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T h e  m e t a b o l i c  p ro f i l e s  o f  s t e r o i d s  in u r i n e  w e r e  a n a l y z e d  in 13 m a l e  a l coho l i c s  d u r i n g  l o n g - t e r m  
a b s t i n e n c e ,  in m o s t  cases  e x c e e d i n g  3 m o n t h s .  T h e  r a t i o s  o f  5fl- to 5 ~ - r e d u c e d  s t e r o i d  m e t a b o l i t e s  
( e t i o c h o l a n o l o n e / a n d r o s t e r o n e  a n d  t e t r a h y d r o c o r t i s o l / a l l o t e t r a h y d r o c o r t i s o l )  w e r e  i n i t i a l l y  e lev-  
a t e d  b u t  d e c r e a s e d  s lowly  f o l l o w i n g  w i t h d r a w a l .  T h e  h a l f - l i f e  o f  th i s  n o r m a l i z a t i o n  e x c e e d e d  3 weeks .  
T h e  c h a n g e  w a s  m o s t  m a r k e d  in p a t i e n t s  w i t h  s igns  o f  l i v e r  i n j u r y ,  a n d  m a y  r e f l e c t  a r e l a t i v e  
d e c r e a s e  o f  t he  a c t i v i t y  o f  h e p a t i c  5 ~ - r e d u c t a s e .  T h e  r a t i o  b e t w e e n  co r t i so l  m e t a b o l i t e s  c a r r y i n g  a 
1 1 f l - h y d r o x y  a n d  a n  11-oxo g r o u p  was  e l e v a t e d  in t he  p a t i e n t s  a n d  s h o w e d  no  t e n d e n c y  to  n o r m a l i z e .  
T h i s  m i g h t  r e f l e c t  a d e c r e a s e  in t he  p e r i p h e r a l  i n a c t i v a t i o n  o f  co r t i so l .  
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INTRODUCTION 

Alcoholics may develop a pseudo-Cushing syndrome 
[1-5], and male patients often show signs of  feminiza- 
tion and testicular hypofunct ion [6]. I t  is not clear if 
these disorders are due to effects of  ethanol on hor- 
mone product ion and its regulation, on hormone 
interaction with target tissues or on peripheral  metab-  
olism of the steroids. Examples of  all these mechan-  
isms have been found, particularly in animal 
experiments  [6]. In  humans,  ethanol oxidation induces 
acute redox changes in the metabolism of  androgens 
and estrogens [7], and chronic ethanol abuse decreases 
the activity of  steroid 5~t-reductase [E.C. 1.3.1.22] in 
the liver [8]. A previous study of steroid profiles in 
blood and urine in alcoholics with signs of  mild liver 
injury revealed both delayed and long-lasting changes 
of  steroid metabolism [9]. Among  the latter was an 
increase of the ratio between l l f l -hydroxy-  and l l -  
oxosteroids that did not normalize during the first 
month  after withdrawal. Oxidation of the l l f l -hy-  
droxy group to an l l -oxo group is an important  
reaction in the peripheral  inactivation of glucocorti- 
coids [10] and it is possible that the observed change 
may reflect a defect of this reaction in alcoholics. T h e  
present  investigation was per formed in order to evalu- 
ate the persistence of the changes over a longer period 
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and to relate them to signs of liver injury. T h e  
analyses also made it possible to study whether  or not 
the reported decrease in the activity of 5~-reductase in 
livers of  alcoholics is reflected in the metabolic profiles 
of  steroids in vivo. 

EXPERIMENTAL 

Patients 

The  subjects were 13 male patients, who partici- 
pated in an outpatient t reatment  of  alcohol abuse. All 
patients fulfilled clinical criteria for alcohol depen-  
dence [11]. After withdrawal t reatment  as inpatients 
they visited the clinic three times a week. T h e y  did 
not receive any drugs during treatment.  The  goal of  
the t reatment  was total abstinence. Relapses were 
determined by interviews and by determination of 
carbohydrate-deficient transferrin in serum [12] and 
the ratio of  5-hydroxytryptophol  to 5-hydroxyindo-  
lacetic acid in urine [13]. T h e  latter ratio shows an 
immediate increase after ethanol intake, while the 
levels of  carbohydrate-deficient transferrin increases 
with a half-life of about 2 weeks [12]. Urine was 
collected in the morning when the patients came to 
the clinic, and creatinine and steroid profiles were 
analyzed at variable intervals. T h e  details on urine 
collection and data on the patients are given in 
Table  1. Eleven of the patients were followed for more 
than 3 months,  and 4 were followed for more than a 
year. 
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Analysis" of  steroids 

Stero ids  in 5 ml u r ine  were  ex t rac ted  us ing  a sol id-  
phase  m e t h o d  [14]. Af t e r  enzymat i c  hydro lys i s  of  con-  
jugates  and reex t rac t ion ,  neu t ra l  s te ro ids  were pur i f ied  
by  passage t h r o u g h  a l ipoph i l i c  ion exchanger  [15]. 
S te ro id  profi les  in u r ine  were  d e t e r m i n e d  by  capi l la ry  
gas c h r o m a t o g r a p h y  [9] and  the excre t ion  was re la ted  
to that  of  crea t in ine .  T h e  C~9 s teroids  and ros t e rone  and 
e t iocholanolone ,  which  are ma jo r  me tabo l i t e s  of  tes t ic-  
ular  t e s tos te rone  and  adrena l  d e h y d r o e p i a n d r o s t e r o n e  
sulfate,  and  the C2I s te ro ids  t e t r ahydroco r t i so l  ( T H F ,  
3~, 11 fl, 1 7 ~ , 2 1 - t e t r a h y d r o x y - 5 f l - p r e g n a n - 2 0 - o n e ) ,  te- 
t r a h y d r o c o r t i s o n e  ( T H E ,  3~ ,17~ ,21- t r ihydroxy-5 f l -  
p r e g n a n e -  11,20-dione) ,  a l l o t e t r ahydroco r t i so l  ( a T H F ,  
3~, 1 lfl, 1 7 ~ , 2 1 - t e t r a h y d r o x y - 5 ~ - p r e g n a n - 2 0 - o n e ) ,  ~-  
and  /?-cor to lone  [3~,17c~,20~(and 20f l ) ,21- te t rahy-  
d r o x y - 5 f l - p r e g n a n - l l - o n e ] ,  and  c~-cortol (5 f i -p reg-  
nane-3c~,llf l ,17c~,20~,21-pentol) ,  which  are major  
me tabo l i t e s  of  cor t i so l ,  were  quan t i t a t ive ly  d e t e r m i n e d .  
f l -Cor to l  (5 f l -p regnane-3~ ,  11 fl, 17c~,20fl,21-pentol) was 
inc luded  in the m e a s u r e d  a m o u n t  of  f i - co r to lone  [15]. 

T h e  values ob t a ined  were  c o m p a r e d ,  wi th  the use of  
S t u d e n t ' s  t - t e s t ,  wi th  those  r epor t ed  for males  in o the r  
s tudies  us ing  l iqu id  c h r o m a t o g r a p h i c  [16] or  gas chro-  
m a t o g r a p h i c  [17] m e t h o d s  of  analysis .  

R E S U L T S  

T h e  pa t ien ts  were d iv ided  into two groups ,  one 
showing  no signs of  l iver  in ju ry  and  ano the r  wi th  ini t ial  
e levat ions  of  the se rum levels of  at least  two of  the 
marke r s  7 - g l u t a m a t e  t r a n s p e p t i d a s e  ( G T ) ,  aspar ta te  
amino t r ans fe ra se  ( A S A T )  and a lanine  a m i n o t r a n s -  
ferase ( A L A T )  (Tab l e  1). 

T h e  rates of  s te ro id  excre t ion  were  essent ia l ly  con-  
s tant  in all bu t  one pa t ien t .  T h e  a p p a r e n t l y  h igher  
s te ro id  excre t ion  in our  pa t ien t s  than  p rev ious ly  re-  
p o r t e d  in cont ro l s  (Tab l e  2) may  be exp la ined  by  the 

h igher  cort isol  p r o d u c t i o n  in the m o r n i n g  when the 
pa t ien t  samples  were  col lected.  

T h e  rat ios be tween  5fl- and 5~-s t e ro ids  were used 
to evaluate  the  re la t ive  act ivi t ies  of  the 5fi- and 5~- 
reductases .  Both  the  C~9 s te ro id  pair ,  e t iocholanolone .  
andros t e rone ,  and  the C21 s te ro id  pair ,  T H F / a T H F ,  
were  s ignif icant ly  shif ted towards  the 5 f l -me tabo l i t e s  
d u r i n g  the pe r iod  of  abs t inence  (Tab l e  2). T h e  et io-  
c h o l a n o l o n e / a n d r o s t e r o n e  rat io  was shif ted f rom 0.46 
in cont ro l s  to 1.38 in pa t ien ts  wi th  signs of  l iver  injury.  
T h e  c o r r e s p o n d i n g  values for the T H F / a T H F  rat io 
were  1.51 and 2.88, respect ive ly .  T h e  shifts were  less 
m a r k e d  in pa t ien ts  w i thou t  signs of  l iver  injury.  T h e  
loga r i thms  of  the  rat ios were  p lo t t ed  as in the p rev ious  
s tudy  [9], and  were  found  to decrease  or  r emain  
u n c h a n g e d  d u r i n g  the first 60 days  af ter  admiss ion  
(F igs  1 and 2). T h e  decrease  o f  the  rat ios was s ta t i s t i -  
cally s ignif icant  in about  ha l f  of  the  pa t ien t s  and  the 
half- l ives  for the change  exceeded  3 weeks in all 
pa t ients .  T h e  mean  values  are given in T a b l e  2. 

T h e  extent  of  ox ida t ion  of  the 1 l f l - h y d r o x y  g roup  of  
cor t isol  was eva lua ted  by  the T H F / T H E  ratio.  T h i s  
rat io d id  not  change  s ignif icant ly  over  the pe r iod  of  
obse rva t ion  bu t  it was s ignif icant ly  h igher  in pa t ien ts  
than in controls .  In  contras t ,  the redox  state of  the 
oxygen  func t ion  at C-20  was s l ight ly  bu t  s ignif icant ly  
less r educed  in pa t ien ts  than  in controls .  

D I S C U S S I O N  

T h i s  s tudy  conf i rms our  p rev ious  obse rva t ion  that  
a lcohol  abuse  leads to chronic  changes  in the m e t a b -  
o l ism of  cor t i cos te ro ids  and and rogens  [9]. T h e  t ime 
course  of  these  changes  shows tha t  they  are not  caused 
by  the acute  redox  effects of  alcohol ,  bu t  are due  to an 
a l c o h o l - i n d u c e d  t issue damage .  T w o  changes  of  the 
u r i na ry  s te ro id  profi les  p r e d o m i n a t e :  an increase  of  the 
rat io of  5fl- to 5 e - r e d u c e d  metabo l i t e s  and  an increase  
of  the  rat io  of  1 l f l - h y d r o x y  to 1 1-oxo metabo l i t e s .  

Table 1. Data on participating patients and collection of urine samples 
for steroid analysis 

Urine collection 
Initial Period from 

Patient age Positive liver admission Number of 
code (years) tests initially (days) samples 

113 34 GT, ASAT, ALAT 9-112 14 
114 39 GT, ASAT, ALAT 9-215 27 
115 41 GT, ALAT 13-34 4 
116  58 - -  14-199 15 
117 30 - -  6-596 24 
118  4 2  - -  1 3 - 5 3 8  18 

119 52 - -  10--471 17 
120 27 - -  10-136 10 
12l 39 GT, ALAT 2-370 35 
123 4l GT, ASAT, ALAT 2-148 14 
124 36 ASAT, ALAT 8-181 22 
125 4l (IT, ASAT, AI.AT 1-104 10 
126  4 0  - -  9 - 2 1  3 
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Parameter 

Patients with Patients without 
signs of liver signs of liver 

injury a injury Controls 

Concentration of 
CmO 2 steroids 
(mmol/mol creatinine) 
Concentration of C21 steroids, 
(mmol/mol creatinine) 
Log of etiocholanolone/ 
androsterone ratio f 
Decrease of log 
(etiocholanolone/ 
androsterone), 
per 100 days f 
Log (THF/aTHF) f 
Decrease of 
Iog(THF/aTHF), 
per 100 days f 
Mean Iog(THF/THE) 
Mean log(20-hydroxy-/ 
20-oxo-Sfl-steroids) 

1.87 + 0.35 (7) 1.84 + 0.71 (5) 1.44 + 0.54 (33) b 

2.22 + 0.49 (7) d 3.06 + 0.69 (5) c 1.75 + 0.40 (33) b 

0.141 _+ 0.135 (6) d 0.136 + 0.139 (4) e -0.335 + 0.292 (9)  g 

0.41 + 0.30 (6) 0.50 + 0.32 (4) - -  
0.460 + 0.211 (6) d 0.273 + 0.120 (4) 0.179 + 0.165 (10) g 

0.73 ___ 0.65 (6) 0.38 +_ 0.30 (4) - -  
-0.140 +_ 0.011 (7) ~ -0.167 _+ 0.112 (6) c -0.408 __ 0.048 (10) g 

-0.365 _+_ 0.060 (7) ~ -0.450 _+ 0.090 (6) a -0.298 + 0.064 (10) g 

Values are mean + SD (number of individuals in parentheses). 
apatients with positive liver tests initially (see Table 1). 
bCalculated from data in Ref. [16]. 
cp < 0.001, dp < 0.01 and ~P < 0.05 in t-tests of significant difference from value obtained with controls. 
fCalculated from the linear regression of log values determined in samples collected during the first 60 days after 

admission. 
gCalculated from data in Ref [17]. 

T h e  N A D P H - d e p e n d e n t  r educ t i on  o f  the  4,5-  
d o u b l e  b o n d  in s t e ro id  h o r m o n e s  to y ie ld  5c~- and  
5 /3- reduced  me tabo l i t e s  can occur  in m a n y  t issues  bu t  
the  l iver  is cons ide r ed  to be the  ma jo r  site for  these  
react ions .  In vitro m e a s u r e m e n t s  have shown the hep -  
at ic 5 ~ - r e d u c t a s e  ac t iv i ty  to be dec reased  in a lcohol ics  
[8]. O u r  s tudy  shows tha t  the  p r o p o r t i o n  of  5~t-reduced 
C19- and  C21-steroid me tabo l i t e s  is dec reased  in ur ine ,  
and  ind ica tes  tha t  the  l owered  ac t iv i ty  of  hepa t i c  5~ - r e -  
duc tase  is ref lected in the  m e t a b o l i s m  of  s te ro ids  
in vivo. T h i s  conc lus ion  was also d r a w n  in a p r e l i m i -  
na ry  r e p o r t  on the  cor t i so l  me tabo l i t e s  in a lcohol ic  
pa t i en t s  [18]. In  the  p r e sen t  s tudy  the  e t io-  
c h o l a n o l o n e / a n d r o s t e r o n e  ra t io  was in i t ia l ly  inc reased  
to the  same ex ten t  as the  T H F / a T H F  ra t io  (5/3/5~-re-  
d u c e d  cor t i so l  me tabo l i t e s ) .  T h e  two ra t ios  then  de-  
c reased  s lowly af ter  w i thd rawa l .  T h e  half - l i fe  o f  this  
no rma l i za t i on  p rocess  was m o r e  t han  3 weeks.  T h e  
para l l e l  changes  o f  the  two 5~/5/3-steroid couples  
sugges t  tha t  the  same e n z y m e  cata lyzes  the  r educ t i on  of  
the  4 , 5 - d o u b l e  b o n d  b o t h  in C19 and  C21 s teroids .  T h i s  
conc lus ion  is s u p p o r t e d  by  the pos i t ive  co r re la t ion  
be t ween  the e t i o c h o l a n o l o n e / a n d r o s t e r o n e  and  the  
T H F / a T H F  ra t ios  in hea l thy  m e n  and  w o m e n  [19]. 

T h e  pa thophys io log i ca l  s ignif icance of  an a l t e red  
re la t ion  be tween  5~-  and  5 /3- reduct ion  r ema ins  to be 
es tab l i shed .  T h e  5 ~ - r e d u c t i o n  o f  t e s tos t e rone  leads to 
5 ~ - d i h y d r o t e s t o s t e r o n e ,  wh ich  is an act ive a n d r o g e n  in 
cer ta in  ta rge t  t issues.  M o s t  w o m e n  have a h ighe r  ra t io  
of  5/3- to 5 ~ - r e d u c e d  me tabo l i t e s  in u r ine  than  m e n  
[19], i nd ica t ing  tha t  the  inc reased  ra t io  m i g h t  reflect  

f emin iza t ion  in alcohol ics .  H o w e v e r ,  the  5~- reduc ta se s  
in the  l iver  and  ta rge t  t issues are p r o b a b l y  d i f ferent  
enzymes  [20], and  the resul t s  the re fo re  do  no t  a l low any 
conc lus ions  r e g a r d i n g  the m e c h a n i s m  b e h i n d  f emin iza -  
t ion.  

T h e  ox ida t ion  to cor t i sone  is an i m p o r t a n t  reac t ion  
for  the  inac t iva t ion  o f  cor t i sol  in several  t a rge t  t i ssues  
[10, 21]. T h e  reac t ion  is ca ta lyzed  by  l l f i - h y d r o x y -  
s te ro id  dehyd rogenase ,  wh ich  exists  in d i f ferent  fo rms  
which  cata lyze  ox ida t ion  and  r e d u c t i o n  at d i f ferent  
rates [10, 22-25] .  T h e  d i s t r i b u t i o n  o f  the  d i f ferent  
fo rms  is t i ssue-speci f ic  [10, 21, 22, 26]. Fa i l u r e  to oxi-  
da t ive ly  inac t iva te  cor t i so l  in the  k idney  leads  to a 
s y n d r o m e  of  a p p a r e n t  m i n e r a l o c o r t i c o i d  excess 
[10, 21, 27]; these  pa t ien t s  have e leva ted  rat ios  of  1 l f i -  
h y d r o x y -  to l l - o x o s t e r o i d s ,  s imi la r  to those  seen in 
C u s h i n g ' s  s y n d r o m e  [28]. 

I t  is poss ib le  tha t  the  inc reased  T H F / T H E  rat io  in 
the  a lcohol ics  reflects a dec reased  ox ida t ive  inac t iva t ion  
o f  cor t isol .  I n  the  l iver  this  cou ld  c o n t r i b u t e  to the  fat 
a c c umula t i on  [29]. D i m i n i s h e d  ox ida t ion  in the  k idney  
and  tes t is  cou ld  conce ivab ly  lead  to h y p e r t e n s i o n  and  
dec reased  t e s tos t e rone  p r o d u c t i o n ,  cond i t ions  wh ich  
are  c o m m o n  in a lcohol ics  [6, 10, 21]. A n  i m p o r t a n t  
ques t ion  is w h e t h e r  the  T H F / T H E  rat io  in u r ine  on ly  
reflects the  state of  o x i d o r e d u c t i o n  in the  l iver.  T h e  
ra t io  was h ighe r  in our  p rev ious  s tudy  of  pa t ien t s  w i th  
l iver  in ju ry  who  also had  an inc reased  ra t io  o f  2 0 ~ - h y -  
d r o x y -  to 20-oxos te ro ids  [9]. I n  cont ras t ,  E d w a r d s  and  
S tewar t  r e p o r t e d  n o r m a l  ra t ios  of  cor t i sol  to co r t i sone -  
me tabo l i t e s  in 6 hype r t ens ive  a lcohol ics  [18]. T h e  
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differences between the studies may be due to differ- 4.0 
ences in the degree of liver injury. The metabolism of 
cortisol to T H E  is decreased and that to 20~-hydroxy- a.0 

o steroids is increased in patients with alcoholic cirrhosis 
[30]. The reduction of prednisone to prednisolone is ,. 2.0 
also impaired [31, 32]. These results support an abnor- 
mality in the function of 1 lfl-hydroxysteroid dehydro- 
genase in liver cirrhosis and could explain why the 
T H F / T H E  ratio was not normalized in our patients. 1.0 0.9 

While the factors determining the relative rates of 0.a  

oxidation and reduction at C-11 are not fully under- 0.7 0 
stood [10, 21], the degree of glycosylation of the en- 
zyme may be important. Inhibition of glycosylation 
leads to a relative decrease in oxidizing activity [25]. 4.0 
This is of interest since prolonged ethanol consumption 
leads to decreased glycosylation of transferrin [12]. A ~.0 
similar decrease of the glycosylation of 1 lf l -hydroxy- .o 
steroid dehydrogenase could conceivably lead to the ~ 2.0 

-1- 
o b s e r v e d  increase of the T H F / T H E  ratio in alcoholics. 

The T H F / T H E  and 5fl-/5~-steroid ratios are poten- ~" 
tial parameters for monitoring of alcoholics. The T H F /  "- 
T H E  ratio is not normalized after several months of 1.0 0.9 
abstinence whereas the 5[t-/5c~-steroid ratio decreases 0.a  

slowly toward normal. The results indicate that the 0.7 
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Fig.  2. R a t i o s  b e t w e e n  T H F  a n d  a T H F  in u r i n e  co l l ec t ed  
d u r i n g  t h e  f i r s t  60 d a y s  a f t e r  a d m i s s i o n  f r o m  a l c o h o l i c s  w i th  
( u p p e r  p a n e l )  o r  w i t h o u t  ( lower  p a n e l )  in i t i a l  s i gns  o f  l ive r  
a f f e c t i o n  (see T a b l e  1). F o r  e x p l a n a t i o n  o f  s y m b o l s  see  l e g e n d  

to Fig. 1. 

h e p a t i c  a n d  a d r e n o c o r t i c o i d  f u n c t i o n s  r e c o v e r  o n l y  

v e r y  s l o w l y  d u r i n g  a b s t i n e n c e .  
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Fig.  1. R a t i o s  b e t w e e n  e t i o c h o l a n o l o n e  a n d  a n d r o s t e r o n e  in  
u r i n e  co l l e c t ed  d u r i n g  t h e  f i r s t  60 d a y s  a f t e r  a d m i s s i o n  f r o m  
a l coho l i c s  w i th  ( u p p e r  p a n e l )  o r  w i t h o u t  ( lower  p a n e l )  in i t i a l  
s i gns  o f  l ive r  a f f ec t ion  (see T a b l e  1). S u b j e c t s  s h o w n  in  u p p e r  
p a n e l :  113 (O) ,  114 (O) ,  115 (A) ,  121 (A) ,  123 ([~), 124 ( l )  a n d  
125 (V)  a n d  in  l ower  pane l :  116 ((2)), 117 (O) ,  118 (A) ,  119 (A) ,  

120 ( [ ] )  a n d  126 ( , ) .  
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