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ABSTRACT:  Quercetin is a plant flavonoid found in various fruits, leaves such as tea, vegetables and has 

been extensively studied due to its antioxidative, anticancer, anti-inflammatory and anti-neurodegenarative 

effects. UV radiation is harmful for human being as it may cause several complications such as skin cancer. 

Fruit fly (Drosophila sp.) has long been used as an arthropod model for genetics related studies. In the present 

study, the protective effect of quercetin is evaluated against UV-C radiation induced damage using Drosophila 

melanogaster. Pre-treatment with quercetin (10 µM) recovered the shortened lifespan caused by UV radiation 

and has also increased eclosion rate and the dose of quercetin is lower than the previously reported doses of 

other flavonoids. Flies subjected to moderate dose of UV radiation showed distinct abnormal characters such 

as incomplete abdominal pigmentation, curly wings or outstretched wings, whereas quercetin pretreatment 

showed no such abnormal characters or mutant phenotypes.  There is a considerable amount of change in the 

eclosed adult fly size, pupal size and pupal migration distance as well. Gel electrophoresis study of salivary 

gland DNA of D. melanogaster demonstrates the efficacy of quercetin in conferring protection to DNA 

against UV radiation-induced damage. Therefore, it can be concluded that quercetin may act as an effective 

protective agent against UV radiation-induced damage. 
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1. INTRODUCTION 

 Flavonoids are a class of plant secondary metabolites. A few of them are considered as dietary 

flavonoids. It is present in various plants such as onions, apples, tea leaves and many other fruits and 

vegetables. One of the most common and extensively studied plant flavonoids is quercetin (Figure 1). It has 

been found that the consumption of fruits and vegetables which are rich in quercetin is associated with 

positive health effects [1-3]. This chemical has been extensively studied due to its antioxidative [4], anti-

cancer [5], anti-inflammatory [6], radioprotective [7-8] and anti-neurodegenarative effects [9].   

 Fruit fly (Drosophila sp.) has long been used as an arthropod model for genetics related studies. In last 

few decades, such model organism has made it possible to identify various pathways that regulate lifespan of 
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the flies [10].  Low dose irradiation has been found to change the life span of Drosophila depending on the 

genotype [11]. 

 

 
Figure 1. Chemical structure of quercetin. 

 

 Ultraviolet (UV) radiation is one of the most common types of non-ionizing radiation. It is a part of the 

electromagnetic spectrum of sunlight. Although the energy carrying capacity of UV radiation is very low and 

this radiation cannot remove electron or ionize molecules easily but they produce charged ions while passing 

through the matter. In general, there are three types of UV rays according to their wavelength viz. UV-A, UV-

B and UV-C [12]. Among them UV-C is the most damaging and harmful one, having wavelengths of 100-280 

nm. All of the UV-C rays and almost 90% of the UV-B (280-315 nm) are absorbed by the atmospheric ozone 

layer. Remaining 10% of the UV-B and most of the radiation in the UV-A (315-400 nm) reach the earth’s 

surface. UV-B can only penetrate up to epidermis of human skin. Shorter exposure to UV-B helps in the 

synthesis of vitamin D in our skin; while longer exposure can cause skin burn, skin damage, skin cancer, eye 

damage [13-14]. UV-A can make its entry starting from epidermis making all the way to hypodermis layer 

easily. This radiation can cause skin ageing, wrinkling and in most cases, damage keratinocytes which are 

present in the basal layer of epidermis [12, 15]. Most of the skin cancers are caused by this UV-A radiation 

[13]. UV-C has germicidal activity [16]. However, unintentional overexposure or accidental exposure to UV-C 

causes skin redness and eye irritation [17-18]. Hence, indeed UV radiation is harmful for human being and 

can cause severe complications including skin cancer. 

2. METHODOLOGY 

2.1. Fly culture 

 All experiments are performed using wild type D. melanogaster. These flies are maintained and raised 

in the laboratory stock centre on cooked food composed of standard maize powder or cornmeal, brown sugar, 

Baker’s yeast or CSY medium (cornmeal 31.25 g, brown sugar 31.25 g, Baker’s yeast 18.75 g), agar agar 

(6.25 g), propionic acid, nipagin dissolved in ethanol (1 ml). The incubator is maintained at 24°C with 40% 

humidity [19].   

2.2. Quercetin treatment 

 After moderate boiling and thorough mixing, the food is cooled, poured into glass vials of 3 cm 

diameter, and are allowed to cool and harden in room temperature. For quercetin treated culture sets i.e. Q, 

Pre-Q and Post-Q, 10 µM of quercetin (Sigma-Aldrich) is added prior to hardening of culture medium i.e. 

food. Each vial is filled with 5 ml of culture medium and is plugged with sterilized cotton. Five different set 

of cultures are made – control (C), quercetin treated (Q), UV treated (UV), quercetin treatment after UV 

exposure (Post-Q) and quercetin treatment prior to UV exposure (Pre-Q). All experiments are performed in 

triplicates. For each experimental set i.e. C, Q, UV, Post-Q and Pre-Q, a total of 2100 flies are used. 
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2.3. Exposure to UV radiation 

 For the UV and Post-Q culture sets, each of the samples is subjected to UV exposure for a period of 60 

seconds.  The source of UV used is UV-C (180 J/m2). For the Pre-Q culture set, larvae are grown in culture 

medium containing quercetin. Freshly eclosed flies from that generation are allowed to lay eggs overnight.  

From those eggs when third instar larvae are obtained, those larvae are treated with UV rays for a period of 60 

seconds.   

2.4. Pupation rate, pupal size and pupal migration distance 

 The newly formed pupae are counted once a day from the onset of pupariation and also the larvae that 

pupariated on the medium are also counted. Pupae developed from all the five different culture sets are 

measured using slide calipers. Each pupa is marked on the vial wall and counted. The sizes of the pupae 

obtained from those larvae are measured using slide calipers. The three larval instars show two very important 

behaviours: they migrate towards the culture media which is referred to as feeding stage and the mature third 

instar larva usually have a propensity to migrate towards the cotton plug prior to pupal stage. This migration 

distance of the larvae from the culture media towards cotton plug is measured for all five culture sets.    

2.5. Eclosion rate, fly size and microscopic observation 

 The third instar larvae of fruit fly from the five different culture sets are subjected to irradiation at 

several doses in order to determine the optimal dose to analyze the effects of quercetin. From the total number 

of pupae obtained from the previous experiment are allowed to develop into adult fly. The total numbers of 

adult eclosed flies are counted. The size of each freshly eclosed flies are measured. Each fly is observed under 

binocular microscope (Magnus MS24, India) for any abnormal morphological characteristics.  

2.6. DNA damage assay from salivary gland of Drosophila 

 DNA was isolated from the salivary gland of the third instar larvae of five different culture sets and 

was subjected to agarose gel electrophoresis (Genei mini sub system, India). 

2.7. Statistical analysis 

 All obtained demographic data are presented as the mean ± SEM and analyzed with Origin Pro 8 

software.  

3. RESULTS AND DISCUSSION 

Quercetin, rutin and many other flavonoids have a high antioxidant activity and thus have been widely 

studied in the fields of food science and nutrition science [20-21]. Rutin is a natural flavonoid contained in 

fruits and vegetables and is one of the glycosylated derivatives of quercetin [22]. The radioprotective effects 

of quercetin and rutin against gamma radiation have been confirmed in Swiss albino mice previously [23-24]. 

Curcumin is an active component of turmeric just like quercetin of tea leaves, onion etc. This yellow coloured 

plant phenolic compound which possesses therapeutic properties has various health benefits [25-32]. In the 

present work, the probable radioprotective effects of bioflavonoid quercetin have been explored against UV 

radiation.  

It is evident from the Figure 2 that the pupation rate of the Post-Q (80.8 ± 2.63%) and Pre-Q (83.1 ± 

0.5%) flies are much higher than that of the UV treated larvae (37.8 ± 1.27%). The pupation rate of pre-

quercetin treated flies is much higher than that of the only UV treated larvae.  
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Figure 2. Effect of quercetin on pupation rate: Control (C), Quercetin (Q), UV treated, Post-Q and Pre-Q  

(*p < 0.05 as compared to radiation alone group). 

 

It is also found that quercetin treated pupae showed a moderate increase in their size (Figure 3). 

Although the differences are minute but the pupae size of the Post-Q (2.3 ± 0.03 mm) and Pre-Q (2.46 ± 0.01 

mm) treated pupae are comparatively higher than the pupae size of the UV treated (2.2 ± 0.03 mm) third instar 

larvae. The control pupa size in this case is 2.55 ± 0.04 mm. The pupae size experiment also reflects the same 

trend and supports the previous experiment, although the differences are not that much significant.  

 

 
Figure 3. Effect of quercetin on the size of pupae: Control (C), Quercetin (Q), UV treated, Post-Q and Pre-Q. 

 

Pupal migration distance from the culture medium is another parameter to assess the effect of low-dose 

radiation effects on fruit fly. The mean migration distance of control (C) and positive control (Q) are 7.0 ± 

0.02 cm and 5.2 ± 0.11 cm respectively. There is a significant increase in the migration distance of the 

quercetin treated UV exposed larvae i.e. Post-Q (3.3 ± 0.09 cm) and Pre-Q (4.2 ± 0.16 cm) compared to the 

UV treated ones (1.2 ± 0.08 cm). The effect of UV radiation minimizes the migration rate of the pupae, which 

is successfully recovered by the pre-treatment of quercetin (Figure 4).  

Larvae pre-treated with quercetin and developed into adult flies have showed significant increase in 

their mean eclosion rate. The mean eclosion rate of the quercetin control is 87.5 ± 1.67%. There is a drastic 

decrease in the eclosion rate of UV treated larvae (22.5 ± 0.84%) whereas treatment with quercetin has 

recovered the eclosion rate to some extent. The eclosion rate of Post-Q larvae is 64.9 ± 1.44% and that of Pre-
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Q larvae is 70.1 ± 1.0%. The eclosion rate of fruit flies is recovered three times with the pre-treatment of 

quercetin than that of only UV treated flies (Figure 5). Quercetin reversed shortened lifespan of irradiated flies 

as well as increased the pupation and eclosion rate.   

 

 
Figure 4. Effect of quercetin on the migration distance of Drosophila pupae: Control (C), Quercetin (Q), UV treated,  

Post-Q and Pre-Q (*p < 0.05 as compared to radiation alone group). 

 

 
Figure 5. Effect of quercetin on eclosion rate: Control (C), Quercetin (Q), UV treated, Post-Q and Pre-Q  

(*p < 0.05 as compared to radiation alone group). 

 

 In eclosed fly size experiment (Figure 6), the size of control adult female flies are 2.5 ± 0.01 mm and 

of control male flies are 2.2 ± 0.01 mm. Size of the UV treated adult female flies are 2.3 ± 0.03 mm and of 

male flies are 1.7 ± 0.03 mm. Larvae fed with quercetin have showed a minute increase in fly size prior to UV 

exposure i.e. Pre-Q (2.4 ± 0.01 mm for female and 2.1 ± 0.03 mm for male). Fly size of the UV pre-exposed 

and quercetin post-treated larvae are 2.4 ± 0.01 mm for female flies and 1.9 ± 0.04 mm for male flies. In this 

study, the male flies show more severe effect of UV radiation than the female flies; however, in case of both 

the sexes, quercetin ameliorates the effects of radiation. This sex specific radiation resistance may be due to 

the presence of only one X chromosome in males, whereas two X are present in case of female flies. 
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Figure 6. Effect of quercetin on the size of eclosed adult Drosophila: Control (C), Quercetin (Q), UV treated,  

Post-Q and Pre-Q. 

 

When third instar larvae are exposed to UV radiation for a period of 60 seconds, and are allowed to 

develop into adult flies they showed some unusual characters such as incomplete abdominal pigmentation, 

curly wings, outstretched wings; whereas quercetin pre-treatment showed no such abnormal characters or 

mutant phenotypes. From the Figure 7 (a-d), it is evident that freshly eclosed female fly which is UV treated 

at its larval stage have showed incomplete abdominal pigmentation at the left lateral side of the body. Figures 

7 (e, g, h) depicts UV treated male flies that have incomplete abdominal pigmentation. In the Figure 7 f, there 

is a male fly in which one wing has not emerged probably during its eclosion. Among two flies in the Figures 

7 (i, j), Figure 7 (i) shows normal male fly which has its wing running parallel to its body axis; whereas in the 

Figure 7 (j), the male fly shows outstretched wings i.e. a mutant phenotype along with incomplete abdominal 

pigmentation. In quercetin treated sets, no such abnormal flies are detected. Figures (k, l) show normal female 

fly and normal male fly respectively. 

 

 
Figure 7. UV-induced deformities of D. melanogaster: (a-d) incomplete abnormal pigmentation in female flies; (e,g,h) 

incomplete abdominal pigmentation in male flies;  (f) single winged male fly; (i) normal male fly; (j) deformed wing and 

incomplete abdominal pigmentation in male fly; (k) normal female fly; (l) normal male fly. All arrows indicate the 

abnormal characteristics. 
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Isolated DNA from the salivary gland of Drosophila is subjected to agarose gel electrophoresis (Figure 

8). Lane 1 and 2 shows DNA isolated from control (C) and positive control larvae (Q). Lane 3 shows salivary 

gland DNA of UV treated larvae (UV). Lane 4 and 5 represents DNA from Post-Q and Pre-Q salivary glands 

of larvae, respectively. Salivary gland DNA isolated from the UV treated larvae when are subjected to agarose 

gel electrophoresis moves further than the DNA of Post-Q and Pre-Q larvae. The control DNA (lane 1) has 

similar position with respect to DNA of Pre-Q larvae (lane 5), which indicates the protective effect of 

quercetin against UV radiation induced DNA damage. 

 

 
Figure 8. Effect of quercetin on salivary gland DNA of Drosophila. Lane 1 – control, Lane 2 – quercetin treated 

sample, Lane 3 – UV treated sample, Lane 4 – Post-Q sample, Lane 5 – Pre-Q sample. 

 

An important risk factor in skin carcinogenesis is solar UV radiation. High energetic photons are 

capable of interacting with DNA and it also induces DNA damage. In order to determine the effect of UV 

radiation on SKH-1 mice in relation to DNA damage, a study was conducted, which revealed the increase in 

single strand breaks [33]. Bulky photodimers are generated at di-pyrimidine sites due to solar UV radiation. It 

also induces single strand breaks and various types of oxidative lesions [34]. UV radiation is capable of 

inducing single strand breaks in the nuclear DNA of humans as well [35]. A variety of mutagenic and 

cytotoxic DNA lesions such as cyclobutane pyramidine dimmers (CPD), 6-4 photoproducts (6-4PPs) and 

DNA strand breaks are generated due to one of the powerful mutagenic agent i.e. UV radiation [36]. Single 

strand breaks and oxidised bases are generated due to UV-A radiation [37]. Relatively low dose of UV ray 

induces the formation of DNA strand breaks [38]. CPDs and 6-4PPs are the two type of UV-B induced DNA 

damage [39]. Single strand breaks are generally predominant just after UV irradiation [40]. Such studies 

confirm that UV radiation can induce the formation of DNA strand breaks along with other molecular 

changes. Hence, the present study on salivary gland DNA of fruit fly successfully proves the protecting effect 

of quercetin against UV radiation induced DNA damage.  

Moreover, it is already reported that curcumin pre-treatment of concentration 100 µM mitigates the 

effects of gamma irradiation on Drosophila [27]. But, quercetin pre-treatment has recovered the shortened 

eclosion rate caused by UV radiation at comparatively lower dose of quercetin (10 µM) than the dose of 

curcumin as reported by Seong et al. [27]. It confirms the efficacy of quercetin as a potent radioprotector. The 

present study unravelled the UV protective potential of quercetin on D. melanogaster. From the results, it is 

evident that quercetin has the efficacy to render UV protection on fruit flies. However, this effort to promote 
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quercetin as antioxidant supplement and probable radioprotector against UV radiation-induced damage 

warrants further in vivo studies with clinical trials for the benefit of human being. 

Authors’ Contributions:  Conceived idea and designed the experiments: SP, DM. Performed the experiments: 

SM, DM, SP. Analyzed the data: SP, DM, MB. Contributed reagents/materials/analysis tools: DM, SP. 

Contributed to writing of manuscript: SP, DM, MB, SM. All authors read and approved the final manuscript. 

Conflict of Interest:  The authors have no conflict of interest to declare. 

Acknowledgements: This work is financially supported by Department of Science and Technology (DST), 

West Bengal and is indebted to Dr. Tarak Nath Podder Memorial Foundation and Shri Jitendra Naryan Dutta 

Fellowship for the financial assistance. Authors express their sincere gratitude to Dr. Arpan Parui, Department 

of Zoology, University of Calcutta for capturing the photographs of flies during microscopic observations. 

Thanks are extended to Dr. Ajay Kumar Mandal for his unconditional support in experimental procedure. The 

authors are indebted to Dr. Sajal Bhattacharya, Head, Department of Zoology and Dr. Dipak Kumar Kar, 

Principal of Asutosh College for their constant support and encouragement. 

REFERENCES 

1. Pal S, Saha C. A review on structure-affinity relationship of dietary flavonoids with serum albumins. J 

Biomol Struct Dyn. 2014; 32: 1132-1167.  

2. Jan AT, Kamli MR, Murtaza I, Singh JB, Ali A, Haq QMR. Dietary flavonoid quercetin and associated 

health benefits - an overview. Food Rev Int. 2010; 26(3): 302-317.  

3. Liu RH. Health benefits of fruit and vegetables are from additive and synergistic combinations of 

phytochemicals. Am J Clin Nutr. 2003; 78(3): 517-520.  

4. Pietta PG. Flavonoids as antioxidants. J Nat Prod. 2000; 63: 1035-1042.  

5. Dajas F. Life or death: Neuroprotective and anticancer effects of quercetin. J Ethnopharmacol. 2012; 

143(2): 383-396.  

6. Guardia T, Rotelli AE, Juarez AO, Pelzer LE. Anti-inflammatory properties of plant flavonoids. Effects 

of rutin, quercetin and hesperidin on adjuvant arthritis in rat. II Farmacol. 2001; 56(9): 683-687.  

7. Pal S, Saha C, Dey SK. Studies on black tea (Camellia sinensis) extract as a potential antioxidant and a 

probable radioprotector. Radiat Environ Biophys. 2013; 52(2): 269-278.  

8. Benkovic V, Knezevic AH, Dikic D, Lisicic D, Orsolic N, Basic I. Radioprotective effects of propolis 

and quercetin in �-irradiated mice evaluated by the alkaline comet assay. Phytomedicine. 2008; 15(10): 

851-858. 

9. Obulesu M, Rao DM. Effect of plant extracts on Alzheimer’s disease: an insight into therapeutic 

avenues. J Neurosci Rural Pract. 2011; 2(1): 56-61.  

10. Iliadi KG, Iliadi NN and Boulianne GL. Regulation of drosophila life-span: effect of genetic background, 

sex, mating and social status. Experimental Gerontology. 2009; 44(8): 546-553. 

11. Moskalev AA, Iatskiv AS and Zainullin VG. Effect of low dose irradiation on the lifespan in various 

strains of Drosophila melanogaster. Genetika. 2006; 42(6): 773-782. 

12. D’Orazio J, Jarrett S, Ortiz AA, Scott T. UV Radiation and the skin. Int J Mol Sci. 2013; 14(3): 12222-

12248.  

13. Watson M, Holman DM, Eisen MM. Ultraviolet radiation exposure and its impact on skin cancer risk. 

Semin Oncol Nurs. 2016; 32(3): 241-254.  



Majumder et al.  Effect of quercetin against UV radiation-induced damage in Drosophila melanogaster 284 

European Journal of Biological Research 2019; 9(4): 276-285 

14. Hart PH, Gorman S, Jones JJF. Modulation of the immune system by UV radiation: more than just the 

effects of vitamin D. Nat Rev Immunol. 2011; 11(9): 584-596. 

15. Narayanan DL, Saladi RN, Fox JL. Ultraviolet radiation and skin cancer. Int J Dermatol. 2010; 49(9): 

978-986.  

16. Stevens C, Khan VA, Lu JY, Wilson CL, Pusey PL, Kabwe MK et al. The germicidal and hermetic 

effects of UV-C light on reducing brown rot disease and yeast microflora of peaches. Crop Prot. 1998; 

17(1): 75-84. 

17. Ohnaka T. Health effects of ultraviolet radiation. Ann Physiol Anthropol. 1993; 12(1): 1-10. 

18. Young AR. Acute effects of UVR on human eyes and skin. Prog Biophysics Mol Biol. 2006; 92(1): 80-

85. 

19. Saric A, Kalafatic M, Rusak G, Kovacecic G, Franjevic D, Gutzeit HO. Postembryonic development of 

Drosophila melanogaster meigen 1830 under the influence of quercetin. Entomol News. 2007; 118(3): 

235-240. 

20. Alia M, Mateos R, Ramos S, Lecumberri E, Bravo L, Goya L. Influence of quercetin and rutin on 

growth and antioxidant defense system of a human hepatoma cell line (HepG2). Eur J Nutr. 2006; 45(1): 

19-28. 

21. Aizawa Y, Sunada S, Hirakawa H, Fujimori A, Kato TA, Uesaka M. Design and evaluation of a novel 

flavonoid-based radioprotective agent utilizing monoglucosyl rutin. J Radiat Res. 2018; 59(3): 272-281. 

22. Mauri PL, Lemoli L, Gardana C, Riso P, Simonetii P, Porrini M, et al. Liquid 

chromatography/electrospray ionization mass spectrometric characterization of flavonol glycosides in 

tomato extracts and human plasma. Rapid Commun Mass Spectrom. 1999; 13: 924-931. 

23. Patil SL, Mallaiah SH, Patil RK. Antioxidative and radioprotective potential of rutin and quercetin in 

Swiss albino mice exposed to gamma radiation. J Med Physics. 2013; 38(2): 87-92. 

24. Chaudhary D, Chandra D, Kale RK. Modulation of radioresponse of glyoxalase system by curcumin. J 

Ethnopharmacol. 1999; 64(1): 1-7. 

25. Lee KS,  Lee BS, Semnani S, Avanesian A , Um CY, Jeon HJ, et al. Curcumin extends life span, 

improves health span, and modulates the expression of age-associated aging genes in Drosophila 

melanogaster. Rejuvenation Res. 2010; 13(5): 561-570. 

26. Seong KM, Yu M, Lee KS, Park S, Jin YW, Min KJ. Curcumin mitigates accelerated aging after 

irradiation in Drosophila by reducing oxidative stress. BioMed Res Int. 2015; 2015: 425380. 

27. Pari L, Tewas D, Eckel J. Role of curcumin in health and disease. Arch Physiol Biochem. 2008; 114(2): 

127-149. 

28. Shen LR, Xiao F, Yuan P, Chen Y, Gao QK, Parnell LD. Curcumin-supplemented diets increase 

superoxide dismutase activity and mean lifespan in Drosophila. Age. 2013; 35(4): 1133-1142. 

29. Jiao Y, Wilkinson J, Di X, Wang W, Hatcher H, Kock ND. Curcumin, a cancer chemopreventive and 

chemotherapeutic agent, is abiologically active iron chelator. Blood. 2009; 113(2): 462-469. 

30. Aggarwal BB, Sung B. Pharmacological basis for the role of curcumin in chronic diseases: an age-old 

spice with modern targets. Trends Pharmacol Sci. 2009; 30(2): 85-94.  

31. Jagetia GC. Radioprotection and radiosensitization by curcumin. Adv Exp Med Biol. 2007; 595: 301-

320. 

32. Shabon MH. Use of Curcuma as a radioprotector. Proceedings of the third Environmental Physics 

Conference, 2008. 



Majumder et al.  Effect of quercetin against UV radiation-induced damage in Drosophila melanogaster 285 

European Journal of Biological Research 2019; 9(4): 276-285 

33. Svobodova AR, Galandakova A, Sianska J, Dolezal D, Lichnovska R, Ulrichova J, et al. DNA damage 

after acute exposure of mice skin to physiological doses of UVB and UVA light. Arch Dermatok Res. 

2012; 304(5): 407-412. 

34. Mullenders LHF. Solar UV damage to cellular DNA: from mechanisms to biological effects. Photochem 

Photobiol Sci. 2018; 17: 1842-1852. 

35. Cook PR, Brazell A. Detection and repair of single strand breaks in nuclear DNA. Nature. 1976; 263: 

679-682. 

36. Rastogi RP, Kumar A, Tyagi M, Singha RP. Molecular mechanism of ultraviolet radiation induced DNA 

damage and repair. J Nucleic Acids. 2010; 592980. 

37. Cadet J, Douki T. Formation of UV-induced DNA damage contributing to skin cancer development. 

Photochem Photobiol Sci. 2018; 17: 1816-1841. 

38. Patton WP, Chakravarty U, Davies RJH, Archer DB. UV induced DNA damage in retinal pigment 

epithelial cells. Invest Opthalmol Vis Sci. 1999; 40(13): 3268-3275. 

39. Sha Y, Vranian V, Owen N, Koon SJM, Calkins ML, Thompson CS, et al. Modulation of UVB induced 

carcinogenesis by alternative DNA repair pathways. Sci Rep. 2018; 8: 705. 

40. Lankinen MH, Vilpo LM, Vilpo JA. UV- and γ-irradiation-induced DNA single-stand breaks and their 

repair in human blood granulocytes and lymphocytes. Mutat Res Fund Mol M. 1996; 352(1-2): 31-38. 


