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Background: Recently, Phosphatidylcholine (PC) has been used as an off-label treatment for lipolysis injection, which is associated with inflammatory reaction due to sodium deoxycholate, an emulsifier, so that inflammation as side effect occurs in those
patients. Liposome formulation from soybean lipid was thought to be a better and
safer alternative. This study aimed to analyze the mechanism of Liposomal Soybean
Phosphatidylcholine (LSPC) extract from Indonesian soybeans (containing 26% PC) to
induce Adipose-derived Stem Cells (ASCs) death in vitro.
Methods: Liposomes were prepared using thin film hydration method followed by a
stepwise extrusion process to produce a small amount of 41.0-71.3 nm. Liposomal soybean phosphatidylcholine extract (LSPCE), liposomal purified PC (LPCC), and solution of PC+SD were used for comparison. Annexin V-fluorescein Isothiocyanate/
Propidium Iodide (FITC/PI) double staining by flow cytometry and also measurement
of caspase-3 activity using ELISA were used to quantify the rate of apoptosis. ASCs
viability was measured using MTT assay after induction with liposomes. Morphological
changes were shown using a phase-contrast, inverted microscope and TransmissionElectron Microscope (TEM).
Results: The flow cytometry results showed that cells treated with both LSPCE and
LPCC showed increase in early apoptosis beginning at 6 hr after incubation, which
was confirmed by caspase 3 measurement. MTT assay showed that both LSPCE and
LPCC could decrease viability of cells. Cells treated with LSPCE and LPCC showed
some rounded cells, which was an early sign of cell death. Cells treated with SD
showed extensive membrane damage with necrosis features using TEM.
Conclusion: The results above demonstrated that LSPCE induced apoptosis of ASCs
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Introduction
Although liposuction is highly efficient for correcting unwanted localized fat deposits, injection of lipolysis has advantages of minimal downtime, less invasiveness, and nonsurgical therapies. During the past
decades, lipolysis injections using Phosphatidylcholine
(PC), Sodium Deoxycholate (SD), or combination of
both have been frequently used in certain countries
such as United States, South America, and Europe 1-3.
Phosphatidylcholine from various sources has been
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used as an active agent in the formulation of SD containing lipolysis injection of solutions intended to reduce subcutaneous fat 4,5, which is associated with inflammatory reaction due to the SD content 6.
PC-SD has not been approved by Food and Drug
Administration (FDA) but used as a lipolysis procedure
due to lack of clear mechanism that is responsible for
fat loss and safety concern. SD was confirmed to
induce cell death and USFDA-approved with the name
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Kythera® as a treatment only for adults with moderateto-severe fat below the chin, but it was still considered
off-label 7 because of SD side effects such as pain, redness and inflammation of the skin 8. SD as a detergent
emulsifier causes cell and tissue necrosis and inflammation 6,9.
The effect of PC on fat cells has been studied, but
its mechanism needs to be further investigated. Klein et
al reported that Bovine Serum Albumin (BSA) solubilized PC has less effect on fat cell viability 10. A
recent study confirmed the role of PC that could induce
apoptosis in adipocyte cell culture 11, so PC alone
might be developed into a safer lipolytic agent that
causes less necrosis, and thus less inflammation and
side effects. PC is not soluble in water, so it is a main
obstacle to investigate PC’s efficacy. Adding SD or
BSA may interfere with PC’s effect as reported in
another study.
Recently, Purwoko et al have successfully prepared
liposome that was made from Soybean PC (SPC)
extract, which made the PC soluble without addition of
other substances 12. This SPC extract liposome was
reported in an animal study and was shown to be
effective to reduce mice fat cells compared to negative
control, but the mechanism needs to be further investigated. The aim of this study was to analyze the mechanism of Liposomal Soybean PC (LSPC) extract from
Indonesian soybeans (containing 26% PC) to induce
apoptosis of Adipose-derived Stem Cells (ASCs) in
vitro.
Materials and Methods
Ethics approval

Adipose-derived stem cells were obtained from patients who underwent liposuction at érpour MedicalSpa Skin and Mesotherapy Centre, Jakarta after signing
a written informed consent. This study was approved
by the Ethics Committee for Medical Research, Faculty
of Medicine, Universitas Indonesia (No. 255/H2.F1/
ETIK/2013).
Materials

LSPC was extracted from soybean seeds of Argomulyo variety purchased from the Indonesia Research
Institute for Legumes and Tuber Crops (ILETRI), Malang, East Java Province. Purified PC of >99% purity
(L-α-phosphatidylcholine) was purchased from SigmaAldrich, USA. Solutions of PC and SD (Dermastabilon® injection) and 2% SD (Deoxylise®) were imported from Aesthetic Dermal, Girona, Spain.
Liposome preparation

Extraction and fractionation of soybean PC was
done in the Agro Industrial Technology Development
Biomedical Laboratory, South Tangerang, Banten Province, Indonesia. The final product consisted of 26%
SPC by High Performance Liquid Chromatography
(HPLC) 12. Liposome preparation was done in the Laboratory of Medical Pharmacy, Faculty of Medicine,
Universitas Indonesia, Jakarta using thin film hydration

(hand-shaking) method followed by a stepwise extrusion process through polycarbonate filters with 100 nm
probes in a LiposoFast syringe. The characteristics
showed that median diameter of liposomes from SPC
extract (LSPCE) was 48.9 nm (10th-90th percentiles,
41.0-71.3 nm) with polydispersity index of 0.35. They
were anionic liposomes with a mean zeta potential of 17.25 mV. Liposomes from purified PC (LPPC) were
larger with a median diameter of 68.3 nm (10th-90th
percentiles, 55.7-96.8 nm), with a polydispersity index
of 0.16. The liposomes were cationic with a mean zeta
potential of 58.23 mV. The presence and morphology
of small unilamellar liposomes were further confirmed
by transmission electron 12.
Isolation, culture, and characterization of ASCs

ASCs were harvested from liposuction aspirate. Isolation and culture of the ASCs were done according to
a recently published protocol 13. In brief, lipoaspirate
was filtered using a fine-mesh, stainless-steel tea filter
and was extensively washed in Phosphate-Buffered
Saline (PBS pH=7.4) until it became clear and clean.
Enzymatic breakdown was induced by adding 0.075%
collagenase type I (Sigma, St. Louis, Missouri, USA).
The tubes were incubated at 37oC for one hour and
were agitated every 5 min. The floating yellowish lipid
and remnants were discarded and the infranatant was
transferred into a sterile 15 ml centrifuge tube and centrifuged at 1200 rpm for 10 min. Cells were resuspended in low-glucose Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with L-glutamine, 10% Plasma-Rich Platelets (PRP), 1% amphotericin B, 1% penicillin, 1% streptomycin, and 1%
heparin at 37oC in a humidified atmosphere containing
5% CO2. Cells were seeded in 12-well plates at a density of 105 cells/well. Cells were observed and the culture medium was refreshed every 2-3 days. Once the
cells had grown to 80% confluence, adherent cells
were dissociated (TripLETM Select Enzyme, ThermoFisher Scientific, USA) and passaged. Cells from the
third to fifth passage were collected and used for further tests.
Characterization of ASCs was done using flow
cytometry (BD StemflowTM hMSC Analysis Kit, BD
Sciences, USA). Cells from passage 5 were harvested,
and washed with PBS and centrifuged at 1200 rpm for
10 min before analysis. The kit components included a
series of cocktail antibodies, which are positive (CD73,
CD90, CD105), and negative markers (CD34, CD45,
CD11b or CD14, CD10 or CD79α, and HLA-DR) for
Mesenchymal Stem Cells (MSCs). Based on International Society for Cellular Therapy (ISCT), MSC
should express CD105, CD73 and CD90 (≥95%) and
lack the expression of CD45, CD34, CD14 or CD11b,
CD79α, and HLA-DR surface molecules (≤2%) 14.
Flow cytometric (FCM) analysis of apoptosis

Cells of the third passage were seeded in a 12-well
plate at a density of 150,000 cells per well. On the next
day, the culture medium was replaced with media con-
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taining tested drugs: 1) liposomal SPC extract 1000
ppm; 2) liposomal purified PC 1000 ppm; 3) solution
of PC+SD (Dermastabilon®) 1000 ppm; and 4) solution of SD 400 ppm. Cells were re-incubated for 2, 4,
6, and 8 hr at 37°C and 5% CO2.
After incubation, the culture media from each well
was aspirated and collected in a conical tube of 15 ml
which was properly labeled. Cells adherent to the base
of well were dissociated using TripLE™ Select for 5 to
15 min. The detached cells were then aspirated and
collected together into the same conical tube. Cell suspension was centrifuged at 1200 rpm for 10 min. The
pellet was washed with PBS and centrifuged at 1200
rpm for 10 min. Then, it was re-suspended in 1 ml of
Binding Buffer Solution (BBS) available in the kit
(Annexin V-FITC Kit, MACS Miltenyi Biotec, USA)
and was transferred to a 5 ml, round-bottom polystyrene tube for FCM analysis. Afterwards, Annexin V
was added to the tubes. Samples were incubated for 15
min in the dark room. Finally, PI was added to the
samples and they were incubated for at least 5 min before further analysis using a flow cytometer (FACS
Callibur, Becton Dickinson, San Jose, CA, USA). The
negative control was cells without treatment. The minimum number of event was 10,000. However, several
cells did not reach this minimal requirement because
many of the cells were already dead or discarded with
the supernatant following the treatments. Positive Annexin V staining indicated early apoptosis, and positive
PI staining indicated binding to DNA which occurred
when cell membranes disintegrated.
Microscopic evaluation

Cells with 70% confluence were incubated in culture media containing LSPCE, LPCC, commercial solution (PC+SD), and SD only. Cells without treatment
served as negative control. Cells morphology was observed using phase-contrast, inverted microscopy.
Transmission-Electron Microscopy (TEM) (JEOL 101,
80.0 KV, Tokyo, Japan) was done at Eijkman Institute,
Jakarta. Samples were stained with uranyl acetate and
triple lead at magnification of 3000x and 4000x.
Measurement of caspase-3 activity

Caspase-3 activity was measured using enzymelinked immunosorbent assay (ELISA Kit for Caspase3, Cloud Clone, USA). The number of repeated tests in
each group was doubled. The microtiter plate provided
in this kit was pre-coated with an antibody specific to
Caspase 3. Cells from passage-4 were seeded on a 24well plates at a density of 50,000 cells per well. Cells
were then incubated in media containing test materials
(liposomal SPC extract, liposomal purified PC, Dermastabilon®, and SD) at increasing concentrations (0,
500, 1000, 2000 ppm) for 24 hr. Afterwards, the cells
were detached from the well and sonified 4 times for
10 s, and then centrifuged to obtain the cell lysate (cytoplasmic fluid) clear from debris. The supernatant and
cell lysate were put into a 96-well plate coated with a
specific antibody to caspace-3 and mixed with caspase128
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3 standard solution (0-10 ng/ml) for 2 hr. Cells were
then washed with ultrapure water to eliminate antibody
excess. In each well, 100 μl human active caspase-3
conjugate was added and was left for 1 hr. Cells were
washed again to remove conjugate excess. A chromogenic substrate [3,3’,5,5’-tetramethylbenzidine (TMB)]
was added for 30 min. Positive enzyme-substrate reaction produced blue color. Then the reaction was terminated by adding 100 μl of stopper solution containing
sulphuric acid in each well. The color change was
measured using a spectrophotometer at a wavelength of
450 nm. The concentration of Caspase 3 (CASP3) in
the samples was then determined by comparing the
Optical Density (OD) of the samples to the standard
curve.
MTT Assay

ASCs viability was measured using MTT assay
(MTT Assay Kit, Life Technologies, USA) after treatment with test liposomes. The number of repeated tests
for each group was tripled. The second-passage ASCs
(at 2104 cells or 5000 cells/well) were seeded in a 96well plate and incubated with DMEM and 10% PRP
overnight at 37°C and 5% CO2. The next day, the medium was replaced by culture medium containing test
liposomes (LSPCE and LPPC at increasing concentration: 0, 500, 1000, and 2000 ppm) for 24 hr. After incubation, the medium was aspirated and the cells were
washed with PBS pH=7.4. Then, 100 μl of MTT reagent (0.5 mg/ml) was added to each well and incubated
for 4 hr at room temperature in the dark. The absorbance was read at 570 nm using a plate reader (BioRad Laboratories, California, USA).
Statistical analysis

LPPC and LSPCE characterization was presented
descriptively. MTT assay and Caspase- 3 ELISA were
analyzed by independent t T test using SPSS for Windows Faculty of Medicine Indonesia University integrated version.
Results
ASCs isolation, culture, and characterization

Isolations of the ASCs were achieved from six
lipoaspirate donors. The cultured ASCs had fibroblastlike morphology and were adherent to the plastic culture ware from the second day. The cells underwent
proliferation and were confluent between days 7 and 12
(Figure 1). In flow cytometric analysis, the ASCs
showed phenotypes of MSCs as follows: CD73+ 99.2%;
CD90+ 99.8%; and CD105+ 90.4% (see Supplement
Materials). Only 1.8% of the cells expressed hematopoietic cell surface markers. Multipotency assessment
of the ASCs showed that these cells were capable of
differentiation into chondrocyte, osteocyte and adipocytes.
Apoptosis induced by LSPCE, LPCC, commercial PC+SD
and SD

Flow cytometric analysis of early apoptosis and
morphologies of ASCs treated with Liposomal Soy

Avicenna Journal of Medical Biotechnology, Vol. 10, No. 3, July-September 2018

Purwoko RY, et al

Figure 1. Morphology of the primary culture of adipose-derived stem
cells observed by inverted microscope (magnificent 100x). P0 Day 2:
ASCs were fibroblast cell like and attached in well; P0 Day 5: ASCs
had been proliferated; P0 Day 12: ASCs had proliferated and confluent.

Phosphatidylcholine Extract (LSPCE), Liposomal Purified PC (LPPC), commercial solution PC+SD 1000
ppm, and SD 400 ppm can be seen in figure 2.
Flow cytometric analysis showed that the mean
early apoptotic rate of negative control (cells without
treatment) was 1.7%. Cells treated with LSPCE showed low apoptotic rate (lower than negative control)

after the 4-hr induction. However, when the induction
time was prolonged to 6-8 hr, the rate was slowly
increased (Figure 2A). On the other hand, LPPC induced apoptosis after 6 hr of incubation. Compared
with the LSPCE, the LPPC produced higher rate of
early apoptosis, but then it decreased after 8 hr of
incubation (Figure 2B).
Cells treated with commercial PC+SD showed
15.60% apoptotic rate (higher than negative control)
after the 2-hour induction. It was slightly down as the
induction time was prolonged 4-8 hr and the number of
cells was substantially reduced below 10,000 cells
(Figure 2C). In other case, cells were treated with SD
after 30 min until 8 hr induction showed lower apoptotic rate than negative control (Figure 2D). Cells decreased with longer time induction.
Morphological features of adipose-derived stem
cells after apoptosis induction by LSPCE, LPCC, commercial PC+SD and SD can be seen in figure 3. Control cells showed morphologies that were consistent

Figure 2. Early apoptosis assayed using Annexin V-FITC/PI by flow cytometry. The bottom of flow cytometry graphs showed percentage of early
apoptosis ASCs. Annexin V-FITC at x-axis and PI at y-axis. Early apoptosis cells observed in right bottom quadrant (Annexin V+/PI -).
A. Early apoptosis observed in ASCs treated with liposomal soybean phosphatidylcholine extract (LSPCE) 1000 ppm.
B. Percentage of early apoptosis observed in ASCs treated with liposomal purified PC (LPPC) 1000 ppm.
C. Percentage of early apoptosis observed in ASCs treated with commercial PC+SD 1000 ppm. After 6 and 8 hr induction number of cells reduced
below 10,000 cells (*: 4890 cells and #: 916 cells).
D. Percentage of apoptosis observed in ASCs treated with SD 400 ppm (equals with SD concentration at commercial solution PC+SD 1000 ppm).
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Figure 3. Morphological features of adipose-derived stem cells
(ASCs) after 4 hr induction using phase-contrast, inverted microscope (magnificent 400 x).
A) Control cells (without treatment) showing spindle-shape, fibroblast-like morphology;
B) Cells treated with liposomal SPC extract 1000 ppm showing
rounded cells, an early feature of apoptosis;
C) Cells treated with liposomal purified PC 1000 ppm also showing
rounded cells;
D) Cells treated with PC+SD solution (DermastabilonTM) showing
some rounded cells, retracted cells, and cells with disrupted membrane
E) Cells treated with SD only showing a damaged cell.

Figure 4. Transmission-electron microscopy of adipose-derived stem
cells after induction of apoptosis.
A) cells treated with liposomal SPC extract showing early sign of
apoptosis with nucleus nearly fragmented
B) cells treated with sodium deoxycholate showing extensive membrane damage with vesicular nucleus and disperse chromatin
C) control cells without treatment showing intact membrane, normal
nucleus and nucleolus.

with MSCs, i.e. spindle-shape similar to fibroblast
(Figure 3A). Cells treated with LSPCE and LPPC
showed some rounded cells, which was an early sign of
cell death. Cells treated with PC+SD solution showed
rounded cells, retracted cells, and disrupted membranes. On the other hand, cells treated with SD were
damaged (Figure 3E). Further confirmation using TEM
showed that cells treated with LSPCE showed early
signs of apoptosis, i.e. nearly fragmented nucleus. As
comparison, cells treated with SD showed extensive
membrane damage consistent with necrosis features
(Figure 4).
Caspase-3 was measured to confirm the apoptotic
mode of cell death. Relative concentration of caspase-3
was increasing as the concentration of tested formulations increased. Both liposomes from SPC extract and
purified PC showed considerable caspase-3 activation
at 1000 ppm. Highest peak was observed in cells
treated with PC+SD solution (Dermastabilon®) 1000
ppm. No viable cells were detected after treatment with
500 and 1000 ppm SD. Statistical analysis showed that
cells treated with 1000 ppm PC+SD differed significantly with negative control group (p=0.007) (Figure
5).
MTT assay showed that both liposomes of SPC extract and purified PC decreased the viability of ASCs.
The effect was increasing with increasing the dose of
liposomes (Figure 6). The half maximal effective concentration (EC50) was calculated based on the graph.
The effect was stronger with liposomes of SPC extract
(EC50 =500.79 ppm) than the liposomes of purified PC
(EC50 =755.26 ppm). Statistical analysis showed that
750 ppm, 1000 ppm and 1500 ppm of LSPCE group
differed significantly with LPPC group with the same
concentration (p<0.05, independent t test).
Discussion
Apoptosis can be detected by many tests 15. Some of

Figure 5. Concentration of caspace-3 per 1000 cells after 24 hr induction of apoptosis with various treatments. Cells stained by Trypan Blue. The
number of repeated test in each group was double. PC+SD at 1000 ppm concentration significantly increase apoptosis than LPPC at 1000 ppm
(p<0.05), statistical analysis using independent T test. (LSPCE, liposomal soybean phosphatidylcholine extract; LPPC, liposomal purified
phosphatidylcholine; PC+SD, phosphatidylcholine and sodium deoxycholate (Dermastabilon®); SD, sodium deoxycholate).
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Supplement materials: Expression of mesenchymal cell surface markers. Left: cells with positive CD90; Right: cells with positive CD73
and CD105.

Figure 6. Correlation between viability of ASCs and concentration
of the test liposomes. The number of repeated test in each group was
triple. Statistical analysis using independent t test. (Red line showed
LSPCE: liposomal SPC extract and blue line showed LPPC: liposomal purified PC).

the tests did not measure cell death only, but at the
same time measured common physiological (nonlethal) processes 16. Consequently, more than one
method of apoptosis analysis and right timing to apoptosis test were needed. In this study, flow cytometry,
ELISA, and microscopic analysis were used to detect
apoptosis. Flow cytometry is one of the best techniques
to detect cell death due to the possibility to use several
markers and to obtain a quantitative result 17. Generally, apoptosis detection timing in cell culture (5-10 hr)
is faster than in normal tissue (11-14 days). Timing
choices to conduct an apoptosis analysis in culture
depend on the type of cell, stimulant, concentration and
time of induction 18.
Cells treated with LSPCE showed lower early apoptotic rate compared to negative control after 4-hr induction, thus showed normal variation. However, when
the induction time was prolonged to 6 and 8 hr, the rate
was slowly increased, which suggests that treatment
with LSPCE caused late onset of early apoptosis.
Further, LPPC could induce apoptosis after 6 hr of
incubation, and produced higher rate of early apoptosis
compared to the LSPCE, but then apoptosis decreased
after 8 hr of incubation (Figure 2). This fact suggested
that LPPC induced much higher early apoptosis, which
occurred late but massive and brief in this period of
time. Apoptotic rates beyond 8 hr were not measured.
Therefore, cells treated with LSPCE or LPPC showed
increase in early apoptosis beginning at 6 hr after incubation. However, LPPC produced higher rate of
early apoptosis compared to LSPCE. Cells treated with
the commercial solution of PC+SD induced apoptosis
in the first few hours, and at the same time a massive
non-apoptotic cell death (probably necrosis) occurred
that proved the toxicity of this formulation on the
ASCs. Further, the remaining cells after two hours of
incubation were far from enough to be analyzed properly. Cells treated with SD only showed apoptotic rate

lower than negative control and it suggested that SD
did not induce apoptosis.
LSPCE showed higher caspase-3 concentration than
LPPC, suggesting that apoptosis occurs at higher rate
in cells treated with LSPCE. However, FCM analyses
showed that apoptosis was lower in cells treated with
LSPCE. This discrepancy might be due to the fact that
FCM analysis was stopped after 8 hr, while caspase-3
measurement was done on other cultures that were
incubated overnight. It seems that apoptosis of cells
treated with LSPCE continues after 8 hr. On the other
hand, LPPC had a shorter effect and probably produced
less apoptotic cells. Therefore, in this study, it was
shown that liposomal formulation of soybean PC can
induce apoptosis in ASCs culture.
A recent study in 3T3-L1 cells proved that PC was
able to induce pre-adipose and adipose cell apoptosis.
Li et al also found that PC in the form of liposome
(LPCC) without SD induced apoptosis of MSCs 11.
This fact will be used as an appropriate strategy to
prevent or inhibit the occurrence of obesity.
Our study showed that LSPCE induced ASCs apoptosis at morphological obeservation with an inverted
microscope and flow cytometry analysis. Compared to
PC+SD or SD only, cells treated with LSPCE or LPPC
showed lower rate of apoptosis. This fact means that
SD is the most potent agent to induce cell death. SD
content in the preparation of PC was suspected as the
main active ingredient for cell death through necrosis
6
. El Kamshoushy et al reported that injection of SD as
much as 2% or 20 mg/ml not only caused fat cell
necrosis, but also resulted in necrobiosis of the lower
dermis tissue adjacent to the subcutaneous fat tissue 19.
Although both LSPCE and LPPC showed lower rate
of apoptosis, they are expected to be more safe. Our
study showed that LSPCE was more effective in induced apoptosis than LPPC because LPPC induced
much higher apoptosis, but this effect occurred late and
brief in the period of time. Concentration of caspase-3
was higher in cells that were treated with LSPCE than
LPPC at 1000 ppm. However, analysis by flow cytometry-Annexin V assay showed that reaction to LSPCE was slower than LPPC, but the cumulative effect
for 24 hr was higher than LPPC.
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Our study showed that at a concentration of 1000
ppm, PC+SD worked faster and stronger than preparation of liposomes (LSPCE or LPPC). This fact
might be due to the nature of PC+SD that was soluble
in water and contained more PC than LSPCE. PC+SD
has a possibility to work directly through Fas receptor
(FasR) on cell membrane, which might be activated.
Activation of the receptor can induce intracellular
transduction signal to apoptosis. SD works by making
holes in cell membrane and increases the permeability
of mitochondrial membrane 20. Therefore, PC+SD can
induce intrinsic apoptosis pathway. On the contratry,
LPPC or LSPCE took longer time to internalize and
trigger apoptosis.
Effectiveness of particles to induce cell death was
affected by many factors, such as composition, surface
charge, particle shape and size. Soya isoflavones composition in LSPCE that induced cell apoptosis had been
reported by many studies and one of those studies was
on adipose cell line model using 3T3-L1 cells 21,22.
LSPCE has a smaller size rather than LPPC. Smaller
particle size can induce cell death more effectively.
Many studies on positive correlation between smaller
particle size and apoptosis induction efficacy were
done, such as 5 nm titanium dioxide particle (TiO2) that
was shown to be more effective to induce apoptosis in
mice proteoblast than 32 nm TiO2 23. Therefore, the
smaller size and existence of a synergistic effect between PC and isoflavones on LSPCE might induce cell
death more effectively than LPPC.
Conclusion
In summary, our results indicated that Indonesian
soybean is a potential source for therapeutic agent.
From Indonesian soybean, chemically well characterized purified Indonesian soybean extract that contains
PC (PSE-PC) with sufficient level of Soybean Phosphatidylcholine (SPC) can be produced and later can be
prepared as physically stable LSPCE. LSPCE can induce ASCs death through apoptotic pathway with higher therapeutic potency than PC+SD. LSPCE induced
less cell necrosis than PC+SD and SD.
Acknowledgement
This work was supported by grants from DRPM
Universitas Indonesia. Authors thank Dr. Levina S.
Pakasi for the English preparation of this manuscript.
References
1. Karl GH. Efficacy of injections of phosphatidylcholine
into fat deposits a non-surgical alternative to liposuction
in body-contouring. Indian J Plast Surg 2005;38(2):119122.
2. Noh Y, Heo CY. The effect of phosphatidylcholine and
deoxycholate compound injections to the localized adipose tissue: an experimental study with a murine model.
Arch Plast Surg 2012;39(5):452-456.

132
13

3. Thomas M, D'Silva JA, Borole AJ. Injection lipolysis
with a cocktail of phosphatidylcholine and deoxycholate:
an Indian experience. Plast Reconstr Surg Glob Open
2016;4(9):e861.
4. Hexsel DM, Serra M, de Oliveira Dal’Forno T, Zechmeister do Prado D. Cosmetic uses of injectable phosphatidylcholine on the face. Otolaryngol Clin North Am
2005;38(5):1119-1129.
5. Palmer M, Curran J, Bowler P. Clinical experience and
safety using phosphatodylcholine injections for the localized reduction of subcutaneous fat: a multicentre, retrospective UK study. J Cosmet Dermatol 2006;5(3):218226.
6. Rotunda AM, Suzuki H, Moy RL, Kolodney MS. Detergent effects of sodium deoxycholate are a major feature
of an injectable phosphatidylcholine formulation used for
localized fat dissolution. Dermatol Surg 2004;30(7):
1001-1008.
7. Rzany B, Griffiths T, Walker P, Lippert S, McDiarmid J,
Havlickova B. Reduction of unwanted submental fat with
ATX-101 (deoxycholic acid), an adipocytolytic injectable treatment: results from a phase III, randomized, placebo-controlled study. Br J Dermatol 2014;170(2):445453.
8. Yagima Odo ME, Cucé LC, Odo LM, Natrielli A. Action
of sodium deoxycholate on subcutaneous human tissue:
local and systemic effects. Dermatol Surg 2007;33(2):
178-188; discussion 188-9.
9. Bechara FG, Mannherz HG, Jacob M, Mazur AJ, Sand
M, Altmeyer P, et al. Induction of fat cell necrosis in
human fat tissue after treatment with phosphatidylcholine
and deoxycholate. J Eur Acad Dermatol Venereol 2012;
26(2):180-185.
10. Klein SM, Schreml S, Nerlich M, Prantl L. In vitro studies investigating the effect of subcutaneous phosphatedylcholine injections in the 3t3-l1 adipocyte model: lipolysis or lipid dissolution? Plast Reconstr Surg 2009;
124(2):419-427.
11. Li H, Lee JH, Kim SY, Yun HY, Baek KJ, Kwon NS, et
al. Phosphatidylcholine induces apoptosis of 3T3-L1 adipocytes. J Biomed Sci 2011;18:91.
12. Purwoko RY, Rosliana I, Purwaningsih EH, Chaidir,
Freisleben HJ, Pawitan A. Liposome formulation of purified soybean phosphatidylcholine extract from argomulyo variety soy to replace the toxicity of injectable
phosphatidylcholine solution containing sodium deoxycholate. Int J Pharm Tech Res 2016;9(2):166-175.
13. Pawitan JA, Liem IK, Suryani D, Busami A, Purwoko
RY. Simple lipoaspirate washing using a coffee filter.
Asian Biomed 2013;7(3):333-338.
14. Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach
I, Marini F, Krause D, et al. Minimal criteria for defining
multipotent mesenchymal stromal cells: The international
society for cellular therapy position statement. Cytotherapy 2006;8(4):315-317.
15. Kepp O, Galluzzi L, Lipinski M, Yuan J, Kroemer G.
Cell death assays for drug discovery. Nat Rev Drug
Discov 2011;10(3):221-237.
16. Galluzzi L, Joza N, Tasdemir E, Maiuri MC, Hengartner

Avicenna Journal of Medical Biotechnology, Vol. 10, No. 3, July-September 2018

Purwoko RY, et al
M, Abrams JM, et al. No death without life: vital functions of apoptotic effectors. Cell Death Differ 2008;15
(7):1113-1123.
17. Galluzzi L, Aaronson SA, Abrams J, Alnemri ES, Andrews DW, Baehrecke EH, et al. Guidelines for the use
and interpretation of assays for monitoring cell death in
higher eukaryotes. Cell Death Differ 2009;16(8):10931107.
18. Sundquist T, Moravec R, Niles A, O’Brien M, Riss T.
Timing your apoptosis assays. Cell Notes 2016;16:18-21.
19. El Kamshouhsy A, Abel Maksoud R, El Mahdy N. Evaluation of the efficacy of injection lipolysis using phosphatidylcholine/deoxycholate versus deoxycholate alone
in treatment of localized fat deposits. J Clin Exp Dermatol 2012;3(2):1-9.
20. Zhang W, He H, Feng Y, Da S. Separation and
purification of phosphatidylcholine and phosphatidyl-

ethanolamine from soybean degummed oil residues by
using solvent extraction and column chromatography. J
Chromatogr B Analyt Technol Biomed Life Sci 2003;
798(2):323-331.
21. Slee EA, Adrain C, Martin SJ. Executioner caspase-3, -6,
and -7 perform distinct, non-redundant roles during the
demolition phase of apoptosis. J Biol Chem 2001;276
(10):7320-7326.
22. Yang JY, Della-Fera MA, Rayalam S, Ambati S, Baile
CA. Enhanced pro-apoptotic and anti-adipogenic effects
of genistein plus guggulsterone in 3T3-L1 adipocytes.
Biofactors 2007;30(3):159-169.
23. Zhang Y, Yu W, Jiang X, Lv K, Sun S, Zhang F. Analysis of the cytotoxicity of differentially sized titanium
dioxide nanoparticles in murine MC3T3-E1 preosteoblasts. J Mater Sci Mater Med 2011;22(8):1933-1945.

Avicenna Journal of Medical Biotechnology, Vol. 10, No. 3, July-September 2018

133

