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Summary-The influence of high doses of testosterone and anabolic steroids on testicular endocrine 
function and on circulating steroid binding proteins, sex hormone binding globulin (SHBG) and cortisol 
binding globulin (CBG), were investigated in power athletes for 26 weeks of steroid self-administration 
and for the following 16 weeks after drug withdrawal. Serum testosterone and androstenedione 
concentrations increased (P < 0.05) but pregnenolone, 17-hydroxypregnenolone, dehydroepiandros- 
terone, 5-androstene-3P, 17p-diol, progesterone and 17-hydroxyprogesterone concentrations strongly 
decreased (P < 0.001) during steroid administration. Serum pregnenolone, 17-hydroxypregnenolone and 
dehydroepiandrosterone sulphate concentrations followed the changes of the corresponding unconjugated 
steroids but 5-androstene-3/I,17B-diol and testosterone sulphate concentrations remained unchanged 
during the follow-up time. During drug administration SHBG concentrations decreased by about 80 to 
90% and remained low even for the 16 weeks following steroid withdrawal. Steroid administration had 
no influence on serum CBG concentrations. In conclusion, self-administration of testosterone and 
anabolic steroids soon led to impairment of testicular endocrine function which was characterized by low 
concentrations of testosterone precursors, high ratios of testosterone to its precursor steroids and low 
SHBG concentrations. Decreased concentrations of SHBG and testicular steroids were still partly evident 
during the 16 weeks after drug withdrawal. The depressed circulating levels of dehydroepiandrosterone 
and its sulphate may indicate that the androgenic-anabolic steroids also suppress adrenal androgen 
production. 

INTRODUCTION 

Athletes have been reported to use high quantities of 
testosterone and anabolic steroids on the assumption 
that the drugs will improve performance in 
competition [l-5]. Androgenic-anabolic steroids have 
also been studied as agents for male contraception 
and their inhibitory influences on testicular testos- 
terone secretion and spermatogenesis are well known. 
Anabolic steroid use usually results in decreases in 
serum gonadotrophin [6-91 and testosterone 
levels [ 1, 6-91, but in some studies a decrease in 
testosterone but not in gonadotrophin concentrations 
has been observed [lO_141. Administered testosterone 
and its derivates decrease serum gonadotrophin and 
may increase testosterone levels [15-191. The various 
effects on gonadotrophin secretion seem to depend on 
the drug used, its dose and the route of adminis- 
tration. 

Estrogen administration increases serum SHBG 
and CBG concentrations [20P231, whereas androgens 

The following trivial names and abbreviations were used: 
Methandienone = 17r*-methyl-17fi-hydroxy-1,4-andro- 
stadien-3-one; Nandrolone = I78-hydroxy-4-estren- 
3-one; Stanozolol = 17a-methyl-Sa-androstano[3,2-Cl- 
pyrazol-17P-01; SHBG = sex hormone binding globulin; 
CBG = cortisol binding globulin. 

have an opposite influence on SHBG [24] but usually 
induce no change or only a slight decrease in CBG 
concentrations [25]. As a result of these character- 
istics, CBG has been used as an indicator of the 
estrogenic activity and SHBG as an indicator of the 
combined estrogenic and androgenic effects of 
administered steroids [26,27]. 

The purpose of the present work was to investigate 
in more detail the effects of very large doses of 
testosterone and anabolic steroids on testicular ste- 
roidogenesis and on the steroid binding proteins, 
SHBG and CBG, in power athletes who self- 
administered the drugs during training. 

EXPERIMENTAL 

Subjects and experimental approach 

Four power athletes, who had previous experience 
in the use of androgenic steroids in their training, 
volunteered for this study and gave their informed 
consent. At the time when they again decided to start 
self-administration of anabolic steroids and testos- 
terone, they were included in the study. The seif- 
administration of androgens was followed by means 
of medication diaries. The power athletes had indi- 
vidual self-planned programmes in the adminis- 
tration of the drugs. Self-administration of anabolic 
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steroids and testosterone continued for 26 weeks 
(phase I) followed by 16 weeks (phase II) without use 
of any steroid hormones. Because it is illegal in 
Finland for medical doctors to give a prescription for 
anabolic steroids for any other purpose than medical, 
the power athletes had obtained their drugs from the 
black-market and used them out of medical control. 
The doses and the drugs which the power athletes 
used are shown in Fig. 1. 

Methandienone was taken orally with increasing 
daily doses towards the end of phase I. Self-injections 
of nandrolone phenylpropionate and stanozolol 

(both 50 mg per injection) were taken less frequently, 
usually once a week. Testosterone (250 mg/injection, 
consisting of 30 mg testosterone propionate, 60 mg 
testosterone phenylpropionate, 60 mg of testosterone 
isocaproate and 100 mg testosterone undecanoate) 
was self-administered initially once per month, but at 
the end of the study it was 4-8 times/month. Periph- 
eral blood samples for the determination of testos- 
terone, its metabolites and precursor steroids as well 
as for SHBG and CBG were collected at 8.00 a.m. on 
the sampling days. Serum samples were stored at 
-2O’C until analysed. Control samples were taken 
before the first administration of the drugs and the 
subsequent samples at 8, 14, 20, 26 (phase I), 29, 32, 
38 and 42 (phase II) weeks from the beginning of the 
study. Following the above schedule of sampling, 
SHBG and CBG concentrations were also deter- 
mined in 5 athletes who did not use any drugs during 
training. Hence in the case of the steroid binding 
proteins two kinds of control values were used; the 
first were those before the administration and the 
others were from athletes who did not administer any 
drugs during training. 

Chemicals 

Sources of chemicals and steroids have been pub- 
lished previously [28]. 

60 Dose T 
mg/day I 
H Methandmwne (n=4) 

n Nondrolone (n=2) 

q Stanozolol (n=4) 

0 Testosterone (n = 4) 

8 14 20 
TIME (WEEKS) 

Fig. 1. The mean daily doses ( + SEM) of anabolic steroids 
and testosterone (mg/day) during 26 weeks of steroid self- 

administration. 

Determination of serum steroid concentrations 

For the separation of unconjugated and sulphated 
steroids, serum samples (1 ml) were extracted three 
times with ethyl ether-ethyl acetate (9: 1, v/v) as 
previously described [28], after the addition of a 
known amount of tritiated testosterone in order to 
monitor experimental loss. 

Methodology for the quantitation of unconjugated 

and sulphated steroids has been described 
previously [28,29]. Briefly, unconjugated steroids 
were analysed as follows: after extraction, the com- 
bined organic phases were fractionated on Lipidex- 

5000@ microcolumns (Packard-Becker B.V., Chem- 
ical Operations, Groningen, The Netherlands). 
followed by radioimmunoassay of each steroid from 
the appropriate fraction, using antisera of defined 
specificity. The recovery of tritiated testosterone was 
calculated and 85% was the limit of acceptability. 

Steroid sulphates were analysed from the water 
phases of the above mentioned extractions. They 
were dried under a nitrogen flow and the residue was 
dissolved in 3 ml of absolute ethanol. Samples were 
centrifuged to remove protein precipitates and the 
supernatant was dried and solvolysed (30) in 3 ml of 
ethyl acetate that had been equilibrated previously 
with 2 M H,SO,. Before overnight incubation at 
37”C, an additional 50 ~1 of 2 M H, SO, was added 
to the tubes to assure that the medium remained 
acidic. After solvolysis, the mixture was neutralized 
and the ethyl acetate phase was transferred to an- 
other tube, dried, and fractionated on Lipidex- 
5000@ microcolumns. Chromatography was fol- 
lowed by radioimmunoassay of steroids. Recovery 
and assay performance following solvolysis were 
monitored as described for unconjugated steroids. 

SHBG and CBG determinations 

Serum SHBG concentrations were measured by an 
immunoradiometric assay using a commercial kit 
donated by Farmos Diagnostica (Turku, Finland). 
Serum CBG concentrations were determined as de- 
scribed earlier [3 11. 

Statistics 

In each power athlete the values obtained during 
the study were compared to the control values at the 
beginning of the study, and in addition to this, in the 
case of SHBG and CBG, the values in the drug users 
and non-users were also compared. Comparisons 
were performed using either dependent or paired 
two-tailed Student’s t-tests. A P value of < 0.05 was 

selected as the limit of statistical significance. 

RESULTS 

Before the administration of testosterone and ana- 
bolic steroids (control) serum concentrations of the 
endogeneous steroids (ng/ml; mean + SEM) were as 
follows: Pregnenolone (0.38 & 0.15), 17-hydroxy- 
pregnenolone (0.32 _t 0.8), dehydroepiandrosterone 
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(8.7 & 1 A), 5-androstene-3~,17~-diol (2.9 + O.l), 
progesterone (0.14 + 0.02), 17-hydroxyprogesterone 
(1.1 f 0. I), androsten~ione (1.1 _t 0.2), testosterone 
(4.5 & 0.7), Sa-dihydrotestosterone (0.50 k 0.12), 
pregnenolone sulphate (43 + 5), 17-hydroxypreg- 
nenolone sulphate (5.7 rt 0.8), dehydroepiandros- 
terone sulphate (2040 ir 400), 5-androstene-3/3,178- 
diol sulphate (420 f 110) and testosterone sulphate 
(2.3 f 0.3). 

In Fig. 2, the mean concentrations ( f SEM) of 
unconjugated steroids at 8, 14, 20 and 26 weeks of 
drug administration and at 3,6, 12 and I6 weeks after 
drug withdrawal, are given as percentages of the 
values (100%) before drug administration. Testos- 
terone concentrations significantly increased 
(P < 0.05) during drug administration. Three weeks 
after drug withdrawal there was a highly significant 
drop (P < 0.001) in testosterone concentrations to 
the level of 2&40% of the control values. It was not 
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Fig. 2. Relative serum concentrations (mean +SEM) of 
testosterone, its unconjugated precursor steroids and 
5a~ihydrotestosterone before (100%) administration of 
testosterone and anabolic steroids, during 26 weeks of 
steroid admi~stration (weeks O-26) and for the following 16 
weeks after drug withdrawal (weeks 27-42). PREG = 
pregnenolone, PROG = progesterone, OH-PREG = 1% 
hydroxypregnenolone, OH-PROG = 17-hydroxyproges- 
terone, DHEA = dehydroepiandrosterone, ADIONE = 
androstenedione, ADIOL = 5-androstene-3/3,17/?-diol, T = 
testosterone, DHT = Sa-dihydrotestosterone. Significance 
of difference, compared to the O-point level: a = P < 0.05, 
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Fig. 3. Relative serum concentrations (mean i SEM) of the 
sufphate conjugates of testosterone and its precursor ste- 
roids before (100%) administration of testosterone and 
anabolic steroids, during 26 weeks of steroid administration 
(weeks O-26) and for the following 16 weeks after drug 
withdrawal (weeks 2742). Significance of difference, com- 
pared to the O-point level: a = P < 0.05, b = P < 0.01, 
c = P -c 0.001. S = sulphate, the abbreviations of steroids 

b=P<O.Ol, c=P<O.OOl. are given in Fig. 2. 

until 16 weeks after steroid withdrawal that testos- 
terone concentrations were no longer signifi~ntly 
different from the control vatues. The unconjugated 
testosterone metabolites, androstenedione and 
5a-dihydrotestosterone, closely followed the concen- 
tration pattern of their precursor. 

Of the unconjugated testosterone precursor 
steroids, pregnenolone, 17-hydroxypregnenolone, 
dehydroepiandrosterone, 5-androstene-3fi, 17/j’-diol, 
progesterone and 17-hydroxyprogesterone concen- 
trations all decreased during drug administration. In 
8 weeks of drug administration testosterone to 
t7-hydroxypregnenolone and testosterone to 
17-hydroxyprogesterone ratios had increased by av- 
erages of 1100 and 660% respectively (P < 0.001). 
Slow recovery took place only in pregnenolone and 
17-hydroxyprogesterone levels during the follow-up 
period of the study. 

The concentrations of serum steroid sulphates dur- 
ing the study are given in Fig. 3. During steroid 
administration serum concentrations of preg- 
nenolone, 17-hydroxypregnenolone and dehydro- 
epiandrosterone sulphates were consistently very low. 
Of these three steroids, only dehydroepiandrosterone 
sulphate reached its control level at 16 weeks after 
drug withdrawal. Concentrations of 5-androstene- 
3/?,17@-diol and testosterone sulphates remained 
essentially unchanged although the concentration 
pattern of the latter compound was similar to that of 
unconjugated testosterone (Fig. 2). 

In Fig. 4, the changes of SHBG and CBG concen- 
trations are shown in 5 athletes (0) taking no 
steroids and in the 4 men (0) who used testosterone 
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Fig. 4. Relative serum concentrations (mean + SEM) of 
SHBG and CBG before (100%) administration of testos- 
terone and anabolic steroids, during 26 weeks of steroid 
administration (weeks O-26) and for the following 16 weeks 
after drug withdrawal (weeks 27-42). Symbols: l = steroid 
users (n = 4), 0 = non-users (n = 5). Significance of 
difference, compared to the O-point level: a = P i 0.05, 

b = P <O.Ol, c= P < 0.001. 

and anabolic steroids during training. At the begin- 
ning of the study, serum concentrations (mean 
f SEM) of SHBG were 28 f 4nmol/l in the non- 
treatment group and 30 f 3 nmol/l in the treatment 
group. CBG concentrations were 431 + 35 nmol/l 
and 438 + 22 nmol/l, respectively. 

During drug administration SHBG concentrations 
decreased by about S&90% of the pretreatment 
values and they had not reached the control level even 
16 weeks after drug withdrawal. Apart from the 
samples before steroid administration, SHBG con- 
centrations were constantly lower (P-values from less 
than 0.001 to less than 0.05) in the drug users than 
in the non-users. Steroid administration had no 
influence on serum CBG concentrations. 

DISCUSSION 

In this study we investigated the influences of large 
doses of testosterone and anabohc steroids on testi- 
cular steroidogenesis in power athletes who self- 
administered high doses of the drugs on the assump- 
tion that they would improve performance in 
competition. The endogenous precursor steroids of 
testosterone have not been studied earlier in this 
context. 

Administration of large doses of testosterone 
significantly increased its concentration in peripheral 
blood (Fig. 2). Its metabolites, androstenedione, 
5m-dihydrotestosterone and testosterone sulphate 
closely followed the concentration pattern of testos- 
terone, although the increases in Sa-dihydrotestos- 
terone and testosterone sulphate were not statistically 
significant. In a previous study testosterone proprio- 
nate also resulted in increased plasma testosterone 
levels but at the same time testicular testosterone (in 
biopsy samples) decreased by about 95% [3]. In this 

study, during drug administration, all the uncon- 
jugated precursor steroids of testosterone decreased 
in peripheral blood by about 3&80%. The greatest 
relative decrease was observed in 17-hydroxypreg- 
nenolone and 17-hydroxyprogesterone concen- 
trations and the ratios of testosterone to these 
precursor steroids increased by 1100 and 660% re- 
spectively. The sulphate conjugates of pregnenolone, 
17-hydroxypregnenolone and dehydroepiandroster- 
one decreased during drug administration by about 
4&60x. The decreases of steroid concentrations pro- 
vide indirect evidence that the testis is an important 
source of these peripheral blood steroids in man. 

Although in these subjects peripheral cortisol concen- 
trations remained unchanged [37], we cannot exclude 
the possibility that these anabolic androgens also 
influenced adrenal androgen production, reflected in 
the strongly depressed circulating levels of dehydro- 
epiandrosterone and its sulphate. 

In peripheral blood, 5-androstene-3&17/I-diol is 

present both as a mono- and a disulphate [33] and in 
this study we determined these steroid conjugates 
together. Why no change was observed in 
5-androstene-3P, 17fi-diol sulphate concentrations 
during the study is probably due to the fact that in 
peripheral blood 3 of the steroid is disulphated [33]. 
The testes significantly secrete only 5-androstene-3fl, 
17P-diol 3-sulphate [34, 351 and during the study 
peripheral changes in this minor steroid conjugate 
may have been hidden by the main components from 
other sources such as the liver [36]. Some cross- 
reactivities in the radioimmunoassays between the 
endogenous steroids and the drugs administered, or 
between their metabolites, cannot be completely ex- 
cluded. However, no such cross-reactivity seems to 
take place that would essentially change the results. 
Specific antibodies and Lipidex chromatography of 
steroids before the radioimmunoassays [28] were used 
to minimize the possibility of cross-reaction. With the 
exception of 5-androstene-3P, 178-diol sulphate all 
the other unconjugated and sulphated precursor ste- 
roids of testosterone were significantly decreased in 
peripheral blood during drug administration and 
their concentrations remained low for a long time 
after drug withdrawal. Irrespective of drug adminis- 
tration, concentrations of 5-androstene-3/I, 17/j-diol 
sulphate remained unchanged, indicating that ana- 
bolic steroids did not significantly cross-react in the 
assay. These results practically exclude the possibility 
of significant cross-reactions of the anabolics in the 
radioimmunoassays of endogenous steroids. 

The duration of altered hormone levels in periph- 
eral blood depends on the drug used, its dose and the 
route of administration [614]. The main mechanism 
by which testicular steroidogenesis was suppressed 
seems to be mediated by reduced pituitary secretion 
of LH and by associated inhibition of cholesterol side 
chain cleavage in the testis. In a previous study, where 
LH and FSH concentrations were determined in the 
same athletes, administration of high doses of testos- 
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terone and anabolics significantly decreased the 
peripheral blood concentrations of these gonado- 
trophins. After drug withdrawal, serum FSH and LH 

returned in 6-12 weeks to concentrations not 
significantly different from those seen at the begin- 
ning of the study [37]. On the other hand, in the 
present study, the concentrations of testosterone and 
its precursors recovered more slowly after drug with- 
drawal and some of them had not reached control 
levels during the 16 week follow-up period. The 
finding that testosterone concentrations returned to 
normal later than those of LH and FSH, after 
treatment with the anabohc steroid 19-nortestos- 
terone, has recently been described by Schiirmeyer et 

a1.[9]. 

Levels of SHBG increase in the blood during 
estrogen treatment [20,21] and decrease during an- 
drogen treatment [24]. Due to these characteristics it 
has been used in several studies as an indicator of 
both estrogenic and androgenic effects of adminis- 
tered steroids[27]. In the present study peripheral 
SHBG concentrations were strongly reduced during 
the administration of testosterone and anabolic ste- 
roids and they had not reached control levels even 
after 16 weeks following drug withdrawal, indicating 
long lasting androgenicity of the combination of the 
drugs administered. The androgenic effects of the 
steroids administered were therefore strengthened by 

the reduction of their binding protein and the con- 
sequent increase in the biologically active free frac- 
tion of the steroids bound by SHBG. Peripheral CBG 
concentrations increase during treatment with es- 
trogenic steroids but are mainly unchanged during 
androgen administration [22,23,25]. In the present 
study CBG concentrations remained unchanged, sup- 
porting the earlier results which have indicated that 
androgens have no major influence on the synthesis 
of this protein. Peripheral estradiol concentrations 
also significantly increased in the same athletes [37], 
but in these conditions it was not enough to stimulate 
the synthesis of CBG. 

It seems very likely that novel ways of detecting 
anabolic-androgenic steroid use could be developed 
on the basis of the present results. Development of 
such means would be associated with the use of blood 
specimens. 
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