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ABBREVIATIONS AND TRTITIAL ~w·ms 

Tho follouing abbreviationa and tr:ll.v:i..al [kWOS aro llocd in tllis thes1s .. 

cholootorol 

2a~dihydroprogesterono 

2063-dibydropr-ogeotorono 

pl:0gmnoloTG.o 

3~-hydroxy-5grpregn3n-2Qbone 

pregnan:adiol 

3~,20~-dihydroJQ7-5~-pi~eg~no 

3~,20P-dihydroxy-~-pregnano 

pregnanedione 

6(j-hydroJryprogesterona 

lU'.a.-hydroxyprogeaterone 

17a-hydroxyprogosterone 

prognenolone 

deoxycorticootorone 

corticoaterona 

16~,17a-d1hydroxyprogesteron9 

17a,2~dihydroxyprogesterone 

17a,20p-d1hydroJ~rogeaterono 

hydrocort:!.cono (corlisol) 

aldooterone 

choloota-5-on-3~-ol 

2Ch-hydroJcyprogn-4-on-3-on::> 

20~-hydroJ~yprogn-4-on-3-on~ 

3v~hydl:02QV-5~-pr0gn2n-20~On8 

3~-~1~J~-5?~pr~gnen-20-ono 

3a,20!t-ctlhydroJty-5p-pregnane 

:3g,20[3-cU.hydroJry-5P-progi19.no 

3~,20P-dihydroJ~-5u-pr0gnano 

5~-prognan-3,20-d1ono 

6p-hydraxypregn-4-ene-3,20-diono 

16a-hydroJ~regn-4-ene-3,20-diono 

17a-hydroxypreg~4-one-3~20-dione 

3P-hydro~rogn-5-or~20-ono 

3p,17o..-dihydrœtypl"0gn-;"en-2o..ono 

2l-bydroxypregn-4-en9-3,20-dione 

1l~,21-dihydroxypr0g~4-ene-3,2o-diono 

16a,17a-d1bydroxypragn-4-eno-3,2O-diono 

17a,2On-dibyd~agn-4-en-3-on0 

17a,20~-dihydroJ~lorogn~en-3-ons 

1lP,17a,21-trlhydroJ~gn-4-enG-
3,20-diono 

llP lI 21- dilll7dro:JtyFogn-4-on-J.8...al-
3p 20-diol'tn 
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18-hydroxydooo~ycorticootoron~ 

dco2qrcorticol 

tootootorono 

androstonedlono 

16rt-hydroJr;yn.ndr-o atonocliono 

IlP-h~roJrynruirootonodion0 

dehydroisaandroaterona 

androstenatriol 

eotrlo1 

pregnanolona sulphate 

20-koto-~-pregnan-3~yl 
aulphato 

pregnenolona aulphate 

dehydroisoandroèterone aulphate 

pregnaned101 sulphate 

pregnaned101 gluauronide 

deoxycortlcoBterone aulphate 

corticosterone aulphate 

1l~,16~,17a,21-totr.nhyd~ogn-
4-one-3~20-diono 

lS-hydro~rogn-~onQ-3b20-cliono 

1l~,18,21-trlilydroxyprogn-4-0nc-
3,20-diono 

19,21-dihydro~egn-4-ono-3,20-diùno 

17t!.:) 2l-dih;ydro:!l:yprogn-4-on~-, 
3p 20-diono : 

und!'o ot-4-ono-3, 17-diou0 

16g~hydroxywndroot-4-ono-~D17-dlono 

Ilf3-hydroJ~lmdl'ost-4-on(J-3 ,,17-diono 

3P-hydroxyandroet-5-on-17-one 

3p,16m,17a-trihydrcxyandroBt-5-eno 

eetra-1J3,5(lO)-trlene-3J16~,17~-triol 

20-keto-5~-pr0gnan-3a-yl eulph8te 

20-lceto-5.cr.-pragnan-313-yl oulpha.t~ 

20-ltotopregn-5-ene-3P-yl eulphate 

17-k0toandroot-5-ene-3P-yl aulphate 

3G, 2O.Ix.-dihydrOJcy-5fl-pregnan-
(3 or 20)-yl sulphate 

3a,2Oœ-dihydroJqr-5P-pragnan-)a-yl
B-D-glucop,yranoeiduronic acid 

3,20-diketoprogn-4-en-21-yl aulphate 

IIp-hydroory-3,20-.dilcotopr0gn-4-en-
2l-yl sulphate 



oBtriol sulphato 

ootriol glucuronido 

AGTH 

opm 

( 

oatl~-1»3D5(lO)-triono-16~,17~
diol-3 oulphato 

ootrn-l,3,5(lO)-triono-3~,17~-diol-
16~~yl-B-D-glucopyranooiduronic 
D.cid 

adrenooortiootr~phic hO~On0 

nicrogrmn 

oicr-ocurio 

COlmto par minuto 

millilit.or 

cI'yatal 

mother liquor 



INTRODUCTION 

During tho laotJ t.en yoars a large numbsr of publications hnvo 

becm dovotod to probloms of steroid l!!:'Jtabolia in tho humnn fetuoo 

11uch of tho intoreot in this aree. '(JElO otimulatod by the roviO'tl 

article of w.i!!"..!ln (1) in uhich ho ro-emph(loi~od the unique physiol

ogicol and amtomical fea.tureo of the fetal I~one of the adronnl .. 

Ho a.lco pointed eut ttmt this otructuro uao pronent in oim:lD.no and 

more r-Gcontly it has boen deGcribsd. in the ar-nw.dillo (2)0 

t"Jhen tho invostigations to be deocribed lIera initiatedj) Il 

nuobeT of publications had described the ~ ~ conversion of 

various substratea to storoid met~bolit~s by the hUrr'.Bn fetal udrcnalsj) 

testes, ovariesj) and 11ver. Our approach ta the problem of steroid 

metaboli6lll in the midterm human fotus lm.S bassd on perfusion of the 

fetus l1Tith labelled precursors. To accompli ah thla a:lm t're init1atcd 

a very profitable collaborative study ~ith Profesoor Egon Diczfaluoy 

at the Karolineka Hospital" Stoclcholm" SI'J'oden. The psrf'usion of the 

fetus00 and the initial tissue extra.ctions t'rere carried out in hio 

laboratories. 

This thesis ~dll describe the methoda used a.nd the rsoults 

obtained fram the perfusion of intact and totally adranalectomlzed 

prev:lable human fetusea obtained at therapeutic abortions carried 

out in StoiJkholm. Batora procoeding to a description of IllY otm 

uork a brio!' hietorical revieu l'IUl serve to orient tilta data in 

relation ta ulw.t uae already ltnotm about steroid metaboliSll in the 

hUIl2an fetus. 
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The presence of neutral st,oI'oido in the blood and tissues of 

the hUEan fetuG et ilarying times throughout no~l geotation hus 

besn documontod (3~4D5)a SimiinrlYD n~utral oteroido have beeu round 

in OJttrncts Gf placentae (6)>7)0 Such findings lm.ve raisod the 

queotion as to uhether the ot.oI'oida isolatod from tho fotal tissues 

uore produced thElI'emp fOrili'3d in tho p:w.oontuD or syntheoized in the 

lJ!!:\tornal tioC'<hes and tranoporJt.Gd to the fetuo o In an attc:rnpt to 

o.nouo1' thOS:l questiono B numbor of imTootigatoro lava been studying 

.l'Il.nteI'lr..al-fotal oteroid matabolicm using nunerouo oxporimental 

approllcheao 

Trans placental p!1.sœge of oteroids haB been demonatrated by 

the injection of labeled pracurli::ors into eit.her the maternal or 

fetal compartiment and t.he subsequent isolat.ion of the cœnpound or 

ita metabolite(s) in the other compartment. ThuB the pa,sea.ge of 

4-14C-progeBterone t'rom the mother to the iotus h!l8 been ahotm (a). 

An approximation of the production rote of progesterone ahoul3 tlmt 

it doe a riae during pregœncy (9) but the contribution from the fetua 

i8 thought to ba lou as evidenced by tho minimal fall in urinary 

pregnanediol l'Jhen the UI:!lbUical cord 16 clampad (10). There bao 

been considerable discuBoion about the true value of progeoteX'One 

produotion rates, as the urinary metabolite pregnanediol uaed in 

the detenni.na.tion la not unlquely derlved tram progeolierone (ll)~ 

ThUG secretion rates of progesterone based on urinary pregnanediol 

are artificially high. This 10 espacially true for the non-pregnant 

etate and may be important in pregna.ncy. The incraase in 
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prQgeoteroIl9 produ.ction in pregnnncy is assumed to come prim.9.rUy 

irom the placenta although there 10 ~ome increaso in ovarian pro

duction in the f'irot trllr!astor (12) ~ 

The tronof'sr of many storoids bett'J'een the mother a.nd iotuo haa 

boan described (13,P14).. îhtorna,l corl,isol rnay t.Toll account for 

a.bout 80% of the circulating cor'l:,icol in tho fotuo and tbio iD 

eupporlod by l'ocont atudioa in Addiconian'o m:\into.inod on prodn!sono 

(15).. In these pationts no cort,icol t"JaS i'ound in the In!l.torno.l cix'-

aul.ntion. and tho trace amounts found in the fotal circu1o.tion t'laro 

assumad to come from the fotal endocrino tiSSU006 

The transfer of conjugated steroids aeros6 the placenta. bas 

a.1.so ooen studied.. Follotd.ng in,jection ot .3U-e9tricl-3-rnùpha.te and 

14C-eBtriol-16-g1ucuronide into the amniotic fluid at midtermj' .3H

eatriol in the irae and sulplmte forme and 14C-estriol as the 

glucuronide llere isolated frem l1!.a.terMl urina (16) .. 

Bolté et al.. have demonstrated the transfer of dohydl."oiso

androstarone aulphate (DHAS) acroae the placenta bath from the 

mathel' to the fetus (17) and from the fetue to the mother (lB) .. 

The role of the placenta in steroid bioaynthesia nt mid- and 

full-term has been extensively studied using bath in ~ in

cubations and .!!! ~ peduaions. The!!! ~ production of 

progester.Jne tram 1-14C-acetate bas been demonstrated in 10\'1 yield 

(19) but the most efficient precursors of placental progeaterone 

eeem to ba cholesterol (20) and pregnenolone (21,22). 

Progesterone ia tronaformed to a. number of producta in 

placental incubation etudieso Thus 6p-hydroJ~rogeGtorone (23), 

1 
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17o..-hydroJtypI'oge8terone (24).., 20a.-dihydr-oprogosterono (25) and 

16Q.-hydr-o.:!r.yprogosterone (26) hava nU beau icolc..ted t'rom tho incub-

ntion of t.e1f11l placonta pl"aparatioIlO 't-lhon tho o.ddod GUbstmto 1'18.0 

progeotorono .. 

The fo:rmation of testostorone or A4-andr'Oatonodiono by incub-

ation of placental tiomm ato.rting uith C-21 Pl"OCUE'Ooro 000 boon l!n-

l'€ll"Jnroing, thua suggoating a lacl!; of the G17-20 deC!.omc8 onz;yme in 

the placenta... l'fusn C-19 compounde euch aa androotcmodiono or tooto-

aterone are uS3d aD the procursorl' rnpid o.rolCl.tization to ostragon!} 

'trill occur in placenta. incubation otudioo .. 

t'Jhen midterm placentas t'fere portlu:;ed in ~ 't'1ith. pregnenolono, 

it 1'ma ef'ficiently converted to progesterone (27,28) but no furthar 

metabo116I11 of the precursor could be demonatrated (29). Testosterone 

conversion tQ estradiol in the partu60d midtom placenta bae been 

dœnonstrated (30) as t-mU as thG:J conversion of' dehydroiooandl"08ter-one 

and androatanodione to est,riol (:31)0 \-Jheu the icolated term placenta 

't'as psrfusad t·dth pregnenolono it 't'ms pooeible t() demonstrato the 

formation of progesterone and 6~-hydroJcyprogeeterone (32)0 

In an effort. to dorine the bioaynthetia potentialities of the 

human f'atal ac.irena1.ll oxtensive etudies uaing alicea, minces, and 

homogenatea of' adrensls abtained. at early~ mid, 0'1:' late gestation, 

have been carried out.. \'1lum acetata "ms used as the aubstrate ll 

adrenal slices tiare capable of f'orming androstencdione,o dehydroi60-

Ilndrosteronej) and hydrocortisone (33)0 

The conversion of prognenol~no to progesterone by the fetal 
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adrenal io very depondent on the cofactoro (34) procont in the in

cubating mediUE.1» and on the geDtntional age of the fŒltuo from 't'lhich 

the tissus io obtainodo This converoion requiroo tl10 enzymos, tho 

3!3-hydro:!cyoteroid dehydrogenase and the A5-isameroooo It 11.110 bcen 

pootumted (35) thst thora io a l.a.clc of the 3P-hydroJtysteroid 

dohydrogeOOG0 onzyme until late pregn.nncy and thio io oupporled by 

the histochomical studies of tho fetal adronal {36l1 37)o It ll~o boon 

ohmm that thio ormymo iD nbs~mt tram tho fotal zonG of the cortex 

throughout geotation and ia oruy found in the thin rim of true 

cortm~ after the fomrlh month of go station .. 

Progesterono la efflciii.mtly metaboliEsd uhen usad in fetal 

adrenal incu~:ltionso Tbere appaars to be a der:inite pJ1ttarn of 

products iormed t'lhich changes as gestation progreases. It has beon 

aBGUllled that the metabolites formod raflect serial enzyme ohanges 

in the fetal adrenal. ThUG the l~-hydroxy1aoe and 17a.-h~roxylaa6 

appeal" by the tenth t1(;,sk of gestation, 21-hydrootylasa later, at 

about tho fifteenth uoelc (38) and the l8-hydroxylaGO, Duon lator, 

probably closs to thirty treeks. Table l Shol'1S the atero1do that 

hava becm 1aolated from fatal adrenal incubation studies uhen pro

gesterone l'laC usad as the substrats. JUso ehot-m in th1e tabla ara 

t,ho Bteroids 1solated from. the adrenals of nsuborns incubated t'dth 

proge sterone. 

The formation of conjugated steroide in fetal adranal incub

ations MO bean studied extenaively. The presence of sultà.kinase 

in various fatal tisaue a ha s been demonstrated (46). The fatal 
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TABLE l 

FOffimTION OF NEUTRAL SfEROIDS Dl FETAL AND NEt1EORm 

ADRENIUeS USItJG PROGESTERONE AS THE FRE-GURSOR 

srEROID REFEREr:CE 

FErAIs r,JEtJEOWl 

Cortisol 45 42» 43D44 

Corti~oBterOnG 42,43,44 

ll-deo::lQ"Corliaol 42 

ll-deoltycort.icosterone 40 44 

16a-hyd:roJcycort i col 41 

17a-hydl"O::ltyproge sterone 39 44-

l~bydro::lcyprogesterone 40 44 

16~,17a-dihyd~~rogeaterons 45 

~-andro8tenedione 39 44 

Up-hydrOOQB.ndrostenedione 45 

6 
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adranal eulphurylnting o.ctivity l132tcoods that pro sent, in the fotal 

livcr and in the o.dult, o.dronal and Iivero Sulphurylo.tion of cortisol, 

corticooterone, II-deoJtycortiEol and ll-eeoJrycorticooterono ha.o beon 

reported (47) uoing o.dren!.11s obtainod tram full t01'1l1 or premature 

infants., Tbo icolation of dehydroisoandrootorono oulphato follouing 

an incub!ltion of midterm. fetnl odrei1!.11 homogon!.1te t-rith pregnonolon'J 

has nleo boan roported (48)., 

In oddit.ion to the adren!llp othor tioooas of the human fatuo 

hn.ve bean incubated l'1ith various oteroid procurcoroo Fetal liverp 

incubated uith progeoterouo led to the ü:olntion of 20a.,-d:lhydro-

progesterone and or B comp:nmd 't1hich tas partially identif'ied as 

pregne.nediol (49).. The l'etaI ovary, st least up to tlrTenty t1eelm 

gestational age, t-JaS rela.tively innctive \"1ith 20a.-dihydroprogeoterone 

being the oruy compound identified alter incubation 1.1ith progesterone 

(50)0 The fatal testes on the othsr hand t·rore quite active at an 

earlyage of gestation, sho\d.ng especially, oJŒ.eneivo 17o.-hydroxylaso 

and side-chain aplitting activity leading to significant teatosterone 

production. The formation of steroids from 1-14C-acotate using an 

!!!. vitro organ oulture of human fotal testes lm.s bean studied and 

pregnenolone, progesterone, 17a-hydroxyprogeeterone, androetenedione 

and teatosterona t-tare isolated (51). Incubation studios using homo

gen9.tes (52) and minces (,0) of fetal testes have been carried out 

tJith 4-14C-progeaterone and 7a-3U-pr0gnenolone as precursorso 

Table II shm'ls the pl"Oducta isolated from such etudieso The 

fornation of the 114-3-1ceto steroide, teatosterone and androotenediono 



T1U31E II 

lPRODUCTS OF PROGESl'FJlONE AND PRIOCU]ill[OWNE 

INCUBATION IN HUUiUJ FETAL TESTES 

rnOGESTERONE IŒFo iPREG!3ENOLONE nEF .. 

16a-hydroJ~r.oge6terone 52 Testootel"Ono 50 

17a-hydrootyprogesterone 50,52 Androœenedione 50 

20a-dihydroprogeaterone 50~52 DahydroieosndroGterona 50 

Te stosterono 50,52 Andro Gtenetriol 50 

Androatenedione 50 17a-~roxyprogeoterone 50 

17a-hydroocya.ndro- 174l-hydroJtypregnenolone 50 
Gtenedione 50 

20P-dihydroprogeaterone 50 

DaoJtycortico sterone 50 

Daoxycorlisol 50 

17a,20a.-dihydroxy-
progesterone 50 

17o,,2013-dihydroJty-
progesterone 50 
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i'rom pregnenolone suggoots that thora 16 no laclr oi' 3!3-hydroJ~yateroid. 

dehydrogenaoe in ou.ch !!!. ~ otudioo and. this iD corroborntod by 

the histochomical studio 0 of Baillie et al. ( 53) in uhich the enzym0 

liaS found in the testes of very young fetuceso 

The aooeOS1llent of ateroid synthooio in the i'otUIJ and placenta. 

hao boon ~nsod pr~~rily on tho reoults of incubation or psrfuoion 

etudios of indiv:idmll tioOllOOo The roou.ltG of cuch oJqlorimonto aro 

open ta ronsonnblo critioiam concerning the pressnoo or absenco oi' 

neaenoary cofactoro in incub~tiono and tho rcmovn~ or disruption of 

organ interreactlons in porfuoion studiof:lo ThuG incubation or perfusion 

studies of individual orga.ne reflect oruy the ability of the oslected 

tissue to meta.bolize the substrate under the particular conditions 01' 

that experiment. In an effol'1. to overcome some of theae objections, 

\119 became interested in the technique of parfusing the uhole fetua 

via the umbilical veine t'Je hoped that suah etudies t-l0uld give us a 

olearer concept of the metabolisn of progesterone in the midte~ 

praviable human fetu6 tlhon tissues ~1ere functioning in closo to oor-

mal relationehip one to the other. 

Similar etudies have bean carried out previoualy for the 0-18 

and C-19 steroide (54g18) and the metabolic fate of frae and conjugated 

estragens in the fetal-placental unlt has been 'tlell defined (55). l·hlch 

leSB information ls available about the fate of C-21 eteroida. Per-

fUsion of pragnenolone into midte~ fetusss resulted in the ieolation 

of dehydroisoandrooterone sulphate and pregnenolone aulphate from the 

ndrenal (,6). Using 4-14C-progesterone as the precur60r in psrfuoion 
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of midterm fetus3s, Zander (57) has reporled the i.colation of 170.

h.iJdro~~rogo atol'one» 6p-hydroJtyprogooterono, 20l1..-dihydroprogeotorone 

and 20f3-dlhydroprogeotorone trom umbUical art ory b1cod. In tho 

same eJt:perimant ho reported the presence of pregmmediol in the 

liver of the porfusod fetus. Zander lw.D 8100 carriod out perfuoion 

of a full tram o.noncephnlic fetuo (58) and identlfiod 20rr.-dih0'dro

progosterone, preg~nodio1, and pregnanediona in tho unconjugatod 

fraction. ThG pl'edomirumt steroid in the hydrolyzcd uoulphntc" 

fraction uas identifiod as pregruLnsdiolo Tho icclller, 5&l-px'ogœme-

3f3,20b3-diol Uo.o 8100 detoetcdj) but aU of tho idontificationo t'101~O 

basad on the mobi1ities of the matab01ites on pnpar chromatogroamo, 

in compsrison with authentic steroide. 

The embryological developm.ent of the adrenal gland and ite 

morphological oharacteristica help support the position of 

prominence held by this gland in steroid production and metab01ism 

in the fetus. In man, the adrenal consiats of tt-Jo glands united 

'l'.ogethero The cortex and medu1la are developmantallyj) hiatologically 

and may be functiona11y unrelatedo Each pJ.rt ia derived from a dis

tinct and different parent tissue (59). This discussion ia concerned 

with the cortex \'Jhich ia mesoderma,l in origin being derived fram the 

ventral portion of tha oalomic epithel.lum. The mesothelial buda 

appas,r in the 5-6 mm embryo and by the time the embryo la 12-15 mm 

these buda have separated tram the parent meeothalium and for.m compact 

cellular masses lateral to the aOIta. The gland grous atea.dUy eo 

that by the third m.onth of gesta.tion it ia SOmel'loot larger tlmn the 
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lcidney" Th'3 further gro~·rth r.:lte i8 slmler them that of other orgo.no 

00 that by birth it 18 about one-third tho oize of tho ltidnoy 0 

Our studies in the prev:iD.ble fetus ara carriod out batt-100n 16 

and 20 m~eltB gostation 'uhen the fetal ll.dronnl 10 relatively lnrgo 

in sizoo At thie time t't·j'O distinct cell t.ypoo are diocornible in 

the corte:Jco The outer rm of cella œ.alco up only 20% of th~ total 

cort,o;u: (1) 0 This layer il3 the precursor of tho 8dult cortOJC nnd 

histologically l'essmblel3 the glomerulocn coll lnyero It bno boon 

suggoated (60) that thia zone is r'0lE.tively !mctive phyoiologiccUy 

88 ito chief product in the D.dult li aldosterone, io not rcquired by 

the fetu8 in the nJ.9.intenance of electrolyte homeoato.sio (45).. Salt 

and. t'rater matabolism in the f'etus is probably controlled by the 

placenta... If the suggestion that fetal pituitary ACTH is the 

trophic factor acting on the fatal adrenal, the discropancy in size 

of the tllo ceU layera becomes aven more logical a8 ACTa in physio

logies,l amounts does not S9eIn to cause much increas0 ln aldosterone 

production by the adult adrenal (61)0 

The inner part of the cortex is referred to as the fatal or 

X zone. Histological1y these cells are like those of the reticular 

zone in the adult adrenal cortex. This is the active tissue in termo 

of growth and accounts for the large sizel of the adrenal in early 

lUe.. The precise trophic factor causing th18 rapid tissue grmrt.h 

is not definitely ImOlm. l.fany factors have bean considered res

ponsible for the grol'rth of, this tissue and. include chorlonio 

gonadotrophin (62), grol'rth hormone {6:n and estrogena (64)0 Houever, 
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the current concepts ouggoot thst fetal AGTH io the trophic agont 

(65).. In amm.cophalic infants 'iTlth much O1:J.ller pituitarieo Mon 

nor.mal, thora iD parnllel atrop}~ of tho adrenol fatal zona but not 

of the outer adult zonc o Th':> prooenco of an ll.ctively gro'uing fotal 

adrol'l.al cortex plus the evideneo fram incubation otudiee of specifie 

enny.me deficiencies in both th0 adrenals and Placenta suggoetcd thst 

the fetus and its placenta function ao a cn.rofully coordlmtcd bio-

chemical unit l'ritb certain l'Ouctions occuring in one comp;lrtmGnt 

folloued by transfer '\Tia the umbUical cord circulation to the oUAer 

compartment l'Ihars the ncutt scqucmtial reBctions tako place .. 

In vieu of the 3~-hydrox~l'ateroid dehydrogensce deficiency in 

the fetal adran~l the production of progesterone fram pragnenolono 

l'Jaa poatulated as occuring in the placenta. This progesterone then 

is carried to the fetuo and cleared by the fetal tioeue B aa ougge8ted 

by the umbilical vein-ar&ery concentration gradient of progesterone 

l'lhich bas bean demonBtrated by save raI 'uorkers (66,67). The capa-

bility of the fatal tissues to metabolize progeoterone by hydroxy-

lat ions reduction and side clmin cleavaga has boen demonstrated. 

Sulphurylation then oceurs in the fatal adrenal or liver and the 

product returno to '!:,heplacema. \"lhere hydrolys!s and aromatization 

of the propsr precursor can oceuro 

Thua, 'Uhen our etudies began it seemed naceasary to investigate 

the metabolism of progesterone in the previAble huma.n fetus employ:ing 

a more physiological approaeh. To approach GUch eonditione more 
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clooely uo ~hoSG to parfum~ the intact and lldrenslectomized fetusas 

usw..g oJ~enate<i.9 hep3.rinized adult hmntcln blood containing 4_11}C-

progeoteronoo Follmdng porfusion the tissues \'Jere cm:troctod and 

metabolites iaolntod and identifiedo 
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UEl'HODS 

SELTIX1TION 

Fetusea uer0 obtained byabdûminal hysterotomy t'lhich t'ma 

carriod out under general arnesthe6in~ The decision to carry out 

thOl'ûp::lU.tic aborlion 't'ms bafJe~ on medico-cocial or soe:ir:ü-medical 

indicationo according to special po~sDion grantcd; upon roquoot 

of the p3.tiont; by the Royal !,ledical Board of S::rodeno Th'.:> op'.:>ration 

\'Jas carried out l'lhen the fetuaes uera of gestational a.ge ranging frou 

sbr:toon to ttronty t'Joekso Only fetusas that lJ'€lTe groooly normnl t-rero 

ucsd in this study. 

TEOHNlQUE OF PERFUSIDN 

Perfusion of the fetus \'3'86 carried out by parsonnel in 

Dr. Diczfalusy' s laboratory uaing the technique of Westin (68) with 

only slight modifications. The perfusion apparatuB (Figure 1) con

sioted of an oJcygenator (1), parfuaion chamber (II) and a heater (III). 

The perfusion chamber enclosad the fetue completelyand ensured a. 

constant temperature and blood volume. The oxygenator ssrved the 

double purpose of oxygenating the blood for perfusion and of elev

ating it to a auitable level to craate adequa.te hydroatatic presBUra 

during parfusion of the ietus. 

The perfusion chamber l'laS a glass container f'illed 't'lith equal 

volumes of isotonie saline and 505 par cent glucose in \llhich the 

fetuses t-sere immersed. The container lms esaled uith its cover and 
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THE PERFUSION APPARATUS 

l Oxygenator l~' Spira.l 
II Perfusion Chambs!;" 20 Cylinder 
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70 02 flo'tlJmater 
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100 Heater 
110 Dioe 
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'l'Hl~ pgttFUS10N APPA.RJ\.'l'US 

l Oxygenator l. Spiml '7. °2 i'lm~rll.otnl' 
II Perfusion Cha,lIlber 2. Gy1inder 8. 1n19ts 

III 'l'he l'mo-cont 1'o11ed 3. Inlet 9. The rmomet r:Jl' 
heating equipment h. Inlet 10~ HHa.ter 
:['01' o.xygenatol' 5. 'rhe l'mOllie t, t~ l' 11. ))ü-Ie 

60 °2 :l.nt'loK 
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$ t.he ur.ûbUica1 cathotoro tl'ere brought out by the side out lot S 0 Tho 

tomporaturo of the bath Durrounding the fotuo l::1B controllod by the 

r<DBtù..ating dovico10 :ln the nD.!"rÛl~1 p8.1't of th::l clnr,:Dor b::mcath tho 

porforatcd diooll 0 t'Jith tho Clmm.bOl'" .t'illod "iJt';:.h f'luid ami aU tho 

air evacuated.ll tho vo1U:""2o of the fot.ua could net clmngo approoio.bly 

and l.lli"1bilical o.l"to:t>inl outflŒl GUot t,l1oi'oforo cqun.l 1.i1.mbilical von.QUO 

lnflouo 

Tho mqgor.ntol" oonolotcd of D.. l'ota.ting cYlil.'lrilor2 trlth c. 

spil"nl1 attachod to ito inn:)!" unUo Tho cylinder 1-:ne placet! nt on 

o D.nglo of 30 te tho hor:1~ontal plnp..o and :lt roto.tcrl uith a Bl10ed of 

38 revolutiono pel' minute o Blood introdt'\ccd et the louaI' ond3,4 

comes eithel· t'rom the lotus or the reservoir of adult human typo 0, 

heparinizod blood. It 't'ms transported to tho higher ond by the 

. t"Otating cylinder tll'ith its cpiralo The blood t'las oJcygenated 813 1t 

'WBO spread as a thin film on the spiral 0 The œcygemtion l'/aB 

achieved by passing hu.midif'ied o:cygr;,m6 at 4 litros psr minute 7, dotm 

the cylinder. Thun tli:t.h gFl.a 01tohn.ngej) the o:u:ygen tension of tho 

blood 't'm.a gradU9.11y increased and the carbon dioxide tension de

oreased as the blood t'.rae traneported to the upper end of the 

O~0nator. The final oorygen saturation l'ms ovar 95 par cento Tho 

o:x;ygenated, heparinized blood l'TaS collected, fUtered to remove 

foam, and then passed by h;ydrostatic pressure, Wo th0 fetus vm 

. the umbUical vain catheter. The blood flot'1 l:JaS recorded by 8 

photocoll drip counter and the rate t:ras com.rol1ed by the hydrootatic 

prosoure. This tms usuully about 40 CB of' llatel" a.nd thie could be 
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altOl'od by clm.nging tho height of tho porfuoion clnm.bor rolativo to 

tho outflcl1 traD tho rJ.n:ygom.tor 0 Tho opt':!!I:::1l '\Tolt!:'.1o, for the ontiro 

p9rfuoion oyotom including tho fott\o t'RIO nbot\t 2:50 D~o Tho oyoton 

l1ao pl"jJned t'Iith tr.ooh hop3.rinizodp typo 0, Rh nogntivo adult ht~:::::m. 

b100d dilntoG uith. 15% 0:\.1:1110 0 Tho OJrygonntor tinO OtuoIfmmtitccl by D. 

hcating jnolwt and the oxpor:i.lr.:,mto uor.;) cnrX'icd out nt 20°0 il1lit:1'l11y 
() 

and latar nt 32 Co 

No pro-op::ll:D.tivo ooloction of ences t~'30 é!D.do othor th!J.n th.o 

ol:l.min!ltion of rocognizod nbnm:l::ll fatl\COOe Tho t,ka of iJ.ny of 

opal'8.tlonJ) tha induction end nmlntop...anco of' o.noGthooin, onel U10 

preoise opa,ra.tive toohnique VD.l·iod fl"CID CUCQ to case.. In aU cao0sj) 

the fetus l.1an obta.inod by abdcmirtal hyetarotomy and the cord l'm.a 

cl.amped aa soon a.s pooeible. ,The fctus ~ro.e rcmoved from tho uterus 

and placed in a bath of cruohed loe and &~l~e. About 3-5 cmo'from 

the umbUicus, e.m:;all inoisions uere mado iuto the umbil1cal v06sels 

and Goft plo.otlc sUicordzed oatheters lIOl"0 inoort.ed into tho 

umbUioal o.r'üerieo and veine The tip of the venouo catheter reacbcd 

the caudal end of the du~tul9 venoSlls ,,[hUe the t1ps of the a. rte rial 

cathoters reachcad just inside the abdominal t'mil. The positions of 

the catheters l:rol"O seoured by menns of lA. ligature around the cord. 

In random cases bila.teral adronalectomy t'ms cnrried out Kollot-3'-

ing succeuoful insertion of the catheteroo This t'JaS par.rormed hl" 

Dro R.. l'JUson using bilateral fl.a.nlt inoisions uith res9ction of tho 

tuelfth rib on either aideo The total opi3rating timo uas ttlenty f'ive 

minutaGe COluplateneos of' ndrenala'ctomy t'm.s aSB3flc~d by careful 
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02rf.l.mp..stion of the op3rativo sito at tho timo of diooeation of t,ho 

organoo In the fetucoD undorgoing total biJJ!l.toral adrorl:!l.J.octC:lY~ 

hydrocortisono UD.O addcd ta tho p:n"fuoi!l1!g fluid in a concontrntion 

of 28 i!g.,/rilo 

Follouing incortion of tho co.t,hotoro and adr0na.loctoray tho 

fetuo ijnO plo.cod in tho pûrfuoion c!nmbo~" fUlod 'l:rith ca. lino 0 I-ii 

traD m"1.1rit.a:'!.ncd nt 20°C fm.~ tho initwJ~ o'iïu.dic D and nt 32°0 fOÀ~ tfrw 

lnt,or on:;oo Blcod return:lng from the fotua vin tho t1mbilico.l 

81:'torioD tIns calloctod in boalto~:'s anrl 1';.:',0 not lfoturnod to tho 

O:2t:ygom.tor for j;"'ocycling to tho l'etnDo Th3 inflO'C-r drop 1"0.1:.0 tID.O 

adjuoted ta oquo.l tho out flou ra.teo Gœ:moncing nt tin,to zoro and 

a.f'ter every firth minute of porfuoionj) one-tonth of the radioactivE) 

subotrato uns 1njected into the umbUical vain catheter. The in

jection tro.s given slouly over ono minu.te ~rith continuous viaua.l 

monitoring of the fotus.. The fin.9.1 portion of the radioactive sub

strate. l'JaS injectcd in the 45th minute of tho p~rfuCl1on and the 

psrfusion t-ms terminated nt 60 minlAteoo The fctus UllD removed l'roll 

the chamber and the cbast and abdomi.n.a.l cavitiea oponed.. Propyleno 

glycol t'laS the solvent usad in dissolving the laballed 4-140-

progeaterone0 It tends to cauca homorrhuge but intraploural bleeding 

tm.a found in only one fetus. 

fOOLING 0E-TISSUES 

At the end of the par.f'usion the organe tIere ca.rofully d1soectod 

out» blot tod iree of any blooc! and wa1ghed.. 'rhe blood returning l'rom 
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the fetuocD 't'!aD colloctod in othlJ.nol and the volume mcaourcd .. 

Th'J tiOBll.::m f.rom nine groooly 1101"2..0.1 f0tUS3D U0I'O t'\ced for 

tho icolntion of rndio~ctive motaholi~oo of progeotoronoo Four 

fet,uo00 uoro intact and five UOI'O oubjoctcd to tota.l adren:lloctomy 

p:rdOl'> to tho p~rfuoiono I~'"\leo nnd fOill:3.1oo troro pl'>ocoooocl togothor 

bht tha o:i~~r2.cto of ~(,ho tioouoo fren. th0 intuot fotucaQ U01'O procoocod 

COp3.If.J.toly fr-om thooc;) of th:J ndl'mnlootomi~ocl fOtUC30 o Us:1ng tho tua 

m~p31"im.ontal groups, poolo vlore I:2ado of tho ca.c.e "t;ioouo frcJl cach 

f,0t'llOo The OOJï: of tho fotus, tho crmm~hool long~h in contim'Ji~oro 

and tho doco of h~ lk.C-progootm:,ono (in Orill and 91go) parfuood iD 

givell in Table IIIo 

~RACTION OF TISSUES 

All tissues were homogenized in 100 par cent athenal usipg 

either the t'laring blondol' or qtW.rtz sand t·rith a mortal' and pastle .. 

ThG homogenate 'tma curt.racted tlIice tnth equul volumes of abs61.ùte 

ethanol and then t"dth three volU11l.e8 of 80 }J3r cent ethnnol.. Tho 

etlnnol ~xtract \ms talten to dryneso on tho rotating flash evapol"-

o ator at 40 0 and. the rosidue 't"ma then talten up in 70 pel" cent 

methD.nol. This l:1aa otorod nt _20°C for tl:1Snty-four hours and thEm 

centrifuged et -15°0 at 2000 l'op.m. for t't'senty minutes. This pro-

codure C$riTed to defat the eJctract o The supernatant 't'las colloct ed. 

and roducod to n €mall volume in ~o The pH of thio colution 

"t'ms adjustod to 7 ~ 2-705 uith OlŒoni'OOll hydrOJddo and then it, 't'las 

otorod in a deop f'reoze ut _20°C \mtil Pl-oc0sced furt.h9ro 
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TABJ..E III 

INTACT' 

S:::ac Crotm-Hcol ü.Jn,::{(jh 4-Jk.C-PrOBootfOl"OnO Poriènc::d 

(en) cr;:n J1: 106 
lAg· 

r.! 1500 2109 160 

1·1 2600 2401 175 

li' 22 .. 0 24.1 175 

li' 23 .. 0 25 .. 8 190 

ADRENALECTOlUZED 

r,i 17 .. 5 23 .. 0 170 

u 19 .. 5 23 .. 5 172 

loi 22o~5 2606 195 

F 2100 2804 210 

li' 2405 23 .. 0 170 
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PARTITION OF TISSUE EXTRACTS 

The slightly allmlln'J illetlanolic <:m:tract of oach tioouo pool 

~'ro.s dried .!!! ~-' tnen the residue l"1!l.S talton up in methanol and 

an nliquot 't'ms talcen for cauntingo Tho rCEStining OJttract 1'~8 talwn 

ta drynoso again and tho reoiduo diocolvcd in 't'T'ator previously 

equilibroted uith an QqU!'!.l volume of ether.. Tho aqueouc colution 

't'ms tranaferrocll ta a 500 ml 8oparatol~y funnel uith unohingo!) using 

a total volume of 100 ml. ot untel' l> and 100 ml of othor trac udded ta 

the funnel. The cquoouo colution 't'Jas eJ~racted l'1ith the ether by 

st'J"irling the solutions. This t-laS dona ca.refully to avoid ext.enoive 

omulaion formation. stubborn emulsions ~ere oleared either by adding 

excess other or by fUtering through glaco 't100l. M'ter standing, the 

lot1Ter aqueous phase tms run off and the upper ether phase tms poured 

into a sacond 500 ml oeparatory fuxmel containing 100 ml of l'm.ter 

previously equilibrated 't'lith an eque.l volume of ether .an.d the ex

traction repsated. A total of rive 100 ml ether strippings l'lere 

ca.rriod through the three one hundred ml t'latex- fractions. The \'1éilter 

and ether portions lrere pooled sSp3.rately and talcen to dryness on 

the flash evaporator. Bach sJdiract lIas dissolved in methanolg an 

aliquot 'l'1as talcen for counting and the renl!l.inder storad in tho 

refrigerator at 4°C until it t'laS further processed. In this manner 

the metabolites 't'J'ere sSp!!.ratsd into an ether soluble unconjugated 

fraction and an aqueoua soluble conjugatrad fraction. 
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CHROMATOGRAPHY 

Column Chromatograph;y:. Silice.. gel chromatography t-ms uS3d for 

the preliminary sepa.ration of the unconjugatoc! (ether colublo) rûdio-

active m.atabolitesa A typical sllica gel \:olumn t".rae prep!!red a.s 

foll0l1s o 'ro tt1enty-five grams of ailica. gel (Dn.vidson 100-120 moah) 

containcd in a baaker, tJere ndded ten ml of obeolute etlmnol t"rith 

vigorous stirring. Apprmdm.ately 100 ml of the oluting phaoe (con

siot,ing of 0025 par cent ethanol in m'Jthylone chlol"ide:ligroin 83 

1=9) l"1ao thon added to t.ho oilico. gel ln.th Btirrillg. A 100133 fitting 

plug of cotton 1:".r001 t'.ras placed et the lot"mr end oi" an aU glaOD 

column (75 om long, 1 .. 3 cm O .. D .. ) and the column '("18.6 fillcad t-lith thG 

eluting phase o \'lith the atopcock open, the ailica gel slurry tma 

poured into the column and the column uas tappad t"Tith a rubber 

h9.nr!ner in order to expal air bubbleEl and to achieve uniform packing~ 

Th0 dried et.her mract of each. tissue l'ms dissolved in the eluting 

phase and tranoferred to the column "\'11th aoveral washinga.. Five ml 

. fractions "t1ere coUected using El fraction oollector lolith the rate of 

1'101"1 being tt"lelve drops par minute (15 ml par hour). This c.olumn 

had an elution volume of about 35 ml l'1hen checked t-Tith SUd.e.n III (69). 

A 0.1 ml aliquot toms talten from each fraction a.nd the radio-

activity toms counted and reprossnted graphically by plotting the 

fraction number on the abscissa against the oounts par minute (cpm) 

in each fraction on the ordinate.. The eluting solvant uae altered 

pariodically, the changes being governed by the pattern of radioactivity 
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eluted tram the coll.1.mn.. The change 0 in the elution 1::01 vent are 

ehOt'ID in Table IV" Tho discrete poaks of' radioactivity eluted tram 

o 
the column "101"0 poolodp ueighedp and th0 reaidueo otored ut 4. C 

prior to purification by p3.por chrom9.tography .. 

Partition colwnn chroma.tography uas used for the oeparation 

of the conjugated (tater soluble) radioaotivo metabolites of 

progesterone" Colite ,'ms tho column oupport. and it mw prop3red 

at room temp3rD.turo as l'ollmIso Equnl volumeo of Celito (Johno 

l-fu.nville 545) and 0 0 6 N HCl l'Iore mixed and loft for t't'10nty-four 

hours" The Celite \'m.s then u'dshed continuously 1'1ith tap ,'rotor untU 

approJCiJn9.tely neutralo This requircd about thirty-oiJC hours., The 

Celite 't'lBS then 'tmshed uith four volumes of distllled t'.rate!"1 eight 

volumes of methanol and then opread thirùy on a flat tray in ths 

fume hood to dry. The air dried Ce1ite l'ma Gtorod in sealcd bottles 

until uaedo 

il total of 80 to 100 gtna of Cellte \"Jas used for sach column 

ulth the precise amount of support baing chosen in oroer tb obtaln 

a ratio of the l:leight of aample to treight of support in the range 

of 1/500 to 1/10000 The solvent system used for the p3.rtition 

column tms a slight modification of the system described by 

Siiteri et al. (70). 

Table V outlines the solve nt changes that 'tlTere made ns dis-

creto pealcs of radioactivlty"l'rere eluted fl"am the col,lIlUl. 

An appropriate amount of Celite l'las placed in a t'Jaring blendor 

and it 't'ms covered \'lith mobile phase.. A volume of stationary pha.Sâ 



TABLE IV 

SOLVENT GHA~!GES ON SILICil Gm. COLUllNS 

Number of 
Solvant Cha.ngo r& Ethanol in l·îethylen';) Chlorido : Ligroin B 

!A 

1 0025 1=9 

2 0.5 1:4-

3 1.0 Id 

4 1.0 in Methylene Chlorido 

5 2 .. 0 Il IR 

6- 300 1/ n 

7 400 n ,t 

8 5,,0 ft If 

9 6,,0 " le 

10 8.0 n ta 

Il 10.0 u ft 

12 100_0 
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TABLE V 

SOLVENT CHARGES ON GELITE PARTIT ION COLffi.mS 

Iao-Octane:t-ButanoljAmmonium Hydraxide:Watar -
Initial 300:500/ 2;=475 

lat change 200:5001 25:475 

2nd change 150:500/ 25:475 
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equal to ono lmU the ueight (in grams) of Celite uas oloulyaddcd 

lrlth conotant otirringo iL cotton t'1oel plug uas looc31y plr..\ccd nt 

tho 1O't'J01'> end of nn all glase column {95 cm longD 2 08 OoDo)o Tho 

column uns filled uith mobilo ph!l 00 and thon the Celite ,-m.o addod to 

the coltOn and p~cltcd tightly and unifornly tlith Q. otainlooo otaol 

Hnrtin 12o.cl!:OF' (71.)0 Th:;) mobilo plnG3 uas ellot1cd to porcolnto througb 

the paclted column for et leD.ot tuolvo hOUl'O b3foX'o npplying tho 

o~lploo Tho aquoouo fraction tJUO talmn ta drynooo in a 100 ml 

beal!:er and oiJt gromo of Colita lle1'\3 addedo A slurry uns Il!:ido t-1ith 

mobUo pha.oe and thon 3 ml of otl.ltion9.ry plmoo t1or'O odded ,-1ith con

stant otirringo This mixture mM3 then placed on the column and tho 

top of the column l'JaS covered tuth t"lashed ses. œndo 

Pressure, in the form of air, filtored through cotton trool and 

a. column of calcium çhloride, 't'ma o.pplied to the column ta obtain a 

flml rate of approx:imntoly tuel.ve drops pal" minute and 10 ml 

fractions t'rere co11eeted. A 0 0 2 ml oliquot ua.a talcen frc.m each 

.t'l'action and uas counted.. The fractions containing discrete psake 

of radioaotivity l'sare eombined, dried, aliquote removed for counting 

and stored et 4°C prior to further ohromatographie purification. 

Papal' Cbromatograp.illl.. St.rips of ummshed "t'lhatman Noo l .t'ilter 

paper, 17 X ~6 cm uera usedo The eolvent oystems uoed are outlined 

in Table VI. In the Buoh typa systems th.o papers l'lare firGt equil

ibmted in a.n attlOsphero of mobile and otationo.ry phase fOl' nt lonat 

oix hOU1~O, and then the chroma.togrrun ua.o devolopad uith mobile pho.oso 

In tho Za.fièlI'oni typa oystomo the p:lpel~s uero impl"ogœ ted t-lith 
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TABLE VI 

PAPER PARTITION CHROMATOGR1\.FHY 

SytTten Solvent 

Unconjugated Steroids 

A Ligroin C/Propylew Glycol 

B 

c 

D 

E-

F 

Ligroine (1)/90% l{ethar.ol (l) 

Benzene:Cycloho~o (l:l)/Propylene Glycol 

ïOluene/Propylene Glycol 

Bensene (500)/V19timnol (250) :tfater (250) 

Iso-octane (400)/t-Butanol (360):l"ra.ter (120) 

Reference 

72 

73 

74 

75 

76 

77 

G !so-octane (100) : Toluene (300)/Methanol (l:,OO) :e:lt.el" (100) 78 

Conjugated Steroids 

H 

J 

K 

lso-propyl ether (300):t-Butanel (200)! 

Ammoniun Hjdroxide CSO):t!3.ter (450) 

n-Butyl-ether (300) :t-Butanôl (200)/ 

Ammonium Hydroxide (20) :l'Ister (180) 

Toluene (250):n-Butanol (250)/ 

Ammonium Hydroxide (25:11Jater (450) 

79 

79 

79 

Typ3 

ZAFFARONI 

BUSH 

Z..Il.FFARONI 

ZAFFlùW!JI 

BUSH 

BUSH 

BUSH 

BUSH 

BUS{ 

BUSH 
l\) 
-.J 
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propylone glycol:moth~nol (1:1) and b10tted just prior to application 

of the eampleoo Thcco pJ.p8ro l'loro not. oquilibr.J.tBd uith tho oolvonto 

priar to devolof-!.POl'lt of the chrolE.togrooo.. AlI Chl"Of"...n.tography t-raD 

carriod out at roo~ tompa~turoo 

t'Jhon tho 84-3-!mto otoroido 1'j.)l"e uC:;ld as otandD.rclo, thoy tJOll.~O 

locatod on -t..ho chro1.:::J.togrnos bj1' l'?:lt\no of 1.Ütl"a-viol.et light coureo 

(GhrDnmtowo 254 Q~ E!l:ldm.l!l!l) 0 Tho 17-1wtoGt.Ol"'oid standards 't'JSl"'0 

locatcd on ~p~r by tho uco of the Z~~o~n rùaction uo doocribcd 

by S:ward (59)0 Tho p:1por ctrip t'no dipp::::d :ln 8 colution of 205 1; 

potaooj.U!!l hydroJdde in oboGluto othnr..ol, blottod dl."'Y,I'l ar..d thon 

dippad in 2 par cont meta-dinitroberlZone in absolute ethsnolo Tho 

17-1totostoroido appeared as violet-blue spots after hcating to 

60-70°0. Ring A. reduoed otol"olds 't'lare detected by dipping the 

paper strip lnto a solution of 10 psr cent phosphomolybdic acid in 

ethanol, b10tting 't.he strip, and heating in an oven to 60-70°0 (80). 

The steroide a.ppaBl"ed as da.rk blue-green Spo:tSe Radioa.ctive metn-

bolitea uare located on papar chroma.togramo by acanning a. linear 

strip~ 3 cm. uideJ) cut from the middle of the developad chl'omatogram 

in a 't'n.ndot'11esfJ ga.a 1"1011 4'1i' scanner (Vanguard Inatrumenlis l,fudel 800)0 

l·letabolites 't'lere eluted trom the papar chromatogro.m by hanging 

the eelected area. of p!l.per on the end of a curved otainle 60 ste~el 

needle t'lhich ua.s o.ttached to El. 10 ml al1 glass oyringoo The solvent .. 

ussd for elution mn dotm over the papar and t'lae c011ected &0 dropa 

from the end of the Inper. '1\10 10 ml portions of methanol 't'1ere ueed 

fOl~ the olution of €D.ch a:t'ea of' paper conto.ining labelled stel~{)ido 
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The olu . ..:,\to from the Zaffaroni typo oyatoms u~..l8.11y contained 

some propylone gl~vcol uhich incroD.8od the ueight of the oJCtrD.ct 

obtnincdo FOl'" thio reacon tho rosiduo of tho Jl1.':I.terial olutod uao 

rmbjoctod to an othyl acot.atO:lJ'llter partition •. Tho unconjugatcril. 

steroids l'rere p:1.rtition2ld into the othyl ncotato lD.yor tIhich 'tJUO 

thon dr:'!.od ovor nnhyôlrouo codiun oulplnto ami ovaporéltcd !!! ~o 

~J.ch :::ooidl'l.cS troro thon rondy for tho next chrc:ï29.togrnm or fOl"> 

crystallizationo 

~ETE~1INATION OF RADIOACTIV1TY 

Aliquots of samples to be counted uere evaporated undor nitrogen 

in 5 dra.m vials (t"1heaton Glass Company) and the residue \'1806 diaoolved 

in 5 ml toluene containing 003% of 2,5-diphenyloxazole and 0.01% of 

1" 4-bis-2 { 5-phenyloxazolyl)-bonzone. . Compounds 't1fhich ''l'eN inaolùblo 

in tolueno euch as very polar unoonjugated steroids, or the conjug

a.ted ateroids ~'lere di6solved in 0.1 ml or 0 0 2 ml methanol prior ta 

the addition oi' the toluene scintillation miJr:ture. To correct for 

quenching a 14c internaI standard disoolved in 0 0 3 ml of toluene "ms 

added to each vinl \'lhich l'Jaa then reoounted. 

A Paclta):'Cl Tri-Carb liquid scintillation Spectrophoto.m.etel'" Üfudel 

32l4) \"las used for counting. AU the exparimenta to be desc.ribed 

involved the use of onlyone isotope» 1400 The counting efficienoy 

for 14C t'Jas 90% \'lith the photomultiplier set at a gain of 60% and 

uith the lO1'lOr discriminator set st 50 and. the upper diacriminator 

S0t at infinityo Thio effioiency l'1aS determi.ned using stan.dnrd 14C 
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heJCndecmle (cm B:\.tch 5, funoI'olmnj) England). The bnckground aount-

ing rate et thoco oettingo tJo.o bst't'10en 33 nnd 36 Cll'2ù.. In n]~ in-

otnnceo oufficiont counts l1oro ncoumulatcd ta givo a. standard Ol"ror 

fURlTY OF SUBSTRATE 

4 11:.1" ( ... 101 C> 60 /') - I:J-progoota ron0 opeu:u.io activity -, etc/mg unD obtainod 

(CFA-148, B.:l\tch 17). Tho lcbol1ed otOl'Oie! l1<lO pllrifiod by thin 

J..':\yor chrontogr.J.pby on oilien gol G uoing oyotom H of Liohe!:\. (31) 0 

It UD.O storm! at 4°C in bonzeno:m.etlmnol (3:2). Bott'100n 160 and 

200 J,.&g of progesteroœ lION! ussd in each of the psrfualon expor

imente. The labelled progesterone lITaS discolved in 1.4 ml. of 

propylene glycol and one-tenth of the total volume nao injected 

into ~he umbilical voin catheter evory fifth minuto commencing at 

time zoro and fin:iohing in tho forty-fifth minute 0 

FOIDAATION OF DERIVATIVES 

AU derivativea were formed on a. mUligram scala uaing the 

m:iJdiure of the ueightloa6 radioa.ctive motabolite and the non-

radioactive carrier. 

1. Acetatoll 

The aceta.tes l'lere prepared by diacolving the steroid in 

pyridine a.nd adding acetic anhydride in a ratio of 2:1. Tho minmUI1l 

volumes of rengenta uscci 'tIGre 0 .. 2 ml of pyridi17.9 and 0 0 1 ml of o.cotic 
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anhych~ideo llfter tho m:bct.uro t'Jus loft ut room temporaturo for 

elghteen hoursj) the roact:1on \"10.0 tOl"Binatocil. by trD.no.foI'l'ing tho 

solution to n 250 ml sop:lratory funnol oonto,iniIDg 500.1 of :'I..co tiator 

and l ml of 6 rl oulphUlrio acid.. This solution i;JaO thon o;B:'!.~ll."D.ctod 

threo timos 't1:lth 100 ml of othyl acotatc and the comb:1nod othyl 

acotn.to oxtract 0 tfOro uaohcd 't'71th 6 liS oulphurio acid (3 Je. 10 ml) j) 

l l'J codhm hydro:ll.:idü (:3 Ji: 10 Dl m," 'lll1iGil bno1c) nnd tliüh diotillc1 

'tla.tor (3 J~ 10 ml. or um.il neutrD.l).. Th':) otbyl ncotato mw thon 

driod o.ver UMyc!l"ouo c:cdium müphatoj) f:Utorocil., and OWpolL'.:ltcd o 

Tho ucotntoo thuo fomcd tIGro thon clU"clT~togI'D.plr.od on cnll uluoitu 

ooluznno prior to crystallization.. Tho oolvont systOlllD uaod on 

those EillSll columns var1ed, dep:mding on the a.oetato formad. 

20 Theduction 

Sodium bOl"oh~1do roductlon 'Crus psrform.ed as doscribed by 

No~bers1d and t'Jood (82) 0 The produot of the rea.ction ms thon 

chronm.tographed on 0. t:J!all lllUIninn. column .. 

)0 Chromo Acid Oxidation 

The ootida.t1ve cleaw.ge of' the aide chain nt position C-l1 t-ma 

carried out using the method doecribcd by Solcmon et 010 (S)}. 

Acetio acid uae purifled caeh t:ime by reflwd.ng it for four hours 

OiTer potassium par-manga,œte () pSI" cent l;l/V) 1 and then it t.las dis

tilled. '.L'he fraction tlmt oame off nt ll7-11SoC t·.TaS colloetod .. 

A 90 psr cent OC€lt1c acid solution in lmtol" 't·me rode up and thls i11 
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turn nas uced to œalw Il tlJO pOl' cent chrome ucid co1ution (u/v) 0 

Botucon 12 /lud 15 mg ai' otoroi.d noro diocol iTom in 005 ml of tho 

l.\cetic o.cid and 003 ml of tho t'tiO pOl" cont chronrl.c ocid 'colution 

uao o.ddemo A control tU.ho cont.aining cU the colutions but n!) 

otoroid uns prop3.rodo Tho original :solution t-mG a. d3.rlc coloul" am! 

chongod to a. gr-oon-brmm C010111'0 Uhon tho groon colour o.ppoo.récd a. 

c3cond 003 ru of chll"oDic o.citl 't:J.D o.ddcc1 and tho li."o:\ction nllmroc1 te 

prococd for o,ll a.ddition!l1 tijG hOUl"'Oo Tho l',Jo.ction lIDO otoppod by 

tho a.ddition of 25 ml. of t::.\tOl"o Tho aqucou8 roaction .m:bctUl"O 'tla.o 

ox'c.ractcd t'71th othyl acoto.to (3 :n: 50 ru) und tho pcolod üthyl 

o.cotato e2ttracto nOTa lJaœ/;3d uith l N codiua hydroxide t~ x 10 ml ., 

or until basic) &nd distillod t1t\tor (3 :te 10 ml or until neutral). 

The ethyl acetate l'ma dricd over anhydroua sodium sulpl-~te" filterad,ll 

and ewporated on the flash evnporatol" and the reaidue l·ma thon 

chromatographed on an alumina columno 

SOLVOLY.2.~ 

Steroid sulphates uera cleaved by eoliTolyais, using a alight 

modification of the method described by Buratein and Liebar.man (84)0 

A total of 100 ml of freshly raf'lwced and distilled tetrahydrofuran 

t'laS equtlibrated t'lith 100 ml of dist:Uled. trJater st pH 1. Sodium 

chloride liaS added to the t'tatar to give a. 20 pel' cent aolut:lon ("·I/V). 

Then 50 ml of the equilibrated tetrahydrofuran l'JaS added to the dry 

ateroid 1'13 sidue and 70 par cent perchloric acid \'10. 0 added to the 

mbtture (00 09 ml pOl' 100 ml of totrahydrofuran). Tho m:bct.Ul~ l~Cl.O 
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addition of 5 ml of concontratod D.!IJr..oniU!'l hydrmr::ido pDl' .litre of 
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col.ut:i.OOo The Do1utiol!l lIDO rcduccd in V01U!:10 and th:m dUutcm to 

25 JIll t-1ith di.stillcd t"18,tero This colution unD thon O1ctl'acted lrlth 

ethyl o.ooto.to (3 JI: 25 ml) and tho poolod othyl o.cetato OJtt.ract uo.o 

uiJ.ohecil uith l lJ codium hycb."'Oiddo (3 J~ 5 ril. Olt,'> tmtil b:lfJlc) o.nd thon 

,:rlth diotillccil trotOl' (3 1~ 5 ml or until. noutral).. 'rho othyl acotato 

uns dricd ovo1' o.nhydrous sod:1u.tzl culplnto 0 filtoroolo and oïTO.poratcd. 

to (~rynoooo 

8-GIeUGURONID./).:m HYDROLXSIS 

The aqueouB eo1ut,ion to be hydrolyzed t'1ith p-glucuronidoco uao 

adjusted to pH 407 using 50 par cent oulphurio ac1d (v/v) or l' N 

sodium hydroJddoo To the aqueoua solution wo thon added 2 pel" cent 

by volume of 2 !·1ola.r aoetato buffox>" pH 4070 To the solution tme 

added p-glucuronidao.3 at a concentration of 600 unite pel' mlo Thon 

5 ml of mathylon3 OhlOl"ido uac lldded to the· mi:ltturG to control 

bactol'ial grot-rth, and the miJcturs t18B incubated nt 3'fC for five 

deys.. Thon the liberated ateroid W8S e)t;tracted 'trl.th ethyl aoeta.tG 

(3 Je 40 ml) and the pooled ethyl aoetate oort.racts l'J'are l1a.shed lrl.th 

0'01 N sodium h;ydrcatide (3 Je 10 ml or untU basic) and l'11th dlstUled 

t'mter (3 Je 10 ml or until neutra1). The n-.lutral extract ~m.a dried 

over anhydrous f,;odium. e1Ùph.e.teJj fUterod" and ewporated to drynesD 

to give a reo1due l1hich 't'ms f;urified by chrom.atography. 



COLUî-ll'J CHRmlATOGRAPHY lPIUOR TO CRYSTALLIZATION 

To fncilitate cr-ymallizntion follouing roductionJ) acotyl

ation and other renctiono the product formed 't'ms purifioe! by 

ohrocn.togrélp}}.vo This l:ioIl1';ltimes involvod papor chr'oIn3.togr-aphy aD 

discuoced oa.rlier or mOIfO C{l'.!J1I.:only the usa of ~ll colunno in 

i'Jhich tho CUppOl't,ing ncdilEl t:qo oithol" oilica gol or o.luoin3 0 

The D:U:lca gol (DD.vidconJ) 100-120 n::::lOh) tJD.D uced ,llD pur

clncsd9 in rnnounto ronging botucon 50 and 100 tioeo tho uoight of 
tho c~eroid boing purifiodo 

It"\rSOOtl Ml!.IIÙ"..!\. (200 cooh) lIao dca.ctivntcd by the procGduro 

prav-l.ously described by Salomon et 010 (82) 0 The columns t'Tore 

paclced as described earlior and t-Iore developed t'rith variable 

ratios of ligroin B to benzerut", 

F.ADIOCImUCAL lPURITY 

Tentativo identification of the val·ious metabolitos ieolatcd 

tram the tissue 0Jr:tmct s t1aS achioved by comparing the mobility 

of the unknOima l'rl.th selected authentic standa.rds in differant 

papal" chromatographie oyatemso t'Jhen the mobUityof the laballed 

metabolite oorroaponded to 0. knot'm standard, the eesentially 

t'10ightleeo rodionctive mater:ials t'lare eluted from the papal' 

ehromatograms a.nd uero miJœd 't'dth a.n appropriate t-leight of puro 

non-radioactive oa.rrier.. Kn01.d.ng the amount of radioactivity 

added (opra) plua the uoight (mg) of carrier, it t'las possible ta 

ealcul.ate the expaeted specifie activity (epm/mg}o The miltture 
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'uo,e tll(m crysto.lllzed tt'JO to four times using appropriato colvent 

p:drDo Follouing oach cryoto.lli::l!ltion tho mothor liquor 't1/D.S caro

fu..Uye.opiratGd frCEl tho cryotalo" Tho crystalo '\:.112lre uashod t't'J'ice 

'uith a ouitablo non-poInr solvant and tha i-Jaohingo addcd 'GO th::> 

mother 11'1uo1'o The cryBta.lo and E.~the1' liquoro t-1ore carofully drictl 

und01" nitrogono An aliquot of tho cryotalB» corroapollding ta 0 0 5 

to 1 0 0 mg unD l~omovod m'!t1 D.CCU1",'ltoly 1;J0ighczd on a l1ott,lor micro

balance" Thoy \'Toro qU!lntitativoly trù,no.X'orred. to a counting via.1J) 

discolvocl in fl!ethanolJ) driod undOl'> nitl"Ogon, and thon tho radic

activity countod in toluono phoop12oro Tho mothOl'> liquor l'm.O 

quantitatively transf'orrod to Il volumatric flue!!.:" An aliquot 't .. 'S.s 

transf'erred to a vial, and countod. 

~fuen the spscific activitiea of the crystals and mothe%" l1quor 

't'J'are \dtb1n the l:1mit 8 of exper:il!' .. smtal error after tua or more 

crystallizationa a aultable derivative 't'laS nm.de and it 't-JaS purified 

by column chro1ll9.tography. Tho derivative t'laS then recrystal113ed 

t't'1O to four timeso The metabollte Ulla accopted as being radio

chomically pure l:lhen the opacifie activity of tt'lO successivo 

cry9tals and mothar liquol"s differed by 166s than 10 par cemo 

Infra-rad spectre. of each derlvative fonned tlere obtained on n 

Perildn Elmer model 221 apactrophotometero The spectra t'lere obtained 

using a solution in ca.rbon diaulphide or' as ICBr diakso 



FREPARil.TION OF STEROID SULPHATES 

Sulpll'ltes t'Toro proparod uoing a method oimilar to that dOD

cribed by Fiàoor (S5)~ Tho unconjugo.tod otoroid tr.Ll.D diocolvad in 

1 0 0 ml of dry pyridino and this oolution toms trûnoforI"od ta a tube 

iœmorozd in i00j) containing 0. fl"oolùy prop3.I"ed mixture of 1 0 0 ml 

pyrldino and 002 ml of chlorooulphonic acido Altor standing in 

leo for t't'1Onty minutes, ti.'1enty vo11lTIl1GO of ethor 't'jero nddcd tG 

precipitato tho pyridinium oulplmto o The müph9.te colution 'tJa.o 

centrifugcdj) the ouparmto.nt ro!!!oved and tho rosiduo UD.shcd tuico 

lrl.th othero The rosulting reoiduo t-JaS diasolved in 30 ml of 1 îJ 

ammonium hydro:Jtide and thia colution l'Jas extracted tdth n-butanol 

usingl5J) 10" and 5 ml portions of solvent o Tho n-butanol t'ma 

romoved .!!! ~ and the residue t'm.s diasolved in methnnolJ) fUtered" 

and cryatallized. The melting points and in:frarad apsctro of tho 

products l'J'ere comp3.red to thoS3 of authentic standards \'lhen possible. 

Sulpha.teo \lIere dotected on papel' chroma.tograml9 uaing the Dlsthod 

descl'ibed by Roy (86). The papal' str1p UllS dipped in a solution 

o'f chloroform:methylene blue (1:5)0 The sulphato area turned blueo 

SOLVENTS AND REAGENTS 

AlI solvants t'1ore of reagent grade and. t'sere distilled prior 

to usc. 
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RESUL'K§ 

Tho oxp~rm'3ntnl reoults to bo dcocribod uoro obtained follOt-J-

ing porf'uoion o:Jl:p~rimont s curriod out in four intnct an.d fi vo totally 

ndrexmloctomizod pl"'evinblo hWl2D.n fet'Vlcooo Purii'iod 4-Jk.C-progostorono 

disoolvod in propylono glycol 't'ms injectod !nto tho umb:Uicnl voin 

porf'cwlon cathotor ovory fifth minuta in ton cql!!ll nmountoo 

OJ~gorotod and hopJ.rinised typo 0 ndult hurrcnn blood lmo p:::œfucod in. 

oinglo oyole tlu>ougnout tho ontiro 0113 hom~~ Œtpormant o At the ond 

of tha porfusion nll tho tioOUlOO uaro OJrt.ro.oted nnd dofattcdo Tho 

eamc tissues t-Jitbin 08.oh eJtpsrimental group Haro poolod to malte ono 

from the intact and the other fram the adrenalectomized fetu6co o 

ThEm the metabolitea \>mre sepnrated and partiBlly ident1fied by 

column and papar ohromatograph,y and the final idontifioation and 

dogrea of radioohemical purity l'JaS establiehed by oryetallization 

follot-J'ing addition of unlaballed oarr1.er steroid, derivati.ve form-

ation and racryBtallizationo 

GENERAL 

The aoocJ' oro'tm-heel length and total amount of radioactivity 

pcrfusad in the four intaot and five adrenalectomizod fetueas aro 

shoun in Table III. The gestational age of the fetus at the t:lm.e 

of interruption of the progrmncy vlaa oaloula.ted frQlll the firs" clay 

of the last normal menstrunl period and lma betl\10en 16 and 20 t10elcs. 

In Tabla VII a.ra shOlID the total blood volume sand tissuo 
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TABLE VII 
- . 

RADIOACTnrnY IN TISSUE POOLS FRŒ·I FOUR·IN"l'ACT FETUSES 1?ERFUSED 1JIïB 4~14C-PROGESTER.mm; 

Tissuo Ether Fl'ill.SO Aqu~us Phaso 
V01U!!l9 Extract % of d of 

cp x 106 op x 106 1;) 

Tissue (ml) cID x 106 Total Total 

Perfusate l (0 - 15 min) 152 5 .. 59 5027 940·3 0,,19 304 

1?erfusate II (16 - 30 min) 163 S.2l 7083 9505 0045 505 

Permete III (31 - 45 min) 166 9.38 7076 82,,7 0081 80 6 

Perrusate IV (46 - end) 1SO 6.36 508S 9205 0056 80S 

l'Teight 
(gm) 

AdreI'l.a1 306 0.57 0031 5.402 0022 38.6 

Liver 38.9 5081 4097 85 .. 7 0061 1005 

Lung 3401 1078 1057 8802 0012 608 

Kidney 7.6 0.39 0 .. .34 870 0 0005 1208 

Intestine 2605 1.23 1007 8602 0017 1309 

Residue 738.0 6089 7.,99 ll6"O 0090 1301 

\.0.) 
~ 
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·Ç.-10ighto from each pool of t1S51)'..o EoUouing tho porfuoion 0xporin!.3nt 

in four intact fetuc600 Alcm ohmm aro tho total cp.."?1 in Go.ch ·C:l.Offil0 

pooL Ih'l.o to an ovorsiBht thoco values no If 0 not corrocted for 

quonch1ng~ thus o.ccounting Eor tho apP!l.l"ont discrop:mcioa in tho 

counto ohm-m in this tabla (eoge> rooiduo)o Tho CpJ!l and pOl'" cent of 

t.otal counto in tho othor fraction an.d aqueouo fi'D.ction aftOE' 

pJ.rtitioning o.ro includod in thia tnbloe Table VIII ohml0 o·1mU.nX" 

dD.ta on the distribution of ro.dionctivity in tho tiocuo poolo f'rc::l 

tho f'b10 pOl"fueiono in totnlly o.dror'..:llocto:mizod fot'litiOO o Tho 00 

counte 't10ro corrected for quoncl'liJl.go 

: 

THE ISOLATION, IDENTIFICATION AND PROOF OF RADIOCHillUCAL PURlTY 

OF l-ŒTABOLITES lSOL.l).TED FROU THE FE1'AL TISSUES 

§t'lIER SOLUBLE UETABOLTrES lSOL.I\.TED FROU THE TISSUES OF INTACT FEl'USES 

lhoh tisaue Qjâ.ract t-ras chromatographed init:L'!l.lly 0lU a silico. 

gel column uoing a discontinuous gradiento The eolventB usod to 

develop this column UQre atbanol, mathyleno chloride and ligroin Bo 

An inoreaeing concèntration of othanol in a changing ratio of 

methylene ohlorido :ligrom:B \m.s uoad ta olute the metaboliteso An 

aliquot of each colwnn fraotion '·m.s countod and the radioaativity 

o+uted 63rved as a guide :i.n clmnging the solvants applied to the 

colunmo This type of chrOll2!ltography a.f.'forded El gond initial sapar-

o.tion of' the metabolites of progesterons in oaoh t,issuo Btudlod .. 
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TABLE VIII 

RADIOACTIVITY IN TISSUE FOOts FRŒ·i Fm 1I.DRENALECT-Ol'UZEJ) FETUSES PERIi'USED UITH 4-14C-PROGESTEF..ONB 

TisS'.1e Ether Fœ.so Aqueous Fh~8C 
Vo1l.llIl9 ~"tract 

cp:l =~ 106 % of 6 % of 
Tissue (ml) cpn x 106 Totnl 

~. 

Total cp x 10 

Perfusate l (0 - 15 min) 292 6068 7,,43 IDoO 0026 .309 

1?crrusate II (16 ... 30 min) 3a5 9063 9060 9907 0,,47 409 

Perfusate In (31 - 45 min) 330 7021 8077 12200 0,,36 500 

Perfusate IV (46 - end) 384 7010 7029 10300 0024 304-

1:raight 
(go) 

Live!" 44,,9 6037 6,,4$ 1020 0 0034 503 

Lung 3501 1039 1062 11700 0007 500 

Kidney 70 S 0029 0030 10:300 0002 609 

Intestins 31.4 1018 loTI 9400 0023 1100 

Residu.e 8500 0 12084 18027 14200 00 59 406 

~ o 
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The fractions containing dioc!"oto panks of radioactivityelutod 

Horo poolcd, driod, "t'Ioighed end aliquoto uaro countoc1o SoquontiBl 

pJ.par chronntography 1:~'!lO thon carrier! out uoing the systems outlinc;d 

in Tabla VI .. 

C1"'Yotallizaiiion of the r-adioncti va mota.bolito uith D.uthontic 

c['I.l'rioX"J) dorivntiv0 fO:rœ::l.tion and l"ocl"Yl3iio.llizntion uore carriod out 

noing tho tochniquoo discuocçd proviouolyo On cortain occusions 

follouing initioJ. cryotnllitlation tho OfllJ.S compoundo iGolntod frOl:l 

diff'oront tissuos 1:;;]1"0 poolocll. fOl~ dorivntivo fOI'Zi::\tion and 1'0-

cryotnllizationQ 

ADRENALS 

The o0parotion of' radioa.ctive metabolitos follol'ring sUica gol 

oolumn chromatography of' the ether soluble material f'rom the adromls 

le ahotm in Figure 20 The fractions pooled and any compounds ident

ified from the pool are shotm in Table IX. 

Papal' partition chrOll1!\.tography of the individusl radioactivo 

pealta s!lOt-m in Table lX '! .. m.s carried out. Some of the labelled mater1a.l 

t'rom the column resolved into a numbar of' Sl!!Ù.l zones aftar papor 

cbroma.tographyand identifioation of theoe \:.'8.8 preeluded bacauso 

they did not coDtain a 6uf'ficier~ amount of radio3ctivity. Table X 

ohons the paper chromatographie systems uecd in the purification of 

the identified metabo11teo of the adr0~1 ether fraction. Aleo 

clunID 113 the radioactivity eJtproo06tl ua cpm eluted from the f1ml 

ll3-p3r plus the lJaight in mg of the carrier steroid added prior to 



SI LICA GEL COLUMN CHROMATOGRAPHY· OF THE ETHER 
EXTRACT OF THE ADRENAL FROM THE INTACT FETUS 

CPMI FRACTION 

100,000 

80,000 

60,000 

40,000 

20,000 

20 40 60 80 100 120 
FRACTION I\lUMBER ,-_._. __ ._._._. __ ._._._-

% ETOH 0.25 0.5 1 1 2 3 4 5 6 8 10 100 

% L 1 G ROI N 8 90 80 50 0 
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TABLE De 

'l'OTAL Gf~·l1UID i·lliTAEOLITES ISOL.'lTED FRon THE R.tlDIOAGTIVE FE1lliS 

OBTAl1JED AF'rRl1 COlumI mIROI-ffi.TOGRliPHY OP Tfffi ETHER. FRllGTlmJ li'RŒl 

THE LWF.m!.tlL 

Fr.J.ctiono cp:l Uotnbolito Idontifiera 

28-34- 36,000 i?l-ugootorOll'J 

.'-35-42 17,600 '1\10 urumo'tmo 

55-67 35»500 20~dihydroprogeoterone 
17a-hydroxyprogGo~orona 

68-76 23,800 Tuo urumm"MO 

77~82 17,000 One UruOlOt-m 

83-89 669 200 lérn.-hydro:lryprogeoterono 

90-97 17,300 Ona llILtmOlm 

98-106 36,800 One unltno~m 

107-125 75J 900 TTiIO unlmolmo 

126-129 4,300 Tl'ro unltnmma 
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TABLE X 

FUlUFICATION OF METABOLITES ISOL!TED FRO}! THE ETHER EXTBACT OF THE ADREHAL FRC:-1 T.HE 

COEpound 

Cpm elllted l'rom 
silica gel coluon 

J?e.psr chroœtography 
syst,ens ussd to 
~~ifymetabolites 

Cp:n eluted .t'rom 
f'icl papsr 

Carrier ste1"Oid (mg) 
edded ta eluate 

PERFUSED D'TACT FE'l'US 

2Qg..dihr~progesterons 11~-hydro~-.ogesterono 

~35,500~ 

c C 

± t A 

9,300 4:>500 

15080 2.3~60 

lé~hydr~rogeoterono 

66,200 

D 
i 
c 

15s 000 

27oCO 

.f!
cl~ 



( 

45 

crysta,llizationo Three moto.bolitea t'lel""O 1dontificd from tho lldrenll 

ether fractiono Tho 00 are 20ar.-dihydroprogeoterona D 16a-hydroJry

progeoteron3 and 17u..-hydro2ryprogestoronoo The cl"'yeta,11ismtion dntn 

of the stamid and ito appropriate derivativo is ohm'ffi in Tnble Xlv 

The oido chain of 17a-hydroocyprogesterone vIaS ooddi2od u1th chramic 

acid ta y-le1d androstonedions o It ahould bo notcd tlmt the puro 

2Qcr,..dih;ydroprogasterone obtained by cryotallization uas thon m.i2r:cd 

uith tuo same purified IDotaholito ioola.tod from p.'3Irfusate and 11v01,"" 

This oiJcture t'm.s then acetylated and cryotv.llized.. This accounto 

for the td.de1y diff'erent spacifie aetivity of the fx"Oo compound and 

its derivatives .. 

PERFUSED BLoOD 

The parfusate l"0turning fram the fetus via the umbUieal artery 

cathetor(a) dUl"ing the ona hour expariment l1as collected at 15 minute 

intervalo (numbered 1-4)0 Eaeh portion t'ms proeeassd separately but 

no consistent dlfferences t'lere noted in comparing the reault 0 , 

obtained for the four sampls so nluotrated in Figure III ia tho 

elution Ç)f radioactivity from the oiliee. gel column l1hsn th0 

EllJctract ot perfusato (number 4) t-ms chromatographed.. This figura 

18 represantatlve of the four blood ooct.racta t'lhlch ~J'ere proeeasedo 

The metabolites in ea.ch blood extract twre lnveetigated 

sa pa rat ely. In Tables XII-XV a.ra shoun the fractions poo1ed frcm 

eaeh column, the amount of radioactivity in the pool, and the 

metabo1ite, if any, ultimately identified in tbat paa.lco 
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TABLE XI 

DEl·IDNSTRATION OF F.ADIOCHEMICAL HOMOGENEITY OF METABOLITES lSOLATED FRO:r THE ETHER EXTRACT FROU 

Crystallization 

Cnleulated 

Calculated 

l 

2 

.3 

1 

2 

:3 

THE ADRENAL OF THE PERFUSED nr"1ACT FETUS 
-

(specifie aetivities - C~Eg8) 

2Qa.-dihydroprogesteron9 17a-hydroxyproge ote rone 

XL ML XL NL 

660 635 150 300 

625 630 145 165 

655 615 135 150 

590 190 

2~ihydroprogesterone ~4-androsten9dione 
aeetat~· 

XL ML XL !:iL 

7520 7500 165 170 

7480 7400 170 155 

7480 '7350 

SO,30 160 

16&!i-hydro~typroge steron0 

XL t1L 

560 530 

540 580 

555 

16~-hyd~~rogesterono 
ac etat c 

XL lit 

500 5.30 

500 520 

490 
-~~e diserepancy in specifie activitiee betl-j'een 20a.-dihydroprogesterone and ito acetate 10 due to the 
cambination of 2O:::t.-dihydroprogesterona from liver and perfusa.te (folloi1ing crystallization in th'3 fies 
fom) rith that froID. the adrenal, then acetylation and recrystalliz-ation of this ni.~urGo 

~ 
0'< 



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

CPM 1 FRACTION 

100,000 

80,000 

60,000 
1 ~ ~ ~ ~ tj 

40,OOO~ fai irai Irat ~~ 

20,000 

BO ~oo 120 
f~unm3ER 

-"'---.. --.~,,_.~ .. ~ .. ~.,~.~==~-

% ETOH 0.25 0.5 1 2 3 5 7 10 100 

% LIGROIN 8 90 80 50 0 
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TABLE XII 

TOTAL CFil AnD rffi'fiumLITES ISOL..I'lTED FRœ1 THE RADIŒ).OTIVE PJ1~!Œ 

OBîl\.DJED JUi'TEH C01ill@1 mmœffiTOGRAiPHY OF THE mrHER JJRl\CTION FROU 

1?ERF'US.flTE l 

FIt:actions cp:.! I·bta.bolito Icoll.ltcd 

22-44 l~,831,OOO Progestoron:) 

52-64 41,\1000 20~dih~~roprogeaterone 

65-76 149,\1000 16p..,-hydroJcyprogesteron'O 

77-86 19.11000 Corticoaterono 

115-117 18,,000 Un.lmOl:m 

(- : 

.-'-



TABT..J); XIII 

TOTAL CE-! JUID r-1ETAEOLlTES ISOLATRD FIlm-l THE RADIOACTIVE FEALCS 

OfirAIW.m AXiTER COUJr.1H GImO~l/}.'I'OGRAFHY OF THE ETHER FRACTIon FJ1Œl 

iPERFUSATE II 

Fl"ùotiono cp!). Hotabolito Ioolo.tctl 
1 , 

l-ll 175J) 000 Unknmm 

12-25 6,475,000 rnge aterone 

26-36 61,000 lPregnunolono 

43-68 101,000 20a-dihydroprogeeterone 

69-79 63,000 20a-dihydroprogesterono 

80-91 240/)000 16~-hydroJ~rogeotorono 
plue unknot~ 

92-97 38,000 16a.-hydroltyprogeeterono 
phas.unlmmm 

98-10k, 22,000 Corticooterooo 

105-125 51,000 'l'uo unlmot-mo 

126-137 36,000 Tuo unlmOt-ms 
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TABLE XI\/' 

'i'OTlU.! ClFi·1 AtID !·1E'fAEOLITES ISOL..'lTED FRQ:.1 TIffi RADIOACTIVE PEAICS 

OBTAItOO Al.ï'TER COLUHN CHnmmTOGMPHY OF THE ETHER FRACTION FilOU 

l?ElU'USATE III 

Fractiono cpn N:etabolite Icolatod 

3-11 233p OOO Unlmolm 

12-22 6,163,000 Frogeoterone 

23-32 ll6"OOO Proge6terons,Pregn3no1one 

33-42 99p OOO ~l~gestel~ne,Pl~gl1Snolona 

50-64- 396p OOO 20a-dihydroprogesterone 

67-73 636,000 16~hydroxyprogeeterone 
plue unlmotm 

74-95 159»000 16~-hydr~xyprogaeterone 
plue urumm-m 

96-100 28,000 Unlmo'tm 



Il 

TABLE XV 

TOTAL GB-1 AND !-lETABOLITES IS01J\.TED IlF.œ·l THE RADIOACTIVE ltEillŒ 

OBTAINED AFI'ER COLUUN ClIR01·1ATOGRAFHY OF THE ETtffiR FMGTIOtl FROn 

FERJ.i'USATE Iï1 

l"l."8ctiono cplil. Uotabolito Ioolatccll 

6-10 9j)OOO Unlmm'ID 

18-30 295,000 Progesterone plus u.n!motin 

31-37 4,330,000 Progeaterons,Pregnanolon~ 

38-52 198,000 Pregnsno1ono 

·57-64 1979 000 2Oa-dihydroprogesterone 

65-77 237,000 Throo unlcnm-ms 

78-89 11211 OOO Cortioosterone plue unknotm 

90-105 3511 OOO '1\10 unl(1W~m8 

106-115 37,000 Four unlcwmno 

124-121 26,000 One unknOlJn 

51 
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Tho four @otabolitoo ioolD.ted from tho p~rft\Ea.to t".roro prOs9nt 

in the oamplos collocted at the wriouo time intorvalo and in 

Tablo XVI 0.1'0 OhOl"ID. tho proceduros uC:Jd to icolo.to tho m'3tabolitos" 

Tho papal" chroffia.tography oyotomo uo:)d for cach compound 0.1"0 ohot-m 

along t'71th the nwnJJer of cpm. olutod l'rem the f'ina.l lDP0I"o Tho 

am.ount of nuthentic cm:rier :ln mg o:brod uith the rndioncti V0 

lJ1otabolit0 for cryota11ization io 0.1eo shaun" Tho C!I; .. yotIlUizat:ton 

dntD. for the freo compoundo and thoir dorivativoo 0.1"0 ohm-m in 

Table 1.'VIIo 1i?l'>egnanoloneS) 20Cl..-dihydroprogootoronoS) 16a,-hydrooty~ 

progoGt.oron.o und corticooterono tIero icolated irem tho por.ttJlOD.to 

and the radiocho!!.dcnl plllrity of oach U8,O eotablishcdo 

Follot'ring init:inl crystallization of the pragnanolone, the 

tiret mother liquor l'las recrystallized l·Tith the epim3r 313-hl'droxy

~prognan-20-oneo - The contlmled. aasociatiOl'l of radio-activity 't'lith 

the carrier in the crystals plUS the formation of the derivativo 

and ita satiafactory cryatalli?.atlon Is talcGn as evidenc0 th!lt 

these epimel'>s are Pl'aeent in the OJctiract of the p3rfueateo 
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TABLE XVI 

PURIFICA'l'ION OF 11E'rABOLITES lSOL./iTED FRa1-! THE ETHER EXTRACT OF PERFU5..t\TES 

l~etabolite 2~dihydroprogesterone Corticosterone l~hydroxyprogootoron2 PrGgnanolono 

Perfuste l l II III 

Cp:1 eluted t'rom 
silieu gel column 41,,000 19,000 3S,CCO 99,000 

l?a~r chrœ!atography B D :e A 

Dy::::.tems used to ~ ~ ~ 

purit,ymetabolites "- C C C 

Cp. eluted frœ:l 
filml paper 12,150 3,900 11.:1500 38,200 

Carrier steroid (mg) 
added to eluate 14075 33055 13 0 0, 31020 

~ 
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TABLE XVII 

DErIDNsrRA.TIOI~ OF R.WIOCHEl.fICAL HOJ:.fOGENEITY OF THE l-:!ETÂBOLITES ISOLt\TED FROl'I THE ETHER 

EXTRACTS OF THE PERFUSATES OF THE INTACT FE'I'US 

(specific activities - cpm/mg) 

2Ow-dihydro- 16~hydroxy- 3f3-hydroxy-a.-
progest.erone Cortico sterone progesterone Pregnano+one pregp..an-20-one 

Crysta11ization XL NI. XL 111 XL ML XL HL XL U(, 

1 640 950 120 180 590 980 340 5130 600 1750 

2 640 640 110 120 560 610 300 780 690 820 

:3 650 670 120 110 570 560 280 :.'3l;:0 710 :720 

4 290 300 

Ca1culated 820 120 850 220 960 

20a-dihydro-
Corticosterone 

16a.-hydroxy- 32,20p-dihydroxy- 313, 20p-dihydro~~-
progesterone progesterone 513-prElgJ:'!..ano 5rl-pregnane 

Acetate* Acetate Acetate 
XL l-fi, XL 1'11 XL l·iL XL Ut XL !-fL 

1 4350 4540 90 90 440 420 270 270 740 710 
2 4260 4300 90 90 440 440 270 260 720 720 

3 4290 3960 
Calculated 4200 liO 440 290 710 

~"'l'he discrepancy in specific activities betlveen 20a-dihydroprogestsl"oIl3 and its acetate is due to the 
combination of 2Ch-dihydroprogesterone from adrena1 and liver (folloL-ring its crysta11ization) t-Jith 
that from the perfusate, then acetylation and crysta11ization of this m:ixture o 

.. 
i 

VI 
,,':-
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IJ. tuonty-fivo gran o11ico. gel colurm devolopod 't"rlth a dic-

corrtinuous gradiont uoing incrc:\oing concom.r.:lt1ons of othn.uol in 

mothyleno chlOl:.ldo :ligroin 13 trac usod fol" t11.o proliminal"Y purific

n-tion of tho liver eJctluct froIn tho porfuoion stiudioo in tho intact 

fotnDo The grD.phic roprocontation of the elutod radioactivity iD 

onOlm in Figuro l:,o Tho fractions poolad, the total Oriiù in each 

pool and the motaboliteo idontifiod aro OhOlffi in Table XVIIIo 

Individunl ro.dicactivo p:JD.h:o from thoco pools Haro oubjoctcd to 

doocending papal" chroDl'J.tographyo Th'9 oyotems uocd and tho cpJl 1'0-

covorod .t'rom the .t'irull p:l.per for the thrao compounds idontified are 

ehol'm in Ta.ble XIXo As sholm in this table, 10613 than half of tho 

ieolated radioactivity (551,400 cpm) t'ms mixed ,'Jith carrior steroid 

for cr.yàtallizationo The cryatallization data for theae compoundo 

ara givon in Table XX. 

The initial separation of the rad:1.oactivG metabolitee of 

progesterone ua,e a.chieved by absorlltion column chromatography using 

sAice gel ae the 6Upporting msdium. The co1umn lias developad ua1ng 

serial solvent changeo imrolving incroasing concentrations of ethD.l101 

in mothylene chlorido and ligroin B. In Figure 5 iD shoun the 

elution of radioactivitYJ/ determined by counting an aliquot of oach 

of the; 1ilÙ. fractionso Cortain fractions from the radioaotive pealto 



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

CP MI FRACTION 
100,000 

80,000 

60,000 

40,000 

20,000 

20 40 60 80 100 120 
FRACTION NUMBER 

____ • ____ 0 ___ 0 ___ 0 • __ • ___ • ____ • ___ • ___ • ___ _ 

% ETOH 025 0:5 1 2 3 4 5 6 8 10 100 
% LIGROIN 8 90 80 50 0 
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TABLE XVI!! 

TOTAL CHI A~lD UETAEOLITES ISOLATED FIlm! THE RADIOACTT\TE iPEJllIS 

ODTA!NED Alr'J.'H~ COLu.ml ClffiŒ·1A'iOGIfWJ?HY OF THE l1THER J.iW\CTIOIJ FROU 

THE LIVER 

lll'actiono cpn. l1oto.bol:i.to l colo.tc;::r1 

5-12 62.11 150 Unlmo~m 

'16-27 22,,650 UnknOt"m 

28-35 297,,600 Proga ate l'one 

36-53 503»000 Pregnano1one Plus progesterono 

54=56 168»400 fhoeg~no1onel plue unlmo~m 

57-69 716,1)600 2~dihydroprogeaterono 

70-77 209.11 050 Thrae unlmotms 

78-93 1,1)664,000 Pl,"egnanedio1 

94-100 132,500 Ttro unknotma 

101-112 243,700 Two unlmmms 

123-129 121,1)200 One unlmotm 

Il ..... __ . , 
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TABLE XIX 

PURIFICATIDN OF 1-mTABOLITES lSOL..4.TED FROI-! THE ETH k~ E!TR..tlCT OF THE LDJ'ER 

Hetabolite Pregnanolone 2~~progesteron9 Pregn.;?n~diol 

Cpm eluted frc::ll 
silica gel coluan 503,100 716,,600 1,'}665p OGO 

Pe.per cllromatography B C B 
ayctems ussd to J ! 
purifymetabolite A C 

C~ eluted from 
f:i.Iml paper 354,900 503:;6ûo ls220"CCO 

Carrier steroid (mg) 551,'}400 cp 
added to eluate 1000 0 21 .. 65 110e92 

~ ro 
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TABLE XX 

DEMONSTRATIOlJ OF R.llDIOGHEMICAL HOHOGENEITY OF l·iETABOLlTES ISOLATED FRO~ THE ETH'"RR EXTR..LlGT FROJ: 

Grystallization 

Calculatsd 

Caleulated 

l 

2 

:3 

4 

l 

2 

3 

THE LIVER OF THE FEIil."1'USED nmCT FErUS 

(specifie aetivity - epm/mg) 

2~-dihydroproge~~eron6 Pregzmr..olona 

XL lfi. XL 11L 

23340 23100 2570 4970 

23090 23020 2570 4220 

23270 23270 2410 3240 

2560 2~OO 

23260 3350 

20~ihydroprogesterone 3Ckr.,20j3-dihydr-o:::çy-
Ae etat e-;"l- 5~ ... pl"egnn.ne 

XL i-fi, XL l~ 

7520 7500 5350 4310 

7480 7400 5120 4650 

7480 7350 5200 5330 

7620 4900 

Pr-egr,,!uladiol 

XL fiL 

5350 4310 

5120 4650 

5200 5330 

l}980 

rngr.ansdiol 
Diacetato 

XL LE, 

1.:,240 4090 

LJ.3S0 4330 

4360 4040 

4160 

{;-Following initial erystallization of 2Qg..dihydroprogesterone isolotsd 1'1"0::1 live!:' and adrool 

extracts, the finsl erystals of each l1ere !!ÛXed together, aeetylated and recrystt:111izedo '.thio ~ 

accounts for the difference in specifie activities of the acetate cc:n.pared to the i're8 CC!!lpol.1!1d o 
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SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER 
EXTRACT OF THE LUNG FROw1 THE If~TACT FETUS 

CPMI FRACTION 
100»000 

80,000 

60,000 

40~OOO 

20,000 

20 40 60 (SO ~OO I~O 
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t'rore combined aa ahoun in Tab1.a XXI" Tho total cpm in each psak 

la ah01"ffi along uith any metabol..:ito isolated.. Furthe1" purification 

of the radioactivo mato1'ial t-:n.s ochievod by p:lpor chromatography 

using tho apscific systems ahot-m in Table XXII. The cpm l'OCOVOF'od 

from the final papor and the o.mount of authentic ca1'1"i01' Gteroid 

added to the J..~belled motabol:i..to prior to 1'ecrystnllization nX'Q 

a1so onot'm in thia tableo 

The cl"ystallizetion data. of theso motaboliteo aru ahot-m in 

Table XXIII.. The dotection and proof of idontity of tho ep:1mero 

of progrenolono ~-.m.o firot dcmonGtrated at th!s timo.. Prior to thio 

only the 3a., 5~ op:imcI' hnd baer! i.co1e.ted but the mother liquol"s of' 

its crystallizations had conta:ined large amounts of radioactlvityo 

Included in thls table la data :t'rom an attGJllpt to crystalllze tho 

5J3-form 't'rith radioactivity eluted f'ram the papsro l·1gat of' the 

radioactivityappeared in the .f':i.rst mother liquor and very little 

~adioactivity TOlil9.ined td.th the cryatallino matorial suggeating 

that there l'laS 1ittle if any of the 513-foImo The f'iret mothar 

liquor l:J'a,S thon m:i:!œd t'dth the 5m.-apimar a.nd cryBtallizad t'1ith 

the good raeults as eho~m in the table~ 

IÇ,IDNEY 

The ether e.xtract f'ram the kidneya obtainod t'rom the perfuesd 

intact tetuaas lla.S subjected te absorption column chromatography 

on silica gel as the initial purification procedure. Approx:J..ma.tely 

100 five ml fractions l:16re coll.ected uaing a discontinuous gradient 
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TABLE XXI 

TOTAL CBI AND UETABOLlTES ISOL..I\TED FROH THE RADIOACTIVE lPEAKS 

OBTAINED AliTER COLUHN CHROUATOGRAFHY OF THE ETHER FRACTION 

FR0!-1 THE LUNG EXTRlI.CT 

Fractions cpm l·letabolite Isolo.ted 

7-13 125p OOO Unknmm 

27-34 30,000 Unknotm 

35-42 946,000 Progesterone 

43-53 107,000 Progesterone, Pregnanolone 

54-59 38,,000 17a-hydroxyprogeaterono 

62-66 42,000 20a-dihydroprogesterono 

67-76 65p OOO 6f3-hydro~cyproge sterone 
plus unlmo~m 

82-86 32J1000 Tt.1O unlcnmms 

\ 
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TABLE XXII 

PURIFICATIOn OF l-1El'ABOLITES ISOLA.TED FRmI THE ETHER EXTRACT OF THE LillZG 

!-!etabolite 

Cp::n eluted tram. 
siliea gel eoluon 

Pape!" chroma.togra.phy 
systems used to 
purifymetabolite 

Cp;:ü eluted from 
final pg.pgr 

Carrier steroid (mg) 
added to eluate 

Pregnanolort3 

107;000 

A 

56,,350 

45062 

l7a.-hydroxy-
progesteroœ 

38;000 

B 
J 
C 

900 

10.95 

2cm,..d~ 6!3-hydroxy-
progest eron.e progesterone 

42,,000 65,000 

C c 
~ 
Il 

21:>350 16,$00 

15020 17oÎ.}O 

"--

$ 



TABLE XXln 

DElIDNSTRATION OF RADIOCHEMICAL HOMOGENEITY OF l1ETABOLITES lSOL.ilTED FROH THE ETHER 

EXTRACT OF THE LUNG FROI'4 THE PERFUSATE INTACT FETUS 

(specific activities - cpm/mg) 

3J3-hydroxy-5a.- l7a.-hydroxy- 2Ch-dihydro- 6J3-hydroxy-
Pregnano1one pregnan-20-one progesterone pr-ogesteI'one proge sterone 

Crystallization XL ML XL VL XL ML XL mol XL !.1L 

l 250 2020 670 840 70 120 1530 2065 765 960 

2 215 650 665 720 75 70 1495 1610 770 770 

3 145 740 665 680 1465 1490 770 770 

Calculated 1230 815 80 1405 965 

3a.,20p-dihydroxy- 3~,20p-dihydroxy- fl4-andro- 2~dihydro- 6p-hydroxy-
5J3-pregnane 5tt-pregnane stenedione progesteron~ progesterone 

Acetate*" Acetate~: 

XL HL XL 1-1L XL 111 XL H1 XL 111 

1 5490 5905 960 950 2390 2395 2445 2330 

2 5855 5845 960 945 2395 2400 2480 2450 

3 
Ca lculated 6010 960 2520 2370 

*In each of these cases crystal III t"laS m:ixed trith identica1 crystallized compound isolated t'rom. other 
tissues prior to derivative formation and recrystaUization. This accounts for the differences in 
specific activities bet'ttleen the original compound and its derivative o 

~ 
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olution in t'lhich incroasing concentrotiono of ethanol in a changing 

ratio of methylene chlorido in ligroin B m.\o thG developing Mlvent 

m:bcturo o Tho elution of radioactivity fl"om the coluon :1.0 ohotm in 

Figure 60 Th3 discroto rndio3.cti ve poolto lTore poolod and the total 

cp::l in oach poo,k obta:i.ned. Theso data along t'11th the motabolitoo 

isola.ted froID. th';) varions psalto are given in Table XXTIro r·lol"o pro-

c:too identification of the radioactive ffietaboliteo lm.O achieved by 

papsl" chro1l1!l.tography uoing the oystemo ohotm in Table XIDJ 0 Tho 

radioactivity elutod t'rom the t'irml p3.psr t'IaS m:bœd l:Iith authentic 

carr:'l.Cll." priol" to crystallization. Cryst.allization data for tho 

four metabolites isolated irom thf3 kidney extract a.re shot-m in 

Table .iOO1I. 

INTESTINE 

The same sillca gel column prevlously described \'lBS employed 

in the isolation of the radioactive metaboliteo of progesterone 

t'rom the pooled extracta of the intestines from the parfusod pro

viable humnn fetusBo" Radioactivity eluted from tho columnJ) datar

mined by counting aliquote tram each fraction" iD ehotm in Fig\!l°e 7. 

The fractions undar Gach paalc l'J'are pooled and counted and the 

cpm as \'le11 as the metabolites 1eolatad ara shotm in Table mIl. 

Furthsr purification of the metabolltes t'ms achieved by papal" 

chromatography and. the systems used and the radioact.ivity recovered 

tram the final papal" system are shO'tm in Table XXVIII. The amount 

of authentic carrier added to the labelled metabolite for recry

stallization 1a aleD ahotm. 
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SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER 
EXTRACT -OF THE KIDNEY FROM THE INTACT FETUS 

CPM 1 FRACTION 

100,000 

80,000 

60,000. 
tillA 

40,000 

20,000 

20 40 60 gO 100 120 
FRACTION NU~1[8ER 

---._. ._.-._._----------
% ETOH 0.25 0.5 1 1 2 3 4 7 10 100 

% LIGROIN B 90 80 50 0 

r.:j 
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ê 
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'" 

140 
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TABLE XK:DT 

OBTAJJJED AF'llJ5R COLUl-ThJ CHRŒ1ATOGRAPHY OF THE ETHER FRACTIOlJ 

FRŒ-1 THE ICIDNEY 

Fractiono cpm HotBbolito Isolnted 

)- 6 22,000 Unlmt>1'm 

31-38 208,000 Progesterone 

54-59 15,000 Pl,·ognanolono 

60-64 14,000 201lr.-dihydroprogeaterona 

70-82 20,000 6p-hydroxyprogeatorona 
162-hydrOltypI'oge ateron'o 

90-109 292,000 Three ulÙmOt'ms 
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TABLE XXV 

PURIFICATION OF ME"J?ABOLITES ISOLATED FROU THE ETHER EXTliA.CT OF THE KIDNEY 

Hstabolite 313-hydroxy-5a.- 20a.-dihydro- 613-hyclro.::y- 16C$-hFl:ro~ ... 
pl"9gnan-20-one progesterone progestoron.e progooterone 

Cp:ll eluted tram 
siliea. gel co1umn 15,000 14,000 20:>000 20,000 

Papar chromatography A C B B 
systems used to 

'" 
! 

purifymetabolites C C 

Cp e1uted frOl1l 
final paper 6,750 10,100 6:> '700 2:>500 

Ca.rrier steroid (mg) 
added to eluaiie 15 .. 25 13 .. 15 llo70 14000 

0-. 
~ 
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TABLE XXVI 

DEKorJSrRATIO!~ OF' RADlOCHEMICAL HOl~OGENEm OF 1·1ETABOLITES ISOLATED FRCici 'i'i."lE ETHE.~ Jku:RACT 

Crystalliza. t ion 

Calculated 

Calculated 

l 

2 

3 

4 

1 
2 

FROM THE KIIDŒYS OF THE PERFUSED INTACT Fl!ïtUS 

(specifie activities - cpm/mg) 

3~-hydroxy-5g.- 20a.-dihydro- 6p-hydrOT~-
pregnan-20-0ne progesteroœ progesterone 

XL ML XL NI, XL m., 

250 230 680 800 350 1830 

270 280 620 1000 280 700 

300 260 630 630 214J 720 

250 250 

300 770 570 

3~,20~-dihydraxy- 2Q:r.-dihydro- 6~=hydr01~"" 
5g,-pregnane progesterone progestOl"On3 

Acetate-~ Acotat0':: 

XL 141. XL NI. XL 1-11, 

270 240 2390 2400 590 570 
270 250 2390 2400 600 600 

295 2520 575 

lég-hydrœ~-
progeoterono 

XL l'IL 

no 350 

100 250 

100 120 

lCO :uo 
180 

l6:::r-hydrcm:y-
progestcrono 

Aceta.to-::· 

XL I-lL 

435 420 

435 /.:)vO 

440 

*FollOl'1ing crystallization of these metabolites in their freo rom, the thir-d crystal lias EiJ~d 
trl.th pure c17stals obtained rdth the same metabolite fram other tismlsS prior te derivative 
forstiono This accounts for the djLscrepancy in specifie acti~vity bet"Jeen the fra0 ccnpour-tl 
and it g acetate Q 

'" --0 
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SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER 
EXTRACT OF THE INTESTINE FROM THE INTACT FETUS 

CPMI FRACTION 
100,000 

80,000 

60,000 
",'IISI 

40,000 L W$M 

20,000 

20 40 60 e.JlO C 

FRACTION i\lU~1BER 

100 120 

--_._._._._._._._.~.--==-==-.~.~ 

% ETOH 0.25 0.5 1 1 2 4 5 6 a 10 100 
% L IGROlr~ B BO 80 50 0 
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TABLE )00111 

TOTAL CHI AND 11ETAEOLITES ISOLATED FROH 'rUE RADIOACTIVE PE.'\IŒ 

OBTA1NED AFTER COLmlN CHROl·1A 'l'ÛGRAPllY OF THE ETHER FRACTION 

mŒ1 THE INTESTInE 

Fr.:lot:lollO cpm ~·1etabo11to Isolatod 

5-12 3,000 Unkn01"1tl 

15-22 56,000 Unkno"l:m 

23~2'1 45,000 UnlmOt-m 

28-34 528.0000 Progeaterona 

35-50 153,000 Pregnano1one 

51-59 32,000 Pregnano1orm 

60-67 33,000 2~-dihydroprogeaterone 

68-76 25,000 UnlmOl1n 

77-81 18,000 Unknot-m 

96-110 14,000 Unknotm 

115-118 . J~JlOOO UnlmoÙ'm 



TABLE XXVIII 

PURIFICATION OF METABOLITES lSOLATED FRQl-f THE ETHER EXTBACT OF THill INTESl'IHE 

!-futabolite Pregnanolone 20~~-droprogesteron~ 

Cp:n eluted from 
silica gel column 32,000 33,000 

Paper chrorrstography A C 

systems used to j J 
purif'y metabolite B C 

Cpm. e1uted t'rem. 
final papal" 16,600 16,450 

Ca.rrier steroid (mg) 
added to eluate 23 .. 40 280 45 

-.:l 
i\) 
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Qnly tue compoundo t-rere iso1ated from the OJetract of intestines 

and tho cryota11ization data deill.onstrating the l".J.dicchemical purity 

of thoso motabo1ites aro shOlm in Table XXIXo 

RESIDUE 

After tho op3cific organs had boen disoected freo, aU tho 

tisones loft Buch ao tho hCD.rt.~ br.J.in:, goœ.doJ) bon':), muoc10, and_ 

c1c1n lIera deoigm.tod 0.0 the residuo o This eJct.ract)) D.ccounting foK' 

about 15 par cent of aIl tho radioD.ctivity recovered, uns chrcmato

graphcd on D. 25 gm silice. gol column as praviouely deocribodo Tho 

radioactivity oluted l'rom the column in shot-m in Figura 80 Th'3 

fractions composing each peak of radioactivity t'lare pooled and 

counted and tllis da:lia is ahoêffi in Table XXX.. Further purification 

of the metabolites tms carried out using papar chromatographyo The 

systems uoed, the cpm eluted from the final papar and the t-Jeight 

of carrier added to the partially identifled matabo1itos prior to 

crystallization are shotm in Table XXXI.. The data demonstrating 

radiochemioal homoganeity 113 shmm in Table XXXIIo 

The metabolic activity of the diff'erent tiasues undor 

investigation la in ynrt rofleoted by the amount of progesterone 

isolated from each tissue and a1so by the amounts of different 

metabolites produced in thos6 tisffileso Uaing the data pressnted 

in Table VIIJ) the tota.l radioaotivity in tho ether plus aqueouo 

phn.ses ca.n be calculated.. This tota.l t-ms taken to repressnt the 

radioactivity in eaoll tissuoo The proof of identityof each 
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TABLE XXIX 

DEl:.fONSTRATION OF Rto..DIOCHmUCAL HŒ-IDGENEITY OF ImABOLITES lSOT·!1TED FRœ·l THE EI'EEE 

EfiRACT OF THE DJTESTDJE FR.01<l THE PERFUSED InTACT mrus 

Crystallization 

l 

Calcula.ted 

Ca1culated 

2 

3 

l 

2 

(specifie activities - cp3/mg) 

Pregnano1one 20w-dihydropr-oge6teron~ 

XL 14L XL I-1L 

,305 1925 670 1695 

310 315 690 690 

300 300 660 680 

710 580 

3~,20~-d~- 2~-dihydropr-ogesterone 

5~-pregna.ne Acetate 

XL ML XL X·IL 

320 315 580 610 

.322 315 5S0 570 

305 585 

~ 
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SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER 
EXTRACT OF THE RESIDUE FROM THE INTACT FFTUS 

CPM 1 FRACTION 
100,000 

80,000 

60,OQO 

40,000 

20,000 

20 40 60 30 100 120 
FRA'CTION NU~1B[ER 
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TOTAL CiFlll1.ND l1Er1\BOLITES ISOId\TED mm! THE RADIOACTIVE :fZlUŒ 

OB'rAINED AF"l'ER COLm-l~S cnRœ~1ATOGR..I\.,J?HY OF THE ETHER FIlACTIOlJ 

FROU THE RESIDUE 

Fractiono cp::1 I-Totaholito Icol:'J.tod 

2-8 763,,000 Unlmmm 

9-13 425,000 Unlmolm 

14-21 411 461,000 Progesteron9 

22-32 656,000 Pregnanolone 

33-38 20011 000 2Gn-dihydroprogeBterone 
plus unlmm-m 

39-53 239,000 17a-hydroxyprogesterone 
2~dihydroproge8terone 

51 .. -68 134,000 Unltnoun 

69-73 144,000 Three unkno'tme 

76-81 175,000 16a-hydroxyprogeoterona 
plus unlmotm 

82-95 173,000 'l1'lO unlmmma 

96-102 260,000 Unknmffi 

'~- ., 
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TABLE XXXI 

PURIFICATION OF HErABOLITES ISOLATED F'R!1"1 THE ETHER EXTRACT OF THE RESIDUE 

3i3-hydroxy-5g.- 2~dihydro- 17a.-hydroxy- ltl1=!lydz;>oxy-
Hetabolite pregnan-20-0ne progesterone p!"ogestcrone progesterone 

Cp:n e1uted fram 
656:1000 silica gel column 199:1 800 239,000 17509 000 

Paper chrQ'rl'ls,tography A C C E 
systems used to J ! 
purifymetabolites !J. C 

Cpm eluted from 
final paper 454,500 34,800 4709 900 25,600 

Carrier steroid (mg) 
added to e1uate 320 60 18 .. 85 43 0 05 36035 

-...j 
-..1 
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TABLE XXXII 

DE!{QNsrRATION OF RADIOCHFMICAL HOlIOGENErI'Y OF l'lETAEOLITES ISOL.l'I.TED FRŒl THE El'HEE 

Crystallization 

l 

Calculated 

Ca1culated 

2 

3 

l 

2 

EXTRACT FROH THE RESIDUE OF THE PEfu':i'USED INTACT FErUS 

(specific activities - cp3/mg) 

3i3-hydroJ~-»- 20u.-dihydro- 17a-hydrozy~ 
pregnan-2Q-one progesterone progesterone 

XL HL XL l-iL "'7"1' .c..;., 1-11 

10540 24950 1330 2350 lOSO 1190 

10S70 11520 1320 1660 1050 1070 

10430 10990 1320 1320 

13940 1850 mo 
3i3,20a-dihydroxy- 2<h-dihydro- h,4-ar..dro-

7-t-pregnan~~ progesterone st one dione 
Acetate~~ 

XL 1-H, XL I"IL XL m:., 
5890 5900 2.390 2400 960 9.50 

5860 5850 2390 2400 960 950 

6010 2520 960 

lé2-hydro~-
progestor~m:.' 

XL UL 

560 820 

590 660 

600 5~O 

690 

lé::r.-h.,vdrD.h."y= 
progeotorono 

Acotato~' 

XL lE, 

430 420 

lz,30 440 

bAO 
·::·Fo11o'i-d.ng GUecessful crystallization of the matabo1ite, crystal III 'uas r';7'3d i:'Iith tho crystal 
III cf' the p.l:l.rne compound. in other tissueso The derivative 't-JaS then fomed acl recrystallizcdo 
This accoUl!t.s for the difference in specifie aetivities betlleen the derivatii7c and its parQr.r~ 

-'--' 

compouruio cg 
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metabolite 1-JD.S establishod by l"ecryotallization to constant specifie 

activity mr:proscGd no C[..I.11 pSI' mgo If the opSicifie 8ctivity (cp:n/mg) 

of the firm.l crystal, pr:tor to derivativo fOI'rr':E1tion, iD multiplic.d 

by the uoight of caJ.~'>ior (mg) oddod,l) thon the amOUl'rl:. of X'ûdioactivity 

(cpm) in the specifie metûbolito can be calculatcdo Tho p3rcont~go 

of the total rndio:l.ctivity in 0. tioouo l'oproc:lnted by '~hio plll·U'icd 

Il!3to.bolito :lo thon calculntodo In Tnblo IDŒIII tho p~X"centagG of 

ul1ch:mgcd progostorono and of tho rb.d:lonctivo moto.bol.itos round in 

en.ch tisouo are shm'11îlo Thio 10 a m1n:îr';.;.9,1 figure ao tU3re iD no 

correction for 100800 incur&~d during the procedul"oso 
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TABLE XXXIII 

UNCONJUGATED METABOLITES ISOL./lTED FROl·i THE TISSUES OF THE INTAG--r I-IIDI'EFJl ffiJ1-WJ li'l!;rCJS ~ERFUSED 

lUTH PROGEsrERONE (EXPRESSED AS PERCEUTAGE OF TOTAL ETHER AND UATER SOLUBT;n: RADIOACTIVII'Y) 

ADRENAL PERFU8.t\TE LIVER Lill-n KIDnEY TIJTESi'lIill RESIDUE 

Progesterone 4.2 905 2.9 3502 4303 2So3 2606 

Pregm:.no1on.0 < 0 .. 5 4.0 0 .. 6 

313-hydroxy-~ 
pregnan-20-one < 00' 100 102 308 

20z-dihydroprogesterone 2.0 1.1 900 103 201 105 <:: 005 

Pregnanedio1 20.7 

613-bydroxyprogest erone < 005 - 0.8 008 _. 

162-hydroxyproge5terone 208 107 0 .. 5 < 005 

17a-hydroxyprogesterone 006 < 005 00' 

Corticosterone < 0 .. 5 

Cortisol 0 .. 6 

(... not isolated) 
00 
0 
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ETHER SOLUBLE l·lETABOLTIES ISOLATED FRŒ1 !..~ ADRENALECTOHIZED FETUSES 

GmmRAL 

Follot'ring the partitioning of the tisoue extract betueen ether 

and ,'.rater, the aqueouo phase 't'Jas evaporated to dryneso. The rooiduo 

't'm.o dissolved in methanol and stored in tho rofrlgerator until 

procossodo The ether fractions '(:lero taken to drynooo and trano

ferred to ueighed tubes in proparation for purification and ioolntion 

of met,abolites. 

Tho initial stop in the soparation of tho metabolitos of the 

ether extracts was by silica gel column chromatography as described 

in the previous section. Fractions under discrete parucs of radio

activity t'fere pooled and further purified by papal" chromatography. 

lfuen a tentative identification of a metabolite liras made by 

comparing its mobUity in dif'ferant papar chromatographic systems 

't'lith knmm standards, proof' of its radiochemical homogeneity tiaS 

provided by crystallization to constant specific activityas 

previoualy described. 

This procedure of purification, isolation, and proof of 

radiochemical purity lIma carried out for each metabolite of 

4-14C-progesterone isolated from the tissueo ta be described belou. 



C) 

82 

?ERFUSA'rE 

The psrfusod blood 't-.ras ,collected from tho umbilical voin 

cathoter(s) during four fii'teen minute intervalo uhich are referrod 

to a8 parfuS9.tes l to :ur 0 Each porfusat,e l'las processod 

GÇllp:œûtely 0 

Initial sillcn gel chrow..atography uns cnrried out using 

severai BoIvent changes nt timas indicated by the radioactivo 

mo.terial detectable in the fj;'"ët.\!tions. An increasing concentration 

of ethanol in an incroaoing ratio of methyleno chlorido to ligroin 

B sorvod ta obtain sorne sepsration and purification of tho 

metabolites o Figure 9 shO,"18 the pattern of elution of radio

actlvity \'J'hen the pertusato collected from 45 to 60 mina \-ms 

chromatographed on ailica gelo This pattern is typical of that 

for aIl four perfuso.teso 

The selection of the column fractions ta be pooled together 

\'laS controlled by the elution pattern of the radioa.ctive m.q,terialo 

Tho fractions chosan, the cpm in each pool, and the compound(s), 

if any, isolated from the pool(s) are shoun in Tables XXXIVp .xxxv, 

XXXVI, and XXXVII. 

A total of four metabolites in addition to progesterone t'J'ere 

found in the extract s of the four pertusato aamplea collected from 

the adrenalectomized fetuses o The sequential paper chromatographie 

systems and the cpm eluted from the final papar chromatogl'aID are 

shoun in Table XXXVIII. The t>19ight of authentic non-radioactive 
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SI LICA GEL. COLUMN CHROMATOGRAPHY OF THE ETHER 
EXïRACT OF THE PERFUSATE FROM THE ADRENALECTOMIZED FETUS 

CPM 1 FRACTION 
100')000 

·80,000 
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TABLE XXXllr 

TOTAL CFM AND METABOLITES ISOLfl.TED FRm.l THE RADIOACTIVE PEAKS 

OBTAINED AF'fER COLilliffiJ CHRŒ-11I.TOGRAPHY OF THE ETHER FRAC'fION FROM 

PERFUSATE l 

Fractions cpm Hotabolito Icolated 

3-12 40,000 Unknmm 

23-32 5,120,000 Progesterone 

33-36 66,000 Progesterone 

3?-5? 91,000 Progesterone 

58"-62 23,000 Unlmm·J'Il 

63-72- 90,000 20a-dihydroprogesterone 

73-86 334,000 Tt'10 unlmmm 

$7-120 34,000 Thre6 ul1knOt'm 

"l2l-126 9,000 One unknotm 
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TABLJG :xxxv 

TOTAL CPH AND ME'fABOLITES ISOLATED FROM THE RADIOACTIVE PEAKS 

OBTAINf!:D AFTER COLUMN CHftOHATOGHAPHY OF THE n;'l'Hlm FRAC'rION FROM 

PERFUSATE II 

FractionD cpm Hetabolite Isolated 

4-15 328,000 Unknmm 

16-25 6,230,000 Progesterone 

26-36 320,000 Progesterone, Pregnano1one 

37-48 165,000 Progesterone, Pregnuno1one 

49-57 10,000 Progesterone 

58-70 277,000 Fregnanolone, 
20a-dihydroprogesterone 

71-79 421,000 6f3-hydroxyprogesterone 
plus unknmm 

80-92 81,000 Two unknown 

93-101 38,000 Tt'10 unlcno\'m 

102-113 35,000 T'llO tmknmm 

114-119 42,000 Unlmo't-m 
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TABLE XXXVI 

TOTAL CPH AND HIBTABOLITES ISOLtlTED 1i'fiQl.1 THE R.4DIOAC'l'IVE Pli:AKS 

OBTAINED AFTEH. COLUHN CHH.ûHATOGHAPHY OF THE ETm~R FHAC'rION FROM 

PElœUSATE III 

Fractiono cpm 1·1otabolite Isolated 

3-ll 267,000 Unknovm 

12-21 5,263,000 Progesterone 

22-25 58,000 Progesterone 

26-36 124,000 Pregna.nolone, Progesterone 

37-40 3°,000 Pregnanolone 

41-64 332,000 20~-dihydroprogesterona 

65-76 372,000 Pregnanediol, 
plus unknm-m 

77-91 100,,000 Tt-TO unkno'tID 

92-100 36,000 'fil0 unknmm 

101-112 54,000 Tt'lO unknmm 

113-119 44,000 One unknoi:m 

() 
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TABLE XXXVII 

TO'fAL CPM AND t-lliTABOLITBS ISOLATED FROM THE HADIOAC'U\lli PEAKS 

OBTAINl~D AFTER COLUlYlN CHHm.mTOGRAPHY OF THE BTHER FltAC'rrON !t'HOM 

PERFUSATE IV 

Fractions cpnt 1-1etabolit.e Isolated 

4- 9 119,000 Unknmm 

10-15 220,000 Unlmm'lll 

16-22 4,325,000 Progesterone 

23-27 90,000 Progesterone,Preenano1one 

28-31 180,000 Proge sterone, Pregnano1one 

32-38 245,000 Progesterone,Pregnano1one 

39-43 171,000 20~-dihydroprogesterone 

44-53 267,000 20a-dihydroprogesterone 

74-83 185,000 Pregnanedio1, 
plus unknown 

84-90 124,000 One urumovm 

121-126 96,000 Three unknm'ffi 

\ 

} 



TABLE XXXVIII 

PURIFICATION ùF METABOLITES ISOLATED FROl.f THE EI'HER EXTHACT OF THE PERFUSATE 

20a.-dihydro- 6~-hydro.xy-
Proge sterone Pregnanolone progesterone Pregnanediol progesterone 

Cpm. eluted from 
silica gel co1umn 4,325,000 180,000 267,000 124,000 184,000 

Papsr chromatography A B A E B 
systems used to l l ~ 

o!, 

~ B purifymetabolites .~ 

B A A C 

Cpm eluted trom 
final pa. per 3,.189,000 52,500 215,850 58,100 72,215 

Carrier steroid (mg) 
added to e1uate 196.12 52.60 21.10 38040 33055 

ro 
ro 



carrier steroid added to the radioactive material for subsequent 

crystallization ia also shmm in this table. 

89 

The data shol'dng that radiochemical homoge ne it y l'JaS achieved 

for each compound is shol'm in Table XXXIX. Unfortunately thG 

occurrence of the pregnanolone epimer \'las not recognized at the 

time these results "lere obtainedo The excess counts in the first 

mother liquor resulting from the crystallization of the radio

active material l"lith pregnanolone suggests that some of the 

excese counts may represent the epjmer, 313-hydroxy-5a.-pregnan-20-0ne. 

LIVF..R EXTRACT 

The procedure for the isolation of progestel~ne and its ether 

soluble metabolites from the liver extract of the perfused 

adrenalectomized fetuses involved the use of silica gel absorption 

column chromatography as described earlier. The graphie illus

tration of the radioactive material eluted from the column l'JaS 

obtained by plotting the cpm in each fraction againat the 

individual fractions, as shmm in figure 10. 

The discrete peaks of radioactive material l'lere pooled ao 

ShO~1U in Table XL and the total cpm and compound(s) isolated from 

the various peaks are also shmm in this table. 

Furlher purification and tentative identification of the 

metabolites l'JaS gained by the use of sequential paper chromatography 

using the systems shol'ln in Table XLI. The cpm el.uted from the final 

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



TABLE XXXIX 

DEMONS'rRATION OF RADIOCm.rrCAL HOlf.i.OGENElTY OF t1ETABOLITES L..~LATED FROl-1 THE ErRER EXTRAGT 

FRQ14: THE FOUR PERFUSATES OF THE PERFUSED ADRENALECT014IZED HUNAN FETUS 

(specific activities - cpm/mg) 
20a.-dihydro- 6i3-hydroxy-

Proge sterone proge sterone Pregnanedio1 Pregnano1one progesterone 

Crystallization XL ML XL ln:. XL 1,11 XL HL XL 11L 

1 15700 16100 10100 9800 1390 1410 330 6.!.~00 1745 3065 
2 15600 15200 10500 10200 1400 1400 310 1000 2060 3535 

3 15900 16000 10500 10500 285 405 2050 2370 

4 290 285 2020 agO 

5 290 285 

Calculated 16300 10200 1500 1000 2245 

@-pregnen- 2Qcy.dihydro- 6i3-hydroxy-
3f3,20f3-dio1 progesterone Pregnanedio1 3~,20f3-dihydroÀ~- progesterone 

Acetate Diacetate 513-pregnane Acetate 

XL ML XL 1:11 XL 1·11 XL l·rr., XL NL 
1 15400 15100 9500 7900 li10 1010 280 275 1715 1790 

2 14900 15100 9400 9000 lllO liOO 280 295 1750 1795 

Ca1culated 15800 9300 1100 290 1790 

-.0 
0 



SILICA GEL COLUMN CHROMATOGRAPHY OF THE ETHER 
EXTRAGT OF THE LIVER FROM THE ADRENALECTOMIZED FEïUS 

CPM / FRACTION 

100,000 

80,000 
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20,000 
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FRACTION NUMBER 

---_. ---_. . --_. --_._-_. . ---. --_. ---_._-_. ---
o/c, ETOH 0.25 0.5 2 3 4 5 6 8 10 100 

t:j 

t:i 
~ 
b 

\.0 
t-' 



92 

TABLE XL 

TOTAI, CP14 AND 14ETABOLTIES ISOLATED FROM THE RADIOACTIVE PE.4.KS 

OBTAINED AFTER COLUl1N CHROl-1ATOGRAPHY OF THE ETHER FRACTION FIlm:! 

THE LIVER 

li'ra.ctiono cpm 1,1otabolite Isola.tcd 

5-9 54,000 Unlmo'tm. 

10-13 285,000 Progesterone 

14-24 654,000 Pregnano1one, Progesterone 

25-41 333,000 2~-dihydroprogesterone 

42-62 181,000 20a-dihydroprogesterone 
plus one unknmm 

63-74 226.l1000 Three urumo\ms 

75-95 2,418,000 Pregnanedio1 
plue unlmOl"ffi 

96-109 161,000 Unlmm'ffi 

110-122 431,000 UnlmO\'ID 

123-135 88,000 Unkno\'ID 

136-140 283,000 Unknmffl 



TABLE XLI 

PURIFICATION OF MErABOLlTES ISOLATED FROM THE ETHER. EXTRACT OF THE LTVER 

l-fetabolite Pregnanolone 20~-dihydroprogesterone PregI'l...a.nediol 

Cpm eluted from. 
silica gel column 654,000 333,,000 2..,418,000 

Paper chromatography B B A 
systems used to 1 .J.. 1 J A purify metabolites ~ 

A B B 

Cpm eluted rrom 
final paper 304,450 174,,600 1,6~,700 

Carrier steroid (mg) 
added to eluate 89.75 53085 72050 

~ 



the radioactivity ia shovm in this tableo 

Tho crystallization rosults uhich eotablished the identity 

and dogree of purity of these radioactive metabolites are ohm-m 

in Table XLlIo 

LUNG EXTRACt 

'i1he ethor :solublo portion of the œctract from tho lungs of 

the adren9..1ectomized psri'uoed fetuooo l'.raS chromatographed on a 

9l~ 

25 gram silicn gel column in the JI!0.1'1n'3r proviously:deocribedo In 

figure 11 tho plot of the cpm par fraction against the fraction 

number is shmm. Tho sol vent changes are aleo sho'tm .. 

The discrete peaks of radioactive material "lere pooled and 

oounted as ah01."ffi in Table XLIII. Compounds that l'lere completely 

identified fram the various paaks are also shotm., 

Tentative identification 't'TaS obtained by doacending papar 

chromatography uaing .appropriate systema as aho'i'm in Table XLIV'. 

For recryata11izat.ion the eluted radioactive ma.terial \·m.a m:l.Jced 

\rl.th authelltic carrier steroid aa shot-m in thia table. 

'fhe cryata11ization data for the three compounds are ShOlffl 

in Table XLV 0 



TABLE XLII 

DEMOI:JSTRATION OF RADIDCmUCAL HOMOGENEITY OF l-mTABOLlTES ISOT.Ii.TED FR01-1 THE E"THER 

EXTRACT OF THE LIVER FROM PERFUSED ADRENALEGTOI-fIZED !'1!.'TUSES 

C ryst a llizat ion 

Ca1cula.ted 

Ca1culated 

1 

2 

3 
4. 

1 

2 

(specifie activities - cpm/mg) 

Pregnano1one 2~dihydroprogesterone 

XL 1·it. XL r·lL 

2110 4640 2990 3730 

2060 2460 3070 3010 

2060 2350 3030 3040 

2090 2090 

3390 3230 

3~,20~-dihydroxy- 2~-dihydroprogesterono 

513-pregI".ane Acetate 

XL ML XL Lili 

1980 1980 2470 2L~70 

1970 1970 2.470 2460 

2080 2670 

Pregnanedio1 

XL !-jL 

22400 26400 

22900 22100 

22600 22400 

22400 

?regr3ne diol 
Diac etat e 

XL 111 

18400 20200 

18400 18600 

17900 

1 

'!/ 
V1 

; 



SILlet\. GEL COLUMi\J CHROrUiATOGRAPHY OF THE ETHER 
E){TRACT OF THE LUNG FROM .THE ADRENALECTOMIZED FETUS 

CPM 1 FRACTION 
IOOiOOO 

80~OOO 

603000 

40 .. 000 

20,000 

20 40 60 90 100 120 140 
FRACTION NU~1BE~ 

__ ;J _a_.-=-==--_ . -=-====a::J.~. ~.c:==:::::::J.= ==== 

% ETOH 0.25 0.5 1 1 2 3 4 G g 10 100 

% LiGROIN B 90 80 50 0 

";'l 

f;1 
§ 
t=.l 
f-I 
t-' 
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TABLE XLIII 

TOTAL CPI-! AND HETABOLTIES ISOLIl.TED FROH THE Rl\.DIOACTIVE PEAleS 

OBTAlNED AFrER COIJm1N CHRŒ-1ATOGRAPHY OF THE ETlffiR FRACTION FROU 

THE LUi:-.'G 

Fractions cpm l;·1etabolite IEolat.ed 

3- 9 68,000 Unknmffi 

10-18 128,000 Unknmm 

19-25 9131)000 . Proge sterone 

26-35 46,000 Proge sterone, Pregnano1ono 

36-42 76,000 Pregnanolone 

43-54- 105,000 Progrmnolono 

55-69 56,000 20a-dihydroprogesterone 

70-76 16,000 6~-hydroxyprogesterone 
plus unlmO'tm 

77-88 22,000 Unlmot-m 

89-112 38,000 Unltno't'm 

113-119 16,000 Unknm'Tn 



,~ 
" : 
'-..-

TABLE XLIV 

PURIFICATION OF METABOLITES lSOLATED FROH THE ETHRii EXTR.JlCT OF THE LUKG 

l1et-abolite 

Cpm e1uted from 
silica gel co1umn 

Paper chromatography 
systems used to 
purify metabolites 

Cpm eluted fram 
final paper 

Carrier steroid (mg) 
added ta eluate 

3f3-hydroxy-5a
pregnan-20-one 

76,000 

A 

49,700 

39040 

20a.-dihydro~ 

progesteroM 

56,000 

c 

39,8QO 

19 .. 95 

6!3-hydroxy
progesteron0 

16,000 

c 

7,100 

9020 

-----,' 

~ 
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TABLE XLV 

DElt...oNSTRATION OF RADIOCHElfiCAL HOMOGENErI'Y OF HETABOLITES ISOLATED mm! THE ETHER 

EXTRACT OF THE LUNG FRO~1 THE PÉRFUSED ADRENALECTOHIZED FETUSES 

Crystallization 

1 

Ca.lculated 

Ca1culated 

2 

3 

1 

2 

(specifie activities - cpm/mg) 

313-hydroxy-5a.-
pregœn-20-one 2~-dihydroprogesteron3 

XL 1,[[, XL NI. 

1100 1730 1760 2760 

1130 1120 1760 1830 

1100 1100 1790 1760 

1260 1990 

3~,20~-dihydroxy- 20a-dihydroprogesterone 
5a.-pregœne~} Acetate* 

XL NI. XL l-lL 

760 780 3170 3200 

770 780 3150 3190 

800 3420 

6~-hydroxyprogesterone 

XL 1-1L 

545 2370 

555 540 

535 575 

770 

613-hydro1~rogesteron3 
Acetate~r· 

XL HL 

2.440 2230 

2480 2450 

2370 

-::Pollo't'Ting successful crysta11ization of the metabolites, crystal lIT 't'las mi."red uith the same 

metabolite crystallized froID. other tissues. This mixture \'Tas then eubjeeted to derivative 

formation and. this aecounts for the discrepanèies in specifie activities betueen the irae fom 

and its derivative. 
-.0 
'-0 
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Inmlh"Y EXTRACT 

A silicD. gel absorpti€ln colurnn 'uns cmpl€lyed for t.he firet stop 

in purifying the ether soluble lcidnoy oJetract using the systom 

dODcribed previously. In figure 12~ tho radi€lactivity eluted hao 

been pl€lttod againot the fracti€ln numboro 

The individual penleo of radioactivo nw.terio.l, found by 

counting aliqu€lts €lf the frac'lii€lns, Hore poolod togother and 

recountedo These data. are shoun in Tablo XLVI. Only t't'ro meta

bolites l'rere isolatod from thio 0Jttract. The further purification 

by papal" chromatography is indicated in Table XLVII. Tho c~n 

e1uted from the paper and the ueight of carrior Bteroid mbr.ed 

't'dth it for crystallization are aleo ShOl'ffi in TablQ XLVII. 

The data dernonstrating the radiochemical purity are given in 

Table XLVIII. 

mrESTINAL EXTRACT 

The relativaly simple chromatogram obtained 't'Ihen the ether 

soluble extract from the adrenalectomized fetuBes 't'JaS chrornato

graphed is sh€ltm in figure 13. This t'JaS absorpti€ln co1umn chromato

graphy on a 25 gram silica gol column elutod 't"lith increasing con

centrations of ethanol in methy~ane chloride and ligroin Bo 

Pooling of the fractions 't'laS carried out as ShOl'ffi in Table 

:xLIX and the total counts in the peak along uith any c€lmpound 

isolated from that peak are shmJn in the same table. 'fhe radio

active pools t'lere atudied f'urther €ln suit able papal" chromatographie 

.......... 
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SILICA GEL COLUMN CHROMATOGRt:\PHY OF THE ETHER 
EXTRACT OF THE KIDNEY FROrtIJ THE ADREf~ALECTOMIZED FETUS 
CPM/FRACTION 

1001000 

80,000 

60,000 

P::j 

I;j 

40,000 
~ 
t=j 

~ 

20.,000 

1-' 

20 40 GO @o ~oo ~20 140 S 

FRACTIO~ ~jUMl8Jf~ 
---_ .. '--==-==-=--~ • ~.~. ~.~ -=====> 

% ETOH 0.25 0.5 1 1 2 3 5 1 ~([}O 

% LIGROU\! B 90 80 50 0 
----~--- .. ~ ----. _.- - -~._-~-- ---------------
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TABLE XLVI 

TOTAL CP!:! AND l'iETABOLITES ISOL.t\TED FROU THE RADIOACTIVE FEAIeS 

OBrAINED AFTER COLlli-iN CHRŒJJATOGRAPHY OF THE ETHER FR.ACTIOtJ FROH 

THE LCID1..m;y 

Fractiono cpm. Hetabolito Isolated 

4- 6 11,000 Unlmmm 

7-ll 18,\1000 Unknolm 

17~2Q 152;000 Progesterone 

23-25 4,\1000 Progesterone, Pregnanolone 

26-31 13,\1000 Pregnanolone 

32-48 30J)000 20a-dihydroprogesterone 
prGgnano1oIle 

70-73 10,000 'fiIO unknmm 

90 1,000 Unknotm 

92-96 10,000 Unknotm 



t 

TABLE ]LVn 

PURIFICATION OF l·1ETABOLITES ISOLATED FROM THE ETHER 'liJXTRACT OF THE KIDNEY 

14etabo1ite 

Cpm. eluted frt::im 
silica gel column 

Paper chromatography 
systems used to 
purify metabolites 

Cp:n eluted from 
final pa. per 

Carrier steroid (mg) 
added to eluate 

3~-hydroxy-~pregnan-20-one 

13,000 30~OOO 

A c 

6.9000~ 19!)OOO 
25,OOOè' 

31030 

20~ihydroprogesteron9 

30:1 000 

c 

4!)600 

1100 

~' 

1-' a 

~------,~-



TABLE XLVIIT 

DEMONsrRATIOI~ OF RADIOCmITCAL H0l100ENEITY OF METABOLITES ISOL.I\TED FR0l1 THE E1'HER 

En'RACT FR01{ THE KIDNEY OF THE PERFUSED ADREHALECTOMIZED FETUS 

Crystallization 

1 

2 

:3 

Ca1culated 

(specific activities - cpn/mg) 

3~-hydroxy-5~ 
pregnan-20-one 

XL HL 

530 820 

500 570 

510 510 

BOO 

3~,20p-dihydroxy-
5a.-pregnane~} 

XL ML 

760 780 

770 780 

800 

20;r.-àihydro
proge s'C,eron:;:, 

XL HL 

380 5L}O 

390 400 

380 370 

420 

2ÛN..-dihydro
progest eror..s 

Acetate';: 

XL 1lL 

3170 3200 

3150 3180 

3420 

-f."The crystalline material obta.ined in the third crystallization l1as mi.."r:ed uith simi1.a.r material 
isolated fr6m other tissues and then a suitable derivative viaS i'o:rm.ed and crystallizedo Tp.is step 
accounts for the dif'i'erence beyond that expected in the specifie activities of the origi.liE.1 
compound and its derivatives. 

'~~'" 

1-' 

~ 



·----,. 

SILICA GEL COLUMN CHROMATOGRAPHV OF THE ETHER 
EXTRACT OF THE INTESTINE FROM THE ADRENALECTO~~IZED FETUS 
CPM 1 FRACTION 

1001)000 

80t OOO 

60,000 
1 f~ t~ 

40,000 ~ I~ 

20,000 

20 40 60 ®O 100 !20 140 
FRACTION NUM~ER 

~._. . ___ .-.a.~.~ 
% ETOH 0.25 5.0 1 1 2 3 4 5 100 
% LlGROIN B 90 80 50 0 

Io::j 

~ 
~ 
t;:j 

~ 
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TABLE XLIX 

TOTAL CiPH AND 1-1ETABOLITES ISOLA.TED FROH THE RADIOACTIVE PEAleS 

OBTAINED AFTER COLuml CHROHA'fOGRAPHY OF THE ETHElf. FRACTION FROU 

THE INTESTINE 

Fractions cp..rn Hetabolite Isolated 

3- 9 48,000 Unknmm 

25-32 61,000 Proge sterone 

3g...;46 645,000 Progesterone 

47-61 60,000 Pregnano1one 

62-69 l:.8,OOO Pregnano1one 

71-76 44,000. 20o~dihydroprogesterona 

88-96 66,000 Tt-JO unknmm 

106 
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systemso 'fhe amount of radioactivity recovered from the final papsr 

and the l'1eight. of non-radioactive steroid mixed 'tüth it for cry

stallization is shO'l"m in Table Lo 

That radiochemical homogeneity lIas achieved by cryBtallization 

of the tuo compounds is shO't"lll in Table Llo 

EXTRACT OF RESIDUli 

The residue of t,he fetus uas conoidered to includc aIl tissues 

remaining after careful diosection and removal of the individual 

organo being studied ooparatelyo Included in the residue t-Jould be 

the brain, heart, gonads, muscle, bone and okino The adrenals 't'rero 

removed prior to any perfusion of labelled 4-14C-progesterone. 

Follot·ring the ether:aqueoua part.ition, the ether soluble material 

t'ras chromatographed on a 25 gram silica gel collmm. The column t-ras 

developad using a discontinuous gradient uith an increasing concen

tration of absolute ethanol in an increasing ratio of methylene 

chloride to ligroin Bo Aliquots \'16re taken from each 5 ml fraction 

and the radioactivity in each aliquot measuredo The cpm per 

fraction t'Jere plotted against the fraction number as shotm in 

figure 140 

The peaks of radioactivity l'16re pooled and total cpm obtained 

as in Table LII. Further purification and initial identification 

of the radioactive metabolites wer.e carried out using paper chromato

graphy as outlined in Table LIlI.. The cplll eluted from the final 

paper are also shOlm" In the case of pregnanolone onlya portion 
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TABLE L 

PURIFICATION OF ImABOLITES ISOLATED FRŒi.l THE ETHER EXTRACT OF THE INTESTINE 

Hetabolite Pregnanolone 2~-dihydroprogesterone 

Cpm eluted from 
silica gel column 60,000 44,000 

Paper chromatography A C 
systems used to ~ J 
purify metabolites B B 

Cpn eluted fram 
final paper 36,700 23,500 

Carrier steroid (mg) 
added to eluate 28060 28040 

b 
00 



,~. 

--,/ 

TABi.R LI 

DilllONSTRATION OF RADIOCHEMIGAL HOHOGENEITY OF l-Œ'I'ABOLITES ISOTATED FRm! THE ETHER 

EXTRACT OF 'THE INTESTINE OF THE PERFUSED ADREN.A.LECTO!UZED FE-rus 

(specific activities - cpm/mg) 

Pregnano1one 
3a,20~-dihydroxy-

513-pregnane 
20a-dihydro
progesterone 

200;-dihydro
progesterone 

Acetate 

Crystallization XL ML XL HL XL NI., XL r·lL 

1 570 

2 550 

:3 550 

Ga1culated 1270 

6360 

1240 

550 

550 550 

560 550 

545 

770 870 

780 790 

740 740 

830 

600 670 

660 670 

660 

'-' 

1-' o 
-..0 



SIUCA GEL COLUMN CHROMATOGRAPHY OF THE ETHER 
EXTRACT OF THE RESIDUE FROM THE ADRENALECTOMIZED FETUS 

CP MI FRACTION 

100,000 

80,000 

60,000 

40,000 

20,000 

20 40 60 80 . 100 120 140 
FRACTION NUMBER ._. ._ . . ~.~.~. 

% ETOH 0.25 {D.S 1.0 1.0 2 3 4 6 8 10 100 
% LIGROIN B 90 80 50 0 

~ 

I;j 

~ 
~ 

..... ..... 
<:::1 



D.l 

TABLE LII 

TOTAL CHi AND METABOLITES ISOLA.TED rnml THE HA.DIOACTIVE PE..fI.KS 

OBTAlNED AFTER COLill1N CHROHATOGRAPHY OF THE ETHER FltACTION FROU 

THE RESIDUE 

Fractions cpm Hetabolito Isolatod 

3- 5 1,932,000 Unlmoun 

6-10 1,\)344,000 Unlmolln 

11-23 7,433,\)000 Progesterono 

24-38 2, 173Sl 000 Progesterone, Pregnano1one 

43-48 171,000 Progesterone, Pregnano1one 
plus unlmOl-ID 

49-66 01,074,000 2~-dihydroprogesterone, 
17a-hydro1qrprogeaterone 

67-75 151,000 20cr..-dihydroprogester-oil13 , 
17a.-hydroxyprogesterone 

76-87 470,\)000 Three unlmm"ffi 

8B~95 434,000 Tt-lO unkno\m 

96-102 54,000 Three unlmO\ID 

103-111 133,\)000 T't'IO unknOlffi 

112-117 93,000 Îl'10 unlmo't'm 

118-126 516,000 One unknO"t111 

o 12'7-137 284,000 One unlmm'iTll 

) 
• .J0 
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TABLE LIlI 

PURIFICATION OF NETABOLIrES ISOL.4.TED FRm1 THE ETHER EXTRA CT OF THE RESIDUE 

l'Ietabolit e 

Cp:n eluted from 
silica gel column 

Paper chromtography 
systems used to 
~~rify metabolites 

Cp;n eluted frœn 
final pa. psr 

Carrier steroid (mg) 
added to e lua te 

313-hydroxy-~ 
pregrlaIl-20-one 

2,173,000 

A 

1,795,000 
(85,000)* 

34.0 

20a.-dihydro
progesterone 

1,073,000 

C 
~ 
A 

270,000 

610 ll 

17a.-hydroxy
proge sterone 

1,073,000 

C 
~ 
A 

205,700 

64 .. 20 

?:-Qnly 85,000 cpm 't'Tere mixed \'1ith the 3400 mg of carrier steroid for crystallization 

~~-

~ 
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(85,1)000) of the tota.l rocoverod radioactivity uas used to mix l'lith 

the a.ppropriate l'might of nonradioa.cti ve carrier steroid as shOlmo 

This mixture 't'JaS then crystallized, subjected to derivativo formation 

and thon racr.ystallized to demonstrate the proof of idontity and 

degree of pu rit y of the isolated metabolite o These data are shot-m 

in Table LIV 0 As uith aU tissue metabolites,l) the infra-rad 

Op3ctrum of the product of dorivatlve formation uas obtained aD 

verification of its otl"uctureo 

As an indirect guide to the metabolic activity of the various 

tissues in tho psrfused midterm previable human fetus in the absence 

of both adrenal glands" the pel' cent yield of progesterone meta

bolites in the different tissues has been calculated. This is based 

on the total cpm found in the ether and aqueous phases after 

partition, using the data from Table VIII. The total cpm thought 

to represent purified metabolite'l'ms obtained by multiplying the 

specific activity (cpm/mg) of t,he final crystal by the l·reighr.. (mg) 

of the authentic carrier steroid used in the crystallization. The 

fraction of the total radioactivity in a tissue round as a radio

active metabolite in that tissue has been expressed as a 

percentage in Table LV. 
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TABLE LN 

DEHONSTRATION OF RADIOCHEMICAL H0110GEl-m;rry OF METABOLl1'.t;;S ISOL.4.TED FRŒl THE ETHER EXTRACT 

OF THE RESIDUE OF" THE-ADRÈNALECTOHIZED FETUS 

Crystallization 

Ca1culated 

Ca1culated 

1 

2 

3 

4 

l 

2 

(specific-activities - cpm/mg) 

3f3-hydroxy-5a.- 20a.-dihydro-
pregnan-20-oIlB progesterone 

XL ML XL NI., 

23SO 4150 4520 4860 

2170 2650 4:520 4750 

2240 2280 4290 4260 

2200 2250 

2500 44"00 

3f3 , 20j3-dihydro:lCY- 200.-dihydrOc> 
~-pregnane progesterone 

Aceta.te 
XL l-IL XL m:" 

2130 2220 3850 3710 

2120 2180 3860 3740 

2210 3780 

17o.-hydro;::y
proge sterone 

XL NI., 

3420 3490 

3460 3460 

3200 

I\.L. di ~ "-a,I1..drostene one 

XL UL 

35l}O 3530 

3550 3520 

3685 

-----" 

~ 
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TABLE LV 

UNCONJUGATED l-fETABOLIrES OF PROGEsrERONE lSOLATED FRO!-1 THE VARIOUS TISSUES OF THE PERFUSED, 

l·1IDTE;RM PREVIABLE, ADRE..~TŒUZED FETUS (EXPRESSED AS PERCENTAGE OF 'TOTAL ACTIVITY IH THE 

TISSUE FOUND AS ONE l·iETABOLITE) 

Progesterone 

Pregnanolone 

3~-hydroxy-~pregnan-20-one 

2~dihydroprogesterone 

Pregnanediol 

6~-hydroxyprogesterone 

17a-hydroxyprogesterone 

- Not isolated 

Perf'usate Liver 

3401 

< 0 0 5 

204 

0.7 

3.2 

208 

204 

24 .. 0 

LU!l.g Kidney Intestir~ Residue 

46 lr.30 7 4L}04 290 2 

103 

206 00; <: 00 5 

201 103 107 lol} 

< 005 

1 0 2 

---" 

.I=! 
"""l 
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ISOLATION OF CONJUGATED METABOLITES FR011 THE TISSUES OF THE INTACT 

AND ADRENALECTOHIZED PERFUSED PREVIABLE HUl.ffiN FETUS 

The data obtained from the ether-aqueous partition indicated 

that 1113 .. Uy of the tissues had very small amounts of radioactive 

ma.terial in the aqueous fra.ction. The procedure utilized for the 

separation, isolation and identification of metabolites l'JaS more 

complex than that used 't·lith the ether fractions and each step l-TaO 

associated l1ith unavoidable losses. Thus the isolation of meta

bolites from tissue extracts having lou total amounts of radio

activity t-las precluded and 60 as a result only selected tissuo 

eJCtracts t'Tere processed. In the experiments involving the intact,' 

parfused fetus, the extracts from adrenal, liver, and residue l'lere 

studied, and in the adrenalectomized fetus only liver and residue. 

Initial purification of the met,abolites in the aqueoua extract 

t'laS achieved using a Celite partition column in t'lhich the stationary 

phase t'las ammonium hydroJdde:water (25:475) previously equUibrated 

\-lith the mobile phase which wa s iso-octane :t-butanol (300: 500). The 

column was "t·mt-packed" as described in "Methodsll and after the 

mobile phase had percolated through the column for tt'felve hours, 

the sample waa applied in a slurry of Celite by the same "wet-pack Il 

technique. The column \'Ta s developed \·lith mobile poo se and 10 ml 

fractions were collected. An aliquot from each fraction t'laS used 

to determine the total cpm in the fraction. The pola rit y of the 

mobile phase \'las increased after the firet fort y fractions had bean 

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

' ...... 
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iso-octane:t-butanol (200:500)0 The next ,solvent change l'JaS made 

after 140 to 180 fractions had been collected and the ratio l:laS 

changed to iso-octane:t-butanol (150:500)p The final solvent change 

prior to stripping the column t'r.i..th absolute ethanol l'laS to iso-octane: 

t-butanol (100:500) and occurred after about 200 fractions had been 

collectedo 

1·1ater:J,.al eluted as discrete perues of radioactivity from the 

column ,'.ras then subjected to further purification by p3.par partition 

chromatography using the solvent systems shmm in Table VI. Due to 

the lack of carrier amounts of conjugates it l'laS frequently 

impossible to mWce a tentative identification of the metabolites 

by comparison of mobilit~es on paper. In these instances the 

unknmms "lere subjected to hydrolysis t'lith l3-g1ucuronidase or 

solvolysis using perchloric acid and then the unconjugated meta

bolite l'18.B chromatographed on paper using appropr:late paper 

chromatographic systems. 

Final proof of identity and assessment of degree of purity of 

the isolated metabolites 't'las carried out by isotope dilution as 

previously described. 

AQUEOUS EXTRACT OF ADRENALS FROlof INTACT FETUSES 

The ~queous soluble material from the adrenal extract l<1eighed 

154 mg and contained 220,000 Opme It was chromatographed on an 

100 gm Celite column using a decreasing ratio of iso-octane to 

t-butanol as the mobile phase and ammonium hydroxideam.ter (25:475) 



li8 

as the stationary phase. A plot of the cpm per fraction against the 

number of fractions is shmm in figure 150 On the basis of this 

diagram certain fractions ~lere pooled and the total radioactivity 

in cpm ~la9 determinedo These data, along 't"lith any compound i50l

ated from a peak of radioactivity ara shown in Table LVI. 

The failure to isolate cortisol from the ether soluble extract 

of the adrenal raised the possibility that this very polar st.eroid 

had partitioned into the aqueous phase at the ti.ni.e of the ether:water 

separation of the initial extracto The elution of a peak of radio

activity from the column at the end of the i'irst hold back volume 

supported this concept. Paper chrornatography of this radioactive 

material in systems F and E confirmed this and /1-700 cpm were mixed 

with 48.7 mg of authentic non-radioactive cortisol for crystallizationo 

These data along 't-tith the results of recrystallization of the acetate 

fonmed from the second crystal are shown in Table LVIIo 

Shortly after the first solve nt change t~10 more discrete peaks 

of radioactive material \\Tere eluted. The firet of these '"las 

tentatively identified as deoxycorticosterone sulphate by papar 

chromatography in systems H and K. The radioactivity associated 

with this standard, 7500 cpm, 'tiaS eluted tram the 5econ~ paper and 

mixed with 28.6 mg of authentic deoxycorticosterone sulphate that 

't"le had synthesized by the method described by Fieser (84). vJe l'lere 

unable to find a solvent pair that could yield satisfactory 

crystals and so the mixture '"las subjected to solvolysis (83) and 

the product crystallized follm"ling initial purification on an 
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CELITE COLUMN CHROMATOGRAPHY OF THE AQUEOUS E)(TRACT 
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TABLE LVI 

TOTAL C121-1 AND UETABOLITES ISOL.I\.TED FRŒ-i 'l'I-IE RADIOACTTITE PEAKS 

OBTAINED AFf ER COLill-1N CHROHA'fOGRAPHY OF THE AQUEOUS FRACTION 

FROU THEADRENA.L EXTRACT 

Fractions cp;:u Hetabo1ite Iso1a.ted 

17-36 44,000 Cortlso1, two unknOl-ms 

183-1B7 12,000 Deoxycorticosterone sulphate 

188-198 48,000 Cortico sterone su1phate 

199-213 16,000 Tl'IO unlmmms 

215-232 29,000 Three unknmms 

260-267 5,000 TJnknOl'm 

Allothers 64,000 UnlmOl'm 

120 



r"-' 

) 

l21 

TABLE LVII 

Dill-ZONSTRATION OF RIlDIOCHmlICAL HŒ1OGENH;lTY OF l-iETABOLITES ISOLATED 

mm! THE AQUEùU S EXTRACT OF THE, ADRENAI" 

(spaciflc activlties - cpm/mg) 

Hydrocorliisone Deo:lc:y-
cort lco sterono 

Carriel" 1",8.7 mg 20.0 mg 
Radioactivity 4700 cp::n 5400 cpm 

Crystallization XL 1:-1L XL HL 

1 85 130 210 41~0 

2 75 160 200 250 

3 65 105 190 200 

4 65 90 

Calculated 95 270 

Hydrocortisone DeOJty 

Acetate cort ico sterone 
Acetate 

Crystallization XL ML XL ML 

1 55 55 190 210 

2 55 50 190 200 

3 

Ca1culated 60 190 

Crystallizat.lon 

1 

2 

Calculated 

Corlicosterono 
Sulphate 

73.4 mg 
23300 cpm 

JŒ.. 1-11, 

290 360 

280 360 

320 

Cortico sterone 

XL ML 

310 360 

340 340 

310 310 

380 

Corticosterone 
Aceta.te 

XL 141 

320 480 

320 330 

350 
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almaina columno The mate rial obtained in the third crystallization 

l-m.S then acetylated uith acetic anhydride and pyridine and re-

crystallizedo These data are shmm in Table LVlIo The final meta

bolite identified ,,'.ras eluted from the column in fractions 188 to 

1980 This "'JaS chromatographed in systems H and K and 23,200 cpm 

uere e1uted from the second pspar chromatogramo Having been 

tentative1y identified as corticosterone sulpha.te on papal", it 't'ras 

mixed 't'lith 7304 mg of authentic carrier and crysta11i,zed 'uith great 

difficultyo The crystalline material l'laS solvolyzed and then cry

sto.llized in it s free formo As further evidence of proof of 

homogeneityand degree of purity, the mixture was acetylated and 

crystallized again. These data are given in Table LVII. 

AQUEOUS EXTRACT OF LIVER FROM INTACT FETUSES 

This extract 't'las subjected to column partition chromatography 

on a 100 gm Celite column using the solve nt system iso-octane: 

t-butanol (300:500)/ammonium hydroxide:l'IB.ter (25:475). The pola rit y 

of the mobile phase 't'laS increased in a discontinuous fashion by 

decreasing the ratio of iso-octane to t-butancL 'rhe elution of 

radioactivity from this column is illustrated in figure 16. 'fhe 

times of solvent changes are also shmfflo 

The fractions containing discrete peaks of radioactivitY"'18re 

pooled, and an aliquot tw{en for counting. The total cpm in each 

peak and any identified metabolites from the peak is shol'm in 

Table LVIII. 
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.GELITE COLUMN CHROMATOGRAPHY OF THE AQUEOUS E){TRACT 
FROM THE LIVER OF THE INTACT FETUS 

CPM/FRACTION 
40)000 
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TABLE LVIII 

TOTAL CHi AND 11ETlI.BOLlTES ISOL!î.TED FRON: THE RADIOACTIVE PEliIŒ 

OBTAINED AFTER COLilllN CHHOl1ATOGRAPHY OF THE AQUEOUS FRACTION 

OF 'rRE LIVER 

Fractiono cpm Me'tabo1ite Isolated 

17-27 188,800 Unlmotm 

57-61 43,100 Pregnano1one Sulphate 

62-66 95,000 Pregnanedio1 Sul.phate 

74.-86 38,500 Unlcnm-m 

87-95 40,000 Pregnanediol G1ucuronide 

124-152 27,300 Unknmm 

124 
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The initial paale of radioactivity eluted at the end of the 

firet hold back volume 't'Jan Ousp3cted to contain polar unconjugated 

metabolites but no conjugated or unconjugated compounds l'Iera 

idontified. 

The radioactive material in the c9cond peak ,'.ras chromato

graphed in systems XC and J and tentatively identified as pregnanolona 

sulphateo A total of 3l).,? 700 cpn l'lere racovered from tho socond pap::ll" .. 

Approximatoly one-third of this t'las talcen and solvolyzed and the 

product t'laD then chromatographed in systoms C and Ao In each system 

its mobility uas consistent l'rith th:lt of pregnanolonso Follm-rlng 

elution from the second papal", 5,'700 cpm uera mixed l.,ith 2502 mg of 

authentic carrier and. crystallized. The third crystals 't'lero 1"13-

duced ,'rith sodium. borohydride and the resulting 3a,20I3-dihydro.Jry-5!3-

pregnane 't'las recryBtallized to constant specifie activity. These 

data are shO't'ffi in Table LIX. The remaining 25J1S00 cpm 1'lere mixed 

with 3107 mg of carrier pregnanolone sulphate and crystallized as 

shotm in Table LU. 

The third peak containing 95,000 cpm "JaS chromatographed in 

systems le and J and 82,1)000 opm l'lere eluted from the second paper •. 

Approximately one third of this \'la s sol volyzed and the product l-raS 

then chromatographed in systems C and Do In each case the unlmoi'1U 

had the mobility of pregnanediol.. A total of 18J1000 cpm t'ras eluted 

from the second papal" and J:i1:b,,-!d \-rith 7104 mg of carrier and cry

stallizedo The material from the third cryatallization 't'las acetyl

ated and then recrystallized. These data are also shO't'ln in Table LIlCo 



,/" '" 
"'==" 

TABLE LIX 

DEl.fONSl'RATIOIi OF RADIOCHErHCAL HormENEITY OF 11ETABOLI'l'.i5S ISQïA.TED FROlI THE AQUEOUS EXTRACT 

Carrier 

Radioacti vit y 

Crystallization 

Calculated 

Calculated 

1 

2 

3 
4 

l 

2 

3 

Pregnanolone 

25.2 mg 

5700 cpm 

XL NL 

155 310 
160 170 

155 170 

225 

OF LIVER FROM: INTACT FETUSES 

(specific activities - cpm/mg) 

Fregnano1one Pregnanediol~:' 

Sulphate 

31.7 mg 7104 mg 

25800 cpm 18000 Cp:! 

XL }1L XL 111 

780 980 240 385 
615 815 ~.5 290 

410 685 225 200 

445 500 

815 250 

3~,20~-dihydroxy-
5~-pregna.ne 

XL f,1L 

165 155 
170 155 
160 150 

155 

* - tram pregnanediol sulphate **- tram pregnanediol glucurop~de 

PregI'l..3.nedioJ:::~:: 

38 0 4 mg 

10700 Cp:;1 

XL ML 

260 200 

275 240 

275 260 

270 

Pregnanedio1 
Dia.cetate 

XL J1L 

205 200 
205 200 

195 

'--

f-I 
l\) 
Ci' 
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Since the monosulphates of pregnanediol "lere not available l'le could 

not carry this proof further by crystallizing the isolated material 

as a sulphateo 

Despite sequential chromatography and solvolyois no meta

bolite l'las identified from the fourth discrete peak of radio

activityo 

The radioactive I1l9.terial in the firth peak 't'JaO chromatographed 

init.ially in system le and the eluate from this chromatogram "laS 

di vided into tt'lO equal portions A and Bo Portion A \'las first 

subjected to solvolysis and 6000 cpm "lere dissolved in ethyl 

acetate. The nature of this radioactive material l'ras not established. 

The remaining 14,000 cpm ,'.rhich l"lere still aqueous soluble lIere then 

hydrolyzed \-rith l3-glucuronidase and the reaulting product \-TaS 

soluble in ethyl acetate. When this material l'laS c~~tographed 1 

in system A it had the mobility cf pregnanediol.. A total of 

10,400 cpm l'lere recovered tram this paper, m:ixed ,·rith 38 0 4 mg of 

non-radioactive pregnanediol and crystallized in this fonn and as 

the diacetate as shOlm in Table LIXo Sinee the pregnanediol ,',ras 

isolated and identified only after solvolysis and l3-g1ucuronidas9 

hydrolysis had been carried out it "las important to prov9 whether 

the pregnanediol "las present as a glucuronide or as a Il sulpho

glucuronide" 0 To prove this, the part B of the eluate from the 

first chromatogram was subjected to l3-glucuronidase hydrolysis 

firet. On this occasion 14,000 cpm were dissolved jn ethyl acetate 

and 6,000 cpm remained soluble in ,·.rater. The material soluble in 
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ethyl acetate 't'.ras tentatively identified as pregnanediol by its 

m.obility in system Ac Thus it ia apparent that the pregnanedi01 

present in this peak of radioactivity el1.lted from the Celite colwnn 

't'ms present as a glucuronide and not as a "sulpho-glucuronide"o 

No metabolite l'JaS isolated from peak 6 by either chromato-

graphy or ~-glucuronidase hydrolysiso 

AQUEOUS EXTRACT OF RESIDUE FROM INTACT FETUSES 

This extract ueighed 8 0 2 gm and contained 640.11000 cpm. It '-ras 

chromatographed on a 100 gm Celite column using the system iso-octane: 

t-butanol (300:500)/ammonium hydroxide:\'.rat,er (25:475). Solvent 

changes were made as indicated by the appearance of radioactivity 

from the c01unm. Theae changes involved decreasing the amount of 

iso-octane in the mobile phase. The times of these changes are 

shmID in figure 170 This figure ShOloJ'S that only two important peaks 

of radioactivity l'Tere obtained from this c01umn, and the appl'opriate 

fractions \\fere combined. 

The radioactive material in peak one was chromatographed in 

systems, F and D and its mobUity suggested that this '!rTas composed 

of unconjugated material but no identification 't'las achievedo 

A total of 230,000 cpm were recovered in the second parut. This 

ma.terial hmoJ'ever was quite oUyand coloured. The residue 't'leighed 

241 mg "lhich made it difficult to proceed diractly ta paper 

chromatography. As the next step this material ""las rechromatographed 

on a 20 gIn Celite colmnn l'lhich was Bet up using the system 

( 
'-
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CELITE COLUMN CHROMATOGRAPHY OF THE AQUEOUS EXTRACT 
FRO~Ji THE RESIDUE OF THE INTACT FETUS 

CPM 1 FRACTION 
50,000 
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iso-octane :t-butanol (200: 500)/ammonium hydroxide:l;Tater (25:475L 

The radioactivity from the column "TaS eluted in three poor1y dofined 

psaks designated as A, B, and Co This is shotm in figure 180 

Peak A, ueighed 307 mg and contained 22,?000 cpmo This "I;TaS 

subjected to chromatography and after solvolysis no metabolite 1-TaS 

isolated o 

Peak B, "leighillg 55 mg and containing 23,000 cpm "las chromato-

graphed in system H and three psalŒ numbered B1' l3z, and BJ t';61'0 

obt.ained. No identific~tion of a metabolite "Jas made from poak B:t 0 

The ro..aterial designatod 13:2 containing 5,500 cpm "Jas rechromato

graphed in system H, the eluate "ms solvo1yzed and then the product 

chroma.tographed in system A \'1here it l'laS identi.fied as 3f3-hydroxy-

5a-pregnan-20-one. A total of Il) 700 cpm was recovered from thia 

paper, nWced t'lith 16 .. 8 mg of carrier and crystallizedo After the 

third crystallization, the crystalline material obtained 't-TaS re-

duced t'lith sodium borohydride and the product recrystallized. 

These data are sho\m in Table LX. Area B3 containing 5,600 cpm 

\'las rechromatographed in system H, and the single peak \1aS e1uted, 

solvolyzed and chromatographed as an unconjugated metabolite in 

system A t"here it was identified as pregnanediol. A total of 

2,000 cpm l'laS eluted from this papal', mixed l'dth 16.2 mg of ca.rrier 

pregnanediol and crystallized o After four crystallizations 50 6 mg 

of material l'las obtained 111hich ,-ms acetylated and recrystallizedo 

'rhese data are shovm in Table LX • 
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CELITE COLUMN OF PEAK TWO FROM THE INITIAL 
CHROrtt1ATOGRAPHY OF THE AQUEOUS E}(TRACT OF 

THE RESIOUE FROM THE INTACT FETUS 
CPM/FRACTION 

10,000 

8,000 

6,000 

4,000 

2,000 

FRACTION No. 10 20 30 40 50 
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TABLE LX 

DEMONSTRATION OF RADIOGHEHIGAL HŒ.fOGENEITY OF METABOLITES ISOLl\.TED FRŒl THE AQUEOUS EXTRAGT 

OF RESIDUE FR01'I INTACT FETUSES 

(specifie actiil'ities - cp:n/mg) 

Grystallization 

Galculated 

Ga.lGulated 

1 

2 

3 
4 

1 

2 

3~-hydroxy-5~pregnan-20-one* 

XL l·jL 

50 165 

50 75 
50 55 

100 

3~,20~-dihydroxy-5a-pregnane 

XL 

60 
50 

50 

111 

25 

50 

*-rrom 20-keto-~-pregnane-3~-y1 sulphate 
{!~:-rrom pregnanedio1 sulphate 

Pregm.nedioDHi-

XL IJL 

70 205 

65 95 

60 75 
60 60 

130 

Pr3gP3nediol Diacetate 

XL 

50 
50 

50 

1-11 

l~5 

50 

"-~' 

1-' 
\.;.) 
li.) 
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Although the radioactive material in area C \11"8.S chroma.to-

graphed and then dissolved in ethyl acetate after solvolysis, no 

metabolite l'JaS identifiedo 

ISOLJ\.TION OF CONJUGATED NETABOLTIES FROI1 THE TISSUES OF THE 

PERFUSED ADRENALECT0l4IZED FE'l'USES 

.l\QUEOUS EXTRACT OF LIVER FROM ADRENALECTOMIZED FETUSES 

FollOl'1ing the ether:uater partition of the e2ct.ract from the 

liver of the adrenalectomized fetus, 900 mg of residue containing 

1009 x 106 cpm. t'las obtained in the aqueous extract o It t'las 

chromatographed on a 100 gm Celite column using the system 

iso-octane:t-butanol (300:500)/ammonium hydroxide:water (25·:475). 

Aliquots of each fraction were counted for radioa ct ivit y and the 

cpm par fraction were plotted against the fraction number as shmm 

in Figure 19. The more polar radioactive metabolites l'lere eluted 

from the column by decreasing the concentration of iso-octane in 

t·he mobile phase o Theae solvent changes are shol'm in Figure 190 

OlÙ.y tl'10 metabolitea t'lere su.ccessfully identified and purified. 

The firstj) pregnanediol sulphate t-las isolated from t he second major 

radioactive peak eluted from the column (fractions 64-B3) and the 

second, pregnanediol glucuronide l'laS isolated from the pool of 

fractions 109 to 1410 
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CELITE COLUMN CHROMATOGRAPHY OF THE AQUEOUS EXTRACT 
FROtJi THE LIVER OF THE ADRENALECTOfuHZED FETUS 

CPM 1 FRACTJON 
50,000 
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30.pOO 

20,000 
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The pool of fractions 64-83, from l'lhich the pregnanediol sul-

phate "ras isolated contained 3h9,OOO cpnlo This material 't'laS 

chroma. tographed as a conjugate in system H and then one-t"3nth of 

the eluate was solvolyzedo The product ,vas then chromatographed 

in systems A and C l'Ihere it had the same mobility as authentic 

pregnanedioL A total of Il, 500 c pm "t-Iero recovered frOID thio 

final chromatogramo One half of this eluate l'laS m:i.Jœd l"lith 20 mg 

of carrier pregnanediol and crystalli:z:edo The crysta11ine materi.-:ll 

obtained after the third crysta11izatj.on l'ras then acetylated and 

the resulting dia.cetate l'ms recrystallizedo These data are shmm 

in Table LXIo 

A total of 127,000 cpm l'Iere obtained 't"lhen fractions 109-141 

't'lere pooledo This mate rial t'TaS chromatographed as a conjugate in 

system K t,·dce and then one half of the eluted metabolite was 

hydrolyzed using j3-glucuronidase o The resulting product which 't'Tas 

soluble in ethyl acetate l'TaS chromatographed in system C l'Ihere its 

mobility lias identical l'Tith that of pregnanediol. A total of 

11,000 cpm from the eluate l'ms mixed l'dth 26.2 mg of authentic 

pregnanediol and was then crysta11ized, first aa the free steroid 

and following acetylation as its diacetateo These data are shovm 

in Table LXI. 



TABLE LXI 

DEMONSl'RATION OF RADIOCHEr-iIGAL PUREI OF HETABOLITES lSOLATED FROH THE AQUEOUS LIVER EJITRAGT 

FROM THE ADRENALECT-blvIIZED FERFUSED HUl1AH FETUS 

Carrier 

1 

2 

3 
Ga1culated 

1 

2 

Ga1culated 

(specifie activities - cpm/mg) 

Pregnanedio1 Sulphate 

So1volysis 

20.0 mg 

5700 cpm 

Pregnanedio1 
XL l1L 

255 330 

245 270 

255 255 

290 

Pregnanedio1 Diacetate 
XL In. 

205 185 

195 200 

200 

Pregp~nediol Glucuronide 

~-g1ucuronidase hydro1ysis 

26 0 2 mg 

liOGO cp:n 

PregI'~nedio1 

XL l'lL 

425 405 

405 l:.05 

L1-20 

PregP3nedio1 Diacetate 

~~._---_. ---"._.'-- . -----+-- _.- "_.-' ----

XL mol 
340 310 
325 320 

320 

-~. 

~ 
Cl' 
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THE AQ.UEOUS EXl'RACT OF THE RESIDUE FROM ADRENALECTOHIZED FErus 

The residue in the aqueous fraction from the eJctract of the 

residual tissues 'rras chrom.9.tographed on a 100 gm Celite coluran 

using the system iso-octane:t-butanol (300:500)/alDJ1lonium hydroodde: 

"rater' (25:475). By decrea sing the amount of lso-octane in the 

solve nt, system, the pola rit y of the solvep.t uas increased.. Tho 

pattern of radioactivity eluted from the column io shm-m in Figura 209 

t"lhere the cpm in each fraction have been plotted against the fraction 

numbero As is shOtm in the figure, the single III.9.jor peak \-JaS eluted 

at the end of the first hold back volwnen Very polar frae oteroid 

metabolites uere suspected in this peak but none 't'rere identified o 

Pregnanediol glucuronide was isolated in the pool of fractions 

179 to 195" l-lhich contained 10'7,000 Cpma This material l"/aS firet 

chromatographed as a conjugate in system K where it separated into 

three area s. The third area l-/hich contained· the pregnanediol 

glucuronide l'laS chromatographed in system lC again. One half of the 

eluate from this chromatogram \'laS subjected to hydrolysis l.1ith 

(3-glucuronidase and then the product was chromatographed in system Co 

The mobility of the UIÙmOl'~ and of pregnanediol \'1ere identical in 

this system. A total of 2,600 cpmeluted from the paper \'/ere m:ixed 

l'Tith 2102 mg carrier and crystallized in the free form and ai'ter 

acetylation as the diacetate. The results of these crystallizations 

are shol'm in Table LXII.. The very Im'l specifie activity euggests 

that pregnanediol glucuronide ma.y have been identified. 

In aIl tissue s except the adrenal, the great majorit,y of 
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CELITE COLUMN CHROMATOGRAPHY OF THE AQUEOUS EXTRACT 
FROM THE RESIDUE OF THE ADRENALECTOMIZED FETUS 

CPMI FRACTION 
15~OOO 
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45.pOO 

~O'iOOO 
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TABLE LXII 

D@lOI~STRATION OF RADIOCHlliUCAL HŒ-l0GENETI'Y OF THE }1E'rABOLITE 

ISOLATED FRŒ-i THE AQUEOUS EXTRACT Oli' THE RESIDUE FRm1 THE 

PERFUSED ADRENALECTmUZED FErUSES 

(specific activities - cpm/mg) 

1 

2 

:3 

Ca1culated 

1 

2 

Calculated 

Pregnanediol Glucuronide 

i3-G1ucuronidasG 

2102 mg carrier 

2600 cpm 

Pregnanedio1 

XL NI, 

24 J~6 

25 33 

24 25 

125 

Pregnanedio1 Diacetate 

XL 1.fL 

18 19 

19 18 

19 

139 
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radioactivity l'18.S round in the ether soluble fraction of the tiosue 

oxtractso The yield of metabolit0s as conjugates from th0 aqueous 

fraction ,,'ras 101'1 in most cases as shmm in Table LXlllo These data 

are expressed as the per cent, of total radioactivity in a tissuo 

"lhich ia found as a spacific metabolite o The total activity in D. 

tissue is the SUffi of the cpm in the aqueous and ether fractions 

artel" partitiono The radioactivity as a metabolite is tho product 

of the ueight of carrier used in t,he crystallization and the final 

constant specific activity of the crystalso This ie a minimum 

figure, not corrected for 10Baeso Although a11 the metabolites 

sho'\'m in Table LXIII \'/61"e definitely isolated, the minimum sig

nificant figure in terms of yield ia 0 0 5 per cento It is particularly 

evident \'1hen conaidering the conjugated metabolites, that the pel" cent 

yield 'Waa very 10'\'1 in moat caseso 
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TABLE LXIII 

CON·JUGATED METABOLITES OF 4-14C-PROGESTERONE ISOLATED FROU TISSUES OF THE INTACT (nIT) 
. . 

AND ADRENALECTOHIZED (ADX) PREVIABLE HmW'l FErUSES . (EXPRESSED AS PER CENT OF TOTAL 

RADIOACTIVITY n~ THE TISSUE) 

Adrenal Liver Rssidue 

TIfr ADX TI\JT ADX 

Corticosterone sulphate 3.9 

Deoxycorticosterone sulphate 0.7 

Pregnanolone sulphate < 0.5 

20-keto-~pregnan-3~-yl sulphate <: 0.5 

Pregnanediol sulphate < 00 5 <0 0 5 00 5 

Pregranediol glucuronide < 0 0 5 <0 0 5 005 

- not isolated. 

t= 
f-I 
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DISCUSSION 

The experiments uhich have been described \-lere designed t,o 

explore in a broad m.a.nner, the metabolism of progesterone in a 

n~ber of fotal tissues at rnid-pregnancyo The p9rfused, proviable 

hUID~n fetus in th~ intact and in the totally adrenalectomized state 

served as the model system. NorlIl.a.1 fetuses trere obtained at 

therapeutic abortion carried out in S':Ioden at midt,erm ul1der tho 

control of the Royal Uedical Board of Suedeno The perfusion of the 

f,e·tuses and initial extraction of the tissues i·rere carried out in 

the laboratoroe s of Dr. E. Diczfalusy in the Karolinska Hospital, 
, 

Stockholm. The separation and isolation of the radioactive meta~ 

bolites lvere carried out by myeelf in the Endocrine laboratories 

of the Royal Victoria Hospital, Montrealo 

In this type of expar:imsntal approach the fetus t'laS immersed 

in a bath uOOer controlled environmental conditions, and oxygenated 

human blood l'JaS perfused through the fetus uOOer the conditions 

detaiJ.ed by Westin (6S). Under thes9 exparimental conditions of 

controlled temperature and oxygen tension Westin has maintained 

fetuses for up to four. hours and observed a stable electrocardio-

gram and rhythmic fetal mOVE",ments for the entire experiment. A 

successful perfusion for our study lasted one hour during \-Ihich 

tinte the fetal hearl continued to beat. During this time, small, 

equal amounts of 4-14C-progesterone l'lere added to the perfusing 

fluid at regular, short intervals. At the complet ion of the one 

hour perfusion, fetal tissue S \'lere extracted and the labelled 
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motabolites ,·.rere separated into ether and \·m.ter soluble portions. 

In some cases total bilateral adrenalectomy l'JaS performed 

prior to the perfusion. This l-mS carried out by Dr. R. Wilson 

"lorking in Dr. Diczfalusy' s laboratory in stockholm. 

It is realized that the experimental model l'laS studied under 

conditions ,·rhich "rere quite different from the physiological 

conditions exieting in utero. Considering the variation in results 

that have been obtained \"lith in vitro incubations of slices or 

homogenates of fetal tissues (40,4J.,42) 't"le felt that our experi

mental design approached the physiological situation more cIo selYe 

Because the experimental conditions l'lere not perfect, our results 

have been interpreted with some caution. 

At the end of perfusion, the tissues were firet extracted with 

absolute ethanol and then with 80 per cent ethanol and the re sidues 

of the ethanol extracts were defatted by dissolving them in 70 per 

cent methanol and precipitation of the fats at _200 C. The residues 

of the supernatants l'lere then partitioned between ether and l"later 

and the radioactive material from each phase was purified by column 

chromatography. The extracts of the ether phase ,vere chromatographed 

on silica gel columns and the extracts from the aqueous phase 't'lere 

chroma,tographed on a Celite partition column. Individual metabolites 

or mixture s eluted fram the columns were further separated and 

purified by paper chromatographYD The radioactive metabolites 't'lere 

located on paper with a chromatogram scanner and they were partially 

characterized by their mobility as compared to standards chromato-



graphed at the sarne time. \fuen a uniform peak of radioactivity 

'tms obtained the metabolite 't'las eluted and miïc:ed ,·lith carrier. The 

nùxture l·ras crystallized until the specifie activity of the cryetals 

and mother liquors l'lere constant 0 Then a derivative l'laS formed and 

the crystallization repeated. These rigid criteria for radio

chemical homogeneity '·lere applied to every metabolite isolated in 

these etudies. 

The data included in Tables XXXIII, LV, and LXIII are based on 

this rigorous àemonetration of radiochemical purity. The total amount 

of radioactivity present as a specifie metabolite is indicated as a 

percentage of the total raàioactivity in the specifie tissue. The se 

are minimum percentage figures as there i:9 no correction for any 

losses during the isola,tion procedure. Although the precise figure 

is small in many cases, particularly in connection l'lith the 

conjugated metabolites, the rigid criteria make them significant. 

The results indicate that at midterm the adrenal and liver 

are the most active tissues in the hwnan fetus in terms of 5teroid 

metaboli8Ill. Similar results were found with radioautographic etudies 

follol'ling perfusion of 4-14C-progesterone in which there l'ras 

selective concentration of radioactivity in certain tissues, 

particularly in the adrenal and liver (87). In addition in vitro 

incubation studies have clearly established the fact that the 

human fetal adrenal can actively metabolize steroid hormones under 

selected experimental conditions. 

The results obtained from M,e perfused intact human fetuses 

indicate that many tissues at mid-pregnancy are capable of carrying 



145 

out extensive metabolism of progesterone. In an effort to define 

the metabolic capability of fetal tissues in the absence of any 

direct or permissive action of the adrenal, similar perfusion 

experiments were carried out using totally adrenalecto~lzed midterm 

human fetuses. 

It t'las possible to isolate 16a.-hydroxyprogesterone from the 

adrenals, perfusate, Iddneys and residue of the intact fetus but 

it l'laS not found in any tissue from the adrenalectomized fetuseso 

16a.-hydroxyprogesterone has been isolated from incubation studies 

using adrenal (40) testicular (52) slices in l"[hich progesterone \-taS 

the substrateo In the perfusion experiments the testes viere in

cluded in the residual fetal tissues and as such, could be the 

source of the 16a-hydroxyprogesterone in the residue. The absence 

of this metabolite from aIl tissues of the adrenalectomized fetus 

rn.a.kes this less likelyo It may be that the 16oJ"""hydroxyprogesterone 

was synthesized in the fetal adrenals and then passed via the cir

culation to these other tissues. 

17a.-hydroxyprogesterone l'laS isolated from the adrenals, lungs 

and residue of the intact fetus and from the residue of the 

adrenalectomized fetus. This metabolite has also been identified 

in incubation studies using human fetal adrenal (40) and fetal 

testes (52) with progesterone as the substrate. As 17a.-hydroxy

progesterone was isolated from the residue of both intact and 

totally adrenalectom1zed fetuses, it suggests that it May have been 

for.med in the fetal testes. 
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Despite careful investigation d+-androstenedione lms not 

isolated from any tissue of the psrfused fetuses. This is in con

trast to the results of in vitro incubation of fetal adrenals (37) 

and fetal testes (50) uith progesterone. These variations in results 

emphasize ·the difference in the experimental conditions bet'"leen 

incubation studi.es and our perfusion e:2\.'"})srimentso 

It viaS possible to isolate 6!3-hydroxyprogesterone from the 

perfusate, lungs, and lddneys of the intact fetuses and from the 

perfusate and lungs of the adrenalectomized fetusss o Thus 

6f3-hydroxylase is found in tissues other than the adrenal. 

Corticosterone lIlaS isolated only in the perfusate of the 

intact fetuses but was found as cortico&terone sulphate in the 

adrenal in relatively large amounts o It may be that corticosterone 

is produced only as the sulphate at this stage of gestation and that 

cleavage of the sulphate radical is required befora corticosterone 

can leave the adrenal glands~ 

Hydrocortisone was isolated only from the fetal. adrenal and 

only in the unconjugated forme Re cent ly, hOvlever, the presence of 

hydrocortisone sulphate has been reported folloVTing incubation of 

full term human adrenals ,·Tith progesterone (47). In Btddition it haB 

been isolated from the adrenals at midterm follo\'ling the injection 

of 4_14C-progesterone into the umbilical vein with the fetus 

in utero (S8). 

None of the wùmovms had the pola rit y of IS-hydroxyprogesterone, 

18-hydroxycorticosterone, 18-hydroxydeoxycorticosterone or aldosterone. 
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In addition neither 16a,17a~dihydroprogestel~ne, nor 16~hydroxy

hydrocortisone 'TtJ'a S detectedo 

It 't-J'aB possible to isolate 20cx.-dihydroprogesterone from ail 

of the tissues studied in the intact and totally adrenalectomized 

fetuses. This confir.ms the previous detection, by papar chromato

graphy, of this compound in several tissues of the midteX'lIl fetua 

injected 'tüth labelled progesterone (55) 0 

Pregnanediol 't-J'aS isolated from the liver of both the intact 

and adrenalectomized fetuses o It '!.'las the majcY' radioactive mota

bolite there, accounting for more than 20 par cent of the total 

radioactivityo It 't'JaS also isolated from the perfusate of the 

adrenalectomized fetuses o 

Various fetal tissues shO\lTed a high degree of enz;ymic 

atereospecificity in the reduction of progesterone to the epimeric 

pregnanolones. The selectivity in this respect l'laS identical in 

the intact and adrenalectomized fetuse So The 3a.,513-epimer 't'taS 

isolated only from the extracts of liver and intestinal tract, 

\'lhereas the 313,5a.-epimer "Tas isolated from the lungs, kidneys and. 

residues. As expected, both epimers were present in the perfusate. 

Progesterone ",as found. in aIl tissues atudied but only 3 per cent 

of the radioactive materia,l recovered from the liver and 4 per cent 

of that found in the adrenals 't'ras progesterone. 'l'his steroid 

accounted for as much as 10 to 45 per cent of the total radio

active material recovered from other tissues. These results 

indicate an extensive metabolism of progesterone by the tissues 

of the previable midterm fetus and that the liver and adrenal are 
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the major sites for this metabo1isuo 

Some conjugated metab01ites 't'lere isolated from certain tissues 

of the intact and adrena1ectomized fetuseso Corticosterone sulphnte 

and deoxycorticosterone sulphate 't'rere isolated from the adrena1s of 

the intact fetuseso Pregnano10ne sulphate 't'yas isolated from the 

liver and residual tissues of the intact fetuses but '-las not found 

in any tissues from the adrenalectomized fetuses o The appropriate 

epjmers ,'rere isolated such that it 't'las the 30.,5f3-epimer of 

pregnanolone sulphate in the liver and the 3f3,5~epim~r in the 

residue0 Previously it l'las shOl"m (89,90) that the fetal tissues 

lack a steroid-3-sulphatase 60 that the failure to isolate 

pregnanolone sulphate in certain tissues, cannot be attributed to 

cleavage of the sulphate. A more reasonab1e explanation l'10lÙd be 

that it l'laS actually present but in such small amounts that it 

escaped detection. 

Pregnanediol 'l'1as isolated both as a sulphate and as a 

glucuronide from the liver of the intact and adrenalectomized 

fetuses. Pregnanediol su1phate "t'las isolated from the residual 

tissues of the intact fetuses and pregnanediol glucuronide from 

the residue of the adrenalectomized fetuses. There is, again, 

no obvious explanation for this apparently selective conjugation 

of pregnanediol in the residue of the two experimental groups. 

A comparison of the re sult s obtained between the intact and 

adrenalectomized groups shm'TS a rernarkable similarity which is 

furlher support for the autonomy of the individual tissues 
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independent of any influence of the adrenal o The relatively high 

concentration of hydrocortisone (28 ~g pel' ml) added to the parfusing 

fluid in the adrenalectomized group does not appear to have altered 

the metabolic fate of the 4-14C-progesterone in the tissues of these 

fetuses. 

As expected no 1113-hydroxylated metabolites of progesterone 

"lere detected in the adrenalectomized fetuses and such metabolites 

l'lere found only in the adrenal or perfusate of the intact fetuaes o 

The failure to isolate any 16u,...hydrOJc:ylated metabolites in the liver 

of the intact or adrenalectomized fetusGs is of interest as this is 

in marked contrast to the results obtained l1ith estrone and its 

sulphate (91,92), l'Then thsss labelled steroids viere perfused through . 

previable human fetusea. When estradiol (89) and dehydroisoandro

sterone (93) were perfused, 16a-hydroxylation \'18.S demonstrated in 

the liver again. This suggests further specificity of enzymes 

involved in the hydroxylation of various steroid substratea in 

the midterm human fetus. 

Of the nine metabolites isolated in these experiments six have 

previously been reported to be for.med from progesterone artel' 

incubation \·Tith human fetal tissues. Three metabolites, the t'-IO 

epimeric pregnanolones and 613-hydl'oxyprogesterone have not 

previously been reported although 6~-hydroxylated compounds have 

bean found in maternaI pregnancy urine (94) and in urine of 

premature and full term infants (95)0 

'rhus it can be concluded that the tissues of the perfused 
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previable human fetus can carry out extensive metabolism of 

progesterone at midterm. This includes hydroxylation, reduction~ 

and conjugation. There is evidence of tissue specificity for many 

of these reactionso 

It ia clear that the fetal adrenal in particular attains a 

phase of active function quite early in the gestational period and 

that it can produce hormones which in the adult are biologically 

active. There is evidence in the rat and rabbit (96) that thesa 

hormones have specifie metabolic affects on the liver and heart 

of the animal, in terms of glycogen depositiono In humans there 

is indirect evidence of the production of biologically active 

steroide by the fetus as manifested by the clinical amelioration 

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

Previable human fetuses at gestational ages of sDcteen to 

t\'16nty \-1seks 't'Tere obtained by abdominal hysterotomy carried out 

for therapeutic abortion as authorized by the Royal Medical Board 

of S,'reden. 

Perfusion \'lith 4-J4C-progesterone 't'Tas carried out under 

controlled conditions. 'ft.IO experimental groups 't'rere studied. The 

first, consisting of tl'IO male and two female fetuses l'fere intact 

and the second, consisting of' three male and tt'lo feInale fetuses 

were subjected to total bilateral adrenalectomy prior to the 

perfusion. 

Selected tissues from each experimental group l'Iere extracted 

follOl-dng a one hour perfusion. The metabolites of 4-14C-progesterone 

were isolated by column and paper chromatography in the conjugated 

and unconjugated state. Each metabolite \~s subjected to crystal

lization \-dth added authentic carriel" to demonstrate radiochemical 

homogeneity and the degree of purity. 

Nine compounds excluding progesterone \'rere isolated, three of 

which (corticosterone, pregnanolone, pregnanediol) were found both 

in the tonu of a conjugate and as the free steroid. One (deoxy

corticoaterone sulphate) was found only as a conjugate whereas the 

other five (20a-dihydroprogesterone, 16a-hydroxyprogesterone, 

17a-hydroxyproge ste rone , 6(3-hydroxyprogesterone and cortisol) l'Iere 

isolated only in the unconjugated fonn. 

The results demonstrate that the tissues from the 
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adrenalectomized group are able to carry out eJdensive metabolism 

of progesterone. The results aiso shoued that the Il-hydrOJcylated 

metabolites l'Iere llinited to the intact group as l'IOuld be expected. 

Tissues from both experimental groups t'Iere able to carry out 

significant conjugation oi' metabolites either tüth sulphuric acid 

or glucuronic acid. Certain tissues evidenced enzyme specificity 

in terms of reducing ring A of progesterone to form the epimeric 

pregnanolones. Tissue enzyme specificity l'las suggested by the 

different results obtained when these data. l'18re compared to 

perfusions in t'lhich estrane, estradiol, or dehydroisoandrosterone 

l'laS the substrate. 

Definite evidence of the biologie significance of these 

metabolites produced in the midterm fetua is lacldng but the evidence 

would suggeat that the fetal adrenal in particular, is producing 

compounds which a.re linportant in maintaining the fetus in astate 

of health during this period of rapid growth and development. 

,.-

( 
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CLAINS TO ORIGINAL RESEARCH 

10 The dovelopment of chromatographie procedures for the isolation of 

motabolites from the tissues of the midterm human fetus perfused 'td.th 

progesterone-4·14C o 

20 The isolation of eorticosterone sulfate, deoxycorticosterone sul

fate, pregnanediol sulfate, pregnanediol glucuronide, pregnanolono 

suIfa'te and 20-1ceto-5a. .. pregnan-3~-yl sulfate, pregnanolone, 3~-hydroJty-

5a-pregnan-20-one and 6~-hydroJ~rogesterone from human feta~ tissues 

(Biochemo & Biophyso Acta l04~ 623, 1965 ar.d Jo Clino Endocro Metab o 26: 

1144 and 1155, 1966). 

30 The demonstration of tissue stereo-specificity in the reduction of 

progesterone-4.14C perfused in the midterm previable human fetus 0 From 

the livel' and the intestine it was possible to isolate 3a-hydroxy-5~

pregnan-20-one and from the lung, ki~ney and residue it was possible to 

isolate 3~-hydroxy-5a-pregnan-20-oneo 

4. It was demonstrated that tissues other than the adrenals are capa-

ble of 170.- and 6~-hydroxylation of progesterone. when it ~ras parfused 

in the adrenalectomized previable midte~ fetuso 

50 Labeled testosterone, androstenedione, aldosterone and 16,17-dihy

droxy steroids 't'lere not detected in the fetal tissues 't'lhieh demon

strated a qualitative differenee bet't'leen the findings in the perfused 

fetus and those obtained from the incubation of progesterone with slices 

or homogenates of adrenal tissues of the midterm human fetuso 
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