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This  s t u d y  e x a m i n e d  t he  effects  o f  d i f f e r e n t  ex e r c i s e  t r a i n i n g  p r o g r a m s  on  a n d r o g e n  r e c e p t o r  c o n t e n t  
a n d  r e c e p t o r  a f f in i ty  to  d i h y d r o t e s t o s t e r o n e  in fas t  g lyco ly t i c  (FG)  a n d  slow o x i d a t i v e  (SO)  ske le ta l  
m u s c l e  f ibe r s  in r a t s .  T w e n t y - f o u r  m a l e  S p r a g u e - D a w l e y  r a t s  w e r e  e q u a l l y  d i v i d e d  in to  t h r e e  
g roups :  c o n t r o l ,  e n d u r a n c e  exe rc i s e  t r a i n e d  a n d  r e s i s t a n c e  ex e rc i s e  t r a i n e d .  A f t e r  the  ex e r c i s e  
p r o g r a m s  w e r e  c o m p l e t e d ,  t he  e x t e n s o r  d i g i t o r u m  longus  (EDL) ,  p r e d o m i n a n t l y  a F G  m u s c l e ,  a n d  
the  soleus,  p r e d o m i n a n t l y  a SO m u s c l e ,  w e r e  i so la ted ,  w e i g h e d  a n d  b o t h  a n d r o g e n  r e c e p t o r  c o n t e n t  
a n d  a f f in i ty  to  d i h y d r o t e s t o s t e r o n e  w e r e  d e t e r m i n e d .  R e s i s t a n c e  t r a i n i n g  e v o k e d  a s ign i f i can t  
(P  < 0.05) h y p e r t r o p h i c  r e s p o n s e  in the  soleus  b u t  no t  the  ED L.  E n d u r a n c e  t r a i n i n g  was no t  
a s s o c i a t e d  w i th  a n y  s ign i f i can t  h y p e r t r o p h y  in e i t h e r  the  soleus  o r  the  ED L.  N e i t h e r  t h e  e n d u r a n c e  
n o r  t he  r e s i s t a n c e  t r a i n i n g  p r o g r a m  r e s u l t e d  in c h a n g e s  in a n d r o g e n  r e c e p t o r  a f f in i ty  to  d i h y d r o -  
t e s t o s t e r o n e .  H o w e v e r ,  a l t e r a t i o n s  in a n d r o g e n  r e c e p t o r  c o n t e n t  w e r e  no ted .  T h e  e n d u r a n c e  t r a i n i n g  
p r o g r a m  r e s u l t e d  in a s ign i f i can t  i n c r e a s e  in a n d r o g e n  r e c e p t o r  c o n t e n t  in the  soleus,  b u t  no 
s ign i f i can t  d i f f e r e n c e  in the  EDL.  T h e  r e s i s t a n c e  t r a i n i n g  p r o g r a m  e l i c i t ed  a s ign i f i can t  d e c r e a s e  in 
a n d r o g e n  r e c e p t o r  c o n t e n t  in the  soleus,  a n d  a s ign i f i can t  i n c r e a s e  in the  E D L .  T h e s e  r e su l t s  i n d i c a t e  
t h a t  d i f f e r e n t  e xe r c i s e  s t i m u l i  i n d u c e  chan g es  in a n d r o g e n  r e c e p t o r  c o n t e n t  t h a t  a r e  speci f ic  to 
ske le ta l  m u s c l e  f i be r  type .  
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INTRODUCTION 

Androgenic hormones possess muscle growth promot-  
ing effects that include increased rates of amino acid 
uptake and protein synthesis [1]. Androgens, like other 
steroid hormones, stimulate the expression of specific 
proteins encoded in the D N A  of the cell via their 
receptor proteins. Presently, there is ambiguity con- 
cerning the location of  androgen receptors when they 
are in the unbound state. Some reports indicate that 
unbound androgen receptors are found in the cytosol 
of the cell [2, 3], while others suggest that they are 
nuclear proteins [4, 5]. Regardless of the location of the 
unbound receptor, when steroid binding occurs the 
receptor then becomes activated and the steroid-  
receptor complex is translocated to the genetic material 
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within the nucleus [6]. Th e  binding of this complex to 
the steroid responsive element (SRE) in the 5'upstream 
region of selective genes increases rates of transcription 
[6, 7]. It has also been suggested that the binding of 
steroids to their receptors may enhance translational 
effects [7]. 

It has been frequently proposed that a major 
mechanism by which cells regulate their responses to 
endocrine factors is by up- and down-regulating their 
capacities to bind specific hormones circulating in 
the bloodstream [1]. It has been found that different 
stimuli can alter the ability of skeletal muscle to maxi- 
mally bind androgens [8]. Th e  effects of endurance 
training on the androgen binding capacity of muscle 
have been previously investigated [9, 10]. However,  no 
data have been reported concerning the effects of 
different forms of exercise training on androgen recep- 
tor content in the different fiber types of skeletal 
muscle. 

Th e  aim of the present study was 2-fold: (1) to 
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investigate whether different exercise training 
programs (i.e. endurance vs resistance training) 
would evoke changes in the androgen binding 
characteristics in skeletal muscle; and (2), if so, to 
determine if these exercise induced alterations in 
androgen binding capacity were muscle fiber type 
specific. 

EXPERIMENTAL 

Training protocols 

Twenty- four  young male Sprague-Dawley rats 
(Holtzman Laboratories,  Madison, WI )  weighing 

250 g were randomly assigned to one of three groups. 
T h e  first group (n = 8) served as unexercised controls. 
Animals assigned to the second group (n = 8) partici- 
pated in an endurance training program (ET)  for a 
period of 11 weeks and the third group (n = 8) partici- 
pated in an 11 week resistance training (RT)  program. 
T o  minimize diurnal effects on endogenous hormone 
secretion, all training sessions were conducted between 
08:00-11:00h. The  E T  program included 5 training 
sessions per week and consisted of continuous 
swimming in tepid water (35°C) for up to 60 rain. The  
water was kept slightly turbulent  to ensure that the rats 
remained swimming. Previously, it was found that 
a similar swim training program elicited training 
adaptations in rats [11]. In addition, it has been demon-  
strated that rats recruit both the soleus [12] and the 
extensor digi torum longus muscles [13] while swim- 
ming. 

The  R T  program consisted of climbing a ladder 
that was 1 meter  long, set at an 80 ° angle with a 
weight attached to the animal 's  tail. A cool water 
spray was used when necessary to induce the 
animals to climb the full length of the ladder. Each 
exercise session included 8 repetitions of climbing 
the ladder, repetitions were performed at 2 m i n  
intervals. The  resistance applied to the rats was 
progressively increased by 50 g every other week so 
that at the end of the program the resistance carried 
by the animals was 250 g, in addition to body weight. 
The  R T  program included 3 sessions per week with 
48-72 h rest between sessions. Ladder  climbing has 
been commonly  used as a resistance exercise training 
model with rats and has been shown to evoke a hyper-  
trophic response in the hindquarter  muscles of  these 
animals [14, 15]. 

All animals were individually housed in suspended 
cages on a 12h l ight-dark cycle. They  were 
provided with rat chow and water ad libitum. At 
the end of the 11 week study all animals were 
sacrificed by carbon dioxide inhalation and 
weighed. All E T  and R T  rats were sacrificed 
24-48 h following their last exercise session. All pro- 
cedures were approved by the Institutional Animal 
Care and Use Commit tee  of the Universi ty of  
Connecticut.  

Androgen receptor binding studies 

T h e  extensor digi torum longus (EDL)  and soleus 
muscles were selected for study because of their relative 
fiber type homogeneity and because previously pub-  
lished research has employed these muscles as repre-  
sentative of  fast and slow twitch muscle, respectively 
[16, 17]. The  E D L  is composed primari ly of  fast twitch 
fibers; 56% fast glycolytic and 42% fast oxidative 
glycolytic [18]. However,  when expressed as a percent-  
age of total muscle mass, fast glycolytic fibers account 
for 79% and fast oxidative fibers 20% of the E D L ' s  
weight [18]. The  soleus consists mainly of  slow twitch 
or slow oxidative fibers (87%) and, to a smaller degree 
(13%), fast oxidative glycolytic fibers. When expressed 
relative to muscle mass, slow oxidative fibers make up 
89% of the weight of  soleus while fast oxidative 
glycolytic fibers account for 11% [18]. 

Following sacrifice of the animals, the E D L  and 
soleus muscles were quickly exposed. These muscles 
were then surgically removed,  dissected free of  fat and 
connective tissue, and weighed. T h e  muscles were 
frozen in isopentane chilled with liquid nitrogen and 
stored in liquid nitrogen until analysis. 

T o  determine androgen binding, a modification of 
the technique described by Hickson et al. [10] was 
used. Muscle tissue was minced with scissors and 
homogenized on ice with two 45 s passes with a Poly- 
tron (Brinkmann Instruments)  at a setting of 8 in 4 vol 
of T E  buffer (10 m M  Tris ,  1 m M  E D T A ,  pH 7.4) and 
10 m M  molybdate.  The  homogenate was transferred to 
centrifuge tubes and spun at 105,000g for 60 rain at 
4°C (Beckmann TI-100). The  supernatant was trans- 
ferred to 1.5 ml microfuge tubes along with 0.5 vol of  
dextran coated charcoal. Samples were incubated 
overnight at 4°C with shaking and then spun at 
13,000g for 5 min. The  supernatant was then trans- 
ferred to chilled microfuge tubes and used for both 
androgen binding experiments and protein determi- 
nations. 

To  a series of  microfuge tubes containing 0 .2ml  
of muscle extract, 5~-dihydro{1,2,4,5,6,7-3H} - 
testosterone (sp. act. 106Ci/mmol ,  Amersham Co., 
Bucks, U.K.)  was added at increasing concentrations 
ranging from 0.2 to 200 pmol to determine total bind- 
ing. A 500-fold excess of  unlabeled steroid was then 
added to one-half  of the tubes to determine nonspecific 
binding. Samples were shaken overnight at 4°C to 
measure total receptor sites. T o  each sample, 0.1 ml of  
dextran coated charcoal was added and samples were 
incubated for an additional 60 min at 4°C with shaking 
prior to centrifugation at 13,000 g for 5 rain to separate 
bound vs free steroid. Radioactivity in the supernatant 
was determined by liquid scintillation spectropho- 
tometry.  All binding capacity and affinity analyses were 
performed in triplicate. Dihydrotesterone was used as 
the ligand because, of the natural androgens, it has the 
greatest affinity for the androgen receptor and because 
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methyltr ienolone,  a synthetic ligand often used in 
androgen binding assays, has been found to extensively 
cross-react with the glucocorticoid receptor when it is 
present in high concentrations [9]. Cytosolic protein 
was determined by using a modified Lowry  assay [19] 
with bovine serum albumin as standard. 

Statistical analysis 

Animal body weight, muscle wet weight and muscle 
wet weight to body weight ratios were analyzed by 
one-way A N O V A  and Scheffe post-hoc procedures.  T o  
per form statistical assessments of  androgen binding, 
third order polynomial  regression analyses were em- 
ployed to generate steroid binding curves and one-way 
A N O V A  procedures were used to compare the binding 
curves. In all analyses, statistical significance was set at 
the 95% confidence interval. 

R E S U L T S  

Neither  the resistance exercise trained group nor the 
endurance exercise trained group experienced a signifi- 
cant change in body weight compared to the control 
group (Table 1). Resistance training caused a signifi- 
cant hyper t rophic  response in the soleus without a 
concomitant  response in the E D L  (Table 1). T h e  E T  
group demonstra ted no significant changes in soleus or 
E D L  wet weights (Table  1). When  muscle wet weight 
to body weight ratios were compared,  the only training 
induced adaptation was found in the soleus muscles of  
the R T  group (Table  1). 

The  effects of  exercise training on androgen binding 
in the soleus and E D L  muscles are presented in Figs 1 
and 2, respectively. Statistical analysis of the saturation 
binding curves indicate that in the E D L  muscles, 
resistance training elicited a significant increase in 
androgen binding capacity while endurance training 
did not significantly alter androgen binding. T h e  soleus 
muscles of  the R T  group demonstra ted a significant 
decrement  in androgen binding capacity. In contrast, 

Table 1. Effects of exercise training programs on body weight, 
muscle wet weight and muscle wet weight to body weight ratios 

Endurance Resistance 
Control exercise exercise 

Body weight (g) 478.0 +- 12.9 467.5 _+ 12.3 487.4 _+ 19.2 
Soleus wet weight (mg) 150.9 + 3.6 157.6___ 3.2 175.8_+ 5.8* 
E D L  wet weight (mg) 202.1 _+ 5.7 209.5_+ 5.6 204.9___ 10.3 
Soleus/body weight# 3.2 + 0.05 3.4 +- 0.08 3.6 _+ 0.095 
EDL/body weight t  4.2 _+ 0.1 4.5 _ 0.1 4.2 _+ 0.2 

Values are means +- SE. n = 8 in each group for body weight values. 
n = 16 in each group for muscle wet weight and muscle wet 
weight to body weight values. 

*Indicates significant difference (P < 0.001) from control and en- 
durance training values. 

#Muscle wet weight to body weight ratios are expressed as muscle 
weight/body weight × 104. 

$Indicates significant difference (P < 0.001) from control value. 
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Fig. 1. Androgen binding saturation curves of soleus muscles  
from control,  resistance t r a i n e d  and  endurance trained 
groups. Data  points represent specific binding.  0 ,  control 
(means  +- S E ) ; . ,  resistance trained ( m e a n +  SE); A ,  en- 
durance trained ( m e a n  + SE).  *Indicates significant differ- 
ence (P  < 0.05) from control and endurance trained groups. 
t l n d i c a t e s  significant difference (P  < 0.05) from control and 
resistance trained groups. Mean percentages of  to ta l  andro-  
gen binding comprised  by specific androgen binding are 39.0, 
20.8 a n d  24.7 for control,  resistance trained and endurance 

trained groups, respectively.  

the soleus muscles of the E T  group were found to have 
a significantly greater androgen binding capacity. 

Both receptor content and affinity (Kd) were deter- 
mined f rom these saturation curves. The  data f rom the 
saturation curves were replotted as Scatchard plots to 

4 0 0  

3.50 -- ~= , 300 L z/I e ~  

2 5 0 -  

~ 2.00 -- _ ~  

< o 1.50 

1.00 

0.50 

I I I I I I 
0 100 200 300 400 500 600 

[3H]Dihydrotestosterone added (fmol) 

Fig. 2. Androgen binding saturation curves of  E D L  muscles  
from control,  resistance trained and endurance trained 
groups. Data  points represent specific binding.  O, control 
( m e a n +  SE); I ,  resistance trained (mean+_SE);  &, en- 
durance trained (mean  +_ SE). *Indicates significant differ- 
ence (P < 0.05) from control and endurance trained groups. 
Mean percentages of total androgen binding comprised 
by specific androgen binding are 37.9, 27.9 a n d  27.6 for 
control,  resistance trained and endurance trained groups, 

respectively.  
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Fig. 3. S c a t c h a r d  plot  of  specific androgen binding for control 
soleus.  

confirm our results. As an example, the Scatchard plot 
for control soleus muscles is presented in Fig. 3. 
Nei ther  the soleus nor the E D L  muscles demonstrated 
any exercise induced changes in androgen receptor 
affinity from the control values of  1.6 nM and 2.3 nM, 
respectively. These  results are consistent with those of  
Tchaikovsky et al. [20], who also found that exercise 
training did not alter androgen receptor affinity in 
skeletal muscle. This  suggests that the changes in 
androgen binding capacity associated with exercise 
training are primarily due to alterations in receptor 
content. I t  was found that resistance training elicited a 
33% increase in maximal androgen binding in the 
E D L ,  but  a 50% decrease in the soleus. However,  
endurance training was found to increase maximal 
androgen binding, and thus receptor content, by 44% 
in the soleus. The  relationship between exercise in- 
duced alterations in androgen binding and muscle wet 
weight can be found in Table  2. 

DISCUSSION 

Our data are consistent with previous studies 
suggesting that neither resistance training [15, 21] nor 
swim training [17] significantly alter body weight in 
rats. The  present study also shows an absence of 
hyper t rophy in the E D L  following E T  and RT,  com- 

Table 2. Relationship between exercise induced changes in 
androgen binding capacity and wet weight of soleus and EDL 

muscles 

Androgen 
binding 
capacity Wet weight 

Soleus 
Resistance exercise Decreased Increased 
Endurance exercise Increased No difference 

EDL 
Resistance exercise Increased No difference 
Endurance exercise No difference No difference 

pared to control animals. Similarly, Tamaki  et al. [21] 
found no hyper t rophy in the E D L  muscles of  resistance 
trained rats. However,  the soleus of  the R T  group 
did experience a significant hypertrophic  response, 
suggesting that the form of resistance training utilized 
in the present study substantially recruited the soleus. 
These  results are consistent with Wong and Booth [22], 
who also found significant soleus muscle hyper t rophy 
in resistance trained rats. Also consistent with the 
present results, Flavier et al. [17] found that swim 
training did not affect the size of the soleus muscle in 
rats. 

The  exercise training programs employed did elicit 
alterations in the androgen receptor content of both fast 
twitch and slow twitch muscle. Interestingly, en- 
durance exercise and resistance exercise brought  about 
different alterations in androgen binding capacity and 
these exercise induced responses were dependent  upon 
muscle fiber type. These  observations may be related to 
differences in the availability of blood-borne andro-  
gens. While the concentration of serum androgens is 
similar in all muscle fiber types, differences exist in the 
blood flow [23] and thus the total availability of  circu- 
lating androgens to slow oxidative and fast glycolytic 
muscle tissue. In  response to this difference in andro-  
gen availability, specific muscle fiber types may 
uniquely alter their androgen receptor contents in 
order to cope with the stress imparted by exercise. 

Androgen binding in soleus and E D L  muscles was 
investigated in the hope of providing insight into the 
mechanisms by which resistance and endurance exer- 
cise differentially affect slow and fast twitch muscle. It  
was interesting to note that in untrained animals, the 
E D L  had a significantly greater mass than the soleus 
and that this difference was paralleled by significant 
differences in androgen binding capacity. Tha t  is, the 
larger E D L  also had a greater concentration of andro- 
gen receptors than the smaller soleus. However,  the 
relationship between muscle size and androgen recep- 
tor content appeared to be altered by exercise training. 
This  perturbat ion of the relationship between muscle 
size and androgen binding depends both on the type of 
exercise training and muscle fiber type. For  example, 
while soleus muscles of the E T  group experienced no 
hypertrophy,  they were found to have a significantly 
greater androgen receptor content than control soleus 
muscles. Conversely, R T  soleus demonstrated signifi- 
cant hyper t rophy with a concomitant significant decre- 
ment  in androgen receptor content. In contrast, there 
was no evidence that either resistance or endurance 
training caused any alterations in E D L  muscle mass. 
Yet despite the absence of hypertrophy,  the E D L  
muscles of the R T  group demonstrated a significant 
increase in androgen receptor content. Again, the posi- 
tive relationship between muscle size and androgen 
binding seen in untrained animals appears to be altered 
with exercise. 

In  the present study, androgen binding was deter- 
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m i n e d  with labeled d ihydro tes te rone  ra ther  than  the 
synthe t ic  l igand methy l t r i eno lone .  Whi le  this synthet ic  
l igand has the advantage  of not  react ing with se rum 
b i n d i n g  prote ins  that  may  be t rapped  wi th in  the 
muscle ,  it is k n o w n  to s ignif icant ly cross-react  with 
glucocor t icoid  receptors.  O n  the other  hand ,  d ihy-  
dro tes te rone  is a na tura l  and rogen  that  has a high 
affinity for the and rogen  receptor,  bu t  does not  in teract  
wi th  the glucocort icoid receptor.  A l though  d ihydro tes -  
te rone  does have some affinity for se rum b i n d i n g  
prote ins ,  the exercise i nduced  relative changes in 
and rogen  b i n d i n g  could not  be accounted  for by in ter -  
act ions of d ihydro tes te rone  wi th  se rum prote ins .  Since 
it has been  found  that  exercise t r a in ing  affects ne i ther  
the concen t ra t ion  of s e rum b i n d i n g  prote ins  [24] nor  
b lood flow to res t ing muscle  [23], the total availabil i ty 
of b l o o d - b o r n e  b i n d i n g  pro te ins  would  be no different 
be tween  t ra ined  and  u n t r a i n e d  muscle .  Similar ly,  
se rum b i n d i n g  pro te ins  would  no t  account  for the 
difference in  and rogen  b i n d i n g  be tween  u n t r a i n e d  
soleus and  E D L  muscles.  T h e  presen t  data indicate  
that  compared  to the u n t r a i n e d  soleus, the u n t r a i n e d  
E D L  has a s ignif icant ly greater  and rogen  b i n d i n g  
capacity even though  it has been  shown [23] that  b lood 
flow, and  thus  se rum b i n d i n g  p ro te in  availabil i ty,  is 
marked ly  less in fast glycolytic muscle .  

I n  s u m m a r y ,  the data p resen ted  here indicate  that  
the s t imulus  of  exercise is sufficiently po ten t  to elicit 
a l terat ions in the and rogen  receptor  con ten t  of skeletal 
muscle ,  and  that  these responses are specific bo th  to the 
form of exercise and  to muscle  fiber type. Fu r the r ,  
while there appears  to be a re la t ionship  be tween  rela- 
tive and rogen  b i n d i n g  capacity and  musc le  mass in 
u n t r a i n e d  animals ,  exercise t r a in ing  d i s tu rbs  this re- 
la t ionship.  T h u s ,  the data repor ted  here reveal no 
obvious  re la t ionship  be tween  exercise i nduced  changes 
in  skeletal musc le  mass and  exercise related al terat ions 
in and rogen  b i n d i n g  capacity. Clearly,  fu r the r  research 
is needed  to help us u n d e r s t a n d  the complex  na tu re  of 
the re la t ionship  be tween  exercise i nduced  adapta t ions  
of musc le  and rogen  b i n d i n g  propert ies  and  their  im-  
pact on  musc le  mass and  morphology .  

R E F E R E N C E S  

1. Baulieu E. E.: Hormones (Edited by E. E. Beaulieu and P. A. 
Kelly). Chapman and Hall, N.Y. (1990) pp. 1-179. 

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

3. Max S. R., Mufti S. and Carlson B.: Cytosolic androgen receptor 
in regenerating rat levator ani muscle. Biochem. J. 200 (1987) 
77-82. 

4. Sar M., Lubahn D. B., French F. S. and Wilson E. M.: 
Immunohistochemical localization of the androgen receptor in 
human and rat tissues. Endocrinology 127 (1990) 3180-3186. 

5. Shan L. X., Rodriquez C. and Janne O.: Regulation of androgen 
receptor protein and mRNA concentrations by androgens in rat 
ventral prostate and seminal vesicles and in human hepatoma 
cells. Molec. Endocr. 4 (1990) 1636-1646. 

6. O'Malley B.: The steroid receptor superfamily: more excitement 
predicted for the future. Molec. Endocr. 4 (1990) 363-369. 

7. Nielsen D. and Shapiro D.: Insight into hormonal control of 
messenger RNA stability. Molec. Endocr. 4 (1990) 953-957. 

8. Dahlberg E., Snochowski M. and Gustafsson J.: Regulation 
of the androgen and glucocorticoid receptors in rat and 
mouse skeletal muscle cytosol. Endocrinology 108 (1981) 
1431-1440. 

9. Hickson R., Czerwinski S., Falduto M. and Young A.: Glucocor- 
ticoid antagonism by exercise and androgenic-anabolic steroids. 
Med. Sci. Sports Exerc. 22 (1990) 331-340. 

10. Hickson R., Kurowski T., Capaccio J. and Chatterton R.: 
Androgen cytosol binding in exercise-induced sparing of muscle 
atrophy. Am. ft. Physiol. 247 (1984) E597-E603. 

11. Williams R., Caron M. and Daniel K.: Skeletal muscle/3-adren- 
ergic receptors: variations due to fiber type and training. Am. J. 
Physiol. 246 (1984) E160-E167. 

12. Roy R. R., Hirota W. K., Kueht M. and Edgerton V. R.: 
Recruitment patterns in the rat hindlimb muscle during swim- 
ming. Brain Res. 337 (1985) 175-178. 

13. Gisiger V., Sherker S. and Gardiner P.F.: Swimming training 
increases the G 4 acetylcholinesterase content of both fast ankle 
extensors and flexors. FEBS Lett. 278 (1991) 271-273. 

14. Herbert M., Roy R. and Edgerton V.: Influence of one-week 
hindlimb suspension and intermittent high load exercise on rat 
muscle. Expl. Neurol. 102 (1988) 190-198. 

15. Yarasheski K., Lemon P. and Gilloteaux J.: Effect of heavy- 
resistance exercise training on muscle fiber composition in young 
rats. J. Appl. Physiol. 69 (1990) 434-437. 

16. Dubois D. and Almon R.: Glucocorticoid sites in skeletal muscle: 
adrenalectomy, maturation, fiber type and sex. Am. J. Physiol. 
247 (1984) EllS-El25. 

17. Flavier R., Ghaemmaghami F., Sempore B., Desplanches D., 
Mayet M., Gharib C. and Flandrois R.: Skeletal muscle adap- 
tation to physical training and/~-adrenergic blockage in spon- 
taneously hypertensive rats. Eur. ft. Appl. Physiol. 58 (1989) 
652--660. 

18. Armstrong R. and Phelps R.: Muscle fiber type composition of 
the rat hindlimb. Am. ft. Anat. 171 (1984) 259-272. 

19. Fryer H. J., Davis G. E., Manthorpe M. and Varon S.: Lowry 
protein assay using an automatic microtiter plate spectropho- 
tometer. Analyt. Biochem. 153 (1987) 262-266. 

20. Tchaikovsky V. S., Astratenkova J. V. and Basharina O. B.: The 
effect of exercises on the content and reception of the steroid 
hormones in rat skeletal muscle. J. Steroid Biochem. 24 (1986) 
251-253. 

21. Tamaki T., Uchiyama S. and Nakano S.: A weight-lifting 
exercise model for inducing hypertrophy in the hindlimb muscles 
of rats. Med. Sci. Sports Exerc. 24 (1992) 881-886. 

22. Wong T. S. and Booth F. W.: Skeletal muscle enlargement with 
weight-lifting exercise by rats. J. Appl. Physiol. 65 (1988) 
950-954. 

23. McAllister R. M. and Terjung R. L.: Training-induced muscle 
adaptations: increased performance and oxygen consumption. 
ft. Appl. Physiol. 70 (1991) 1569-1574. 

24. Tegelman R., Johansson C., Hemmingsson P., Eklof R., 
Carlstrom K. and Pousette A.: Endogenous anabolic 
and catabolic steroid hormones in male and female 
athletes during off season. Int. J. Sports. Med. 11 (1990) 
103-106. 


