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This study aimed to investigate cytotoxicity of Pseuderanthemum palatiferum
(P. palatiferum) leave extract against Jurkat cells as compared to that against
normal peripheral blood mononuclear cells (PBMCs). Fourier-transform infrared
(FTIR) microspectroscopy was applied to evaluate biochemical changes in
apoptotic Jurkat cell death. P. palatiferum leaves were extracted with 95%
ethanol solution. Cytotoxicity of the extract on Jurkat cells and PBMCs were
determined by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) assay. The extract exhibited preferential cytotoxicity towards Jurkat
cells but possessed lower toxicity against normal PBMCs when exposed to
the same concentrations of the extract. Interestingly, the extract induced
apoptotic cell death on Jurkat cells in both dose- and time-dependent manners
as evidenced by the distribution of cytochrome C from mitochondria to
cytosol. FTIR microspectroscopy confirmed the apoptosis-inducing activity of
the extract towards Jurkat cells as indicated by the differences in the intensity
of FTIR spectra bands in lipid and nucleic acid regions being responsible for
discrimination of the mode of cell death. These findings may indicate that
FTIR spectroscopy could be of potential use in identifying apoptotic cell
death. Nevertheless, further biochemical assays should be performed to
confirm the changes in FTIR spectra within lipid and nucleic acids regions.
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1. Introduction

The global burden of cancer continues to increase
largely because of the aging people and growth of
the world population along with an increasing
adoption of cancer causing behaviors, particularly
smoking. In Thailand, there were about 170,495 new
diagnosed cancer cases and about 114,199 cancer
deaths in 2018 as reported by GLOBOCAN [1]. Several
chemotherapeutic agents are used for cancer treatment
but there is still the problem of selective toxicity and
severe side effects. Therefore, there is an immediate
need to discover alternative anticancer agents. Many
researchers have focused on identifying therapeutic
effects of natural products that selectively induce
apoptosis and growth arrest in cancer cells without
cytotoxic effects on normal cells [2].

Pseuderanthemum palatiferum (Nees) Radlk. (P.
palatiferum) or Hoan-Ngoc is considered as a new
medicinal plant in folk medicine for both treatment
and prevention of many diseases including cancer.
Several studies have described the beneficial effects
of P. palatiferum such as antioxidants, antidiabetic,
anti-inflammatory, hypotensive, anti-angiogenesis,
and anti-proliferative activities [2-7]. P. palatiferum
leaves have been reported to contain many important
compounds such as flavanoids, apigenin, stigmasterol,
[3-sitosterol, f3-sitosterol-3-0-3-glucoside, and
apigenin-7-0-B-glucoside [8-9]. These compounds
have been reported to have anticancer properties by
inhibiting in vitro proliferation of human breast MCF-7
and MDA-MB-231 adenocarcinoma cells [10-11] and
induce apoptosis in murine fibrosarcoma MCA-102
cells [12]. Our previous study reported that cytotoxicity
of 95% ethanolic extracts of P. palatiferum (EEP) was
mediated through apoptotic mechanism as evidenced
by the nuclear condensation and DNA laddering

fragmentation [13]. Nonetheless, the differential
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susceptibility of Jurkat cells to EEP-induced cytoto-
xicity compared to normal cells has never been
investigated. Therefore, it is necessary to assess the
selective cytotoxic effects of EEP against Jurkat cells
compared with normal cells.

Detection of apoptotic cell death can be performed
by several assays that analyze either morphological
changes or distinct biochemical events occurring
during programmed cell death by observing nuclear
morphology changes by Hoechst staining, analyzing
DNA fragmentation by gel electrophoresis, detecting
cytochrome Crelease by flow cytometry, and detecting
phosphatidylserine externalization by annexinV-PI
staining [14-17]. Nonetheless, the aforementioned
methods are used to monitor for alterations in
apoptotic cells which each requires specific reagents,
complicated handling of samples and/or highly skilled
personnel.

Currently, Fourier-transform infrared (FTIR) micro-
spectroscopy has been applied to study the bioche-
mical alteration in various biological samples [18, 19].
This technique presents several advantages, such as
sensitivity, rapidity, and no requirement for staining
or reagents [20]. FTIR microspectroscopy might
therefore be adapted as an alternative method for
assessing the biochemical alteration in apoptotic and
necrotic cell death of cancer cells.

Our study aimed to investicate the differential
sensitivity of Jurkat cells to EEP-induced cytotoxicity
compared to normal peripheral blood mononuclear
cells (PBMCs). In order to confirm the apoptosis-
inducing activities of EEP, FTIR microspectroscopy was
applied to evaluate the biochemical changes observed

in Jurkat cells.

2. Materials and Methods
2.1 Plant material

P. palatiferum was purchased from Yasothon
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province, Thailand. The specimen was identified by
Dr.Kongkanda Chayamarit of forest Herbarium, Royal
Forest Department, Bangkok, Thailand. A voucher
specimen (BKF 174009) was deposited at the Forest
Herbarium, Royal Forest Department, Bangkok,
Thailand.

2.2 Preparation of 95% ethanol extract

of P. palatiferum leaves

The preparation of 95% ethanol extract of
P. palatiferum leaves (EEP) was described by Sittisart
and Chitsomboon [6]. Briefly, fresh leaves (4 kg) were
blended in 16 L of 95% ethanol and filtered through
gauze. The extract was centrifuged at 3,500xg¢ for
10 min, and then the supernatant was filtered through
a Whatman No.1 filter paper. After that, the ethanolic
filtrate was concentrated using a vacuum rotary
evaporator (Buchi Labortechnik AG, Flawil, Switzerland)
and dried by lyophilization (Freeze-Zone 12 plus,
Labconco Corporation, Missouri, USA) into powder of
95% ethanol crude extract (87.63 g). The extract was
stored at -20°C and dissolved in DMSO for use in the

experiments.

2.3 Cell culture
Jurkat leukemic cell line was purchased from
Cell Line Services (CLS), Germany. Human normal
peripheral blood mononuclear cells (PBMCs) were
obtained from buffy coat, which were kindly provided
by Blood Bank of Maharat Nakhon Ratchasima Hospital
Nakhon Ratchasima province, Thailand.

Jurkat cells and PBMCs were cultured in RPMI-1640
supplemented with 10% FBS, 100 U/mL penicillin
and 100 pg/mL streptomycin. All cell lines were
maintained at 37°C in 5% CO, and 95% humidity.
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2.4 Isolation of normal peripheral blood
mononuclear cells (PBMCs)

Buffy coat was isolated by Biocoll separating
solution, density 1.077 g/mL. Briefly, 7 mL of buffy
coat was added to a 15 mL conical tube. The buffy
coat was diluted with an equal volume of PBS and
then carefully laid onto the Biocoll separating solution.
The tube was centrifuged without a brake at 400x¢
for exactly 30 min at 25°C. The layer of PBMCs
between the plasma and Biocoll separating solution
was collected and washed twice with PBS (centrifuged
at 400xg¢ for 5 mins). This study was approved
by ethics committee for researchers involving human
subjects (In case of minimal risk review) of Suranaree

University of Technology (Project code: EC-57-04).

2.5 In vitro cytotoxic test (MTT assay)

The cytotoxic effect of EEP on cell prolifera-
tion was determined by 3-(4, 5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay [6].
Jurkat cells and PBMCs were seeded in a 96-well
plate at a density of 2.5x10* and 2x10° cells/well,
respectively. The cells were allowed to adhere
overnight, and then treated with various concentrations
of EEP for 24 hrs. After incubation, the cell viability
was evaluated by MTT assay.

Percent of cell viability = Average OD for test group

x100
Average OD for control group

2.6 Cytochrome C release
The release of cytochrome C, a key mitocho-
ndrial protein, is an important hallmark in apoptotic
pathway and is considered as a point of no return in
the apoptosis process. The levels of cytochrome C
in mitochondria can be detected by directly probing
with anti-cytochrome C-FITC and analyzed by a flow
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cytometer. After treatment, Jurkat cells were
collected and washed twice with PBS. Then, the cell
pellets were prepared at a density of 1x10° cells in
200 pL of PBS and then stained by using Millipore’s
FlowCellectTM Cytochrome C kit (Millipore, USA).
The stained cells were analyzed by flow cytometry
(BD FACS Calibur with Cell Quest Pro software).

2.7 FTIR microspectroscopy
After treatment, Jurkat cells were collected
and washed twice with 0.85% NaCl. Cell pellets were
dropped onto low-e microscope slides (MirrlR, Kevley
Technologies) and vacuum dried for 30 min in a
desiccator to eliminate the excess water. The dried
cells were kept in a desiccator until FTIR analysis.

FTIR spectra were recorded using a FTIR microspec-
troscopy equipment, at the Synchrotron Light Research
Institute (Public Organization), Thailand. FTIR spectra
were acquired with a Bruker Vertex 70 spectrometer
coupled with a Bruker Hyperion 2000 microscope
(Bruker Optics Inc., Ettlin-gen, Germany) - equipped
with a nitrogen cooled MCT (HgCdTe) detector with
a 36 x IR. The spectra were obtained in the reflection
mode covered spectral range of 4000-600 cm™, using
an aperture size of 50 ym x 50 ym, with a resolution
of 6 cm™. Each spectrum was collected at 64 scans.
OPUS 7.2 software (Bruker Optics Ltd, Ettlingen,
Germany) was used to acquire FTIR spectral data and
control instrument system.

The spectra of non-treated cells, etoposide- and
EEP-treated cells were identified by Principal Com-
ponent Analysis (PCA) using variability of the Unscram-
bler 9.7 software (CAMO Software AS, Oslo, Norway).
Absorbance spectra were acquired in the spectral
range of 3000-2800 cm™ (Lipid regions) and 1300-
850 cm™ (Nucleic acid regions). The preprocessing

of the spectra was performed by second derivative
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transformations using Savitzky-Golay algorithm (nine
smoothing points) and normalized with extended
multiplicative signal correction (EMSC). Second
derivative and vector normalization were applied to
compensate for differences in sample thickness,
minimize baseline variation and provide better visual
identification of the band in the raw spectra that
overlapped each other. Score plots (2D) and loading
plots were used to represent the different classes of
data and relations among variables of data set,
respectively. The integrated peak areas of second
derivative spectra were analyzed using OPUS 7.2
software (Bruker) with a spectral range of 3000-
2800 cm™ and 1300-850 cm™.

2.8 Statistical analysis

All statistical significances (Statistics Package
for the Social Sciences, version 11) were determined
by performing a One Way Analysis of Variance
(ANOVA) with a post-hoc Tukey’s analysis to determine
differences between the mean values of multiple
groups. Values were considered statistically significant
when p<0.05 and data were representative of at least

three independent experiments.

3. Results and Discussion

3.1 Extraction yield

P. palatiferum or Hoan-Ngoc fresh leaves were
extracted by 95% ethanol to obtain a final yield of
2.91% (w/w) EEP.

3.2 Cytotoxic effect of EEP against normal
peripheral blood mononuclear cells
(PBMCs) compared Jurkat cells
The in vitro cytotoxic effect of EEP against

Jurkat cell lines compared to peripheral blood
mononuclear cells, PBMCs (normal cells) after 24 hrs

of exposure are shown in Figure 1. The results showed
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that Jurkat cell lines exhibited different susceptibilities
to EEP in a dose-dependent manner. These results
are consistent with our previous study, we reported
that Jurkat cells exhibited the most sensitive in terms
of cytotoxicity to EEP [13]. The results in this study
agreed with several previous reports which showed
the cytotoxic effects of P. palatiferum crude extracts
acainst different cancer cell lines such as colon cancer
cell lines; HCT15, Swa48, Swa80 [21], colon cancer
cells (Caco2) and breast cancer cell lines (MCF-7) [5].
Interestingly, EEP inhibited cell growth on Jurkat cells
with an ICy, of 476.35+31.51 pg/mL, 3 fold greater
than that of PBMCs (IC5=1431.03+78.25 pg/mL).

100 -
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These results indicated that EEP showed higher anti-
proliferative activity towards Jurkat cell lines than
PBMCs. Importantly, a great desired property of
chemotherapeutic compounds is the selective cyto-
toxicity against cancer cells with less cytotoxic effect
to normal cells for avoiding side effects to healthy
tissues. However, cell death largely occurs through
either of two distinct processes: necrosis or apoptosis
[22]. Consequently, it is necessary to distinguish
apoptotic from necrotic cell death whether the
cytotoxic effect of EEP was mediated through the

apoptotic mechanism.
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Figure 1 Cytotoxic effects of EEP against Jurkat cell lines compared to normal human peripheral blood
mononuclear cells (PBMCs). Cells were exposed to various concentrations of EEP for 24 hrs prior to assessment
of cell viability by MTT assay. Values are expressed as mean+ SD (n = 4) of a representative of three
independent experiments with similar result. Statistical analysis was performed by Student’s t-test. * indicates

significant differences between two groups (p<0.05).
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3.3 Cytochrome C release

Cytochrome C is a protein that located in
the space between the inner and outer mitochondrial
membranes. During apoptotic process, the mitochon-
drial membrane, which is disrupted, caused the
translocation of cytochrome C from mitochondria
into cytosol. The levels of cytochrome C in mito-
chondria can be detected directly by probing with
anti-cytochrome C-FITC and subsequently analyzed
by flow cytometer. Therefore, the cells undergoing
apoptosis demonstrated the reduction of FITC inten-
sity in mitochondria, implicating the cytochrome C
release. As shown in Figure. 2A-2D, EEP induced
the release of cytochrome ¢ from mitochondria into
cytosol in both dose- and time-dependent manners.
As suggested in Figure 2A and 2B, when compared to
un-treated control cells, the mitochondrial cytochrome
C release was significantly increased (p<0.05) by
10- and 11-fold after exposed to EEP at 300 and
600 pg/mL, respectively. Likewise, the time course
study illustrated that the releasing of cytochrome C
were significantly increased (p<0.05) about 7- and
10-fold after exposed to 300 pg/mL of EEP for 12
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and 24 hrs, respectively Figure 2C and 2D. Interestingly,
EEP at concentration of 300 and 600 pg/mL significantly
induced the cytochrome C release higher (p<0.05)
than etoposide-treated group. Findings obtained in
this study showed that treatment of Jurkat cells with
EEP increased cytochrome C release from mitochondria
into cytosol. In the cytosol, cytochrome C interacts
with adaptor protein apoptotic peptidase activating
factor 1 (Apaf-1), and activates the downstream
effector caspase-3 culminating in apoptotic cell death
[23]. The findings of this study are consistent with
earlier studies reporting the effect of EEP to trigger
apoptotic cell death as evidenced by nuclear con-
densation and DNA fragmentation [13]. Kongprasom
et al. [24] revealed that the aqueous extracts of
P. palatiferum leaf exerted anti-cancer activity by
suppression of cell viability and induction of ROS
mediated mitochondrial dependent apoptosis in A549
cells. Therefore, the release of cytochrome C from the
mitochondria into cytosol suggested that the extracts
could induced apoptosis through a mitochondria-

dependent pathway.
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Figure 2 Flow cytometry analysis of cytochrome C release of Jurkat cells exposed to various concentrations
of EEP for 24 h (A and B) and kinetics of apoptosis induction in Jurkat cells exposed to 300 pg/mL of EEP
(Cand D). Left panel shows the representative of flow cytometry analysis of three independent experiments.
M1 region shows the progressive increase of non-fluorescent cell population and M2 region shows the decrease
of highly fluorescent cell population. The reduction of fluorescent intensity in cell population implicates the
release of cytochrome C from mitochondria into cytosol. Right panel represents the mean of percentages of
cytochrome C release. Values are expressed as mean + SD from three independent experiments. Bars marked
with different letters (a, b, ¢, and d) are significantly different between groups at p<0.05 as determined by
one-way ANOVA with Tukey’s post hoc test.

3.4 Biochemical changing detected by Average of FTIR original spectra (3000-2800 cm’
FTIR microspectroscopy and 1800-800 cm) of untreated control, etoposide-

FTIR microspectroscopy has been used as a and EEP-treated cells are shown in Figure 3. The
powerful technique for studying apoptotic cell death.  second derivative was accomplished for spectral
[3, 4. This is the first report of an application of FTIR  analysis and a sharp absorption of individual peak of
technique to evaluate biomolecule changes of Jurkat ~ control and treated-cells was clearly identified. The

cell death induced by EEP. second derivative spectra of the respective lipid region



NIATITBUAZINALT 195, YN 43 adud 4 fanau-Sunau 2563

(3000-2800 cm™) and nucleic acids region (1300-
800 cm) are presented in Figure 4A and 4B, respec-
tively. The peak at 2922 cm™ and 2852 cm, corres-
ponding mainly to CH, stretching modes of methylene
chains in membrane lipids, exhibited a higher intensity
in etoposide- and 600 pg/mL of EEP-treated cells
when compared to untreated control cells. Moreover,
four important IR bands (at 1240 cm™, 1084 cm™,
993 cm™ and 966 cm™) due to various structure groups
in DNA and RNA illustrated a decrease of nucleic
absorbance in etoposide- and EEP-treated cells
compared to untreated control cells. FTIR spectral
changes that were detected due to EEP-induced
apoptosis in Jurkat cells. The findings of this study
are consistent with other reports where apoptosis is
triggered by other compounds [18-20, 25]. To evaluate
the change in lipid and nucleic acid content between
five sample groups, the integrated area of the lipid
and nucleic acid regions was calculated. Figure 5
illustrates the average of integrated areas of second
derivative spectra in lipid regions (2971-2950 cm,
2936-2913 cm™, 2878-2867 cm™, 2860-2845 cm
and 1748-1733 cm™) and nucleic acid regions (1060-
1033 cm™, 996-988 cm’, 973-955 cm™, 919-950 cm’
and 1864-847 cm™) of untreated, etoposide- and
EEP-treated cells. The results showed that the per-
centages of integrated area of the lipids region in the
etoposide- and EEP-treated cells displayed signifi-
cantly less than the untreated control cells group
(p<0.05). In contrast, the etoposide- and EEP-treated
cells demonstrated a significant decrease in the per-
centages of nucleic acid areas compared to untreated
control cells (p<0.05). Our findings are in agreement
with a previous report on the actinomycin D which
induced apoptosis in the lymphocyte Jurkat cell line,
the lipid integral area (2800-3000 cm™) in apoptotic

cells were greater than that of viable cells, whereas
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the decrease of lipid the integral area was observed
in necrotic cells induced by lowering the pH value to
4.2 [26]. Machana et al. [19] reported an increase of
the lipid regions (3000-2800 cm, 1755-1710 cm’,
and 1478-1350 cm™) in the melphalan-treated human
leukemic U937 cells compared to the untreated U937
cells. An increase in lipid absorbance of apoptotic
cells was related to membrane changes during apop-
tosis process such as the collapse of lipid membrane
asymmetry causing the inside out exposure of pho-
sphatidylserine to the outer leaflet of membrane,
cell shrinkage, membrane blebbing and apoptotic
body formation [26-27]. Consistent with our previous
finding, the exposure of Jurkat cells to EEP induced
morphological alterations whose common features
include nuclear condensation, cell shrinkage and
membrane blebbing implicated in apoptosis cell
death [13]. By comparison, the decrease of lipid
content in necrotic cells may be due to swelling of
organelles and loss of plasma membrane integrity
[18, 20]. Moreover, it could also be associated with
permeabilization of mitochondrial outer membrane,
resulting in cytochrome C and pro-apoptotic molecules
release into cytosol [28]. Our results indicate that the
nucleic acid content of EEP-treated cells showed a
dramatic decrease in a dose-dependent manner.
These findings support previous reports stating that
the absorbance of nucleic acid region was reported
to decrease in apoptotic cell death and by contrast,
to increase in necrotic cell death [18-19, 27]. The
apoptotic DNA absorbed less IR due to the opaqueness
of DNA (non-Beer-Lambert absorption) caused by its
condensation of DNA during apoptosis [29]. In addition,
the decrease in DNA content may be related to the
progress of internucleosomal DNA cleavage during

apoptosis process [30].
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Figure 3 Average original FTIR spectra (n=426) obtained from control cells (n=50) and Jurkat cells exposed
to EEP at 100 pg/mL (n=86), 300 pg/mL (n=45), 600 pg/mL (n=161), or 40 pg/mL of etoposide positive
control (n=84) for 24 hrs.
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Figure 4 Average second derivative spectra of Jurkat control cells and Jurkat exposed to EEP at 100, 300,
600 pg/mL, and 40 pg/mL of etoposide positive control at 24 hrs after baseline and normalization with
extended multiplicative signal correction (EMSC). The data were represented in two regions: (A) lipid regions

(3000-2800 cm™) and (B) nucleic acid regions (1300-800 cm™).
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Figure 5 The percentages of integrated areas of second derivative spectra for remarkable lipid and nucleic
acid regions of Jurkat control cells and Jurkat exposed to EEP at 100, 300, 600 pg/mL, and 40 pg/mL of
etoposide positive control at 24 hrs. Data were calculated from normalized second derivative spectra. The
differences between mean of the percentages of integrated areas were significantly difference among five
groups by one-way ANOVA (p< 0.05). Data are represented as means + SD. Bars marked with different letters
(3, b, ¢, and d) are significantly different between groups at p<0.05 as determined by one-way ANOVA with

Tukey’s post hoc test.

The second derivative spectra of untreated cells,
etoposide- and EEP-treated cells were further analy-
zed by principle component analysis (PCA). Two-
dimensional PCA score plot was used to analyze
major spectral variations between five sample groups
(Figure 6A). PCA score plots demonstrated that the
clusters of the highest concentration of EEP-treated
cells (600 pg/mL) and etoposide-treated cells were
separated from other groups along PC1 (55%). The
cluster of etoposide- and EEP-treated (100 and
300 pg/mL) groups were distinguished from untreated
control cells along PC2 by 16%. PCA loading plots
were used to distinguish the variables of the spectrum,
which most contributed to the clustering (Figure 6B).
PC1 loading plot was discriminated by the positive
loading spectra at 2923 cm™ and 2852 cm™ caused

by C-H stretching, and the negative loading spectra
at 1086 cm™ resulting from PO,-symmetric stretching
vibrations of nucleic acid (RNA and DNA), which
separated the negative score plot of EEP-treated cells
(600 pg/mL) and etoposide-treated cells from the
positive score plot of other cluster groups. Likewise,
the discrimination along PC2 could be explained by
the positive loading of PC2 in C-H stretching region
(centered at 2916 cm™ and 2850 cm™) and nucleic
acid region (centered at 1082 cm™, 991 cm™ 964 cm™,
and 912 cm™), which separated the negative score
plot of untreated control cells from the positive
score plot of etoposide- and EEP-treated (100 and
300 pg/mL) groups. Based on the PCA analysis, the
biochemical changes of EEP-induced apoptotic cell

death in Jurkat cells associated with an increase of
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lipids and a decrease of nucleic acids are responsible
for discrimination of the mode of cell death. PCA
analysis showed good results for classifying FTIR
spectra of apoptotic cells versus viable cells [19, 25].
Pocasap et al. [31] investigated the chemopreventive
potential of different compounds (sulforaphane,
alyssin and iberin) in hepatocellular carcinoma cell
HepG2 using SR-FTIR spectroscopy and PCA classification.
Based on our finding, FTIR microspectroscopy can be
used as an alternative method to identify biochemical
profiles of apoptosis induction of the test compounds

on cancer cells, which is of particular interest for the
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field of drug development to target many disease
scenarios such as monitoring cancer cell alterations
in the clinic. The advantages of this technique are a
label-free, non-contact, and non-invasive technique
for analysis of biochemical profiles in biological sam-
ples [32]. Since this method provides distinctive
biochemical profiles and minimum handling of sam-
ples and limited reagents. However, in future studies,
the combination of FTIR microspectroscopy and more
biochemical assays are necessarily performed to
confirm the changes in the FTIR spectra of lipid and

nucleic acids regions.

3000 2950 2900 2850 1200 1100 1000 900 800

Wave nuber (cm™)

Figure 6 PCA analysis of FTIR spectral range 3000-800 cm™ giving PCA score plot (A) and PCA loading plot
(B). PCA score plots showed distinct clustering between Jurkat control cells and Jurkat exposed to EEP at
100, 300, 600 pg/mL, and 40 pg/mL of etoposide positive control at 24 hrs. PCA loading plots identify biomarker

difference over spectral range of samples.

4. Conclusion
In conclusion, our findings suggest that EEP exhi-
bited the preferential cytotoxicity towards Jurkat cells

as less toxicity was obtained in normal PBMCs. EEP

induced Jurkat cell death mediated through apoptosis
as evidenced by the release of cytochrome C. FTIR
spectra showed increased lipid content and decreased

nucleic acid content which appeared to be attributable
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to apoptotic process. This study reveals that FTIR
spectroscopy allowed us to distinguish the mode of
cell death. In addition, it can be helpful for evaluating
biochemical profile of apoptotic cells. Further detailed
study should be done for clarifying apoptosis induction

mechanisms of the EEP against Jurkat cells.
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