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A new biosurfactant producer was isolated from palm-oil-
contaminated soil and later identified through morphology
and DNA sequencing as the yeast-like fungus Exophiala
dermatitidis. Biosurfactant production was catalyzed by
vegetable oil, supplemented with a basal medium. The
culture conditions that provided the biosurfactant with
the highest surface activity were found to be 5% palm oil
with 0.08% NH,NO,;, at a pH of 5.3, with shaking at
200 rpm, and a temperature of 30°C for a 14-day period of
incubation. The biosurfactant was purified, in accordance
with surfactant properties, by solvent fractionation using
silica gel column chromatography. The chemical structure
of the strongest surface-active compound was elucidated
through the use of NMR and mass spectroscopy, and
noted to be monoolein, which then went on to demonstrate
antiproliferative activity against cervical cancer (HeLa)
and leukemia (U937) cell lines in a dose-dependent
manner. Interestingly, no cytotoxicity was observed with
normal cells even when high concentrations were used.
Cell and DNA morphological changes, in both cancer cell
lines, were observed to be cell shrinkage, membrane
blebbling, and DNA fragmentation.

Keywords: Monoolein, monoglyceride, biosurfactant, anticancer,
microbial product, Exophiala

Biosurfactants are surface-active agents produced by the
biological processes of microorganisms as membrane
components or excretions [17]. The properties of biosurfactants,
as amphipathic molecules, make them good mediators
in emulsification processes in various applications. Oil-
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contaminated samples are favorable sites for the screening
of biosurfactant producers. Oil enhances the biosurfactant
synthesis of these microorganisms, which assimilate the oil
into small droplets and then digest these oil droplets for
their energy [5]. As biosurfactants are produced through
biological processes, their medical use is advantageous
owing to their structural diversity, biodegradability,
reduced toxicity [6], low irritancy, and compatibility with
human skin [16]. They have also been used for many other
purposes such as food additives (emulsifiers) in the food
industry, herbicides and pesticides in the agricultural
industry, and even for bioremediation, cosmetics, and
pharmaceuticals [17]. In their pharmaceutical applications,
there have been reports claiming that biosurfactants exhibit
biological activities in the form of antibiotic, antiviral, and
antifungal effects [2].

Cancer is a notorious disease that poses many
complications in treatment owing to issues of drug efficacy
and harmful side effects for normal cells. A major
challenge in the discovery of a drug with the potential to
cure cancer is to find an efficient drug with a minimal
toxicity to normal cells. This research describes the isolation
of a microorganism that produces a biosurfactant from oil-
contaminated soil, collected from palm oil factory waste,
and the optimization of culture conditions in order to
improve production yield. The biosurfactant was then
purified, its structure investigated and elucidated, and its
potential anticancer activity explored.

MATERIALS AND METHODS

Isolation and Identification of Biosurfactant Producer
The microorganisms were isolated from oil-contaminated soils
collected from oil mill wastes using basal medium agar plates
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containing NH,NO; (3 g/l), KH,PO, (0.2 g/), MgSO, (0.2 g/l), yeast
extract (0.5 g/1), and 0.1% (v/v) Tween 20 supplemented with 1% (v/
v) palm oil. The isolated microorganisms were tested for surfactant
activity and emulsion activity. The strain that yielded the highest
biosurfactant and emulsion activities was selected, grown on YM
agar plates, and identified by macro- and microscopic morphology.
The D1/D2 region of the 28S rRNA was amplified, sequenced, and
analyzed by Gapped BLAST and PSI-BLAST [1]. The genetic
analysis was performed at the Mahidol University—Osaka University
Collaborative Research Center for Bioscience and Biotechnology
(MU-OU: CRC), Thailand.

Surfactant Activity and Emulsion Activity Assays

The culture broth supernatants were screened for biosurfactant
production capability by drop-collapse test [4]. The emulsification
activity was determined by the modified method of Patel and Desai
[15]. Assays were carried out in triplicate. In brief, 1 ml of kerosene
was added to 1 ml of cell-free supernatant broth and mixed (Vortex
genie2, USA.) at a high speed for 2 min. The height of the interface
emulsion layer and the total height were measured at 24 h and 48 h,
and calculations for emulsifying activity and stability were performed
using the following formula:

Emulsion activity/stability (%)=height of emulsion layer/total
heightx100

Optimization of Culture Conditions

The basal medium (BM) used in this study consisted of 0.3%
NH,NO;, 0.02% KH,PO,, 0.02% MgS0,.7H,0, and 0.05% yeast
extract, at a pH of 5.3. To study the effect of carbon sources, glucose
or various types of oil was supplemented into the basal medium at
4%. The types of carbon sources giving the highest surfactant
activity were selected and studied for optimum concentrations, in a
band ranging from 3-8%. The minimum concentration of carbon
source that gave the highest biosurfactant production was then
chosen for further study on the optimization of nitrogen sources.
First, 0.4 ml of the spore stock was added to 20 ml of the tested
medium prepared in a 100-ml flask, and then shaken at 200 rpm at
30°C (Thermo Fisher Scientific Inc., USA.). The culture broth was
taken daily in order to determine the surfactant activity. Cell growth
was measured by the optical density of the culture broth at 600 nm
with a UV-Visible spectrophotometer (Shimadzu UV-160A, Japan).
Cultivation and the activity assays were performed in three
independent experiments, and the data were calculated from
triplicate determinations of surfactant activity. Statistically significant
differences of tested media and culture conditions were evaluated by
one way ANOVA (P<0.05) using SPSS 10 software.

Extraction and Purification of Biosurfactant

SK80 was cultivated in a 6l-basal salt medium with optimum
culture conditions at 30°C for 14 days. The resulting broth was
extracted by ethyl acetate and evaporated. The residue was dissolved
with methanol and washed twice with hexane so as to obtain the
crude extract. The crude extract was then purified by silica gel
chromatography using sequential elution with hexane, choloroform,
ethyl acetate, and methanol. All fractions were collected, dried, and
tested for their surfactant activities. The fraction that exhibited the
highest surfactant activity was then repeatedly purified until the pure
compound was obtained.

Analytical Methods

The crude extract and purified products were analyzed by thin-layer
chromatography (TLC) and visualized by p-anisaldehyde spray. The
chemical structure of the purified compound was determined by 'H
NMR, “C NMR, HSQC, and COSY (BRUKER spectrometer Avance
300) in deuterated chloroform (CDCl;) and through an atmospheric
pressure chemical ionization mass spectrometer (APCI MS).

Cell Lines and Culture Conditions

The cervical cancer (HeLa), liver cancer (HepG2), breast cancer
(MCF-7), monocytic leukemia (U937), and African green monkey
kidney (Vero) cell lines originated from the American Type Culture
Collection (ATCC). The medium used for the HepG2, MCF-7, and
HeLa cell lines was Dulbecco’s modified Eagle’s medium (DMEM;
GIBCO, USA), for U937 cells was RPMI1640, and for Vero cells
was M199. All cells were supplemented with 10% fetal bovine serum
and 100 U/ml of penicillin—streptomycin and incubated at 37°C with
5% CO,. Whole blood was taken from 3 healthy individual subjects
and peripheral blood mononuclear cells (PBMC) were separated
using a Ficoll Plague Premium reagent kit (GE Healthcare Bio-
Sciences AB, Sweden) and maintained in an RPMI medium.

Cytotoxicity Assay

Aliguots (90 ul) containing 1.0x10" cells of cell line suspensions
(MCEF-7, HepG2, Hela, U937, Vero cells) were seeded into the
wells of 96-well plates. After 24 h of incubation, 10 ul of crude
extracts dissolved in 0.01% ethanol was added to the final
concentrations of 500 or 1,000 pug/ml, and incubated for a further
48 h. The cytotoxicity test was conducted through the use of an
MTT [3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide]
assay [8], which detected the formazan dye at 595 nm using a
microplate spectrophotometer (Multiskan, Finland). Each treatment
of SK80 crude extract and pure biosurfactant was assayed in
triplicate. As a vehicle control, 0.01% ethanol was used as the
negative control. Statistical analysis between treatment and control
was determined using the paired two-tailed Student’s #-test. P-values
of <0.05 were considered to be significantly different from the control
group. The cytotoxicity of the crude extract was expressed as a
value of IC,, (where concentrations exhibited 50% cytotoxicity).
The significant differences in ICs, of crude extracts, against the same
cell lines, were compared using the one-way ANOVA, PostHoc test.

Morphology of Cell Death Observations

Concentrations levels that caused 70% cell death were used; 70 pg/
ml of SK80 crude extract with HelLa, and 40 pg/ml of pure
biosurfactant or 60 pg/ml of monoolein with U937. For normal cells
(Vero and PBMC), 1,000 pg/ml of monoolein was used. The cells,
treated with or without microbial crude extracts or monoolein, were
incubated at 37°C for 48 h, washed 3 times with PBS, and then
observed under a phase-contrast inverted microscope (Nikon, Japan).
For DNA staining experiments, 50 ul of 100 pg/ml Hoechst 33342
was added after washing, incubated at 37°C for 10 min, and examined
under a fluorescence inverted microscope at an emission wavelength
of 461 nm (Olympus, Japan).

DNA Ladder Assay
Cancer cells, at 3x10°cells, were treated with SK80 extract or
monoolein, at concentrations found to have induced 70% cytotoxicity,



and incubated at 37°C with 5% CO, for 24 h. At the end of this
incubation period, the chromosomal DNA of cancer cells was
prepared with an Apoptotic DNA Ladder kit (Roche, Cat. No.
1835246001). Cells were harvested and lysed with a lysis buffer for
10 min. Then the samples were mixed with isopropanol before
being passed through a filter and washed. The DNA was then eluted
from the filter and treated with RNAse at 37°C for 30 min before
loading onto a 2% agarose gel for electrophoresis, run at 50 V/ecm
for 3 h. The normal cells were also examined in parallel.

RESULTS AND DISCUSSION

Isolation and Identification of Biosurfactant Producer
Strain

Amongst the 102 isolates, the biosurfactant-producing
microorganism, strain SK80, isolated from soil collected
from palm oil factory waste in the Songkhla province of
Thailand, exhibited the highest surfactant and emulsification
activity. At initial growth on YM agar, the SK80 strain
appeared as a brownish-black, yeast-like colony, and after
day 5, it became an olivaceous grey, suede-mold-like
colony. Correspondingly, the microscopic study of SK80,
at initial growth, showed a yeast-like cell, unicellular in
structure, and ovoid to elliptical in shape, with a budding
hyaline and thin wall. On days 5-7, it became darkly
pigmented (dematiaceous) and thick-walled. At the mold
stage, flask-shaped to cylindrical phialides, without distinctive
collarettes, were produced. Conidia were observed to be
hyaline to pale brown, with a round to ovoidal cell (data
not shown).

The results of D1/D2 sequencing, and of 28S rRNA
similarity searches, alongside the morphological study,
suggested that SK80 is Exophiala dermatitidis. This is a
dematiaceous yeast-like fungus, which is commonly found
in the environment, in particular in plant debris and soil, in
bothtemperate as well as tropical climates. It is also known
to exist in the man-made environment, such as in human
feces, oil debris, and steam baths [21]. However, this is the
first report of the isolation of the biosurfactant produced
from this strain.

Time Course and Biosurfactant Production

Biosurfactants are a group of structurally diverse molecules
produced by very different kinds of microorganisms.
Several factors affect biosurfactant production. These
factors include carbon sources, nitrogen sources, and more
general environmental growth conditions. The study on
the growth and biosurfactant production of SK80 was
monitored in basal salt media supplemented with a number
of various carbon sources. Surfactant activity was detected
in the vegetable-oil-supplemented groups of soybean oil,
corn oil, and palm oil. Basal culture media without a
carbon source (no oil), as well as those supplemented with
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Fig. 1. Effects of type of (A) carbon source and (B) nitrogen
source used for SK80 cultivation on surfactant activity.

The conditions used for cultivation in A were a basal medium supplemented
with various types of carbon sources, with shaking at 200 rpm at 30°C. In
B, the culture conditions were a basal medium plus 5% palm oil and
varying types of nitrogen source. *Significant differences, P-value <0.05.

glycerol, glucose, or n-hexadecane, were found not to be
able to induce biosurfactant production (Fig. 1). Surfactant
activity values obtained from all days of C-source cultivation
were statistically tested, and palm oil was shown to induce
the highest surfactant activity, giving the most significant
difference at P<0.05. In addition, palm oil is the cheapest
amongst the various vegetable oils used. The optimum
concentration of palm oil was investigated and it was
shown that a culture broth cultivated using a 5% palm oil
concentration exhibited the highest surfactant activity
(data not shown). This culture broth was used for
subsequent investigations. Biosurfactant production from
bacteria and yeast can be naturally synthesized, or induced
by hydrocarbon, glucose, or vegetable oil. In addition,
carbohydrates and vegetable oils are among the most
widely used substances for research on biosurfactant
production for Pseudomonas aeruginosa strains [17, 13,
23]. In this study, the biosurfactant production of Exophiala
dermatitidis SK80 was also specifically induced through
vegetable oil.

NH,CI, HNO;, (NH,),SO,, NH,NO;, and urea were used
in the experiments as nitrogen sources. Urea was found to
be unable to induce biosurfactant production; on the other
side of the scale, NH,NO; was shown to induce the highest
surfactant activity. It was notable that, in all days tested,
there were significant differences between activity when
using other nitrogen sources (Fig. 2B). The optimum
concentration of NH,NO, was 0.08% (data not shown).
The nitrogen source is an important factor for the
production of biosurfactants; nevertheless, a limitation in
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Fig. 2. Time course of cell growth and biosurfactant production
of Exophiala dermatitidis SK80 under optimal culture conditions,
which were a basal medium (0.02% KH,PO,, 0.02% MgSO,-7H,0,
0.05% yeast extract) supplemented with 5% palm oil, 0.08%
NH,NO;, pH 5.3, and shaking at 200 rpm at 30°C.

nitrogen sources can lead to an increase in biosurfactant
production in some cases, such as with Nocardia sp.,
Candida tropicalis [14, 20], and in our study The production
of biosurfactant, and growth of Exophiala dermatitidis
SK80 under optimal conditions, correlated with one
another (Fig. 2). Cell growth increased between days 10
and 14, and decreased on day 15, which matched the
changes in levels of biosurfactant production. The highest
values in both surfactant activity and cell growth were
reached when the cultivation was 14 days old. The
surfactant activity of the culture supernatant obtained from
the optimized culture was 1.2 times higher, with
emulsifying activity and emulsion stability being 2 times
higher, than the culture supernatant obtained under normal
culture conditions (Table 1).

Purification of Biosurfactant Produced by Exophiala
dermatitidis

Exophiala dermatitidis was cultivated in a 61 basal salt
medium under optimal culture conditions (5% palm oil,
0.08% NH,NO,, pH 5.3, and 30°C). The culture broth was
extracted with ethyl acetate and evaporated. The extract
(239.86 g) obtained from the ethyl acetate fraction was

then dissolved in methanol/hexane at a ratio of 1:2, and a
yellowish-brown crude extract was obtained from the
methanol fraction. Approximately 24 g of the collected
crude extract was then purified by silica gel column
chromatography. The pure compound was eluted with
chloroform:ethyl acetate at a ratio of 4:1 (v/v), revealing a
band at an Rf value of 0.34 on TLC [hexane:ethyl acetate,
1/1 (v/v) mixture] (Fig. 4). The yield of purified biosurfactant
(0.2 g) was 0.08% or 0.83% of crude extract when obtained
from ethyl acetate and methanol, respectively. The use of
vegetable oil as a C-source required the additional step
of oil washing, and thus involved a greater loss of the
biosurfactant.

We examined the origin of the biosurfactant by comparing
the crude extract obtained from the basal medium,
supplemented with 5% palm oil, with and without SK80
inoculum, and the purified compound on TLC. There was
observed to be no band at Rf 0.34, which was the position
of that of the purified biosurfactant in the uninoculed
medium extract (data not shown), suggesting that the
bioproduction of biosurfactant was indeed from the
cultivation of the SK80 strain. It is noteworthy that
vegetable palm oil contains less than 0.3% monoglycerides
[9], and that the processes of agitation and crude extraction
also imply the loss of some fatty acids and monoglycerides.

Structure Elucidation of the Pure Biosurfactant

The chemical structure of the purified biosurfactant
(SK80) was characterized by 'H NMR (Fig. 3A), "C NMR
(Fig. 3B), HSQC (Fig. 3C), and COSY (Fig. 3D). NMR
spectra were obtained in CDCl,. The '"H NMR spectrum
exhibited signals for the alkyl chain at 0.9 ppm for the
-CH; group, 1.3-2.4ppm for the -CH, group, and
5.4 ppm for the -CH= group. For the glycerol moiety, the
results were 3.6 ppm for the —-CH, group, 3.9 ppm for the
-CH group, and 4.1 ppm for the -CH, group. The "C
NMR spectrum of SK80 revealed signals at 14.8 ppm for —
CH;, at 25.6, 27.8, 30.0, and 35.0 ppm for -CH,, and at
130.7 for -CH= in the alkyl chain. Signals were noted for
-CH, at 64.0 and 65.8, for the —~CH group at 71.0 of the
glycerol moiety, and at 175.0 for C=0 of the ester. HSQC
and COSY experiments confirmed these attributes. Aside
from the main product, NMR spectra revealed the presence
of a minor product that could not be identified.

Table 1. Surfactant and emulsification index of the culture broth supernatant of SK80 before and after optimization of the culture

condition.

Before optimization®

After optimization®

Medium control (BM+4% soybean oil)

Surfactant activity (mm) 3.62+0.11
Emulsion activity (%, 24 h) 41.38£0
Emulsion stability (%, 48 h) 41.38£0

4.40+0.14 2.90+0.04
81.82+0 0
81.82+0 0

"BM supplemented with 4% soy bean oil, 0.03% NH,NO,, pH 5.3, 200 rpm at 30°C.

*BM supplemented with 5% palm oil, 0.08% NH,NO,, pH 5.3, 200 rpm at 30°C.
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The results establish the SK80 product as an sn-1-
monoolein, with the following proposed formula:

CH,~(CH,)~CH,~CH=CH-CH,~(CH,),~CH,~CH,~
COO-CH,-CH(OH)-CH,-OH

APCI MS experiments showed a molecular positive
ion peak at m/z 357 for this main product. This value
corresponds to a molar mass of 356 g/mol, which is
consistent with the previous formula. In addition, several
peaks in APCI MS were consistent with fragmentation
schemes suggested for monoacylglycerols [10] and confirmed
the presence of a long aliphatic hydrocarbon chain within
the molecule. The m/z values reported for the positive-ion
APCI mass spectrum of 1-monoolein were 357, 340, 339,
313, 283, 266, 265, 247, 135, 121, 109, and 95. The values
found for SK80 were 357, 339, 283, 265, 247, 218, 205,
191, 177, 163, 149, 135, 121, 107, 89, and 75. The
agreement is thought to be satisfactory when considering

that impurities may be responsible for the additional peaks.
Finally, the peaks at 339, 265, and 247 were attributed to
fragmentations involving the glycerol moiety [10].

The commercial palm oils contain mostly triglycerides
and some fatty acids. Microbial lipases have been shown
to catalyze the hydrolysis of triglycerides into diglycerides,
monoglycerides, glycerol, and fatty acids, and under certain
conditions the reverse reaction leads to esterification and
the formation of glycerides from glycerol and fatty acids
[18]. In this study, lipase produced by E. dermatitidis SK80
hydrolyzed trioiein in a palm oil carbon source to produce
monoolein biosurfactant. Monoolein is a monoglyceride
that is found in the composition of human and animal
bodies, such as in the complex lipid mixture of human sebum
[22]. Monoglycerides are nonionic surfactants, allowing
for stable emulsion, which facilitates their widespread use
in a number of different fields, such as the food, cosmetic
and pharmaceutical industries [7]. Interestingly, some



1669  Chiewpattanakul et al.

A 1004

-
[}
1

% cell viability
3

]
(4]
1

0 M 20 30 40 50 60 70 80 S0 100

concentration { p,g;"m])

B 100
—2
= 799 ———:ﬂ
E
8
=
= a0+
@
O
S
254
1]

0 200 400 600 300 1000

concentration { pg/ml )

Fig. 4. Activity of the SK80 crude extract and biosurfactant
against cancer.

A. Dose-dependent antiproliferative effect of SK80 crude extract and pure
biosurfactant against HeLa and U937 cells after 48 h of incubation at 37°C,
5% CO,. B. Dose-response curve of the SK80 crude extract and pure
biosurfactant on normal cells (Vero and PBMC), concentrations varying
from 0-1,000 pg/ml.

monoglycerides exhibit antiviral and antibacterial activities
[3, 12, 24].

Antiproliferative Activity Against Cancer Cell Lines

We investigated the antiproliferative activity of monoolein
produced by E. dermatitidis. The SK80 crude extract and
the pure biosurfactant, monoolein, were tested for cytotoxic
effects against 4 different varieties of cancer cell lines. As
shown in Table 2, the antiproliferative activity was specific

to the cancer cell types, those being HelLa and U937, and
did not affect normal cell growth even when used at high
concentrations. The most prominent antiproliferative effect
was found to be against the cervical cancer (HelLa) and
leukemia (U937) cell lines in a dose-dependent manner
(Fig. 4A). Treatment of normal cells (Vero and PBMC)
with 0.01% ethanol, as a vehicle control, and 1,000 pg/ml
monoolein showed no significant antiproliferative effect
(P=0.05) (Fig. 4B).

For the preliminary characterization of cytotoxicity
induced by monoolein in the cancer cells tested, we first
examined the changes in cell morphology induced by
the treatment under a phase contrast microscope. Cell
abnormalities such as cell rounding up, cell shrinkage,
membrane blebbing, and loss of cell adhesion were
observed in both treated cancer cells (Fig. 5A). Hoechst
33342-DNA binding dye demonstrated nuclear condensation
and fragmentation into apoptotic bodies (Fig. 5B). The
DNA fragmentation that occurred was confirmed by a
DNA ladder assay (Fig. 6). This characteristic is commonly
associated with the apoptotic process, in which the DNA is
cleaved into fragments of 180 nucleosomal units by the
endogenous endonuclease, caspase enzymes. Thus, it was
suggested that the mode of cell death triggered by
monoolein might be the process of apoptosis, which is
recognized as a novel approach for anticancer drugs [11,
19]. By contrast, it was observed that no cell morphological
abnormalities or DNA fragmentation took place in normal
cells treated with monoolein at 1,000 pg/ml (Fig. 5),
suggesting that monoolein has no toxic effects on normal
cells. In light of these fascinating results, it is little wonder
that the biological activity of monoolein, which specifically
induces apoptotic cell death in HeLLa and U937 cells, and
the mechanisms of action of monoolein against these
cancer lines are currently under investigation.

We isolated Exophiala dermatitidis capable of biosurfactant
production. The production was induced by palm oil and
low amounts of NH,NO;. The biosurfactant was purified
by silica gel chromatography. The strongest surfactant-
activity compound was isolated and its chemical structure
elucidated by NMR and mass spectrometry, and found to
be monoolein. Amongst the four cancer cell lines tested,

Table 2. IC,, values of the SK80 crude extract, SK80 pure biosurfactant, and commercial monoolein.

1Cs (ng/ml)
Treatment Vero HepG2 HeLa U937 MCF-7
Medium control 98.16+0.34 99.28+0.76 98.21+0.14 99.23+1.03 97.29+0.67
0.05% ethanol 96.23+1.78 93.43+0.63 89.78+1.65 91.16+0.98 86.13+0.74
SK80 crude 89.11+0.76 81.58+1.65 63.24+0.79 65.23+£1.24 82.16+1.23
SK80 pure 73.78+0.82 81.63+1.32 29.89+1.36 49.85+1.43 71.64+1.67
1-Monoolein 82.83+1.31 75.36+0.34 32.67+1.32 48.32+1.26 69.78+0.76

Medium control and 0.05% ethanol were used as the negative control. The lowest ICy, of the tested samples against cancer cell lines are represented in bold.
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Fig. 5. Cell morphology of cancer cells (HeLa and U937) and normal cells (Vero and PBMC) treated with SK80 monoolein compared
with 0.01% ethanol (vehicle control) observed under a phase contrast microscope (left panel) and a fluorescence inverted microscope

(right panel) at a magnification of 400x.

monoolein showed dose-dependent cytotoxicity, specifically
to the cervical cancer and leukemia cell lines. Displaying
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Fig. 6. Agarose gel electrophoresis of chromosomal DNA of
3x10° cells of cancer and normal cells treated with the SK80
crude extract or monoolein at 37°C in 5% CO, for 24 h.
M=molecular weight marker; lane 1, untreated HeLa cells; lane 2,
untreated U937 cells; lane 3, Vero cells - SK80 extract; lane 4, Vero cells -
monoolein; lane 5, HeLa cells - SK80 extract; lane 6, HeLa - monoolein;
lane 7, U937 cells - SK80 extract; and lane 8, U937 - SK80 crude extract.

apoptosis cell death characteristics, the destruction of cells
and DNA were observed for the SK80 crude extract and
monoolein-treated cancer cells, but not for treated and
untreated normal cells.
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