
Effectiveness of Dimethylsulfoxide on the
Survival and Volume Preservation of
Autologous Fat Graft Tissue: A Preliminary
Study

Elif Sari, MD; Bulent Bakar, MD; Bahram Sarkarati, MD, PhD;
Onder Bozdogan, MD; and Tarik Cavusoglu, MD

Abstract
Background: The survival of autologous fat graft tissue is dependent on various factors, such as vascularization and inflammation.
Objective: This study aims to evaluate the possible beneficial effects of dimethylsulfoxide (DMSO) on fat graft volume and survival.
Methods: Eighteen male Wistar albino rats were divided randomly into three groups. An autologous fat graft obtained from the inguinal region of each
rat was transferred to its back. DMSO was administered intraperitoneally (IP) in the DMSO-IP group and cutaneously (C) in the DMSO-C group once daily
for 15 days after the surgical procedure. The control group underwent surgery but was not administered with DMSO. Two months after surgery, the
grafted fatty tissues were harvested for histopathological and biochemical analyses.
Results: The results showed that 2 months postoperatively, fat grafts of the DMSO-C and DMSO-IP groups weighed significantly more than the grafts of
the control group. Moreover, the vascularity of the grafts was higher in the DMSO-C group than in the control group, and no significant difference was
found between the two DMSO groups. The mean lipid peroxidation levels were the same in the three groups, but myeloperoxidation was significantly
lower in the DMSO-C group than in the other two groups.
Conclusions: The study results showed that cutaneous rather than intraperitoneal DMSO administration could preserve the quality and volume of trans-
planted fat tissue in rats by enhancing vascularity and decreasing inflammation.
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Autologous fat grafting is a frequently performed procedure
that requires only local anesthesia. It is used not only in
facial and body contouring surgeries but also in filling in
tissue defects caused by burn scars, velopharyngeal insuffi-
ciency, trauma, congenital deformity, and tumor surgery.1,2

However, most of the grafted adipocytes undergo apoptosis
in the early postoperative period due to hypoxia and ische-
mia, which occur in response to the decreased vascular
supply around the free-fat graft tissue. In fact, graft loss
occurs in 40–60% of the cases.3-6 The resorbtion of the fat
graft, which necessitates repetitive graft applications, unpre-
dictable necrosis, and cyst formation, is among the disad-
vantages of autologous fat grafting.2,7Moreover, the viability
and volume of these grafts are not predictable, which adds
more challenges. Vascular endothelial growth factor,8 antitu-
mor necrosis factor-α,7 platelet rich plasma,9 and platelet-
rich fibrin2 have been tested to improve autologous fat graft

survival and to preserve the volume of the fat tissue. Among
the many anti-inflammatory methods tested thus far are adi-
pocyte concentration to increase the number of delivered
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cells,10 washing of the graft to decrease the concentrations
of inflammatory mediators,11 and the application of low-
pressure and atraumatic grafting techniques.12 However, the
results of these attempts have not been encouraging.13-15

Dimethylsulfoxide (DMSO) is a well-known anti-
inflammatory agent, nonenzymatic antioxidant, and scav-
enger solvent that penetrates the skin immediately after
topical application.16-20 It has been shown to greatly improve
some skin necrosis due to drug extravasation, arterial throm-
bosis, and glutamate-induced excitotoxic death.21,22 It also
increases the proliferation of vascular smooth muscle cells
and blood flow in injured tissues.22 These properties of
DMSO suggest its use in procedures involving tissue expand-
ers and breast implants. Specifically, the topical application
or systemic administration of DMSO could reduce skin flap
necrosis by increasing blood flow to the flap.17,23,24

In this study, we examined the ability of DMSO to
improve the volume and the survival of autologous fat grafts
by increasing blood flow to the graft tissue. We hypothesized
that DMSO could decrease inflammation and adipocyte
death based on its ability to suppress myeloperoxidation
and lipid peroxidation cascades.

METHODS

Materials

This study was conducted in accordance with the guidelines
for the use of laboratory animals in research set by the Ethical
Committee of the Ankara Training and ResearchHospital (ethic
number: 0015/230) between September 2013 andMay 2014.

Eighteen male Wistar albino rats ranging from 16 to 18
weeks old (mean, 17 weeks) and weighting 250 to 300 g
(mean, 270 g) were used, and they were selected and num-
bered by random blind research. The animals were randomly
divided into three groups using the restricted randomization
method (permuted block randomization)25: this randomiza-
tion scheme allows for an equal, pre-specified number of
subjects to be assigned to each group.

The DMSO-IP group (n= 6) was administered 0.11 g DMSO
once a day as an intraperitoneal injection.22 The solution
was prepared by diluting 0.1 mL of DMSO in 0.9 mL of
saline.

The DMSO-C group (n=6) received 0.1 mL of DMSO diluted
in 0.9 mL of saline once a day. The solution was applied to
the skin surface covering the transplanted fat graft.

The control group (n= 6) underwent fat transplantation but
was not administered the experimental drug in any form.

The DMSO solutions were prepared from anhydrous
DMSO (Micro Therapeutics, Irvine, CA). The density of anhy-
drous liquid DMSO is approximately 1.1 g/mL, its intravenous
LD50 in rats is 5.2-8.1 g/kg, and its half-life in rat serum is 60-
72 hours.26,27

The animals were anesthetized through the intraperito-
neal administration of 40 mg of ketamine HCl/kg (Ketalar;
Pfizer, New York, USA) and 5 mg of xylazine HCl/kg
(Rompun 2%; Bayer HealthCare, Leverkusen, Germany).

Surgery

The sedated animals were placed in the supine position,
and an oblique 3 cm incision was made in the left inguinal
area, which was cleaned previously with betadine solution
(Figure 1). Inguinal fat tissue was excised, wiped with
sterile gauze, and weighed on a precision scale (Shimadzu
AX-200, Columbia, MD, USA). Neither local anesthetic nor
adrenaline was injected prior to fat dissection. The weight
of each inguinal fat graft was recorded. After the removal of
the fat grafts, the inguinal incision was sutured with 2/0
silk, and the animals were placed in the prone position. A
1 cm incision was made in the dorsal interscapular area,
previously cleaned with betadine solution, and a 1 cm×1
cm pocket was prepared over the panniculus carnosus. The
fat tissues were washed with saline, cut with microscissors
into 2-4 mm square pieces, and placed into the pockets
(Figure 1). The rats were then covered with a blanket and
allowed to recover from sedation. Subsequently, the
DMSO-IP group received an intraperitoneal injection of 0.1
mL of DMSO in 0.9 mL of saline once a day for 15 days. In
the DMSO-C group, 0.1 mL of DMSO in 0.9 mL of saline
was spread evenly as a topical application onto the skin
covering the graft pockets once a day for 15 days (Figure 2).

Two months after the fat grafting surgery, the animals
were re-sedated according to the same procedure and eu-
thanized by cardiac air embolization. The fat grafts were
then removed from the recipient pockets, dried, and
weighed again using the same precision scale. Each har-
vested fat graft was divided into two equal portions; one
was placed in 10% buffered formaldehyde for histopatho-
logical examination and the other was immediately stored
at −30°C in dry air for biochemical evaluation.

We waited 2 months before removing the grafts because
of the inherent difficulty in determining adipocyte viability
after it has been fixed in formaldehyde, and because some
cells had already undergone apoptosis and still retained much
of their original architecture when viewed under normal he-
matoxylin and eosin (H&E). In this period, non-viable adipo-
cytes would be absorbed or filled with scar tissue.28,29

Histopathology

Tissue samples were fixed in 10% buffered formaldehyde
and processed for routine light microscopy observation.
Serial sections of 5 μm thickness stained with H&E were ex-
amined and photographed. Images were obtained with a
DSRi1 digital camera (Nikon’s inverted Eclipse Ti micro-
scope, equipped with an automatic scanning table; Nikon
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France, Champigny sur Marne, France) connected to the mi-
croscope. The area covered by adipocytes was measured at
40× magnification in five areas per graft section using
NISElements Advanced Research software version 4.0 (Nikon
Instruments, Tokyo, Japan). The average total area (µm2) oc-
cupied by adipocytes was expressed as a percentage of the
total microscopy viewing area. This ratio is referred to as the
relative adipocyte index (Figure 3). The number of blood
vessels was counted at 10× magnification in four areas per
section using an Olympus BX50 (Olympus Optical Co.,
Hamburg, Germany) microscope and expressed as the total
vessel number (ie, vascularity). Inflammation was mea-
sured using an inflammation scale (Table 1). Fat necrosis
was evaluated histologically using the same microscope.

Biochemical Analysis

Myeloperoxidation (MPO) and lipid peroxidation (LPO) of
the fat graft tissues obtained from the dorsal pockets of the
animals were measured spectrophotometrically using a
Shimadzu UV-1700 spectrophotometer.30,31 All specimens
were evaluated by an experienced biochemist blinded to
the study groups and to the sources of the experimental ma-
terial. LPO was measured spectrophotometrically at 532
nm in thiobarbituric acid–treated samples and expressed as
nanomoles per gram of wet tissue. MPO was measured
spectrophotometrically at 655 nm in tetramethylbenzidine-
treated tissues and expressed as units per gram of wet
tissue according to the change in absorbance.30,31

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS/PC 17.0). A normality
test was performed in the beginning of the statistical analysis.

As the weights of the fat graft tissues before and after im-
plantation and the LPO levels of the fat graft tissues were
normally distributed, and the variations were homogenous
between all groups, they were statistically analyzed using a
one-way analysis of variance (ANOVA). To determine the
statistical differences among the groups, a one-way ANOVA
followed by Tukey’s multiple comparison test were per-
formed as a post hoc evaluation. A paired samples t test
was used to identify the statistically significant differences
between the weights of the fatty tissues from all three
groups before and after implantation. Data on tissue MPO
levels, vascularity, fat necrosis levels, and inflammation
grade were not normally distributed, and the variation was
not homogenous among all groups according to the SPSS
results (Table 2). Thus, the Kruskal-Wallis multiple variant
analysis had to be conducted. The Mann-Whitney U test
was used to determine the statistically significant differences
(post hoc evaluation) among the groups. Significance was
defined at p<0.05.

Figure 1. Surgical procedures. (A) Fat graft pieces were cut
into small pieces before their transplantation onto the back of
the rat. The fat graft before its removal from rats in (B) the
control group, (C) the dimethylsulfoxide intraperitoneal
(DMSO-IP) group, and (D) the dimethylsulfoxide cutaneous
(DMSO-C) group. Dense vascularization of the graft tissue was
observed in the DMSO-IP and DMSO-C groups.

Figure 2. Schematic illustration of the experimental design.
Group 1, control group; Group 2, dimethylsulfoxide intraperi-
toneal (DMSO-IP) group; Group 3, dimethylsulfoxide cutane-
ous (DMSO-C) group.
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RESULTS

Macroscopic Findings

No local inflammation or abscesses developed in any of the
surgical areas. None of the rats died during the 2-month
study.

Macroscopic inspection showed that the vascularity of
the DMSO-C and DMSO-IP groups were higher than that of
the control group. The volumes of the preserved fat tissues
were also higher in both DMSO groups than in the control
group (Figure 1). During the sample collection period, a
fibrous capsule formed around all graft tissues.

Fat Tissue Weights

The weights of the inguinal fat grafts before implantation
were not statistically different among the three groups
(ANOVA; F=2.896, p=0.086; Table 3), but at the end of
the study, the graft weights differed significantly (ANOVA;
F=8.040, p=0.004). The post hoc analyses showed that
the DMSO-C and the DMSO-IP groups differed significantly
from the control group (Tukey’s multiple comparison test;
p=0.013 and p=0.007, respectively), but not from each

other (p=0.944). Specifically, the weights of the implanted
and later harvested fat tissues were higher in the DMSO-C
and DMSO-IP groups than in the control group. In the
control group, the fat tissue weights were significantly
higher before than after the grafts were harvested (t=
2.531, p=0.022), but this was not the case in the DMSO-C
and DMSO-IP groups (Table 4, Figure 4). Moreover, more
fat volume loss was observed in the control group than
in the DMSO groups. This observation suggests the pre-
servation of fat graft weight by DMSO, whether applied
cutaneously or injected intraperitoneally. Our results also
showed that our graft weight loss was lower than that in
the literature. We attribute the volume protection to the
neovascularization and regenerating zones due to the exci-
sion method of the fat tissue.28

Histopathological Findings

Neither the amount of fibrotic tissue around the fat grafts,
the inflammation grade, nor the degree of fat necrosis dif-
fered among the three groups (χ2= 3.263, p=0.196;
χ2= 1.998, p=0.368; and χ2= 0.442, p=0.802, respec-
tively; Tables 5 and 6). By contrast, significant differences
were found in vascularity (ANOVA; F=3.876, p=0.044).

Figure 3. Histopathologically based relative adipocyte index in the three groups. (A) Control group, (B) dimethylsulfoxide intraper-
itoneal (DMSO-IP) group, and (C) dimethylsulfoxide cutaneous (DMSO-C) group.

Table 1. Histopathological Inflammation Scale Used to Determine
Inflammation Levels in the Dimethylsulfoxide and Control Groups

Grade Level Description

Grade 0
No inflammation or scattered/few
lymphocytes

Grade 1 A small group of lymphocytes (10-20)

Grade 2
A large group of lymphocytes (>20), or
two small groups

Grade 3
Diffuse lymphocyte infiltration or more
than one large group of lymphocytes

Table 2. Normality Test Results

Variable Kolmogorov- Smirnov Shapiro- Wilk

df Sig. df Sig

Weight before 18 0.20 18 0.93

Weight after 18 0.20 18 0.20

Total area 18 0.00 18 0.00

Fibrotic area 18 0.00 18 0.00

LPO 18 0.20 18 0.19

MPO 18 0.00 18 0.00

LPO, lipid peroxidation; MPO, myeloperoxidation.
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The post hoc evaluation showed significantly higher vascu-
larity in the DMSO-C group than in the control group
(Tukey’s multiple comparison test; p=0.044), and no sig-
nificant differences were found between the control and
the DMSO-IP groups or between the two DMSO groups
(p=0.136 and p=0.841, respectively; Figures 5 and 6).

LPO and MPO

No differences were found in the mean LPO levels of the
three groups (F=0.082, p=0.921; Figure 7), and the differ-
ences in the mean MPO levels of the control, DMSO-C, and
DMSO-IP groups were significant (χ2= 11.524, p=0.003;
Table 6). The post hoc evaluation showed that the MPO
levels were significantly lower in the DMSO-C group than in
the control and in the DMSO-C group versus the DMSO-IP
group (Z=−2.882, p=0.004 and Z=−2.882, p=0.004,
respectively; Figure 7). Thus, DMSO appears to have de-
creased the inflammatory cytokine levels, although this
finding remains to be confirmed in a more detailed biochem-
ical analysis.

DISCUSSION

DMSO can cross most biological membranes and the skin
quickly and easily because it is highly liposoluble and water

soluble. It has also been used to provide pain relief based on
its ability to block peripheral nerve C-fibers. Recently, cuta-
neously applied and/or parenterally administered DMSO has
been used postoperatively to improve skin flap survival in
plastic surgery because it increases flap perfusion.17,18,27,32,33

In this study, the ability of DMSO to preserve fat graft
volumes and viability was examined together with its anti-
inflammatory effects and its positive effects on vasculariza-
tion. The efficacy of cutaneously applied versus intraperito-
neally injected DMSO was determined. Our results showed
that in terms of preserving fat graft volumes, the two
methods were equally effective. However, histopathological
analyses showed that neither route decreased or blocked
the development of fibrotic tissue and fat tissue necrosis.
Nonetheless, vascularity in the DMSO-C group was higher
than that in the control group values, but was not signifi-
cantly different from the DMSO-IP group. Despite the absence
of a statistically significant difference between the control
and the DMSO-IP group, the mean vascularity in the latter
tended to be higher. Therefore, DMSO seems to increase
the vascularization of fat graft tissue.

In many studies, fat graft loss is caused by the develop-
ment of hypoxic and ischemic conditions because of the de-
creased vascular supply around the free-fat graft tissue.3-6

Hypoxia generates potent oxidizing species (eg, superoxide
radical, hydroxyl radical, and hydrogen peroxide), which

Table 3. The Fat Graft Weights in the Dimethylsulfoxide and Control
Groups

Groups Time Minimum Maximum Mean SD

Control Before 0.27 0.72 0.45 0.18

After 0.12 0.35 0.20 0.09

DMSO-C Before 0.52 0.87 0.64 0.14

After 0.28 0.74 0.52 0.20

DMSO-IP Before 0.42 0.69 0.58 0.10

After 0.25 0.69 0.49 0.17

DMSO-C, dimethylsulfoxide cutaneous; DMSO-IP, dimethylsulfoxide intraperitoneal; SD,
standard deviation.

Table 4. Comparisons of the Fat Graft Weights Before and After
Implantation According to a Paired Samples t-Test

Group t p-value

Control 2.531 0.022

DMSO-IP 0.873 0.423

DMSO-C 0.973 0.375

p < 0.05

Bold values indicates p < 0.05. The p values which are lower than 0.05 are significant.

Figure 4. Weights of the fat graft of the DMSO groups versus
the control group. Error bars show the minimum and the
maximum weights of the fat grafts. More fat graft weight loss
could be seen in the control group than in the DMSO groups.
Dimethylsulfoxide cutaneous (DMSO-C) administration is
more effective than dimethylsulfoxide intraperitoneal
(DMSO-IP) delivery in terms of weight preservation.
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mediate the lethal cell injury by initiating the peroxidative
decomposition of phospholipids, both in the cellular and
mitochondrial membranes. MPO activity was previously
shown to correlate with the absolute number of phagocytes
and their activation in the inflamed tissue. Neutrophils and
other phagocytes (eg, macrophages) produce hypochloride,

a strong oxidant that acts on hydrogen peroxide and chlo-
ride ion during MPO.34,35 LPO plays an important role in
the pathogenesis of lethal cell injury by degrading cellular
and mitochondrial membranes.35 In our study, the MPO
levels were lower in the DMSO-C group than in the control
and DMSO-IP groups, and no differences were found in the
amount of inflammation or in LPO levels. Therefore, al-
though topical DMSO seemed to decrease the production of
cytotoxic agents at the graft site, it could not inhibit the
LPO cascades. The reason why neither the topically applied
nor the intraperitoneally injected DMSO exhibited its well-
established antioxidant and free radical scavenger proper-
ties in the transplanted fat grafts in the rats is unclear.36,37

These results could be interpreted as apoptosis, but our
study did not contain apoptotic pathway investigation results
because of some financial limitations. Instead, DMSO pro-
tected or even increased the fat volume through neovascula-
rization, and supported fat cell regeneration by protecting
the surviving and regenerating zones of the graft. Eto et al29

showed that proliferation began from the regenerating zone
of the grafted fat tissue on the third day, consistent with our

Table 5. Tissue Levels in the Control, DMSO-IP, and DMSO-C Groups

Group Variable Minimum Maximum Mean SD

Control Fibrosis 240,144 1,365,592 588489.83 448611.56

Inflammation 0.00 3.00 1.17 0.98

Fat necrosis 0.00 1.00 0.33 0.52

Vascularity 17.40 33.60 27.43 6.25

LPO 29.69 58.85 46.23 11.70

MPO 7.20 43.80 19.14 12.84

DMSO-C Fibrosis 20,501 864,834 336776.33 296146.46

Inflammation 0.00 3.00 1.83 0.98

Fat necrosis 0.00 1.00 0.50 0.55

Vascularity 31.40 51.40 39.21 6.92

LPO 16.54 94.27 50.59 26.29

MPO 0.20 6.50 2.87 2.61

DMSO-IP Fibrosis 355,415 1,225,042 551707.33 332491.72

Inflammation 0.00 3.00 1.33 1.03

Fat necrosis 0.00 1.00 0.33 0.52

Vascularity 23.50 49.00 36.433 9.46

LPO 32.69 84.62 49.81 18.74

MPO 7.20 99.50 42.93 43.24

DMSO-C, dimethylsulfoxide cutaneous; DMSO-IP, dimethylsulfoxide intraperitoneal; LPO, lipid peroxidation; MPO, myeloperoxidation; SD, standard deviation. Fat necrosis results are in area, µm2;
fibrosis, area, µm2; inflammation, score; lipid peroxidation, nmol/g protein; myeloperoxidation, U/g protein; vascularity, five areas per section.

Table 6. Comparison of Myeloperoxidation in the Control, DMSO-IP, and
DMSO-C Groups

Variable X2 df p-value

Fibrosis 3.263 2 0.196

Inflammation 1.998 2 0.368

Fat necrosis 0.442 2 0.802

MPO 11.524 2 0.003*

p < 0.05

Using the Kruskal-Wallis Multiple Variant Analysis. DMSO-C, dimethylsulfoxide cutaneous;
DMSO-IP, dimethylsulfoxide intraperitoneal; MPO, myeloperoxidation. *Bold value indicates
p < 0.05. The p values which are lower than 0.05 are significant.
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own findings. The inability of intraperitoneally injected
DMSO to reduce or block the MPO cascades could be due to
the rapid dissolution of DMSO in the blood and its rapid
transport away from the vascular circulation to the extravas-
cular compartments. These events would have restricted the
accumulation of DMSO in the fat graft tissue and, therefore,
its scavenger effects. By contrast, cutaneously applied DMSO
would have been concentrated at the graft site.

In the present study, DMSO was not used with local an-
esthetic solutions, as recent studies have shown that local
anesthetic solutions do not affect the fat graft survival.38

Moreover, in several studies in the literature, the fat grafts

were washed with saline to eliminate the effect of Klein sol-
ution after harvesting. Thus, we aimed to investigate the in-
dividual effects of DMSO on fat graft volume in our study.
Nevertheless, future studies should be conducted using the
Klein solution, of course.

The experimental method of this article was constructed
according to the literature.28,29 Thus, we aimed to use the
benefits of the anti-inflammatory and vascularization-
enhancing effects of DMSO in first 2 weeks after the trans-
plantation. We could not perform an immunohistochemical
analysis (eg, perilipin staining) because of financial limita-
tions. Thus, the dying adipocytes could not be detected by

Figure 5. (A) Inflammation, (B) vascularity, (C) fat necrosis, and (D) fibrosis in the dimethylsulfoxide (DMSO) groups versus the
control group. Error bars show the minimum and the maximum vascularity, fibrotic area diameter, degree of inflammation, and fat
necrosis. Although DMSO did not decrease the fat graft necrosis and inflammatory responses, it did protect the fat graft volume.
Moreover, systemic and topical DMSO could indirectly improve fat graft survival by increasing the vascularity of autologous fat
graft tissue. DMSO-C, dimethylsulfoxide cutaneous administration group; DMSO-IP, dimethylsulfoxide intraperitoneal administra-
tion group.
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H&E in the early stages of the study. We decided to wait for
2 months for the results, as the non-viable adipocytes would
be absorbed or filled with scar tissue in the long-term.29

We observed a fibrotic capsule around the transplanted fat
tissue at the end of 2 months. According to Eto et al28

greater amounts of adipocytes are ruptured in aspirated
adipose tissue than in excised tissue. Stromal cells are
higher in excised adipose tissue than in aspirated tissue.
Perhaps excision could be responsible for the fibrotic
capsule that facilitated the fat removal.

Clinical studies demonstrated that high-dose intravenous
DMSO produces various adverse effects, such as nausea,
vomiting, flushing, fever, chills, dyspnea, cardiac symptoms,
transient hypertension, hypotension, anaphylaxis, encepha-
lopathy, amnesia, and seizures,39-41 whereas the side effects
of long-term cutaneous application of DMSO at concentra-
tions below 50% are negligible.27 Cutaneous applications of

DMSO in humans for scleroderma,20 ischemic ulcers,42 de-
cubitus ulcers,43 and skin necrosis due to antineoplastic
agent extravasation21 have been mentioned in the literature.
Variable concentrations of DMSO gels and creams were ap-
proved by the Food and Drug Administration in the 1970s.44

These formulas may be useful for further human studies.
Therefore, for human use, daily topical application of 50%
DMSO solutions over the fat grafted area may offer a quick,
simple, and painless method for graft protection that can be
easily applied by the patient alone. Several molecules have
been described to enhance fat graft survival in the literature.
Conversely, the present study adds a new and effective drug
to the relevant literature that can be practically applied over
the skin.

Our study has some limitations. First, more sophisticated
biochemical analyses used to dissect the inflammatory path-
ways that influence fat graft survival and volume (eg,

Figure 6. Histopathological illustration of the three groups. (A) Control, (B) dimethylsulfoxide cutaneous (DMSO-C), and (C)
dimethylsulfoxide intraperitoneal (DMSO-IP).

Figure 7. (A) Lipid peroxidation (LPO) and (B) myeloperoxidation (MPO) in the DMSO groups versus the control group. Error
bars show the minimum and the maximum levels of LPO and MPO. The MPO levels were lower in the dimethylsulfoxide cutaneous
(DMSO-C) group than in the control and dimethylsulfoxide intraperitoneal (DMSO-IP) groups, and no differences were found in
the amount of inflammation or in the LPO levels.
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apoptosis, glutathione and nitrite/nitrate levels, and oxidase
activity) were not possible in our laboratory. Thus, the
mechanism of the effect of DMSO on LPO andMPO cascades
remains to be determined. Second, although a G-power anal-
ysis was conducted for the groups, the ethical committee did
not allow us to use larger groups of rats. Therefore, future
studies could use study groups with a larger size. Third,
excised and aspirated adipose tissues have different charac-
teristics in clinical practice.28 Therefore, aspirated fat tissue
with vasoconstrictor solutions can be evaluated in future
studies. Fourth, non-vascularized fat grafts obtain their nu-
trients through plasmatic diffusion from surrounding tissues
until neovascularization begins. Therefore, peripherally
located adipocytes can much better withstand ischemic con-
ditions. Theoretically, fat graft survivability could be better
in well-vascularized tissues than in poorly vascularized
tissues. However, we believe that the human body has a bio-
logical compensatory system to salvage tissues on its own.
Nevertheless, we aimed to study the effectiveness of DMSO
on fat graft volume in the health rat model. In accordance
with this aim, we did not study traumatized recipient sites
(eg, radiated breast tissue). To explain the variability in fat
graft survivability between well-vascularized and poorly-
vascularized areas, DMSO could be used in these different
regions in future studies. Fifth, as the fat tissues harvested
from each rat were in different volumes, we could not stand-
ardize the weights before the transfer. Thus, the results were
compared with the beginning values. Otherwise, we were
forced to delay the surgical procedures of other animals.

CONCLUSION

Our study showed that although DMSO did not decrease
the fat graft necrosis and inflammatory responses, it did
protect the fat graft volume. Moreover, systemic and topical
DMSO may indirectly improve fat graft survival by increas-
ing the vascularity of autologous fat graft tissue. The
topical application of DMSO seems to be much more effec-
tive than intraperitoneal administration and offers a safe,
simple, quick, and painless method of use.

Disclosures
The authors declare no potential conflicts of interest with respect
to the research, authorship, and publication of this article.

Funding
The authors received no financial support for the research,
authorship, and publication of this article.

REFERENCES
1. Bishop A, Hong P, Bezuhly M. Autologous fat grafting for

the treatment of velopharyngeal insufficiency: state of the
art. J Plast Reconstr Aesthet Surg. 2014;67:1-8.

2. Liao HT, Marra KG, Rubin JP. Application of platelet-rich
plasma and platelet-rich fibrin in fat grafting: basic
science and literature review. Tissue Eng Part B Rev.
2014;20(4):267-276.

3. Nguyen A, Pasyk KA, Bouvier TN, Hassett CA, Argenta
LC. Comparative study of survival of autologous adipose
tissue taken and transplanted by different techniques.
Plast Reconstr Surg. 1990;85:378-386.

4. Billings E, May JW Jr. Historical review and present status
of free fat graft autotransplantation in plastic and recon-
structive surgery. Plast Reconstr Surg. 1989;83:368-381.

5. Nishimura T, Hashimoto H, Nakanishi I, Furukawa M.
Microvascular angiogenesis and apoptosis in the survival
of free fat grafts. Laryngoscope. 2000;110:1333-1338.

6. Bartynski J, Marion M, Wang T. Histopathologic evaluation
of adipose autografts in a rabbit ear model. Otolaryngol
Head Neck Surg. 1990;102:314-321.

7. Yang M, Zhang F, Sailes FC, et al. Role of anti-TNF-α
therapy in fat graft preservation. Ann Plast Surg. 2012;68:
531-535.

8. Topcu A, Aydin OE, Unlu M, Barutcu A, Atabey A.
Increasing the viability of fat grafts by vascular endo-
thelial growth factor. Arch Facial Plast Surg. 2012;14:
270-276.

9. Rodriguez-Flores J, Palomar-Gallego MA, Enguita-Valls
AB, Rodriguez-Peralto JL, Torres J. Influence of
platelet-rich plasma on the histologic characteristics of
the autologous fat graft to the upper lip of rabbits. Aesthet
Plast Surg. 2011;35:480-486.

10. Carraway JH, Mellow CG. Syringe aspiration and fat con-
centration: a simple technique for autologous fat injec-
tion. Ann Plast Surg. 1990;24:293-296.

11. Mikus JL, Koufman JA, Kilpatrick SE. Fate of liposuc-
tioned and purified autologous fat injections in the
canine vocal fold. Laryngoscope. 1995;105:17-22.

12. Ellenbogen R. Free autogenous pearl fat grafts in the face:
a preliminary report of a rediscovered technique. Ann
Plast Surg. 1986;16:179-194.

13. Ramon Y, Shoshani O, Peled IJ, et al. Enhancing the take
of injected adipose tissue by a simple method for concen-
trating fat cells. Plast Reconstr Surg. 2005;115:197-201.

14. Shoshani O, Berger J, Fodor L, et al. The effect of lido-
caine and adrenaline on the viability of injected adipose
tissue: an experimental study in nude mice. J Drugs
Dermatol. 2005;4:311-316.

15. Duxue-Liang, Luo SJ, Hao XG, Tang SM, Liang J. The
function of basic fibroblastic growth factor on revascular-
ization of pearl fat graft transplantation. Zhonghua Zheng
Xing Wai Ke Za Zhi. 2005;21:128-131.

16. McFarlane RM, Laird JJ, Lamon R, Finlayson AJ, Johnson
R. Evaluation of dextran and DMSO to prevent necrosis in
experimental pedicle flaps. Plast Reconstr Surg. 1968;41:
64-70.

17. Haller J, Trachy R, Cummings CW. Effect of dimethylsulf-
oxide on island flap perfusion and survival in rats. Arch
Otolaryngol Head Neck Surg. 1987;113:859-863.

18. Duarte IS, Gomes HC, Ferreira LM. Effect of dimethyl
sulfoxide on necrosis of skin flaps in rats. Can J Plast
Surg. 1998;6:93-97.

NP66 Aesthetic Surgery Journal 36(2)

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/article-abstract/36/2/N

P58/2589244 by guest on 06 M
ay 2020



19. Jacob SW, Bischel M, Herschler RJ. Dimethyl sulfoxide
(DMSO): a new concept in pharmacotherapy. Curr Ther
Res Clin Exp. 1964;6:134-135.

20. Scherbel AL, McCormack LJ, Poppo MJ. Alteration of col-
lagen in generalized scleroderma after treatment with
dimethylsulfoxide: preliminary report. Cleveland Clin
Quart. 1965;32:47-56.

21. Alberts D, Dorr RT. Case report: topical DMSO for
mitomycin-C induced skin ulceration. Oncol Nurs Forum.
1991;18:693-695.

22. Jacob SW, de la Torre JC. Pharmacology of dimethyl sulf-
oxide in cardiac and CNS damage. Pharmacol Rep. 2009;
61:225-235.

23. Vinnik CA, Jacob SW. Dimethylsulfoxide (DMSO) for
human single-stage intraoperative tissue expansion and
circulatory enhancement. Aesthet Plast Surg. 1991;15:
327-337.

24. Raposio E, Santi PL. Topical application of DMSO as an
adjunct to tissue expansion for breast reconstruction. Br J
Plast Surg. 1999;52:194-197.

25. Kanık E, Tasdelen B, Erdogan S. Randomization in clini-
cal trials.Marmara Medical Journal. 2011;24:149-155.

26. Mottu F, Laurent A, Rufenacht DA, Doelker E. Organic
solvents for pharmaceutical parenterals and embolic
liquids: a review of toxicity data. PDA J Pharm Sci
Technol. 2000;54:456-469.

27. Young VL, Boswell CB, Centeno RF, Watson ME. DMSO:
applications in plastic surgery. Aesthet Surg J. 2005;25
(2):201-209.

28. Eto H, Suga H, Matsumoto D, et al. Characterization of
structure and cellular components of aspirated and
excised adipose tissue. Plast Reconstr Surg. 2009;124(4):
1087-1097.

29. Eto H, Kato H, Suga H, et al. The fate of adipocytes after
nonvascularized fat grafting: evidence of early death and
replacement of adipocytes. Plast Reconstr Surg. 2012;
129:1081-1092.

30. Mihara M, Uchiyama M. Determination of malonalde-
hyde precursor in tissues by thiobarbituric acid test. Anal
Biochem. 1977;86:271-278.

31. Suzuki K, Ota H, Sasagawa S, Sakatani T, Fujikura T.
Assay method for myeloperoxidase in human polymor-
phonuclear leucocytes. Anal Biochem. 1982;127:346-350.

32. Leite MT, Gomes HC, Percario S, Russo CR, Ferreira LM.
Dimethyl sulfoxide as a block to the deleterious effect of
nicotine in a random skin flap in the rat. Plast Reconstr
Surg. 2007;120:1819-1822.

33. Evans MS, Reid KH, Sharp JB Jr. Dimethyl sulfoxide
(DMSO) blocks conduction in peripheral nerve C fibers: a
possible mechanism of analgesia. Neurosci Lett. 1993;
150:145-148.

34. Kanner J, German JB, Kinsella JE. Initiation of lipid per-
oxidation in biological systems. Crit Rev Food Sci Nutr.
1987;25:317-364.

35. Farber JL. Mechanisms of cell injury by activated oxygen
species. Environ Health Perspect. 1994;102(Supp 10):17-24.

36. Jacob SW, Herschler R. Pharmacology of DMSO.
Cryobiology. 1986;23:14-27.

37. Swanson BN. Medical use of dimethyl sulfoxide (DMSO).
Rev Clin Basic Pharm. 1985;5:1-33.

38. Livaoglu M, Buruk CK, Uraloglu M, et al. Effects of lido-
caine plus epinephrine and prilocaine on autologous fat
graft survival. J Craniofac Surg. 2012;23:1015-1018.

39. Junior AM, Arrais CA, Saboya R, et al. Neurotoxicity associ-
ated with dimethylsulfoxidepreserved hematopoietic progen-
itor cell infusion. Bone Marrow Transplant. 2008;41:95-96.

40. Kligman AM. Topical pharmacology and toxicology of di-
methyl sulfoxide (DMSO). Part 1. JAMA. 1965;193:796-804.

41. Kligman AM. Topical pharmacology and toxicology of di-
methyl sulfoxide (DMSO). Part 2. JAMA. 1965;193:923-928.

42. Lasher M, Lang R, Kadar I, Raved M. Treatment of diabet-
ic perforating ulcers (mal perforate) with local dimethyl
sulfoxide. J Am Geriatric Soc. 1985;33:41-43.

43. Duimel-Peeters IGP, Halfens RJ, Snoeckx LH, et al. A sys-
tematic review of the efficacy of topical skin application
of dimethyl sulfoxide on wound healing and as an antiin-
flammatory drug.Wounds. 2003;15(11):361-370.

44. Capriotti K, Capriotti JA. Dimethylsulfoxide. History,
chemistry, and clinical utility in dermatology. J Clin
Aesthet Dermatol. 2012;5:24-26. Literature review.

Sari et al NP67

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/article-abstract/36/2/N

P58/2589244 by guest on 06 M
ay 2020



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


