dr. P. A Diassi. ColletO-trl—

chum linicola was malntalned on slants of Gould's agar. The

spores from a one to two-week growth were transferred to a

‘250 ml Erlenmeyer flask contalnlng 50 ml of sterlle medlum

which con51sted of 10 g of brown- sugar, 30 g of Cornsteep 1i-
quors, 2 g of lard o11 6 g of sodlum nltrate, 5 g of calcium
carbonate‘ 1.5 g of monoba51c pota551um phosphete, 0.001 g of
21nc sulfate and 0, 5 g of magneslum sulfate all in one liter of
distilled water. The inoculated medium was incubated at 25°C
and 180 cycles per min in a Gyrotory Shaker (New Brunswick
Scientificho., New Jersey) in order to initiate and maintain
growth of the microorganism. After 46 hours of shaking a 10%
transfer of the growing organism was made to each of ten 250
Erlenmeyer flasks containing 50 ml of sterile medium, pH 7.0,

which consisted of 6 g of cornsteep liquors, 2.2 g of soybean
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0il, 3 g of ammonlum phosphate and 2 5 g of ca1c1um carbonate,
all in one 11ter of d1st111ed water.» Tr1t1um labeled progese
terone was added 1n 2 x 0 2 ml of acetone to the flasks,'and
the mlxture 1ncubated for 70 hours as before.‘h | |
The substrate 1 mC of (7—3H) progesterone in 0 031 ng

was used as purehased lfPrlor to use, it was dlluted W1th 100 mg

of carrier to g1ve a theoretlcal spec1f1c act1V1ty of 2.22x107

.'dpm/mg. Ten mg of the dlluted (7 3H) progesterone was added

f_'ﬁto each of the ten flasks.f{.ﬁjﬂ,?"

: After 1ncubat10n the contents of theflasks were pooled

:;and the medlum was adJusted to pH 4 0 w1th sulfurlc acid. It
ﬁVfwas f11tered through a large 51ntered glass funnel and the £i1-
h7pftrate (630 ml] was extracted with 4 x 400 ml methylene chlorlde.‘
fﬁAfter evauoratlon of the methylene chlorlde a res1due was ob-
thta1ned whlch welghed 67 5 mg and contalned 8. 72x108 dpm. This
hplre51due was crystalllzed from acetone hexane to glve 27 5 mg '
fof crystals. mp 210 220 C Spec1f1c act1V1ty 1 68x107 dpm/mg.
fPre11m1nary chromatographlc analy51s on paper in systems A and
.:H 1nd1cated that the crystals were contamlnated W1th small

. amounts (maxlmum 5 ) of 12@ 15d dlhydroxyprogesterone 11, 15¢( -

dlhydroxyprogesterone and progesterone. An a11quot of the crys-
tals ﬂOJHg and 1 71x108 dpm) was chromatographed on four th1n
layer plates 1n system N The ultrav1olet absorblng zone cor-
respondlng in mob111ty to ISOLhydroxyprogesterone was eluted to
give a re51due which welghed 8.5 mg - and contalned 1 4Sx10 dpm.

Crystallization from acetone ylelded S 6 ng of small plates‘
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"mp'230-232°C specific activity 1. 74x107 dpm/mg. The mother

‘ﬁsgellquor had a. spec1f1c activity of 1 70x107 dpm/mg The ‘infra-

'red spectrum (KBr) of the crystals was 1dent1ca1 to that of
' 1Sdrhydroxyprogesterone. These crystals were used in Experl-r
ments A-1 and C 1 to be descrlbed . Thepy;eldvof,(7e$H)—15dfo
hYdroxYProgesterone was 23/ TN . " “

An aliquot of the crysralllne.mererlal contalnlng 1 25x
105 dpm was mixed with 31.8 mg of carr1er ster01d and the

mixture crystallized as shown in Table 3.

TABLE 3

Proof-of-Radiochemical Purity of (7-3H) 1Sd-Hydroxyprogesteronesﬁf p

Spec1f1c Act1v1ty (dpm/mg)

Crystallization , Crystals ‘”‘f' Mother L1quor

3 g 050

Calculated?* ' *~V“4d¥*;?id60i;

*A total of 1.25x10° dpm was m1xed w1th 31 8. mg of carrler 15«--
hydroxyprogesterone prlor to crystalllzatlon. Tl S -

(4- 14C) 15& Hydroxyprogesterone Carbon 14 labeled 15d-g

hydroxyprogesterone was prepared from 200 pC of (4 14C) pro-

- gesterone (spec1f1c act1v1ty 57 3 mC/mM 1 10 mg,.4 50x10 dpm).

=}The purlty of (4 14C) progesterone was proved by reverse 1so-
“tope d11ut10n ana1y51s of an. a11quot as shown in Table 4. The

:remalnlng labeled steroid was incubated with Penicillium (ATCC
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TABLE 4°

Proof of Radiochemical Purity of (4-14C)-Progesterone

Specific Activity (dpm/mg)

Crystallization Crystals Mother Liquor
1 1390 1470
2 1410 1430
Calcuieted*“ . 1440

A total of 40,800 dpm was mixed with 28.3 mg of carrier prior

’ - to. crystalllzatlon.,

‘11598) u51ng 1dent1ca1 condltlons to those descrlbed for the

_hydroxylatlon of (7- H) nrogesterone W1th Colletotrlchum .linicola.

The methylene chlorlde extract obtalned after 1ncubat10n

vf‘fwelghed 9 S mg and contalned 4 07x10 dpm.,1 It was chromato-
"tifgraphed on’ paper in system A for 8 hours, end the area cor-
‘iejirespondlng in mob111ty to lsdbhydroxyprogesterone was - eluted
'?to y1e1d 2 8 mg of re51due contalnlng 1 05x108 dpm.; Chromato;
'“fguygraphy on paper in system C for 5 hours gave one radloactlve
l‘titzone W1th the mob111ty of lsd-hydroxyprogesterone.J Elutlon of
1tth15 zone w1th methanol afforded a re51due wh1ch contained
9. 00x107 dpm. ‘It was chromatographed on alg alumlna column

fand elutlon Wlth 1. 5/ ethanol in benzene yielded a re51due con-

7 dpm. An aliquot of this material was mixed

w1th carrier and crystallized to constant specific activity as

shown in Table 5. The yield of (4-14C)—15d-hydroxyprogesterone

was 20%.

Another aliquot of (4-14C)—ISQ-hydroxyprogesterone con-
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TABLE 5

Proof of Radiochemical Purity of (4-14C)—lsd-Hydroxyprogesterone

Specific Activity (dpm/mg)

Crystaliization Crystals Mother Liquor
1 2250 2220
2 2180 2140
3 2200 _ 2240
Calculated* 2330

*A total of 1.12x10° dpm was mixed whith 48, 0 mg carrier prior
to crystallization.

:Thta1n1ng 1. 20x105 dpm was acetylated W1th 3H acetlc anhydrlde
‘fﬁrj;Batch No. S and the product was mlxed w1th 65 0 mg of carrler
i.lsd acetoxyprogesterone.; The m1xture was chromatographed on
TV?a 7 g alumlna column and the mater1a1 eluted Wlth benzene Skelly-
'Tihésolve B, (4 1) was crystalllzed to constant‘- /14C ratlo as shown
'hﬂxeln Table 6 The thlrd crystals and mother 11quors were combln—
'7?f£ed to glve 32 S mg of mater1a1.l It was d1ssolved in 8 8 ml
éjof methanol and 7 5 mg of NaBH4rwas added to the solutlon.-

"When the reaction was complete, the product was extracted with

ethyl acetate. After evaporation of the solvent the residoel
obtained was dissolved in 2.5 ml of dioxane to which was added
27.5 mg of DDQ reagent. Following oxidation the product formed
was purified by chromatography on a 4 g alumina column, and
elution with benzene yieided 22.8 mg of material containing
3.9x104 dpm of >H and 3.4x10% dpm of 14C. This derivative

was crystallized from ether-methanol, and from methanol-ether-
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TABLE 6

Determination of the Specific Activity of (4-14C)-15d-ﬂydroxy-

progesterone

o _ Specific Activity (dpm 3H/mg)
Crystallization ,.CrYStals _ 3H/14C Mother Liguor SH/14C

lsq-Acetoxyprogesterone*

' 1 Lo 1940 2 <‘~' 1' 3 0 : S 7600 o 4.90
2 1680 Q;igié'fn.-vj»,zsso | 1.70
'f?f:fﬂfﬁ=ﬁ@*?‘ 1700 f}“i}isinjl.”}“iiso 1,14

'{tlSd-Acetoxy-ZOP-hydroxypregn 4 en- 3 one

L1750 1,14

1720
g _ | 1690 So17100 1.3
?::;jCalculated** ?Qvﬁ . 1710

'~'*An a11quot of (4 14C) lSd-hydroxyprogesterone contalnlng 1.20x
,{’ “dpmwas acetylated with 3H-acetic anhydrlde Batch No. 5,
. and the . product mixed with 65.0 mg of carrier l5¢-acetoxypro-
J'gesterone. The mixture was chromatographed on a 7 g alumina
-.icolumn prior to crystallization,. .-«
'P:f**The third. crystals and mother- 11quors were comblned (32 5 mg)
~ 7 ‘and- the .mixture reduced with" NaBH4 and’ subsequently oxidized
”Vw1th DDQ. “‘The. product ‘was then chromatographed on a small

xalumlna column to: y1e1d 21,0 mg. of mater:al contalnlng 3 59x
- dpm of_3HAand 18x104 dpm of 14C 8

:ffSkellysolve B and constant 3H/14C ratlos were obtalned as

'y'ﬁtshown 1n Table 6 Prom the f1na1 3H/14C rat1o, the spec1f1c
'{f,act1v1ty of (4 14C) lsd-hydroxyprogesterone was calculated to
ffﬁ;be 3 66x108 dpm/mg.;;nﬁﬁfﬂtfﬁ75~77' ‘

(4 14C) ISQ-Hydroxyandrostenedxone.; When purchased
200 pC of (4 14C) androstenedlone had a spec1f1c act1v1ty of

58 mC/mM and contained 0.99 mg and 4 53x108 dpm.; An allquot
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of this material was checked for purity by reverse isotope

'.;diletion_as shown in Table 7. The remaining labeled stero6id

TABLE 7

Proof of Redioehemical Purity of (4—14C)-Androstenedione

Spec1f1c Act1V1ty (dpm/mg)

Crystallizationg:f}fd‘ Crystals B l - Mother Liquor:
1o 1360 '7;” 1280
2. C j'd?i'gﬁ~‘1320'“'l“f”{ j'ff7hﬁ '1340_ffg’

Calcualted* ”_,,Hfj 1310

*A total of 3. 20x104 dpm was m1xed w1th 24 5 mg of carr1er f~
and crysta111zed ‘ PR AR - :

was 1ncubated w1th Pen1c1111um u51ng 1dent1ca1 cond1t1ons as
descrlbed for the ISOLhydroxylatlon of progesterone

The re51due of the methylene chlorlde extract obta1ned

:iafter extract1nn'of”the 1ncubat1on m1xture (203 mg,‘4 22x10

hmﬁdpm) was'chromatographed on two papers in system L for 7 hours

'ijhe UV p051t1ve area correspond1ng to" lsd hydroxyandrostenedlone

“*fstandard was eluted to yleld 9 3 mg of re51due whlch conta1ned

‘“fj;2 17x108 dpm., Th1s eluate was chromatographed on paper in

ﬁ@{_system J for 4 hours and the radloactlve zone w1th a mob111ty

rof 9.5 cm, dcorrespondlng to standard was eluted to yield 2.0

,mg of reS1due contalnlng 1 88x108 dpm. The yield of (4-—14 c)-

'15q hydroxyandrostenedlone at this stage was 42% An aliquot

containing 1.42x10° dpm was mixed with 21.0 mg carrier and the
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mixture was crystallized to constant specific activity as shown

in Table 8. Another aliquot of (4-14C)—Isd-hydroxyandrostene-

TABLE 8§

Proof of Radiochemical Purity of (4-14C)-lsd-Hydroxyandrostene—

‘diene

" ‘Specific Activity (dpm/mg)

Crysfallization“ ' Crystals ' Mother Liquor
o2 70 7000
EJCalénlaéén;j;i;;.;;' .:ﬂ‘376766‘"‘ - |

':*A'total of 1. 42k10 dpm of (4-l4C) lSd-hydroxyandrostened1one
- was mixed with 21.0° mg carrler and crysta111zedf

'F;[Wdlone conta1n1ng 2. 42x10S dpm was acetylated w1th 3H acet1c

'nanhydrlde Batch no. 5 and the nroduct mlxed w1th 65.0 mg. of

*ﬂﬁjcarrler 15d acetoxyandrostenedlone.h After chromatography on a

“2}77 g-alumlna column 63 0 mg of 011y materlal was obtalned by

'*elut1on W1th benzene Skellysolve B (1 1) Wthh ‘could not be
u:crystalllzed 'TIt was reduced w1th NaBH4 and then oxidized
W1th DDQ as prem1ous1y descr1bed to yield 59 0 mg of material
which was chromatographed on a 6 g alumlna column. Elution

with 0.5% ethanol in benzene gave 41.0 mg of material which

3.,,14

was crystallized to constant “H/ C ratio as shown in Table 9.

The third crystals and mother liquors were combined (18.0 mg)

and the mixture was acetylated. The resulting acetate was
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TABLE 9

Determination of the Specific Activity of (4-14C)-154-Hydroxy-

androstenedione

3
Specific Activity (dpm “H/mg)

. 3
Crystallization Crystals 3H/14C Mother Liquor H/14C

15d-Acetoxytestosterone*

1 4570 . 1.55 54000 18.00
2 : 3320 1.10. . 8400 2.80

3 3230 1.06 3140 1.08

15d-Hydroxytestosterone Diacetate

1 2900 - 1,06 . . 2920 . - 1.05
2 - 2860  1.06 2900 1.06
Calculated** A . 2880 o o

* An aliquot of.(4e14C)-lsqfhydroxyandrostenedione was acetyla- -

ted with °H-acetic anhydride‘Batctho,S;-_The_productiWas,mix-?
ed with 65.0 mg;of‘cafrier‘lﬁﬂ-acetoxyandrostenedibneland.the;”
mixture reduced with NaBH4 and then .oxidized with DDQ. . .The
resulting 15cl-acetoxytestosterone was chromatographed on alumina
Prior to crystallization. I R T N T

**The third crystals ‘and mother liquors were used for. the prepa-
ration of this'derivati?el‘,The'calculated‘specific activity
was computed from the final swecific activity of 15¢-acetoxytes-

tosterone and the altered molecular weight.

chromatographed on a 3 g alumina column and elutipn with ben-
zene-Skellysolve B (1:1) yielded 19.0 mg df @aterial which was
crystallized to constant 3H/14C ratio as shown in Table 9. Fromn
the final 31/1%C ratio the specific activity of (4-14¢cy-15¢-

hydroxyandrostenedione was calculated to be 4.26x108 dpm/mg.
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14

(4- C)-ISd-HydroxyteStosterone. An aliquot of (4-14C)—

15d- hydroxyandrostened1one conta1n1ng 1.45x10’ dpm was reduced
with NaBH4 and the product ox1dlzed ‘with DDQ as previously
described. After ox1dat1on, the mlxture Qas.chromatographed
on paper in system L for- 8 hours and the radioaCtlvehzone with
the mobility:of 15¢f-: hydroxytestosterone was eluted to glve

a re51due containing 9, 50x106 dpm._ Chromatography on: paper in

‘system J for 10 hours'cave a.51n«1e peak of rad1oact1v1ty cor-
drespondlng in. mob111ty to ISd—hydroxytestosterone. The eluatef
tfrom the paper conta1ned 8 80x106 dpm.v The y1e1d of (4-14C)-
“15¢l- hydroxytestosterone was 61 ;pAn a11quot of th1s materlal

.pcontalnlng 8. 25x104 dpm was mlxed w1th 40 0 mg- of carr1er and e

crystalllzed to constant snec1f1C'act1V1ty as. shown 1n Table

;-10. The calculated spec1f1c act1v1ty of (4- 14) lsd-hydroxy-'

TABLE 10

“ Proof of Rad10chem1cal Purlty of (4 14C) 15¢]- Hydroxytestosterone

Spe01f1c Activity (dpm/mg)

Crystallization 7 Crystals . Mother Liquor
1 2000 2100
2 ,.'2o50 B | 2080
Calculated* 2060

*A total of 8. 25x10 dpm of- (4 14C) 15o{-Hydroxytestosterone was
mixed with 40.0 mg carrier and. crystallized.

testosterone based on the specific activity of (4-14C)-Hﬂ’hydroxyandrc
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. 8
tenedione and the increase in molecular weight was 4.23x10

dpm/mg.

‘Pdrity’of Labeled Substrates

Tr1t1um and carbon 14 labeled progesterone ‘was purchased

_'from the New England Nuclear Corporatlon. On arrival, -they
‘were stored~1n,benzene'methanol (3'2)‘ Allquots of these solu-

V:tlons were further dlluted w1th methanol for countlng

To test the rad1ochem1cal pur1ty of (7~3H) progesterone,,

. 5
a total of 2 18x10 dpm was mlxed w1th 48 4 mg of carrler and
”the mlxture was crystall1zed to constant speC1f1c act1v1ty as-“

_ﬂshown in Table 11. From these data 1t was calculated that the_:

EET

Proof of Rad1ochem1cal Purlty of (7- H) Progesterone o

Spec1f1c Act1V1ty (dpm/mg)

‘QCrYStallization - l | Crystals d:i. ' Mother L1quor_
1 o -,‘7 . '.> 4380 - ‘7;"',. 4650
F 4430 o as40
‘Calculated* L R 4510

*A total of 2. 18x1()S dpm of (7- 3H) -progesterone was mixed -
w1th 48.4 mg of carrier and crysta111zed

(7—°H)-progesterone was as least 97% pure.- The specific
activity of (7-3H)-progesterone was 200 mC/mM.
The radiochemical purity of (4-14C)-progesterone (spe-

cific activity 57.3 mC/mM) was checked by reverse isotope dilu-
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tion as shown in Table 12. From these data it was calculated

TABLE 12

Proof of Radiochemical Purity of (4-14C)-Progesterone

‘Spec1f1c Act1v1ty (dpm/mg)

Crysteliizatioh.s-,‘_: Crystals .-1 ; Mother Liquor
RN 750 = E__‘il 790
fzf_;:" n f:“_; ?;"74Q{fl B '_‘r»;, '760;]
7Ca1cu1ated*‘::‘ _; ”;qﬂ;fii780s~‘

A total of 3, 35x104 dpm of (4- 14C) progesterone was m1xed

:‘w1th 42 8 mo of carrler and crystalllzed

'j;thet”tﬁeu(4{l4C)Lbrogesterohe;wes'at least598fpergeehf Puré,‘

5}Preparat10n of Non Labeled lSd Hydroxyprogesterone

When these studles were started 1 0 g of non labeled 15d-

:hydroxyprogesterone was' generously donated by Dr.‘P A D1a551,.

-the Squlbb Instltute for Medlcal Research New Brunsw1ck ‘New

Jersey. Because larger amounts of 154 hydroxyprogesterone,

were needed 1t was prepared by 1ncubat1nq 40 g of progesterone

dw1th Pen1c1111um (ATCC 11598) The 1ncubat1on condlnons used

- were the same as those descrlbed for the 15d-hydroxy1at10n of

(7 31y - progesterone»except that a large fermenter was used for
the incubation of 40 g of progesterone using a concentration

of 400 mg of progesterone per liter of incubation medium. The
incubation and extraction steps were done through the courtesy

of Dr. C. Vezina, Ayerst Laboratories, Montreal.
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The final methylene chloride extract weighed 11.2 mg and
it was chromatographed on 860 thin layer plates using systenm
N. The ultravioletsabsorbing band corresponding in mobility
to 15d4-hydroxyprogesterone (average Rf = 0.46) was eluted from
the plates to yield 8.12 g of material which was crystallized
twice from acetone to give 6.45 g of coarse needles: mp 230-
232°C, mmp with standard lsﬁbhydroxyprogesterone 231-232°C;
mp of authentic 15&-hydroxyprogesterone 231-232°C. Its infra-
red spectrum (KBr) was identical to that of 15¢{-hydroxyproges-
terone. When small aliquots of the crystals were chromatogra-
phed on:a thiﬁ layer plafe in system N, only one ultraviolet-
abéorbing spot with the mobility of 15d—hydroxyprogesterone
was -obtained.

_Non-labeled_ISdéacetoxyprogesterone to be used as carrier
in the studies to bé:described was prepared by the acetylation
of 1.50 gvof 15-hydroxyprogesterone. The product was chroma-
tographed on a 200 g alumina column from which 1.58 g of crys-
talline material was eluted with 80% benzene in Skellysolve B.
Crystallization from acetone-Skellysolve B afforded 1.30 g of
plates: mp 179-181°C. Comparison of the infrared spectrum (€CS»)
of this material with that of 15¢{-hydroxyprogesterone showed

an absence of the hydroxyl band and the appearance of acetate

bands at 1245 and 1738 cm"l.

Preparation of 156-Acetoxytestosterone and 15of-Hydroxytestos-

térone Diacetate

Non-labeled 15d-hydroxyandrostenedione and 15¢{-hydroxy-
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testosterone were kindly supplied by Dr. P.A. Diassi. Acetylation
of 100 mg of 15o-hydroxytestosterone and chromatography of the
product on a 12 g alumina column yielded 130 mg of oily material
on elution with 40% benzene in Skellysolve B. Crystallization
from acetone~Skellysolve B afforded 83.0 mg of crystalline 15¢-
hydroxytestosterone diacetate: mp 154-156°C. 1Its infrared
spectrum (CS2) showed an absence of the hydroxyl band and the
appearance of acetate bands at 1235 and 1740 tm-1l.

Acetylation of 200 mg of 15o-hydroxyandrostenedione gave
a product which was chromatographed on a 25 gi alumina column.
Elution with 50% benzene in Skellysolve B yielded 212 mg of
0ily material which could not be crystallized. It was reduced
with NaBH4, oxidized with DDQ, and the product chromatographed
on a 20 g alumina column. Elution with 0.5% ethanol in benzene
afforded 142 mg of material which was crystallized from acetone
to yield 112 mg of fine needles: mp 227-230°C. 1Its infrared
spectrum (KBr) showed the presence of the 44-3-ketone and ace-
tate bands at 1711, 1270 and 1256 cm~1. Acetylation of an
aliquot of this material gave a product which had an infrared
spectrum (CS,) identical to that of 15«-hydroxytestosterone
diacetate prepared by acetylation of 15-hydroxytestosterone
as described above. Therefore, the material prepared was iden-

tified as 15%-acetoxytestosterone.
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EXPERIMENTAL SECTION AND RESULTS

SECTION A, ISOLATION OF 15d-HYDROXYLATED NEBUTRAL STEROIDS

FROM HUMAN URINE

Experiment A-1 1Isolation of 150-Hydroxyprogesterone from

Human Urine

This initial study was designed to isolate a sufficient
amount of crystalline 15¢d-hydroxyprogesterone from urine in
order to identify it by its infrared spectrum, mp and mixed
mp .

A l4-day urine collection was obtained from a normal sub-
jJect in the 35th week of gestation and 5.50x10° dpm of purified
(7-3H)-lsd-hydroxyprogesterOne, specific activity 1,74x104
dpm/upg, was added to the urine. The urinary conjugates were
hydrolyzed with Glusulase as previously described, and the neutral
extract obtained weighed 3.5 g and contained 5.20x105 dpm.

It was chromatographed on a 350 g silica gel column which was
developed first with methylene chloride and then with increas-
ing concentrations of ethanol in methylene chloride, The ef-
fluent was collected in 200 ml fractions at a rate of one
fraction per two hours and a single radiocactive band was elu-
ted with 3% ethanol in methylene chloride (fractions 38-47),
The residue obtained from this peak weighed 182 mg and con-
tained 4.26x10° dpm. It was further purified by chromatogra-

phy on a 20 g alumina column and elution with 1.5% ethanol in
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benzene gave 42 mg of material which contained 4.00x105 dpm,
This material was chromatographed on two sheets of Whatman
paper, No. 3MM, in system A for 10 hours. The radioactive
material eluedd with the mobility of 15d-hydroxyprogesterone
weighed 11 mg and contained 3,90x10% dpm. It was further pu-
rified by chromatography on paper in system B for 5 days., Two
major ultraviolet-absorbing bands were observed corresponding
in mobility to 15#- and 16&-hydroxyprogesterone. The radio-
active band on the paper corresponded in mobility to 15¢~hy-
droxyprogesterone and it was eluted to give a residue which
weighed 1.4 mg and contained 3.,40x10° dpm. Further purifica-
tion of this material was achieved by chromatography on a 1 g
alumina column, and elution with 1,5% ethanol in benzene gave
an o0il which weighed 0.58 mg and contained 3.00x165 dpm. Crys-
tallization of this material from acetone-ether-Skellysolve B
afforded 0.11 mg of small plates containing 1,38x10° dpm, mp
230.5-232°%, mmp 230-2329; authentic 15d-hydroxyprogesterone,
mp 231-2329, The infrared spectrum (KBr) of this material was
identical to that of authentic 150l-hydroxyprogesterone as shown
in Figure 1. The isolated 15d-hydroxyprogesterone had a spe-
cific activity of 1.25x103 dpm/pg.

An aliquot of the crystals containing 6.70x10% dpm was
acetylated with (1-14C)-acetic anhydride, Batch No. 1, The
product was mixed with 24,3 mg of carrier 15¢{-acetoxyproges-
terone and the mixture was chromatographed on a 3 g alumina

column. Elution with benzene-Skellysolve B (4:1) yielded a
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residue which weighed 20,7 mg and contained 5.70x10% dpm of
SH. It was crystallized from pathandl-ether, acetone-8kelly-
solve B, and ether, and the specific aétivities as well as
the 3H/14C ratios were determined on the crystals and mother

liquors, as shown in Table 13. Constant specific activities

TABLE 13

Proof of Radiochemical Purity of lsd-Hydroxyprogesterone Iso-

lated From a l4-Day Collection of Human Pregnancz Urine
Specific Actdévity (dpm 14C/mg)

Crystallization Crystidis 3H/14C  Mother Liquor 3H/1l4c

15X-Acetoxyprogesterone*

1 240 11,5 280 9.7
2 240 11.3 250 11.1
3 240 11,2 240 11.4

15@-Acetoxy-203-hydroxypregn-4-en-3-one**

1 240 11,2 240 11.3
2 240 11,2 240 11.4
Calculated 240

* An aliquot of the crystalline 15d-hydroxyprogesterone con-

taining 6.70x104 dpm of 3H was acetylated with l4C-acetic an-
hydride, Batch No. 1, and the product was mixed with 24.3 mg
of carrier 15cl-acetoxyprogesterone prior to chromatography of
the mixture on alumina and crystallization of the material
eluted.

The third crystals and the second and third mother liquors
were combined (13,0 mg), reduced with NaBH4, and the product
oxidized with the DDQ reagent and then chromatographed on an
alumina column to yield 9.1 mg of material which contained
2.20x103 dpm of 14C. The calculated specific activity is based
on these values,
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were achieved in the crystals and mother liquors. The third
crystals as well as the second and third mether liquors were
combined to give 13.0 mg of material, It was dissolved in
3.5 ml of methanol and 3,0 mg of NaBH4 was added to the solu-
tion., When the reaction was complete, the product was extrac-
ted with ethyl acetate, After evaporation of the solvent the
residue obtained was dissolved in 1 ml of dioxane to which was
added 11 mg of DDQ reagent. Following oxidation the product
formed was purified by chromatography on a 2 g alumina column,
and elution with benzene yielded 9.1 mg of crystalline material
containing 2.50x104 dpm of 3H and 2.20x103 dpm of 14C., This
derivative was crystallized from ether-methanol, and from
methanol-ether-Skellysolve B and the specific activities of the
crystals and mother liquors were determined and found to be con-
stant as is shown in Table 13. Using the final 3H/14C ratio
and the specific activity of the acetic anhydride, the specifiec
activity of the urinary 15f-hydroxyprogesterone was calculated
to be 1,30x103 dpm of 3H/pg. This value was in close agreement witl
the specific activity of the crystalline 15d-hydroxyprogesterone
isolated directly from the urine (1.25x103 dpm/pg). From this
specific activity it was possible to calculate that the amount
of 15d-hydroxyprogesterone excreted in the urine averaged 28 pg/
day over a l4-day period,

After having isolated crystalline 15d-hydroxyprogesterone
from late pregnancy urine a large number of urine pools was ana-
lyzed to determine the concentration of this steroid in the urine

of subjects with a variety of endoerine status. The following
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subjects were used in these studies:

Subject

Subject

Subject

Subject

Subject

Subject

Subject

Subject

Subject

Subject

Subject

diabetes mellitus and hypertension.

1:

10:

11:

A normal female in the 35th week of gestation (3rd

trimester). The isolation of 15¢~hydroxyproges-

terone flom the urine of this subject was described

above.

A normal female
trimester)

A normal female
trimester)

A normal female
trimester)

A normal female
trimester)

A normal female
trimester)

A normal female
strual cycle

A normal female
strual cycle

A normal female
al cycle,

A normal female

al cycle,

in

in

in

in

in

in

in

in

in

the

the

the

the

the

the

the

the

34th week of gestation (3rd

17th week of gestation (2nd

l6th week of gestation (2nd

9th week of gestation (1lst

13th week of gestation (lst

follicular phase of the men-

follicular phase of the men-

luteal phase of the menstru-

luteal phase of the menstru-

A 49 year-old woman with Cushing's Syndrome due

to mild ddrenal cortical hyperplasia, secondary

She was grossly obese,

the obesity being markedly truncal with relatively thin arms

and legs.

Her face was round, but not quite a "moon face",
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with facial downy hair on the cheeks. The abdomen was grossly
obese and pendulous with a lax anterior abdominal wall muscu-
lature but with no pink striae. The plasma corticoids were
unequivocally increased and a diurnal rhythm in the plasma con-
centration of cortisol was not observed. The urinary 17-hydroxy-
corticoids and the 17-ketogenic steroids were elevated about
twice the upper range of normal, and the urinary l7-ketosteroids
were within the normal range, The most convincing laboratory
report for the diagnosis came from the urinary concentration

of free-cortisol which was several times greater (640-680 pe/day)
than normal (120 pg/day). When she was given 8 mg of Dexa-
methasone daily for three days, there was normal suppression

in the plasma and urinary corticoids. Beoth adrenals were re-
moved through bilateral loin incisions. The right adrenal was
about twice the size of the left and the combined weight of the
adrenals was 16 g which is at the upper limit of normal. Mi-
croscopic sections of the right adrenal revealed thickening

of the adrenal cortex involving in particular the zona fasicu-
lata but no evidence of malignancy was obtained. The adrenal
cortex was widened. The adrenal medulla was well preserved,

Her post-operative course was uncomplicated with reduction in
the severity of diabetes mellitus. She was discharged from
hospital on 37.5 mg of cortisone acetate and 0.1 mg of 9c¢f-
fluorohydrocortisone daily. The urine used for the present
study was obtained pre-operatively,

Subject 12: A 37 year-old woman with Cushing's syndrome due to

left adrenal cortical adenoma. Physical examination
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showed a typical Cushinoid appearance. The face showed the
typical'"moon face" with a high color to the cheeks. . There
was drooping of the corner of the mouth and a porcine appearance
to the eyes. There were faint, purplish striae on the lower
abdominal wall. In addition, there was modest facial hirsutism
but no generalized hirsutism and no hypertrophy of the clitoris,
A glucoge tolerance test showed the presence of diabetes,
Examination of the plasma corticoids showed both elevated
values for plasma corticoids and reversal of diurnal variation,
The urinary 17-hydroxycorticoids were 6 mg/34 hrs, the 17-keto-
steroids were 4 mg/24 hrs, and the ketogenic steroids, 22 mg/24
hrs, Following 2 days suppression with 8 mg Dexamethasone, the
17-hydroxycorticoids rose to 11 mg/24 hrs, the 17-ketosteroids
to 9 mg/24 hrs, and the ketogenic steroids to 32 mg/24 hrs,
Urinary free cortisol was elevated to 225 pg/24 hrs, and follow-
ing suppression with 8 mg of Dexamethasone it rose to 450 ye/
24 hrs. A left adrenal cortical adenoma was removed through
a left -toin incision. The post-operative course was essential-
ly uneventful, although the diabetic state was somewhat inten-
sified post-operatively., She was discharged to a convalescent
hospital on 37.5 mg of cortisone daily, an 1800 calorie dia-
betic diet and Phenoformin (DBI-TD) 50 mg daily., The urine
used for the present study was obtained pre-operatively,
Subject 13: This 7 year-old white male was a non-salt loser

with congenital adrenal hyperplasia with a block
of hydzoxylation at C-21. The urine from this child was collec-

ted in 1956 prior to any treatment and kept constantly frozen
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until it was sent to us by Dr. W.R. Eberlein, The Children's
Hospital of Philadelphia, in 1967. During the period of urine
collection, his 17-ketosteroid excretion varied between 15 and
20 mg/day and his pregnanetriol excretion was 16-25 mg/day.

This boy's urine was analyzed before treatment for tetrahydro-

aldosterone (41 y2/24 hours) and 18-hydroxytetrahydrocorticostegrone

(380 pg/24 hours). This is one of the group with the abnormal
ratio. He has been continuously treated during the past 12

years and has done well.

Urine pool obtained from newborn infants: An ll-day urine pool

was obtained from premature infants during the first month of
life at the wards of Royal Victoria Hospital, Montreal.

The method of isolation of 15ol-hydroxyprogesterone from
the urine of these subjects was essentially the same as that
described above for the isolation of crystalline 15¢{-hydroxy=
progesterone from the 14-day urine pool obtained from subject
1. The only difference was that the isolated 15d-ﬁydroxypro-
gesterone was not crystallized, but its concentration in urine
was determined by the isotopevdilution procedure,

Four to six-day urine collections were usually used for
these determinations. To each urine pool was added a known
amount of tritium labeled 15«-hydroxyprogesterone of determined
specific activity and the urinary steroid conjugates were hy-
drolyzed with Glusulase or with B-glucuronidase. The specific
activity of (7-3H)-15d-hydroxyprogesterone added in the urine

4
was 1.74x10 dpm/pg. The size of the urine collection obtained
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from each subject, the amount of (7-3H)-15d-hydroxyprogesterone
added to the urine in terms of dpm of 5H and micrograms, and the
enzyme used for the hydrolysis of the urinary steroid conjugates

are shown in Table 14.

TABLE 14

Urine Collected, Enzyme Used to Hydrolyze Steroid Conjugates

and the Weight and Amount of (7-3H)-lsd-Hydroxyprogesterone

Added to Each Urine Pool

Urine Collected (7-3H)-15P" Added in Urine

Subject (days) Enzyme (dpm) (pg)

2 5 Glusulase 1.74x10° 100.6

3 4 Glusulase 3.25x105 18.6

4 4 Glusulase 3.06x10° 17.6

5 5 Glusulase 3.09x10° 17.8

6 5 B -Glucuronidase 1.65x10° 9.5

7 4 Glusulase 3.28x10° 18.8

8 6 B-Glucuronidase 1.86x10° 10.7

9 6 B-Glucuronidase 2.17x10° 12.5

10 6 B-Glucuronidase 1.75x105 10.1

11 4 Glusulase 4.29x10° 28.3

12 3 Glusulase 3.26x10° 18.7

13 3 Glusulase 1.35x105 7.8
Newborn

Infants 11 B-Glucuronidase 1.65x10° 9.5

*(7-°H)-15P = (7-3H)-lSd-Hydroxyprogesterone
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Following hydrolysis of the steroid conjugates the neutral
extract obtained was purified by chromatography on silica gel
and alumina columns, paper chromatography in systems A and B
and finally, by chromatography on a small alumina column. At
this stage, the residue was acetylated with (1-14C)-acetic
anhydride. Acetic anhydride, Solution No. 1, was used for the
acetylation of the residues obtained from the urine of Subject
2. The residues obtained from the urine of Subjects 3, 4, 5,
7, 11, 12 and 13 were acetylated using Batch No. 1, and Batch
No. 2, was used for the acetylation of the residues obtained
from the urine of subjects 6, 8, 9, 10 and the newborn infants.
The amounts of radioactivity contained in the samples before
acetylation and the quantity of carrier l5d-acetoxyprogesterone
added after acetylation are shown in Table 15,

The acetylation mixture containing carrier 15¢/-acetoxy-
progesterone was extracted with ethyl acetate, chromatographed
on alumina, and the steroid eluted from the column was crystal-
lized several times until the specific activities of the crystals
and the mother liquors and their 3H/14C ratios were constant.
In each case, the last crystals and mother liquors were combined
and the: steroid was reduced with NaBH4. Following reduction, the
mixture was oxidized with DDQ and the material obtained was pu-
rified by chromatography on an alumina column and the residue
eluted was crystallized until constant specific activities and
5H/14¢ ratios were obtained in the crystals and mother liquors.

The results from the crystallizations establishing the radio-
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TABLE 15

Radioactivity Contained in Samples Before Acetylation and Amounts

of Carrier 15d-Acetoxyprogesterone Added to the Acetylation Pro-

ducts to Prove Radiochemical Purity of 150-Hydroxyprogesterone Iso-

lated from the Urine of Subjects 2-13 and of Newborn Infants

Radioactivity in Sample Carrier 15&-Acetoxyproges-
before Acetylation terone added after Acetyla-
Subject (dpm 3H) tion (mg)
2 7.70x10° 52.2
3 9.00x10" : 50.5
4 1.20x10° 52.0
5 9.80x10% 30.2
6 8.80x10" 36.2
7 1.00x10° 29.5
8 3.20x10° 29.5
9 8.00x104 35.0
10 7.30x10% 32.0
11 7.70x10% 31.5
12 9.20x104 30.6
13 8.30x104 30.9
Newborn 4
Infants 4.50x10 31.6

chemical purity of 15(-hydroxyprogesterone isolated from the urine
of subjects 2-13 and from the urine of newborn infants are shown
in Tables 16-20.

From the final 3H/14C ratio and the specific activity of

the acetic anhydride used for acetylation, the specific activity
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TABLE 16

Proof of Radiochemical Purity of 15¢-Hydroxyprogesterone Isola-

ted from the Urine of Subjects 2-4

Specific Activity (dpm 14C/mg)

15&-Acetoxy-208- hydroxy—

15-Acetoxyprogesterone pregn-4-en-3-one
liyation x1s* 3u/lc w™ dw/l4c oxas 3wl4c owmn Swttc
Subject 2
1 6770 2.0 15100 0.9 6830 2.0 6800 2.0
2 6660 2.0 7510 1.8 6720 2.0 6700 2.0
3 6680 2.0 6690 2.0
Calculated*** 6750
Subject 3
1 950 1.7 3350 0.5 720 2.3 750 2.3
2 800 2.0 900 1.8 730 2.3 740 2.3
3 740 2.3 800 2.0
Calculated*** 730
Subject 4
1 1440 1.3 12730 0.2 1030 1.9 1010 1.8
2 1020 1.9 3100 0.6 1000 1.9 1020 1.9
3 990 1.9 1080 1.8
Calculated*** 1050

*X1ls = Crystals

**MLL = Mother Liquor :

***The last crystals and mother liquor were combined, reduced with
NaBH4q, and the product oxidized with the DDQ reagent and then
chromatographed on an alumina column. The calculated specific

activities were based on the weight and the 14C content of the
‘Ep material eluted from the alumina column.
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TABLE 17

Proof of Radiochemical Purity of lsd-Hydroxyprogesterone Isola-

ted from the Urine of Subjects 5 - 7

Specific Activity (dpm 12‘C/mg)
15a-Acetoxy-20B-hydroxy-

Crystal- lsd-Acetoxyprogesterone pr;gn-4~en-3-one
lization X1s* 3m/l4c  mL*x 3y/l4c  x1s 3y l4c ML 3u/l4c
Subject 5
1 950 3.3 5980 0.5 750 4,2 760 4.1
2 840 3.7 980 3.2 740 4.2 750 4.2
3 760 4.2 810 3.9
4 740 4,2 750 4.2
Calculated**=* 750
Subject 6
1 1720 1.2 20000 0.1 1130 1.9 1270 1.8
2 1220 1.8 7330 0.3 1160 1.9 1100 1.9
3 1140 1.9 1180 1.9
Calculated*** 1150
Subject 7
1 1030 3.2 1680 1.8 710 4.3 740 4.2
2 730 4.3 1120 2.8 720 4.4 710 4.4
3 710 4.3 760 4.1
T4 720 4.4 720 4,3
Calculated*** 720
*XLs = Crystals
**ML = Mother Liquor

***The last crystals and mother liquor were combined, reduced with
NaBHg4, and the product oxidized with the DDQ reagent and then
chromatographed on an alumina column. The ca%culated specific
activities were based on the weight and the lé¢ content of the
material eluted from the alumina column,
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Proof of Radiochemical Purity of 15d-Hydroxyprogesterone Isola-

ted from the Urine of Subjects 8-10

Specific Activity (dpm 14C/mg)

15%-Acetoxyprogesterone

1509-Acetoxy-20B-hydroxy-

lization  Xis* Sustc  mir*3m/l4c xis pgﬁggzé—enﬁ-ogg/“c
Subject 8
1 230 3.0 1910 0.4 160 4.3 160 4.0
2 170 4.0 580 1.2 160 4.4 170 4,2
3 150 4.4 160 4.3
Calculated*** 160
Subject 9
1 680 3.0 3900 0.5 540 4.0 540 3.8
2 540 3.9 1130 1.9 510 4.0 530 4.0
3 530 4.0 530 3.9
Calculated*** 530
Subject 10
1 700 2.8 20100 0.1 430 4.3 480 4.0
2 470 4.0 1580 1.2 430 4.4 450 4.3
3 450 4.3 470 4,1
Calculated*** 440

*X1s =
**ML -
***The

Crystals
Mother Liquor

last crystals and mother liquor were combined, reduced with

NaBH4, and the product oxidized with the DDQ reagent and then

chromatographed on an alumina column.
activities were based on the weight and the 1

The calculated specific

C content of the

material eluted from the alumina column.
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Proof of Radiochemical Purity of 150-Hydroxyprogesterone Isola-

ted from the Urine of Subjects 11-13

Specific Activity (dpnm 14C/mg)

15d-Acetoxyprogesterone

Crystal-
lization Xls* 3H/14C

1 630 3.2
2 610 3.4
3 590 3.5

Calculated***

1 910 3.4

2 820 3.8
3 770 4.0
4 790 4.0

Calculated***

1 640 3.9
2 620 4.0
3 630 4.0

Calculated**x*

14

M.E** 3H/
Subject 11
1530 1.3
820 2.5
580 3.5
Subject 12
3530 0.9
2950 1.1
830 3.8
800 3.9
Subject 13
5000 0.5
700 3.6
630 4.0

570

580

570

780

790

800

630

620

630

600

580

810

800

-3-0
u 3

15¢-Acetoxy-20B-hydroxy-

Pregn=-4-en
Xls = SpjiAc H/1%c

*XLs = Crystals
“*ML = Mother Liquor

***The last crystals and mother liquor were combined, reduced with
NaBH4, and the product oxidized with the DDQ reagent and then

chromatographed on an alumina column.
activities were based on the weight and the

The cal

material eluted from the alumina column.

culated specific

C content of the
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TABLE 20

Proof of Radiochemical Purity of 15¢-Hydroxyprogesterone Isola-

ted from the Urine of Newborn Infants

Specific Activity (dpm l4C/mg)

154-Acetoxy-20f-hydroxy=
Crystal- pregn-4-en-3-one
lization _xLs* S*m/l%c mr++ Pw/ldc xus Sw/ldc wmL dwyl4c

15¢-Acetoxyprogesterone

1 440 1.9 5200 0.2 300 2.9 310 2.6
2 340 2.6 1580 0.5 300 2.9 300 2.8
3 300 2.8 340 2.5
4 300 2.9 300 2.8

Calculated*** . 300
*XLs Crystals

** ML = Mother Liquor

***The fourth crystals and mother liquor were combined, reduced
with NaBH4q, and the product oxidized with the DDG reagent and
then chromatographed on an alumina column. The calculated
specific activity was based on the weight and the 14C content
of the material eluted from the alumina column.
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T

of the urinary 159-hydroxyprogesterone was calculated. This
final sppcific activity was then used to calculate the amount
of 15¢-hydroxyprogesterone excreted in the urine. The results

obtained from these calculations are shown in Table 21. It is

TABLE 21

Specific Activities and Amounts of 15-Hydroxyprogesterone Iso-

lated from the Urine of Subjects 1-13 and from the Urine of New-

born Infants

15%-Hydroxyprogesterone

Isolated from Urine Excretion

Subject Specific Activity (dpm 3H/mg) (pg/day)

1 1.30x10° 28

2 6.40x10°3 34

3 8.60x10° 5

4 7.30x10° 6

5 1.58x10% . 0

6 7.30x10° 3

7 1.63x104 0

8 1.57x104 0

9 1.43x10% 0

10 1.57x10% 0

11 1.30x10% 2

12 1.50x10% 1

13 1.45x104 0
Newborn
Infants 1.09x10% 0.6
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worthwhile to mention here that sizable amounts (200 pg/day)

of crystalline 16%-hydroxyprogesterone were isolated from the

urine of Subject 13. The infrared spectrum (KBr) of the isolated
material was identical to that of authentic 16X-hydroxyprogesterone
as shown in Figuré 2. The isolated material had a mp of 216-

220%c, 16{-hydroxyprogesterone mp 217-220°C, mmp 217-220°cC.



(b) Authentic 16&-llydroxyprogesterone.
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Experiment A-2, Isolation of 15d-Hydroxyandrostenedione and

150{-Hydroxytestosterone from Human Late Preg-

nancy Urine,

A l1l4-day urine collection was obtained from a normal
subject in the 36th to 38th week of gestation and 5.40x10°
dpm of purified (4-140)-1SW-hydroxyandrostenedione, specific
activity 4.26x10° dpm/pg, was added to the urine. The urinary
conjugates were hydrolyzed with P-glucuronidase and the neutral
extfact obtained weighed 5.7 g and contained 4,10x10° dpm of
l4c, 1t was chromatographed on a 300 g silica gel column which
was developed with methylene chloride and then with increasing
concentrations of ethanol in methylene chloride. The effluent
from the column was collected at the rate of 80-90 ml/hour, in
20 ml fractions., A single peak of radioactive material was
eluted with 3% ethanol in methylene chloride (fractions 360-
440). The residue obtained from this peak weighed 162 mg and
contained 3.66x105 dpm. It was further purified by chromato-
‘graphy on a 15 g alumina column and elution with 1,5% ethanol
in benzene gave 58 mg of material which contained 3.32x105 dpm;
This material was chromatographed on two sheets of Whatman
paper, No. 3MM, in system A for 10 hours. Two major ultravio-
let-absorbing bands were observed, the more polar of the two
having the mobility of lsd-hydroxyandrostenedione and the less
polar band corresponding in mobility to 15«- and 16¢-hydroxy-
progesterone. On scanning the paper for radioactivity, one

radioactive peak was obtained corresponding to the more polar
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ultraviolet-absorbing band which had the mobility of 15d-hy-
droxyandrostenedione. This material was eluted from the paper
to yield 12 mg of residue containing 3.20x10° dpm which was
further chromatographed‘on paper in system C for 6 hours. Two
ultraviolet-absorbing bands were obtained on this chromatogranm
with average mobilities of 12 and 16 cm from the origin. The
more polar band contained radioactive material and had the mo-
bility of 15A-hydroxyandrostenedione. The less polar band was
devoid of radioactivity and attempts to identify this material
will be described later.

The material having the mobility of 15d—hydroxyandrosteﬂe-
dione was eluted from the paper to yield a residue which weigh-
ed 2,9 mg and contained 2.81x10° dpm. It was chromatographed
on paper in system G for 55 hours and three ultraviolet-ab-
sorbing bands were obtained with average mobilities of 3, 17
and 21 cm from-the origin., The band at 17 cm having the mo-
bility of 158 -hydroxyandrostenedione and containing radio-
active material was eluted to yield a residue which weighed
4.0 mg and contained 2.20x10° dpm. Following chromatography
of this material on a 1 g alumina column it was acetylated
with JH-acetic anhydride, Batch No. 4, and the resulting ace-
tate was extracted to yield a residue containing 1.50x105 dpm
of 14C and 6.40x10% dpm of 3H. Chromatography of the acetate
on paper in system D for 10 hours and scanning of the paper
gave one peak of radioactive material containing 8.7Ox104 dpm

of 14C and 2.40x10° dpm of SH as well as six additional peaks
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of radioactivity containing only 3H. The 3H/14C ratio of the
material eluted from the radioactive peak containing both la-
bels was 27.6. On successive chromatography of the material
on paper in systems B and G, the 3H/l4C ratio was found to

be 14.2 and 9.0, respectively,

To the residue eluted from the last paper containing
1.50x105 dpm of 3H and 1.66x10% dpm'of 14C, 5.0 mg of carrier
15d-acetoxyandrostenedione was added and the mixture was re-
duced with NaBH, and then oxidized with the DDQ reagent. The
residue obtained after extraction of the oxidation mixtuzxe
was mixed with 34,2 mg of carrier 15o-acetoxytestosterone,
This material was chromatographed on a 4 g alumina column and
elution with 0.5% ethanol in benzene yielded 40.0 mg of crys-
talline material containing 7.32x104 dpm of 3H and 7.65x103
dpm of 14c, 1t was crystallized from acetone, methanol, and
acetone-Skellysolve B and constant specific activities and
3H/14C ratios were obtained as shown in Table 22. The third CTyS~
tals and mother liquor were combined (12.0 mg) and acetylated.
The diacetate was chromatographed on a 2 g alumina column and
elution - with benzene-Skellysolve B (1:1) gave an oil (13.2 mg
and 1,20x10% dpm of 3H) which was crystallized to constant
specific activity and constant 3H/14C ratio as shown in Table
22, From the final 3H/14C ratios and the specific activity
of the acetic anhydride, the specific activity of the urinary
15o-hydroxyandrostenedione was calculated to be 7.31x10% dpm
of 14C/pg. Using this value it was calculated that the amount

of 150(-hydroxyandrostenedione excreted in the urine was 5 pg/day.
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TABLE 22

Proof of Radiochemical Purity of 15%-Hydroxyandrostenedione

Isolated from a 14-Day Collection of Pregnancy Urine

Crystallization Crystals 3Hj”C Mother Liquor 3u/14c
156{~Acetoxytestosterone*
1 1220 6.6 4510 23.7
2 1020 5.6 1750 9.8
3 _ 1030 5.5 1010 5.5

154,178 -Diacetoxy-androst-4-en-3-one

1 900 5.6 910 5.7
2 910 5.5 900 5.6
Calculated** 910

*To the residue obtained after oxidation with the DDQ reagent
34,2 mg of carrier 15d-acetoxytestosterone was added prior

to chromatography of the mixture on alumina and crystalliza-
tion of the material eluted.

**The third crystals and mother liquor were combined (12.0 mg)
and acetylated. The diacetate was chromatographed on an alu-
mina column to give_an o0il which weighed 13.2 mg and contain-
ed 1.20x104 dpm of 3H. The calculated specific activity was

based on these values,

On page 71 it was mentioned that an ultraviolet-absorbing
band was observed on the paper chromatogram having a mobility
greater than that of 150-hydroxyandrostenedione in system C.
Following elution of this material from the paper and chroma-
tography on a small alumina column, a crystalline material was
obtained which weighed 0.90 mg, The infrared spectrum (KBr)
of a 30 pg aliquot is shown in Figure 3. This spectrum showed

absorption bands at 1660 cm=-1 (o, unsaturated ketone), 1610
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cm'l'(C-C) and 3465 cm-1 (OH stretching). There was no 1740
cm~l band for a 17-ketone or 1710 cm~1 band for a 20-ketone.
The mass spectrum showed highest m/e at 302. The 100 Mc NMR
spectrum (courtesy of Dr. G. Slomp, The Upjohn Company) using
the Varian HA-100 spectrometer with the €01024 Time Averaging
Computer, showed the general characteristics of steroid NMR
spectra. The spectrum showed a singlet absorption at 5.73 ppm
attributed to the 4-hydrogen of a 3-ket0ﬁ§-steroid. The unusual
S-keto-dﬁ-fingerprint was observed at 2,35 ppm attributed to
the hydrogens at C-2 and C-6. There were two singlet absorp-
tions in the methyl-hydrogen absorption region. The least
shielded one, at 1.27 ppm was attributed to a 10-methyl and the
more shielded one, at 1.19 ppm, to a 13-methyl. The appearance
of 18-hydrogen signals this high is often associated with an
unusual D-ring; e.g., l4-isosteroids, D-homosteroids or perhydro-
phenanthrene without a D-ring closure, 15p-hydroxy, 16~-, 17-
epoxy or 1l7-ketosteroids. The spectrum showed a broad singlet
at 1.60 ppm which was attributed to at least two hydroxyl groups.
The spectrum also showed an unusual carbinol-hydrogen region
which changed as the chloroform solution aged, Early spectra
contained an AB multiplet, A= 3.87, B ® 3.41, AB = 11,0
and an S multiplet of an ABX system, X = 3.48, AX = 3.0,

BX = 12.0 and after three days in the spectrometer the spectrum
showed several new absorptions in the carbinol region. At equi-
librium, the B part of the AB multiplet shifted to 3.62 ppm and

the X multiplet became a singlet at 3.77 ppm. Other new ab-
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ﬁ% sorptions appeared at 4,0, 4,3 and 4.5 pPpm.

The presence of a 4%4-3-ketone appears certain from the
NMR data and the infrared spectrum. In addition, the molecule
must contain two hydroxyl groups, CH320 and H-C-0 functions,
Reasonable structures with m/e 302 which contain at least
the ABC rings of a S-keto-Af-steroid and at least two oxygens
are shown in Figure 4, Structure I would fit best the NMR
data (see Table 23). The molecule would be expected to dehy-
drate easily in the mass spectrometer to furnish a m/e 302 ion,
The hydrogen bonding should increase tﬂe carbonyl aebsorption
frequency in the direction of 1660 cm-1 which could account
for the lack of two carbonyl bands in the infrared spectrun,
The substituent contributions of the l6-oxygen of the singular
methyl absorption in the NMR spectra are not known but could
account for the discrepancy of calculated and experimental
results, The angular methyl resonance calculated for Structure
III is very close to the values obtained for our unknown but
the infrared spectrum of the unknown did not show any band
at 1740 cm-l to account for the 17-keto group. Further in€es-
tigations are currently being carried outto elucidate the
structure of this compcund,

In order to confirm the isolation of 15¢-hydroxyandros-
tenedione a second study was performed using a 6-day urine
collection obtained from a normal subject in the 32nd week of
gestation, In this study the isolation of 15{-hydroxytestos=

terone was also undertaken. To the 6-day urine pool were added
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] CisH2405=320 » I CgH,,05=320

It E]9H2603 =302.

FIG. 4. Possible structures of unknown steroid isolated

from Pregnancy urire in Experiment A-2,



TABLE 23

Angular Methyl Resonance Calculations for Structures I, II and III, and Observed Values (ppm)

for Unknown Isolated from Pregnancy Urine

19-H 18-H
I 11 IIT Unknown I I Il
3-keto-u 1,210 1,210 1,210 0.770 0,770 0,770
78-0H 0.025 0,033
12p-0H 0.008 , 0.067
l4-iso -0,025 0.300
14¢{-0H 0.0000 ' 0,117
148 -OH 0.017 -0.025
15-keto -0,042 0.192
158 -0H 0.033 - 0.267
17-keto 0,017 0,017 0,167 0,167
1,235 1,185 1.260 1,27 1,121 1.270 1.204
l6-o0xygen ? ? ?

Uﬁknown

1.19

7
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1.86x10° dpm of purified (4-14C)-lsdlhydroxyandrostenedione,
specific activity 4,26x105 dpm/pg, and 1.50x105 dpm of (4-14C)-
15(-hydroxytestosterone, specific activity 4.23x10° dpm/pg.
The urinary steroid conjugates were hydrolyzed with @-glucu-
ronidase and the neutral extract obtained weighed 1.2 g and
contained 2.50x10° dpm. It was chromatographed on a 120 g
silica gel column using increasing concentrations of ethanol
in methylene chloride. The effluent from the column was col-
lected at a rate of 30-40 ml/hour and two peaks of radioacti-
vity (Peaks A and B) were eluted with 3% and 8% ethanol in
methylene chloride, respecfively,

From Peak A an eluate was obtained which weighed 14 mg
and contained 1.07x10° dpm. Chromatography on a 2 g alumina
column and elution with 1.5% ethanél in benzene gave 9 mg of

4

a residue containing 9.90x10" dpm., It was chromatographed on

paper in system L and a single peak of radioactive material
was obtained which after elution yielded a residue containing
9.40x104 dpm. Further purification was achieved by chromato-
graphy on paper in system J, The material eluted contained
7.40x104% dpm and it was chromatographed on a small alumina
column. Elution with 1.5% ethanol in benzene gave 0.7 mg of
residue which contained 6.50x104 dpm. This material was ace-
tylated with 3H-acetic anhydride, Batch No., 4, and the product
was extracted with ethyl acetate after the addition of 60.0 mg
carrier 15¢-acetoxyandrostenedione, The mixture was reduced

with NaBH, and the allylic alcohol at C-3 was then oxidized
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with the DDQ reagent. Chromatography on a 6 g alumina

column and elution with 0.5% ethanol in benzene gave 39.6 mg
of material which was crystallized four times. Constant spe-
cific activities and 3H/14C ratios were obtained as shown in

Table 24, The fourth crystals and mother liquor were combined

TABLE 24

Proof of Radiochemical Purity of 15d-Hydroxyvandrostenedione

Isolated from a 6-Day Collection of Pregnanqy Urine

Specific Activity (dpm SH/mg]

Crystallization Crystals 34/14C Mother Liquor 3H/14cC

15k-Acetoxytestosterone*

1 5440 7.5 28900 38,0
2 4300 6.0 6620 9.2
3 4200 5.8 5100 7.2
4 4090 5.8 4300 5.9

15,17 -Diacetoxy~-androst~-4-en-3-one

1 3680 5.8 3870 6.0
2 3680 5,8 3690 5.8
Calculated** 3730

*After _acetylation of the urinary 15«-hydroxyandrostenedione
with 3H-acetic anhydride, Batch No. 4, 60,0 mg of carrier
15¢{~acetoxyandrostenedione was added and the mixture was re-
duced with NaBH; and then oxidized with DDQ. Chromatography
on alumina gave 39.6 mg of 15-acetoxytestosterone which was
crystalliized.

**The fourth crystals and mother liquor were combined (15,0 mg)
and acetylated. The diacetate was chromatographed on an alu-
mina column to give an oil which weighed 16.0 mg and contain-
ed 5.97x104 dpm of 3H., The calculated specific activity was
based on these values,
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(15.0 mg) and acetylated. The diacetate was chromatographed
on a 2 g alumina column and elution with benzene~Skellysolve
B (1:1) gave an oil (16.0 mg and 5.97x10% dpm of 3H) which
was crystallized to constant specific activity and constant
3H/14C ratio as shown in Table 24.. From the final 3H/1l4cC
ratio and the specific activity of the acetic anhydride, the
specific activity of the urimary 15¢-hydroxyandrostenedione
was found to be 6,93x103 dpm/pg. From this final specific
activity it was calculated that the amount of 15¢~hydroxyandros-
tenedione excreted in the urine was 4.4 pg/day.

The residue of Pool B (21 mg and 9,80x104 dpm), was
chromatographed on a Whatman paper, No. 3MM, in system M, and
one radioactive band was observed with the same mobility as
15%-hydroxytestosterone run alongside. An ultraviolet-absorb-
ing band with thesame mobility as the radioactive band was
also observed. On elution, this radiocactive material had 7.50x
104 dpm and weighed 4.5 mg which was chromatographed on paper
in system L. One radioactive band and one ultraviolet-absorbing
band with identical mobilities were observed which on elution
gave 6.05x10% dpm and 2.3 mg of residue, It was further purified
by chromatography on paper in system J., Again, one radioactive
band and one ultraviolet-absorbing band were observed which
were eluted to yield a residue containing 4,80x10% dpm. This
material was acetylated with SHeacetic anhydride, Batch No. 4,
and after the addition of 37,5 mg of carrier 15&,17f-diacetoxy-
androst-4-en-3-one the mixture was extracted with ethyl acetate.

Chromatography on a 4 g alumina column and elution with benzene-
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TABEE 25

Proof of Radiochemical Purity of l5d-Hydroxytestosterone Iso-

lated from a 6-Day Collection of Pregnancy Urine

Specific Activity (dpm 3H/mg)

Crystallization Crystals 3H/14C ~  Mother Liguor 3H/14c

15d,173-Diacetoxy-androst-4-en§3-oné;,jm"

' 49000 117 . . 202500 470
: 43200 105 69200 176
. 42800 105 45300 108

15“’17€-Diacetoxy-aﬂdf65£+4;en43p;qiii_5;f-jf~”'”

! 39900 . 101 . 48500 118
2 '; : JE240800. Wﬂ£L;dii;f   fV'h?#lzoo 103
Calculatgd**  m ‘u:42700.7_ ‘ 4 o

*To the residue obtained affer;acetylation 37}5_mg of carrier
15d,173-diacetoxy-androst-4aenaS—oanwaspadded‘prior_to‘chroma-
tography on alumina and crystallization of.the material eluted,

**The third crystals (8,0 mg) were reduced with' NaBHy and the pro-
duct obtained was chromdtographed on a.thin layer plate in sys-
tem Q. The lsq,IZB-diacetoxy-andr05t94¥en933-01 eluted from
the plate (7.2 mg, 2.99x10° dpm of 3H, 2.76x103 dpm of 14C) was
then crystallized. The calculated specific activity was based
on the weight and the 3H'contentjofrthe.matérial“eluted from the
thin layer plate. o . L L o o IR

Skellysolve B (1:1) géve 31.5’mgiof oi1y?ﬁatétia1-which waé
crystallized to constant'specifié‘actiyi;}.anﬁﬁSﬁ/14C ratio 

as shown in Table 25. The thixrd ;f&sfalstS.Q ﬁgj‘were reduced
with NaBH4 and the product‘obtained Qas'chromatographed on a
thin layer plate using system Q. On spraying a 0.5 cm portion
with phosphomolybdic acid solution, one major spot was observed

which was eluted to give a residue containing 2,99x10° dpm of

3H and 2.76x103 dpm of 14C and weighing 7.2 mg, This material



83,

was crystalllzed from benzene -Skellysolve B-ether and from
Wﬁacetone Skellysolve B and constant specific activities and

3H/14C ratlos were obtalned as shown in Table 25. The infra-

fthe crystals showed retentlon of the ace-

red spectrum (KBr)*o“

C=C band atflGlOrcm’ - S1nce'1t 15 known (59) that NaBH4 re=j*
duct1on of a Aﬁ 3= keto Ster01d glves predomlnantly a SB-alco-:'

hol, thlS mater1a1 most probably was 15d 17ﬁ d1acetoxy-androst-'

4-en- 3p 01 From the f1na1 3H/14”frat10 (Table 25) and the
speC1f1c act1v1ty of the acetlc‘anhydrlde, the spec1f1c act1v1ty,_

~of the urlnary 1sd hydroxytestosterone was found to be 7. 92x102

dpm/pg. From this flnal SPelelC act1v1ty 1t was calculated
that the amount of 15« hydrox ”msto“terone excreted in the ur1ne_i

was 31 Pg/day.
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SECTION B. ORIGIN OF 154-HYDROXYPROGESTERONE

In Experiment A-1 15X-hydroxyprogesterone was isolated
only from pregnancy urine and it could not be detected in the
urine of four non-pregnant subjects examined, This finding sug-
gested that lsdrhydroxyprogesterone was formed in the feto-
Placental unit. 1In the studies to be described in this section,
progesterone labeled with tritium was injected into the periton-
eal cavity of the fetus at the time of amniocentesis for Rh in-
compatibility and at the same time (4-14C)-progesterone or (4-14¢)-
lsd-hydroxypfogesterone was injected in an antecubital vein of
the mother. The maternal urine was then analyzed and 15¢-hy-
dfoxyprogeéterone was isolated and examined for its 3H and l4¢C
contents,

| These studies were done with the collaboration of Dr.
J.M. Bowman, of the Rh Laboratory, Winnipeg, Manitoba. Urines

were collected from the patients for 5 days, frozen and shipped

to Montreal in this form.

The following three subjects were employed in these
studiés. All three subjects presented with Rh iso-immunization.

Subject GP: This woman had her first pregnancy in 1965 when

she had a spontaneoud delivery at 36 weeks of gestation, Dur-
ing her second pregnancy in 1967, she received two intrauterine
blood transfusions. The first transfusion at 29 weeks 5 days
of gestation consisted of 96 ml (23.7 g of hemoglobin) of type
0 Rh negative packed red blood cells, At 31 weeks 1 day of

gestation she received a second intrauterine transfusion using
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100 hl (29.7 g of Bémoglobiﬁ) of type O Rh negative packed red
bléod cells miked with 3H—progeste;oﬁe. During this transfu-
sion 14c—progesterone was injected intravenously to the mother
and urine was collected éor 5 days after the injection and used
in these studies. Following Pitocin induction and vaginal
delivery at 34 weeks 6 days of gestation she had a 4 1b. 4 oz.
baby. The cord hemoglobin was 12.5 g% and the cord bilirubin
was 6.1 mg%. The cord blood was qumbs negative. Only one
fetal cell was found in 5,000 adult donor cells by the Klei-
hauer techniqgg: A sudden episode of anoxia appea:ed at 10
minutes of age. After initial exchange transfugion the baby
developed a progressive reséiratory distress and was placed on
Bennet respiration and intravenous administration of dextrose
and.bicarbonate; ‘The results of an X-ray examination were.cgn-‘
sistent with hyaline ﬁembrane disease. The baby died at 48,
hours of age.l Post mortem examination showed classical hyaline

membrane disease and minimal, if any, ‘hepatic dysfunction.

Subject AB: The first pregnané& of this subject, in 1962, was
normal. Rh iso-immunization complications were first found in
1963, during her second pregnancy. Induction and vaginal de-
liverf was carried out at 37.weeks of gestation. The baby, a
male, weighed 5 1lb., 8 1/2 oz. and required two excﬁange trans-

fusions. During her third pregnancy, in 1967, she received two
intrauterine blood transfusions. The initial transfusion was

carried out at 28 weeks 6 days of gestation. At 30 weeks 5 days
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of gestation she received a second intrauterine transfusion
using 110 ml (28.8 g of hemoglobin) of type O Rh negative
packed red blood cells mixed with 3H-progesterone, During

this transfusion 14C-progesterone was injected intravenously

to the mother and urine was collected for 5 days and used in
these studies. Induction and vaginal delivery was carried

out at 34 weeks 5 days of gestation. The baby, a male, weighed
5 1b. 4 oz, and had 11.4 g% cord hemoglobin and 5.7 mg% of cord
bilirubin. He required six exchange transfusions. The cord
blood was weakly Coombs positive. About 76% of his cord

blood cells were adult donor cells as estimated by the Klei-

hauer cell staining technique. He is alive and well.

Subject SP: The first two pregnancies of this woman (1954 and
1956) were normal, Rh iso-immunization complications were
first found in 1958, during her third pregnancy., Induction

and vaginal delivery was carried out at 37 weeks of geétation.
The baby required 5 exchange transfusions‘ahd is alive and well,
In 1962, she had a fetal loss at 17 weeks of gestation. During
her fifth pregnancy, in 1968, she received three intrauterine
blood transfusions at 25 weeks, 26 weeks 4 days, and 29 weeks

3 days of gestation, respectively. At the time of the second
transfusion the fetus was hydropic, intraperitoneal digoxin

was instilled and the mother was placed on digoxin. The third
intrauterine transfusion consisted of 100 ml (25.4 g of hemo-
globin) of type 0 Rh negative packed red blood cells mixed

with 3H-progesterone. Simultaneously with the transfusion
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(4-14C)-lsd-hydroxyprogesterone was injected intravenously

to the mother and urine was collected for 5 days and used

in these studies, Following induction with Pitocin at 33
weeks 5 days of gestation, she failed to go into labour and
delivery was carried out 5 days later by Caesarian section.
The baby, a male, weighed 5 1lb, 6 oz. and had 9.9 g% cord
hemoglobin and 7,0 mg% cord bilirubin, He required two ex-
change transfusions and his cord blood was weakly Coombs posi-
tive. About 94% of the cord blood cells were adult donor cells
as estimated by the Kleihauer technique. At two weeks of age
he was convalescent and clinically well, but his total biliru-

bin was 11 mg% and there was evidence of hepato-cellular damage,

In each case tritiated progesterone was introduced into
the peritoneal cavity of the fetus during a transfusion, in
utero, for erythroblastosis fetalis. The method for the injec-
tion of 3H-progesterone during blood transfusion was described
in a previous section of this thesis. Simultaneously with the
injection of tritiated progesterone, 14C-progesterone was ad-
ministered in an antecubital vein of subjects GP and AB and
14C-lsd-hydroxyprogesterone was injected in subject SP,

The doses administered are shown in Table 26. Urine was
collected for 5 days and each day's urine was solvolyzed and
then hydrolyzed with B-glucuronidase. The total radioactivity
recovered in each day's urine and the amount present as sulfates
and glucosiduronates are shown in Tables 27-29.

The glucosiduronate fraction obtained from the urine

of subject GP weighed 1.27 g and contained 9,65x10° dpm of 3H
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G TABLE 26

Amount of Radioactivity and Nature of the Steroid Injected

into the Peritoneal Cavity of the Fetus and the Maternal Vein

Steroid Injected

into the Perito- Dose Steroid Injected Dose
neal Cavity of Injected into the Mater- Injected
Subject the Fetus (dpm) nal Vein (dpm)
GP 3H-Pro-gesterone 6.05x10° 14C-Progesterone 3,85x10°
AB 3H-Progesterone 4.73x10% 14C-Progesterone 2,62x106
SP 3H-Progesterone 4.97x106 14C-15°C-Hydroxy-
progesterone 9.00x103

and 1.66x106 dpm of 14c, It was chromatographed on a 120 g
silica gel column using increasing concentrations of ethanol

in methylene chloride as previously described and the radioac-
tivity in the eluted fractions is shown in Figure 5A, The weight

of the radioactive material and the radioactivity of each pool

are shown in Table 30,
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TABLE 27

Recovery of Ragioagtivitx in_the Urine and the Extracts Ob-

tained After Hydrolysis of Conjugates by Solvolysis andﬂby
-Glucuronidase Subject GP

Crude Urine (dpm) % Recovery of InJected Dose

AL

1Y)

Day
1
2

> 3
4

5 |
Total

S U N =

Total

AW N W

Total

3H
6.,90x105
1.90x10°

8.20x104
2.30x104

_1'15x106

14C

1. 42x106 

2. 45x105:
1,15x105

5.30k104
2.70x104

1,86x10°

GBuc051duronates (¢pm)

3H
5.83x10°
1.,48x105
1.40x10%
7.50x104
1.90x104

9.65x10%

'14C

1.30x106"

1.94x105

9,90x104
4.30x104

2.00x104

1.66x106"

Sulfates . (dpm)

. 4.59x104
2.33x104 |
- 5,00x103

© 7.40x10%

14c

5. 31x104,’“
3.28x104 .
9.00x103

3.,00x103

9.79x104

14c;.1'

6.4,;1:;yf“'

3.
1.
0.

48

i# NI N oM

Dosé

‘Dose
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Recovery of Radioactivity in the Urine and the Extracts Ob-

tained After Hydrolysis of Conjugates by Sol%olysis and by
P-Glucuronidase.

Dax
1
2
3
4

5
Total

LN B S )

Total

SOW N e

Total

Subject AB

Crude Hmine gdgmz

SH

7.01x10°
1.21x105
2.80x104
1.32x104
5.00x103
8.68x10°

14¢

6.42x10°
7.05x104
1.85x104
7.60x103
3.20x103
7.42x105

Glucosiduronates (dpm)

2
5.52x105

8.81x104
1.84x10%

8.00x103

6.61x105

14C
4.,82x105

4,64x104

1.02x104
4.00x103

5.43x10°

Sulfates (dpm)

30
8.93x10%
1.97x10%
4.50x103
2,60x103

1.16x10°

14
1.08x10°
1.62x10%
4,10x103
2.53x103

1.31x10°5

% Recovery of Injected Dose

3H

O O O N
* e
=N NN

18,

g

- l4¢c -

o o o N
>
(7 B 7 A e, |

28,

¢ Recovery of Injected Dose

34
11.7
1.9

0.4
0.2

14,2

14
18.4
1.8

0.4
0.2

20.8

% Recovery of Injected Dose

3H

1l4¢

4.1
0.

0.2
0.1

5.0
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Recovery of Radiocactivity* in the Urlne and the Extracts Ob-

tained After Hydrolysis of Conjugates by Solvoly51s and by

B-Glucuronidase. Subject SP

Day Crude Urine (dpm of 3H) % Recovery of Injected Ddse_'
A s 752105 R
2 1.94x10° 3.9
3 1.01x10° 2,0
4 6.,20x104 1,2
S 2,60x104 0.5

Total 1.26x106 25,2

Glucosiduronates (dpm of 3H) % Recovery of Injected Dose

1 7.05x10° 14,2
2 1.48x10° 3.0
3 6.30x104 1.3
4 3.30x10% 0,7
5 1,70x104 0.3
Total 9,66x105 19.5
Sulfates (dpm of 3H) % Recovery of Injected Dose
1 6.80x104 1.4
2 2.30x10% 0.6
3 1.80x104 0.4
4 - -
5 - -

Total 1.09x10° 2.4

*Since only 9 000 dpm of (4-14C)-15«(-hydroxyprogesterone and 4, 97x;
106 dpm of 3H- -progesterone (injected 3H/14C ratio = 552) were in=
jected, E4C could not be detected in crude urine and the neutral‘j
extracts, : ST ’
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Weight and Radloactlvztxfln Fractlons Eluted from the In1t1a1

Silica Gel Column Obtazned after Chromatography of the Exgract

f ?t#661i;%

from the Glucoszduronate Fraction,.

II
III

Iv

VI

VII

Fraction No.
1-62 eiﬁow»,

63-102

103-134
135-162
165-220
221-302

303-350

ieight (mg)

175
229

134

213

116

58

SubJect GP

.. Radieactivity (. |
“.ad%oact1V1ty1£don?

PHo oo A8C

‘9.92x104
“6.00x10%
1aT1x108
mvv_j 54x105ﬁ;535§5319535"

o 2.80%104

2,47x10°

1.14x105

4i63x105

2,04x10%

5.05x10% 5.24x104

VIII 351-448 159 .. 1.55x105

IX 449-626

as;further

. uhours and three radloactlve_zones, VIA’:YIBw nd’Vchwere ob-

"“dtalned w1th mobllitles of 5 0 15 5 and 19 3 cm, respectlvely.
'kxfThe radloactlve mater1a1 in’ zone VIB had a’ mob111ty identical
.7nto an. u1trav1olet absorblng band observed on the paper and w1th

zvlsd- and 16d hydroxyprogesterone standards run. alongsxde. In
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.'ronate fractions of the urine of subjects GP and

AB following -the simultaneous administration of 3H-
progesterone to the peritoneal:.cavity of the fetus
and l4C-progesterone to the mother.

A, Subject GP

B. Subject AB
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this system 15¢- and 16«-hydroxyprogesrerone are not separa-
ted. Zone VIB was eluted (5,03x103 dpm of 3H and 1.75x103
dpm of 14C) and the material contained therein was chromato-
graphed on paper in system B for 5 days. Two ultraviolet-ab-
sorbing zones, VIBI (10 cm) and VIBII (12 cm) were obtained

having mobilities identical to 15d--and=16d-hydroxyprogester-

one, respectlvely."On'eiution;’zone VIBI gave a resrdue con- -

taining 1,200 dpm of 3H and 500 dpm of 14C

The glucosiduronate fraction obtained from the urine

of subJect AB welghed 1.35 -g and- contalned 6 66x105 dpm of 3H

and 5. 43x105 dpm of 14C.' It was chromatographed on a 120 g

_silica'gel"eolumn-using increasing concentrations of ‘ethanol

in methylene chloride as previously described. In Figure 5B -

is shown the eluted radloact1ve mater1a1 from which the. dlffer-j”

ent. pools shown 1n Table 31 were obtalned

The re51due conta1ned in Pool VI F1gure 5B, ‘Tabie 31

;5was chromatographed on an 8 g alumxna column and elutlon w1th

1.5% ethanol 1n benzene gave a re51due Wthh welghed 52 0 mg and"

"Jcontalned 2 50x104 dpm of 3H and 8. 30x103 dpm of 14C. 'It was

‘ further chromatographed en a Whatman No. SMM paper 1n system_”fhjh-

A for 10 hours and three rad10act1ve zones, VIA VIB and VIC
were obtalned w1th mob111t1es of 6 0 19 0 and 22 3 cm, res-.
pectively. The rad1oac;1ve material in zone VIB had a mobility
identical to an ultraviolet-absorbing band observed on the
paper and to 15¢- and 16«-hydroxyprogesterone standards run
alongside. The material present in zone VIB was eluted (7.20x
103 dpm of 3H and 2.80x10° dpm of 14C) and it was chromatogra-

phed on paper in system B for 5 days. Two ultraviolet-absorb-



&

95.

TABLE 31

Weight and Radioactivity in Fractions Eluted from the Initial

Silica Gel Column after Chromatography of the Extract from the

Glucosiduronate Fraction. Subject AB

o _Radio%ctivity (dpm)
Pool Fraction No. Weight (mg) ' H- 14

I do7-a90 s }'f» 3 68x104ffT i 38x104,_?”'

COXUU 4etesa0 39 9. 01x1045’ 1 08x104

” frespond1ng to 15«-_and 16«Lhydroxypr0gesterone, respectlvely,

S 1-56 . e o8 h L el
II 57-90 © 183 7.11x10® 7.89x104

IIT - 91-116 222 2.45x10% 3, 21x104

B S L L R TR  f,i;11xi0$f55f1 71x105

v e 166-f' Cooss o sisaxaot 7.sexi0f

VI© 167-274 0 1zs 0 2.7axiet 1 09x104

VIl - 2752310 45 4. 01x104‘_ 2. 56x104

SVIID o 3li-406 0 qaz "§1 21x105_)f45 84x104

1ng bands, VIBI and VIBII 'were observed w1th mob111t1es cor-35..3

fAfter elutlon, the materlal_from zone VIBI gave a res1duenggw,gggm

-conta1n1ng 1700 dpm of 3H and 800 dpm of 14C

Because the mater1a1 hav1ng the chromatographlc mob1-
lity of 15«- -hydroxyprogesterone had 1nsuff1c1ent amounts of
radioactivity for a test of purity by the isotope dilution

procedure, the two residues (residue VIBI isolated fron pool
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VI, Figure 5A, Table 30, and residue VIBI, Pool VI, Figure
5B, Table 31) isolated from'the urine of subjects GP and AB,
respectively, were combined and processed together. The com-

bined'fract{on weighed'sgl mg and contained-2900 dpm of 3H

'~'and 1300 dpm of 1l4c. After the addltlon of 6.1 mg of carrier
'Adlsd-hyd;oxyprogesterone the m1xture was chromatographed on
e{a 1 g alumlna column and 6 5 mg of crystalllne materlal was
h‘eluted W1th 1 56 ethanol ‘in- benzene.d‘Thls mater1a1 was crys-
”f;ta111zed to constant spec1f1c act1v1ty as shown 1n Table 32
;fThe ster01d used for countlng the f1rst second and th1rd
'ﬁferystals and the thlrd mother 11quor was recovered from the
“dcountlng v1als and comblned w1th the remalnlng mater1a1 from ;

' 3f_’the th1rd crysta111zat10n. The ‘mixture (4.0 mg) was acetylated‘

o fkw1th non-labeled acetic anhydrlde and the product was chroma—  gjff‘
fodtographed on al g alumlna column. E1ut1on w1th benzene Skelly-fs¥{
'7f‘ksolve B (4 1) gave 3.5 mg of 011y material which was crystal-

75;12ed to constant spec1f1c act1v1ty as shown in Table 32

The gluc051duronate fractlon obtalned from the urine of

1 subJect SP weighed 1.82 g and contained 9.66x105 dpm of 3H.
”ﬂNo 14C could be detected in the extracts at this stage due to
'f‘the h1gh 3H/14C ratio (552) 1nJected To this fraction was

‘hadded 3 0 mg of carrier 15¢(-hydroxyprogesterone and the mix-

ture was chromatographed on a 160 g silica gel column u51ng
increasing concentratlons of ethanol in methylene chloride as

pPreviously descrlbed In Flgure 6 is shown the eluted radio-
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TABLE 32

Proof of Radiochemical Purity of 15«-Hydroxyprogesterone Iso-

lated from the Combined Residues Obtained from the Urine of

Subjects GP and AB

Specific Activity (dpm/mg)

Crystals Mother Liquor
Crystallization iﬂ 14C iﬂ 14C

15-Hydroxyprogesterone

1 330 100 450 430
2 . 260 60 " 600 1220
3 250 50 260 60
Calculated* 480 210

15¢-Acetoxyprogesterone

1 220 20 240 150
2 220 10 230 20
Calculated** 220 40

*The residues obtained from Pool VI, Figure 5A, Table 30, and
from Pool VI, Figure 5B, Table 31, were combined (3.1 mg,

2900 dpm of 3H, 1300 dpm of 14C) and processed together. To
the combined fraction was added 6.1 mg of carrier 15¢-hydroxy-
progesterone and the mixture was chromatographed on a 1 g
alumina column prior to crystallization.

**The third crystals and the material recovered from the count-
ing vials of the first, second and third crystals and the
third mother liquor, were combined and the mixture was acety~
lated. The calculated specific activity of the acetate was

based on the final specific activity of 15&-hydroxyprogesterone
and altered molecular weight.

‘active material from which the different pools shown in Table

33 were obtained.

The residue contained in Pool IV, Figure 6, Table 33,

was chromatographed on a 12 g alumina column and elution with
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9000 dpm of (4-19C)-15«-hydroxyprogestefons was in- -~

jected, 14C could not be dctected at this stage.
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- TABLE 33

~Weight and Radioactivity in Fractions Eluted from the Initial

Silica Gel Column after Chromatography of the Extract from the

Glucosiduronate Fraction of the Urine. Subject SP.

ST e T : : dioact1v1ty (dpm) o
Poolt;,EFractioano;g; Welght (mg) jL ig e 14¢

Cor i ‘Tff*7ﬁié4'%"t?f"6.40x10?f'"p'“F“]T"'
N; fIIﬁf?:'f2:142 184p;;x:fpﬁppitﬁdﬁplihpi:il66x104ppiiip;;}.“

”Tfiiif‘}:f,7fp185 zesg_ff[;iff\fsssjgi;j}jpl 80x105fgjpﬂ;f5:§g .

p-ﬁﬁﬂ1Viik11¢~¥269 432;J;

128 s, 40x1o4;_12{9qx19§f;fg;up]

i4é§:5és%¢fefﬁzﬁbbui7éiie?bl‘71'°4x105;*91949x1d3¥;*3‘f
'77fEVI*fﬂ,gf?55394679ﬁ L LI o 60x105<gf9.obgio?¥qf
'”W{f'Vi1°*ijr?;680 806{[}f;]@:;5;567]fif:,*g8 80x104,3f[f‘féqﬂ

'V}1£}so7 859’““'*“

“"7?f8 50x104;¥¥4!00310?7ff7?l;”

‘further chromatographed on a Whatman No. 3MM paper in system'f“

bﬁA for 12 hours and two radloactlve zones,‘IVA and IVB were -

';obtalned w1th mob111t1es of 12 0 and 32 0 cm,:respectlvely‘ﬁv”
'The radloactlve mater1a1 in zoﬁe?IVB had a mob111ty 1dent1caiﬁii“
to an ultraV101et absorb1ng bandfobserved on the paper and to
i5d- and 16o@hYdroxyprogestefone'standards run along51de. The
material present in zone IVB was eluted (6.60x103 dpm of 3y

and 2,30x1073 dpm of 14C) and it was chromatographed on paper

f{;It waSTTQTJ.,
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LR

in system P for 4 days. Two ultraviolet-absorbing bands, IVBI
and IVBII, were observed with mobilities corresponding to 15d-
and l6d-hydroxyprogesterone, respectively. After elution,
the material from zone IVBI gave a residue which weighed 3.8
mg and contained 1400 dpm of 3H and 2200 dpm of l4c., 1t was
further purified by chromatography on a 1 g alumina column
"randselution with 1.5% ethanol gave 2.5 mg of residue contain-
~ing 1360 dpm of 3H and 2100 dpm of 14C. The infrared spectrum
‘f(KBr) of .an a11quot (60 pg) of this material was identical to
1'that of 15d hydroxyprogesterone. Since only small amounts of
”jsd hydroxyprogesterone (30 pg/day) are present in human late
‘pregnancy urlne, it can be assumed that the 2.5 mg of 15d-
_hydroxyprogosteroné presént in zone IVBI represents a fraction
w”of rhé 3 Olmg of:lsd-hydroryorogesterone which was added to
"'iinthe gluc051duronate fractlon of the urine prior to the initial
3‘;15111ca gel column chromatography. The material isolated from
‘=’Ifract10n IV was m1xed w1th an addrtlonal 4.0 mg of carrier
s15d hydroxyprogesterone and the mlxture (6.5 mg) was crystal-
_llzed to constant spec1f1c act1V1t1es and constant SH/lé4c
,“ratlo as shown 1n Table 34 The steroid used for counting the
: f1rst.and second crystals and the second mother liquor was
recovered from the counting vials and combined with the remain-
1ng mater1al from the second crystallization. The mixture
(4.5‘mg) was acetylated with non-labeled acetic anhydride and

the product was chromatographed on a 1 g alumina column. Elu-

tion with benzene-Skellysolve B (4:1) gave 4.2 mg of oily
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TABLE 34

Proof of Radiochemical Purity of 15d-Hydroxyprogesterone Iso-

lated from the Glucosiduronate Fraction of the Urine of Sub-

Ject SP
Specific Activity (dpm/mg)
Crystals Mother Liquor
Crystallization 3 ¢ 3hyl4c 3 14c 3uy14c
150-Hydroxyprogesterone
1 160 300 0.53 400 280 1.43
2 150 310 0.48 170 320 0.53
Calculated* 210 320
15-Acetoxyprogesterone
1 110 270 0.41 180 280 0.64
2 110 260 0.42 120 270 0.44
Calculated** 130 270

*The material isolated from fraction IV, Figure 6, Table 33,
weighed 2.5 mg and contained 1360 dpm of 3H and 2100 dpm of
¥4c, It was mixed with an additional 4.0 mg of carrier 15ef-
hydroxyprogesterone (thus a total of 6.5 mg of carrier ster-
oid was added to fraction IV, see text for details) and cTYySs-
tallized.

**The steroid used for counting the first and second crystals
and the second mother liquor was recovered from the counting
vials and combined with the remaining material from the second
crystallization. The mixture was then acetylated and the pro-
duct chromatographed on an alumina column prior to crystalli-
zation. The calculated specific activity of the acetate was
based on the final specific activity of 15¢-hydroxyprogester-
one and altered molecular weight.

material which was crystallized to constant specific activity

and constant 3H/14C ratio as shown in Table 34.
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SECTION C. METABOLISM OF 150 -HYDROXYPROGESTERONE

Experiment C-1. Metabolism of 15X-Hydroxyprogesterone by the

Normal Male

Steroids having a 15({~hydroxyl group are not readily
available and are difficult to synthesize. As a result this
study was designed to obtain large amounts of urinary meta-
bolites of 15¢-hydroxyprogesterone. The subject, a 28-year
old male, was given 2.30x107 dpm of (7-3H)-ISdbhydroxyproges—
terone in 1.32 mg by intravenous injection. At the same time
800 mg of 15«-hydroxyprogesterone was administered orally, in
80 mg doses confained in gelatin capsules, over a period of
ten hours. After the injection of the labeled steroid, urine
was collected for six days and the steroid conjugates contained
in the individual urines were hydrolyzed with Glusulase. The
total radioactivity recovered in each day's urine and the
amount present in the neutral extracts after hydrolysis are shown
in Table 35. Since almost all the radioactivity was present
in the first four days the extracts from this period were com-
bined and processed further.

The combined 4-day urine extract weighed 1.12 g and
contained 1.62x10’ dpm. It was chromatographed on a 150 g si-
lica gel column which was developed with increasing concentrations
of ethanol in methylene chloride as previously described and the

radioactivity in the eluted fractions is shown in Figure 7.
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TABLE 35

Recovery of Radioactivity in the Urine and the Extracts Ob-

tained After Hydrolysis of Conjugates by Glusulase

% Recovery Extracts % Recovery

of Injected After of Injected
Day Crude Urine (dpm) Dose Hydrolysis Dose
1 1.51x107 65.7 1.36x107 59.2
2 2.84x10% 12.3 2.15x10% 9.3
3 4.05x105 | 1.8 2.78x10° 1.2
4 1.56x105 0.7 1.09x10° 0.5
5 - - 3.57x104 0.2
6 - - 1.23x104 0.1
Total 1.85x10 80.5 1.62x107 70.5

The combinations of the fractions eluted and the radioactivity
and weight of the residue of each pool are shown in Table 36.
The residue of pool IV was chromatographed on a 100 g Celite
column using system E and two peaks of radioactive material
were eluted from the column as shown in Figure Sa. Chromato-~
graphy of the residue from IVA ot paper in system A for 12 hours
provided one radioactive zone with an average mobility of 7.9
cm. On elution a residue was obtained (18 mg and 3.20x10°

dpm) which was further purified by chromatography on a 2 g
silica gel column to give 3.3 mg of material containing 2.99x
10° dpm. Crystallization of this material from acetone-methanol

gave 0.5 mg of coarse needles. The infrared spectrum (KBr) of the
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TABLE 36

Weight and Radioactivity eluted from the Initial Silica Gel

Column after Chromatography of the Extract Obtained by Hy-

drolysis of the Urine

Pool Fraction No. Weight (mg) Radioactivity(dpm)

I 1-188 145

II 189-212 157 1.54x105
II1 213-300 | 56 2.05x10°

IV 301-351 80 3.94x106

v 352-420 81 4.52x10%

VI 421-540 117 3.94x10%
VII 541-560 20 8.20x10%
VIII 561-700 53 5.82x10%

IX 701-800 29 6.60x10°

X 801-890 29 1.42x10°
crystals showed a strong hydroxyl band at 3456 cm~! and

a band at 1695 cm-1 corresponding to a 20-ketone. This ma-
terial was not identified because the amount isolated was in-
sufficient for mass spectrum and NMR analysis.

An aliquot of residue IVB, Figure 8a, (2.7 mg, 1.93x10°
dpm) was chromatographed on paper in system A and one radioactive
peak was obtained with an average mobility of 18.0 cm. There-
fore this material was eluted from the paper and combined with

the remainder of residue IVB, Figure 8a. Following chromato-
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graphy on a 6 g alumina column, 43.3 mg of crystalline material
was obtained containing 3.62x106 dpm. Crystallization of this
material from acetone gave 27.4 mg of coarse needles. The
¢rystals had a mp of 230-232°C, and the specific activity was
1.08x10° dpm/mg. The infrared spectrum (KBr) of the crystals
was identical to that of authentic 15o-hydroxyprogesterone.
Pool V, Table 36, Figure 7, yielded a residue which
was chromatographed on a 100 g Celite column using system F.
One main peak of radioactivity was obtained as shown in Figure
8b. The material within this peak was pooled to give 56 mg
of residue which contained 4.48x109 dpm. An aliquot of this
material (2.8 mg) was chromatographed on pPaper in system A
for 24 hours and one radioactive peak was obtained with an
average mobility of 22.9 cm. It was therefore eluted and com-
bined with the remainder of the residue of V. Chromatography of
this material on a 6 g silica gel column yielded 51.4 mg of an
0ily residue which contained 4.45x106 dpm. It Qas crystalli-
zed with great difficulty from Skellysolve B-ether-acetone to
yield 14.0 mg of fine plates: mp 175-177°C, specific activity
1.42x10° dpm/mg. An aliquot of V containing 8.3 mg was ace-
tylated with 14C-acetic anhydride, solution No. 2, and the
product was chromatographed on a small alumina column. Elu-
tion with 50-60%. benzene in Skellysolve B gave 10.2 mg of
colorless o0il which was crystallized from acetone-Skellysolve

B to yield 6.5 mg of coarse plates, mp 142-144°C. The specific
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activity of the.crystals was 4.08x10% dpm l4C/mg (3u/1l4c =
1.98), indicating the presence of two acylable hydroxyl groups.
The infrared spectra of the free compound (KBr) and of the
acetate (CSZJ are shown in Figure 9. The infrared spectrum

of the free compound showed a hydroxyl band at 3350'cm'1

and a carbonyl band at 1705 cm-1 corresponding to a 20-ketone.
The spectrum of the acetate had no hydroxyl band indicating
that all hydfoxyl groups on the molecule had been acetylated.
At this point 2.7 mg of the unacetylated compound V and 4.8

mg of the acetate were sent to Dr. L. Durham at Stanford (Dr.
Djerassi's laboratory), Stanford, California, for mass spec-
trum and nuclear magnetic resonance analyses. The results ob-
tained from the NMR analysis are shown in Table 37. The C-21-
COCHz signal was observed at 2.10 ppm. The acetate had two
additional methyl signals at 1.98 and 2.03 ppm. The chemical
shifts of the C-18 and C-19 methyl-hydrogens (Table 37) of

the unacetylated compound and its acetate more closely resemble
those of S5«-steroids. Using this as a starting point, and
assuming that the acyl group at C-17 remains B , it is possible
to calculate positions for C-18 and C-19 absorptions for dif-
ferent likely structures fron the additive substituent effects
given in Zurcher's Tables (45). The calculations for the
3¢,150(-diol and the diacetate in the 5, 14X -series agree quite
well (Table 37). The results for either 3,158 -diol or 3,

15 -diol were sufficiently far off to reﬁder it unlikely that any-

thing had happened at C-15. However, the results for 3p,15d¢-diol
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TABLE 37

Observed Chemical Shifts, J(}’PM)J of Metabolite V and idts Diacetate and Calculated

C-19 and C-18 Chemical Shifts of 34,1Sd-Dihydroxy-sx-prquan-20-one and its Diacetate

Observed GChemical Shifts.

Compound C-19 C-18 €-21-COCHz CHzC00 C-3~H Splitting Pattern of C-3-H
v 0.79° 0.63 - 2,10 - 3.9-4,2 . equatorial
V-diacetate 0,79 0i68 - 2,10  1.98,2,03 4.8-5.1 equatorial
Compound_15*f ; a }fd{:f! ; ﬂ;é 3ff Calculated Chemical Shifts
3d,15(-Dihydroxy-5«¢-pregnan-20-one =~ 0,792 0.650
3%, 15q-Diacetoxy-5q-pregnan-20-one i 0,809 0,693

‘0TI
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were quite close to those obtained for V, but they did not fit
as well as the results for the 3¢,15«¢-diol. If the assign-
ment 3«,15(-diol is correct, then the C3-H should be equa-
torial and hence the Cz-H adsorption should be sharper due to
both axial-equatorial and equatorial-equatorial coupling
being of medium size, and to lower field, The NMR spectrum
of the free compound had the two low-field protons superim-
posed at 3.,9-4.2 ppm and that of the adetate at 4.8-5.,1 ppm;
but the pattern had the appearance of a sharper signal atop

a broader one,

From the NMR resuilts (Table 37) combined with the in-
formation obtained from the infrared spectra, the number of
acylablevhydroxylgroups and from the mass spectrum (courtesy of
Dr. L. Durham) of the free compound (m/e = 334), the strugture
39,15 ~dihydroxy~5a4-pregnan-20-one can be assigned to the
metabolite isolated from pool V.

The residue from pool VI, Table 36, Figure 7, was chro-
matographed on a 100 g Celite column using system F. One
major peak of radioactivity was obtained (Figure 8c) which
contained 60.3 mg of crystalline material and had 3.62x106'
dpm. An aliquot of this material (3.0 mg) was chromatogra-
phed on paper in system A for 24 hours and one band of radio-
active material with an average mobility of 20.5 cm was obtained.
It was eluted and rechromatographed on paper in system G for
55 hours and again one radioactive peak at an average distance

of 16.5 cm was observed, Therefore this material was eluted
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and combined with the remainder of residue VI. Chromatogra-
phy on a 6 g silica gel column and elution with 4% ethanol in
methylene chloride afforded 43,0 mg of crystalline material
containing 3.33x106 dpm, It was crystallized from acetone-
methanol-Skellysolve B to yield 23.0 mg of coarse plates:

mp 208-210°C, specific activity 7.90x104 dpm/mg., Its infra-
red spectrum (KBr) showed a strong hydroxyl band at 3375 cm-1
and a band at 1705 cm~l corresponding to a 20-ketone (Figure
10)., An aliquot of VI containing 9.3 mg was acetylated with
l4c-acetic anhydride, Solution No, 2, and the residue from

the reaction mixture was chromatographed on a small alumina
column. Elution with 50-60% benzene in Skellysolve B gave

12.0 mg of colorless oil which was crystallized from acetone-
Skellysolve B to yield 10.9 mg of fine needles: mp 164-166,5°C,
specific activity 3.89x104 dpm 14c/mg (3H/14C = 1.65) indicating
the presence of two acylable hydroxyl groups. The infrared
spectrum (CS3) of the acetate had no hydroxyl band (Figure 10)
indicating that all hydroxyl groups on the molecule had been
acetylated. The results of the NMR analysis of 2.2 mg of the
unacetylated compound and 6.2 mg of the acetate are shown in
Table 33. The C-21-COCHz signal was observed at 2,10 ppm.

The acetate had two additional methyl signals at 1,98 and 2,02
ppm. The chemical shifts of the C~18 and C-19 methyl-hydro~
gens of the unacetylated compound and its diacetate, shown

in Table 38, more closely resemble those of a steroid in the

5B series. Assuming that compound VI is a 5P-steroid and that
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TABLE 38

Observed Chemical Shifts,

S(PPM), of Metabolite VI and its Diacetate and Calculated

Shifts of 3o, 154-Dihydroxy-5B-pregnan-20-one and its Diacetate

Observed Chemical Shifts

Compound C-19 C-18 C-21-CO0CHz CH3CO0O C-3-H Splitting Pattern of C-3-H
VI 0.93 0.64 2.10 - 3.6"'4.1 aXial
Vi-Diacetate 0.94 0.67 2.10 1.98,2.02 45-4.9 axial
Compound Calculated Chemical Shifts

3o,154-Dihydroxy~-5P-pregnan-20-one

3o,15«-Diacetoxy~5p-pregnan=-20-one

C~19 C-18
0.933 0.650
0.942 0.684

AR
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the acyl group at C-17 remainsB, it is possible to calculate
chemical shifts for the C+18 and C~19 methyls for different
likely structures using Zurcher's Tables (45), The calcula-
tions for the 3d,15d-diol and the diacetate in the 5d,l4«-
series agree quite well (Table 38). The results for either
3d,15f ~diol or 3B ,15«-diolwere sufficiently far off rendering
it unlikely that any change in thé configuration at C-15 had
occurred. However, the calculations for the 3p,15«-diol yere
quite close to those obtained for VI but they didnot fit as
well as the results for the 3«,15«-diol, If the assignment
3d,15¢-diol is correct, then the C-3 proton should be axial
and hence the C-3 proton absorption should be broader due to
two large axial-axial couplings, and should be shifted to a
higher field, THe NMR spectra of VI and its diacetate both
show low-field: signals which are quite broad and one is de-
finitely shifted to higher field (3.6, 4.1 ppm in IV, and
4.5, 4.9 ppm in the diacetate), tending to confirm these as-
signments, These data indicated that the unknown VI, Table
36, Figure 7, was 3«,15¢-dihydroxy-5B-pregnan-20-one, This
conclusion is strengthened by the information obtained from
the infrared épectra, the number of acylable hydroxy groups,

and from the mass spectrum of the free compound (m/e = 334),

From Pool VIII, Figure 7, Table 36, a residue was ob-
tained which was chromatographed on paper in system A for 4

days. Two main peaks of radioactive material VIIIA and VIIIB

were obtained at average distances of 8.0 and 13.5 cm, respec-



1lle,

S tively. The eluate of VIIIA (4.45 mg and 1.50x10° dpm) was
chromatographed on a 1 g silica gel column and the material
eluted with 8% ethanol in methylene chloride gave a yellow
residue which weighed 1.9 mg and contained 1.10x105 dpm, At-
tempts to crystallize this material were unsuccessful and
because of the small amount present it could not be identified.

From fraction VIIIB an eluate was obtained which weighed
6.5 mg and contained 1.38x10° dpm. Chromatography on a 1 g si-
lica gel column and elution with 8% ethanol in methylene chlo-
ride gave 1.5 mg of yellow residue containing 9.80x104 dpm
which could not be crystallized. Due to insufficient amounts
isolated, the metabolite present in VIIIB was not identified.

The material present in Pool IX (29.0 mg and 6.60x105
dpm) was chromatographed on two papers using system A for 4
days, One band of radioactive material was obtained with an
average mobility of 12.2 cm which on elution yielded 14 mg of
residue containing 6.40x108 dpm. Chromatography on a 2 g si-
lica gel column and elution with 10% ethanol in methylene chlo~
ride gave a yellow 0il which weighed 9,0 mg and contained 6.15x105
dpm. Crystallization from acetone-Skellysolve B afforded 1,6
mg of small plates: mp 211-214°C, specific activity 1.96x10°
dpm/mg, Its infrared spectrum (Figure 11a) showed a strong
hydroxyl band at 3250 cm~! and no carbonyl bands indicating that
both the 4&%-3-keto and the 20-keto groups of 15«¢-hydroxyproges-
terone had been reduced during the course of metabolism. An

-~ aliquot of the crystals (0,95 mg) was acetylated with l4c.acetic

anhydride, solution No. 2, and the product was chromatographed

on a small alumina column, Elution with 40-50% benzene in
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Skellysolve B gave 1.2 mg of oily material which had a spe-
cific activity of 5,52x104 dpm of l4c/mg (3H/1l4C = 3,1) in-
dicating the presence of three acylable hydroxyl groups and
its infrared spectrum (CS2) is hhown in Figure 11b. The
spectrum showed the absence of a hydroxyl band at 3250 cm-1
indicating that all the hydroxyl groups on the molecule had
been acetylated. The remainder of the triacetate of IX was
used for NMR spectroscopy and the results are shown in Table
39, Instead of a methyl ketone at C-21 (2,10 ppm), the spec-
trum showed an absorption band at 1.21 ppm which can be attri-
buted to a secondary hydroxyl group arising from the C-20 ketone
which was reduced to an alcohol. vThe C-18 and C-19 methyl ab-
sorptions appeared at 0.72 and 0.80 ppm, respectively, <cor-
responding to the absorptions observed with steroids having a
5d hydrogen. The pattern of absorption in the low-field at
4.95 ppm indicates that the proton at C-3 is equatorial, 1If
these assignments are correct, then the possible structures
which can be assigned to IX are Sd-pregnane-Sd;ISd,20d-triol
or 5«,pregnane-3d,15420p~-triol. The calculated positions of
C-18 and C~19 methyl absorptions for Sd=-pregnane=-3«,15y,20d~
triacetate and Sd-pregnane-3«,15q,20p-triacetate and the ob-
served positions for the triacetate of IX are shown in Table
39. The absorption of the C-19 methyl (0,80 ppm) is in good
agreement with the calculated values for both the 200/~ and
20B-triol. The position of the signal of C-18 (0.72 ppm) is
just between'the two calculated values (0.703 and 0.753 ppm)

and close enough to both that no décisive choice can be made.



TABLE 39

Observed Chemical Shifts, JYPPM), of the Triacetate of IX and Calculated Chemical

Shifts of Sd-Pregnane-Sd,15«,20d-triacetate and Sd-Prquane-SQ,lax,zoﬂ-triacetate

Observed Chemical Shifts

Compound =19 C-18 C-21-CHzCHOH CH=zCOO C-3-H Splitting Pattern of C=-3=-H
IX-Triacetate 0,80 0.72 1,21 1.99,2304 4,95 equatorial
Compound Calculated Chemical Shifts
c-19 €-18
3%-Pregnane-3w,15&,20d-triacetate 0,809 0.753
5d-Pregnane-3o,15«,20f-triacetate 0.809 0,703

“6TT
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Thus the question of whether IX has a 20¢- or a 20B-hydroxyl
group is not readily answered from the NMR data. When an
aliquot (1.0 mg) of the diacetate of V (3et,150-diacetoxy-
S#-pregnan-20-one) was reduced with NaBH, and the product
acetylated, the resulting triacetate had an infrared spectrum
(CS2) almost identical to that of IX-triacetate as shown in
Figure 1lc. Minor differences between the two spectra (Fig-
ure 11, spectra b and ¢) may be due to the presence of impu-
rities in IX-triacetate since only small amounts (1.2 mg) of
this compound were available and could not be crystallized.
Thus the question of whether IX was a 20- or a ZOP-hydroxyl
group could be answered by establishing the configuration of
the C20-hydroxyl resulting from the reduction of a 158-hydroxy-
lated-20-ketosteroid with NaBH,.

Fieser and Fieser (46) summarized the molecular rotation
(MD) data for nineteen pairs of 20-epimers of pregnanes and
pointed out that the shift in MDp on acetylation is positive for
20Bp-ols and negative for 200-0ls. An aliquot of 15¢f-acetoxypro-
gesterone (110 mg) was reduced with NaBH4, oxidized with DDQ,
and the product chromatographed on a 12 g alumina column. Elution
with 0.5% ethanol in benzene yielded 105 mg of material which was
crystallized from acetone-Skellysolve B to give 92 mg of large
needles, mp 192-1930C. An aliquot of the crystals (50 mg)
wWas acetylated with non-labeled acetic anhydride and the pro-
duct chromatographed on a 6 g alumina column from which 53 mg

of material was eluted with benzene-Skellysolve B (2:1).
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Crystailization from acetone-Skellysolve B afforded 36 mg of
small plates, mp 176-179°C. An aliquot (30 mg) of the 20-al-
cohol obtained after reduction of 15-acetoxyprogesterone with
NaBHy and oxidation with DDQ, and an aliquot (31 mg) of the
20-acetate, prepared as described above, were used for optical
rotation studies (courtesy of Dr. G. Schilling, Ayerst Labo-
ratories, Montreal). The optical rotations of progesterone, 200{-
dihydroprogesterone, 20p-dihydroprogesterone, 200f-acetoxyproges-
terone and 20$-acetoxyprogesterone were also measured. Opticai
rotation measurements were obtained using chloroform solutiohé.v
Table 40 shows the shifts in Mp on acetylation of Zoﬂﬂdihydfof
progesterone and ZOP-dihydroprogesterone. The same cOrrelaﬁion‘.
reported by Fieser and Fieser (46) was observed in that thé

4¥p of the 20&-epimer was slightly negative (-49) while ther

AMD of the Zop-epimer was positive (+212°). The 20-alcohol
obtained after reduction of 15f-acetoxyprogesterone withCNaBH4-'”
and its 20-acetate (15¢,20-diacetoxyprogesterone) had an gMp

of +179° (Table 40). These results provide evidence that NaBH4
reduction of 15X-hydroxylated-20-ketosteroids results in the
formation of 20B-alcohols. Further evidence to support this
conclusion was obtained with Zop-hydroxysteroid dehydrogenase
which reduces a 20-ketosteroid to the corresponding ZOﬂ-alcohol.
On page 28, the preparation of lsd-acetoxy-ZOP-hydroxypregn-
4-en~3-one by reduction of 15¢-acetoxyprogesterone with qu-
hydroxysteroid dehydrogenase was described and it was indica-

%% ted that the infrared spectrunm {CS2) of this material was identi-

cal to the spectrum of the material obtained after reduction of
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ﬂg@ 15X-acetoxyprogesterone with NaBH, and oxidation with DDQ., These

spectra are shown in Figure 12,

TABLE 40

-fgﬁtiééiikdtafion Data of 20-Hydroxylated Steroids and theirf;1f

20-Acetates

Lok L Molecular Rotation
Q»jSter01d

(Mp) 4¥p
‘“ﬂfProgesterone‘1 ¥f_ . 4635 0
© 200-Dihyd sterone +329 -306
‘?Qd ihy. roproge anp = -6 -
VZOJ-Acetoxyprogesterone‘ . +323 -312 e
“ZOF-Dlhydroprogesterone +272 -363 B
' 4MD = 4212
,ZOF Acetoxyprogesterone +484 -151 T
;Pfoduct Obtalned following
. NaBHg . :reduction and DDQ
‘'oxidation of. 15«-Acetoxy- +393 -242 R
:ogesterone S AMp = 4179
HISM,ZO D1acetoxyprogesterone* +572 - 63 :

The acetate Of theTmoduct obtained following NaBH4 reductlon and
,DDQ ox1dat1on of lsubacetoxyprogesterone.

1f§ffNaBH4 redq tlon of a lsd-hydroxylated 20-ketosteroid results

”%ﬂln the formation of the correspond1ng 20B-alcohol. Since re-f”mff _

-dlacetate (3o, 15A- -diacetoxy-5¥-pregnan-20- one) and

o acetylatlon ofhthe product gave material having an infrared. spec;  3
:trum 1dent1ca1 (or almost identical) to the spectrum of IX tr1-?f. 
‘acetate,“metabollte IX was identified as 5-pregnane-3af; 15d 20?-
vtrlol and 1ts mass spectrum (m/e = 336) is in agreement w1th

this structure.

The residue of pool X, Figure 7, Table 36, was chromatogra-

phed on two Whatman No. 3MM papers in system A for 8 days. Two
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major radioactive products, XA and XB, were obtained. The
eluate from XA (18.5 mg and 2.80x10° dpm) was chromatographed on a
2 g silica gel column and elution with 11% ethanol in methyl-
ene chloride gave a residue which weighed 3 0 mg and contained
2. 30x10s dpm. This material could not be crystall1zed and was
not suff1c1ent1y pure and therefore could not be 1dent1f1ed

From XB a re51due was obta1ned (25 0 mg and 7. 15x10°
dpm) which was chromatographed on a 3 g silica. gel column Tne
material eluted with 12% ethanol in methylene chlorlde welghed
5.3 mg and contained 6. 83x105 dpm.: Attempts to crysta111ze'
this mater1a1 were unsuccessful Its 1nfrared spectrum (KBr) ‘showed
a strong hydroxyl band at 3375 em™1 and had no carbonyl bands.
When an a11quot of VI (34 15«- dlhydroxy SP pregnan 20 -one, 1.0
mg) was reduced W1th NaBH4 and the product chromatographed on-
a small silica gel column, 1t was poss1b1e to obtaln 0.9 mg of
colorless oil in 12% ethanol 1n methylene chloride which‘had
an 1nfrared spectrum almost 1dent1ca1 to that of XB. These
results indicate that XB might be SF pregnane -3%,15¢, 20e(-triol
or 5B -pregnane-3¢,15¢«, Zop-trlol.

In the study described it was possible to isolate and
identify the following urinary steroids: 15« -hydroxyprogesterone,
3d,ISd—dihydroxy-S«—pregnan-20-one, 3d,15«¢-dihydroxy-5B-preg-

nan-20-one and 54-pregnane-3o,15¢,20B-triol.
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Experiment C-2. Metabolism of 15d-Hydroxyprogesterone by

the Normal Male

This study was designed to obtain large amounts of the
metabolites isolated in Experiment C-1 to be used as carriers
for the identification of the urinary metabolites of 15%-hy-
droxyprogesterone after the intravenous 1n3ect10n of high spe-
cific activity (4-14C) ISd hydroxyprogesterone into a preg-
nant and a non-pregnant female»whlch w111 be‘described in

Experiments‘C-S'aﬁd C-4;'9

Four normél ﬁélés voluﬁteeréd for thlsvstudy Each
subject was glven 800 mg ef 154 hydroxyprOgesterone by mouth,
in 80 mg doses, contalned in gelatln capsules, over a period
of ten hours. A total of 3.25 g of 15« « hydroxyprogesterone
was ingested by the four subJects.f After the adm1n15trat1on
of the first dose urine was collected for four days. The urlne
collected from the four SubJeCtS was pooled and the stero1d
conjugates were hydrolyzed with Glusulase. The neutral ex-
tract obtained after hydrolysis weighed's.s g and it was chro-
matographed on a 250 g silica gel column using inc:easing con-
centrations of ethanol in methylene chloride as previously
described. The effluent from the column was collected in 20 ml
fractions at a rate of 50-60 ml/hour. Since no radioactivity
was used in this study, the fractions obtained from the column
were pooled on the basis of visual examination of the tubes
after they had been placed in a fume hood and the solvent eva-

porated. The mode of elution and the weight of the residue ob-
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tained from each pool are shown in Table 41.

The material in Pool II, Table 41, was chromatographed
on 30 TLC plates using system N. One ultraviolet-absorbing
band with the mobility of 154-hydroxyprogesterone was obtained.
On elution it gave 190 mg of material which was crystallized
from acetone to yield 145 mg of small plates. The crystals
had a mp of 230-232°C and an infrared spectrum (KBr) identical to
that of 15d-hydroxyprogesterone,

The residue obtained from Pool IV, Table 41, was chro-
matographed on 7 TLC plates using system N and one phosphomolybdic
acid~positive spot was obtained having an Rg of 0.45. The material
eluted weighed 95 mg aﬁd-it was‘chromatographed on a 10 g alumina
column. Elution with 1.5% ethanol in benzene gave 83 mg of
material which was crystallizéd from acetone-Skellysolve B to
give 45 mg of coarse platesﬁ ﬁpﬁlQZ—lQSOC. - Its infrared spec-
trum (KBr) showed a hydroxyllbaﬁd_at.33507cm'1 an&la éarbonyl
band at 1710 cm~! corresponding to a 20-ketone (Figure 13).

An aliquot of the crystals (40;0 mg)'was combined with the ﬁother
liquor ebtained after crystallization of IV and the mixture

(78.0 mg) was acetylated with non-labeled acetic anhydride. The
resulting acetate was chromaﬁographed on an 8 g alumina column
and elution with 50-60% benzehe in Skellysolve B gave 86.0 mg

of material which was crystallized from acetone-Skellysolve B

to yield 66.0 mg of fine needles: mp 152-155°C. The infrared

spectrum of the cyrstals (Figure 13) did not have a hydroxyl

band indicating that all the hydroxyl groups of the molecule had



TABLE 41

Elution of Material from the Initial Silica Gel Column Based on Visual Examination

of the Fractions Collected

)

S % Ethanol in Methylene
Pool Fraction No. - Chloride Weight (mg) Remarks

I 1-173 2 3 120 -
11 174-230 .03 T 280 Crystalline material

- 45 , -

v

I11 231-280 Do
Iv 281-320  -:; . ::: :€?ﬂ_3,°H‘ :  o 1 110 Crystalline material
v 321-440]_'  '5  ;;"'if4  4 : | -,5"  }; 230 " "

VI sa1-s30 o tae o as0

VII 531-785 'ffj;~'1 _556-3 I ,} 80 -

VIII 786-820-Af';    ?V 7!,’7.10 :, 7 ,  ',‘*-r 42 Crystalline material
IX 821-880 ',f’;f*i 7.  10 ' ' R  32. -

X 881-395 . f, iu'"i' ,-57 12'::  ,;:"}_.” 2110i Crystalline material

XI ‘936-1096- - .1z 0 90 "

AAN
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FIG. 13. (a) Infrared spectrum (KBr) of metabolite isqléted from pool IV of neutral extract

of urine. :
(b) Infrared spectrum (CS2) of the acetate of metabolite isolated from pool IV,
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been acetylated. Another aliquot of IV (2.0 mg) was acety-
lated with l4C-acetic anhydride solution No. 2. After chro-
matography on a small alumina column the acetate had a specific
activity of 3.80x104 dpm 14C/mg. Since the specific activity of
acetic anhydride, solution No. 2, was 2.30x10%4 dpm of 14C/mg

of deoxycorticosterone acetate (DOCA), a specific activity of
5.80x10% dpm of '%C/mg indicated that IV had two acylable hy-
droxyl groups (specific activity of IV/specific activity of
DOCA = 1.65). The results obtained from NMR analysis of the
unacetylated compound and its diacetate are shown in Table 42.
The C-21-COCHz signal was observed at 2.12 ppm. The acetate
had two additional signals at 2,00 and 2.05 ppm which indicated
that the 44-3-keto system had been reduced without affecting
the 20-keto group, a finding confirmed by the infrared spectrum
of IV. The chemical shifts of the C-18 and C-19 methyl-hydrogens
of the unacetYlated'compound and of the diacetate (Table 42)
correspond closely with those calculated for 5P-steroids.
Assuming that compound IV is a SP-steroid and that the acyl
group at C-17 remainsP , it is possible to calculate positions
for C-18 and C-19 absorptions for different likely structures
using Zurcher's Tables (45). The results for the 3B,15q«-diol
and its diacetate in the 5B,14«-series agree quite well as is
shown in Table 42. 1If the assignment 3P,154-diol is correct,
then the hydrogen at C3 should be equatorial and hence the C3-H
absorption should be sharper due to both axial-equatorial and

equatorial-equatorial coupling being of medium size, and to



TABLE 42

Observed Chemical Shifts, JIPPM), of Metabolite IV and its Diacetate and Calculated

Chemical Shifts of SP,15“-Dihydroxy—5P-pregnan-ZO-one and its Diacetate

Observed Chemical Shifts

Compound C-19 C-18 C-21-C0CHz CHzCOO C03-H Splitting Pattern of C-3-H
IV 0.99 0.64 2.12 - 3.9-4.2 equatorial
IV-diacetate 0.98 0.68 2.12 200,205 4.8-5.2 equatorial

Calculated Chemical Shifts

Compound C-19 C-18
3B,154 -Dihydroxy-5p -pregnan-20~one 0.975 0.650
3p,15¢-Diacetoxy-5P-pregnan-20-one 0.975 0.684

0¢1
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lower field. The NMR spectrum of the.unacetylated compound

had the two low-field protons superimposed at 3,9-4.2, and that
of the acetate at 4,8-5,2; but the pattern had the appearance

of a sharper signal atop of a broader one. All these results
together permit the assignment of the structure 3p,15¢(-dihydroxy-
SPp-pregnan-20-one to the metabolite in pool IV, The mass spec-

trum of IV (m/e = 334) is in agreement with this structure,.

The residue of pool V, Table 41, was chromatographed
on 15 thin layer plates using system N and one major band was ob-
served (Rf = 0.40) when 0.5 cm strips of the plates were spray-
ed with phosphomolybdic acid. On elution 179 mg of colorless
0il was obtained which had an infrared spectrum (KBr) identical
to that of 3«,15¢-dihydroxy-5d-pregnan-20-one. It was acetylated
with non-labeled acetic anhydride and the product chromatographed
on a 20 g alumina column. The material eluted with 50-60%
benzene in Skellysolve B (182,0 mg) was crystallized from ace=-
tone-Skellysolve B to yield 86.5 mg of fine needles which had
an mp of 142-144°C and an infrared spectrum (CS,) identical to
that of 34,15¢-diacetoxy-5X-pregnan-20-one.

Pool VI, Table 41, yielded a residue which welghed
460 mg and it was chromatographed on 28 thin layer plates in
system N, The area corresponding to 34,15-dihydroxy-5P-
pregnan-20-one was eluted to give 402 mg of crystalline material

which had an infrared spectrum (KBr) identical to that of 3o,15«d-di.
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hydroxy-SBP-pregnan-20-one. An aliquot of this material (201
mg) was acetylated with non-labeled acetic anhydride and the
product chromatographed on a 50 g alumina column. The material
eluted with 50-60% benzene in Skellysolve B (236 mg) was crys-
tallized from acetone-Skellysolve B to give 178 mg of small
plates: mp 164-167°C. Its infrared spectrum (CS;) was identi-
cal to that of Sd,lsd-diacetoxy-SP-pregnan-ZO-one.

The residue of pool VIII, Table 41, was chromatographed
on three thin layer plates using system K, and the area corres-
ponding to 54-pregnane-3d,15«,20F-triol was eluted to give 15,0
mg of oily material. Crystallization from acetone-Skellysolve
B gave 9.0 mg of small plates: mp 211-214°C. Its infrared spec-
trum was identical to that of 5d-pregnane-39,15«,20p-triol,
Because only a small amount of Sd-pregnane-Sd,15d,20P-triol was
isolated, a large quantity of this compound was prepared by
the reduction of 3«,154-dihydroxy-5%-pregnan-20-one with NaBHy.
The mother liquor obtained from the crystallization of 3of, 15« -
dihydroxy-5«-pregnan-20-one (Pool V) was reduced wtih NaBH,
and after purification on a 10 g silica gel column 83.0 mg of
oily material was eluted (with 10% ethanol in methylene chloride)
whose infrared spectrum (KBr) was identical to that of S5o-preg-
nane-3«, 154 ,20Pf-triol, This material was combined with VIII and
the mixture (92.0 mg) was acetylated and purified on a 10 g
alumina column. Elution with 40% benzene in Skellysolve B gave

115.0 mg of colorless o0il which was crystallized from ace-
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tone-Skellysolve B to yield 76.0 mg of small plates: mp 134-137%C.
Its infrared spectrum (CS3) was identical to that of 5o{-pregnane-

3,15, 20B-triacetate.

From pool X, Table 41, a residue was obtained which
weighed 110 mg. It was chromatographed on eight thin layer plates
in system K and one major area was observed with phosphomolybdic
acid. On elution it gave 54.1 mg of residue which was chromato-
graphed on a 5 g silica gel column. Elution with 12% ethanol
in methylene chloride yielded 18.5 mg of crystalline material
whose infrared spectrum (KBr) was identical to that of compound
XB isolated in Experiment C-1 from Pool X, Figure 7, Table 36,
The infrared spectrum of the material in X was again very similar
to the spectrum of the compound obtained on reduction of 39,150 -
dihydroxy-5B-pregnan-20-one. with NaBH4 (Figure 14). Acetylation
of an aliquot of X (12 mg) and purification of the aéetate on
a small alumina column gave 8.0 mg of crystalline material in ben-
zene-Skellysolve B (2:3) which was crystallized from acetone-
Skellysolve B to yield 4.5 mg of small plates: mp 206-208°C.

Its infrared spectrunm (CS2) was almost identical to the spectrum
of the compound obtained after acetylation of the NaBHy-reduction
product of Sq,154—dihydroxy-SP-pregnan-20-one (Figure 15). The
pnly difference between the two spectra (a and b, Figure 15) is
an extra band in spectrum a at 1145 cm~1l which might be due to
the presence of impurities. The material isolated from X was

not further purified because of the insufficient amount available.



o0 1% 130, 1w ||
B o |
20 2z : L) Fa A\ WY N )
0 , \ TN s ST
/ I \ & n AR ]
. i - AN A)
YK \ l’ &0 &0 J 1) IJ \vl \ \ ) e | _|
S -1y
< i 5 -+ 1] a
.— Ay
= - i
z ' z[o; - ?_|9 | !l?ﬂ_._.
;g
= /‘ %0 \...4’("-‘ 0 A v ‘ 0
= TNl = \ Lb [ IV TN
& \\ AN \ / ' N{f A o
]
O [l 5 5 Mo
EEALWM\ | ' \ M T \VAN |
o i Wil VA ¥
) iy | f A\ \ f
' ] a0 \ |4 0 F’ o | |
i ‘ T
f
A7 |
7} 20 20 ’.."r.._
T
TETE FEAKIT $UME CORP, NOIWALY CORa |

4000 . 3000 2000 1900 1800 1700 1600 1500 1400 l30ﬂ 1200 1100 1000 800 800 700 £00
WAVE NUMBER cm.-! |

F IG, 14Q_Infrared~spectra (KBf). (a) Metabbliteﬁisolated from pool X of neutral extract
5 . of urine. , . ‘ :
- (b) Product obtained following NaBH4 reduction of 3%,15X-dihydroxy-SB-pregnan-20-one.

b
(%)
=



B T 100 ) N 300 ’wJ o | |
Pl Prad
S B 4 1 1
. ) L ® | ® o | |
| - ey n N\ ‘ - N @ A hd
i ! \ | \_ Na
| | fo
- ’ - T T \ I’ i ?___
Ll
_ l \ ] .
LZ) i | 2 \ Y ‘TL_
< B _
h i
=
E ' 20 n T;__i
S - - NN
<[ N v vl
d'
- < - L) b 0 . \ b %0 ., o ||
-0 AT Y ™ Pz N hd
& T AERCHHAVE "
Q| Wy \ N o | |
& : EHAH H
Q- i | ] Wl
» ' 0 a3 vl e
] : i mrt_u_m-ﬁ'i?cl"'_mu oM,
4000 3000 2000 1900 1800 1700 -~ 1600 ~ 1500 1400 - 1300 1200 1100 1900 900 800 700 600

WAVE NUMBER cm.-!

" FIG. 15. Infrared spectra (CS2). (a) Acetate of the metabolite isolated from pool X of

neutral extract of urine.
(b) Acetate of the product obta1ned followlng NaBH4 reductlon of 3d,15«- dlhydroxy-

Sp ~-pregnan-20-one.

‘S¢T



136.

An aliquot of X-triacetate was used for NMR spectroscopy and

the results are shown in Table 43. Instead of a methyl ketone

at C-21 (2.10 ppm) the spectrum showed an absorption band at

1.18 and 1.24 ppm which can be attributed to a secondary hy-
droxyl group arising from the C-20 ketone which was reduced

to an alcohol. The C-18 and C-19 methyl absorptions appeared

at 0.71 and 0.93 ppm, respectively, corresponding to the ab-
sorptions observed with steroids having a Sp~hydrogen. The
pattern of absorption in the low-field at 4.7-5.0 ppm indicates
that the proton at C-3 is axial. If these assignments are correct
then the possible structures which can be assigned to X are,
5p-pregnane-34,154,204-triol or S5p-pregnane-3«,15«,20B-triol.

The calculated positions of C-18 and C-19 methyl absorptions

for S5P-pregnane-3d,15d, 20X-triacetate and 5p-pregnane-34,154«,
20P-triacetate and the observed positions for the triacetate

of X are shown in Table 43. The absorption of the C-19 methyl

is in good agreement with the calculated values for both the

20%- and 20P-triol. The position of the signal of C-18 (0.71

ppm) is just between the two calculated values (0.734 and 0.684 ppm)
and close enough to both that no decisive choice can be made.
However, it was mentioned earlier that the infrared spectra of
X-triacetate and of the triacetate of the material obtained
after reduction of Sd,lsd-dihydroxy—sF-pregnan-20-one with NaBH4
were identical ( or almost identical, see Figure 15)., It was
also established in Experiment C-1, Page 121, that NaBH4 reduction

of a 15“-hydroxylated-ZO—ketosteroid results in the formation



TABLE 43

Observed Chemical Shifts, J(PPM), of the Triacetate of X and Calculated Chemical

Shifts of S5P-pregnane-3%,159,20d-triacetate and 5B-pregnane-3w,150,20P-triacetate

Compound C-19 C-18 C-21-CHzCHOH CH3C00 C-3-H Splitting Pattern of C-3-H
X-Triacetate 0.93 0.71 1.18,1.24 1.99,2.02 4.7-5,0 axial
Compound Calculated Chemical Shifts
C-19 C-18
5B -Pregnane-3,15«,20d~triacetate 0.942 0.734
5P-Pregnane-34,15l,20B-triacetate 0.942 0.684

“LET
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of a 20B-alcohol. Therefore the structure SF-pregnane-Sd,lsd,
20B-triol was assigned to metabolite X and the mass spectrum of X

(m/e = 336) is in agreement with this structure.

In this study it was possible to isolate and identify
the following urinary steroids: lsd-hydroxyprogesterone, 3o, 15« -
dihydroxy-sd-pregnan-20—one, 3«,ISd-dihydroxy-SP-pregnan-20—one,
Sd-pregnane-S«,lsd,ZOP-triol, SF,15d-dihydroxy-5P-pregnan-20-
one and SP—pregnane—Sd,ISN,ZOP-triol. The first four metabolites
were also isolated in Experiment C-3. However in this study two
additional metabolites of 15d-hydroxyprogesterone, namely, 3p,15«-
dihydroxy-5Bp-pregnan-20-one and SF-pregnane-Sd,ISQ,ZOP—triol,

were isolated and identified.
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Experiment C-3. Metabolism of 15X-Hydroxyprogesterone by the

Preggant Female

A.normal subjeéf in the 38th week of pregnancy was in-
jected wtih 4.90x10° dpm of (4-14C)-ISd-hydroxyprogesterone
contained in 13.4 pg. Urine was collected for six days and
the conjugates present in each day's urine were first solvol-
yzed and then hydrolyzed with P-glucuronidase. The total radioac-
tivity recovered in each day's urine and the amount released by
solvolysis and by B-glucuronidase hydrolysi$ are shown in Table
44. Since virtually all of the radioactivity was present in
the extracts from the first four days' urine, the extracts from
the urine collected in days 5 and 6 were not processed.

The sulfate fraction weighed 450 mg and contained 3.36x
103 dpm. It was chromatographed on a 50 g silica gel column using
increasing concentrations of ethanol in methylene chloride as
previously described and the radioactivity in the eluted frac-
tions is shown in Figure 16. The radioactive material present
in each of the pools eluted is shown in Table 45.

Pool IV, Figure 16, Table 45, gave a residue which was
chromatographed on two Whatman No. 3MM papers in system A for
15 hours. One major radioactive zone corresponding in mobility
to 3p,154-dihydroxy-5p-pregnan-20-one was obtained which was
eluted to give 7.5 mg of residue containing 7.20x104 dpm. It was
chromatographed on paper in system L for 8 hours and a single peak

of radioactivity with the mobility of Sp,lsd-dihydroxy-SF-pregnan-



TABLE 44

Recovery of Radioactivity in the Urine and the Extracts Obtained After Hydrolysis of

Conjugates by Solvolysis and by B-Glucuronidase

% Recovery of
I

%

t Recovery of

Glucosidu- % Recovery of
I

Day Crude Urine (dpm) njected Dose Sulfates Injected Dose ronates njected Dose
1 3.65x106 74,5 3.04x10% 6.2 3.12x106 63.8

2 1.25x10° 2.6 1.91x10% 0.4 9.50x104 1.9

3 2.50x10%4 0.5 6.90x10° 0.1 1.47x104 0.3

4 1.30x104 0.3 5.81x10°3 0.1 6.00x103 0.1

5 - -

6 - -
Total 3.81x10° 77.9 3.36x10° 6.8 3.24x106 66 .1

"ov1
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of (4-""C)-15d-hydroxyprogesterone to a pregnant
female.
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TABLE 45

Weight and Radioactivity Eluted from the Initial Silica Gel

Column after Chromatography of the Extract from the Sulfate

Fraction of Pregnancy Urine.

Pool Fraction No. Weight (mg) Radioactivity. (dpm)
I 15-22 6.0 8.00x103
Il 23-100 69.0 5.20x103

II1I 101-137 23.5 6.50x103
1v 138-176 35.6 8.70x10%
v 177-210 21.0 7.50x103
IV 211-423 62.0 2.30x10%

VII 424-474 24,3 1.25x10%

VIII 475-493 12.7 5.10x103
IX 494-550 18.0 7.53x104
X 551-600 21.0 9.20x103

~-20-one was obtained. After elution and chromatography on a
small silica gel column, a residue (1.1 mg and 6.90x104 dpm)
was eluted with 3% ethanol in methylene chloride. This material
was acetylated with SH-acetic anhydride, Batch No. 5, and then
mixed with 32.0 mg of carrier 3F,15d-diacetoxy-5p-pregnan-ZO—
one. The mixture was chromatographed on a 4 g alumina column.b
to yield 4.80x10% dpm of 14C and 30.5 mg of material which was
crystallized to constant specific activity and constant 3ys14c
ratio as shown in Table 46. The crystals and mother liquor

from the fourth crystallization were combined (12.5 mg) and

the mixture was reduced with NaBH4. Chromatography of the pro-



v

143.

TABLE 46

Proof of Radiochemical Purity of 3B,15«-Dihydroxy-5B-pregnan-

20-one Isolated from the sulfate Fraction of Pregnancy Urine

Specific Activity  (dpm 3H/mgx103)
Crystallization Crystals 3H/14c  Mother Liquor  3H/1l4cC

3P,15d-Diacetoxy-SP-pregnan-zo-one

1 19.3 12.2 80.8 50.5
2 15.7 9.7 43.9 28.3
3 13.9 8.6 19.8 12.4
4 13.6 8.3 14.0 8.7

SP,lsd-Diacetoxy-SF-pregnan-ZOP-ol

1 13.6 8.5 13.4 8.7
2 13.4 8.4 12,9 8.5
Calculated™* 13.3

*The fourth crystals and mother liquor of the diacetate were
reduced with NaBH,4 and the product was chromatographed on a
small alumina column to give 11.0 _mg of Sﬁzlsd-diacetoxy-SP-

preﬁgan-zop-ol containing 1.47x10° dpm of °H and 1.75x104 dpn
of C.

duct on a 2 g alumina column and elution with benzene-Skelly-
solve B (1:1) yielded 11 mg of material containing 1.47x10°
dpm of 3H and 1.75x10% dpm of 14C which was crystallized to
constant specific activity and constant 3H/14C ratio as shown
in Table 46, From the data shown in this table it was possible
to assign the structure SF,15d—dihydroxy-5F—pregnan-zo-one to

the metabolite in pool IV. The specific activity of this
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metabolite was calculated to be 8.66x103 dpm/Pg. The r:sidues
in all the other pools shown in Table 45 were not processed.
The glucosiduronate fraction (978 mg and 3.24x10° dpm)
was chromatographed on a 100 g silica gel column using increas-
ing concentrations of ethanol in methylene chloride as pre-
viously described. In Figure 17 is shown a plot of the radio-

activity eluted from which the different pools shown in Table

‘47 were obtained. Pools I, I1, V, VII, VIII and IX contained

material which could not be identified.

The residue of Pool III, Table 47, Figure 17, was chro-
matographed on two Whatman No., 3MM papers in system A for 10
hours. One peak of radioactive material was obtained having

the same mobility as lsd-hydroxyprogesterone. On elution 8.5

mg of residue was obtained containing 1.25x10° dpm. This mater-

ial was rechromatographed on one paper in system B for 5 days

-and one symmetrical zone of radioactivity was obtained corres-
ponding in mobility to 15 -hydroxyprogesterone. The material
eluted from the paper weighed 1.2 mg and contained 1.13x100
dpm. An aliquot of this material (2.82x10° dpm) was acetylated
with 3H-acetic anhydride, Batch No. 4, and the product mixed
with 50.0 mg of carrier 15d-acetoxyprogesterone. The mixture was
chromatographed on a 5 g alumina column and the residue obtained
by elution with 80% benzene in Skellysolve B was crystallized

to constant specific activity. The crystallization process was
repeated on the derivative formed after NaBH4 reduction followed

by DDQ oxidation and the specific activities obtained are shown
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TABLE 48

Proof of Radiochemical Purity of lsd-Hydroxyprogesterone Iso-

lated from the Glucosiduronate Fraction of Pregnancy Urine

Specific Activity (dpm 3H/mgx103)
CLrystallization _ Crystals 3H/14C Mother Liquor H/14C

15dd-Acetoxyprogesterone*

1 29.0 5.7 100.5 20.8
2 16.9 3.3 32.5 6.3
3 12.3 2.4 55.5 10.9
4 12.0 2.3 12.4 2.4

15X-Acetoxy~20P-hydroxypregn-4-en-3-one

1 10.7 2.4 10.8 2.4

2 10.6 2.4 10,7 2.4
Calculated** 11.0

*After purification of the residue in pool III, an aliquot con-
taining 2.82x105 dpm was acetylated with 3H-acetic anhydride,
Batch No. 4, and mixed with 50.0 mg of carrier 15d-acetoxypro-
gesterone. The mixture was chromatographed on an alumina col-
umnlzo yield 50.0 mg of colorless oil containing 2.62x105 dpm
of c.

**The fourth crystals and mother liquor were combined (19.8 mg),
reduced with NaBH4, and the product was oxidized with the DDQ
reagent and then chromatogravhed on alumina to yield 12.5 mg
of 15«-acetoxy-20#-hydroxypregn+4-en~3-one containing 1.37x105
dpm of 3H and 5.73x104 dpm of léc.

in Table 48. From the data shown in this table it was possible
to assign the structure 15d-hydroxyprogesterone to the metabolite
in pool III. The specific activity of the isolated 15d-hydroxy-

progesterone was calculated to be 1.56x104 dpm/pg.

Residue IV, Figure 17, Table 47, was chromatographed on
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four papers in system A for 24 hours and one main radioactive
peak was obtained at an average distance of 15.5 cm, which corres-
ponded to the mobility of 39,15¢-dihydroxy-5«-pregnan-20-one

run alongside. This material was eluted (14.5 mg and 2.45x10°
dpm) from the paper and it was rechromatographed on two papers
in system L for 8 hours. A single peak of radioactive material
was observed having the same mobility as 3d,15«-dihydroxy-5Sof-
pregnan-20-one. Elution of this material from the papers gave
5.6 mg of residue containing 2.30x105 dpm which was chromato-
graphed on a small silica gel colﬁmn from which 2.0 mg of color-
less oil was eluted containing 2.10x10° dpm. An aliquot of this
material $.50x104 dpm) was acetylated with 3H-acetic anhydride
Batch No. 4, mixed with carrier 3d,15-diacetoxy-5of-pregnan-20-
one and the mixture was chromatographed on a small alumina col-
umn. The residue obtained after elution with 50% benzene in Skel-
lysolve B was crystallized to constant specific activity and the
process was repeated after NaBH4 reduction as shown in Table 49.
From the data shown in this table it was possible to assign the
structure 3d«,15o-dihydroxy-5«-pregnan-20-one to the metabolite
in pool IV. The specific activity of this metabolite was calcu-
lated to be 7.90x103 dpm/pg.

From pool VI, Figure 17, Table 47, a residue was obtained
which was chromatographed on four Whatman, No. 3MM, papers in
system A for 24 hours. One radioactive zone was obtained having
the same mobility as 3d,15-dihydroxy-5p ~-pregnan-20-one. The

eluate (19.8 mg and 5.74x10% dpm) was rechromatographed on two
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TABLE 49

Proof of Radiochemical Purity of Sd,15d-Dihydroxy-Sd-pregnan-

20-one Isolated from the Glucosiduronate Fraction of Pregnancy

Urine

Specific Activity (dpm 3H/mgx103)
Crystallization Crystals Su/lac Mother Liquor SH/l4c

3d,15«-Diacetoxy-5d-pregnan-20-one*

1 14.8 18.0 85.0 100.0
2 9.2 11.06 44.5 55.6
3 7.7 9.5 25.0 30.5
4 7.5 9.2 7.7 9.5

5, 15-Diacetoxy-5d-pregnan-20B-ol

1 7.4 9.3 7.7 5.4
2 . 7.6 9.1 7.4 9.2
Calculated** 7.5

*An aliquot of the purified residue in pool IV containing
3.50x104 dpm was acetylated with 3H-acetic anhydride, Batch No.
4, mixed with 28.9 mg of carrier 3«,15«-diacetoxy-5-pregnan-
20-one and the diacetate chromatographed on alumina prior to
crystallization.

**The fourth crystals and mother liquor of the diacetate were
combined (13.0 mg) and the mixture was reduced with NaBH4. The
product was chromatographed on an alumina column from which
9.0 mg of material were eluted containing 6.5x104 dpm of 3H

and 7.5x103 dpm of l4c,
papers in system L for 8 hours and one symmetrical peak of
radioactivity was observed at an average distance of 20.5 cm,
corresponding to the mobility of Sd,15d-dihydroxy-SP-pregnan—

20-one run alongside. Elution from the paper yielded 7.5 mg of
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residue containing 4.90x10° dpm. This material was chromato-
graphed on a small silica gel column and elution with 4% ethanol
in methylene chloride gave 3.5 mg of oily material containing |
4.50x10° dpm, An aliquot of this material containing 4,50x10%
dpm was acetylated with 3H-acetic anhydride, Batch No. 4, and
the product was mixed with 51.0 mg of carrier 3a,15d-gdtacetoxy=~

S5p-pregnan-20-one. The mixture was chromatographed on a small

alumina column and then crystallized., Constant specific activity

was achieved after the fourth crystallization and again after

NaBH4 reduction as shown in Table 50, The data shown in this

table permit the assignment of the structure 3o,15f-dihydroxy-

5Bp-pregnan-20-one to the metabolite in pool VI. The specific
activity of this metabolite was calculated to be 9.70xd03 dpm/pg.
Pool X, Figure 17, Table 47, was chromatographed on two
papers in system A for 8 days., Two main peaks of radioactive
material, XA and XB, were obtained at average distances of 6.0
and 13.5 cm, respectively. The.material in peak XB had the
same mobility as 54-pregnane-3«,15«,20p-triol and it was eluted
to give 5.2 mg of residue containing 1.05x10° dpm, It was re-
chromatographed on paper in system L for 30 hours and one sym-
metrical zone of radioactivity was obtained having the same
mobility as 5d-pregnane-3o,15«,20B-triol. The eluate from the
paper (9.8x104 dpm) was chromatographed on a small silica gel
column and elution with 12% ethanol in methylene chloride gave
1.0 mg of colorless oil containing 9,20x104 dpm. An aliquot of

this materialﬁ(4.60x104 dpm) was acetylated with 3H-acetic anhy-
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TABLE 50

Proof of Radiochemical Purity of 3«,151-Dihydroxy-spfpregnan-

20-one Isolated from the Glucosiduronate Fraction of Pregnan-

cy Urine
Specific Activity (dpm 3H/mgx103)
Crystsllization Crystals 3us1l4c Mother Liquor 3H/1l4C

3®,15%-Diacetoxy-5p-pregnan-20-one*

1 10.9 15.2 56.6 82.0
2 8.1 10.9 27.0 35.0
3 5.6 7.5 9.7 13,5
4 5.4 7.4 5.6 7.6

3,154 ~-Diacetoxy-5P-pregnan-20B8-ol

1 5.6 7.4 5.5 7.7
2 5.6 7.5 5.6 7.4
Calculated** 5.6

*An aliquot of the purified residue in pool VI containing
4.50x104 dpm was acetylated with 3H-acetic anhydride, Batch
No. 4, mixed with 50.1 mg of carrier 3d,15%~diacetoxy-5P-
pregnan-20-one and the diacetate chromatographed on alumina
prior to crystallization,

"*The fourth crystals and mother liquor of the diacetate were
combined (24.0 mg) and the mixture reduced with NaBH4. The
product was chromatographed on a small alumina column from
which 20.0 mg of material was eluted containing 1.12x105 dpm
of 3H and 1.49x104 dpm of ldc,

dride Batch No. 4, and the product mixed with 35,0 mg of carrier
5¥-pregnane-3o,15« ,20P-triacetate. The mixture was chromato-
graphed on a small alumina column and the material eluted with

benzene-Skellysolve B (2:3) was crystallized to constant speci-

fic activity as shown in Table 51, From the results shown in
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TABLE 51

Proof of Radiochemical Purity of 5X-Pregnane-3o,15d,20f -triol

Isolated from the Glucosiduronate Fraction of Prggpancy Urine

Specific Activity (dpm 3H/mgx103)

Crystallization Crystals 3H/14C Mother Liquor 3H/14C

5-Pregnane-3v ,15«,20p-triacetate*

1 25.4 20.3 124.0  105,0
2 17.7 14.5 512 41,0
3 16.3 12.8 25.0 20.5
4 15.5 12,5 16.4 13.0

*An aliquot of XB containing 4,60x10% dpm was acetylated with
-acetic anhydride, Batch No. 4, and the product mixed with

35.0 mg of carrier Sd-pregnane-Sd,15«,20P-triacetate. This

mixture was then chromatographed on a small alumina column

prior to crystallization.

this table the structure Sd-pregnane-Sq,15d,20P-triol was assi=-

gned to the metabolite in zone XB. The specific activity of

this metabolite was calculated to be 8,.68x103 dpm/pg. The

material in zone XA was not identified,
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Experiment C-4. Metabolism of 15X -Hydroxyprogesterone by the

Normal Female

A normal 24-year old subject in the luteal phase of the
menstrual cycle was injected intravenously with 3,72x106 dpm
of (4-140)-lsd-hydroxyprogesterone contained in 10.2 pg. Urine
was collected for five days and the urinary conjugates hydro-
lyzed to give a sulfate and a glucosiduronate fraction as pre-
viously described. Table 52 shows the radioactivity in the
crude urine and the sulfate and glucosiduronate extracts of each
day. Since most of the radioactivity was present in the first
four days' urine only the extracts from this period were further
processed,

The combined sulfate fraction (248 mg, 1.78x10% dpm) was
chromatographed on a 50 g silica gel ‘column using increasing con-
centrations of ethanol in methylene chloride as previously des-
cribed and the plot of radioactivity eluted versus fraction num-
ber is shown in Figure 18. The mode of elution as well as the
weight and radioactivity in each pool are shown in Table 53,
Because of the small amounts of radioactivity present in these
pools and the unavailability of carrier steroids, only the resi-
due obtained from pool IV was identified in the sulfate fraction,

The residue of pool IV (18.0 mg and 3,35x104 dpm), Figure
18, Table 53, was chromatographed on one Whatman No. 3MM paper
in system A for 15 hours to give a single radioactive zone cor-
responding im mobility to 3P,15-dihydroxy-Bp-pregnan-20-one (3.2

mg and 2.50x10% dpm) and it was eluted and chromatographed on a



TABLE 52

Radioactivity in the Urine and Conjugates Excreted as Sulfates and Glucosiduronates

After the Injection of 6-14C)-lsd-ﬂydroxxp:ogesterone to a Normal Female

Crude Urine % of Injec=- % of Injec~ Glucosidu- % of Injected

Day (dpm) ted Dose Sulfates ted Dose ronates Dose

1 1.42x106 38.4 1.26x10° 3.4 1.20x106 32,2

2 7.00x10° 18,8 3,17x10% 0.9 6,18x10° 16.6
2.70x105 7.3 1.23x10% 0.3 2.36x10° 6.4
9.20x104 2.5 7.00x103 0.2 8.02x10% 2,2
1.00x10* 0.3 - - 3.05x10° 0.1
2.49x10% 67.3 1.78x10° 4.8 2.14x100 57.6

*€st
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TABLE 53

Elution of Radiocactive Material after Chromatography of the

Sulfate Fraction of Noxmal Female Urine

EEEl Fraction No, Weight Radioactivity (dpm)
I 13-32 60.0 3.70x103
11 33-108 67,0 5.30x103
III 109-160 8.0 5.30x103
1V 161-182 18,0 3.35x104
\ 183-312 25,0 3.73x104
VI 313-345 11.8 3,45x103
VII 346-412 23,2 1.05x104
VIII 413-482 16.5 4.00x103
IX 483-548 12.0 1.55x104

small silica gel column to yield 0.8 mg of colorless 0il con-
taining 1.87x10% dpm, This material was acetylated with 3H-
acetic anhydride, Batch No, 5, and the product mixed with 28.0 mg
of carrier 3f,15-diacetoxy-5B-pregnan-20-one. The mixture was
chromatographed on a 3 g alumina column and the material eluted
with benzene-Skellysolve B (2:1) was crystallized, Constant
specific activity was achieved after the fourth crystallization
and again after NaBH4 reduction as shown in Table 54, From the
data shown in this table, the structure 3B,154-dihydroxy-5f-
pregnan-20-one could be assigned to the metabolite in pool IV,
The specific activity of this metabolite was calculated to be

3.06x105 dpm/pg.
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TABLE 54

Proof of Radiochemical Purity of SB,lsx-Dihydroxy-SP-pregnan-

20-one Isolated from the Sulfate Fraction of Normal Female

Urine
Specific Activity (dpm 3H/mg)

Crystallization  Crystals 3H/1l4c Mother Liguor 3H/l4c
3p,15d-Diacetoxy-5B~pregnan-20-one*

1 6200 12,1 47000 92.0
2 1760 3.5 13500 27.8
3 1400 2,8 4800 9.5
4 1380 2.7 | 1450 2.9

3},15d-Diacetoxy-BP-pregnan-ZOF-01

1 1370 2.7 1430 2.9
2 1410 2,7 1400 2.8
Calculated**

*The residue from pool IV containing 1.857xI0% dpm was acetyla-

ted with 3H-acetic anhydride, Batch No. 5, mixed with 28,0 mg

of carrier 3P,15#-diacetoxy-sp-pregnan-20-one and the diace-

tate purified on a small alumina column prior to crystallization.
**The fourth crystals and mother liquor were combined (10.5 mg)

and the mixture reduced with NaBH4. The product was chromato-

graphed on a small alumina column from which 8,0 mg of material

st eluted tontaining 1.12x104 dpm of 3H and 4.00x103 dpm of

C.

The combined glucosiduronate fraction (339 mg) was chroma-
tographed on a 60 g silica gel column using increasing concentra-
tions of ethanol in methylene chloride as previously described.
In Figure 19 is shown the pattern of elution of radioactivity

from the column., The mode of elution, the weight and radioactivi-

ty of each pool are shown in Table 55. Pools I, V and VI contained
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TABLE 55

Elution of Radioactive Material After Silica Gel Column Chroma-

tography of the Glucosiduronate Fraction of Normal Female‘Urine

Pool Fraction No, Weight (mg ) Radioactivity (dpm)
I 151-180 53.5 3.22x104
II 181-215 28.0 3.35x105
111 216-265 33.0 5.,07x105
IV 266-316 25,5 4.82x105
v 317-422 62.3 6.32x104
VI 423-485 15,4 1.17x105
VII 486-560 11.2 2.83x10°

radioactive material which could not be identified.

The residue of pool II (28.0 mg and 3.,35x10° dpm) was
chromatographed on two Whatman No. 3MM papers in system A for
10 hours to yield one main radioactive Zone corresponding in
mobility to 15¢-hydroxyprogesterone. The material eluted from
the papers weighed 9.2 mg and contained 2.75x10° dpm. It was
chromatographed on a single paper in system B for 5 days and
one peak of radioactivity was observed having the same mbbility
as 15%-hydroxyprogesterone. The material eluted (2.8 mg and
2.,38x10° dpm) was chromatographed on a small alumina column
and elution with 1.5% ethanol in benzene yielded 0.8 mg of resi-
due containing 2.10x10° dpm. An aliquot of this residue con-

taining 7.00x10% dpm was acetylated with 3H-acetic anhydride,
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Batch No, 5, and the product mixed with 50.5 mg of carrier 15¢-

acetoxyprogesterone. The mixture was chromatographed on a 6 g
alumina column and the material eluted with benzene-Skellysolve
B (4:1) was crystallized. Constant specific activity was athie-
ved after the fourth Crystallization and again after NaBH4 reduc-
tion and DDQ oxidation of the acetate as shown in Table 56. The
specific activity of the urinary 15%-hydroxyprogesterone was cal-

culated to be 3,31x10° dpm/ng.

TABLE 56

Proof of Radioghemical Purity of ISNLHydroxypqggesterone Isolated

Exom the Glucosiduronate Fraction of Normal Female Urine

Specific Activity (dpm 3H/ng)

Crystallization Crystals 3u/l4c Mother Liquor 3H/14cC
15%-Acetoxyprogesterone®
1 14100 10,0 34200 25.0
2 3020 2.2 25500 18.5
3 1900 1.3 7200 5.1
4 1850 1.3 1930 1.4

1S¥-Acetoxy-20F-hydroxypregn-4-en-3-one

1 1510 1.2 1680 1.4
2 1490 1,2 1540 1.3
Calculated** 1550

*An aliquot of II containing 7.00x103 dpm was acetylated with 3H-
acetic anhydride, Batch No. 5, and the product was mixed with
50.0 mg of carrier 15(-acetoxyprogesterone. The mixture was chro-
matographed on a small alumina column prior to crystallization.

**The fourth crystals and mother liquor were combined (21.0 mg) and
the mixture reduced with NaBH4 and then oxidized with the DDQ re-
agent, The product was chromatographed on a small alumina column
to yield 14,5 mg of oily material containing 2.25x104 dpm of 3H
and 1.88x104 dpm of 1l4cC, y
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Chromatography of the residue of pool III, Figure 19,
Table 55, on two Whatman No. 3MM papers in system A for 24 hours
afforded one radioactive zone corresponding in mobility to
3¥,15%-dihydroxy-5«-pregnan~20~one. The material eluted (11,5
mg and 4,25x107 dpm) was chromatographed on a single paper in
system L for 8 hours and again one major peak of radioactivity
was observed having the same mobility as 3%¢,15¢-dihydroxy-5%-
pregnan-20-one. The eluate (4.5 mg and 3.72x10° dpm) was chro-
matographed on a small silica gel column and elution with 3%
ethanol in methylene chloride afforded 2.5 mg of yellow oil con-

taining 3.25x10S

dpm. An aliquot of this material containing 6,50x1
dpm was acetylated with 3H-acetic anhydride, Batch No. 5, and the
product was mixed with 31.0 mg of earrier 3o, 15X¥-diacetoxy-5«=
pregnan~20~-one. After chromatography on a small alumina column
the diacetate eluted with benzene-Skellysolve B (l:1) was CTyS=
tallized to constant specific activity and the process of crys-
tallization was repeated after NaBHy reduction as shown in Table
57. From the data shown in this table it was possible to assign
the structure of 3%,150t-dihydroxy-5%-pregnan-20-one to the meta-
bolite in pool III, The specific activity of this metabolite
was calculated to be 3,45x10° dpm/pg.

The residue of pool IV, Figure 19, Table 55, was chroma-
tographed on three papers in system A for 24 hours and one major
radioactive zone having the same mobility as 3o, 15«~-dihydroxy-5p -
pregnan-20-one was obtained. The material eluted (5.2 mg and 3.82
x10° dpm) was chromatographed on a small silica gel column and

elution with 4% ethanol in methylene chloride afforded 2.8 mg of
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TABLE 57

Proof of Radiochemical Purity of Sd,15d-Dihydroxy-S«spregnan-

20-one Isolated from the Glucosiduronate Fraction of Normal

Female Urine

Speciffi€ Activity (dpm 3H/mg)

Crystallization Crystals 34/14c Mother Liguor 3H/1l4cC

3d,15d-Diacetoxy~5d-pregnan-20-one*

1 119400 11.2 68400 38.0
2 7700 4.5 45500 26,0
3 4730 2.8 20900 12.3
4 4340 2,6 4670 2.7

3«4,15¥-Diacetoxy~-5%-pregnan-20B-ol

1 4060 2.4 4880 2.8
2 4090 2.4 4190 2.4
Calculated** 4200

*An aliquot of III containing 6,50x10% dpm was acetylated With
SH-acetic anhydride, Batch No. 5, mixed with 31.0 mg of car-
rier 39,15 -diacetoxy-5&-pregnan-20-one, and the mixture chro-
matographed on an alumina column prior to crystallization

**The fourth crystals and mother liquor were combined (11.5 mg)
and the mixture reduced with NaBH4. The product was then
chromatographed on a small alumina column from which 9,3 mg
of matsrial was eluted containing 3,91x104 dpm of 3H and

1.63x10% dpm of l4c.

residue containing 3,52x10° dpm, An aliquot of this residue
containing 7.04x104 dpm was acetylated with 3H-acetic anhydride,
Batch No. 5, and the product was mixed with 50.2 mg of carrier
3«,15X-diacetoxy-5p~pregnan-20-one. The mixture was chromato-

graphed on a 6 g alumina column and the material eluted with

benzene-Skellysolve B (1:1) was crystallized, Constant specific
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activity was achieved after the fourth crystallization and again

after NaBH; reduction of the diacetate as shown in Table 538,

TABLE 58
St —

Proof of Radiochemical Purity of sq,15d-Dihydroxy-SP-pregnan-

20-one Isolated from the Glucosiduronate Fraction of Normal Fe-

male Urine

Specific Activity (dpm 3H/mg)

Crystallization Crystals  3h/l4c Mother Liquor 3H/l4c

3d,15«-Diacetoxy-5B-pregnan-20-one*

1 10400 9.5 52500 43.0
2 3460 3.2 23500 21,0
3 2810 2.6 11800 10.3
4 2780 2.5 3000 2,6

3o,15«-Diacetoxy-5B-pregnan-20f-o0l

1 2530 2.3 2880 2.5
2 2560 2.4 2690 2.4
Calculated*~* 2700

*An aliquot of IV containing 7.04x104 dpm was acetylated with
3H-acetic anhydride, Batch No. 5. The product was mixed with
50.2 mg of carrier 3«d,15d~diacetoxy-5Bp-pregnan-20-one and the
mixture was chromatographed on a small alumina column prior to
crystallization,

**The fourth crystals and mother liquor were combined (21.5 ng)
and the mixture reduced with NaBH4. The product was chromato~
graphed on a small alumina column from which 16.3 mg of mater-
ial was eluted containing 4,20x104 dpm of 3H and 1.76x10% dpm

of léc,
From the data shown in this table it was possible to assign the
structure 3«,15d-dihydroxy-5B-pregnan-20-one to the metabolite

in pool IV, The specific activity of this metabolite was calcu-
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lated to be 3.52x106 dpm/pg.

Further purification of the residue of pool VII, Figure 19,
Table 55, was accomplished by chromatography on one paper in
system A for 8 days. Two major zones of radioactivity, VIIA
and VIIB, were obtained at average distances of 8.3 and 22.0 cm,
respectively. Zone VIIB corresponded in mobility to 5¢-pregnane-
3d.15d,20p-triol and it was eluted to give a residue which weighed
5.1 mg and contained 1,55x10° dpm. Chromatography of this resi-
due on paper in system L for 30 hours afforded one radioactive
zone with the mobility of Sd-pregnane-sd,lsw,ZOP-triol. The
material eluted (3.7 mg and 1.40x105 dpm) was further purified
by chromatography on a small silica gel column. Elution with 10%
ethanol in methylene chloride gave 1.8 mg of an 0ily residue con-
taining 1.22x10% dpm. An aliquot of this residue containing
4.08x104 dpm was acetylated with 3H-acetic anhydride, Batch No.
5, and the product was mixed with 41.2 mg of carrier triacetate.
The mixture was chromatographed on a small alumina column and
the material eluted with benzene-Skellysolve B (2:3) was crystal-
lized to constant specific activity as shown in Table 59,

From the data shown in this table, the structure 5«{-pregnane-
3%, 15«,20B~triol could be assigned to the metabolite in zone VIIB.
The specific activity of this metabolite was calculated to be

3.35x10° dpm/pg. The material in zone VIIA was not identified.
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TABLE 59

Proof of Radiochemical Purity of SN-Pregnane-Sd;ISQQZOP-triol

Isolated from the Glucosiduronate Fraction of Normal Female

Urine
L

Specific Activity (dpm 3H/mg)
Crystallization Crystals 3Hy1l4c Mother Liquor 3H/1l4c

5¢-Pregnane-3of, 15«,20B-triacetate*

1 9200 13,0 53000 70.5
2 4480 6.5 20400 28.5
3 2660 3.8 12800 18,0
4 2660 3.7 2650 3.8

*An aliquot of VIIB containing 4,08x104 dpm was acetylated with
3H-acetic anhydride, Batch No. 5. The product was mixed with
41.2 mg of carrier 5¥-pregnane-3w,15%,20B-triacetate and the

mixture chromatographed on a small alumina column prior to crys-
tallization,
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DISCUSSION

In planning these studies it was immediately evident
that a facile method had to be developed for the preparation
of labeled 15%-hydroxysteroids to be used as precursors. The
ability of certain micro-organisms to introduce hydroxyl groups
into the steroid molecule is well known (2). Hence, Penicillium
(ATCC 11598}, generously provided by Dr., P.A. Diassi, was used
to effect the conversion of labeled precursors to the 15d-
hydroxylated products. Labeled 15d-hydroxyprogesterone and 154~
hydroxyandrostenedione were thus prepared in good yield and with
a high degree of purity. The same method was also used to pre-
pare large amounts of non-labeled 15%hydroxyprogesterone. When
these studies were initiated, the first batch of (7-3H)-15¢-
hydroxyprogesterone was prepared for us through the courtesy

of Dr, P,A, Diassi who used the micro-organism Colletotrichunm

linicola. Thereafter the labeled 15¢-hydroxysteroids were pre-

pared in our own laboratory. The specific activities of the
labeled 15-hydroxysteroids were accurately determined by ace-
tylation of an aliquot of the purified steroid with acetic an-
hydride of known specific activity containing a different label,
followed by addition of the appropriate carrier acetate and
crystallization to constant 3H/14C ratio. The crystallization
procedure wes then repeated after the formation of a derivative.
Not many urinary steroids retaining the M -3.ketone group

have been isolated. Steroids such as cortisol (47) and aldos-
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sterone (48) are excreted into the urine in small quantities,
There are two steroids, 6p-hydroxycortisol (49) and 16%-hy-
droxyprogesterone (40) which are present in the urine in some-
what higher concentrations.

The difficulty in the isolation of a stéroid present in
the urine in very small amounts is due to bulky extracts which
have to be processed because large volumes of urine have to be
used to obtain the quantities sufficient for chemical identi-
fication, This difficulty was in part circumvented in these
studies, because very small amounts of 15d-hydroxyprogesterone,
15(-hydroxyandrostenedione and 15&-hydroxytestosterone were
detected in relatively small pools of urine by the use of the
isotope dilution prodedure (43). In this procedure small amounts
of the labeled steroid of known specific activity were added to
the urine prior to the hydrolysis of the urinary steroid conju-
gates and the extraction of the resulting unconjugated steroids
with ethyl acetate. The neutral extract thus obtained was chro-
matographed first on a large silica gel column on which the
fraction containing the radioactive material was separated from
the bulk of urinary steroids and this fraction was further puri-
fied by paper chromatography. The purified extract containing
the radioactive material was acetylated with acetic anhydride
of known specific activity containing a second label (3H or
14c). After the addition of carrier acetate, the mixture was

crystallized to constant specific activity and constant 3H/14C

ratios and the crystallization procedure was repeated fol-

lowing the formation of an appropriate derivative. From the
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final 3H/14C ratio and the amount of radioactivity originally
added to the urine it was possible to calculate the amount of
the steroid excreted in the urine.

This method facilitated the detection of small amounts
of stewroids in the urine since in every chromatographic step
the radioactivity was easily followed by counting of fractions
from column chromatograms or by scanning paper. Moreover, since
the labeled steroid added to the urine was mixed with the ex-
creted urinary steroid, losses occurring during purification

could be corrected and quantitative results were obtained., How-

ever, possible losses due to the degree and specificity of the

hydrolytic procedure msed are not corrected for by this method.
In initial experimehts, Glusulase (a mixture of P-glucuronidase
and sulfatase) was used for the hydrolysis of the urinary steroid
conjugates. Following the injection of (4~14C)—15¢-hydroxy-
progesterone to a pregnant female, 15o{-hydroxyprogesterone was
found only in the glucosiduronate fraction and not in the sul-
fate fraction of the urine, Hence, in some isolation studies
only P-glucuronidase was used for the hydrolysis of the urinary
steroid conjugates, However, other conjugated forms of urinary
15&/-hydroxyprogesterone cannot be excluded., Optimal quantitation
can only be achieved if the labeled steroid is added to the

urine in the form of the conjugate(s) excreted.

The addition to the urine of a known amount of the labeled
steroid is a critical step in this quantitative procedure since
an error in this figure would lead to inaccuracies in the final
calculation. In every experiment, an aliquot of the »adioactive

material was added to the urine and at the same time two to four
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aliquots of the material were taken for counting. In all
cases, the aliquots counted did not differ more than 2%. Thus,
the error of Pipetting the radioactive material to the urine
was always less than 2%. It should also be mentioned that fol-
lowing hydrolysis the urinary steroids were extracted with
ethyl acetate which was then washed with 0.5N NaOH to remove
pigments and phenolic steroids. The 15¢/-hydroxylated steroids
were stable to alkali of this normality because no breakdown
products were observed when. labeled 15d-hydroxylated steroids
were added to the urine and the heutral extract was prepared

in this manner.

In the first study discussed, 110 pg of crystalline 15d-
hydroXy p rogesterone was isolated from a l4~day urine pool ob-
tained from a subject in the third trimester of pregnancy and
it was identified by its mp, mmp and infrared spectrum. In
all the other isolation studies the isotope dilution technique
was used to quantitate the amount of this steroid excreted in
the urine.

Having isolated crystalline,lSd-hydroxyprogesterone from
late pregnancy urine, we then proceeded to quantitate the amount
of this steroid excreted in a large number of urine pools ob-
tained from subjects with a variety of endocrine status. The
urines from the following subjects were analyzed: Normal fe-
males in the follicular and luteal phases of the menstrual
cycle, females in the first, second and third trimester of preg-

hancy, patients with Cushing's syndrome, one patient with con-
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genital adrenal hyperplasia having a C-21 block but no salt
loss, and newborn infants. The excretion of 15d-hydroxypro-

gesterone in the urine of these subjects is shown in Table 60.

TABLE 60

Excretion of Urinary 15-Hydroxyprogesterone

pg/day
Pregnancy
3rd trimester (2)* 28-34
2nd trimester (2) 5-6
Ist trimester (2) 0-3
Normal female, follicular phase (2) 0
Normal female, luteal phase (2) ’ 0
Cushing's Syndrome (2) | 1-2
Congenital Adrenal Hyperplasia (1) 0
Newborn infants (1) 0.6

*Numbers in parentheses denote the number of determinations
performed.

The striking feature of the results shown in this table is

that 15d-hydroxyprogesterone was isolated in significant amounts
only from the urine of subjects in the second and third trimester
of pregnancy. Small amounts of 15« -hydroxyprogesterone (5-6

pg/day) were isolated from the urine of subjects in the second
trimester of pregnancy and the largest amounts (28-34 pg/day)
were isolated from late pregnancy urine. Insignificant amounts

of 15{-hydroxyprogesterone were isolated from the urine of
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normal females, subjects with Cushing's syndrome, the subjecf
with congenital adrenal hyperplasia and newborn infants. Fronm
the urine of one subject in the 13th week of gestation ver&
sméll amounts (3 pg/day) of 15d-hydroxyprogesterone were isola-
ted, but this steroid could not be detected in the urine of
a subject in the 8th week of gestation. These results demon-
strate that 15«-hydroxyprogesterone is present in the urine
after the 8th week of pregnancy and reaches maximal values in
late pregnancy. These results are consistent with the published
data for the isolation of 15¢-hydroxylated estrogens which are
excreted in late pregnancy urine but were not found in the
urine of normal females and of pregnant females in the second
trimester of pregnancy (20). Since very little, if any, 15d-
hydroxyprogesterone was detected in the urine of newborn in-
fants, the placenta as well as fetal tissues may be involved
in the formation of this steroid. It is worthwhile to mention
that although 15« -hydroxyprogesterone was not found in the ur-
ine of the patient with congenital adrenal hyperplasia, rela-
tively large amounts of 16ol-hydroxyprogesterone were isolated
in this study. This is the first time that 16d-hydroxyproges-
terone has been isolated from the urine of such subjects.
Following the perfusion of mid-term previable human fetuses
with labeled testosterone and androstenedione, Mancuso et al
(25) isolated 15¢-hydroxyestradiol from the fetal liver, but
15-hydroxyandrostenedione or 15«(~-hydroxytestosterone could not

be detected. When the mid-ternm previable human fetus was per-
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1

fused with 14C—progesterone (17), 15d-hydroxyprogesterone could
not be found in all of the fetal tissues examined. The find-
ing that 15d«-hydroxyprogesterone is present in:late pregnancy
urine prompted the next studies which were to isolate 15&-hy-
droxyandrostenedione and 15¢-hydroxytestosterone from this
source. In two such studies we isolated very small amounts
(4-5 pg/day) of 15el-hydroxyandrostenedione and much larger
amounts (30 Pg/day) of 15d-hydroxytestosterone. The presence
of these steroids in late pregnancy urine raise the possibility
that they may be important precursors of the 15d-hydroxylated
estrogens found in the urine of pregnant women during the 1late
stages of gestation. This was borne out by the findings of
Stern, Givner and Solomon (26) when they showed that 15d-hy-
droxyandrostenedione incubated with the 10,000 x £ supernatant
fraction of human placental tissue was converted mainly to

15« -hydroxyestradiol (30-40%) and to a much smaller extent
(0.2-0.3%) to 15c-hydroxytestosterone. No 15¢{-hydroxyestrone
was isolated in these studies. This latter finding may explain
why only very small amounts of 15-hydroxyandrostenedione and
much larger amounts of 15d-hyd}oxytestosterone were found in
late pregnancy urine and suggests that 17B-hydroxysteroid de-
hydrogenase activity present in the placenta may convert 15d-
hydroxyandrostenedione to 15«~hydroxytestosterone. Further
evidence supporting the possibility that neutral steroids may
serve as important precursors of the 15{-hydroxylated estrogens

was provided by Gurpide et al (11) who showed that dehydroiso-
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androsterone sulfate was converted (to a small extent) to
15o{-hydroxyestriol and the results of Younglai and Solomon
(27) who isolated radioactive 15&-hydroxyestriol from the
urine following the intravenous injection of labeled dehydro-
isoandrosterone sulfate and 16&-hydroxydehydroisoandrosterone
sulfate to a female in the third trimester of pregnancy.

The isolation of 150-hydroxyprogesterone from late preg-
nancy urine and the failure to detect it in the urine of non-
pregnant subjects suggest that this steroid is elaborated in
the fetoplacental unit. 1In view of the large amounts of pro-
gesterone produced during pregnancy, it seemed reasonable to
suppose that circulating progesterone could serve as a precur-
sor of urinary 15d-hydroxyprogesterone. In order to obtain
information as to whether this conversion occurs in the feto-
placental unit or in the mother, or both, an experimental de-
sign was employed which was similar to that used by Gurpide et
al (11) for their study on the origin of 156{-hydroxyestriol.
With the collaboraticn of Dr. J. Bowman, Rh Laboratory, Win-
nip;g, Manitoba, three such studies were performed. In two
studies, 3H-progesterone was injected intq the peritoneal cavity
of the fetus at the time of amniocentesis and at the same time
14C-progesterone was injected into an antecubital vein of the
mother. Urine was collected for five days following the in-
jections of the labeled precursors and 15¢{-hydroxyprogesterone
containing 3H and negligible amounts of 14C was isolated from

the glucosiduronate fraction of the urine. The minimum con-
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version of the injected 3H-progesterone to urinary 15d-hydroxy-
progesterone was 0.014%. This indicated that the conversion

of progesterone to 15d-hydroxyprogesterone occurred in the feto-
placental unit. 1In the third study, 3H-progesterone was again
administered into the peritoneal cavity of the fetus and a small
amount (9,000 dpm) of 14C-15°(-hydroxyprogesterone was injected
intravenously in the mother. Again urine was collected for five
days following the injections and 158-hydroxyprogesterone con-
taining both 3H and 14C with a 3H/1l4C dpm ratio of 0.42 was iso-

lated from the glucosiduronate fraction of the urine. The accuracy

of counting 3H and 14C with low 3H/14C ratio was checked by
counting standards separately and in mixtures with a dpm ratio of
approximately 0.4. Under these conditions the accuracy of
counting 3H and 14C was about 5%. Using the final 3H/14C ratio
of the isolated 15&-hydroxyprogesterone and the injected doses
of 3H-progesterone and (4-14C)-15Q-hydroxyprogesterone, it was
calculated that the conversion of 3H-progesterone to 150/-hydroxy-
progesterone was 0,.076%.

These results are similar to those obtained by Gurpide
et al (11) who injected 3H-estradiol into the fetus and l4c-
estradiol in the mother and found that the isolated 150/-hydroxy-
estriol contained only 3H. These authors conciuded that 150f-
hydroxyestriol is elaborated in the fetus. Our studies also
indicate that 15X-hydroxyprogesterone is of fetoplacental origin
and that very little, if any, 15%-hydroxyprogesterone is made

by the maternal tissues. Schneider (22) regarded 150(- and 15}-
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hydroxylations as primitive reactions in an evolutionary sense
because he could not demonstrate such hydroxylations in mamma-
lian tissues but showed that deoxycorticosterone was converted
to 1594- and 15B-hydroxydeoxycorticosterone after incubation of
the substrate with liver slices of the American bullfrog. How-
ever in recent years it has been demonstrated that the adult
human adrenal ( 7) and the human fetal liver (8 ) can 15¢-
hydroxylate estrogens and a number of 15 - and 15 -hydroxylated
estrogens has been isolated from human late pregnancy urine
(9-15) . Moreover, in the studies reported in this thesis, 15«-
hydroxyprogesterone, 15¢{-hydroxyandrostenedione and 15(-hydroxy-
testosterone were isolated from human late pregnancy urine and
it was also demonstrated that progesterone was converted to 15o-
hydroxyprogesterone in the human fetoplacental unit. From these
findings it is clear that 15-hydroxylation of steroids is not
confined to the lower species.

Having determined that 15¢-hydroxyprogesterone was present
in late pregnancy urine and formed in the fetoplacental unit,
we then turned our attention to the in vivo metabolism of this
interesting steroid. Since 15e-hydroxylated neutral steroids
could not be obtained commercially, or from other investigators,
the first two experiments were designed to isolate sufficient
weight in the urinary metabolites of 15¢{-hydroxyprogesterone for
the purpose of their identification. In these two experiments,
the urinary steroid conjugates were hydrolyzed with Glusulase.
Except for a few modifications, the methods used for the isola-

tion of the urinary metabolites were the same as those described
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by Ruse and Soiomon (50) and they proved to be quité.effeétive
in these experiments. Since no standards were available for
comparison, the structures of the metabolites were established
by well accepted methods employing various physical methods of
analysis such as infrared spectroscopy, mp determinations,
nuclear magnetic résonance spectroscopy, mass spectroécopy and
optical rotation studies. A combination of théselphysical
procedures provided unequivocal proof of the identity of the
urinarf metabolites as the free stéroids and as the acefgtes.
Generally, the following procedure was employed in the
identification of the metabolites of lSa-hydrbxyprégeSterone :
The metabolite was isolated in a crystalline form and was sub-
jected to infrared analysis. The iﬁfrared_spectrum gffordedv_
inforﬁation with regard ?o the presence of hydroxyl groups,
ketonic groups and the retention or reduction'of the A%4-3-
keto group. An aliquot of the metabolite was acetylated with
1ab§1ed acetic anhydride and the specific activity of the acetate
wés determined. From this specific activity it was poséibie to
calculate the number of acylable hydroxyl groups. Infrared
spectroscopy studies on the acetate gave information whether
the metabolite contained non—aéYlable'(hindered) hydroxyl groups.
None of the metabolites isolated in these studies had hindered
hydroxyl_groups. At this stage aliquots of the free and the
acetylated metabolite were sent to Dr. L. Durham for nuclear_
magnetic resonance and mass spectroscopy studies from which

final identification was achieved.

When the metabolite contained a 20~hydroxyl group, the
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information obtained from nuclear magnetic resonance studies

was not conclusive for the assignment of the configuration of

the hydroxyl group at the C20 position. Two such metabolites
were isolated, namely, 5o-pregnane-3o{,154,20-triol and 5B -preg-
nane—3&{,15,20-triol. When an aliquot of 30{, 15(-diacetoxy-50-
pregnan-20-one was reduced with NaBH4 and the product acetylated,
the resulting material had an infrared spectrum almost identical
to that of Sderegnane—nglswy20-triacetate (see Figure 11, page
117). It is very possible that the small differences observed

in the infrared spectra of these two compounds are due to the
presence of impurities since only small amounts of the triol were
isolated and the material could only be crystallized once. Since
it is known that NaBH4 reduction of a 20-ketone favours formation
of the 20B-hydroxyl, the information obtained above suggested
that the isolated metabolite was a 20B-alcohol. To study the
effect of the 15-hydroxyl group on the NaBH4 reduction of the
20-ketone, an aliquot of 15&-acetoxyprogesterone was reduced with
NaBH4 followed by oxidation with DDQ and a second ;liquot was in-
cubated with 2_0F-hydroxysteroid dehydrogenase. The products ob-
tained by reduction with NaBH, followed by DDQ oxidation and by
the enzymatic reduction had identical infrared spectra and

the same mp and mixed mp on admixture. It was therefore con-
Ccluded that NaBH, reduction of a 150f-hydroxy-20-ketosteroid
results in the formation of the 20R-alcohol. Further in-
formation on the configuration of the 20-hydroxyl in the iso-
lated triol was obtained by optical rotation studies. Fieser

and Fieser (46) summarized the Mp data for nineteen pairs of 20-

epimers in the pregnane series and pointed out that the shift
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in Mp on acetylation is positive for 20?-015 and negative for 20a-
als. Table 40, page 122, shows the shift in Mp on acetylation

of 20¥-dihydroprogesterone and 20P-dihydroprogesterone. The
same correlation reported by Fieser and Fieser was observed

in that the AMp for the 20X-epimer was slightly negative (-40)
while the AMp for the 20B-epimer was positive (+212°). When
an aliquot of l5«f-acetoxyprogesterone was reduced with NaBHy
the resulting 20-alcohol and its acetate had a AMp of +179

as shown in Table 40. These observations provide further sup-
porting evidence that NaBH4 reduction of 15&-hydroxy-20-keto-
steroids results in the formation of the 20B-alcohols. Thus
the structure Sd-pregnane-SQ,15«,20P~tri01 was assigned to the
isolated metabolite.

The second metabolite isolated, which had the Co20 ketone
reduced, was 5p-pregnane-3«,154,20-triol. Again the information
obtained from nuclear magnetic resonance studies did not permit
the assignment of the configuration of the 20-hydroxyl group,
When an aliquot of the isolated 3,15« ~dihydroxy-5B-pregnan-20-
one was reduced with NaBH4, the product obtained after reduction
had an infrared spectrum (KBr) almost identical to that of the
isolated triol (see Figure 14, pagel34). The infrared spectra
(CS2) of the triacetate of the isolated triol and the triacetate
formed after NaBH; reduction of 3“,15d-dihydroxy-5F-pregnan—ZO—
one were again almost identical (see Figure 15, page 135). It is
very possible that the small differences observed in the infra-
red spectra of these two compounds are due to the presence of

impurities since only small amounts of the triol were isolated
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and the material could only be crystallized once. Since it
was established that NaBH4 reduction of 15f-hydroxy-20-keto-
steroids results in the formation of 20P -alcohols, the struc-
ture 5P -pregnane-3«,15d,20P-triol was assigned to the isolated
metabolite.

Following the oral ingestion of 800 mg of 15-hydroxy-
progesterone and the simultaneous intravenous injection of the
labeled steroid to a normal male, it was possible to isolate
and identify four metabolites which are listed in Table 61.

These are 15¢-hydroxyprogesterone, 3o,154¢-dihydroxy-54-pregnan-
20-one, 3d,154-dihydroxy-5P-pregnan-20-one and 5d-pregnane-
Sd,l&x,zoﬁ-triol. This table shews the specific activities of
the isolated metabolites and the amounts isolated expressed

as a percentage of the injected radioactivity. All of these
metabolites have not hitherto been described as urinary steroids.
Although the specific activities of the various metabolites were
different, they were all of the same order of magnitude. However
no meaningful explanation can be offerred for these differences
because of the large load of orally administered steroid and
because of the possibility that absorption across the intestine
was not uniform with time.

The second experiment in this series was designed to con-
firm the results obtained in the first study, and also to isolate
larger amounts of the urinary metabolites for use as carriers
in the identification of the urinary metabolites of (4-14C)-

15o-hydroxyprogesterone described in Experiments C-3 and C-4.
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TABLE 61

Specific Activities of Metabolites Isolated from Normal Male

Urine after the Injection of (7-3H)-lsd-ﬂydroxxprogesterone

and the Oral Ingestion of 800 mg of Carrier Steroid

Specific % Of Injected
Activity Radioactivity*

Metabolite gdgmgmg!

15%-Hydroxyprogesterone 1.08x10° 12,9
3,154 -Dihydroxy-5%-pregnan-20-one 1.42x10° 8.7
34,154 ~-Dihydroxy-5p -pregnan-20-one 7.90x104 7.9
54 -Pregnane-3 ,15¢,20p~triol | 1.96x10° 1.4

*These values were computed from the specific activities and

weights of the crystalline metabolites and the radioactivity
injected.

In this study, each of four normal males were given an oral

.dose of abogt 800 mg of 159-hydroxyprogesterone but no label-

ed steroid was injected intravenously. The urinary metaboli-
tes isolated in this experiment are listed in Table 62 The
first four metabolites isolated in this experiment were also
isolated in the first study. However, in this experiment two
additional metabolites, namely Sﬁ,15d-dihydroxy-5ﬁ-pregnan-
20-one and 5P -pregnane-3«,15«,20B-triol were isolated and
identified. The triol was also isolated in the first study
but in too small an amount to permit its identification, whilé
SP,lsd-dihydroxy-SP-pregnanézo-éne was not isolated in the
first experiment,

The two studies described above provided information

on the metabolism of 150-hydroxyprogesterone given orally to
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TABLE 62

-Metabolites Isolated from the Urine of Four Normal Males Fol-

lowing the Oral Ingestion of a Total of 3.26 g of 15d-Hydroxy-

progesterone

Weight of Crys-
talline Material

Metabolite : Isolated (mg) mE'g°C!
15&¢-Hydroxyprogesterone 145 230-232
3,15 -Dihydroxy-5«-pregnan-20-one 179 175-177
3d,15(~-Dihydroxy~-5p~-pregnan-20-one 402 208-210
5{-Pregnane-3d,15%,20P-triol 9 211-214
5B -Pregnane-3«, 150, 20B-triol* 18.5 -

SF,ISG-Dihydroxy-Sﬁ-pregnan-20-one 45 193-195

*This metabolite could not be crystallized. The weight repor-
ted is the weight of the purified residue.

normal males and also permitted the isolation of large amounts
of these metabolites which could be used as standards for the
study of the metabolism of tracer doses of (4-14C)-150-hydroxy-
progesterone administered intravenously to a pregnant female
and to a non-pregnant female. In these latter studies, the
urinary steroid conjugates were cleaved first by solvolysis and
then by P-glucuronidase hydrolysis, It is therefore possible
that the glucosiduronate fraction contained some metabolites
which were excreted in the urine conjugated with both sulfuric
and glucosiduronic acids. It is interesting to note that in
both experiments the excretion of radioactivity in the 4-day urine

collection was more than 65%., Of this amount, over 50% was
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present in the urine of the first day in the case of the non-
pregnant female, and about 95% was present in the urine of
the first day in the case of the pregnant female, These results
indicate that the urinary metabolites of the injected 150¢-
hydroxyprogesterone were cleared rapidly. 1In both studies most
of the radioactivity was found in the glucosiduronate fraction
and a small percentage of the injected dose was found in the
sulfate fraction of the urine. Since only minute amounts of the
metabolites were isolated in these studies, their identification
and the determination of their specific activities was accomplish-
ed by the isotope dilution procedure. The purified metabolite
containing 14¢ was acetylated with tritium labeled acetic anhy-
dride of known specific activity and the acetylation product mixed
with the appropriate carrier acetate. These acetates were pre-
pared by acetylation of the metabolites isolated in Experiment
C-2, The mixture was then crystallized to constant specific
activities and constant 3H/14C ratios and the same procedure
was repeated following the formation of a derivaiive. Using
the final 3H/MC ratio, it was possible to calculate the amount
of the metabolite isolated.

With the exception of SB-pregnane-SN,15«,20F—triol, all
of the metabolites isolated from the urine of the normal male
given the steroid per os were present in the urine of the preg-
nant female who was given an intravenous injection of (4-14C)-
15¢-hydroxyprogesterone (specific activity 3,66x10° dpm/pg,
contained in 13.4 pg). In this experiment, 3B,15{-dihydroxy-

5p-pregnan-20-one was isolated from the sulfate fraction and
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15d-hydroxyprogesterone, 3¢,15el-dihydroxy-5X-pregnan-20-one,
3d,15¢ ~-dihydroxy-Sp-pregnan-20-one and 5¢-pregnane~3«, 15¢, 20B-
triol were isolated from the glucosiduronate fraction of the
urine, As shown in Table 63, the specific activities of the
isolated metabolites were from 25 to 45 times lower than that
of the injected 15«¢-Lydroxyprogesterone demonstrating that all
these steroids are normal constituents of human late pregnancy
urine. In addition, the specific activities of all the meta-
bolites were very similar with the exception of 15€-hydroxy-
progesterone which had a higher specific activity., These re-
sults suggest that the metabolites of 15«-hydroxyprogesterone
may in part be derived from precursors other than 156{-hydroxy-
progesterone, such as 15d-hydroxypregnenolone, It is also
possible that the lower specific activities of these metabolites
may be due to differences in the metabolism of lsd-hydroxypro-
gesterone in the fetal and maternal compartments and different
rates of transplacental passage of the metabolites from the fe-
tal to the maternal circulation. Assuming that urinary 15¢-
hydroxyprogesterone is a unique metabolite of endogenous 15¢-
hydroxyprogesterone, the production rate of this steroid was

calculated to be 79 Pg/day using the well known expression for
a single compartment:
Production rate = Radioactivity Injected

Specific activity of urinary steroid x
days of urine collection

It is interesting to note that the major metabolites of
15d-hydroxyprogesterone are the two dihydroxy-ketones, namely,

36(, 15~-dihydroxy-56-pregnan-20-one and Sn(,lsx-dihydroxy-sp-
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TABLE 63

Metabolites Isolated from the Urine of a Pregnant Female After

Injection of (4-14C)-lsd-Hydroxyprogesterone*
Specific Activity

% Conver-
(dpm/Pg)Glucosi- sion of In-

Metabolite Sulfate duronate jected Dose
156{-Hydroxyprogesterone - 1.56x104 18.7
3/,15«-Dihydroxy-5¢~pregnan-

20-one - 7.90x103 2.9
3d,158-Dihydroxy~5B-pregnan- -

20-one - 9,70x10% 7.5
3f,154~-Dihydroxy-58-pregnan-

@0-one 8.66x103 - 1.0
5&/-Pregnane-3«,15%,20B-triol - 8.68x103 1.8

*The specific activity of the injected. #-1%C)-15&-hydroxypro-
gesterone was 3,66x105 dpm/pg. ,

-These metabolites were not isolated.
pregnan-20-one, while very small amounts of metabolites reduced
at C-20 were isolated. In addition, a large proportion of the
injected 156-hydroxyprogesterone was excreted in the urine un-
changed. These results suggest that the lsd-hydfoxyl group
inhibits the reduction of the 20-ketone and the Aﬁ-s-keto group
of the steroid nucleus. As shown in Table 63, some of the re-
duced metabolites of 159{~hydroxyprogesterone are 5&-steroids.
The over-all ratio of the 5& to 5P reduced metabolites was found
to be approximately 0.55.

Differences in the reduction of the A%-double bond to
the 5X and 5B forms in vivo which have been observed depend
upon the nature of the substituent groups, particularly at carbon

atoms 11 and 17. The in vivo catabolism of Cjg02 steroids, such



184.

as testosterone, androstenedione and dehydroisoandrosterone,
in humans leads to the formation and excretion of the major
urinary 17-ketosteroids with an overall ratio of 5¢/5p
redﬁced derivatives of approximately one to one (51). How-
ever, in vivo metabolism studies of adrenosterone, the Ci9-
steroid that possesses a ketone group at carbon 11, indicated
a ratio of 5¢- to SP-reduced metabolites of 5.3 (52). Brad-
low and Gallagher (53) studied the metabolism of 11B -hydroxy-
androstenedione in a patient with congenital adrenal hyperpla-
sia and found that the ratio of excreted 5A/SB metabolites
was 4.8. It appears, therefore, that the oXxygen substitution
at carbon 11 of the C190, steroids orients the reduction of
the g*-double bond to the 5of configuration.

The generalization has been made that 4&-3-keto C21-
steroids are primarily reduced in vivo in humans to the 5B
form (54). Verification of this rule was obtained in the stu-
dies on progesterone (55, 56), deoxycorticosterone (57), 21-
deoxycortisone (58), cortisone (59), cortisol (60), and 17of-
hydroxyprogesterone (61). Hirschmann et al (62) has commented
on the apparent preponderance of 5o{-metabolites in the urin-
ary 16%-hydroxylated, C21-steroids. That the 16d-hydroxyl group
in the C21-steroids influences the reduction in the A and B
rings in favour of the Sol-metabolites was demonstrated by Ruse
and Solomon (50) who found that the 5-urinary metabolites of

(4-14C)—16N—hydroxyprogesterone injected into a pregnant female
) were present in amounts greater than would be expected for ster-

oids of the C21 series. YoungLai and Solomon (63) studied the
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metabolism of 16A-hydroxydehydroisoandrosterone in a pregnant
female and in a normal male and found that the reduced urinary
metabolites of this steroid were present in a 5%/5B ratio of
approximately 1.0 and 3.7, respectively.

It seems, therefore, that the effect of the 15¢-hydroxyl
group on the reduction of the Aﬁ-S-keto group of C,;-steroids
is similar to the effect of the l6d-hydroxyl group in that'the
5d/5p ratio of the urinary metabolites is increased. A compari-
son of the effects of the 15¢- and 16X-hydroxyl substituents on
the reduction of the Af-s-keto and the 20~ketone groups of pro-
gesterone shows that both hydroxyl groups favour an increased
5(/58 ratio of the reduced urinary metabolites but that the 15¢-
hydroxyl group has a greater inhibitory effect on the reduction
of the £f~3-keto and the 20-ketone. In addition, reduction of
the 20-ketone of l6d-hydroxyprogesterone favours the 20d-alcohols
since only 200d-triols of l6k-hydroxyprogesterone were isolated
(40). On the other hand, the only Czg~reduced metabolites of
154-hydroxyprogesterone isolated in these studies were 5d-preg-
nane-Sd,lSd;Zop-triol and SP-pregnane-Sd,lsd,ZOP-triol.

A point of interest in these studies is that all the iso-
lated metabolites of 15(-hydroxyprogesterone contained the 15-
oxygen function. Calvin and Lieberman (64) demonstrated that
a major metabolite of 16—hydroxyprogesterone was isopregnano=-
lone, a metabolite resulting from the removal of the 16&-hydroxyl
group and the inversion of the 17B to the 17« side chain. The
same authors found that l6-dehydropregnanolone was derived from

16o-hydroxyprogesterone and they suggested that a 4&6 compound
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may be an intermediate in the formation of isopregnanolone.
In these studies, no evidence for the removal of the 15-oxygen
function of lsd-hydroxyprogesterone was obtained.

The urinary metabolites of (4-14C)-lsd-hydroxyprogesterone

injected to a non-pregnant female are shown in Table 64. Again,

TABLE 64

Metabolites Isolated from the Urine of a Non-Pregnant Female

After the Injection of (4—14C)-15“-Hydroxyprogesterone*

Specific Activity (dpm/mg) % Conversion

Glucosidu- of Injected
Metabolite Sulfate ronate Dose
15{-Hydroxyprogesterone - 3.31x10° 5.8
3ol,15%¢-Dihydroxy-5¢ -
pregnan-20-one - 3.45x10° 7.1
34,158 -Dihydroxy~5p -
pregnan-20-one - 3.52x10° 7.4
3B,15X-Dihydroxy-5pB - c
pregnan-20-one 3.06x10 - 0.4
S%Pregnane=-3K,15¢(, 20p - :
triol - 3.35x10% 2.3

*The specific activity of the injected (4-14C)-15¢-hydroxypro-
gesterone was 3.66x10° dpm/pg.
-These metabolites were not isolated.

3p,15K-dihydroxy-5p-pregnan-20-one was isolated from the sulfate
fraction and 15d-hydroxyprogesterone, 3,15 ~-dihydroxy-5«-preg-
nan-20-one, 3d,15¢{-dihydroxy-5p-pregnan-20-one and S5ol-pregnane-
3d,15d,20p—triol were isolated from the glucosiduronate fraction
of the urine. The specific activities of all the metabclites were
practically identical to the specific activity of the injected 154

hydroxyprogesterone indicating that these steroids are not normall:
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excreted in the urine of the non-pregnant female,

It can be concluded from the results obtained in the
studies described in this thesis that 15«-hydroxyprogesterone
and its metabolites are present in pregnancy urine but not in
the urine of the non-pregnant female. In addition, proges-
terone was converted to 150-hydroxyprogesterone when infused
into the fetus but such a conversion was not observed when
Progesterone was injected intravenously in the mother. These
results indicate that 15d-hydroxylation of progesterone occurs
in the fetoplacental unit and that urinary 15¢-hydroxyproges-
terone is of fetal origin.

The physiological significance of the 15-hydroxysteroids
formed during pregnancy remains to be elucidated. Since the
uterotropic potency of 15&-hydroxyestradiol is only 1/1000 of
that of estradiol benzoate in the immafure female rabbit (3,

154-hydroxylation of estrogens may be one of the mechanisms by

which the developing fetus is protected against steroids with high

biological activity (66). The role of fetal 15(-hydroxylation
of‘progesterone is also presently not understood. Tweit and
Kagawa (67) found that some 15-—oxygenated derivatives of pro-
gesterone are capable of antagonizing the sodium-retaining and
potassium-dissipating properties of deoxycorticosterone acetate
in the adrenalectomized rat. Table 65 shows the relative acti-
vities of a number of pregnanes in terms of the dosage required
for 50% inhibition of a standard dose (median effective dose) of
deoxycorticosterone acetate., No significant antimineralocorti-
coid effects were noted for 15&-hydroxyprogesterone itself,

However, the 15-o0oxo or 15 -OH derivatives and particularly those
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TABLE 65

Relative Mineralocorticoid-Blocking Properties of Various 15—

Oxygenated Derivatives of Progesterone in Adrenalectomized Rats

Median Effective Dose*

Steroid Subcutaneously Orally
Progesterone 1.3 >9.6
15-Hydroxyprogesterone 2.4 ) 2.4
15R-Hydroxyprogesterone 1.53 1.41
15-Ketoprogesterone 0.44 ) 2.4
Pregn-1,4~-diene-3,15,20-trione 0.23 0.25
Pregn-4,6-diene-3,15,20-trione 0.43 0.84
7X-Thioacetyl-15B-hydroxypregn-4-ene-

3,20-dione 0.43 0.24
ALDACTONE 0.33 0.48

*Median effective dose = dose in mg per rat for 505 Dlock of The
urinary Na-K response to 12 pe of deoxycorticosterone acetate,
15-oxygenated derivatives possessing a Al or 2 A® double bond
were effective as blocking agents for deoxycortiéosterone ace-
tate, sometimes these analogues being even more effective than
aldactone (Table 65). Of considerable parallel interest was
the observation that the 15-o0x0 or 15p-OH derivatives, while
being effective as blocking agents, all failed to demonstrate
progesterone-like changes in the uterine endometrium of imma-
ture rabbits primed with estradiol (67).
The secretion rate of aldosterbne is elevated during

pregnancy (68) and there is a progressive rise in the rate of
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& secretion with advancing pregnancy (69). Meyer et al (70) have
shown that there is little or no alteration of the binding of
aldosterone to plasma protein during pregnancy and the studies

of Tait et al (71) demons£rate that the metabolic clearance

rates of aldosterone in non-pregnant and Pregnant women do,not
differ significantly. From studies of the excretion of urinary
aldosterone in pregnant women with Addison's disease (72,73) and in
adrenalectomized pregnant women (74,75), it was concluded that

the hormone was elaborated by the maternal adrenals rather than

by the fetus and placenta. The same conclusion was also reached
from thestudies of Bird et al (17) who investigated the metabolism
of progesterone in the midternm previable fetus and could not
detect aldosterone in any of the fetal tissues,

The mechanism for elevation of the aldosterone production
during pregnancy is poorly understood. Landau et al (65,76) and
Laidlaw et al (77) have demonstrated that progesterone has a
natriuretic effect and have suggested that the natriuretic action
of progesterone was due to an inhibition of aldosterone at the
renal tubular level and that the competitive action of the two
steroids may explain the elevated aldosterone secretion during
pregnancy. This view was questioned by Watanabe et al (78) who
found that when the fetus was dead and the placenta stillin situ
and elaborating progesterone, the aldosterone secretion rate
had fallen to non-pregnant values. That the blood concentration
of progesterone is still elevated in such subjects was demonstra-

ted by Wiest (79). It can therefore be concluded that a viable

fetus, and not the placental steroids alone, is mandatory for
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an elevation of aldosterone secretion.

The amount of estriol excreted in the urine increases
to very high levels in pregnancy, reaching a concentration of
60 mg/day or more during the last trimester of human gestation
(80). Katz and Kappas (81) noted a transient natriuresis after
the administration of large amounts of estriol and estradiol
to human subjects., Earlier it was shown (82) that the oral ad-
ministration of estrogens can elevate the aldosterone secretion.

Plasma renin in the mother is elevated during pregnancy
(83). Furthermore renin activity has been found in the amnio-
tic fluid (84) and this indicates that it may be elaborated by
;he Placenta, but the site of its production is not known with
certainty. Helmer and Judson (85) showed that there is an in-
crease of renin substrate in the plasma of women with a normal
pregnancy-as well as in patients with toxemia of pregnancy.
These authors suggest that the elevation in the concentration
of renin substrate is due to the elevated estrogens elaborated
durihg pregnancy. The result of an increase in renin substrate
would be expressed as an increase in the amount of angiotensin
elaborated and thus result in an increase in aldosterone secre-
tion. Whether the estrogens do induce an increase in renin sub-
strate remains to be demonstrated since it has been shown that
estrogens are capable of increasing the aldosterone secretion
rate (81) by a mechanism which has not yet been defined.

It can be seen from the foregoing discussion that the

control of aldosterone secretion is complicated by many hormonal

factors which operate during pregnancy and that the precise
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mechanism of this stimulation is far fronm being understood at
this time. However, present knowledge indicates that proges-
terone and estrogens may be involved in the alterations seen

in aldosterpne secretion rates in pregnant women., It was men-
tioned earlier that Tweit and Kagawa (67) have demonstrated

that certain l5-oxygenated progesterones are capable of anta-
gonizing the sodium-retaining and potassium~dissipating actions of
deoxycorticosterone acetate in adrenalectomized rats. Although
150{-hydroxyprogesterone was not significantly active, compounds
posséssing a 15-ketone such as 15-ketoprogesterone and particu-
larly 15-ox0 progesterones with a Al or ¢16 double bond were
very active as antimineralocorticoid agents. Recently Stanczyk
and Solomon (86).have shown that progesterone can be converted
to 15-ketoprogesterone by rabbit liver homogenates., Whether

the human fetal tissues can effect this conversion remains to

be demonstrated and this problem is under investigation. The
conversion of progesterone to 15-oxo derivatives possessing a

Al bond can also be considered since such compounds are thought
to be intermediates in the forﬁation of estrogens, If the human
fetus and/or the placenta are capable of converting 150(-hydroxy-
progesterone to l5-Kketoprogesterone or to 15-oxo derivatives with
a Al or A% double bond, this might provide us with a mechanism
by which a steroid elaborated by the fetoplacental unit can
enter the maternal circulation (87) and compete with aldosterone
thus inducing an increase in its rate of secretion. Although
150-hydroxyprogesterone itself was not significantly effective

as a mineralocorticoid antagonist in the adrenalectomized rat
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(67), one preliminary observation has been provided in our
laboratories to consider the possibility that this steroid
might possess antimineralocorticoid properties in the human.
When a single dose of 20 mg of 15d4-hydroxyprogesterone was
infused intravenously over a period of eight hours to a normal
male who was on a low sodium diet, there was a 40% increase

in the aldosterone secretion rate as compared to control values,
Marked changes in electrolyte excretion and plasma renin con-
centrations were not observed in this study., It is therefore
possible, although not as yet established, that 154-hydroxypro-
gesterone made in the fetoplacental unit, or other members of
this class of steroids, may play a role among the factors which
stimulate and sustain the striking hyperaldosteronism which

characterizes human pregnancy,
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SUMMARY AND CONCLUSIONS

Labeled 1l5k-hydroxyprogesterone and 15¢-hydroxyandros-
tenedione were prepared by the microbiological 15K-hydroxyla-
tion of the appropriate substrate with Penicillium (ATCC-11598)

and in one instance with Colletotrichum linicola.

Three 15d-hydroxylated neutral steroids, namely, 15¢-
hydroxyprogesterone, 1l5&-hydroxyandrostenedione and 15¢-hydroxy=
testosterone were isolated from urine pcols obtained from sub-
jects in the third trimester of pregnancy. When urine pools
obtained from subjects with a variety of endocrine status were
analyzed for 15¢-hydroxyprogesterone, this steroid was only
detected in the urine of subjects in the second and third tri-
mester of pregnancy and it was not found in the urine of non-
pregnant subjects or in the urine of newborn infants, These
results indicated that 15d-hydroxyprogesterone is elaborated
in the fetoplacental unit., In these studies sizable amounts
of 1l6o-hydroxyprogesterone were isolated from the urine of a
subject with congenital adrenal hyperplasia but 15(-hydroxypro-
gesterone was not detected in the urine of this subject,

The origin of 15-hydroxyprogesterone was further inves-
tigated. In two studies 3H-progesterone was introduced into
the peritoneal c#vity of the fetus at the time of amniocentesis
for Rh incompatibility and at the same time 14C-progesterone
was injected in an antecubital vein of the mother, Following
the injections urine was collected for 5 days and the urinary

conjugates were hydrolyzed by solvolysis and then by p-glucu-
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ronidase. From the glucosiduronate fraction 3H-labeled 15~
hydroxyprogesterone was isolated but it contained insignifi-
cant amounts of l4c demonstrating that 154-hydroxylation of
progesterone occurred in the fetoplacentél unit. In a simi-
lar experiment, 3H-prbgesterone was injected into the perito-
neal cavity of the fetus and (4-14C)-lsd-hydroxyprogesterone
was introduced in the maternal compartment. From the glucosi-
duronate fraction of the urine 15k-hydroxyprogesterone was iso-
lated containing both 3H and 14c, and it was calculated that
the minimal conversion of progesterone to 150-hydroxyproges-
terone in the fetoplacental unit was 0.08%.

After the intravenous injection of (7-3H)~15¢-hydroxyproges-
terone and the oral administration of 800 mg of carrier steroid to
a normal male the urinary conjugates were hydrolyzed with Glusu-
lase. From the neutral extract the following metabolites were
isolated and identified: 15-hydroxyprogesterone, 34,158 -dihydroxy-
Sd-pregnan-zo-one, 3o,15%-dihydroxy~5p-pregnan-20-one and 5¢-preg-
nane-3%,159, 20p-triol. In a éecond study, a total of 3.26 g of
non-labeled 15(-hydroxyprogestetone were taken orally by four
male volunteers and the urinary conjugates were hydrolyzed with
Glusulase. 1In addition to the four metabolites described above,
two new metabolites, namely, 35,lsd-dihydroxy—Sp-pregnan-ZO-one
and Sﬁ—pregnane-Sqﬁlsq,ZOP-triol, were isolated and identified.

With the exception of S5P-pregnane-3o,154,20B-triol, all
of the metabolites mentioned above could be isolated from the

urine of a pregnant subject given an intravenous injection of
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(4—14C)-15d-hydroxyprogesterone. 0f these metabolites, 3B,13%-
dihydroxy-S5P-pregnan~20-one was isolated from the sulfate
fraction and 3¢ ,15¢-dihydroxy-5%-pregnan-20-one, 34,15« -dihy-
droxy-5B-pregnan-20-one and Sd-pregnane-SQQ15¥,20§-triol were
isolated frpm the glucosiduronate fraction of the urine. All
of these metabolites have not hitherto been isolated from human
urine. The major urinary metabolites of lsﬂ-hydroxyprogesterone
possess the A%*-3-keto and/or the 20-keto groups demonstrating
that the 150-hydroxyl group inhibits the reduction of the 434-
3-keto and 20-keto functions. A large proportion of the isola-
ted metabolites had the 3d,5X configuration indicating that

the 150{-hydroxyl group has an influence on the reduction of

the A/B ring. In addition only 20B-hydroxylated metabolites
were isolated in contrast to the studies done with 16X-hydroxy-
progesterone where the only 20-reduced metabolites isolated
were the 20A-triols (50). 1In all the studies described in this

thesis 150 -hydroxyprogesterone was found only in the glucosidu-

ronate fraction of the urine.

Following the intravenous injection of (4-14C)-15d-hy-
droxyprogesterone to a non-pregnant female, all the metabolites
isolated from the urine of the pregnant female were again iso-
lated but their specific activities were identical to the spe-
cific activity of the injected 15 -hydroxyprogesterone. These
results demonstrate that the metabolites of 15X -hydroxyproges-

terone are not excreted in the urine of the non-pregnant female.



196.

CLAIMS TO ORIGINAL RESEARCH

Microbiological methods were devised for the preparation

of labeled lsd-hydroxysteroids;

Three 15«-hydroxylated neutral steroids, namely, 15«4-hydroxys=
progesterone (88), 15-hydroxyandrostenedione and 154-hydroxy-
testosterone were isolated from human late preghancy urine.
These steroids have not hitherto been reported as naturally

occurring substances.

Among a large number of urine pools examined, 156(-hydroxy-

progesterone was isolateéd only from the urine of subjects in

the second and third trimester of pregnancy. This steroid
was not detected in the urine of non-pregnant females and the
urine of the newborn infant.

Following the simultaneous injection of 3H-progesterone to
the peritoneal cavity of the fetus at the time of amniocen-
tesis and of 14C-progesterone in an antecubital vein of the
mother, 15« -hydroxyprogesterone isolated from the urine con-
tained SH but insignificant amounts of 14C. These results
demonstrated that 15&-hydroxylation of progesterone occurred
in the fetoplacental unit and that the mother elaborated
little, if any, lsd—hydroxyprogesterone.

It was demonstrated that the conversion of progesterone to
15{-hydroxyprogesterone in the fetoplacental unit was approxi-
mately 0.08%.

The production rate of lsdéhydroxyprogesterone in two females

in late pregnancy was calculated to be about 80-90 pg/day.
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7. Sizable amounts of 16e¢-hydroxyprogesterone were isolated
from the urine of a subject with congenital adrenal hyper-
plasia. This is the first time that this steroid has been
isolated from the urine of such subjects.

8. The following urinary metabolites cf 15-hydroxyprogester-
one were isolated and identified: 3¢,15«-dihydroxy-Sef-preg-
nan-20-one, 3«,15d¥dihydroxy-53-pregnan-ZO-one, SP,lsd-
dihydroxy-sp-pregnan-20-one, Su-pregnane-Sd,ISd,ZOB—triol
and SB-pregnane-3«,15d,ZOp-triol.

9. When labeled 15¢-hydroxyprogesterone was injected intraven-
ously to a subject in thé third trimester of pregnancy, 15&-
hydroxyprogesterone, 3&,154-dihydroxy-sd-pregnan-zo-one,
34,iSd-dihydroxy-SB-pregnan-zo-one, SB,ISd-dihydroxy—Sp-
pregnan-20-one and Sd-pregnane-sd,lsd,Zop-triol were isola-
ted from the urine and their specific activities were 25-40
times lower than the specific activity of the injected 15¢-
hydroxyprogesterone. These results demonstrated that all
the metabolites isolated are normally excreted in the urine
of subjects in late pregnancy. All of these steroids have
not hitherto been isolated from human urine.

10. From the nature of the isolated urinary metabolites of 15d-
hydroxyprogesterone it was concluded that the 156-hydroxyl
group inhibits the reduction of the-aﬁ-S-keto and 20-keto
groups and has an influence on the reduction of the A/B

ring of the steroid nucleus giving rise to a larger propor-

tion of 50 metabolites than would be expected for steroids
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in the C-21 series.

11. When labeled 15X-hydroxyprogesterone was administered
intravenously to a non-pregnant female, all the metabolites
isolated fxom the urine of the pregnant female were again
detected in the urine but their specific activities were
identical to the specific activity of the injected 150 -hy-
droxyprogesterone demonstrating that these steroids are

not normally excreted in the urine of the non-pregnant female.
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