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Abstract: Muscle injuries are frequent, both in sports and work, and may be caused by stretching, distension,
repetitive effort or bruising. Such lesions can lead to the generation of free radicals, triggering oxidative stress and
the release of some inflammatory mediators. Therapeutic ultrasound (UST) is one of the most used electrotherapy
resources in the physiotherapist’s clinical practice. Our aim was to evaluate the use of therapeutic ultrasound on
oxidative stress and inflammatory process in an experimental model of single quadriceps muscle injury in Wistar
rats. We used a total of 28 male rats, weighing between 250-300 grams, randomly divided into four groups. In the
right quadriceps, a simple impact of contusion was induced by means of a press. The animals were submitted to
a daily UST treatment for a total of seven consecutive applications for three minutes each, that started 24 hours
after the trauma induction. The results in the Trauma + Therapeutic ultrasound group at TBARS levels and in the
enzymatic activity of SOD and GPx presented a significant difference. In the histological analysis of the Trauma +
Therapeutic ultrasound group presented a reorganization of the fiber’s structure and a reduction of the presence of
inflammatory infiltrate. In the results of the immunohistochemistry of iINOS, TNF-a and NF-kB in muscle tissue, we
observed that the group treated with ultrasound showed a reduction in the expression of the proteins. The use of
UST was effective in protecting muscle tissue from oxidative stress, inflammatory process and in the rearrangement
of muscle fibers.

Keywords: Free radicals, inflammatory process, muscle trauma, oxidative stress, ultrasound

Introduction

Muscle injuries are frequent, both in sports and
work activities, and may be caused by stretch-
ing, distension, repetitive effort or bruising [1].
Muscle contusion usually occurs through direct
trauma, as a result of external forces, common
in contact sports. It is characterized by the
presence of pain, edema, muscular rigidity and
restriction of the range of motion. It can reach
any muscle, the lower limb muscles being more
affected, such as the quadriceps and gastroc-
nemius [2].

Contusion muscle lesions can lead to an in-
flammatory process with increased formation
of reactive oxygen species (ROS) and free radi-
cals in the injured tissue. The ROS generation
can be considered physiological, as long as its
values do not exceed the levels of toxicity.
However, when its production exceeds its
elimination, it establishes the oxidative st-
ress. This condition triggers mitochondrial
dysfunction, increasing the concentration of
superoxide anion (0,) and hydroxyl radical
(OH"), that can oxidize lipids, proteins and DNA
[3-8].
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The ways of treating muscle injuries can be sur-
gical or conservative. The conservative form
uses cryotherapy, thermotherapy, electrothera-
py, compression, immobilization and use of
drugs such as non-steroidal topical anti-inflam-
matory drugs (NSAIDs).

Among the various therapeutic modalities for
treating muscle injuries, the use of therapeutic
ultrasound (UST) is one of the major indications
to help in tissue repair, however this technique
depends on the area to be treated, the tissue
and the depth of the lesion [9-13]. In a previous
study on muscle tissue and therapeutic ultra-
sound observed a significant increase in the
amount of intramuscular collagen was achieved
when applied for 7 days, and the organization
of collagen at the lesion site was significantly
better at the beginning of the tissue repair pro-
cess (4" day) [14]. On the other hand, other
authors observed more alignment of the fibers
than amount of collagen deposition in soft-tis-
sue lesions [9-11]. An explanation for the differ-
ences in treatment results in muscle and ten-
don injuries may be due to the lack of descrip-
tion regarding the size of the area to be treated
with UST, making it impossible to compare the
data [15-20].

Recent studies have shown that NF-kB, an
inflammatory marker, is involved in inflamma-
tory responses that may result in muscle pro-
tein degradation. This indicates that NF-kB may
play a crucial role in the regulation of inflamma-
tory processes, protein turnover and degrada-
tion in skeletal striated muscle [5, 21]. Another
inflammatory marker is TNF-a, that is among
the major cytokines involved in inflammatory
processes and has some biological effects
such as the activation of macrophages and
neutrophils and the increase of adhesion
molecules involved in leukocyte rolling, cell
differentiation and apoptosis [22]. TNF-a is
induced by a number of stimuli including
microorganisms, lipid mediators, tumor cells
and cytokines. Thus, the inflammatory en-
vironment promotes the activation of TNF-«a, as
well as the migration of macrophages, which
are involved in the regulatory mechanisms of
iNOS [23].

Therapeutic ultrasound is one of the electro-
therapy resources most used in the physiother-
apist’s clinical practice, in order to reduce pain,
attenuate the effects of inflammation and help
in tissue regeneration.
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In view of the arguments expressed above, the
aim of the present study was to evaluate the
efficacy of therapeutic ultrasound in reducing
oxidative stress, the inflammatory process and
DNA damage in an experimental model of mus-
cle injury caused by a single impact press.

Materials and methods
Animals

An injury to the quadriceps muscle was per-
formed by trauma in Wistar rats. Twenty-eight
male Wistar rats, weighing between 250 and
300 grams, from the vivarium of the
Universidade Federal from Pelotas were used
and kept on the vivarium of ULBRA from Canoas
(RS). During the experiment, animals were kept
in a light/dark cycle of 12 hours in a tempera-
ture between 18 and 22°C. Water and feed
were distributed ad libitum. The procedures
with the animals were carried out after the
approval of the Comité de Etica em Pesquisa
no Uso de Animais (CEUA from Universidade
Luterana do Brasil (ULBRA) (project 2016-
159P) and were carried out obeying the legal
ethical principles (Law 11.794/2008) (CONCEA,
2016) [24].

Experimental and procedures

The animals were randomized into four groups
(n = 7), all groups being evaluated after nine
days.

e Control Group (CO): The animals in this gr-
oup were anesthetized and manipulated, but
received no trauma or therapeutic ultrasound.

e Control Group + Therapeutic Ultrasound (CO
+ UST): The animals in this group were anesthe-
tized and received therapeutic ultrasound
twenty four hours after the start of the experi-
ment. Daily, on the subsequent seven days, the
animals in this group continued to receive ther-
apeutic ultrasound.

e Trauma Group (T): The animals in this group
were anesthetized and traumatized on the first
day and received no treatment.

e Trauma Group + Therapeutic Ultrasound (T +
UST): The animals in this group were anesthe-
tized and suffered trauma on the first day.
Twenty four hours after the start of the experi-
ment, they received therapeutic ultrasound
daily on the subsequent seven days.
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In the right quadriceps of the Tand T + UST rats
a simple impact of contusion was induced by a
press developed by the Centro Industrial de
Equipamentos de Ensino e Pesquisa Ltda
(CIDEP/RS, Brasil) and in partnership with the
Laboratério de Estresse Oxidativo e Antioxi-
dantes from Universidade Luterana do Brasil
(Canoas/RS). The trauma was caused by a
piece of metal (with a mass of 0.459 kg) falling
through a metal rod, height of 18 cm, in the
middle of the quadriceps. The kinetic energy
derived from the impact was 0.811 J [7, 8].

The animals were submitted to daily therapeu-
tic ultrasound treatment of the brand KLD
Biossistemas, AVATAR V model, with a 3 MHz
frequency head, due to the small thickness of
the treated area. The mechanical energy gener-
ated by the 3 MHz head is absorbed into the
superficial tissues (1 cm). In the total of seven
consecutive applications, in pulsed mode,
pulse frequency of 48 Hz and intensity of 0.7
W/cm?, aiming at the non-thermal effects of the
UST.

The treatment, at the same time of day, was of
three minutes daily, and began 24 hours after
the trauma induction, using as a medium a
hydrosoluble gel and performing circular move-
ments on the lesion site [25]. The animal was
introduced into a mechanical contender to
facilitate immobilization, without causing dam-
age to the animal and the person handling. The
right hind paw was exposed from the container
to be performed the UST application.

On the ninth day, animals were euthanized by
excess of anesthetics. The right quadriceps
muscle was removed. Afragment was immersed
in 10% formaldehyde solution for 24 hours for
histological analysis and the remain tissue was
immediately frozen in liquid nitrogen at -80°C
for further analysis. The femur was collected to
obtain the bone marrow for micronucleus anal-
ysis. The proximal end of the femur, after per-
forming asepsis of the site, was cut to expose
the spinal canal. A histological needle was
inserted into the opening of the femur to extract
the marrow to be analyzed.

Biochemical analysis

Homogenate: Muscle tissues were homoge-
nized for 1 minute in an ULTRA-TURRAX® dis-
perser (IKA-Werke GmbH & Co. KG) at 4°C
using 1.15% KCI (5 ml/g of tissue) and phenyl-
methanesulfonylfluoride (PMSF) at a concen-
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tration of 100 mM. Next, the homogenates
were centrifuged for 10 minutes at 3.000 rpm
in a refrigerated centrifuge (SORVALL Super
T21, Kendro Laboratory Products, USA). The
supernatant was removed and stored in micro-
tubes. The samples were stored at -80°C for
later analyses [26].

Protein quantification: The Bradford method is
the technique for the determination of total pro-
teins using the “Coomassie brilliant blue” dye
BG-250. This method is based on the interac-
tion between BG-250 dye and macromolecules
of proteins containing basic or aromatic side
chain amino acids. At the reaction pH, the inter-
action between the high molecular weight pro-
tein and the BG-250 dye causes the equilibrium
of the dye to shift to the anionic form, which
absorbs strongly at 595 nm and can be read
spectrophotometrically [27].

Lipoperoxidation: The amount of aldehydes
generated by LPO is determined by the me-
thod that measures the amount of thiobar-
bituric acid reacting substances (TBARS).
Thiobarbituric acid was added to the samples
at 0.67%, whereas trichloroacetic acid was
added at 10%. The samples were incubated at
100°C for 15 minutes and centrifuged at 3,000
rom (1612.8 x g) for 10 minutes at 4°C.
Absorbency was determined by spectropho-
tometry at 535 nm and the values expressed
as nmol/mg prot [28].

Activity of antioxidant enzymes: SOD and GPx:
The analysis of SOD activity was based on the
inhibition of the reaction of epinephrine with
superoxide radical, which could be detected
spectrophotometrically at 480 nm with values
expressed as USOD/mg prot [29]. GPx activity
was determined based on the consumption of
nicotinamide adenine dinucleotide phosphate
(NADPH) in the reduction of oxidized glutathi-
one, which could be detected spectrophoto-
metrically at 340 nm within two minutes with
the values expressed as nmol/min/mg prot
[30].

Metabolites of nitric oxide (nitrites and nitrates):
Nitric oxide production was measured indire-
ctly using the quantitative Griess colorimetric
assay. This assay is based on enzymatic reduc-
tion of nitrates (NO,) to nitrites (NO,) in the
presence of nitrate reductase and NADPH, with
subsequent colorimetric determination of NO,
by the Griess reagent (a mixture of sulfanil-
amide and naphthylethylenediamine specific
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for NO,). Because excess NADPH inhibits the
Griess reaction, it is necessary to oxidize all
NADPH that was not used in the reduction of
NO,. This is achieved by adding nitrate reduc-
tase. The reading was performed in a micro-
plate reader at 540 nm and the results are
expressed as mmol/L [31].

Micronucleus test

The micronucleus test was performed accord-
ing to the US Environmental Protection Agency
Gene-Tox Program. Bone marrow extracted
from femurs of the rats was suspended in fetal
calf serum and smeared on clean glass slides.
Slides were air-dried, fixed in methanol, stained
in 10% Giemsa and coded for a blind analysis.
To avoid false negative results and to obtain a
measure of toxicity on bone marrow, the poly-
chromatic erythrocyte: normocromatic erythro-
cyte (PCE:NCE) ratio was scored in 1000 cells.
The incidence of a micronucleus (MN) was
observed in 2,000 PCEs for each animal [32,
33].

Histological evaluation

For microscopic analysis, the muscle fragments
were fixed in 10% formaldehyde for 24 hours
and after they were embedded in paraffin. In
the next step, the paraffin blocks were cut to
the microtome (Leitz® 1512) for the cuts with
three microns (3 y) and the slides were dipped
in hematoxylin-eosin dyes. The slides were
evaluated by a blinded pathologist for the
experiment through a microscope equipped
with a digital camera for image capture using
Image-Plus software (Media Cybernetics, Beth-
esda, USA) increasing by 200 x.

Immunohistochemistry and quantification of
the expression of iINOS, TNF-a and NF-kB: The
expression of iNOS, TNF-a and NF-kB in muscle
tissue was determined by immunohistochemi-
cal analysis. Antigen retrieval was performed
using buffer at 60°C, and endogenous peroxi-
dase activity was blocked by incubation in
absolute methanol. The slides were incubated
with rabbit polyclonal antibody iNOS (SC-7271),
TNF-a« (SC-52746) and NF-kB (p65) (SC-372)
(Santa Cruz Biotechnology, Santa Cruz, CA,
EUA) at 1:200 overnight at 4°C. The slides were
washed with buffer and incubated with the sec-
ondary antibody (anti-mouse IgG-HRP, anti-goat
18G-HRP, Santa Cruz Biotechnology, Santa Cruz,
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CA, USA) at 1:300 for 30 minutes at room tem-
perature. The slides were examined by a pathol-
ogist, who was unaware of the groups, using a
microscope equipped with a digital analysis
system including a Zeiss Axioskop 40 micro-
scope (Oberkochen, Germany) connected by a
Roper Scientific camera (Media Cybernetics,
Rockville, USA) to a computer with an image
capture software. The Image-Pro Plus version
4.5 software (Media Cybernetics, Rockville,
USA) was used to analyze digital images. The
expression was determined by multiplying the
mean density of the image by the percentage of
positively stained areas (brown-stained areas).
All images were magnified 200 x.

Statistical analysis

Data are expressed as means + standard error.
Statistical significance was calculated using
Graphpad Instat, version 3.0 for Windows. We
used one-way analysis of variance (ANOVA) fol-
lowed by the Student-Newman-Keuls test for
multiple analysis and Tukey’s test for micronu-
cleus analysis. Results were considered statis-
tically significant when P<0.05.

Results
Lipoperoxidation

Oxidative stress is involved in muscle trauma,
thus, evaluated oxidative damage in the quadri-
ceps muscle using the technique of thiobarbitu-
ric acid reactive substances (TBARS) (Figure 1).
We observed that in the trauma group (T), there
was a significant increase in oxidative damage
when compared to the CO and CO + UST groups
(P<0.05). In the group treated with therapeutic
ultrasound (T + UST), a significant reduction
was observed when compared to the T group
(P<0.05).

Activity of antioxidant enzymes: SOD and GPx

Due to the increased oxidative damage in the
quadriceps muscle of the trauma group (T) ani-
mals, we analyzed the activity of the antioxi-
dant enzymes superoxide dismutase (SOD)
(Figure 2A) and glutathione peroxidase (GPx)
(Figure 2B).

In the enzymatic activity of SOD presented in
Figure 2A a significant increase was observed
in the T group when compared to the CO and CO
+ UST groups (P<0.01). In the group that
received treatment with a therapeutic ultra-
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Figure 1. Mean values of the levels of the substan-
ces that react to thiobarbituric acid (TBARS) (nmol/
mgprot) in the different experimental groups. Data
are expressed as mean * standard error. Legend: CO:
control, CO + UST: control + therapeutic ultrasound,
T: trauma, T + UST: trauma + therapeutic ultrasound.
*Significant difference between the T group in rela-
tion to the CO and CO + UST groups (P<0.05). #Signi-
ficant difference between the T + UST group and the
T group (P<0.05).
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Figure 2. Mean values of the activity of the enzyme
SOD (USOD/mgprot) and GPx (nmol/min/mgprot) in
the different experimental groups. Data are expres-
sed as mean * standard error. Legend: CO: control,
CO + UST: control + therapeutic ultrasound, T: trau-
ma, T + UST: trauma + therapeutic ultrasound. SOD
- *Significant difference between the T group in rela-
tion to the CO and CO + UST groups (P<0.01). #Sig-
nificant difference between the T + UST group and
the T group (P<0.05). GPx - *Significant difference
between the T group in relation to the CO and CO +
UST groups (P<0.05). #Significant difference betwe-
en the T + UST group and the T group (P<0.05).
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Figure 3. Mean values of nitrite and nitrate levels
(mmol/L) in the different experimental groups. Data
are expressed as mean + standard error. Legend: CO:
control, CO + UST: control + therapeutic ultrasound,
T: trauma, T + UST: trauma + therapeutic ultrasound.
There was no significant difference between groups
(P>0.05).

sound, a significant reduction of the enzymatic
activity was observed when compared to the T
group (P<0.05). The enzymatic activity of GPx
demonstrated in Figure 2B showed a signifi-
cant reduction in the T group when compared
to CO and CO + UST groups (P<0.05). The group
treated with therapeutic ultrasound showed a
significant increase in the enzymatic activity in
the group when compared to the T group
(P<0.05). The results showed that oxidative
stress decreased after treatment with UST due
to its possible antioxidant effect.

Metabolites of nitric oxide (nitrites and ni-
trates)

Nitric oxide (nitrite and nitrate) metabolite lev-
els were evaluated in the muscle (Figure 3), but
no significant results were observed between
the groups studied (P>0.05). The results
obtained may be associated with the model
time used in this experiment, as previously
observed in other studies.

Micronucleus test

Micronucleus test performed in bone marrow
(Table 1) did not show a significant difference
in micronuclei frequency in the studied groups
(P>0.05).

Histological evaluation
The histological evaluation observed in Figure

4 was performed by staining hematoxylin and
eosin by evaluating the tissue lesions.

Am J Transl Res 2019;11(10):6660-6671
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Table 1. Micronucleus test in bone marrow of
the rats

MNPCE? in 2,000  Ratio PCE/NCE"

Group PCE Mean + SD Mean + SD
co 5.7+10 1.7+01
CO + UST 39+24 1.8+0.3
T 47+16 15402
T+ UST 3.0+21 1.6+ 0.4

aMNPCE: micronucleus in polychromatic erythrocytes.
PRatio PCE/NCE: ratio polychromatic erythrocytes/normo-
chromatic erytrocytes.

After 7 days of experiment, it was observed
that the animals of the groups that did not suf-
fer the muscular trauma CO (Figure 4A) and CO
+ UST (Figure 4B) presented normal structural
conditions of the muscle fiber. In the group that
suffered muscle trauma (Figure 4C) showed
changes in the structure of muscle fibers and
the presence of inflammatory infiltrate (black
arrows). In the group that was treated with ther-
apeutic ultrasound (T + UST) (Figure 4D) the
reorganization of the fibers structure and the
reduction of the presence of inflammatory infil-
trate occurred, being similar to the control
groups.

Immunohistochemistry and quantification of
the expression of iINOS, TNF-oc and NF-kB

In muscular trauma the inflammatory process
is involved and was evaluated by the expres-
sion of inducible nitric oxide synthase (iNOS)
(Figure 5), tumor necrosis factor alpha (TNF-&)
(Figure 6) and nuclear transcription factor
kappa B (NF-kB) (Figure 7) in muscle tissue by
immunohistochemistry technique. We obser-
ved that in the CO and CO + UST groups little or
no labeling of this protein was detected. The T
group showed a more intense marking in some
areas (brown staining). The group that was
treated with therapeutic ultrasound presented
a significant reduction when compared to the T

group.

Discussion

In this study, we analyzed the effect of thera-
peutic ultrasound treatment on the experimen-
tally injured muscle of rats, assessing and iden-
tifying oxidative stress as well as the inflamma-
tory process. It was possible to verify the anti-
inflammatory effect of UST and the realignment
capacity of post-trauma muscle fibers.
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Figure 1 shows that the LPO levels detected by
the TBARS technique are higher in the T group
and significantly reduced in the T + UST group,
which suggests lower lipoperoxidation, less oxi-
dation of the long chain fatty acids, resulting in
an effect protect the UST against biological
membranes during the repair period. In experi-
mental studies of muscle trauma by mechani-
cal crushing, animals treated with cryotherapy
had significantly lower LPO [34]. As well as, the
Laser treatment presented similar results to
the UST in the treatment of traumatic muscle
injury [4].

The mechanical trauma of the press under the
muscle initiated the inflammatory process,
which worsened the lipoperoxidation in this tis-
sue. This redox imbalance increases superox-
ide anion levels and by response increases the
activity of the SOD enzyme. As shown in Figure
2A, higher SOD activity was detected in the T
group and in the T + group UST revealed a
reduction in its levels. A similar study on crush
muscle injury model using cryotherapy as a
therapeutic resource also showed increased
concentration of SOD [34]. Similar results were
found in the study [35] using telmisartan as a
treatment for muscle injury in the ischemia and
reperfusion model which demonstrated that
the treatment resulted in positive regulation of
the SOD enzyme. The biological effects trig-
gered by UST are the result of a combination
of three physical phenomena: stable cavita-
tion, acoustic propagation and micromassage,
which occur at interfaces and cell membranes
[36].

As shown in Figure 2B, reduced levels of GPx
were observed in T group. However, the applica-
tion of UST in the T + UST group showed a sig-
nificant increase in enzyme levels close to the
levels found in the CO group and CO + UST
group. In addition, another study observed simi-
lar results using UST associated with the use of
anti-inflammatory substances in Wistar rats in
the muscle contusion model, performed with
the same press from that study [37].

The increase in GPx activity inthe T + UST group
can be explained by the sonication effect of
small amounts of water of the OH and O, radi-
cals. In the process of sonication, these spe-
cies generate water vapor and bubbles
forming hydrogen peroxide. Hydrogen peroxide
is the most stable specie catalyzed by the
enzyme catalase or by glutathione peroxidase.

Am J Transl Res 2019;11(10):6660-6671
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Figure 4. Histological analysis of the 200 x magnification quadriceps mus-
cle in the different experimental groups. In the (A and B) we observed the
normal structure of muscle tissue. In the (C) changes occurred in muscle
tissue with the presence of inflammatory infiltrate (black arrow). In (D), we
observed the reorganization of the tissue and reduction of the presence of
inflammatory infiltrate.
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Figure 5. Expression of inducible nitric oxide synthase (iNOS) in muscle tis-
sue of animals submitted to muscle trauma and treated with therapeutic

ultrasound. In the quantification
data are expressed as mean *
standard error. Increase of 200
X. Legend: CO: control, CO + UST:
control + therapeutic ultrasound,
T: trauma, T + UST: trauma + the-
rapeutic ultrasound. *Significant
difference between the T group in
relation to the CO and CO + UST
groups (P<0.001). #Significant
difference between the T + UST
group and the T group (P<0.001).

In our study, we verified the
presence of H,0, as we
observed lower LPO and high-
er GPx activities after adminis-
tration of UST in post-trauma
tissue [38].

The present study did not
identify differences in signifi-
cant NO,/NO, levels between
groups. Previous study [8] in
his press-induced mechanical
work on gastrocnemius of rats
after 7 and 14 days of treat-
ment with low-intensity Ga-As
laser (wavelength 904 nm,
mean power 45 mW, for 35
seconds) observed cicatricial
improvement and reduction
of redox imbalance. Although
laser therapy acts differently
on muscle and tendon, these
authors propose that less oxi-
dative stress and lower iNOS
expression contribute to bet-
ter muscle healing [4]. Another
study [39] evaluated the local
and systemic formation of
ROS and nitric oxide at 5, 45
and 180 minutes after induc-
tion of blunt trauma in the rat
gastrocnemius muscle and
demonstrated that local ROS
formation in injured muscle
began immediately after trau-
ma induction as indicated by
changes in the redox balance
of glutathione. The levels of
nitrite/nitrate, however, were
not increased at these times.

The micronucleus test is used
to evaluate DNA damage that
could not be repaired, but to
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Figure 6. Expression of tumor necrosis factor alpha (TNF-a) in muscle tissue
of animals submitted to muscle trauma and treated with therapeutic ultra-
sound. In the quantification data are expressed as mean +* standard error.

who worked with tendons of
rats and demonstrated that
the use of UST for 3 minutes
per effective radius (ERA),
presented the organization
of muscle fibers in the repa-
ir process and hypothesized
that longer times of applica-
tion confer better organization
of collagen fibers. In the T +
UST group we can observe a
significant reorganization of
the muscle fibers, a result that
is shown in Figure 4D. Alike
the same, another study [40]
observed an increase in the
total number of fibroblast cells
after the use of UST, which
contributes to muscle healing.
Moreover, a recent study [41]
used resveratrol as a treat-
ment in the muscle injury
model in rats and demonstrat-
ed that in the model group
had muscle fiber disruption
and inflammatory infiltrate
and in the treated group,
these changes were signifi-
cantly reduced with uniformly
arranged muscle fibers, as
observed in our study.

Increase of 200 x. Legend: CO: control, CO + UST: control + therapeutic ul-
trasound, T: trauma, T + UST: trauma + therapeutic ultrasound. *Significant The inflammatory markers

difference between the T group in relation to the CO and CO + UST groups
(P<0.001). #Significant difference between the T + UST group and the T

group (P<0.001).

perform this test, the cell must be in the divi-
sion phase. The micronuclei can be originated
due to damages in the DNA, break of double
tape, when we have a fragment of chromo-
some; or through damage in the mitotic spindle
when we have an entire chromosome, both will
not be included in the main nucleus, giving rise
to a small nucleus [32, 33]. The present study
did not identify significant differences in the
frequency of micronuclei, performed in bone
marrow, in the studied groups, thus not
providing mutagenic effects as shown in Table
1. This evidence suggests that the form of
press trauma as well as the treatment with UST
does not act as mutagenic factors.

We used the 3 MHz UST with pulse frequency of
48 Hz, similar to the previous study [20] that
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evaluated in this study (iNOS,
TNF-a0 and NF-kB) were signifi-
cantly reduced in the groups
that received the treatment
with UST in relation to the T group. The inflam-
matory markers evaluated in this study (iNOS,
TNF-a and NF-kB) were significantly reduced in
the groups that received the treatment with
UST in relation to the T group. Similar results
with the use of UST, demonstrated reduction of
iNOS and NF-kB caused by the application of a
phenolic compound isolated from propolis in
rats in an eccentric exercise muscle injury pro-
tocol [42]. Our study demonstrated that UST
was able to control the inflammatory process
and reduce oxidative stress. We suggest that
these effects are due to the action of the
mechanical field and the low pulse frequency
(48 HZ), because this pulse favors the move-
ment of Ca?*, which helps in the resolution of
the inflammatory process; and increases the
protein synthesis that contributes to the quality

Am J Transl Res 2019;11(10):6660-6671
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Figure 7. Expression of nuclear transcription factor kappa B (NF-«kB) in mus-
cle tissue of animals submitted to muscle trauma and treated with therapeu-
tic ultrasound. In the quantification data are expressed as mean * standard
error. Increase of 200 x. Legend: CO: control, CO + UST: control + therapeu-
tic ultrasound, T: trauma, T + UST: trauma + therapeutic ultrasound. *Sig-
nificant difference between the T group in relation to the CO and CO + UST
groups (P<0.001). #Significant difference between the T + UST group and

the T group (P<0.001).

of the tissue repair [43, 44]. Studies suggest
that the nonthermal effects of the UST act on
the immune response by induced arteriolar
vasodilation and activation of adhesion mo-
lecules. The mechanical effect of UST exhibits
the ability to modulate the degradation of mast
cells, and pulsed frequencies act on the Ca%
flow in fibroblasts [44].

TNF-a in muscle restoration processes is a
myogenic flag that prevents the phases of acti-
vation and differentiation of satellite cells (CS)
and maintain them in the phases of duplication
and self renewal. It is clear that the absence of
this marker in the first two days after the injury
would prevent important phases of the muscle
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restoration, as well as the
delay in the removal of this
marker from the lesion site
(more than two days) would
impair later stages of the res-
toration, such as differentia-
tion, fusion and terminal dif-
ferentiation and growth [45].
In this study, nine days after
the induction of muscle trau-
ma, UST treated animals
showed a reduction in TNF-o
expression when compared to
the animals in the T group,
showing that animals receiv-
ing UST treatment had an
acceleration of the muscle
restoration process.

Recent studies have revealed
that NF-kB is involved in
inflammatory responses that
may result in muscle protein
degradation. This indicates
that NF-kB may play a crucial
role in the regulation of inflam-
matory processes and protein
turnover and degradation in
skeletal striated muscle [5,
21]. In addition, previous
study showed results similar
to ours, in a work with physical
exercises in the muscular
tissue, being studied the
oxidative stress and the
regulation of the NF-kB in-
duced by TNF-a in muscle
cells. The authors reported that there was a
significant increase in the labeling of NF-kB in
the trauma group compared to the control
groups [3].

In conclusion, we suggest that therapeutic
Ultrasound was effective in the treatment of
muscle injury by contusion in rats demonstrat-
ed by the reduction of oxidative stress param-
eters, evaluated by lipid peroxidation by TBARS
and the antioxidant enzymes SOD and GPx, by
reorganization of muscle tissue evaluated by
histology and reducing the expression of inflam-
matory markers. In the form of UST of 3 MHZ,
with pulse frequency of 48 HZ, for 3 minutes,
no DNA damage was evidenced, suggesting

Am J Transl Res 2019;11(10):6660-6671
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that therapeutic ultrasound does not present
mutagenic effects.
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