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grape extracts. In conclusion, the grape extracts of different 
cultivars act as an essential source of natural antioxidants 
at varying degree, which are able to attenuate DNA dam-
age by scavenging free radicals, and regulate apoptosis by 
modulating apoptotic genes such as p53 and Bax in human 
lymphocytes induced by IR.
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Introduction

Ionizing radiation (IR) is used in various purposes, includ-
ing diagnostic and therapeutic functions. In some cases, 
radiation may be the best treatment for cancer prevention 
[1]. However, during radiotherapy of cancer one of the 
severe side effects is toxicity to normal cells [2]. Low Lin-
ear Energy Transfer (LET) radiations act by generating the 
free radicals [3] which interact with different components of 
the cells including cell membrane and different intracellular 
molecules like DNA, RNA and proteins, resulting cellular 
dysfunction and mortality [3–5].

The immune system provides the first line of defense for 
exposure to environmental risks. The immune system cells 
are the most radiosensitive cells in the body [6]. Among 
them lymphocytes are important one [7]. Radio sensitivity 
of lymphocytes varied among different subtypes. B cells, 
natural killer (NK) and naive T cells are extremely sensitive 
to radiation, whereas memory T cells and Treg cells are more 
resistant to lethal effect of ionizing radiation (IR) [8–11]. 
As blood lymphocytes are highly radiosensitive and easily 
accessible, they are frequently used in biodosimetry [12–14].

The search for radioprotectors is an ambitious goal 
with many practical applications. Currently growth factors 
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tive oxygen species. Polyphenolic compounds are known 
to mitigate the damaging effects of radiation. Grape (Vitis 
vinifera) contains a variety of bioactive phytochemicals. 
We investigated the Ferric reducing antioxidant power 
assay for commonly available four grape (Vitis vinifera L.) 
cultivars, including ‘Flame seedless’, ‘Kishmish chorni’, 
‘Red globe’ and ‘Thompson seedless’. Grape seed showed 
the maximum reducing power and antioxidant capacity, 
followed by its skin, and then pulp of the same cultivars. 
Kishmish chorni seed showed maximum reducing and anti-
oxidant power. Therefore, we had selected the Kishmish 
chorni cultivars to determine the protective efficacy against 
γ-ray irradiated DNA damage and apoptotic gene expres-
sion in human peripheral lymphocytes, and their efficacy 
was compared with widely cultivated Thompson seedless 
Cultivars. Annexin V-FITC and propidium iodide double 
staining suggested that apoptosis is a major mode of induc-
tion of cell death after irradiation in human lymphocytes. 
Comet assay revealed that DNA damage in human lympho-
cytes due to gamma irradiation at a dose of 4-Gy is sig-
nificantly (P < 0.05) mitigated by pretreatment with grape 
extracts. Bax and p53 mRNA levels that were up-regulated 
in gamma irradiated lymphocytes, were significantly down-
regulated when irradiated lymphocytes were pretreated with 
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derived from granulocyte colony-stimulating factor - fil-
grastim and keratinocyte are the only approved radioprotec-
tors for general use in humans for the prevention or treat-
ment of radiation-induced haematopoietic injuries [15]. On 
the other hand, the synthetic thiol compound, the first FDA 
approved radioprotector amifostine is being used clinically 
as an adjuvant in radiotherapy of head and neck cancer 
[16]. While the growth factors are very expensive, the thi-
ols including amifostine has severe side effects [15], limiting 
their practical applications [17]. Thus, a limited array of 
available medicinal for the prevention, mitigation or treat-
ment of bodily injuries arising from IR exposure, accentu-
ated the search for either less or non-toxic radioprotective 
compounds of biological origin. Epidemiological studies 
have revealed the association between the consumption of 
antioxidant-rich plant foods and prevention of oxidative-
stress-related diseases [18]. Studies suggest that naturally 
occurring non-toxic phytochemicals, including curcumin, 
parthenolide, genistein, gossypol, ellagic acid, withaferin, 
plumbagin, resveratrol etc. may have considerable potential 
as radioprotectors [19].

Studies on plant extracts and phytochemicals as a radio-
protective agents are a new area of research as the synthetic 
radioprotector possess several side effects. Therefore, it is 
necessary to assess the protective action of different plant 
extracts and phytochemicals against radiation induced dam-
age. Grape extracts of different cultivars possess a variety of 
phytochemicals and are responsible for free radical scaveng-
ing activity and antioxidant activity [17, 19]. Compounds 
possessing free radical scavenging activity and antioxidant 
activity seem to inhibit or reduce toxicity of free radicals 
and thus offer protection against radiation [20]. As DNA 
is the major target of radiation, the ability of grape extracts 
to prevent radiation-induced DNA damage was investigated 
using plasmid DNA (pBR322) [21]. In that study, super-
coiled pBR 322 plasmid DNA (~ 93%) is completely con-
verted to open circular (~ 97%) and linear (~ 2%) form at a 
dose of 150 Gy γ-radiation. Pretreatment with 1.6 µg grape 
extracts reduced the DNA strand breaks as evidenced by an 
increase in the supercoiled form, with subsequent decrease 
in open circular form of DNA, indicating recovery of super 
coiled form [21]. However, to the best of our knowledge, no 
studies so far have been reported on the protective action of 
grape extracts of different cultivars against gamma radia-
tion induced DNA damage and apoptosis in human lympho-
cytes. Therefore, we studied the radioprotective action of 
different cultivars of grape extracts against gamma radiation 
induced oxidative stress, DNA damage and gene expression 
in human lymphocytes. The aim of this study is to evalu-
ate the free radical scavenging activity of grape extracts of 
commonly available four grape (Vitis vinifera L.) cultivars, 
including ‘Flame seedless’, ‘Kishmish chorni’, ‘Red globe’ 
and ‘Thompson seedless’. The radio-protective action of 

grape extracts of potential cultivar against most commonly 
available cultivars will be evaluated against γ-radiation 
(IR)-induced DNA damage and gene expression in human 
lymphocytes.

Materials and Methods

HiSep LSM 001, Frosted slide from the Hi Media Labora-
tories (Mumbai, India); Folin–Ciocalteu’s phenol reagent, 
ethanol from Merck; 2-Propanol, chloroform, isopropyl, 
heparin, from Sigma-Aldrich; bovine serum albumin (BSA) 
(fraction V), copper sulphate (CuSO4,5H2O), dimethyl sul-
phoxide, EDTA, ethidium bromide, low melting agarose, 
methanol, from SRL; Annexin V-FITC and propidium 
iodide (PI) double staining kit from Sigma-Aldrich; agarose 
from Saekem ® Lonza; Trizol from Takara Clontech; tips 
and PCR tubes for PCR from oxygen Clontech; DEPC from 
Amresco; DNA Ladder from Thermo Scientific; MMLVRT, 
Taq polymerase, dNTPS from Invitrogen; primers from 
Xcleris.

Grapes: Commonly accessible four grape (Vitis vinifera 
L.) cultivars, including ‘Flame seedless’ (black), ‘Kishm-
ish chorni’ (black with reddish-brown), ‘Red globe’ (red) 
and ‘Thompson seedless’ (Sonaka, Green) were procured 
from the local vendors and validated from the Department 
of Fruits and Orchard Management, Faculty of Horticul-
ture, Bidhan Chandra Krishi Viswavidyalaya, Nadia, West 
Bengal. Immediately after collection, one set of grapes were 
stored at 4°C for phytochemical analysis whereas other set 
of grapes were washed thoroughly and the skin, pulp and 
seeds were separated by squeezing the fruits, were individu-
ally crushed and lyophilized for preservation of the grape 
samples.

Preparation of Grape Extracts

Grape extracts were prepared by dissolving each lyophilized 
grape sample in 1X PBS (pH 7.4). Then it was centrifuged 
and supernatant was used for assays.

Ferric Reducing Antioxidant Power (FRAP) Assay

FRAP is a reducing power assay based on electron transfer 
in which the presence of reductants (antioxidants) in the 
sample reduce Fe3+ to Fe2+ complex by electron donation. 
The Fe2+ formation can be monitored spectrophotometri-
cally by determining Perls Prussian blue colour formation 
at 700 nm. The increase in absorbance indicates a higher 
reducing power. For this experiment, 1 ml aqueous grape 
extract was added in 2.5 ml 200 mM of phosphate buffer 
(0.2 M, pH 6.6) and 2.5 ml 1% of potassium ferricyanide. 
This mixture was then incubated for 20 min at 50 °C in 
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water bath. These were then allowed to cool at room tem-
perature, followed by addition of 2.5 ml 10% of TCA and 
the solution was mixed by vortexing. After centrifugation 
for 10 min at 3000 g, an aliquot of supernatant (2.5 ml) was 
added in 2.5ml of milliQ water and 500 µl of FeCl3 (0.1%) 
solution and the absorbance of the solution was monitored 
at 700 nm [20].

Blood Sample Preparation

Fresh blood samples were collected aseptically in heparin-
ized tubes from willing healthy male donors (22–30 years) 
who had no history of disease or recent administration of 
any drug. Informed consent was obtained from each donor. 
One hour prior to irradiation, each blood sample was treated 
with 0.1 mg/ ml concentration of individual chosen grape 
extracts from seed, skin or pulp of each cultivar. One set of 
blood sample without any grape extract was irradiated and 
was labeled as irradiated control, while another set without 
any treatment (neither grape extract nor irradiation) was 
labeled as normal control. 0.1 mg/ ml concentrations of 
grape extracts were used for comet assay and mRNA expres-
sion of p53 and BAX.

In vitro γ‑irradiation

Irradiation of the blood samples were carried out in a 60Co 
γ-radiation unit at a dose of 4 Gy (dose rate of 3.05 kGy/ 
h) at the UGC-DAE Consortium for Scientific Research, 
Kolkata Centre, Salt Lake City, Kolkata. The study was 
permitted by the Institutional Ethics Committee (No. F-24/ 
Pr/ CMJNMH/ IEC/ 14/ 93(4)) as per the ICMR guideline 
(ECR/674/Inst/WB/2014, dated 31/10/2014). After irradia-
tion, samples were incubated at room temperature for one 
hour or two hour depending on the experiment, and then 
transferred to the laboratory on ice. Lymphocytes were iso-
lated from blood samples by density gradient centrifugation 
using the HiSepLSM 001.

Determination of Viability and Apoptosis in Control 
and Treated Lymphocytes

The cytotoxic effect of plasma isolated from control and 
irradiated blood was assayed using an trypan blue exclu-
sion technique [22]. Apoptosis in control and treated cells 
was determined by using Annexin V-FITC and propidium 
iodide (PI) double staining kit using a fluorescence micro-
scope. At least 300 cells in the labeled cell suspensions were 
counted randomly. Cells showing only green fluorescence 
were considered apoptotic whereas cells showing only red 
or both green and red fluorescence were considered to be 
necrotic [23].

Comet Assay or Alkaline Single Cell Gel 
Electrophoresis

Evaluation of DNA damage was performed by comet assay 
under alkaline condition with few modifications [24]. In 
short, lymphocytes were suspended in low melting agarose 
(0.6%) and then layered over a frosted slide which was previ-
ously coated with a layer of normal melting agarose (0.75%) 
to ensure firm gripping. For solidification, slides were then 
placed at 4 °C. In order to lysis of the cell membrane and 
the nuclear membrane slides were submerged in lysis buffer 
(pH 10) and left overnight. Next day, slides were first wash 
with distilled water and then presoaked in electrophoresis 
buffer (alkaline solution of 0.3 M NaOH, 1 mM Na2EDTA; 
pH ≥ 13) for 30 min for unwinding of DNA. Then electro-
phoresis was carried out at 20 V, 300 mA for 20 min. After 
that the slides were washed for three times with neutralizing 
buffer (Tris 400 mM, pH7.5) to remove alkali and stained by 
ethidium bromide (concentration 40 µg/ml) and visualized 
under fluorescence microscope (Olympus, 1 × 81). Acqui-
sition, processing and comet tail length measurement was 
done with Micromanager and ImageJ software.

Semi‑quantitative Reverse Transcriptase PCR

Isolation of RNA from human lymphocytes was done using 
Trizol reagent (Takara Clontech). Complementary DNA 
(cDNA) was then synthesized from 600 ng total RNA using 
MMLV Reverse transcriptase (Invitrogen). Amplification 
of cDNA was carried out by polymerase chain reaction for 
29 cycles with an initial hot start followed by denaturation, 
then annealing, and finally extension ( 94 °C for 30 s, 55 °C 
for 30 s, 72 °C for 90 °C, 28–29 cycles) with the use of 
the primers specific to p53 gene (forward primer sequence 
5′CAC​CCT​TCA​GAT​CCG​TGG​GC3’ and reverse primer 
sequence 5′AAA​CCC​AAA​ATG​GCA​GGG​GA3′) to yield a 
product of 250 bp and specific to Bax gene (forward primer 
sequence 5′TCA​TGG​GCT​GGA​CAT​TGG​AC3’ and reverse 
primer sequence 5′GGC​CTC​AGC​CCA​TCT​TCT​TC3′) gene 
to yield a product of 118 base pair (bp). For Positive control 
GAPDH specific primer (forward primer sequence 5′TGA​
TGA​CAT​CAA​GAA​GGT​GGT​GAA​G3′ and reverse primer 
sequence 5′TCC​TTG​GAG​GCC​ATG​TGG​GCCAT3′) to yield 
a product of 240 bp was used. Cycle number was controlled 
in order to prevent saturation of the amplification level and 
get amplicons at the exponential phase of amplification. 
Analysis of PCR product was done by electrophoresis on 
agarose gel (2%) along with a 100 bp DNA ladder. The pic-
tures of the gel were then examined under the gel Docu-
mentation System (Chemidoc, Syngene) and band intensities 
were measured by gene tools Syngene software and were 
normalized to respective GAPDH band intensities.
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Statistical Analysis

FRAP assay, Comet assay, and semi-quantative PCR were 
performed three times, and all the results are expressed as 
the mean ± standard error (SE). Statistical significance was 
established by t-test using SPSS version 13.0. P value < 0.05 
was set to establish the significance level.

Results

The antioxidant properties of grape extracts were measured 
through metal reducing capacity. The ferric reducing power 
assay was determined spectrophotomectically based on the 
reduction of Fe metal ion. Among different cultivar and 
different parts, grape seed showed the maximum reducing 

power and antioxidant capacity, followed by its skin, and 
then by its pulp in the same cultivars (Fig. 1). Among the 
skin of selected Flame seedless (black) cultivar skin showed 
the highest reducing power and antioxidant capacity, fol-
lowed by Kishmish chorni cultivars, and then Red globe 
cultivars; while Thompson seedless cultivars showed least 
capacity in this study (Fig. 1). Kishmish chorni seed pos-
sesses maximum antioxidant activity.

Ionizing radiation caused increase in Annexin V-positive 
cells, suggesting induction of apoptosis in these cells. The 
number of necrotic cells was low in all treatment groups, 
suggesting apoptosis as a major mode of induction of cell 
death after irradiation (Fig. 2).

Single cell gel electrophoresis (comet assay) was per-
formed to determine the DNA damage protecting ability of 
the Kishmish chornin grape extracts in irradiated cells and 
compared with non-treated (IR) and non-irradiated (con-
trol) cells. The results were compared with widely available 
Thompson seedless cultivar. Comet assay is highly effective 
technique to measure strand breaks in DNA in a single cell. 
Protective efficacy of grape extracts in different cultivars 
against DNA damage induced by γ radiation in human lym-
phocytes isolated from blood was analyzed by measuring the 
comet tail length (Fig. 3). A significant increase (P < 0.05) in 
comet tail length was observed in γ-irradiated lymphocytes 
compared to the non-irradiated control lymphocyes. Grape 
extract pretreated lymphocytes showed significant decrease 
(P < 0.05) in comet tail length in varying degree depending 
on the part of the extract and the cultivars. Seed extracts 
showed maximum level of protection followed by skin and 
followed by pulp. Kishmish chorni cultivars showed higher 
DNA damage protection than Thompson seedless cultivars.

Further two important cell markers were determined 
by semi-quantitative PCR method. The significant uprise 
(P < 0.05) of p53 and Bax were noticed in non-treated 

Fig. 1   Antioxidant capacity of grape extract measured through ferric 
reducing antioxidant power (FRAP) assay. Values are mean ± SE of 3 
experiments
 Abbreiations: TS: Thompson seedless skin, TP: Thompson seed-
less pulp, FS: Flame seedless skin, FP: Flame seedless pulp, RS: Red 
globe skin, RP: Red globe pulp, KS: Kishmishchorni skin, KP: Kish-
mishchorni pulp

Fig. 2   Effects of grape extract 
on viability and apoptosis in 
control and treated lympho-
cytes by Annexin V-FITC and 
propidium iodide (PI) double 
staining
 Radiation caused increased in 
Annexin V-positive cells, sug-
gesting induction of apoptosis 
in these cells. The number of 
necrotic cells was low in all 
treatment groups, suggesting 
apoptosis as a major mode of 
induction of cell death after 
irradiation
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irradiated cells. Post 1 h of 4 Gy γ-irradiation p53 m RNA 
level was significantly upregulated, whereas, Bax mRNA level 
was upregulated post 2 h of irradiation compared to untreated 
control group (Figs. 4 and 5). Pretreatment of lymphocytes 
with extract of different grape cultivars significantly (P < 0.05) 
protected the cells by down-regulating radiation-induced p53 
mRNA level and Bax mRNA level. Among the tested cultivars 
and extracts, seed extracts of Kishmish chorni cultivar showed 
maximum protection.

Discussion

Naturally occurring reductants are involved in oxida-
tive metabolisms and the reducing capacity is directly 
linked with their potential antioxidant activity [25, 26]. 
The reducing capacity of seed extracts followed by skin 
extracts of grape in this study indicates their degree of 
potential antioxidant activity. FRAP assay showed that 
Kishmish chorni seed possess maximum reducing and 

Fig. 3   DNA protection ability of the grape extracts by Comet assay 
and by measuring the tail length. Control: untreated sample, IR: only 
4 Gy radiation treatment, TS + IR: Pretreatment with Thompson seed-
less skin prior to 4 Gy radiation, TP + IR: Pretreatment with Thomp-
son seedless pulp prior to 4 Gy radiation, KS + IR: Pretreatment with 
Kishmish chorni skin prior to 4 Gy radiation, KP + IR: Pretreatment 

with Kishmish chorni pulp prior to 4  Gy radiation. The graph rep-
resents the respective tail length of DNA. Values are represented as 
mean ± SE of 100 observarions. P values: #<0.05 compared to the 
un-irradiated control group, *<0.05 compared to control and 4  Gy 
treated groups
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antioxidant power. On the contrary, Thompson seedless is 
the most widely cultivated grape cutivar in India. There-
fore, we had selected the Kishmish chorni cultivars for 
the study related to DNA damage and gene expression, 
and their efficacy was compared with Thompson seedless 
Cultivars.

A number of studies have been done on the protective 
effect of polyphenols and antioxidants on gamma radia-
tion induced human lymphocytes at cellular and molecu-
lar level using doses at 1–4 Gy [27–29]. We have selected 
4 Gy γ-radiation dose based on our previous study [17] that 
induces higher damage, and modification by the presence or 
absence of other agent is easily identifiable.

Apoptosis and necrosis reflect the program of cell death 
contributed by a dying cell and the ultimate stage of death, 
respectively. Whereas apoptosis is characterized as a physio-
logical, highly organized cell death process, necrosis is usu-
ally deemed to be accidental and uncontrolled. Physiological 
and weak pathological death stimuli conventionally induce 
apoptosis, while harsh non-physiological insults often imme-
diately instigate (primary) necrosis [30]. One of the early 
events occurring at the cell membrane during apoptosis is 
the translocation of phosphatidylserine from the inner side 
of the plasma membrane to the outer layer. These phos-
phatidylserine groups can be bound by fluorescein isothio-
cyanate (FITC)-labelled annexin V [31]. Combining it with 

Fig. 4   Effect of grape extracts on p53 expression. a Reverse tran-
scription followed by PCR showing p53 gene expression in human 
lymphocytes. b  Graphical representation of p53 expression. Con-
trol: untreated sample, IR: only 4  Gy radiation treatment, TS + IR: 
Pretreatment with Thompson seedless skin prior to 4  Gy radiation, 
TP + IR: Pretreatment with Thompson seedless pulp prior to 4  Gy 

radiation, KS + IR: Pretreatment with Kishmish chorni skin prior to 
4  Gy radiation, KP + IR: Pretreatment with Kishmish chorni pulp 
prior to 4  Gy radiation. Values are represented as mean ± SE of 3 
experiments. P values: #<0.05 compared to the un-irradiated control 
group, *<0.05 compared to control and 4 Gy treated groups

Fig. 5   Effect of grape extracts on Bax expression. a Reverse tran-
scription followed by PCR showing BAX gene expression in human 
lymphocytes. b Graphical representation of Bax expression. Con-
trol: untreated sample, IR: only 4  Gy radiation treatment, TS + IR: 
Pretreatment with Thompson seedless skin prior to 4  Gy radiation, 
TP + IR: Pretreatment with Thompson seedless pulp prior to 4  Gy 

radiation, KS + IR: Pretreatment with Kishmish chorni skin prior to 
4  Gy radiation, KP + IR: Pretreatment with Kishmish chorni pulp 
prior to 4  Gy radiation. Values are represented as mean ± SE of 3 
experiments. P values: #<0.05 compared to the un-irradiated control 
group, *<0.05 compared to control and 4 Gy treated groups
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propidium iodide (PI) staining is used to distinguish early 
versus late apoptotic or necrotic events [32]. The observed 
apoptosis as a major mode of induction of cell death after 
irradiation in our study is in agreement with other study, 
where 2 Gy γ-IR exposure to cultured human endothelial 
cells (ECs) increased the number of annexin V positive cells 
that activated apoptosis in ECs [33].

The neutral comet assay not only measure double-
stranded DNA breaks, but it has also been used to measure 
apoptosis based on its characteristic DNA fragmentation 
patterns. There is still ambiguity about the reliability of this 
method [34]. We have provided evidence by evaluating both 
Annexin V/ PI and the comet assay for detecting apoptosis in 
this study. While the Annexin V/ PI assay measures higher 
amounts of apoptosis because it can detect cells in an ear-
lier stage of the apoptotic pathway, the comet assay meas-
ures the late stages of apoptosis [34]. Significant (P < 0.05) 
decrease in tail length by pre-treatment with grape extracts 
in IR-induced lymphocytes in this study implies that grape 
extracts can protect peripheral blood lymphocyte DNA from 
irradiation. It has also been reported that antioxidants and 
polyphenols ameliorate gamma radiation induced DNA 
damage in human lymphocytes [29, 35]. Since DNA dam-
age induced by radiation is caused by generation of reac-
tive oxygen species (ROS) [36], grape extracts containing 
polyphenols, flavonoids and antioxidants with free radical 
scavenging activity [17, 19] may protect from IR-induced 
DNA damage in human lymphocytes.

It was reported that the IR induces a complex signaling 
apoptotic cascade that eliminate injured cells through the 
intrinsic pathway [37]. Interestingly, one study shows that 
the grape product rich in dietary fibre with natural antioxi-
dants have the capacity to modulate the mucosal apoptosis 
by modulating the redox environment in the cell [38]. We 
have also demonstrated that pretreatment with grape extracts 
attenuated the oxidative stress induced by 4 Gy γ-radiations 
in human lymphocytes in vitro; and modulated apoptosis by 
attenuating γ-radiation-induced elevated caspase 3/7 activ-
ity [17]. Whereas, another study reported that polyphenols 
present in grape seed could defend against apoptosis of the 
cardiac cell by inducing the endogenous enzymatic antioxi-
dants [39].

Several studies concentrate on the transcriptional 
response of lymphocytes to IR to describe the direct effect 
of IR on lymphocytes by gene expression analysis. These 
studies revealed that a major portion of the strongly activated 
genes are p53 and p53 targets, like the Bcl-2 associated gene 
Bax etc. are involved in repair of DNA and regulation of 
apoptosis [40–42]. Real-time RT-PCR is the most sensitive 
powerful tool for quantitative measurement of gene expres-
sion [43]. Semiquantitative reverse transcription-polymerase 
chain reaction (RT-PCR) is a relatively simple, inexpensive, 
extremely sensitive and specific common tool to determine 

the expression level of target genes and is widely used in 
biomedical science research. The basic principles for RT-
PCR and real-time PCR are the same [44]. Semi-quantitative 
and quantitative RT-PCR has significant advantages over 
traditional RNA assays, such as Northern blot, ribonuclease 
protection, RNA blot, and solution hybridization assays [45]. 
Two important genes, such as p53 and Bax expression were 
studied by semi-quantitative PCR method.

Major function of p53 is to maintain the integrity of 
genome [46]. p53 helps in removing damaged and mutated 
cells from dividing cell population by promoting cell cycle 
arrest [47]. It is a significant factor in aging [48]. It can insti-
gate apoptosis in case of irreparable DNA damage. More 
than 100 p53 target genes involved in regulation of the cell 
cycle arrest, transcription, cell death and DNA repair have 
been discovered [49]. p53 level was up regulated and caspase 
3 and 6 activity was increased at 5 Gy dose gamma irradi-
ated mouse thymocytes in one study [50]. Reduction in p53 
expression upon treatment by grape extracts of irradiated 
lymphocytes in this study suggests that the grape extracts 
are able to reduce the IR-induced DNA damage and thereby 
reducing the expression of p53.

Multiple Bcl-2 family proteins including B-cell lym-
phoma 2 (Bcl-2), B-cell lymphoma-extra large [Bcl-X(L)], 
and Bcl-2-associated X protein (Bax), orchestrate key life 
and death decisions in lymphocytes [51]. The balance 
between antiapoptotic and proapoptotic proteins of the 
Bcl-2 family is critical in determining the fate of T cells 
in response to death stimuli. Proapoptotic genes, such as 
Bax, are generally regulated by the p53 family of transcrip-
tion factors, whereas NF-kappaB subunits can activate the 
transcription of antiapoptotic Bcl-2 members [52]. It was 
found that pretreatment with antioxidants and free radical 
scavengers attenuated the irradiation-induced ROS genera-
tion, increased cell viability and down regulate Bax protein 
in irradiated lymphocytes [50, 53, 54]. Our study also dem-
onstrated that pretreatment with grape extract modulated 
of Bax expression to protect peripheral blood lymphocytes 
from gamma irradiation-induced apoptosis.

Thus, we have observed variation in degree of protec-
tion offered by the skin, pulp and seed extracts of the tested 
cultivars in different parameters in this study. These differ-
ences in degree of protection offered by the skin, pulp and 
seed extracts of the tested cultivars in different parameters 
may be due to different mechanism of action at molecular 
and cellular level.

Interestingly, over the past several years, different pre-
clinical in vitro and ex vivo models have been developed 
that facilitated to comprehend some of the critical aspects of 
health and disease. Yet, the translation to the human in vivo 
condition remains challenging. For example, the comet 
assay offers the opening to determine both DNA damage and 
repair. There are diverse reports regarding the regulation of 
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DNA repair by environmental and dietary factors. However, 
decisive issues about the factors regulating DNA repair and 
inter-individual variation remain unanswered [55]. Moreo-
ver, in vitro studies may be a useful preliminary screening 
method to identify promising plant cultivars [56], while, the 
low bioavailability of most phytochemicals limits their trans-
lation to humans [56]. The approaches follows in preclinical 
in vitro and ex vivo models fail to fully imitate the multifac-
torial and intricate in vivo environment [57].

In spite of above limitations, our study suggested that, 
the grape extracts of different cultivars act as an essential 
source of natural antioxidants, and is able to attenuate DNA 
damage and apoptosis by regulating apoptotic genes such as 
p53 and Bax in human lymphocytes induced by IR. In addi-
tion, the protective activity of grape depends on the part of 
the extract i.e. seed, skin or pulp, and the type of cultivars. 
However, further studies, particularly human clinical trials, 
is necessary to confirm the beneficial function of relevant 
nutraceuticals and to explore the safe limits of human sup-
plementation and the risk of side effects.
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