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ORIGINAL ARTICLE

Total training load may explain similar strength gains and muscle
hypertrophy seen in aged rats submitted to resistance training and
anabolic steroids

Walter Krause Netoa , Wellington de Assis Silvaa , Adriano Polican Cienab , Danilo Bocalinic ,
Ricardo Aparecido Baptista Nuccia , Carlos Alberto Anarumab and Eliane Florencio Gamaa

aDepartment of Physical Education, Laboratory of Morphoquantitative Studies and Immunohistochemistry, S~ao Judas Tadeu
University, S~ao Paulo, Brazil; bDepartment of Physical Education, Laboratory of Morphology and Physical Activity, S~ao Paulo State
University “J�ulio de Mesquita Filho”, Rio Claro, Brazil; cTranslational Physiology Laboratory, Physical Education and Aging Science
Program, S~ao Judas Tadeu University, S~ao Paulo, Brazil

ABSTRACT

This study aimed to quantify training parameters and analyze the morphological response
of aged muscles submitted to resistance training and anabolic steroids. Aged Wistar rats were
divided into groups: C – initial control; CF – final control; CAS – control with anabolic steroid, RT
– resistance training, and RTA – resistance training with anabolic steroid. Maximum carried load,
absolute and relative loads increased significantly in RT and RTA. RTA demonstrated greater rela-
tive load than RT. Average total volume, total climbing volume, relative total volume, relative
total climbing volume, and mean climbing volume were similar between groups RT and RTA. For
soleus, CAS, RT, and RTA enlarged cross-sectional area of type I fibers and nuclear ratio. As for
type II fibers, RTA was higher than C and CF. For plantaris, RT and RTA showed significant
increases in myofibers type I compared to C and CF. For type II fibers, RTA showed a significant
increase compared to C and CF. Regarding the nuclear ratio, RT and RTA showed a higher ratio
than C, CF, and CAS. Our results demonstrated that both RT and RTA were not different among
the analyzed morphological parameters. This fact can be explained by the absence of differences
found in the training variables analyzed.
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Introduction

Every experimental training model aims to provide

answers to the needs of biological analysis whose limi-

tations would make it impossible to be performed in

humans. As in any stressful situation, physical exercise

induces momentary adjustments in physiology, biol-

ogy, and cellular biochemistry. As this process contin-

ues, chronic changes will allow new challenges to be

tested in even more stressful situations. However, for

this process to be entropically controllable, it is neces-

sary to manipulate the mechano-biological variables of

exercise prescription and physical training. For this, its

principles (e.g. adaptation, biological individuality, and

progressive load) must be respected, as well as serve

as the basis for the periodization of the entire training

program [1,2].

Resistance training consists of a set of mechano-

biological descriptors whose aim is to induce specific

and to some extent expected chronic adjustments.

Also, familiarity with exercise and performance tests are

important to reduce the bias associated with the gain

of coordinative pattern, usually found in those with

poor trainability. Recent studies have suggested that

parameters such as total volume (sets� repetitions)

and total load volume (sets� repetitions�weight) can

significantly influence the biological adaptation of vari-

ous tissues [3,4]. Thus, different volumes of resistance

training and their respective parameters can induce

vain adjustments in physiology, morphology, and cellu-

lar biology. Despite this, the control of these parame-

ters in rodents is really scarce in the literature [5].

Regarding skeletal muscle hypertrophy, research

using the resistance training model through ladder

climbing has shown conflicting results [6,7]. Hornberger

and Farrar [8] described the most commonly used train-

ing equipment and protocol, demonstrating significant

muscle hypertrophy of the flexor hallux longus (FHL).

However, the authors failed to demonstrate significant

hypertrophy in other skeletal muscle types, possibly
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due to their respective muscular actions during the

climbing movement or lack of methodological control

of the workload for each joint follow-up required in this

training model. Yet, Lee et al. [9] reported that this

equipment is modest in intensity when compared to

other models. Neverthless, Hellyer et al. [10] demon-

strated that even moderately, this model was efficient

in promoting increased cross-sectional area (CSA) and

myosin heavy chain content (MHC) even without induc-

ing changes in expression and phosphorylation of key

factors for muscle hypertrophy. Taking all these facts

into consideration, it is necessary to evaluate whether

the form of training, and not just simple prescription,

can somehow change the type of morphofunctional

response of this model.

The aging process may induce sarcopenia in pos-

tural and locomotor muscles of rodents and humans.

The reduction of muscle strength is directly associated

with falls and traumas along the advancing age [11].

Thus, strategies such as resistance training and use of

anabolic steroids become relevant. Luo et al. [12] have

shown that resistance training is effective in increasing

autophagy and reduce apoptosis of myocytes by

modulation of growth factors, as well as the activation

of signaling pathways for muscle hypertrophy in the

aged muscles. The use of anabolic steroids alone is

already potent in increasing the strength and muscle

mass of older individuals. However, it seems that the

use of resistance training associated with anabolic ste-

roids might be more effective than each therapy

applied in isolation.

Studies with different ergogenic agents have shown

that the equalization of the total volume of load

seems to inhibit the ergogenic effect and to induce

chronic adjustments similar to the isolated resistance

training [13]. In this way, the following question is

raised: What is the effect of resistance training and

anabolic steroid use on different types of skeletal

muscles of aged rats when resistance training parame-

ters are similar?

In this way, this study had the following objectives:

(1) to quantify training parameters using the ladder

climbing model and (2) to analyze the morphological

response to muscular hypertrophy of muscles with dif-

ferent functions and predominance of myofibers of

aged rats submitted to resistance training associated

with anabolic steroids.

Methods

The present study was approved by the Committee on

Ethics in Animal Use (CEAU – Protocol 001/2013) and

carried out at the Laboratory of Morphoquantitative

Studies and Immunohistochemistry of the S~ao Judas

Tadeu University (LEMI-USJT) and Laboratory of

Morphology and Physical Activity of the Institute of

Biosciences of S~ao Paulo State University “J�ulio de

Mesquita Filho” (UNESP-Rio Claro).

Sample

We used 30 male Wistar rats aged 20months from the

S~ao Judas Tadeu University Animal House. The animals

were randomly divided into five groups: C – initial

control (n¼ 6); CF – final control (n¼ 6); CAS – control

with anabolic steroid (n¼ 6); RT – resistance training

(n¼ 6) and RTA – resistance training with anabolic

steroid (n¼ 6).

During the experimental period, the animals were

housed in polypropylene boxes provided with a drink-

ing fountain and feeder, maintained under controlled

conditions of temperature (22 �C) and illumination

(12 h clear and 12 dark hours). For all groups, we pro-

vide a commercial reference feed for rats and water

ad libitum.

Resistance training

For resistance training, we reversed the light–dark

cycle (lights programed to remain off from 7 a.m to 7

p.m and on from 7 p.m to 7 a.m) from the accommo-

dation room to enable RT and RTA groups to train

during active period (nocturnal). The training sessions

were held between 11 a.m. and 4 p.m. of the sched-

uled days using the ladder climbing (LC) equipment.

This model was chosen from the one proposed by

Hornberger and Farrar [8], whose equipment was con-

structed in wood with steps of iron, 110 cm of height,

80� of inclination and distance of 2 cm between each

step. According to authors, each animal is able to per-

form between 8 and 12 movements starting from the

base to the top of the ladder. In a pilot study con-

ducted in our laboratory (unpublished data), each ani-

mal was able to climb the ladder through 10

movements in each series of climbs.

Familiarization protocol

For the equipment familiarization protocol, each ani-

mal climbed the ladder three times, starting from

three distinct positions (upper third, middle and base)

separated by 60 s. The animals had no help or reward

to climb the equipment. If necessary, a touch on the

rodent’s tail was given to start the movement. For

safety, we conducted the animals during climbing,

placing our hands to the side and below, without
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touching them until it reached the top of the equip-

ment. This procedure was taken with the intention

of avoiding that they jumped, tried to descend, or to

fall from the equipment. This process was conducted

for five sessions on consecutive days (Monday to

Friday) without any additional burden attached to

the animal's tail. After this period, the animals of all

groups underwent the maximum loaded carrying

test.

Maximum loaded carrying test

In the week following the end of the brief period of

adaptation to the equipment, all rodents performed

the maximum loaded carrying test (MLCT) in two ses-

sions (T1 versus T2). The option to perform the initial

tests in two sessions was motivated by the existence

of evidence, which demonstrated that there is a need

for more than one sedentary load test session, thus

reducing the initial strength gain bias supported by

the improvement of the coordinative pattern [14]. This

process was called familiarization testing period and

although this has been documented in humans of dif-

ferent ages and levels of trainability, it is not known

whether such a procedure is also necessary in experi-

ments with laboratory rodents. Thus, we divided the

tests into two moments (T1 vs T2). The first stage con-

sisted of the initial familiarization test (T1), followed by

a second test separated by 72 h (T2). The two tests

were applied using the same methodology and the

same load progressions. The highest load carried from

the second test (characterized as the PRE moment)

was used as the parameter for later comparison.

The MLCT was initially proposed by Hornberger and

Farrar [8] and used by authors such as Deus et al. [15].

The test consisted of the animal climbing the ladder

as many times as possible from an initial load, adding

a new percentage to each successful attempt. First,

each animal was weighed and its relative charges cal-

culated. Then each rodent climbed the ladder twice,

without any additional burden, with a one-minute

interval between each climb. The initial load of the

test was 50% of the body weight of the animal (BWa),

with subsequent increments of 10% of the BWa being

made at each successful climbing. The test was con-

ducted until the animal was unable to climb the lad-

der for at least two consecutive trials. Between each

attempt, a two-minute interval was allowed. In the ori-

ginal protocol of Hornberger and Farrar [8], an initial

loading of 75% of the BWa was used. However, due to

the more advanced age of our rodents (20months),

we adapted the initial loading of the test to 50% of

the BWa.

After the initial tests, all groups, except for C, were

reassessed after 72 h of the last test session (POST).

For further analysis of the responses to the familiar-

ization process, we compare the results obtained

between T1 and T2. In addition, we used the values

obtained in T2 as PRE and compared them to the final

test (POST).

Resistance training protocol

From the week following the completion of MLCT, we

submitted the RT and RTA groups to the training

protocol for fifteen weeks (45 sessions). In this study,

we used the protocol previously described by Lee

et al. [9] and Harris et al. [16]. In the first session,

rodents climbed the ladder twice in each of the fol-

lowing workloads: 50, 75, and 100% of the final MLCT

load. If the animal could climb the ladder twice with

100%, an increase of 30 g was made on the last climb-

ing load and two more climbs were allowed, totaling

eight maximum climbs. In the subsequent sessions, we

recalculated the percentages (50, 75, and 100%) from

the maximum load reached in the previous session.

However, if the animal did not complete the protocol

with eight maximum climbs, the same loads were

maintained for the next training session. Each rodent

had a two-minute interval between each climb. The

training was conducted three times a week and on

alternate days (Mondays, Wednesdays, and Fridays).

To increase the loads, we used lead weights

attached by a musket and tape, tied to the proximal

region of the tail of the animals. The body weight of

all animals was measured once a week (Tuesdays)

from the beginning to the end of the study. For this, a

semi-analytical balance of the brand GEHAKA BG 100

was used.

At the end of the training, we analyzed the follow-

ing parameters: absolute load (g), relative load (%

BWa), average total training volume (g), mean total

climbing volume (g), mean relative volume by climb-

ing (% BWa), mean climbing volume (n�), total training

load, and average training load per session. The abso-

lute load was presented by surveying the maximum

loads carried during the first and last training session,

respectively. The relative load was calculated by the

percentage found in the equivalent of the maximum

load carried relative to the body weight of the ani-

mals. The training volumes were calculated by sum-

ming the load carried between all the scaling of the

respective training sessions (first and last). To find the

average loaded value by climbing, we divide the value

found in the total training volume by the number of

climbs of the session in question. The other relative
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data were calculated by converting the absolute data

taking into account the body weight of the animal.

The total training load was calculated by summing all

the climbs of each rodent during the entire training

period.

Anabolic steroid administration

The PERINON
VR
anabolic steroid from the Perini labora-

tory in a 100ml vial containing 200mg/20ml of testos-

terone propionate (TP) was used in this study.

There is no standard dosage and frequency of

weekly application of this hormone to rodents. Thus,

we used the dosage of 10mg/kgBWa/week in this

study. It is known that this dosage is sufficient to

stimulate the increase of bone mineral density and

growth hormone in rats [17]. In addition, previous

data from our laboratory demonstrated significant

muscle hypertrophy and low level of hepatic side

effect with this dosage applied to middle-aged rats

[18,19]. We weighed the animals every Tuesday to

recalculate the application dosage.

TP administration was done by intraperitoneal injec-

tion, twice a week (always on Tuesdays and Fridays),

starting from the first day of experiment, in the groups

CAS and RTA. The groups received the injections from

the age of 20months, shortly after the MLCT, until the

scheduled date of euthanasia. The duration of treat-

ment was concomitant to the resistance training of

the RT and RTA groups (fifteen weeks).

Euthanasia and preparation of the material for

analysis

The animals were euthanized through the CO2 inhal-

ation method, with subsequent removal of the soleus

(SL) and plantaris (PL) muscles, preparing them for

histochemical techniques. The SL and PL muscles were

chosen according to their predominance of muscle

fiber typology and action during the climbing exercise.

The SL muscle is predominantly oxidative and consists

of a majority of type I muscle fibers. At one time, the

PL muscle is glycolytic and predominantly formed of

faster contraction fibers (type II). Also, we removed

and weighed the testicles of both left and right sides.

Histochemistry

The SL and PL muscles were cryophilized in liquid

nitrogen and kept at �80 �C until analysis. The assem-

bly and preparation of the slides were done at the

Laboratory of Morphology and Physical Activity of

UNESP-Rio Claro. Finally, the analysis of the material

happened in the LEMI-USJT.

After sectioning the tissue to cryo-20 �C in the thick-

ness of 8lm, the sections were incubated for 30min

at 37 �C in a solution containing 10mg of ATP dis-

solved in 2 drops of distilled water added with 10ml

of more glycine/NaCl buffer CaCl2 and hitting the pH

to 9.4 added with DDT. Then, we washed the cuts in

distilled water and incubated for 2min in 2% cobalt

chloride for 3 times. Again, we washed in distilled

water and dehydrated in ascending alcohol series

(70%, 90%, 95%, and 100%) and brighten in xylol.

Finally, we set up in Balsamo of Canada. For the

method at pH 4.6, we preincubated the cuts in 0.1 M

sodium acetate buffer with 10mM EDTA for 10min at

4 �C. We washed with distilled water and incubate for

2min in 2% cobalt chloride for 3 times. Again, we

washed in distilled water and dehydrate in ascending

alcohol series (70%, 90%, 95%, and 100%), lighten it in

xylol. Finally, we set up in balsamic from Canada. This

method allowed us to obtain types I and II muscle

fibers (Figure 1).

Morphometric study

Slides containing transversal sections of the SL and PL

muscles were analyzed. For this, we analyzed 30 pho-

tographs of each group with final magnification of

400�. Measurements were made in software axiovision

version 4.8 coupled to the light microscope (Zeiss).

In each slide, it was possible to measure the cross-

sectional area (lm2) of muscle fibers type I and II.

We counted the ratio of nuclei per muscle fiber

based on the quotient between the number of nuclei

Figure 1. Sample of myofibers from the soleus muscle of
Wistar rats histochemically stained for myosin ATPase following
acidic preincubation at pH 4.6. Darker myofibers are type I and
lighter type II. Original magnification of 400�.
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and muscle fibers. In these procedures, we used the

image J.

Below is the descriptive model of the experiment

period followed during this study (Figure 2).

Statistical analysis

All data are presented by mean and standard devi-

ation. For statistical comparison between the different

groups, one-way ANOVA (post hoc Tukey) was used.

For comparison of the PRE versus POST results of the

same group, Student's t-test was calculated for

dependent samples. To compare the same parameters

among the trained groups, we used t-test for inde-

pendent samples. For the statistical calculations, we

used SPSS software version 21.0 and set the level of

significance at p� 0.05. To demonstrate the statistical

differences present, we used fixed signals in the tables

and graphs, in order to facilitate the reading and com-

parison of the results.

Results

Both testicles of the CAS and RTA groups were lighter

than other groups (p< 0.05). Data are presented in

Figure 3.

MLCT familiarization tests did not differ between T1

and T2 among groups (Figure 4).

In the MLCT, there was no difference between the

PRE and POST moments in the CF group. CAS, RT, and

RTA groups increased the maximum load carried sig-

nificantly between PRE and POST (p< 0.05). RT and

RTA groups were shown to be stronger than CF

(p< 0.05). Data are shown in Table 1.

Both absolute and relative loads increased signifi-

cantly from the beginning to the end of the training

period in the RT and RTA groups (p< 0.05). However,

the RTA group demonstrated a greater relative load

increase than RT (p< 0.05). Absolute loads are pre-

sented in Figure 5.

Both groups RT and RTA presented similar tendency

to increase absolute training load and average load

per climbing during experimentation period (Figure 6).

Average total volume, total climbing volume, rela-

tive total volume, relative total climbing volume, and

mean climbing volume were similar between groups

RT and RTA (Table 2).

Total load and average load per session were not

different between RT and RTA (Figure 7).

For SL muscle, CAS, RT, and RTA groups presented

significant difference in relation to C and CF for cross-

sectional area of type I fibers and nuclear ratio

(p< 0.05). As for type II fibers, only RTA was larger

than C and CF (p< 0.05).

For PL muscle, CAS group significantly increased

type I fibers compared to C (p< 0.05). RT and RTA

groups showed significant increases compared to C

and CF (p< 0.05). For type II fibers, the RTA group

showed a significant increase in comparison to C and

CF (p< 0.05). Regarding the nuclei, RT and RTA groups

showed a higher ratio than C, CF, and CAS (p< 0.05).

All data are shown in Table 3.

Discussion

Objectively, we expected that even in a relatively short

time, it would be possible to verify changes caused by

aging on the parameters of the muscular structure

Figure 2. Experimentation period scene.
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Figure 3. Testicles weight (g) from groups 20months-old control (C), 24months-old control (CF), anabolic steroid control (CAS),
resistance-trained (RT), and resistance trained plus anabolic steroid therapy (RTA). arepresents difference from group C (p< 0.05).
brepresents difference from group CF (p< 0.05). drepresents difference from group RT (p< 0.05).

Figure 4. Maximum load carrying test (MLCT) data of testing sessions 1 (T1) and 2 (T2) from groups initial control (C), final control
(CF), control with anabolic steroid (CAS), resistance-trained (RT) and resistance trained with anabolic steroid (RTA).

Table 1. Maximum load carrying test (MLCT) data before (PRE) and after (POST) 15weeks of experimen-
tation from groups initial control (C), final control (CF), control with anabolic steroid (CAS), resistance-
trained (RT) and resistance trained with anabolic steroid (RTA).

MLCT

Groups

F p ValueC CF CAS RT RTA

PRE (g) 384 ± 53 445 ± 60 401 ± 73 391 ± 46 384 ± 47 1,144 0.353
POST (g) – 414 ± 64 574 ± 92a 706 ± 114a 639 ± 139a 8,247 0.001
Delta % – �7 þ43 þ81 þ66 – –

p Value – 0.453 0.001 0.000 0.005 – –

Attempts
PRE (n�) 2 ± 1 3 ± 1 2 ± 1 2 ± 1 3 ± 2 1,144 0.353
POST (n�) – 2 ± 1 5 ± 1a 7 ± 2a 7 ± 2a 8,247 0.001
Delta % — þ50 þ150 þ250 þ133 – –

p Value – 0.412 0.001 0.000 0.006 – –

Data are shown as mean and standard deviation.
aindicates significant difference in relation to CF (p� 0.05).
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and consequently the voluntary capacity to carry load.

However, in this study, we demonstrated that between

20 and 24months of age, Wistar rats showed no signs

of sarcopenia and no need for multiple familiarization

tests.

Our additional procedures have shown interesting

results. The administration of testosterone alone was

potentially sufficient to increase the carried load and

muscle hypertrophy. In the old population, the import-

ance of testosterone to the levels of strength and

muscle mass has been studied in a very interesting

way [20]. Testosterone administration can suppress

increases in oxidative stress, myostatin levels and acti-

vation of c-Jun NH (2) -terminal kinase in aged

muscles [21]. Collectively, testosterone stimulates cellu-

lar metabolism and survival pathways, inhibiting the

cell death pathway. According to Sinha-Hikim et al.

[22] and Storer et al. [23], outcomes associated with

the effect of anabolic steroids on hypertrophy,

muscle strength, and functional parameters are dose-

dependent. Being elderly as responsive to graded

doses of exogenous testosterone as young people [24].

Figure 5. Description of the mean absolute (g) and relative load (% BW) initial and final of the trained groups (RT) and trained
with anabolic steroid (RTA).

Figure 6. Total training load and average training load per session evolution during 15weeks of training on groups resistance
trained (A and B) and resistance training with anabolic steroids (C and D).
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Confirming our data, Axell et al. [25] demonstrated

that continuous administration of testosterone can

increase the fatigue resistance of the treated rats.

Sinha-Hikim et al. [22,26,27] suggested that addition

of myonuclei is essential for muscular hypertrophy in

young and old. The mechanisms associated with

Notch signaling are important for the myogenic pro-

gression along with modulations of JNK and p38

MAPK proteins [28]. Also, significant reductions in the

content of myostatin in the soleus muscle might

explain muscle hypertrophy of type I fibers [29].

Ferry et al. [30] demonstrated that androgen recep-

tors (AR) are required to increase CSA and muscle

strength. Basualto-Alarc�on et al. [31] explained that

testosterone-induced skeletal muscle hypertrophy is

linked to a crosstalk between the pathways involving

AR and rapid intracellular signaling.

The goal of associating resistance training with tes-

tosterone propionate was to potentiate the effect of

both. However, there was some similarity in strength

gains and muscle hypertrophy between the isolated

and steroid-associated resistance training. This fact can

be explained by the quantification of training parame-

ters. Both groups showed load progression curves and

total load volume similar to the end of the training

period.

Resistance training is effective in increasing protein

synthesis and muscle hypertrophy of the elderly

[32,33]. In this study, the RT group increased maximum

load carrying capacity, absolute and relative loading,

average total volume, total climbing volume, relative

total volume, relative total climbing volume and mean

climbing volume. The methodology of controlling

these variables is recent in the scientific scope and it

seems that the total volume of load, level of muscle

fatigue, time under tension, and metabolic stress are

fundamental parameters to stimulate chronic adjust-

ments in the neuromuscular morphology [34].

Schoenfeld [35] suggests that regardless of the

magnitude of the load (low or high), muscle hyper-

trophy is achieved if training is done until voluntary

muscle failure. In experimental models, it is difficult to

Table 2. Effects of 15weeks of experimentation on the aver-
age total volume (g), total climbing volume (g), relative total
volume (%), relative total climbing volume (%) and mean
climbing volume (n�) from groups resistance-trained (RT), and
trained with anabolic steroid (RTA).

Variables

Groups

p ValueRT RTA

Average total volume (g)
Initial 1550 ± 493 1624 ± 544 >0.05
Final 3924 ± 516 3243.33 ± 430 >0.05
Delta (%) þ153 þ100 –

p Value (pre vs post) 0.005 0.016 –

Total climbing volume (g)
Initial 284 ± 28 295 ± 28 >0.05
Final 655 ± 18 613 ± 23 >0.05
Delta (%) þ130 þ108 –

p Value (pre vs post) 0.000 0.000 –

Relative total volume (%)
Initial 229 ± 73 287 ± 96 >0.05
Final 630 ± 83 674 ± 89 >0.05
Delta (%) þ175 þ134 –

p Value (pre vs post) 0.003 0.007 –

Relative total climbing volume (%)
Initial 42 ± 4 53 ± 4 �0.05
Final 105 ± 3 127 ± 5 �0.05
Delta (%) þ150 þ139 –

p Value (pre vs post) 0.000 0.000 –

Mean climbing volume (n�)
Initial 5 ± 1 5 ± 1 >0.05
Final 6 ± 1 5 ± 0 >0.05
Delta (%) þ17 0 –

p Value (pre vs post) 0.417 0.877 –

Data are shown as mean and standard deviation.

Figure 7. Total load and average load per session after 15weeks of experimentation for groups resistance-trained (RT) and resist-
ance trained with anabolic steroid (RTA).
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determine whether rodents climb the ladder until fail-

ure. However, their level of fatigue is evidently high.

Still, gains in muscular strength also appear to be

related to total training load. Schoenfeld et al. [36]

suggest that high loads recruit more motor units, thus

becoming potentially important for strength gains and

muscular endurance. Furthermore, Schoenfeld et al.

[37,38] have shown that the equalization of training

volume presents a decisive result in hypertrophy and

muscle strength.

Although the influence of many variables is widely

discussed in the literature, very little of this is manipu-

lated in animal experimentation. Several equipments

and protocols were constructed in order to study

strength training in rodents [5]. In the original study

by Harris et al. [16], muscle hypertrophy of the planta-

ris muscle, at one time demonstrated through the

muscle/body weight ratio, occurred. In addition, the

authors demonstrated that the trained aged group fin-

ished the training program with a load equivalent to

169% BWa. Knowing that the amount of weight

loaded and the volume of climbing could interfere

with the research outcomes, Deus et al. [15] demon-

strated that training with body weight alone was suffi-

cient to increase the final carried load by

approximately 2.5� of the initial value. However, the

group that trained with upper thresholds presented a

significantly higher increase in the test load. A ques-

tionable variable of both, load and training test, is the

so-called “failure” question. In humans, failure is

accounted for when the practitioner performs no fur-

ther movement within the technical correspondence

of the exercise. In rodents, failure is defined by the

inability of the animal to climb the equipment for two

or more consecutive times. Deus et al. [15] demon-

strated higher lactate peaks in the group of rodents

trained with higher loading thresholds. Thus, it is

demonstrated that the increase in load within the

training session is significantly potent in taking the

animal close to voluntary muscle failure. Luciano et al.

[39] compared the effect of three different load mod-

els on the cross-sectional area of the quadriceps

muscle, as well as on the phosphorylation of the

mTOR protein and other molecules involved in the

upstream regulation of mTOR. After 12weeks of train-

ing, the group with loads for muscular hypertrophy

(25–100% RM) presented better results than the other

two groups (10–50% RM and 25–200% RM). This same

result was demonstrated for mTOR phosphorylation

and for the major molecules involved in the upstream

control of mTOR (increased phosphorylation of PKB,

14–3-3, ERK, p38 MAPK and 4E-BP1 and reduction of

tuberin, sestrin 2, REDD1 and phosphor AMPK).

Although intriguing, the protocols of this study pre-

sent difficulties of interpretation. In addition, the

authors did not indicate how the training volumes

were controlled during the experiment period.

Kraemer et al. [40] showed that RT-induced dynamic

adaptations in somatotrophic structure and function.

These facts may explain the effect of IGF on the stimu-

lus of muscle hypertrophy, since growth hormone (GH)

and IGF-1 work together. Intriguingly, Lee et al. [9]

reported that LC equipment is modest in intensity

when compared to other devices that used a greater

number of repetitions and less frequency of training

sessions. Philippe et al. [41] indicated that the preci-

sion in the quantification of training loads and physical

performance of this model in rodents makes it pos-

sible to model their responses to resistance training.

Trenerry et al. [42,43] and Begue et al. [44] demon-

strated that the IL-6/STAT1/STAT3 cell signaling path-

way is important for muscle hypertrophy. Yet, Luo

et al. [12] demonstrated that resistance training is

effective in enhancing autophagy and reducing

Table 3. Morphometry of the soleus and plantaris muscle of aged Wistar rats after 15weeks of experimentation in the initial
control (C), final control (CF), control with anabolic steroid (CAS), resistance-trained (RT) and resistance trained with anabolic ster-
oid (RTA).

Groups

Variables C CF CAS RT RTA F p Value

Soleus
Type I CSA (mm2) 2851 ± 698 3067 ± 745 3665 ± 973a,b 3698 ± 912a,b 3896 ± 1014a,b 15,574 0.000
Type II CSA (mm2) 3397 ± 885 3290 ± 1171 3760 ± 1097 3707 ± 1123 4220 ± 683a,b 3,286 0.013
Nuclear ratio 1.57 ± 0.25 1.89 ± 0.37 2.54 ± 0.63a,b 3.01 ± 0.63a,b 2.99 ± 0.4a,b 25,217 0.000

Plantaris
Type I CSA (mm2) 2023 ± 631 2179 ± 443 2647 ± 526a 2880 ± 475a,b 2974 ± 712a,b 9,817 0.000
Type II CSA (mm2) 3123 ± 998 3196 ± 855 3373 ± 928 3557 ± 1144 3735 ± 1292a,b 3,929 0.004
Nuclear ratio 1.24 ± 0.35 1.4 ± 0.19 1.51 ± 0.25 2.22 ± 0.4a,b,c 2.2 ± 0.69a,b,c 18,622 0.000

Data are show as mean and standard deviation.
CSA: cross-sectional area; Nuclear ratio: number of nuclei/muscle fiber.
aindicates a significant difference in relation to C (p� 0.05).
bindicates significant difference in relation to CF (p� 0.05).
cindicates a significant difference in relation to CAS (p� 0.05).
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apoptosis of muscle cells by the activation of Akt/

mTOR and Akt/FOXO3 in the muscle of old rats.

Although this evidence has demonstrated the activa-

tion of relevant cellular and molecular pathways that

explain muscle hypertrophy observed in studies using

the ladder climbing model, further studies with rats at

different stages of senescence are needed.

The association between TP and resistance training

allowed a significant increase in several parameters.

The maximum carrying load capacity and the number

of climbs increased significantly. Absolute and relative

loads increased 115% and 161% at the end of training

time. The average total (100%), average climbing

(108%), relative (134%) and relative climbing (139%)

volumes increased significantly between the INITIAL

and FINAL sessions. Of these parameters, the relative

load and the total relative volume per climb were stat-

istically higher in RTA than RT. These results allowed a

significant increase of CSA of the type I and II muscle

fibers of the soleus and plantaris muscles. Lambert

et al. [45] agree that the combination of exogenous

testosterone and resistance training leads to greater

gains in muscle mass. In agreement, Bhasin et al.

[46,47] demonstrated that the combination of resist-

ance training and anabolic steroid use is effective in

increasing muscle mass and strength. Interestingly, our

data demonstrate that both the combination of resist-

ance training and testosterone, as well as individual

therapy, were not different from each other. It is

known that testosterone acts via interaction with its

respective receptor (AR), so resistance training is able

to increase the expression of AR mRNA, enhancing the

effects of its administration [48].

In conclusion, our results demonstrated that both

RT and RTA were not different among the analyzed

morphological parameters. This fact can be explained

by the absence of differences found in the training

variables analyzed. Thus, it is suggested that future

studies make a more detailed analysis of the training

parameters, seeking the quantification of the absolute

and relative total volumes of load.
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