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The Metabolism of Testosterone 

I 

Introduction 

A. Historical Introduction. 

The functional significance of the testis has been known 

since the time of kristotle (121) who ascribed post-pubertal ctanues 

to the function of the gonads, as such manifestations were absent ir 

castrates -- both in Lien and in birds. A.ccurate knowled2'c of the 

nature and rr1etabolism of the androge'-.icallv cctive su'hstance secreted 

ty the testis lIas, however, [,eon aC4uirefj only dllrin~ t~ .. e nast decade. 

It was not until the first ~blf of the Kineteenth Century 

that the gonads were recognized as beinr ductless glands, and capable 

of secreting a substance into the blood-strc:;m. 

That. the testis 1 ~ normally the main source of the andro~er,ic 

substan~e in man and other ,'llimels was first indicated eX T erimentfl11y 

by Berthold in 1849 (4). He rerr~ovej the testis of four roosters and 

replaced one testis in an unusual atdominal position ir each 0(' two 

CA1'ons. Ee killed these t~,o capons six months later ar:d foun\~ that 

because of' t~~e testicular grafts, "these anjrr.als remained male in 

regar(1 to voice, ret'roduction, i:--lstinct, ~~fl1ting srjrits. finO. Fr0 'w':th 

of comb and wattles". Ferttold further su~~ested that tte testi~le 

,<,\~erted its inf-Luence upon the ort'anisrn via tte bl'J()d, and this view

point is now the Fenerally acccrted one. i-(Ecentl'.r, J~~n1--y (~t,) 

reported that bull's blood contains less tLan 1 l.p. of cndrof?ens 

rer litre, but that 500 cc. of oxygenated 1lood -- '.';!lich he:) been 
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perfused throuC!h a survivin!?: r:ull testis for 0.5 to 4.S hours at 40 

to 90 mm. p.;~ .. nressure -- increased t~.e c0:')cer:tration ~:-' the "l"ier 

of 16 to 46 I.U. per litre, without seriously lowerinp- tte 8L8rogenic 

act i vi ty of tLe test is itself, indi cat in'" that the test i s s~n:t:-les i 7sd 

an !1ndrop;enically active sUbstance(or substances) which it then sec~'~te:~ 

ifito the blood. It was not until 1927, however, that tlJ' ~i ~~t notent 

testicular extracts which gave reproducible results were ortained fro~ 

bull testis by McGee and his colleagues (114). Various other invest

igators (114) made atte:.pts to obtain such extracts rrior to 1927, rut 

these extracts were crude and far from satisfactory. 

Amonr- the other possihle sources of 8r.d,!,(JC"e~'icallv active 

substances (and of steroid metabolites ge"nerally) in r:an And exueri

mental animals are blood and urine, and considerable attention has in 

fact been paid to urinary steroid excretion products. Studies dealin~ 

with the excretion of urinary steroids have been very extensive, ~uch 

more so than similar studies dealinc with the steroids in the cloo4. 

This may be so because tr.C early investirators fou';d it technically 

easier to analyze urine thfin to analyze blood. Furthermore, it was 

desirable at first to characterize the steroid metabolites, and ~rjn

alysis is a more convenient tool for this purpose than is blood analysis. 

Thus it was that in 19~9, Funk, Harrow and Lejwa (62-64) 

usin~ the capon comb test worked out by Gallagher and Koch (65) -- showed 

that the urine of normal young men contained andro~enic&11v active 

substances. Shortly there2fter, Butenandt end his colleagues isolated 

Androsterone (20) and Dehydroisoandrosterone (21) from the urine of 

normal men. The isolation of Testosterone, ho~ever, was not accomplished 

unt 11 1935, when David, Lacqueur at al (37) i s()lated it f:,,')TI', bull' s 
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testicular extracts. Since that time, a considerable body of evidence 

has been accummulated to suggest that Testosterone is the male sex 

hormone secreted by the testis of man and experimental animals, but 

it must be pOinted out that as yet there is no absolute proof for this 

theory. At any rate, Testosterone is the most ~ctive androgen thus far 

isolated. 

A knowledge of the metabolism of Testosterone is not only of 

academic interest, but is also of clinical importance, since it has been 

shown by many investigators that the excretion of substances believed to 

be metabolites of Testosterone (and excretion of substances closely re

lated to these metabolites) varies in different pathological conditions 

(40). Notable among these patholo~ical conditions are diseases of the 

adrenal cortex (2, 39,82,162) of the testis (82), of the anterior 

pituitary (2,35) and of the thyroid (58). AmODt-: the urinary excretion 

products which are in use as an index of the activity of the aforement

ioned glands are the 17-ketosteroids. These compounds are characterized 

.by the presence of a ketonic group (CO) at the C1? position. Typical 

17-ketosteroids which have been isolated are those illustrated in 

Figure 1. Urinary l7-ketosteroids fall into two classes -- phenolic 

and non-phenolic ones. Estrone an estrogenically active steroid 

with a benzenoid Ring A -- is a phenolic l?-ketosteroid. The ketonic 

metabolites of Testosterone and related l7-~etosteroids are members of 

the non-phenolic (or neutral 17-ketosteroid) class. The present 

discussion will deal with the latter compounds. 

B. Urinary 17-Ketosteroids. 

The neutral 17-ketosteroids which have been isolated from the 

urine fall into three classes -- those which have been isolated from 
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(i) normal and (ii) pathological urine~ and those (iii) which have 

been isolated following the exogenous ad~inistr&tion o~ a steroid 

compound, for example, Testosterone. 

Normal Urine: 

The 1?-ketosteroids (Table 1) which have been isolated from 

normal human urine are Androsterone (20, 29,30,40, 12?), 

Etiocholanolone (29, 30. 40, 127), ~2 Androstenone-l? (40, 12?), 

3-5 
~. Androstadienone-l? (19,40, 12?), Isoandrosterone (12?), 

Androstanediol-3(~), 11-one-l? (110), 3-Chloro-Dehydroisoandro

sterone (40),~X Androstenol-3(~)-one-l? (51,123,165) and 

Dehydroisoandrosterone (21, 27, 29, 54, ?7). The excretion of these 

compounds in mg./litre is listed in Table 1. 

It will be noted from Table 1 that Androsterone and 

Etiocholanolone are excreted in equal amounts and that they are the 

l7-ketosteroids found to the greatest extent jn normal human urine. 

The fact that the excretion of these two steroids does not rise 

greatly in hyperadrenalism (for example, Virilism, Pirsutism, 

Adrenocortical carcinoma, Basophilism) - Table 1 - indicates that 

in males Etiocholanolone and Androsterone are normally derived from 

testicular secretion rather than adrenocortical steroi~ precursors. 

There is no evidence available at present to indicate that ovarian 

steroids can act as precursors of Androsterone or Etiocholanolone or 

any of the steroids listed in Table 1. 

The data presented in Ta~le 1 suggests that Dehydroiso-

androsterone is normally a product of adrenocortical secretion. Ihis 

point will be discussed later. (See page 9 ) 
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TABLE 1 

Urinary excretion of 17-ketosteroids considered 

to be metabolites of Testosterone (ani of sub-

stances closely related to these metabolites) 

in patients with various forms of hyperadrenalism. 

Compound Reference 

Dehydroisoandrosterone 29,30,35,109 
117,137,165 

Androsterone 40,75,79,109 
117,165 

Etiocholano1one 26,40,75,79 
109,165 

I soandrosterone 26,124 

2 Androstenone-17 40,124 

~x Androstenol-3(~)-one-17 51,123,165 

~3:5 Androstadienone-17 19,40,165 

3-Ch1oro-Dehydroisoandrosterone 40 

Androstanediol-3(~)-11-one-17 109 

*127 - Reference 127 
fl10 - Reference 110 

Excretion in Adrenal 
Hyperfunction 

Range of Yield 
mg./l. 

2.00 - 134.0 

1.50 - 9.0 

0.85 - 13.0 

0.05 - 0.5 

0.01 

4.80 - 8.0 

13.00 - 25.0 

-----

0.25 - 2.1 

Excretion 
in }:o~:na1 
Human Urine 

rng. /1. 

o • 20 ( 1112 7 ) 

1.00 approx. 
(*127) 

l.oo~pprox. 
( 27) 

0.20 (t12?) 

0.01~ 0.02 
( 27) 

---~-

'tual,Detm'd. 
(-127) 

~ual , Detm ' d • 
()l127) 

0.30 (1:'10) 

-
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Isoandrosterone has been isolated on~~l from nOIT.el ~.l~;'"'an 

female urine (123, 124) J ann its presence in :-.oT'mal tUT'lLr. male u~i '"'e 

is indicated. (123, 124). Its re1&tiol1 :'0 the horr;o::e secretp~ 1":i tte 

testis, on the bcsis of availatle evidence (127), is t~at of an end

product of a less important metabolic :-- '-,t: "::r;.,y 0:' male sex r.('rmone 

metabol i 8m tLhn that associated wi th And:-os~e~'-I~c 2!l~ Et ;.,Jch01anolone. 

As for Androstanedi 01-3(0( ) -ll-r)ne-l ? tY,e presence of the 

ell hydroxyl group suggests that t~is lry-ketosteroic is of adreno

cortical orir-ino AX Androstenol-:-;(O<)-c1ne-17 (51) is 8~SO believed to 

be of adrenocortical origin. TLe relqtion 0~ tr,e~.8 latter steroiJ5 

to the metabolism of Testosterone (~lnd ~Le IT.ale f:ex l~ormone) is not 

clear. 

The remaining c(~'rr.T\()unds listed in Tehle 1 - 6'~ Ar"dr'''I~tcr.o'1e-l?, 

4 3 : 5 Androstadienone-l? and 3-Ch loro-Deh~rdr')i so~·;-,dr()~te~.:--r.e - are 

considered to be artifacts \-): urj nary steroids. for it is known that 

they can arjse durinf-": acid L::(~rolysis o~ the l;rine. The sut.~ect .:f 

artifacts will be discussed under the sect jon on "Conju€!ation of 

Urinary Steroids". 

In conclusion, it may be stated that Androsterone, Et io-

cholanolone, and possihly Isoandrosterone~ are metabolites of the 

male sex hormone occurrinp in normal human male urine. 

Patholo~ical Urine: 

It has been previously pointed out that the excretion of 

l7-ketosteroids CRn be used as an index of the activity of the adrenal 

cortex, testis, etc. Analysis of the urine in dysfunction o~ these 

glands indicates that changes in the urina r~'- excret ion of 1 '7-~~etosteroi ds 

is of 8 quantitative and ~ossibly qualitative (40) nature. Table 1 



TABLE 2 

Compound 

Androsterone 

Et1ocho1ano1one 

~2 Androstenone-l? 

Isoandrosterone 

- 8 -

L'rinary excretion of 17-Ketosteroids 

of a patient with an interstitial 

cell tumour of the testis (85). 

Yield: mg./24 Er. 

27l - 6 

62 

6.1 

38.1 

Dehydroisoandrosterone 
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illustrates the quantitative changes tL2t can occur in cases of adrenal 

byperfunction (Virilism, Ebsophilism, Eirsutisrr.., Adrenal Co:---:ical 

Tumours). It will be noted that the compounds found in normal urine 

are also found in adrenal hyperfunction urine. and that tte greatest 

changes in urinary 17-ketosteroid excretion occurred in the case of 

Dehydroisoandrosterone and its artifact,~3:5 Androstadjenone-17. 

These two steroids were excreted in ~reeter than normal amounts. 

Hence, as Mason and Kenler (109) rointed out, 

Dehydroisoandrosterone is probatl:! derived chiefly from the adrenal 

cortex, whereas Androsterone and Etiocholanolone are probably 

derived chiefly from the testicular secretion. ~~0ffmAn et 81 (~~, 

159) have provided further support for t :Ais theory. The~T have reported 

the isolation of Androsterone, Etiocbolanolone, ~2 Androstenone-17 and 

Isoandrosterone from the urine of a patient with an interstj~ial cell 

tumour of the testis. The data in Table 2 indic~tes ~hat the gre0test 

increase in urinary l7-ketosteroids isolated occurred for t:ll'se 

compounds which are considered to be normal metabolites o~ tLe male 

sex hormone (A.ndrosterone and Etiocholanolone), and confirms the 

theory that Isoandrosterone is probably such a metabolite. ~2 Andro-

stenone-l7 is presumed to be an artifact of nndrosterone. The fact 

that no Dehydroisoandrosterone was isolated supports the theory t}-.. at 

it is of adrenocortical origin. ~dditional evidence is that the 

excretion of Deh\"droisoandrosterone by 0variectomi'=ed wor..en (7'3) is 

0.12 mg./l. -- and, therefore, 0:' the same or,::~jr of magni :t.:de for 

that of normal men (0.2 mg./l.). 

Mason and Kepler (110), on the basis of their stud:,' of the 

metabolism of Dehydroisoan(~rosterone !'ollcwing i~2 admiListr2tion 
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(as the acetate) to one male with pituitary insufficier.cy, and to 

one female having " .. '~riison' s Disease, suggest that Dehydroisoandro

sterone is a primary product of the adrenal cortex -- from which, 

in the female, urinary Androsterone and Etiocholanolone are 

derived. Hovlcver, Callow and Crooke (30) have reported one case of 

Virilism whose urine did Dt:t yj eld any Dehydroisoandrosterone. 

However, the urinary 1 ?-ketosteroid value was ?9-100 mg./24 hrs. :~t 

any r8te, Mason and Ke!'lerts hYT,ottesis re~_juires :'l~~rther fTJtst8:"~tiat

ion before it can be accepted unequivocablv. 

Dobriner et al (40) have jnvestirsted the rat1ern of 

excretion of urinary l?-ketosteroi~s in various ~atholo~ical con

ditions, for exam-ple, myeloid and lvwr.h£tic leukemia, and carcinoma 

of the larynx snd the nrostate. The results in~icate that tte 

pattern of excretion of l?-ketosteroids is abnormal, but no conclus

ions can be drawn as to whether these abnormalities are speci~:c for 

the particular disorders stUdied. The pattern of excretion of some 

thirty crystalline steroids isolated -- of which only eight are 

found in normal human urine -- indicates that the above -pathological 

states are accompanied by abnormal function of the gonads or ~dren8ls 

or both; or possibly e disturbed metabolism of the products of these 

glands. 

It is apparent, therefore, that steroid met8ro lism is 

modified by pathol~~ical conJitions, but except for the relation 

between Dehydroisoandrosterone with adrenocortical carcinoma, and 

i~drosterone and Etiocholanolone with testis ~nterstit~el cell tumour, 

it is not possible to relate any urinar~r l7-ketosteroid (or 17-

ketosteroids) with any specific patholo~ical disor'-~'-:~ or ~landular 
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dysfunction. 

Urinary 1 ?-ketosteroids followinf _-='estosterone administration: 

The experimental evidence trlus i'r.r r,resented does not 

provide much definite information concerning the rr.etabolism of 

Testosterone in man, since it has not been absolutely nroven tl-ht 

Testosterone is the male sex hormone, and since ttere is no satis-

factory information concerning the rate o~ excretion of the male 

sex hormone by the testis. Several investigators have, therefore, 

attempted to elucidate the metabolism of Testosterone in man by 

exogenous administration of this steroid. 

In man, the l?-ketosteroids which tGve been isolated from 

the urine following the oral or intramuscular administrction of 

Testosterone (either as crystalline Testosterone or Testosterone-

propionate) are Androsterone (28, 43, 45, 136), I&Q9dl8F90tspg..e Et(·o(ho{Cl.Y"l~'oVlt 

(28,45, 136) and 6 2 Androstenone-l? (136). A study of the 

metabolism of TestosteIQne has not been limited to man, however, 

and after subcutaneous administration in the guinea pif, it f~ove 

rise to Isoandrosterone (48). In the male chimpanzee (61), Andro-

~ 

sterone, Etiocholanolone and A~ hndr()stenone-l? have been isolaten 

following oral Testosterone administration. The nregnant Rhesus 

monkey (8?) has also converted exogenous Testosterone to Androsterone. 

Details of the above experiments are summarized in Tecle 3. 

It is noteworthy that urinary Dehydroisoandrosterone has 

not yet been isolated in amounts freater than normal followint the 

administration of Testosterone to man and ex~erimental animEls. 

This is, therefore, further proof for the theory that Dehydrois0-

androsterone is o~ adrenocortical origin •• ~ldrostanediol-~/~)-l~-one -l? 
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Conver:3ion of Testosterone lln(l{-~r different ~: '(perimentHl (~undition;3 

;'~perimenl~nl C{J1Lc1 iti.un;3 

000 lfIG. *T .-1:. urally (501 :lt~ .f er .) -
gOllnrl~l deficient male 

3<')0 ~. 'r.-F. IntrU!flI1:3Clllacly (300 uli,.j.T.) -
GUlladr,j defi c tent nlHlo 

640 me. r. -l • dl1bcutaneously (530 !I\~. '" ) 1. -

male '~UitlP-H pi!;" ) ,J 

800 mg. 'r .-P. su beu tall f30udlJ (6uO eng. '.(1.) 
lIle,tle :_~u i nn(..~ 1) lL: 

300 m~. 'r .-P. orally (250 me. T.) -
castrate 

-

)60 mg. 'r.-F. intramu8culf1rly (300 mg. 'r.) -
hypogonadal male 

1 .2 gIn. r • -F. in r, ra: j 1l1S cuI ~ lr ly (1 em. T.) -
normal adult woman 

800 me;. T .-P. intramuseu ltlrl ~T (667 rug. T.) -
hypogonadal male 

\3 gm. T.-P. orally (2.5 -3m. T.) -
" nlale chilnpanzee 

~, 200 mg. 'r .-J='. intramuscularl~r (1 gm.i'.) -

-,.1. pre::;nant monkeys 

Heference 

43 

!+;:~ 

45 

49 

136 

28 

61 

87 

Andro3ter,jnB 
me-/ l • 

3·33 

1.10 

6.50 

8.00 

2·40 

1.60 

" 
,J 

8.0 

9·0 

6.0 

14.6 

9·0 

2.1 

2.2 

*T.-P. = Testosterone-propionate 
= Testosterone fir. 

Excret,ion - ,,) ConVt:r.J!on lJ;,n Ill_; ./1. 

!~~i.uCllollinol()~:d I I.:;ulJJli'rr)ster'-,1;,3 62 __ "Ll;rlrv.jI;'~n'j!I'.j-; 7 
,'lG • /1 . /:) 1I"lg .,1 I • ?J fnL • /1 • {? 

2.8 

2. I .. 

1.6 

2.9 r~~ ./day 11.6 

3·60 7.7 1 .1 .. 3. It 

7.70 8·3 

0.10 0.3 5.6 4·72 
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end c::\ x hndrr)st enol-3 (0( ) -onp -1? ('r2.t le 1) ure 1 ?-ketoE?teroi -:5 wL i ch 

are telieved to arise fro~ adrenoco~tjc&l precursors, a~d their 

nresence in urine has also not been reporte(~ :f\~:lcwin~ ~estosterone 

administration. 

One may conclude, therefcre, that ;"!1drosterone, ~t iocto~

anolone and Isoandr0sterone 8r8 ,et.aboli t0S elf eXOf:enous :Il~~sto2tero!'"'~e 

in man and experirrtenta 1, f~ni!'l81s. These resu~ts A.{:rce v:ith those 

the tl! eorv t hEl t Testost erone Tn" ~T ~e th~ ML Ie sex l--:ormnne. As ~ ~r 

and evidence f f1r t:' is theorv wi 11 be oresentc j on pa~e 2G. SL~ fice 

it to say at the moment the.- t it is not cons i,l ~,:'t ~ 1 to be :j true 

ti r i na r y me t 11 b 0 1 j teo f T t; s t 0 ~~ t e ro ne • 

h~~r_i_:~' ._"~v_~'.~_g_roxy-nor~~ketonic Ster0j ds. 

The aforementioned exneriments 

kptonj c fraction of tLe urir~c !-:&S beerL investi~~~~ ed rrovide rln 

incomplete TJ1.cture of the rnetacolisr.l o~ Test.,~st;-'rone. Theor·-1:ic r!'ly, 

TAstosterone can be reduce,'1 to a 18r~e numter cf non-ketonic elcoholic 

steroids, both saturated and uns&tur(~ted. The irr,r,ortance ~ t~.ese CLr

binols clinically is potentitllly eQual to or [reater t~~8n tL~·,t c'; tl~e 

17-ketosteroids, but the infor~tion availatle ht:nut these ca~~inol 

metabolites is 1,leagre. :b'urtherl.()re, only 8 fev; carrirols o~ t~:e 

Androstane series have been isolated. 

In contrast to carbi nol Metabolites of the ~ale sex r.r.~ino~e. 

carbinol metabolites (and their closely ~elated isomers) 0~ the 

Luteoid (Figure 2) and ~'oll iculoid (Fi~ure 3) horD,one~ tave often bE'(,Y'. 
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isolated from enimal urine, and i~ sorre cases t~ve proven to te of 

clinical interest. The information Grout to te qulted will show 

that non-ketonic steroids are in fact excreted in norral and 

!Ethological human (and animal) urine, ~'rj sU2'~ests, tr,erefore, 

that carbinol metaholites of the hndrostane and Etiocholane series 

mip:ht reasonably be expected in the urjne. Furthermore, these 

carbinol metabolites may be either saturated or unsatur&ted. 

Carbinols of the Pregnane Series (Fir~l~re 2): 

Thus, for example, 1:arrian (104) first isol.r~ted 

Pregnanediol-3(~) 20(~) (Figure 2) from hUIiian pregnancy urine in 

1929. This compound is believed to be the ma.5or urinar~r metabolite 

of the corpus luteum hormone, Progest~'rone, in man. .Hllopre@:nane-

diol-3(~) 20 (~) has been isolated from human pre~nancy uri~c by 

Hartman and Locher (70), and from pregnant cow's snd mare's urire 

(101) and non-pregnant human urine (100) by ~,,8rker et al. 1vi&rker 

et a1 have also isolated Allopre~nanediol-3(f) 20(o{~ from the sarre 

sources (101, 102). These two compounds are stereoisomers of 

Pre~,,:nanediol-3~) 20(~). Butler and rw:arrian have rer0rted the 

isolation of Pregnanetriol-3(f) 17,20 (25) and its isomer, 

Pregnanetriol-3(c() 17,20 (26) from the urine of a WOITlan with adreno-

cortical hyperplasi~. The latter compound has also been isolated 

recently by Mason and Kepler (109) from both 8dre~ccortjchl tumour 

and hyperplasia uripe. Schiller et al (137) have isolated 

~5 ~regnenediol-3(f) 20 (~) from the urine of e worner. with an 

adrenocortical carcinoma. The saturated isor.er. Pregnanediol-

3(/) 20(~), has been isolated by Mason and ::epler (109) from the 
. 

urine of patients with adrenal hyper,lasia. 



f 
/ 

2 

0H 11 

c 

'H--e J '(\(/,. N<eLl <.> 1- J Cf ) ~ o( .;.,. J 

Oil H 

15 - . 

q It u t ~eJ Y\.~ "'/Lei. :=1-3 (~).L '" (J..) 

.. \ 
OH H 

( Hg , 
c HoH 

, 1-0 H 

(H---e. ~ho.. v.. e. h--~<:> 1- 3(.<) 1'1, J.-() 

°If 

/ 

°H 

C J 

c." oH 

<1SPr.< J Y"\Q. V\." cL, t, \-J 

/ 
oJ.{ H 

l1-l{ ~r ~V\.G...~ .. ciC~ - 3Cf) :Lu (J) 

/ I 
Df.{ H 

rpY-J2 ~ v-.. CL h TI--lo 1 - 3 7) I 7~~. 

?n5 r-o-. Y" <! c.L ... ..:l1 -.3 ().) :L ~ ( J..) . 



- 16 -

However, the relation of the latter compounds to 

adrenocortical hyperfunction and to adrenocortical steroid 

metabolism has not yet been clarified. 

Carbino1s of the bstrane Series (Figure 3): 

As for the ~stro[~enic carbinols, Estriol was first 

isolated by lYlarrian (105) and Doisy (42) in 1930 from human pre~

nancy urine. It has also been isolated by Browne (14) f~m human 

placenta extracts. a( -Estradiol is believed to be the fer,ale sex 

hormone and was first isolated from human pregnancy urine by Smith 

et 81 (148). Both Estriol ando{-Estradiol have since been isolated 

from several other sources (127) • .H.[l isomer ofO\-~strGcJiol, 

p-EstradiOl, was first isolated from mare's pregn~ncy urine by 

Firschmann et a1 (76). Its metabolic relation to o(-Estradio1 is 

apparently not the same for man and the rabbit, since Heard and 

Hoffman (71) were not able to isolate any urinary f -Sstradiol after 

the intramuscular administration of 250 mg. ofo(-Estradiol to a 

normal man, whereas Fish and Dorfman (60) observed that the rabbit 

does excrete f -Estradiol after admtnistrati on of O<-~stradiol. 

Carbinols of the Androstane and Etiocholane Series (Figure 4): 

(a) Unsaturated Carbinols. The first proof that 

unsaturated non-ketonic alcohols of the Androstane series are 

excreted in human urine ~~s presented by Hirschmann (SO) in 1943, 

when he reported the isolation of L15 Androstenetriol-3(/) 16,1? 

from the urine of a seven-year old boy with an adrenocortical 

carcinoma. Since then, Marrian (106) has announced its isolation 

in minute amounts from the urine of normal men, and 1:Hson and 
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Kepler (109) have isolated it from patient s wjth adrenal tUITlours. 

An isomer of ti-:is compound --differing in the sp&tial confi:7:1r

ation of C16 and Cl? hydroxyl ~roups has been synthesized r:' 

Stodola et a1 (151) and Butenandt et al (24). 

Hirschmann (81) has also reported the isolation of 

L\5 Androstenediol-3(f l 17 (0() from the source mentioned above. 

Mason and Kepler (109) and Schiller et al (137) have likewise 

isolated this diol from adrenocortical tumour urine. This 

compound. may be relet ed meta bol ic ally to Deh~"droi soandro st erone , 

since Mason and Kepler (107) were able to isolate STIlsll amounts 

of it from the urine of a pituitary deficient male following 

the administration of Dehydroisoandros:,erone acetate. The 

converse reaction WbS demonstrated by Miller and ~r~~an (116) 

who administered j 5 AndrostenerliOl-3(!) l? (D\)-diacetate 

subcutaneously to adult male f'uinea pips and isolated sr.fill 

amounts of Dehydroisoandrosterone from the urine. The extent 

of oonversion in Mason and Kepler's experirr~er~t was 0.6';':; and in 

Miller and Dorfman's experiment it was 0.25/0. Hence tit j S not 

probable that the diol and Dehydroisoandrosterone are normally 

closely related metabolically. 

One might note that Hoffman et al (83) have reported 

that after the administration of 4 em. of Dehydroisoandrosterone 

to male rabbits, 90 mg. (2.5~,~ conversion) of 6' :~..ndrnstenediol-

3(f) 17 (P) (Figure 4) were isolated from the urine. This 

compound is an isomer of Hirschmann's diol and the exreri~ert 

indicates that man and the rabcit do ['0:' ~7~etabolize Dehydroiso-

androsterone in the same fashion. 
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The carbinols, 6.5 Androstenetrio1-3j3l 16,1 7 and 

~ Androstenedi01-3(f l 17 (0() , have been isolated from adrenal 

cortical tumour urines in varying amounts -- none of v,~hich was 

less than the yield per litre renorted by ~rrian (106) and in 

three reports (SO, 81, 137) in very much greater yield. TLese 

carbinols are, therefr -;,~?, probabl y deri ved from adrenocortic a1 

precursors whose nature is at the moment unknown, ratter than 

from the testicular secretions. The role of the se unsatureted 

carbinol~ in the metabolism of Testosterone is not clear, since 

Testosterone has never been isolated from adrenal cortical 

extracts and there is no evidence of its secretion hy the adrenal 

cortex. 

(b) Saturated Carbinols. The isolatio~ of non-ketonic 

alcohols of the Androstane and Etiocholane series from human urine 

or the urine of experimental animals has ;l:)t kept apece of the 

unsaturated homologues. 

Butenandt et 81 (22) were the first to report the 

isolation of an Etjocholandiol f~,~~'~ normal human urine. ~\s 

Butenandt et a1 pointed out, however, this compound --

Etiocholandiol-3(cx') l?(o() (Figure 4) -- may re an artifact ":v"r.ich 

arose during the fractionation of the urine, since the urinary 

extract was absorbed on amalgamated Aluminum and reduction of 

ketone groups may have occurred durin:- thi s procedu~~. Butenendt 

and Tschernin~ were able to isolate j~iroste~one (20) ~:D~ nO~.81 

male urine, but could not isolate any itiocho18nolone. Since 

subsequent work by vari ous inve~t igators has shown that ~drosterone 

and Etiocholanolone are normally excreted in 8rrroxi~atel~ equ~l 

amounts in human urine, it is probable that the ~tiocholandiol-
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3(~) 17(~) isolated was derived from ~ri~ry Etiocho1anolone. 

Butenandt et 81 su~gested such a ketonic Etiocholane steroid 

as the probable precursor sf the d j 01. 

Il" 1939, Dorfman et al (43) isolated fr0~ the non-

k-etoni c steroid frFiction of human c_T'ioo s!:flll ~-<;~-ount s of ir.-nlJre 

crystals whose identity could L'·~:t be conclusively establis~ler1. 

The authors sup&:ested that "':,};e crystals were 1,rrure T~tj()~Lolftr:'~iol-

3(0() 17(o(), since tLeir melting point was ?14-17°C. a:~,l 1l~-()!1 

2 '7200 \ = .J ',I I • 

the mtxed meltjw- pojrt w~s 2S4-27(lC. Howeyer. tl.e atove f'~,cts 

can hardly be classi fie(~ cs co: c ~usi Ve evj'len('c fo;- the presence 

norm81 human urine has .. ret to :\I? "~er l' I" voc.,\..,i 'P v .. .. ~/ 4. ( • l, ~ J • 

cr.vsta 1 R -- as t he c:~ ceta te -- T:J8re Of' t ~ j nen. 'f'rorn :,L e non- \re t.()'11 C 

steroid fraction of the urine. The meltjnr; T'oi:~t ,,:,C' tl"e acet~·l~ted 

svnthe sized it (145). .After hydrolysi ~, the c r::T St2 1 S me 1 ted e~ 

indeed Androstanedj ol-3~) 17(0(). Since tbe diOl re" ~esents onl~." 

about Oo:25:~ of tl:e administered Te2,toste~0Tie-~-~,:,~ ionrte, it is 



- 22 -

probar 1y not a signif i cant urinary metabol i te of' Teste steror:e • 

Various investigators have iso12ted rrdnute &IT'ount s of 

crystals from the non-ketonic steroid fractior~ of &drenal 

hyperfunction urine, but ttese crystals have ~-.c()t been furtter 

ident if ied. 

The evidence cited above indicates, therefore, that 

the nun:ber of known carbinol metabolites of Testostero:-,~e is sfr':All, -
and that the available infornEtion about these r:etabolites is very 

limited. 

It has already been indicated that Testosterone ~ay 

probably be converted to saturatec carbir,ols in man. Work with 

yeast and bacterib carried out by 1~8moli et &1 ha s indic£tpd 

~onclusjvely that Testosterone can be reduced biologically not 

only to Etiocholandiol-3 ,eX), 1'"1 (95,97,98) but also to .t'U':dro

stanediol-3(f) 17 (97). This, therefore, ster:c-tLens the theory 

that the same reactions can occur in man and experimental animals. 

It is noteworthy that studies v~·ith micro-organisms h&ve 

not been limited to carbinols, but have been extended to those 

compounds which are considered to be urinary l?-ketosteroids. 

Results cf such studies are tLe following: 

j\:t.1Irlol i et al (97) have demonstrated the bacterial 

conversion of 6.4 Androstenedione-3,1? to Androsterone and Iso-

androsterore in yields of 12;·~ and 9.3;.; respe2tiYely. Tr:E.' 

conversion of Testosterone to £14 Androstenedione-3,17 tv bacteria 

has been demonstrated in good yield (49/~) by Turfi t ~ (156). 
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L:hP101i (99) quotes the converse biocheJ1li cal reactt on earri ed out 

by fermenting yeast. L~oli (99) also re::,orts the conversion of 

/\4 An ~ drostenedione-3,1? to ~tiocholandione-3,1? by p~trefied 

stallion testis extract. Exneriments b:.~ t:amoli and his coworkers 

have demonstrated the conversion of Androsta'1edic)[le-3,17 tn 

Androstanedi Ol-3{~) I? by ferne nt i ng yeast (l61) &rld by ~:e&st 

(98) • 

It will be noted that tLe above reactions carried out 

by yeast and bacteria are those involving hvdroger.ation of the 

compound added to the rrjcro-orl?anism. That dehydrop"enati '·'n can 

also be carried out by such hicro-'Jr:'c1 nisms is irldicated hy the 

work of lV~amoli and Vercellone (S3, <]4, 96) who reported the con

versjon of Dehydroisoandrosterone to44 rlndrostenedione-3,1? (156) 

and of ~5 Pregneneol-3(0{)-one-20 to Frogesterone (9~). 11-'1;rthermore, 

Turfitt (156) has reported that 6'-' rtndrostel.ediol-3(O<) l?(o() is 

converted to Testo~terone (42;-;) and to 6' h.ndrostened j one-3, 1 ? 

(6)~~) by Froact inomyces spp. 

The importance of these findinf's in denljcinp the 

probable pathways for the cioctemichl conversi on of Testosteronp 

to urinary l?-ketosteroids will be discussed lp.te~. (See T'0. '.p f18) 

E. Con.ilH·~8tion of UriPLry Steroids. 

Before discussirf' th~ r 0 1e J~ the ljver in the i!~(('tiv-

ation \:f steroids and t: C Jf,et8.tol is"" 0
0 ref-tot': erone, : ..... enti.on 

The f: ct that all of "the 8fore~t~ntior:ed urj ne~'y sterni _:s. irlcludir~ 
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thos~; which are metabolites of' Testosterone, b8ve been isolr--ted 

only bfter He id h:/drolysi s of t~.e ur inc t [, -~ i c2tes tha T~ t be '" were 

excreted in conJu~ated form. 

Funk et a1 (~) and K8thk (~8) first sUf~este~ this 

nossibilitv, and A.dler (l) noted tr,8t Loilin~ 8.cilj~jed norr'\r:l 

hurpan urine greatly increased its andro~enic activity. Ir! 1938, 

Peterson et 81 (125) observed that the Glccuronic Aci rl cO!1centrc-:t-

ton of the urine of norr~81 I,en vbried sorr,~\,,'hot with its Lndr;~lCeEic 

activity, and suggested, ther~forc, tt~t the aLdroteLic steroids 

may be conjugated in part at least with GlucL.;.roLic hcid.. ~ecently, 

Hoffman (R4) has noted that tte C1L..cur"nic rtcid concef'tration of 

the urine of flnle rabbits increasf-3 11 r~larkcdly after tI,e erifT1inj strat

ion of Dehydroi soandrosterone. However, no ccn.i \l1-~8tes of Glucuronic 

Acid with metabnlites of Testost~rone (or cf er.j0~~erlous testicular 

secretion) have been isol~~ted as :vet. 

11.ttempts to isolate con,iugates of Sulfuric l1.Cj d l;.i th 

androgenic urinary steroids have been more succesSf1Jl. Thus, 

Androsterone-sul.r~:te (159) has been isol~,ted f~rn testis int('-:

stitial cell tumour urine, and Deh:·droisoandroste?"'one-sul~"Qte has 

been isolated from the urine of normal men {11 o} find ad-rer_ocort ical 

tumour ratients (109). They are the onl'; conju~ates of andror-enic

ally active substances WhOSL: iso15tion hCiS been reT',''"''rted. HO'wever, 

the possibility tLat :-[.e metabolites of Te8t()sterone bre exc~eted 

in conjugation with roth Glt curonic Acid as well as Sulf\.;r~c j~cid 

is not yet excluded. 

Dot~i ne r (41) has su~~,,:e sted tha t Cr::' ~.j ugat ion 0:' tLe 

adrenal steroids may' also occur wi:h both of these acids. '~r.e 
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advent of isolation te~r,r:i(~UCS more r~fined than those in use at 

present will probatly provjde ft.:rtrier inf'ormation re~ardi~ the 

conju(.Z'ation of the atlove steroids. 

It is of interest tl1ct urinarY' con iugates of tLe ITleta-

balites of Progesterone and o{-~stradiol have been isolated. '1"1' .. ... LUS, 

Sodium-pregnanediol-3(~) 20(~)-~lucuronide (158) and Estriol-

~lucuronide (34) have been isolated from human pregnpncy l:rine. 

while Estrone-sulfate (135) has been isolated from ~re~nant mare's 

urine, and Stilbestrol-~lucuronide (113) has been isolated fr,"m 

rabbit urine after the intralr.usculbr injectio1'1 of ~ pm. of Stilbestrol. 

Mason and Kepler (l09) hAve renorted the isolatton of Sodium-

pregnanetriol-glucuronide from :he urine of patients with adrenal 

hyperplasia, while Y~yne and r.~8rrian (R9) have recentl~~ isolated a 

new sulfate, 616 AllOpregneneol-31 )-one-:20-sulf&te, from pre~nant 

mare's urine. 

It is believed (160) that the liver is the site of con-

ju~ation of the steroids. 

Artifacts of Urinarv Steroids: 

Studies on the conju~ation of steroids employin~ the 

methods of L~rdrol,\"sis currentl y in use have resulted in the detect ion 

of certain urinary steroids which are believed to te artifacts. These 

artifacts have been found only after acid hydrolysis of the crj ne. 

It is obviously of importance to be able to differe~tiat.e between 

true urinary steroids and artifacts t:-:ereof. One must, therefore, 

mention the following artifGcts whose presence tas been ~etected 

in the urine of man and animals: 
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(8) 112 b.ndrostenone-l? During the discussi.:n of the 

neutral 1 ?-ketosteroids it was noted that 6 r

: hIldrostenone-l? -.'.CiS 

consi dared to be an art i fb!'t sri si np- during sci d hydrol~;sis of 

urine. This compound has been isolated by Hjrscr.~ann (?8) from 

the urine of ovariectomized women, and by Pearlman (124) and 

Dobriner et a1 (40) from the urine of men and women having adreno-

cortical carcinoma. In 1942, Venning et a1 (159) reported that 

2 
6 Androstenone-17 arose after aci,i hydrolysis of Androsterone-

sulfate, which had been isolated from the urine of a man with 

gener:-,1ized metastasis ()f an interstitial cell tumour 01' the 

testis. They thereby confirmed Hirschmann's su~~estion that the 

former compound was an artifect of "Androsterone (or lsoanlro-

sterone) tt ari sinp- during be i d hyd rol ysis of" t he uri ne. 

The position of tLe etLy1enic bond in the structure of 

2 6. Androstenone-l? has never been definitely established, bt~t tte 

work of Butenandt et al (21) -- who first prep&rl:d it by treatinc-

3-(~) Chlororandrostanone-l? with Potassium Acetate 2t 180°C 

indicates that the double bond is at the 6.2 or 6. l)osition. The 

variety of melting points reported for Androstenone-l? (102-1l0 C) 

May be due to the fact that b mixture (tte exact cO~Dosition 

Jenending upon the method of preparation) of 6' and 6~ Androstenci'.e-

17 is present. 

It 1s interestin.; to note that tte corresI'ondin;-o ~ .. crrclo··14e 

of Etiocholanolone, (12 It iocholenone-l?, has never been tsolatc(i 

from urine. This nay he due to the :'L;ct that .. ';nJroster,'re and 

Etiocholanolone are excreted in different con,iuP·c-..te,~ :'o:-:r.s, but 

there is no factual inf0rmation on this voint. 
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(b) 6,3: 5 Androstadienone-l? It has nreviousl v 'ceen 

noted that~3:5 kldrostadienone-l? was considered to Ye [!;: artifsC't 

of Dehydroi~~'~)8nr3rosterone. Tbe evidenr:e f'_r this tteory fC':lows. 

Burrows et a1 (19) ftrst isolated63 : 5 Androstadierlone-17 

from the urine of a ~C.n with an adrenal tumour. This oo~nnun! has 

also been isolated by Dobriner et a1 (40) ~rom tt-'e urjne of nor:"al 

men. Burrows et.Bl (19) preparE-d jt b:l deh":dratjon of Det~-jroiso-

androsterone using Copner Sulfate &t 200oC. 2nd in the Tarbit (R~) 

Dehydrojsoandrosterone has in fact ~iven r~se to consiJerable amounts 

of ur ina ry ~3: 5 Androstb r1 i enoD,p-l? It 2 prears Gl sn f ~(lr: sr'ectro-

• scopic evidence (39) that aci d hydrol ysi s of a u ri ~~e T'revj OtIS 1y 

devoid of 0n V1etecta bie vTT1ol .. nts or. tLe dienone, but to which 

Dehydroi soe.ndrosterone has been added, r ,' suit sir" the r,rnduct ton 

of c.: certair1 amount of' the dienone -- and tbereby provi;es proof 

for the tr,eor\'" tLat ~;:5 ~\ndrostanienone-l? is en ~rti:';_.ct f 

Dehyd roisoandrnsterone. 

(c) ~-Crloroclelydroisoandrost-?rone. Thjs COr'-,roun1 r,bS 

Fl. Role cf the Liver if! the ~.-pt&bolis'" f''" Tpstoc:+,e~' TIe and o~~.er steroids. 

Ir discussin~ the urir"lary sterojds -- tQt~~. ke"" ''""'ic ~nG 

non-ketonic -- no ~ention was ~&de of the sit~ at whjch ~te 

metabolic reactions wtich re~~ulted ir, :r.e exc:-,-:tio!"' of these 

is not only of t l:eo~('t i cal im~ort.' nce. t.ut n~' y al. so hH. VA i "'oort p ~·t 



clirlicr~l &:!lDlications. It h&~ oopseCi~~~~·tly beer: ~_he or,';ect 0;

recent ex~~ri~~~ts. 

In the exnerirents c~rried out by several i~v6sti7' to~s 

(TF.ble 3), rrestosterone h8.~: teen adrrinjster(;d ;):'Ally ~O the 

exnerir:(Jr:,al anic.a1. l~ these eYr'-'i"i~~cents, the TestoFtAT',)ne ""'Uflt, 

fir st lb ss throu~:h t te 1 j ',,-"or be:'ciT'e nb ssi rl[~ into :, he ~ E.nAral 

circul:: tj"jn. Testoste:'one has c,lso leen GI)rr~i Lj stered subC'ltr-:r

eouslv and intrBIlJIlsculur1y r,~,T other investi ~-(1tors (T~-1-18 ~) B;}r] , 

[.;.S wi 11 be seen froF.l Tr~ble 2, +"he u-;--ino rv rr:etabol ites obtair:ptl 

after ore1 8(Jninistratjor. 0[' tIle Lorr:.r)ne art.:' the SaMe as trlose 

obtained after intrrJ~,uscu1f1r [~nj subcutaneo1.,As injection of the 

hOTI'lone. The Testostero n8 admini ster~d ty the 18 t ter ::;ethod s 

must eventually 118SS throup-h t he 1 j ver. Consequently, the ro le 

of the 1 i ver in the metaboltsrr. of Te:=;tc>sterone must be ev~lueteo. 

(8) Experimental .Animals. The ':-"-'r~ of' sever(~l 

invest j poators i ndic ates cone 1l:S i ve l~: t1~.e t i y. tr.e r11t 8. n'1 the 

rabbi t , the 1 j ver is p '~L .ior s j te of inacti vat i -:r; o~ ['()tr. er.iopenous 

(15) and exogenous (5, 8, 1R. SO, 143. 144) :"1Doro'·ens. l'j:is 8 o tior 

oft h e 1 i v e ron the st e ro i d h 0 rmo ne s ~'(~ s e ~ ::-" I') been j e 1'''1 D r. S t P 2 ted :'\Jr 

Estrogens (5, 9,55, 56, ~3, 74, 1:6, 140. 14~, 143, 141. lC~), 

Pro('~esterone (57, 112, 143. 144), Desc'xycc:,:; costeT'()r~e ac'?tate (1 7 , 

59, l·i3, 144) and endocenot.:s adrenal secretions tl;;). One fe8.ture 

co P'Y 0 n to all 0 f the see ~ ~ rim ent sis t r~ £1 t a.:' t er C1 dr;, i n i s t ra t ion 0 r 

the hormone such that the~~ ~iCS t ~ir~~t pa ss throt;~h the 1 i ver befe re 

reachi nc t he general c irculL. t j on, the p~.:' siolor i ca1 8 ct ions 

normall v nssociated with tl:ese C():.pounds has teen either ~reatly 

di~inished or absent. Hence the liver ~ust te responsi~le, in pa~t 
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at least, for the ir f;letabol j sm.. 

In the rat, 'rr;2,:'ostercne, :.~8th~yTl-T,--stosterone (5,18, 

143, 144) and Testosterone-pror_'ionate have all been sto~,:n to t-;e 

inactivated by the liver~ and these studies injicate incidentally 

that the increased oral activity of ~eth~l-Testosterone is due to 

a leRser de~ree of inactivation of tr,is compound th8n is obsErvpd 

for Testosterone or Testosterone-propionate. 

The work of Burrill and Greene (l~') in which Testosterone 

and Methyl-Testosterone pellets were i."nplanted subcutaneously and 

in the mesentery and spleen of castrated rT.ole rats showed that 

althoul",h the liver is responsible for tl~e incctivatioT) of the 

aforementioned compounds, there is still a si;~nific[jnt residual 

inactivation for which one must accouflt. The site of this 

resiaual inactivation is not known. Sze~o and Roberts (152) have 

recently reported that in eviscerated, ovariectomized, &dult rats, 

lar~e intravenous or subcutaneous doses of Estropens are incaratle 

of causing an increase of the water content of tte uterus. ~Le 

effect of evisceration on other indices of estro~en activity 

( e. C'. vaginal smears) was not invest i&"ated. It is 8rT'3rent, at 

any rate. that the role of the viscera in the r-ptabol ism of the 
~ 

Estrogens is more complex than hitherto supposed. The ~rccific 

role of the viscera in the above experiment could ~0t te detr~-

mined.rrL~ role of the viscera in the rretaboi.ism of Testosterone 

has not been investi~2ted as yet. 

Peschk is L't 8.1 (l~~~) he ve deffionst rat ed 1\. L t exogenou s 

Testostcro!:t?, Methyl-Testosterone, :=:.Li nndrosterone ure excreted 

to a limited extent in the bile of doE's, tut the si~ni~ic[:nce of 

this observat ion is not clear. A s irlilar e XCT'et ion has been noted 
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for exogenous and endogenous Estro~ens (31, 32, 122, 130). 

(b) Irum... It is apparent from tte work of severCil iTl-

vestigators that the liver is an important site of steroid hor~G~e 

metabolism in man. For example, Dorfr:~an and Hamilton (44) noted 

that the oral administration of Testosterone-propionate to a 

castrate and a eunuch did not result in relief of syrr.r·toms. Glass 

et a1 (67) have reported that in patient s with cirrhosis of the 

liver there is gynecomast ia, and cl i ni call y, !;~enorrha&"ja and 

metrorrhagia have often been observed in the course of liver 

cirrhosis. Furthermore, Rakoff et 81 (130) have noted that the 

Estrogenic activity of blood disappears less ranidly in patier:ts with 

cirrhosis andhepatitis than in normal humans after the intramuscular 

or subcutaneous injection of ci -Estradiol. G12 ss et a1 (6r-,,) have 

also reported that men with liver cirrhosis excrete approxirrEtely 

80% of injected Estrone and Estradiol in the urine, l&r~elv in 

conjugated form. Normal :'len (72) excrete only about 10;~ of 

injected Estradiol in the urine. This is iurtter rroG~ for the 

role of the liver in the metabolism of the steroid hor!T1ones in [,E:l. 

F St · d . I ~ l- l' Influence of Dietary actors on eral kaGa~OL12~: 

(a) Experimental ~ima1s. In 1942, 2iskind and tis 

colleagues (6, 7) published reports which indicated thet certai~ 

die tary factors are nc cessary for the inacti vat ion of Estr)(~en s 

by the liver, and thereby bared another nhase of the metah~lis~ of 

the steroid hormones. Biskind et a1 have shown that the Vitamjn 

B Complex is necessary for the inactjvation of exofenous ~st~)ne 

8nd endogenous Lstrogen by thu liver of the rat. The SeRalof~s 
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(141) and Clark ano Kochakian (Z3) have shown ~rlct it is 

Vi tamin Bl and Vi tamin B2 which are specifically nee(1ed. 

Singher et al (14?) and Shipley and Gyor~y (l4~) have cofLf'iri:ed 

these findings. However, the Biskinds (8) have sto~n that t~e 

same may not be true for Androgens, siLce the -::-'re.cprce or atsence 

of t he Vi tamin B Cnrn-rJlex in the diet has no effect upon the i;,

activation of Testosterone-propionate in the rat. 

Drill et al (52, 53) have ~uestioned the validity of ~r.e 

findings reported by the Biskinds. Drill et 01 have repeated 

their experiments using reired feedinp: technie:.ues, and t~f~ results 

obtained su~gest that the Vitamin B COf'llllex c,f~e('tB tLe in[~ctivatioI! 

of Estrogen only thro uvh tL e concorni tent insTii t ion 1lroduceJ. Dri 11 

et a1 also noted that suppler,ents of L~4ethionine wpre witLout ef:'cct. 

However, Singher et &1 (147) and Unna et al (157) have shown ~ :l::1t 

reduc in~" the Bl and B2 content s ~lf the 1 i ver below a certein C'ri tic (:1 

level will inhibit the ability of liver sl ices to inactiv8t~ 

Estradiol. Liver damage was not reported by these authors. n.LSO, 

Segaloff (141) did use 8 ITlodified for~ of paired ::e~~in[" t pchniqu 0 • 

Hence one may conclude that l':er1ters of t}'p L '~~nfYIrlex ,j+' ",.ritarrl; ns 

have an as yet undeterrnirlcd rnle in the in<-'-c: ivation of '~~--::, rC'~ens 

by the llvpr. .AS sUf':Fested b:.~ Stnrrher et :.1 (147) \.r l t;irrins 31 

and B2 nlav be essential components oi Cill ox; dat i vC: systar. 

Dri 11 et tJ 1 (52, ~~,) have j nd ic~, ted that the effect of 

the P Vi twnj ns ma~t 1,e mod~ fied b~' vr:riolls ~8.ct(}rs. 1"·.:e6:.1, 

Sh ip ley (-'nd G~"ori?Y (146) L5 ve sh(lv~n t ~~at j r th e c est rat ed rat, A 

10\,.] protei.n-high fr:+, diet wi11 rEsu::.t ::' cirr~ osis of t.he 1 L\·t·~' 

an:! this will res'.ll t in cont i nued est rUB, i!1Q icat i ~&" the i n& t: 1 ' • ~r 



- 32 -

of the liver to in&ctjvate exo~enous Estrone. 1~ these exreri~ents. 

larp'8 doses (:~ yea,c:t ez(;rtef a curat ~ 7f' .e~l": ct much more so t '.-an 

the preoter &ctivi.t:! o~ tr.e yec.st art-; not kL()v.n. 

Gyorgy (69) 1-1a8 reported that "cirrb~~-:lS" nf thfj liver 

resulting fr~)r: a specific di~;tary hepatic in.';ury -- de"'jcienc.'· 

of 1'1 e~, r, ion i_ ne n:r a low PI' 0 t e i!l diet - - V.-ill t e ma n j :' e s ~ e ~ (V the 

i.nhbility of tl.e liver of o~rf,riectoJTiized ruts tc ~ [_cctiv&:c 

exogenous l~strone pellets, hnd t~!C~.t ~-'ive-~'"\oJ(~ i.~cre( ses in the 

daily VitQ.rrlin B 8lJ"PpleP.lents will have no e.(>fect on the stete of 

estrus of th8 r8ts. The b r;ditio:1 c~ lo.t-;~~ionine ,Jr rrotein 

hydro1ysates to the diet will, howevt..r, restore the u1 i 1 j t y to 

inactivate Estrone. 

Whether the se 1 j D0t ror; c fa (' t()rs L~ ct ty revers i :lP 

the hepatic changes, or 'by snecificfJllv tct.kiT'lV p8 p t in the 

Estrone inactivatinE! J'lechFlnism V;FlS not leter::lir'f-'d. The \~t:rree 

of hepatic in.iury oeserved in Gyor~-:y's rats was not clear. If' 

the hepatic in.iurv was moderate, then the p;-r'b!":hle mechanisrr: i:1 

the former. If the 1 i ver was very fi brot j c, tLpn a therG.pet,~~ ic 

apent of great import:....nce f.as r,per. di SC:;YE red anj tl (; mecha.r iSTT", 

of action may be a combination 07' the two t'ossibi.lities listed 

above. Unna et a1 (157) has noteJ that a lo~ nrotein diet 0vpr 

a period of three wonths will derlete the live~ of Ritoflavin 

and thi s will be rnanif ested ty i nabil it v t() i nact i Vc te .:. st rf:.~ i 01 · 

Hen ce it i s a~:,Darer: t that n\Jt onl:v the F- Vi t~: '''',i ~~s ~ hut c; 151'"') 

Methionine and ade~uate dietary ~roteir are essential ~'r 

inactivation of Estrop-ens. Similar findtnRs have no~, yPt DeC!1 
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reported for Testo sterone • 

(b) Man. In ~~n, Biskind et al (10) have i~djcated 

that dietary instrfficiency will result in f.lenorrhagl_a and r-etro

rrhagia, and other related disorders, siYlce tLese 'ljsor~ers r.f:ive 

been corrected by the administr2tion of large Joses G~ the E 

Vi ta.mins and liver extract. ;Uso, ;i.shwortrl and Sut ~on {3} ta ve 

reported that Estrogens will increase the dema:-:d for utilization 

of the B Complex in three female clcoholics ann. ore wo~' <;':..1"'. 'l;i.th 

amenorrhia and one with men0-P8usal s:rrr:T'to~.s. Fence it 1 S ~p~arent 

that in man as in the rat, the R Vitamins ;::nd otr,er dietary 

factors are associated with ttE ;,etabolisrn \if ~strc',.-·ens. The 

relation between these dietary factors rtnr1 Testosterone met~d'lol i SrT' 

j n man has not yet been defini tel:t estetl ished. 

Pathways of Metabolism of the Steroids: 

The liver can metabolize the steroid ho~ones and their 

products along two general pathw&ys:-

(i) Complete oxidation of the mo18cule to, say, ieter 

and Carbon Dioxide; or degradation to a small molecule, for 

example, Acetic hcid. 

(ii) Partial modification of the molecule, so that a 

steroid of lesser physiological activity is produced, and tten 

excretion of this compound in the urine in a con:u~bted form. 

The chemical transformations whi~L will result in the 

latter form of metabolism of Testosterone will te discussed 

later. (See page 67) Heller (73) has observed in vitr~ usi~ 

rat and rabbit liver slices that ~strone and~-~strfl:.:Jiol are 

i nterconvert i bie, and he s, therefore, conClllde(l th.at the seconJ. 
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pathway is the one normally associated with Estro· ... en :eteto1isrT • 

However, there is at present a dearth of inforrr.at.'_:cn. on th - .. e 

pathways of rretabolism of the steroids in gereral and Testoste~or,e 

in particular, and it is =ot possible to evaluate the rel~tive 

importance of the pathways listed above. Both are presumatlv 

in use in man, since only small amounts of steroid metatolites 

of the sex hormones have been isolated ~..L'rom normal h . l:r.,8 ~~ ur 1 ne , 

and since the yield of urinary steroids has been well below 

50% following exogenous hormone administr&tion. In the case ~f 

Progesterone, for example, it is estimated that only 10 ~~O% 

of endogenous Progesterone is recovered as Prepnanediol. 

Rakoff et Ll (129) reported that a ~rsction of the 

Estrogens in human pregnancy blood was present in combination 

with proteins. Szego and Roberts (153) have recently published 

a report concerning the nature of circulating ~stror.en in the 

blood and sera of normal, pregnant and gonadotro~hin injected 

animals and pregnant women. They have confirmed Rakoff et aI's 

findings and'also observed that the ~strogens in blood are rreser.t 

in two forms -- protein-bound Estrogens and a hydrophilic COL-

jugated form. The ratio is approximately 2:1 respectively. It 

is suv~ested that the protein-bound ~strogens are av&ilatle for 

use by tissues, since they can dialyze through a collodion 

membrane. This theory has yet to be substantiated, but the 

results do indicate that more than one pathway for transp·irt and 

possibly for metabolism of Estro~ens exjsts in toth man bnd 

experimental animals. It is noteworthy that the 8:nO~r.t ~f 

Estrogens present in the blood. was verv small, since values 
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approximating 0.5 Iv~icrofrals ofo(-~stradiol e,-,uivalents rer 

100 cc. of blood were found. Similar studies on the transpJrt 

of Androgens have not yet been reported. 

Role of Enzyme Systems j D __ Steroid t-.. etabolisrr.: 

Studies in carbohydrate, fat and protein ~etarolism have 

demonstrated that the metabolic activities of the various orrp.ns 

and tissues of the 00 dy are dependent upon tt.e presence of ~llnct io~;al 

enzyme systems. The physiological actions of t~e liver in Darticular 

have been closely related to the enzynes l(;lieved to occur :berei n. 

It is probable, therefori~, ~:': ~-, enz:.1Tle s:!stems are in

volved in the (ncta.bolism of the steroid horrTlones in tr:e liver and 

other as yet undetermined ti ssues. It is probable also trat 

enzyme systenls are responsi lie for the bi ocherni cal rehct ions 

involving stero id compounds as carried out t:,r r..ic !'O-O~g&l! is;~!~. 

(See page 22) "\8 yet, unfortunately, i nfOrIrb ti on about t he enzyme 

systems associated with the metabolism cf TestGsterone and the 

other steroid hormones is limited • 

.A lare;e part of the experimental results tLu~_. far 

reported on the enzyme systems deals with t~0se associbted wlth 

Estrogen metabolism. Tl~llS, Heller (73) has sr.owrr tf:8t So~ium 

Cyanide 'will inhibit the enzymes -- presumacl ~\ .. oxi ~izin~ ~nzymes 

__ in rat's liver slices and thereby prevent the i~cctivation of 

~ -Estradiol, Estrone and Estriol. This enzyme svstem is r.eat 

labile at 100°C. Engel ::..:n~ Rosenber&: (56) have ottai!:ed ~·n 

aqueous extract of beef liver whi ~t will inaet i vute ~st rone, ar.·-:, 

to a lesser degree, Stilbestrol; but :he natur~ and p~operties 

of the active components of this extract sre ~()t :'ully k!'!own. ~~4e 

~stroP'en inactivating princinle is ext:!:'Ci\~:atle at I:~ 4, rE 5.::. 
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pH 7 and pH 8, and can be precipitated with alcohol. 

Singher and his associates (14?) tave de~o~strated 

that the inactivation ofv( -~stradiol in liver s~ices o~ rats 

is dependent upon the concentration G~ Thiamine and Rihoflavin 

in the liver, posstblv tLTout;h the role of these vitamins as 

part of an oxidative enzyme system. Whether this oxida~ive 

system is similar to ttat involved tn the oxidation e,f carhoh';d-

r8tes has not been experimentally determined. Incidentally, 

Koreff and Engel (92) h8. ve renorted that Fol ic Ac i d ';J ill 8.l. so 

inhibit the estrogenjc activity of Estrone, but only to B 

moderate degree. 

It is of interest to note that :.Testerfeld (163) has 

presented evidence for the j [18ct i veti on ()f Estrone ty Tyros ina se. 

This is an oxidative Drocess exhihited ry potato T~lr()3inASe (12?). 

Simjlar enzyme preparations obt2ine~ from plant sources are 

described by Pincus and Pearl~an (127). 

Meyer et a1 (115) have reporti d the presence of the 

succinic dehydrogenase system in the corpora lutea of tte rat. 

and have found a direct relatior :-et'}"een succinic deh~"jrof~~~riaSe 

activity and corpus luteum function. :-:ov;ever, the role o~ t~ is 

enzyme system in corpus luteum activi t:.r is not kr.ovm, and the 

possi ble function of succinj c dehydrogenase in the n'etato2.i 2,~ 

of Progesterone (and the Estrogens) bas not ~et teen dete~~ined. 

As for Testosterone, limited 2c1V8~ces rave r·een made 

in determinin~""': the nature anJ role ,-"f enzyme systems in i:s 

metabolism. It is possible that the enzymes ir~vC'lvei sre similar 

to those necessary for the oxidation o~ the Estr0~e~s. 
/'f1'. • 
.~.lS IS 
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indjcated by the work: of Samuels (1::1) who incubaterj Testostercne 

wi th li ver minces and minces of other t i SSli.e s, aDd ",'r' ,0 he \0-
f Cl ~ s. owr. 

that Sodium Cyanide, SodiUtTJ. Fluoride. or (in E.tmoSf'bere of !:i:r::'cn 

will inhibit the metabolism of Testosterone ty the live~ tissue. 

He thereby correlated the work of Heller (?3) on :Sstr':2'ens and 

confirme d the a bov e poss i t~ i 1 it y. Shrnuels sup"~·ests t!-~CJt oxid at ivp-

-- possibly phosphorylating -- enZ~,1"!lr-~S are involved. T""':is 

enzymattc reaction incidentally also occurs in the presence ,')f 

tissue juices containin? no organized cells. 

One might pOint out that t~".e work of Sin~l1er et 81, 

Feller and Samuels was done in vitro with liver rreparations, 

but the sip,nificance of their results and jts c.t'plicar1ility to 

in vi vo mechanisms r:~ust neverthe less not be minirrj ~ed. 

At any rate, it is hnpurent that t:1E; nature and r(")le 

of enzyme systems in steroid metabolism has still :0 ~e :j~terrIined, 

and that a study of the role of the liver (or any other tissue) in 

steroid metabolism must be closel y bound up with the func~,i or; cf 

enzyme systems in such metabolism. 

During the discussion of the urinary }:~,'rl!'OY',--non-

ketonic sterOids, it was pointed out that little is known tut 

much is snspected about the urin2ry carbinol deri~78tives of 

Testosterone in man. In an atterr.T't to furthc'r elucidate tris 

problem and to re-examine the >etonic fraction of thr- urine, 

5 gJTl. of crystall ine Testosterone were a,,~rnini 2t ered orally to a 

normal adult man. The procedure and exreri r"pi:tal :-esul t: a-:e 

accordingly presented. 
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II 

Experimentel Section 

A. Acid Hydrolysis of the U~in~. 

One gm. of crystalline Testosterone was administered 

orally per day for five days to a normal male, twent ~r years old. 

The urine was collected for four days prior to administration.: anl~ 

for the five days of administration and the subsequent three de':s 

(the administration period urine). The post-adJ~inistrat j on 

control urine was collected for two davs. The urine was preserved 

in the cold after acidification to pH 4. Twenty-four-hour col

lections of urine were hydrolyzed and processed dE;ily in the 

following manner. 

The administration period urine totalled 12.08 11tres. 

The acidified urine was ad)usted to nE 7. The urine was then 

transferred to a round-bottom distilling flask, and brou~ht to 

the boiling pOint. 15 cc. of concentrated Eel per 100 ce. of 

urine were added and the acidified urine was tten boiled under 

reflux for exactly fifteen minutes. The urine was then cooled 

and saturated with NaCl. The urine was then extracted four 

times with one-third its volume of redistilled Ether. The 

Ether extracts were combined and extracted with 1 N. NaOH 

until the NaOH washings were alkaline. The NaOH washin~s were 

collected and kept in the refri~erator. T~( Ether extracts 

were then washed with small volumes of distilled ;::2C ur.til :he 

water washings lATera neutral. The Ether extracts 'SEre dl,-ied over 

Na2S04 and then distilled and the residue driee under !~i t ro&':en. 
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The daily neutral steroid residues thus obtained ·,';ere cor.-:bined, 

the two control perjods and the administration period beirg keLt 

separate. 

The NeOR washings obtained above were combined, acidified 

with He! until acid to Congo Red, and extracted with Etr~er. ~l~e 

Ether extracts were washed with 105'; Na2CC3 -to remove acids. The 

Ether phase was then discarde~. The Na2C03 phase was acidified 

and re-extract ed with Ether. The Ether ext ract s were ':.~shed free 

of acid with H20, and then distilled and the residue was taken to 

dryness under Nitrogen. The Acid Fraction of the urine ':;b.S thus 

obtained. Again, the two cont-;'ol perj ods and the administre.tion 

period fractions were kept separate. 

B. Fractionation of the Total Neutral Steroid Residue. 

The administration period total neutral sterojrj residue, 

which weighed 3.3282 gm., was then fr;:ctionated as outlined in 

Figure 5. 

Separation of I{etonic and No~-ICetonic Steroid ~1'r~ctions: 

To the total neutral steroid residue of tIle administrat

ion period was added lJ4: cc. of Absolute ~tt8nol. 10.4 ,.n-. of 

Girard's Reaf~ent T~ and 10 cc. of Glaci,<;-.l J..cetic Acid. T!:e 

solution was refluxed for one tour on a stear-~~:th. The refl\J)~ed 

solut jon was noured into 405 cc. of E,?CI, cont8inin~ ?25 _-om. of' 

ice and 18.? c c. of fl\ NeOE. The )-F of t 1'"-8 sol ut ion was deter-

mined and adiusted to pH 7. 

The aqneous solution was ~ytrEictei "'our time~ ·, .. it'i 

a.T'proxj'l.,~tely one-third i~s volume of EtL~r. Tile Etl-~er e!:trf-:ctR 
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contaj nifl~ the non-¥-etonj c ster,)ids Vjer~ cOJ!l~.ine ~l ond processed 

88 described below, ~fter suffi ci ent concent:-'c:ted (1/11 volurre 

of the aqueous nhase) ~Nb S r114de,-J to t [, e 8 G.1Le r UE, nhasp to for~ a 

IN salut ion. The 8 cj d ified aqueous rhase cort c ining th e ~-. ton i c 

steroid complex W&s a11cV:8d to stan(~ ht ~oO['- tem~ erat ~:-,e f~)r four 

hours. 

(a) !Jon-I~etonic Steroids. The i:.ther ph~J.se conta~ning 

the non-ketonic sterotds wus washed four times vlith ol_t:-~u~:rter 

its volume of dist-tlled H20. rI'r.e H20 WBEtinf='s were collectt·d and 

added to the acidified 8(}UeOUs ph&P8. '~l18 1ther extracts were 

then drjed over Na2S04 for twenty-five minutes, :}jstilled, and 

the residue driEd under ::itrogen. Thp non-ketonic residue tLllE, 

obtained was subjected to a second ketonic sepaI'c;tion procedure 

using Girard's Reagent T. The fjnal non-ketonic steroid resjdue 

weighed 561.7 mg. 

(b) Ketonic Steroids. The acidified squeolls -cLase, 

after standing for four hours at room temperature, was ext~c-.('ed 

four times with one-third its volure j£' Eth~:,. TLe ~ther 

ext ract s "lfP re comb ine d. 

added 8 small volume of ~ther ~ and tl'8 sol ut ion was '_J llowed to 

stand overnight in the refrigerator.) The erlulE,ion ot:ainer: 

with the Ethe r extraction was centrift..:b~ed £..nd tLe =ther p:-.ase 

treated in the same manner as the initiE.l ~ther ext~:..:.C'ts. The 

residues were not combined, however, because crystals (of 

impure Androsterone) were obtained fl~m the emulsiono 

The Etller extracts were wasted ~,l:it'·- one-t:.irc. their 
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volume of IN NaOR and washed to pH ? with ::2C'; dri-::l OVEr Nr.~SC4 

and distilled to dryness. The overnight acid-hyr::'ol::zed aqueous 

phase was also extracted with ~ther and subjectej to the sa~e 

procedure. The ::8tonic fractions thus obtained wer '3 cor..t ined wi th 

those obtained from the s€;cond fractionation (~f the non-k8tcnic 

residue. The total ketonic residue weighed 2.Z-472 gm. 

Crystalline material weighing 204.2 ~g. was obtained 

from the aforementioned er.'lulsion. r-fte!' three recrystallizations 

from aqueous Ethanol, the crystals melted at 1?9-830C Uncorrecten. 

and gave no depression in melti~~ pOint (180-840C) upon 

admixture with authent i c .n.n.d ro sterone (M. Pt. = 1 ?~j-R30C) • Tile se 

crystals, together with those obtajned frc~ the mother liquors, 

wei~hed 148.6 mg. 

(c ) :Estimation of 1 ?-LCetosteroids. TLe l7-keto-~teroid 

content of the total ketonic steroid fraction was estimated 

using the Zimmerman method outlined by Holtorff and Koch (86), 

and the Antimony Trichlorlde n:ethod of Fincus (128). 'Nith the 

m-Dinitrobenzene reagent, the l?-ketosteroid value was 

2 2600 gIll • wl·th the nntimony Trichloride reagent it was . . , 
2.0125 gm. 

The l?-ketosteroid content of the digitonin-non-

precipitable ketonic fraction was estimated usi~~ the rr-~initro-

benzene reagent e.nd the val ue obtained was 1.7563 :_'11"'. 

T 1 r'" -+-- " st . ~ -, l' ~ p cf' Digitonin Separation of the' ota .I.\.8L.O'11C v er01~. ~es ,~u_ ~ 

the Administration Period: 

The totc.J. ketonic steroid residue wei~hin~' 2.:5~"'2 €";,. 

was taken up in 50 cc. 0:"' 94~~ Ethanol. To the E~,h'1:~.ol sol\:t ion 
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was added 2 gm. of Digitonin in 200 cc. of 80% Ethanol. The 

solution was then allowed to stand in the refri?erctc-T for 

forty-eight hours. The solution containing tte precipiteted 

digitonides was centrifuged and the supernatant liquid co~taininf 

the excess Digitonin and the digitonin-non-preciritable-steroiGs 

was decanted off. The precipitate of digitonides was washed three 

times with 25 cc. of cold Absolute Ethanol. The EtL8.nol washir.gs 

were combined with the supernatant fluid. The precipitate of 

digitonides was dried thoroughly first under Nitrogen and then 

by allovving to stand for two weeks at rool'" temperature. 

(a) Digitonin Non-Precipit1ible Ketonic Steroids. 

The total Ethanol solution of 3-(~)-hydroxy-ketonic stern ids 

containing the excess Digitonin was concentrated in vacuo to 

approximately one-tenth its volume. The solutjon was then T'oured 

into sufficient ~ther to form a 10% solutjon. The Di~itonin wticL 

precipitated out was recovered by centrifu~:E.tion. Tbe ~t~ ~~r sol'_ .. t ion 

was washed three tines with one-quarter its volurr~ of H20. J.1~).E: 

Ether solution was then dried over Na2S04' distilled, and the 

residue dried under Nitrogeno TL.e residue, weighing 1.9102 e:r1 ., 

was the digitonin non-precipitable :~etonic steroid fraction of the 

administration period urine. 

(b) Digitonin Frecipitable Ketonic Steroids. 

To the dried, powdery digitonide precinitate were added ZO cc. o~ 

dry Pyridine. The solution was then heated for ~orty-five minutes 

on a Water-bath, to dissolve t~e di~itonide and to decnr.:rose the 

complex. The volume of the solution was then reduced to one-"en~h 
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under reduced T;ressure. Sufficient dr\T Etter WaS 8'Jded to rn5J-e a 

10% solution, and the Dj gitonil1 precir i "t~:ted out. The solut i on ','les 

then centrifuged, and the supernatant li r~uid de ~E:nted. 

itate of Digjtonin was washed ttree times with 10 cc. 2ther. ~he 

Ether washIngs V18T'r-3 con1r::ined with the ar:c~re sunerr'ctant 1 ; Ql!i~. ~ne 

Digi tonin was th en dried at r00!1: teT'TJt rat ure. 

TLe Ether nh.ase v~·~.s then v.asbed ~i"J'e tirr:es ~'! i ~l. nne-third 

its volume of ?l~ Bel to renove the f~, :ri~ine. ~hE: ~t~~er extracts 

~-r-r ,....; ~ -,> 1 ___ .. _ 

steroidp 1NbS dried uT"'(ler Xitrn;zen.. 

s. Chromator'rarhic Freet; onC1tior. o~ . .!be l~rt~-~~~t0l:)c Hnd :·:_~~tf)nic 

Steroid Residues. 

peri on u1'i.ne were chr()!'·atorra"L,hed using Anh"'1 ~{' us ...... 1203 columns 

(Tables 4 Hna 5). The .AJ.ur~; ns llsed ~NG.S tr.2t p~l:-' ,reO. b:" tr.e !':erc\{ 

in Table 4. ..': ... cyl i ndri c ('.1 col llr1n of A.l UJ1l: D:" len.,,-th 8.5 (!!":t. M r.d 

diameter 1.?? em. was llse c1 • 



TABLE 4 

Fraction 
No. 

1 - 2 

3 - 16 

17 

18 

19 - 24 

25 - 27 

28 

29 

30 - 34 
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Column AI: 561 fig: of the Nor-

Ketonic Steroid lr8ction of the 

Admi~istration Period Urine. 

Eluant 

Nature 

Benzene-Pentane 301ution 
of the Non-Ketonic l!'rac-
tion 

100% rer.tane 
1:3 Benzene: Pentane 
1:1 f' tt 

l 3:1 ft " 
lOO/~ Benzene I 
3:1 Benzene:.1£ther 

1:1 Benzene:Ether 

1:1 Benzene:Ether 

1:1 Benzene:Ether 

lOOr~ Ether 

1:1 Ether:Abs. Ethanol 

1:1 Ether:Abs. Ethanol 

1:1 Ether:Abs. ~thano1 ~ 
100,.) Absolute ~thanol 
100,: Glacial Acetic .-.cid 

Vol. 
in cc. 

20 cc. 

Fer 

Frac-

tion 

Eluate 

Nt. Nature 
in mg. 

287.0 Ci1 

16.4 Oil 

8.8 Oil 

19.6 ~~~'~~~sl~ 

166.0 Crystals 

2.4 Oil 

38.8 Cil '" 

12.6 
! 

Cr:;stals) 

16.8 Oil 

! 
I 
I I 

Rema=-}:s 

Rechrornatographed 
- Colur,lD ~ 

125 mf. Etiochol-
andio1-3(cj ) 1'7(0() 

Rechromatogrbp!-.ed 
after acetylation 
- C ,') ; _ tl :n 11 .n5 
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Fractions 1 and 2 were ch:-o!"'ato::'ra-;hed &S outli !!ed in 

Column A2 • 

.L·~fter three recrvstallizations of frbc~ion 19 frf~.· 

aqueous EtLbnol, crystals (nar·ro1.'~., ~"ectarLE=-~]_~ r plate~) ~::c'r(- 0'rtained 

which melted at 2~r._,;(,-lC, ~nd \vhjch die rot cive an? ~er;'t:ssi()n in 

melting pOint (23~-:~-4.0o(;) upnlj 8.dm]xture with ~ .:'f-;~:nlp, of authentic 

T\. 0 l' nt (,".)J r7. ,~~ - .'7.JI'7'~) (.It) ': n a If. ';_,1r,. e ~ - e] t ... 'L ~ \. .... ~". , 1 ~. 1 
..... v - 4'- U r. • W 1 \..1! a u '~ ;~ e ~ , " C -.J'" 1 r C' ..... 0 .... A r, u J" _ 

3( ~) 1 7 (0() • It V.Fj ,'~ co ncl uderl, :, r.er~,f '1re , that frr ct ions 1 _~,:, 

inclusive, were ~tiocholandiol-::;(C<) 1 ?(q). 

crystfils v,<:rc added to '~he .2tiochnl~ll!Jiol "?" ctiOflS 19-·~.~. 

cholHndiol-ni acp.tate ~tS outli ned belo\\1. 6~' fY'!0'. of the tii~'('f:tflte 

The total yield of ~t i ocho~ andi 0 l -3( o( 1 7 (0() from en lqf '" 

.Al was 125 mg .. 

It""'ractions 28 and 29 ~\lere combined F~nt4 ( ttamrts to :'ccr~~stal-

lize these fr[.ctjons from aqll.eOllS ~t!L8nol :.r:,-l 8cueous l.:ettanoJ. +'~'iled. 

The fract j ons were, therefore, acet:'-t~lated, as noted ': Flow. ' nd t~er: 

chromatographed, the results {'ei n~~ summarized j!,", ':olurr','1 .. ..5. 

(b) Column '" 1. .. , .... ..1 0 The results F.re ~u'rl"'1'~l7'ized in .~< ble 2. 

A cylindrical column of Alumina, 8.5 em. if'[ length with 8ji~eteT 

of 1.77 em. was used. 
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TABLE 5 

Column A2: Fractions (1-2) of 

Column Al - 227 mg. of Non-

Ketonic Steroids. 

Fraction Eluant Eluate 
No. I-----------------------r------~----~----~~~-------------

1 

2 

3 - 8 

9 - 14 

15 - 16 

17 - 20 

21 - 23 

24 

25 - 26 

27 - 28 

29 - 34 

Nature 

Benzene-Pentane Solution 
of the Total Fraction 

100% Pentane 

1007b Pentane 
1:9 Benzene:~entane 
3: ? tt " 

3:7 Benzene:Pentane 
1:1 ft f' 
3:1 f' tt 

3:1 Benzene:Fentane 

3:1 Benzene:Pentane 
100~o Benzene 

1:1 Benzene:Ether 

1:1 Benzene:Ether 

1:1 Benzene:Ether 

100J~ Ether 

lOO/~ Ether ~ 
100~; Abs. Ethanol 
lOO~" Glacial Acetic Acid 

Vol. 
in cc. 

20 cc. 

Per 

It'rac-

tion 

36.4 

2.2 

o 

7.2 

19.6 

29.0 

7.8 

23.0 

37.8 

Nature 

Yellow 
Ci1 

Oil 

o 

Oil 

RemArks 

Oil RDd Acet~lat8d-Chro~-

Crystals ate ~-r':-rhed
Column .t-'.G 

Oil and 
Crystals 

Oil 

Oil 

Oil 

5.4 rr,.~. Cholp.Rt
eral 

:.: i n L t e 8 rr10 u ~ . t of 
(' r '. ~:' tal s : ~ ,. Pt. = 
228-30oC. 

34.8 ~r~;'stals 31. 5 mg. ~ .. t iocLol
&:-:2:01-3(0() l?(o() , 

29.4 0il 
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After three r6cr?~talljzations ~:'0m &iUE:.)US ~thanol, tr,e 

crystals in fraction 27 melted at 235-3?oC, w~ :r" ~reliminary 

sublimation. U-c IJTl admixture wjth authentic ~ti,,;cLolandiol-3(~) 17:C<) 

(hi. Pt. = 232-340 C), there was no depression in tLe melti f 1t - poin~ 

(2;S4-3frL-OC). Si.-rnilarly, after tv.-o recr~Y-st&llizatioDs (':' fr8...;tio~ 28, 

the crystals obtained melted at 235-36:ioc witt pre1i;rii1"a~:T sublirrcEAtjoE, 

and gave no depression in melting "Doint (235-3?oC) ir' a mix'~(l melt with 

authentic Etiocholandiol (239-410 C). The yield of cr\~st81s 0(' diol 

obtained from these fractions was 31.5 mR',; The total ~/ie1d of 11io1 

from Columns A1 and A2 was 156.5 mg. 

10 mg. of Etiocho1andiol-3:o() l? 10() crystals wer~.: Acetyl; tel. 

as outlj ned on Pa!ie 49, and the crystals obta iLe d melted at 117-21 °c 

after three recrysta1lizations from aqueous Eth&nol, t~,ereby con~ i:,n

ing the observation that the cr";"st~ls wer',' t\-le 4i01. 

One cry st all i za t ion of fr act ion 26 y i e 1 \~ .::- Ii a I~l i n u -: e c; r lO U !It 

of crystals which melted ht 22 c -3C'\c8 with L,reliminary su'rlimation. The 

nature of tl. 'LS material could not be ascertcined because iuyther ;'t

tempts to recrystallj ze it :'1'Or.' aqueous ~ttOllol erJ~ ~J ~ueous :~ethanol 

failed. Likewise attempts to recrystallize fracticr. 25 did not meet 

with success. 

Fractions 15 and 16 were combined, but coul~ n~~ ce recrystal-

1 ized from aqueous i.-thanol or pClueous .... ethanol. ~:_E: fract ior.s were, 

therefore, acety1ated. TLE oil .. weibhing 17 ID€. v;as ~Len cbrol<:.to-

graphed and tLe results described in Column .~6 -- Table 7. 

.rltternpts to cryst811ize frbctions 1 and 2 of Colu;~'n ~ 

Ijkewise failed. 

Fractions 18-20 were co' bir-:ed. and after three recryste.lli=t~tic 
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from aqueous Ethanol, crystals were 0 ttai T.ed v:r ich i1el ted at :.~?_ 

46 -r:J:oC with prelJ'ml' nar:',T softenl' ng. N -- - 0 '1 e pre s s ion ~ nth e me 1 t i ~[" 

Chole ,c,t erol (M. Pt. = 146-480 C). Frc.r'ti on l? 1 ike;l.ri se ui e Ided 

Cholesterol. The total yield of Chole:-"ter'Jl f'!'Orr!:~l1Jrr"') J-<.2 ,,',-.. s 

5.4 ,m:7. 

1. Fr ena rat ion 0 f Et i 0 c!'. 01an d ~ 0 I, - 3 ' 0(' 1 7 d \ -
-- _ . _ L 

Diacetate. Fract ions 20 and 21 of Column r .. l were COI1b i ne d and 

t ak en into so 1 uti 0 n in 5 c c. 0 f r-J~ et ~ c .cillh yd r i j e, -s () ,.-.r ~ i c r wa s 

added 2 cc. Anhvdrous I yridine. Tr_8 solutior was ~ll()\':p(: to ~t&nd 

overn if!ht at room terr'perature, and vn s t!-:en riiluted +0 '1 107; soluti 'n 

wi th H20. The aCI neous sol ut ion was :'1': en ext ract ed "',,) L r ~ i [(le s wi t h 

NR')SC\~ ~ oi pt,; lle'l arir} the residue iri8(; under !Y-Ltro;-e n
• :-J'ter two 

--' 

recrystall; zpti onE:" from ,c;queous Eth(. nol, crystLls were obtaj"pr1 

A:1h ~rdri de. 0.5 c c. P~Tri,~ j t'1P C' nd 1 U TTl;-'. () ,-. c rvst. ( 1 ~ Wt_' r-d U ~~p ~ • 

-r..eltip, pOil't (1"' the acet.yl~~ted ~'-r,~duct ",'Jes 11·-·-"'loC,:·~t~. f'relj"'i-
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i nary softening, thereb:! c()nfirmin~ t\c presence of ~t iorr.oland iol-

i1iacetate. 

fractions 28 and 29 of Colurrn .nl 2nd fr~;etions it, and ~ C of ~'Jlumn .':.8 from 

ar:ueous Ethanol and 8:~ueous j"ethrJ~-lol dis not ~r"eet ~\rith SL,;.ceess. These 

fract ions were therefore Beet vlat ed as above. T!-'le frect ions werc-' t!-.e!1 

chromatogra:nhed and are Col umn [ .. 5 and Col Ur::D .n.t respecti vel y. 

Fraet ions 28 ~1 r d 2S), V,re i rhing 53. P, mg •. were 

dissolved in 5 cc. Acetic .hnhydride. Fractions 15 :tnd 16, \,~Tighjng 

l? mg., were dissolved in 2 cc. ~·l.cet ie n.Jlh~Jdride. TL.e sllbsequeDt 

procedure followed was that outlined above. 

(d) CO~,l~l'2:"'_~? The results ere surmGriz(;~ in T~ble r:',. i\ 

cyljndrical column of hllID1-ina, 4',:;;" cm. in ienfth ~'L ~ 1.77 cm. i~ 

diameter, was used. 

Frc:"ct ions 28 and 29 of Column r-..l we~e 8e-et ylhted 8E~ 

chromatographed. 

Fractions 16 and 17 and fraction 19 of ColUJl1r .:"'.5 yielded 

crystals • 

.After two recry:::;tallizations froD aqueous i::t~lanol, the 

crystals of fraction 1';' melted at 23?-40oC. These crystals gave a 

posi t i ve Tetr£, ni:: rOInE>thane test, thereby i ndicat inr the presenc e of 

unsaturation in the molecule. 1ihe crystals of frc.etion l? did not 
~ 

give a precipiLte with Digitonin, but it was noted that 6.
v 

.:':ld:-',-

stenediol-3(f) 17 (!)-diacetate and Dehydr0 isoandrosterone-acetate 

gave no precipitate with Di&itonin, hence it is possi:~le that the 

acetyl radical at the C3-hydroxy-position masks tl t=' presence e,f a 
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Column A5: The Acetylated 

Fractions 28 and 29 of 

Column Al - 54.6 mg. 

--

Fraction Eluant Eluate 
No. 

Nature Vol. Wt. Nature Remarks 
in ce. in mg. 

1 - 5 Benzene-Pentane Solution I 

of the Total Residue 
~ 

0 0 
100% Pentane 
1:3 Benzene:Pentane I I 

) I 

10 cc. I 
i 

6 1:3 Benzene:Pentane 0.6 Oil 

? - 11 1:1 Benzene:Pentane 
3:1 Benzene:Pentane 0 0 

12 - 15 3:1 Benzene:Pentane 
100~~ Benzene 2.8 Oil 

Per 

16 - 17 1:3 Ether:Eenzene 15.8 Oil and 12.4 mp:. crystals, 
Crystals M.Pt. = 224-400 8, 

I are unsaturated 
and may have a 

I I C3 "Cis" h:ldro"Y.. ~,.-l 
l (~ro UI' 

Frae- I 
18 1:3 Ether:Benzene 1.8 Oil 

19 3:1 ~ther:Benzene I 11.8 Oil and 8.0 mg. crystals, 
t Crystals l~:. P-: • = 20?-16OC; 
1 upon resolidif1ca-

I tion crystals ~elt 
I tion at 2C4-0S0C; are 
; 

I unsaturatE:d _ 
I 
I 

, , r 
20 - 32 3:1 Ether:Benzene I 100% Ether , 

1:1 Abs. Ethano1:Ether I 20.2 Oil 
I 100» Abs. Ethanol 

100~~ Glacial Acet ic Acid 
t 

--
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~cis" hydroxyl group. Hence in vie~ of the possitle T~~sence of a 

C3 "cis" hydroxyl group, of tt e unsaturat ioT', 2[:Q of the hi ch mel:' i ~~ 
~ 

nojnt (237-400 C), it was witr-iin the res.lw of 'possibility that the 

crystals were 6.5 Androstenetrlo1-3( l' 16,1 ?-;'-rronoacetate. (:!.elt in£;" 

point of the authentic 3-monoacetate is 24C-4loC.) ritter a ~tird 

recrystallization, the admixture of these c ~'ystals (M. Pt. = 23~-370~) 

with authent ; c 6. 5 Androst enet riol-3 '!) 16,1 ?-:)-!'1onoac etate 0.:. Pt. : 

240-410 C) resulted in a mixed melting pOint of 210-290 C, v.jth 

decomposition and cont inued melting terminatinG" 2t ~3Rc'C. Some 

depression in the melting point had, ther~fore, occurred in :he 

mixed melt. ~ fourth recrystallization of frsction 17 vielded cr~stals 

melting at 224-350 C with preliminary softening. It is arperent, there-

fore, that fraction l? consists of a mixture of what ffiaV be the mono-, 

di- and triacetates of 6,5 Androstenetriol-31) 16,1? 

Fraction 16, after one crystallization from aqueous Ethanol, 

yielded crystals melting at 220-360 C. 

It was decided, therefore, to saponify fraction 16 and the 

mother li~uors of fraction 17. The combined materiru. weighed 11.2 ~q. 

before saponification and 8.2 !Tlg. after saponification. S31,onification 

was carried out by dissolving the material in 3 cc. !~~ethanol, adc.ing 

5 cc. of 4% NaOH, and letting the solution stand over:-~i~~ht at ronTT1. 

temperature 0 The solution was then diluted with H20 and extracted with 

Ether. The Ether solut ion was then washed \vi tL small s.mounts of E2C 

till the pH was equal to ?, dried over Xa2S04-, &nd redistilled. .~t

tempts to crystallize the r€E'.idue from aqueous Ethanol failed, &r1-: it 

was, therefore, not possible to determine if the sRponified ~esidue 

was free & Androstenetriol-3(f) 16,1? 
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After four recrystallizations of fraction 19 from aqueous 

Ethanol, crystals were obtbined which melt,,,d at 20?-lSOC with 

preliminary sOftening and sublimation. The melted cnstals, upon 

resolidification, melted at 204-0aoC. The crystals ",are a nositive 

Tetranitromethane test, indicatin~ the nresence of unsaturation in 

the molecule. Further identification of the crystals was not C&rried 

out. The relation of these crystals to the i 30P,er of :::i rschmann I s 
j

LSAndrostenetriol-3(r 16, 17 synthesized by Butenandt et al (24) 

and Stodola et al (151) could not be ascertained. 'I'his is''''1er melts 

at 205-0aoC, while the triacetate melts at 221-230 C. Whether 

fraction 19 contains a mixture of these acetates is not known. 

(ei Column A6. Fractions 15 and 16 of Column ~ were 

acetylated and chroma.tographed as outlined in T;:~ble 7. ,h cylindrical 

colwnn of Alumina, 3 em. in length and 1.77 cm. in diameter, was 

used. 

Unfortunately, no crystals we~e obtcined in any 0:' the 

fractions obtained rom e cram • f th b atogram Hence, the nature of the 

compounds in the acetylated fractions 15 and 16 of ColunL~ A2 

unknown. 

Ketonic Steroid Residue: 

(a) Colwnn A3: Digi ten i n-non-rreeipitable. 

sunnnarized in Table 8. h cylindrical of the chromatogram are 

colwlln of Alumina, 12.7 ~ cnl • 1° n 1 enat hand 2. 54 em. inc: i arne t e r , 

used. 

t °d :raction was The digitonin-non-precipitable ketonic s erOl 

varying E:.."'nour.;.ts (~f Ahsolute ~tt8nol. eluted with CC14, containing 

The CC14 was redistilled an d dried over CaC12 refore use. 
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TABLE ? 

Column A6: The Acety1ated 

Fractions 15 and 16 of 

Column A2 - 17 mg. 

Fraction Eluant. Eluate 
- -No. , 

Nature Vol. ,Nt. t;;p.ture Remarks 
In ce. In mg. 

1 Benzene :Pentane Solution 
of the Total Residue 0 0 

10 cc. 
') - 3 100% Pentane 0 0 

...J 

4 - 6 3:1 Benzene:Pentane 3.4 Oil 
Per 

? - 8 100% Benzene 1.4 Oil 

9 - 11 3:1 Ether:Benzene 8.8 Oil 
Frac-

12 100% Ether 0.6 Oil 

. tion 

13 - 14 1005'0 Abs. Ethanol 1.2 Oil 

~ --..----
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Fractions 1 and 2 were crystalll'zed from a~ueous ~thano~. 

After two recrystallizations, fraction 1 gave rise to cr"stals whicIl 

melted at l03k-05i~oc with preliminary softenl'ng. T be cr~lstals p'8.·~:e 

no depression in melting point (102-041.,-OC) in a mixed melt 'fNith 

authenticA
2 

Androstenone-l? (M. Pto = l03-04oC). Fraction 2 melted 

at 9?-1000C with preliminary softening after 011\0 t 11 - ~ crys & ization. and 

was added to fractlOon 1. The co bO d f mIne ractions were then recrystal-

lized from aqueous Ethanol and 204.8 mg. OfL12 Androstenone-l? was 

obtained. 

Fract ions 6-29 were recrystall i zed from aqueous Et!.Lnol. 

After one crystallization, fraction 6 yielded crystals which meltsd 

at 182-850 C, with prelinlinary sUblimation at 145°C. These crystals 

gave no depression in melting point (1 ?8~_-8lrOC) in a mixed melt wi:L 

authentic Androsterone (M. Pt. = 178-81 OC) • hofter tViO recrystall izat-

ions, fraction 29 melted at 181-84oC, and [ave no de~ression in the 

melting point (181-840 C) upon admixture with authentic Androsterone 

- 1 1.0) (M. Ft. - 185r-862 C • }f'raction 18, after one crystallizatio;l frlJ7'l 

aqueous Ethanol, yielded crystals whi~h rrelted at 122-850~ with 

preliminary sublimation. There was no depression in the melti~~ 

point (183t~860C) upon admixture with authentic ~dr0sterone (M. Pt. -

185-860C). Fractions 6-29 inclusive were, therefore, combined QEd 

upon recrystallization, 546.2 mgo of AndrostErl)ne 'were obtained. 

The Androsterone crystals obtai:Jed from the errulsion arisin~ during 

the Ether extraction of the ~etonic steroid fraction of the urine 

(see page 4~ weighed 148.6 mg. 

therefore, 694.8 mg. 

Fraction 30 was recrystallized once from aqueous I':ethanol 

. th ha acteristic double melt ~f EtiocholaDolone 
and crystals shO~.·.·lnP- e c r 
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TABLE B 

Column A3: The Digitonin Non-

Precipitable Ketonic Steroid 

Fraction of the Urine - 1.9102 gm. 

---
FractioI Eluant Eluate _ .. 

No. Nature Vol. Wt. Nature 
in cc. in mg. 

1 - 2 100% 0014- 21G.S Crystals 

25 cc. 
3 - 5 100% CC14 102.4 Oil 

6 - 29 O.19~ Abs. Ethanol & CC14 ) Per 
0.2% n tt ·t 

0.3% " tt tt ~ 554.3 Cr~,:ste19 

O.5~b " tt " 
1% tt ft tt 

I 2% •• " " J 

:V'rac-
30 - 31 2% Abs. Ethanol & CC14 845.8 Crystals 

5% tt n ft 

5% Abs. & CC14 
, 

32 - 39 ~thanol I 
1 01; " tt tt 

t 
t.ion 

20% t1 tt tt ?4.5 Oil 

100% Abs. Ethanol 
100~~ Glacial Acetic Acid 

~ , 
, --

Remarks 

204.8 mp. 
Androsten 

10 mg. 17 
Could I.ot 
crysta11 i 

546.2 IDe. 
sterone 

784.1 TTl~. 

-------

~ 2_ 

one-l? 

Andro-

cholanolo~ "18 

2c • 8 rrl~. 

Could not 
crystalli 

l?-KS. 
be 

zed 
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were obtained. The melting points were l2?-350 C and 1~5-4C,oC, -Kith 

preliminary softening at 110°C. Upon admixture wj th B-l}therlt ic 

Etiocholanolone (hl. Pt. = 134-360 C, 145-4S0 C), there was no depressio!1 

in the melting points (129-350
C, 145-480 C), with prelirr:iY:E:ry softenir"'J~ 

at 115°C. After two recrystallizations from 8 r;1.UeOUS A'Aetl='Dnol anJ two 

from aqueous Ethanol, fraction 31 yielded. impure Etiocholanolone whj('h 

melted first at 124-320 C (with preliminary softeninc.) The resolidified 

crystals then melted again at 125-44oC. Fractions 30 and 31 were, 

therefore, combined and ?84.1 mg. of Etiocbolanolone '::ere obtained. 

1 ?-ketosteroid determinations were carried out on the ('()nbined 

fractions 3-5 and fractions 32-39, using the m-Dinitrobenzene rea.:ent. 

The former set of fractions contained 10 mg. of l?-ketosteroids, while 

the latter set contained 26.8 mg. of 17-ketosteroids. NeitL!Jr set of 

fractions could be crystallized from aqueous l;Iethanol or aqueous 

Ethanol. 

(b) Colwnn A4: Digitonin-precipitable. The results are 

summarized in Table 9. The cylindrical column of Alumina in this 

case was 5 cm. in length and l.?? cm. in dihf"·eter. 

After two recrystallizations froID aqueous Ethanol, crystals 

from fraction 5 melted at 101-t-04~()C with pre1iFcinary softenir~~·. 

no depression (M. Pt. - 10l-050 C) upon admixture The crystals gave 

( 104 050 C) Fr~~ct i ':'f: S 1-': 
• 1\ 2 Androstenone-l? l'.l. pt. = - • with authentlc ~ 

were combined and after two recrystallizations fron aqueous Ethanol~ 

q~' 1050C Frections 1-5 
obtaI' ned which melted 2,t • :~- • crystals were 

. d th total vield of {).,2 .t\lldrostenonp-l7 was 
were, therefore, combIned an e . 

1?6 mg. 

Fractions 14-24 were C'o:nbined 
., after four Tec~~rst811 i zat-s.n ,J. -
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TABLE ~ 

Column ~~: The Digitonin Pre-

cipita.ble Ketonic Steroid 

Fraction of the Urine - 109 

------~---------------------------------------~ --------- - - - -- - ----
Fraction Eluant 

No. -N-a-t-u-r-e------------~-O-l-.-.u....-. i'\I-t-.--::I-N-1T-at-'-llr-e---:~~~-r~-s---- . - --

in CC. In mg. f 

Eluate 

--------1~-------------+--__ ~ ___ _'_--_-- _______ -_______ . _____ _ 
1 - 5 

6 - 13 

14 - 24 

25 

26 - 35 

36 

3? - 39 

100% Pentane 
1:4 Benzene:Pentane 

1:4 Benzene:Pentane 
2: 3 ,. t' 
3: 2 t, ff l 
4:1 Benzene:Pentane 
100% Benzene 
It3 Ether:Benzene J 
1:3 Ether:Benzene 

1:3 Ether:Benzene 
1 : 1 t' tt 

, 
3:1" tt 

100~b Ether 
1:1 Abs. Ethanol:Ether ) 

100% Abs. Ethanol 

100% Abs. Ethanol 
l007~ Glacial Acetic Acid 

10 cc. 

Fer I 
I 

l''rac- I 

tion 

18.2 

13.6 

46.2 

12.0 

8.2 

0.6 

3.8 

, 
Cry st al s · l? 6 TTl ~ • 6 2_ 

Oil 

Crystals 

OJ 1 and 
Crystals 

Oil 

; Androstenone-l? 

36.6 mg. Isoandro
sterone 

Isoandrosteron6 an< 
Dehydrojsoandro
sterone (?) 

Oil ? n d i.~ • Pt . = 251- cOo C , 
Cryst21s with decoJ:':-cosition 

c1nd prel iminary 
5ublimatioJl. 

Oil 
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ions from aqueous Ethanol, crystals 'were obtai ~erj It '/;r~ich melted 8t 16?-

72°C with preliminary softening. The crystals gave no depression i~ 

melting point (1?3-750C) upon admixtuFe 1'.'ith buthentic IS(l!=:ndrosteroJle 

(M. Pt. = 1 74-770 C) • The total yield of Isoandrosterone was 36.6 

Fraction 25 was recrystallized three times from ~~'='.LuetJus 

Ethanol. Two sets of crystals were obtained repeatedly, as irldicated 

by the melting pOints observed. The first melting point was 1~2-56o~ 

and the second was 168-740 C. These melting pOi_nts were distinct. ~r~ is 

mixture of crystals .could not be separateri and, conser-;..uently, ~he ir 

identity could not be definitely established. It is r,robable ~ha: the 

crystals m.elting at l68-?40C were Isoandrosterone. since ~he rrc:cecinp' 

fractions in the column were Isoandrosterone. Selyets ETicyclo~)edia 

(' 

lists melting points for Dehydroisoandrosterone rangin!- from l44-53-C. 

It is, therefore, witbin the realm of possi bili t:7 tLht tLe crystals 

melting at 152-56o C were DehydI'( i s08r~drosterone, or a mixture of 

Dehydroisoandrosterone and lsoandrosterone. Since it was ~ot 'Dos3ible 

to isolate a satisfactoT:I separation of t~e cr~/stals. one can only stc.te 

that the presence of Dehydroisoandrosterone in t:18 3-/ )-h~'1ro:x:'-veto::ic 
column is indicated. 

Pearlman (123, 124) has also reported the isol&t ion of' crystr.: s 

.P l)e' ., . 

a t l56.1--5?~oC, v.;Lich he suspc:-cts to be a ;-~ixturE: Cl L" --:rOlS"-melttng r-.J .. ..; 

androsterone and Isoandrosterone. 

t E,ffiOt:nt of cr/stals !,:i€ltin~ at 251-Fraction 36 yielded a m~nu e 

600 e with decomposj tion and preljminary sublimatio
p

• 

crystals is unknown. 
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III 

Discussion 

A. Summary of Experimental Results. 

The result s of the exneriment are S UTr211[1rl' zed . 1!"l ~r,bles in 

and 11. 

1 ?-Keto~t~roid l\l~taE..0.J..i tes of 'l'estosterone: 

It is evident from these results that Andr0:;terone and 

cholanolone are urinary 'meta.bol it es of exogenous Testosterone j f1 maE. 

li.S mentioned in tl 't d 2 16 In ro uction, ~ lilldrostenone-17 is 8ssu~,ed ~,o re 

an artifact of Androsterone arising durint=.' acid h'"Qrolysis 0;'" the urine. 

The isolation of these three steroids from tr.e urine, therefore, CI)~l

firms the work of earlier workers (,~p, 43, 45, 49, 136). T~I_e individual 

yields of each of these three steroids obtai~lerl in ttis experi~:-.eLt was, 

however, much hjgher than those nreviously renortE,-1 (Tarle 3). and the 

total yield of 1 ?-ketosteroids was, therefore, R_l so much higher. 

For example, Schiller et a1 (136) reported that tt.e t ,"tal 

conversion of 1.2 gm. of Testosterone-nropionate (ed~inistered irtr~-

muscularly to a normal woman) to l7-ketosteroids was 25~, and this 

was the highest rate of conversion reported up to ttat time. l~ the 

present experiment, the total conversion to urinary 17-ketosteroids 

was 34.75%. The latter yield may be due to tLe fact that the Testo-

sterone was administered orally in the present experiment. 

It will be noticed from Table 3 th~ Isoandrost~rrne was 

never isolated from urine at tte same time as Etiocholanolone. 

2 f dm · l' trat 1· on \.~:- ~p st0 ster:ne 
sterone, and~ Androstenone-17 a tar a 1n s 

( d of adml·nl·stration). In ttis e~periment, 
regardless of the rna e . 

This is ~n excr~:ion 
however, 36.6 mg. of-Isoandrosterone was isd8ted. 
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TABLE 10 

Summary of the yields of substances isolated froM the 

urine in crystalline form after the oral administration 

of 5 gm. of Testosterone to a normal adult man. 

Sub$tance 

Etiocholandiol-3~) 1 ?(q) 

I Total mg. of 
Substance 

156.5 

I I % Conversion of 
5 .,~:n. ~estosterone 

12.95 ,. ~;.13 

------------------------------~----------~------~-~-----------~-----
Etiocholanolone 784.1 64.90 

~2 Androstenone-l? 222.4 18.41 4.44 

I 
Androsterone 694.8 57.51 13.90 

6.2 Androstenone-l? & .Androsterone 917.2 75.92 18.34 

Etiocholandiol & Etiocholanolone 940.6 ?7.8~ ------------------t--.. ----- ------1--- --------- .--- ---
Isoandrosterone 3G.6 :,.03 ()(j.?3 

------------,,--.--.--.----.~ .- ---.. --- ---+ -----+ .. ~ - - - -- --.- -. - - - .-----

Dehydroi soandrost erone Trace 
-------------.--.-.. - -,~ .. -- .---.-----.--t--------+---- ---.---.-----
Cholest erol 

-------- -~.--

3(!)-OH-KetoniC Steroid 
C' • Pt. - 251-60

0
C) 

T '.'..~T-:? 11 , __ '.'_U-

------

5.4 0.45 
-------t -----.----

(0.6 
--+-----

~-~·"·--·-----t·--·-
- . - .- - - ,.. -- . --- - - - -

I 

Gr~n: :'0tal of 
Eti r )c1-;o l.an(:ioJ - .. 1.1 ;--t.~'hol ;te~ 

3(~' l7(00 ,-,f ~·::'tos~ .. -Y' r'e 

----------.. -------.-~ 
1 7-T:~S_'. __ -+.---- _--- -t ... ______ ~ _____ _ 

-- 156.5 ill",. I "::c4. ~ ~'f!' 1737 9 ml~_~). 

_To_t_a_l_Y_i_e_l_d~~~~~_~~-~~~~~.~~~~~~~--------~~--- __ ~ ___ ~ 
, 

Total % Conversion 
of 'Ilestosterone i 

I 

1. 

-t 3rt .88/0 _-1 .-I 3.131" _ __-----
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of 3.0~ mR~ per litre. TI- 1 8 excret ion 0..("\ T 
l ~soandrosterone in human ur:~e 

is reported as 0.2 mg. per litre (127) , h enc e i tis ("1 T) n s r en t t f\ c; ~ i n 

the present experiment, Isoandrosteron .. e 
'.1 -- as well 8 s t '-,.e otter 1?-

.l:<:etostero ids -- are rnetabol i tes Gt rPestost erone • 

Pincus and Fearlrrj8n (J27) hr.~ ve re-c·jrted thGt And rflsteron~ 

Etiocholanolone are excreted in approxir:tatel~- e~ual amounts (l mg./l.) 

in normal human urine. The result s of tl-~e rresent ex!,eriment ('r~b 1e 10) 

indicate that exogenous rl'estosterone .; s likev·'ise converted in almost 

e~ual amounts to Androsterone and Etiocholanol r'lls. Cnnl in:inc" th.e6 2-

l~ndro st enone-l? and Androst erone excret ion va.l ue s , it 1 s seen the t the 

Androsterone to Etiochole.nolone ratio is approximately 1 to 1 (~3~0 to 

Since it is probable that the Etjr:'('holandj 01 obt~d ned is 

closely rela.ted to Etj ocholanolone, botL cl-Jemicqll y and !'ethb()l ic~ll~r 

(see page 73), let us add the yield Or.' diol to tt8t of ~tjocho18nolor,p.. 

Now it is observed (Table 10) that the .i~nd-rosterone to Etiocholf!Lclone 

ratio is indeed 1 to 1. 

From the data in Table 3, it is seen, '~low~ver, that more 

Androsterone than Etiocholanolone was o:-t.ained by Sc\Ciller et a1 (136), 

Callow (28), and Fish and Dorfman (61). ThiS difference in the '3-If"':" S 

excreted may perhaps be explained. in part l'y the inabilH:: of 

investigators to isol&te Etiocholandiol. 
The .tirldrosterore t~ :::t iochol-

" tely ') 
1
" n SChl'ller et a1 t s (136) experi:"'~e nt was approx 1 r-a -, 

anolone rat io 
F h d Dorfman's experi:"e ~~t. 

to 1, and the sac~e is t rue for is an 
C!ll yin 

was t here a ratio approximately 1 tc 1. 
Callow's experiment 

indicates that ~d!'osterone ana ~~.iochol..
rate, the present experiment 

~ " t"'e metato~,ism of 
al J:'ost eG.ual amounts , .. 1J.-:-'ln,;"' .i. ... 

ano1one are formed in -

Testosterone in man. 
" . d' rect evidenc e t f' 

Th is, inc ide nt all~;, 1 SIn 1 
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support the theory that Testosterone l·S the m'"" h ru..e sex ormone. 

Carbinol Metabolites of Testosterone: 

156.5 mg. of Etiocholandiol-3(~} l?(~) was isolated from 

the urine -- a conversion of 3.13% of the a~ministered Testosterone. 

This diol h8S never before been reported as a metabolite of Testo

sterone, and its presence in human urine has been indicated with 

certainty only by Butenandt et 81 (22). In the latter case, however, 

it was probably an artifact arisin~ durlnr the fractionation of the 

urine using amalgamated Aluminum. 

In the present experin1ent, none of the procedures used in 

the isolation of the diol neces~itated the use of reducin~ 8~ents; 

also, the rapidity with which the urine was worked ur after its col-

1ection makes unlikely the possibility of bacterial Lyjropenation of 

any of the urinary steroids; hence the Etiocholandiol-3(o() 17 (a() did 

not arise from reduction of urinary Etiocholanolone or any other 

Etiocholane derivative. One may assume, therefore, that the Etio-

cholandiol isolated was the result of in vivo metabolism. The 

presence of the diol has been indicated only ~ualitatively in normal 

human urine (127), but that yield -- 12.95 mg./l. -- indicates that 

the orally administered Testosterone was converted to tte ,~iol. Trp 

excretion of Androstane ~d Etiocholane and other 17-ketoster0ids in 

normal human urine (127) further emphasizes this fact -- for the 

excretion has never exceeded 2 mg./l. (ranging from 0.07-1.7 mg./l.). 

To summarize (Table 11) the total yielQ of all steroids 

which may be considered urinary metabolites of Testosterone in r:p.r. 

c" has amounted to 3?88~. 



- 64 -

(8) Comparison of Results in the Present Experiment with Those 

of a Similar Experiment in the Rabbit. It ° 1S of i~terest at ttis noint 

to compare the results of the present experiment with the ~npublishe~ 

results of the experiment conducted by Hoffman, Desbarats an~ i:nowles 

at the :McGill University Clinic. Hoffman et al administered orelly 

5.640 gm. of Testosterone-proptonate (equivalent to 4.709 gm. of 

Testosterone) to two male rabbits and collected a total of 7.165 litres 

of urine. The yields of the urinary metabolites excreted was riifferent 

from that observed in the human urine, since the tulk of th\~ neutrcl 

steroids excreted was non-ketonic. 

For example, in man, -the ratio of ketonic to non-ketonic 

steroids was approximately 5 to 1, whereas in trJ~ r:.-.btit this ratio was 

1 to 3. This difference is more stri>~ i Jl~-Ly illustrate.' by the observation 

that the amount of Etiocholandiol-3(c() l?(o() actualh isolated by t.:offman 

et a1 exceeded by approximately 40% the total amount of the non-'etonic 

steroid fraction of the human urine. FurtherT'lore, Hoffman et al have 

isolated a new diol-- Androstanediol-3(f) l?(o() -- ~romthe rebUt u~')ne, 

but the presence of this compound could not be detecte~ in the PQman 

urine. 

Only Etiocholanolone and Isoandrosterone have been isol«ted 

from the ketonic fraction of the rabtit urine. The ~ormer ",c!TT(',un,: was 

excreted in approximately 30;~ of the amount ocsaved "in [",<"n, wl-:ile the 

rj"1· e rr~st?nC'e 
latter compound was excreted in slightly t'l:ice tte aI1'o\~"t. 

of Androsterone is indicated, but has not been conclusive:v i~lustrated. 

k t l
ot at i ~.r( com'Pari son 0 f the exc "E: i"::' 1: 

It is not possible to ma e a ~uan· -

1
0 n human and ra't''ri t lj~i.ne, ~- ut c_unlitat; v~l~.~. 

of the aforementioned steroids 
. a species djfference ip th~ 

it is apparent that there IS 

etatnlism r-f' 
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Te eto at erone • This is manifested by excretion of the metaboli:es in 

significantly different amounts, indicatl'ng that excretion of these 

metabolites occurs in different h p ases of the metabolite pathways. 

The sequence of events in these ~.,o thways' th ~ In e rabbit is not known , 

and in man can only be inferred. 

Urinary Steroids Not Consid d t b _ ere 0 e ~etabolites of Testosterone: 

Also isolated from the urine in the present experiment was 

5.4 mg. of Cholesterol -- equivalent to 0.45 mg./l. The excretion of 

Cholesterol in normal human urine has been reported as ranging from 

0.01-0051 mg./l,. by various investigators (23, 54, 78, 136). It is 

probable, therefore, that the Cholesterol isolated in the present 

experiment was the result of endogenous metabolism and that i-s is not 

a metabolite of Testosterone. It is of interest to note tLat 

Neustadt et al (120) have determined the Cholesterol content of normal 

human urine using a photoelectric-colorimetric method on~~ they have 

reported normal values ranging from 2.5-4.0 mg. Cholesterol per '1<..oY· 

The latter values are much larger than those ottained by iSl)latiol' of 

crystalline Cholesterol. The urine hydrolysis techniques employed 

by Neustadt et al was less drasti c than the one 8 ml 1 o~Ted i!1 the ~Tef'.F;r;t 

experiment. For example, Neustadt et al added 60-65 cc. concentrated 

HCl to 500 cc. urine, and the solutIon was then layered wit):: 200 cc. 

CHC13. The solution was then refluxed r:ently for thirty "oi!".lltes. 

This, 

Furthermore, the photJelectric method of measurerrept is a ,nore 

one than the gravimetric method employed in thj s experire'1t. 

t f the hI
' ~her Y'l" eid of Cr ole st er,}l obts i ce d 

therefore, may accoun or ' e- < 

by Neustadt et ale 
There is, at any rate, no evidence in the rresent 

experiment to clarify the metabolic relction between Ch'~':Ecsterol 
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Testosterone. 

The nature of the sUbstance t+ ' ~\ 
o J81ne:j :'rr~n the ~ 'frLydroy,'-

ketonic fraction of the urine (ColuTT'_n h.4-) which melted Rt 25l-fOoC 

could not be determined because 1,: the minute arrOI1 Tl t of ~~(~eri!:,~ 

obtaine d. 

The possible presence of D2hydr~isoandrosterone ~s indjc-

ated in fraction 25 (M. Pt. = 152-560 C) of Column A1 (T~ble 9). 

Since it was not possible to isolate this sterol'd i~ f f a ree arm, 

conclusive evidence for its presence cannot be claimen. ~-~0wever, 

Pearlman (123, 124) has also reported the isolation of cr~'Tstals 

melting at 156t-5?LoC (the crvstols of Colli~~!l ~~:,- meltAd r~t 152-560 C). 

and Isoandrosterone. Pearlman (124) has actually recr~.y~t~:llize,l a 

rnixture of equal amounts of these ~~,wo steroids ~ &nG t}-.e !ilelt.il1~ noint 

. 'd It ·~\..l...h ' rodllc t :'''1'8, therefnr p , is circ"JTI-In a mlxe me "HJ ':11 '.! e ur'ln~:=1ry II - v. 

stantial evidence for the Tlresence elf Deh~ror(':i sO~~Prlrn:it8rrlnp. ; n the 

present exnerjment. 

amount of Dehyclroisoandrosterone present was sms.ll. I~"2. terPlS (,f mp. 

per 1 it re, the a1110un t present was mile l:J. Ie ss t: an 1 fY:'f!. /1 · 

d t one J'n r:0r~al ur~ne has ~een ~e~orted excretion of Der:':.Tdroisoan ros er· -" 

/1 h t \ e Deh U ,-1r()-i soandl'csternpe 
( 12?) as rangi TIe' fr0f'\ 0.1- '?, .0 Tflll. • , en ce _l 

t P -:'~!It~.-;ri.ment was mO~7 P:-'oQPtl v a result oi' 
in the urine of tL8 rresen . -

not a rr;etaholite of Te~t0ste~0~e. 'T'I~':e 
endogenous ~ecretion ~nd is 

. "n-n t c-repter t~'Fn n{;~''''~ 1 
Dehydrol' soandrosterone In c .. -'- un s .; . isolatjcn of 

d f110wing Testosterone aJ!T'_ ini st "l"at io;~ 
from urine has never been Le~~orte r -
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and the evidence quoted ['.bove confirrris th~' . 
~. e vL30r.:T t het Dehyd r0i S'l-

androst erone is not a nOrmal urI· na ry. t 
me A.bol i te of' Te sto ,;t eror,t

(and the male sex hormone), and hence. 
IS pr0bably ~ rroduct of 

adrenal Cortical secretion. 

1\rlarrian (106) i sol!:!. ted A 5 d r p 
~ ~ rin rostenetriol_3~ ) 16,1? ~rn~ 

the urine of normal men and women, in yields of 0.1 rw'. T'>8r litre. 

This triol was ident ical with Hi rSf'lJ"lann , s tri 01 (80). I h 
T" t. e Tlresent 

experiment crvstals were isolAted '.I'h1ch '",e:;- 1::e6.,''5 Androsten"triol_ 

3({) 16,1?, but conclusive evidence for their presence was , __ + 

obtained. The evidence consists of e high meHing pOint (224-35
0

C) I 

the nresence of unsaturation, and the T0ssible rresence of' p C3 

"Cis" hydroxyl group. T]:ere was sorr'e indication thHt an is''fi!er of 

this triol was also present, hut c€"lCin evidence in SUpport n;' tLis 

suggestion is slight, being simpl~' the melting pOint (20?-16o C) and 

... the nresence of unsaturation. This isomer may be identical :lit!. the 

isomer of Eirschmann' s triol that was synthesized b~( Butenandt et al 

(24) and Stodola et al (151). 

The crystals of fraction 16 and 17 were excreted in ams!)r.t s 

eqUivalent to 0.67 mg. per litre, while the crystals (\~ ~">ractj.on 19 

were excreted in arnoun So. mg. • t f 0 2 per ll"tre It is aD. parent, t~ere-

sets of crystals, regardless of tl:eir identity. are fore, tr.at these 

probably the product of endo£'enoi~s , st eroi d rnetabol ism rat ~~C i than 

metabolites of the administered Testostercne. 

f t h Urinar'fr Sterojds. B. 1vletabollc St C'nificance 0 e .} 
_r-

d · 1\'letabolism of Testosterone: In the Interme larv ~ 

. mary ("'l')a15 of a st udy of the met8t /11 i SF. of One of the prl L~-

Testosterone is the .... t l--e dl· scovery of the nature and sec;uence OJ. ;J. 
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intermediates arising during the course of this metabolism. 
AS ':e t , 

there is no clear-cut knowled f th t ge Oe me abal ic TIc thwa~/s 81onf-

which Testosterone passes in man or any experimental animal. The 

present experiment has confirmed the fact tr£t Isoandrosterone Etio-, 
cholanolone, and Androsterone are normal metabolites of Test0~terone, 

and has Shown that the latter two 17-ketosteroids are excreted in 

approximately equal amounts in the urine in man. It ha~ inr.icated 

further that Etiocholandiol-3(o() 17(0() is also derive(~ from Testosterone • 
. 

The possible intermediates arising durin:; this conversion and their 

sequence is indicated in Figure 6. It must be pointed out that this 

scheme of events is necessarily incomplete for the follow}np reasons: 

10 More than half of the admiListered Testosterone in thjs 

and, other experiments could not be accounted for in the urine, indic-

sting that metabolism of the hormone to products as yet unlJetermj ned 

may have occurred with this fraction of the total. 

2. It is not yet possible to make accurate, quantitative 

in vivo studies of the reactions listed in Figure 6, or of similar 

reactions. 

(a) Role of the Urinary l?-ketosteroids. With regard to 

of Dorfman and narnilton (4?) has indicated that Figure 6, the work 

4 1 d" 3 l? (i e 1 Androstenedione-3,17) and Andro-
~ Etiocho e~e lone- , • • ~ 

" to urinary Androsterone after 
stanedione-3,1? do indeed give rIse 

\.. . d The yields of Androsterone ~NG.S 
oral adm.inistration to a eunOCLlOl • 

d and was unspecified for the 
2.5% in the case of the former compoun , 

latter compound. 
Furthermore, the work with yeast and bacteria 

22) has shown that everyone of the 
previously quoted {see page 
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reactions listed in Figure 6 (with the 
exesrt ion o~ the conversion 

of Androsterone and Et;ocb 1 1 
~ 10_ rn'~ one to saturated d j ols) can be 

carried out in yields varying from 11-47"/:;, 
and in the d;rectio~ 

indicated. One objection to the work done wl'th 
y36st and bacteria 

is, namely, that it has not been carrif:;d out in ~h,e anl'.lr.i"l:='~1 
- ,~ - 0 r gan i 8m • 

The results obtained in these studies wi th f'licro-:->rc~"nisps are hi;'hl'-

suggestive, however, and are, thereforo, of vall~2 in dete:-,~r.injr:.$J' the 

nathway of metabolism of Testosterone. Th h e se erne outlined in F~gure 

6 is one that draws strons support fronl these studies with micr r)-

OT'F"J'8nisms 0 

Until the results of further enzyme studies have been 

reported and can be correl&te~ with the above information, one can 

only say th&t Figure 6 represents a h tghly pos~ible pathWh? of metEi-

bolism of Irestosterone. 

Gallagher (66) states that 6 4 ~'~ndrostenedione-3.1? may be 

derived from Testosterone, but he feels that reduction of the dione 

will result in the formEtion of t::reater amounts of Deh'/dro isoandro-

sterone than of Androsterone. hiarker et 81 (103) have shovm that 

reduction of an€()-rJ-unsaturated ketone in Ring A. of a sterol ·:.ill 

re.sult in the formation of a 4 5
-3 (r-hYdrOXY compound, but this 

observation does not by any means sU'3.:=::est that reducti0n of a Rin~ 

.A~~tffunsaturated ketonic-ster01 d must follow thi s route. 

that Dorfman and IiEncilton (47) were able to isolate ; .. nurnfterone 

after administration of 6.,4 AndrosteneQ: one-; ,17 rut did not rt~()rt 

the isolation of Deh\droisoandrosterone furt~ler Sllrnorts this sUS"-

gestion. 

The 6.4 Androstenedione-3,1? led to Ue excretion of " 

greater amount of androgenically active substances in tre urine than 
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did Testosterone or h.ndrostanediol-3(o() l? 1-1) ._ 
,~ or Andre stan~r:lone-,- ,17. 

(Only the administration of hn8rosterone itself resul t (;d i rl e [1 i ["her 

excretion of androgenic substances.) fJ.e.llagher (;,6) s~q'-~e~:s that 

this high androgenic activity is due t~ 
,J convsrsion o~ the :ione to 

Dehydroisoandrosterone. H owever, it is not clear ~hat ~raction of 

the androgenic substRLces are ~ccourted for by the ar:,o:..::-.t of imd ..... '"',-

sterone isolBted (2.40), and the experl·ment . 1 
I' as a v;~--.o e C2.nr;ot be 

interpreted in a ~uantitative manner. v ~~ .L.e~ce, 1.I!~e posi -+:, i()~ of 

~4 Androstenedione-3,1? in the scheme outlined in ?i&;ure S is not 

contra-indicated. 

of Testosterone, any attempt to state dOr""maticall v th~:t b -"i ven scheme 

represent s the true picture of the i n"termEdiary metcbolj srr of tr is 

hormone will meet with failure, since there i~ no unequivocal evidence 

in favour of an~r such pathwa v • K('ch (91) has r:resented several 

alternative schemes -- for all of which there is some evide:-ce, but 

for none of which the evidence is conclusive. :?i .;:urc ? is such ~1 

pathway. One objection to this scheme is tLHt .:=tiocYr)l8.nol-17-one-3 

has never been adnlinistered as a possible prE:cursor of I:ti·:chola.nolone 

(or of urinary androgens). At any rate, Figure 7 differs from FiVll:'e 

6 only in the nat ure of the first i rter:.,ed iF1te sari s i f'C' :'rol~l ~e stosterone • 

(b) Role of Dehydroisoandrosterone. Koch (91) h8S a.lso 

sterone, which is then converted to .Androsterone, ~tc., T~,eoret i cally, 

l'r on -n)"" Ket'ler (:08) hc-.ve reJ'c~tej, this is indeed possi ble and, as .l~~qS c~ ~l -

t c.")nvcrtec. :,0 Androsterone and :t iochol-
Dehydroisoandrosterone has een 
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anolone by an anterior pituitary deficient ma~. ~O'a'e~· err -- Y\. , ~s was 

noted in the Introduct ion (see p&~e 9) D ~~ '"" . 
t: ,eb. r: ~ 01 soardrc'ster,: ne is 

probably a product of adrenocorti cel secretions, so t~(::t i"t s rol.e as 

an intermediary in the metabolism of T estosterone is not ent irel"l: 

likely. The conversion of Testosterone t 5 o~ .. -1nd~")stere-:jo~s ar;n t~:e 

subsequent conversion of these dl'ols to D h ~ e y~rQiso&ndrosterone and to 

l?-ketosteroids (91) is, for tLe above reason, riot F likely pat~~w~:;-: ot' 

Testosterone metabolism. 

(c) Role of Et iocholaIJ '_',:, :-' {~:\ l? (0( ~ • I~ . 1 1 b ____ .......;~:...;;;.:.~;:..::,;-.:.:.... _ ._~ __ ._. _____ . u '::1.l. e net iced 

in Figure 6 that Andro sterone, J£t iocholanolone, and I s08nd~ st ero :.P 

are regarded as the precursors of the saturate~ dials, ~tiacholandiol-

3(01-.) l7(c() , Androstanediol-3(f l 17(0() etc. This is the lopic21 T'lace 

for the dials in the scheme as it is outlined. It is, 0:' c')u-:,~.e, 

within the realm of possibility that t~e dials mAy be the precursors 

of the urinary l?-ketosteroids. but neither tLe results of :h;~ 

present experiment nor the unpubllshe~ results n'" t:le :'cttit ex-reri :.1€nt 

of Hoffman et al (see page 64) -- nor the experi~- er.t of J't :"'~:'l8I! r'n~. 

Hamilton (47) provide a clue to the bns~er to this rrotlem. 

Etiocholanolone and Etiocholandiol~~(o() 17("") are \:~osel:," 

related chemically, and theoretically one mi~ht expect to isol~te 

urinary Etiocholandiol-3{o() 17(0() following the a,:"ministration cf 

Et iocholanolone to an experimental ani r,:\l. The reverse re2.ct ion may 

also be expected following Etiocholandiol administra:ion. 

. t have bowever not been carried out c s vc-t, ar .. c the 
experlmen s ,.l.' , 

metabolic relation of EtiochOlandiol-3 I ol,) l7{01,1 to Etiochol~·nolone 

has still to be estab~i~ted. 
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atom in the steroid nucleus of Etiocholandiol precll:~es 
-- t he :- I) 2 ~ 1 b i 1 it·: 

that Androsterone is a closely related precursor of the::iol ~,etabol i c

ally. 

As has been stated nr· l' ( 
... eVlOUS Y see page 64), n.r~ljr')st&nediol-

3(f) l7(~) has been isolatbd by Hoffman et al from rabbit urine 

following Testosterone administration, but the relation of t.his ,HoI 

to Isoandrosterone and the other urinary 17-ketosteroids (and the 

other steroids listed in Figures 6 and 7) is also not known. 

A study of the enzymatic processes and the thermod:.Tt8:TIi cs 

involved may help to elucidate the metabolic relation of the afore-

mentioned saturated diols to their ketonic homologues. 

(d) Conclllsion o On the whole, the in vjvo ir-~forrnation 

available at present -- supplemented bv the studies v;ith yeast and 

bacteria -- tend to favour the pathway outlined in Fi::'1'ur'3 6 as the 

likely route of Testosterone metabolism, but the evidence in favour 

of this intermediary pathway is not conclusive. 

Ratio of the 17-Ketosteroids in the Urine: 

EtiochOlanjOl-3~)-one-l7, the isomer of Etioc~olanolone, 

has never been isolated from urine, despite repeated atter-:rts by 

many investigators to isolate it. It will be not iced that .nrdr"-

the digitonin-non-prpcipitable sterone and Etiocholanolone --

. 1 ted if' a"Dnroxifl1-Ately equal amount s 17-ketosteroids -- have been ISO a ~ 

Testosterone adrrlinistration, but that the digitoninfrom urine after 

1 t ~. the case of one · d have been iso a el, In precipitable 17-ketosterol S 

) in much smaller amounts, and in the case compound (Isoandrosterone 

1) -17) h ~'ot pet ~een (Et ·ocholanol-3( -one as . of the second compound 1 
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isolated. 
h similar state of affairs has teen n~J~~d 

- - ~"or normal :-: u: Ian 
urine. 

This preference for the biological reduction of Testostero~e 
(and the male sex hormone) to digitoni:::-r0:l-precipitG~le (that ls. to 

steroids with a trans hydroxyl at the C3 Position in 2in? A) is PS 

yet inexplicable. It is probably not associated ,i;ith biolorical 

activity, since Androsterone is androgenically active, whereas 

Etiocholanolone is not. A Possible explanation is that it is the::"1"o-

dynamically simpler to carry out the reduction ill this fashion, iut 

this theory has yet to be proven. The nature of 1 he enzyrr,es 'lssoci-

ated with the biological reduction of Testostbrone rr~8:V also Jllndif'l 

the direction of the reactions. 

It is of interest to note that tIle energy relntiocships 

of the reactions outlined in either Fi~'ure 6 or Fio:ure ? have yet to 

be evaluated. .8. study of the energy levels invnlved in these r>,:?8ct

ions may throw some light upon the se(-uenc(~ of events in the metab-

01 ism of Irestosterone. 

Reversibility of Intermediary l~letabolic Heactions: 

st d o the metabolis~1 of the The present methods of u Yln~ 

anI· mals has brODfht to light one import2.~t androgenic steroids in 

reactions encountered are reversible an-) these fact, namely, that the 

compounds, therefore, are closely related. Typical eXf~;-r'irer~t s fih ich 

~.lason and Ke!, ler (109) ?ad l-:off;rE~, have made this clear are those of 

et a1 (83) who have isolated Stiocholanolone 

• ° t bl compounds) after tLe c,-~ministrotion 0~ (digitonin-non-preclpl a e 

°t bl compound) to & ~an ( .,. i tonin-nrccipl a . e _ Dehydroisoandrosterone a Glg ~ 
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and the rabbit, respectively. 
Dorfman et 1 (50) 

a have df:;nonst!'c.ted 
the converse reactlon jn guinea pi~s, who 

~ converteo ;~Grosterone 

(C3 (o()-hydroxy) to Isoandrostero!l8 (C3 YS)-f'ic;roXY). The Etudies 

with micro-organisms (see page 22) have cOnfirmed these ani~81 

experiments. It is obvious on the basis of these orserva:ions that 

no one metabolic pathway will ever aCcou~t for ell tte eTp9ri~e~tal 

results renorted. ~ere are probably a series of closel~ rel&ted 

paths (the metabolism of Testosterone representin7 ~:ut Orte sT'0ke ,~ 
the metabolic wheel) with one compound as tr,e, [,ut; 0f t;e wheel. The 

nature of this com.pound is as yet unknown. 

A Possible compound of .:;u ch iIT'Y;ortance js 6 4 ., d ros ter;C'r1 i0"e~3, 1 7 • 

~is compound can Le regarded t;~oreticallv as bn intermediate in t~e 

metabolism of both Testosterone and Dehydroisoandrostt:rone, r.nrl &s 

has already been noted (47, 97) it can te convert8(; to comp(')ijf'ds 

(e.g. Androsterone) which are aC1<nOl'fledged metar,olites 0.<' both Ie.rent 

molecules. However, much more evi::1erce t~,Ln is avai18tle a.t presf_'nt 

must be provj ded before 6 4 Androstenedione-( ,17 can t.e re~!:rded 

concl usi vely as a crossroad j n tl-, e I'letabol i Sf') of the steroj d horrr~')ne s. 

This dione may be the biolor~ical precursor of Testostero ne (<?S). 

but as yet this is st ill a 1'1~tter O-c conJe ~"urc. , _ _ of' • + l_c 0+.,onl' C s ... , uai ie s 

may be useful in clarif\''ing these issues. 

c. Pat hWEYS of ~.~p.tabol j Sln \'Jf T6 _ 1,0 sterone ~ 0 Co~;_·; QUI' ~ SIr Smaller 
~hlecular Sizeo 

, .' .{.. +. h G' 1 i ve r i n t 'r e ';"l~? ~ ~~: 01 i s r'" 0 .,. In dj. scussj ng the ro ~ e " l- ,~ 

O ut t hat t ~-l e r c: ":~~e ret V10 ~ e 1') e I'" 1 r.e t h \' L ~. s 'restosteron~, it was pOinted 

the nther st ero ili :.lormoftt-: s t :,av81. along which Testosterone and 
'T" 

" fo-'" 
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first pathvlay d,eals with the excretion in the url'ne 
. 0 f' cO':j:~e7E.ted 

metabolites which are ejtL~;r less ct" " 
GIve or ll'")bct i ve r· ioln;rj ('r~ 11~' • 

The chemical transf'"'rrnations w}", Ah l~" t 
VlIdl,-,1 resu ~'1!1 hp excretion. of such 

metabolites of Testosterone have been discussed. above. Ti'e secol"d 

pathwa.y deals ":lJtth the transformation of the hormone +') ., h' r 
- C );nnOun·~~ S VI 1 c .. 

are smaller in size. e.g. degradation to i.cetic r.cid or to CC,' a~:d 

H20, and to other as yet u~recognizei] products. It iE: not vet nossihJ", 

to evaluate accuratelv the relative importance of these two tJl ps r; 

metabolic paths in normal physiological pr0cesses. Is"lati (On experi-

ments such as the present one tend tn indicatp t~'et the latter 

pathway is used more extensively, since t~e iS018ti0n of co~nounds 

-- regardless of the mode of (-l(:1rr'~_ni2trat;(;n. At an:' r'-lte, t}~e 0'...-licet-

ion of Isotopes to the study of the stero; d horrr'f)neE will trrow C,jI}-

siderably more lj &"ht U"!)011 th is pha,Qe of tLe sub.~ec-t. 

Degradation of the Steroid Nucleus: 

(a) Theory of Oxidat5ve Scission. 

ch&nt;es v:hich must take place in the structure of Testosterone duri~"'" 

the formation 0 e as - ~ f th yet unk novlin dearadation I:rOJucts is .. "C't C'lehr. 

as to : he initial C!~enges (l?ry) Several theories have been proposed 

and these deal with oxidative scission of Rjr~ D. 

5 Androstenetriol-3{,B) 16 ,17 b~," Eirschrr,ann The isolation ora y 

(so) suggests the following series of reactions 

of the neutral l?-ketosteroids: metabolism 
OH 

011 

1 

c ooH 

~ r ~_oH_>~ ? 

-
" I 
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The observations that Estrone is converted in vivo to :Sstrio1 (127) 

confirms steps I to III. <'Ctep III .., th b u (~in::.;_ e su ser~uent reactions 

represent the unknown. l\I~rrian (107) r_8s su~{'ested that 6 5 imd~r'-

stenetriol-3(f) 16, 17 has the same metabo1ir reletton to 

Dehydroisoandrosterone as Est-riol has to ~strone, but as yet there 

is no support for tLj_s hypothesis. 

(b) Metabolic Role of the Saturated Etiocholane and Andro-

stane C~~rt i nol s. The conversion of .sstrone to 0< -Estradiol has been 

demonstrated by several investigators (127). It is possible that 

Etiocholandiol-3(<X) l?(o{) is a fl",etabolite of Etiocholanolone, and 

that botho(-3stradiol and Etiocholandiol-3(o() l7(o{} and other 

saturated diols are intermediates in the formation of compounds 

(e.g. Estriol) havin[ two hydroxyl groups in Rin~ D of the steroid 

nucleus. The se trihydroxy compounds would then be metabol ized as 

i :_:i cat 3d above. This theory e~t ends that of' 1~arrian' s regarding 

6 5 Androstenetriol-3'f) 16,17 and Dehydroisoandrosterone. Thus, 

for ex~mple, Androstanediol-3~) 17(~) would be an intermediate in 

the conversion of Dehydroisoandrosterone to Cl5 
imdrostenetriol-

3'fl16, 17. 

The absence of Androstanediols from the urine of the ~resent 

experiment has not yet been explained. Nor is there any knowledge of 

the fate of approximately 62% of t.he administered Testosterone v!hich 

could not be recovered as urinary metabolites. The above theory ILay 

provide a possible explanation for these observations (and for the 

low yield of Etiocholandiol-3(:,() l?~o() -- 3.13%), since one rri~ht 

assurne that the diols were converted to smaller molecules in the 
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manner outlined above. This tLpory is 
an attractive ene, b~t e~idence 

in its support has yet to be reported. 

(c) Further Theories of Oxidatl've S 
'--------~~~~~~~~~~~'~c~·E~1.·2.~. ' +h H.nr v er thecr~· 

of oxidative scission (12?) is based on the 
si.rr:ilarity between :!'er4ctions 

carried out by the bo dy and those effected through oxidat i on with 

Westerfeld (164) has shown tb,at Estrorle and 
cyclopentanone !fe. 'l re con-

verted into lactones by H202 in an alkaliTle d ( 
LI me iw. see belo 1:d pnd t:r.e 

Smiths (149, 150) have reporten that the Estrone Lactone is of :re&t 

biological importance, since it can duplicate the changes in the 

anterior pituitary which are observed after Edministration of Estro.""ens: 

o 

The subse~uent reactions undergone by the lactone are not krown. Fe8~d 

and Hoffwen (127) have isolated a substance, C19E~~C3' from the reutral 

steroid fraction of mare's pregnancy urine Txr_ich ttey have i ~e~.-tified 

as a keto-lactone, but this substance is not i~e~tical witt Nester~el~'s 

Lactone. The conversion of neutral 1?-ketosteroin2. to such lr:ctor..es is, 

therefore, a di st inct possi bili ty, but re'(orts to tt is effect h~~ve not 

yet been published. 

In discussing the degradation of tte steroid :~~olecule, it 

must be remembered tha the point of attack may be Eot onl v Hi n.c: ~, 

but also Rings A and B, and possi bly TIinc:-: C. ~cr eX8~~lple, ~1 "possi ble 

d d t · on of hi "g rt may be tLe :'\~'rmnt j on of tl start ing point in the e~ra a 1 _\-"-l •. _~ -

diketone (see below) with a subse~uent sr.litting of the rif)F: 
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or- , Ja...1(°11 uooc1 -----~> A 
1+ cue. 

or -~) ? 

Such a reaction can be carr)"ed Oll+v l"n vl"tro, "sl"no ~l 
LA "? Gf;ro:."ic nC'id. 

The s ide-chains thus formed can be ST' 1 it 0:- f' in t te same ·,':0 y ~ '-,P,t 

the side-chains of the Bile Acids are broken down. Thus, strj~rtnr 

of the steroid molecl~le can be accompli shed wjth the forrrc ~ ior of 

the hypothet i cal tt smaller mole cules tt • 

Rj ng B l1Jcr'l be snli t and u molecule Lavin~ h confi~L4::'L ti on 

si rrd lar to the nucleus of Vitamin D2 ffi<.4y tc fc rl:led. lu::ai '1, oppor:.-

unities for degradation of" the molecule are manifold. 
, , \ 

~----+, c~- c. (1: C H - C H - C J.+ ~{/ 3 )..., " 
, , , A ; 

\CH3 (1:13 ," 
...... 

Acetic Acj d containin~ isotopic Cc.:rbon is we~l known ~ her!ce :.he 

converse reaction is within the realm ~~ possiti:it~. ~c~cr~te 

information arout the Brove reactions Hrd ar.\~l:t the rossit l~' -l":~n-_ 

stion of Acetic Aci~, CGo:' anj T:'"'C :,v.·:r: 'I'cstosteror.e viill :ro~labl y 
I j ._ 

be obtained with the use of isotopes. 

The problem of the metabol i s:r. 0:" resto ster·2 ;',8 is releted 

to the b iosynthes is of Te stoster~ne. since Te c:toster -'; t~ is tel ieve1 

1 h e Hence, co~~"'.ent uT','1r', the t.iosynth...:-si s of to be the rna e sex ormon. ~ 

d r ... , i., ef 1 \r t. her ~ i s ~ itt 1 e de f i !": i +- e i n fJ r'T. S Testosterone is in or er. - 1 . .,-
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8vailable at present about the latter rrotlem. ~':och et a1 (11, 1.2) 

have shov,.n that Deuterocholesterol is cor:r;erter: to :)puteroc;.olic 

Acid in the bile of dogs. B10cb has also (13) r::--'2sented st:'JOC 

evidence to indicate the cO"r1v~rsion 0:' DCllterocholesteT"Jl to Jeute .... o-

'!' .. gnanediol if) a rregnant woman, (therebv su~~~estir:t! tr.Ft thp 

Deuterocholestero1 was co[_v~rt~d to Deuteroprogester'')~le) ~ ~.ut t1-.e r.-· 

is no similar evidence ti) tntJicr)te tLHt Cholesterol can be cJnY\~rtB1 

to Testosterone in vivo. Sc;vers et a1 (1:~''?'-~4) :l&Ve shown the:t the 

administration of Adrenotronhic torrr'.one to rats will result in a 

decrease of the Cholesterol and .M.scorbic AciJ content of tLe adrenal 

glandg One possible interp-retatton of this is trlCtt tt.e C"'lole sterol 

and hscorbic Aci d ha ve been converte~ to adrt~nc'l steroid hor!1lones. 

Il'ldeed, Zwerr,er &11 d LOi.venstein (16r:") have reported tte j s,!l&ti on ,-)f 

a compouncJ which appears to be a biolo~~ically acti ve cO'"J.lex of 

Ascorbic Acid and s.n adrenal steroid. I~ line with ttis i'1i'ormation 

and the isotopic evidence presented by 510ch et aI, jt i2 nnssible 

that Cholesterol is a precursor ,;f Testosterone in vi ~/(l. ~~tj.ep;1 ts 

to solve this problem histochemically are still in ti.e prt;liminar:: 

(38) It is of jnterest to note that COJT11TleT(;iall~' (129), stages .-. 

Testosterone is actually prel,ared b~r oxidative degrad&tion 

Cholesterol, with Dehydroiso9ndrosterone, fer examnle, as t~l~ 

mediate. 

E. SWTlmarv 0 f t he Dis 0~f~Lon. 
\ --. 

fro.TT' the dat& 'r,' ~E-sef\~e ~ in the ~ntro~1ect.j on 
It js apparent 

and in the Discussion of 
results 0:' the nresent experiment ~.h8t 

the me tabolism of Testosterone are f ~r ~ro~ cor-.nlete, 8!'":d 
studies on 

b ~ e on this sub.jec:. ~'ltllre studies 
that extensive work has ypt to e uon 

h 
consider the followin~ phases: 

should, per aps, ' 
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1. I ··n l"~"ved urine h \TO rol vsis t e h . 
~ c nlques. 

20 St udy of the enzyme . t 
' . S~IS ems 8SE'Ociated .~. ~ 

W 1 v '1 :, I" e I'o i ~ 
metabolism. 

3. Application of physical Cheml" t 
s r? to ste:,,)j d m~;tc.bol is!'!. 

4. Application of " 
lsotopes to ste~oid ~ptab0lis~. 

1. The isolatton of urinarv sterol"ds 
f whi cbs re cons i d t: rE-'~ 

to be art ifacts (e .",.6 2 hndrostenone-17, 6::3: 5 l..n I1I'n stsc1ienon8-1 ? 

and 3-Chlorodehydroi soandrosterone) indJ" cate tho t +- '\.. _ " s \,Il..e pre St: ri t U .:-"'1 I:e 

hydrolysis techniques are too drastic, and until milder bu~ e~ually 

effective techniques are developed, the JT1btter of &rtifLctS will 

always be a spectre hovering over iS0lation experiI Ants such as the 

present one. 1'1-e possible direction in which tr,ese new developr.F·r~t s 

should proceed is indicated by the work of Tal~)ot (~t a1 (1~4) --

who hydrolysed Deh~ldroisoandrosterone sulfate witr, BaC12 \.<t IIP 5 

and the isolation of an enzyme system in 3c~tone dried rat liver wtich 

can hydrol yze uri nary Sod i um-pregnaned i 01 ~1: ~c uro~ i 1 e (l :-- ~) and 30,-1 i um-

pregnanetriol €"lL~curonide (109). The isolation of urinery adror':::l 

steroids -- which have proven to be verv labile to the present h;ldro-

lysis techniques -- will esrecially be facili~Dted by suct developnerts. 

V\ "on of \.'-ields of urinary steroid ::It-:tE:.tolites -- at Furthe rmo re, COll1parlS . 

r.uantl".tative procedure at best -- will become ~ present a grossly ~ 

more exact mathematical process, anc will, for example, enable 

t 
. a cuantitative fashin r the rel~tive im

investigators to evalua e lD 1 

. " " tab 1 e an d t ~ ; e d j ~- it\") .... ~ i ;. - no ~ - ;. ~e C i P ~ t 8 t 1 e 
portance of the di~itonln-preclpl 

steroids. 
. t d' es in [eneral will becC':ne Trore Ciuan:-

Urinary isol~ltlon s Ul 

itative. 
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2. The desirability of further studl"es o~_. 
I' 'tr.e enzymatic 

systems associated wjth th" . 
e lntermecl~r:T rrL~tc.boli sm .p t' - o~ r~e:t e~IJ ids 

-- and in particular the intermediary metaboll"sm 
of J:Rst0sterGne 

has been indicated repeat8Glv 
, , and conse·iuently, Joe~ r:o:, beer 

repetition. C· fr>" ,. 
~u .lICe iv to saJ that accurate Yro1!11e(l~~e of tte inter-

mediary metabolism of T t t 
es as erone will nrobablv not be ac~i~VEd 

without investigation of th 1 t e re a ed enzynlEi. tic I":r-.)cesses. 

importance of dietary factors (e.~. Thiamine, Riboflavin , aJequRte 

dietary protein) in the metaboll"sm ,--)0 th t . Ese ro ids he sal re ad y ~; e e n 

pointed out, but the specific role of these factors rCT'~Ains ~o [,e 

elucidated. 

3. The physical cherrical PDproach to s+eroid rY:I--~atolis!T! 

should include tte thermodynamic aspects of the problem. '~lr'is 

approach to the subject, l-.I.oweve-r, received scant attention in the 

past. The value of such studi.es in elucidating the jnterme.jia.r.'.' 

metabolism of a compound is well illustrated by the classical 

studies on the interm~diary metFJ.bolism of Glucose. One r""-'ason TiJbV 

the information available at present about the metabolisrr. ()<-" '!'esto-

sterone cannot be interpreted i~l an accurate and univers:l"'ly ~',fltis-

factory manner is probably the fact that the energy levels and the 

oxidation-reduction potentials of the reactio~s observed ;-,;-,V(- not 

been determined. This defect was especiall" sppareL+ wr.er) en atterrr-t 

was made to draw up a scheme (Fig-ures 6 and r;) represer': in~ the 

j ni tial stages of the metabol i sm of Testosterone. ~t is :i~fjcult 

to predict the precise nature O.C the th(;l'mod::-nanic ctar:,-E ~ wl:ich w~ II 

be encountered, but it is reasonable to preswrle that suer. chenges 

will be closely related ~o the enZ,\iT1e systems associated r.ith Test"'-
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sterone metabolism. 

Another mode of application Qf physical c~eIrlical techni'iues 

has teen s ugge sted by t [le wor~ of SCI' ueler (138), v!no hus rep()~t ed 

that compounds having the hi~~est estrogenic activity ar6 all 
o 

molecules 8.55 A in length. The applicability 0:' such obser""e.tions 

to the intermediary metabolism of the '=strogens (and h.~dro~~en.3) me:,r, 

however, be limited. 

4. The need for the application of isotopes to steroid 

metabolism studies is especially great. 1~8tances for the use of 

isotopes have already been cited Juring the course of tl,p discussion. 

Am h b ~ D2 ~L' ong the isotopes whic can e use~ 8re 1 '6V 

The latter isotope, 6C14, may prove to be the most useful, because 

of its radioactivity and its l~)ng half-life (8rnroxirrlCltely 1,000). 

holism of Testosterone is in its infancy. 
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IV 

1. The oral administration of 5 gm. of crystalline 

Testosterone to a normal adult mAn resulted in the isolation for 

the first time of a saturated hydroxy non-ketonic urinary ~etabo1ite 

of the Etiocholane Series -- Etiocholandiol-3(o() 17(0(). The :v~jeld 

of this carbinol was 156.5 mg. (12.95 mg./l.), represent1ng a con

version of 3.13% of the administerea Testosterone. 

2. 694.8 mg. (13.9%) of Androsterone; 784.1 m~. (15.68%) 

of .stiocholanol-3(ci)-one-l?; as well as 36.6 mg. (O.73'7~) of Iso

androsterone were also isolated. 222.4 mg. (4.44%) of 

A2 Androstenone-l?, an artifact of Androsterone was also isolated. 

This experiment, therefore, confirms the work of previous investi

gators, vii th the following modificat ions: the :vields were hjp-her than 

those previously reported, and Isoandro sterone had never before been 

isolated at the same time as Btiocholanolone and Androsterone after 

the exogenous adrninistration of 'I'estosterone. 

3. This experiment has shown that o~al Testosterone is 

converted in aTJ}lroxir'le.tely equal a n O':'1:S to Androsterone and Etio

cho18nolone. Since these two steroilJs are found in approximately 

equal amounts in the urine of normal men, the former ocservati\.)I1 

may be construed as indirect evidence to support the theory that 

Testosterone is the ma.le sex hormoneo 

4. The role of Etiocholandiol-3(o() 17(<<) and t}:e, other 

uri,nary metaboli tes t n the i ntermedia rv metabol ism of Testosterone 
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was discussed. 

and the met8.bolic rel~;ti-jr between this st8rll l and Testost€.;one 

could, therefore, net be clarifle~. 

6. The possible nre,C-",8rlCe of' DehvdroisoE~;~droster()ne was 

indicated, but the &mol1nt T'T";sent was very 8:1,811 « 1 r;:R,./~.). 

This experiflient, theref'or~~, .1' (Jicates that uri n;: r'· Dt--lr .. :'droisoandr'-'-

theory th~jt j t is a nroduct o-r ad :"en:-'l crlrt j cal secret ion. 

ition -~'~ere isolated. T.be nhture uf these C'''''''V'stals ('oul\.1 n,~+ 1~ 

ascertai tIe d. 

D.. 5 Androst enet ri01-3(f) 16 ,1? i s<')la tc> ,i ,,~, :.; :'''chf'1~> rm wer~ 

from tre urineo 

I,", 

90 Cr-ystals (8.0 mv_) whicY r.elted ,!-It ~~C7-1C C ~n~ [-~~-, 
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