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The purpose of the present work is to study the effect of green tea and grape seed extracts mixture
(GTE-GSE mix) and γ-irradiation or their combination to enhance the antiproliferative effect on the
growth of myeloma cells. To investigate this effect, a myeloma cell line SP2/OR was cultured in RPMI1640 medium; total count and viability % were daily calculated. Myeloma cells (1 X 10 6/ml) were treated
with GTE-GSE mix concentrations (100 - 1000 ng/ml), γ-irradiation doses (0.5 - 10 Gy) and their
combination for 6 days. Evaluation of Caspase 8 and 9 activities were measured. Cell culture media and
GTE-GSE mix activity were determined using DPPH method.The results of this study indicate that the
most effective dose of GTE-GSE mix on myeloma cells growth inhibition and viability % was 1000 ng/ml,
while the effective dose of γ-irradiation was 8 Gy where viability percentage was zero. The obtained
results indicate that treatment with GTE-GSE mix plus γ-irradiation combination (700 ng/ml + 6 Gy)
resulted in zero% growth inhibition at 4th day. Treatment with combination dose induced activation of
caspase 8 and caspase 9 levels more than GTE-GSE mix and γ-irradiation alone. Treatment with GTEGSE mix and γ-irradiation individually resulted in a significant reduction in DPPH activity to 62% while
in combination treatment was 73.5%. It could be concluded that the treatment with GTE-GSE mix plus
γ-irradiation (700 ng/ml + 6 Gy) combination resulted in a marked increase of growth inhibition levels,
apoptosis and cancer cells regression when compared with each agent alone. GTE-GSE mix plus γirradiation combination had an antiproliferative effect on the growth of myeloma cells.
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Introduction
Multiple myeloma (MM) is a mature B-cell
malignancy
characterized
by
monoclonal
expansion of plasma cells in the bone marrow.
This leads to bone destruction, marrow failure and
accompanied by excessive production of
monoclonal immunoglobulins Myeloma develops
when plasma cells undergo malignant change and
become myeloma cells. These myeloma cells
multiply without any proper order, forming
collections known as tumors that accumulate in
different parts of the body, especially in the bone
marrow and on the surfaces of different bones in

the body. Osteolytic lesions result from increased
bone resorption due to stimulation of osteoclast
formation and activity that occurs in close
proximity to myeloma cells[1].
MM is the second most common hematologic
malignancy and accounts for as many as 20% of
deaths from hematological malignancies and 2% of
deaths from all cancers [2]. The average patient
age at diagnosis of multiple myeloma is about 68
years, and 99% of patients diagnosed are older
than 40 years [3].
Green tea (Camellia sinensis, family Theaceae) is
still one of the most commonly consumed
beverages worldwide. Green tea is made from
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leaves of camellia sinensis that have undergone
human

minimal oxidation during processing.
The chemical composition of green tea extract
(GTE) is complex, consisting of polyphenols
(catechins and flavanoids), alkaloids (caffeine,
threobromine, the ophylline, etc.), volatile oils,
polysaccharides, amino acids, lipids, vitamin C,
minerals and other uncharacterized compounds [4].
Among these, the largest component present in
green tea leaves is carbohydrates (including
cellulosic fiber) and the simplest compounds are
catechins, a group of flavanoids called flavan-3-ols
[5]. These catechins are synthesized in tea leaves
through malonic acid and shikimic acid metabolic
pathways with gallic acid as an intermediate
derivative [6]. Catechins and other polyphenols
have antioxidant activities [7]. They act as
antioxidants in Vitro by sequestering metal ions
and by scavenging reactive oxygen and nitrogen
species[8,9].
The antioxidant capacity of polyphenols present in
green tea has been reported to be both
chemoprotective and therapeutic[10]. The ability
to inhibit the effects of various mutagens in
cultured cell lines has also been observed[11].
They may also work indirectly as antioxidants
through their effects on the activity of transcription
factors and enzymes[8].The antioxidant properties
of green tea and its constituent catechins were
evaluated in a number of diseases associated with
Reactive Oxygen Species (ROS), such as cancer
and cardiovascular and neurodegenerative
diseases. Several epidemiological studies as well
as studies in animal models have shown that green
tea can confer protection against various cancers
such as those of the skin, breast, prostate, and lung
[12].
Grape seed extract (GSE) is a by-product derived
from the grape seeds (Vitis vinifera) (from grape
juice and wine processing) that is extracted, dried
and purified to produce a polyphenolic compound
rich extract [13]. Grape seed extract sold
commercially as dietary supplement listed on the
―Everything Added to Food in the United States
(EAFUS)‖ and has Generally Recognized As Safe
(GRAS) status approved by the Food and Drug
Administration (FDA). The composition and
properties of grape seeds have been investigated,
and reported to have many favorable effects on
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lipoprotein [14-16], reduction of cardiovascular
diseases and cancer [17].
The GSE of Vitis vinifera proved to have free
radical scavenging properties [18], reduce the risk
of chronic disease by protecting against free
radical mediated damage [19,20] and prevent the
incidence of stroke due to its radical scavenging
action and inhibition of lipid peroxidation [21].
Grape seed extract exhibits cytotoxicity toward
some cancer cells such as skin [22], breast[23],
colon[24], lung and gastric [25], Multiple
myeloma[26] and prostate cancers [27] while
enhancing the growth and viability of normal
cells[28]. Grape seed extract lethality is regulated
by multiple mechanisms including inactivation of
cytoprotective
pathways
such
as
phosphatidylinositol 3-kinase/protein kinase B[24],
activation of stress related pathway [29], activation
of Chk2 and p53 [30], mitochondrial damage
leading to cytochrome c and apoptosis-inducing
factor release [27].
The phenolic compounds in grapes and grape seed
extracts can be divided into two groups: (a)
phenolic acids and related compounds and (b)
flavonoids. The most common phenolic acids in
grape include cinnamic acids (coumaric acid,
caffeic acid, ferulic acid, chlorogenic acid, and
neochlorogenic acid) and benzoic acids (phydroxybenzoic acid, protocatechuic acid, vanillic
acid, and gallic acid). Flavonoids include colorless
flavan-3-ols (such as (+)-catechin, (−)-epicatechin,
and their polymers and their ester forms with
galactic acid or glucose), colored flavanones (the
most common flavanone in food is quercetin), and
red and blue anthocyanins [31].
Phenolic compounds possess a structure that
confers on them an antioxidant property, which has
been demonstrated to exert a novel spectrum of
biological, pharmacological, therapeutic, and
chemoprotective effects against oxygen free
radicals and oxidative stress [32]. All these
constituents have been reported to exhibit
antioxidant activity in vivo and in vitro as they can
scavenge many superoxide radicals and thereby
play an important role in the inhibition of
carcinogenesis [18].
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Also, these constituents can protect against DNA
damage caused by free radicals [33,34]. Several
studies have indicated that extracts obtained from
grape seed inhibit enzyme systems that are
responsible for the production of free radicals, and
that they are anti-mutagenic and anti-carcinogenic
[35,36]. For this reason, GSE is widely consumed
as a dietary supplement and could be useful in
synergizing the efficacy of chemotherapeutic
agents in cancer treatment.
The programmed cell suicide or apoptosis is a
regulatory system for balancing the homeostasis
situation during the growth, development and
differentiation among multicellular organisms. The
appearance of any type of disorders may lead to a
wide range of diseases including neurological,
immunological, and cancerous problems[37]. The
performance of a successful apoptosis process is
directly associated with inducers, caspase
enzymes, related genes and signaling pathways
[38].
Caspases are a family of endoproteases that play
essential roles in apoptosis, necrosis, and
inflammation. Caspases involved in apoptosis have
been sub classified by their mechanism of action
and are either initiator caspases (caspase 2, 8 and
9) or executioner caspases (caspase 3, 6 and
7)[39]. Initiator caspases activate executioner
caspases that subsequently coordinate their
activities to demolish key structural proteins and
activate other enzymes[40].
Radiation therapy (γ-radiation) is to deliver
radiation doses and schedules that kill cancer cells
while preserving normal tissue function. The
biological effects of ionizing radiation vary with
the dose, the dose rate, physical nature of radiation
and the type of cell or tissue irradiated. γ -radiation
is used in the treatment of cancer leading to
apoptosis in tumor cells[41].
This study aims to evaluate the antiproliferative
effect of GTE-GSE mixture, γ-irradiation and their
combination on the growth of myeloma cells in
vitro.

Chemicals
RPMI-1640, Foetal bovine serum, Antibiotic
antimycotic mixture (10,000 Unit penicillin, 10 mg
streptomycin and 25 µg amphotericin B/1 ml 0.9% Na
Cl), L-glutamine (200 mM solution), were obtained
from Sigma-Aldrich Co. USA. Green tea leaves and
grape seeds were bought from the local market.
Irradiation source and technique
The source of irradiation was 137Cs gamma cell 40,
installed in the National Center for Research and
Radiation Technology (NCRRT), Atomic Energy
Authority, Cairo, Egypt. Cell culture flasks were
placed into boxes and were placed in the
irradiation chamber of the gamma cell. The doses
used for cell cultures were 0.5, 1.5, 3, 6, 8 and 10
Gy at a dose rate = 0.175 Gy/min throughout the
period of irradiation.
Green tea and grape seed extracts preparation
Green tea extract (GTE) was separated by
maceration of 100 g grinded tea leaves for 24
hours three times in 250 ml of 95% ethanol at
ambient conditions[42,43]. Collected extracts were
filtered and centrifuged (7000 rpm, 15 min),
ethanol was evaporated on a rotary evaporator
(RVO 200 A, INGOS). The powdered GTE was
kept frozen at –18°C until further use.
Grape seed extract (GSE) was prepared according
to Ahn et al and El-Desouky et al [44,45]. Grape
seeds (GS) were dried at 50°C for 3 days in drying
oven. GS grinded to fine powder by grinder
(Moulinex, model 721, France). About 100 g of
GS powder was extracted in 500 ml of 50 %
ethanol and left for one day at room temperature.
The extract was filtered through Büchner funnel
followed by removal of ethanol using vacuum
rotary evaporator at 40°C. The residue obtained
was dissolved in water and kept at 4°C until further
use.
The obtained extracts were mixed to prepare GTEGSE mixture with a ratio of 1:2 (100 mg GTE: 200
mg GSE). The mixture was determined previously
by LC/DAD/MS HPLC and kept frozen at –20°C
until further use [43,45].

Growth of myeloma cells
Materials and Methods
The myeloma cells SP2/OR were maintained in
Myeloma cell line
SP2/OR myeloma cell line was supplied through the RPMI-1640 medium. The RPMI- 1640 media
supplemented with 10 % foetal bovine serum, 1 %
EGY/2/007, 1998, IAEA project.
antibiotic antimycotic and 1 % L-glutamine. The
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cells were plated in 25cm culture flasks and
γ-irradiation
combination of 48 hours .The cells

incubated at 37°C in a humidified air with 5% CO2
until cells growth enter log-phase with viability >
95 %. The cells were recounted with a viability
check daily prior to adjustment of the cell count to
2.5-5×105 cells. This process continued until cells
doubling time of 18-24 hrs was achieved with a
viability > 95 % and the final cell density was 11.5×106 /ml[46,47]. To determine total number of
cell and viability %, 100 µl of cells suspension was
mixed with 100 µl of trypan blue dye and counted
on hemocytometer[48].
The total count and viability % of myeloma cells
were calculated according to the following
equations:
Total counts of myeloma cells/ml = Total number of
cells /Number of square counted × 2 × 104
( )

Treatment of myeloma cells SP2/OR
Effect of GTE-GSE mixture on myeloma cells
GTE-GSE mixture was added at variable
concentrations of (100, 300, 400, 500, 700, 1000
ng/ml) into myeloma cells (1 ×106/ml) and
incubated at 37°C with 5% CO2 for 6 days. The
total count and viability of myeloma cells were
calculated daily.
Effect of γ-Irradiation on Myeloma Cells
Myeloma cells (1 ×106/ ml) were treated with γirradiation at variable doses (0.5, 1.5, 3, 6, 8 and
10 Gy). The myeloma cells after exposure to γirradiation were incubated for 6 days at 37°C with
5% CO2. Total count and viability of myeloma
cells were calculated daily for each dose.
Effects of GTE-GSE mixture and γ-irradiation
combination on myeloma cells
Myeloma cells (1 × 106/ml) were treated with the
most effective doses of GTE-GSE mix (500, 700
and 1000 ng/ml), then exposed to different doses
of γ-irradiation (0.5, 1.5, 3, 6, 8 and 10 Gy).
Treated myeloma cells were incubated at 37°C
with 5% CO2 for 6 days. The total count and
viability were calculated daily.
Caspase activity assays
Myeloma cells (1 × 106/ml) were treated with
GTE-GSE mix, γ-irradiation and GTE-GSE mix +
Arab J. Nucl. Sci. & Applic. Vol. 51, No. 3 (2018)

were washed two times with 2 ml phosphate buffer
saline (0.05 M pH 7.4) and subsequently treated
with lysis buffer (50 mM Tris–HCl, pH 7.4, 150
mM NaCl, 1% Nonidet P-40 and 1% SDS) for 10
min on ice bath to lyse cells (25 µl of lysis buffer /
1x106 cells). The cell lysate was centrifuged at
10.000 xg for 1 min. The supernatant was
transferred to a new tube and was kept in ice bath.
Each reaction requires 50 µl of cell lysate, 50 µl of
reaction buffer (saline, glycerol and detergent) was
added to each reaction (before using reaction
buffer 10 µl of fresh DTT stock (dithiothreitol)
was added to 1ml of reaction buffer). 5 µl of
caspase colorimetric substrate (LEHD-PNA) was
added to each reaction, and then the plate was
incubated at 37°C for 1-2 hours. The absorbance of
each well was detected using spectrophotometer at
a wave length of 405 nm [49].
DPPH scavenging assay
The activity of cell culture media and GTE-GSE
mix was measured based on the radical scavenging
ability in reaction with a stable DPPH free radical
according to Blois [50]. Diphenylpicrylhydrazine
(DPPH) is usually used as a reagent to evaluate
free radical and accepts an electron or hydrogen
radical to become a stable molecule.
Briefly, 0.1 mM of DPPH in ethanol was prepared
and 1 ml of this solution was added to 1 ml from
the supernatant of cell culture media treated with
GTE-GSE mix (100, 300, 400, 500, 700 and 1000
ng/ml). The mixture was shaken and allowed to
stand at room temperature for 30 min in the dark.
Then the absorbance was measured at 517 nm. The
radical
scavenging
activities
Butylated
hydroxytoluene
(BHT)
and
Butylated
hydroxyanisole (BHA) were determined also as
positive controls. Minimum absorbance of the
reaction mixture indicated maximum free radical
scavenging activity. The blank readings were taken
and the capability to scavenge DPPH radical was
calculated using the following equation:
DPPH˙ scavenging activity (%) = [(A0 - A1/ A0)] × 100

Where,
A0 = Absorbance of control reaction (containing
reagents except the test compounds).
A1 = Absorbance in presence of the tested cell
culture media.
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Results
GTE-GSE mixture induces inhibition of myeloma
cell growth
Myeloma cells SP2/OR (1 × 106/ml) were cultured
in the presence or absence of GTE-GSE mix at
various concentrations (100 – 1000 ng/ml) for 6
days and total count and viability were calculated
daily. GTE-GSE mix induced both time and dosedependent decrease in survival of myeloma cells,
as shown in Fig. (1). The viability % decreased
from 91 to 79 % at dose 100 ng, from 81 to 48 %
at dose 300 ng, from 70 to 39 % at dose 400 ng,
from 65 to 32 % at dose 500 ng, from 53 to 11 %
at dose 700 ng and from 44 to 7 % at dose 1000 ng
at the 6th day.

These results indicated that low doses of GTEGSE mix had a slight effect on survival of
myeloma cells while cell viability % was
significantly inhibited by 1000 ng of GTE-GSE
mix treatment in a dose-and time-dependent
manner. Also, it was observed that the most
effective doses of GTE-GSE mix on myeloma
cells viability were 500, 700 and 1000 ng/ml.
Therefore, the 1000 ng/ml as an optimum dose
could be selected and used for treatment or
inhibition of growth of myeloma cells.
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Fig. (1): Effect of variable concentrations of GTE-GSE mixture on viability % of myeloma cells

Effect of γ-irradiation on viability % of myeloma
cells
Fig. (2) illustrates the effect of variable doses (D)
of γ-irradiation (0.5, 1.5, 3, 6, 8 and 10 Gy) on the
growth of myeloma cells during lifespan during 6
days period time compared to the control group.
The viability % of myeloma cells for each dose
(0.5, 1.5, 3 and 6 Gy) decreased from (84 to 33 %,
78 to 29 %, 68 to 21 % and 61 to 15 %),
respectively at the 6th day. Also, the viability %
decreased from (44 to 0 % with 8 Gy at the 4th day)
and from 26 to 0 % with 10 Gy at the second day.
From these results, it can be concluded that the
effective dose of γ-irradiation for treatment of
myeloma cells was 8 Gy where at this dose the
viability % of myeloma cells reach 0 % at the 4th
day from exposure of γ-irradiation.

Effect of GTE-GSE mixture plus γ-irradiation
combination on viability % of myeloma cellsIn
order to obtain the optimum dose from GTE-GSE
mix that could be used in combination with γirradiation, the most effective three doses of GTEGSE mix at 500, 700 and 1000 ng/ml were used
individually with different doses of γ-irradiation
ranged from (0.5 - 10 Gy).
It was observed from Fig. (3a) that the viability
(%) of myeloma cells decreased from 62 to 17 %
at D1 (500 ng + 0.5 Gy), from 53 to 13 % at D2
(500 ng + 1.5 Gy), from 48 to 11 % at D3 (500 ng
+ 3 Gy) and from 39 to 6 % at D4 (500 ng + 6 Gy)
at the 6th days, where the viability decreased from
26 to 0 % at D5 (500 ng + 8 Gy) at the 4th days and
the growth of cells reached to zero % with D6 (500
ng + 10 Gy) after the first day.
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Fig. (2): Effect of variable doses of γ-irradiation on viability % of myeloma cells
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Fig. (3a): Effect of GTE-GSE mixture at concentration (500 ng/ml) and combined with different doses of γirradiation on viability % of myeloma cells. C= control, D1= 500 ng + 0.5 Gy, D2= 500 ng + 1.5 Gy,
D3= 500 ng + 3.0 Gy, D4= 500 ng + 6.0 Gy, D5= 500 ng + 8.0 Gy and D6= 500 ng + 10.0 Gy

The data in Fig. (3b) show that the viability % of
myeloma cells decreased from 51 to 11 % at D1
(700 ng + 0.5 Gy), from 49 to 10 % at D2 (700 ng
+ 1.5 Gy), from 43 to 9 % at D3 (700 ng + 3 Gy)
and from 35 to zero % at D4 (700 ng + 6 Gy)
during 6 days, where the viability % and growth of
myeloma cells with D5 (700 ng + 8 Gy) decreased
from 22 to zero % at the 3rd day and with D6 (700
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ng + 10 Gy) the growth of cells reached to zero %
at the first day.
These results indicated that the treatment with
GTE-GSE mix in combination with γ-irradiation at
D4 (700 ng + 6 Gy) during 6 days gave more
growth inhibition than either GTE-GSE mix or γirradiation individually in myeloma cells.
The effect of combination treatment of GTE-GSE
mix (1000 ng) in addition to different doses of γ-
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irradiation ranged from (0.5 Gy to 10 Gy) on
viability % of myeloma cells were illustrated in
Fig. (3c). The viability (%) of myeloma cells in the
present study was decreased from 48 to 8 % at D1
(1000 ng + 0.5 Gy), from 41 to 6 % at D2 (1000 ng
+ 1.5 Gy) and from 35 to 4 % at D3 (1000 ng + 3
Gy) during 6 days where the viability (%)
decreased from 27 to zero % with D4 (1000 ng + 6
Gy) at 5th day, from 22 to zero % with D5 (1000 ng
+ 8 Gy) at 3rd day and the viability % of cells
reached to zero % with D6 (1000 ng + 10 Gy) at
the 1st day.The obtained results from Fig. (3a, 3b,

3c) indicated that the treatment with GTE-GSE
mix combined with γ-irradiation (700 ng/ml + 6
Gy) gave more growth inhibition at the 4th day than
either GTE-GSE mix or γ-irradiation individually
in myeloma cells during 6 days. While, the
combination treatment of 1000 ng/ml + 6 Gy
allowed to growth inhibition at the 5th day. Thus, it
could be stated that the best combination treatment
is 700 ng/ml + 6 Gy.
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Fig. (3b): Effect of GTE-GSE mixture at concentration (700 ng/ml) and combined with different doses of γirradiation on viability % of myeloma cells. C= control, D1= 700 ng + 0.5 Gy, D2= 700 ng + 1.5 Gy, D3= 700 ng
+ 3.0 Gy, D4= 700 ng + 6.0 Gy, D5= 700 ng + 8.0 Gy and D6= 700 ng + 10.0 Gy
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Fig. (3c): Effect of GTE-GSE mixture at concentration (1000 ng/ml) and combined with different doses of
γ-irradiation on viability % of myeloma cells. C= control, D1= 1000 ng + 0.5 Gy, D2= 1000 ng + 1.5 Gy,
D3= 1000 ng + 3.0 Gy, D4= 1000 ng + 6.0 Gy, D5= 1000 ng + 8.0 Gy and D6= 1000 ng + 10.0 Gy
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Evaluation of caspase activity
In order to gain a better understanding of the
apoptotic pathways activated by GTE-GSE mix, γirradiation and combined treatment (GTE-GSE
mix + γ-irradiation) in myeloma cells, and to
delineate the mediators responsible for this
process, we cultured the cells in the presence or
absence of GTE-GSE mixture, γ-radiation and
combined treatment and subsequently investigated
the activation of caspases 8 and 9.
The obtained results in Table (1) demonstrated that
the treatment with GTE-GSE mixture with the
combination with γ-irradiation conferred increased
the activity of caspases 8 to 0.3 IU/ml in
comparison with the control at 0.15 IU/ml and
caspase 9 to 0.29 IU/ml compared with the control

at 0.08 IU/ml during 48 h post-treatment and
ultimately causing apoptosis of myeloma cells.
The treatment with GTE-GSE mix at 700 ng/ml +
γ-irradiation 6 Gy combination induced the
activation of caspase 8 and caspase 9 more than
GTE-GSE mix and γ-irradiation alone causing
more apoptosis.
The obtained results of this study showed that the
combined treatment with GTE-GSE mixture (700
ng/ml) plus γ-irradiation (6 Gy) at the 4th day
resulted in a significant increase of growth
inhibition levels and apoptosis when compared
with each treatment alone. Also, GTE-GSE
mixture induced a synergistic apoptosis in
myeloma cell lines.

Table (1): The level of caspase activities (IU/ml) in treated myeloma cells compared to control

Myeloma Treatment
Groups

Caspase-8

Caspase-9

Control
( Myeloma cell without treatment)

0.15±0.02

0.08±0.03

GTE -GSE mix
0.23±0.04
0.19±0.02
(500, 700 and 1000 ng/ml)
γ-irradiation
0.26±0.03
0.23±0.04
(6, 8 and 10 Gy)
GTE-GSE mix Combined with γ0.3±0.04
0.29±0.03
irradiation
(700 ng/ml + 6.0 Gy)
Data are presented as mean ± SD, n=5. GTE: green tea extract, GSE: grape seed extract

DPPH radical scavenging activity
The free radical scavenging activity of different
concentrations of GTE-GSE mixture (100, 300,
400, 500, 700 and 1000 ng/ml), different γirradiation doses (0.5, 1.5, 3, 6, 8 and 10 Gy) and
combination treatment (GTE-GSE mix with γirradiation) 500, 700, 1000 ng/ml were determined
by the DPPH method compared with BHA and
BHT as standard and the results are shown in
Table (2).
The results showed that myeloma SP2/OR cells
(1 × 106/ ml) exposed to γ-irradiation only with
doses 6, 8 and 10 Gy gave higher percentages of
DPPH 51.8, 62.3 and 77.4 % respectively. While
treatment with the GTE-GSE mixture only
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afforded to increase DPPH activity to 31.2, 46.2,
54.3, 59.8 and 69.3 % when the mixture
concentrations increased to 300, 400, 500, 700 and
1000 ng/ml, respectively in comparison to BHA
and BHT (%) as standard.
Both GTE-GSE mixture and γ-irradiation
treatment individually for myeloma supernatant
without treatment resulted in more reduction that is
significant in DPPH radical activity percentage to
62.0 % while, for myeloma supernatant with the
combination treatment (700 ng/ml plus 6 Gy)
reached 73.5 %.

147

ANTIPROLIFERATIVE EFFECT OF GREEN TEA
…
Table (2): DPPH Radical Scavenging Activity of different GTE-GSE mixture concentrations (100, 300, 400, 500, 700
and 1000 ng/ml), different γ-irradiation doses (0.5, 1.5, 3, 6, 8 and 10 Gy) and the combination treatment (500, 700,
1000 ng/ml) compared with BHA and BHT as standard

Type of Treatment

DPPH
Activity (%)

BHA (%)

BHT (%)

1 ×10 /ml

62.0

93.1

93.3

100 ng/ml

28.7

92.5

92.2

300 ng/ml

31.2

92.3

92.4

400 ng/ml

46.2

93.5

93.7

500 ng/ml

54.3

93.5

93.8

700 ng/ml

59.8

93.2

93.4

1000 ng/ml

69.3

92.8

92.7

0.5 Gy

11.4

92.7

92.4

1.5 Gy

29.2

93.1

93.4

3.0 Gy

41.8

93.2

93.5

6.0 Gy

51.8

93.3

93.5

8.0 Gy

62.3

93.2

93.6

10.0 Gy

77.4

92.9

92.7

500 ng/ml + 6.0 Gy

62.7

93.2

93.5

700 ng/ml + 6.0 Gy

73.5

93.2

93.6

1000 ng/ml+ 6.0 Gy

73.9

93.0

93.4

Sample
Groups
Myeloma cells without
treatment

6

(GTE-GSE) mixture

γ-irradiated samples

(GTE-GSE) mixture
combined with
γ-irradiation

GTE: green tea extract, GSE: grape seed extract, DPPH: Diphenylpicrylhydrazine, BHA: Butylated
hydroxyanisole, BHT: Butylated hydroxytoluene.

Discussion
Polyphenols antioxidant in green tea extract and
grape seed extract mixture (GTE-GSE mix)
terminate the radical chain reactions that occur
during the oxidation process and thus can act as
free radical scavengers [51]. The active hydroxyl
groups present in the molecular structure of
polyphenols
have
demonstrated
potential
antioxidant properties due to their redox potential;
this enables them to act in various forms such as

hydrogen donors, reducing agents, nascent oxygen
quenchers [52].
The strong antioxidant effect of phenolic
antioxidant is due to an effective hydrogen
donation, as well as effective delocalization of an
unpaired electron. The 2, 3 double bond in the Cring in conjugation with the carbonyl in the C4
improves electron delocalization, which stabilizes
the antioxidant radical [53].
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Data illustrated in Fig. (1) are in a good agreement
8 al.
and caspase-9 in myeloma cells leading to

with Galati and O'Brien[54]. They reported that
polyphenols are potent bioactive compounds that
possess anti-carcinogenic activities. They interfere
with the initiation, development and progression of
cancer by modulating critical processes of cellular
proliferation,
differentiation,
apoptosis,
angiogenesis and metastasis. Chung and Hong [12]
revealed that flavonoids have good effects on
cancer chemoprevention and therapy. They may
protect DNA from oxidative damage, inhibit
carcinogen activation, activation of caspases and
activate carcinogen detoxifying systems.
In this study, variable doses of γ-irradiation (0.5 to
10 Gy) as illustrated in Fig (2) were used for
treatment of myeloma cells, and the effective dose
was determined (8 Gy). The results obtained
indicated that the viability (%) of the cells
decreased by increasing the dose of γ-irradiation
used for treatment compared to that of the control
group and this could be due to the direct effect of
γ-irradiation on the DNA leading to a damage of
the genetic materials of the cells and loss of
clonogenic survival of myeloma cells [55].
From the obtained results in Fig. (3b and 3c) it
could be concluded that the dose of combined
treatment (700 ng/ml plus 6 Gy) was more
effective on the growth inhibition of myeloma
cells than each treatment alone during six day. This
may be due to the content of catechins and
procyanidin polyphenols that rich in the active
hydroxyl group, which can interact with the free
radicals to exhibit scavenging activity against free
radicals, superoxide radicals, peroxynitrite, chelate
copper and iron, preventing metal catalyzed free
radical formation [56].
Therefor polyphenols induce apoptosis in cancer
cells without adversely affecting normal cells [57].
The antioxidant functions of the green tea
polyphenol catechins depends on the structure,
position and number of hydroxyl groups [58].
The caspases enzymes play essential roles in
apoptosis, necrosis, and inflammation. Caspases
function is achieved via the cleavage of some
related proteins within the cells. Simply turned on
caspases are responsible from turning off the
process of cell survival [38]. The results suggested
that these treatments induced activation of caspase-
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induction of extrinsic and intrinsic apoptotic
pathways [59,60].
It has been suggested that the production of
reactive oxygen species (ROS) is a common
mechanism in one of the representative pathways
of apoptosis. Oxidant and its compounds are
capable of depleting reduced glutathione (GSH) or
damaging the cellular antioxidant defense system
and can directly induce apoptosis [61,62].
DPPH˙ is a stable radical showing a maximum
absorbance at 517 nm. In DPPH assay, the
antioxidant (GTE- GSE mix) was able to reduce
the stable radical DPPH to the yellow-colored
diphenyl picrylhydrazone [63]. This method is
based on the reduction of DPPH in alcoholic
solution in the presence of a hydrogen-donating
antioxidant due to formation of the non-radical
form DPPH-H in the reaction. DPPH is usually
used as a reagent to evaluate free radical and
accepts an electron or hydrogen radical to become
a stable molecule [64]. The disappearance of the
DPPH radical absorption at 517 nm by the action
of (GTE- GSE mix) antioxidant is taken as a
measure of antioxidant activity. The obtained
results in Table (2) indicated that a higher
percentage of DPPH scavenging activity in case of
GTE-GSE mix and γ-irradiation (700 ng/ml plus 6
Gy) may be attributed to the higher total phenolic
contents and flavonoids contents present in
mixture.
Conclusion
The present study shows that the combined
treatment with GTE-GSE mix plus γ-irradiation
(700 ng/ml plus 6 Gy) had an antiproliferative
effect which results in inhibiting the growth of
cancer cells via the induction of apoptosis in vitro
when compared with each agent alone. Also, GTEGSE mix plus γ-irradiation combination induced a
synergistic apoptosis in myeloma cells.
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