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ABSTRACT

The objective of this study was to analyze the histological, histo-
chemical and morphometrical alterations of the fibers from the sole-
um muscle of rats submitted to a swimming program, associated or
not to the administration of the anabolic steroid decanoate of nan-
drolone. 22 male Wistar rats were used, 12 of which received a
muscle injection of steroid (5 mg/kg) and 10 received mineral oil (5
mg/kg), twice a week. The animals were submitted to 42 sessions
of swimming during nine weeks (from Monday to Friday), with grad-
ual load increase through the swimming time. After sacrifice, the
left soleum muscle was removed, immersed in n-hexane and condi-
tioned in liquid nitrogen. Third middle cuts of this muscle were made
in microtome cryostat (–20oC), and stained through HE technique
and through NADH-TR histochemic method. The animals submitted
to physical training and steroid (TA) or mineral oil (TO) presented
muscle fibers with bigger diameter when compared to the ones
from the control group (NTA and NTO). There was not significant
difference between NTA and NTO and between TA and TO groups
fiber diameters measures. In the TA and NTA groups, severe pro-
cess of phagocytes, rounding and hyalinization of muscle fibers was
observed. On the other hand, in the TA, TO and NTA groups, loss of
the oxidative enzymatic activity was seen. The results suggest that
swimming produces muscle hypertrophy similarly, not only in the
group that received steroid, but also in the one that received mineral
oil. However, the group that received steroid presented clear signs
of greater muscle degeneration.

INTRODUCTION

Anabolic steroids are synthetic substances derived from test-
osterone, which have been calling researchers’ and health profes-
sionals’ attention, due to their high doses and irregular use by ath-
letes. It is estimated that they have been used 10 to 100 times
more than in the therapeutic application(1), with the purpose to im-
prove physical performance and increase muscular mass(2-4).

These substances increase the protein synthesis and the cellu-
lar growth with little androgenic effect(5). However, its use has been
associated with undesired side effects in the liver, cardiovascular

system, reproductive system and in the psychological state of the
user(6-9).

Whenever used in physical training, these substances produce
mass increase as well as muscular strength in the locomotive sys-
tem, besides reducing the recovery time after physical training(5),
characteristics desirable for high performance athletes. The effi-
ciency of the strength gain and the muscular mass increase pro-
moted by the use of steroids is still quite controversial. The combi-
nation of anabolic steroids and intense physical training in animals
did not produce significant increase in the muscular mass when
compared to animals submitted to physical training alone(10). On
the other hand, other studies reported not only increase of the
muscular strength but also high protein and calories consumption(11);
it is also suspected that anabolic steroids produce hypertrophy even
in immobilized muscles as well(12).

One of the experimental models which can be used in order to
imitate the physical training effects on the musculoskeletal sys-
tem in laboratory animals is swimming, an experimental model that
produces the physical activity itself as well as strong emotional
stimulus which is related to the kind of non-habitual activity, to the
runaway impossibility and the death eminence(13-14). In swimming,
the load imposed to the locomotion system is due to the medium
viscosity, which produces resistance to the movement, and to the
animal’s floatation properties(15). Moreover, other additional factors
may influence the responses to the exercise in water, such as the
hydrostatic pressure and its specific heat(16-17).

Considering these premises, the aim of this study was to verify
the histological, histochemical and morphometrical alterations pro-
duced in the muscle fibers of the soleum muscle in groups of rats
(sedentary and non-sedentary), associated or not to the use of an-
abolic steroid.

MATERIAL AND METHODS

22 Wistar (Rattus novergicus) male rats, with age range between
100 and 180 days, kept in plastic collective cages (30 x 16 x 19 cm)
with five animals at most, were used for the experiments. Before
being used, these animals were kept at the bioterium for a week
for adaptation, with average temperature of 22 ± 2oC and light/
dark cycle of 12 hours, with the light cycle beginning at 7:00 h. The
animals were fed with standard food (Pro-bioterium food – Primus
Brand) and tap water ad libitum. All the adopted procedures were
approved by the Ethics Committee in Research of the College of
Science and Technology (Resolution nº 035/2005) of the State Uni-
versity of São Paulo – FCT/UNESP.

The animals were divided in four groups: two with no physical
activity (called sedentary) and two submitted to swimming (called
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trained). Two groups (sedentary and trained) received intramuscu-
lar injection of mineral oil two times a week (5 mg/Kg – Nujol –
Schering-Plough), while the other two (sedentary and trained) re-
ceived 5 mg/Kg nandrolone decanoate (Deca-Durabolin® Organon)
two times a week(18).

The animals in the trained groups were submitted to 42 swim-
ming sessions for nine weeks (from Monday to Friday) in a tank
measuring 100 cm x 50 cm x 60 cm and with depth of 40 cm,
containing water at 30oC in quantity enough to avoid that the ani-
mals could touch the bottom of the tank with the tip of their tails.

The training program consisted of daily swimming sessions, five
times per week(13,19), between 8:00 and 11:00 h, with overload pro-
duced by the increase of the training time. On the first week, the
animals swam 10, 20, 30, 40 and 50 minutes per day. On the sec-
ond week, they swam 50 minutes (Monday and Tuesday) and 60
minutes (Wednesday to Friday). On the third week, this time was
of 60 minutes (Monday and Tuesday) and 70 minutes (Wednesday
to Friday). This time was kept until the sixth week, when it was
increased to 90 minutes/day (Wednesday to Friday), on the sev-
enth and eighth weeks there was an increase to 120 minutes (Thurs-
day and Friday), being the same way on the ninth week.

Immediately after sacrifice by intraperitoneal injection of sodi-
um pentobarbital(20), a central fragment of 2,0 cm by 0,8 cm of the
soleum muscle of the left pelvic limb was removed. It was careful-
ly handled in order to keep the muscular fibers longitudinally placed
in the bigger axis of the fragment. These fragments were frozen
by immersion in n-Hexane, cooled at –70°C in liquid nitrogen through
the Non-Steady Tissue Freezing Method(21) and stored in a nitro-
gen container.

22 mounts were made from the 22 fragments, with cuts of eight
µm of thickness, and stained with Hematoxylin and Eosin(22) in or-
der to evaluate the following characteristics: shape, size, nucleus
position, sarcoplasm coloring and hyperplasia presence,     according
to     methodology already described in the literature(23-25). The meth-
od of measuring the smallest diameter in samples of 120 fibers
per animal was used in order to evaluate the degree of hypertro-
phy of the muscular fibers, through the system of computerized
image analysis of the Image Pro-Plus software, following the crite-
ria by Dubowitz et al.(26).

In order to demonstrate the Nicotinamide Adenine Dinucleotide
Tetrazolium Reductase activity (NADH-TR), which indicates the
presence of the oxidative activity, the amount of formazan in the
sarcoplasm of the fibers was evaluated through the technique by
Pearse modified by Dubowitz and Broke(27).

The indices of smallest diameter of the muscular fibers were
compared through analysis of bifactor variance, with training sta-
tus (sedentary and trained) and drug (anabolic steroid and mineral
oil) as factors, followed by the T-LSD test for multiple comparisons
of averages. P indices lower than 0,05 were indication of statistical
significance.

RESULTS

In the mounts of the animals of the sedentary group that re-
ceived mineral oil (NTO) the presence of muscular fibers with po-
lygonal outlines, nucleus in peripherical position and normal fascic-
ular pattern were observed. In the mounts of the animals of the
sedentary group that received steroid (NTA) the presence of poly-
morphic, hyalinized and fagocyted fibers was verified (figure 1). In
the mounts of the animals of the trained group that received min-
eral oil (TO) regions with normal aspect and areas with muscular
fibers in final phase of phagocytosis and angle fibers prone to round-
ing were observed (figures 2 and 3). In the mounts of the trained
group that received steroid (TA) increase of the hypertrophic fi-
bers, with central nucleus and of rounded fibers, even experienc-
ing splitting was observed. It was also observed the presence of
atrophic angle fibers in phagocytosis, besides hypertrophic and
hyalinized fibers (figures 4 and 5).

Figure 1 – Transversal section of the medium region of the soleum mus-
cle of sedentary rat submitted to steroid administration. Polygonal fibers,
peripherical nucleus and fascicular pattern were observed. Bigger exten-
sion of the morphological commitment: polymorphic fibers (P), small atro-
phic angular fibers (A) next to hypertrophic ones (H), fibers in splitting
process (^) and phagocytosis process (*). HE 200X.

Figure 2 – Transversal section of the medium region of the soleum mus-
cle of trained rat submitted to mineral oil administration. Fibers with nor-
mal aspect and areas with angle fibers with polymorphism (B), with ten-
dency to rounding (A) and increased endomysium are observed. HE 200X.

Figure 3 – Transversal section of the medium region of the soleum mus-
cle of trained rat submitted to mineral oil administration. Phagocytosis
process in initial phase (B) and presence of polymorphic fibers are ob-
served (A). HE 500X.
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Figure 4 – Transversal section of the medium region of the soleum mus-
cle of trained rat submitted to steroid administration. Spacing of muscular
fibers, inflammatory reaction, increase of the nucleus number, phagocy-
tosis with muscular fibers loss (*), splitting (<) and fibers polymorphism
are observed (A). HE 200X.

Figure 5 – Transversal section of the medium region of the soleum mus-
cle of trained rat submitted to steroid administration. Atrophic angle fibers
(A) and hypertrophic ones are observed (B). HE 500X.

Figure 6 – Transversal section of the medium region of the soleum mus-
cle of trained rat submitted to steroid administration. Irregular distribution
of the reaction product, fibers with enzymatic activity loss (*) and pres-
ence of amorphous aggregation groups in the fibers interior (<) are ob-
served. NADH-TR – 500X.

In the evaluation of the oxidative activity of the NTO group, it
was observed that the majority of the fibers presented normal pat-
tern for the reaction. In the animals of the other groups (NTA, TO
and TA), increase of the enzymatic activity was observed, being
more intense in the TA group, characterized by the presence of
grains stained in blue (formazan), which set in the places where
the mitochondria were, usually in the cells periphery (figure 6).

TABLE 1

Average values, accompanied by the respective standard deviations,

measured in micrometers of the smallest diameter of the fibers of the

soleum muscle of the animals of the experimental and control groups

Animal Average value Standard deviation

NTA 38.98* 2.08
NTO 38.40* 1.22
TA 41.94* 2.33
TO 42.83* 3.34

NTA = non-trained anabolic, NTO = non-trained oil; TA = trained anabolic, TO = trained oil. *Aver-
age values statistically significant comparing to their respective controls (p < 0,05; ANOVA Bifactor
+ T-LSD test).

The analyses of the measure of the muscular fibers diameter
showed significant differences for the training status factor (F =
14,23; p = 0,0014), while no differences between the drug factor
(F = 0,01; p = 0,9391) and the training status x drug interaction (F
= 0,57; p = 0,4606) were observed. The T-LSD test showed that
the measure of the smallest diameter of the muscular fibers of the
animals in the TA and TO groups was significantly different when
compared to their respective controls (table 1).

In all studied groups the diameter of the muscular fibers varied
from 30 to 50 mm. In the non-trained groups this range varied
from 30 to 40 mm, while in the trained ones (with or without the
use of steroids) varied from 40 to 50 mm (figure 7).

DISCUSSION

The histological findings showed that the steroid administration
produced muscular lesion in the sedentary group, while the miner-
al oil administration did not cause lesion in this group. In the trained
groups, muscular lesions were observed in both groups, being more
evident in the animals submitted to the steroid administration.
These lesions were mainly characterized by the presence of round-
ed cells with splitting and phagocyted cells.

On the other hand, the analysis of the mounts prepared by the
enzymatic reaction (NADH-TR) demonstrated increase of the cel-
lular metabolic activity not only in the trained groups, but also in
the sedentary group in which the steroid had been administered,

Figure 7 – Percentage distribution of the muscular fibers quantity in the
several fibers diameters between the experimental and control groups
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showing hence, that this substance may accelerate the cellular
metabolism.

In the animals of the sedentary group with anabolic steroid ad-
ministration, severe loss of NADH-TR activity and atrophic fibers
with weak reactive activity were observed, which is related to low-
er oxidation in the NADH2 system. Such low fiber oxidative activity
may be related to muscular lesion. Formazan amorphous aggrega-
tion groups were also observed in central position in relation to the
fiber, showing the dislocation of mitochondria.

In both trained groups loss of enzymatic activity and irregular
distribution of the reaction product were also observed. Moreover,
in the trained animals with the steroid there was presence of amor-
phous aggregation groups and angle and atrophic fibers with more
intense reaction.

Intense physical exercises produce lesions in the skeletal mus-
cles, accompanied by pain, edema and fatigue, especially during
activities in which exocentric forces and high peaks of contrac-
tions are demanded(28-31). In the present study, some of these char-
acteristics seem to have appeared, especially in the more exten-
sive exercise when the animals demonstrated tendency to touch
the bottom of the tank with the pelvic limb in order to push the
body up.

Therefore, the animals of the present research showed mechan-
ical stress situation which is one of the main factors that can cause
muscular damage during exercise(30).

Concerning the morphometry of the fibers, the results showed
that significant differences did not occur in the diameters of the
soleum muscle of the sedentary animals submitted to steroid ad-
ministration when compared to the sedentary animals that received
mineral oil, which differs from the fact observed in the gastrocne-
mius muscle of sedentary rats where the anabolic steroids admin-
istration, with dose eight times of the therapeutic ones, produced
hypertrophy of Type IIb fibers of this muscle(32).

In this study the smallest diameter of the muscular fibers was
measured in mounts stained with HE, therefore, the diameter of
the several types of fibers was not measured. Once the soleum
muscle presents predominance of type I fiber(33), which has oxida-
tive metabolism and smaller diameter, the hypertrophy could oc-
cur in higher degree in the type II fibers, which seems to explain
the non-significant averages increase of the diameters of the eval-
uated fibers.

In the animals that were submitted to physical training with and
without anabolic steroid administration, significant increase of the
muscular fibers diameter was observed comparing to the animals
that were not submitted to swimming, without significant differ-
ences between them. Such evidence demonstrates that this in-
crease was induced by the physical training and not by the steroid
administration.

The increase of muscular strength and, consequently, hypertro-
phy of the fibers by the use of steroids, occurs when its adminis-
tration is associated to an intense physical training and a hyper
caloric and hyper proteinic diet(11). Such fact seems to have been
neglected in this work, since the applied diet has a balanced chem-
ical composition (Probioterium Food – Primus brand) and the used
exercise was not of high intensity.

Another factor that may be also related to the presented results
in this article is the dose of the drug used, since the muscular
fibers present different reactions depending on the applied dose.
As an example, the daily administration of nandrolone decanoate,
for five weeks, in two groups of treated rats with low doses (1,5
mg/Kg) and high doses (7,5 mg/Kg), produced increase of the type
I fibers only in the animals treated with low doses and hypertrophy
of the type IIb fibers in the animals treated with high doses(34). In
our experiments, a 5 mg/Kg dose was used, which is close to the
dose used by the author in order to produce hypertrophy of the
type IIb fibers(34).

Associated to these factors, the anabolic steroid action seems
to be selective, inducing bigger alteration in the diameter of cer-
tain types of muscular fibers, as reported by Furumura(35) and Ca-
lis(32), who showed that the use of steroid (Stanozoeol) associated
to the swimming physical training caused hypertrophy of the Type
II muscular fibers, while the Type I fibers presented only moderate
hypertrophy.

Considering these findings, the increase in the diameter may
have happened more intensely in the type II fibers. However, in
the soleum muscle there is more predominance of type I fibers(33),
and because of that, the hypertrophy induced by the drug would
not be so evident in order to produce alteration in the diameter
average of the muscular fibers of this muscle.

Another factor that may have contributed to the small anabolic
steroid action in the fibers of the soleum muscle in the trained
animals, may be related to the predominance of steroids receptors
in specific regions of the body, and the existing difference between
the animals species(36-37).

In this article, the load increase during the training was produced
by the increase of the training time and not by external overload,
as used in other articles(38-39). We believe that the increase of exter-
nal load during the training could increment the changes observed,
due to bigger overload that these animals would be submitted to.
Increase of muscular lesions during exercise is dependent on the
training duration and intensity(40).

CONCLUSION

The presented results suggest that the morphological alterations
characteristic of lesion processes and loss of enzymatic activity of
the fibers in the muscular tissue, occurred more intensely in the
animals of the groups in which the drug was administered, when
compared to their respective controls. Concerning the measure of
the diameter of the soleum muscular fibers, both trained groups
presented diameters equivalent and bigger than the ones observed
in the sedentary animals, suggesting that the increase of diameter
of the muscular fibers in these animals occurred due to physical
exercise and not due to the anabolic steroid administration.

All the authors declared there is not any potential conflict of inter-
ests regarding this article.
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