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Abstract
BACKGROUND: Local fat accumulation is a health risk and this has raised interest in the development
of aesthetic treatments, such as cryo-radiofrequency (CRF). OBJECTIVE: To evaluate the
consequences of CRF in adipose tissue remodeling in a model system. MATERIALS AND
METHODS: Lean and high-fat diet-induced obese mice were assessed 7 days after one CRF

application; and lean mice were assessed 0, 3, 6 and 12 h after one application of CRF. Assessments
included histology, DNA degradation, gene expression, ELISA of cytokines, serum analysis and
neutrophil presence. RESULTS: Unchanged fat mass was found 7 days after CRF in obese and lean
mice. However, lean mice showed smaller adipocyte size with areas resembling a browning process.
TNF levels, apoptotic cells, and UCP-1 expression increased 7 days after CRF in inguinal adipose
tissue of lean mice. Although no differences were found in fat mass, adipocyte size decreased just after
CRF and this changed was maintained until 12 h, with cells resembling beige adipocytes.
CONCLUSION: We suggest that CRF therapy is capable of inducing thermogenic adipocytes in lean
mice.
Keywords: adipose tissue; browning; cryo-radiofrequency (CRF); obesity.

express UCP-1 when adequately activated. Thus,
it has been called a new type of fat tissue, the
beige adipose tissue. The differentiation of beige
rather than white adipocytes has been described
as browning (4, 5). Chronic adrenergic
activation in cold-exposed rodents leads to the
development of beige adipocytes in white
adipose tissues (6), which contributes to their
thermogenic function. Thus, brown adipose
tissue, as well as the beige type, have become
potential targets in the investigation of possible
treatments related to obesity and other associated
comorbidities.
Obesity is a disease characterized by
adipose tissue expansion and chronic low-grade
inflammation (7). Recently, the prevalence of
obesity has increased in lower-middle to high-

INTRODUCTION
Adipose tissue is an essential metabolic and
endocrine organ involved with the regulation of
energetic metabolism, immune response, and
thermogenesis (1). Two different types of
adipose tissue are known: white and brown.
Both tissues store triglycerides in adipocytes, but
those of brown adipose tissue also have a
considerable number of mitochondria with a
higher expression of uncoupling protein 1 (UCP1) (2). UCP-1 is essential for the heat production
process and is mainly regulated by fatty acids,
which, in turn, are the primary substrates for
oxidation during thermogenesis (3). Recently, it
has been shown that adipocytes present in the
middle of white adipose tissue could also
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income countries (8), pointing out the necessity
for the development of useful treatment options.
In this sense, multiple ways to reduce fat mass
have been developed that include food intake
control, central nervous system regulation,
energy
expenditure,
endocrine
system
regulation, and direct fatty tissue removal (9,
10). However, few methods have succeeded in
effectively reducing localized fat pad mass. In
this sense, new aesthetic machinery has been
proposed to help to reduce local fat
accumulation
(11-15).
Among
them,
radiofrequency has shown positive effects on the
reduction of local adipose tissue in clinical
practice (16-18). The radiofrequency (RF) is a
form of high‐frequency electromagnetic energy
that works by heating the tissues, acting on
deeper layers of the skin and subcutaneous tissue
to raise cellular metabolism (19). New
equipment developed combines the transmission
of cold from the handle to the dermis, with
internal heating of body tissues caused by the
multipolar radiofrequency waves, the cryoradiofrequency (CRF). As thermogenesis may be
induced by cold and the effects of this therapy
on adipose tissue have not yet been described,
we aimed to evaluate whether the cryoradiofrequency therapy could contribute with
adipose tissue remodeling in obesity.
Herein, we show that CRF stimulates the
browning of white adipocytes that may change
the adipose tissue morphology in lean mice. We
also showed that in obese mice, one application
of CRF was not enough to alter the tissue
morphology showing that this treatment may be
more efficient at changing fat metabolism
locally.

induce obesity. The nutrient composition of
chow diet (4.0 kcal/g) was 65.8% of weight as
carbohydrate, 3.1% as fat, and 31.1% as protein;
the HF diet (7.0 kcal/g) was 24.5% of weight as
carbohydrate, 61.0% as fat, and 14.5% as
protein. The lipid content of the HF diet was
mostly composed of lard. After this period, mice
underwent
one
application
of
cryoradiofrequency (CRF) and seven days after that
were killed. Body-weight gain was measured
once a week, and the food intake was measured
twice a week. In another set of experiments,
female mice at 20 weeks of age were divided
into five different groups: (i) CRF equipment
off, and mice killed (ii) 0 h, (iii) 3 h, (iv) 6 h or
(v) 12 h after one CRF application.
Blood was collected from the tail vein of
mice and total white blood cells were counted
using a Neubauer chamber. Samples of blood,
visceral (perigonadal, retroperitoneal and
mesenteric) and subcutaneous (inguinal) adipose
tissues were collected for further analyses. The
adiposity index was calculated as a percentage
of the weights of perigonadal, retroperitoneal,
mesenteric and inguinal adipose tissues to the
body mass.
Cryo-radiofrequency (CRF) therapy
CRF sessions were performed using BHS
156 equipment (Body Health Brazil, Sete
Lagoas, Brazil). This equipment combines the
transmission of cold (-25°C) from the handle to
the dermis, with internal heating of body tissues
(over 55°C) caused by the multipolar
radiofrequency
waves.
Animals
were
anesthetized with intraperitoneal injection at a
dose of 4.5 mL / kg xylazine hydrochloride
solution (10 mg / kg) and ketamine
hydrochloride (80 mg / kg) diluted in 0.9%
NaCl. Mice were embedded in a gel to avoid the
occurrence of shocks. The equipment was turned
on and adjusted to a power of 85 watts. Then the
animals were subjected to a light massage with
monopolar CRF waves in the abdominal region
with the tip of the equipment for 4 min, and the
temperature was around -6°C. In the control
group, the same procedure was performed but
with no CRF application. After that, they were
placed on a warm plate until they return from
anesthesia.

MATERIALS AND METHODS
Animals and diets
Female BALB/c mice were provided by the
Bioterium Center of the Universidade Federal de
Minas Gerais (UFMG). They were maintained in
a controlled environment with a 12 h: 12 h light:
dark cycle, and in collective cages with ad
libitum access to food and water. The
experiments were approved by the “Ethics
Committee for Animal Experimentation of the
UFMG” (protocol number: 201 / 2018).
Female mice at 8 weeks of age were
randomly divided into two groups and received
the following diets: chow as a control group (C)
and the high-fat (HF) diet for eight weeks to

Intravital microscopy
The intravital microscopy was performed
as previously described (20). Briefly, after the
CRF session and the determined period, mice
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were anesthetized by i.p. injection of 130 mg/kg
ketamine and 0.3 mg/kg xylazine. In the
perigonadal adipose tissue, the number of
leukocytes rolling, and adhered to the vascular
wall was evaluated. Leukocytes were
fluorescently labeled by i.v. administration of
rhodamine 6G (1.5 mg/kg body weight; Sigma,
St. Louis, MO) and observed on a fluorescence
microscope (Nikon H550L, 20x objective
lenses). Rolling leukocytes were defined as cells
passing through an imaginary transverse line to
the vessel for 60 s and moving at a velocity less
than that of erythrocytes. Leukocytes were
considered adherent to the venular endothelium
whether they remained stationary for a period of
30 s or longer in a vessel fragment of
approximately 100 µm. The two parameters
were measured in two or three different vessels
and averaged for each animal.

provided by the manufacturer (R&D System,
Inc., Minneapolis, USA).
Serum analyses
Glucose, triglyceride and total cholesterol
serum levels were measured by enzymatic kits
(Bioclin, Belo Horizonte, Brazil). Leptin,
adiponectin and resistin levels were analyzed in
serum using a DuoSet ELISA kit (R&D System,
Inc., Minneapolis, USA) according to the
manufacturer’s instruction.
qPCR analysis
Total RNA from inguinal adipose tissue
was extracted using the Aurum total RNA mini
kit (BioRad, California, USA) and the samples
were treated with DNAse as suggested by the
manufacturer. The purity of RNA was checked
spectrophotometrically,
and
the
reverse
transcription was carried out using the iScript
cDNA synthesis kit (BioRad, California,
USA). The real-time polymerase chain reaction
(PCR) was performed using the SYBR Green
PCR Master Mix (Applied Biosystems) on an
ABI PRISM 7500 sequence-detection system
(Applied Biosystems, Warrington, UK). The
relative gene expression of Ucp1 (uncoupling
protein 1) and Pgc1α (peroxisome proliferatoractivated receptor γ coactivator 1α) was
assessed, determined by the 2-(ΔΔCt) method, and
normalized by the housekeeping ribosomal 18S
expression. The
following
primer
pairs,
designated as forward (For) and reverse (Rev)
for the investigated RNA sequences, were
utilized: (i) Ucp1 For: 5’- ACC CGA GTC GCA
GAA AAG AAG-3’; Ucp1 Rev: 5’- CGA TGT
CCA TGT ACA CCA AGG A- 3’; (ii) Pgc1α
For: 5’- GGA GCC GTG ACC ACT GAC A-3’;
Pgc1α Rev: 5’- TGG TTT CGT GCA TGG TTC
TG-3’.

Histological analyses
Samples of perigonadal and inguinal
adipose tissues were fixated in formaldehyde 4%
for 48 h, dehydrated and embedded in paraffin.
Sections of tissue were stained with
hematoxylin-eosin (H&E). Images of six fields
from adipose tissue of each animal were
captured using a digital camera coupled to a
microscope (100x) using Image Pro-Plus
software (Media Cybernetics, USA) to
determine adipocyte area. The area of 50
adipocytes was measured in each animal by
ImageJ (National Institutes of Health, Bethesda,
Maryland, USA) to calculate the mean adipocyte
area (µm2) (21).
Tunel staining
The TUNEL staining was performed with
the DNA fragmentation detection kit TdTFragEL (EMD Biosciences, San Diego, CA),
following the manufacturer’s instructions.
Images of five fields from adipose tissue of each
animal were captured using a digital camera
coupled to a microscope (100X) using Image
Pro-Plus software (Media Cybernetics, USA) to
quantify apoptotic cells. The number of
apoptotic cells in each animal was calculated as
the total amount of cells counted in all fields
divided by the number of fields.

Myeloperoxidase
(MPO)
and
N-acetyl
glucosaminidase (NAG) activity
The indirect neutrophil presence was
measured by assaying MPO activity, as
described previously (22). Briefly, perigonadal
and inguinal adipose tissue samples were
homogenized and assayed for MPO activity by
measuring the change in OD at 450 nm using
tetramethylbenzidine.
The relative numbers of macrophages in the
perigonadal and inguinal adipose tissues were
quantified by measuring the NAG activity.
Briefly, a portion of these tissues was
homogenized and centrifuged at 4°C for 10 min
at 3,000 rpm. The supernatants were collected

The enzyme-linked immunosorbent assay
(ELISA)
DuoSet ELISA kits measured TNF-α and
IL-10 cytokines in perigonadal and inguinal
adipose tissues according to the instructions
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and assayed immediately for NAG activity, as
described previously (23).

RESULTS
A CRF application was performed, and
after 7 days mice were killed to analyze the
effect of CRF on adipose tissue of lean and
obese mice. First, obesity in mice as induced by
a change in diet for 8 weeks. As expected, mice
fed with HF diet presented increased body
weight gain (Figure 1a) and feeding efficiency
(C = 14.33 ± 3.012 g/Kcal and HF = 22.08 ±
5.28 g/Kcal; P<0.05) compared to mice fed with
chow diet. This increased weight was associated
with a higher amount of visceral adipose tissues,
as perigonadal, retroperitoneal and mesenteric,

Statistical analyses

Results were expressed as means ± SEM
and analyzed using GraphPad Prism version 5.0
(GraphPad Software, San Diego, CA). All data
were analyzed for normality of distribution using
the Kolmogorov-Smirnov test and were found to
be normal. Comparison between two groups was
performed using Student’s t-test. Comparisons
between more than two groups were performed
using one way analysis of variance (ANOVA)
followed by the post hoc test of the Dunnett or
Newman-Keuls. Statistical significance was set
at P < 0.05.

.
Figure 1. Adipose tissue alterations of mice submitted to the cryo-radiofrequency (CRF) application
in lean and obese mice. (a) Body weight gain of lean fed with chow diet and obese mice fed with
high-fat (HF) diet. (b) Adipocyte index (percentage of the weights of perigonadal, retroperitoneal,
mesenteric and inguinal adipose tissues to the body mass). (c) Leptin serum levels. Adipocyte area
of (d) perigonadal adipose tissue and (e) inguinal adipose tissue. (f) Representative images of
adipose tissue histology of mice with no CRF application (control) or 7 days (7 d) after application of
CRF; for lean and obese, the controls and treatments are shown in left and right pairs. Bars are
means (n=5-8) ± SE. *P<0.05 compared with control and #P<0.05 compared with obese by one-way
ANOVA post hoc Neuman-Keuls test.
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Table 1. Metabolic parameters of mice 7 days after one application of cryo-radiofrequency.
Lean + CRF
Lean
Parameters
Mean ± SEM
P-value
Mean ± SEM
Glucose (mmol/L)
10.0 ± 0.51
10.5 ± 0.14
0.3032
Triglycerides (mmol/L)
2.4 ± 0.14
2.6 ± 0.33
0.5230
Total cholesterol (mmol/L)
2.4 ± 0.29
2.9 ± 0.09
0.0690
Adiponectin (μg/ml)
6.1 ± 0.26
6.0 ± 0.10
0.7694
Resistin (ng/ml)
19.2 ± 4.84
14.6 ± 2.95
0.4069
CRF: cryo-radiofrequency; SEM: standard error of the mean.
Statistically analyzed by Student’s t-test (n = 5-8).

Figure 2. (a) Rolling and (b) adhered leukocytes in the perigonadal adipose tissue of mice submitted
to the cryo-radiofrequency (CRF) application. (c) Tumor necrosis factor (TNF) levels in perigonadal
adipose tissue (PAT) and inguinal adipose tissue (IAT). (d) Interleukin-10 (IL-10) levels in
perigonadal adipose tissue (PAT) and inguinal adipose tissue (IAT). Histological analysis of apoptotic
cells from inguinal adipose tissue: (e) Number of apoptotic cells per field and (f) representative
images of apoptotic cells of lean mice with no CRF application (control) or 7 days (7d) after
application of CRF. The bars represent the mean values ± standard error of the mean (n=5-8).
*P<0.05 by Student’s t-test vs. control.

Figure 3. Browning in inguinal adipose tissue of lean mice submitted to the cryo-radiofrequency
(CRF) application. UCP1 and PGC1α of lean mice with no CRF application (control) or 7 days (7d)
after application of CRF. The bars represent the mean values ± standard error of the mean (n=5-8).
*P<0.05 by Student’s t-test vs. control
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Figure 4. Adipose tissue alterations of mice submitted to the cryo-radiofrequency (CRF) application.
(a) Adipocyte index (percentage of the weights of perigonadal, retroperitoneal, mesenteric and
inguinal adipose tissues to the body mass). Adipocyte area of (b) perigonadal adipose tissue (PAT)
and inguinal adipose tissue (IAT). (c) Representative images of adipose tissue histology of lean mice
with no CRF application (control) or 0, 3, 6 and 12 h after application of CRF. The bars represent the
mean values ± standard error of the mean (n = 5-6). *P<0.05 by one-way ANOVA post hoc Dunnett
test vs. control.

area of lean mice, but not in obese (Figure 1d, e,
f). In agreement with that, lean mice on day 7
after radiofrequency showed alterations in the
characteristics of adipose tissue morphology, as
observed in the representative images of the
tissue (Figure 1f).
Because adipose tissue morphology was
altered in lean mice after 7 d of a CRF session,
metabolic and inflammatory analyses were
performed in the serum and adipose tissue only
in these groups. No alterations in glucose,
triglycerides, total cholesterol, adiponectin and
resistin serum levels were observed in lean mice

and subcutaneous, as inguinal represented by
adiposity index (Figure 1b). After 7 days of CRF
application, both lean and obese mice did not
show alterations in adipose tissue mass (Figure
1b). Consistently with the increased adiposity,
serum leptin levels were increased in mice fed
with the HF diet. No changes were observed in
mice after the CRF application (Figure 1c). Mice
fed with the HF diet showed increased
perigonadal and inguinal adipocyte area. One
application of CRF reduced the mean adipocyte
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Figure 5. Glucose, lipid and adipokine levels in the serum of mice submitted to the cryoradiofrequency (CRF) application. Serum (a) glucose, (b) triglycerides, (c) total cholesterol, (d)
adiponectin, (e) resistin, and (f) leptin of lean mice with no application (control) or 0, 3, 6 and 12 h
after application of CRF. The bars represent the mean values ± standard error of the mean (n = 5-6).
P<0.05 by one-way ANOVA post hoc Dunnett test vs. control.

7 d after one application of CRF (Table 1). CRF
did not change the number of leukocyte cells in
the blood (Control = 10.2 x 107 ± 1.6 cells and
CRF7d = 8.4 x 107 ± 1.2 cells; P<0.05).
Accordingly, the CRF procedure did not change
the rolling (Figure 2a) and adhering (Figure 2b)
of leukocytes in perigonadal vessels of adipose
tissue. No changes in TNF-α and IL-10 were
found in perigonadal adipose tissues 7 d after
CRF (Figure 2c and 2d). Although the amount of
IL-10 in inguinal adipose tissue did not alter
(Figure 2d), the concentrations of TNF-α (Figure
2c) and the number of apoptotic cells in the
subcutaneous adipose tissue were higher (Figure
2e and 2f) in those that received the CRF
application. Then, the expression of UCP-1 and
PGC1α was evaluated in inguinal adipose tissue
to exploring the capacity of this altered tissue
morphology caused by CRF application. Higher
UCP-1 expression was observed 7 d after one
application of CRF. No changes were found in
PGC1α expression (Figure 3).
After one application of CRF, lean mice
were killed at 0, 3, 6 and 12 h to check the acute
effect of this equipment on adipose tissue,
inflammation, and metabolism. Although no
alteration in adiposity index was observed after

CRF at 0, 3, 6 and 12 h after one application
(Figure 4a), a reduction in adipocyte area was
seen in the perigonadal adipose tissue in all-time
points evaluated, but not in the inguinal adipose
tissue (Figure 4b). Interestingly, both tissues
presented in the representative images of
adipocytes an alteration in their morphology
(Figure 4c). In the analysis of metabolism and
adipokines, the serum levels of glucose,
triglycerides, total cholesterol, adiponectin,
resistin, and leptin showed no alteration after
one application of CRF in the different time
points analyzed (Figure 5). Besides, the analyses
of cytokine levels of TNF and IL-10 in the
perigonadal and inguinal adipose tissues, in
general, did not present any alteration (Figure 6)
as well as for MPO and NAG activity in both
tissues (Figure 7). Only a reduction of IL-10
levels at 12 h after CRF was observed in
inguinal adipose tissue compared with the
control group (Figure 6d).

DISCUSSION
The investigation of new therapies that
contribute to adipose tissue remodeling and the
formation of beige adipocytes has increased in
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Radiofrequency, on the other hand, is a noninvasive procedure which also improves the
body contours by decreasing the abdominal
circumference and adipose tissue thickness in
the abdominal region of women (13-15). Similar
to humans, this treatment also reduces body
weight and fat deposits in obese mice (25).
Radiofrequency is a treatment that
generates heat by producing an electrical current
through an electromagnetic spectrum with
frequencies from 3 kHz to 300 MHz (27). The
heat produced by radiofrequency is supposed to
change or disrupt the structure of adipocytes,
which stimulates the secretion of TNFα,
inducing lipolysis (28). The free fatty acids
produced by lipolysis recruit and activate
immune cell-like macrophages that maintain a
pro-inflammatory environment and reduces the
adipocyte size and, consequently, the fat mass
(29). The intensification of this process disrupts
N-acetyl glucosaminidase (O.D. 405 nm)
Perigonadal adipose tissue

the last few years (4, 24, 25). The significant
points of this study were: (i) a CRF application
induces an acute alteration in the morphology of
adipose tissue without metabolic and
inflammatory alterations; (ii) adipose tissue of
lean mice 7 d after one application of CRF
changes the adipocyte morphology with an
increase in apoptotic cells and UCP-1
expression; and (iii) adipose tissue of mice fed
with the HF diet is not altered 7 d after one CRF
application.
Obesity is a disease with increasing
prevalence defined by higher fat mass that can
alter or not the body weight and contribute to
metabolic complications (26). In the last
decades, the interest for strategies to reduce fat
mass, such as dietary intervention or aesthetic
treatments as liposuction, radiofrequency, and
CRF has increased (11). Liposuction is the most
performed cosmetic procedure, which consists of
a surgical removing of fat deposits, improving
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Figure 7. Indirect measurement of neutrophils by myeloperoxidase activity (MPO) in (a) perigonadal
and (b) inguinal adipose tissues or macrophages by N-acetyl glucosaminidase (NAG) in (c)
perigonadal and (d) inguinal adipose tissues of lean mice with no cryo-radiofrequency (CRF)
application (control) or 7 days (7d) after application of CRF. The bars represent the mean values ±
standard error of the mean (n=5-8). Statistical analysis by Student’s t-test (P>0,05 vs. control).
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the adipocyte membrane, causing cell death (30,
31).
Herein we analyzed the effect of one
application of CRF in lean and obese mice. We
showed that one application of CRF did not
reduce the body weight or fat deposits in obese
mice. However, one application of CRF was
able to change the morphology of adipose tissue
of lean mice. Thus, after that, we performed
temporal analyzes to check the effect of CRF on
local adiposity of lean mice. We showed that
one application of CRF after 0, 3, 6, and 12 h
was capable of reducing the adipocyte area of
perigonadal adipose tissue. However, a smaller
adipocyte size was not accompanied by
significant inflammatory changes in this tissue.
We also showed higher concentrations of TNF
and a higher number of apoptotic cells in mice
with CRF application in inguinal adipose tissue.
McDaniel et al. (2014) showed that after four
applications of radiofrequency with cooling in
swine increased apoptotic cells in subcutaneous
adipose tissue (32). CRF combines the
production of heat with cooling, explaining
partially our data. Although our protocol with
one application of CRF did not reduce the mice's
fat mass, it was enough to elevate the amount of
TNF and apoptotic cells in the subcutaneous
adipose tissue.
Beige adipocytes may be embedded in
white adipose tissue and can produce heat by the
increase in the number and function of
mitochondria and UCP-1 expression (33, 34). A
variety of stimuli can induce this response, such
as exercise-induced muscle production of irisin
(35) or dietary components (36). Cold exposure
also influences the development of beige
adipocytes by increasing the sympathetic tone by
the production of catecholamines (37). CRF
combines cold and heat by cooling the body
surface and heating the inner layers of the
dermis, including subcutaneous fat depots. In
this study, we showed that CRF application after
0, 3, 6 and 12 h change the morphology of
adipose tissue partially into those adipocytes
similar to beige, especially in the inguinal
adipose tissue. After 7 d of CRF application, this
alteration remained, and the expression of UCP1 increased in inguinal adipose tissue. Koh et al.
(2018) demonstrated in a model of diet-induced
obesity that three weeks after radiofrequency
applications, increased UCP-1 expression and
beige adipocyte presence in the adipose tissue
(25). We demonstrated that only one application
of CRF induces beige adipocytes, demonstrating

the rapid capacity of this therapy to produce
beige adipocytes and consequently stimulate
thermogenesis.
Strategies that aim for the development of
beige adipocytes are in focus and one of the
reasons is the increase in mitochondria that
promotes higher energy expenditure in white
adipose tissue (38, 39). In this case, browning of
adipose tissue is considered a way of treating
obesity since increased energy expenditure
promotes the reduction of adipose tissue mass
and, consequently, weight loss (36, 38, 40). The
essential limitation of this study is the number of
applications, and thus, a short period of adipose
tissue observation; it was not possible to
demonstrate the effect of CRF on obesity over
the long-term. However, we believe that our data
show that CRF may also have the potential to be
a strategy to reduce localized fat deposits as a
new therapy to induce beige adipocyte
formation.
Therefore, we demonstrated that the
application of CRF effectively changes adipose
tissue morphology while increasing the
formation of beige adipocytes with higher
expression of UCP-1. These alterations may
indicate that CRF therapy can contribute to the
development
of
adipocytes
prone
to
thermogenesis, which is a new option to increase
energy expenditure and, consequently, reduce
localized fat pad.
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