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Abstract: The present study was carried out to evaluate the radioprotective role of lycopene on chromosomal aberrations (CAs) induced

by gamma (γ) radiation in human lymphocytes. For this purpose, we used in vitro dose-effect relationship, and correlate these data with
statistical parameters. CAs were evaluated in terms of chromosome break, dicentric, tricentric, acentric, fragment and ring. Mitotic index

(MI) and aberrant metaphase number (AMN) were also calculated. Nine groups of lymphocyte culture were prepared: (I) Control group did

not received radiation or lycopene, (II) positive control; lymphocytes were treated only with 0.020 µM lycopene, (III) radiation group;
lymphocytes were treated with only 10 Gy γ–radiation, (IV) lymphocytes were treated with 0.001 µM lycopene before irradiation, (V)
lymphocytes were treated with 0.005 µM lycopene before irradiation, (VI) lymphocytes were treated with 0.010 µM lycopene before
irradiation, (VII) lymphocytes were treated with 0.015 µM lycopene before irradiation, (VIII) lymphocytes were treated with 0.018 µM
lycopene before irradiation, (IX) lymphocytes were treated with treated with 0.020 µM lycopene before irradiation. The results indicated that
all lycopene-supplemented lymphocytes showed a lower CAs frequency than lymphocytes in only radiation treated group. It was seen that

lycopene had a protective effect on CAs particularly at 0.010, 0.015 and 0.018 µM concentrations, but this effect saturated at 0.020 µM
concentration. Besides, MI increased and AMN decreased depending on applied lycopene doses. In vitro results showed that the lycopene

supplementation decreases frequency of CAs and its protective role against chromosome damages induced by radiation is dose-dependent

until a certain stage.
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Introduction

Exposure of cells to ionizing radiation during the G0 or G1

phases of the cell cycle causes chromosomal aberrations (CAs) as

breaks, dicentrics, acentrics, fragments, rings and translocations.

These CAs are used as biomarkers of radiosensitivity or radiation

damage after medical, accidental and occupational exposure.

Besides, some of these CAs may be strongly linked with different

cancer types (Varella-Garcia et al., 2007; Hande et al., 2005;

Atanasova et al., 2004). Additionally, radiation is a well-known

inducer of free radicals caused to chromosomal damages. The use

of certain materials may help to decreasing of the genotoxicity created

by radiation and may inhibit mutagenesis and carcinogenesis (Flora

et al., 2007). A large number of natural and synthetic compounds

have been evaluated for this aim (Pillai and Damodharan, 2007).

Recently, carotenoids have been used specially for decreasing the

effect of radiation in many studies (Gulkac et al., 2004; Sendao et

al., 2006).

Carotenoids are a class of lipophilic pigments generally

found in plants, and they are strong antioxidants which associated

with scavenging of free radicals (Sendao et al., 2006). Antioxidants

are reported to reduce the genotoxic damage of chemical and

radioactive agents (Siddique et al., 2007). Besides, supplementation

of the human diet with antioxidants has been shown in numerous

studies to reduce the proportion of DNA damage induced by various

agents in peripheral lymphocytes (Dusinska et al., 2003). Lycopene

has been shown to have the highest antioxidant activity among the

carotenoids in cell protection against free radicals (Atessahin et al.,

2006; Subhash and Agrawal, 2007). Lycopene is one of over 600

carotenoids found in nature. It is a natural pigment synthesized by

plants, and predominantly found in tomato fruit, watermelon and

pink grapefruit. Lycopene is an acyclic isomer of β-carotene with 11

conjugated double bonds, normally in the all-trans configuration

(Bramley, 2000; Scolastici et al., 2007). It has been suggested that

lycopene can prevent carcinogenesis by protecting vital

biomolecules including DNA, proteins, enzymes and lipids (Scolastici

et al., 2007). The anticancer activity of this carotenoid has been

demonstrated in a large number of studies (Atessahin et al., 2006;

Mure and Rossman, 2001).

Consequently, lycopene has been used as a food coloring

agent for many years but recent studies have reported its antioxidant

activity, free radical scavenging capacity and role to prevent some

critical diseases, including cancers (Atessahin et al., 2005).

However, the protective mechanisms of lycopene in human are still

not clear. The aim of the present study was to evaluate the

radioprotective effect of lycopene on radiation-induced CAs in human

lymphocytes in vitro.
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Materials and Methods

Product and chemicals: The lycopene was obtained from Vega

Natural Products Ilt., Ltd., Konya, Turkey. RPMI 1640 medium with

L-glutamine (cat.01-100-1), foetal bovine serum (heat inactivated,

cat.04-121-1), colcemid solution (concentration: 10 µg ml-1, cat.12-

004-1), phytoheamagglutinin (cat.01-198-1) and penicilin-

streptomycin solution (cat.03-031-1) were obtained from Biological

Industries Ltd., Israel.

Subject: The present study has been carried out on blood samples

obtained from 10 healthy donors. The donors were selected

randomly among non-smokers persons. Of these donors, five were

males and five females. The mean age of the donors was 23.4

± 1.7 years (range 20-25). In this study, the methods and techniques

applied to donors were carried out according to the guidelines set

by the World Health Organisation (Geneva, Switzerland). The

donors provided written informed permission before starting the

study. Cytogenetical analyses were performed on human

lymphocytes exposed to radiation in vitro.

Experimental protocol: The nine different groups of lymphocyte

cultures were prepared from blood samples obtained from healthy

individuals as: (I) Control group did not received radiation or

lycopene, (II) lymphocytes were treated only with 0.020 µM

lycopene, (III) radiation group; lymphocytes were treated with only

10 Gy γ–radiation, (IV) lymphocytes were treated with 0.001 µM

lycopene before irradiation, (V) lymphocytes were treated with

0.005 µM lycopene before irradiation, (VI) lymphocytes were treated

with 0.010 µM lycopene before irradiation, (VII) lymphocytes were

treated with 0.015 µM lycopene before irradiation, (VIII) lymphocytes

were treated with 0.018 µM lycopene before irradiation, (IX)

lymphocytes were treated with 0.020 µM lycopene before irradiation.

The lycopene doses determined favourable to daily consumption

amount that recommended by practitioners of nutritional medicine

for support optimal health. Besides, six lycopene doses (0.001,

0.005, 0.010, 0.015, 0.018 and 0.020 µM) were administrated on

the basis of literature data (Hwang and Bowen, 2004; Park et al.,

2005 ).

Radiation treatment: Lymphocyte cultures were exposed to 10

Gy γ–radiation for 30 min by using “ATC Cobalt 60 SSD=80 cm”

instrument.  The radiation was applied after lycopene treatment on

a single dose as described in literature. The dose of γ–radiation in

this study was selected as 10 Gy. This dose was chosen because

it induced an increase in the frequency of CAs which was essential

for an investigation of the radioprotective role of lycopene (Lamadrid

et al., 2007; Kutsuki et al., 2005).

Lymphocyte sampling and culture: For the analysis of CAs,

peripheral blood samples were collected from 10 healthy donors.

Ten milliliters (10 ml) of venous blood was obtained from each

donor, and evacuated into heparinized tubes and transported to the

laboratory on the same day. After radiation treatment, blood culture

was prepared according to Kutsuki et al. (2005), Scarfi et al. (1994),

Sidduque and Afzal (2005). Briefly, 1.0 ml of whole blood (1.0X106

cells ml-1) was immediately added to 5 ml of RPMI 1640 medium

containing 10%  heat inactivated fetal calf serum, 0.3 ml

phytohaemagglutinin, 300 Uml-1 penicillin-streptomycin. Then

different concentrations (0.001, 0.005, 0.010, 0.015, 0.018 and

0.020 µM) of lycopene into each culture were added, and the cell

culture was incubated at 37±0.5oC for 72 hr in a humidified

atmosphere containing 5±0.1% CO
2
/ 95% 

 
in air.

Metaphase preparation: At the end of 70 hr of incubation,

colcemide 0.50 µg ml-1 was added to block cells in metaphase during

the last 2 hr of cell growth. Then standart cytogenetics procedures

as hypotonic treatment, fixation (1: acetic acid/ 3: methanol), slide

preparation, staining (5% Giemsa solution) and air dried

preparations was performed (Movafagh et al., 2007). The

metaphase preparations are made by placing 10-20 µl of cell

suspension with a pipette on freezing slides.

Mitotic index: MI was determined as the percentage of dividing

cells among 1000 nucleated cells in each culture.

Aberrant metaphase number: AMN was counted as the

number of damaged metaphases among 100 metaphases in

each culture.

Chromosomal aberration analysis: From control and positive

control group 1000 metaphases, from all treatment groups 100

metaphases were counted for CAs such as break, fragment,

dicentric, tricentric, acentric, ring and they were considered to be

equal. CAs were scored with binocular light microscope (Japan,

Nicon Elipse E600) according to scoring criteria of Testard et al.

(1996), Buckton and Evans (1973), Kilbey et al. (1997), Poddar et

al. (2004), Shadab et al. (2006).

Statistical analysis: For the statistical analysis, differences

between the groups were tested by analysis of variance (ANOVA)

and Duncan test using SPSS for Windows version 10.0. The data

were displayed as means ± standard error and p values less than

0.05 were considered significant.

Results and Discussion

The data obtained from experimental studies shows that

the frequency of CAs induced by γ–radiation in human lymphocytes

is significantly affected by the presence or absence of lycopene.

This phenomenon is supported by Table 1 and 2 which depicts the

level of CAs in all investigated group. All groups treated with

γ–radiation showed a higher frequency of total CAs when compared

with the control and lycopene groups (p<0.05).  Besides, the highest

MI and the lowest AMN were observed in control and positive

control groups when compared with other groups. The level of

CAs, MI and AMN in control group was not significantly different

from lycopene group (p>0.05). However, in all radiation-treated

groups was found a high frequency of CAs.

The number of CAs and aberrant metaphases in the group

exposed to only γ–radiation were found to be higher than in the

treatment groups supplemented with lycopene. Also the MI level
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was lower than groups supplemented with lycopene and the

differences were statistically significant (p<0.05). Detailed information

about AMN and MI was showed in Table 2. In the absence of

lycopene, γ–radiation significantly increased the number of CAs

and aberrant metaphases, and decreased the level of MI. But

supplementation with different doses of  lycopene was associated

with a decrease in the number of CAs and aberrant metaphases,

and an increase in MI level. In lycopene-supplemented group, the

maximum effect of supplementation was seen at 0.015, 0.018 and

0.020 µM lycopene doses. All these results can be explained by

the antioxidant effect of lycopene which decreases the genetic

damage. The maximum level of CA incidence was observed in

group III exposed to only radiation and also the lowest frequencies

were observed in lycopene-supplemented group IV. Treatment of

lymphocytes with lycopene doses resulted in a significant decrease

in the frequency of CAs. As the number of fragments at 0.020 µM

lycopene dose were about 2-fold lower than group II. With rising

the lycopene doses, the frequency of CAs decreased in all groups

exposed to γ–radiation. In group supplemented with lycopene, the

highest frequency of CAs was observed at 0.001 µM dose of

lycopene and least frequency of CAs was observed at 0.020 µM

dose of lycopene. Briefly, there was a strong dose-effect relationship

between the CAs and lycopene dose. The protective effect of

lycopene on CAs steady increased among 0.001-0.018 µM doses,

but this effect constanted at 0.020 µM concentrations. Consequently,

it was shown that lycopene have a radioprotective effect on the

frequency of CAs, but this effect related with dose until a certain

stage. The antioxidant status of lycopene should be considered as

a factor providing decrease in frequency of CAs. With the antioxidant

role of lycopene the influence of free radical induced by γ–radiation

in blood samples were decreased. The most of the damaged cells

showed a large number of CAs as fragments, breaks, dicentrics,

tricentrics, acentrics and rings (Fig. 1). The number of fragments

were higher than other CAs. The incidence of CAs was found

fragment> break> acentric> dicentric> ring> tricentric.

In conclusion, supplementation with lycopene resulted in

beneficial effects against genotoxic damage induced by γ–radiation

in lymphocyte cells. It was shown that lycopene have a protective

effect on the frequency of CAs, and this effect related with dose. The

antioxidant status of lycopene should be considered as a factor

providing decrease in frequency of CAs. Although it is not a general

rule, antioxidants and lycopene appear to share similar mechanisms

of protection against the genotoxicity. The researches found that

antioxidants are significant molecules that act as free radical

scavengers, and they trap the free radicals and give up own

electrons. Thus, antioxidants with stated functions, molecules as

protein, lipid, enzyme, chromosome and DNA were protected against

free radical oxidation (Feri, 1994; Halliwell et al., 1995). The effects

of lycopene and other antioxidants on CAs and applications have

been reported in literature. It has been suggested that lycopene

can prevent carcinogenesis by protecting vital molecules including

Table - 1: The frequency of chromosomal aberrations (CAs) in lymphocytes of treatment groups

Treatment groups Fragment Break Acentric Dicentric Ring Tricentric

I (control) 01.30 ± 0.56f 0.70 ± 0.44g 0.20 ± 0.36g 0.10 ± 0.14g 00.00 ± 0.00f 00.00 ± 0.00g

II (lycopene 0.020 µM) 01.10 ± 0.56f 0.75 ± 0.36g 0.18 ± 0.28g 0.00 ± 0.00g 00.00 ± 0.00f 00.00 ± 0.00g

III (radiation) 61.25 ± 1.23a 39.54 ± 0.58a 27.20 ± 0.68a 16.80 ± 0.52a 17.84 ± 0.38a 09.80 ± 0.28a

IV (rad+lyc 0.001µM) 59.86 ± 0.36a 34.88 ± 0.24b 22.250 ± 0.35b 13.80 ± 0.36b 13.90 ± 0.30b 07.26 ± 0.24b

V (rad+lyc 0.005 µM) 53.48 ± 0.54b 31.25 ± 0.46c 18.76 ± 0.32c 09.75 ± 0.42c 12.45 ± 0.29c 05.60 ± 0.23c

VI (rad+lyc 0.010 µM) 45.42 ± 0.58c 25.20 ± 0.58d 14.54 ± 0.38d 06.40 ± 0.34d 11.00 ± 0.33c 03.90 ± 0.18d

VII (rad+lyc 0.015 µM) 39.44 ± 0.41d 20.80 ± 0.61e 10.40 ± 0.35e 04.80 ± 0.24e 08.20 ± 0.36d 02.85 ± 0.14e

VIII (rad+lyc 0.018 µM) 33.86 ± 0.78e 15.18 ± 0.44f 07.10 ± 0.44f 01.72 ± 0.21f 05.50 ± 0.41e 01.40 ± 0.11f

IX (rad+lyc 0.020 µM) 33.42 ± 0.82e 14.90 ± 0.42f 06.90 ± 0.48f 01.58 ± 0.26f 04.65 ± 0.40e 01.10 ± 0.22f

*1000 cells were analyzed for control group and 100 for treatment groups. Values presented as mean±SE (n=10). Means denoted with different superscripts

are within the same column are statistically significant (p<0.05)

Table - 2: The percentage of aberrant metaphase number (AMN) and mitotic index (MI) in lymphocytes of treatment groups

Treatment groups AMN (%) MI (%)

I (control) 01.70 ± 0.22h (0.17) 784.16 ± 3.48a (78.41)

II (lycopene 0.020 µM) 01.94 ± 0.28h (0.19) 793.14 ± 3.28a (79.31)

III (radiation) 58.24 ± 0.65a (5.82) 339.40 ± 2.32h (33.94)

IV (rad+lyc 0.001 µM) 50.45 ± 0.49b (5.04) 369.85 ± 1.22g (36.98)

V (rad+lyc 0.005 µM) 44.85 ± 0.53c (4.48) 425.15 ± 2.29f (42.51)

VI (rad+lyc 0.010 µM) 38.75 ± 0.75d (3.87) 482.60 ± 2.48e (48.26)

VII (rad+lyc 0.015 µM) 31.40 ± 0.63e (3.14) 536.54 ± 2.38d (53.65)

VIII (rad+lyc 0.018 µM) 26.60 ± 0.89f (2.66) 578.35 ± 0.87c (57.83)

IX (rad+lyc 0.020 µM) 20.55 ± 1.22g (2.05) 592.72 ± 1.31b (59.27)

*Values presented as mean±SE (n=10). Means denoted with different superscripts are within the same column are statistically significant (p<0.05). AMN:

Aberrant metaphase number, MI: mitotic index, rad: radiation, lyc: lycopene
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DNA. It was also reported that this carotenoid can be useful

at the scavenge of reactive oxygen species (ROS), at the regulation

of detoxification system, at the inhibition of cell proliferation and at the

modulation of signal transduction pathway (Scolastici et al., 2007).

Besides, in many studies, results indicated that the carotenoids as

lycopene and carotene can be decreased the frequency of CAs in

cells of different organisms. For example, Aslanturk and Celik (2005)

investigated the protective effect of lycopene on CAs induced by

ethyl methane sulfonate in root tips of Allium cepa. As a result, they

showed that lycopene had preventive effect on CAs particularly at

1 and 3 µM concentrations, but this effect decreased at 5 and 10

µM concentrations. In another study, it was found rather decreased

the percentage of CAs of supplementation with antioxidants of the

human diet (Dusinska et al., 2003). In a similar study, it was

investigated the protective action of grape seed extract on CAs in

the bone marrow of mice exposed to gentamicin. As a result, it was

demonstrated that grape seed extract significantly protected bone

marrow chromosomes aganist genotoxicity induced by gentamicin

(El Ashmawy et al., 2006). Comparison of these results shows that

the frequency of CAs and the protective effect of lycopene observed

in this study is in agreement the data reported in literature.

One of the specific symptoms of radiation toxicity is decreased

of MI. In this study we investigated the changes in MI of lymphocytes

supplemented with lycopene and exposed to radiation. As shown in

Table 2, the MI of lymphocytes in lycopene treated Group III treated

with radiation was rather different from control and lycopene treated

group. The highest MI was observed in lymphocytes of control

group as 78.41% and lycopene treated group as 79.31%. The

increased MI level in lycopene treated group may be related with

the nutritious property of lycopene. From the experimental results it

as observed that radiation caused a decrease in MI of lymphocyte

cells. In group III, the MI of lymphocytes decreased about 44.00%

when compared to control group. Besides, MI of the lycopene

treatment group was higher than those of the group III, and difference

was statistically significant. With raising the lycopene doses, MI

continuous increased. 0.001, 0.005, 0.010, 0.015, 0.018 and 0.020

µM doses of lycopene caused 3.04, 8.57, 14.32, 19.71, 23.89 and

25.339 increase of MI, when compared to group III, respectively.

The results showed that lycopene-supplemented is increase the

MI, which can be considered as a sensitive indicator for antioxidant

activity of lycopene.

In our present study, the AMN was also recorded. A level of

0.17 and 0.19 AMN was recorded in control and lycopene treated

groups, respectively. But, the AMN level was rather increased with

radiation application in group III and IV. In group III, this elevation’s

has been found to be the maximum when compared with the group

IV supplemented with lycopene. Treatment with different doses of

lycopene significantly decreased the AMN induced by radiation in

lymphocyte cells. In group IV, the lowest AMN was observed at

0.018 µM and 0.020 µM doses of lycopene. The AMN decreased

about 3.16 and 3.77 at 0.018 µM and 0.020 µM doses of lycopene

when compared with Group III, respectively. These observations

suggests that the AMN are directly related with the dose of lycopene.

These information is in agreement with similar data reported by

other authors so far. For example, Sendao et al. (2006)

investigated protective effect of lycopene on antitumor drug

cisplatin (cDDP)-induced chromosomal damage. As a result,

they observed a significant reduction in the AMN in group treated

with different lycopene doses when compared with the animals

treated with cDDP. In a similar study, it was investigated the

radioprotective action of 2 mg kg-1 naringin in the bone marrow

of mice exposed to different doses of γ–radiation. Treatment

with naringin before exposure to various doses of γ–radiation

resulted in a significant reduction in the frequencies of aberrant

cells (Jagetia et al., 2003).

In our study, it could be concluded that lycopene has a

protective role against chromosomal damages induced by radiation

in human lymphocytes. So the role of lycopene was called as radio-

protective in this study. Also it was observed from the results the

lycopene supplementation resulted in beneficial effects against CAs,

and especially this effect is related with dose of lycopene until a
certain grade. So from these results it can be concluded that lycopene

supplementation might be a good candidate for the standing apart

from hazardous environmental factors.
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