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ABSTRACT
Background: Possibilities of pharmacological regulation of apoptosis play an important role in the treatment of different
diseases. Polyphenol-rich plant extracts as well as isolated polyphenols can regulate cell apoptosis primarily through
intrinsic and extrinsic mechanisms of action and are the most intriguing and studied class of compounds that can be
therapeutics for a wide range of common diseases, including cancer. Polyphenols are well known as powerful
antioxidants, and their action is also associated with pro-apoptotic function in various types of tumor cells.

The purpose of this study was to establish the anti-and pro-apoptotic activity of Georgian legume crops in model

cellular systems.

Methods: Legume crop extracts (LCEs) were prepared in water-alcohol solute. Polyphenol content in the extracts was
determined using the Folin—Ciocalteu method; antiradical activity (AA) - according the comparative time of the 50%
neutralization of 2,2-diphenyl-1-picrylhydrazyl (DPPH) cleavage.

Studies were carried out on human leukemic mature T cells (Jurkat) and normal epithelial MDCK cell lines. For

modelling of oxidative stress, 30% hydrogen peroxide was used. LCEs were added to intact or incubated Jurkat and MDCK
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cells under oxidative stress conditions. Cell viability was determined by 3-(4,5-dimethyltiazol-2)-2,5-diphenyl-
tetrazolium-bromide (MTT) test. Catalase and Superoxidedismutase (SOD) activity in cellular supernatant was measured

by spectrophotometry.

Results: LCEs revealed selective pro- and antiapoptotic activity on the intact and incubated cells under oxidative stress
conditions Jurkat and MDCK cells. The cytotoxic effect of LCEs on intact Jurkat and MDCK cells was independent of their
AA and activity of enzymatic cellular antioxidant defense system.

The cytoprotective effect of LCEs on MDCK cells was realized through redox-dependent mechanisms and is
associated both with the own AA of the extracts and with the stimulating effect of the extracts on enzymatic cellular
antioxidant defense system activity, where catalase played a leading role. LCEs didn’t protect Jurkat cells from oxidative

stress-induced apoptosis.

Conclusion: The obtained results allow us to conclude that in cancer chemotherapy, the legume extracts might be
combined with prooxidant drugs in order to protect normal cells, but not malignant ones, from their apoptosis-inducing
effect. On the other hand, these extracts may protect non-malignant tissues/organs from various apoptosis-related

disorders.

Keywords: Georgian legume crop polyphenol extracts, antiradical activity, antioxidant enzymatic system, oxidative stress,

pro-/antiapoptotic activity

INTRODUCTION

Apoptosis is an active mechanism of programmed cell
death characterized by both physiological and
pathological processes in a living organism. Physiological
apoptosis develops during embryogenesis, the
elimination of autoreactive lymphocytes from peripheral
blood, etc. Apoptosis performs the opposite function of
mitosis and plays an important role in regulation the size
of tissues and maintaining homeostasis in a living
organism. Dysregulation of apoptosis can cause the
development of age-related pathologies: activation of
apoptotic death in postmitotic cells (cardiomyocytes,
neurons, and chondrocytes) during aging leads to
myocardial infarction, the development of
neurodegenerative diseases, age-related degeneration
of cartilage in the joints and intervertebral discs. Diseases
associated with an increased level of apoptosis include

pathologies of the blood system (aplastic anemia,

thalassemia, thrombocytopenia, lymphopenia, etc.);

programmed cell death caused by bacterial endo- and
exotoxins is a sign of sepsis, AIDS, periodontitis, etc.
Disorders of T-cell apoptosis can cause autoimmune
pathologies. One of the reasons for the development of
malignant tumors is a violation of the mechanisms of
cellular apoptosis (the activity of p53 and Bcl-2 proteins
as well as the regulation of apoptosis intensity). Viruses
(varicella, herpes) block receptor-dependent apoptosis
of infected cells by synthesizing anti-apoptotic proteins
of Bcl-2 family. Apoptosis can be caused by external
apoptogenic factors — ionizing radiation, anticancer
chemotherapy drugs, and hormones used in the
treatment of various diseases [1-3].

Based on the foregoing implications, the
possibilities of pharmacological regulation of apoptosis
play an important role in the treatment of various
diseases. Polyphenol-rich plant extracts as well as
isolated polyphenols can regulate cell apoptosis primarily

through intrinsic and extrinsic mechanisms of action [4]
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and are the most intriguing and studied class of
compounds that can be therapeutics for a wide range of
common diseases, including cancer.

Various signaling systems are involved in the
regulation of apoptosis through reactive oxygen species
(ROS) that by modifying the redox state of cells act as
messengers of the proapoptotic stimulus [5]. Cellular
redox balance is an important regulator of cell activity [6-
13]. Polyphenols are well known as powerful
antioxidants, and their action is also associated with pro-
apoptotic function in various types of tumor cells [14].

The purpose of this study was to establish the anti-
and pro-apoptotic activity of Georgian legume crops in
model cellular systems.

Evaluation of the anti-/proapoptotic activity of
legume crop extract (LCEs) (beans (Phaseolis vulgaris)
“Tirkmela,” "Shulavera,” “Batumela-mindvris,”
"Udelebi,” green peas (Pisum sativum), lentils (Lens
Culinaris), soybean (Soybean Glicine max (L)) was
performed on experimental models of MDCK cells
(epithelial cells isolated from Cocker Spaniel kidney
tissues) and Jurkat cells (human leukemia-transformed T
cells isolated from the peripheral blood of a 14-year-old
boy with leukemia). Jurkat cells are widely used in

studies of signaling pathways that regulate the apoptotic

events in tumor cells and T-cell activity.

MATERIALS AND METHODS

Materials: The beans were purchased on the local market
in Thilisi. Legume crops samples were crushed into
powder. To obtain extracts of polyphenols, 30 ml of a
water-alcohol solution was added to 1 mg of the sample
and left for 3 days. The content of polyphenols in the
extracts was determined by Folin—Ciocalteu method. The
calibrate curve was performed according Gallic acid
content (mg/l) and the total content of polyphenols was

calculated. Antioxidant activity of the extracts was
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determined from the comparative time of the 50%
neutralization of 2,2-diphenyl-1-picrylhydrazyl (DPPH)
cleavage (the shorter is the time of radicals
neutralization, the higher is the antioxidant activity of the

extract) [15].

Cell culture: The research was conducted on human
leukemic mature T cells (Jurkat cells) (DSMZ-Deutshe
Sammulung von Mikroorganismen und Zellkulturen (Ger-
mania)) and MDCK cell line (Lugar Laboratory, Thilisi,
Georgia). Jurkat cells was proliferated in bioactive
medium RPMI 1640 (GIBSO), inactivated fetal bovine
serum (FBS) (Sigma), L-glutamine (4 mM), penicillin
(100un/ml), and streptomycin (100 un/ml) containing
suspension at 37° C in a moist, 5% CO».containing
atmosphere. Experiments were carried out on cell
concentration 0,3 - 0,6x106 cells in 1 mL of medium. The
MDCK cells were grown in Eagle’s Medium (DMEM)
(Mediatech, Herndon, VA) and supplemented with 5%
FBS, penicillin (100 U/ml), and streptomycin (100 U/ml)

at 37°C in 5% CO»-containing atmosphere.

Modelling of oxidative stress: For modelling of oxidative
stress, 30% hydrogen peroxide (H,0;) (Sigma) was added
to Jurkat (in dose 50 uM) [6, 15] and MDCK cells (in dose
800 uM) [11] incubation suspension with subsequent
incubation for 24 h. The control group was represented
by intact Jurkat and MDCK cells.

Extracts of various varieties of legume crops (40 pl)
were added to the intact or incubated Jurkat and MDCK
cells under oxidative stress conditions. To the cells where
the extract was not added, 40 pl of the medium (RPMI
1640, inactivated FBS, L-glutamine, penicillin, and
streptomycin  containing suspension) was added
accordingly. The effect on the Jurkat and MDCK cells of a
water-alcohol solution (96% ethanol + water (40 ul)) used

to obtain extracts of polyphenols was also investigated.
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Cell viability was determined by 3-(4,5-
dimethyltiazol -2)-2,5- diphenyl tetrazolium bromide

(MTT) test.

The MTT test of cells proliferation activity (viability): Cell
suspension (2x106 cell/mL) was incubated in growth
medium (PRMI-1640 + 10% calf embryonic serum (Sigma)
+ 1% penicillin/streptomycin) together with (or without)
hydrogen peroxide and LCEs at 37° C in 5% CO,
atmosphere. After the incubation period, suspension was
centrifuged at 1,500 rpm for 5 minutes. MTT (3-(4,5-
dimethyltiazol -2)-2,5-diphenyl tetrazolium bromide)
(Sigma) solution was added to sedimented cells (30 pL to
100 pl suspension; MMT was diluted in buffer (140 mM
NaCl, 5 mM HEPES, pH 7,4) (in dose: 300 uL buffer to 2.5
mg MTT) and incubated for 4 hours at 37° C in 5% CO,
conditions. After the incubation, the dilutant (100 ul
dimethyl sulfoxide (DMSO)) was added to the
supernatant of the cells. Absorption of the obtained
suspension was measured by the spectrophotometer at
wavelength 570 nm. For the research suspension, we
determined the coefficient of proliferation K through the

formula

K= AtriaI/AcontroI

where Ayia— absorption rate for studying solute, Acontrol—
absorption rate for control solute, respectively.
Coefficient of apoptosis (K; = 1 — K) reflects the number
of cells, from total number, with low proliferative activity

[16].

Determination of catalase and SOD activity in Jurkat and
MDCK cells: Catalase and Superoxidedismutase (SOD)
activity in Jurkat and MDCK cells’ supernatants was

measured by the spectrophotometry with subsequent
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recalculation on protein concentration by the method of
O.H. Lowry.

The method of the determination of catalase
activity is based on the ability of hydrogen peroxide to
form a colored complex with the salts of molybdenum.
The principle that was used to determine the activity of
SOD proceeds from the ability of the enzyme to compete
with tetrazole nitro blue for superoxide anion radicals
[17, 18]. The absorption intensity of the coloring solute
was measured by spectrophotometry at a wavelength of

410 nm.

Statistical analysis: The analysis of variance (ANOVA) was
used to conduct the comparative analysis of the intensity
of the apoptosis and antioxidant status indicators (SOD,
catalase, AA). The analysis and visualization of data was

conducted by using "SPSS-12" for Windows.

RESULTS AND DISCUSSION

The study was devoted to the identification of LCEs with
potential pharmacological properties and investigation
of the molecular mechanisms of their action in normal
and pathological conditions. As a model system for the
study, epithelial MDCK and leukemia-transformed
(tumor) Jurkat cells were used.

Figure 1A shows the results of a study of the
polyphenols content in various LCEs and their antioxidant
activity. The correlation analysis of the data shown in
Figure 1B indicates the direct correlation between the
phenols content and antiradical activity (AA) of the
studied extracts (r = 0.79, p = 0.00002). These results
indicate the important role of phenolic compounds in the
mechanisms of the AA of LCEs. Although in some cases,
for “Udelebi” beans, non-phenolic compounds
(carotenoids, alkaloids and others) also contribute to the

overall antioxidant effect of the extract.
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Figure 1. Polyphenols content and antioxidant activity of LCEs (60 ml) (A); dependence between AA and phenol content in
the extracts (B) (1 - “Batumela-mindvris” beans, 2 - “Udelebi" beans, 3 - "Shulavera" beans, 4 — “Tirkmela” beans, 5 - lentils, 6 - soybean,

7 - green peas)

We investigated the cytoprotective/cytotoxic (anti- incubated under oxidative stress conditions Jurkat and

and proapoptotic) effects of LCEs on the intact and MDCK cells (Figures 2, 3).
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Figure 2. Coefficient of apoptosis (K1) of Jurkat cells incubated in different conditions (1- Jurkat cells, 2 - Jurkat + beans
“Tirkmela”, 3 - Jurkat + “Batumela-mindvris” beans, 4 — Jurkat + beans “Udelebi”, 5 - Jurkat + beans “Shulavera”, 6 -Jurkat + green peas,

7 - Jurkat + lentils, 8 - Jurkat + soybean).

From the results presented in the diagrams 2 and 3, MDCK cells, the cytotoxic effect was detected in 50%
it follows that during the joint incubation of “Udelebi,” (Jurkat, MDCK), 49% (MDCK), and 68% (Jurkat) as well as

“Shulavera,” and soybean extracts with intact Jurkat and 34% (MDCK) of the total number of cells, respectively.
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The remaining extracts were relatively inert with respect
to Jurkat and MDCK cells while lentils exhibited 15%
stimulating activity on the intensity of the proliferation of
MDCK cells. No significant change in the value of the

apoptosis (K;) coefficient was detected when the water-
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alcohol solution (96% ethanol + water (40 pl)), used to
obtain extracts of polyphenols, was added to the
incubation medium of Jurkat and MDCK cells (data are

not shown).
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Figure 3. Coefficient of apoptosis (K1) of MDCK cells under different incubation conditions (1- MDCK cells, 2 - MDCK+beans
“Tirkmela”, 3 - MDCK + “Batumela-mindvris” beans, 4 — MDCK + beans “Udelebi”, 5 - MDCK + beans “Shulavera”, 6 - MDCK + green peas,

7 - MDCK + lentils, 8 - MDCK + soybean).

When different LCEs were added to Jurkat and
MDCK cells incubated under oxidative stress conditions,
the “Batumela-mindvris” beans’ extract showed a
pronounced cytoprotective effect on both cell types
(reduced intensity of apoptosis by 23% and 35%,
respectively) while the extracts of “Tirkmela” and
“Shulavera” beans and lentils reduced the intensity of
apoptosis in MDCK cells (by 30%, 27% and 48%,
respectively).

Figure 4 presents the activity of antioxidant
enzymes in intact and incubated Jurkat and MDCK cells

under oxidative stress conditions. From the research

results, it follows that the activity of antioxidant enzymes
(SOD and catalase) in intact normal epithelial MDCK cells
exceeds the value of these indicators in the leukemia-
transformed Jurkat cells. At the same time, during the
incubation of Jurkat cells under oxidative stress
conditions, the activity of SOD and catalase changed
insignificantly, whereas the activity of antioxidant
enzymes sharply increased in MDCK cells (Figures 4A, B).
These data indicate a significantly higher variability of
enzymes in the antioxidant protection system of normal

cells compared with tumor cells.
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Figure 4. Antioxidant enzymes (SOD (A) and catalase (B)) activity of intact and incubated under oxidative stress conditions
Jurkat and MDCK cells (1- intact cells, 2 - cells +beans “Tirkmela”, 3 - cells + beans “Batumela-mindvris”, 4 — cells + beans “Udelebi”, 5 -

cells + beans “Shulavera”, 6 - cells + green peas, 7 - cells + lentils, 8 - cells + soybean).
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From the results of the study, it follows that the
activity of antioxidant enzymes (SOD and catalase) in
intact epithelial MDCK cells exceeds the value of these
indicators in leukemia transformed Jurkat cells. At the
same time, during the incubation of Jurkat cells under
oxidative stress conditions, a slight alteration in SOD
activity was detected, and catalase activity did not
change at all, whereas in MDCK cells, the activity of these
antioxidant enzymes increased dramatically (Figure 4A,
4B). These data indicate a significantly higher variability
of the enzymatic antioxidant defense system of normal
cells compared to those in tumor cells, and the data also
explain why tumor cells have a particularly high
sensitivity to oxidative stress [19, 20]. Based on this, it is
clear why we had to use significantly higher doses of
hydrogen peroxide (H,0,) (15 times higher than in the
case of Jurkat cells) in order to reduce the viability of
MDCK cells by 20-30% in our experiments.

The results of current and previous studies [15, 21]
have shown very different (cytoprotective and cytotoxic)
effects of LCEs on intact and incubated under oxidative
stress conditions Jurkat and MDCK cells. The correlation
analysis indicates a direct dependence between the
content of phenols and antiradical (antioxidant) activity
(AA) of the studied extracts (r = 0.79, p = 0.00002). These
results prove the important role of the phenolic
compounds in the mechanisms of the AA of LCEs.

In order to identify the cytoprotective and cytotoxic
effects of LCEs on living organisms and to establish
mechanisms of their activity, we conducted a correlation
analysis of their anti-/pro-apoptotic effects on tumor
Jurkat and normal epithelial MDCK cells with polyphenols
content in extracts (and, consequently, their AA) and
activity of the cellular enzymatic antioxidant defense

system.
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In the study of the cytoprotective/cytotoxic
effectiveness of LCEs on the proliferative activity of
intact Jurkat and MDCK cells, it was shown that the
intensity of apoptosis in Jurkat and MDCK cells under the
influence of various LCEs did not correlate with AA of
these extracts (Jurkat: r = - 0.018, p = 0.69; MDCK: r =
0,21, p = 0.75). At the same time, no statistically
significant correlation was found between the intensity
of apoptosis and alterations in SOD and catalase activity
in intact Jurkat and MDCK cells under the influence of the
various LCEs (Jurkat: for catalase r = 0.31, p = 0.45, for
SOD r = 0.28, p = 0.51; MDCK: for catalase r = 0.29, p =
0.49, for SOD r=10.20, p = 0.63).

These data suggest that the toxic effects of the LCEs
on intact Jurkat and MDCK cells does not depend on
extracts’ AA (therefore, content of phenolic compounds)
and redox-potential (activity of antioxidant enzymes) of
the cells and indicate a different mechanism of extract
toxicity. According to literature data, in addition to their
antiradical activity, polyphenolic compounds also have
ability to regulate the expression of proapoptotic
proteins, Bax and Caspase-3 proteins [22].

Analysis of the relationship between the level of
apoptosis in MDCK cells incubated under oxidative stress
conditions and the content of phenols in LCEs added to
the incubation medium of the cells indicates a statistically
significant  negative  correlation  between the
cytoprotective effect of LCEs and the content of phenols
in them (r=-0.7759, p = 0.0236, r> = 0.6020) (Figure 5A)
(the higher the content of phenols in the extract, the
lower the level of apoptosis). In the case of Jurkat cells,
the causal relationship between the cytoprotective effect
of LCEs extracts and their phenols content is broken (not
statistically significant: r = —0.4096; p = 0.3135; r?=0.17)

(Figure 5B).
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Figure 5. Correlation analysis of the relationship between the level of apoptosis in MDCK (A) and Jurkat (B) cells incubated

under oxidative stress conditions and phenols content in LCEs added to the incubation medium of the cells (MDCK: r =- 0.7759; p =

0.0236; r? = 0.6020; Jurkat: r = - 0.4096; p = 0.3135; r? = 0.17).

At the same time, a strong correlation (p = 0.055, r?
= 0.50) was revealed between the level of apoptosis in
intact and incubated MDCK cells under oxidative stress
conditions and the influence of the various LCEs (Figure
6B); the high value of the determination coefficient (r? =
0.50) argues in favor of a causal relationship (> 50%)
between the effect of LCEs on the intact and incubated
cells under oxidative stress. Indeed, the LCEs that showed
the highest cytoprotective activity on the MDCK cells
incubated under oxidative stress conditions (“Tirkmela”
beans, “Batumela-mindvris” beans, lentils), had a weak
cytotoxic effect on intact cells, or none at all, whereas
cytotoxic for intact MDCK cells the “Udelebi,”
“Shulavera,” and soybean extracts maintained high
proapoptotic activity against MDCK cells incubated under
oxidative conditions (Figure 3). These results and results
of correlation analysis shown on the Figure 5A suggest

that the cytoprotective (anti-apoptotic) activity of the

LCEs in relation to normal epithelial MDCK cells is mainly

due to their antiradical activity (high content of phenolic
compounds).

In the case of Jurkat cells, no direct correlation was
found between the protective effect of LCEs on intact
cells and cells incubated under oxidative stress
(statistically insignificant correlation: p = 0.30, r?> = 0.009)
(Figure 6A). The results of our research show, however,
that some of the LCEs that have a cytotoxic effect on
intact Jurkat cells ("Udelebi" beans, soybeans) are also
cytotoxic to cells incubated under oxidative stress
conditions, but non-toxic for intact Jurkat cells extracts
(“Tirkmela” beans) and slightly toxic ( "Sulavera" beans,
green peas and lentils), contributed to increased
apoptosis during incubation under oxidative stress
conditions (Figure 2). Thus, it was impossible to establish
an unambiguous picture of the cytoprotective/cytotoxic
effects of LCEs on intact and incubated under oxidative
stress conditions leukemia transformed Jurkat cells and
the dependence of these effects on the phenols

concentration in the extracts.
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Figure 6. Correlation between the effectiveness of LCEs on intact and incubated under oxidative stress conditions MDCK (A)
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Thus, it can be concluded that the cytoprotective

activity of LCEs on normal epithelial MDCK cells
incubated under oxidative stress conditions is related to
their AA, whereas in the case of tumors Jurkat cells this
redox-dependent cytoprotective mechanism is impaired.

Correlation analysis revealed a strong inverse

dependence between the intensity of apoptosis and

incubated with various LCEs (catalase: r = -0.6. p = 0.07;
SOD: r = 0.04, p = 0.93) (Figure 7A). In Jurkat cells, the
presence of a weak directly proportional relationship
between the intensity of apoptosis and catalase activity
(catalase: r = 0.3, p = 0.06) and the absence of a

correlation between the intensity of apoptosis and

activity for SOD (SOD: r = 0.05, p = 0.90) was detected

catalase (but not SOD) activity in intact MDCK cells (Figure 7B).
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oxidative stress conditions under the exposure of LCEs and the activity of the cellular enzymatic antioxidant defense system (SOD and

catalase).
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These data support our assumption that the
cytoprotective activity of LCEs in normal epithelial MDCK
cells incubated under oxidative stress conditions is
realized through redox mechanisms and that the phenol-
rich extracts with a high AA, supplementing/stimulating
the cells’ antioxidant defense system, contributes to the
stabilization of their proliferative activity (decrease in the
intensity of apoptosis). It should also be noted that
catalase plays a leading role in the redox mechanism of
anti-apoptotic protection of MDCK cells.

In the case of leukemia transformed Jurkat cells, a
similar redox-dependent mechanism for preventing
apoptosis does not work, which is manifested by a lack of
correlation between the intensity of apoptosis in Jurkat
cells and AA of the LCEs and a weak positive correlation
between the intensity of apoptosis of Jurkat cells and
cellular catalase activity (extract-stimulated
compensatory activation of catalase is insufficient to
prevent apoptosis).

The important role of catalase in the mechanisms of

anti-apoptotic protection of cells against oxidative stress

is confirmed by the results of correlation analysis
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between intensity of apoptosis in incubated under
oxidative stress conditions Jurkat and MDCK cells in the
presence of LCEs and the initial activity of the antioxidant
enzymes (SOD and catalase) in intact cells incubated with
these extracts. The results of the correlation analysis
(Figure 8) indicate the absence of any statistically
significant relationship between the intensity of
apoptosis and the enzymatic antioxidant enzymes (SOD,
catalase) activity in Jurkat cells, and the presence of a
strict statistically significant inverse correlation between
the intensity of apoptosis and catalase (but not SOD)
activity (r = -0.72,p = 0.045) in MDCK cells. These data
indicate that, in the mechanism of the cytoprotective
activity of polyphenol-rich LCEs on normal epithelial
MDCK cells, along with their own AA, the stimulating
effect of extracts on the catalase plays an important role
on increasing the cellular antioxidant defense potential
from the destructive effect of oxidative stress and
preventing cell death. The presence of such mechanism
in Jurkat cells has not been confirmed, which can be due

to the low variability of the activity of enzymatic

antioxidant defense system in tumor cell.
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Figure 8. Correlation analysis of the dependence between the apoptosis intensity in the incubated in oxidative stress

conditions Jurkat and MDCK cells under the exposure of LCEs and the initial activity of the cellular enzyme antioxidant system (SOD and

catalase).
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CONCLUSIONS

Based on the analysis of the research results, it can be
concluded that the differences in the effectiveness of
various LCEs with different antiradical activity on intact
and incubated under oxidative stress conditions Jurkat
and MDCK cells may be partly associated with different
initial antioxidant potential of these cells. The obtained
result allow us to conclude that:

- The cytotoxic effect of LCEs on intact Jurkat and
MDCK cells is independent of their antiradical activity and
enzymatic cellular antioxidant defense system.

- The cytoprotective effect of LCEs on MDCK cells is
realized through redox-dependent mechanisms and is
associated both with the own antiradical activity of the
extracts and with the stimulating effect of the extracts on
the activity of enzymatic cellular antioxidant defense
system.

- In the redox-dependent mechanism that prevents
apoptosis in MDCK cells, catalase plays a leading role.

- LCEs did not protect Jurkat cells from oxidative
stress-induced apoptosis through redox-independent
mechanisms that may be associated with low potential
variability in the activity of the enzymatic cellular
antioxidant defense system in tumor cells.

Analysis of the obtained results allow us to conclude
that in cancer chemotherapy, the legume extracts might
be combined with prooxidant drugs in order to protect
normal cells, but not malignant ones, from their
apoptosis-inducing effect. On the other hand, these
extracts may protect non-malignant tissues/organs from

various apoptosis-related disorders.

List of Abbreviations: AIDS, acquired immune deficiency

syndrome; MDCK, Madin-Darby Canine Kidney cells ; AA,
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antiradical activity; ROS, reactive oxygen species;
ANOVA, Analysis of variance; SOD, antioxidant enzyme
Superoxidedismutase; DPPH, 2,2-diphenyl-1-
picrylhydrazyl;, DSMZ, Deutshe Sammulung von
Mikroorganismen und Zellkulturen; RPMI, Roswell Park
Memorial Institute; FBS, fetal bovine serum; DMEM,
Dulbecco’s Modified Eagle Medium; PBS, phosphate
buffer saline; MTT - 3-(4,5-dimethyltiazol -2)-2,5-
diphenyl tetrazolium bromide; MTT - 3-(4,5-
dimethyltiazol-2)-2,5-diphenyl tetrazolium bromide ;

DMSO, Dimethyl sulfoxide,; SPSS, Statistical Package for

the Social Sciences.
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