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RESUME

Background. Autologous adipose tissue transplantation is becoming increasing-
ly popular in reconstructive surgery, but the main unsolved problem at the moment
is the high percentage of partial volume loss due to autograft resorption.

The aim. Evaluation of the viability of adipocytes under incubation in solutions of dif-
ferent biochemical compositions, and clinical testing of the effectiveness of an opti-
mized fat graft.

Materials and methods. The comparative spectral analysis of the content of ions
(mainly oxygen) in the cytoplasm of fat cells grown from solution samples on a solid sub-
strate using a scanning electron microscope in low vacuum was performed. The com-
position in 3 samples that spent 6 h in artificial solutions was investigated. The EDAX
TEAM program was used to analyze the energy dispersive X-ray spectroscopy data.
Results. Statistical and morphological analysis of the obtained results revealed dif-
ferences in the composition of viable cells in the studied samples, varying up to 50 %.
The most effective was the solution with dimethyloxobutylphosphonyldimethylate,
which demonstrated an optimal level of oxygen ion content (O), as well as pronounced
integrity of the cell membrane compared to other samples during electron microscopy
and histological examination.

Conclusion. One of the key factors is the medication support of the autograft during
the initial stages of engraftment after transplantation. By measuring the ionic con-
tent of the intracellular matrix, we were able to examine in vitro the effect of solutions
of different substances to achieve this goal. For autograft preservation, the best option
is a solution with a membrane protector dimethyloxobutylphosphonyldimethylate
for its ability to preserve cell homeostasis.
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NMPUMEHEHUWUE MEMBPAHOIMNPOTEKTOPOB B NMPOLECCE NOBbIWWEHUA
MU3HECNMOCOBHOCTU AYTOJNTOTNUYHHOIO XKUPOBOTI'O TPAHCIIJTIAHTATA

KonecHuk B.A., PE3IOME
NMaxomosBa P.A.,
KonecHuk A.A. O6ocHosanue. TpaHCNIAHMAYUA aymos102U4HOU XUuposol MKAaHU cmaHosumcs

ace bosiee nonynIApHA 8 peKOHCMPYKMUBHOU Xupypauu, 0OHAKO OCHOBHOU HepeleH-
Hol npobniemol Ha mekyuwuti MOMeHM A8/19eMCcs 8bICOKUU NpoyeHmM yacmuyHou no-
mepu o6vema u3-3a pe3opbyuu aymompaHcniaHmama.
Llenv uccnedosaHus. OyeHKa XU3HeCNOCObHOCMU adunoyumos 8 YC108UAX UHKY-
6ayuu 8 pacmeopax pas/iuyHo20 6UOXUMUYEeCK020 cOCMAsa U KIUHUYeckas anpoba-
yus 3¢hhekmusHOCMU ONMUMU3UPOBAHHO20 XKUPOBO20 MpAHCNIaHmamad.
Memoodel. [Tpou3sodusica cpasHUMEsbHbIU CNeKMpanbHell AHAIU3 CO0epPXaHus
UOHO8 (npeumyuwecmaeHHo KUc/iopooa) 8 4umonsiasme XupoebiX K/Iemok, 8bica-
XKeHHbIX U3 06pa3yos pacmeopos Ha meepoyto NOOSIOXKKY NPU NOMOWU pacmposo-
20 3/1eKMPOHHO20 MUKPOCKONAd 8 HU3KOM 8adkyyme. Miccnedosasics cocmas 8 3 06-
pasyax, komopsle npogesiu 6 4aco8 8 UCKYCCMBeHHbIX pacmeopax. [na aHanusa
ABTOp, OTBETCTBEHHbIIA 3a Nepenucky:  OGHHbIX 3Hep2ooUCNepCUOHHOU peHM2eHOBCKOU CNeKMpPOCKONUU UCNosIb308anack
KonecHuk Bacunuin pocnasosuny,  Npo2pamma EDAX TEAM.
e-mail: v.kolesnik@bk.ru Pesynemamel. Cmamucmuyeckuli u Mopgosio2udeckuli aHaau3 Nosy4YeHHbIX pe-
3y/Ibmamoes 8bIA8UJT PA3Iuyus 8 cocmase XU3HecnoCobHbIX KiemokK & uccredye-
Mbix 0b6pasyax, sapsupytowuecs 8 npedesnax 0o 50 %. Haubonee 3¢pcpekmusHbim
oKaszasaca pacmeop ¢ OumMemuaokcobymusgocgoHuIOUMemuIamom, npooe-
MOHCMpupogaswuli onmumMasbHelli yposeHb CO0ePXaHUA UOHO8 Kucsiopoda (0O),
a Makxe 8bIpaxeHHyI0 Yes10CMHOCMb KJ1IeMOYHOU MeMOpaHsl No CpasHeHUo € Opy-
2UMU 06pazyamu 8 xooe nposedeHus 371eKMpPOoHHOU MUKPOCKONUU, d MAk»e 2ucmo-
J102UYeCK020 UCC/Ie008aHUS.
3akntoyeHue. OOHUM U3 K/1l04eBbIX (haKmopos A8/15emca MeouKameHmMOo3Has Noo-
0epXxKa Xuposol MKAHU HA HA4AsIbHbIX 3MANax NPUXugsaeHus Nocsie MpaHcnNIdaH-
mayuu. [lymem uzmepeHUs COOePKAHUS UOHO8 80 BHYMPUKIEMOYHOM MAmpuKce
Mbl CMO2/1U pdccMompems 8 J1a60PAMOPHbIX YC/I08UAX 8/IUAHUE PACMBOPO8 pas-
JIUYHBIX 8eujecma 0718 docmuxxeHus 0aHHOU yenu. [na coxpaHeHUs aymompaHc-
njaaHmama ay4wum 8apudaHmMom AgJsemcs padcmeop ¢ MeMbpaHonpomeKkmo-
poM QUMeMUTOKCObYMuigochoHUIOUMeMUIama no CNOCO6HOCMU COXPAaHeHUs
20Meocmasa Kiemku.
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BACKGROUND

Autologous fat grafting is becoming increasingly
popular, with statistics indicating a 10 % annual rise
in the number of lipofilling procedures in Russia [1].
In addition to aesthetic corrections, this tissue is in-
creasingly being used in various reconstructive tech-
niques, particularly as an alternative to synthetic im-
plants or volume-enhancing agents (e.g., those based
on hyaluronic acid) [2, 3, 4], or in combination with im-
plants for enhanced results [5].

Special attention is given to the use of autolo-
gous fat grafts for closing deep soft tissue defects. This
method is preferred for chronic non-healing wounds
with a bone bed, offering advantages such as ease
of application and good aesthetic results following sub-
sequent dermoplasty [6].

Consequently, we can observe the increasing pop-
ularity of adipose tissue utilization. Unfortunately,
as with any method, lipofilling has its own drawbacks.
The key complications of lipofilling include ischemia,
hypoxia, and necrosis of the transplanted fat tissue.
These conditions develop due to insufficient neoangio-
genesis and limited diffusion of oxygen and nutrients
to the graft. Impaired microcirculation leads to a cas-
cade of ischemic changes, manifested by progressive
cellular hypoxia and adipocyte death. In clinical prac-
tice, this results in partial graft resorption, the formation
of cystic cavities, and foci of fat necrosis, which signifi-
cantly reduces the predictability and stability of the out-
come. Resorption of fat tissue after transplantation can
sometimes reach 80 % [7]. Currently, research is being
conducted to increase cell viability by incorporating
autologous mesenchymal stem cells or treating the li-
poaspirate with radiofrequency helium plasma [8, 9].

Therefore, this study explored solutions that im-
prove graft cell survival. Establishing an optimal micro-
environment is essential to enhance the antioxidant ef-
fect, accelerate engraftment, shorten revascularization
time, and improve cell membrane stability through cy-
toprotective properties.

This requires an understanding of the nutritional
mechanisms of fat tissue after transplantation, includ-
ing the sources of substances and the pathways for their
delivery to cellular structures.

Initially, it was believed that the transplanted tissue
rapidly revascularizes through the formation of vascu-
lar anastomoses between the capillaries of the fat graft
and the vascular network of the recipient site [10]. That
is, survival was determined by their revascularization
and the provision of adequate blood supply from the re-
cipient site’s vascular network. It has been shown that
only the superficial layer of the lipograft, approxi-
mately 300 um thick, is accessible to microcirculation
from the recipient site’s capillaries, with subsequent
blood flow restoration through neoangiogenesis. In this
regard, small fat conglomerates show better survival
than large volumetric areas of transplanted tissue intro-
duced into the recipient site as a single mass without
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uniform distribution [11]. According to genetic studies,
free fat grafts undergo metabolic reprogramming to-
wards the glycolytic pathway [12]. The shift from aerobic
energy metabolism to glycolysis allows cells to survive
under oxygen-deficient conditions. As a result of glyco-
lytic glucose utilization, 2 ATP molecules are formed, in-
stead of 36 as in the aerobic pathway. With insufficient
blood supply, this leads to rapid depletion of the cells’
own energy stores. Also, under oxygen deficiency,
the conversion of lactate to pyruvate is interrupted,
leading to lactate accumulation and the subsequent
development of local tissue acidosis [13].

Optimizing the graft microenvironment through
the use of specialized solutions that ensure cellular ho-
meostasis and metabolic activity (antioxidants (gluta-
thione, mannitol), membrane protectors (dimethyloxobu-
tylphosphonyldimethylate) [14], energy metabolism
substrates (adenosine and others) is a key approach
to preventing or compensatorily correcting these
pathological mechanisms.

THE AIM OF THE STUDY

A comprehensive assessment of adipocyte viabil-
ity under incubation in solutions of various biochem-
ical compositions and clinical testing of the effec-
tiveness of an optimized fat graft in soft tissue defect
reconstruction.

MATERIALS AND METHODS

Within the framework of this study, a quantitative
analysis of the intracellular ionic composition, particu-
larly the concentration of oxygen and other elements,
in adipose tissue cell cytoplasm exposed to various stor-
age media was conducted. Adipose tissue was obtained
from 3 patients (female, aged 30-35 years, without chron-
ic diseases) undergoing elective upper blepharoplasty
for aesthetic purposes and used as biological material. All
samples were collected under sterile conditions and not
subjected to any additional processing. Upon collec-
tion, the material was divided into three equal-volume
and equal-mass portions (Samples 1-3), each exposed
to a different storage medium for analysis.

Characteristics of experimental groups:

Sample 1 (control): Stored in a standard injection
solution without any additional ionic supplements. This
sample was used as a control medium with minimal ionic
exposure.

Sample 2: Incubated in 0.9 % sodium chloride solu-
tion (saline), which is the most commonly used medium
in clinical practice.

Sample 3: Placed in a 15 % dimethyloxobutylphos-
phonyldimethylate solution, which has potential antioxi-
dant and membrane-stabilizing properties.

All samples were stored at a temperature of +22 + 1 °C
for a strictly fixed period of 6 hours.



After the completion of the specified period, each
specimen was analyzed using low-vacuum scanning
electron microscopy (LVSEM). For quantitative analysis
of the ionic composition, energy-dispersive X-ray spec-
trometry (EDX) analysis was employed, utilizing EDAX
TEAM™ software. Through the quantitative elemental
analysis conducted by energy-dispersive X-ray spectros-
copy (EDX), using the eZAF algorithm (ZAF-correction),
verification was carried out for the presence of specific
peaks in the spectral graph, which may indicate an in-
crease in the concentration of additional ions that were
not included in the scope of this study.

Quantitative data are presented as the mean
(M) + the standard error of the mean (SEM), as well
as the median (Me) and the interquartile range (Q1-
Q3). The normality of distribution was tested using
the Shapiro - Wilk test. For comparisons, the Student’s
t-test or Mann - Whitney U-test was used (depending
on the distribution). If more than two groups were ana-
lyzed, analysis of variance (ANOVA) with Tukey’s post hoc
test was applied. Differences were considered statistically
significant at p < 0.05.

Measurements were performed on representative ar-
eas of the cytoplasm with a diameter of 25 micrometers.
Repeated scans (n = 3 per sample) were used to deter-
mine the mean values of key ions, including oxygen, so-
dium, potassium, and chlorine. The obtained data were
compared to identify changes in ionic profiles depending
on the storage medium composition.

A total of 103 foreign and domestic literature sourc-
es indexed in RSCI, PubMed, Scopus, and SSCI were ana-
lyzed for this study. Of these, 22 sources were specifically
used for the article, with 18 published within the past 5
years.

Prior to the study, informed consent was ob-
tained from the patient regarding the use of their data
in the form of photographs and publication of the clin-
ical case. The patient was informed about possible risks
and complications associated with the study, and a clini-
cal study was conducted.

RESULTS AND DISCUSSION

The primary aim of the study was to assess
the impact of the chemical composition of the medium
on the maintenance of the intracellular ionic composi-
tion, which can serve as an indicator of cellular viability
in transplanted adipose tissue and may change signifi-
cantly during their storage, processing, and transplan-
tation [15, 16]. Oxygen levels can serve as a diagnostic
marker when assessing cell viability [17, 18], which can
be explored using electron microscopy in conjunction
with spectral analysis of adipocytes.

In each specimen, visually intact cells were selected
(Fig. 1):

Cell surface contours: The cell has a regular round
or oval shape, the contour is clear, without ruptures,
folds, or deformation.
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Cell membrane: Smooth or with a uniform, fine-
grained structure, without any defects such as cracks,
pores, or areas of damage.

Plasmolysis/damage artifacts: no signs of wrinkled
and collapsed cells, or membrane “blurring” or fragmen-
tation, are observed.

Surface uniformity: intact cells exhibit a homoge-
neous surface.

Inthe photo, the following features can be observed:

1. Substrate fibers (cellulose);

2. Connective tissue remnants;
3. Solution droplets;
4. Adipocyte.

Visual analysis by electron microscopy was used
as a method to assess morphology [19, 20]. The re-
sults showed that Sample 3, which had been incubated
for 6 hours in a solution containing dimethyloxobutyl-
phosphonyldimethylate, demonstrated the best preser-
vation of cellular structure (Fig. 1C). Scanning electron
microscopy examination revealed uniformity and in-
tegrity of cell surface contours, as well as the absence
of significant signs of plasmolysis and membrane dam-
age, which may indicate a membrane-stabilizing effect
of the solution component.

In contrast, Samples 1 and 2, which were stored
in an injection solution and 0.9 % sodium chloride
solution (saline), respectively, showed focal changes
in the cell membrane morphology, with localized areas
of deformation and irregularities in the perimeter. These
changes may indicate a decrease in the structural integ-
rity of cellmembranes under conditions without the spe-
cific membrane protective properties presumably pos-
sessed by dimethyloxobutylphosphonyldimethylate.

Subsequently, the study conducted a quantitative
analysis of ion content (Fig. 2) and a spectral analysis (Ta-
ble) of the samples.The obtained data allowed for a com-
parison of the effects of different solutions on the level
of adipocyte ionic homeostasis and the identification
of a preferred medium for short-term storage of adipose
tissue for transplantation purposes.

Analysis of the spectral composition of the cellular
environment revealed a significant increase in the ox-
ygen ion concentration in Samples 2 and 3 compared
to Sample 1 (control). This increase in O concentration,
according to EDX data, may reflect increased metabol-
ic activity or improved tissue respiration conditions
as a result of exposure to the components of the stud-
ied solutions, particularly physiological saline (NaCl)
and dimethyloxobutylphosphonyldimethylate. How-
ever, simultaneously, there was an increase in the sodi-
um ion concentration, especially in the NaCl solution.
This finding requires particular attention, as sodium
is the main extracellular cation and its intracellular ac-
cumulation may serve as a marker of impaired ionic
homeostasis. An excessive Na* influx into the cell can
lead to an osmotic imbalance, destabilization of mem-
brane potential, and activation of pathways associated
with cellular dysfunction and death [21, 22, 23]. This
emphasizes the importance of choosing a medium that
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ensures both membrane stability and a physiologically
balanced ionic environment for preserving the viability
of transplanted cells.

During the study, while searching forion“peaks”that
are not included in the studied structure and may po-
tentially affect viability, we only observed the presence
of phosphorus ions in the sample containing dimeth-
yloxobutylphosphonyldimethylate. This occurrence
is due to the specific composition of the preparation.

In the context of a clinical study (approved by the Lo-
cal Ethics Committee of the Russian Biotechnological
University, Moscow, Volokolamskoye Shosse, 11, Proto-
col No. 9/4-6 dated April 28, 2025), we performed an ad-
ditional autologous adipose tissue graft transplantation
to verify the laboratory results (Fig. 3).

A soft tissue defect measuring 5 X 3 cm, with ex-
posed muscle fibers and moderate signs of inflamma-
tion is present. There is peripheral edema and skin hy-
peremia, as well as the presence of fibrin. The general
blood parameters are within the range of a moderate
inflammatory response.

Treatment course: After surgical debridement
of the wound, a fat graft was harvested from the anterior
abdominal wall region, following the standard lipoaspi-
ration technique using an infiltration solution (0.9 %
NaCl with lidocaine and epinephrine). The extracted
lipoaspirate was divided into two equal portions: one
portion was washed three times with standard iso-
tonic solution and the other with a solution contain-
ing 15 % dimethyloxobutylphosphonyldimethylate.

FIG. 1.
Study of adipocytes by electron microscopy (A - solution for injection, B- 0.9 % NaCl, C - 15 % Dimethyloxobutylphosphonyldimethylate)
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eZAF Smart Quant Results. (A - injectable solution, B - 15 % dimethyloxobutylphosphonyldimethylate, C - 0.9 % NaCl)
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Subsequently, these solutions were mixed in a 1:10 ratio
(1 part of the solution to 10 parts of washed lipoaspi-
rate and added to the samples that had been previous-
ly washed with the same solution. After preparation,
the fat grafts were placed throughout the entire depth
of the defect, and both areas were covered with mesh
aseptic dressings using Voskopran wound coverings,
followed by application of a vacuum therapy (VAC) sys-
tem to enhance graft viability and create a controlled
healing environment.

TABLE
QUANTITATIVE ION CONTENT (SUM SPECTRUM)

Element Sample Repeats (n = 3)
C 1 83.9;84.7;85.2
C 2 79.1;80.2;81.0
C 3 75.5,76.4;77.5
(6] 1 14.3;14.9;15.4
(0} 2 18.5;19.2; 20.0
(0} 3 21.8;22.5;23.0
Na 1 0.10;0.13;0.16
Na 2 0.22;0.28;0.34
Na 3 0.15;0.19; 0.23
S 1 0.08;0.11;0.16
S 2 0.02; 0.05; 0.08
S 3 0.45; 0.55; 0.65
@ 1 0.01;0.03; 0.05
cl 2 0.15;0.24;0.32
cl 3 0.18;0.21;0.25
K 1 0.02; 0.04; 0.06
K 2 0.05; 0.07;0.09
K 3 0.10;0.16; 0.18
Ca 1 0.04; 0.05; 0.06
Ca 2 0.04; 0.05; 0.06
Ca 3 0.07;0.10; 0.11

On day 5, a dressing change was performed, fol-
lowed by a visual assessment of the condition of the graft
and the healing process. Tissue samples were also taken
for histological examination (Fig. 3).

The histological analysis revealed the presence
of mature adipocytes with preserved morphologi-
cal structure in the area treated with Dimephosphon.
In the control group (0.9 % NaCl), there was fragmenta-
tion of cellular structures and signs of partial membrane
destruction.

M+m Me (Q1-Q3)
84.60+0.38 84.70 (83.90-85.20)
80.10£0.48 80.20 (79.10-81.00)
76.47+0.59 76.40 (75.50-77.50)
14.87+0.33 14.90 (14.30-15.40)
19.23+0.37 19.20 (18.50-20.00)
22.43+0.33 22.50 (21.80-23.00)
0.13+£0.03 0.13 (0.10-0.16)
0.28+0.06 0.28 (0.22-0.34)
0.19+0.04 0.19(0.15-0.23)
0.12+0.04 0.11 (0.08-0.16)
0.05+£0.02 0.05 (0.02-0.08)
0.55+0.10 0.55 (0.45-0.65)
0.03+£0.02 0.03 (0.01-0.05)
0.24+0.09 0.24 (0.15-0.32)
0.21+£0.04 0.21 (0.18-0.25)

0.04+0.02 0.04 (0.02-0.06)
0.07+0.02 0.07 (0.05-0.09)
0.15+£0.04 0.16 (0.10-0.18)
0.05+0.01 0.05 (0.04-0.06)
0.05+0.02 0.05 (0.03-0.08)
0.09+0.02 0.10 (0.07-0.11)
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FIG. 3.
Histological examination. Hematoxylin and eosin staining. Magnification x20. (A - lipoaspirate treated with 15 % dimethyloxobutylphos-
phonyldimethylate, B - lipoaspirate treated with 0.9 % NaCl)
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