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ISOLATION, ORIGIN-AND METABOLISM OF NEUTRAL l~-HYDROXYSTEROIDS 

IN HUMAN PREGNANCY 

Labeled 1S«-hydroxysteroids were prepared microbiologically. 

Three neutral l~-hydroxylated steroids, namely, lS«-hydroxypro­

gesterone (ISP), IS~-hydroxyandrostenedione and IS~-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. In 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 maternaI compartment. From the glucosiduronate 

fraction of the urine collected following the injections, ISP 

was isolated which contained 3H but insignificant amounts of 14C 

indicatin >.nat 15d-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-ISP was injected in the mother, a 0.08% con-

version of progesterone to ISP was obtained. In initial studies, 

non-Iabeled lSP was administered orally to normal male subjects 

with or without the simultaneous intravenous injection of the la­

beled steroid and the urinary conjugates were hydrolyzed with Glu­

sulase. The following six metabolites were identified: lSP, 3~, 

lS~-dihydroxy-S~-pregnan-20-one, 3~,I~-dihydroxy-Sp-pregnan-20-

one, 3~,IS«-dihydroxy-Sf-pregnan-20-one, S«-pregnane-3«,15~,20p­

triol and S~-pregnane-3~,IS«,20~-triol. Following the intravenous 

injection of labeled ISP to a pregnant and a non-pregnant female, 

aIl the metabolites described above with the exception of S~­

pregnane-3~,lS~,20f-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 lSP 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 

dehydroisoandrosterone sulfate 

16~-hydroxydehydroisoandros­
terone sulfate 

androstenedione 

15~-hydroxyandrostenedione 

ll~-hydroxyandrostenedione 

testosterone 

15~-hydroxytestosterone 

15~-ac~toxytestosterone 

15~-hyaroxytestosterone di­
acetate 

adrenosterone 

progesterone 

20~-dihydroprogesterone 

20~-acetoxyprogesterone 

20P-dihydroprogesterone 

20p-acetoxyprogesterone 

ISq-hydroxyprogesterone 

IS~-acetoxyprogesterone 

lS~-hydroxyprogesterone 

lS~-hydroxypregnenolone 

3~-hydroxyandrost-S-en-17-one 

17-oxo-androst-S-en-3~-yl-sulfate 

17-oxo-16~-hydroxyandrost-5-en-
3,-yl-sulfate 

androst-4-ene-3,17-dione 

IS«-hydroxyandrost-4-ene-3,17-
dione 

IIp-hydroxyandrost-4-ene-3,17-
dione 

17~-hydroxyandrost-4-en-3-one 

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

15~-acetoxy-17~-hydroxyandr~st-
4-en-3-one 

15~,17~-diacetoxyandrost-4-en-
3-one 

androst-4-ene-3,11,17-trione 

pregn-4-ene-3,·20-dione 

20~-hydroxypregn-4-en-3-one 

20~-acetoxypregn-4-en-3-one 

20~-hydroxypregn-4-en-3-one 

20~-acetoxypregn-4-en-3-one 

lS~-hydroxypregn-4-en-3-one 

lS~-acetoxypregn-4-en-3-one 

15f-hydroxypregn-4-en-3-one 

3~,lS~-dihydroxypregn-S-en-20-one 



lS-ketoprogesterone 

16~-hydroxyprogesterone 

16--dehydroprogesterone 

17~-hydroxyprogesterone 

isopregnanolone 

16-dehydropregnanolone 

deoxycorticosterone 

lSq-hydroxydeoxycorticosterone 

lS~-hydroxydeoxycorticosterone 

cortisone 

cortisone acetate 

21-deoxycortisone 

cortisol 

6~-hydroxycortisol 

9~-fluoro-hydrocortisone 

aldosterone 

tetrahydroaldosterone 

18-hydroxytetrahydrocortico~­
sterone 

Aldactone 

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

16«-hydroxypregn-4-en-3-one 

pregn-4,16-diene-3,20-dione 

17~-hydroxypregn-4-en-3-one 

3~-hydroxy-17«-pregnan-20-one 

3«-hydroxy-S~-pregn-16-en-20-one 

21-hydroxypregn-4-ene-3,20-dione 

lS~,21-dihydroxypregn-4-ene-
3,20-dione 

lS~,21-dihydroxypregn-4-ene-
3,20-dione 

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

21-acetoxy-17~-hydroxypregn-4-
ene-3.II,20-trione 

17~-hydroxypregn-4-ene-3,ll,20-
trione 

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

6,,11,,17~,21-tetrahydroxypregn-
4-ene-3,20-dione 

9«-fluoro-l1',17«,21-trihydroxy­
pregn-4-ene-3,20-dione 

11'.21-dihydroxy-3,20-dioxopregn-
4-en-18-al 

3«,11',21-trihydroxy-3,20-dioxo-
5~-pregnan-18-al 

- 3«,11p,18,21-tetrahydroxy-S'­
pregnan-20-one 

3-(3-oxo-7«-thioacetyl-17~-hy­
droxyandrosten-17«-yl) pro­
pionic acid d-lactone 



dexamethasone'.' 

estrone 

estrone sulfate 

19X-hydro~~estrone 

ISp-hydroxyestrone 

16~-hydroxyestrone 

estradiol 

IS~-hydroxyestradiol 

IS~-hydroxyestradiol 

estriol 

lS«-hydroxyestriol 

DDQ 

CDCl 3 

TMS 

~-DPNH 

Tris buffer 

EDTA 

N 

~ 

g 

9.-fluoro-16~-methyl-21-acetoxy­
Il'-.17~-dihydroxypregn-I.4-diene-
3.20-dione 

3-hydroxyestra-I,3,S(IO)-trien-
17-one 

17-oxoestra-I,3,S(IO)-trien-3-yl~ 
sulfate 

3,1S«-dihydroxyestra-I,3,S(IO)­
trien-17-one 

3,lSP-dihydroxyestra-I,3,S(IO)­
trien-17-one 

3,16~-dihydroxyestra-I,3,S(IO)­
trien-17-one 

estra-I,3,S(IO)-triene-3,17~-diol 

estra-I,3,S(IO)-triene-3,1~,17P­
triol 

estra-I,3,S(IO)-triene-3,IS~,17~­
triol 

estra-I,3,S(IO)-triene-3,16~.17p­

triol 

estra-I.3.S(lO)-triene-3,IS~,l~, 
17p -tetrol 

l,3-dichloro-S,6-dicyano-benzoquinone 

deuteriochloroform 

tetramethylsilane 

Dihydro-~-Diphospho-Pyridine-Nucleo­
tide disodium salt 

Tris(hydroxymethyl)-aminomethane + HCI 

ethylenediaminetetraacetic acid 

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

acceleration due to gravit y 

gram 



e ' , 

mg 

pg 

me 

Ile 

mM 

pl 

ml 

dpm 

mp 

mmp 

ppm 

°e 

Rf 

milligram 

microgram 

millicurie 

microcurie 

mill imole 

microlitre 

millilitre 
. ' 

·di~ini~grationsperminute 
..' ' ',,: 

meiti~g point'" 
. '. . . -

mixed mel:ting point 

pàrt'sp~~ljli ~1~:on~; 
degreesCenti'gtade, , 

"',' .• '-'l'" 

'the ratio'ofthe,v,elo'city': of·· the 
substancè,undércoIlslderàtion to 
,t hev el oc i ty:ofi,the,mob il e '. ph as e 
in,a chroi!tatographic·system. 

• .1" ,',' -"',' 
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INTRODUCTION 

Microorganisms werefirst reported to be capable of 
, . , 

hydroxyi~ting netttrai andphena1ic steroids in the 15«- (1-3) 

and lsf-po~itio~s (1-2). The first indication that 15«-hydroxy­

ratedst~roids can be formed bv mamma1ian tissues was the 

report in 1960 by NeherandWettstein (5), who presented 
,". .. . . 

~hromatographic evidellce for'the'presence of lsClt-hydroxy-

1:estosterone inextrac,tsofbti11,test:es • 'In 1964, Knuppen and 

Breuer (6) reported the '.!E.' vitro conversion of estrone to 15t:aC-
" , 

"hydroxyes,trone bybovine . adrenaTtis ~{.'~. 'and s ince t ha t t ime 
. .. ,", '. ..; . ,. . .... . . . . , . ,'" . ... . '.:..:, :. ~ . .: ~ ~ . " .;. . ,..... .. . 

:.a,riumb~r·()f lsO(~ and'is, -hydr()xylàt'~(têstrogens', has' been is 0-
o' ", ;_.... • ••• _ : 

. ". ":' ',:-::.. .. 
, lated' fiOmhuinan,' pregnancy,urine~ 

. ,,-, 

Duting,the1ast't'enye~rsa. larg'e ·number of publications 
, , 

has been C:levotedtoprobiem~, of steroid,mElt,~bolism in the 
, ' 

human fétuS. Int~i~regard, s:tÙdies,o.nTSa{- hydroxy1ated 
" .' 

st eroids~ré' of 'pa,rti cû1ar').nt~rest.Aithol1gh bath the adu1 t 
. "':'" .,"",. . ". . ... -. . .' ',- - : ... ,':" . . 

" : ~ .<. ,-

human.adr(;}n'a.land:iiverhave bë:ensh()wrttobé~apable of hy-
.... ' •. ':.:- ~~,,-,:',,,: ' • '.,,'0,;' •.... , .• , .' . .' .. .: . : ~ .' ","." 

d:t"ô~jiati~g:est:rogellS ' inthe:1Sc(-pôs,id.on ,', (7 - 8) ", such com-
, , , , 

b e en i soi at e d '()h'iY'fxc) ni' 1 ~ te h u ni an pre g na n c y ur-
/. - ." 

~ ".:. " 

IthasalsobeenSho~m th~à the human fetus can 

convert~strogcns. ta, their15O(-hydro~yanalogues (11,16) 

and' availableevidencesuggests
c
that ~5O(-hydroxy lat ion might 

.be a p~th''lay of· steroidJnët~bolism which is unique to the 

fet;u:s ( 1 6 ). 

",Incontrast t.o, estrogens, 150( -hydroxy1ation of neutra1 

steroids by mamnia lian t i5 sues has not been fu11y demonstra t ed. 

1 • 



2. 

Neher and Wettstein (5) presented evidence for the presence 

of l5~-hydroxytestosterone in extracts of bull testes. How-

ever these authors suggested that l5~-hydroxytestosterone 

might be of bacterial origin (private communication, Dr. A. 

Wettstein) •. When themid-term previab le 'human fetus \'las 

perfu~èd with (4_14C)-prdges~eron~ (17), l5~-hydroxyproges­

bedete~ted inthè fétal adrenals and liver. 

When the present stlldiéswereiriifiatedonly l5oC-hydroxylated 

1ate<humanprêgriancy urine. Our 
.' -, '.. ',,'.: ,", 

working hypothe s is150(- ~Ydr()xy latr~nof neutral 

steroidsc'Oul~ ·occu.r' in thebumâÎ1'fetus1~ter.d.n. pregnancy 
.. ~' .. '. . " . ," . '. " ," . ..' -:' ,", '.' .,' -, . ". -' ... ' " ,: " -' . . 

and an in vesti g~t :Lem. was 'un dert a ken.t ()is~ 1 ate.su chs te r oid s 

froin .. late·pregiiéltl~yurine~· .'. Béfore'di's(:ussi~g the present invesJt 
- "'. '". " .. , "', . ,.'- . 

'. t iga t ions, ····current. kn~\'lledge regardinglSc(';'·and ·IS~ -hydrnxy-
. . .' . 

·stero.idswill be.review~d.: .. 

Is()l~ti()Jlof 15O(~> andlSf-HYclroxystêroids from Urine 

·At·ih~.:~r~~,thit:the~e irivestigâtionswere .' init ia ted, 
.-,', :: ... : .. ;.': ..... . 

15e(~âÎlcf l5f~hydr6xy;teroids hadb~~Il isola ted only from 

h~ma~iat~pregna~c; urin~andallofth~m were estrogens. 

The firstreportofthe isolation of a l5«'-hydroxylated 

steroid fromhuman' urine was published in 1965 by Knuppen 
. . 

.' .. ' . 

etaI (9),who'isolated15O(~hydroxyestrone from late pregnancy 

urine •. The concentration of this steroid in pregnancy urine 

\'las found to be approximately the same as that of l6O<-hydroxy-

estrone, 130 pg/liter (18). 

A new metabolite derived from estradiol was obtained from 
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neonatal 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 lSd-hydroxyestriol. 

Later Fishman and Guzik (19) reported the chemical synthesis 

3. 

of lS~-hydroxyestriol and comparison of the synthetic tetrol with 

the isolated urinary metabolite showed identity in the infra­

red spectra, massspectra, color reactions and Rf values in 

various chromatographie sy.tems. Thus it was established that 

the metabolite isolated by Hagen et al andby Gurpide et al 

was lS~-hydroxyestriol. Recently, Zucconi et al (12) isolated 

lSd-hydroxyestri~l from human pregnancy urine and from the 

urine of newborn infants and they estimated that its concen­

tration in pregnancy urine was greater thanO.2 mg/liter. 

Knuppen et al (13) isolated 2.8 mg of crystalline lS~­

hydroxyestrone and 2.4 mg of crystalline l5f-hydroxyestradiol 

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

authors estimated that the l5~-hydroxylated estrogens were 

present in human pregnancy urine in similar concentrations 

as the corresponding l5~-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 pregnancy urine was also reported by Knuppen 

and Breuer (15) and its concentration in urine was estimated 

to range from 50 ta 100 pg/liter. On the other hand, using 

gas liquid chromatography, it was reported that l5~-hydroxy-



estradiol is not present in detectable amounts in urine col-

lected during the second trimester of gestation (20). This 

latter findingis not without precedent. 

Isolation of lS~-Hydroxysteroids from Tissues 

Only.two reports on the isolation of ISd-hydroxysteroids 

from mammaliantissues can befound in the literature. In 

1960 Neher and W~ttsttdnCS}isolated lSct-hydroxytestosterone 

from the testicular tissue of bulls •. How.ever, .the identifica­

tion of this compound was basedo~ chromatographicevidence 

and · .• ·t.he,authors also. sùggest edtha t-·15O<-hydroxyte stost erone 

of .• bacteria 1 .. or.igin~··· .•.• ~n];966 ·~ucconi.et.·al· (.21) 
,:: ",. "', '. '. :'. ,,,.'- ,- ", ',"'. '," .. 

isolated:fromhuman.meconium aphellolic tetrolwhichlater was 
." ," .", ' .. ,.' "'""', . . '. 

id en ti e i ed ( 19 ) as ISe(,.. h Y d :rox yes tri 0 1-. . '. ~ -. . .' .. 

. ' .. St e r~idl!io< -H>:droxy las es 

Theability of animal' tissuès.ta introduc·e.:the 15ct-hy­

'di()xri.g:JtlP pna .·p·refC>~Uled steroidh~s peen.studied to sorne 

extent.Theexperinien tàl designemp loyed t odemonst ra te these 

conyersion~ha~·railgcidfrom perfus ianaf the previab le human 

Eei~s t~{ric~bations ofdiffer~nt tissue preparations with 

the appropriate' prei~rsor. 

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

bated with bovine adrenal homogenates was converted to lS«-

hydroxyestrone. The same authors later reported the conver-

sion of estrone and estradiol to lS~-hydroxyestradiol by hu­

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

4. 



In 1965 Schneider (22) demonstrated the conversion of 

deoxycorticosterone to l&(- and l5'-hydroxydeoxycorticosterone 

by liver slices of the American bullfrog, and Levy et al (23) 

isolated l5~-hydroxyestradiol from bovine adrenal glands per­

mused with l4C-estradiol. The isolation of l5~-hydroxyestra­

diol from the liver of previable human fetuses perfused with 

labeled estrone and estrone sulfate was reported by Schwers 

et al (16). This metabolite was also isolated from the fetal 

liver and the placenta following the injection of labeled" 

estrone and estradiol into the intact feto-~lacental circula­

tion at the time of laparotomy (24). Mancuso et al (25) iso­

lated l5~-hydroxyestradiol from the liver of previable human 

fetuses perfused with labeled androstenedione and testosterone 

but l~-hydroxyandrostene~~Dne or lSd-hydroxytestosterone was 

not isolated. It is now weIl established that the human fetal 

liver possesses a very active steroid lS~-hydroxylase. 

formation a~d Metabolism of lSd- and lsf-Hydroxysteroids 

5 • 

Present evidence suggests that there are at least two 

pathways by which lS~-hydroxylated estrogens are formed; direct 

lS~-hydroxylation of p~eformed phenolic precursors, or l5~~ 

hydroxylation and aromatization of C-19 neutral steroids. Whe­

ther aromatization or l~-hydroxylation of neutral steroid pre­

cursors is the first step in the formation of lS~-hydroxylated 

estrogens is not clear. It was mentioned earlier that when 

previable human fetuses were perfused with" labeled androstene-
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dione and testosterone only ISd-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, Givner and Solomon (26) 

6. 

showed a 30-40% conversion of labeled 15«-hydroxyandrostenedione 

to lSâ-hydroxyestradiol following incubation of the labeled 

precursor with the 10,000 x ~ supernatant fraction of human 

placental tissue and YoungLai and Solomon (27) have isolated 

~abeled urinary 15~-hydroxyestriol following the intravenous 

injection of labeled dehydroisoandrosterone sulfate and 16«­

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 l5~-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-labeled estradiol in an antecubital vein of 

the mother. The isolated l5«-hydroxyestriol contained tritium 

but little or no l4 C, thus demonstrating its feto-placental 

origine In the same studies labeled estradiol was administered 

to non-pregnant women and labeled l5~-hydroxyestriol was not 

detected in the urine. Labeled estriol injected intra-amnio­

tically served as a precursor of l5a-hydroxyestriol. On the 



7. 

other hanè, labeled lS~-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 l~-hydroxyestriol. When a mix­

ture of tritiated estriol and l4C-estradiol was administered 

intra-amniotically to a pregnant subject (28), lS«-hydroxyestriol 

containing both 3U and l4C was isolated from the urine. The 

minimal percent conversions of estradiol and estriol to lS~-

hydroxyestriol was 12 and 0~7, respectively. The results ob-

tained in these studies also suggestedthat the conversion of 

estradiol to lS~-hydroxyestriol occurs only partially via es-

triol. 

Jirku et al (29) injected labeled estrone sulfate to a 

non~pregnant female and they isolated labeled lS~-hydroxyestrone 

from the sulfate fraction of the bile. The lS~-hydroxyestrone 

"sulfate" comprised about 10% of the. radioactivity in the bili-

ary sulfate fraction which comprised about lS% of the total 

radioactivity excreted in the bile. One third of the total 

radioactivity excreted was detected in the bile. However, 

lS«-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 lS«-hydroxylated estrogens. In 1966, Knuppen et al (13) 

studied the metabolism of lS«-hydroxy- and lS-oxo-estrogens 

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



8 • 

isolated, two of which were identified as lS'-hydroxyestrone 

and lS~-hydroxyestradiol. These authors suggested that lSp­

hydroxylated estrogens arise either by direct lS~-hydroxyla­

tion of estrone and/or estradiol or by partial oxidation of 

lS~-hydroxyestrogen~ to form the corresponding lS-oxo~ crim­

pounds and the metabolic reduction of the latterto lS'-hydroxy­

estrogens. 



. A.­
V 

9. 

MATERIALS 

Purification of Solvents 

Acetic anhyi~ide(Fi~h~r certified) was distilledover 

fused sodium acetate in an aIl glass system and stored under 

anhydrous conditions in a desLccator. 

Pyridine (Fishercertified) 'wasdisttlled ov.er.lllInps·()f 
''- ' '. . : . ~' . 

barium oxide under anhydrousconditioi1.s~ The purereagent 

was stored in adesic~ator~ 

Absolute ethanol (Gooderharn and Worts) conforming tothe~ 
,,;" . 

specifications of the British and· U~S •• Pharmac()poeiaiWa-$:_used'--
... -, -', - ':. \ 

directly as purchased. 
.. . . 

Tetrahydrofuran (Fishercert Lfied) \~as r~flux~d:èor <a.' 
. '. .' .. ' . '.' 

minimum of two hours over KOH pell~ts~l1d.-then d:i.stil ïed •• · Thl·!; 

solvent was purified immediately ,,' .. 
. '" . 

Benz ene (Analyt ical grade • Mallinckrodt) '. was ·disti lied' -' 
.. ;-" . '-

, . :. 

over KOH pellets prior to .use~-.D:ry~ benzene:wasprep'Îued:by:::' 

distilling benzene with phosPhoroiii ~entoxide-undera~hig~~~s' 
.-,,':>;',. -

conditions. The dry reagentwassto~edin a desiècator> 
":. ,-' 

Diethyl ether. (Analyticalgrade, MallillclcrodtJ\'ias di~-.:· 

tilled over KOH pell.lets pl'ior t() use and wasstored in .. the.cold. 

for short periods oftime inbrownbottles. 

ChIo roform (Analytical grade:,- . Mall.inckrodt ) was .distil .. -
. . 

led over potassium carbonateand'preserved by the addition of 

ethanol (1% solution) • 

The solvents listed below were aIl distilled prior to 

....... 



use without any additional treatment: 

Tertiary Butanol (Practical grade, Distillation Products 

Ltd. ) 

Acetone (Analytical grade, Mallinckrodt) 

Cyclohexane (Practical grade, DistillationProducts Ltd.) 

1 so-Octane(Praêtic3.1'"grad:e.' Distillation,Product s Ltd.) 
. . ' ... '.,'. ' . " .' "'.': '. 

Ethyl,"a~etate,:'(Fisher:certified} 

M~thinol(Fisherte~tified)~ 
'. .' . 

. " .'~ ,. 

,Methylene chloride (Fisher, certified)"" 

Skellysolve B CSkelly Oil Co.) 

Toluene(Fisher certified). 

AlI other reagents and chemicals mentioned in the inves~ 

tigations to be described were used as purchased. 

Steroids 
F 

The following steroids were used as ~tandards 

, , ,source is indicated: ';, 

-:. " 

Re~earch,~~wB~~nswi~k,NewJ~~sey) 

Institutel ,_ . ~ ,: 

.... ',. 

, , ' , , ' 

ISo( -Hydroxyandrostènedione Ca gift,,'" of Dr. P .A. Diassi), 

IS~-Hydroxytestosterone Ca gift of Dr. P.A. Diassi) 

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

,Androstenedione Ca gift of Dr. A. Zaffaroni). '," 

The melting point and infrared spectrum were obtained on 

10. 

..... :. 

",:. 



'<"": .. 

each standard prior to use~ In some instances the standards 

were pu~ified ~y chromatographyon .small columns and recrys-
. ,-....: .. ,', .. 

tallizedprio~-to use~ 
. . . 

. . '. 

Radi~a~tive st~roidswerepu~chased from New England 

N~cieà.r Cotp.,;,ioSF~P~M.~:~~~ch~~~ttsandwerè checked· for 
-'-,.:-,',; 

··puri ty as dè<scr:Ï.bédin.a :sepa,..rateséction ofthis thes is. 

Enzymes and Cofac~~rs-

Dihydro-'-Diphospho-Pyridine Nuc1eot~d~ Disodium salt. 

(~-DPNH) was purchased from Sigma~hemical Co. 

20f-Hydroxy SteroidDehydrogenase, Type 11· (from.Strep-· 

tomyces hydrogenans) was used as a suspension in i.2~ am~otii~m 

sulfate, S mg/ml (Sigma, Lot 97B-0490}. The enzyme~a~aiwa~i 

stored at O-SoC. One mg of the enzyme reduces 12 fmcil~sof-

cortisone perminute with '-DPNH at pH 7.6 and 2S o G. 

Et hy 1 en ed i aminetet r aac eti.c •.. Aci d .. w a sus e d .. aSl)urchas ed./·· . 

·Co. ) .•..... <. 
. ', ..... : .. ,'; 

...... . Special R~agents~ 

,Phosphomolybdic acid· (Fisher certifi~d): A ·lO!'a : (wlv) 
. . .. ,,' .. ',.. '.. .".. .., . , 

solutlollln absol'Uteethanol \'1asprepared. This solution was 

. stable for longpe·ri()ds·of.tinièwhenre:frigeràtédin a tight­

ly stopper~ddark c6~tai~er. 

11. 

Alumina. (200 mesh; Harshaw Chémical Co., Cleveland, Ohio) 

was wàshed and déactivated acccirdingto the procedure described 

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



acetate for five days. It was th en washed with methanol, 

with water ~or two days, and again with methanol. After 

drying in the oyen at l20 0 C it was deactivated by the addi­

tion of5 ml of water per 100 g alumina and stored in tightly 

stoppered bottles. 

Ce1it~ {John5-Man~ille, No. 545), ~as first w~s~ed 

with ,50%hydrochloric acid for 24 hours, then with tap water 

fbr 12~100hours, and with distilled water, and finally with 

methanol. It was th en air-dried at room temperature for 48 

hours,or in anoven at S6-90 oC for 18hours and stored in 

brown bottles. 

12. 

Silica gel (100-200 mesh; Davison Chemical Co., Balti­

more, Maryland) was purchased in 5 lb. lots, and used directly. 



METHODS 

Measurement of Radioactivity . 

Aliquotsof samples to be counted wereevaporated tin-

der nitrogen in 5 dram vials (Wheaton Glass Co., Millvi1~~, 

N.J.) and dissolved i1l10.mlt~luënecon1:aining 0.3% (wlv) 

of 2,5- diphenyl'oxaiole • (Ppd)~nd 0.01% (~/v)ofl,4-bisI2'; .... 
, . '" .' ... . . . . 

(5-phenyloxa~olyl~-benzene {P9POP)~ Sampl~s whichwere in-

soluble intoluene were dissolved in 2 ml of methanol prior 

totheadditionof lO.'m1of toluenephosphor. Radioactivity 

inaqueous s():lutions, such as urine, was measured by dissolv­

ing a l~laliquotin 15 ml of a dioxane solution which con-

tained 0.790 (w/v) of PPO, 0.06 9" (w/v) of POPOP and 10% (w/v) 

13. 

of haphthalene~ AlI samples were counted for a time sufficient 

to give a standard deviation of no more than 5% in the case 
. ",. . 

. ~ '. '. . . 

of· quenchedsamples,an4290in the case of unquënched sam-

ples~ ". Athree~h'annelPackard Tri-carbliquid scintillation 

spect rometer.,Moder-30Ô2,~'wlls usï:rd·····:for .. counting. 
• • o. . ' •• • 

When as ingleis6-t()p~ w~scotinted" 'theset-tings aftIle' 
. . 

• • •• '. C'_ " 

inst rumentwere '. as 'foIlows:: ·.TheamplL:fier gainof_the'g~eeJl' 
.' .. . 

and red channels was set· at60% and the 'pulseheight discrim-: 

inators at 50 to infinity.. "Ât thesesettings 3Hwas C~ll!it.ê-d 

with an efficiency of 35% and l4C withlin efficiencyo{'85 9,;> 
In the presence of methanoltheeffi~iency ofcoünting was ." 

18% and 80% for 3H and 14C respect.i ve Iy. 

For the simultaneous~ounting of 3 H and 14 C, . the red 
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channel gain was set at 30% with puJse height discriminators 
. ..' ,'. 

'. 

~t50to 45~;th~g~iri on thegr~~n~hartne1was .set ~t 40% 

with the discriminat~rsat 700 toinfini·ty. Efficiency of 

counting at these settings was 2~% for 3H and 64% for 14C. 

When methano1 was in the counting vials, the red channel gain 

was set at 40% ~ith the discriminaiors it 59 to300, and the 

green channel had a gain setting of 50%with_fh~di~crimin~ 

ators at 550 to infinity. Efficiency of counting at these 

settings was 15% for 3H and 53% for 14C. 

The abso1ute efficiency of counting wa$ c,lcu1ated 

with the use of 3H and 14C 1abeled hexadeca-nestandards' ob .. · 
. "." 

14. 

tained from The Radiochemica1 Centre, Amersham,England~ .. Count.;..· 
.... ,; ." . 

ing vials were washed with detergent, theriiih~~dt~&~oti~hlt' 
. . .. .:. 

with water and with methano1. After drying ~iWéri-oYk~artd' 

equi1ibrating at room temperature the vi~lswer~ wèrghèd~o 

a constant weight. Al iquots of 3H and14C.:'~cii~cl~:d·àne(dt~s:ô.i~ ..... 
. .... 

ved in abso1ute ethano1) were then tl'ans.fëfr~·ci::t~,·thë,viâls·· 
.', .,.' .... '. -' ..... 

, ,; ,', . 

and dried under a stream of nitrogen •. The vialswerethen' 
., . 

,. _ .. 

kept in a desiceator for a few hoursbefore weighing •.. This 

proeess of desiecating and weighillgW'~s'coTitinuedunti1' a 

constant weight was obtained. ··Thetotaldpmofèa~h. sample 

. was eomputedfrom-the'weight of th~he~'ade~ane andi ts·. specifie 

·aêtivityw~ichw~·s"4.0~io3clpIl1Iïngfor3IIind . 2 .13 ~ 1 0 3 cl prnl m~ : 
. ,',.; 

·':fbt 1 Aé.'.J' he.3 IfaTlcl 14C s1:~nda rd s we re e oun te dwi t he aC.1l set 

of sampl~s·. 

Insi~ultaneouseounting of two isotopes,thëtota1 3H 
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and l4C counts were calculated using the discriminator ratio 

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

following equations were used: 

= N2 - -
b 

and l4C :. N2 - NIa 

where NI = tot~l counts in the red channel 

N2 • total counts in the green channel 

a • 3H in the sreen channel 
3U in the red channel 

b = l4C in the Sreen channel. 
, , 

'l4C in , the redchannel' 

Every set, of vials ,was .countedwith 3H and 14C ,standards" 

in, o.rder, tO,determine. the " lia" ,and "b" ,rat ios '~, The opt imum " 

condi tionsfor double label count ingin th'eabsence of methân~ 

01 wereobtained wi th ,an" a'" ratio " of approximat eIyO. 008 and" 

a "b".ratio of 3.05;, in the' presence of' met:hanol,:the'''éi'''_-:'- ' 

and. "b" ratios were approximate,ly 0.017 and 4 .08r~spectively. 

AlI counts were converted directIf to dpm. 

were 

Count 5 of samp les which only cont aineda single label 

corrected for queriching with th~ use1f3H and l4Clab-

eled toluene'as internaI standards. Vialswere recounted after 

,addition of aknowri amount ofradioactivity in 0.1 ml or 0.2 

ml of ,toluene. Compèrisonof the Increment of counts with 

the actual number of counts -added, provided a ratio which was 

used to correct the original quenched sample count. Samples 
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containing both 3U and l4C were recounted ~fter the addition 

of 3H internai standard and again ~fter the addition of l4C 

internaI standard. The values of "a" and lib" werecalculated 

from the increments in the two channels following addition 

of the two standards. ' 

Melting Point Determinations 

Ali melting points were determined with a Kofler block 

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

'by reference to a st an dard curve basedon' ,the 0 bservedme 1 t-, 

ing points 'of a series.ofprimary standards (Fisher St:ienti- ' 

fic 'Co.) 

Spectral Analysis _ 

16. 

',Infrared spectrawereobtained with the use ofa 

,Perkin-Elmer Model 221Spectrophotom~ter.Sampleswereprepar~~ 

,as described by Roberts et al (33:) and we're ex.àmilleda.'s' 1%·:, 

solutions in' CS2whenever possible. SamplesinsolubleinC'S'Z' 

were examinedas dispersions in KBr dises, using 200 ... 500 pg '" 
. '. . ' .. ' . .' 

of steroid and 20 mg of KBr (Powdered, I.R.'6890,In:fi-àred 
. . , . 

Quality, Harshaw Chemical Co., Cleveland 6iOhio). Insome 

instances only microamounts '(20M60~g)of 'acompound'w~re 

available forinfrare~ analysis and these wer~ ~x~mined in 
", " .. " .. . '. ." .. 

, ' 

KBr (10\1g/2 mg KBr) withthe aid of a Perk:ln-Elmer6x micro-

sampling unit (Model 186-0011). 

Mass spectra analyses were performed through the courtesy 



of Drs., L. Durham and C. Djerassi, Department of Chemistry, 

Stanford Un~versity~ California, and in one instance by Dr. 

G. Slomp, theUpjohn Company, Kalamazoo, Michigan. 

Nuclearmagnetic resonance spectroscopy was performed 

throughthe courtesy of Drs. L.Durham and C. Djerassi, and 

in one instance by Dr .• G. Slomp. The nuclear magnetÎ.creson';' 

ancespect"ra (NMR) were run on a VarianHR·.;.lOOspecti-ometer. 

Deuteriochloroform (CDC l3)was us~dasthèsol vè~t;withtet ra~ 

methylsilane(TMS).as an internaI standard. Sampleswereëx-

17. 

'. . . . '. . ..... '. ".: .. : ': . 

.amined aS·.CDC1Ssolutionsina glass microcell (NMR Specia,l~.·· 
. ,.' .' :' .' ~., '..' ".".' -' .' '. '. . ' ... ::. '. ... ..' '. :",. -" ~ .' '.' ~ .. "',- .' .... . . .",. 

t ies) ·ofappro~imately SO'pl:vo l~me .·:~hemical'S:hi:È~im({asuie..;: . 

. Chromatography ...• ' .-: ...... 

....... 

. :AluminaColumnChromatography: Alumina. (20.0'mesh)was .' 
.. . 

. pr.epar.ed for use àsprevioùslY described. Thewei:ghtofâd:" 

sorbent. usedwas approximately 100 times th~t oftheweÎ.ght 
. . ,"",', . '. '.:- '; ,", 

. . . . . . .' ," 

~fextra~t t~be purified. The columnswere preparedby slowly 
.' .- . 

pouring the alumina into a small glass columncontaini~g the 
.' . . 

developing solvent, usually 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 



were eluted with increasing concentrations of benzenein 

Skell~s6lve B or with increasi~g concentrationsofabsolut~: 
. . . . : . 

ethanol in benzene. The column fractions we~e combined 'on 

18. 

,the basis of a visual examination of the ~esidue ineac~ f1ask 

or on the basis of the radioactivity in eachfractioi~ 

Ce1ite Column Partition Chromatography: Celite, ,pre-
, . ,,' - . . '.' 

, .. 

pared as described above,was used in the ratioofO.5to 1.0 

g per mg of extract. AlI c01umns,used had a ratio of height' 
, , 

to diameter of 20 or more. The Ce1ite was stirred·' in a Waring 

Blender with sufficientrnobilephase to exclude air;stationary 

phase, 0.5 ml per gof~elit~,wasadded slo~ly to the mi~t~re, 

then the Celite was added to a glass chromatographiccolumn 
. ," . 

and packed tightly withn Martin Packer (34). When possible, 

samples were dissolved\in a minimum volume of mobiiephase 

and the solution was applied to the top of thecolumn. Those 

samples not readily soluble .Jn mobile phase l'Tere dissolved in 

stationary phase' and mixed \'llth Celite in the sameproportions' 

used to pack the column,and the charge was applied to the top of 

the column. The effluent was collected in tubes using anauto--

matie fraction collector (Buchler Instruments, N.J.). Hold-

back volumes (HBV) of columns were determinedby measuting the 

volume of solvent required ta elute the dye, Sudan IV, as des~ 

cribed by Johnson (35) and varied from 1.2 to 1.8 ml per~ ot 

Celite. AlI Celite columns were developed at room temp~ratu~e. 

The effluent from the columns was collected at the rate of 

0.2 toO.4. ml/g of Celite per hour, and analysed by measuring 
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the radioactivity of suitable aliquots from each fraction. 

:Paper·· Ch rornat ography : Sheet 5 of Whatrnan No. 1 or No. 

,3~ltvI filter;aper cf7X57 crnwereused throughou t.·· Chromat ography 

6npaperwas~ccomplished~y either·oneoftwo rnethods. When 

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

the starting line of the paperwhichwâ.s:·~h:n equilibrated 

in the chromatography tank for arninimum'offour hours before 

the addition of mobile phase. When Zaffaroni ~tpe (37) systems 

were used, the paper was impregnated with stationary phase by 

ilipping in 50% solution of stationary phasein:methanol and blot­

ted twice just prior to the applicationofthi iici~lesin order 

to remove excess stationary phase. No equilib~atiQn was nec-

essary when such syst~ms were employed. 

Ultraviolet abs0~~ing steroids were locatedon paper 

with the aid of a viewing box (Chromato-Vue,Ultraviolet Pro­

ducts Inc., San Gabriel, Calif.). Othertypesof.steroids. 

were visualized by spraying a 1 cm strip~~:thechromaiog~~m 

wi th phosphomo lybdi c acid fo llowed by heat ing 'of thepapers. 

to about 90 0 C for 1-2 minutes, or until abluespot appearecl 

against a yelloW background. This. rnethodof detecting steroids 

····.on .paper· was' original1ydevisedby .Kritchevsky and Kirk (38). 
" ...... 

. Radioact ive .st eroids were, locatedw:itht.he aid of aPackard 

~iodel' 7200 strip-scanner. 
.: ." . . . . ..: .. .",. '. .' . . ..,.... ", .' . . ~ . . . .. 

Areas of papercontajning th.e steroidto be eluted were 

. 'cu~ in S~al1?quares, covered wi th methahol an.d allowed to 
. . 

'. stand for 2-1Shours.Aft.'erfilteringthesolvent, the paper 
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squares were washed twice with additional amounts of methanol, 

and the combined methanol extract was evaporated i.!!. 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 phase. The ethyl acetatewas dried over 

NaZS04 and evaporated under vaeuum at 40 oC. 

Siliea GelColumn Chromatographl: Urinaryextraets 

were first ehromatographed on large siliea gel eolumns. A 

slurry of siliea, gel, inmethylene ehloridewas transferred 

to a glass eolumn which ,was ,tappedvigorously',to ensure eve'ri 
.. ". '. .'- :. .'. . 

settling of the suppori andth~ ~~eluiiori~of ,air bubbles. 

The sample to be ehroIllatographedwas dissolvedin, methylene ' 
. , .. .'. '.. . 

eh loride and appliedt othe top,ofthe' eàiunm.The eo iumn , 
, ' 

wasdeveloped with methylene ehloride'or~ithethanol,in 

methylene ehloride dependirig Ol,l the ,na tùre, of ,the ,'ex,t raet ~ , 

The effluentfrom the' eofucin' was C'()'lle,cted at'th'e rate'of 30;'4'0' 
- .' " 

.' ..... '.. ',' 

ml/hr when largecolumriS were us'ed.- rn(iivj.dualfr~~tio~s 
. .. .' . . 

sometimes varied from 8-12nil'but most fractions we',reabout' 10 

ml. A tinter was employedto regulate the volume of,th,e'frac-

tions col1'ected. Aliquots of fractions , ... ere removed for the 

determination of radioactivity and individual fractions from 

each column were combined aecording 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 als~ used for further 
. . 

purification of the ster'oids eluted~f1:er paper chromatogra­

phy. These columnswereprepared in~~h~manner described 

above exceptthat 1 ml fractionspergof ads~rberit were col~ 

lect ed •. 
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"., .. : ~.' ~ .. 
" 

Thin ·.Layer ChroinatograPhy: ·Sili6·a·gelG{Me'rckj',was. 

mixe d with a vo 1 umeo'f~ater eq ui va len ttot,·11 cet h e .~~ i ght· 
::.," 

of the silica gel ,ar{d spread on 20x20 cm glass plates to a 

dept~~fi mm,using a~~~ea~ch Spe~ialties Co. spreader. 

The plateswere·.>dried in,air'forone hour or more, and then 

hea t ëd:~0'1200b:for:()n~e'~){~if' hour. 
" . ", ' .' ,"", . 

Samp~ês were spotted on 

'a'line'2: cm·ffom<>rïe:edgë. . Chroma tograms were deve loped by 

ascending.·solventflowin small glass tanks with glass eovers 

· with o'ut', equi 1 ibr at:ion:~- . 
. ' . . . 

. . ' "'Stex:oid$ Wei'ë:l~.(;ated on the thin layers by their ab-

'.s~rp·t~on:of.,tTv. '1.f~h.·~:O'rb*sp~aYing wi th phosphomolybdic acid 

· .as'lli>èyiotlSlr ·,~~$crj;"ti~d.-.;to:r~,..'paperch l'orna t 0 gram s • 1 mme dia te ly 
. ',', 

. aftèr·'chrômatography ;,thé:;':s iilca. gel····· .to be e luted l'laS scraped 

. of f 'th et> la t e>wi t IlW'b 1àde.,â:n.d;:·transferred to a' med ium -p oro-

's i ty.sin t et.ed .. 'g,laSS.tUnlJe;i'~:f,:,'io6::'~'i:.c~~~.ci{y:;. ·T.h~~.UPP:6rt'.-_"·· ....... :,.' 

.. was covered·.wit:h,·ethYla.~~~.~t~i ... $tIr.red.'~~d':àil~#ed:'to:···At:and. 
, '.. . .... ~: ... ::: .. ::.:.. '.' ..... ';':"', ';', .... ~:' .. :~,".~ .. ~ ............. <, ';':'" .. : .. ': .. '.~ .:. ';'-'. 

· . fo rS .' t 0 l Om fü ut es .. ,;rhe,e.~hY~<~ee~:a.t;:~;;;l't~.~:·;,tll~n:f'~ .11:'. e :r~:~:<., . 
· . off wi th.- the aid of suet ion and th~;:'~xtra-~~i'o,~;'~~;' r'~~~~t~d':- . 

tWi~e,' ':'~fter'whi~h t~e'" ~~~bihe-.d:,-~t-ny~.·a·c;~ta:t.~'.::~~$:-.:'e<t'~~,~;~t~d",' 
at 40°C. 

Solvent systems used inall 0~t~eC~hr6matogr~phicse~ 



System 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 
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TABLE '1 

Solvent Systems Used in Chromatography 

Type 

PPC* 

PPC 

PPC 

PPC 

CPC** 

CPC 

PPC 

PPC )';1. 

PPC 

TLC*** 

PPC 

Solvents 

Toluene-propylene glycol 

Skellysolve B:methanol:water (10:9:1) 

Iso-octane:toluene:methanol:water (5:5:7:3) 

I~o-octane:methanoY:water (10:9:1) 

n-Heptane:ethyl acetate:methanol:water 

(10:10:13:7) 

n-Hexane:ethyl acetate:methanol:water 

(10:10:13:7) 

Benzene:cyclohexane: (1:1) - propylenegl)'col 

Benzene:cyclohexane (1:1) - ethylene ilycoX 

Benzene:methanol:water (20:11:9) 

Benzene :ethanol (1 :1) 

Toluene:ethyl acetate: methanol.:water 

(9:1:6:4) 

Chloroform:ethyl acet~te (S:I) -~orm~ 

)ùide 
.. ' .. ~ 

'Chior of orm: ethari 01 (9:1) 

Il-I-I>~~~ne.:ethYl·····aceta te ... (1·.: 1') 
. :." .. " '." ' " ".,'., 

lso-()c:iane.:~-bu~anol: me thanol :wat er (10:2: 7: 1) 

*PPC -Paper PaI"t~tion Chromatography.' .' •........... **CPC - Celite ColumnPartitionChr6niatography 
***TLC - Thin Layer Chromatography 
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, ,Preparation' ofSteroid~,for.tnJect ion 
::- " '-' ,"-. 

Whenevèr.pos~fble,iâ.beled steroids were stored in ben-

zene:methanol (4:1) solutions in the refrigerator in order 

to minimize the dangers of self decomposition. Prior to in­

jection su.! tâblealiquots were transferred to . sterile vials, 

using sterile pipettes. ,Sol vents were evaporatedundernitrogen 

and the residues were dissolved in O.S'ml of ab~ol~te ethanol. 

Immediately before injection, 10 ml ~f steril~~i~otonic saline 

was added to the vials and the mixture was then inject~d slow~ 

ly lnto the antecubi tal veinof the subject froma 20mlsy.,." 

ringe. The syringewas washed once by drawing thesuhje.ët' s 

blood which was re-injected. After the injection the sYring~, 

needle and vial were washed with saline andwith ethyl acetate~~ 

and the radioactivitymeasuredin these washings.This'radio-· 

activity was subtractedfrom the Tadioactivityoriginallypr,~ 

pared for the injection. 

In sorne instances a more direct approachwas elliploye'd to 

determinethe formation and rnetabolicfâte' of,asteroidin 

'.,late pregnaJlcY.' ". Thisapproach inval vedtheadministra tion of 

the tritium labele~ steroid'intothe peritoneal cavi ty of the 

. f etù sdùri n ga t:an#~sf?ni~~tèio;f1r . eryt~:ohl as t 0 s i.f e­

talis, and::the 5 imultanepiis'·injèc{ionof.the ,'C-la beled 

'steroid lnto an antèêub:i tai vein'~ , MaterIl'alurinewas'th~n, col­

le,cted and the metàboiites' isalated. The injection of the 

steroids and collection of urine wasdone by Dr. J.M. Bowman, 

Rh Laboratory, Winnipeg, Canada. The urine was th en frozen 



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 ~lood. Usually the steroid 

was mixed with 150 ml· ofblood whichl'last.ransfused slowly. 

At the end of the trarisfti~ion, th~reinainder ~fthe blood 

(s ome30-'40ml )was'sen·t 'togetherwiththe v ial, the syringe, 

and the Plastic ,tubin,g."T~esyringe,.,need,le ian~ vial were 
~ . ~ '.: . '" .'. '.~ " .".'" '",,,. ,- .... , ; 

,washëd.with ·.saline .... and 'wi th:.ethyf, âce.tâte~ 'ând.,.the<,résich.ià.l··· 
, .. ',' •• ,' • , ... ". . '" ".. . .. ,"c.:" • -" ", '", .•• " '. ~. (.:,.' '.' .' '. . .' _. '.~ '. 'C:. _C.; '. :' .;' .. ,:,.- '_ - • .: • 

. -'." . ._,.,. " .. 
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·radiÇ>activitywasmeas.ured. ·Thebloodwas· transfer.redintoa .1.0: . 
. ".' .: .. ", ".",.' ", .. ' .. '- :-.-' ' .. :' ":. . ,,_. ': .. : . 

·largebeakei-and:ndxed.with aknown.amount ofsteroid. la:be led 
\". . . ,- "'," 

, .. ' .withl4G~ " . Ethyl' acetàtèwas <then:adde.d. ,diemixttlre.s·t irred, 

the ethyl acetate w,a's, rem'o;ved after, equilibration. Wash": 
. '_ .... ~~ . ~,'~'\ '. 

" .' ' •• i~g .. ~f.,th~'bi ~.()dwit.~::~1:,~i.~··~;~~~'~~.f,~_,~,~~··~:~k·~.~.1:·~d·:3-4" ,.t iUte 5 ...... , ... ,.' .. 

··.'.and'.1:h.~'ra,d~ocicti''''.ity,p;re·s~nt,,;~:~.;~~è,;~()~l>in~~~,,~fhyl·'·. acetate" 
." ... ": .... :,':: ... -:'.-','....... . '.: ".,"" 

\I1ashirigs wasm~~su:red and,ëorrected'id:r:lo~s~susiIlg the· per-

centrecovery~fthe labeled steroid added in the blood. The 

radioactivity adsorbedon theplastictubirigwa~estimated by 

counting one cm portions of the tubing in toluene phosphor. 

The total radioactivity recovered fr6rn the vial, syringe, nee­

dIe, blood and the tubingwas then subtractedfrom the radio­

activity originally preparedf~r the·injectio~. 

Hydrolysis of Urinary Corijtigaies 

Urines not processed irnrnediately after collection were 
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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 addition of sodium chloride, 20% 

(w/v), the urine was divided in five 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 filtered through glass .wool and to it was added 0.11 

ml of 60%perchloricaci4 per 100 ml of solvent and the solution 

was left overnight in the dark at 37 oC. The tetrahydrofuran 

solution was thenneutralized with 0.5 ml of concentrated ammonium 

hydroxide per 100 ml solution and the solvent was evaporated in 

vacuo, to yield an aqueous phase which was extracted ~ith ethyl 

'acetate. A volume ~f ethyl acetate 1~5 to 2 times that of the 

aqueous phase was divided among ,3 separatory funnels in the 

ratio of 2:1:1. The aqueous phase w~s then passed thro~gh the 

three funnelsin sequence, nsing about 1/5 of the solution at 

a time. The ethyl acetate was thencombined, washed with O.SN 

NaOH to remove pigments andacids, and with water until the water 

washes were neutral.The ethyl acetate was then dried over 

Na2S04, filtered and evaporated invacuo at 40 oC. The residue 

thus obtainedconstituted the steroids excreted as "sulfates" 

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 P-glucuronidase 

preparation (Baylove Chemicals, Musselburgh, Scotland, two 

million Fishman units per gram) per 100 ml of solution. Me­

thylene chloride (10 ml) was added to the solution as preser­

vative. After incubation for 5 days at 37 0 C a neutral extract 

was prepared as previously described for the sulfate fraction. 

This extract contained the steroids excreted as glucosiduron­

ates and also those steroids ex~reted as double conjugates 

withsulfuric and glucuronic acids (e.g. 3-sulfate-15-gluco­

siduronate) and it will be referred to as the glucosiduronate 

fraction. 

In sorne cases, simultaneous enzymatic hydrolysis of sul­

fates and glucosiduronates was accomplished withthe use of 

Glusulase (Endo Laboratories, New _ Yor~). a mixture contain~ 

ing 100,000 units of P-glucuronidase and 50,000 units of 

sulfatase per ml. Urine was adjusted to pH 5.2 with glacial 

acetic acid, and 5 ml of 1.2N sodium acetate 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 0 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 pyridine and one part of acetic anhydride in 

glass stoppered tubes, and left in the dark at room tempera­

ture for about 18 hours. Steroids acetylated with labeled 
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acetic anhydride were dissolved in equal volumes of pyridine and 

a 20% s6lution of acetic anhydride in benzeneand ~he mixture 

was incubated overnight at 37 oC.At least a 0.2 molarexcess 
- , 

of acetic anhyd~ide per mole of steroid was ~sed~ Acetylations 

were stopped in twoways. In one procedure, the tube contairi-

ing the reactants was placed in a waterbathat 40 0 C and-the 
. . .. 

solvents were evaporatedunder a stream of, nitrogen. Several," 

portions of benzene:methanol (1:1) were addedand~eachwa~ 
. .' . . : . 

evaporated until the odor of pyridine could notbe d,~tected. 
" ..." . .' . . :: . 

In the second method, the reaction mixturewastransferredto 
, ' , 

ice-water containing S~o 6N sulfuric acid, and thesteroid ace-
. . '.' . 

tate was extracted with ethyl acetate. Theorganicphase was 

washed five times with 6N sulfuric acid, .threetime~ ~ith IN 

sodium hydroxide and with distilled water until neutral, dried 

over Na2S04, filte~ed and evaporated in vacuo. 

Sodium borohydride reduction: Reduction with NaBH4 was 

performed by the method described by Norymberski and Wood (39)' 

with minor modifications. AO.4% solution of the steroid was 

prepared in methanol. This solution was cooled in ice-water 

to 4 o C. To it was added a 1.6 molar excess of NaBH4 and the 
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reaction allowed to proceed for one hour. The reaction was 

stopped by the addition of 6 drops of glacial acetic acid and 

the methanol was evaporated to give a residue which was dis-

solved inethyl acetate and water. Then the organic phase was 

washed with O.lN sodium hydroxide, water, dried over Na2S04 

and evaporatedinvacuoL 

Prepar~tion·oflS~-Acet~xy-2~-hydroxypregn-4-en;3~one: 

An aliquotof lso(-acetoxyproges~erone (3.4 mg)was dtssolved· 

in 0.4 ml ethanol and the solution was added slowly to 20 ml 

of O.IM Tris buffer pH 7.6 with EDTA (2.7xl0 3M) ~n a.125.ml. 

Erlenmeyer flask. Following the addition of 194 mg~f~DPNHand 

0.2 ml (1.0 mg) of 20f -hydroxysteroid dehydrogenasè ~ themix-

ture was incubated at 2S o C and 180 cycles per minute in a Gy­

rotory Shaker (New Brunswick Scientific Co., New Jersey) ... After· .. 

two hours of shaking~ the reaction was stopped with SOml·of. 

distilled water and the steroids were extracted withethyl 

acetate to give 2.8 mg of residue. It was chro~at~gr~~hed ~~. 

a thin layer plate using system Q and two ultraviolet-absorb-

ing bands were observed at average distances of 4~8 arid~~3 

cm. The less polar band corresponded in mobility to lS~~~~è~-

oxyprogesterone standard. The more polar band was elutedto.give 

a residue (2.3 mg) which was crystallized from acetone~Skel1y­

solve B to yield 1.5 mg of coarse needles, mp192~1930C. Its 

infrared spectrum (CS 2) indicated the re~ention~f theace~ate 

group (1738 and 1240 cm -1) ,the presence of the b 4 -3 -ketone 

function, the los~ of the 20-ketone group (1710 cm-l) 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 NaBH 4 reduction of l5~-acetoxyprogesterone and 

oxidation of the resulting product with the DDQ reagent as 

described below. The material obtained after incubation of 

l5ci-acetoxyprogestero~e~ith20f-hydroxysteroid dehydrogenase 

was therefore iden tified as. '15el'::'acetoxy- 2 0~-hydroxypregn-4-en-

3-one. 
. . '" " . 

. Dich lorodicyan'obenzoql1inone Oxida t ion: A deri va t ive of 

.1SCC-acetoxyandrostenedione and lSc(-ac~toxyprogesterone was 
. ..' ... '. - .... ".' .'. . . ' '. 

. . 

prep~red by reduction with sodiumborohYdride.and subsequent 

·····oxidation of theallylic alcoh~lat ë':"3~ith 2,3:-dichloro-5,6-

dicyanobenz~quinone (DDQ), acc~rdingtoca.mcidification described 
. . . 

. by Ruse and Solomon(40) of the'origitlal inethodby Burn et al 

" (41). In . a typ ical . examp le a .tota l ,o;·44nig cif l5clC,...acetoxypro-
. .. 

gesteronewas reduced~ith. N,éj.,IŒ 4·:asdescribed above. The pro-
0' •••••.. ,.: 

du.cts ofreduction. weredi's'solved :in.3 mÎ'of.freshly distilled 
',.'- _. .". . ." . " --.",. .: . ", . 

dioxane contained Ina' glas's' stoppe:red·:t~b·eto which was added 

33 mg o~ DDQ reagent.· The rea~tiori ~i~t~re was left in the 

dark atroom' temperatüre'for27'hours and the hydroquinone for-
. .' .' . . . . . 

medwasremovedbyfi'ltration and the filtrate was evaporated 

todryness>. The rési'dùe l'laS dissolved:an ethyl acetate and 
,',: . 

the organicphasew~swashed first with 0.5N NaOH until aIl pig­

ments h~dbeen~e~oved, and then with water, dried over Na 2S04' 

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-l930 C, which were UV positive when a solution of the crys­

taIs was applied on paper. Its infrared spectrum (CS 2 ) was 

identical to that of l5«-acetoxy-20'-hydroxypregn-4-en-3-one 

prepared with 20'-hydroxysteroid dehydrogenase as described 

above. A mixture of the NaBH4 reduction product and the mater­

ial prepared with 20p-hydroxysteroid dehydrogenase did not show 

depression of the m.p. (mmp: 193-l94 oC). Similarly, the struc­

ture of the derivative prepared by NaBH4 reduction and DDQ 

oxidation of l5~-acetoxyandrostenedione will be l5~-acetox~es­

tosterone. Direct evidence for the formation of the latter 

will be presented in the experimental section. 

Rocovery of Stermids from Counting Vials 

In sorne 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 Labëled Acetic Anhydride 

Th~ee Batches of (1-14 C)-acetic anhydride (Batches #1, 



#2 and #3). specific activity 1 mC/mM. were received from New 

These solutionscon~ained 1 mC England Nuclear Corporation. . . 
. . 

(10.2 mg) of the reagent in 0.04 ml of benzen~~ndthey were 
: ..... ; . .-. '.:: :.' . 

used directly. Two dilu~ions.of Bà.tch4tl(25~fold 

fo Id) wi th 20 % acetic anhydridèin benzene -gave sôlut ionsl.··. 

and 2. Two Batchesof3H-àcetic anhYdride(~,atchesit4and 
# 5). specific ac~i vit Y ".10' .mc/mMandlQ~mClmM; respe~tively.· 
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containing ImC (lO~2 mg)of.thereagent.in 0.04. mlofbenzene 

were also us~d.The specificacti\Tity of theacetic anhydride 

in each solutionwas <iet,ermined.by<theacety~ation of l5~25mg 

deoxycortic~stero~e.(~oban~the measurement.of thespee ifie 

activity ·ofthe.reiulting acetate{DOCAJ. After acetylation 
. '. . - "" .', :."' .. ,,' .,,'.' ..... ":,', - . . 

of known amou~tso:É nori;.labeledsteroid the products were chro~ 
matographed' on. al~nt.i~aêolu~nspriortoCrystallization. Con­

stant.specifie.aCti\Tityofeaëhaeetate was achieved as shown 

in' TableZ. 

Determina ti.on . of Elldogérto~'s'spec: ific Aetivi t ie s . (dpm/mg) of 
: . . 

Isolated Metib61ites 

Fol1owinginitialchroînatography or urine extractson 
..... .... , :' '. ' .. '. 

a silica gel c01umn,themat:eriai\'iithin eachpeak was further 
- . 

purified andpartiallyideD:tified ~yc~ro,m~fogra.phy ona. Cel i te 

column and/or paper .. Tofacil{tateerystallizatioh .of the iso­

la t ed st eroids after' fina l·éhromatographÇ,··.·. they were.perco la-· 

ted through sma Il sil ica . gel" oraluminaec,lumns .as.· previous 1y 

deseribed. For the determination of theendo~enous specifie 
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TABLE 2 

Stnnd~rdiiation of Laheled Aeet.ic Anhydride· 

Specifie Activity (dpm/pR DOCA) 

Crysta11ization Cr)'stals r,1oth er Liquors' 

Batc:h 1f1 1 2.S3x10 
3 

2.6Sx10 
3 

2 2.S4x10 3 2.82x10 3 

Solution 1 1 110 105 

2 115 120 

,Solution 2 1 22 21 

2 23 23 

Batch #2 1 3.39x10 3 3.29x10
3 

---
2 3.50x10 3 3.47x10 3 

Batch #3 1 3.08x10 3 2.9Sx10 3 

2 3.13x10 3 3.19x10 3 

Batch #4 1 3.27x10 4 3.14x10 4 

2 3.26x10~ 3.26x10 4 

Batch tt5 1 . 3.67x10 S 3~' 8 9x 105 

2 3.6 Sx io 5 3.67xl0S 

*A11 solutions wqre standardizcd against Jcoxycorticoi~erone. 
The acctic ~nhydriJe of Batches 1f1, '2 and '3 was1abcled with 
14 C li h i 1 eth a t 0 f. Bat che s If 4 a n cl If S ,.., a s 1 abc 1 c d ,~ i t h 311. 

activities, one of the tWO':-following methods were used: 

a) When isolated in sufffeicnt anounts the T!Ictabolites 

"/ere crys ta Il i zed direct 1y' fromanapp:ropriat c solvcn t mixture' 

until the final specifie aetivities of t~ë:erystals 'and mother 
.. ' '.' 

1iquor did not diffcr by more than 10%. Fo11ow{ng eaeh crys-

ta11ization a 0.400 mg to 1 m~ u1iquot of the crysta1s "las 

remov~d and weighcd accurately on a ~icrobalanee (Mett1cr ~odc1 
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1-912-3 x 3) before being transferred to counting vials o~ 

to~~lu~et;icfi~sks from which aliquots vere taken for count­

Ingo .. Motherîiquorsfrom crystallizat ions were transferred 

to small(2.0-3.0g) thin-glass Erlenmeyer flasks which were 

accurate1y weighed. After drying and re-weighing, the contents 
. . ' ... ", . 

ofthe ... flasks were quantitat:ivelytransferred to volumetrie 
. "', ,", ' .. ;. ........ - .. '. '.' ' .. ' ' .... -,., 

:f~asks and suitab1e a1iquots were counted. The balance used 

~}wasaccurate to 10 pg in the weight range of theweighing 

paper and f1asks. In the case of certain metabolites~ as lit-

tle as 110 pg was available for weighing. At th is 1 ev el, errors 
... " ... , ~ - . 

in weighing were about S l!: o • Sufficient count swereac.cuinu~a-

•. ' ted to give a standard deviation of not more than..2%. 

b) In most instances the isolated urinary steroi4 

not have sufficient weight to determine its spec.!fic 

by direct crystallization. The specifie act:Lvityof 

steroids was det ermined by acety la t ion wi thlàbéled' acetic 
• .... r •• : •• :"':' 

hydride us ing the isotope dëri va t ive:prltî:c~p)~:(l~·scî-ibêdbyi(1i";:. 

man and Peterson (43). 

acetylated tdth one of the st~md~~d'iiedsolutions of (1_14C)_ 
.......•..•.•• : ....•...•...•...•....• '. 14 . 

acetic anhydride~ Thosecomp~urid~~containing C were acetyla-
. . . 3:.· .... '.. . . ..•.... .... 

~1th one of theH~acet1canhydr1de solut10ns. Theproduct 

m~xed:withtheappr()pri~tecarrier acetateand after chro­

.~àtoiraphy of the mixture on a small alumina column, it was. 

~~istal1:i.zed until the 3 H/14C ratios and the specifie activitiés 

'of the' crysta Is and mother 1 iquors . were constant. The. specifie 
.... . . ". .' . . 

~cti~ity of the isolated steroidwas calculated accor~ing to the 



expressions: 

S.A. 

'and S.A. 

where S.A. 

a 

·C 

d 

n 
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--

= 

axbxdxn 
C 

axbxn 
. d'xC 

, 

when 1-14C-acetic .anhydride was used, 

when 3H-acetic anhydride was used. 

= specific activity of the isolated metabolite 

= specific' activity of DOCA (dpm 14C or 3H/pg) 

: molecularweight of DOCA . 

=' ma lecülarweight af the metabo li te 

_3~114C rat ioof the acetyla t ed metabo 1 i te 

= ntimber' of '~cyiabiê: groups •• 

. . . ; " 

,"'.', <.,", .:".' 

.... ;.:: ",:" :' .. ~.: .:~ •.. ' . ..;:::~.::~ ..... ",' .. '- . ':"" ....... ,_. 

The:··i~:()l'~tiori. :.6f.mi~1Jte"a~:~u~t:s::·:.p:f·.\ 1.~i~hYdro~~yja Eed'· st ero ids 

from· urinewa~ great lyfaci l.ita~~d:,by~he···adclttio,ribf·as11lall 
amount of'the tabe l~dstèro·idof,kh·.('w·n~peciflc.acti vi ty in to 

. u~ine .poois~> ·~blï'.bwi·~i .. :hY·4:f~i?~i~2:6ii:i~'~':-:~i-i'K~Ç;::~'t eroid····co~~ ...... ' 
~ . ,'- ',,' ; ,-': ;.: ,,'),: .' ','", ',: ..... . ... ;' :~ .. " 

·~.;jug:at.~ s'pa~r'" do' . 'c~Pe' "ud"'u~··.rf,:fe·· .sir. "-"'t~'h·~.·.;()e.·.···~··~. "p:;',:Ou,:·fr"·"!l:~·tf;~.ee":"'d~:'.t:Xf~:'r~,ra::iic:.:t~:o·:·::bn;· .yc:·· .. vo ••.•. n~rt: :ai0l._ Un :n,Cg ... hr
t
•· '~h·me··· a .••. t

r
··. °a·· • ..• ·d-;.O·· ... _ ...•. '. 

gi~p~Js;· . . .. ... -L .. 

. aC1:i~i1:'y :.,~l~·'~~:e~';li:i'~:t:: ~'i~h·,·~·c~ti6:~~~ ';<iii'd e '. ~ av i n g a di f fe ~ e n t 
.. 

labe,:r.and·tll~pr?ductnd~.ed.withthea!lproP:t".ia te ca,rri~;acetate ~ 

After ëhr~mat()gr'aphyof the .mixture onasmal1 alumina column, 

it was crystallized until the. 3H/14Cratios .of the crystals and 

. mother liquoxswere constant. and 'the specific activi ty of. the' 

iso.lated steroid was calcul a ted. as . previous ly described. . Then . 

the' weight: of the sterc{ido~igiJlally' present·· in'the urine can 
. . '" " h,.:' ',", . .. .' '",' '."'. ...." . 

becalc~laiedaccordingt6 th~ weil known is6tope dilution 
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equation: 

where A = 

saI : 

A : saI -1 
sa2 

weight of the 

x w 

isolated steroid 

specific activity of the steroid 
urine 

added in 

sa2 = specific activity of the isolated steroid 

and w = weight of. the steroid added in urine. 

Determination of the Percent Conversion of Injected Ste~oids 

to Urinary Metabolites 
.' .' ", .. 

The percent conversion of an injected steroid to its 
'. . .. . 

urinary metabolites was calculated using one of iwo meth6ds. 

35. 

Where the endogenous spe~ific.activityof a metabolite was 

obtained by direct crystallization of the steroid, the specific 
. .: '. " . -' 

acti vi ty and th~ weightof the ~ure crystals wereusedto cal-

culate the percentëonvers:ionof thé injected dose to the urinary 

metaholite •. Whentlle isolâ:ted metabolit'ecb~ldnot be obtain-

ed in a crystalline fo~mit.was acetylated with labeled acetic f 

anhydride and the pro~uc~.mixedwith th~ appropriate carrier 

acetate. The mixture was chromatographed on a small alumina 

column and ~rystallized to.consta~tspecific activity. This 

speci fic act i vi ty and the weigh t'of carrier aceta te were used 

to calculate the percent conversion of the injected dose to 

the urinary metabolite . 
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Preparation of Labeled Substrates 

Labeled l~-hydroxylated steroids were prepared by the 

incubation of appropriate labeled substrates with either a 

strain of Penicillium (ATCC 11598) or with the organism, 

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

the Squibb Institute for Medicàl Research, New Brunswick, New 

Jersey. These organisms are capable of hydroxylating the 

steroid nucleus at the l5«-position (2,4). 

(7- 3H)-ISc(.-Hydroxyprogesterone. This substrate was p!1'e­

pared by the incubation.of (7- 3H)-progesterone with Colleto­

trichum._linicola~ The microbiological hydroxylation was per-. 

formed through the courtesy· of Dr. P.A.Diassi. Colle'to tri-

chum linicola was maintained on slants of Gduld's agar. The 

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

250 ml-Erlenmeyerflask ~ontaining 50 ml of sterile medium 

which consisted of 10 g of brownsugar2 30 gof Cornsteep li­

quors, 2 g of lard oil, 6 g ofsoditim nitrate, 5 g of calcium 

carbonate, 1.5 g of monobasic potassium phosphate, 0.001 g of 

zinc sulfate and 0.5 g of magnesium sulfate, aIl in one liter of 

distilled water. The inoculated medium was incubated at 2S oC 

and 180 cycles per min in a Gyrotory Shaker (New Brunswick 

Scientific Co., 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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oil, 3 g of ammonium phosphate and 2.5 g of calcium carbonate, 
aIl in one liter of distll1ed .water. Tritium.labeled proges­

terone was added· in 2 xO .2 ml ofacetone ta .the flasks, and '. . ..... ' : 

the mixture incubated for 7() hoursas befor~. 

The substrate,1 mC of (7- 3H)-progesterone in 0.031 mg 
.' .: . .' '. was used as purchase~.::Prior.to ·use,itwas dilutedwith 100 mg 

of carrier ta. gi ve ~.the.o:reticalspecific activi ty of 2. 22xl 0 7 
dpm/mg. Ten/mg of thedilutedC7-3H)..,.~rogesterone was added 

',', .: ... ,' : ... 
to each of thetenflask~~ ." 

After inëuhation,the.c~ntents of therlasks were pooled 

and. the medium~a;~~justedt; pH~;O withsulfuric acid. It 
·was filteredthroughealarge sintered glass funnel and the fil-. '...,."'. 

trate (630 ml)wasextracted with 4 x 400 ml methylene chloride. 
After evaporat{on' o~~~~~~ethYlene chloride a r~sidue was 

. tainedwhichweigh~d67.smg and·contained 8.72xl08 dpm. 

ob-

This 
res idue was cry:st::l~liZedfrom ac~tone-h exane .to g ive 27.5 mg 

. of crystals: mp210-22()oC,specificact.l.vity.l.68XI0 7 dpm/mg. 
Preliminary·· chromatog~~phic . an~iYsis·on· paperin· systems A and . . .'. . . 

Hindicated that the cry~tais we~~ c~ntaminatedwith. sma1l 
".' . . . . 

amoun ts (maximum 5% J . of12~, ISe(': dihydroxyproges t eron~, . Ile(, 15«-
dihydroxyprogesterone and progesterone .An .aliquot of .the crys­
taIs (10.2 mg and1.71xl08dpmLwaschromatOgr~phedon . four th in .'" ' ... ',- . . .' ,"' . 
layer plates in systemN.·· The~ultraviolet-absorbingzonecor~ 
responding in mobili ty to lS«-hydroxyprogesteron~ .' l'las ·eluted to 

give a residue which weighed 8.Smg and contained 1.45xl08 dpm. 
Crystallization from acetone yielded S~6 mg of small plates: 
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mp230-232 0C, specifie activity 1.74xl0 7 dpm/mg. The mother 

liquor.had a spec ific act i vi ty of 1. 70x 10 7 dpm/mg. The infra-
. , ,.~ . 

red'spect~um (KBr)of the crystals was identical to that of 
.. ' .... .-::. '. '". ": 

lS~-hydr~xyp~ogesterone. Thesecrystals'were used in Experi-

ments A-l and C-l tobe described. The yieldof C7- 3 H)-lSd-:-

hydroxyproges terone.was .. 23%. 
.' 

: .' '," 

..•. ' ,'-

An aliquot ofth~~ristalline materia160~tain~ng 1.2Sx 

105 dpm was mixed with 31.8 mg of carrier steroid.andt:he 

mixture crystallized as showninTable3~ 

tABLE 3 

Preef-ef-Radiochemical Purity of(7-3Hj~ls~-~idrhi~~i~je~t~;one 

Crystallization 

1 

2 

3 

Calculated* 

specificActivity(dp~/~gl 
Crysta ls 

3900 

'4100 
" .. ', .... ':," -.- . 

. . " . 

4050' . 
:~ :' " . 

-0',.- . 

,,' ... '. " .,' .' ",. 

'. M~the~'Liquor 

..•. 4200<" 

··,·.· .. 4100, 

*A total of 1. 2SxlO S dJ?m wasmixed with31.8 mg· of <carri~r1SCl(­
hyd roxyproge s.t e rone. PT.ior·ta 'crys ta1!i zat ion:.'. 

(4 _ 14e) -lSol-HYdraxYprogéo.t ~~~rie,e~;bO"-14·· labeledTSo(­

hydroxyprog es,ter.o~e :~a.s.··pr~par.ed.frolll·2o O'J1COf :(4 ~.14cJ~pro-
...... :." .' . - . 

ges t erone, (SpeS.1 :ficact ~~it)" .. ,S:7.3 .. mC/mM ,1.10 . mg, .' 4 ~SOX'l 0 8 dpm ). 

The~Ur~1:y,.o:Ê. (4_14C) -progesterone was proved by reverse iso-
• -, • '," •• -. : ': '" j'" 

tQpèdilu~ipn .analysis of analiquot as shown in Table 4. The 

re~aining 1abel~d steroid was incubated with Penicillium (ATCC 
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TABLE 4' 

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

Specifie Activity (dpm/mg) 

Crystallization Crystals Mo'ther Liquor 

1 1390 1470 

2 1410 1430 

Calculated* 1440 

* k total bf 40,800 dpm was mixed with 28.3 mg of carrier prior 
to crystallization. 

11598) using identicalconditions to those described for the 

.. hydroxylation of (T~3H)-pr,ogest~ronewith Col1etotrichum .linicola. 

The methylenechlorideextract obtainedafter i~cubation 
.. .. .... 8 

weighe~ 9~~mgandcontained 4.07xl0dpm.~ It was chromato-
. .' '. . '.: - " " ":'. ," . ".' .' . 

....... grliph~d. onpaper insystemk·for8 hours, and the area cor-

.rèspon<iing inmobilit:yto'15o(-hydroxyproge~1:erone was· e luted 
.' . .... .:. " .. ' :. . ,,' .-

...• ' toYield.2 ~8 Jllg,of, r.esidue . c~nt,ainiJlg 1.05xl0 8 dpm. Chromato-
. ~ ' .. " . 

graphy.oIl, paper .. i~lsYstem. C.for<5hou!:s.· gave~oner.adioactive 

... zonetHfhtheirtobilityof15c:(.:.hydroxypr6gesterone •. Elution of 
. ..' ."... -. .' '. , .. 

this zone withmethanolaffordeda residu~. which contained 
..... ' ·········7········· 
9~OOxl0dpm~Itwas~hromatographed on a 1 g alumina column 

andelution withl.5% ethanol in benzene yielded a residue con­

:tai;ing~8:90~107 dpm. An aliquot of this materi,1 was mixed 

with carrier and crystallized to constant specifie activity as 

shown in Table 5. The yield of (4_14C)-15~-hydroxyprogesterone 

was 20%. 

~ Another aliquot of (4_14C)-15~-hydroxyprogesterone con-
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TABLE 5 

Proof of Radiochemica1 Purity of (4_14C)-15~-Hydroxyprogesterone 

Specifie Activity (dpm/mg) 

Crysta11ization Crysta1s Mother Liquor 

1 2250 2220 

2 2180 2140 

3 2200 2240 

Calcu1ated* 2330 

*A total of 1.12x10S dpm was mixed with 48.0 mg carrier prior 
to crystallization. 

t~ini~g 1.20xI0~ dpmwasac~ty1atedwith3H~aceticanhydride 

. : .. Bat~hNo.Sand theproduct wasmixed with 65.0 .mg . of carrier 
. .: .' . . '. '. ..' . ' . . ~ .... 

15~~.cetrixyprogesierone •• The mixture was6hr6matograp~ed ~n 
'. , . ..' .' 

.a 7 g~lumi~~cti1timn arid the .~ateria1eluted~ithbenzene-Ske11y-

·.'solve B(4:1}·was crYstalÙ.zedtoconstant 3H/ 1 4 C ratio as shown 
. .. . 

'in Tab le 6. The thir,d crys Ùlls and ,mot,her: 1 iquors were, comb in-

.', e,d. t.ogive,~2~s'mg,Of·~aterÜiL,"'It, ''las dissqlved:,in8'~8.~1 

,·.of·met;hanola~d 7: S mg of NaBH 4 wasadded to the solution. 

When the reaction was complete, the product was extracted with 

ethyl acetate. After evaporation of the solvent the residuel 

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 yielded 22.8 mg of material containing 

3.9x10 4 dpm of 3H and 3.4x10 4 dpm of 14C. This derivative 

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

Determination of the Specifie Activity of (4_14C)-15~-Hydroxy-

progesterone 

Specifie Activity (dpm 3H/mg) 

Crysta11ization .Crysta1s 3H/14 C Mother Liguor 3 H/14C 

15~-Acetoxyprogesterone* 

1 1940 1.30' .. .' . 76.00 4.90 .' .. 

2 . ' '1680 .. .. 1.14 2580 1 • 70 

3. i700 'L13 1730 1 • 14 
, .' - , 

··.1501''A~etoXY-20,-hYdrOXypregn-4-en.-3-one 

. ,'. 

. ,.'. ,'" ,~. :: ._. ',' 

.' . ' . 
. '. 1720 1.13 

.' ," 

. ' .. " . 
'2 ... "- .. 

.' ' .. : .:." . "":, .. ;: ...... . 
-1690 "1'.-13 

··.1710···· 

1750 
. '::':" ", 

1710 

1.14 

1.13 

~An a1iquot "of (4.,.14C) -15"~hYd~oxypr~gest erone containing 1.20x 
le?- 'dpm was ace1:Yla·ted with 3H-acetieanhydride Batch No. 5, 
'andth~lroduct mixedwith 65.0 ~~of~arrier 15~-acetoxypro­

gesterone •. -The mixture waschI"omatcgr'aphed on a 7 g alumina 
.. . .. ;c.olûnin .In'io i't o.cry 5 ta Il i zatic)U.: .' .. .' .. '. . 

. ~**The'thir.d .. ·crystà1s and motherliquorswer.e· coinbined (32.5 mg) 
. andthe .. mixtUrereducedwithNaBH4. andsubsequent1y oxidized 

......... " ···with:OD-<r.···TheprodUet·was .theri ehromatographed ona small 
'.' ······a 1 ùniina:C91umn·to·y i.èld-·ZI.O. JIlg.o.f.·'.ma t èr b .. 1c 9nta,ining 3.S 9x 
"- ·104dp~.():f.:-·3Hand.3~18xl04 dplnof·14C:~·: ..•...... :" .' 

. ,.~. . . ";;'..: .. ' . 

..... ··.Skel1ys.olve·.·B"and. cons'tant 31l1 14 C. ratios wèrèobtained as 

·showri·:···in:T~·ble :6~ :F;om theffnar' 3li/ 14Cra tic, the specifie 

~~tivityof (4:_14Ç)-15~-hydroxyprogësterone was ca1eulated to 

b e3 •. 66~108:dpni/fug. .' .. . 
. :'. ' ........ ,', ... ' .. 

.. . . ••. (4~i 4Cl ~ lSct~ H ydr oxyandr 0 st e n'e di 0 n e. . . Wh e np ~rehas e d. 

200 pC of (4-14 C)-androst:enedione .had a.specffieactivity. of 

58 mC/mM and eontained 0.99 mg and 4.53x10 8 dpm. An a1iquot 



of this materia1 was checked for purity by reverse isotope 

~i1ution as shown in Table 7. The remaining 1abe1ed ster6id 

TABLE 7 

Proof of Radiochemica1 Purity of (4_ 14C)-Androstenedione 

'.", .: ..... 
. ,.1,": Specifie Attivity (dpm/mg). 

Crysta11ization. Crysta1s MotherLiquor 
. .,' . 

1 . 1360 1280 

2 1320 1340 

Ca1cua1ted* 1310 
. ,.; 

* A total of.3.20xt0 4 ·· dpm wasmixed wiHi . 24.5 'mg' of carrier 
and crysta11ized~: . _. 

was incubatedwith Penici)~iu~usirtg id~ntica1 coriditions as 

described for :·the 15"~hy~d:ro,xYlation of.progesterone. 
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The ~~sÜlue~fth~ . methylene' ch loride extract obtained' 
' ... , 

. . .. . '. 8' 
'.' after:~:xtrac~i~n:, oi.:t:he.i~c~p~ti~n mixture (20.0 mg , 4 .22xl0 ...... . 

',,' ,.: 

dpm).was.~h~oniâtog~aphedontwo papersin system L for 7 hours; 
. . . ; '. '. . 

' .. TheUVpositivea.rea corresponding to 15d.,..hydroxyandrostenédione 
. .. '. '" .. 

·:sfa.~dard. waseiuted to yieid 9. 3mg of residue whl~hc~nta.ined 

··2.17x108 dpm.· 'Thise1uate was chromatographed onpaper in 
. ." 

. ~'system J for 4hoursand the rad~oa.cti~èzon~~i~h amobi1ity 

"of 9.5 cm,corresponding to standard,was e1uted to yie1d 2.0 
.. : :. '. 

mgofresid~econ~aining1.88xl08 dpm. The yie1d of (4_ 14C)_ 

ls~-hydroxyandrostenedione at this stage was 42%. An a1iquot 

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

in Table 8. Another aliquot of (4_l4C)-lS~-hydroxyandrostene-

TABLE 8 

Proof of Radiochemical Purity of (4_l4C)-lS~-Hydroxyandrostene-

'dione 

Specifie Activity (dpm/mg) 

Crystallization Crystals Mother Liguor 

1 7060 6790 

2 7100 7000 

Calculated *, 6760 

* A total of 1. 42x10 S dpm of(4_14C)~ 15cf-hydroxyandrostenedione 
was mixed with 21.0 mgcarrierandcrystal1ized. 

dione containing, 2.42xlO S 'dpm' wasacetylated with 3H-acetic 
'. ' .' 

, ,',anhydride Batch no'-S. and the:product.mixed,~ith, 65.0 mg of 

carrier lSQ(-acefoxyaridrostenecliàne • 
. .. ~', , . '.',. . . . '. :-;'".', 

'7 :galuinillacor~mn,63.0miofoilymaterial \'las obtained by 

elutionwi th berizene:-Ske~ lys 01 ve B (1:1) ,whi ch could not, be 

c~y~~all·izéd. 'Itwas reducedwith NaBH4 and then oxidized 

with DDQ aspievious1y described toyie1d 59.0 mg of material 

which was chromatographed on a 6 g alumina co1umn. Eîution 

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

was crys~a11ized to constant 3H/14 C'ratio as shown in Table 9. 

The third crysta1s and mother 1iguors were combined (18.0 mg) 

and the mixture was acety1ated. The resulting acetate was 
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TABLE 9 

Determination of the Specific Activity of (4_l4C)-15~-Hydroxy-

androstenedione 

Specific Activity 
3 

(dpm,'H/mg) 

Crystallization Crystals Mother Liquor 3 H/1 4 C 

15«-Acetoxytestosterone* 

1 4570 

2 3320 

3 3230 

lS~-Hydroxytestosterone Diacetate 

1 2900 

2 2860 

Calculated** 2880 

1. 55 

1.10 

1. 06 

1.06' 

1.06 

54000 

8400 

3140 

2920 

2900 

18.00 

2.80 

LOS 

1.05 

1.06 

* An aliquot of(4-14C)-IS~~hydToxyandrostenedione was acetyla­
ted wi th 3H-acet ic anhydride Bat ch No. S, .. The product· was niix­
edwith 65.0 mg of carrier lSc(-acetoxyandrostenedione and the 
mixture reduced withNaBH4and then oxidized withDDQ .. The 
resulting IS~-acetoxytesto~terorie was chromatographedon alumina 
prior to crystallization. ., 

**The third crystals andmother liquor~ wereused for~theprepa­
ration of this derivative. Thecaleulated speeifieactivity 
was computed from the final snecifie activity of l5~-acetoxytes­
tosterone and the altered moleeular weight. 

chromatographed on a 3 g alumina column and elution with ben-

zene-Skellysolve B (1:1) yielded 19.0 mg of material which was 

crystallized to constant 3H/14 C ratio as shown in Table 9. From 

the final 3H/14C ratio the specifie activity of (4_l4C)-15~­

hydroxyandrostenedione was calculated to be 4.26x10 8 dpm/mg. 
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(4_l4C)-15~-HydrOxytestosterone. An aliquot of (4_1 4C)­

l5~-hydroxyandrostenedione containing 1.45xl07 dpm was reduced 
with NaBH4 and the product oxidized with DDQ as previously 
described. After oxidation~ the mixture waschromatographed 
on paper in system L forS hours and the radioactive zone with 
the mobility,:of 1Sc(->pydroxytestosterone l'laS eluted to give 
a·residue containing 9.50xl0 6 dpm. Chromatographyon paper in 
system J for 10 hours gave a single pe~k of radioa~tivity cor­
responding inmobilitytoIS.:.(-hYdroxytestosterone~The eluate 
irom the paper containedS.80xl06 dpm. The yield of (4_ l4C)_ 

·15Q(-hydroxytestosterone was 61%. An aliquot of this material· 
containing S.25xl04 dpmwas mixed with· 40.0 mg of carrier and 

crystallized to constant specifi.cactivity asshown in Table . '. . . 

10. The calculated speci:ficactivity.of (4_ 14 ):15G(-hydroxy-

TABLE·lO 

Proof of Radiochemical Purity of·. (4_ 14C) -15c(-Hydroxytestûs terone 

Specifiè Activity (dpm/mg) 
Crystallization Crystals Mother Liquor 

1 2000 2100 

2 2050 20S0 
Calculated* 2060 

* 4 14 A total of S.25xlO dpm of (4- e)-15~-Hydroxytestosterone was mixed with 40.0 mg carrier and crystallized. 

testosterone based on the specifie activity of (4_ 14C}-15c( ... hydroxyandrc 
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tenedione and the increase inmolecular weight was 4.23xl0
8 

dpm/mg. 

Purity of Labeled Substrates 

Tritium and carbon~14 labeled progesterone was purchased 

fromthe~ewEngland Nucleaz Corporation. On arrivaI, they 

were stored in benzene:methanol (3:2). Aliquots of these solu­

'. tions wer~ furthèrdil ute'd' wi th methano 1 for counting. 
. .' '. .. ." '." '.. ," . 

Totest the radiochemical purityof (7- 3H)-progesterone, . ' . - . . . . 

. . .... ; '.5' 
a total of 2.18xlOdpmwas mixed,with48~4 mg of carrier and 

the mixturewascrystallized' to constant specific activityas . 

,shown 1n Table Il ...•.. From these data itwasca~culated . that the 

TABLE 11 .' 

Proof·of Radiochemical Puri ty of C7_ 3H) ":Progesterone 

Sp~citic Activity(dpm/mg) 

Crystallization ·Crystals Mother Liquor 

1 4380 . 4650 

2 4430 4540 

Calculated* 4510 

*A total of 2.18xl0 5 dpm of (7- 3H)-progesterone was mixed 
wi th4 8.4 mg of carrier and crysta 11 i z ed. 

(7- 3H)-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 reversé 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 

Crystallization 

1 

2 
'. . 

Cal c li 1 a te d* . 

Specifie Activity (dpm/mg) 

Crysta1s 

750 

740 

780 

Mother Liguor 

790 

760 

*A total of 3. 3Sx10 4 dpm' of (4 ... 14C)-pr·ogesterone \'las mixed 
with 42~8 mg of carrier and erystal1ized . 

..... : . . . ...... .. ... ' ..... '. ," :: .• ··C 

thatthe (4~14C)-progesfer~rie wa~ at 1èast9B ~er cent pure. 
. . 

Preparation.of 

47. 

WheIl thesëstudie~'were started .i. 0 gof:non-labeled l5c:C.­

hydroxy~rogesterone was generouslydonated byDr. P.A. Diassi, 
" '." . .. . . ". . ",. . 

theSquibb InstituteforMedicalResearch, New Br~nswick,New 

Jersey. Because 1arger amountsof 15~~hydroxyprogesterone 

were needed, itwas pr~pared by incubating 40 g of progesterone 

with Penicillium (ATCC 11598). The incubation conditions used 

l'lere the same as those described for the 15~-hydroxylation of 

(7- 3H)-progesterone exceptthat 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 methy1ene ch10ride extract weighed 11.2 mg and 

it was chromatographed on 860 thin layer plates using system 

N. The u1travio1et~absorbing band corresponding in mobi1ity 

to 15~-hydroxyprogesterone (average Rf : 0.46) was e1uted from 

the plates to yie1d 8.12 g of materia1 which was crysta1lized 

twice from acetone to give 6.45 g of coarse need1es: mp 230-

232 o C, mmp with standard 15«-hydroxyprogesterone 231-232 o C; 

mp of authentic 15~-hydroxyprogesterone 231-232 oC. Its infra­

red spectrum (KBr) was identical to that of 15~-hydroxyproges­

terone. When sma11 aliquots of the crysta1s were chromatogra­

phed on a thiri layer plate in system N, only one u1traviolet­

absorbing spot with the mobi1ity of 15«-hydroxyprogesterone 

was obtained. 

Non-1abèled 15~~acetoxyprogesterone to be used as carrier 

in the studies to bé~described was prepared by the acety1ation 

of 1.50 g of 15~-hydroxyprogesterone. The product was chroma­

tographed on a 200 g alumina column from which 1.58 g of crys­

ta11ine materia1 was e1uted with 80% benzene in Ske11yso1ve B. 

Crystal1ization from acetone-Ske11yso1ve B afforded 1.30 g of 

plates: mp 179-181 o C. Comparison of the infrared spectrum (CS2) 

of this materia1 with that of 15~-hydroxyprogesterone showed 

an absence of the hydroxy1 band and the appearance of acetate 

bands at 1245 and 1738 cm- 1 . 

Preparation of 15~-Acetoxytcstosterone and 15«-Hydroxytestos­

térone Diacetate 

Non-1abe1ed 15~-hydroxyandrostenedione and 15~-hydroxy-
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testosterone were kind1y supp1ied by Dr. P.A. Diassi. Acety1ation 

of 100 mg of 15«-hydroxytestosterone and chromatography of the 

product on a 12 g alumina co1umn yie1ded 130 mg of oi1y materia1 

on e1ution with 40% benzene in Ske11yso1ve B. Crysta11ization 

from acetone-Ske11yso1ve B afforded 83.0 mg of crysta11ine 15q­

hydroxytestosterone diacetate: mp 154-156 oC. Its infrared 

spectrum (CS2) showed an absence of the hydroxy1 band and the 

appearance of acetate bands at 1235 and 1740 cm- 1 . 

Acety1ati6n of 200 mg of 15~-hydroxyandrostenedione gave 

a product which was chromatographed on a 25 gl alumina co1umn. 

E1ution with 50% benzene in Ske11yso1ve B yie1ded 212 mg of 

oi1y materia1 which cou1d not be crysta11izcd. It was reduced 

with NaBH 4 , oxidized with DDQ, and the product chromatographed 

on a 20 g alumina co1umn. E1ution with 0.5% ethano1 in benzene 

afforded 142 mg of materia1 which was crysta11ized from acetone 

to yie1d 112 mg of fine ~eed1es: mp 227-230 o C. Its infrared 

spectrum (KBr) showed the presence of the 44 -3-ketone and ace­

tate bands at 1711, 1270 and 1256 cm- 1 . Acety1ation of an 

a1iquot of this materia1 gave a product which had an infrared 

spectrum (CS2) identica1 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. 



EXPERIMENTAL SECTION AND RESULTS 

SECTION A. ISOLATION OF 15~-HYDROXYLATED NEUTRAL STEROIDS 

FROM HUMAN URINE 

Experiment A-I Isolation of 15~-Hydroxyprogesterone from 

Human Urine 

This initial study was designed to isolate a sufficient 

amount of crystalline 15~-hydroxyprogesterone from urine in 

order to identify it by its infrared spectrum, mp and mixed 

mp. 

50. 

A l4-day urine collection was obtained from a normal sub­

ject in the 35th week of gestation and 5.50xl~5 dpm of purified 

(7_3H)-15~-hydroxyprogesterone, specifie activity 1.74xl0 4 

dpm/pg, was added to the urine. The urinary conjugates were 

hydrolyzed with Glusulase as previously described, and the neutral 

extract obtained weighed 3.S g and contained 5.~Oxl05 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 radioactive 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 4.26x105 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 4.00xlOS dpm. 

This material was chromatographed on two sheets of Whatman 

paper, No. 3MM, in system A for 10 hours. The radioactive 

material elutdd with the mobility of lS~-hydroxyprogesterone 

weighed Il mg and contained 3'.90xlOS dpm. It was further pu­

rified by chromatography on paper in system B for 5 days. Two 

major ultraviolet-absurbing bands were observed corresponding 

in mobility to lS~- and l6~-hydroxyprogesterone. The radio­

active hand on the paper corresponded in mobility to lS«-hy­

droxyprogesterone and it was eluted to give a residue which 

weighed 1.4 mg and contained 3.40xlOS 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 oil which weighed 0.58 mg and contained 3.00xl05 dpm. Crys­

tallization of this material from acetone-ether-Skellysolve B 

afforded 0.11 mg of small plates containing 1.38xlOS dpm, mp 

230.5-232 0 , mmp 230-232 0 ; authentic l5~-hydroxyprogesterone, 

mp 231-232 0 • The infrared spectrum (KBr) of this material was 

identical to that of authentic l5~-hydroxyprogesterone as shown 

in Figure 1. The isolated 15~-hydroxyprogesterone had a spe­

cifie activity of 1.25xl03 dpm/pg. 

An a1iquot of the crystals containing 6.70xl04 dpm was 

acetylated with (1-14C)-acetic anhydride, Batch No. 1. The 

product was mixed with 24.3 mg of carrier lS~-acètoxyproges­

terone and the mixture was chromatographed on a 3 g alumina 

column. Elution with benzene-Skel1yso1ve B (4:1) yie1ded a 
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residue which weighed 20.7 mg and contained S.70xl0 4 dpm of 

3H. It was crystallized from methanml-ether, acetone-Skelly-

solve B, and ether, and the specifie activities as weIl as 

the 3H/ 14 C ratios were determined on the crystals and mother 

1iquors, as shown in Table 13. ConStant specifie activities 

TABLE 13 

Proof of Radiochemical Purity of lSd-Hydroxyprogesterone Iso-

1ated From a 14-Day Collection of Human Pregnancy Urine 

Specifie Activity (dpm 14 C/ mg ) 

Crysta11ization Crystlls 3H/14C Mother Liguor 3H/14C 

lS«-Acetoxyprogesterone* 

1 240 Il.5 280 9.7 

2 240 Il.3 250 Il.1 

3 240 Il.2 240 Il.4 

lS~-Acetoxy-20~-hydroxypregn-4-en-3-one** 

1 240 

2 240 

Il.2 

Il.2 

240 

240 

Il.3 

Il.4 

Calculated 240 

* An a1iquot of the crysta11ine lS~-hydroxyprogesterone con­
taining 6.70xl04 dpm of 3H was acetylated with 14C-acetic an­
hydride, Batch No. l, and the product was mixed with 24.3 mg 
of carrier lS~-acetoxyprogesterone prior to chromatography of 
the mixture on alumina and crystal1ization of the material 
eluted. 

** The third crysta1s and the second and third mother 1iquors 
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 materia1 which contained 
2.20xl0 3 dpm of 14C. The ca1culated specifie activity is based 
on these values. 



were achieved in the crystals and mother liquors. The third 

crystals as weIl 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 Il mg of DDQ reagent. Following oxidation the product 

formed was purified by chromatography on a 2 g alumina column, 
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and elution with benzene yielded 9.1 mg of crystalline material 

containing 2.50xl04 dpm of 3H and 2.20xl0 3 dpm of l4C. This 

derivative was crystallized from ether-methanol. and from 

methanol-ether-Skellysolve B and the specifie 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 specifie activity of the acetic anhydride, the specifie 

activity of the u~inary l5~-hydroxyprogeste~one was calculated 

to be 1.30xl03 dpm of 3H/pg. This value was in close aBreement witl 

the specifie activity of the crystalline l5~-hydroxyprogesterone 

isolated directly from the urine (1.25xl0 3 dpm/pg). From this 

specifie activity it was possible to calculate that the amount 

of l5~-hydroxyprogesterone excreted in the urine averaged 28 pg/ 

day over a l4-day periode 

After having isolated crystalline l5«-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 endocrine status. The following 
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subjects were used in these studies: 

Subject 1: A normal female in the 35th week of gestation (3rd 

trimester). The isolation of lS~-hydroxyproges­

terone ~m the urine of this subject was described 

above. 
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Subject 2: A normal female in the 34th week of gestation (3rd 

trimester) 

Subject 3: A normal female in the l7th week of gestation (lnd 

trimester) 

Subject 4: A normal memale in the l6th week of gestation (2nd 

trimester) 

Subject 5: A normal female in the 9th week of gestation (lst 

trimester) 

Subject 6: A normal female in the l3th week of gestation (lst 

t rime st er) 

Subject 7: A normal female in the follicular phase of the men-

strual cycle 

Subject 8: A normal female in the follicular phase of the men-

strual cycle 

Subject 9: A normal female in 'l:he luteal phase of the menstru-

al cycle. 

Subject 10: A normal female in the luteal phase of the menttru-

al cycle. 

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

to mild àdrenal cortical hyperplasia, secondary 

diabetes mellitus and hypertension. 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 aud a diurnal rhythm in the plasma con-

centration of cortisol was not observed. The urinary 17-hydroxy-

corticoids and the 17-ketogenic steroids were clevated 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 fgiday) 

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. Both 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 wellpreserved. 

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 9d-

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 



showed a typical Cushinoid appearance. The face showed the 

typical ''moon face" with a high color to the cheeks. . There 
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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 glucose tolerance test showed the presence of diabetes. 

Examination of the plasma corticomds showed both elevated 

values for plasma corticoids and reversaI of diurnal variation. 

The urinary l7-hydroxycorticoids were 6 mgt34 hrs, the l7-keto­

steroids were 4 mg/24 hrs, and the ketogenic steroids, 22 mg/24 

hrs. Fo1lowing 2 days suppression with 8 mg Dexamethasone, the 

l7-hydroxycorticoids rose to Il mg/24 hrs, the l7-ketosteroids 

to 9 mg/24 hrs, and the ketogenic steroids to 32 mg/24 hrs. 

Urinary free cortisol was elevated to 225 Vg/24 hrs, and follow­

ing suppression with 8 mg of Dexamethasone it rose to 450 ~g/ 

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 ?henoformin (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 hydEDxylation 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 l7-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 pg124 hours) and l8-hydroxytetrahydrocorticosterone 
(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 weIl. 

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 l5~-hydroxyprogesterone from 

the urine of these subjects was essentially the same as that 
described above for the isolation of crystalline l5~-hydroxy~ 

progesterone from the l4-day urine pool obtained from subject 

1. The only difference was that the isolated l5d-hydroxypro-
gesterone was not crystallized, but its concentration in urine 
was determined by the isotope dilution 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 I5~-hydroxyprogesterone of determined 
specifie activity and the urinary steroid conjugates were hy-

drolyzed with Glusulase or with ~-glucuronidase. The specifie 
3 activity of (7- H)-15~-hydroxyprogesterone added in the urine 

4 
was 1.74xlO 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 3 H and micrograms, and the 

enzyme used for the hydro1ysis of the urinary steroid conjugates 

are shown in Table 14. 

TABLE 14 

Urine Co11ected, Enzyme Used to Hydro1yze Steroid Conjugates 

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

Added to Each Urine Pool 

3 * 
Urine Co11ected (7- H)-lSP Added in 

Subject (days) Enzlme (dEm) (~~n 

2 5 G1usu1ase 1.74x106 100.0 

3 4 G1usu1ase 3.2Sx10 5 18.6 

4 4 G1usu1ase 3.06x10 S 17.6 

5 5 G1usu1ase 3.09x10S 17.8 

6 5 ~ -G1ucuronidase 1.6Sx10S 9.5 

7 4 G1usu1ase 3.28xlO S 18.8 

8 6 ~-G1ucuronidase 1.86x10S 10.7 

9 6 ~-G1ucuronidase 2.17x10 S 12.5 

10 6 P-G1ucuronidase 1.7Sx10 
5 

10.1 

Il 4 G1usu1ase 4.29x10 S 28.3 

12 3 G1usu1ase 3.26x10 S 18.7 

13 3 G1usu1ase 1.35x105 7.8 
Newborn 

~-G1ucuronidase 1.65x10S 
Infants Il 9.5 

*(7- 3H)-15P = (7_3H)-lS~-Hydroxyprogesterone 

Urine 
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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. l, 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, Il, 12 and 13 were acetylated using Batch No. l, 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 l5~-acetoxyprogesterone 

added after acetylation are shown in Table 15. 

The acetylation mixture containing carrier l5~-acetoxy-

progesterone was extracted with ethyl acetate, chromatographed 

on alumina, and the steroid eluted from the column was crystal-

lized several times until the specifie activities of the crystals 

and the mother liquors and their 3H/ 1 4 C 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 specifie activities and 

3H/14C 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 Samp1es Before Acety1ation and Amounts 

of Carrier 15~-Acetoxyprogesterone Added to the Acety1ation Pro­

ducts to Prove Radiochemica1 Purity of 15d-Hydroxyprogesterone Iso-

1ated from the Urine of Subjects 2-13 and of Newborn Infants 

Subject 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Il 

12 

13 

Newborn 
Infants 

Radioactivity in Samp1e 
before Acety1ation 

(dpm 3H) 

5 7.70x10 

4 
9.00x10 

1.20x105 

9.80x10 4 

4 8.80x10 

1.00x105 

4 
3.20x10 

8.00x10 4 

7.30x10 4 

7.70x10 4 

9.20x10 4 

8.30x10 4 

4.50x10 4 

Carrier 15Q-Acetoxyproges­
terone added after Acety1a­

tion (mg) 

52.2 

50.5 

52.0 

30.2 

36.2 

29.5 

29.5 

35.0 

32.0 

31.5 

30.6 

30.9 

31.6 

chemica1 purity of 15~~~ydroxyprogesterone 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/14 C ratio and the specifie activity of 

the acetic anhydride used for acety1ation, the specifie activity 
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TABLE 16 

Proof of Radiochemica1 Purity of 1Sc(-Hydroxyprogesterone Iso1a­

ted from the Urine of Subjects 2-4 

Specifie Activity (dpm 14C/ mg ) 

lS~-Acetoxyprogesterone 
1S~-Acetoxy-20~-hydroxy­

pregn-4-en-3-one 
Crysta1-
1ization 

1 

2 

3 

6770 

6660 

6680 

Ca1culated*** 

1 950 

2 800 

3 740 

Ca1cu1ated*** 

1 1440 

2 1020 

3 990 

Calculated*** 

*Xls = Crystals 

2.0 

2.0 

2.0 

1.7 

2.0 

2.3 

1.3 

1.9 

1.9 

**ML = Mother Liquor 

X1s 3H/ 14 c ML 3H/14 C 

Subject 2 

15100 0.9 6830 2.0 6800 2.0 

7510 1.8 6720 2.0 6700 2.0 

6690 2.0 

6750 

Subject 3 

3350 0.5 720 2.3 750 2.3 

900 1.8 730 2.3 740 2.3 

800 2.0 

730 

Subject 4 

12730 0.2 1030 1.9 1010 1.8 

3100 0.6 1000 1.9 1020 1.9 

1080 1.8 

1050 

***The last crystals and mother 1iquor were combined, reduced with 
NaBH4, and the product oxidized with the DDQ reagent and then 
chromatographed on an alumina column. The calculated specifie 
activities were based on the weight and the l4C content of the 
material eluted from the alumina column. 
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TABLE 17 

Proof of Radiochemica1 Purity of 15~-Hydroxyprogesterone Iso1a­

ted from the Urine of Subjects 5 - 7 

Specifie Activity (dpm l~C/mg) 

Crysta1-
1ization 

15~-Acetoxyprogesterone 

X1s* 3H/14 c ML** 3H/14 C 

Subject 5 

1 950 3.3 5980 0.5 

2 840 3.7 980 3.2 

3 760 4.2 810 3.9 

4 740 4.2 750 4.2 

Ca1cu1ated*** 

Subject 6 

1 1720 1.2 20000 0.1 

2 1220 1.8 7330 0.3 

3 1140 1.9 1180 1.9 

Ca1cu1ated*** 

Subject 7 

1 1030 3.2 1680 1.8 

2 730 4.3 1120 2.8 

3 710 4.3 760 4.1 

4 720 4.4 720 4.3 

Ca1cu1ated*** 

*XLs = Crysta1s 
**ML = Mother Liquor 

15~-Acetoxy-20~-hydroxy­
pregn-4-en-3-one 

X1s 3H/ 14c ML 3H/14 C 

750 4.2 760 4.1 

740 4.2 750 4.2 

750 

1130 1.9 1270 1.8 

1160 1.9 1100 1.9 

1150 

710 4.3 740 4.2 

720 4.4 710 4.4 

720 

***The 1ast crysta1s and mother 1iquor were combined, reduced with NaBH4, and the product oxidized with the DDQ reagent and then chromatographed on an alumina co1umn. The ca!cu1ated specifie activities were based on the weight and the 1 C content of the materia1 e1uted from the alumina co1umn. 
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TABLE 18 

Proof of Radiochemica1 Purity of lSd-Hydroxyprogesterone Iso1a-

ted from the Urine of Subjects 8-10 

Specifie Activity (dpm 14C/ mg ) 

Crysta1-
1ization 

lS«-Acetoxyprogesterone 
X1s* 3 H/14 C ML** 3 H/14 C 

Subject 8 

1 230 3.0 1910 0.4 

2 170 4.0 580 1.2 

3 150 4.4 160 4.3 

Ca1cu1ated*** 

Subject 9 

1 680 3.0 3900 0.5 

2 540 3.9 1130 1.9 

3 530 4.0 530 3.9 

Ca1cu1ated*** 

Subject 10 

1 700 2.8 20100 0.1 

2 470 4.0 1580 1.2 

3 450 4.3 470 4.1 

Ca1cu1ated*** 

*Xls = Crystals 
**ML = Mother Liquor 

lS~-Acetoxy-20~-hydroxy­
pregn-4- en r ·3- one 

X1s 3H/14C ML 3H/ 14C 

160 4.3 160 4.0 

160 4.4 170 4.2 

160 

540 4.0 540 3.8 

510 4.0 530 4.0 

530 

430 4.3 480 4.0 

430 4.4 450 4.3 

440 

***The 1ast crysta1s and mother liquor were combined, reduced with 
NaBH4, and the product oxidized with the DDQ reagent and th en 
chromatographed on an alumina co1umn. The ca!cu1ated specific 
activities were based on the weight and the 1 C content of the 
materia1 eluted from the alumina co1umn. 
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TABLE 19 

Proof of Radiochemical Purity of 15~-Hydroxyprogesterone Isola-

ted from the Urine of Subjects 11-13 

Specific Activity (dpm 14C/ mg ) 

15~-Acetoxyprogesterone 15~-Acetoxy-20~-hydroxy-
Crysta1-

3H/14c 1ization X1s* 

1 630 3.2 

2 610 3.4 

3 590 3.5 

Ca1cu1ated*** 

1 910 3.4 

2 820 3.8 

3 770 4.0 

4 790 4.0 

Calcu1ated*** 

1 640 3.9 

2 620 4.0 

3 630 4.0 

Calculated*** 

*XLs = Crystals 
w*ML = Mother Liquor 

ML** 3H/14 C Xls 
P3egj-4-en-3-o~e 

H/ 4C ML H/ 14C 

Subject Il 

1530 1.3 570 3.5 600 3.4 

820 2.5 580 3.5 580 3.5 

580 3.5 

570 

Subject 12 

3530 0.9 780 4.0 810 3.9 

2950 1.1 790 4.0 800 4.0 

830 3.8 

800 3.9 

800 

Subject 13 

5000 0.5 630 4.0 650 3.9 

700 3.6 620 4.0 630 4.0 

630 4.0 

630 

***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. The calculated specifie 
activities were based on the weight and the 14C content of the 
material eluted from the alumina column. 
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TABLE 20 

Proof of Radiochemica1 Purity of 15~-Hydroxyprogesterone Iso1a­

ted from the Urine of Newborn Infants 

Specifie Activity (dpm 14C/mg) 

Crysta1-
1ization 

15~-Acetoxyprogesterone 

XLs* 3H/14 C ML** 3H/14 C 

1 440 1.9 

2 340 2.6 

3 300 2.8 

4 300 2.9 

Ca1cu1ated*** 

*XLs : Crysta1s 
** ML = Mother Liquor 

5200 

1580 

340 

300 

0.2 

0.5 

2.5 

2.8 

15~-Acetoxy-20~-hydroxy~ 
pregn-4-en-3-one 

XLs 3H/ 14C ML 3H/ 14C 

300 2.9 310 2.6 

300 2.9 300 2.8 

300 

***The fourth crysta1s and mother 1iquor were combined, reduced 
with NaBH4, and the product oxidized with the DDQ reagent and 
then chromatographed on an alumina co1umn. The ca1cu1ated 
specifie activity was based on the weight and the 14C content 
of the materia1 e1uted from the alumina column. 
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of the urinary 15~-hydroxyprogesterone was ca1cu1ated. This 

final sppcific activity was then used to ca1cu1ate the amount 

of 15~-hydroxyprogesterone excreted in the urine. The resu1ts 

obtained from these ca1cu1ations are shown in Table 21. It is 

TABLE 21 

Specifie Activities and Amounts of 15~-Hydroxyprogesterone Iso-

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

born Infants 

15~-Hydroxyprogesterone 
Iso1ated from Urine Excretion 

Subject Specifie Activity (dpm 3H/ mg ) (l!g/ darl 

1 1.30x10 3 28 

2 6.40x10 3 34 

3 8.60x10 3 5 

4 7.30x10 3 6 

5 1.58x10 4 0 

6 7.30x10 3 3 

7 1.63x10 4 0 

8 1.57x104 0 

9 1.43x104 0 

10 1.57x10 4 0 

Il 1.30x10 4 
2 

12 1.50x104 1 

13 1.45x104 0 

Newborn 
Infants 1.09x104 0.6 
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worthwhile to mention here that si~able 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 16«-hydroxyprogesterone 

as shown in Figure 2. The isolated material had a mp of 216-

220
0

C, 16~-hydroxyprogesterone mp 217-220 0 C, mmp 217-220 0 C. 
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Experiment A-2. Isolation of l5«-Hydroxyandrostenedione and 

15~-Hydroxytestosterone from Human Late preg­

nancy Urine. 

A l4-day urine collection was obtained from a normal 

subject in the 36th to 38th week of gestation and 5.40xl05 
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dpm of purified (4_l4C)-l5~-hydroxyandrostenedione, specifie 

activity 4.26x10 5 dpm/pg, was added to the urine. The urinary 

conjugates were hydrolyzed with P-glucuronidase and the neutra1 

extract obtained weighed 5.7 g and contained 4.10xl05 dpm of 

l4C. It 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 3.66xl05 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 3.32xl05 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 l5~-hydroxyandrostenedione and the less 

polar band corresponding in mobility to l5~- and l6q-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 l5ot-hy­

droxyandrostenedione. This material was eluted from the paper 

to yield 12 mg of residue containing 3.20xl05 dpm which was 

further chromatographed on paper in system C for 6 hours. Two 

ultraviolet-absorbing bands were obtained on this chromatogram 

with average mobilities of 12 and 16 cm from the origin. The 

more polar band contained radioactive material and had the mo­

bility of l~-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 l5«-hydroxyandrostene­

dione was eluted from the paper to yield a residue which weigh­

ed 2.9 mg and contained 2.81xlO S 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 IS~-hydroxyandrostenedione and containing radio­

active material was eluted to yield a residue which weighed 

4.0 mg and contained 2.20x10S dpm. Following chromatography 

of this material on a 1 g alumina column it was acetylated 

with 3H-acetic anhydride, Batch No. 4, and the resulting ace­

tate was extracted to yield a residue containing 1.SOxl05 dpm 

of l4C and 6.40xl06 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 8.70xl0 4 dpm 

of l4C and 2.40xl0 6 dpm of 3H as weIl as six additional peaks 



of radioactivity containing only 3H. The 3H/14C ratio of the 

material eluted from the radioactive peak containing both la-

bels was 27.6. en successive chromatography of. the material 

on paper in systems Band G, the 3H/14C ratio was found to 

be 14.2 and 9.0,respectively. 

To the residue eluted from the last paper containing 

1.50xl05 dpm of 3H and 1.66xl04 dpm of l4C, 5.0 mg of carrier 

l5~-acetoxyandrostenedione was added and the mixture was re-

duced with NaBH4 and then oxidized with the DDQ reagent. The 

residue obtained after extraction of the oxidation mixture 

was mixed with 34.2 mg of carrier l5a-acetoxytestosterone. 
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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 7.32xl04 dpm of 3H and 7.65xl03 

dpm of l4C. It was crystallized from acetone, methanol, and 

acetone-Skellysolve B and constant specifie activities and 

3H/14C ratios were obtained as shown in Table 22. The third crys-

taIs 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 1.20xl04 dpm of 38 ) which was crystallized to constant 

specifie activity and constant 3H/14C ratio as shown in Table 

22. From the final 3H/14C ratios and the specifie activity 

of the acetic anhydride, the specifie activity of the urinary 

lS~-hydroxyandrostenedione was calculated to be 7.31xl03 dpm 

of l4C/pg. Using this value it was calculated that the amount 

of 15~-hydroxyandrostenedione excreted in the urine was 5 pg/day. 
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TABLE 22 

Proof of Radiochemical Purity of l5~-Hydroxyandrostenedione 

Isolated from a l4-Day Collection of Pregnancy Urine 

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

l5~-Acetoxytestosterone* 

1 1220 6.6 4510 23.7 

2 1020 5.6 1750 9.8 

3 1030 5.5 1010 5.5 

l5«,17~-Diacetoxy-androst-4-en-3-one 

1 900 5.6 910 5.7 

2 910 5.5 900 5.6 

Calculated** 910 

WTo the residue obtained after oxidation with the DDQ reagent 
34.2 mg of carrier l5«-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 Bcetylated. The diacetate was chromatographed on an alu­
mina column to giye an oil which weighed 13.2 mg and contain­
ed 1.20xl04 dpm of 3H. The calculated specifie 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 l5~-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- l (~,~ unsaturated ketone), 1610 
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cm- l .(Ç-C) and 3465 cm- 1 (OH stretching). There was no 1740 

cm- l band for a l7-ketone or 1710 cm- l band for a 20-ketone. 

The mass spectrum showed highest mIe at 302. The 100 Mc NMR 

spectrum (courtesy of Dr. G. Slomp, The Upjohn Company) using 

the Varian HA-lOO spectrometer with the COl024 Time Averaging 

Computer, showed the general characteristics of steroid NMR 
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spectra. The spectrum showed a singlet absorption at 5.73 ppm 

attributed to the 4-hydrogen of a 3-keto-A-steroid. The unusual 

3-keto-A4-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 l3-methyl. The appearance 

of l8-hydrogen signaIs this high is often associated with an 

unusual D-ring; e.g., 14-isosteroids, D-homosteroids or perhydro­

phenanthrene without aD-ring closure, l5p-hydroxy, 16-, 17-

epoxy or 17-ketosteroids. The spectrum showed a broad sing1et 

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 Il 3.87, B Il 3.41, AB .. II.0 

and an S multiplet of an ABX system, x • 3.48, AX .. 3.0, 

BX Il 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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sorptions appeared at 4.0, 4.3 and 4.5 ppm. 

The presence of a ~4-3-ketone appears certain from the 

NMR data and the infrared spectrum. In addition, the Molecule 

must contain two hydroxyl groups, CHiO and H-C-O functions. 

Reasonable structures with mIe 302 which contain at least 

the ABC rIngs of a 3-keto-~-steroid and at least two oxygens 

are shown in Figure 4. Str.ucture 1 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 mIe 302 ion. 

The hydrogen bonding should increase the carbonyl absorption 

frequency in the direction of 1660 cm- l which could account 

for the lack of two carbonyl bands in the infrared spectrum. 

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 l7-keto group. Further inves­

tigations are currently being carried outto elucidate the 

structure of this comp~und. 

ln order to confirm the isolation of lS~-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 lS«-hydroxytestos­

terone was also undertaken. To the 6-day urine pool were added 
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from pregnancy urine in Expcrimcnt A-2. 
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TABLE 23 -
Angu1ar Methy1 Resonance Ca1cu1ations for Structures l, II and III, and Observed Values (ppm) 

for Unknown Iso1ated from Pregnancy Urine 

19-H 

1 II III -
3-keto-44 1. 210 1. 210 1. 210 

7~-OH 0.025 

12p-OH 0.008 

14-iso -0.025 

14~-OH 0.0000 

14~ -OH 0.017 

15-keto -0.042 

1Sf-OH 0.033 

17-keto O&Z., 0.017 

1. 235 1.185 1.260 

16-oxygen ? ? 

Unknown 1 II 

0.770 0.770 

0.033 

0.067 

0.300 

0.117 

-0.025 

0.192 

0.167 

1. 27 1.121 1. 270 

? 

18-H 

III -
0.770 

0.267 

0.167 

1.204 

Unknown 

1.19 

--.J 
00 
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1.86xl05 dpm of purified (4_14C)-15~-hydroxyandrostenedione, 

specific activity 4.26xl05 dpm/pg, and 1.50xl05 dpm of (4_ l4 C)_ 

l5«-hydroxytestosterone, specific activity 4.23xl05 dpm/pg. 

The urinary steroid conjugates were hydro1yzed with ~-glucu­

ronidase and the neutra1 extract obtained weighed 1.2 g and 

contained 2.50x105 dpm. It was chromatographed on a 120 g 

si1ica gel co1umn using increasing concentrations of ethano1 

in methylene chloride. The effluent from the co1umn was co1-

lected at a rate of 30-40 ml/hour and two peaks of radioacti­

vit y (Peaks A and B) were eluted with 3% and 8% ethano1 in 

methylene chloride, respectiive1y. 

From Peak A an eluate was obtained which weighed 14 mg 

and contained 1.07xl05 dpm. Chromatography on a 2 g alumina 

co1umn and e1ution with 1.5% ethan~l in benzene gave 9 mg of 

a residue containing 9.90x10 4 dpm. It was chromatographed on 

paper in system L and a single peak of radioactive materia1 

was obtained which after e1ution yie1ded a residue containing 

9.40xl04 dpm. Further purifi~ation was achieved by chromato-

graphy on paper in system J. The material e1uted contained 

7.40xl0 4 dpm and it was chromatographed on a small alumina 

column. Elution with 1.5% ethano1 in benzene gave 0.7 mg of 

residu~ which contained 6.50xl0 4 dpm. This material was ace­

ty1ated with 3H-acetic anhydride, Batch No. 4, and the product 

was extracted with ethyl acetate after the addition of 60.0 mg 

carrier l5~-acetoxyandrostenedione. The mixture was reduced 

with NaBH 4 and the allylic a1coho1 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

cifie activities and 3H/14C ratios were obtained as shown in 

80. 

Table 24. The fourth crystals and mother 1iquor were combined 

TABLE 24 

Proof of Radiochemical Purity of 15~-Hydroxyandrostenedione 

Isolated from a 6-Day Collection of Pregnancy Urine 

Specifie Activity (dpm 3H/ mgI 

Crystallization Crysta1s Mother Liguor 

l5~-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 

l5«,17p-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 lS~-hydroxyandrostenedione 
with 3H-acetic anhydride, Batch No. 4, 60.0 mg of carrier 
l5~-acetoxyandrostenedione was added and the mixture was re­
duced with NaBH4 and then oxidized with DDQ. Chromatography 
on alumina gave 39.6 mg of l5~-acetoxytestosterone which was 
crystallized. 

**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 5.97xl04 dpm of 3H. The calculated specifie activity was 
based on the se values. 



(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 5.97xl04 dpm of 3H) which 

was crystallized to constant specifie activity and constant 

3H/14C ratio as shown in Table 24. From the final 3H/14C 

ratio and the specifie activity of the acetic anhydride, the 

specifie activity of the urinary l5~hydroxyandrostenedione 
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was found to be 6.93xl0 3 dpm/pg. From this final specifie 

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 9.80xl04 dpm), was 

chromatographed on a Whatman paper, No. 3M~ in system M, and 

one radioactive band was observed with the same mobility as 

lS~-hydroxytestosterone run alongside. An ultraviolet-absorb­

ing band with thesame mobility as the radioactive band was 

also observed. On elution, this radioactive 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 6.05xl0 4 dpm and 2.3 mg of residue. It was further purified 

by chromatography on p~per in system J. Again, one radioactive 

band and one ultraviolet-absorbing band were observed which 

were eluted to yield a residue containing 4.80xl04 dpm. This 

material was acetylated with 3H-acetic anhydride, Batch No. 4, 

and after the addition of 37.5 mg of carrier 15~,17~-diacetoxy-

androst-4-en-3-one the mixture was extracted with ethyl acetate. 

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



TABEE 25 

Proof of Radiochemical Purity of l5~-Hydroxytestosterone Iso­

lated from a 6-Day Collection of Pregnancy Urine 

Specifie Activity (dpm 3H/mg) 
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Crystallization Crystals Mother Liquor 3H/14C 

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

1 49000 117 

2 43200 105 

3 42800 ' ... 103 

150(,17' -Diacet oxy-androst-4:' en-31!-ol·. 

1 

2 

Calculated** 

··39900 

.40800 

42700 

10J·· 

, 101 

202500 

69200 

.45300 

48500 

41200 

470 

176 

108 

118 

103 

*To the residue obtainedafteracetylatiorr 31.5 mg of carrier 
l5~~17p'-diacetoxy-androst-4-en-3-onewasadded prior to chroma­
tography on alumina andcrystallization ot th~material eluted. 

* *The third crystals (8.0 mg) werereducedwi th NaBH4 and the pro­
duct obtained wascbromitographedoa a thin layer plate in sys­
tem Q. The 150(, l7p -diacet oxy-androst ~4-en-3 ~-ol elut.ed from 
the plate (7.2 mg, 2.99xl05 dpmof 3H,2.76xl03 dpm of l4C) was 
then crystallized. The calculated apecificactivity was based 
on the weight and the 3R content of the .at~rialeluted from the 
thin layer plate. 

Ske1lysolve B (1:1) gave 31.5 mg of oilymaterial which was 

crysta1lized to constant specificactivity and 3 H/14C ratio 

as shown in Table 25. The third crystals (8.0 mg) were reduced 

with NaBH4 and the product obtained was 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 5 dpm of 

3H and 2.76xl0 3 dpm of 14C and weighing 7.2 mg. This material 



o was crystallizedfrom benzene-Skel1ysolve B-ether and from 

. a'cetone~Ske1lysolve B and constant specific activities and 

3H/14C rai~o{~ereobtained as shown in Table 25. The infra-
........ 
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redspeC1:'rUDl{KBr)ofthecrystals showed retention of the ace-
. , . -'~' ... ':: ,.-::: . .'.. . " - . . . '. . 

tatebands ~~'i2S0''all~i'17~tO~m~ l, the absence of the C(, ~;"un-

saturat·ed.k~t()ri~·:béUi(fat~1670C:m-l and the . presence. of the 

c=c bandat161.0siri~eitisknown(39)· that NaBH4re- .... 

duct ion of.'a.6.4-3-kétosteroid gives predominant ly a 3~-alco-

h 01, th is mate,ria 1 mtistproqablywas15o(,17,a·- di acet 0](1- androst-

4 - en - 3~ - 0 1 .F rom 1:h~iinai3HÎ14è'r atio (Tâ b 1 e2 5 ) and the 

specific activity of' theacetic .. anllydride~ the specific activity 
:' .... ' ' .. ' .... ' ,'- . .' .. ' ' '. ,', . '. ',' ., ~, ',: . ," ;'.'" 

of the urinary 15~ -hyd;oiytesto~1:~rorie~:as found to be 7. 92xl0 2 

dpm/Jlg. From this finalsP«3Cifi'c activ ityi twas cal culated 
. . 

that the amount of 15o(';'hydrox:ytêst:ô~t'efone excretedc:in the urine 
. ". '.:.... " . '. . 

was 31 rg/day. 
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SECTION B. ORIGIN OF lSd-HYDROXYPROGESTERONE 

In Experiment A-l l5~-hydroxyprogesterone was isolated 

only from pregnancy urine and it ~ould not be detected in the 

urine of four non-pregnant subjects examined. This finding sug­

gested that l5~-hydroxyprogesterone was formed in the feto­

placental unit. In the studies to he 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

compatibi1ity and at the same time (4_ l4C)-progesterone or (4_ 14 C)_ 

l5~-hydroxyprogesterone was injected in an antecubital vein of 

themother. The maternaI urine was then analyzed and l5~-hy­

droxyprogesterone was isolated and examined for its 3H and 14C 

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 forme 

The fOllowing three subjects were emp10yed in these 

studies. AlI three subjects presented with Rh iso-immunization. 

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

she had a spontaneous de1ivery at 36 weeks of gestation. Dur­

ing her second pregnancy in 1967, she received two intrauterine 

b100d transfusions. The first transfusion at 29 weeks 5 days 

of gestation consisted of 96 ml (23.7 g of hemoglobin) of type 

o Rh negative packed red blood celis. At 31 weeks I day of 

gestation she received a second intrauterine transfusion using 
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100 ml (29.7 g of hernoglobin) of type 0 Rh negative packed red 

blood cells mixed with 3H-progesterone. During this transfu-

14 
sion c-progesterone was injected intravenously tothe mother 

and urine was collected for 5days after theinje,ction and used 

in these studies. Following Pitocin induction and vaginal 

delivery at 34 weeks 6 days of gestation she had a 4 lb. 4 oz. 

baby. The cord hemoglobin was 12.5 iflo and'the cord bilirubin 

was 6.1 miflo. The cord blood'was coombs negative. Only one 

fetal cell was found in 5,,000 adult donor cells by the Klei-

hauer technique. A sudden episode of anoxia appeared at 10 

minutes of age. After initial exchange transfusion the baby 

developed a progressive respiratory distress and was placed on 

Bennet respiration and intravenous administration of dextrose 

and bicarbonate. The results of an X-ray examination were con-

sistent with hyaline membrane disease. The baby diedat 48, 

hours of age. Post mortern examination showed classical hyaline 

membrane disease and minimal, if any,hepatic dysfunction. 

Subject AB: The first pregnancy of this subject, in 1962, was 

normal. Rh iso-irnmunization complications were first found in 

1963, during her second pregnancy. Induction and vaginal de-

livery was carried out at 37 weeks of gestation. The baby, a 

male, ~eighed 5 lb. 8 1/2 oz. and required two exchange 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 



of gestation she received a second intrauterine transfusion 

using 110 ml (28.8 g of hemoglobin) of type 0 Rh negative 

packed cea blood cells mixed with 3H-progesterone. During 

this transfusion l4C-progesterone was injected intravenously 

to the mother and urine was collected for 5 da ys and used in 

these studies. Induction and vaginal delivery was carried 
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out at 34 weeks 5 days of gestation. The baby, a male, weighed 

5 lb. 4 oz. and had Il.4 g% cord hemoglobin and 5.7 mg% of cord 

bilirubine 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 weIl. 

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 gestation. 

The baby required 5 exchange transfusions and is alive and weIl. 

In 1962, she had a fetal loss at 17 weeks of gestation. Ouring 

her fifth pregnancy, in 1968~ she received three intrau~erine 

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)-IS~-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 lb. 6 oz. and had 9.9 g% cord 

hemoglobin and 7.0 mg% cord bilirubine 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 weil, but his total biliru-

bin was Il 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, ~ 

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 

l4C-l~-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 ,-glucuronidase. The total radioactivity 

recovered in each day's urine and the amount present as sulfates 

and glucosiduronàtes are shown in Tables 27-29. 

The glucosiduronate fraction obtained from the urine 

of subject GP weighed 1.27 g and contained 9.6SxlO S dpm of 3H 
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TABLE 26 

Amount of Radioactivity and Nature of the Steroid Injected 

into the Peritoneal Cavity of the Fetus and the MaternaI Vein 

Steroid Injected 
into the Perito-
neal Cavity of 

Subject the Fetus 

GP 3H-Progesterone 

AB 3H-Progesterone 

SP 3H-Progesterone 

Dose 
Injected 

Cdpm) 

6.0Sxl0 6 

4.73xl06 

4.97x106 

Steroid Injected Dose 
into the Mater- Injected 

nal Vein Cdpm) -
l4c-Progesterone 3.8Sxl06 

14C-Progesterone 2.62x106 

14 c -ISeC-Hydroxy-
progesterone 9.00xl03 

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 SA. 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 Radioactivity in the Urine and the ExtEêcts Ob­
tained After Hydrolysis of Conjugates by Solvolysis andby 

'-Glucuronidase. Subject GP 

~ 
1 

2 

.' 3 
4 

5 

Total 

1 

2 

3 

4 

5 

Total 

1 

2 

3 

4 

5 

Total 

Crude Urine ,d;Eml 
3H 14C - -

6.90x105 1.42xl06 

1.90xl05 2.45x10 5 

1.60xlOS 1.15x1OS 

8.20xl04 5.30k10 4 

2.30x104 2.70x10 4 

1.15x106 1.86x106 

Glucosiduroriates'dEm) 

3H 14C -
5.83x105 1.30x10 6 

1. 48xl 05 1.94x105 

1.40x105 9.90xl04 

7.50xl04 4.30xl0 4 

1.90xl04 2.00xl0 4 

9.65xlO5 1.66xl06 

Sulfates (dprn) 

3H 14C - -
4 .59xI04 . 

. ... ·4 
5 .3lxl O .... 

2.33x104 3. 28xl0 4 .. 

5.00xlO3 .. 3 
9.00xlO. 
3.00x103 

. -
. 4 

7.40xlO. 9.79x104 

% Recoverl of Injected Dose 

3H 14C .- -
11 .• 4 ·36.9 

3.1 · .. 6.4 .. 
2.7 3~0 

1.4 1.4 
0.4 0.7 

19.0 .48.4 

% Recover)!: of .Injected Dose 
3 ' .. ... '. ~ .;' ; 

H ··.··14C -
9.6· 33.8 
2.5 .5.0 

2.3 2.6 

1.2 1.1 
0.5 

43.0. 
.. . :,". ,', 

% ··of· Injected Dose 

14c; -
0.8· 1.4 

·0.4 0 .. 9 
0.1 0.2 

.. 
,' ... O~l 

.1.3 
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_ TABLE 28 

lb·.·· 

Recovery of Radioactivity in the Urine and the Extracts Ob­
tained After Hydrolysis of Conjugates by Sol~olysis and by 

'-Glucuronidase. Subject AB 

~ 

1 

2 

3 

4 

5 

Total 

1 

2 

3 

4 

5 

Total 

1 

2 

3 

4 

5 

Total 

Crude Duine (dpm) 
3H -

7.0lxl05 

1.2lxl05 

2.80xl04 

1.32xl04 

5.00xl03 

8.68xl05 

l4C -
6.42xl05 

7.05xl04 

1. 85xl04 

7.60xl0 3 

3.20x103 

7.42xl05 

G1ucosiduronates (dpm) 
3H 14C - -

5.52xl05 

8.81xl0 4 

1. 84xl04 

8.00xl0 3 

4.82xl05 

4.64xl04 

1. 02x104 

4.00xl0 3 

5.43xl0S 

Sulfates (dpm) 
3U 14C - -

A 
1.97x10~ 

4.50x103 

2.60x10 3 

1.16x105 

1. 08x1 05 

1.62x104 

4.10xl03 

2.53x10 3 

1.31x105 

% Recovery of Injected Dose 
3H l4C 

14.8 

2.6 

0.6 

0.3 

0.1 
18.4 

-
24.5 

2.7 . 

0.7 

0.3 

0.1 
28.3 

% Recovery of Injected Dose 

11.7 

1.9 

0.4 
0.2 

14.2 

14C -
18.4 

1.8 
0.4 
0.2 

20.8 

% Reeovery of Injected Dose 
3H 14C 

0.4 

0.1 

0.1 

2.5 

-
4.1 

0.6 

0.2 

0.1 

5.0 



TABLE 29 

Recovery of Radioactivity* in the Urine and the Extracts Ob­

tained After Hydrolysis of Conjugates br Solvolysis and by 

~-Glucuronidase. Subject SP 

.9 i. 

P.!l. 
1 

Crude Urine (dpm of 3H) % Recovery of Inj~cted Dose 

2 

3 

4 

5 

Total 

1 

2 

3 

4 

5 

Total 

1 

2 

3 

4 

5 

Total 

8.75xl05 

1.94xlOS 

1.01xl05 

6.20xl0 4 

2.60xl04 

1. 26xl06 

Glucosiduronates (dpm of 3H) 

7.05xl05 

1.48xl05 

6.30xl04 

3.30xl04 

1.70xl04 

9.66xl05 

Sulfates (dpm of 3H) 

6.80xl04 

2.30xl0 4 

1.80xl04 

1. 09xl0 5 

% 

% 

17.6 ... 
,": 

3.9 

2.0 .. 

1.2 

0.5 

25.2 
.. ~. 

Recovery of Inj ected Dose 

14.2 

3.0 

1.3 

0.7 

0.3 

19.5 

Recovery of Injected Dose·. 

1.4 

0.6 

0.4 

2.4 

*Since only 9,000 dpm of (4_ 14 C)-ISoC-hydroxyprogesterone and4~97x 
106 dpm of 3H-progesterone (injected 3H/14C ratio • 552)wer~.in~ 
jected, 14C could not be detected in crude urine and theneutyal 
extracts. .. 
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TABLE 30 

Weight and Radioactivity in Fractions Eluted from the Initial 

Si1ica Gel Column Obtainedafter Chromatography of the ExSract 

from the G1ucosiduronate Fraction. Subject GP 

poôi .. 

. Fraction No •. 

l 1-62 

II 63-102 

III 103-134 

IV 135-162 

V 163-220 

VI 221-302 

VII 303-350 

VIII 351-448 

IX 449-626 

..,.' ., :. Rad~oactivitYl~dp~) 
,'W èight .(mg) .. H .. .... . C .... 

18. ... ... 

175 

229 

134 

213 

116 

58 

159 

163 

o.' , •• 

, ... :- . 

9.92xl04 

. 6.00xl04 

2.47xl05 

1.14x10S 

·..i~]l.JC:IOS: .. '4~63xi 05 . 

1.54xl0~. .3.68xlO.5 

2 .80xl04 ··2. 04xT04 . 

'5 .05xl04 ......... 5.24xl 0 4 

. ·'5 
.1 .• 5~.x .. l0· . 

. 1~ 10~1.05 '.·.S~··76X:I04 
, ' .' '_ "'1' • -':".' '. .".. .: .. ' ~-, 

.'. '. 

, . -: . ~'. ~ .-. .' . ';::',!':" O"." ••• ,_. ,.,; ::,' 
•• ':."", .,-,.< ,",' 

',,;,; .. , ;: ........ . 
':'.:",., . 

Pool VI. Figure 5A, Tab lè"'SÜ ,:'~~·~~~·~:il~'fd.ri~~kièh'-w~s·· 
. ," 

. • ' •....... ' . '. . '., ....•..•.... ~. : .... :' .... : .. :.... ... ..... .... "0 . 

chromatographed on a 10 g alunïitia'colu·mn.:.Eluti:ortwith·1.·5'i1 
. '.;-:: ;'~',>"::'.", ··:;;;:::~·i·:'-:'·'·::\'··->' .;"'::":':.'.i:' ~.~ .. :".,~.:.- "';"-' . '. . 

ethanol in benzene gave 56.0mg·cifl1laferiai:.wh~~h contained 

2.3 2xl 0 4 dpmof 3H .a~cll.:t4~·i:6·~r:':.dpm,·ô.{:,i}i.t:'.:~';'·;"·lt;was'Jll~t~er 
chr oma~~'~'~ a.pl} ;40 ri :: ... ~' .• :. >w.·.· .. :h .. a .• ·.·~ ..•. · .... ·.m .• • .• ·.~.:.a .•• · .•• ~ .. :. .• E.o.,:.:,.~ .• ·.'.:~~.f.);.,:.'·;~·~~-~;:.~:.·~:~~);~~;i;;i.~·~,A:::fO. r.J 0 .•.... 

~ ..... "." :.", ", ": .. ':,", ': . ~':';' ';: .. >':.:;;."~":.~.;':"-'" 

.. ' hours:and.:three'~a.dioac~hTe·zo~.~·s •.. ,ViA~·ll.IB'anclVîC·were .ob-
.. ' . -.' ,:: > : .:: ", .: :. -" -' .: ':. -.: . ' . . ... ," " '., . .. ~'. -',' . ',;: '. . .. " .. -. ,,'. -'. . . 

ta:i.~edwit:h 1ll0bilities 0{5;6~'l5 .5aruiI9;3cm, respectively.· 

'Tlù~ radi.·()~'è tive··mà.t~riifin . ZOJle 'vùr had a mobi lit y ident ical 

to anult;~violei-ah~~~bi~g band' observedon the' paper and with 

l5~-and l6~-hydroxyprogesterone standards run alongs~de. In 



...... " 

FIG. 5. 

x 

500 600. 

--,-- -"-'--=2·-·--~-3-·-·· 4 '-'-6-· . 8· 
10 

. Percent EthQncil in Methyene Chl.nid • 

SiIicagefcolumnchromatography of the glticosidu­
'rP!1ate.:fract·ionsof.< the<urine.of subj'ccts Gp· and 
AB fo 11 owi ng th e .. simuit aneous adminis t ra t i on of 311_ 
prOgcsterQn~to thcpe~itoncal eavity of the fctus 
and 14C-progcstcrone to the mother. 

A. Subj eet GP 
B. Subjcet AB 

93. 



this system lS~- "and 16«-hydroxyprogesterone are not separa­

ted. Zone VIB was eluted (S.03xl0 3 dpm of 3H and 1.7Sxl03 

dpm of 14C) and the material contained the rein 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 mœbllities identical to lS~- and~16~-hydr~xyprogester­

one, respectively.Onefution. zone VIBI~ave"" aresidue"con~ 

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

The glucosiduronate fraction obtained from the urine 

of subject ABweighedl.35g and contained"6.66xlOS dpm of 3H" 

and S.43xlOSdpm of 14C. It was chromatographed on a 120 g 

silica gel columnusing increasing concentrations ofethanol 

in methylene chloride as previously described. In Figure SB 

94. 

is shown the eluted radioactive material from which the differ-

ent poolsshownl~ Table:31were obtained. 

The residuecontafned hl Pool VI, Figure SB, Table 31, 

was~hromat~graphedon an 8 g al~mi~a columnand elution with 

1.S%ethanol inbenzEme gave" a residuewhich weighed52.0mg" and 

cbrita~ned~2~50xI04dpm of 3Hand8.30x163 dp~ of14C . It was 
. .. .. . ":.' .' .. :'., .. ", 

further chr0m."a.~~graphè·d "on a Whatman "N?~3MM pé3:l'~r" in system 

A for 1 Ohoùrsandthree radi oactivez ones, vIA,VIB andV:rC 

were obtained with mob:i.liti~s of 6.0, 19.0 and 22.3 cm, res-

pectively. The radioactive material in zone VIB had a mobility 

identical to an ultraviolet-absorbing band observed on the 

paper and to l5~- and l6~-hydroxyprogesterone standards run 

alongside. The material present in zone VIB was eluted (7.20x 

10 3 dpm of 3H and 2.80x10 3 dpm of l4 C) and it was chromatogra-

phed on paper in system B for 5 days. Two ultraviolet-absorb-
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TABLE 31 

Weight and Radioactivity in Fractions E1uted from the Initial 

Si1ica Gel Co1umn after Chromatography of the Extract from the 

Pool 

1 

II 

III 
... 

IV 

V 

vr ... 

VII 

.VIII 

IX 

X 

G1ucosiduronate Fraction. Subject AB 

Fraction No. Weig,ht 

1-56 28··.· 

57-90 153 

91-116 222 

117-146 94 

147-166 .55 

167-274 126 

275-310 45 
.. 

. . 31 i";406 147 

407~490 54 
. '. . 

491-540 39 

(mg) 
Radioactivity 

3
H

_ 
(dpm) 

14C 

7.11x10 4 

. 2.45xl04 

Ll1x10 5 · 

. 5< 34xl04 . 
,: '", 

2.74xl0 4 · 

4.01xl04 

. 1~ 2·lx:i 05 

3.68xf04 

7.89xl0 4 

..... 4 
.3. 21xl0 .. 

1.7 l:icl05 .. 

... . ... 4 
7.86xlO 
'. ·····.···4··· 
1.09x10 . 

2.56x!04 

>5 •• 84~lo4····· 
. ' ,.' . .. 

··1.i8~1 04 ... 

.. . '.: . :.. "."': :.'. . .". . .... '.,. "', .: '. 

andVIBI 1, ..• wereobserved· with mobi lit ie.s. cor-
," ' .... '~. ; .. . ::.. . . .:. ..' ~.::.,- . " .. 

. re~p6ndi~~ .tO·lso(~.~·nd16o(-hYdroxyprogesterone·,respective1Y! 
... ',. ,', .' " ; .... : -:, ",', .. " ,-",::.,. . .... 

: -. ,"' ".'. ',' 

. ":', 

After é lu t.~~I1" the m~ te,:,ial from,..·.~?nex~B 1 ga ve.ar.·e,~~d ue .,' ..... :' .. : .. .'; 

.. ,'-

Because the materia1 having the chromatographie mobi­

lit y of 15~-hydroxyprogesterone had insufficient amounts of 

radioactivity for a test of purity by the isotope dilution 

procedure, the two residues (residue VIBI iso1ated from pool 
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VI, Figure SA, Table 30, and residue VIBI, Pool VI, Figure 

SB, Table 31) isolated from the urine of subjects GP and AB, 

respectively, werecombined and processed together. The com­

bined fractionweighed3.l mg and contained 2900 dpm of 3H 

. and.1300dpmof·14C.After the addition of 6.1 mg of carrier 

lSC(":"hyd~oxypr~gestei(>ne, the mixtùre was -chromatographed On 

a· i i·â.lùmiÎl~- ~ol~~~and 6.5 mg ofcrystalline· material was 
.' ."... . . 

elutedwith 1.5% ethanolin·benzene~ This material was crys-

·talllzedto constant specific··~cti~ity~s,shown,inTable 32 • . . " .. . . - ," :..... ~ . . . '. . . \ .' . . . 
. ..~ . .' ,'.' 

The s~er.<>:làùsed for counting. ~~~lirst ~ second and th ird. 

crystals and the third motherliquorwas recoveredfrom the 

counting vials andcombined with t,heremaining material from 

thethirdcrystallization. The mixture (4.0 mg) wasacetylated 
: . ,'. : 

.. ,wi th·non -labe led acet i c anhydride and the productwas chroma-

~ographed on a 19a1umina column. Elution with benzene-Skelly­

solveB(4:l) gave 3.5 mg of oily material which was crystal~ 
. . . ~ 

~izedto constant specifie activity as shown in Table 32. 

The glucosiduronate fraction obtained from the urine of 

subj~.ct 5P weighed 1.82 g and contained 9.66xl05 dpm of 3H . 
. "', -.. ' . " .. ' 

.No l4C could be detected in the extracts at this stage due to 

thehigli~~H/l~C ratio (552) injected. Tothis fraction was 
. ,....... 

added.3.0,mgof carrier lSo(-hydroxyprogesterone and the mix-

ture was chr~matographed on a 160 g silica gel column using 

increasing conc~ntrations of ethanol in methylene chloride as 

previously described.In Figure 6 is shown the eluted radio-
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TABLE 32 

Proof of Radiochemical Purity of l5~-Hydroxyprogesterone Iso­

lated from the Combined Residues Obtained from the Urine of 

Subjects GP and AB 

Specifie Activity (dpm/mg) 

Crystals Mother Liquor 

Crystallization 3 H l4C 3H l4C 

l5~-Hydroxyprogesterone 

1 330 100 450 430 

2 260 60 600 220 

3 250 50 260 60 

Calculated* 480 210 

l5~-Acetoxyprogesterone 

1 220 20 240 150 

2 220 10 230 20 

Calculated** 220 40 

*The residues obtained from Pool VI, Figure SA, Table 30, and 
from Pool VI, Figure SB, Table 31, were combined (3.l mg, 
2900 dpm of 3H, 1300 dpm of l4C) and processed together. To 
the combined fraction was added 6.1 mg of carrier l5~-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 specifie activity of th~ acetate was 
based on the final specifie 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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. 1 III 

v 

C O--~-10JO~~2-0-0---3~O~O~~4~070~~5~O~O~-6~O~O~~7~O~O--~8~O~O~~9~OO 
Fraction Number . 

--------.-._---- ----.-.---
1 2 3 4 6 8 10 

Percent Ethanol in Methylene Chloride 

.. ', ".:: . 

FIG. 6. Silica gel column chromatographY. of the Glucosidu-
. ronate . fraction of theurineof; Subj ect"'SP'foÜ:iùdng 
the simul t~neous admi~istratio.ri.:o~~H~proges~.eiàn_~ 
tothe pe r~ toneal cav ~ tyo:f·the.·fetu_~ .and.;(4:-~<CJ-
15 cC - hyd ro xypr 0 ge st e'ron e-t<>..' :~h~ ... mot 11. e r .:._S.~ il çe ... 9n-lY ... 
9000 dpm of C4_14C) -15è(';;hyd:rQxipi'.dgeste-r.6ri~-·,~à~;_irt.;. 
jected, l4C could notbedet'ect.~·dat:thfsstage • 

. . :; . .,.~,. .. .' : ;.. '.. -'. : . . . '.' . ..,' .. . . . .'. ' .. .... .... . 

" .,' '.'. -,', ,', 
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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 

Pool 

.'11. 

III 

. Fr~ction .·N~ •• · ..... . 

142-184' 

185-268. 

569-679.' 

680,..806 
,,:. :,' 

· •• ··'807.::859 
',.,.: . .. 

. ", . 

Weight(mg) 

'16'4 . 

60 

.. 385 

Radioactivity (dpm) 
3H l4c 
-.. .. 

···6.40Xl04 .. 

'. '" 4 
1.60xlO 

•.. " '.' ......•. ·······5 
L 80xlO ". ....." .. " .: .. 

", .' 

125 ",. .: 
3 .. 40xlo4 '.' '2 ~ 90xl0 3 ·. 

.. ",. '.' . .',";: ; 

. .... 175 .' . 1.04xl0S ··1.40xl03 ..... 

" .. "'" ' . .-' : 

8.80xl04 

·203 

667 

.41'. ... ,- .... 8 .• soxi~4·>·4:.00xlO 2. 
. :; ~ :. '. . . '. . . . ; ," . ..... . 

. .•.......... :,.'.;. . . 
," . ". ."':.' .~\ ,': ... , . .,;,: ...... 
',: ;." '. '. , _. .. '.~ ... 

. " . 

..... -'''''':-:. :,':: 

...... 

1 •• st èt h anal iD" ben;ene"j~a ve'éi·.~e:s t'd u .~.w hi ch' ': weighe'd' :11~··S . m·g'. ~nd· .. 

contained l'~ OÏxl04 dpm of }H~~d·.2 ~77xlO.~.dp;n:~·f 14ç.: ". l.t;:. was 
...... . .. '. ." .. 

fûrther· chro~at'6gr~~hedon a WhatmanNo '. ·3MM. paperl.n' s'ystem .... 

.•. Afor12hoursand 'tw~ ra~i9~ëti v~ ~on~~,. IVA and l'lB . we'r~:, 
. " . 

obtained with~()bilitie~of 12~O and 32 .• o cm, ". resp.ec'ttvelY. 
. .' '. ,'.: .. ~ .. ,: .... 

',' 

Theradioactive:material.in zone IYBhad' a niobiii.tY icient:lcal 
,", ,," 

t~ an ultr~vioiet-absorbi~g bandobs~rvedon the paper and to 

150(- and l6oC-hydroxyprogesterone standards run alongside. The 

material present in zone IYB was eluted (6.60xl0 3 dpm of 3H 

and 2.30xl0 3 dpm of l4C) and it was chromatographed on paper 
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in system P for 4 days. Two ultraviolet-absorbing bands, IV BI 

anà XVBII, were observed with mobilities corresponding to l5~-

and l6~-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. It was 

further purified by chromatography on a 1 g alumina co1umn 

and elution with 1.5% ethanol gave 2.5 mg of residue contain­

ing 1360 dpm of 3H and 2100 dpm of l4C. The infrared spectrum 

(KBr) of an aliquot (60 pg) of this materia1 was identical to 

that~f l5~-hydroxyprogesterone. Since only small amounts of 
'. . . . 

" . 

. l5~-~ydroxyprogesterone (30 pg/day) are present in human late 

pregnancyurine, it can be assumed that the 2.5 mg of l5~­

hydroxyprogesterone present in zone IVBI represents a fraction 

of the 3.0 mg of· l5C1l-hydroxyprogesterone which was added to . ' .' . 
,". . .. . ". 

iheglucosidur~nate fraction of the urine prior to the initial 

~ilic~gel columri ch~omatography. The material isolated from 

f~actionIV w~s mixed withan additiona1 4.0 mg of carrier 

l5~~~ydr~xyproge~t~~one and the mixture (6.5 mg) was crystal-

lized to constant specificactivities and c~nstant 3H/14C 

ra~ioasshown in Table 34. The steroid used for counting the 

firstand .second crysta1s and the second mother 1iquor was 

recovered from the counting vials and combined with the remain-

ing material from the second crysta1lization. The mixture 

(4.5 mg) was acetylated with non-labe1ed acetic anhydride and 

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

tion with benzene-Skel1ysolve B (4:1) gave 4.2 mg of oily 
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TABLE 34 

Pro of of Radiochemica1 Purity of 15~-Hydroxyprogesterone Iso-

lated from the Glucosiduronate Fraction of the Urine of Sub-

j ect SP 

Specific Activity (dpm/mg) 
Crystals Mother Liquor 

Crx:stallization 3H J1c 3HL 14C 3H 14C 3 Hl 14C 

lS~-Hydroxyprogesterone 

1 160 300 0.53 400 280 1.43 

2 150 310 0.48 170 320 0.53 

Calcu1ated* 210 320 

lS«-Acetoxyprogesterone 

1 110 270 0.41 180 280 0.64 

2 110 260 0.42 120 270 0.44 

Ca1cu1ated** 130 270 

*The material isolated froID fraction IV, Figure 6, Table 33, 
weighed 2.5 mg and contained 1360 dpm of 3H and 2100 dpm of 
14C. It was mixed with an additiona1 4.0 mg of carrier 1~­
hydroxyprogesterone (thus a total of 6.5 mg of carrier ster­
oid was added to fraction IV, see text for details) and crys­
tal1ized. 

**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 materia1 from the second 
crystal1ization. The mixture was then acetylated and the pro­
duct chromatographed on an alumina co1umn prior to crystalli­
zation. The ca1culated specifie activity of the acetate was 
based on the final specifie activity of IS~-hydroxyprogester­
one and altered molecular weight. 

material which was crystallized to constant specific activity 

and constant 3H/14C ratio asshown in Table 34. 
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SECTION C. METABOLISM OF IS«-HYDROXYPROGESTERONE 

Experiment C-1. Metabolism of lS~-Hydroxyprogesterone by the 

Normal Male 

Steroids having a l~-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 l5~-hydroxyprogesterone. The subject, a 28-year 
old male, was given 2.30xl0 7 dpm of (7_3H)-15~-hydroxyproges-
terone in 1.32 mg by intravenous injection. At the same time 
800 mg of lS~-hydroxyprogesterone was administered orally, in 
80 mg doses contained 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 aIl 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 1.62xl0 7 dpm. It was chromatographed on a ISO g si-
lica gel column which was developed withincreasing concentrations 
of ethanol in methylene chloride as previously described and the 
radioactivity in the eluted fractions is shown in Figure 7 .. 



TABLE 3S 

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 

Q!L Crude Urine (dEm) Dose Hrdrollsis Dose 

1 1.5lxl07 65.7 1.36xl0 7 59.2 

2 2.84xl06 12.3 2.l5xl06 9.3 

3 4.05xl05 1.8 2.78xl05 1.2 

4 1.56xl05 0.7 1. 09xl0 5 0.5 

5 3.57xl04 0.2 

6 l.23xl0 4 0.1 

Total 1. B5xl 0 
7 

80.5 1.62xl0 7 70.5 
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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 Ba. Chromato~ 

graphyof the residue from IVA œ paper in system A for 12 hours 

provided one radioactive zone with an average mobi1ity of 7.9 

cm. On elution a residue was obtained (18 mg and 3.20x10 5 

dpm) which was further purified by chromatography on a 2 g 

silica gel column to give 3.3 mg of materia1 containing 2.99x 

105 dp~. Crystallization of this material from acetone-methano1 

gave 0.5 mg of coarse need1es. The infrared spectrum (KBr) of the 
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FIG. 7. Silicagel chromatography of urinary neutral ex­
tra§t following the intravenous injection of 
(7-H)-lS~-hydroxyprogesterone and the oral ad­ministration of carrier steroid to a normal male. 



TABLE 36 

Weight and Radioactivity e1uted from the Initial Si1ica Gel 

Co1urnn after Chromatography of the Extract Obtained by Hy­

dro1ysis of the Urine 

105. 

Pool Fraction No. Wei~ht (m~O Radioactivity(dprn) 

1 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

crystals 

1-188 

189-212 

213-300 

301-351 

352-420 

421-540 

541-560 

561-700 

701-800 

801-890 

145 

157 

56 

80 

81 

117 

20 

53 

29 

29 

1.54xl05 

2.05x10 5 

3.94x106 

4.52x10 6 

3.94x106 

8.20x10 4 

5.82x10 5 

6.60xl0 5 

1.42xl06 

showed a strong hydroxyl band at 3456 crn- 1 and 

a band at 1695 cm- 1 corresponding to a 20-ketone. This ma­

terial was not identified because the amount iso1ated was in­

sufficient for mass spectrurn and NMR analysis. 

An aliquot of residue IVB, Figure Ba, (2.7 mg, 1.93x10 5 

dpm) was chrornatographed on paper in system A and one radioactive 

peak was obtained with an average mobi1ity of 18.0 cm. There­

fore this materia1 was e1uted from the. paper and combined with 

the remainder of residue IVB, Figure Ba. Following chromato-
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graphy on a 6 g alumina column~ 43.3 mg of crystalline material 
was obtained containing 3.62xl06 dpm. Crysta1lization of this 
material from acetone gave 27.4 mg of eoarse needles. The 

o erystals had a mp of 230-232 C~ and the specifie aetivity was 
1.08xlOS dpm/mg. The infrared spectrum (KBr) of the crystals 
was identical to that of authentic l5~-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 4.48xl06 dpm. An aliquot of this 

material (2.8 mg) was chromatographed on paper 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 
oily residue which contained 4.45xl06 dpm. It was crysta11i-
zed with great difficulty from Skellys01ve B-ether-acetone to 
yield 14.0 mg of fine plates: mp l75-l77

0
C, specific aetivity 

1.42xl05 dpm/mg. An aliquot of V containing 8.3 mg was ace­
tylated with 14C-aeetic 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 

eolorless oil which was crysta1lized from acetone-Skellysolve 
B to yield 6.5 mg of coarse plates, mp l42-l44 0C. The specific 
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activity of the,crystals was 4.08xl0 4 dpm l4 C/ mg (3H/14C : 

1.98), indicating the presence of two acylable hydroxyl groups. 
The infrared spectra of the free compound (KBr) and of the 
acetate (CS2) are shown in Figure 9. The infrared spectrum 
of the free compound showed a hydroxyl band at 3350 cm- l 

and a carbonyl band at 1705 cm- l corresponding to a 20-ketone. 
The spectrum of the acetate had no hydroxyl band indicating 
that aIl hydroxyl groups on the molecule had been acetylated. 
At this point 2.7 mg of the unacetylated~mpound 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-
COCH 3 signal was observed at 2.10 ppm. The acetate had two 
additional methyl signaIs 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 5«-steroids. Using this as a starting point, and 
assuming that the acyl group at C-17 remainsp , it is possible 
to calculate positions for C-18 and C-19 absorptions for dif­
ferent likely structures from the additive substituent effects 
given in Zurcher's Tables (45). The calculations for the 

3~,1~-diol and the diacetate in the 5q,14~-series agree quite 
weIl (Table 37). The results for either 3«,1~-diol or 3', 
15~-diol were sufficiently far off to render it unlikely that any­
thing had happened at C-15. However, the results for 3~,15~-diol 
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TABLE 37 

Observed Chemical Shifts, d(PPM), of Metabolite V and iis Diacetate and Calculated 

C-19 and C-18 Chemical Shifts of 3q,lS~-Dihydr~z-~-pregnan-20-one and its Diacetat~ 

Observed Chemical Shifts, 

Compound C-19 - C-18 C-2l-COCH3 CH~COO - - -- ---- ._--- - -
C-3-H Splitting Pattern of C-3-H 

V 0.79'0.63 2.10 

V-diacetate 0.79:: ,'O~6'8 2.10 

Compound, 

3c(,lS«-Dihydroxy-S«'-pregnan~20':'one 

3«,15«-Diacetoxy-5~-preg~an-20-rine 

3.9-4.2 equatorial 

1.98,2.03 4.8-5.1 equatorial 

Calculated Chemical Shifts 
C-19 C-18 - --: .' 

0.792 0.650 

0.809 0.693 

..... 

..... 
o 
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were quite close to those obtained for V, but they &d not fit 

as weIl as the results for the 3~,15~-diol. If the assign­

ment 3~,15«-diol is correct, th en the C3-H should be equa­

torial and hence the C3-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 aèetate at 4.8-5.1 ppm; 

but the pattern had the appearance of a sharper signal atop 

a broader one. 

From the NMR resutts (Table 37) combined with the in-

formation obtained from the infrared spectra, the number of 

acylable hydroxylgroups and from the mass spectrum (courtesy of 

Dr. L. Durham) of the free compound (mie = 334), the strU4ture 

3~,15~-dihydroxy-5~-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 Celi~e column using system F. One 

major peak of radioactivity was obtained (Figure Bc) which 

contained 60.3 mg of crystalline material and had 3.62xl06 

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 mobi1ity of 20.5 cm was obtained. 

It was e1uted 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 3.33xl06 dpm. It was crystallized from acetone­

methanol-Skellysolve B to yield 23.0 mg of coarse plates: 

mp 208-2l0 oC, specifie activity 7.90xl04 dpm/mg. Its infra-

red spectrum (KBr) showed a strong hydroxyl band at 337S cm- l 

and a band at l70S 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 SO-60% benzene in Ske11yeo1ve B gave 

12.0 mg of colorless oil which was crystal1ized from acetone­

Skellysolve B to yield 10.9 mg of fine needles: mp 164-l66.S oC, 

specifie activity 3.89xl04 dpm l4C/mg (3H/1 4C • 1.6S) indicating 

the presence of two acy1able hydroxyl groups. The infrared 

spectrum (CS2) of the acetate had no hydroxyl band (Figure Id), 

indicating that aIl 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-2l-COCH3 signal was observed at 2.10 ppm. 

The acetate had two additional methyl signaIs 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, shawn 

in Table 3$, more closely resemble those of a ste raid in the 

S, series. Assuming that compound VI is a Sp-steroid and that 
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TABLE 38 

Observed Chemical Shifts, O(PPM), of Metabolite VI and its Diacetate and Ca1culated 

Shifts of 3«,1S«-Dihydroxy-5~-pregnan-20-one and its Diacetate 

Observed Chemical Shifts 

Compound C-19 C-18 - C-21-COCH3 CHSCOO C-3-H . Se1itting Pattern of C-3-H -
VI 0.93 0.64 2.10 

VI-Diacetate 0.94 0.67 2.10 

Compound 

3~,15~-Dihydroxy-5~-pregnan-20-one 

3~,15~-Diacetoxy-5~-pregnan-20-one 

3.6-4.1 

1.98,2.02 4.5-4.9 

axial 

axial 

Calculated Chemical Shifts 
C-19 C-18 - -
0.933 0.650 

0.942 0.684 

.... .... 
~ 
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the acyl group at C-17 remains~, 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

tio~for the 3~,15~-diol and the diacetate in the 5~,14~­

series agree quite weIl (Table 38). The results for either 

3~,l5'-diol or 3P,15~-diolwere sufficiently far off rendering 

it unlikely that any change in the configuration at C-15 had 

occurred. However, the calculations for the 3p,l~-diol were 

quite close to those obtained for VI but they dinnot fit as 

weIl as the results for the 3~,15~-diol. If the assignment 

3~,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 signaIs 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-5,-pregnan-20-one. This 

conclusion is strengthened by the information obtained from 

the infrared spectra, the number of acylable hydroxy groups, 

and from the mass spectrum of the free compound (mie = 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 VIllA and VIIIB 

were obtained at average distances of 8.0 and 13.5 cm, respec-
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tivety. The e1uate of VIllA (4.45 mg and 1.50xl05 dpm) was 

chromatographed on a 1 g silica gel co1umn and the materia1 

eluted with 8% ethano1 in methylene ch10ride gave a ye110w 

residue which weighed 1.9 mg and contained 1.10xl05 dpm. At-

tempts to crystallize this material were unsuccessful and 

because of the saall amount present it could not be identified. 

From fraction VIIIB an eluate was obtained which weighed 

6.5 mg and contained l.38x10 S 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 9.80xl04 dpm 

which could not be crystal1ized. Due to insufficient amounts 

isolated, the metabolite present in VIIIB was not identified. 

The material present in Pool IX (29.0 mg and 6.60xl05 

dpm) was chromatographed on two papers using system A for 4 

d~ys. One band of radioactive material was obtained with an 

average mobility of 12.2 cm which on elution yielded 14 mg of 

residue containing 6.40xl05 dpm. Chromatography on a 2 g si-

lica gel column and elution withlO% ethanol in methy1ene chlo­

ride gave a yel10w oil which weighed 9.0 mg and contained 6.15xl05 

dpm. Crystallization from acetone-Skellyso1ve B afforded 1.6 

mg of small plates: mp 21l-214 oC, specifie activity l.96xl0 5 

dpm/mg. Its infrared spectrum (Figure lla) showed a strong 

hydroxyl band at 3250 cm- l and no carbonyl bands indicating that 

both the 44-3-keto and the 20-keto groups of l5~-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

cifie activity of 5.52x104 dpm of l4C/mg (3H/14c = 3.1) in­

dicating the presence of three acylable hydroxyl groups and 

its infrared spectrum (CS2) is khown in Figure lib. The 

spectrum showed the absence of a hydroxyl band at 3250 cm- 1 

indicating that ail 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 

118. 

39. Instead of a methyl ketone at C-2l (2.10 ppm1 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. The C-18 and C-19 methyl ab­

sorptions appeared at 0.72 and 0.80 ppm. respectively. for­

responding to the absorptions observed vith steroids having a 

5~ hydrogen. The pa~tern of absorption in the low-field at 

4.95 ppm indicates that the proton at C-3 i5 equatorial. If 

the se assignments are correct, then the possible structures 

which can be assigned to IX are ~-pregnane-3~JI5~,20«-triol 

or 5~.pregnane-3~.15«~20~-triol. The calculated positions of 

C-18 and C-19 methyl absorptions for 5~-pregnane-3~.1~.20~­

triacetate and 5~-pregnane-3~.15~.20~-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 20~- and 

20~-triol. The position of the signal of C-18 (0.72 ppm) is 

just betwee~ the two calculated values (0.703 and 0.753 ppm) 

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



~ -
TABLE 39 

Observed Chemical Shifts, a(PPM), of the Triacetate of IX and Calculated Chemical 

Shifts of S~-Pregnane-3«,lS«,20«-triacetate and S«-Pregnane-3~,1~,20'-triacetate 

Observed Chemica1 Shifts 

Compound C-19 C-18 - C-21-CHSCHOH CH3COO C-3-H Splitting Pattern of C-3-H 

IX-Triàcetate 0.80 0.72 1. 21 

Compound 

S«-Presnane-3«,lS~,20~-triacetate 

S~-Pregnane-3«,15«,20~-triacetate 

1. 99, ~04 4.95 equatorial 

Calcu1ated Chemical Shifts 
f.:..!2. f..o:il. 
0.809 0.753 

0.809 0.703 

~ 

~ 
~ 
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Thus the question of whether IX has a 20~- or a 20,-hydroxyl 

group is not readily answered from the NMR data. When an 

aliquot (1.0 mg) of the diacetate of V (3d,15«-diacetoxy-

5~-pregnan-20-one) was reduced with NaBH 4 and the product 

acetylated, the resulting triacetate had an infrared'spectrum 

(CS2) almost identical to that of IX-triacetate as shown in 

Figure llc. Minor differences between the two spectra (Fig­

ure Il, spectra band c) may be due to the presence of impu­

rities in IX-triacetate since only smallamounts (1.2 mg) of 

this compound were available and could not be crystallized. 

Thus the question of whether IX was a 20~-or a 20p-hydroxyl 

group could be answered by establishing the configuration of 

the C20-hydroxyl resulting from the reduction of a l5~-hydroxy­

lated-20-ketosteroid with NaBH4. 

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 MD on acetylation is positive for 

20'-015 and negative for 20«-01s. An a1iquot of l5~-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 

crysta1lized from acetone-Ske1lysolve B to give 92 mg of large 

needles, mp 192-l93 0 C. An aliquot of the crystals (50 mg) 

was 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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Crystallization from acetone-Skellysolve B afforded 36 mg of 

small plates, mp l76-l79 0 C. An aliquot (30 mg) of the 20-al­

cohol obtained after reduction of l5~-acetoxyprogesterone with 

NaBH4 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, 20~-

dihydroprogesterone, 20~-dihydroprogesterone, 20~-acetoxyproges­

terone and 20'-acetoxyprogesterone were also measured. Optical 

rotation measurements were obtained using chloroform solutions. 

Table 40 shows the shifts in MD on acetylation of 20~-dihydro-

progesterone and 20P-dihydroprogesterone. The same correlation 

reported by Fieser and Fieser (46) was observed in that the 

4MDof the 20~-epimer was slightly negative (-4 0 ) while the 

4MDof the 20~-epimer was positive (f2l2 0 ). The 20-alcohol 

obtained after reduction of l5~-acetoxyprogesterone with NaBH4 

and its 20-acetate (15~,20-diacetoxyprogesterone) had a:l~D 

of +179 0 (Table 40). These results provide evidence that NaBH4 

reduction of 1~-hydroxylated-20-ketosteroids results in the 

formation of 20~-alcohols. Further evidence to support this 

conclusion was obtained with 20~-hydroxysteroid dehydrogenase 

which reduces a 20-ketosteroid to the corresponding 20~-alcohol. 

On page 28, the preparation of l5~-acetoxy-20~-hydroxypregn-

4-en-3-one by reduction of 15~-acetoxyprogesterone with 20~­

hydroxysteroid dehydrogenase was described and it was indica-

ted that the infrared spectrum (CS2) ~f this material was identi-

cal to the spectrum of the material obtained after reduction of 
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lS~-acetoxyprogesterone with NaBH 4 and oxidation with DDQ. These 

spectra are shown in Figure 12. 

TABLE 40 

Rotation Data of 20-Hr,droxylated Steroids and their 

" 

< ·· .. ·Prog~st~;oti~ •........ 

·200(-0 ihyd'rop~o ges t e rone 

.................... ·2(Jr!;. ~ ~e:t~:~. y. 'kro g"e ste r on e 
. \ 

:20Jl.;:'ÔihYdroprogesterone 
'. ",., ... ,':' .,::',' .: :' ,', 

, ~ .. 

20-Acetates 

Molecular Rotation 
(Mn) 

+ 63S 

+329 

+323 

+272 

+484 

'ProductObtained following 
<Na.BH4.r~duction . and DDQ 
. 'oxidatiou·o.f·lSe(;"Acetoxy-
.• proge~t e ron e', .' .. 

+393 

iS!(~:20:-Dia:~e.toxyprogesterone * 
.' ....... , .. ;,' '." ". :,,': .... ' :": ... . 

+S72 

o 
-306 

-312 

-363 

-lSl 

-242 

- 63 

::" .. :: ',:',' 
" ',\ 

4MD = -6 

AMn - +179 

acetateof .. the'Foduct obtained following NaBH4 reduction and 
oxida.tionof ISQ(-acetoxyprogesterone. 

:Th~~esuit~ descr:ibed above provide strong evidence that 
l'" ::, : •. 

'. NaBH4-;rê:d.ûcti~~·ofa 'ISc(-hydroxylated-20-ketosteroid results' 
' ........ :.< ... :,' 

irithê'forJJiatiori<o~'the corresponding 20F-alcohol. Since re-
" ' ~ ',,' " '".' . . 

ductlo:nOf'l:-di3:cetate (3Q(,lSo(-diacetoxy-Scf-pregnan-20-one) and ." 

acetylati~n'~f,'the productgave material having an infrared.spec"; 

trum iden~ical'(or almost identical) to the spectrum of IX-tri.:..·. . . , ",' 

acetate" . metaboli te IX ''las identified as SCt'-pregnane-3c(, lSct, 20'-
" .' . 

triolan~iis mass spectrum (mIe • 336) is in agreement with 

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 



r~ 
~ 

Î \,.{ ~Î 

BI 

41 H-
f--! 

l-'= I-l I--

~ 

-H-+-H-I-H-I-H-I-I-I-rl1-1-H~-

i"'" l:CkÎ'-
r~ 

F 
~I 1 1 1 1 r.IIIT~ 

'ŒTTTIl' JlI 1 1 IlriVV\Jln 

fT 
I~ 

• ~ 

pt, 
1 1 1 111111111111 i H/-\-l~ 1111'!-r-lttrYf-H-H-fN' __ FMtFm IlwllrI 111111111111 

o 0 r 
t~l 10 1 -1 1 1 Il 11/1 

., ,., 

00 

~-l-l-l-l-l-l-ll-~+l+l 1 1 1 I+t-H-H-I-I-l--II-IJ-H-j-R--+ 1 TfFH II=FRnRH+fl 1 11-1/ / / 1 1 1 / 1 1 1 / / 1 / / /--!-H0-
;0 

-H-I-I-\--'\'++'!-+-l-M-,-H-f 
'" .,1 

H-l-l-l 1 1 1 II/t-I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II-II-I-W-I-+-I-I-I-l-I-l--·I-I-I-I-I-I-I-/-II-l-+-I-I-+-l-l-J-; 1 •. 1 1 1 l' 1 1 1 1 1 1 1 1 1 1 ~ 

1 1--1-11 ·-I-++-++++-H-H\lH-U-I-+-/-/-I·-I-··I--i-H-H-H-H-\·J+-I-H-H 1 !lll' 1 1 1 1 1 1 1 1 1 1 1 1-1-1-+-1 
THf ptlnN-::f1 .... ,. COlI,.. WC/IIWAl':-CO'iN 

4000 3000 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 600 
WAVE NUMBER cm.-1 

FIG. 12. Infrarcd spectra CCS2). Ca) Product obtained following NaBH4 reduction and DDQ 
oxidation of 1S«--acetoxyprogesterone. . 

(h) Product obtained following incubation of lS~-acetoxyprogesterone with 20P-

hydroxysteroid dehydrogenase and '-DPNH . 

..... 
N 
~ 



124. 

major radioactive products, XA and XB, were obtained. The 

eluate from XA (18.5 mg and 2.80xl0 S 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 

2.30xlOS dpm. This material could not be crystallized and was 

not sufficiently pure and therefore could not be identified. 

From XB a residue was obtained (25.0 mg and 7.15xl05 

dpm) which was chromatographed on a 3g silicagel column. The 

material eluted with 12% ethanolinmethylene chloride weighed 

5.3 mg and contained 6.83xl05 dpm •.. Attemptsto crystallize 

this material were unsuccessful.Its infrared spectrum (KBr)showed 

a strong hydroxyl band at 3375 cm- l and had no carbonyl bands . 
. ". . . 

When an aliquot of VI (3~,15«-dihydroxy-5,-preg~an-20-one, 1.0 

mg) was reduced with NaBH4 and the product chromatographed on 

a small silica gel column, it was possible to obtain 0.9 mg of 

colorless oil in 12% ethanol in methylene chloride which had 

an infrared spectrum almost identical to that of XB. These 

results indicaœthat XB might be 5F-pregnane-3~,15~~20~-triol 

or 5p-pregnane-3~,15~,20,-triol. 

In the study described it was possible to isolate and 

identify the following urinary steroids: lS~-hydroxyprogesterone. 

3«,15~-dihydroxy-S~-pregnan-20-one, 3d.15~-dihydroxy-5p-preg­

nan-20-one and 5~-pregnane-3~,lS~,20~-triol. 



Experiment C-2. Metabolism of 15«-Hydroxyprogesterone by 

the Normal Male 

125. 

This study was designed to obtain large amounts of the 

metabolites isolated in Experiment C-I to be used as carriers 

for the identification of the urinary metabolites of lS~-hy­

droxyprogesterone after the intravenous injection of high spe­

cifie activity (4_14C)-15~-hydroxyprogesterone into a preg­

nant and a non-pregnant female which will be described in 

Experiments C-3and C-4. 

Four normal males volunteeredforthis study. Each 

subject was given 800 mg of l5~-hydrGxyprogesterone by mouth, 

in 80 mg doses, contained in gelatin capsules, over a period 

of ten hours. A total of 3~25 g of 15~-hydroxyprogesterone 

was ingested by the foursubjects. After the administration 

of the first dose urine was collected for four days. The urine 

collected from the four subjects was pooled and the steroid 

conjugates were hydrolyzed with Glusulase. The neutral ex­

tract obtained after hydrolysis weighed 3.5 g and it was chro­

matographed on a 250 g silica gel column using increasing 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 u1travic1et-absorbing 

band with the mobility of 15~-hydroxyprogesterone was obtained. 

On elution it gave 190 mg of materia1 which was crystal1ized 

from acetone to yield 145 mg of sma11 plates. The crystals 

o had a mp of 230-232 C and an infrared spectrum (KBr) identica1 to 

that of l5~-hydroxyprogesterone. 

The residue obtained from Pool IV, Table 4,1, was chro-

matographed on 7 TLC plates using system N and one phosphomo1y~ic 

âcîd~ositive spot was obtained having an Rf of 0.45. The materia1 

eluted weighed 95 mg and it vas chromatographed on a 10 g alumina 

column. E1ution with 1.5% ethanol in benzene gave 83 mg of 

material which was crystallized from acetone-Ske11ysolve B to 
. . 0 

give 45 mg of coarse plates: mp"192-l95 C. Its infrared spec-

trum (KBr) showed a hydroxyl band at 3350 cm- 1 and a carbonyl 

band at 1710 cm- l corresponding to a 20-ketone (Figure 13). 

An aliquot of the crystals (40.0 mg) was combined with the mother 

liquor obtained after crystallization of IV and the mixture 

(78.0 mg) was acetylated with non-labeled acetic anhydride. The 

resulting acetate was chromatographed on an 8 g alumina column 

and elution with 50-60% benzene 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-l55 0 C. The infrared 

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

band indicating that aIl the hydroxyl groups of the molecule had 



TABLE 41 

E1ution of Material from the Initial Si1ica Gel Column Based on Visua1 Examination 

of the Fractions Co11ected 

% Ethanol in Methylene 
Pool Fraction No. Ch10ride Weight (mg) Remarks 

1 1-173 2 120 

II 174-230 3 280 Crysta11ine materia1 

III 231-280 3 45 

IV 281-320 3 110 Crysta11ine materia1 

V 321-440 4 230 " " 
VI 441-530.· 4-6 460 " " 

VII 531-785 6-8 80 

VIII 786-820 10 42 Crysta11ine materia1 

IX 821-880 10 32 

X 881-395 12 110 Crysta11ine material 

XI ·936-1096· 12 90 

..... 
N 
-...J 
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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-

129. 

matography on a small alumina column the acetate had a specifie 

activity of 3.80xl0 4 dpm 14 C/ mg . Since the specifie activity of 

acetic anhydride, solution No. 2, was 2.30xl0 4 dpm of l4C/mg 

of deoxycorticosterone acetate (DOCA), a specifie activity of 

3.80xl04 dpm of l4 C/ mg indicated that IV had two acylable hy-

droxyl groups (specifie activity of IV/specifie 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-2l-COCH3 signal was observed at 2.12 ppm. The acetate 

had two additional signaIs at 2.00 and 2.05 ppm which indicated 

that the ~4-3-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-l9 methyl-hydrogens 

of the unacetylated compound and of the diacetate (Table 42) 

correspond closely with those calculated for 5f-steroids. 

Assuming that compound IV is a 51-steroid and that the acyl 

group at C-17 remains~ , it is possible to calculate positions 

for C-l8 and C-l9 absorptions for different likely structures 

using Zurcher's Tables (45). The results for the 3~,15~-diol 

and its diacetate in the 5~,14~-series agree quite weIl as is 

shown in Table 42. If the assignment 3~,15~-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 
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TABLE 42 

Observed Chemical Shifts, $CPPM), of Metabolite IV and its Diacetate and Ca1culated 

Chemical Shifts of 3P,15«-Dihydroxy-5~-pregnan-20-one and its Diacetate 

Observed Chemica1 Shifts 

Compound C-19 C-18 C-21- COCH 3 CH3COO C03-H Splitting Pattern of C-3-H 

IV 0.99 0.64 2.12 

IV-diacetate 0.98 0.68 2.12 

Compound 

3~,15~-Dihydroxy-5p-pregnan-20-one 

3~,1~-Diacetoxy-5~-pregnan-20-one 

3.9.,.4.2 

2.00;,. 2.05 4.8-5.2 

Ca1cu1ated Chemica1 Shifts 
C-19 C-18 

0.975 0.650 

0.975 0.684 

equatoria1 

equatorial 

1-' 
VI 
o 
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lower field. The NMR spectrum of the~unaaetylated 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. AlI these results 

together permit the assignment of the structure 3f,15~-dihydroxy-

5~-pregnan-20-one to the metabolite in pool IV. The mass spec­

trum of IV (mIe • 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 

oil was obtained which had an infrared spectrum (KBr) identica1 

to that of 3~,15«-dihydroxy-5~-pregnan-20-one. It was acetylated 

with non-1abeled acetic anhydride and the product chromatographed 

on a 20 g alumina co1umn. The material eluted with 50-60% 

benzene in 5ke11ysolve B (182.0 mg) was crysta1lized from ace­

tone-5kellysolve B to yield 86.5 mg of fine need1es which had 

an mp of l42-l44 0 C and an infrared spectrum (C52) identical t9 

that of 3~,15q-diacetoxy-5~-pregnan-20-one. 

Pool VI, Table 41, yielded a residue which weighed 

460 mg and it was chromatographed on 28 thin layer plates in 

system N. The are a corresponding to 3~,l5«-dihydroxy-5p­

pregnan-20-one was eluted to give 402 mg of crystalline material 

which had an infrared spectrum (KBr) identical to that of 3d,l5«-di· 
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hydroxy-Sp-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-

tal1ized from acetone-Skel1ysolve B to give 178 mg of small 

o plates: mp 164-167 C. Its infrared spectrum (CS2) was identi-

cal to that of 3~,lS~-diacetoxy-S~-pregnan-20-one. 

The residue of pool VIII, Table 41, was chromatographed 

on three thin layer plates using system K, and the area corres-

ponding to S«-pregnane-3~,15~,20~-triol was eluted to give 15.0 

mg of oily material. Crystallization from acetone-Skellysolve 

B gave 9.0 mg of small plates: mp 21l-214 oC. Its infrared spec­

trum was identical to that of 5~-pregnane-3~,15~,20p-triol. 

Because only a small amount of S~-pregnane-3«,15~,20p-triol was 

isolated, a large quantity of this compound was prepared by 

the reduction of 3~,IS~-dihydroxy-5~-pregnan-20-one with NaBH4 • 

The mother liquor obtained from the crystal1ization of 3~,15~-

dihydroxy-S~-pregnan-20-one (Pool V) was reduced wtih NaBH4 

and after purification on a 10 g silica gel column 83.0 mg of 

oily materia1 was eluted (with 10% ethanol in methylene chloride) 

whose infrared spectrum (KBr) was identical to that of 5~-preg-

nane-3~,lS~,20F-triol. This materia1 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 oil which was crystallized from ace-
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tone-Skellysolve B to yield 76.0 mg of small plates: mp l34-l37 oC. 

Its infrared spectrum (CS2) was identical to that of 5~-pregnane-

3~,15~,20~-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 ch10ride yielded 18.5 mg of crysta11ine material 

whose infrared spectrum (KBr) was identical to that of compound 

XB iso1ated in Experiment C-l 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 3«,15~­

dihydroxy-5~-pregnan-20-one. with NaBH4 (Figure 14). Acetylation 

of an aliquot of X (12 mg) and purification of the acetate on 

a small alumina co1umn gave 8.0 mg of crysta11ine materia1 in ben­

iene-Ske1lyso1ve B (2:3) which was crysta11ized from acetone­

Ske11ysolve B to yield 4.5 mg of small plates: mp 206-20S oC. 

Its infrared spectrum (CS2) was almost identical to the spectrum 

of the compound obtained after acetylation of the NaBH4-reduction 

product of 3~,l~-dihydroxy-5r-pregnan-20-one (Figure 15). The 

Dn1y difference between the two spectra (a and b. Figure 15) is 

an extra band in spectrum a at 1145 cm- l which might be due to 

the presence of impurities. The materia1 isolated from X was 

not further purified because of the insufficient amount available. 
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neutral extract of urine. 

(b) Acetate of the product obtained following NaBH4 reduction of 3~,ISq-dihydroxy­
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An a1iquot of X-triacetate was used for NMR spectroscopy and 

the resu1ts are shown in Table 43. Instead of a methy1 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 seèondary hy-

droxy1 group arising from the C-20 ketone which was reduced 

to an a1coho1. The C-18 and C-19 methy1 absorptions appeared 

at 0.71 and 0.93 ppm, respective1y, corresponding to the ab-

sorptions observed with steroids having a 5p-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, 

5~-pregnane-3~,15~.20~-trio1 or 5,-pregnane-3~,15~,20,-triol. 

The calculated positions of C-18 and C-19 methyl absorptions 

for 5~-pregnane-3~,15~.20~-triacetate and 5~-pregnane-3~.15~. 

20~-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 20~-triol. The position of the signal of C-I8 (0.71 

ppm) is just between the two ca1culated values (0.734 and 0.684 ppm) 

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

However, itwas mentioned earlier that the infrared spectra of 

X-triacetate and of the triacetate of the materiai obtained 

after reduction of 3«,15~-dihydroxy-5,-pregnan-20-one with NaBH4 

were identica1 ( or aimost identical, see Figure 15). It was 

a1so established in Experiment C-I. Page 12~ that NaBH4 reduction 

of a 15~-hydroxylated-20-ketosteroid results in the formation 
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TABLE 43 

Observed Chemica1 Shifts, SCPPM), of the Triacetate of X and Ca1cu1ated Chemica1 

Shifts of S'-pregnane-3~,lS~,20~-triacetate and S~-pregnane-3~,lS~,20p-triacetate 

Ijià 
~ 

Compound C-19 C-18 C-21-CH3CHOH CH3COO C-3-H Sp1itting Pattern of C~3-H 

X-Triacetate 0.93 0.71 1.18,1.24 

Compound 

5p-Pregnane-3(,15«,20~-triacetate 

5p-Pregnane-3q,1~,20~-triacetate 

1.99,2.02 4.7-5.0 axial 

Ca1cu1ated Chemica1 Shifts 
C-19 C-18 

0.942 0.734 

0.942 0.684 

~ 

tJ.l 
-...) 
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of a 20p-alcohol. Therefore the structure 5~-pregnane-3~,15~, 
20p-triol was assigned to metabolite X and the mass spectrum of X 
(mie: 336) is in agreement with this structure. 

In this study it was possible to isolate and identify 
the following urinary steroids: 15~-hydroxyprogesterone, 3~,15~-

dihydroxy-5~-pregnan-20-one, 3~,lSq-dihydroxy-5~-pregnan-20-one, 

5~-pregnane-3~,lS~,20~-triol, 3~,15~-dihydroxy-5~-pregnan-20-

one and 5~-pregnane-3~,IS~,20p-triol. The first four metabolites 
were also isolated in Experiment C-3. However in this study two 
additional metabolites of IS~-hydroxyprogesterone, namely, 3p,lS~­

dihydroxy-5,~pregnan-20-one and 5p-pregnane-3«,15~,20~-triol. 
were isolated and identified. 
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Experiment C-3. Metabolism of 15«-Hydroxyprogesterone by the 

Pregnant Female 

, 
A .. normal subject in the 38th week of pregnancy was in-

jected wtih 4.90xl06 dpm of (4_l4C)-15~-hydroxyprogesterone 

contained in 13.4 ~g. 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 f-glucuronidase hydrolysis are shown in Table 

4~. Since virtually aIl 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 

105 dpm. It was chroreatographed on a 50 g silica gel column using 

increasing concentrations of ethanol in rnethylene 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 3~,15~-dihydroxy-5~-pregnan-20-one was obtained which was 

eluted to give 7.5 mg of residue containing 7.20xl04 dpm. It was 

chromatographed on paper in system L for 8 hours and a single peak 

of radioactivity with the mobility of 3f,15~-dihydroxy-5~-pregnan-
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TABLE 44 

~~ 
~ 

Recovery of Radioactivity in the Urine and the Extracts Obtained After Hydrolysis of 

Conjugates by Solvolysis and by ~-Glucuronidase 

% Recovery of 
Day Crude Urine (dpml Inj ected Dos_e 

1 3.65x106 74.5 

2 1.25x105 2.6 

3 2.50xl04 0.5 

4 1.30xl04 0.3 

5 

6 

Total 3.81x106 77.9 

% Recovery of 
Sulfates Inj~c!e~ _Dos~ 

3.04xl05 6.2 

1.9lxl04 0.4 

6.90xl0 3 0.1 

5.8lxl03 0.1 

3.36x105 6.8 

Glucosidu- % Recovery of 
ronates 

3.l2x106 

9.50x10 4 

1.47xl04 

6.00xl0 3 

3.24x106 

Injected Dose 

63.8 

1.9 

0.3 

0.1 

66.1 
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FIG. 16. Silica gel column chromatography of the sulfate· 
fractiYI of urine following the administration . 
of (4- C)-15~-hydroxyprogesterone to a pregnant 
female. 
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TABLE 45 

Weight and Radioactivity Eluted from the Initial Silica Gel 

Co1umn after Chromatography of the Extract from the Sulfate 

Fraction of Pregnancy Urine. 

142. 

Pool Fraction No. Wei~ht (mg) Radioactivitr (dEm) 

l 15-22 6.0 8.00x10 3 

II 23-100 69.0 5.20xl0 3 

III 101-137 23.5 6.50xl0 3 

IV 138-176 35.6 8.70xl0 4 

V 177-210 21.0 7.50xl0 3 

IV 211-423 62.0 2.30xl0 4 

VII 424-474 24.3 1.25xl04 

VIII 475-493 12.7 5.l0xl0 3 

IX 494-550 18.0 7.53xl0 4 

X 551-600 21.0 9.20xl0 3 

~20-oœwas obtained. After elution and chromatography on a 

smal1 silica gel column, a residue (1.1 mg and 6.90xl0 4 dpm) 

was eluted with 3% ethanol in methylene chloride. This material 

was acetylated with 3H-acetic anhydride, Batch No. 5, and then 

mixed with 32.0 mg of carrier 3P.15«-diacetoxy-5p-pregnan-20-

one. The mixture was chromatographed on a 4 g alumina column 

to yield 4.80xl04 dpm of l4C and 30.5 mg of material which was 

crystallized to constant specifie activity and constant 3H/14 C 

ratio as shown in Table 46. The crystals and mother 1iquor 

from the fourth crystal1ization were combined (12.5 mg) and 

the mixture was reduced with NaBH4. Chromatography of the pro-
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TABLE 46 

Proof of Radiochemical Purity of 3P,15~-Dihydroxy-5p-pregnan-

20-one Isolated from the sulfate Fraction of Pregnancy Urine 

Specifie Activity . (dpm 3H/mgxl0 3 ) 
Crystallization Crystals 3H/14C Mother Liquor 3H/14C 

3p,15~-Diacetoxy-5p-pregnan-20-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 

3',15«-Diacetoxy-5p-pregnan-20p-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 NaBH4 and the product was chromatographed on a 
small alumina column to give Il.0 mg of 3PjlS~-diacetoxy-Sf­
pregnan-20,-ol containing 1.47xl05 dpm of H and 1.7Sxl04 dpm 
of l4C. 

duct on a 2 g alumina column and elution with benzene-Skelly­

solve B (~:1) yielded Il mg of material containing 1.47xl05 

dpm of 3H and 1.7Sxl04 dpm of l4C which was crystallized to 

constant specifie 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 3,,15«-dihydroxy-Sp-pregnan-~0-one to 

the metabolite in pool IV. The specifie activity of this 
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metabolite was calculated to be 8.66xl0 3 dpm/pg. The r~sidues 

in aIl the other pools shown in Table 45 were not processed. 

The glucosiduronate fraction (978 mg and 3.24xl0 6 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 

---- 4 7were obtained • Pools 1 , II, 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 IS~-hydroxyprogesterone. On elution 8.5 

mg of residue was obtained containing 1.25xl06 dpm. This mater-

~al was rechromatographed on one paper in system B for 5 days 

,and one symmetrical zone of radioactivity was obtained corres-

ponding in mobility to IS~-hydroxyprogesterone. The material 

eluted from the paper weighed 1.2 mg and contained 1.13xl06 

dpm. An aliquot of this material (2.82xlO S dpm) was acetylated 

with 3H-acetic anhydride, Batch No. 4, and the product mixed 

with 50.0 mg of carrier IS~-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 specifie activity. The crystallization proçess was 

repeated on the derivative formed after NaBH4 reduction followed 

by DDQ oxidation and the 9pecific activities obtained are shown 
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istration of (4- C)-l5~-hydroxyproge~terone to 
a pregnant fema1e. 
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TABLE 48 

Proof of Radiochemica1 Purity of ls~-Hydroxyprogesterone Iso-

1ated from the G1ucosiduronate Fraction of Pregnancy Urine 

Srysta11ization 
Specific Activity (dpm 3H/mgxl03) 

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

ls~-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 

Is~-Acetoxy-20p-hydroxypregn-4-en-3-one 

1 10.7 2.4 2.4 

2 10.6 2.4 .. 10.7 2.4 

Calculated** 11.0 

*After purification of the residue in pool III, an a1iquot con­
taining 2.82xl0s dpm was acety1ated with 3H-acetic anhydride, 
Batch No. 4, and mixed with 50.0 mg of carrier Is«-acetoxypro­
gesterone. The mixture was chromatographed on an alumina col­
umn to yield 50.0 mg of co1orless oil containing 2.62xl05 dpm 
of 14C. 

**The fourth crystals and mother liguor were combined (19.8 mg), 
reduced with NaBH4, and the product was oxidized with the DDQ 
reagent and then chromatographed on alumina to yield 12.5 mg 
of l5~-acetoxy-20~-hydroxypregn~4-en-3-one containing 1.37xlOs 
dpm of 3H and 5.73xl04 dpm of 14C. 

in Table 48. From the data shown in this table it was possible 

to assign the structure l5~-hydroxyprogesterone to the metabolite 

in pool III. The specific activity of the isolated ls~-hydroxy­

progesterone was ca1culated to be 1.s6xl04 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 3~~15~-dihydroxy-5«-pregnan-20-one 

run alongside. This material was eluted (14.5 mg and 2.45xl05 

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 3«~lS«-dihydroxy-S~-

pregnan-20-one. Elution of this material from the papers gave 

5.6 mg of residue containing 2.30xlOS dpm which was chromato-

graphed on a small silica gel column from which 2.0 mg of color­

less oil was eluted containing 2.l0xlOS dpm. An aliquot of this 

material G.50xl04 dpm) was acetylated with 3H-acetic anhydride 

Batch No. 4, mixed with carrier 3«~lS~-diacetoxy-S~-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 specifie 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 3«,15~-dihydroxy-5~-pregnan-20-one to the metabolite 

in pool IV. The specifie activity of this metabolite was calcu-

1ated to be 7.90xl03 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 mobi1ity as 3~,lS~-dihydroxy-S~-pregnan-20-one. The 

eluate (19.8 mg and S.74xl0 5 dpm) was rechromatographed on two 
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TABLE 49 

Proof of Radiochemical Purity of 3~!ls~-Dihydroxy-s«-pregnan-

20-one Isolated from the Glucosiduronate Fraction of Pregnancy 

Urine 

Crystallization 

Specific Activity (dpm 3H/mgxl0 3 ) 

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

3q,ls~-Diacetoxy-S~-pregnan-20-one* 

1 14.8 18.0 85.0 100.0 

2 9.2 11.0 44.5 55.6 

3 7.7 9.5 25.0 30.5 

4 7.5 9.2 7 .. 7 9.5 

3~,15~-Diacetoxy-S~-pregnan-20p-ol 

1 7.4 9.3 7.7 9.4 

2 7.6 9.1 7.4 9.2 

Ca1cu1ated** 7.5 

*An a1iquot of the purified residue in pool IV containing 
3.50xl04 dpm was acety1ated 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.Sx10 4 dpm of 3H 
and 7.5xl0 3 dpm of 14C. 

papers in system L for 8 hours and one symmetrica1 peak of 

radioactivity was observed at an average distance of 20.5 cm, 

corresponding to the mobility of 3~,15~-dihydroxy-Sp-pregnan-

20-one run a1ongside. Elution from the paper yie1ded 7.5 mg of 
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residue containing 4.90xl05 dpm. This material was chromato­

graphed on a smal1 si1ica gel column ande1ution with 4% ethanol 

in methylene chloride gave 3.5 mg of oily material containing 

4.50xl05 dpm. An aliquot of this materia1 containing 4.50xl04 

dpm was acetylated with 3H-acetic anhydride, Batch No. 4, and 

the product was mixed with 51.0 mg of carrier 3q,15~-pracetoxy-

5~-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 3~,1~-dihydroxy-

5'-pregnan-20-one to the' metabolite in pool VI. The specific 

activity of this metabolite was calculated to be 9.70x~03 dpm/fg. 

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 5«-pregnane-3~,15~,20p-triol and it was eluted 

to give 5.2 mg of residue containing 1.05xl05 dpm. It was re­

chromatographed on paper in system L for 30 hours and one sym-

metrical zone o~ radioactivity was obtained having the same 

mobility as 5~-pregnane-3«,15~,20p-t~iol. The eluate from the 

paper (9.8xl04 dpm) was chromatographed on a small silica gel 

column and elution with 12% ethano1 in methylene ch10ride gave 

1.0 mg of colorless oil containing 9.20x104 dpm. An aliquot of 

this materia1 :(4.60xl04 dpm) was acetylated with 3H-acetic anhy-
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TABLE 50 

Proof of Radiochemical Purity of 3~,15~-Dihydroxy-5p-pregnan-

20-one Isolated from the Glucosiduronate Fraction of Pregnan­

cy Urine 

Specific Activity (dpm 3H/mgxl03 ) 

Crystallization Crystals 

3~,15~-Diacetoxy-5p-pregnan-20-one* 

1 

2 

3 

4 

10.9 

8.1 

5.6 

5.4 

15.2 

10.9 

7.5 

7.4 

3~,15~-Diacetoxy-5p-pregnan-20p-ol 

1 5.6 7.4 

2 5.6 7.5 

Calculated** 5.6 

Mother Liguor 3Hj14C 

56.6 

27.0 

9.7 

5.6 

5.5 

5.6 

82.0 

35.0 

13.5 

7.6 

7.7 

7.4 

*An aliquot of the purified residue in pool VI containing 
4.50xl04 dpm was acetylated with 3H-acetic anhydride, Batch 
No. 4, mixed with 50.1 mg of carrier 3~,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 mruand the mixture reduced with NaBH4. The 
product was chromatographed on a small alumina column from 
which 20.0 mg of material was eluted containing 1.12xl05 dpm 
of 3H and 1.49x104 dpm of 14C. 

dride Batch No. 4, and the product mixed with 35.0 mg of carrier 

5~-pregnane-3~,15~,20~-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 Radiochemica1 Purity of 5«-Pregnane-3«,15d,20'-trio1 
Iso1ated from the G1ucosiduronate Fraction of Pregnancy Urine 

Crystallization 

Specifie Activity (dpm 3H/mgxI0 3 ) 

Crysta1s 3H/ 14c Mother Liquor 3H/ 14 C 
5~-Pregnane-3~,15~,20~-triacetate* 

1 

2 

3 

4 

25.4 

17.7 

16.3 

15.5 

20.3 

14.5 

12.8 

12.5 

124.0 

51.2 

25.0 

16.4 

105.0 

41.0 

20.5 

13.0 

*An aliquot of XB containing 4.60x104 dpm was acetylated with 3H-acetic anhydride, Batch No. 4, and the product mixed with 35.0 mg of carrier 5~-pregnane-3~,15~,20~-triacetate. This mixture was then chromatographed on a small alumina column prior to crystallization. 

this table the structure 5~-pregnane-3~,l5a,20~-triol was assi­
gned to the metaholite in zone XB. The specific activity of 
this metabolite was calculated to be 8.68xl03 dpm/pg. The 

material in zone lA was not identified. 



Experiment C-4. Metabolism of l~-Hydroxyprogesterone by the 

Normal Female 

152. 

A normal 24-year old subject in the luteal phase of the 
menstrual cycle was injected intravenously with 3.72xl06 dpm 
of (4_ l4C)-15Q-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, 1.78xl05 dpm) was 
chromatographed on a 50 g silica gel ~olumn using increasing con­
cen~rations 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 weIl as the 
weight and radioactivity in each pool are shown in Table 53. 
Because of the small amounts of radioactivity present in the se 
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 3.35xl04 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 in mobility to 3~,15«-dihydroxy-Sp-pregnan-20-one (3.2 
mg and 2.50xl04 dpm) and it was eluted and chromatographed on a 
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TABLE 52 

~ 
~ 

Radioactivity in the Urine and Conjugates Excreted as Sulfates and Glucosiduronates 

After the Injection of ~_l4C)-15i-Hydroxyprogesterone to a Normal Femal~ 

Crude Urine % of Injec- % of Injec- G1ucosidu- % of Injected 
.Q!l. (gpm) ted Dose Sulfates ted Dose ronates Dose 

1 1.42xl06 38.4 l.26xl05 3.4 l.20xl06 32.2 

2 7.00xl05 18.8 3.l7xl04 0.9 6.l8xl05 16.6 

3 2.70xlOS 7.3 1. 23xl04, 0.3 2.36x10S 6.4 

4 9.20x10 4 2.5 7.00x103 0.2 8.02x104 2.2 

5 1.00x104 0.3 3.05x103 0.1 

T6tal 2.49x106 67.3 1.78x105 4.8 2.l4x106 57.6 

.... 
VI 
(,.J 
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FIG. 18. Silica gel column chromatography of the sulfate 
fractiY2 of urine following the administration 
of (4- C)-15~-hydroxiprogesterone to a non-preg­
nant female. 



TABLE 53 

Elution of Radioactive Materia1 after Chromatography of the 

Sulfate Fraction of Nurmal Female Urine 

Pool Fraction No. Wèight Radioactivity (dpm) 

1 13-32 60.0 3.70xl03 

II 33-108 67.0 5.30xl03 

III 109-160 8.0 5.30x103 

IV 161-182 .18.0 3.35x104 

V 183-312 25.0 3.73x104 

VI 313-345 11.5 3.45x103 

VII 346-412 23.2 1. 05x1 04 

VIII 413-482 16.5 4.00x103 

IX 483-548 12.0 1. 55x104 
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small silica gel column to yield 0.8 mg of colorless oi1 con­

taining 1.87x104 dpm. This material was acety1ated with 3H_ 

acetic anhydride, Batch No. S, and the product ~ixed with 28.0 mg 

of carrier 3,,15~-diacetoxy-Sp-pregnan-20-one. The mixture was 

chromatographed on a 3 g alumina column and the materia1 eluted 

with benzene-Skellyso1ve B (2:1) was crysta11ized. Constant 

specific activity was achieved after the fourth crysta1lization 

and again after NaBH4 reduction as shown in Table 54. From the 

data shown in this table, the structure 3P,15~-dihydroxy-5~-

pregnan-20-one could be assigned to the metabolite in pool IV. 

The specific activity of this metabolite was ca1culated to be 

3.06xl05 dpm/tJg· 



TABLE 54 

Proof of Radiochemical Purity of 3!,15~-Dihydroxy-5p-pregnan-
20-one Isolated from the Sulfate Fraction of Normal Female 

Urine 

Specific Activity (dpm 3H/mg) 

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

3~,15~-Diacetoxy-5~-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~,15«-Diacetoxy-Sp-pregnan-20,-ol 

1 1370 2.7 1430 2.9 

2 1410 2.7 1400 2.8 
Calculated** 

156. 

*The residue from pool IV containing i.§7xI04 dpm was acetYla­ted with 3H-acetic anhydride, Batch No. 5, mixed with 28.0 mg of carrier 3f,1~-diaceto~y-5,-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 chromato­graphed on a small alumina column from which 8.0 mg of material was eluted containing 1.12xl04 dpm of 3H and 4.00xl0 3 dpm of 14C. 

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 l, V and VI contained 
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-FIG. 19. Silica gel column chramatography of the glucosidu-
ronatc fraction of urine following the administra­
tion of (4_14C)-15~-hydroxyprogestcrone ta a nan-
pregnant female. . 
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TABLE 55 

Elution of Radioactive Material After Silica Gel Column Chroma-
tography of the G1ucosiduronate Fraction of Normal Fema1e Urine 

Pool Fraction No. Wei~ht ~mli) Radioactivitl , dEm) 
1 151-180 53.5 3.22x104 

II 181-215 28.0 3.35xl05 

III 216-265 33.1a 5.07x10 5 

IV 266-316 25.5 4.82xl05 

V 317-422 62.3 6.32x10 4 

VI 423-485 15.4 1.17xl05 

VII 486-560 11. 2 2.83x10 5 

radioactive material which cou1d not be identified. 

The residue of pool II (28.0 mg and 3.35x105 dpm) was 
chromatographed on two Whatman No. 3MM papers in system A for 
10 hours to yie1d one main radioactive zone corresponding in 

mobility to 15~-hydroxyprogesterone. The materia1 e1uted from 
the papers weighed 9.2 mg and contained 2.75x105 dpm. It was 
chromatographed on a single paper in system B for 5 days and 
one peak of radioactivity was observed having the same mobi1ity 
as lS«-hydroxyprogesterone. The materia1 e1uted (2.8 mg and 
2.38x10S dpm) was chromatographed on a sma1l alumina co1umn 
and elution with 1.5% ethano1 in benzene yie1ded 0.8 mg of resi­
due containing 2.10xl0 5 dpm. An a1iquot of this residue con­
taining 7.00xl04 dpm was acetylated with 3H-acetic anhydride, 
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Batch No. 5, and the product mixed with 50.5 mg of carrier 19(-
acetoxyprogesterone. The mixture was chromatographed on a 6 g 
alumina column and the material eluted with benzene-Skellysolve 
B (4:12 was crystallized. Constant specifie activity was abhie­
ved after the fourth crystallization and again after NaBH4 reduc­
tion and DDQ oxidation of the acetate as shown in Table 56. The 
specifie activity of the urinary 15~-hydroxyprogesterone was cal­
culated to be 3.31x105 dpm/pg. 

TABLE 56 

Proof of Radiochemical Purity of 15~-Hydroxyprogesterone Isolated 
fEom the Glucosiduronate Fraction of Normal Female Urine 

Specifie Activity 
Crystallization Crystals 3H/14c 

15~-Acetoxyprogesterone* 

1 14100 10.0 

2 3020 2.2 

3 1900 1.3 

4 1850 1.3 

1 SQ(-Acet oxy - 20~ -hyd:r'oxypregn-4 -en -3 - one 

1 

2 

Ca1cu1ated** 

1510 

1490 

1550 

1.2 

1.2 

(dpm 3H/mg) 

Mother Li,Suor 

34200 

25500 

7200 

1930 

1680 

1540 

3H(14C 

25.0 

18.5 

5.1 

1.4 

1.4 

1.3 

*An aliquot of II containing 7.00x10 4 dpm was acetylated with 3H­acetic anhydride, Batch No. S, and the product was mixed with 50.0 mg of carrier 15«-acetoxyprogesterone. The mixture was chro­matographed on a smal1 alumina co1umn prior to crysta11ization. **The fourth crysta1s and mother 1iquor were combined (21.0 mg) and the mixture reduced with NaBH4 and then oxidized with the DDQ re­agent. The product was chromatographed on a sma11 alumina co1umn to yield 14.5 mg of oily material containing 2.2Sx10 4 dpm of 3H and 1.88x104 dpm of 14C. 
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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 mobi1ity to 

3~,15~-dihydroxy-5«-pregnan-20-one. The material e1uted (11.5 

mg and 4.25x105 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 3.72xl05 dpm) was chro­

matographed on a small silica gel column and elution with 3% 

ethanol in methylene chloride afforded 2.5 mg of ye1low oil con­

taining 3.25xl05 dpm. An aliquot of this material containing 6.50xl 

dpm was acetylated with 3H-acetic anhydride, Batch No. S, and the 

product was mixed with 31.0 mg of carrier 3~,15~-diacetoxy-5~­

pregnan-20-one. After chromatography on a small alumina column 

the diacetate eluted with benzene-Skellysolve B (1:1) was crys­

tallized to constant specific activity and the process of crys­

tallization was repeated after NaBH4 reduction as shuwn in Table 

57. From the data shown in this table it was possible to assign 

the structure of 3~,15~-dihydroxy-5«-pregnan-20-one to the meta­

b9lite in pool III. The specific activity of this metabolite 

was calculated to be 3.45xl05 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 3~,15~-dihydroxy-5~­

pregnan-20-one was obtained. The material eluted (5.2 mg and 3.82 

xl05 dpm) was chromatographed on a small silica gel column and 

elution with 4% ethanol in methylene chloride afforded 2.8 mg of 



TABLE 5Z 

Proof of Radiochernical Purity of 3q,15~-Dihydroxy-5«-pregnan-

20-one Isolated from the Glucosiduronate Fraction of Normal 

Female Urine 

Specifiê Activity (dpm 3H/mg) 

Clystallization Crxstals 3H/14C Mother Liguor 3H/14C 

3~,15d-Diacetoxy-5~-pregnan-20-one* 

1 19400 11.2 

2 7700 4.5 

3 4730 2.8 

4 4340 2.6 

3~,15~-Diacetoxy-5~-pregnan-20~-ol 

1 4060 2.4 

2 4090 2.4 

Ca1cu1ated** 4200 

68400 

45500 

20900 

4670 

4880 

4190 

38.0 

26.0 

12.3 

2.7 

2.8 

2.4 
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*An a1iquot of III containing 6.50xl04 dpm was acety1ated with 
3H-acetic anhydride, Batch No. S, mixed with 31.0 mg of car­
rier 3~,1~-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 mat~rial was eluted containing 3.91x104 dprn of 3H and 

1.63x10 dpm of 14C. 

residue containing 3.52xlOs 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~,15«-diacetoxy-5,-pregnan-20-one. The mixture was chromato-

graphed on a 6 g alumina column and the material eluted wibh 

benzene-Skellysolve B (1:1) was crystallized. Constant specifie 
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activity was achieved after the fourth crystallization and again 

after NaBH4 reduction of the diacetate as shown in Table 58. 

TABLE 58 

Proof of Radiochemical Purity of 3a,15~-Dihydroxy-5!-Rregnan-

20-one Isolated from the Glucosiduronate Fraction of Normal Fe-

male Urine 

Specifie Activity (dpm 3Hjmg) 
Crystallization Crystals 3H/14C Mother Liguor 3H/14C 

3~;15~-Diacetoxy-5~-pregnan-20-one* 

1 10400 9.5 

2 3460 

3 2810 2.6 

4 2780 2.5 

3~,15~-Diacetoxy-5p-pregnan-20p-ol 

1 

2 

Calculated** 

2530 

2560 

2700 

2.3 

2.4 

52500 43.0 

23500 21.0 

11800 10.3 

3000 2.6 

2880 2.5 

2690 2.4 

*An aliquot of IV containing 7.04xl0 4 dpm was acetylated with 
3H-acetic anhydride, Batch No. 5. The product was mixed with 
50.2 mg of carrier 3«,15~-diacetoxy-5p-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 mg) 
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 4.20xl0 4 dpm of 3H and 1.76xl04 dpm 
of 14C. 

From the data shown in this table it was possible to assign the 

structure 3~,15«-dihydroxy-5p-pregnan-20-one to the metabolite 

in pool IV. The specifie activity of this metabolite was calcu-
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lated to be 3.52xl0 6 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, VII& 

and VIIB, were obtained at average distances of 8.3 and 22.0 cm, 

respectively.Zone VIIB corresponded in mobility to S~-pregnane-

3~,lS~,20~-triol and it was eluted to give a residue which weighed 

5.1 mg and contained 1.SSxlOS dpm. Chromatography of this resi-

due on paper in system L for 30 hours afforded one radioactive 

zone with the mobility of S~-pregnane-3~,lS~,20,-triol. The 

rnaterial eluted (3.7 mg and 1.40xlOS dpm) was further purified 

by chromatography on a small silica gel column. Elution with 10% 

ethanol in methylene ch!oride gave 1.8 mg of an oily residue con­

taining 1.22xlOS dpm. An aliquot of this residue containing 

4.08x194 dpm was acetylated with 3H-acetic anhydride, Batch No. 

S, and the product was mixed with 41.2 mg of carrier triacetate. 

The mixture was chrornatographed on a small alumina column and 

the material eluted with benzene-Skellysolve B (2:3) was crystal-

lized to constant specifie activity as shown in Table 59. 

From the data shown in this table, the structure S~-pregnane-

3~,15~,20p-triol could be assigned to the metabolite in zone VIlB. 

The specifie activity of this metabolite was calculated to be 

3.3SxIOS dpm/pg. The material in zone VIlA was not identified. 



TABLE 59 

Proof of Radiochemical Purity of 5~-Pregnane-3~,15~,20!-triol 
Isolated from the Glucosiduronate Fraction of Normal Female 

Urine 

Specifie Activity (dpm 3H/mg) 
Crystallization Crystals 3H/14C Mother Liquor 3H/ 14C 

5~-Pregnane-3~,15~,20~-triacetate* 

1 

2 

3 

4 

9200 

4480 

2660 

2660 

13.0 

6.5 

3.8 

3.7 

53000 

20400 

12800 

2650 

70.5 

28.5 

18.0 

3.8 
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*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-3~,15~,20~-triacetate and the mixture chromatographed on a sma11 alumina column prior to crys­tallization. 
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DISCUSSION 

ln planning these studies it was immediately evident 

that a facile method had to be developed for the preparation 

of labeled l5~-hydroxysteroids ta be used as precursors. The 

ability of certain micro-organisms to introduce hydroxyl groups 

into the steroid molecule is weIl known (2). Hence, Penicillium 

(ATCC 11598), generously provided by Dr. P.A. Diassi, was used 

to effect the conversion of labeled precursors to the lS~­

hydroxylated products. Labeled lS~-hydroxyprogesterone and l5~­

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 IS~ydroxyprogesterone. 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 Colletotrichum 

linicola. Thereafter the labeled IS«-hydroxysteroids were pre­

pared in our own laboratory. The specific activities of the 

labeled lS~-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 was then repeated after the formation of a derivative. 

Not many urinary steroids retaining the ~-3-ketone group 

have been isolated. Steroids such as cortisol (47) and aldoB-
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sterone (48) are excreted into the urine in small quantities. 

There are two steroids, 6~-hydroxycortisol (49) and l6~-hy­

droxyprogesterone (40) which are present ,in the urine in some-

what higher concentrations. 

The difficulty in the isolation of a steroid 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 15~-hydroxyprogesterone, 

l5~-hydroxyandrostenedione and 15~-hydroxytestosterone were 

detected in relatively small pools of urine by the use of the 

isotope dilution procedure (43). In this procedure small amounts 

of the labeled steroid of known specifie 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 specifie activity containing a second label (3H or 

14C). After the addition of carrier acetate, the mixture was 

crystallized to constant specifie activity and constant 3H/l4C 

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 theamount of 

the steroid excreted in the urine. 

This method facilitated the detection of small amounts 

of steroids in the urine since in every chromatographic step 

the radioactivity was easily followed by counting of fractions 
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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 los ses due to the degree and specificity of the 

hydrolytic procedure used are not corrected for by this method. 

In initial experiments, Glusulase (a mixture of ~-glucuronidase 

and sulfatase) was used for the hydrolysis of the urinary steroid 

conjusates. Following the injection of (4_l4C)-IS~-hydroxy-

progesterone to a pregnant female, lS~-hydroxyprogesterone was 

found only in the glucosiduronate fraction and not in the sul-

fate fraction of the urine. Hence, in sorne isolation studies 

only '-glucuronidase was used for the hydrolysis of the urinary 

steroid conjugates. However, other conjugated forms of urinary 

IS«-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 Eadioactive 

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 aIl 
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 O.SN NaOH to remove 
pigments and phenolic steroids. The l5~-hydroxylated steroids 
were stable to alkali of this normality because no breakdown 
products were observed whenlabeled lS~-hydroxylated steroids 
were added to the urine and the neutral extract was prepared 
in this manner. 

In the first study discussed, 110 ~g of crystalline 15«­
hydroxyprogesterone 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 
aIl the other isolation studies the isotope dilution technique 
was used to quantitate the amount of this steroid excreted in 
the urine. 

Having isolated crystalline.15~-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-
nancy, patients with Cushing's syndrome, one patient with COn-
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genital adrenal hyperplasia having a C-2l block but no salt 

1055, and newborn infants. The excretion of l5~-hydroxypro­

gesterone in the urine of these subjects is shown in Table 60. 

TABLE 60 

Excretion of Urinary l~-Hydroxyprogesterone 

pg/day 

Pregnancy 

3rd trimester (2)* 28-34 

2nd trimester (2) 5-6 

lst trimester (2) 0-3 

Normal female, follicular phase (2) o 

Normal female, luteal phase (2) o 

Cushing's Syndrome (2) 1-2 

Congenital Adrenal Hyperplasia (1) o 

Newborn infants (1) 0.6 

*Numbers in parentheses denote the number of determinations 
perform~d. 

The striking feature of the results shown in this table is 

that 15~-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 subject 

with congenital adrenal hyperplasia and newborn infants. From 

the urine of one subject in the 13th week of gestation very 

small amounts (3 pg/day) of lS~-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 lS~-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, 15«­

hydroxyprogesterone was detected in the urine of newborn in­

fants, the placenta as weIl 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 l6~-hydroxyprogesterone were isolated 

in this study. This is the first time that 16~-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 

l5~-hydroxyandrostenedione or 15~-hydroxytestosterone could not 

be detected. When the mid-term previable human fetus was per-
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fused with l4C-progesterone (17), lS~-hydroxyprogesterone could 

not be found in aIl of the fetal tissues examined. The find-

ing that IS~-hydroxyprogesterone is present in~late pregnancy 

urine prompted the next studies which were to isolate lS«-hy­

droxyandrostenedione and l5~-hydroxytestosterone from this 

source. In two such studies we isolated very small amounts 

(4-5 pg/day) of lS~-hydroxyandrostenedione and much larger 

amounts (30 pg/day) of l5~-hydroxytestosterone. The presence 

of these steroids in late pregnancy urine raise the possibili~y 

that they may be important precursors of the lS~-hydroxylated 

estrogens found in the urine of pregnant women during the late 

stages of gestation. This was borne out by the findings of 

Stern~ Givner and Solomon (26) when they showed that lS~-hy-

droxyandrostenedione incubated with the 10~000 x ~ supernatant 

fraction of human placental tissue was converted mainly to 

l5~-hydroxyestradiol (30-40%) and to a much smaller extent 

(0.2-0.3%) to lS«-hydroxytestosterone. No l5«-hydroxyestrone 

was isolated in these studies. This latter finding may explain 

why only very small amounts of lS«-hydroxyandrostenedione and 

much larger amounts of lS~-hydroxytestosterone were found in 

late pregnancy urine and suggests that l7~-hydroxysteroid de-

hydrogenase activity present in the placenta may convert l5~-

hydroxyandrostenedione to l5~-hydroxytestosterone. Further 

evidence supporting the possibility that neutral steroids rnay 

serve as important precursors of the l5«-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 

l5~-hydroxyestri~1 and the results of YoungLai and Solomon 

(27) who isolated radioactive l5~-hydroxyestriol from the 

urine following the intravenous injection of labeled dehydro­

isoandrosterone sulfate and l6~-hydroxydehydroisoandrosterone 

sulfate to a female in the third t~imester of pregnancy. 

The isolation of lS«-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. In 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 l5~-hydroxyprogesterone. In order to obtain 

information as to whether this conversion occurs in the feto­

placental unit or in the mother, or both, an experirnental de­

sign was employed which was similar to that used by Gurpide et 

al (11) for their study on the ongin of l5~-hydroxyestriol. 

With the collaboration of Dr. J. Bowman, Rh Laboratory. Win­

nipeg, Manitoba, three such studies were performed. In two 

studies, 3H-progesterone was injected into the peritoneal cavity 

of the fetus at the time of amniocentesis and at the same time 

l4C-progesterone was injected into an antecubital vein of the 

mother. Urine was Gollected for five days following the in­

jections of the labeled precursors and 15~-hydroxyprogesterone 

containing 3H and negligible amounts of l4C was isolated from 

the glucosiduronate fraction of the urine. The minimum con-
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version of the injected 3H-progesterone to urinary l5~-hydroxy~ 

progesteron~ was 0.014%. This indicated that the conversion 

of progesterone to l5~-hydroxyprogesterone occurred in the feto­

placental unit. In the third study~ 3H-progesterone was again 

administered into the peritoneal cavity of the fetus and a small 

amount (9~000 dpm) of l4C-15~-hydroxyprogesterone was injected 

intravenously in the mother. Again urine was col1ected for five 

days fo110wing the injections and 15~-hydroxyprogesterone con­

taining both 38 and 14C with a 3H/14C dpm ratio of 0.42 was iso-

1ated from the glucosiduronate fraction of the urine. The accuracy 

of counting 3H and 14C with 10w 3H/14C ratio was checked by 

counting standards separate1y and in mixtures with a dpm ratio of 

approximate1y 0.4. Under these conditions the accuracy of 

counting 3H and 14C was about 5 9.< o • Using the final 3H/14C ratio 

of the iso1ated 15«-hydroxyprogesterone and the injected doses 

of 3H-progesterone and (4_14C)-15~-hydroxyprogesterone~ it was 

ca1cu1ated that the conversion of 3H-progesterone to l5~-hydroxy-

progesterone was 0.076%. 

These resu1ts are simi1ar to those obtained by Gurpide 

et al (11) who injected 3H-estradio1 into the fetus and l4C_ 

estradio1 in the mother and found that the iso1ated 15~-hydroxy­

estrio1 contained on1y 3H. These authors conc1uded that 15~-

hydroxyestrio1 is e1aborated in the fetus. Our studies a1so 

indicate that lS~-hydroxyprogesterone is of fetop1acenta1 origin 

and that very 1ittle~ if any~ 15~-hydroxyprogesterone is made 

by the maternaI tissues. Schneider (22) regarded lS~- and lS~-
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hydroxy1ations as primitive reactions in an evo1utionary sense 

because he could not demonstrate such hydroxylations in mamma-

lian tissues but showed that deoxycorticosterone was converted 

to lS~- and lSf-hydroxydeoxycorticosterone after incubation of 

the substrate with 1iver slices of the American bullfrog. How-

ever in recent years it has been demonstrated that the adult 

human adrenal ( 7) and the human fetal 1 i ver (8 ) can lSof-

hydroxylate estrogens and a number of l&<- and 15~-hydroxylated 

estrogens has been isolated from human late pregnancy urine 

(9-~). Moreover, in the studies reported in this thesis, 15«-

hydroxyprogesterone, ls«-hydroxyandrostenedione and l~-hydroxy-

testosterone were isolated from human late pregnancy urine and 

it was also demonstrated that progesterone was converted to ls~-

hydroxyprogesterone in the human fetoplacental unit. From these 

findings it is clear that lS-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 lS~-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 lS«-hydroxyprogesterone for 

the purpose of their identification. In these two experiments, 

the urina~y steroid cnnjugates 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 solomon (50) and they proved to be quite effective 

in these experiments. Since' no standards were available for 

comparison, the structures of the metabo~ites were established 

by weIl accepted methods employing va~ious physical methods of 

analysis such as infrared spectroscopy, mp determinations, 

nuclear magnetic resonance spectroscopy, mass spectroscopy and 

optical rotation studies. A combination of these physical 

procedures provided unequivocal proof of the identity of the 

urinary metabolites as the free steroids and as the acetates. 

Generally, the following procedure was employed in the 

identification of the metabolites of l5a-hydroxyprogesterone : 

The metaboli te was isolated in a crystalline' form and was sub-

jected to infrared analysis. The infrared spectrum afforded 

information with regard ~o the presenc~ ~f hydroxyl groups, 

ketonic groups and the retention or reduction of the 6 4-3-

keto group. An aliquot of the metabolite was acetylated with 

labeled acetic anhydride and the specifie activity of the acetate 

was determined. From this specifie activity ït was possible to 

calculate the number of acylable hydroxyl groups. Infrared 

spectroscopy studies on the acetate gave information whether 

the metabolite containea non-acYlable' (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 studios 

was not conclusive for the assignment of the configuration of 

the hydroxyl group at the C20 position. Two such metabolites 

were isolated~ namely~ Sg(.-pregnane-3o(~ 150( ~ 20-triol and S, -preg­

nane- 3 0( ~ lSo(~ 20-triol. When an aliquot of 30(, lSa(-diacetoxy-Saf­

pregnan-20-one was reduced with NaBH4 and the product acetylated~ 

the resulting material had an infrared spectrum almost identical 

to that of S«-pregnane-3~,15«~20-triacetate (see Figure Il, page 

117). It is very possible that the small differences observed 

in the infrared spectra of these two compuunds are due to the 

presence of impurities since only sma11 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 20'-hydroxyl, the information obtained above suggested 

that the isolated metabolite was a 20~-alcohol. To study the 

effect of the lS~-hydroxyl group on the NaBH4 reduction of the 

20-ketone~ an aliquot of lS~-acetoxyprogesterone was reduced with 

NaBH4 followed by oxidation with DDQ and a second aliquot was in­

cubated wi th 2.0 Jl-hydroxysteroid dehydrogenase. The products ob­

tained by reduction with NaBH4 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-

cluded that NaBH 4 reduction of a l5~-hydroxy-20-ketosteroid 

results in the formation of the 20~-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 MD data for nineteen pairs of 20-

epimers in the pregnane series and pointed out that the shift 
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in MO on acetylation is positive for 20~-01s and negative for 2Qa-

ols. Table 40~ page 122 .. shcws the shift in MO on acetylation 

of 20~-dihydroprogesterone and 20~-dihydroprogesterone. The 

same correlation reported by Fieser and Fieser was observed 

in that the 4MD for the 20~-epimer was slightly negative (_4 0 ) 

while the âMO for the 20'-epimer was positive (+212 0 ). When 

an aliquot of lS«-acetoxyprogesterone was reduced with NaBH 4 

the resulting 20-alcohol and its acetate had a ..6MO of +179 

as shown in Table 40. These observations provide further sup-

porting evidence that NaBH4 reduction of lS~-hydroxy-20-keto-

steroids results in the formation of the 20~-alcohols. Thus 

the structure S~-pregnane-3« .. lS«,20p-triol was assigned to the 

isolated metabolite. 

The second metabolite isolated, which had the C20 ketone 

reduced, was S,-pregnane-3« .. lS~,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«,lSd-dihydroxy-Sp-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, page134 ). The infrared spectra 

(CS2) of the triacetate of the isolated triol and the triacetate 

formed after NaBH 4 reduction of 3«,lS~-dihydroxy-Sf-pregnan-20-

one were again almost identical (see Figure ~S, page 13S'). 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 1~-hydroxy-20-keto­

steroids results in the formation of 20p-alcohols, the struc-

ture 5~-pregnane-3«,15~,20~-triol was assigned to the isolated 

metabolite. 

Following the oral ingestion of 800 mg of l5~-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 l~-hydroxyprogesterone, 3«,15~-dihydroxy-5q-pregnan-

20-one, 3~,15~-dihydroxy-S~-pregnan-20-one and S~-pregnane-

3~,15«,20~-triol. This table shows the specifie activities of 

the isolated metabolites and the amounts isolated expressed 

as a percentage of the injected radioactivity. AlI of these 

metabolites have not hitherto been described as urinary steroids. 

Although the specifie activities of the various metabolites were 

different, they were aIl 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)_ 

l5~-hydroxyprogesterone described in Experiments C-3 and C-4. 



TABLE 61 

Specifie Activities of Metabolites Isolated from Normal Male 

Urine after the Injection of (7_3H)-1~-Hydroxyprogesterone 

and the Oral Ingestion of 800 mg of Carrier Steroid 

Metabolite 

lS«-Hydroxyprogesterone 

3~,lS~-Dihydroxy-S~-pregnan-20-one 

3«,lS~-Dihydroxy-S~-pregnan-20-one 

S~-Pregnane-~,ISq,20p-triol 

Specifie 
Activity 
(dpm/mg) 

1.08xlOS 

l.42xlO S 

7.90xl04 

l.96xlOS 

% Of Injected 
Radioactivity* 

12.9 

8.7 

7.9 

1.4 

11,9. 

*These values were computed from the specifie 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 about 800 mg of lS~-hydroxyprogesterone but no label-

ed steroid was injected intravenously. The urinary metaboli-

tes isolated in this experiment are listed in Table 6~ The 

first four metabolites isolated in this experiment were also 

isolated in the first study. However, in this experiment two 

additional metabolites, namely 3~,lS«-dihydroxy-Sp-pregnan-

20-one and 5~-pregnane-3~,1~,20~-triol were isolated and 

identified. The triol was aiso isolated in the first study 

but in too smaii an amount to permit its identification, while 

3~,lS«-dihydroxy-S~-pregnan~20-one was not isolated in the 

first experiment. 

The two studies described above provided information 

on the metabolism of IS«-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 l5~-Hydroxy-

progesterone 

Weight of Crys­
talline Material 

Metabolite Isolated (mg) 

l5~-Hydroxyprogesterone 145 

3«,15~-Dihydroxy-5~-pregnan-20-one 179 

3~,15~-Dihydroxy-5f-pregnan-20-one 402 

5~-Pregnane-3«,15~,~0~-triol 9 

5p -pregnane-3«, 15~, 20p-triol-·-

3,,15~-Dihydroxy-5p-pregnan-20-one 

18.5 

45 

mp . (OC) 

230-232 

175-177 

208-210 

211-214 

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_l4C)-15«-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 ~-glucuronidase hydrolysis. It is therefore possible 

that the glucosiduronate fraction contained sorne 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 15d-

hydroxyprogesterone were cleared rapidly. In 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 the se studies, their identification 

and the determination of their specifie activities was accomplish-

ed by the isotope dilution procedure. The purified metabolite 

containing l4C was acetylated with tritium labeled acetic anhy-

dride of known specifie activity and the ace~ylation 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 specifie 

activities and constant 3H/14C ratios and the same procedure 

was repeated following the formation of a derivative. Using 

the final 3H/11c ratio, it was possible to calculate the amount 

of the metabolite isolated. 

With the exception of 5~-pregnane-3«,15~,20p-triol, aIl 

of the metabolites isolated from the urine of the normal male 

given the steroid ~ ~ were present in the urine of the preg­

nant female who was given an intravenous injection of (4_ l4 C)­

l5~-hydroxyprogesterone (specifie activity 3.66xl05 dpm/pg, 

contained in 13.4 pg). In this experiment, 3~,15~-dihydroxy-

5~ -pregnan-20-,one was isolated from the sulfate fraction and 
'-
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l5~-hydroxyprogesterone, 3~,15d-dihydroxy-5~-pregnan-20-one, 

3~,l~-dihydroxy-5,-pregnan-20-one and 5~-pregnane-3~,15«,20~-

triol were isolated from the glucosiduronate fraction of the 

urine. As shown in Table 6~ the specific activities of the 

isolated metabolites were from 25 to 45 times lower than that 

of theinjected ISot-hydroxyprogesterone demonstrating that aIl 

these steroids are normal constituents of human late pregnancy 

urine. In addition, the specific activities of aIl the meta-

bolites were very similar with the exception of IS~-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 15«-hydroxy-

progesterone, such as 15~-hydroxypregneno1one. It is also 

possible that the lower specific activities of these metabolites 

may be due to differences in the metabolism of 15~-hydroxypro-

gesterone in the fetal and maternaI compartments and different 

rates of transplacenta1 passage of the metabolites from the fe­

tal to the maternaI circulation. Assuming that urinary l~-

hydroxyprogesterone is a unique metabolite of endogenous 15d-

hydroxyprogesterone, the production rate of this steroid was 

calculated to be 79 rg/day using the weIl 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 

15~-hydroxyprogesterone are the two dihydroxy-ketones, namely, 

3~,15~-dihydroxy-S«-pregnan-20-one and 3~,l~-dihydroxy-5p-
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TABLE 63 Te ___ 

Metabolites Isolated from the Urine of a Pregnant Female After 

Injection of (4_l4C)-lS~-Hydroxyprogesterone* 
Specific Activity 

(dpm/ug)Gl . r UCOS1-
Metabolite Sulfate duronate 

l5~-Hydroxyprogesterone 1.S6xl04 

3~,lS«-Dihydroxy-5~-pregnan-
20-one 7.90xl03 

3«,15~-Dihydroxy-Sp-pregnan-
20-one 9.70xl03 

3~,lS~-Dihydroxy-5,-pregn6n-
QO-one 8.66xl03 

5~-Pregnane-3«,15~,20~-triol 8.68xl03 

% Conver­
sion of In­
jected Dose 

18.7 

2.9 

7.5 

1.0 

1.8 

*The specific activity of the injected •. ~-14C)-lS~-hydroxypro­
gesterone was 3.66xlOS 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 l5~-hydroxyprogesterone was excreted in the urine un­

changed. These results suggest that the l5~-hydroxyl group 

inhibits the reduction of the 20-ketone and the ~4-3-keto group 

of the steroid nucleus. As shOHn in Table63, sorne of the re-

duced metabolites of l5«-hydroxyprogesterone are 5~-steroids. 

The over-all ratio of the 5~ to 5~ reduced metabolites was found 

to be approximately 0.55. 

Differences in the reduction of the â 4 -double bond to 

the 5~ and S~ forms ~ vivo which have been observed depend 

upon the nat ure of th e subst i tuent groups, part icu lar ly a.t carbon 

atoms Il and 17. The ~ vivo catabolism of C1902 steroids, such 
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as testosterone, androstenedione and dehydroisoandrosterone, 

in humans leads to the formation and excretion of the major 

urinary l7-ketosteroids with an overall ratio of 5~/5~ 

reduced derivatives of approximately one to one (SI). How-

ever, in vivo metabolism studies of adrenosterone, the C19-

steroid that possesses a ketone group at carbon Il, indicated 

a ratio of 5~- to 5~-reduced metabolites of 5.3 (52). Brad­

low and Gallagher (53) studied the metabolism of Il,-hydroxy-

androstenedione in a patient with congenital adrenal hyperpla-

sia and found that the ratio of excreted 5~/5, metabolites 

was 4.8. It appears, therefore, that the oxygen substitution 

at carbon Il of the C1902 steroids orients the reduction of 

the 64-double bond to the 5« configuration. 

The generalization has been made that 44-3-keto C2l­

steroids are primarily reduced in vivo in humans to the 5~ 

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 l7~-

hydroxyprogesterone (61). Hirschmann et al (62) has commented 

on the apparent preponderance of 5~-metabolites in the urin-

ary l6~-hydroxylated, C2l-steroids. That the l6d-hydroxyl group 

in the C2l-steroids influences the reduction in the A and B 

rings in favour of the 5~-metabolites was demonstrated by Ruse 

and Solomon (50) who found that the 5~-urinary metabolites of 

(4_l4C)-16~-hydroxyprogesterone injected into a pregnant female 

were present in amounts greater than would be expected for ster­

oids of the C2l series. YoungLai and Solomon (63) studied the 
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metabolism of l6~-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«/5~ ratio of 

approximately 1.0 and 3.7, respectively. 

It seems, therefore, that the effect of the l5~-hydroxyl 

group on the reduction of the A4-3-keto group of C2l -steroids 

is similar to the effect of the l6~-hydroxyl group in that the 

5~/5~ ratio of the urinary metabolites is increased. A compari­

son of the effects of the l5~- and l6~-hydroxyl substituents on 

the reduction of the A4-3-keto and the 20-ketone groups of pro-

gesterone shows that both hydroxyl groups favour an increased 

5~/5f ratio of the reduced urinary metabolites but that the l5~­

hydroxyl group has a greater inhibitory effect on the reduction 

of the ~-3-keto and the 20-ketone. In addition, reduction of 

the 20-ketone of l6~-hydroxyprogesterone favours the 20«-alcohols 

since only 20~-triols of l6~-hydroxyprogesterone were isolated 

(40). On the other hand, the only C20-reduced metabolites of 

l5~-hydroxyprogesterone isolated in these studies were 5~-preg-

nane-3~,l5~~20~-triol and 5p-pregnane-3~6lSd,20p-triol. 

A point of interest in these studies is that aIl the iso­

lated metabolites of l5~-hydroxyprogesterone contained the 15-

oxygen function. Calvin and Lieberman (64) demonstrated that 

a major metabolite of l6~--hydroxyprogesterone was isopregnano­

lone, a metabolite resulting from the removal of the l6~-hydroxyl 

group and the inversion of the l7p to the l7~ side chain. The 

same authors found that 16-dehydropregnanolone was derived from 

16~-hydroxyprogesterone and they suggested that a ~16 compound 
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may be an intermediate in the formation of isopregnanolone. 

In these studies, no evidence for the removal of the ls-oxygen 

function of ls~-hydroxyprogesterone was obtained. 

The urinary metabolites of (4_ l4C)-ls«-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_l4C)-ls~-Hydroxyprogesterone* 

Specifie Activity (dpm/mg) % Conversion 
Glucosidu- of Injected 

Metabolite Sulfate ronate Dose 

ls~-Hydroxyprogesterone 3.31xlOs 5.8 

3~,ls~-Dihydroxy-S«-
3.4sxlOS pregnan-20-one 7.1 

30(, 1 SC( -,Dihydroxy-Sp-
3.S2xlOs pregnan-20-one 7.4 

3P,ls~-Dihydroxy-s~-
3.06xlOs pregnan-20-one 0.4 

s~regnane-3~,ls~,20,-
3.3Sxl05 triol 2.3 

*The specifie activity of the injected (4-14C)-1~-hydroxypro­
gesterone was 3.66xlOS dpm/pg. 

-These metabolites were not isolated. 

3~,15~-dihydroxy-Sf-pregnan-20-one was isolated from the sulfate 

fraction and ISo(-hydroxyprogesterone, 3o<,lSO(-dihydroxy-sQ(-preg-

nan-20-one, 3~,15~-dihydroxy-s~-pregnan-20-one and 5~-pregnane-

3~,15~,20p-triol were isolated from the glucosiduronate fraction 

of the urine. The specifie activities of aIl the metabolites were 

practically identical to the specifie activity of the injected l5~· 

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 lS~-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 lS~-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 IS~-hydroxylation of progesterone occurs 

in the fetoplacental unit and that urinary lS~-hydroxyproges-

terone is of fetal origine 

The physiological significance of the l5~-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 immature female rabbit (3), 

~5~-hydroxylation of estrogens may be one of the mechanisms by 

whi~h the developing fetus is protected against steroids with high 

biological activity (66). The role of fetal lS~-hydroxylation 

of progesterone is also presently not understood. Tweit and 

Kagawa (67) found that sorne l5--oxygenated derivatives of pro-

gesterone are capable of antagonizingthe 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 lS~-hydroxyprogesterone itself. 

However, the IS-oxo or ISp-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 

Steroid 

Progesterone 

l5~-Hydroxyprogesterone 

l5~-Hydroxyprogesterone 

l5-Ketoprogesterone 

Pregn-l,4-diene-3,15,20-trione 

Pregn-4,6-diene-3,15,20-trione 

7~-Thioacetyl-15~-hydroxypregn-4-ene-
3,20-dione 

ALDACTONE 

Median Effective Dose* 

Subcutaneousll Oralll 

1.3 > 9.6 

) 2.4 ) 2.4 

1. 53 1.41 

0.44 ) 2.4 

0.23 0.25 

0.43 0.84 

0.43 0.24 

0.33 0.48 

*Median effective dose • dose in mg per rat for 50% block of the 
urinary Na-K response to 12 rg of deoxycorticosterone acetate. 

l5-oxygenated derivatives possessing a ~l or a 66 double bond 

were effective as blocking agents for deoxycorticosterone ace-

tate, sometimes these analogues being even more effective than 

aldactone (Table 65). Of considerable parallel interest was 

the observation that the 15-oxo or 15~-OH derivatives, while 

being effective as blocking agents, aIl failed to demonstrate 

progesterone-like changes in the uterine endometrium of imma-

ture rabbits primed with estradiol (67). 

The secretion rate of aldosterone 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 du ring pregnancy and the studies 

of Tait et al (71) demonstrate that the metabolic clearance 

rates of a1dosterone in non-pregnant and pregnant women do not 
1 

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 maternaI adrenals rather than 

by the fetus and placenta. The same conclusion was a1so reached 

from thestudies of Bird et al (17) who investigated the metabolism 

of progesterone in the midterm previable fetus and could not 

detect a1dosterone in any of the fetal tissues. 

The mechanism for elevation of the aldosterone production 

durin~ pregnancy is poor1y 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 still~ 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 a1one, is mandat ory 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 

the 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 
, 

during 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 



mechanism of this stimulation is far from being understood at 

this time. However, present knowledge indicates that pr9ges­

terone and estrogens may be invoived in the alterations seen 
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in aldosterone 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 

IS~-hydroxyprogesterone was not significantly active, compounds 

possèssing a lS-ketone such as lS-ketoprogesterone and particu­

larly l5-oxo progesterones with a Âl or A6 double bond were 

very active as antimineralocorticoid agents. Recently Stanczyk 

and Solomon (86) have shown that progesterone can be converted 

to IS-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 l5-oxo derivatives possessing a 

~l bond can also be considered since such compounds are thought 

to be intermediates in the formation of estrogens. If the human 

fetus and/or the placenta are capable of converting l~-hydroxy-

progesterone to IS-ketoprogesterone or to lS-oxo derivatives with 

a ~l or ~6 double bond, this might provide us with a mechanism 

by which a steroid elaborated by the fetoplacental unit can 

enter the maternaI circulation (87) and compete with aldosterone 

thus inducing an increase in its rate of secretion. Aithough 

l5~-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 15~-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 lS~-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. 



SUMMARY AND CONCLUSIONS 

Labeled lS~-hydroxyprogesterone and lS(-hydroxyandros­

tenedione were prepared by the microbiologica~ IS~-hydroxyla-
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tion of the appropriate substrate with Penicillium (ATCC-IIS98) 

and in one instance with Colletotrichum linicola. 

Three IS~-hydroxylated neutral steroids, namely, IS~­

hydroxyprogesterone, IS«-hydroxyandrostenedione and lS«-hydroxy-

testosterone were isolated from urine pools 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 lS~-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 IS~-hydroxyprogesterone is elaborated 

in the fetoplacental unit. In these studies sizable amounts 

of 16~-hydroxyprogesterone were isolated from the urine of a 

subject with congenital adrenal hyperplasia but lS«~hydroxypro-

gesterone was not detected in the urine of this subject. 

The origin of lS~-hydroxyprogesterone was further inves-

tigated. In two studies 3H-progesterone was introduced into 

the peritoneal cavity 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-1abe1ed lS«-

hydroxyprogesterone was iso1ated but it contained insignifi­

cant amounts of 14C demonstrating that lS~-hydroxylation of 

progesterone occurred in the fetop1acental unit. In a simi-

1ar experiment, 3H-pr~gesterone was injected into the perito­

neal cavity of the fetus and (4_ 14 C)-lS«-hydroxyprogesterone 

was introduced in the maternaI compartment. From the glucosi-

duronate fraction of the urine lS~-hydroxyprogesterone was iso­

lated containing both 3H and 14C, and it was calculated that 

the minimal conversion of progesterone to lS~-hydroxyproges-

terone in the fetoplacental unit was 0.08%. 

After the intravenous injection of (7_3H)-lS~-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: IS~-hydroxyprogesterone, 3~,lS~-dihydroxy· 

S~-pregnan-20-one, 3~,IS~-dihydroxy-5p-pregnan-20-one and ~-preg-

nane-3~,IS~,20~-triol. In a second study, a total of 3.26 g of 

non-labeled IS«-hydroxyp~ogesterone were taken orally by four 

male volunteers and the urinary conjugates were hydrolyzed with 

Glusu1ase. In addition to the four metabolites described above, 

two new metabolites, namely, 3~,IS~-dihydroxy-S~-pregnan-20-one 

and S~-pregnane-3q,15~,20p-triol, were isolated and identified. 

With the exception of Sp-pregnane-3~,IS~,20p-triol, aIl 

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_l4C)-15~-hydroxyprogesterone. Of these metabolites, 3p,1~­

dihydroxy-5~-pregnan-20-one was isolated from the sulfate 

fraction and 3~,15~-dihydroxy-S~-pregnan-20-one, 3~,I~-dihy­

droxy-5~-pregnan-20-one and S~-pregnane-3~,I~,20~-triol were 

isolated from the glucosiduronate fraction of the urine. AlI 

of these metabolites have not hitherto been isolated from human 

urine. The major urinary metabolites of IS«-hydroxyprogesterone 

possess the A4-3-keto and/or the 20-keto groups demonstrating 

that the IS~-hydroxyl group inhibits the reduction of the 44-

3-keto and 20-keto functions. A large proportion of the isola­

ted metabolites had the 3~,S~ configuration indicating that 

the lS~-hydroxyl group has an influence on the reduction of 

the A/B ring. In addition only 20~-hydroxylated metabolites 

were isolated in contrast to the studies done with 16~-hydroxy­

progesterone where the only 20-reduced metabolites isolated 

were the 20~-triols (50). In aIl the studies described in this 

thesis 15~-hydroxyprogesterone was found only in the glucosidu­

ronate fraction of the urine. 

Following the intravenous injection of (4_14C)-lS~_hy_ 

droxyprogesterone to a non-pregnant female, aIl the metabolites 

isolated from the urine of the pregnant female were again iso­

lated but their specific activities were identical to the spe­

cifie activity of the injected IS~-hydroxyprogesterone. These 

results demonstrate that the metabolites of IS~-hydroxyproges­

terone are not excreted in the urine of the non-pregnant female. 
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CLAIMS TO ORIGINAL RESEARCH 

1. Microbiological methods were devised for the preparation 

of labeled lS~-hydroxysteroids. 

2. Three lS~-hydroxylated neutral steroids, namely, lS~-hydroxy~ 

progesterone (88), lS~-hydroxyandrostenedione and ISi-hydroxy-

testosterone were isolated from human late pregnancy urine. 

These steroids have not hitherto been reported as naturally 

occurring substinces. 

3. Among a large number of urine pools examined, lS~-hydroxy-

progesterone was isolatèd only from the urine of subjects in 

the second and third trimester of pregnancy. This steroid 

was not detec.ted in the urine of non-pregnant females and the 

urine of the newborn infant. 

4. 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, l~-hydroxyprogesterone isolated from the urine con­

tained 3H 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, lS~-hydroxyprogesterone. 

S. It was demonstrated that the conversion of progesterone to 

lS~-hydroxyprogesterone in the fetoplacental unit was approxi-

mately 0.08%. 

6. The production rate of lS~-hydroxyprogesterone in two females 

in late pregnancy was calculated to be about 80-90 pg/day. 
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7. Sizable amounts of 16~-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 andidentified: 3~~15~-dihydroxy-5q-preg­

nan-20-one, 3«~15~-dihydroxy-5p-pregnan-20-one~ 3,,15~­

dihydroxy-S~-pregnan-20-one~ 5~-pregnane-3~~15~,20~-triol 

and 5~-pregnane-3~~15«,20~-triol. 

9. When labeled lS~-hydroxyprogesterone was injected intraven-

ously to a subject in the third trimester of pregnancy, 15~­

hydroxyprogesterone, 3«.lS~-dihydroxy-5«-pregnan-20-one, 

3~.15~-dihydroxy-5~-pregnan-20-one, 3~,lS~-dihydroxy-5,­

pregnan-20-one and S~-pregnane-3~,15~,20~-triol wer~ isola­

ted from the urine and their specifie activities were 25-40 

times lower than the specifie activity of the injected lS~-

hydroxyprogesterone. These results demonstrated that aIl 

the metabolites isolated are normally excreted in the urine 

of subjects in late pregnancy. AlI of these steroids have 

not hitherto been isolated from human urine. 

10. From the nature of the isolated urinary metabolites of lS~­

hydroxyprogesterone it was concluded that the l5«-hydroxyl 

group inhibits the reduction of the 'A4 -3-keto and 20-keto 

groups and has an influence on the reduction of the AIS 

ring of the steroid nucleus giving rise to a larger propor­

tion of 5~ Metabolites than would be expected for steroids 
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in the C-21 series. 

Il. When 1abe1ed lS«-hydroxyprogesterone was administered 

intravenous1y to a non-pregnant fema1e, aIl the metabo1ites 

iso1ated from the" urine of the pregnant fema1e were again 

detected in the urine but their specifie activities were 

identica1 to the specifie activity of the injected lS~-hy-

droxyprogesterone demonstrating that these steroids are 

not norma11y excreted in the urine of the non-pregnant fema1e. 
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