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Abstract
Background: In recent years, aesthetic procedures aiming at body remodeling and 
have grown exponentially. Cryolipolysis (CLL) has stood out as a noninvasive resource 
that acts directly on the subcutaneous adipose tissue promoting a significant reduc-
tion of adipose tissue through of cooling that could lead to the crystallization cyto-
plasmic lipids, loss of cellular integrity, apoptosis/necrosis of adipocytes, and local 
inflammation, producing selective loss of adipose tissue. Thus, the objective of the 
present study was to evaluate the effects of a specific technique of CLL application 
on the inflammatory reactions of the target tissue in different post- application times.
Methods: This is a randomized, blind clinical study that evaluated the tissue sample 
of six patients after 45, 60, and 90 days of an innovative protocol for the application 
of CLL, with samples collected through abdominoplasty surgeries. The samples were 
evaluated by immunohistochemical analyses of several markers.
Results: A significantly greater increase in fibroblasts was observed at 45 days and 
greater phagocytic action at 60 days.
Regarding the apoptosis process, the expression of caspase 3 and cleaved caspase 
3 markers varied at different times, with cleaved caspase 3 being higher at 45 and 
90 days after CLL application.
Conclusion: The protocol of the CLL presented in this study was able to induce in-
flammatory responses in addition to confirming the selective apoptotic action at the 
different times studied.
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1  |  INTRODUC TION

In recent years, aesthetic procedures aiming at body remodeling 
and reduction of unwanted focal fat deposits have grown exponen-
tially. Patients have been increasingly seeking treatments without 
undesirable surgical risks that do not promote downtime.1,2 Thus, 
Cryolipolysis (CLL) has stood out as a noninvasive resource that 
acts directly on the subcutaneous adipose tissue through controlled 
cooling without causing damage to the epidermis and underlying 
dermis, promoting a significant reduction of adipose tissue and im-
proving body contour.3,4

Studies and clinical applications involving CLL were initially 
based on observations of cold- induced panniculitis, where it was 
noticed that lipid- rich tissues were more susceptible to cold injury 
than surrounding water- rich tissues.5 Thus, in early 2007 the first 
studies emerged for fat reduction with freezing, using a resource 
called CLL.6 The Federal Drug Administration (FDA) first cleared the 
clinical use of CLL in 2010 for localized reduction in the flanks and 
abdomen, and in 2014 it was also cleared for the thigh region. In 
the following years, new areas of application areas as submentonian, 
arms, back and lower buttocks.7

CLL is considered a safe and effective procedure with high pa-
tient satisfaction rates. It uses an applicator on the target area, set 
at a cooling temperature ranging from −5 to −15°C for a predefined 
period. It is noteworthy that although the temperature is already 
preestablished in the literature, the application forms vary in both 
clinical practice and scientific studies, making it difficult to under-
stand the mechanisms of action. The resource targets subcutaneous 
adipocytes, aiming to induce apoptosis without damaging other ad-
jacent tissues.3,4,8

Although several clinical and experimental studies confirm that 
CLL can reduce subcutaneous adipose tissue,9– 11 the mechanisms 
of action are not fully clarified. Two hypotheses are extensively 
discussed in the literature, the first being based on the reduction 
of subcutaneous adipose tissue without apoptosis through energy 
expenditure using lipid oxidation and thermogenesis after the ap-
plication of cooling.12,13 The second hypothesis, currently being dis-
cussed as the most accepted, is based on the theory that cooling 
could lead to the crystallization cytoplasmic lipids, loss of cellular 
integrity, apoptosis/necrosis of adipocytes, and local inflammation, 
producing selective loss of adipose tissue.8,10,14

Thus, despite its extensive and growing use in clinical practice, 
the literature on the mechanisms of action and application of CLL 
is still scarce. Considering the above, the objective of the present 
study was to evaluate the effects of a specific technique of CLL ap-
plication on the inflammatory reactions of the target tissue in differ-
ent post- application times.

2  |  MATERIAL S AND METHODS

This randomized clinical study was carried out from October 2021 
to June 2022 in a population of patients who sought intervention 

to reduce subcutaneous fat located in the supra and infraumbilical 
region, with an indication for abdominoplasty. Six participants were 
selected based on the following inclusion/exclusion criteria.

The established inclusion criteria were female gender, age be-
tween 20 and 50 years, localized accumulation in the supra and in-
fraumbilical region with capacity for understanding and preserved 
local sensitivity. The exclusion criteria were individuals with met-
abolic diseases; inflammatory and/or infectious skin lesions in the 
area where CLL was used; previous surgical procedure in the body 
region where CLL was used; use of steroidal or nonsteroidal anti- 
inflammatory drugs; active inflammatory disease; smoker.

All participants were informed about the study's objectives and 
signed an informed consent form (TCL) about the procedure, includ-
ing authorizations part of the tissues resulting from the surgery to 
perform a microscopic examination.

The abdominoplasty operation was scheduled for all participat-
ing individuals, with a plastic surgeon at the Hospital Angiovascu-
lar, located at Av. Rodrigues Alves, 861— Tirol, Natal— RN, 45, 60 or 
90 days after the CLL session.

2.1  |  Proceedings

The CLL equipment used was the Beauty ShapeTM, from HTMTM, 
being applied with the patient in dorsal decubitus, with a single ses-
sion with the following protocol: Temperature of −11°C; large size 
vacuum applicator (20- cm wide) with suction pressure of −30 kPa; 
30 min of application in the infraumbilical region always on the right, 
while the left side was kept as control (untreated), followed by rep-
erfusion with manual massage (circular movements) for 5 min. In se-
quence, again 30 min of CLL application, still on the right side, but 
in the central area relative to the place where the applicator did not 
reach freezing in the first 30 min.

Patients underwent abdominoplasty surgery 45 days (two pa-
tients), 60 days (two patients), and 90 days (two patients), respec-
tively, after the CLL session. Abdominal wall biopsies were collected 
simultaneously with the removal of the surgical flap of cutaneous 
and subcutaneous human skin from the two abdomen regions: right 
infraumbilical, which received the intervention with CLL and left 
infraumbilical, without intervention. These biopsies were approxi-
mately 5 mm in diameter and included skin and subcutaneous tissue.

2.2  |  Immunohistochemistry

To detect the inflammatory profile promoted by CLL, IHC analyses 
were performed using the samples obtained from the abdomino-
plasty surgery, using the markers described in Table 1.

Casp 3, CCasp 3 and CD68 markers were analyzed the three 
periods after CLL, whereas EBF- 1, BCL- 2 and TNF- α markers were 
analyzed only at the end of 90 days.

Tissue samples were stained with a non- primary negative control 
and a human skin positive control. Heat- induced antigenic retrieval 
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was performed with Leica Bond Epitope Retrieval Buffer 1 (citrate 
buffer, pH 6.0) for 20 min. Nonspecific antibody binding was blocked 
with Novolink Protein Block for 10 min. The primary antibodies 
(Table 1) were applied following the manufacturer's recommenda-
tions. Colourimetric detection was performed with diaminobenzidine 
substrate (DAB, SK- 4100, Vector Laboratories) and hematoxylin.

ImageJ software was used for quantitative analysis of marker 
expression through the percentage of pixels in the area marked 
with the plug- in Color Deconvolution with Methyl Greem DAB.15 
Three images of each slide were captured at 20x magnification. The 

arithmetic means of the pixel values of the samples were used for 
the statistical analysis.

2.3  |  Statistical analysis

The results were analyzed using the SPSS 17.0 Software. Results 
were expressed as mean ± standard deviation. Statistical analysis 
was performed using a standard two- tailed paired t- test for means.

3  |  RESULTS

All six participants completed the study between October 2021 and 
June 2022. Notably, all were female, aged between 25 and 45 years. 
In the biopsies performed in the untreated areas (left side), it was 
observed that the skin epithelium was completely intact.

Regarding the IHC analyses with the 45- day biopsies (Figures 1- 3), 
it was observed that for the Caspase 3, Cleaved Caspase 3 and 
CD68 markers, the region that received the CLL intervention (right 
side) showed statistically greater expression significant (p < 0.05; 
p < 0.001; p < 0.001) for all markers when compared to the control 
region (left side).

TA B L E  1  Details of the antibodies used.

Antibody 1° Antibody Brand Dilution

Anti- Caspase 3 Santa Cruz Biotechnology 1:500

Anti- EBF- 1* Santa Cruz Biotechnology 1:3000

Cleaved Anti- Caspase 3 Santa Cruz Biotechnology 1:300

Anti- BCL- 2 Santa Cruz Biotechnology 1:50

Anti- TNF- α** Santa Cruz Biotechnology 1:100

Anti- CD68 Santa Cruz Biotechnology 1:50

Anti- perilipin Santa Cruz Biotechnology 1:1000

Note: * Early B- Cell Factor 1; ** Tumor Necrosis Factor.

F I G U R E  1  (A) Representative samples of the control and treated regions analyzed by immunohistochemistry for Caspase 3 in the three 
times studied. (B) Quantification of Caspase 3 in control and treated samples at different times.
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For biopsies collected in 60 days (Figure 2), the same markers 
(Caspase 3, cleaved Caspase 3 and CD68) also showed higher immu-
noexpression in the treated region (right side) when compared to the 
control region (p < 0.001; p < 0.05; p < 0.001) Figure 3.

For the samples collected after 90 days (Figures 2 and 3), the 
markers of cleaved Caspase 3 and CD68 for the treated region (right 
side) still showed an increase in immunoexpression when compared 
to the control region (p < 0.001), however for Caspase 2, this increase 
was not observed, with no statistical difference between regions.

The EBF- 1 marker stands out as an adipocyte inflammatory 
marker.16 Through the IHC analysis, it was observed that both re-
gions, treated and not treated with CLL, did not present a statisti-
cally significant difference (p = 0.599) for this marker, as observed in 
Figure 4. The same can be seen in Figure 5 for the perilipin marker, in 
which the IHC analysis showed no statistical difference between the 
treated and control regions (p = 0.4) (Figure 5).

The BLC- 2 protein is discussed as a cell marker that primarily 
determines whether a cell has apoptotic features.17 Through the 
analysis of IHC, the area treated with CLL and the untreated one, 
presented similar results, with no statistical difference (p = 0.73), as 
observed in Figure 6.

Also, the IHC analysis verified the TNF- α marker because it is a 
group of cytokines capable of causing cell death (apoptosis).18 Thus, 
it was observed that the treated region showed statistically more 

significant immunoexpression than the control region (p < 0.05), as 
shown in Figure 7.

In Figure 8, it is possible to observe the behavior of all IHC mark-
ers after 90 days of CLL application. Statistical difference was ob-
served in the IHC analysis for CCasp3, CD68 and TNF- alpha markers.

4  |  DISCUSSION

Although clinical practice and the literature are concise in stating 
that CLL can reduce subcutaneous adipose tissue and even promote 
an improvement in the appearance of the skin, the mechanisms of 
action are still discussed in the literature, mainly regarding the in-
flammatory reactions that would be produced by the resource, cul-
minating in apoptosis of the fatty cells.9,10,19

Thus, the present study sought to evaluate several inflammatory 
markers at different times after a single application of CLL to deter-
mine clearer pathways of action of the resource, in addition to pro-
posing a safe application form that produces the results expected 
by patients.

CLL application protocols regarding the number of sessions 
needed per region and session time are frequently discussed in the 
literature.3,20 Studies demonstrate that for abdominal regions, 3– 5 
sessions are necessary.20 However, the session application time 

F I G U R E  2  (A) Representative samples of the control and treated regions analyzed by immunohistochemistry for CCaspase 3 in the three 
studied times. (B) Quantification of CCaspase 3 in control and treated samples at different times.
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varies from 45 to 60 minutes.21,22 Our study sought to present a 
new application protocol in an attempt to reduce the number of 
necessary sessions promoting the expected inflammatory process, 
since the second 30- min application cycle, after manual reperfusion, 
reaches the central area, which is normally not achieved. With this 
protocol, in a single session, it was observed through the IHC analy-
ses that the entire area that received the application developed the 
expected inflammatory and apoptotic process.

The selection of study time was based on the findings of Ste-
vens et al., 2015, who observed that the full effect of CLL can be 
observed 3 onths after application.23 In addition, some studies 
argue that the peak of inflammatory tissue reactions occurs around 
4 weeks or more.10

Avram et al., 200924 published one of the first reviews on the 
possible mechanisms of action involved in the treatment with CLL, 
discussing that after applying the resource, the target adipocytes 
crystallized suffered apoptosis, being then eliminated by engulfment 
of macrophages after approximately three months. Our study cor-
roborates these findings since the IHC results for Casp3, CCasp 3, 
and CD68 showed that the treated region had a higher expression 
of these markers related to the presence of apoptosis, degeneration, 
and cell phagocytosis at the different times evaluated.

Da Costa et al., 20228 carried out a study that addressed the 
evaluation of some blood inflammatory markers in women who 

underwent a CLL session. The results of the study demonstrated 
that such markers had not shown differences. However, it is worth 
mentioning that it was a systemic evaluation since the sample collec-
tion was blood, unlike our study, which evaluated the local effects 
after applying the resource. Our study, despite showing no differ-
ence for all the inflammatory markers studied, demonstrated that 
after 45 days, all participants had inflammatory reactions followed 
by apoptosis.

One of the most discussed mechanisms in the literature is related 
to the phenomenon of apoptosis resulting from the application of 
CLL. Pugliese et al., 2020, presented a study that evaluated a single 
CLL session at 15, 45, and 60 days after application. The authors also 
evaluated the resource locally and stated through their analyses that 
the adipose cells underwent and remained in the process of apop-
tosis at all times studied. They also point out that this phenomenon 
could last even longer. These findings corroborate our study since 
the apoptosis markers (Casp3, CCasp3, and TNF- α) evaluated by the 
IHC were more expressed in the treated region at the different times 
evaluated compared to the control region.

Another analyzed marker that deserves to be highlighted in our 
study is CD68. In adipose tissue, the presence of this protein signals 
cell degeneration, and phagocytosis.25 Pugliese et al., 2020, high-
light that the presence of macrophages and other inflammatory cells 
may be the logical consequence of the need to “clean up” the effects 

F I G U R E  3  (A) Representative samples of the control and treated regions analyzed by immunohistochemistry for CD68 in the three 
studied times. (B) CD68 quantification of control and treated samples at different times.
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F I G U R E  4  (A) Representative samples 
of control (upper row) and treated (lower 
row) of the six individuals analyzed by 
immunohistochemistry for EBF- 1. (B) EBF- 
1 quantification of control and treated 
samples (*p = 0.599).

F I G U R E  5  (A) Representative samples 
of the control (upper row) and treated 
(lower row) of the six individuals analyzed 
by immunohistochemistry for perilipin. 
(B) Perilipin quantification of control and 
treated samples (*p = 0.4).
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of cell death from adipocytes, corroborating our study that demon-
strates greater expression of CD68 in the treated region, at all times 
when cell apoptosis is also observed.

The EBF- 1 marker represents inflammation in the adipose tissue 
when expressed in IHC analyses. Our study showed no statistical 
difference between the treated and control regions for EBF- 1. Still, 

F I G U R E  6  (A) Representative samples 
of the control (upper row) and treated 
(lower row) of the six individuals analyzed 
by immunohistochemistry for BCL2. (B) 
BCL2 quantification of control and treated 
samples (*p = 0.73).

F I G U R E  7  (A) Representative samples 
of the control (upper row) and treated 
(lower row) of the six individuals analyzed 
by immunohistochemistry for TNF- α. 
(B) TNF- α quantification of control and 
treated samples (*p < 0.05).
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our analysis was performed only on participants aged 90 days, so it 
is expected that local inflammation will be under control by this time.

The findings of this study solidify the hypotheses that the mech-
anisms of action of CLL involve inflammatory reactions followed 
by apoptosis in the tissues applied. However, the number of par-
ticipants is still limited, which may also have influenced the results 
of the IHC of EBF- 1, Perilipin, and BCL- 2, moreover, these markers 
were analyzed only in patients collected after 90 days, in which pos-
sibly the inflammatory and apoptotic actions expressed by these 
markers would have already normalized. Thus, it is stands out that 
these results were obtained through a new application protocol that 
sought to reach completely the target area which, which is not often 
done since the central area is not usually reached in most protocols.

We emphasize that the study has some limitations: a larger num-
ber of individuals must be investigated to confirm the findings of 
this study; some markers (BCL- 2, Perilipin, and EBF- 1) were analyzed 
only in patient samples after 90 days. Thus, it is believed that new 
studies with the same scientific rigor should be carried out to rein-
force and clarify the effects and mechanisms of CLL.

5  |  CONCLUSION

The protocol presented in this study was able to induce inflamma-
tory responses in addition to confirming the selective apoptotic ac-
tion of cold on target cells at the different times studied, confirming 
the effects of CLL on subcutaneous adipose tissue. Notably, the pre-
sent study is one of the pioneers in analyzing specific markers for 
adipose tissue in response to the application of CLL.
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