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Abstract 

Cellular DNA may damaged when exposed to harmful Ultraviolet rays for long duration.  More energetic UV-B 

rays causes harm to cells by producing chemical changes in molecules, especially proteins and nucleic acids.  To 

analyze the effect of UV rays Calf thymus DNA and prevention by polyphenol enriched extract of Drum stick 

(Moringa oleifera) leaves and also its non toxic nature. The above study was done by using submarine gel 

electrophoresis where UV rays are used to damage the DNA and Ascorbic acid (400µM) used as positive control.  

The polyphenol enriched extract was taken at 15μg concentration prevent UV rays induced DNA fragmentation in 

submarine agarose gel electrophoresis which provides protection when compared to standard antioxidant 

Ascorbic acid (400μM). The cytotoxicity studies showed that, the extract and Ascorbic acid provides a protection 

of 59% whereas, the extract of Drum sticks leaves showed 69%. In conclusion, the Drum stick leaves extract 

showed a promising DNA protectant activity against UV rays induced DNA damage. 

 

Index terms:  Drum stick (Moringa oleifera) leaves extract, Ascorbic acid, DNA damage, DNA protectant, 

Cytoxocity, UV rays, Polyphenols  
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I   INTRODUCTION 

 

Electromagnetic radiations are bunch of energetic radiations which includes Ultraviolet rays (Robbins, 2013). 

Exposure to low intensity UV radiation helps in the synthesis of Vitamin D. Reports says that, extensive exposure 

to UV rays are harmful to living species (Dobrynin et al., 2009, Rinnan et al, 2009).  The long term effects of UV 

on living things are caused by changes in the genetic material, DNA (Herndon  et al., 2018). Large doses of UV 

may kill a cell outright by creating too much damage in its DNA. Smaller doses may have lasting effects by 

causing mutations (changes in the DNA sequence) or recombination between DNA molecules. Genetic changes 

such as mutation or recombination can affect the growth of cells, in some cases, leading to uncontrolled growth or 

cancer (Bello & Gbolagade, 2017; Williams, 2018; Robson et al., 2015). Herein we studied the DNA damage 

induced by UV rays and protection by Polyphenols enriched Drum stick plant (Moringa oleifera) leaves. It was 

reported that, it is easily available, inexpensive, resourceful antioxidant and also rich with Vitamin A (Abonyi et 

al., 2018; Sivasankari et al., 2014). 

 

II  MATERIALS AND METHODS 

 

Calf thymus DNA (CT DNA), Ascorbic acid, Agarose, Ethidium bromide was from Sigma Chemical company 

USA.  Ascorbic acid from HIMEDIA, India.  All the other chemicals were of Anal. R grade.   Fresh Drum stick 

leaves (Moringa oleifera) were procured from authentic source.   

 

2.1  Extraction 

Leaves are washed thoroughly with water and rinsed in 0.5% KMnO4 for five minutes and again washed in 

double distilled water to remove if any microbes present.   Further, leaves were shade dried, powdered, sieved and 

stored in a dry glass container for further use.  Polyphenol enriched extraction was done by mixing 25g of Drum 

stick leaves powder was mixed with 250mL of  methanol, followed with Soxhlet extractor for 72 h. Later, the 

excess methanol solvent was evaporated. In the same way, the extraction was done with other solvents like 

hexane, chloroform, ethyl acetate and butanol to obtain hexane, ethyl acetate, chloroform-butanol and residual 

methanol fractions, respectively. Finally, all crude extracts were mixed, filtered. The combined extracts were 

concentrated and dried by using rotary evaporator under reduced pressure (Hossain et al., 2014). 

 
2.2   Phytochemical analysis: 

The extract was subjected to phytochemical analysis to check the presence of  bioactive compounds by using 

standard protocols (Dinesha, R. & Leela Srinivas, 2010; Mylarappa et al., 2008; Dinesha, R. & Leela Srinivas, 

2011, Mohamed et al., 2015).    The protein estimation was carried out (Bradford, 1976) using BSA as standard 

and absorbance was read at 535nm. Total phenolics was determined according to the method of Folin Ciocalteu 

reaction (Kujala et al., 2000)  using gallic acid as a standard and absorbance was read at 750 nm.   Ascorbic acid 

estimation was carried out (Sadasivam & Manickam, 1997) and the absorbance was read against a reagent blank 

at 540nm. Total sugar estimation was done according to Dubois method (Dubois et al, 1956) and the absorbance 

was read at 520 nm. Flavonoids estimation was done (Cheon et al., 2000)   by using Quercetin as a standard and 

the absorbance was measured at 415 nm.  In the above analysis, standard curve was used to compare. 

 

2.3  Isolation of human peripheral lymphocyte 

10ml of venous blood drawn from young healthy donors to isolate human peripheral lymphocytes 

(Roudafshani et al., 2019). In brief, the blood was collected in 5:1 ratio of 85mM citric acid-71mM trisodium 

citrate-165mM D-glucose (ACD). Four volumes of hemolyzing buffer-150mM NH4Cl in 10mM Tris buffer, pH 

7.4 was added, incubated at 4°C for 30 min. Further the pellet containing cells were washed thrice with 10 ml of 

250mM m-inositol in 10mM phosphate buffer pH 7.4 and suspended in same solution. The cell viability was 

determined by Tryphan dye blue exclusion method  (Kamiloglu et al., 2020)  where 10μl of lymphocyte sample 

added to 0.02% of 10μl of Tryphan blue and the cells were loaded to Neuberg’s chamber and the cell number was 

counted. The survival rate of lymphocytes was determined at time intervals 20th, 40th and 60th minutes of 

incubation. Viability was tested by Trypan blue exclusion and exceeded 96% in each isolation. Percentage 

viability was calculated by the formula. 
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 2.4  Time course study of the effect of UV rays and protection antioxidants on the viability of lymphocytes 

          The time course study of the effect of U.V. on the viability of lymphocytes and protection antioxidants 

was done according to the method of Phillips, 1973 with minor modifications as explained in methods (Yamashita 

and Tokunaga, 2020). 

 

2.5   Submarine agarose gel electrophoresis  
 DNA submarine gel electrophoresis was carried out using 0.8% agarose prepared in TAE (40mM Tris, 20mM 

Sodium acetate, 18mM NaCl, 2mM EDTA, pH 8.0) buffer containing 0.2g\ml of Ethidium Bromide. 
Electrophoresis was carried out using TAE buffer. Bands visualized under U.V transilluminator 

 

2.6   UV rays induced DNA damage:  Protection by Polyphenols enriched extract of Drum stick leaves 

(Moringa oleifera) and Ascorbic acid 

             Finely sheared Calf thymus DNA was exposed to UV radiation (345nm) in presence and absence of 

antioxidants using germicidal UV lamp (Hanovia Lamp) for 60min at 37oC in 20mM, PBS, pH 7.4. At regular 

time interval, 200l of the reaction mixture was drawn and mixed with Ethidium Bromide solution which was 

prepared using 0.5g/ml trisodium phosphate buffer, 20mM, 100M EDTA, pH 11.8.  The fluorescence of the 
solution were measure at 520nm excitation and 590nm (Dinesha Ramadas et al., 2017). Appropriate blanks and 

controls were included to rule out non-specific quenching of fluorescence. The reaction mixture corresponding to 

3g of calf thymus DNA drawn at regular intervals of time, run on a 0.8% agarose gel and bands visualized under 

U.V Transilluminator to determine the protection offered by antioxidants.  

 

Statistical analysis 

 

All the results were represented as Mean  SD.  The significance of the experimental observation was 

checked by students t-test and the value of p value <0.05 was considered significant.  

 

 

 

 

III  RESULTS AND DISCUSSION 

 

 

Table -1:  Phyto-chemical analysis of Drum stick leaves extract 

 

 

 

Phyto-chemicals in Drum 

stick leaves 

 

Aqueous extract 

 

 

Carbohydrates  

 

+ 

Protein            + 

Polyphenols  + 

Flavonoids  + 

  

 

Values are means ± SD of triplicates 
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Figure-1: Ultraviolet rays induced DNA damage and its protection by Drum stick leaves extract and other 

antioxidants 

 

 

 

 

Lane  A:   Calf thymus DNA  sheared  (10 µg) 

Lane  B:   DNA  + UV radiation  

Lane  C:   DNA + UV radiation +  Ascorbic acid (400µM) 

Lane D :   DNA + UV radiation +  Drum stick leaves extract  (15µg) 

  

 Sheared Calf Thymus DNA (10g) with and without Drum stick leaves extract (15µg) / Ascorbic acid 

(400M) in 100l of 20mM PBS pH-7.4, subjected to UV radiation (345nm) 37oC for 60min. Reaction mixture 

of 4g DNA loaded on to 0.8% agarose gel.         

 

Figure-2: Study of cell toxicity induced by UV rays and protection by Drum stick leaves extract and 

Ascorbic acid 
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Lymphocytes (106cells) pretreated with or without antioxidants at indicated concentrations in 0.5ml HBSS 

pH 7.4, incubated at 37C for 20min., then exposed to UV rays for 60 minutes in final volume of 1ml HBSS, pH 

7.4.  After the desired incubation time (60 minutes), viability of the cells was determined by Tryphan blue 

exclusion and the percentage of viable cells was calculated as mentioned in methods. 

 

UV rays of different energies have various effects on DNA.  Among these, the most important damage to DNA is 

the formation of pyrimidine dimers. In this pyrimidine dimer, two adjacent pyrimidine bases--Cytosine (C) and/or 

thymine (T) are linked in an abnormal structure  which distorts the shape of the DNA double helix and blocks its 

copying by the DNA replication or RNA transcription machinery. The above changes leads to death of cells or 

cellular transformation   (Kitazawa et al., 1997; Molinero et al., 2020). As explained in the materials and methods, 

the polyphenol enriched extract of Drum stick leaves subjected to proximate analysis.  The results showed that, 

carbohydrates, proteins, Flavonoids and Ascorbic acid are present in a negligible concentration when compared to 

Polyphenols.  The obtained extract was polyphenol enriched.  The DNA submarine gel electrophoresis was done 

as explained in methods.  In Figure-1 Lane A shows sheared Calf thymus DNA (10µg).  Lane B shows, DNA 

damage caused by UV radiation, Lane C shows that DNA damage caused by UV rays and protection given by 

Ascorbic acid, Lane D showed against DNA damage caused by UV and protection by Drum stick leaves extract.  

The cyto-toxicity studies showed that, the polyphenol enriched Drum stick leaves extract is non toxic. We 

evaluated the protective effects of extract against UV rays induced lymphocyte cell death. The viability of 

lymphocytes on simultaneous pre treatment of UV rays a time course study was done.  The isolated lymphocytes 

(106cells) pretreated with or without antioxidants at indicated concentrations in 0.5ml HBSS pH 7.4, incubated at 

37C for 20min., then exposed to UV rays for 60 minutes in final volume of 1ml HBSS, pH 7.4.  After the desired 
incubation time (60 minutes), viability of the cells was determined by Tryphan blue exclusion and the percentage 

of viable cells was calculated as mentioned in methods.  The results indicate that, the viability of untreated cells is 

about 78%, the effect of UV on these cells reduced the viability of cells to 26%.  But when the cells were treated 

with well known standard antioxidant Ascorbic acid along with UV rays, the viability raised to 59% whereas the 

cells treated with Polyphenols enriched drum stick leaves extracts, the viability of cells raised to 69%.   The above 

results clearly indicates that, the drum stick extract and Ascorbic acid providing protection against UV rays to 

lymphocytes.      
 

Conclusion  

These preliminary results showed that, the protective effect of Polyphenols enriched extract of Drum stick 

leaves against UV rays induced DNA damage and proved that, it is non toxic to cells.   
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