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ABSTRACT
Therapeutic ultrasound is seen today as one of the most useful resources in the practice of 

clinical medicine and physical exercise is consolidated as an effective and efficient therapeutics 
in several cases; however, they are still little investigated when associated. Therefore, the present 
work has as the aim to analyze the influences of ultrasound and physical exercise on serum and 
muscle triglycerides concentrations in experimental diabetes rats. Adult Wistar rats were used and 
divided in eight groups: Sedentary Diabetics (SD), Trained Diabetics (TD), Sedentary Diabetic and 
Ultrasound (SDUs), Trained Diabetic and Ultrasound (TDUs), Sedentary Control (SC), Trained Control 
(TC), Sedentary and Ultrasound Controls (SUCs), Trained Control and Ultrasound (TCUs). The train-
ing protocol was composed of swimming exercise five days a week, 30 daily minutes and with 
maximum load of 8% of body mass during three weeks. The ultrasound therapy was performed 
five days a week, for two weeks, with intensity of 0.2W/cm² and frequency of 1.0MHz. No significant 
differences were observed in the serum triglycerides or in the tibialis anterior and gastrocnemius 
muscles. Concerning the soleus muscle, the diabetic groups showed lower concentrations com-
pared to the control groups and TD, and TDUs groups showed lower concentrations compared to 
SD and SDSU, with the trained groups presenting the lowest concentrations. The pulsed ultrasound 
in the intensity investigated did not influence serum triglycerides or IMTG. However, exercise was 
effective in reducing soleus muscle triglycerides.
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INTRODUCTION
One of the physical resources mostly used nowadays in the sports clinical practice is the thera-

peutic ultrasound. Due to its extensive use, ultrasonic energy has been investigated as an excellent 
supporting aid for many biological processes. It is a therapeutic agent able to reach tissues at depth 
of 3 to 5cm1, producing many effects such as increase of local metabolism, increase of circulation, 
extensibility of the conjunctive tissue and tissue regeneration (1-7), increase of enzymatic activity as 
well as alteration of the contractile activity of the muscle (4,5). Ultrasound can be used in combina-
tion with other therapies, especially physical exercise, boosting hence its benefits (2).

The intramuscular triglycerides (IMTG) have been target of many investigations having as focus 
the correlation of exercise and diabetes mellitus. It is common sense among researchers that the 
unwanted increase of IMTG is a factor which contributes to insulin resistance (8-16). It was found out 
that rats induced to experimental diabetes present IMTG buildup. Besides the IMTG excess, decrease 
in the fat oxidation rate has been reported in diabetic and obese humans (8,11,14,16).

The majority of the IMTGs are stored within the muscle fibers, near the myofibrils and constitute 
in important storage of intramuscular fuel (12,17), with the energy provided by the triglycerides is 60 
times higher than the glycogen in the muscle (16).

Many techniques have been used to revert the deleterious effects produced by the exacerbated 
buildup of IMTG; however, until the present moment the only non-pharmacological method known 
which directly reduces the IMTG is the muscle activity (15). Search in the database did not confirm 
the use of ultrasound therapy as isolate or combined method to alter the IMTG concentrations. 
Due to the ultrasound effects already confirmed, the present study has the aim to analyze the ul-
trasound and exertion exercise influence on the serum and muscular triglycerides concentrations 
in rats submitted to experimental diabetes.
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MATERIALS AND METHODS

Animals

Wistar rats, with approximate age of 120 days were used for 
the experiment. The animals were obtained from the Central 
Animal Facility of UNESP, Botucatu Campus, and kept during 
the entire experiment in the Animal facility of the Laboratory of 
Biodynamics of the Physical Education Department of the Bio-
sciences Institute of UNESP, Rio Claro Campus. The animals were 
kept in collective cages with a maximum of five animals, being 
placed in a room with controlled temperature of 25°C and light/
dark cycle of 12/12h, with water ad libitum and fed with balanced 
solid chow for rodents (Labina Purina®). All experimental proce-
dures are according to the guidelines from the Brazilian College 
of Animal Experimentation (COBEA).

Experimental diabetes

The animals selected to the diabetic group were kept at fast 
for a period of 12 hours. After this period, the animals were anes-
thetized in a CO2 chamber and received an aloxane solution in 
citrate buffer 0.01M, pH 4.5 in the 35mg for each kg of body mass 
ratio. Administration was intravenous in the penis dorsal vein. After 
induction, the animals were treated with glucose added to water 
(125g of sugar for each 500ml of water) during 24 hours, with 
the aim to avoid death by severe hypoglycemia(18). Experimental 
diabetes was confirmed by glycemia check by glucose oxidase 
method (19). The animals which presented glycemia higher or equal 
to 250mg/dl were included in the diabetic group(18) ,while the ani-
mals which presented values lower than 250mg/dl were discarded 
from the experiment.

Experimental groups 

Four distinct experimental diabetic groups were formed as 
described: Sedentary Diabetics (SD): the rats from this group were 
induced to experimental diabetes and kept with not any kind 
of physical activity; Trained Diabetics (TD): they were induced 
to experimental diabetes and performed the physical exercise 
protocol; Sedentary Diabetic and Ultrasound (SDUs): the rats from 
this group were induced to experimental diabetes, kept with 
not any kind of physical activity, but performed the ultrasound 
therapy; Trained Diabetic and Ultrasound (TDUs): they were in-
duced to experimental diabetes, performed the physical training 
protocol and also the ultrasound therapy. In the same way, four 
control groups were formed, which received the same physical 
training and ultrasound therapy treatment: Sedentary Control 
(SC); Trained Control (TC); Sedentary Control and Ultrasound 
(SCUs); Trained Control and Ultrasound (TCUs). The difference in 
the number of animals observed between groups was due to 
the loss of some animals occurred during the experiment period, 
which is common in these cases.

Physical training protocol 

The protocol was constituted of three weeks of a swimming 
program in a collective tank with water at temperature between 
30°C ± 2°C. The training was performed five times per week, 
one session a Day, in which on the first week of training load 
equivalent to 5% of body mass attached to the animals’ trunk was 
used, with duration of 15 minutes on the first day, 20 minutes 
on the second day and 30 minutes on the following days until 

the end of the week, being it considered the adaptation period 
to the water environment of the animal. At the beginning of 
the second week, the load was increased to 8% of body mass, 
repeating the same duration of the previous week and on the 
third week the load was kept at 8% of body mass and period of 
30 minutes during the entire week(20).

Ultrasound therapy protocol 

The equipment used in this study was the (Sonacel Plus, 
Bioset®), which was calibrated before the beginning of the ex-
periment by the manufacturer himself, presenting the following 
physical parameters: pulsed wave in the repetition frequency 
of 100Hz, pulsed wave 1:2 or 50%, frequency of 1.0MHz and 
intensity of 0.2W/cm², considering that the ERA was exclusively 
designed for the procedure. The probe presented effective ra-
diation area (ERA) of 0.5cm², adapted to this experiment by 
the manufacturer, during 10 minutes. The ultrasound treatment 
consisted in 10 sessions, five days a week, one daily session, 
for a period of two weeks. The rats selected for the ultrasound 
therapy were trichotomized and their entire right hinder legs 
were sterilized with alcohol 97% to facilitate the wave transmis-
sion. In order to improve the connection between the ultra-
sound probe and the muscle regions a hydrosuluble gel was 
used. The ultrasound was directly applied on the entire right 
hinder leg, including the anterior and posterior parts of the paw.

Biochemical evaluations 

24 hours after the end of the experimental period, all animals 
were euthanized by decapitation. The blood was collected, imme-
diately centrifuged and the serum separated and used for glyce-
mia and triglycerides (TG) evaluation. The glucose and triglycerides 
amount in the serum was determined by colorimetric enzymatic 
method using commercial kits (LaborLab®)(19). Subsequently, the 
tibialis anterior, gastrocnemius and soleus muscles of the right 
hinder leg were collected and separately weighted on a high preci-
sion analytical scale for evaluation of the amount of intramuscular 
triglycerides (IMTG). The samples were placed in Eppendorf tubes 
of 1.5ml, containing 0.5ml of TritonX-100 at 0.1%. The samples were 
triturated in Polytron® for 10 seconds in a pulsatile way; after this 
procedure the samples were centrifuged at 4,000rpm for 10 min-
utes(21). The supernatant was extracted for TG determination by 
photospectrometry with use of a commercial kit (LaborLab®).

Statistical analysis 

The data obtained in each group were described as mean 
± standard deviation and were compared between each other 
by analysis of variance (ANOVA) and application of Tukey test. In 
all cases the significance level was set at 5%. The software used 
was the Statistica 7.

RESULTS
Table 1 expresses the values of the glucose and triglycerides 

(TG) serum concentrations for the eight experimental groups. In 
the glucose concentrations the animals of the diabetic groups 
presented significantly higher values compared to the remaining 
animals of the control groups. As effect of the physical training, 
the animals from the TD and TDUs groups presented significantly 
lower values in comparison to the SD and SDUs groups. No sig-
nificant difference was observed between groups for the serum 
TG concentrations.
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Figure 1. Triglycerides of the tibialis anterior muscle of the groups at the end of the 
experiment. Results expressed in mean ± standard deviation, n = 8 animals per group.

Figure 2. Triglycerides of the gastrocnemius muscle of the groups at the end of the 
experiment. Results expressed in mean ± standard deviation, n = 8 animals per group.

Figure 3. Triglycerides of the soleus muscle of the groups at the and of the experiment. 
Results expressed in mean ± standard deviation, n = 8 animals per group. a ≠ of SC, 
TC, SCUs and TCUs, b ≠ of TD and TDUs, ANOVA p < 0.05.

The results concerning the triglycerides of the tibialis anterior 
and gstrocnemius muscles were described in figures 1 and 2, 
respectively. None statistically significnat difference was found 
between groups in both cases.

Concerning the soleus muscle, the triglycerides concentra-
tions found in the musculature were expressed in figure 3. The 
concentrations observed in the diabetic groups SD, TD, SDUs 
and TDUs were significantly lower than the in the control groups 
SC, TC, SCUs and TCUs. Another important and significant differ-
ence was observed between the trained and sedentary diabetic 
groups, regardless of the ultrasound therapy; the TD and TDUs 
groups presented significantly lower values compared to the SD 
and SDUs groups.

DISCUSSION
The ultrasound is very much applied in sports medicine prac-

tice, being the musculoskeletal system one of its main targets. 
However, little is known about its influence on some muscular 
energetic substrates, such as the IMTGs. The is no record in the 
literature on this kind of analysis prior this study here.

In the present investigation, the main finding was that thera-
peutic ultrasound in its pulsed modality, did not influence on the 
intramuscular triglycerides concentrations (IMTG), regardless of 
physical training or type of muscle fiber. According to Guo and 
Jensen when using electrical stimulation, they observed in mon-
keys that such physical parameter during five hours did not alter 
the IMTG concentrations in gastrocnemius or soleus muscles(22), 
being it the only investigation in the literature which used a thera-
peutic physical device to investigate its influence on the IMTGs.

The relatively low intensity as well as reduced time of therapy 
can explain the absence of effects on the IMTG concentrations 
both in diabetic rats and control rats. Dissipation of total energy 
used due to adaptation of the application probe may also have 
occurred. One of the main ultrasound effects on the IMTG would 
be increase in metabolism, also due to increase of local tissue 
temperature, which is dependent on the time of therapy; that is 
to say, the longer the time of therapy, the greater the increase of 
local tissue temperature(6).

Such effects can be produced by the pulsed modality; how-
ever, the best effectiveness of the thermal effects is produced by 
the continuous mode, which can also increase the permeability 
of the biological membranes and alterations in the membrane 

Table 1. Glucose and TG serum concentrations of the groups at the end of the 
experimental period.

Groups Glucose (mg/dL) TG (mg/dL)

SD 312.92 ± 30.40* 134.84 ± 34.48

TD 249.00 ± 44.83*# 129.44 ± 36.19

SDUs 287.61 ± 44.40* 169.35 ± 53.76

TDUs 227.55 ± 64.86*# 128.10 ± 45.33

SC 113.23 ± 15.33 123.67 ± 47.19

TC 123.33 ± 12.08 174.24 ± 17.47 

SCUs 121.70 ± 14.79 130.49 ± 30.40

TCUs 115.91 ± 30.15 143.35 ± 43.32

Results expressed in mean ± standard deviation, n = 8 animals per groups. * ≠ of SC, TC, SCUs and TCUs, # ≠ 
of SD and SDUs, ANOVA p < 0.05.

Tibialis Anterior Triglycerides

Gastrocnemius Triglycerides

Soleus Triglycerides

SD TD SDUs
TDUs

SC TC SCUs
TCUs

Groups

SD TD SDUs
TDUs

SC TC SCUs
TCUs

Groups

SD TD SDUs
TDUs

SC TC SCUs
TCUs

Groups
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potential(23). Therefore, the results obtained in this study were not 
conclusive concerning the modality selection and physical param-
eters so that alterations on the IMTGs may occur; hence, further 
investigation is still needed. 

Physical exercise is well-consolidated as having effect similar to 
the insulin activity in the glycemic homeostasis control(24). In our 
study, physical training decreased glycemia of the diabetic animals, 
which corroborates many investigations in the literature(25). The 
serum TG concentrations have not been altered, contrasting with 
previous reports in the literature which report decrease of these 
concentrations with physical training, probably due to the fact that 
the training proposed in this study is of short duration.

The data concerning the IMTG shown in figure 1 are in agree-
ment with the literature, which shows that use of both IMTG and 
glycerol is dependent on the type of muscle fiber (13,14,16,22,26,27). Since 
the tibialis anterior is classified as a muscle with predominance of 
type II fiber, with approximately 90%, it would be more dependent 
on the glycidic metabolism(28). According to some researchers, the 
type I fibers manifest increase of oxidative capacity (11,13), which jus-
tifies the IMTG reduction only in the soleus muscle, which contains 
only type I fibers in its composition.

The treatment association by ultrasound to training seems to 
have contributed to the increase in the substrate concentration; 
however, the ultrasound alone did not reestablish the low levels 
induced by the disease. The gastrocnemius is a mixed muscle (28), 
but with predominance of type II fibers, in which the capacity of 
fat uptake and oxidation, such as IMTG, is very low.

The IMTG concentrations found in the soleus muscle were 
similar to the ones found in other studies(13,22), that is to say, all 
the diabetic groups presented triglycerides decrease. The soleus 
muscle presents predominance of type I odidative fibers and con-

tains higher amount of IMTG and greater oxidative capacity(13,22). 
The main difference found in the IMTG concentrations in the soleus 
muscle was due to the physiological status of the diabetic animal. 
Higher use of IMTG as energetic substrate, at rest or exercise status, 
was observed in diabetic rats, compared to the control rats(9,11). 
This higher use is due to the lack of insulin, which has its oxidation 
regulating role, both of fatty acids and IMTG, at exercise and rest 
(9,12); therefore, the amounts and use of IMTG have a strong correla-
tion with insulin sensitivity and concentration(10,11,15,29).

The hormone-sensitive lipase enzyme (HSL) is one of the main 
IMTG hydrolysis regulators(16,17,30) and insulin plays a regulating role 
of this enzyme. Low insulin concentrations, as in the case of ex-
perimental diabetic, may stimulate the HSL, promoting increase 
of IMTG hydrolysis in diabetic individuals.

It is also acknowledged that IMTG oxidation is higher during ex-
ercise compared to at rest (12); which was corroborated in our study 
by the significantly higher difference of the sedentary diabetic 
groups compared to the animals from the trained diabetic groups.

CONCLUSIONS
Considering the found results, it can be concluded that the 

application of pulsed ultrasound at the used intensity and protocol, 
did not alter the IMTG concentrations of the soleus, gastrocnemius 
and tibialis anterior muscles assessed. On the other hand, experi-
mental diabetes considerably reduced the IMTG intramuscular 
concentrations. Physical training boosted the IMTG decrease in the 
soleus muscle, probably due to predominance of oxidative fibers. 
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