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ABSTRAC T 

The e x c r e t i o n  of u r i n a r y  m e t a b o l i t e s  in h e a l t h y  s u b j e c t s  a f t e r  o r a l  
a d m i n i s t r a t i o n  of 1 7 p - h y d r o x y a n d r o s t a -  1 , 4 - d i e n -  3-one (II) and i ts  
1 7 - c y c l o p e n t e n y l  e t h e r  (qu inbo lone ,  I ) ,  an  o r a l l y  a c t i v e  anabo l i c  agen t ,  
has  been  c o m p a r a t i v e l y  i n v e s t i g a t e d .  The e x c r e t i o n  p a t t e r n  p r o v e d  to 
be v e r y  s i m i l a r  f o r  the  two c o m p o u n d s ,  thus  c o n f i r m i n g  the  l a b i l i t y  
in vivo of the  e t h e r  l inkage  of I to give I I .  A s i m i l a r  c a t a b o l i t e  
e x c r e t i o n  has  been  o b s e r v e d  a l s o  a f t e r  i n g e s t i o n  of a n d r o s t a - 1 , 4 -  
d i e n e - 3 ,  17-d ione  (III). 

The  A l - d o u b l e  bond has  been  found to s u r v i v e  m e t a b o l i s m  to a g r e a t  
e x t e n t .  The h l ,  4 - d i e n - 3 - o n e  g roup  was s t i l l  u n c h a n g e d  in about  40% 
of the  m e t a b o l i t e s  e x c r e t e d  and m o s t  of the  r e m a i n i n g  ones  w e r e  A1-3 - 
k e t o -  o r  h l - 3 a - h y d r o x y - 5 ~ - c o m p o u n d s .  M o r e o v e r ,  a r e m a r k a b l e  a m o u n t  
of 6 ~ - h y d r o x y - A 1 , 4 - 3 - k e t o n e s  has  been  i d e n t i f i e d .  The  m o s t  i n t e r e s t i n g  
f e a t u r e  of the  m e t a b o l i s m  of I ,  II and III was  the  h igh  e x c r e t i o n  of 17~- 
h y d r o x y s t e r o i d s .  

Wi th in  a r e s e a r c h  p r o g r a m  on lab i l e  e t h e r s  of 1 7 p - h y d r o x y s t e r o i d s  

(2 - 5), 17~ - c y c l o p e n t  - 1' - e n y l o x y a n d r o s t a  - 1 , 4 - d i e n -  3-one (qu inbo lone ,  I ) 

was  s y n t h e t i z e d  in o u r  l a b o r a t o r i e s  and found to be an  o r a l l y  e f f e c t i v e  

a n a b o l i c  a g e n t  devo id  of h e p a t o t o x i c  e f f ec t s  (6-8) .  
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The c h e m i c a l  r e v e r s i b i l i t y  of the  enol  e t h e r  l i nkage  to give f r e e  

1 7 p - h y d r o x y a n d r o s t a - 1 , 4 - d i e n -  3-one (1 - d e h y d r o t e s t o s t e r o n e ,  II ) 

p r o m p t e d  us to c o m p a r a t i v e l y  i n v e s t i g a t e  the  m e t a b o l i s m  of 

1 - d e h y d r o t e s t o s t e r o n e  and qu inbo lone  in h u m a n  s u b j e c t s .  In o r d e r  

to b e t t e r  u n d e r s t a n d  the  r e s u l t s  ob ta ined  a f t e r  the  a d m i n i s t r a t i o n  

of the  above  c o m p o u n d s ,  ou r  i n v e s t i g a t i o n  has  been  ex t ended  to the  

m e t a b o l i s m  of a n d r o s t a  - 1 , 4 - d i e n e  - 3, 17 -d ione  ( a n d r o s t a d i e n e d i o n e ,  

I I I ) .  Al though  a lot of work  has  been  devo t ed  to the  m e t a b o l i s m  of 

s o m e  1 - d e h y d r o a n d r o s t a n e s  (9-1 6), tha t  of 1 - d e h y d r o t e s t o s t e r o n e  

and a n d r o s t a d i e n e d i o n e  has  n e v e r  been  s t u d i e d .  

OH 0 

:r l I  llI 

E X P E R I M E N T A L  PROC EDURE 

Single oral doses of 100-mg amounts of quinbolone, l-dehydro- 
testosterone and androstadienedione, dissolved in 3 ml sesame oil, 
were given separately to adult normal men. Two weeks at least 
were allowed to elapse between the experiments. Urine was 
collected for the next 24 hours. 

Urine samples were extracted with dichloromethane/ethyl ether 
(40:60 by vol.) to separate free steroids. The "glucuronide fraction" 
was obtained by extraction with the same solvent mixture after 
incubation at pH 4.5 with beef liver p-glueuronidase. The "sulfate 
fraction" was obtained after solvolysis according to Burstein and 
Lieberman (17). Both glucuronide and sulfate extracts were separated 
into ketonic and non ketonic fractions by treatment with Girard's P 
reagent (17) in 2% methanolic acetic acid at room temperature (18). 
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Girard hydrazones were acid hydrolyzed in the presence of dichloro- 
methane with continuous swirling. These conditions were chosen to 
prevent acid catalyzed epimerization of allylic AI-3a-hydroxyl and 
other side reactions. In previous experiments carried out according 
to Pineus and Pearlman (19), only 40% of 3e-hydroxy-5~3-androst-l- 
en-17-one present was recovered unchanged, together with 35% of 
the 3~3-epimer and 25% of acetates or dehydration products. Under 
the conditions employed the A I, 4-3-keto group reacts poorly with 
Girard's P reagent, therefore l-dehydrotestosterone and 6~3, l?~3- 
dihydroxyandrosta- i, 4-ene- 3-one were mainly recovered in the 
non ketonic fraction. 

The non ketonic fractions were treated with digitonin (20) to 
separate 3[3-hydroxy-AS- and 3p-hydroxy-SQ-derivatives from other 
steroids. 

The single fractions were chromatographed on thin layer according 
to already described procedures (21). One dimensional ascending 
multiple chromatography was carried out using glass plates coated 
with layer of either Silica gel G (Merck AG, No. 7731), or neutral 
Alumina type T (Merck AG, No. ii011, both containing 2% inorganic 
phosphor (G5 grin/iS, Leuchtstoffwerke, Heidelberg, Germany). 
The following solvent systems were used. 

A B 

CA - 

D - 

Benzene : ethyl ether 1 : 1 

Chloroform :acetone 9 : 1 

Benzene : ethanol 9 : i 

Ketonic fractions were chromatographed on alumina in system A. 
When necessary, eluted fractions were further resolved by a second 
chromatography on silica gel in system CA or D. Non ketonic 
fractions were chromatographed on silica gel in system CA. When 
necessary, eluted fractions were further resolved by a second 
chromatography on silica gel in system A or D. 

Steroids were detected on the plates by inspection under ultraviolet 
light and by the following reagent sprays : m-dinitrobenzene and 
N-benzyltrimethylammonium methoxide (Zimmermann reaction) (22), 
10% phosphomolybdic acid in ethanol, 75% sulfuric acid in ethanol. 

Sufficient amounts of metabolites for physical determinations and 
chemical reactions were obtained by preparative chromatography 
on 2,000 ~ thick layers. 

Oxidation of steroid alcohols was carried out with chromic acid 
according to Ismail and Harkness (23). Oxidation products were 
chromatographed on silica gel in solvent system A. 
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U l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  w e r e  d e t e r m i n e d  on the  C F  4 
(Opt ica ,  Milan} g r a t i n g  s p e c t r o p h o t o m e t e r .  I n f r a r e d  a b s o r p t i o n  
s p e c t r a  w e r e  ob ta ined  on a P e r k i n  E l m e r  Model  21 s p e c t r o m e t e r .  
We a r e  indeb ted  to D r .  C.  P e d r a l i  f o r  the  IR s p e c t r a .  

S t e r o i d s  w e r e  q u a n t i t a t e d  by a m i c r o - Z i m m e r m a n n  r e a c t i o n  (23) 
u s i n g  d e h y d r o e p i a n d r o s t e r o n e  as  a s t a n d a r d .  1 7 - H y d r o x y  c o m p o u n d s  
w e r e  q u a n t i t a t e d  a f t e r  ox ida t i on  to 1 7 - k e t o n e s ,  a g a i n s t  t h e i r  own 
s t a n d a r d s  s i m i l a r l y  t r e a t e d .  

Unknown r e f e r e n c e  c o m p o u n d s  w e r e  p r e p a r e d  in o u r  l a b o r a t o r i e s  (24}. 

RESULTS 

After administration of the three compounds the following steroids 

were identified in both the subjects besides the endogenous metabolites. 

Compound  
No. 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

Systematic name 

17p -hydroxyandro sta- I, 4-dien- 3-one 

androsta- 1,4-diene - 3, 17-dione 

5~3 -andro st- 1 -ene- 3, 17-dione 

17~3 -hyd roxy- 5 p -andro st- 1 -en- 3-one 

3a -hydroxy- 5 ~3 -androst- 1 -en- 17-one 

5~-androst-l-ene-3a, 17~3-diol 

6p -hydroxyandrosta- 1,4-diene- 3, 17-dione 

6p, 17f3 -dihydroxyandro sta- 1,4-dien- 3-one 

Each metabolite was identified by comparison with the corresponding 

reference compound for its chromatographic mobility on silica gel 

and allumina in different solvent systems and for the following 

properties : 
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II - 1 7 p - H . y d r o x . y a n d r o s t a - l t 4 - d i e n - 3 - o n e .  - On the  p l a t e ,  UV 
a b s o r p t i o n ,  weak  Z i m m e r m a n n  r e a c t i o n ,  and o r a n g e  c o l o r  a f t e r  
s p r a y i n g  with  e t h a n o l i c  s u l f u r i c  a c i d  and h e a t i n g .  On the  e l u a t e ,  
UV m a x i m u m  at  243-244 m~ and IR m a x i m a  (CC14) at  3675 and 3500 
( f r ee  and a s s o c i a t e  h y d r o x y l ) ,  1670 ( 3 - k e t o n e ) ,  1632 (A4-double bond),  
and 1607 c m  -1 (A l -doub le  bond) .  A f t e r  c h r o m i c  ox ida t ion  it gave 
III, i den t i f i ed  as  be low.  

III - A n d r o s t a - l , 4 - d i e n e - 3 ,  17 -d ione .  - On the  p l a t e ,  UV 
a b s o r p t i o n ,  t y p i c a l  Z i m m e r m a n n  r e a c t i o n ,  and s a l m o n  pink c o l o r  
a f t e r  s p r a y i n g  with e t h a n o l i c  s u l f u r i c  ac id  and  h e a t i n g .  On the  
e l u a t e ,  UV m a x i m u m  at  242-243  m~ and IR m a x i m a  (CHC13) at  
1740 ( 1 7 - k e t o n e ) ,  1662 ( 3 - k e t o n e ) ,  1624 (A4-double bond) ,  and 
1606 cm -1 (A l -doub le  bond) .  

IV - 5 p - A n d r o s t - l - e n e - 3 ,  17 -d ione .  - On the  p l a t e ,  UV a b s o r p t i o n ,  
t y p i c a l  Z i m m e r m a n n  r e a c t i o n ,  and v io l e t  c o l o r  a f t e r  s p r a y i n g  with  
e t h a n o l i c  s u l f u r i c  ac id  and h e a t i n g .  On the  e l u a t e ,  UV m a x i m u m  at  
229-231 m~ and IR m a x i m a  (CC14) at  1748 (17 -ke tone ) ,  1685 
( 3 - k e t o n e ) ,  and 1615 c m  -1 (Al -doub le  bond) .  

V 1 7 p - H y d r o x y - 5 p - a n d r o s t - 1 - e n - 3 - o n e .  - On the  p l a t e ,  UV 
a b s o r p t i o n ,  pa le  blue  c o l o r  wi th  Z i m m e r m a n n  r e a g e n t ,  and v io l e t  
c o l o r  a f t e r  s p r a y i n g  with  e t h a n o l i c  s u l f u r i c  ac id  and h e a t i n g .  On the  
e l u a t e ,  UV m a x i m u m  at  229-231 mp and IR m a x i m a  (CC14) at  3670 
and 3500 ( f r e e  and  a s s o c i a t e  h y d r o x y l ) ,  1690 (3 -ke tone ) ,  1615 c m - 1  
(Al -doub le  bond) .  A f t e r  c h r o m i c  ox ida t ion  it gave  IV, i den t i f i ed  as  
above. 

VI - 3 a - H y d r o x y - 5 p - a n d r o s t - l - e n - 1 7 - o n e .  - On the  p l a t e ,  no UV 
a b s o r p t i o n ,  t y p i c a l  Z i m m e r m a n n  r e a c t i o n ,  and pink c o l o r  a f t e r  
s p r a y i n g  wi th  e t h a n o l i c  s u l f u r i c  ac id  chang ing  to b l u e - g r e e  with 
h e a t i n g .  On the  e l u a t e ,  IR m a x i m a  (CC14) at  3608 (hydroxyl )  and 
1740 cm -1 ( 1 7 - k e t o n e ) .  No m a x i m u m  was  o b s e r v e d  in the  double  
bond r e g i o n .  The r e f e r e n c e  compound  gave  a m a x i m u m  at 1650 
c m - 1  in nu jo l ,  but t h i s  m a x i m u m  could  be h a r d l y  d e t e c t e d  in CC14. 
A f t e r  c h r o m i c  ox ida t ion  the  e lu ted  m a t e r i a l  gave  IV, i den t i f i ed  a s  
above .  

VII - 5 p - A n d r o s t - l - e n e - 3 a  t 17p-d io l .  - On the  p l a t e ,  no UV 
a b s o r p t i o n ,  no Z i m m e r m a n n  r e a c t i o n  and pink c o l o r  a f t e r  s p r a y i n g  
with  e t h a n o l i c  s u l f u r i c  ac id  chang ing  to b l u e - g r e e n  with  h e a t i n g .  No 
s u f f i c i e n t  m a t e r i a l  was  i s o l a t e d  to a l low IR d e t e r m i n a t i o n .  A f t e r  
c h r o m i c  ox ida t i on  it gave  IV, i den t i f i ed  as  above .  
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VIII - 6p-Hydroxyandros ta -1~  4-diene-3~ 17-dione.  - On the 
pla te ,  UV absorp t ion ,  typ ica l  g i m m e r m a n n  r e a c t i o n ,  and brown 
co lo r  a f t e r  sp ray ing  with e thanol ie  su l fu r i c  ac id  and hea t ing .  On 
the e lua te ,  IIR max ima  (CHC131 at  3600 (hydroxyl) ,  1730 (17-ke tone l ,  
1662 (3-ketone) ,  1620 (A4-double bond) and 1602 cm-1  (Al-double  
bondl. The e lua te  gave no typ ica l  UV s p e c t r u m ,  unlike the r e f e r e n c e  
compound.  Af t e r  c h r o m i c  oxidat ion it gave a p roduc t  ident i f ied  as  
a n d r o s t a - 1  a 4-diene-3~ 6 r 17- t r ione ,  by c o m p a r i s o n  with the 
c o r r e s p o n d i n g  r e f e r e n c e  compound f o r  its c h r o m a t o g r a p h i c  mobi l i ty  
and fo r  the  fol lowing p r o p e r t i e s :  on the pla te ,  UV absorp t ion ,  
typ ica l  Z i m m e r m a n n  r eac t i on ,  and yel low co lo r  a f t e r  sp r ay ing  
with e thanol ic  su l fu r ic  acid  and heat ing;  on the e lua te ,  UV m a x i m u m  
at 249-250 mg and IIR m a x i m a  (CHC131 at 1728 (17-ke tonel ,  1695 
(6-ketone) ,  1655 (3-ke tone) ,  1620 (A4-double bondl and 1600 c m - 1  
(A 1_double bond). 

IX - 6pt 17p-Dihydrox .yandros ta - l~  4 - d i e n - 3 - o n e .  On the p la te ,  
UV absorp t ion ,  weak Z i m m e r m a n n  r e a c t i o n ,  and brown co lo r  a f t e r  
sp ray ing  with e thanol ic  su l fu r i c  acid  and hea t ing .  On the e lua te ,  IIR 
m a x i m a  (CHCI3) at 3600 (hydroxyl) ,  1660 (3-ke tone) ,  1618 (A4-double 
bond) and a shou lde r  at 1600 c m - 1  (Al-double  bond). The e luate  gave 
no typ ica l  UV s p e c t r u m ,  unlike the r e f e r e n c e  compound.  A f t e r  
c h r o m i c  oxidat ion it gave a n d r o s t a - l ,  4 - d i e n e - 3 ,  6, 17- t r ione  ident i f ied  
as above.  

Compounds II, Vl and Vll w e r e  found a l m o s t  c o m p l e t e l y  in the 

g lucuron ide  f r ac t ion .  Compounds Ill, IV, VIII and IX w e r e  p r e s e n t  

in subs tan t ia l  amount  in the f r e e ,  g lucuron ide  and sulfa te  f r a c t i o n s .  

The amounts  of each  compound in va r ious  f r a c t i o n s  have been 

s u m m e d  and the r e s u l t i n g  f igure  has been r e p o r t e d  in Table  I. 

Table  I shows the e x c r e t i o n  va lues  of the exogenous  me tabo l i t e s  in 

the u r ine  of the f i r s t  2 4 - h o u r s .  

The p e r c e n t a g e  of me tabo l i t e s  e x c r e t e d  a f t e r  quinbolone (m. wt. 

352.2),  ca lcu la ted  on the c o r r e s p o n d i n g  m o l a r  amount  of 1 - d e h y d r o -  

t e s t o s t e r o n e  (m. wt .286 .4)  was 47.6% and 49.2% for  sub jec t s  FG 

and FM, r e s p e c t i v e l y .  
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DISCUSSION 

After ingestion of l-dehydrotestosterone (II) and its 17-cyclo- 

pentenyl ether (quinbolone, I) the same urinary metabolites were 

identified. The amounts of the individual metabolifes and of the 

total excretion were roughly similar, the differences observed in 

the same subject after administration of the two compounds being 

not higher than those observed after administration of the same 

compound to different subjects. Evidently the ether group at C-17 

splits off entirely and rapidly in the human body just as in vitro 

under suitable conditions. 

As to 1-dehydrotestosterone and androstadienedione, the total 

amount of metabolites recovered in the 24-hour urine after ingestion 

ranged from 37 to 53% of the administered dose. This recovery rate 

is not much lower than that observed after orally given testosterone 

and androsf-4-ene- 3, 17-dione (25-27). 

The excretion of etiocholanolone over the average basal values in 

most instances was beyond the experimental error.  Even disregarding 

the possible inhibition of gonadal sferoidogenesis by the administered 

compounds, a fraction of the excreted etiocholanolone should 

reasonably be of exogenous source. 

Except for this small amount of etiocholanolone, all the identified 

metabolites were unsaturated compounds. 

The presence of a large amount of unreduced ring A compounds is 

in agreement with the results obtained after administration of other 

Ai,4-3-ketosteroids such as prednisone, prednisolone (28, 29) and 

l-dehydrotestololacfone (i0) and is due to the limited susceptibility 

of the dienone group to reduction by body enzymes. The persistence 

in the body of the conjugated ketone accounts for the formation of 
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r e m a r k a b l e  amounts  of 6~-hydroxy  d e r i v a t i v e s .  6p_Hydroxy_A 1, 4 

3-ke tones  w e r e  a lso  found as main  me tabo l i t e s  of 17~-hydroxy-17o-  

m e t h y l a n d r o s t a - 1 ,  4 - d i e n - 3 - o n e  (11), t r i a m c i n o l o n e  (30) and be ta -  

me thasone  (31). 

The olef inic  bond in 1,2 posi t ion su rv ive s  n e a r l y  comple t e ly  the 

metabo l ic  p r o c e s s e s .  However ,  unlike h 4 - 3 - k e t o n e s ,  r educ t ion  by 

3 - k e t o - r e d u c t a s e  is only p a r t i a l l y  h inde red  by the r e s o n a n c e  e n e r g y  

of the conjugated h l - 3 - k e t o n e .  As a r e s u l t ,  both 5p-A1-3-ke tones  

and 5~-A1-3a-a lcohols  a r e  p r e s e n t  in the u r ine  in subs tan t ia l  

a mount s.  

S imi l a r  r e s u l t s  were  obse rved  in the m e t a b o l i s m  of o the r  h l ,  4 

s t e r o i d s  (10, 29). The se l ec t ive  and s t e r e o s p e c i f i c  r educ t ion  of 4, 5 

double bond to 5~-compounds  is a lso  in a c c o r d a n c e  with the c h e m i c a l  

behav iour  of A 1, 4 -d ienones  (24, 32). 

The most  i n t e r e s t i n g  f e a t u r e  of the m e t a b o l i s m  of 1 - d e h y d r o -  

t e s t o s t e r o n e  and and ros t ad i ened ione  is the l a rge  e x c r e t i o n  of 17~- 

h y d r o x y s t e r o i d s ,  ma in ly  1 - d e h y d r o t e s t o s t e r o n e  and 17p-hydroxy-5p -  

a n d r o s t - l - e n - 3 - o n e .  Af t e r  t e s t o s t e r o n e  and a n d r o s t - 4 - e n e - 3 , 1 7 -  

dione the 17-hydroxy  metabo l i t e s  a r e  e x c r e t e d  in sma l l  quant i t ies  

(11, 33, 34). 

T h e r e  is no ev idence  to s ta te  w he the r  the effect  of the dienone 

group in r ing  A on the metabo l ic  r e a c t i o n s  at C-17 is due to a 

modi f ica t ion  of the redox potent ia l  17 -ke to /17 -a l coho l ,  o r  to an 

i n c r e a s e  of the conjugat ion and c l e a r a n c e  r a t e  of the 17~-a lcohols .  

Inhibition of dehydrogena t ion  of the 17~-alcohol  has been obse rved  

a lso  a f t e r  a d m i n i s t r a t i o n  of 1 7 f i - h y d r o x y - 5 a - a n d r o s t -  1 -en-  3-one and 

its 1 -me thy l a t ed  homologue  (12). 
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As to the conjugat ion f o r m  of the m e t a b o l i t e s ,  the p r e s e n c e  of 

6p, 179 - d i h y d r o x y a n d r o s t a -  1 , 4 - d i e n - 3 - o n e  and 69 - h y d r o x y a n d r o s t a -  

1 , 4 - d i e n e - 3 , 1 7 - d i o n e  in the f r e e  f r ac t i on  and the p r e s e n c e  of 59 - 

a n d r o s t - l - e n e - 3 ,  17-dione and an d ros t ad i ened ione  in the conjugate  

f r ac t i on  d e s e r v e  f u r t h e r  inves t iga t ion .  Ev idences  of conjugat ion  

of non -hydroxy la t ed  s t e r o i d s  have been  a l r e a d y  r e p o r t e d  

(14, 35, 36). 
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