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Abstract 
Background: The accumulation of free radicals is linked to a number of dis-
eases. Free radicals can be scavenged by antioxidants and reduce their harm-
ful effects. It is therefore essential to look for naturally occurring antioxidants 
that come from plants, as synthetic antioxidants are toxic, carcinogenic and 
problematic for the environment. Lycopene is one of the carotenoids, a pig-
ment that dissolves in fat and has antioxidant properties. Materials and Me-
thods: The antioxidant and free radical scavenging activity were assessed us-
ing the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. The impact of lycopene 
on bacteria (E. coli) susceptibility to γ-radiation was examined by radio sensi-
tivity assay. The study also examined the induction of strand breaks in plas-
mid pUC19 DNA and how lycopene extract protected the DNA from γ-radia- 
tion in vitro. Results: At varying concentrations, lycopene demonstrated its abil-
ity to scavenge free radicals such as 2, 2-diphenyl-1-picrylhydrazyl (DPPH). IC50 
for lycopene was determined at 112 µg/mL which was almost partial to IC50 of 

standard antioxidant L-ascorbic acid. The D10 value 180 Gy of E. coli was 
found to be >2-fold higher in the extract-containing lycopene sample than in 
the extract-free controls. The lycopene extracts inhibited the radiation-induced 
deterioration of the plasmid pUC19 DNA. At an IC50 concentration, lycopene 
provided the highest level of protection. Conclusion: Lycopene functions as 
an efficient free radical scavenger and possible natural antioxidant source. For 
cancer patients and others who frequently expose themselves to radiation, ly-
copene may be a useful plant-based pharmaceutical product for treating a va-
riety of diseases caused by free radicals.    
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1. Introduction 

Radio-protective agents or radioprotectors are chemical or biological compounds 
that are employed to alleviate the damage that radiation causes to tissues and 
cells [1]. Ionizing radiation (IR) can damage bio-macromolecules directly, as 
well as produce reactive oxygen species (ROS), which can indirectly breakdown 
proteins and DNA [2]. Free radicals, such as reactive oxygen species (ROS), 
comprise unpaired electrons or singlet oxygen, which tend to be highly chemi-
cally reactive in cells [3]. These reactions result in oxidative stress and damage, 
namely causing single-strand breaks, double-strand breaks, and oxidized DNA 
bases, among other DNA diseases [4]. Radiation dosages too high can harm our 
cells’ DNA and result in Acute Radiation Syndrome (ARS). Moreover, radiation 
caused DNA lethality, mutagenesis, and apoptosis. Therefore, DNA damage can 
result in aging, cancer, and disruptions of the cell’s critical functions [5]. Anti-
oxidants act as radioprotectors, able to neutralize rogue free radicals by giving 
them an electron. These free radicals scavenging process tends to postpone cel-
lular damage [6]. Antioxidants can repair DNA damage by controlling the re-
dox-sensitive transcription factor NRF2 and regulating apurinic/apyrimidinic 
endonuclease [7]. Both natural and synthetic antioxidants are frequently used in 
food, cosmetics, and pharmaceutical products. However, due to consumer pre-
ferences and the carcinogenic nature of some synthetic antioxidants, manufac-
turers are now focusing more on natural antioxidants [8]. Out of all the common 
carotenoids found in tomatoes and other red fruits, lycopene is the most power-
ful naturally occurring antioxidant. Lycopene is an isomer of beta-carotene with 
a molecular weight of 536.89 and molecular formula C40H56 [9]. Because of its 
eleven linear conjugated double bonds and two unconjugated double bonds, it is 
a lipophilic compound with hydrophobic properties that make it more soluble in 
organic solvents like petroleum ether, methylene chloride, acetone, hexane, and 
chloroform. It is suggested that lycopene’s chemical structure increases its ca-
pacity to scavenge radicals and has a greater affinity for singlet oxygen [10]. Be-
cause of lycopene’s biological and physiochemical characteristics, which have 
drawn attention to it as a natural antioxidant, there is a high demand for its ex-
traction and purification [11]. Due to their high nutritional content, remarkable 
yield, affordability, and versatility as a model plant for various scientific studies, 
tomatoes are regarded as the most superior vegetable in the world [12]. Addi-
tionally, lycopene has been demonstrated to be effective in reducing the risk of 
cancer recurrence, diabetes, heart problems, oxidative stress-related dysfunc-
tions, liver, neurological, and reproductive issues [13]. It has been shown that 
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lycopene, a fat-soluble pigment with antioxidant and antitumor properties, re-
duces oxidative stress by either reducing oxidative damage to lipids, proteins, 
and deoxyribonucleic acid or trapping reactive oxygen species to enhance anti-
oxidant potential [14]. The pUC19 plasmid vector is a frequently used cloning 
vector that is high copy number, cultivable, and has multiple cutting sites. The 
2686 base pair long molecule is a small double-stranded circle that is widely used 
as a model plasmid in research [15]. In this study, we will extract and purify ly-
copene from the available local variety of tomatoes (Solanum lycopersicum) in 
Bangladesh and evaluate the free radical scavenging activity (antioxidant) of ly-
copene and radioprotective activities of pretreated bacteria and plasmid DNA 
(pUC19) with lycopene at various radiation doses. It will be the first study of 
natural radioprotection against radiation-induced DNA aberration in Bangla-
desh. 

2. Materials and Methods 
2.1. Extraction of Lycopene 

The fully mature, bright red tomatoes were thoroughly ground and homoge-
nized to break down their cell structure and facilitate the effective extraction of 
lycopene. Tomato paste was filtered by strainer to remove seeds and other de-
bris. First of all, 100 g was taken in the 250 mL of the conical flask. The samples 
were then extracted using a solvent mixture consisting of 200 mL of hexane and 
acetone at room temperature in a 3:1 ratio for an entire night in an orbital shak-
er. The extract from flask was filtered with Whatman No. 1 filter paper using 
vacuum filtration system. Following filtration, only crude extract remained after 
the solvent from the extract was separated at 50˚C in a rotary vacuum evapora-
tor (Heidolp, Germany). This crude extract of sample was strongly attached with 
surface of beaker and could not isolate directly. Then, this crude extract of sam-
ple was separated from beaker of vacuum evaporator by resuspending in etha-
nol. This ethanol was removed by vacuum concentrator and then stored our 
earmarked lycopene at 4˚C until use [16].  

2.2. Free Radical Scavenging Activity 

The scavenging capacity of lycopene was measured against the stable radical 
2,2-diphenyl-1-picrylhydrazyl (DPPH) in accordance with Brand-Williams et al. 
with a slight modification [17]. When the DPPH free radical interacts with hy-
drogen donors, it is reduced to the corresponding hydrazine. A 2.5 ml of the 
crude lycopene in methanol at different concentrations (200 - 300 μg/mL) was 
added to 500 µl of 1,1-diphenyl-2-picrylhydrazyl (DPPH) solution (1 mM in 
methanol). Methanol was conducted as control. The spectrophometer was set by 
zero with Methanol and the absorbance of the control reaction was taken at 517 
nm [blank sample (only DPPH in Methanol) (t = 0 min)]; After giving the mix-
ture a thorough shake and letting it sit at room temperature in the dark for 30 
minutes, the absorbance at 517 nm was measured using a spectrophotometer. 
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For comparison, L-ascorbic acid was used as the standard.  

( )DPPH% inhibition A1 A2 A1 100= − ×   ,  

where A1 = the absorbance of the control reaction; [blank sample in Methanol (t 
= 0 min)]; A2 = the absorbance in the presence of the lycopene [Lycopene ex-
tract solution (t = 30 min)]. The concentration at which the scavenging activity 
was 50% is known as the IC50 value. The analysis was done thrice, and the results 
are shown as mean values. 

2.3. Radio Sensitivity of DNA 

The large and complex bacterial genomes make it challenging to measure DNA 
damage in agarose gel electrophoresis. So, the induction of strand breaks in 
plasmid pUC19 DNA in vitro by γ-radiation was studied using the agarose gel 
electrophoresis method. Exposure to γ-radiation at 50 and 100 Gy doses was 
performed on ultra-purified Plasmid pUC19 DNA (Promega, USA) at a concen-
tration of 75 ng/µl, either with or without lycopene. The supercoiled and open 
circular forms of DNA were separated by agarose gel electrophoresis using 1% 
agarose gel in Tris-acetate-EDTA (TAE) buffer (pH 8.0). DNA bands after 
staining with ethidium bromide were photographed using a gel documentation 
system (Aplegen, USA) [18]. ImageJ (nih.gov. USA) software was used for gel 
band intensity analysis.  

2.4. Radio Sensitivity Test of Bacteria  

50 µl of the suspension of the vegetative cells of the E. coli ATCC 11303 (Absor-
bance600nm = 0.1 = 108 CFU/mL) were added to 50 µl of the aqueous extract of the 
lycopene at IC50 [19]. The suspension of the test organism without the lycopene 
extract was used as control. Gamma irradiations were carried out in a research 
irradiator (Cobalt-60) at Gamma source Division, Institute of Food and radia-
tion Biology, Bangladesh Atomic Energy Commission. The cell suspensions were 
irradiated at doses of 0.1, 0.2, 0.4, 0.6, 0.8 and 1 kGy. The test organisms irra-
diated and non-irradiated suspensions were serially diluted to ascertain the via-
ble bacterial count, which was then spread out on LB agar plates. Following an 
18-hour incubation period at 37˚C, the plates’ colony-forming units were counted 
[20]. A semi logarithmic survival graph was created by plotting the number of 
average colony of each type bacterial cells against the irradiation dose. Percent 
survivals of bacterial cells were plotted on Y-axis in logarithmic scale where 
γ-irradiation dosages applied were plotted on X-axis.  

3. Results 
3.1. Lycopene Content 

Total content of lycopene from tomato paste of our local variety extract was 200 
ppm. According to one study on tomatoes and tomato-related products, the ly-
copene content of fresh tomatoes was about 120 ppm, whereas that of tomato 
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paste was about 160 ppm. The lycopene content of tomato boiled sauce was about 
40 ppm, tomato ketchup was 170 ppm, and spaghetti sauce was 160 ppm [21]. 
Variations can be ascribed to differences in the treatment’s experimental design, 
raw material composition, and methodology. The UV/visible absorption spec-
trum was used as a first clue for the identification of lycopene. Figure 1 dis-
played the shape of the spectrum along with the λ max values of the lycopene in 
methanol purified from our local tomato cultivar.  

3.2. DPPH Radical Scavenging Activity 

Antioxidants postpone the oxidation of oxidizable materials by scavenging free 
radicals and reducing the oxidative stress resulting from the reactive oxygen and 
nitrogen species [22]. These species have the ability to initiate membrane lipid 
peroxidation and damage DNA. The DPPH assay quantifies the possibility of 
contributing an electron or α hydrogen atom to a particular ROS or RNS. The 
crude lycopene extract’s inhibitory percentage of DPPH scavenging adequacy 
was displayed in (Figure 2). The DPPH scavenging capability of lycopene ex-
tracted was compared with standard ascorbic acid. It was found that the IC50 
DPPH inhibition percentage of lycopene was 112 µg/ml compared to 74 µg/ml 
for ascorbic acid, meaning that lycopene has partially antioxidant power of as-
corbic acid. 
 

 
Figure 1. UV-Vis spectrum of lycopene extract from tomato sample.  

 

 
Figure 2. Determination of a DPPH radical scavenging activity of lycopene. 
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3.3. Protective Effect of Lycopene on E. coli 

The survival of E. coli ATCC 11303 cells at the various doses of γ-radiation (100 
Gy - 1 kGy) without and with the lycopene is shown in Figure 3. After overnight 
incubation of E. coli ATCC 11303 on LB broth, bacterial suspension was opti-
mized (absorbance600nm ~ 0.1) in spectrophotometer. Bacterial colony was moni-
tored after overnight incubation at 37˚C on LB agar media. The bacterial cells in 
PBS without the lycopene (control) decreased with an increase in the dose of 
γ-radiation. Thus, at 0.4 kGy in PBS without the lycopene (control), no colony 
forming units were detected, indicating complete elimination of the microflora 
(Figure 4). Conversely, 4 log cycle reductions in microflora were noted in the 
presence of lycopene. At a higher dose of 1 kGy no colony forming units were 
observed in the presence of lycopene, indicating lack of survivors. However, in 
the presence of lycopene extracts the population was reduced by ∼4 log cycles, 
indicating a protective effect of these extracts. E. Coli D10 value in PBS was dis-
covered to be 75 Gy. The D10 value 180 Gy was found to be >2-fold higher in the 
extract-containing lycopene sample than in the lycopene extract-free controls.  
 

 
Figure 3. Bacterial colony at 100 Gy without (left) and with (right) lyco-
pene extract. 

 

 
Figure 4. γ-radiation survival curve of E. coli ATCC 11303 in PBS with 
and without the lycopene. 
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3.4. Inhibition of Radiation Induced Strand Breaks in Plasmid 
DNA 

The plasmid pUC19 DNA was irradiated with and without the lycopene at 50 
and 100 Gy doses of γ-radiation. It was observed how the supercoiled form 
changed into an open circular form. The pUC19 is a 2.69 kb plasmid with an 
ampicillin resistance marker on it. It is clear from the Figure 5 that the plasmid 
DNA was protected during irradiation in the presence of the lycopene extracts, 
as indicated by its inferior degradation (lanes 5 - 7) compared to that in lanes 4, 
which was without the lycopene extracts. Lycopene has no effect on plasmid 
DNA. Supercoiled plasmid ladder used to measure the length of circular form 
DNA and 1 kbp DNA ladder was used to measure the length of linear DNA. The 
appearance of more than one band of plasmid in gel electrophoresis is due to the 
presence of multimeric (Supercoiled, open circular and linear) forms of the 
plasmid. In ImageJ analysis for Figure 5, intensity of linear band due to radia-
tion was higher in lane 4 rather than lane 5, 6 and the intensity of intact circular 
form was higher than in lane 5, 6 rather than lane 4. In lane 7, data is not clear 
due to poor migration. Similar results were obtained with lycopene at 50 Gy 
radiation dosage by ImageJ analysis (Figure 6). Without lycopene extract, inten-
sity of linear band was higher due to radiation damage rather than with lycopene 
extract sample lane. Gradually higher lycopene concentration gives more protec-
tion at irradiation, but much higher concentration showed poor protection at 
both 50 and 100 Gy radiation doses.  
 

 
Figure 5. Agarose gel electrophoretic pattern showing forms of plasmid 
pUC19 at 100 Gy. Lane 1: Supercoiled plasmid ladder, Lane-2: Only lyco-
pene, lane-3: Control non-radiated, Lane 4: Control irradiated without lyco-
pene Lane 5 - 7: Irradiated with lycopene at different concentration (150, 260 
and 500 µg/ml), Lane 8: 1 kb DNA ladder. 
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Figure 6. Percentage gel band intensity as assessed by the induction of 
plasmid linear form is plotted against concentrations (150 - 500 µg/ml) 
of the extract, in pUC19 DNA assay after exposure to 50 Gy dose. 

4. Discussion 

Reactive nitrogen species (RNS) and reactive oxygen species (ROS) in biological 
systems, such as superoxide, hydroxyl, and nitric oxide radicals, can oxidize pro-
teins and lipids in cells and damage DNA [23]. Antioxidants from food and me-
dicinal plants must be properly extracted and evaluated in order to be used in 
functional foods, medications, and food additives. This process also helps to 
identify new sources of antioxidants. Natural antioxidants derived from plant 
materials mostly consist of carotenoids (xanthophylls, lycopene, and carotenes), 
vitamins (vitamin E and C), and polyphenols (phenolic acids, flavonoids, an-
thocyanins, lignans, and stilbenes) [24]. The three-peak spectrum that results 
from lycopene’s maximal absorption at three wavelengths (440, 470 and 505 nm) 
is consistent with the findings of the previous investigation [25]. The local to-
mato is a good source of natural lycopene, which shows promise for use as a 
functional nutrient in the food industry [26]. Epidemiologic research indicates 
that diets high in tomatoes may decrease the risk of lung, stomach, prostate, cer-
vix, breast, oral cavity, pancreatic, colorectal, and esophageal cancers, among other 
cancer types [27]. It’s possible to propose that lycopene, which was extracted 
from local tomato paste, acts as an easily accessible natural source of lipophilic 
antioxidants. However, in addition to lycopene, other polyphenols and ascorbic 
acid contents may also contribute to tomatoes’ antioxidant activity [28]. So we 
should focus on the improvement of lycopene extraction protocol. While chem-
ically manufactured radio-protectors, such as butylated hydroxytoluene, reduce 
these adverse effects, they can cause a host of unintended side effects in humans, 
including changes in blood pressure, nausea, vomiting, and localized and wide-
spread cutaneous reactions [29]. Edible plants are currently at the forefront of the 
quest for natural antioxidants that are both safe and effective. Because of their 
supposed health benefits, lycopene is now commercially available and referred as 
supplemental medications [30]. The results of the DPPH scavenging method 
demonstrated a high level of antioxidant activity. Lycopene is a cheap, natural, 
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and effective antioxidant that may also have radioprotective properties at the 
chromosomal level [31]. Lycopene significantly decreased the organism’s sensi-
tivity to γ-radiation. One study showed that the antioxidant containing spices 
(chili, Turmeric and black pepper) added to a food could significantly alter the 
susceptibility of its microflora to γ-radiation. These findings also suggested that 
the protection of microorganisms that was seen might primarily be attributed to 
the antioxidant of spices ability to protect their DNA [32]. This study results is 
similar to one study that the fenugreek seed extracts also protect the pBR322 
DNA assay after exposure to 60 Gy dose [33]. One study found that higher su-
garcane juice concentration (5% and more) and higher dose rate of gamma radi-
ation exhibit less protection of DNA [34]. One useful biomarker of the oxidative 
state and the antioxidant defense system is the examination of the degree of 
DNA damage. According to research, lycopene can prevent radiation-induced 
DNA mutations and modulate DNA repair when applied at the proper times 
before and after exposure to ionizing radiation [35]. 

5. Conclusion 

Radioprotectants shield DNA from ionizing radiation-induced damage by sca-
venging free radicals. Natural radioprotectants have improved as a result of the 
side effects of chemical radioprotectants, providing an alternative. Relevant stu-
dies indicate that lycopene is a potent scavenger that can be used with minimal 
side effects in treatment, suggesting that it could be a promising radio-protective 
for our radiation exposure anxiety. Lycopene supplementation, particularly at 
low doses, may help prevent oxidative damage induced by radiation. In the case 
of radiation emergency accidents and radiotherapy treatment, this supplement 
may help lessen DNA disorders or side effects. 
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