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Abstract

The effect of alcohol (1.2 and 2.0 g/kg) on the urinary testosterone-to-epitestosterone (T/E) ratio was studied by two
experiments each conducted with four healthy females and males. The intake of 2.0 g/kg of ethanol within 5 h in the
evening significantly increased plasma testosterone concentration and ratio of T/E in urine collected next morning in
females. The results suggest that alcohol increases the T/E ratio more in females than in males. The effect of high doses of
alcohol on urinary T/E ratio must be kept in mind when doping tests are performed during training periods.
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1. Introduction

The use of testosterone to enhance athletic per-
formance is prohibited in sports. In order to reveal
such an abuse, urine tests have been endorsed.
Administration of exogenous testosterone increases
the ratio of testosterone to its enantiomer epitestos-
terone (T/E) in urine both in males and females
from the normal range around 1 [l1]. Although
plasma testosterone levels experience some diurnal
variation, the ratio of T/E remains invariable [2].
Neither has a vigorous exercise a significant effect
on this ratio [3], nor the phase of menstrual cycle in
females [4]. There is a vast variety of factors which
affect the T/E ratio. An exceptionally high ratio
could be due to physiological or pathological con-
ditions, e.g. low epitestosterone excretion, enzyme
deficiencies, tumour androgen production or dietary
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factors [3,5-8]. According to the rules of the Interna-
tional Olympic Committee, banned use of exogenous
testosterone is estimated by a urinary glucuronide
ratio of T/E higher than 6 provided that there is no
evidence of a physiological or pathological reason
[9,10].

Ethanol has several effects on androgen product-
ion and metabolism, e.g. through the effects on the
redox state in liver [11] and through an enzyme
inhibition or induction [12,13}]. Acute alcohol con-
sumption impairs sex steroid production in males
when it is ingested in amounts which produce
hangover [14]. Prolonged use of alcohol induces
gonadal impairment by a direct effect on the testis
and interferes with the function of the hypothalamic—
pituitary—gonadal axis [15]. Alcohol does not affect
plasma levels of female sex hormones during the
follicular phase of the menstrual cycle [16]. How-
ever, Vilimiki et al. [17] reported that acute alcohol
intake at doses of 1.2 g/kg may increase plasma
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testosterone concentration in females. Falk et al. [2]
demonstrated in males that alcohol intake (=1 g/kg
of body weight) increases urinary testosterone con-
centration, while epitestosterone level remains un-
altered. In their study the consequent mean increase
in the T/E ratio was 41%.

We have recently presented a case report on a
female powerlifter who was observed to have an
elevated ratio of T/E due to the intake of a high
amount of alcohol in the previous night before the
out of competition doping test [18]. We performed
this study to compare the effect of ethanol on T/E
ratio in males and females.

2. Experimental
2.1. Conditions

Two experiments both with four men and four
women were conducted. The volunteers aged from
19 to 24 years, and they were of normal weight
(Table 1). The subjects used no medication exclud-

ing contraceptives. All subjects were moderate drin-
kers and had no history of alcohol abuse. Their
serum y-glutamyl transferase and aminotransferase
levels were within normal range. Alcohol consump-
tion was prohibited during the study.

Written informed consent was obtained from all
volunteers. The Ethical Committee of National Pub-
lic Health Institute approved the study protocol.

In the first experiment, 1.2 g/kg (w/w) of ethanol
was given to the subjects. Absolute ethanol was
mixed with orange juice to yield a 20% (v/v)
solution. Urine was collected daily from 8 a.m. to 12
a.m. on four successive days beginning on the day
preceding the alcohol intake. Serum samples for
hormone assays were collected at noon on the day
preceding the alcohol intake (day —1) and on days 1
and 2 post alcohol. Ethanol was drunk between 7
p.m. and 10 p.m. On the day of drinking a whole
blood sample was drawn at 10.30 p.m. for the assay
of blood alcohol concentration [19]. The subjects
were not requested to follow any special diet during
the study. However, during the alcohol session a
light meal was served.

Table 1
Characteristics of the subjects
Subject Sex Age Height Weight Use of Day of BAC
(years) (cm) (kg) contraception menstrual (g/g)
pills cycle
Experiment 1
HR Female 23 170 52 Yes 21 0.74
PP Female 23 174 64 Yes 26 0.60
HE Female 20 163 52 No 23 0.61
LH Female 21 160 54 No 17 0.64
RR Male 20 186 84 0.53
LR Male 22 179 78 0.76
MP Male 20 189 96 0.75
KK Male 20 180 79 0.73
Experiment 2
HR Female 24 170 53 Yes 9 1.04
ER Female 20 173 60 Yes 17 1.77
MT Female 22 170 71 Yes 25 2.00
TS Female 22 168 55 Yes 13 1.65
RR Male 20 186 85 1.40
RR Male 19 181 77 1.27
MP Male 21 189 98 1.16
LR Male 22 179 77 1.47

BAC=blood alcohol concentration 30 min after discontinuing of alcohol intake (1.2 g/kg in Experiment 1; 2.0 g/kg in Experiment 2).
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Experiment 2 followed the same protocol as the
first one, but the volunteers received 2.0 g/kg (w/w)
of alcohol. Four of the volunteers were the same as
in the first experiment. Due to the higher dose of
alcohol the time for drinking was increased to 5 h
(up to 10 p.m.) in order to maintain the constant rate
of drinking.

All samples were stored at —20°C until analysis.
The samples were analysed for urinary testoster-
one, epitestosterone, androsterone, etiocholanolone,
1183-hydroxyandrosterone and 11f3-hydroxyetio-
cholanolone and creatinine. Serum samples were
assayed for testosterone, luteinizing hormone, sex
hormone binding globulin, estradiol, andros-
tenedione, dehydroepiandrosterone and dehydro-
epiandrosteronesulphate.

2.2. Analytical procedures

The quantitation of glucuronide conjugates of
testosterone (Makor Chemicals, Jerusalem, Israecl),
epitestosterone (Steraloids, Wilton, MA, USA), an-
drosterone (Merck, Darmstadt, Germany), etio-
cholanolone (Makor Chemicals), 118-hydroxyan-
drosterone (Sigma, St. Louis, MO, USA) and 118-
hydroxyetiocholanolone (Makor Chemicals) in urine
were carried out by gas chromatography—mass spec-
trometry using selected-ion monitoring (GC—-MS-
SIM). The method was modified from the standard
screening procedure used for anabolic steroids [20].
All assays were carried out in duplicate. Five levels
of standards covering the ranges of 1-100 ng/ml for
testosterone and epitestosterone, 250-4000 ng/ml
for androsterone and etiocholanolone, 125-2000 ng/
ml for 1183-hydroxyandrosterone and 62.5-1000 ng/
ml for 11B-hydroxyetiocholanolone were prepared in
water and treated in the same way as other samples.
The following compounds were used as internal
standards: 16,16,17-d,-testosterone (Sigma) (30 ng/
ml) for testosterone, 2,2,4,6,6-d,-epitestosterone
(synthesized by Wihali et al. [21]) (30 ng/ml) for
epitestosterone, and methyltestosterone (Diosynth,
Oss, Netherlands) (500 ng/mil) for all other steroids.
A 2-ml aliquot of urine was introduced into a
reversed-phase C,; cartridge (Sep-Pak C,,, Waters,
Miliford, MA, USA) which was previously activated
with 2.5 ml of methanol and 5.0 ml of water. After
washing with 5 ml of water, the sample was eluted

with 3 ml of methanol and evaporated to dryness.
The residue was dissolved in 1 ml of 0.1 M
phosphate buffer (pH 7) and hydrolyzed enzymati-
cally by adding 50 ul of B-glucuronidase from
Escherichia coli K12 (Boehringer Mannheim, Mann-
heim, Germany) and incubated for 1.5 h at 50°C.
After adding 250 ul of 7% potassium carbonate
solution, the sample was extracted with 5 ml of
n-pentane for 5 min. The organic phase was sepa-
rated and evaporated to dryness and derivatized with
50 wul  of  N-methyl-N-trimethylsilyltrifluoro-
acetamide, trimethyliodosilane and dithioerythritol
(1000:2:4, v/v) for 15 min at 60°C. Samples were
analysed on HP 5890E/HP 5972A GC/MS (Hew-
lett-Packard, Palo Alto, CA, USA) using a fused-
silica capillary column (HP 1, 16 mX0.2 mm LD.,
film thickness 0.11 xm). Helium was used as a
carrier gas (constant flow 0.5 ml/min). The tempera-
tures of the injection port and transfer line were
300°C and 280°C, respectively. The oven was first
programmed from 180 to 230°C at 3°C/min and
finally to 310°C at 30°C/min. A 3-ul volume of
sample was injected (split ratio 1:28). The bis-tri-
methylsilylated steroids were detected (dwell time 20
ms) using the following ions: m/z 301.1 (methyltes-
tosterone); m/z 432.2 (testosterone and epitestos-
terone); m/z 4344 (androsterone and etio-
cholanolone); m/z 522.5 (11B-hydroxyandrosterone
and 11B-hydroxyetiocholanolone); m/z 435.3 (d,-
testosterone) and m/z 436.3 (d,-epitestosterone). The
inter-assay coefficients of variation (CV.s) were
<9% for testosterone and epitestosterone (n=9) and
<14% all other compounds (n=9).

Urinary creatinine was determined with a commer-
cially supplied colour reagent kit (Bayer Diagnostics
Manufacturing, Orcq-Tournai, Belgium). The inter-
assay CV. was <4% over the whole concentration
range.

Serum total testosterone was assayed by a direct
competitive radioimmunoassay (RIA) using poly-
clonal testosterone specific antibody: the bound and
unbound tracer ('*’I-Testo) were separated with
solid-phase assay tubes, to which the antibody was
conjugated. The manufacturer of the kit was Diag-
nostic Products Corporation (DPC) (Los Angeles,
CA, USA). Sex hormone binding globulin concen-
trations from O to 180 nmol/l had minimal effects to
the results (92-104%). The sensitivity of the test
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was 0.5 nmol/]l and the inter-assay variation ranges
from 4 to 7% (CV.) over the concentration range
3.5-29.5 nmol/l (n=25).

The principles of serum dehydroepiandros-
teronesulphate, dehydroepiandrosterone and andros-
tenedione RIA methods were similar to the testo-
sterone assay (kits were from DPC). Dehydroepian-
drosterone and androstenedione were extracted prior
to RIA. The sensitivity of the dehydroepiandros-
teronesulphate assay was 0.1 umol/l and the inter-
assay precision was from S to 9% (CV) over the
concentration range from 0.5 to 13.5 pmol/l (n=
20). The sensitivity of the dehydroepiandrosterone
assay was 0.1 nmol/]l and the inter-assay variation
was from 5 to 10% (CV. over the concentration
range 4-90 nmol/1 (»=20). The sensitivity of the
androstenedione assay was 0.4 nmol/l and inter-
assay variation was from 5 to 10% (CV.) over the
concentration range 3.2-30 nmol/1 (n=20).

Serum estradiol was measured by a direct com-
petitive RIA using a polyclonal estradiol specific
antibody and '*’I-labelled tracer. Free and bound
tracer were separated with a second antibody conju-
gated to assay solid-phase polypropylene tubes. The
RIA kits were from Orion Diagnostica (Turku,
Finland). The sensitivity of the assay was 0.02 nmol/
1 and the inter-assay precision from 4 to 8% (CV.)
over the concentration range 0.18-1.30 nmol/l (n=
25).

Serum luteinizing hormone was measured by an
immunofluorometric assay (TR-IFMA) using two
monoclonal B-subunit specific antibodies, one of
which was conjugated to the assay solid-phase, the
other one was labelled with Eu-chelate. The manu-
facturer of the assay was Wallac (Turku, Finland).
The sensitivity of the assay was 0.1 IU/]1 and the
inter-assay variation was from 6 to 8% over the
concentration range 4.0-53.7 U/l (n=20). The
crossreactivity with human chorionic gonadotrophic
hormone was 0.5%.

Serum sex hormone binding globulin was assayed
by an immunofluorometric assay (TR-IFMA) using
two monoclonal antibodies, one of which was conju-
gated to the assay solid-phase, the other one was
labelled with europium chelate (Wallac). The inter-
assay precision (CV.)) was less than 6% over the
concentration range 20-90 nmol/1 (n=20)

2.3. Statistical analysis

Nonparametric Friedman’s test was used for
evaluation of the significancies for the data obtained
from day —1 to day 1. Probabilities equal to or
smaller than 0.05 were regarded as statistically
significant. Statistical analyses were carried out using
Systat software [22] and the results are expressed as
mean *+ standard error of mean (S.E.M.). Statistical
parameters were calculated both together and differ-
ently for either sex and experiment.

3. Results

The results are given in Table 2. In the experiment
1, alcohol intake (1.2 g/kg) did not cause any
significant hormonal changes either in males or
females. However, in females there was a tendency
to increased serum testosterone concentration and
urinary ratio of testosterone to creatinine, 125% and
129%, respectively.

In males, no significant differences were found in
any parameters measured even after the higher dose
of alcohol (experiment 2). In females serum testo-
sterone and dehydroepiandrosteronesulphate signifi-
cantly increased by 154% and 130%, respectively, on
day 1 in comparison to the concentrations obtained
prior ethanol intake. In females, 2 g/kg of alcohol
tented to increase serum luteinizing hormone and
androstenedione concentrations, but these changes
did not reach the level of statistical significance.

After the intake of 2.0 g/kg of ethanol (experi-
ment 2) the ratio of T/E was elevated. Fourteen
hours after the discontinuation of alcohol intake,
urinary T/E ratio was significantly (P<<0.05) in-
creased by 277% in the whole population (Fig. 1a).
This increase was mainly due to the rise of the ratio
in females (range 1.9-8.7). Both creatinine related
testosterone and epitestosterone in urine were sig-
nificantly increased by 420% and 142%, respective-
ly, in females (Fig. 1b).

In females urine etiocholanolone/creatinine ratio
was significantly (P<<0.05) decreased by 33% from
that obtained before the intake of alcohol (2 g/kg)
(Fig. 1c). Two g/kg of alcohol tended also to
decrease the ratio of urinary androsterone to
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Fig. 1. Mean (*S.EM.) urinary ratio of testosterone to epi-
testosterone in males and females (a), testosterone/creatinine and
epitestosterone/creatinine in females (b) and etiocholanolone/
creatinine in females (c) after 2 g/kg (w/w) of alcohol on day 0.
*=P<0.05 (nonparametric Friedman’s test) for the data through
days —1 and 1.

creatinine in females. However, this decrease did not
reach the level of statistical significance.
4. Discussion

The results agree with our earlier findings on a
female powerlifter, who was observed to have an

elevated T/E ratio after drinking high amount of
alcohol during the night before the doping test [15].
The results demonstrate further that acute alcohol
intake affects urinary T/E ratio proportionally more
in females than males. We could not demonstrate
statistically significant change in T/E ratio in males
as did Falk et al. [2]. This was probably due to the
relatively high variation in T/E ratios and small
number of subjects.

Sex difference in acute alcohol response may lie,
at least in part, in the fact that the origin of
testosterone is different in males and females. In
females the ovaries and the adrenals contribute
equally to testosterone production, each supplying
about 25% of the total circulating level [23]. The
rest, 50% of the circulating testosterone, is derived
from peripheral conversion of androstenedione in the
liver, skin, brain and adipose tissue. In men, on the
other hand, the majority of testosterone is of gonadal
origin [23,24]. Moreover, the basic androgen con-
centrations in females are essentially lower allowing
a more distinct outcome due to small changes.

Alcohol may change both the synthesis and the
metabolism of testosterone. Elevated serum and
urinary testosterone may be derived from an effect
promoting the synthesis of testosterone or an effect
preventing its metabolism.

The body’s endocrine reaction to alcohol is quite
similar as to a general stress, where plasma cortisol
concentration is increased [25]. Alcohol stimulates
steroid production by a direct mechanism in the
adrenal cortex [26]. On the other hand, adrenal
androgens are produced mainly as intermediates in
the formation of cortisol [23]. Consequently, when
corticosteroid production is increased the production
of androgen may increase too. Although the exact
site of this alcohol effect is not known, it is likely
that alcohol increases accordingly the production of
testosterone precursors. This is in agreement with
increased serum concentrations of dehydroepiandros-
teronesulphate, the major adrenal androgen [23],
found in females after 2 g/kg alcohol intake. Slightly
elevated levels of serum dehydroepiandrosterone and
androstenedione in females after the intake of a
higher dose of alcohol support further the theory of
alcohol stimulated adrenal androgen production. This
is in agreement with the finding that serum andros-
tenedione levels accompany those of cortisol [23].
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Another mechanism by which alcohol may en-
hance the conversion of androgen precursors to
testosterone is its increasing effect on the ratio of
oxido-reduction couple NADH to NAD" in liver
leading to increased steroid oxidation. This redox
effect on the levels of circulating conjugated steroids
is seen even with small single dose of alcohol (0.3
g/kg), but the effect may depend on the mode of
conjugation [27,28]. Although previous studies have
demonstrated the redox effect of alcohol on sulphate
conjugates only, it is not excluded on glucuronide
conjugates [28]. The metabolic alteration is likely to
affect testosterone levels especially in females, in
whom proportionally larger amounts of androgens
are produced via extragonadal conversion of an-
drogen precursors [20].

Although alcohol increased serum luteinizing hor-
mone concentrations in females of experiment 2, this
hormone was probably not responsible for increased
testosterone concentrations. This is suggested by the
finding that serum estradiol concentrations remained
unchanged, and if the increased testosterone con-
centrations had been due to luteinizing hormone
stimulation in the ovaries, then serum estradiol
concentration should have been concomitantly in-
creased [29]. Increased luteinizing hormone con-
centrations found in females after alcohol reflect
most likely the physiological changes during ad-
vanced menstrual cycles.

Acute intake of ethanol is known to cause enzyme
inhibition and slow down the metabolism of several
compounds oxidized via cytochrome P450 enzyme
[12,13]. Testosterone metabolites are included these
compounds and thus increases in testosterone excre-
tion during the study may be explained in part by
this reduced catabolism [23]. Decrease in the urinary
concentrations of androsterone and etiocholanolone,
two main metabolites of testosterone, suggests fur-
ther that alcohol diminished the metabolism of
testosterone [23].

Increased amounts of adrenal androgens may have
led to higher serum testosterone levels, which could
be a reason for the increased ratio of T/E. Tamm et
al. demonstrated that after administration of andros-
tenedione, testosterone and epitestosterone glucuro-
nides were also increased [30], but in our work the
urinary concentrations of these glucuronides were
different. Consequently, epitestosterone is either

metabolized or excreted in the different way as
testosterone.

The elevation of the T/E ratio by high doses of
alcohol should be taken into account when perform-
ing out of competition doping tests. Although
females may be more sensitive to this increase due to
their lower basic androgen concentrations, the in-
crease in T/E ratio cannot be ruled out in males.

In conclusion, ethanol may stimulate adrenal
steroid production and affect the redox balance in
liver leading to increased ratio of T/E excreted into
the urine. However, the doses of alcohol must be
considerably high to increase this ratio. Alcohol
intake has more profound effect on the T/E ratio in
females than in males.
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