
Abstract The purpose of this study was to investigate
the immunohistochemical expression of androgen recep-
tors (AR) in human vastus lateralis and trapezius mus-
cles and to determine whether long-term strength train-
ing and self-administration of androgenic-anabolic ste-
roids are accompanied by changes in AR content. Biopsy
samples were taken from eight high-level power-lifters
(P), nine high-level power-lifters who used anabolic ste-
roids (PAS) and six untrained subjects (U). Myonuclei
and AR were visualised in cross-sections stained with
the monoclonal antibody against AR and 4’,6-diamidino-
2-phenylindole. The proportion of AR-containing myo-
nuclei per fibre cross-section was higher in the trapezius
than in the vastus lateralis (P<0.05). In the trapezius, the
proportion of AR-containing myonuclei was higher in P
compared to U and in PAS compared to both P and U
(P<0.05). On the contrary, in the vastus lateralis, there
were no differences in AR content between the three
groups. Myonuclear number in both muscles was higher
in P compared to U and in PAS compared to both P and
U (P<0.05). In conclusion, AR content differs greatly
between human neck and limb muscles. Moreover, the
regulation of AR-containing myonuclei following train-
ing and self-administration of androgenic-anabolic ste-
roids is muscle dependent.

Introduction

Androgen receptors (AR) belong to the superfamily of li-
gand-responsive transcription regulators. When andro-
genic hormones bind to the receptor, it becomes activat-
ed and the androgen-receptor complex is translocated to
the hormone responsive element within the nucleus. The
binding to selective genes increases rates of transcription
(Luke and Coffey 1994). Some early reports indicated
that AR were located in the cytosol of muscle fibres
(Krieg 1976; Max et al. 1981). More recently, the mole-
cular cloning and structural analysis of AR cDNA
(Chang et al. 1990; Trapman et al. 1988) made it possi-
ble to prepare specific polyclonal and monoclonal anti-
bodies. Since then, using immunohistochemical meth-
ods, the nuclear location of AR has been clearly demon-
strated in nearly all tissues (Janssen et al. 1994; Kimura
et al. 1993; Ruizeveld-de-Winter et al. 1991; Sar et al.
1990; Takeda et al. 1990).

With regard to skeletal muscles, AR are found to be
expressed in myonuclei (Dorlochter et al. 1994; Kimura
et al. 1993; Takeda et al. 1990) and satellite cells (Dou-
mit et al. 1996). However, AR-containing myonuclei in
skeletal muscles have not been demonstrated in all stud-
ies (Janssen et al. 1994; Ruizeveld-de-Winter et al.
1991). As discussed by Janssen et al. (1994), muscles of
different sites may vary in AR content. In fact, there is a
large body of evidence suggesting that androgen sensi-
tivity may vary between different muscle groups (Wilson
1988). Nevertheless, there is no report devoted to the im-
munohistochemical evaluation of AR expression in dif-
ferent human skeletal muscles.

In recent years, several studies have been performed in
order to investigate the effects of training on AR content
in skeletal muscles from animals. In some (Deschenes et
al. 1994; Inoue et al. 1993) but not all investigations
(Chaikovskii et al. 1985), a substantial increase in the
concentration of AR has been shown to occur following
either endurance and strength training or electrical stimu-
lation. Therefore, it has been assumed that training in-
creases AR content but to a variable extent, depending

F. Kadi (✉) · P. Bonnerud · A. Eriksson · L.-E. Thornell
Department of Integrative Medical Biology, Section for Anatomy,
Umeå University, 901 87, Umeå, Sweden
e-mail: fawzi.kadi@anatomy.umu.se
Tel.: +46-90-7865122
Fax: +46-90-7865480

F. Kadi
URA CNRS 2115, “Cytosquelette et Développement” 75013,
Paris, France

F. Kadi · L.-E. Thornell
National Institute for Working Life, Umeå, Sweden

Histochem Cell Biol (2000) 113:25–29 © Springer-Verlag 2000

O R I G I N A L  PA P E R

Fawzi Kadi · Patrik Bonnerud · Anders Eriksson
Lars-Eric Thornell

The expression of androgen receptors in human neck
and limb muscles: effects of training and self-administration
of androgenic-anabolic steroids

Accepted: 15 October 1999



upon skeletal muscles in question (Deschenes et al. 1994;
Hickson and Kurowski 1986). As yet, there has been no
immunohistochemically based evaluation of AR content
in human skeletal muscles from well-trained athletes.

It is well known that, in many sports, athletes use an-
drogenic-anabolic steroids in order to improve their per-
formances. The question related to the modulation of AR
content in skeletal muscles of athletes who have used an-
drogenic-anabolic steroids has not been investigated. In
animal models and in cultured muscle satellite cells, it
has been shown that androgenic-anabolic steroids may
either upregulate (Doumit et al. 1996) or downregulate
(Bricout et al. 1994; Lin et al. 1993) AR content. Thus, it
has been suggested that the effects of these substances
on AR in skeletal muscles are not uniform and that they
depend upon the concentration of AR in the muscles in
question (Hyyppa et al. 1997; Salmons 1992).

In the light of these findings, the aim of the present
work was to study the expression of AR in human trap-
ezius and vastus lateralis muscles. Furthermore, in order
to study the effects of training and self-administration of
androgenic-anabolic steroids on the expression of AR,
we have examined AR content in muscle samples from
three groups of male subjects: high-level power-lifters,
high-level power-lifters who have used anabolic steroids
and untrained subjects.

Material and methods

Subjects

Seventeen power-lifters participated in the present study. All were
highly competitive and participated in Swedish National and Inter-
national competitions. We were able to perform this study because
one of the authors is a European champion (Oldstad, Germany,
1988) and Nordic champion (Denmark, 1988 and Finland, 1990)
in power-lifting and has personal contacts with the Swedish elite
power-lifters. The athletes participated regularly in international
competitions (World championship, European championship and
Swedish championship in power events). All the athletes had simi-
lar training regimen. They trained regularly 4–6 times a week, 2–3 h
per session. The sessions consisted of four to seven sets of exer-
cises and 3–12 repetitions per set.

Among the 17 power-lifters, 9 had used a wide variety of ana-
bolic steroids at high doses (PAS group; 31±3 years) for a period
of 9±3.3 years. Testosterone (100–500 mg/week) was used in
combination with a variety of anabolic steroids (nandrolone, stan-
ozolol, primobolan, oxymetholone, mastoron, proviron and du-
robolan). These subjects have been individually interviewed re-
garding their steroid usage and they have described the amount
and the type of drugs which they used. The steroid regimen in-
cluded both “staking”, or simultaneous use of several types of ana-
bolic steroids at high doses, and “cycling,” a drug-free period fol-
lowed by times when the doses and the types of drugs taken were
increased to a maximum to anticipate peak performance. Two of
these athletes have been caught in regular drug testing. The 8 other
power-lifters (P group; 28±8 years) had never used these sub-
stances and they were selected from the same club where they
signed a contract that committed them never to use any drugs.
They were regularly controlled. Moreover, 4 of them participated
voluntarily as controls in another project aiming to find more ef-
fective methods to detect drugs. We have also obtained muscle bi-
opsies from six untrained male subjects (U group) (23±3 years).
This work was approved by the Ethics Committee of Umeå Uni-
versity. Written consent was obtained from all the subjects.

Muscle samples

Muscle biopsies were taken from the vastus lateralis and the upper
part of the descending portion of the trapezius muscle (descending
I) using forceps. This part of the trapezius muscle has been well
characterised in previous studies performed in our laboratory
(Kadi et al. 1998, 1999a; Lindman et al. 1990). The samples were
mounted in embedding medium (Tissue Tek; Miles Laboratories),
and quickly frozen in propane cooled in liquid nitrogen and stored
at –80°C until analysed.

Immunohistochemistry

Serial 5-µm-thick cross-sections were cut at about –20°C using a
cryostat microtome, mounted on glass coverslips and air dried at
room temperature. Immunohistochemistry was performed using
the tyramide signal amplification-direct technique (NEN Life Sci-
ence Products). Sections were fixed for 10 min in Zamboni’s fixa-
tive (Stefanini et al. 1967) and incubated for 30 min in TNB
blocking buffer (0.1 M TRIS-HCl, pH 7.5; 0.15 M NaCl; 0.5%
blocking reagent). Sections were incubated overnight with the
monoclonal antibody NCL-AR-2F12 (1:100 dilution) directed
against human AR. The antibody was purchased from Novocastra
Laboratories. Sections were rinsed in TNT wash buffer (0.1 M
TRIS-HCl, pH 7.5; 0.15 M NaCl; 0.05% Tween 20) and incubated
subsequently with biotinylated secondary antibody and with strep-
tavidin horseradish peroxidase (BA 2000; Vector Laboratories) at
room temperature. The sections were then rinsed in TNT wash
buffer and incubated in fluorophore tyramide for 10 min (fluores-
cein tyramide was used – green fluorescence). Myonuclei were vi-
sualised using Vectashield mounting medium containing 4’,6-
diamidino-2-phenylindole (DAPI; Vector Laboratories). As nega-
tive control, sections were incubated without primary antibody.
The sections were visualised with fluorescence microscopy. Fluo-
rescence images were acquired with a CCD camera (DAGE MTI,
DC 330 E) connected to the microscope (40×/0.75 objective;
Zeiss). In each muscle cross-section, an average of 15 different
areas were randomly chosen for the measurement of the number of
myonuclei per fibre and the number of myonuclei which ex-
pressed AR. Around 500 myonuclei per muscle cross-section were
analysed.

Statistical analysis

Data are presented as means and standard deviations. The statisti-
cal significance of the differences between groups was determined
using one-way analysis of variance (ANOVA) and post hoc proce-
dures. P values below 0.05 were considered statistically signifi-
cant.

Results

The expression of AR in human vastus lateralis
and trapezius muscles

Using the monoclonal antibody against AR, immunola-
belling in human vastus lateralis and trapezius muscles
was localised in fibre myonuclei. This observation was
confirmed by counterstaining antibody-labelled sections
with the blue fluorescing DNA dye, DAPI, which la-
belled all myonuclei (Fig. 1). AR antibody appeared to
label nuclear perimeters. Immunolabelling was also ob-
served in capillary endothelium (Fig. 1) as well as in in-
tramuscular nerve bundles. Labelled myonuclei were de-
tected in every muscle sample. The labelling intensity
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was higher in capillaries than in myonuclei in both the
vastus lateralis and the trapezius muscles. By counter-
staining all myonuclei with DAPI we found that some
myonuclei did not express AR. Therefore, we have de-
termined the proportion of AR-containing myonuclei per
muscle fibre cross-section in the vastus lateralis and in
the trapezius in the three groups of subjects.

The proportion of myonuclei expressing AR in human
vastus lateralis and trapezius muscles (Fig. 2)

In the subjects from the three groups, the proportion of AR-
containing myonuclei per fibre cross-section was higher in
the trapezius compared to the vastus lateralis (P<0.05). In
the vastus lateralis, there were no differences in the propor-

tion of AR-containing myonuclei between U, P and PAS.
On the contrary, the proportion of AR-containing myonu-
clei in the trapezius muscle was higher in P compared to U
(P<0.05) and in PAS compared to both P and U.

The myonuclear number in human vastus lateralis
and trapezius muscles (Fig. 3)

The mean number of myonuclei per fibre cross-section
in the trapezius and the vastus lateralis muscles was sig-
nificantly higher in P compared to U (P<0.05) and in
PAS compared to both P and U (P<0.05).

Discussion

The present study clearly confirmed the presence of AR
in the myonuclei of human muscle fibres. It was also
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Fig. 1a,b Immunohistochemical detection of androgen receptors
(AR) in human skeletal muscle. Muscle fibre cross-section stained
with monoclonal antibody against AR (a) and counterstained with

4’,6-diamidino-2-phenylindole (b) to visualise myonuclei (blue).
Arrowheads in a and b point to a capillary. In b note the presence
of two myonuclei (arrows); only one of them expresses AR (a)

Fig. 2 The proportion of AR-positive myonuclei in human vastus
lateralis and trapezius muscles from untrained subjects (U), high-
level power-lifters (P) and high-level power-lifters who use ana-
bolic steroids (PAS). Values are mean ± SD. * Significantly great-
er than corresponding vastus lateralis values. # Significantly great-
er than U trapezius muscle. ## Significantly greater than P trap-
ezius muscle

Fig. 3 The mean number of myonuclei in human vastus lateralis
and trapezius muscles from U, P and PAS. Values are mean ± SD.
* Significantly greater than U trapezius and vastus lateralis mus-
cles. # Significantly greater than P trapezius and vastus lateralis
muscles



demonstrated that the number of AR-containing myonu-
clei is higher in the trapezius compared to the vastus lat-
eralis. Moreover, we have shown that long-term strength
training and self-administration of androgenic-anabolic
steroids are associated with changes in AR-containing
myonuclei in the trapezius but not in the vastus lateralis.

AR were not expressed in all myonuclei of muscle fi-
bres. The quantification of AR-containing myonuclei per
fibre cross-section revealed significant differences between
human trapezius and vastus lateralis muscles: in untrained
subjects, the proportion of AR-containing myonuclei in the
trapezius was nearly 60% higher than in the vastus latera-
lis. Similar intermuscular differences in AR content have
also been demonstrated in frog skeletal muscles (Dorloch-
ter et al. 1994). In fact, a very early study showed that the
sensitivity of guinea-pig skeletal muscles to testosterone
stimulation was greatest in the head and neck region and
gradually decreased from head to hindquarters (Kochakian
and Tillotson 1957). Hence, our results provide a molecu-
lar basis for the differences in androgen sensitivity among
different muscle groups. The intermuscular differences in
AR content might well reflect differences in embryological
origins, nerve supply and functional requirements. In this
regard, it has been shown that the number of AR-contain-
ing myonuclei in frog skeletal muscles varies between
muscle fibres innervated by spinal nerve 2 (SN2) and those
innervated by SN3 (Dorlochter et al. 1994).

One of the fascinating aspects of skeletal muscles is
their great capacity to adapt their structural, physiologi-
cal and biochemical characteristics to increased physical
activity. In this context, the present study showed that
strength training alters AR content in the trapezius but
not in the vastus lateralis. Thus, the regulation of AR
content following training is muscle dependent. In ani-
mal studies, although there is evidence in favour of the
increase in the concentration of AR in soleus, extensor
digitorum longus, gastrocnemius and plantaris muscles,
intermuscular differences in the regulation of AR con-
centration have also been reported (Bricout et al. 1994;
Deschenes et al. 1994; Hickson and Kurowski 1986;
Inoue et al. 1993; Salmons 1992).

This is the first investigation showing that both the
trapezius and the vastus lateralis muscles in high-level
power-lifters contain more myonuclei per muscle fibre
than in untrained subjects. In fact, the increase in the
myonuclear number in skeletal muscles has been shown
to occur following training (Cabric and James 1983;
Goldberg et al. 1975; Kadi et al. 1999a; Winchester and
Gonyea 1992), electrical stimulation (Cabric et al. 1987)
and muscle overload (Allen et al. 1995). The modulation
of myonuclei number seems to be of great importance in
the regulation of fibre size. Our results indicate that the
increase in the myonuclear number following long-term
strength training is a cellular adaptation that occurs in all
strength-trained human skeletal muscles irrespective of
their embryological origin or nerve supply.

This study also showed that both the vastus lateralis
and the trapezius of high-level power-lifters who used
anabolic steroids contain more myonuclei per fibre than

high-level power-lifters who never used these sub-
stances. This is in line with a previous result showing an
increase in the myonuclear number in the trapezius muscle
of athletes who used steroids compared to those who did
not (Kadi et al. 1999b). Similarly, Galavazi and Szirmai
(1971) and Joubert and Tobin (1989) showed that testos-
terone treatment increased the number of myonuclei in
the rat levator ani muscles.

Self-administration of androgenic-anabolic steroids
can alter the proportion of AR-containing myonuclei in
some human skeletal muscles. Indeed, the proportion of
AR-containing myonuclei was higher in the trapezius
muscle of steroid-using athletes, but not in their vastus
lateralis. Likewise, it has been demonstrated that frog
skeletal muscle fibres in the shoulder region were more
sensitive to testosterone than fibres in other regions
(Regnier and Herrera 1993a,b).

In previous studies, there have been conflicting re-
sults as to whether androgenic-anabolic steroids up- or
downregulate AR content in skeletal muscles. The con-
centration of AR, obtained using methods based upon
the radio-competition assay, was decreased following
anabolic steroid treatment in rat soleus and extensor dig-
itorum longus muscles (Bricout et al. 1994). In contrast,
androgen treatment induced an increase in the concentra-
tion of AR in cell cultures (Doumit et al. 1996). In fact,
it has been shown that two rabbit skeletal muscles that
have similar fibre size, fibre-type composition and which
are supplied by the same nerves and blood vessels can
differ greatly in their response to anabolic steroid treat-
ment (Salmons 1992). Thus, the results of the current
study indicate that the action of anabolic steroids on AR-
containing myonuclei in skeletal muscles is highly selec-
tive: an upregulation of AR occurs in neck but not in
limb muscles. Although the mechanisms of AR autoreg-
ulation were not addressed in the present study, it has
been suggested that the modulation of AR content might
occur through stabilising existing receptors or increasing
de novo receptor synthesis (Syms et al. 1985).

In conclusion, AR-containing myonuclei vary among
human skeletal muscles: AR content is higher in neck
than in limb muscles. Likewise, it is obvious that the
regulation of AR content following long-term strength
training and self-administration of anabolic steroids is
muscle dependent.

Acknowledgements We thank A.-K. Nordlund for excellent tech-
nical assistance and Dr. G.S. Butler-Browne for the critical read-
ing of this manuscript. This study was supported by grants from
the Swedish Council for Work Life Research (95–0200), the
Swedish Medical Research Council (12x-3934), the Medical Faculty
of Umeå University and the Department of Musculoskeletal Re-
search, National Institute for Working Life, Umeå.

References

Allen DL, Monke SR, Talmadge RJ, Roy RR, Edgerton VR
(1995) Plasticity of myonuclear number in hypertrophied and
atrophied mammalian skeletal muscle fibres. J Appl Physiol
78:1969–1976

28



Bricout V, Germain P, Serrurier B, Guezennec C (1994) Changes
in testosterone muscle receptors: effects of an androgen treat-
ment on physically trained rats. Cell Mol Biol 40:291–294

Cabric M, James NT (1983) Morphometric analyses on the mus-
cles of exercise trained and untrained dogs. Am J Anat
166:359–368

Cabric M, Appell HJ, Resic A (1987) Effects of electrical stimula-
tion of different frequencies on the myonuclei and fibre size in
human muscle. Int J Sports Med 8:323–326

Chaikovskii VS, Ivanova EI, Rogozkin VA (1985) Content and
utilization of testosterone in the cardiac and skeletal muscles
of male rats during physical exercise. Probl Endokrinol Mosk
31:78–82

Chang C, Kokontis J, Swift S, Liao ST (1990) Molecular cloning
and structural analysis of complementary DNA of human and
rat androgen receptors. Prog Clin Biol Res 322:53–63

Deschenes MR, Maresh CM, Armstrong LE, Covault J, Kraemer
WJ, Crivello JF (1994) Endurance and resistance exercise in-
duce muscle fibre type specific responses in androgen binding
capacity. J Steroid Biochem Mol Biol 50:175–179

Dorlochter M, Astrow SH, Herrera AA (1994) Effects of testoster-
one on a sexually dimorphic frog muscle: repeated in vivo ob-
servations and androgen receptor distribution. J Neurobiol
25:897–916

Doumit ME, Cook DR, Merkel RA (1996) Testosterone up-regu-
lates androgen receptors and decreases differentiation of por-
cine myogenic satellite cells in vitro. Endocrinology.
137:1385–1394

Galavazi G, Szirmai JA (1971) Cytomorphometry of skeletal mus-
cle: the influence of age and testosterone on the rat m. levator
ani. Z Zellforsch Mikrosk Anat 121:507–530

Goldberg AL, Etlinger JD, Goldspink DF, Jablecki C (1975)
Mechanism of work-induced hypertrophy of skeletal muscle.
Med Sci Sports Exerc 7:185–198

Hickson RC, Kurowski TG (1986) Anabolic steroids and training.
Clin Sports Med 5:461–469

Hyyppa S, Karvonen U, Rasanen LA, Persson SG, Poso AR
(1997) Androgen receptors and skeletal muscle composition in
trotters treated with nandrolone laureate. Zentralbl Veterin-
armed A 44:481–491

Inoue K, Yamasaki S, Fushiki T, Kano T, Moritani T, Itoh K,
Sugimoto E (1993) Rapid increase in the number of androgen
receptors following electrical stimulation of the rat muscle.
Eur J Appl Physiol 66:134–140

Janssen PJ, Brinkmann AO, Boersma WJ, Van-der-Kwast TH
(1994) Immunohistochemical detection of the androgen recep-
tor with monoclonal antibody F39.4 in routinely processed,
paraffin-embedded human tissues after microwave pre-treat-
ment. J Histochem Cytochem 42:1169–1175

Joubert Y, Tobin C (1989) Satellite cell proliferation and increase
in the number of myonuclei induced by testosterone in the le-
vator ani muscle of the adult female rat. Dev Biol 131:
550–557

Kadi F, Hägg G, Håkansson R, Holmner S, Butler-Browne G,
Thornell L-E (1998) Structural changes in male trapezius
muscle with work-related myalgia. Acta Neuropathol 95: -
352–360

Kadi F, Eriksson A, Holmner S, Butler-Browne G, Thornell L-E
(1999a) Cellular adaptation of the trapezius muscle in strength
trained athletes. Histochem Cell Biol 111:189–195

Kadi F, Eriksson A, Holmner S, Thornell L-E (1999b) Effects of
anabolic steroids on the muscle cells of strength-trained athle-
tes. Med Sci Sports Exerc 31 (in press)

Kimura N, Mizokami A, Oonuma T, Sasano H, Nagura H (1993)
Immunocytochemical localization of androgen receptor with
polyclonal antibody in paraffin-embedded human tissues. J
Histochem Cytochem 41:671–678

Kochakian CD, Tillotson C (1957) Influence of several C19-
steroids on the growth of individual muscles of the guinea pig.
Endocrinology 60:607–618

Krieg M (1976) Characterization of the androgen receptor in the
skeletal muscle of the rat. Steroids 28:261–274

Lin MC, Rajfer J, Swerdloff RS, Gonzalez-Cadavid NF (1993)
Testosterone down-regulates the levels of androgen receptor
mRNA in smooth muscle cells from the rat corpora cavernosa
via aromatization to estrogens. J Steroid Biochem Mol Biol
45:333–343

Lindman R, Eriksson A, Thornell LE (1990) Fibre type composi-
tion of the human male trapezius muscle: enzyme-histochemi-
cal characteristics. Am J Anat 189:236–244

Luke M, Coffey D (1994) The male accessory tissues: structure,
androgen, and physiology. In: Knobil E, Neill J (eds) The phys-
iology of reproduction. Raven Press, New York, pp 1435–1488

Max SR, Mufti S, Carlson BM (1981) Cytosolic androgen receptor
in regenerating rat levator ani muscle. Biochem J 200:77–82

Regnier M, Herrera AA (1993a) Differential sensitivity to andro-
gens within a sexually dimorphic muscle of male frogs (Xeno-
pus laevis). J Neurobiol 24:1215–1228

Regnier M, Herrera AA (1993b) Changes in contractile properties
by androgen hormones in sexually dimorphic muscles of male
frogs (Xenopus laevis). J Physiol Lond 461:565–581

Ruizeveld-de-Winter JA, Trapman J, Vermey M, Mulder E,
Zegers ND, Van-der-Kwast TH (1991) Androgen receptor ex-
pression in human tissues: an immunohistochemical study. J
Histochem Cytochem 39:927–936

Salmons S (1992) Myotrophic effects of an anabolic steroid in
rabbit limb muscles. Muscle Nerve 15:806–812

Sar M, Lubahn DB, French FS, Wilson EM (1990) Immunohisto-
chemical localization of the androgen receptor in rat and hu-
man tissues. Endocrinology 127:3180–3186

Stefanini M, De-Martino C, Zamboni L (1967) Fixation of ejacu-
lated spermatozoa for electron microscopy. Nature 216:173–174

Syms AJ, Norris JS, Panko WB, Smith RG (1985) Mechanism of
androgen-receptor augmentation. Analysis of receptor synthe-
sis and degradation by the density-shift technique. J Biol Chem
260:455–461

Takeda H, Chodak G, Mutchnik S, Nakamoto T, Chang C (1990)
Immunohistochemical localization of androgen receptors with
mono- and polyclonal antibodies to androgen receptor. J Endo-
crinol 126:17–25

Trapman J, Klaassen P, Kuiper GG, Korput JA van der, Faber PW,
Rooij HC van, Geurts-van-Kessel A, Voorhorst MM, Mulder
E, Brinkmann AO (1988) Cloning, structure and expression of
a cDNA encoding the human androgen receptor. Biochem
Biophys Res Commun 153:241–248

Wilson JD (1988) Androgen abuse by athletes. Endocr Rev
9:181–199

Winchester PK, Gonyea WJ (1992) A quantitative study of satel-
lite cells and myonuclei in stretched avian slow tonic muscle.
Anat Rec 232:369–377

29


