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SUMMARY
Background. This study aimed investigating the effects of whole-body vibration (WBV) on 
morphological parameters and the antioxidant system of the diaphragm muscle of Wistar rats 
with monosodium glutamate (MSG) obesity induction. 
Methods. 28 animals were separated into two groups: obesity (administration of MSG) and 
control group. At 80 days of age, the groups were subdivided and training with WBV was 
started for eight weeks, constituting the control (GC), WBV control (GCP), obese (GO) and 
obese WBV (GOP) groups. At the end of the experimental period, when the animals were 136 
days old, euthanasia and removal of the diaphragm muscle occurred. The right muscle anthem 
was prepared for histological analysis, quantification of total proteins and oxidative stress. 
Results. Obese animals exhibited a reduction in the cross-section area of fiber types IIA, IIB, 
and total proteins; as for the enzymes of oxidative stress, there was a reduction in catalase 
activity and an increase in glutathione S-transferase. On the other hand, in the animals trained, 
there was a reduction in the amount of fiber type IIB, inferring possible deleterious effects on 
the contractile capacity of strength and an increase in the activity of the glutathione S-transfer-
ase enzyme, which was also verified in the group of association of obesity and training, besides 
a reduction in the activity of glutathione reductase. 
Conclusions. Obesity caused a reduction in the total proteins of the diaphragm muscle, as well 
as a decrease in the area of type IIA and IIB fibers and enzymes in the antioxidant defense 
system. The WBV has not been able to reverse the effects caused by obesity.
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INTRODUCTION
The excessive or abnormal accumulation of fat from obesi-
ty has been associated with numerous comorbidities and 
medical complications and is considered an important 
public health problem (1). Among the damages to health, 
cardiovascular diseases, type 2 diabetes, and several types 
of cancers stand out (2). Thus, it is verified that obesity 
compromises the health and daily activities of the individ-
ual, which makes weight loss a necessity in the recovery of 
quality of life (3).
The regular practice of physical exercises has been pointed 
out as a positive factor associated with health, contributing 

to the prevention and control of diseases such as obesity and 
its comorbidities (4). The planned, structured and repeti-
tive physical activity, which characterizes physical exercise, 
brings numerous benefits to health, such as improved phys-
ical conditioning, decreased loss of bone and muscle mass, 
improved cardiorespiratory fitness and increased strength, 
coordination and balance (4-7).
There is a diversity of types and modalities of exercises, 
including activities in which equipment is used, such as those 
that produce vibration (8), which can be local, in a specific 
limb, or whole-body (WBV) and generate muscle strength 
gains (9-11). The WBV causes alterations in the musculoten-
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dinous length, by transmitting mechanical stimuli to recep-
tors, leading to stimulation of the muscle spindles, which 
results in reflex neural activity with consequent muscle 
contraction (12). This physiological mechanism promotes 
an increase in energy expenditure and, consequently, an 
increase in calorie burning. When used in strength train-
ing, the vibrations show an increase in these parameters, 
which provides an improvement in physical performance, 
physical rehabilitation, and an increase in muscle mass (7, 
13). Furthermore, according to Zago et al. (14) WBV is a 
promising form of intervention for obese women and can 
improve cardiac autonomic function, reduce peripheral 
and central arterial stiffness, increase insulin sensitivity and 
glucose regulation, improve muscle strength, and reduce 
body weight. Alavinia et al. (15) also in a meta-analysis 
points to a reduction in body weight and fat mass, especially 
when WBV is associated with other measures such as diet 
and exercise.
In an obese condition, the muscle system is compromised 
because the inspiratory muscles – especially the diaphragm 
– receive deep influence and work overload, which can lead 
to a reduction in respiratory strength (16). Thus, the train-
ing of this musculature aiming at improving resistance is of 
utmost importance, and exercise with WBV can become 
advantageous due to the effects on the improvement venti-
lation and its systemic action (13, 17).
Few studies investigate the influences of physical exercise 
on the morphological structure of the inspiratory diaphrag-
matic muscle, which is considered the most important in 
the act of breathing. Reid et al. (18) analyzed in hamsters 
the morphology of the diaphragm using swimming exercise; 
however, no significant differences were observed in the 
cross-sectional area of muscle fibers and also in the percent-
age of fiber types, showing that its effect on the diaphragm 
seems to be less than other interventions, such as running on 
a treadmill or the inspiratory resistance load. Luciano and 
Mello (19) verified in diabetic rat diaphragms a reduction in 

total protein levels, with the improvement in this parameter 
after swimming exercise. Even if swimming, also considered 
an aerobic exercise involving the limbs, as occurs with WBV, 
has presented relevant data, these are still controversial (20).
In this context, the effects of WBV on morphological param-
eters and the antioxidant system of the diaphragm muscle 
were investigated in an experimental model of monosodium 
glutamate (MSG) obesity induction.

METHODS
A total of 28 male Wistar rats were kept under controlled 
light conditions (light/dark cycle 12 h) and temperature (23 
± 2 ºC), in standard cages (41 cm long × 34 cm wide × 17 cm 
high), with access to standard rodent feed (BioBase, Santa 
Catarina, SC, Brazil) and ad libitum water.
All experiments were conducted following national and inter-
national legislation (21) and with the approval of the Ethics 
Committee on the Use of Animals at the Universidade Estad-
ual do Oeste do Paraná (Unioeste): experimental certificate 
on the use of animals in research number 08/18 - CEUA.

Experimental groups 
The animals were initially separated into two groups: 
control (GC, n = 14) and obese (GO, n = 14). During the 
first five days of life, GO animals received injections of 
MSG at a dose of 4 mg/g body weight and, to go through 
the same stress, GC received a subcutaneous saline solution 
at a dose of 1.25 mg/g body weight (22). The day of birth 
was considered day zero and the injections started on day 
one (figure 1).
At 70 days of age, the training with WBV was initiated, 
causing both groups to be subdivided into two more: the 
control group submitted to the vibration platform (GCP, n 
= 7) and the obese group submitted to the vibration plat-
form (GOP, n = 7).

Figure 1. Time scheme for performing different steps of the experiment with the live animal.
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WBV Protocol
The commercial Vibro-oscillatory platform (Arktus, Brazil) 
was used three times a week for 10 minutes for eight consec-
utive weeks, with at least 48 hours of rest between sessions. 
The exercise protocol was adapted to a 60 Hz frequency 
with an amplitude of two millimeters (23).
The animals were positioned and contained in an MDF wood-
en support, with compartments 13 cm wide, 19 cm long and 
25 cm high. In each training, the animals were rotated in the 
enclosures to minimize biases resulting from the difference 
in vibration amplitude in the different areas of the platform.

Collection of the diaphragm muscle
At 130 days of age, after finishing the training with the 
vibration platform, the animals were desensitized in a CO2 
chamber and eutanasiated with the aid of the guillotine. The 
animals were kept in a ventral position and an incision in 
the median region was made just below the thorax, with the 
skin and muscles subsequently folded. The removal of the 
diaphragm consisted only of its costal part, being divided 
into right and left anterms.

Histoenzimological analysis
A sample of the right antler of the diaphragm muscle was 
kept at room temperature for a period of 30 to 40 minutes. 
After this time, the sample was covered with neutral talc 
and frozen in liquid nitrogen for subsequent storage in 
Biofreezer at - 80 ºC. During processing, the frozen muscle 
samples were transferred to a cryostat chamber (LUPE-
TEC CM 2850 Cryostat Microtome) at - 30 ºC and kept for 
30 minutes. These samples were then one end glued to a 
metal support using Tissue Freezing Medium (Leica, Jung, 
Germany) and sectioned transversely at 7 µm thickness.
The cross-sections were submitted to the reaction of Nico-
tinamide Adenine Dinucleotide - Tretrazolium Reductase 
(NADH-TR), according to Pearse’s technique, modified 
by Dubowitz and Brooke (24), which allows the analysis of 
the oxidative and glycolytic metabolism of the three types of 
muscle fibers. With this material, the quantification of the 
three types of fibers and the measurement of their respective 
cross-sectional areas were performed using the Image Pro Plus 
6.0® program (Media Cybernetics, Maryland, USA), with four 
microscopic fields (20X objective) being used for each animal.

Oxidative stress analysis
In the oxidative stress analysis, the other part of the sample 
from the right antymere of the diaphragm muscle was frozen 
in liquid nitrogen and stored in a freezer - 80 ºC for subse-

quent homogenization. The samples were homogenized in 1 
ml of Tris HCl, pH 7.4 buffer and centrifuged at 13,680 G 
for 10 minutes at a temperature of 4 °C. The protein quan-
tification of the samples was determined by the method of 
Bradford (25) using bovine serum albumin as the standard. 
All samples were then normalized to 1 mg of protein/ml.
To evaluate the enzyme dosage, associated with the antiox-
idant system, the activity of Superoxide Dismutase (SOD), 
the activity of Catalase (CAT), the reaction of Lipoper-
oxidation (LPO), the activity of Glutathione S-Transfer-
ase (GST) and the activity of Glutathione Reductase (GR) 
were analyzed.
In the case of SOD, the method proposed by Crouch et 
al. (26) modified was used. The principle of this analysis 
consists in quantifying the complex formed between super-
oxide and tetrazolium blue (NBT), measured at 560 nm 
during 1 h 30 min. An aliquot of 0.75 mg/ml of protein in 
25% ethanol was prepared in a volume of 800 μL and centri-
fuged at 13,680 G (4 °C) for 20 minutes. From the super-
natant, the reaction medium was prepared in 96-well micro-
plate, in triplicate, with a final volume of 200 μL, containing 
0.1 mg of protein × mL-1, 0.09 mM of NBT, 0.015 mM of 
EDTA, 34.78 mM of hydroxylamine sulfate, 79 mM of sodi-
um carbonate buffer pH 10.2 and the plate read at 22 °C, 
and a unit of SOD in nmol × min-1 × mg of protein-1.
The activity of CAT was accompanied by a decrease in 
absorbance at 240 nm (27), from the principle of perox-
ide dismutation, whose molar extinction coefficient is 40 
M-1 × cm-1. The duplicates, in 2 mL of solution in a quartz 
bucket presented with a final concentration of 0.01 mg of 
protein × mL-1 and the reaction medium presented with 
final concentrations of 13.5 mM of H2O2, 50 mM of TRIS-
HCl pH 8.0 and 0.25 mM of EDTA. The results of the 
catalase enzyme activity were expressed in mmol × min-1 
× mg of protein-1.
The determination of the LPO reaction was performed 
to indirectly quantify the peroxides, thus reflecting the 
intensity of lipid peroxidation. The method of thiobarbi-
turic acid (TBARS) (28) was performed by a comparison 
of absorbance with the pattern curve of Malondialdehyde 
(MDA), the main by-product of cellular lipid peroxida-
tion. For sample preparation, the medium, containing an 
aliquot of 0.33 mg/ml of sample protein in 6.7% trichlo-
roacetic acid in a final volume of 180 μL, was stirred in a 
vortex, left in an ice bath for 5 minutes and centrifuged for 5 
minutes at 13,680 G at 4 ºC. For the dosage of TBARS reac-
tive substances, 40 μL of the supernatant, as well as differ-
ent concentrations of MDA, were added in a microplate, in 
triplicate, in the reaction medium, containing 21.42 mM of 
TBA, 17.86 mM of NaOH (used for solubilization of TBA), 
0.73 M of TCA, 0.032 mM of BHT, 3% ethanol (used for 
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solubilization of BHT) in PBS. The reaction was read at 22 
°C; after 60 minutes of incubation at 60 °C at an absorbance 
of 535 nm. The results of lipid peroxidation were expressed 
in nmol of MDA × mg of protein-1.
The detoxification evaluation was performed by analysis of 
the GST enzyme activity. With the methodology of Keen 
et al. (29), the activity of this enzyme was measured over 
5 minutes at 30-second intervals, evaluating the increase in 
absorbance due to the formation of a thioether at an absor-
bance of 340 nm. The reaction composition is potassium 
phosphate buffer pH 6.5, GSH 1.5 MM, CDNB 2 mM in 1 
mL of ethanol. The activity of GST is expressed in µmoles 
of thio-ether × min-1 × mg of protein-1.
The activity of GR was evaluated according to the technique 
proposed by Sies et al. (30). The reaction system was consti-
tuted of phosphate buffer 100 mmol × L-1 (pH 7.0), EDTA 
1 mmol × L-1, GSSG 0.66 mmol × L-1, NADPH 0.075 mmol 
× L-1. The reaction was initiated by the addition of GSSG 
and monitored for 5 minutes at 340 nm. The results were 
expressed in NADPH oxidized × min-1 × mg of protein-1.

Statistical analysis
In the case of NADH, the data were expressed as mean 
± standard deviation of the mean. For the statistical eval-
uation, it was used the analysis of variance (ANOVA) of 
two factors. When F is significant, the differences between 
the means were evaluated with a p-value corrected for 
Tukey. Values with p < 0.05 were considered significant. 
The software used for statistical analysis was GraphPad 
Prism version 5.0 for Windows (GraphPad Software©) (La 
Jolla, USA).
For the data on the activity of oxidative stress enzymes, 
the integrated biological response test version 2 (IBR2) 
was performed, which combines mathematical value with 
the graphic results and was applied in this study based on 
the evaluation of the enzymatic activities of the antioxidant 
system together (31). Data processing was as follows: 

Ai ¼ Zi − Z0 Zi ¼ ðYi − μÞ = s Yi ¼ log Xi = X0 ðÞ

Ai, Zi, Z0, μ, s, Xi, and X0 represented the biomarker devi-
ation index, standardized biomarker response mean, refer-
ence biomarker data mean, general Yi mean, Yi standard 
deviation, individual biomarker data, and reference mean 
data, respectively.
For each separate factor, the parameters are reported in 
a star graph to represent the reference deviation of each 
enzyme activity investigated. Values above zero represent 
enzyme induction, and values below zero indicate inhibi-
tion of enzyme activity.

RESULTS
The histoenzyme study of the NADH-TR activity revealed 
the presence of muscle fibers of types I (small diameter 
and intense oxidative activity), IIA (medium diameter and 
moderate oxidative activity) and IIB (large diameter and 
low oxidative activity) in all groups studied (figure 2 A-D).
The cross-sectional area of the muscle fibers showed a 
reduction of 21% in type IIA fibers (F1 = 6.44; p = 0.02) 
and 31% in type IIB (F1 = 11.35; p = 0.002) in the GO 
and GOP groups when compared to GC and GCP (figure 
3 B, C). In the area of type I fibers, there was no significant 
difference between the groups studied and no interaction 
between the two factors, obesity and platform (F1, 3 = 0.41; 
p = 0.53) (figure 3 A). 
Regarding the count of the number of different types of 
muscle fibers, in the animals of GCP and GOP, a reduc-
tion of 21% was observed only in type IIB (F1 = 7.66; p = 
0.01), when compared to the groups GC and GO (figure 3 
F). In the analyses of type I and IIA count, no significant 
differences were observed between the studied groups and 
there was also no interaction between the factors, obesity 
and platform (fiber type I - F1, 3 = 0.75; p = 0.40; fiber type 
IIA - F1, 3 = 0.04; p = 0.84) (figure 3 D, E).
The quantification of total protein in the samples in the GO 
and GOP groups, showed lower mean values (F1 = 6.96; p 
= 0.01) than the GC and GCP groups. The analysis of the 
effect of WBV
training revealed no difference (F1 = 0.18; p = 0.67) or inter-
action between the factors, obesity and WBV (F1, 3 = 0.17; p 
= 0.68) (figure 4).
Through the IBR2 test, it was possible to verify the activity 
of enzymes in the oxidative system, observing that GST had 
greater activation in obesity and in WBV training, as well 
as in the association between these factors (figure 5 A-C). 
Additionally, the activity of CAT suffered a small reduction 
in obesity (figure 5 B) and the GR enzyme had its activity 
reduced in the association of obesity factors and vibratory 
platform (figure 5 C). On the other hand, in the evaluation 
of the SOD enzyme and the LPO reaction, no differences 
were observed in any of the factors evaluated (figure 5 A-C).

DISCUSSION
The administration of MSG in animals in their neonatal 
period causes lesions in the hypothalamic arched nuclei, 
resulting in the destruction of 70% to 90% of neural cell 
bodies, being one of the damages to the decrease in the 
secretion of growth hormone (GH) (32), which, in turn, 
demonstrates to be a mediator of the metabolism of lipids, 
carbohydrates and proteins in the tissues of the body, as 
well as in the growth processes (33). Due to its relationship 
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Figure 2. Photomicrographs of the diaphragm muscle of 130-day old Wistar rats. Cross-section. Type I, IIA and IIB muscle 
fibers. Nicotinamide Adenine Dinucleotide - Tetrazolium Reductase (NADH-TR) reaction.  
A: Control Group (GC); B: Control Group exercised in WBV (GCP); C: Obese Group (GO); D: Obese group exercised in WBV (GOP).

Figure 3. Morphometric analysis of the muscular fibers of the diaphragm muscle of 130-day-old Wistar rats in the control 
(CG), WBV trained (GCP), obese (GO) and WBV trained (GOP) groups, respectively.  
A: type I fiber area; B: area of type IIA fibers; C: area of type IIB fibers; D: number of type I fibers; E: number of Type IIA fibers; F: number of 
type IIB fibers. Values expressed as mean and standard deviation. Different letters indicate significant differences. Two-way ANOVA variance 
analysis test (p < 0.05).
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Figure 5. IBR stellar portions of the activity of enzymes present in the antioxidant defense system.  
A: animals trained in WBV (GCP); B: obese animals (GO); C: obese animals trained in WBV (GOP).

Figure 4. Analysis of the quantification of total diaphragm 
muscle proteins from 130-day-old Wistar rats in the control 
(GC), WBV trained (GCP), obese (GO), and WBV trained 
(GOP) groups, respectively. 
Values expressed as mean and standard deviation. Different letters indicate 
significant differences. Two-way ANOVA variance analysis test (p < 0.05).

with protein synthesis, the decrease in the concentration of 
this hormone leads to protein deficiency (34), corroborating 
with the results of this study, considering that the animals 
that underwent administration of MSG presented a reduc-
tion in the analysis of the quantification of total proteins of 
the diaphragm muscle.
In this model, through the reduction of GH secretion, caus-
es protein deficiency, thus harming the development of 
the muscle, resulting in a reduction in the area of muscle 
fibers (34), an aspect observed in the present study, in which 
obesity, through MSG, led to a reduction in the area of type 
IIA fibers and the area of type IIB fibers. Additionally, the 
response of the muscle fibers to different stimuli is specific 
to the type of fiber, and more atrophy of the type II fibers 
is observed than of the type I fibers in conditions associat-
ed with the loss of muscle mass in disease (20), which also 
corroborates the findings of this study.
The muscle fibers can change their physiological and 
biochemical properties according to the stimuli to which 
they are submitted (35), and physical exercise can promote 
changes in muscle fibers, altering these properties, because 
different types of exercise can alter the amount of slow or fast 
fibers (36). When the number of each type of muscle fibers 
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was counted, a reduction was observed only in the fibers of 
type IIB, due to the vibratory platform. Endurance or aero-
bic exercises, as is the case of WBV, promote an increase 
in the myoglobin, in the number and size of mitochondria 
and also in the activity of oxidative enzymes (37), bringing 
an improved metabolic capacity and allowing the guarantee 
of activity for prolonged periods without excessive fatigue, 
recruiting more type I fibers (20, 38), which could be associ-
ated to a reduction in the number of type IIB fibers.
The data on the reduction in the amount of type IIB fibers 
show the adaptations of the skeletal muscle submitted to the 
vibratory platform exercise and reveal an important measure 
of its plasticity, which is the high capacity that this tissue 
has to undergo adaptation both structurally and function-
ally, considering the workload, activities and pathological 
conditions (38). The WBV, Park et al. (39) highlight brings 
positive results in the condition of a strength exercise, and 
the protocol used in this study was adapted from Butezloff 
et al. (23) in which they observed anabolic effects of WBV; 
however, the results obtained in this study infer possible 
deleterious effects on the contractile strength capacity of 
the diaphragm. Other studies investigating the diaphragm 
muscle after performing physical exercise have not revealed 
significant differences in the morphological parameters of 
percentage and cross-sectional area of muscle fibers (18). 
Thus, there is a need for new studies varying the time of 
intervention, as well as the level of intensity of exercise with 
WBV. It should be noted that the findings of this study are 
valid for the diaphragm muscle, because analyzing the lipid 
profile in a similar model and protocol, Andrade et al. (40) 
observed lipid mobilization indicating WBV as a method 
for metabolic rehabilitation. It was also observed by Boaret-
to et al. (41, 42) with a similar protocol, a reduction of intra-
muscular connective tissue, an increase in muscle fibers, and 
neuromuscular junction measurements, despite the absence 
of changes in cholinesterase concentration in the synaptic 
cleft of soleus. 
Regarding oxidative metabolism, it has been discussed in 
the literature that obesity causes increased lipid perox-
idation and decreased cytoprotective enzymes, result-
ing in progressive cellular damage generated by oxidative 
stress (43). In the present study, a reduction in CAT activ-
ity was observed to the detriment of obesity, corroborat-
ing the study of Antunes Neto and Paula (44) with obesity 
and sedentary men, in which a reduction in the activity of 
this enzyme was also observed. Due to the important role 
of CAT in the process of hydrogen peroxide breakdown, 
which is increased by obesity, the decrease in its activity 
causes, consequently, a reduction in the efficiency of the 
antioxidant defense system and increases the probability of 
growth in oxidative stress (45).

Some of the enzymes that make up the antioxidant defense 
system seem to work in an integrated way, and as the activity 
of one increases, the activity of another decreases, as is the 
case of glutathione reductase and catalase (46). It goes with 
that was observed in this study, because in obese animals, 
unlike Catalase, the activity of Glutathione S-Transferase 
presented increased and may have occurred as a protective 
action of cells due to its detoxifying action.
It is known that high muscle activity, promoted by physi-
cal exercises, leads to an increase in reactive oxygen species 
(ROS); however, regular exercises performed at moderate 
intensity are known to diminish a pro-inflammatory state in 
the body and may reinforce antioxidant defenses by adapt-
ing to oxidative stress (47). When the activity of GST in 
animals trained with WBV was analyzed, it was increased 
and may be an adaptation to combat the oxidative stress 
initially caused by WBV exercise.
The same result of increased GST activity was observed in 
the group with obese animals trained in WBV, indicating 
that the two factors together also influence the activity of 
this enzyme. However, this same group presented a reduc-
tion in the activity of GST, showing that the association of 
both factors also influences the activity of this enzyme. In the 
same way of this study, Watson et al. (48) observed the reduc-
tion of this enzyme in obese ob/ob rats, and Prada et al. (49) 
reported a reduction in RG in rats submitted to swim train-
ing, and no studies were found analyzing the activity of this 
enzyme with both associated factors. The drop in GR activ-
ity may be related to the reduction in nicotinamide adenine 
dinucleotide phosphate (NADPH) by pentose cycles (50), 
as studies show that some physical exercises, depending on 
their intensity, reduce the concentration of NADPH, which 
is one of the substrates of GR, without which the reaction 
catalyzed by this enzyme does not occur (51).
In the analysis of SOD activity and LPO reaction, no differ-
ences were observed in any of the factors evaluated. Studies 
with analysis of the effects of WBV on the activity of oxida-
tive enzymes are very scarce in the literature. In a study that 
investigated the effects of training with WBV on oxidative 
stress in diabetic animals, Liu et al. (52) did not find differ-
ences in the activity of SOD, but the exercise was able to 
reduce the LPO. However, the protocol used by Liu et al. 
(52) was different from the present study, and the muscle 
under analysis as well, which may have interfered with the 
differing results.

CONCLUSIONS
Based on the above results, it is concluded that obesity 
through MSG has caused a reduction in the total proteins 
of the diaphragm muscle, as well as a decrease in the area 
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of type IIA and IIB fibers and enzymes in the antioxidant 
defense system. Furthermore, it is understood that training 
with WBV does not seem to be a recommended resource 
since it has not been able to reverse the effects caused 
by obesity.
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