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Abstract

Objectives: To investigate the implications of Dermosonic lipoclasis (DLC), i.e. lipolysis on subcutaneous white adipose tissue induced 

by ultrasound, for the energy metabolism and body composition of healthy rats. Methods: Twenty four-month-old male Wistar rats 

weighting ±380g were randomly divided into two groups: 1) sham control (SC) and 2) low-intensity ultrasound therapy (LIUST). For 

10 days, after sedation with 3% vaporized halothane, the animals underwent LIUST (ISATA =3MHz, 1 Wcm-2, pulsed mode 2:8ms, 30% 

cycles for 3 minutes) in the infra-abdominal and inguinal regions. Weight measurements, naso-anal length and metabolic parameters 

(food and water intake and excretion) were monitored during the study. At the end of the treatment, blood samples were collected for 

biochemical analyses. Retroperitoneal (RET), perirenal (PR), epididymal (EP) and inguinal (ING) adiposity was evaluated. HOMA-IR 

(homeostasis model assessment) was calculated to estimate insulin resistance. For statistical analyses, the Student t test, ANOVA and 

the Tukey test were used, and differences were established as p<0.05. Results: Regarding body weight, the SC group (384±9g) did not 

show any changes, while the treated group (337±2g) showed reductions (p<0.01). This was also seen in relation to food intake: (25±1g) 

vs. (21±1g). There were also reductions (p<0.05) in the RET, PR and ING fat-pads, obesity index, triglyceride levels and plasma 

lipoprotein levels. Hyperinsulinemia without changes in glycemia characterized a state of insulin resistance, which was confirmed by 

HOMA-IR. Conclusions: DLC reduced the food intake and body weight and modified the fat deposition in the RET, PR and ING stores 

in rats. This changed the lipid profile to produce a significant state of insulin resistance.
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Resumo

Objetivos: Investigar as implicações da lipoclasia dermossônica (LCD), lipólise do tecido adiposo branco subcutâneo induzido por 

ultrassom (US), no metabolismo energético e na composição corporal de ratos saudáveis. Métodos: Utilizaram-se 20 ratos Wistar 

saudáveis, com 4 meses de idade, pesando ±380g, divididos aleatoriamente em 2 grupos: 1) controle-sham (CS), 2) terapia 

ultrassônica de baixa intensidade (TUSBI). Durante 10 dias, após sedação (halotano-3% vaporizado), os animais eram submetidos 

à TUSBI (ISATA=3MHz, 1W.cm-2, modo pulsado 2:8ms, ciclo de 30% por 3 minutos) em região infra-abdominal e inguinal. Medidas 

de peso, comprimento naso-anal e parâmetros metabólicos (ingestão e excreção) foram controlados durante o estudo. Ao final do 

tratamento, amostras de sangue foram coletadas para dosagens bioquímicas, e então avaliadas adiposidades retroperitoneal (RET), 

perirenal (PR), epididimal (EP) e inguinal (ING). O HOMA-IR (homeostasis model assessment) foi calculado para estimar resistência 

insulínica (RI). Para análise estatística, utilizou-se ANOVA, teste de Tukey e teste t de Student, com diferenças estabelecidas em 

p<0,05. Resultados: No peso corporal, não houve alteração nos animais CS (384±9g), no entanto reduziu (p<0,01) no grupo TUSBI 

(337±2g), assim como a ingestão de comida (25±1g) vs.(21±1g). Houve ainda reduções (p<0,05) nos coxins RET, PR e ING, índice de 

obesidade, níveis de triglicerídeos e lipoproteínas plasmáticas. A hiperinsulinemia, sem alterações da glicemia, caracterizou estado de 

RI confirmado pelo HOMA-IR. Conclusões: A LDC reduziu a ingestão de comida e o peso corporal, além de modificar a deposição de 

gordura nos depósitos RET, PR e ING em ratos, o que alterou o perfil lipoprotéico produzindo importante quadro de RI.
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Introduction 
The broad use of ultrasound therapy in several health 

branches made it possible to identify several different bio-
logical effects of low-intensity ultrasound (US) in a number of 
tissues1-14, namely fibrinolytic effects9, as well as thrombolytic10, 
lipolytic6,8, angiogenic13, enzymatic5,14, and oxidative effects13, as 
well as synergic in vasoactive drugs4,5, to name but a few3,11. All 
of these effects are directly associated with the dosages used 
(power, frequency, time-length), and also with the responsive-
ness of the biological tissue exposed, i.e. specific US dosages 
directly imply certain cell actions and tissue responses.

Current studies show that US applications in usual dosages 
(1 and 3 MHz) in physical therapy3,8 and in clinical diagnosis1, 
although not unsafe for daily practice, should not be taken as a 
risk-free tool, because it only uses small variations in frequency, 
power, and time –  i.e. dosages and ways to apply them – to 
bring about local changes in the biological tissue exposed1-14.

Miwa et al.6 have recently showed that the US application on 
the white adipose tissue (WAT) of rats, in different frequencies, 
promotes an increase in the local secretion of noradrenaline 
by the sympathetic nervous system, causing local lipolysis and 
the mobilization of fat by the release of free fatty acids (FFA). 
Besides, Kogure et al.7 reported that the stimulation through 
US not only produced the lipolysis of the subcutaneous WAT 
with FFA release, but also boosted the synthesis of the family of 
type-2 and type-3 mitochondrial uncoupling proteins (UCPs) 
in the gastrocnemius muscle of rats by means of a mechanism 
other than exercise. 

Moreover, other investigations on energetic metabolism 
have evidenced that high levels of FFAs regulate the gene ex-
pression of the UCP-3 in the skeletal muscle, liver, pancreas, 
and other tissues, and that this protein family is in close as-
sociation with obesity, fasting, and exercise15,16. These and other 
effects of low-intensity ultrasound therapy (LIUST) on the lipid 
and glycemic metabolism fostered several new possibilities for 
therapy applications in the treatment of obesity and type-II 
diabetes mellitus (DM2). However, recents studies on thermo-
genesis, obesity, and physical activity revealed that the increase 
in plasma FFA is involved with the conditions of insulin pre-
resistance (IR), obesity, and DM2, and have several implications 
in the pathogenesis of metabolic syndrome (MS)17-24. 

Paradoxically, the beneficial findings of low-intensity ul-
trasound therapy in various fields2,5,7,10,11 are rarely found in 
clinical studies or in robust experimental research dealing 
with the local and systemic metabolic risks of fat mobiliza-
tion and release triggered by the use of dermosonic lipoclasis 
(DLC), lysis of subcutaneous adipose cells by LIUST, seeing 
that this is broadly used in surgical, aesthetic, and cosmeceu-
tical treatments4,8,10,23,25. Therefore, the goal of this study was 

to evaluate the implications of DLC on the energetic metabo-
lism and body fat distribution of healthy rats, by  means of 
measurements such as weight, length, plasma biochemistry, 
body composition (obesity index)26 and bilateral lipectomy of 
the fat depositions27. 

Methods 
This investigation was conducted according to the direc-

tives set out by the Guide for the Care and Use of Laboratory 
Animals and approved by the Animal Research Ethics Commit-
tee of Universidade Federal do Espírito Santo (UFES), under 
protocol number 014/2008. 

Experimental groups and metabolic control

Twenty 4-month-old Wistar rats, obtained from the Center 
of Health Sciences of UFES vivarium were used in this study. 
Weighing ±380 grams, they were randomly divided into two 
groups (n=10 each): 1) sham-control (CS) and 2) treated with 
DLC. The rats were placed in metabolic individual cages for 
control and adjustment of food (g) and water (mL) intake, and 
kept in a well-ventilated environment under controlled tem-
perature (±22ºC) and artificial lightning, considering a photo-
period of 12h (light)/ 12h (dark). 

The study started off with a period of adaptation (5 days), 
during which the animals followed the procedural routines and 
returned to their cages, thus minimizing the handling stress 
and the effects of isolation. Next, measurements such as weight 
and naso-anal (N-A) length were taken, and the rectal thermal 
control was carried out during the period of adaptation and 
treatment. On day 0, after sedating the animals through the 
inhalation of halotane-3%, the infra-abdominal and bilateral 
inguinal areas were shaved, covering an area of 5 cm2. There 
was no sample loss, i.e. all animals survived until the end of the 
study (when they were euthanized).

Ultrasound therapy (3MHz)

In order to mimic the effects of clinical DLC, as well as 
reduce the thermal effects, the following parameters were 
set for ultrasound irradiation: ISATA (spatial average temporal 
average Intensity)=3MHz, 1 W.cm2, pulsed mode (2 ms ON: 8 
ms OFF), cycle of 30% for 3 minutes, during 10 consecutive 
days, in the morning. Every day, the animals under induced 
sedation (halotane-3% vaporized in a saturation chamber) 
were placed in dorsal decubitus and the hind paws were held 
in abduction with an elastic band. Sonogel (H2O) was applied 
to the pre-established area (infra-abdominal and bilateral 
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inguinal regions), and a 3-MHz transducer (US AVATAT II 
[KLD - Biosystems - São Paulo, Brazil]) was placed 1 mm from 
the skin by using a universal support. After the LIUST began, 
the transducer was moved bilaterally and systematically from 
the right to the left throughout all of the irradiation area. The 
CS and LIUST groups were submitted to the same procedures. 
However, in the CS group the transducer was disconnected 
from the US-generating equipment, which was switched off. 

The ultrasound transducer was calibrated in a precision 
scale in the Department of Physics of UFES. The level of US 
irradiation used in this study was the one recommended for 
US therapy use by the World Federation for Ultrasound in 
Medicine and Biology (WFUMB) and by the Food and Drug 
Administration (FDA)1,2.

Plasma biochemistry and homeostatis model 
assessment (HOMA)

At the end of the DLC, the animals received an intraperi-
toneal injection of chloral hydrate (10% - 0.4mL.100g-1). Under 
induced anesthesia, they were decapitated for blood collection 
and subsequent analysis of the plasma biochemistry. Next, the 
blood was centrifuged at 3000 rpm. for 10 min. under refrigera-
tion (4°C) and the plasma was stored at -20°C. Plasma dosages 
were carried out by the conventional methods of laboratorial 
analysis, namely total cholesterol (TC), high-density lipopro-
tein (HDL), low-density lipoprotein (LDL), very-low density 
lipoprotein (VLDL), triglycerides (TG), glucose and insulin and 
lipoprotein lipase enzyme (LPL). 

The HOMA testing method was used to estimate the 
insulin resistance (in which the HOMA-IR=insulinemia af-
ter fasting [mU/L] x glycemia after fasting [mg/dL]) and to 
determine the functional capacity of the beta cells (βcC) (in 
which HOMA-βcC = 20 x insulinemia after fasting [mmol/L] 
/ glycemia after fasting [mmol/L]-3.5). For the calculation 
itself, we used the software HOMA Calculator© 2.2, Diabetes 
Trial Unit, University of Oxford©.

Body composition and bilateral lipectomy

The obesity index for rodents (Lee Index) was calculated by 
means of the equation 3√∆g/m-1 (cube root [3√] of delta [differ-
ence between final and initial weight] of body weight in grams 
[g] divided by the N-A length in meters [m])26.

The measures for right and left retroperitoneal abdominal 
adiposity (RET), perirenal (PR), epididymal (EP), and inguinal 
(ING) adiposities were determined by means of bilateral lipec-
tomy, which consists of the surgical extraction of fat deposits 
( fat pads). A longitudinal incision of ± 6cm was made on the 
abdominal skin, using the Alba line as a reference. Next, the 

ING compartments were collected and measured, the perito-
neum was cut open and the RET and PR fat pads were taken 
out. The peritoneal incision extended up to the epididymus, 
where the EP27 fat pads were collected.

Data analysis

The data were input into and analyzed by a statistical 
software (Graph-Pad-Prism4) using the t test as well as one-
way and two-way analyses of variance (ANOVA), followed by 
the Tukey test for multiple comparisons. The values were ex-
pressed as mean ±SEM (standard error of the mean), and the 
differences set at p<0.05.

Results 
As shown in Figure 1A, there was a reduction (p<0.01) in 

the body weight of the LIUST group (341±13g) vs. CS group 
(380±11g) from the 5th day of DLC onwards, which was main-
tained until the tenth day of treatment (337±12g) vs. (384±9g), 
respectively. The LIUST group also reduced its food intake as 
the DLC treatment drew to a close (21.0±0.7g), compared to 
the CS group (25.6±0.7g) (Figure 1B). There was no reduction in 
water intake (Figure 1C) or body temperature (Figure 1D). Nev-
ertheless, there was a reduction in the obesity index (p<0.01) of 
the LIUST group (-5.28±1.68) compared to that of the CS group 
(0.58±1.47) (Figure 2A). 

Figure 2B displays the values for the RET (3.8±0.2g), PR 
(3.7±0,1g) EP (3.8±0.3g) and ING (7.4±0.6g) fat pads in the CS 
group, which had a reduction (p<0.05) in the RET (2.5±0.1g), PR 
(2.8±0.2g) and ING (5.8±0.4g) after being treated with the DLC. 
The EP values, however, did not change (3.9±0.2g).

Table 2 displays the values for the glycolipoprotein and en-
zymatic profile of both the CS and LIUST groups, which showed 
no differences concerning the CT, LDL, or glycemia after fasting 
values. In contrast, the values for VLDL, triglycerides, HDL and 
LPL, and insulinemia diverged considerably. The HOMA-IR was 
high (p<0.01) in the LIUST group compared to the CS group, a 
result that is compatible with an acute IR condition.

Discussion 
This study focused on analyzing the effects of DLC on the 

energetic metabolism and body composition of healthy rats. As 
observed in clinical practice25 and also based on these results, 
DLC (3-MHz LIUST) on the subcutaneous WAT promoted li-
polysis with a significant reduction in the weight of the rats 
from the 5th application onwards, and these effects remained 
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Figure 1. Effects of the dermosonic lipoclasis applied to the subcutaneous white adipose tissue on body weight (A), food intake (B), water intake 
(C), and body temperature (D) of healthy Wistar rats.
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Figure 2. Effects of dermosonic lipoclasis applied to the subcutaneous white adipose tissue on obesity index (A) and retroperitoneal (PET), 
perirenal (PR), epididimal (EP) e inguinal (ING) fat-pads (B) of healthy Wistar rats.
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Table 1. Plasma biochemical profile of the healthy Wistar rats in the 
control-SHAM (CS) and treated with dermosonic lipoclasis (LIUST) 
applied to the subcutaneous white adipose tissue.
Parameters CS (N=10) LIUST (N=10) p
Total cholesterol (mg/dL) 45.0±2.8 40.3±1.6 0.089
HDL (mg/dL) 16.4±1.2 13.5±0.9* 0.042
LDL (mg/dL) 17.1±1.7 17.8±1.2 0.379
VLDL (mg/mL) 8.2±0.7 11.0±1.1* 0.022
Triglycerides (mg/dL) 40.7±3.5 55.1±5.6* 0.021
Glucose (mg/dL) 154±6 153±8 0.468
Insulin (µU/mL) 15±2 21±2* 0.044
HOMA – IR 2.16±0.2 3.64±0.4** 0.008
LPL (U/dL) 33.6±0.4 46.7±3.1** 0.002
HDL=high-density lipoprotein; LDL=low-density lipoprotein; VLDL=very low-density li-
poprotein; LPL=lipoprotein lipase; HOMA-IR=homeostasis model assessment for insulin 
resistance. Values are presented as mean±SEM. One-way and two-way analyses of va-
riance (ANOVA) followed by the Tukey test. *p<0.05 and **p<0.01 when CS vs. LIUST.

unchanged up to the end of the treatment (Figure 1A). In ad-
dition to the weight loss, there was also a gradual reduction in 
food intake from the 5th day of DLC, which was significantly 
different by the 10th day compared to the CS group (Figure 1B). 

This weight loss combined with the reduction in food in-
take in the DLC-treated group suggests an increase in the local 
and systemic energy metabolism, with the probable secretion 
and release of several adipokines by the subcutaneous WAT. 
Some evidence and several reports in the literature20,21,25 show 
that, in this compartment of the WAT (i.e. the subcutaneous 
fat pad) of humans and rodents, there is a greater capacity for 
leptin expression, synthesis, and secretion, as well as other pro-
inflammatory adipokines, namely the interleukin-6 (IL-6) and 
the Tumor Necrosis Factor- alpha (TNF-α)4-7. In addition, they 
make it clear that high levels of these adipokines lead to ex-
pressive cardiovascular repercussions, and also modulate im-
portant neuropeptide functions and anorexigen hormones in 
the hypothalamic arcuate nucleus17,28,29. They also act directly 
on it, interfering with the energetic metabolism and with the 
regulation of appetite18,21,23, which may have caused the reduc-
tion in food intake and the weight loss observed in the DLC-
treated rats (Figures 1A and B).

Likewise, in the evaluation of body composition, there was 
a significant reduction in the obesity index (Lee’s Index) among 
the DLC-treated rats, possibly due to the reduction of inguinal 
subcutaneous fat (lipolysis), effects already described in non-
obese animals6,8. Nevertheless, it was interesting to observe the 
reductions in the RET and PR fat deposits ( fat pads) without 
any changes in the EP fat pad in healthy males, considering 
the distance between the epididymal and perirenal fat depos-
its, as the former is anatomically closer to the US-stimulated 
areas than the perirenal fat pad. Moreover, a low level of high-
frequency ultrasound irradiation was used, which prevented 

the spreading effect of the mechanic wave, a fact that may 
imply a remarkable sonochemical effect of the LIUST on the 
WAT (Figures 2A and B). Considering the lipolytic effects 
of the DLC on the subcutaneous WAT6-8, the RET and PR fat 
pad reductions are believed to be related with the endocrine, 
paracrine, and autocrine actions of the adipokines liberated by 
the subcutaneous WAT17,18-21,24,28 during the DLC; or they could 
have occurred because of an increase in the local enzymatic 
activity (LPL-lipoprotein and LHS-hormone-sensitive lipases) 
stimulated by the noradrenalin released in the sympathetic 
nerve endings of the subcutaneous WAT6,7,9,30 after the DLC. 
Such effects, which corroborate the high levels of LPL obtained 
in this study (Table 2) are indicative of noteworthy sonochemi-
cal actions of the 3MHz US in the subcutaneous inguinal and 
abdominal WAT17,18,24. 

As far as the energy (lipoprotein) metabolism is con-
cerned, the implications produced by the DLC were as follows: 
hypertriglyceridemia, elevation of the VLDL and reduction 
of the plasma LDL, characterizing an increase in the risk of 
dyslipidemia18,24,28 due to the daily changes in the mobilization 
and storage of body fat in the RET, PR, and ING fat pads, not to 
mention the increase in the plasma LPL (Table 2). 

When comparing the plasma biochemical change to the 
reduction in the RET, PR, and ING fat pads after the treatment 
with DLC, one can identify a worrying effect of massive lipoly-
sis and body fat redistribution through the bloodstream, as 
countless studies have shown that constant rises in the plasma 
lipid levels are the main risk factor for dyslipidemia and SM17-18 
among overweight and obese individuals24,28,30. 

Studies carried out by Lewis et al.18 and other authors18-23 
describe that the maintenance of high levels of circulating, 
non-esterified FFA give rise to deleterious effects in the ener-
getic biochemistry and in the cellular metabolism. They also 
report that the increased FFA flow originating from adipose 
tissues to non-adipose ones, in general worsens the signaling 
of the insulin receptor substrate 1 (IRS-1)21-27, suggesting that 
the IR observed in the animals treated with DLC might have 
occurred due to the lipotoxic effects of the FFA in the IRS-1 sig-
naling, bringing about dysfunctions in the activation cascade 
of this receptor18-21, which was indicated by the high values of 
HOMA-IR. Other studies show that the inhibition and/or loss 
of sensibility of the IRS-1 may facilitate the accumulation of 
tissue fat through the reduction of the lipolytic activity of the 
insulin, leading to the resterification of the FFA in the muscles 
and other tissues, a critical effect which is currently being dis-
cussed as lipotoxicity17-24. 

Although the levels of glycemia were similarly elevated 
in the control and DLC-treated groups, the insulinemia was 
higher among the animals treated than the basal values found 
in the control, indicating an acute IR condition, confirmed by 
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the HOMA-IR, which suggested secondary (systemic) actions 
of the DLC.

These findings suggest that the DLC holds a great poten-
tial as an exogenous modulator of the WAT metabolism, as it 
effectively interferes with the distribution of body fat, reduces 
body weight and food intake. The consequence is an important 
lipolysis with the mobilization of the fat deposited in the right 
and left RET, PR, and inguinal fat pads without altering the EP 
fat, thus demonstrating a high potential for the treatment of gy-
noid obesity. Nevertheless, it also provokes significant changes 
in the lipoprotein and enzymatic plasma profile, implying a se-
rious dyslipidemic and dysmetabolic condition, which induces 
to the onset of acute IR.

Therefore, more experimental and clinical investigations 
must be conducted for a better characterization of the cell 

mechanisms and molecular signal transducers activated by 
the DLC in the subcutaneous WAT. The purpose of this is to 
attenuate or abolish the harmful effects and perfect the benefi-
cial effects of the DLC on this essential endocrine organ28.
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