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SUMMARY:  The objective of the present study was to analyze the effects of 14 weeks of resistance training on muscle tissue in
Wistar rats. 20 male Wistar rats were used in the study; 10 allocated to the untrained group (Group 1) and 10 to the trained (Group 2). The
physical training (PT) program consisted of four sets of ten water jumps, three times a week for 14 weeks. A progressive increase in load
was applied from the14nd to the 42nd day. Following this, the animals were euthanized with an overdose of potassium chlorate (100 mg/
kg) applied intraperitoneally. The ventral portion of the gastrocnemius muscle was removed for histological processing. The muscles
were frozen in liquid nitrogen and cut into thicknesses of 5 µm using a rotative microtome. The sections were stained with hematoxylin-
eosin for general analysis of the structure of muscles and analysis of the area of muscle fibers. The reaction with NADH-TR was utilized
for differentiation between fast twitch (FT) and slow twitch (ST) fibers. The sections subjected to staining and histochemical reactions
were observed in normal and polarized light and photomicrographed using a microscope (Zeiss®). The measurement of muscle fibers
was performed using AxioVision software (Zeiss®). Statistical analysis was performed using the Student t test for analysis of the
samples average. An average area of 5061.29 µm2 for Group 1 versus 5768.93 µm2 for Group 2 was observed. It can be concluded that
14 weeks of training with water jumps was effective in increasing muscle area. An increase in transverse area section (TAS) of ST and FT
was also verified in the trained group.

KEY WORDS: Swimming; Striated muscle; Physical Exercise.

INTRODUCTION

Physical training (PT) emerged in ancient Greece.
At that time, warriors utilized PT for incrementing body force
and physical form. Thus, they were better able to win in
combat and expand their territory; which were aspirations
during the epoch (Sigoli & De Rosi, 2004). With the passing
of centuries, cities were formed, followed by the industrial
revolution and the utilization of the body as a means to win
was replaced (Ferolla et al., 2010). Over time, PT became a
means of achieving higher sports performance; and today,
is also employed in the quest for health improvement and
aesthetics (Lüdorf, 2009; Freitas Júnior et al., 2009; Castoldi
et al., 2010; Kottke et al., 2009).

In higher sports performance force training has been
shown to improve actin and myosin filaments. In addition,
it contributes to the structural development of muscle cells,

an increment in mitochondrial numbers, nuclei and in the
circulation system (Taaffe et al., 2009; Meloni, 2005; Lan-
za & Nair, 2010; Carmo et al., 2008; Cooper, 2001).

Swimming exercises have been widely explored in
the literature as being easy to apply and possessing greater
control of variables (Spagonol et al., 2012). However, in
many cases training is limited to four or eight weeks of
physical training, longer periods with ten or more weeks are
rarely investigated.

In human studies the form of evaluation is to measure
body circumference. This anthropometric technique can be
efficient in evaluating muscle tone, but does not identify
alterations in muscle fibers or fast twitch (FT) and slow
twitch (ST).
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Thus, the objective of the present study was to analyze
the effects of 14 weeks of resistance training on the muscle
tissue of Wistar rats.

MATERIALS AND METHOD

Sample. The study utilized 20 male Wistar rats obtained
from the Anatomical Department of the IBB/UNESP at 21
days of age and maintained in polyethylene boxes (40 x 30
x 15 cm), with five animals to a box, luminosity (12 h light
and 12 h dark cycle) and temperature (20 to 25 °C) were
controlled. The animals had free access to food and water
(Nuvital®) ad libitum.

The experimental protocol followed the ethical
principles of animal research adopted by the Brazilian
College of Animal Research (Protocol 83/07-CEEA/IBB).

Experimental Groups. At 90 days of age (adult age), the
animals were allocated to two experimental groups, one
untrained group (Group 1; n= 10) and the other submitted to
physical training (Group 2; n= 10). The physical training
(PT) protocol was started for resistance training using aquatic
jumps.

Physical resistance training protocol in the liquid medium
The animals were submitted to jumping sessions in PVC
cylinders, with water at 30 ºC and a depth of 38 cm. The
weight overload was placed on the frontal trunk region of
each animal using a waistcoat which had been specifically
modulated for this experiment (Spagnol et al.; Castoldi et
al., 2013).

The PT program was continued for 14 consecutive
weeks. Sessions of aquatic jumps were performed 3 times
per week, starting with an overload of 50% body weight
and ending with 70%.

A gradually increasing adjustment period was
established as follows: two sets of five jumps on the first
day of PT; three and four sets of five jumps on the second
and third days, respectively; four sets of seven jumps on the
fourth day; four sets of nine jumps on the fifth day and four
sets of 10 jumps from the 6th to the 13th day.

After this period an increment of 10% was added to
the overload, corresponding to an intensity of 60% of each
animal’s body weight from the 14th to 27th day, with four sets
of 10 jumps. Finally, from the 28th to the 42nd day the
intensity was established at 70% of body weight until the
end of the experiment. There was an established interval of

60 s of passive recovery between every set.

Tissue Collection. At 190 days of age the animals were
submitted to euthanasia. Samples of the ventral portion of
the Gastrocnemius muscle were obtained, inserted in liquid
nitrogen and stored in a freezer at -80 °C.

Histological Process. Sections of 5 µm were cut using a
rotative microtome and slides of transverse sections were
collected and colored with hematoxylin-eosin (HE). In
addition the NADH-TR reaction was used for analyses of
fast twitch (FT) (light fiber) and slow twitch (ST) (dark
fibers).

Morphometric Study. The slides submitted to HE coloration
and histochemical reactions were observed in normal and
polarized light and photographed with a Carl ZEISS®
microscope. The mean area of gastrocnemius muscle fibers
was determined by interactive marking of the slides colored
by HE and NADH-TR reaction; a minimum of 100 fibers
and 10 slides from each animal AxioVision (ZEISS®). The
values were obtained in micrometers (µm).

Statistical Analyses. The “Komoronov-Smirnov” test was
used for identification of the normal distribution of data.
The Student t test was used for the comparison between
trained and untrained animal groups. All procedures adopted
an error of 5% (p<0.05). The statistical software SPSS®
(version 17.0) was used for analyses.

RESULTS

After analyzing the data, it was observed that the
Group 2 (trained) animals showed an increase in mean area
in relation to group 1 (untrained); the muscle fibers of the
trained group were 707 µm2 larger than the untrained
animals.

Compared to Group 1, the Group 2 rats demonstrated
an increment of 696.17 µm2 and 520.9 µm2 in fast and slow
twitch fibers respectively (Fig. 1).

Microscopic analysis showed structural components
in muscle fibers in group 1 (Figs. 2 and 3). Microscopic
analysis showed the hypertrophic process in muscle fibers
in group 2 (Figs. 4 and 5).

Finally, group 2 demonstrated the hypertrophic
process in type I fibers (slow twitch) and type II fibers (fast
twitch). This fact demonstrated that exercise training
produced alterations in both types of fibers (Figs. 6 and 7).
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Fig. 1. Comparison of transverse area section of the medial
gastrocnemius muscle in trained and untrained rats (n=20).
TAS: Transverse area section (*, #, †): Statistical difference
between trained and untrained rats. Groups comparisons:
Student t test with an error of 5% (p value p<0.05).

Fig. 2. Muscle fibers in the gastrocnemius muscle of untrained
rats. Cross-section colored with hematoxylin and eosin. Magnified
40x. The arrows indicate muscle fibers.

Fig. 3. Cross-sectional area of untrained animals. Cross-section
colored with hematoxylin and eosin. Magnified 10x. The arrows
indicate muscle fibers.

Fig. 4. Muscle fibers of the gastrocnemius muscle in trained rats.
Cross-section colored with hematoxylin and eosin. Magnified 40x.
The arrows indicate muscle fibers.

Fig. 5. Cross-sectional area in untrained animals. Cross-section
colored with hematoxylin and eosin. Magnified 10x. The arrows
indicate muscle fibers.
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DISCUSSION

The present study investigated muscle fibers in
trained and untrained rats. The experiment consisted of 14
weeks of PT with aquatic jumps. An increase in TAS muscle
fibers in the trained animals was verified, in addition to the
hypertrophic process in slow twitch and fast twitch fibers.

The gastrocnemius muscle was chosen for the
analyses as it is located in the lower region of the body and
has the main functions of body support and locomotion
(Zorzetto, 1979). Thus, the training methodology used in
the present study produced alterations in the muscle analyzed
(aquatic jumps).

It was observed that the mean area of muscle fibers
increased considerably after 14 weeks of training. The
increased area found in the trained group was 707 µm2 greater
than the untrained group; this increase is due to the muscle
hypertrophic process.

This fact results from muscle adaptation provoked
by the stress produced by physical training. Research has
shown that the gastrocnemius muscle is very engaged in
exercise training and this fact results in an increase in protein
synthesis and induces diverse biochemical reactions (Carmo
et al., 2011; Castoldi et al., 2013).

The hypertrophic process is characterized by an
increase in volume of myosin and actin filaments present in
muscle sarcolemmal, with muscle glycogen, water and ions
of calcium. Other components such as satellite cells, growth

hormone (GH), insulin and testosterone also influence this
process (Pinto et al., 2004; Machado & Ribeiro, 2004).

In addition to an increase in muscle area, an increase in
performance was observed. At the beginning of the training
period, the animals trained with a load of 50% of body weight
and by the 14th week, this had increased to 70% of body weight.

Studies have shown that an increase in force
contraction is proportional to TAS (Teixeira et al., 2008). In
one study, realized in humans, it was possible to verify that
the force of the individual modified in accordance with
muscle density, as well as the period of training or detraining
(Taaffe et al.).

It is also known that the occurrence of increased for-
ce is a result of neurological adaptation and fiber innervation.
The neural adaptation results from the recruitment of muscle
fibers and the decrease in sympathetic inhibition (Fleck &
Kraemer, 2006).

According to reports in the literature, it is noted that
nerve cells (neurons) are capable of adapting to the conditions
imposed by exercise and thereby influence innervations and
nerve endings (Deforges et al., 2009).

Moreover, an increase in cross-sectional area was
observed in both slow twitch and fast twitch fibers. Despite
the protocol utilized in the present study being characterized
for “force training”, it also increased the TAS of oxidative

Fig. 6. Analysis of muscle fiber in untrained rats for NADH-TR
reaction.Cross-section of muscle fibers for NADH-TR reaction.
Magnified 10x. The black arrows indicate fast twitch muscle fibers.
The white arrows indicate slow twitch muscle fibers.

Fig. 7. Analysis of muscle fibers in untrained rats for NADH-TR
reaction. Cross-section of muscle fibers for NADH-TR reaction.
Magnified 10x. The black arrows indicate fast twitch muscle
fibers. The white arrows indicate slow twitch muscle fibers.
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fibers and this fact demonstrates the contribution of slow
twitch fibers to adaptations.

The process of increasing muscle fiber area in the
gastrocnemius is facilitated according to the proportion of
fast twitch fibers in its composition. According to Armstrong
(1984), the percentage of glycolytic fibers varies between
94% and 95% respectively. Thus, this distribution contributes
to the hypertrophic process.

In this way, the present study collaborates with the
literature in identifying an increase in the mean area of
muscle fibers in the gastrocnemius muscle in rats submitted
to a protocol with training jumps. Furthermore, this increase
was verified quantitatively. However, the present study was

limited to analyzing muscle fiber area in rats submitted to
14 weeks of training with jumps. Future studies which ex-
plore the sarcoplasm structure, nuclei, mitochondrial and
extracellular matrix in addition to other training protocols
with variations in intensity and period of execution, would
complement this work.

CONCLUSION

We concluded that after 14 weeks of training there
was an increase in TAS when comparing the trained group
with the untrained. Furthermore, it was possible to verify
the hypertrophic effects in the slow and fast fibers.
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RESUMEN: El objetivo fue investigar los efectos de 14 semanas de entrenamiento de resistencia sobre el tejido muscular de
ratas Wistar. Fueron utilizadas 20 ratas, 10 en el grupo sin entrenamiento (Grupo 1) y 10 con entrenamiento (Grupo 2). El programa de
entrenamiento físico estaba compuesto de cuatro series con 10 saltos acuáticos, tres veces en la semana, durante 14 semanas. Un aumento
progresivo de la carga fue aplicado desde el día 14 al día 42. Los animales fueron eutanasiados con clorhidrato de potasio (100 mg/kg)
intraperitoneal. La parte ventral del músculo gastrocnemio fue removida para el análisis histológico. La musculatura fue congelada en
nitrógeno líquido y cortada con 5 µm de espesor con micrótomo rotatorio. La coloración fue H-E para el análisis del músculo y área en
las fibras musculares. La reacción com NADH-TR fue utilizada para la comparación entre las fibras rápidas (FR) y fibras lentas (FL). Las
reacciones histoquímicass se observaron bajo microscópio de luz (Zeiss®) y sobre las microfotografias obtenidas se realizaron las
mediciones con el programa Axio Vision (Zeiss®). El análisis estadístico se realizó con la prueba t de student para comparación de
medias. Se observó una media de 5061,29 µm2 en el Grupo 1 y 5768,93 µm2 en Grupo 2. Es posible concluir que 14 semanas de programa
de entrenamiento físico con 10 saltos acuáticos son capaces de aumentar el área del músculo. Un aumento del área transversal de las FR
y FL fue observado en el grupo 2.

PALABRAS CLAVE: Natación; Musculo estriado; Ejercicio físico.
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