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INTRODUCTION

Autologous fat transfer is a simple procedure that does not show 
foreign body and immune reactions, and abundant donor sites 
are available. Therefore, it is used widely in the area of plastic 
surgery for reconstructive and cosmetic purposes [1]. However, 

it has a disadvantage: it is difficult to predict the transplant sur-
vival rates due to the absorption or necrosis of a variable portion 
of the transplanted adipose tissue after autologous fat transfer 
[2]. Survival rates ranging from 30% to 80% have been reported 
[3-5], and due to this variability, overcorrection or re-transplan-
tation has been implemented in order to address the high ab-
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sorption rates of adipose tissue. However, since overcorrection 
leads to unnatural cosmetic outcomes and re-transplantation 
brings with it the burden of re-surgery, the recent trend is to 
cryopreserve residual adipose tissue after a fat transfer to be re-
used in the case that re-transplantation is needed [6].

When the adipose tissue is reused after storage, the survival 
rate of the adipocytes is important since they have a great im-
pact on the engraftment of adipose tissue after the re-injection 
[7,8]. Although a number of studies have examined the fat sam-
pling and freezing processes [7-12], relatively less analysis of the 
thawing process has been performed. Because the thawing pro-
cess is essential for the reuse of the cryopreserved autologous 
fat, appropriate thawing methods need to be studied to mini-
mize cell damage. Therefore, this study aims to objectively ana-
lyze the difference in the survival rates of adipocytes depending 
on the thawing method of fats cryopreserved at –20°C. 

METHODS

Research subjects
After obtaining approval from the Institutional Review Board 
(2013-03) and a signed consent to participate, abdominal sub-
cutaneous fats for autologous transfer were harvested from a to-
tal of 20 patients (19 females and 1 male; 23–66 years of age, 
mean age: 47.4 years) between January 2011 and January 2013. 
Adipose tissue was harvested by means of liposuction using a 10 
mL syringe attached to 3.0 mm diameter Mercedes pattern or 
Pyramid pattern suction cannula and centrifuged at 3,000 rpm 
for 3 minutes. The supernatant lipid layer and the bottom plas-
ma and aqueous layer were removed, and only the middle layer, 
which contained the fat cells, was saved. Autologous fat transfer 
was carried out with these fats, and residual adipose tissues were 
cryopreserved at –20°C for the re-transplantation. These cryo-
preserved residual fats were used for this study. The patients 
whose fat was collected were in good health. The patients were 
given adequate explanation of the research on human-derived 
material, and they gave their consent before the experiment. 

Research methods
Thawing methods
Methods of thawing cryopreserved fats currently in clinical use 
were used. In experimental group A, natural thawing at room 
temperature (25°C) for 15 minutes was used. Natural thawing 
at room temperature for 5 minutes followed by rapid thawing 
for 5 minutes in a 37°C bath (GEMINI, Robins Scientific, USA) 
was used in experimental group B, while rapid thawing for 10 
minutes in a 37°C bath was used in experimental group C. The 
thawing time was set on the basis of the time needed for samples 

Using 9 mL of fat per person, we prepared 3-mL samples for each 
experimental group. 

Fig. 1. Preparation of the samples for each experimental 
group 

to reach the thawing temperature in each experimental group in 
a preliminary study. The 9-mL sample per patient was divided 
into three 3-mL samples for each experimental group (Fig. 1).

Measurement of the survival rates of adipocytes
Measurement of the volume of the lipid layer after 
centrifugation
After centrifugation at 3,000 rpm for 3 minutes by using a cen-
trifuge (Centrifuge 5424R, Eppendorf, Germany), the volume 
of the supernatant lipid layer was measured and the degree of 
damage of the adipocytes was evaluated indirectly through this 
[13].

Measurement of the number of adipocytes that survived
After centrifuging the thawed adipose tissues in each group at 
3,000 rpm for 3 minutes, 0.1 mL of the adipose tissue in the mid-
dle layer of each sample was collected and to each sample, type I 
collagenase solution (Sigma, Germany) was added and mixed 
uniformly. After histolysis for 3 hours in an incubator at 37°C, 
the treated tissues were centrifuged at 3,000 rpm for 10 minutes. 
10 µL of the sample was collected from the layer rich in the adi-
pose tissue immediately below the supernatant lipid layer and 
stained with trypan blue. The number of live cells in a 1-µL sam-
ple was counted once by using the cell counting chamber [14].

Measurement of mitochondrial activity
The mitochondrial activity of the adipocytes was measured us-
ing the (2,3-bis-5-carbonyl)-2H-tetrazolium hydroxide (XTT-
tetrazolium) assay. After centrifuging the thawed adipose tissues 
in each group at 3,000 rpm for 3 minutes, 0.2-mL samples of ad-
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ipose tissue from the middle layer were collected and divided on 
a 24-well plate, and 0.5 mL of Dulbecco’s modified Eagle’s me-
dium was added to each well containing the samples. After mix-
ing 5 mL of the XTT reagent and 100 µL of activator using a 
Cell Proliferation Kit (Biological Industries, Israel), 1.5 mL of 
the mixture was added to each well of the sample plate, which 
was in turn incubated at 37°C for 3 hours. After centrifugation 
at 16,000 rpm for 20 minutes, the supernatant layers were col-
lected and their respective optical density was measured by us-
ing a 492-nm spectrophotometer [8].

Statistical methods
The Kruskal-Wallis test and the Mann-Whitney test were per-
formed for the data analysis using SPSS ver. 20.0 (IBM Co., 
Somers, NY, USA), and a P-value less than 0.05 was considered 
to be significant.

RESULTS

The volume of the lipid layer measured after centrifugation was 
6–750 µL (mean, 297.3 µL) in the group naturally thawed at 
room temperature, 5–1,050 µL (mean, 309.5 µL) in the group 
thawed rapidly after natural thawing, and 5–800 µL (mean, 

243.3 µL) in the group thawed rapidly (Table 1). Overall, the 
volume of the lipid layer measured in the group thawed rapidly 
was somewhat lower, but the difference was not statistically sig-
nificant (P = 0.630).

The number of live adipocytes was counted by trypan blue 
staining. Among the live cells observed in the 1-µL samples in 
the cell counting chamber, only the cells whose diameter was 
greater than 50 µm were counted. It was found that 3–37 cells/
µL (mean, 19.2 cells/µL) were counted in the group naturally 
thawed at room temperature, 6–33 cells/µL (mean, 20.6 cells/
µL) in the group thawed rapidly after natural thawing, and 8–60 
cells/µL (mean, 27.9 cells/µL) in the group thawed rapidly (Ta-
ble 2). In comparing the three groups, the number of adipocytes 
counted in the group rapidly thawed was statistically significant-
ly higher (P = 0.035) (Fig. 2).

After the reaction between the samples and the XTT reagent, 
the optical density (OD) of the upper layer was measured. The 
OD was 0.441–0.884 (mean, 0.579) in the group naturally thaw-
ed at room temperature, 0.448–0.930 (mean, 0.587) in the group 
thawed rapidly after natural thawing, and 0.454–1.061 (mean, 
0.667) in the group thawed rapidly (Table 3). In the comparison 
of these three groups, the mitochondrial activity in the group 
thawed rapidly was shown to be significantly higher (P = 0.020).

Sample
Lipid volume (μL)

Group Aa) Group Bb) Group Cc)

1 30 5 10
2 750 1,050 700
3 700 820 700
4 280 50 80
5 100 200 90
6 310 300 300
7 550 500 400
8 740 950 800
9 210 210 190

10 230 300 350
11 20 15 10
12 210 210 200
13 200 150 150
14 60 50 50
15 550 400 300
16 150 100 80
17 260 150 150
18 140 110 100
19 6 20 5
20 450 600 200
Average± standard
deviation

297.3±236.7 309.5±309.2 243.3±233.9

a)Natural thawing (25°C, 15 minutes); b)Natural thawing (25°C, 5 minutes), rapid 
thawing (37°C, 5 minutes); c)Rapid thawing (37°C, 10 minutes).

Table 1. Measurement of the lipid volume in the upper 
layer after centrifugation

Sample
Live adipocyte count (number/μL)

Group Aa) Group Bb) Group Cc)

1 37 33 60
2 26 32 34
3 28 32 36
4 28 33 30
5 17 18 34
6 17 20 26
7 20 26 40
8 32 20 29
9 23 16 39

10 21 15 29
11 17 21 25
12 15 17 20
13 19 33 28
14 6 11 19
15 23 13 23
16 3 6 8
17 8 16 23
18 12 15 16
19 10 14 14
20 22 21 25
Average± standard 
deviation

19.2±8.5 20.6±8.0 27.9±10.9

a)Natural thawing (25°C, 15 minutes); b)Natural thawing (25°C, 5 minutes), rapid 
thawing (37°C, 5 minutes); c)Rapid thawing (37°C, 10 minutes).

Table 2. The live adipocyte count after the trypan blue 
staining of each group
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The adipocytes were stained by trypan blue. In a live cell, cell is not stained by trypan blue. The number of adipocytes was measured in the cell 
size range of 50–200 µm (trypan blue, ×400). The number of live adipocytes was measured high in group C of sample 1, 7. (A) Sample 1, group A, 
The white arrow indicates a 50-µm adipocyte. And, the yellow arrow indicates a dead cell. (B) Sample 1, group B. (C) Sample 1, group C. (D) Sam-
ple 7, group A. (E) Sample 7, group B. (F) Sample 7, group C.

Fig. 2. The live adipocyte count after trypan blue staining
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DISCUSSION

The reuse of cryopreserved fat requires a thawing process. Pu et 
al. [14] suggested that outcomes were better when cryopre-
served fat was thawed at 37°C. However, no method has yet 
been established for thawing cryopreserved fat tissue. To find a 
better thawing method among those commonly used in clinic, 
in this study, we aimed to compare the survival rates of cryopre-
served fat with which different combinations of natural and rap-
id thawing methods were used.

A study on the survival rates of adipocytes is normally perform-
ed by live cell counting through trypan blue staining [14,15], the 
measurement of enzyme activity using glycerol-3-phosphate de-
hydrogenase analysis [14,16], the measurement of mitochondri-
al activity using XTT assay [2,8] or MTT assay [10,11], and the 
observation of cell morphology through hematoxylin and eosin 
staining [14].

If the cell membrane of adipocytes is disrupted, the lipid com-
ponents in adipocytes spill out [8]. The degree of adipocyte 
disruption can be assessed indirectly by measuring the volume 
of the lipid layer generated during centrifugation performed af-
ter thawing the cryopreserved fat [13]. 

Sample
Mitochondrial activity (optical density)

Group Aa) Group Bb) Group Cc)

1 0.508 0.492 0.552
2 0.498 0.448 0.546
3 0.508 0.511 0.544
4 0.474 0.454 0.589
5 0.534 0.494 0.566
6 0.597 0.488 0.656
7 0.529 0.524 0.647
8 0.572 0.591 0.828
9 0.570 0.596 0.663

10 0.536 0.539 0.637
11 0.664 0.646 0.720
12 0.716 0.752 0.840
13 0.669 0.912 0.871
14 0.884 0.930 1.061
15 0.497 0.542 0.667
16 0.441 0.496 0.522
17 0.555 0.509 0.589
18 0.738 0.721 0.743
19 0.623 0.634 0.642
20 0.484 0.453 0.454
A verage± standard 

deviation
0.579±0.106 0.587±0.139 0.667±0.141

XTT, (2,3-bis-5-carbonyl)-2H-tetrazolium hydroxide.
a)Natural thawing (25°C, 15 minutes); b)Natural thawing (25°C, 5 minutes), rapid 
thawing (37°C, 5 minutes); c)Rapid thawing (37°C, 10 minutes).

Table 3. Measurement of mitochondrial activity by XTT 
assay

Trypan blue does not stain live cells, but rather, selectively 
stains dead tissues or cells. Therefore, the number of live cells 
can be determined by counting the cells not stained after the 
trypan blue staining. Adipocytes are relatively large among hu-
man cells, with a size in the range of 50–200 µm [17,18]. There-
fore, in order to count the number of live adipocytes, the cells 
that were not stained by trypan blue and were 50–200 µm in 
size were counted.

Succinate-tetrazolium reductase is present in the respiratory 
chain in the mitochondria and is active in live cells. Tetrazolium 
salt is converted to a water-soluble formazan dye by this en-
zyme, and the optical density of the formazan dye can be mea-
sured with the spectrophotometric method. The XTT assay is a 
method for determining the viability of cells using the measured 
optical density [2,8]. The optical density measured by the XTT 
assay before freezing adipose tissues upon sampling was report-
ed to be 1.304 and 0.432 in two studies [8,19]. It seems that the 
results differed due to differences in sample preparation and 
testing methods, and thus, neither of these values could not be 
regarded as the optical density of normal adipocytes.

The volume of the lipid layer measured after thawing was 
shown to be a bit lower in the experimental group that was 
thawed rapidly than in the other experimental groups, but the 
difference was not statistically significant (P = 0.630). It can be 
concluded that each sample yielded different values since the 
lipid layer was not completely removed when isolating the fat 
cell layer after centrifugation performed before the cryopreser-
vation of the samples.

The number of live adipocytes counted by trypan blue stain-
ing and mitochondrial activity measured through the XTT as-
say was statistically significantly higher in the experimental 
group that was thawed rapidly (P < 0.05). This showed a similar 
pattern to that observed in experiments involving the thawing of 
other cryopreserved human tissues or cells such as sperm or fi-
broblasts, which the experimental group that was thawed rapid-
ly at 37°C showed higher cell viability [20-22]. Martinez-Soto 
et al. [23] conducted a study on the effect of different thawing 
methods of cryopreserved sperm on their cell viability, in which 
one method was thawing at room temperature for 10 minutes 
followed by rapid thawing at 37°C, while the other was rapid 
thawing entirely at 37°C. They suggested that the experimental 
group thawed rapidly at 37°C displayed higher sperm viability.

These results suggest that the thawing method has a crucial 
impact on the survival of frozen cells, and therefore, an appro-
priate thawing method is necessary. Calamera et al. [24] sug-
gested that the recovery of antioxidant capacity by enzymes in-
creased with an increase in the thawing temperature. Thomson 
et al. [25] reported that while oxygen radicals capable of de-
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stroying nucleic acids in cells could be generated during the 
thawing process, these could be effectively neutralized if the 
cells were thawed at a high temperature.

Therefore, by comparing our experimental results for each 
thawing method with the findings of other studies, we observed 
that rapid thawing of cryopreserved fat at 37°C will keep mito-
chondrial activity high and minimize adipocyte damage during 
thawing. Hence, it is considered that the injection of fat having 
undergone rapid thawing in a water bath at 37°C will give better 
outcomes when the fat is to be thawed and injected in clinic.

However, the degree of adipocyte damage during the harvest-
ing and storage process will be different in each sample. In addi-
tion, the difference in adipocyte viability according to the age of 
the person whose fat was sampled should be taken into account. 
Also, trypan blue staining or XTT assay has a limitation that the 
results come from not only adipocytes but also other live cells. 
Therefore, to build upon these findings, further studies should 
be performed by harvesting each sample under more uniform 
conditions, including a more homogeneous patient sample and 
more standardized procedures. Further, in order to more thor-
oughly understand the changes in adipocytes depending on the 
thawing methods, not only in vitro studies on adipocytes but 
also more advanced studies on the difference in the survival 
rates of adipocytes after the actual in vivo transplantation are 
needed.
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