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The metabolic profiles of steroids in urine were analyzed in 13 male alcoholics during long-term
abstinence, in most cases exceeding 3 months. The ratios of 58- to 5a-reduced steroid metabolites
(etiocholanolone/androsterone and tetrahydrocortisol/allotetrahydrocortisol) were initially elev-
ated but decreased slowly following withdrawal. The half-life of this normalization exceeded 3 weeks.
The change was most marked in patients with signs of liver injury, and may reflect a relative
decrease of the activity of hepatic S2-reductase. The ratio between cortisol metabolites carrying a
118-hydroxy and an 11-oxo group was elevated in the patients and showed no tendency to normalize.

This might reflect a decrease in the peripheral inactivation of cortisol.
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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 hypofunction [6]. It is not clear if
these disorders are due to effects of ethanol on hor-
mone production 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 Sx-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 11f-hydroxy- and 11-
oxosteroids that did not normalize during the first
month after withdrawal. Oxidation of the 118-hy-
droxy group to an 1ll-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. The
present investigation was performed 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. The
analyses also made it possible to study whether or not
the reported decrease in the activity of 5a-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 treatment of alcohol abuse. All
patients fulfilled clinical criteria for alcoho! depen-
dence [11]. After withdrawal treatment as inpatients
they visited the clinic three times a week. They did
not receive any drugs during treatment. The goal of
the treatment 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]. The 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. The 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

Steroids in 5 ml urine were extracted using a solid-
phase method [14]. After enzymatic hydrolysis of con-
jugates and reextraction, neutral steroids were purified
by passage through a lipophilic ion exchanger [15].
Steroid profiles in urine were determined by capillary
gas chromatography [9] and the excretion was related
to that of creatinine. The C,4 steroids androsterone and
etiocholanolone, which are major metabolites of testic-
ular testosterone and adrenal dehydroepiandrosterone
sulfate, and the C,; steroids tetrahydrocortisol (THF,
3a,118,17a,21-tetrahydroxy-5f -pregnan-20-one), te-
trahydrocortisone (THE, 3x,17«,21-trihydroxy-5f-
pregnane-11,20-dione), allotetrahydrocortisol (aTHF,
3%,11f,17a,21-tetrahydroxy-5a-pregnan-20-one),  x-
and f-cortolone [3¢,17x2,20x(and 20f),21-tetrahy-
droxy-5p-pregnan-11-one], and a«-cortol (5f-preg-
nane-3a,11$,174,20%,21-pentol), which are major
metabolites of cortisol, were quantitatively determined.
f-Cortol (58-pregnane-3x,118,172,20,21-pentol) was
included in the measured amount of f-cortolone [15].

The values obtained were compared, with the use of
Student’s z -test, with those reported for males in other
studies using liquid chromatographic [16] or gas chro-
matographic [17] methods of analysis.

RESULTS

The patients were divided into two groups, one
showing no signs of liver injury and another with initial
elevations of the serum levels of at least two of the
markers 7y-glutamate transpeptidase (GT), aspartate
aminotransferase (ASAT) and alanine aminotrans-
ferase (ALAT) (Table 1).

The rates of steroid excretion were essentially con-
stant in all but one patient. The apparently higher
steroid excretion in our patients than previously re-
ported in controls (Table 2) may be explained by the
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higher cortisol production in the morning when the
patient samples were collected.

The ratios between 5f- and Sx-steroids were used
to evaluate the relative activities of the 5f- and 5x-
reductases. Both the C,4 steroid pair, etiocholanolone;
androsterone, and the C,; steroid pair, THE/aTHF,
were significantly shifted towards the 5f-mctabolites
during the period of abstinence (Table 2). The etio-
cholanolone/androsterone ratio was shifted from 0.46
in controls to 1.38 in patients with signs of liver injury.
The corresponding values for the THF/aTHF ratio
were 1.51 and 2.88, respectively. The shifts were less
marked in patients without signs of liver injury. The
logarithms of the ratios were plotted as in the previous
study [9], and were found to decrease or remain
unchanged during the first 60 days after admission
(Figs 1 and 2). The decrease of the ratios was statisti-
cally significant in about half of the patients and the
half-lives for the change exceeded 3 weeks in all
patients. The mean values are given in Table 2.

The extent of oxidation of the 11 -hydroxy group of
cortisol was evaluated by the THF/THE ratio. This
ratio did not change significantly over the period of
observation but it was significantly higher in patients
than in controls. In contrast, the redox state of the
oxygen function at C-20 was slightly but significantly
less reduced in patients than in controls.

DISCUSSION

This study confirms our previous observation that
alcohol abuse leads to chronic changes in the metab-
olism of corticosteroids and androgens [9]. The time
course of these changes shows that they are not caused
by the acute redox effects of alcohol, but are due to an
alcohol-induced tissue damage. Two changes of the
urinary steroid profiles predominate: an increase of the
ratio of 5f- to 5x-reduced metabolites and an increase
of the ratio of 11f8-hydroxy to 11-oxo metabolites.

Table 1. Data on participating patients and collection of urine samples
Jor 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 42 — 13-538 18
119 52 — 10471 17
120 27 — 10-136 10
121 39 GT, ALAT 2-370 35
123 41 GT, ASAT, ALAT 2-148 14
124 36 ASAT, ALAT 8-181 22
125 41 GT, ASAT, AI.AT 1-104 10
126 40 — 9-21 3
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Table 2. Excretion of steroids in urine of alcoholics

Patients with
signs of liver

Parameter injury®

Patients without
signs of liver

injury Controls

Concentration of

C,50, steroids
(mmol/mol creatinine)
Concentration of C,, steroids,
(mmol/mol creatinine)
Log of etiocholanolone/
androsterone ratio’
Decrease of log
(etiocholanolone/
androsterone),

per 100 days'

Log (THF/aTHF)f
Decrease of
log(THF/aTHF),

per 100 days’

Mean log(THF/THE)
Mean log(20-hydroxy-/
20-ox0-58 -steroids)

1.87+0.35 (7)
2.22+0.49 (74

0.141 +0.135 (6)¢

0.41 £ 0.30 (6)
0.460 + 0.211 (6}

0.73 + 0.65 (6)
—0.140 + 0.011 (7)°

—0.365 £ 0.060 (7)

1.84 + 0.71 (5) 1.44 +0.54 (33°

3.06 1 0.69 (5)° 1.75 4 0.40 (33)®
0.136 + 0.139 (4r —-0.335£0.292 (9®

0.50 + 0.32 (&) —
0.273 + 0.120 (4) 0.179 + 0.165 (10)¢

0.38 4+ 0.30 (4) —
~0.167 + 0.112 (6)° —0.408 + 0.048 (10)®

—~0.450 +0.090 (6) —0.298 + 0.064 (10)®

Values are mean + SD (number of individuals in parentheses).

*Patients with positive liver tests initially (see Table 1).
*Calculated from data in Ref. [16].

P < 0.001, 4P < 0.01 and °P < 0.05 in z-tests of significant difference from value obtained with controls.
‘Calculated from the linear regression of log values determined in samples collected during the first 60 days after

admission.
¢Calculated from data in Ref [17].

The NADPH-dependent reduction of the 4,5-
double bond in steroid hormones to yield 5«- and
5B -reduced metabolites can occur in many tissues but
the liver is considered to be the major site for these
reactions. In vitro measurements have shown the hep-
atic Sa-reductase activity to be decreased in alcoholics
[8]. Our study shows that the proportion of Sa-reduced
Co- and C,,-steroid metabolites is decreased in urine,
and indicates that the lowered activity of hepatic 5a-re-
ductase is reflected in the metabolism of steroids
in vwo. This conclusion was also drawn in a prelimi-
nary report on the cortisol metabolites in alcoholic
patients [18]. In the present study the etio-
cholanolone/androsterone ratio was initially increased
to the same extent as the THF/aTHF ratio (58 /5« -re-
duced cortisol metabolites). The two ratios then de-
creased slowly after withdrawal. The half-life of this
normalization process was more than 3 weeks. The
parallel changes of the two 5uo/5f8-steroid couples
suggest that the same enzyme catalyzes the reduction of
the 4,5-double bond both in C,q and C,, steroids. This
conclusion is supported by the positive correlation
between the etiocholanolone/androsterone and the
THF/aTHF ratios in healthy men and women [19].

The pathophysiological significance of an altered
relation between 50- and 5f-reduction remains to be
established. The S«-reduction of testosterone leads to
5a-dihydrotestosterone, which is an active androgen in
certain target tissues. Most women have a higher ratio
of 5f- to Sa-reduced metabolites in urine than men
[19], indicating that the increased ratio might reflect

feminization in alcoholics. However, the Sa-reductases
in the liver and target tissues are probably different
enzymes [20], and the results therefore do not allow any
conclusions regarding the mechanism behind feminiza-
tion.

The oxidation to cortisone is an important reaction
for the inactivation of cortisol in several target tissues
[10, 21]. The reaction is catalyzed by 118-hydroxy-
steroid dehydrogenase, which exists in different forms
which catalyze oxidation and reduction at different
rates [10, 22-25]. The distribution of the different
forms is tissue-specific [10, 21, 22, 26]. Failure to oxi-
datively inactivate cortisol in the kidney leads to a
syndrome of apparent mineralocorticoid excess
[10, 21, 27]; these patients have elevated ratios of 118-
hydroxy- to 11-oxosteroids, similar to those seen in
Cushing’s syndrome [28].

It is possible that the increased THF/THE ratio in
the alcoholics reflects a decreased oxidative inactivation
of cortisol. In the liver this could contribute to the fat
accumulation [29]. Diminished oxidation in the kidney
and testis could conceivably lead to hypertension and
decreased testosterone production, conditions which
are common in alcoholics [6,10,21]. An important
question is whether the THF/THE ratio in urine only
reflects the state of oxidoreduction in the liver. The
ratio was higher in our previous study of patients with
liver injury who also had an increased ratio of 20a-hy-
droxy- to 20-oxosteroids [9]. In contrast, Edwards and
Stewart reported normal ratios of cortisol to cortisone-
metabolites in 6 hypertensive alcoholics [18]. The
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differences between the studies may be due to differ-
ences in the degree of liver injury. The metabolism of
cortisol to THE is decreased and that to 20x-hydroxy-
steroids is increased in patients with alcoholic cirrhosis
[30]. The reduction of prednisone to prednisolone is
also impaired [31, 32]. These results support an abnor-
mality in the function of 11§ -hydroxysteroid dehydro-
genase in liver cirrhosis and could explain why the
THF/THE ratio was not normalized in our patients.

While the factors determining the relative rates of
oxidation and reduction at C-11 are not fully under-
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].
This is of interest since prolonged ethanol consumption
leads to decreased glycosylation of transferrin [12]. A
similar decrease of the glycosylation of 11f-hydroxy-
steroid dehydrogenase could conceivably lead to the
observed increase of the THF/THE ratio in alcoholics.

The THF/THE and 5f-/5a -steroid ratios are poten-
tial parameters for monitoring of alcoholics. The THF/
THE ratio is not normalized after several months of
abstinence whereas the 5f-/5«-steroid ratio decreases
slowly toward normal. The results indicate that the
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Fig. 1. Ratios between etiocholanolone and androsterone in

urine collected during the first 60 days after admission from

alcoholics with (upper panel) or without (lower panel) initial

signs of liver affection (see Table 1). Subjects shown in upper

panel: 113 (O), 114 (@), 115 (A), 121 (A), 123 ([J), 124 (M) and

125 (V) and in lower panel: 116 (O), 117 (@), 118 (A), 119 (A),
120 (J) and 126 (M).
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Fig. 2. Ratios between THF and aTHF in urine collected

during the first 60 days after admission from alcoholics with

(upper panel) or without (lower panel) initial signs of liver

affection (see Table 1). For explanation of symbols see legend
to Fig. 1.

hepatic and adrenocorticoid functions recover only
very slowly during abstinence.
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