J. Steroid Biochem. Molec. Biol. Vol. 40, No. 4-6, pp. 607-612, 1991
Printed in Great Britain

COMPARISON OF THE EFFECTS OF HIGH DOSE
TESTOSTERONE AND 19-NORTESTOSTERONE TO A
REPLACEMENT DOSE OF TESTOSTERONE ON
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Summary—We examined the extent to which supraphysiological doses of androgen can
modify body composition and strength in normally virilized men. In doubly blind tests,
30 healthy young men received testosterone enanthate (TE) or 19-nortestosterone decanoate
(ND), at 100 mg/wk or 300 mg/wk for 6 weeks. The TE-100 mg/wk group served as
replacement dose comparison, maintaining pretreatment serum testosterone levels, while
keeping all subjects blinded to treatment, particularly through reduction in testicular volumes.
Isokinetic strength measurements were made for the biceps brachii and quadriceps femoris
muscle groups before treatment and 2-3 days after the 6th injection. Small improvements were
noted in all groups but the changes were highly variable; a trend to greater and more consistent
strength gain occurred in the TE-300 mg/wk group. There was no change in weight for
TE-100 mg/wk but an average gain of 3 kg in each of the other groups. No changes in 4
skinfold thicknesses or in estimated percent body fat were observed. Of 15 circumferences,
significant increases were observed only for men receiving TE-300 mg/wk (shoulders) and
ND-300 mg/wk (shoulders and chest). The data suggest that high dose androgens increase
body mass and may increase strength in normal men but, except for a consistent weight gain
with greater than replacement doses, the detectable changes were highly variable and relatively
small, especially in comparison to the significant alterations which were observed for other

0960-0760/91 $3.00 + 0.00
Pergamon Press plc

markers of androgen action.

INTRODUCTION

Early studies with castrated animals character-
ized the nitrogen retaining ‘‘anabolic” properties
of androgens and led to the conclusion that these
actions were responsible for the sexually dimor-
phic musculature in humans [1, 2]. Extrapolat-
ing from these replacement studies, eugonadal
athletes have attempted to enhance already
highly developed physiques and competitive
sports performances with the self-administration
of high doses of androgens [3]. Androgens with
a high protein anabolic activity (on the basis of
a preferential effect on the growth of castrated
rat levator ani muscle over the effect on ventral
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prostate growth) such as methandrostenolone
and 19-nortestosterone (nandrolone)[4] are
especially popular with athletes [5]. Body builders
claim from anecdotal experience that these
steroids increase muscle size without producing
unwanted side effects, such as increased sebum
production and reduction in sperm count; on
the other hand, many strength athletes prefer
testosterone preparations for the enhancement
of their lifting performance and continue to use
them even after they encounter side effects such
as gynecomastia [6]. However, few studies have
compared these androgens to testosterone to
demonstrate which actions are enhanced in an
anabolic steroid in normal men, and surprisingly,
there are no studies which have examined the
effect of greater than replacement doses of
testosterone on muscular strength and size.
Two androgen esters with very different ana-
bolic/androgenic indices, testosterone enanthate
(TE) and 19-nortestosterone decanoate (ND)
are frequently used in clinical practice and these
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two rank highest in popularity with athletes
using parenteral preparations [5]. TE and ND
have similar halftimes to elimination of about
1 week [7-9]; however, their metabolism to
other biologically active compounds is different
and this could be expected to modify their
physiological activity. The Sa-reduction of 19-
nortestosterone markedly reduces androgen
receptor binding affinity [10, 11] which would
imply a reduced action in tissues where intra-
cellular 5«-reduction is important for the bio-
logical effect, such as in the accessory sex organs.
TE is primarily aromatized to 17f-estradiol
while ND is not [12] and this might differentially
affect tissues where aromatization is important
in the mediation of testosterone actions. Thus,
there is a biochemical basis to expect differences
in the properties of these two androgens.

We compared the effects of TE and ND at
two doses, one which is close to a replacement
dose of TE (i.e. which maintained normal morn-
ing levels of serum testosterone) and one which
produced serum levels of testosterone approx.
3-fold higher than physiological levels, in
normal men given the drugs for 6 weeks. The
effects of body size and muscular strength were
examined and contrasted with other better
defined androgenic actions.

EXPERIMENTAL

Thirty healthy men, aged 27 + § years (20-37
years) participated in this study. Two subjects
were smokers (10 cigarettes/day) and were distri-
buted to separate treatment groups. All subjects
were physically active soldiers (9 regularly per-
formed resistance exercise, 1 was a bicyclist, the
other 20 subjects exercised by running). The
men were on self-selected diets and they were
encouraged not to change their training or diet
during the study. Results of a glucose tolerance
test on this group have been reported elsewhere
[13].

The men were randomly assorted into 4
groups of 7-8 subjects per group and received
weekly i.m. (gluteal site) injections of steroid
for 6 weeks. Each subject received either TE
(Delatestryl, E.R. Squibb & Sons Inc., Princeton,
NJ), at 100 or 300mg/wk, or ND (Deca-
Durabolin, Organon Inc., West Orange, NJ), at
100 or 300 mg/wk. Subjects and investigators
were blinded to the treatment until completion
of the study.

Sampling and testing were performed before
drug administration and in the week following
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the 6th injection. In each of these two testing
sessions two blood samples were collected on
separate days between 08.00—10.00 h following
a 10h fast, two semen samples were obtained
(each following a 48 h abstinence from sexual
activity), body circumferences and skinfold
measurements were obtained, and strength
measurements were made for an upper (elbow)
and a lower (knee) body joint.

Fifteen body circumference measurements
were made [14], four skinfold thicknesses were
measured [15], and percent body fat was esti-
mated from skinfolds[15]. Isokinetic muscle
strength was measured using a Cybex II dyna-
mometer (Lumex Inc., Ronkonkoma, NY).
Subjects were positioned according to standard
testing procedures for elbow flexion and knee
extension as outlined by the manufacturer.
Maximum peak torque for each muscle tested
was recorded from four maximum contractions
at angular velocities of 60 and 240°/s. Right
extremities were tested, except in one case, where
a pre-existing right knee injury necessitated a
left knee test; upper extremities were tested first.

Semen samples were submitted within 1h of
collection and analyzed according to standard
procedures; fructose concentration was measured
in the seminal plasma using a colorimetric assay.
Testicular volumes were calculated from caliper
measurements [16]. Serum aliquots were frozen
at —70°C until the samples were assayed in
duplicate by RIA for testosterone[17], estra-
diol-17f and estrone (Nichols Laboratories, San
Juan Capistrano, CA), LH, FSH and prolactin
(Radioassay Systems Laboratories, Carson, CA),
and sex hormone binding globulin (SHBG)
(Farmos Diagnostica, Oulunsalo, Finland).
Serum lipids and apolipoprotein A-1 were
measured as described previously [17]. Randomly
selected urine specimens were tested and no
exogenous steroids other than those administered
were detected [13].

A repeated measures analysis of variance
(ANOVA) was used to compare differences
between groups over time and paired ¢ tests
were used to compare baseline and treatment
measurements within groups.

RESULTS

Body weight increased significantly with TE-
300 mg/wk and with both doses of ND but not
with TE-100 mg/wk (Table 1). In the TE-100 mg/
wk group, 4 subjects decreased and 4 increased
in weight; body weight increased in each subject
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Table 1. Initial (B) body composition and strength measures and change or percent change after 6 weeks of androgen administration

(mean 1 SE)
TE-100 mg/wk TE-300 mg/wk ND-100 mg/wk ND-300 mg/wk
(n=8) n=T7 (n=8) (n=7)

B Change B Change B Change B Change
Body weight (kg) 87.6+33 —-01+08 882+68 34+05* 832+18 2.7+05* 83.6+25 3.3+06*
Percent body fat 183+1.2 04+04 208+20 —-07+05 201+10 -03+08 173+16 1.1+08

from skinfolds

Sum of 4 skinfolds (mm) 46 + 4 1.7+£13 53+5 -30x17 54+7 -1.9+43 42+6 31+21
Isokinetic tests (Nm) %Change %Change %Change %Change
60°/s elbow flexion 75+5 7.1+9.1 80+38 17.8+10.8 78+5 49+38 73t+4 84150
240°/s elbow flexion 57+5 4.1+97 60+ 5 273+ 11.8** 59+4 41+70 54+3 6.2+3.1
60°/s knee extension 245+16 —0.1+42 256410 1.6 +7.2** 239+19 52+43 238+16 6.1 +4.0
240°/s knee extension 144 + 14 8.2+88 150+ 8 15.0 +4.2 141 £ 11 122+ 44 154+ 10 78433

*P = <0.05, paired ¢ test comparison of pre-and post-values.

**P = < 0.05, Dunnett test comparison of % change to TE-100 mg/wk; 1 subject from the low dose group was unavailable for strength

measures at the end of the study.
TE, testosterone enanthate; ND, 19-nortestosterone decanoate.

in the other 3 treatment groups, except for
1 subject with a —0.5kg change in the ND-
100 mg/wk group. There were no changes in 4
skinfold thickness measurements (biceps, triceps,
subscapular and suprailiac), in the sum of the 4
skinfolds, or in the percent body fat estimated
from age and sum of skinfolds (Table 1). Of
15 circumference measurements, only 2 demon-
strated any significant change with drug admin-
istration: shoulder circumferences increased (3.3
+ 0.6 cm) with TE-300 mg/wk, and shoulder and
chest (at maximum inspiration) circumferences
increased (3.8 +1.0, 3.9+ 1.6cm) with ND-
300 mg/wk.

Strength increased significantly during the
experiment for both knee and elbow measure-
ments in all groups, except the TE-100 mg/wk
group, where knee extension at 60°/s did not
change. The improvements were greatest in all
tests with TE-300 mg/wk treatment but this trend
was not significantly different from the improve-
ments in the other treatment groups by ANOVA,
When these improvements (as percent change)
were compared to those produced by the TE-
100 mg/wk group, only the TE-300 mg/wk group
showed significantly greater improvements (in 2
out of the 4 measurements) (Table 1). For the
measurement demonstrating the largest improve-

ment (elbow flexion, 240°/s), percent change in
measured strength was significantly correlated
with serum testosterone measured after 6 weeks
of treatment among the men receiving either
dose of testosterone (r =0.60; P < 0.03).
Some established markers of androgen action
changed in all groups (serum LH and FSH
were suppressed) and others changed only in the
2 high dose groups (SHBG and apolipoprotein
A-1 levels were reduced) (Table 2). Serum lipids
were relatively unchanged except for a small but
significant increase in cholesterol/HDL-choles-
terol ratio in the ND-300 mg/wk group. Other
changes suggested differences between the 2
androgens (reduction in sperm count and mean
reduction in testicular volume tended to be less
in the ND-100 mg/wk group). Only 2 subjects
receiving ND-100 mg/wk demonstrated a reduc-
tion in testicular volume, while most individuals
in the other groups exhibited a reduction; due to
the high variability in this measurement, there
were no significant changes in any one group.
Testosterone reflected the exogenous androgen
treatment, with no significant difference from
baseline after 6 weeks of TE-100 mg/wk, while
increasing 3-fold with TE-300 mg/wk and
decreasing in both ND groups. Estradiol-17p
followed the same pattern of change (Table 2),

Table 2. Markers of exogenous androgen administration before (B) and during (D) androgen administration (mean + SE)

TE-100 mg/wk TE-300 mg/wk ND-100 mg/wk ND-300 mg/wk
(n=8) (n=7) (n=8) (n=7

B D B D B D B D
LH (IU/1) 58+0.6 22+05* 57+04 25+04* 57104 34+05* 7.0+08 24 +0.6*
FSH (1U/)) 59+1.2 20403 65+1.3 1.6+02* 43+04 20+03* 51108 2.0+0.3*
Testosterone (nmol/l) 2842 34+2 2845 86 + 6* 23+ 1 10+ 2¢* 34+4 10+ 1*
Estradiol (pmol/l) 116 + 16 110 + 21 117+ 17 290 +34* 112411 0+11* 146+ 22 50 + 6*
SHBG (nmol/) 23+2 20+2 2615 20 + 4* 20+2 21+3 24+3 19 + 3*
Apolipoprotein A-1 (g/1) 149+0.08 1.37+£008 1.53+0.11 1.28+0.07* 1.34+006 135+007 1.61+0.14 128+0.11*
Sperm count (million/ml) 50+3 15+ 2* 104 + 10 25+ 6* 91+13 354 5+ 76+ 7 28 +4*
Testicular volume (cm?) 30+3 1943 33+3 1911 28+2 29+4 35+3 24+1

Gonadotropin concentrations represent two samples drawn on separate days for each individual; “D” for the other parameters represents
values from the first blood sample drawn 2-3 days after the 6th dose; *P < 0.05, paired ¢ test.
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while estrone only increased significantly with
TE-300 mg/wk (data not shown). Serum pro-
lactin levels were unchanged, as were indicators
of prostate function (semen volume and fructose
concentrations).

DISCUSSION

High dose androgen administration produced
linear increases in weekly measurements of body
weight. This weight change reflected a change
occurring primarily in the fat-free component
since an increase in fat weight would have been
detected by an increase in skinfold thicknesses
and abdominal circumferences; this is also
consistent with our previous observations using
underwater weighing of men treated with high
dose TE for 12 weeks [17]. The average weight
gain produced by 300 mg/wk of these two
parenteral androgens is comparable to the 3.3 kg
increase reported for a group of men with similar
characteristics following 6 weeks of treatment
with 100 mg/day methandrostenolone [18], the
orally active androgen which is most frequently
used by athletes. These changes appear to involve
a specific myotrophic action rather than simply
the water retention suggested from some earlier
investigations [19]. This is suggested by observed
increases in fiber size in muscle biopsies [20] and
by increases in total body potassium and nitro-
gen [21] but the precise nature of these changes
remains to be defined. Our circumference results
are consistent with studies which demonstrate a
preferential effect of androgens on muscle size in
the upper body in castrated animals [2], and with
clinical observations in humans of androgen-
induced increases in upper body muscle mass
in female-to-male transsexuals and in androgen
replaced Klinefelter’s patients.

In the TE-100 mg/wk group, the absence of
change in body weight and the maintenance of
serum testosterone levels even with substantial
suppression of gonadotropins and reduction in
testicular volume indicates that this approxi-
mates a replacement dose. In some ways, such
a drug ‘“‘control” group offers a more suitable
comparison in double blinded studies than
placebo controls; the subjects generally observe
a reduction in testicular volume and share with
the experimental groups any subtle differences
which might be attributed to weekly fluctuations
in androgen levels between injections and to the
absence of a normal diurnal cycle of testosterone
secretion. Our subjects were unable to guess
whether they were receiving “low” or “high”
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dose androgen, although most of them did not
have previous experience with exogenous andro-
gens with which to compare. The observation
that ND-100 mg/wk produced a weight gain
suggests that the “anabolic” properties of this
androgen are enhanced relative to TE. In a
previous study, Crist et al. [22] found no weight
gain effect with ND-100 mg/wk compared to
testosterone cypionate (which appears to be
virtually identical to TE in terms of pharmaco-
kinetics [9]) and to placebo, although this was
a crossover study with only 2 week washout
periods and 3 week treatment periods.

Nearly all of the strength measurements in
this study improved from baseline values. This
could be attributed to a learning effect with the
testing procedure itself or to an increased train-
ing effort by the subjects during the study. Our
subjects were physically fit men who generally
participate in group sports and running as part
of their regular Army training but the groups
were balanced with 2-3 subjects per group who
also participated in resistance exercise on a
regular basis. Thus, the strength measurements
in this study probably reflect passive changes
rather than improvements resulting from weight
training.

We assume that there are qualitative changes
which must occur along with the increase in
muscle mass to produce substantial increases
in strength. This is suggested by the studies of
Hervey et al. [21] who found weight gains in both
trained and untrained men receiving 100 mg/day
methandrostenolone but performance increments
only with the experienced lifters [22]. We found
no difference in the weight gains produced by
high doses of nandrolone and testosterone but
our data suggests a difference between the
strength changes in these groups; only TE-
300 mg/wk demonstrated improvements over
TE-100 mg/wk, although a larger sample size
might have overcome the problem of high vari-
ability in the strength changes and may have also
revealed statistical differences with nandrolone.
The strength improvements produced by high
dose TE are consistent with reports of other
testosterone induced changes such as increased
aggressiveness and increased motoneuron
activity [23).

Several studies suggest a difference between
testosterone and nandrolone effects on skeletal
muscle. Specific increases in muscle protein
synthesis have been demonstrated with TE
treatment of men with myotonic dystrophy [24]
while another study could not demonstrate such
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an effect with ND treatment [25). Testosterone
induced changes in tropomyosin isoforms have
been demonstrated in the androgen responsive
guinea pig temporalis muscle model [26]; on the
other hand, in specialized rat models ND has
also been shown to increase myofibril protein
content [27]. It would be interesting to know if
nandrolone binds with equal affinity to muscle
cytosolic androgen receptors {28] and if other
differences in the metabolism of testosterone
and nandrolone [10, 11] modify the effect of
nandrolone on skeletal muscle.

We found little difference in the effects of the
two steroids on established markers of androgen
action. Gonadotropins were significantly sup-
pressed by both steroids at both doses. Although
SHBG levels usually reflect the estrogen—
androgen balance, SHBG levels were similarly
suppressed by the high doses of ND and TE
even though estradiol levels were significantly
increased only with TE-300 mg/wk and not with
ND-300 mg/wk. Sperm count was suppressed
by all doses of the two steroids but was less
consistently reduced to low levels by ND-
100 mg/wk; nevertheless, a longer period of treat-
ment would be expected to further reduce sperm
count to < 10million/m]l in all four groups
[29, 30]. The accessory sex glands also did not
appear to be differentially affected, based on the
unchanged androgen-dependent semen fructose
concentration,

In summary, differences between the two
androgens were noted at the lower dose (100 mg/
wk), including an anabolic weight gain effect
which did not occur with TE and the suggestion
of a reduced effect on testicular function by ND.
At a high dose (300 mg/wk), these differences
were abolished and the actions of TE and ND
were substantially the same, including a similar
anabolic weight gain effect. Whether or not these
two androgens differentially increase strength
remains to be established.

Acknowledgements—We thank Messrs Louis A. Matej,
James R. Wright, Thomas M. Kettler and Alexander
Gonzalez for their expert technical contributions to this
study and to LTC Robert E. Jones, M. D., for his helpful
suggestions and assistance.

REFERENCES

1. Papanicolaou G. N. and Falk E. A.: General muscular
hypertrophy induced by androgenic hormone. Science
87 (1938) 238-239.

2. Kochakian C. D. and Endahl B. R.: Changes in body
weight of normal and castrated rats by different doses
of testosterone proprionate. Proc. Soc. Exp. Biol. Med.
100 (1959) 520-527.

11

13.

14,

15.

19.

611

. Wade N.: Anabolic steroids: doctors denounce them, but

athletes aren’t listening. Science 176 (1972) 1399-1403.

. Hershberger J. G., Shipley E. G. and Meyer RK.:

Myotrophic activity of 19-nortestosterone and other
steroids determined by modified levator ani muscle
method. Proc. Soc. Exp. Biol. 83 (1953) 175-180.

. Friedl K. E.: Reappraisal of the health risks associated

with the use of high doses of oral and injectable andro-
genic steroids. In Anabolic Steroid Abuse (Edited by G.
C. Lin and L. Erinoff). Nat. Inst. on Drug Abuse,
Washington, DC, Research Monograph 102 (1990)
DHHS Publ. No. (ADM) $0-1720.

. Friedl K. E. and Yesalis C. E.: Self-treatment of gyneco-

mastia in body-builders who use anabolic steroids.
Phys. Sportsmed. 17 (1989) 67-79.

. Belkien L., Schurmeyer T., Hano R., Gunnarsson P. O.

and Neischlag E.: Pharmacokinetics of 19-nortestoster-
one esters in normal men. J. Steroid Biochem. 22 (1985)
623-629.

. Wijnand H. P., Bosch A. M. G. and Donker C. W.:

Pharmacokinetic parameters of nandrolone (19-nor-
testosterone) after intramuscular administration of
nandrolone decanoate (Deca-Durabolin) to healthy
volunteers. Acta Endocr. 110 (Suppl. 271) (1985) 19-30.

. Schulte-Beerbuhl M. and Nieschlag E.: Comparison of

testosterone, dihydrotestosterone, luteinizing hormone,
and follicle-stimulating hormone in serum after injection
of testosterone enanthate or testosterone cypionate.
Fert. Steril. 33 (1980) 201-203.

. Bergink E. W., Geelen J. A, A. and Turpijn E. W.:

Metabolism and receptor binding of nandroione and
testosterone under in vitro and in vivo conditions. Acta
Endocr. 110 (Suppl. 271) (1985) 31-37.

Toth M. and Zakar T.: Relative binding affinities of
testosterone, 19-nortestosterone and their Sa-reduced
derivatives to the androgen receptor and to other
androgen-binding proteins: a suggested role of Sua-
reductive steroid metabolism in the dissociation of
“myotropic”’ and ‘“androgenic” activities of 19-nor-
testosterone. J. Steroid Biochem. 17 (1982) 653-660.

. Bijlsma J. W., Duursma S. A., Thijssen J. H. H. and

Huber O.: Influence of nandrolone decanoate on the
pituitary-gonadal axis in males. Acta Endocr. 101 (1982)
108-112.

Friedl K. E., Jones R. E., Hannan C. J. and Plymate S.
R.: The administration of pharmacological doses of
testosterone or 19-nortestosterone to normal men is not
associated with increased insulin secretion or impaired
glucose tolerance. J. Clin. Endocr. Metab. 68 (1989)
971-975.

Katch V. L., Katch F. 1., Moffatt R. and Gittleson M.:
Muscular development and lean body weight in body
builders and weight lifters. Med. Sci. Sports Exer. 12
(1980) 340-344.

Durnin J. V. G. A. and Womersley J.: Body fat assessed
from total body density and its estimation from skinfold
thickness: measurements on 481 men and women aged
from 16 to 72 years. Br. J. Nutr. 32 (1974) 77-97.

. Rivkees S. A., Hall D. A,, Boepple P. A. and Crawford

J. D.: Accuracy and reproducibility of clinical measures
of testicular volume. J. Pedias. 110 (1987) 914-917.

. Friedl K. E., Hannan C. J., Jones R. E. and Plymate

S. R.: High-density lipoprotein cholesterol is not
decreased if an aromatizable androgen is administered.
Metabolism 39 (1990) 69-74.

. Hervey G. R., Hutchinson 1., Knibbs A. V., Burkinshaw

L., Jones P. R., Norgan N. G. and Levell M.: “Anabolic”
effects of methandienone in men undergoing athletic
training. Lancet 2 (1976) 699-702.

Freed D. L. J,, Banks A. J., Longson D. and Burley
D. M.: Anabolic steroids in athletics: crossover double-
blind trial on weightlifters. Br. Med. J. 2 (1975)
471-473.



612

20.

21.

22

23.

24,

25.

KARL E. FRIEDL et al.

Alen M., Hakkinen A. K. and Komi P. V.: Changes in
neuromuscular performance and muscle fiber character-
istics of elite power athletes self-administering androgen
and anabolic steroids. Acta Physiol. Scand. 122 (1984)
535-544.

Hervey G. R., Knibbs A. V., Burkinshaw L., Morgan
D. B, Jones P. R. M., Chettle D. R. and Varisky D.:
Effects of methandienone on the performance and
body composition of men undergoing athletic training.
Clin. Sci. 60 (1981) 457-461.

Crist D. M., Stackpole P. J. and Peake G. T.: Effects of
androgenic-anabolic steroids on neuromuscular power
and body composition. J. Appl. Physiol. 54 (1983)
366-370.

Kurz E. M,, Sengelaub D. R. and Arnold A. P.
Androgens regulate the dendritic length of mammalian
motoneurons in adulthood. Science 232 (1986) 395-398.
Griggs R. C.,, Halliday D., Kingston W. and Moxley
R. T.: Effect of testosterone on muscle protein syn-
thesis in myotonic dystrophy. Ann. Neurol. 20 (1986)
590-596.

Barwick D. D., Newell D. J. and Walton J. N.:
Methandrostenolone and nandrolone decanoate in

26.

27.

28.

29.

30.

muscular dystrophy: a controlled trial. Neurology 13
(1963) 12-23.

Lyons G. E., Kelly A. M. and Rubinstein N. A.:
Testosterone-induced changes in contractile protein
isoforms in the sexually dimorphic temporalis muscle
of the guinea pig. J. Biol. Chem. 261 (1986) 13278—
13284.

Tsika R. W., Herrick R. E. and Baldwin K. M.:
Effect of anabolic steroids on skeletal muscle mass
during hindlimb suspension. J. Appl. Physiol. 63 (1987)
2122-2127.

Michel G. and Baulieu E. E.: Androgen receptor in
rat skeletal muscle: characterization and physiological
variations. Endocrinology 107 (1980) 2088-2098.
Matsumoto A. M.: Effects of chronic testosterone
administration in normal men: safety and efficacy of
high dosage testosterone and parallel dose-dependent
suppression of luteinizing hormone, follicle-stimulating
hormone, and sperm production. J. Clin. Endocr.
Metab. 70 (1990) 282-287.

Schurmeyer T., Knuth A. U, Belkien L. and Nieschlag
E.. Reversible azoospermia induced by the anabolic
steroid 19-nortestosterone Lancet 1 (1984) 417-420.



