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ABSTRACT: Quercetin is a plant flavonoid found in variousits, leaves such as tea, vegetables and has
been extensively studied due to its antioxidatevaticancer, anti-inflammatory and anti-neurodegeatae
effects. UV radiation is harmful for human beingitasiay cause several complications such as skicera
Fruit fly (Drosophila sp.) has long been used as an arthropod modeéfatigs related studies. In the present
study, the protective effect of quercetin is eviddaagainst UV-C radiation induced damage ugingsophila
melanogaster. Pre-treatment with quercetin (10 pM) recovereglghortened lifespan caused by UV radiation
and has also increased eclosion rate and the dapgercetin is lower than the previously reportesebs of
other flavonoids. Flies subjected to moderate addaV radiation showed distinct abnormal charactrsh

as incomplete abdominal pigmentation, curly wingsootstretched wings, whereas quercetin pretredtmen
showed no such abnormal characters or mutant pyyeemt There is a considerable amount of changfeein
eclosed adult fly size, pupal size and pupal mignatlistance as well. Gel electrophoresis studgadifvary
gland DNA of D. melanogaster demonstrates the efficacy of quercetin in configrrprotection to DNA
against UV radiation-induced damage. Thereforeait be concluded that quercetin may act as antie#ec
protective agent against UV radiation-induced daemag
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1. INTRODUCTION

Flavonoids are a class of plant secondary metaisoli few of them are considered as dietary
flavonoids. It is present in various plants suchoasons, apples, tea leaves and many other fruits a
vegetables. One of the most common and extensstallied plant flavonoids is quercetin (Figure 1)hds
been found that the consumption of fruits and \edgles which are rich in quercetin is associated wit
positive health effects [1-3]. This chemical hagmextensively studied due to its antioxidative, [@ti-
cancer [5], anti-inflammatory [6], radioprotectiy&8] and anti-neurodegenarative effects [9].

Fruit fly (Drosophila sp.) has long been used as an arthropod model fotigemelated studies. In last
few decades, such model organism has made it p@ssildentify various pathways that regulate |ifas of
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the flies [10]. Low dose irradiation has been fdua change the life span Bfrosophila depending on the
genotype [11].

OH O

Figure 1. Chemical structure of quercetin.

Ultraviolet (UV) radiation is one of the most commtypes of non-ionizing radiation. It is a parttloé
electromagnetic spectrum of sunlight. Although ¢nergy carrying capacity of UV radiation is veryland
this radiation cannot remove electron or ionizeauules easily but they produce charged ions whiksing
through the matter. In general, there are threestyyf UV rays according to their wavelength viz.-AVUV-

B and UV-C [12]. Among them UV-C is the most danmgand harmful one, having wavelengths of 100-280
nm. All of the UV-C rays and almost 90% of the UMBB0-315 nm) are absorbed by the atmospheric ozone
layer. Remaining 10% of the UV-B and most of thdia&on in the UV-A (315-400 nm) reach the earth’s
surface. UV-B can only penetrate up to epidermiqiaian skin. Shorter exposure to tB/helps in the
synthesis of vitamin D in our skin; while longem@esure can cause skin burn, skin damage, skin caaee
damage [13-14]. UV-A can make its entry startingnirepidermis making all the way to hypodermis layer
easily. This radiation can cause skin ageing, vingkand in most cases, damage keratinocytes wdiieh
present in the basal layer of epidermis [12, 15psMof the skin cancers are caused by this UV-Aatih
[13]. UV-C has germicidal activity [16]. Howevemiatentional overexposure or accidental exposutd\teC
causes skin redness and eye irritation [17-18].cdemdeed UV radiation is harmful for human beargl
can cause severe complications including skin gance

2. METHODOLOGY
2.1. Fly culture

All experiments are performed using wild typemelanogaster. These flies are maintained and raised
in the laboratory stock centre on cooked food cosadoof standard maize powder or cornmeal, browarsug
Baker’s yeast or CSY medium (cornmeal 31.25 g, orewgar 31.25 g, Baker’s yeast 18.75 g), agar agar
(6.25 g), propionic acid, nipagin dissolved in ethla(1 ml). The incubator is maintained at 24°Chwi0%
humidity [19].

2.2. Quercetin treatment

After moderate boiling and thorough mixing, theodois cooled, poured into glass vials of 3 cm
diameter, and are allowed to cool and harden imréemperature. For quercetin treated culture setsQ,
Pre-Q and Post-Q, 10 puM of quercetin (Sigma-Aldrishadded prior to hardening of culture medium i.e
food. Each vial is filled with 5 ml of culture menth and is plugged with sterilized cotton. Five eliéint set
of cultures are made — control (C), quercetin #@&iQ), UV treated (UV), quercetin treatment aktgr
exposure (Post-Q) and quercetin treatment pridg\oexposure (Pre-Q). All experiments are perfornred
triplicates. For each experimental seti.e. C, §, Rost-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 theptes is subjected to UV exposure for a period®f 6
seconds. The source of UV used is UV-C (180°)/For the Pre-Q culture set, larvae are grownuituce
medium containing quercetin. Freshly eclosed ffiesn that generation are allowed to lay eggs owgrmni
From those eggs when third instar larvae are obdaithose larvae are treated with UV rays for éoplesf 60
seconds.

2.4. Pupation rate, pupal size and pupal migratiomlistance

The newly formed pupae are counted once a day fhenonset of pupariation and also the larvae that
pupariated on the medium are also counted. Pupeelogeed from all the five different culture setear
measured using slide calipers. Each pupa is maokethe vial wall and counted. The sizes of the pupa
obtained from those larvae are measured using cdililgers. The three larval instars show two vemgartant
behaviours: they migrate towards the culture mediech is referred to as feeding stage and the reahird
instar larva usually have a propensity to migratgards the cotton plug prior to pupal stage. Thigration
distance of the larvae from the culture media talwamotton plug is measured for all five culturesset

2.5. Eclosion rate, fly size and microscopic obseation

The third instar larvae of fruit fly from the fivdifferent culture sets are subjected to irradiatid
several doses in order to determine the optima dosinalyze the effects of quercetin. From thal teamber
of pupae obtained from the previous experimentafiaved to develop into adult fly. The total numberf
adult eclosed flies are counted. The size of eseshfy eclosed flies are measured. Each fly is rveseunder
binocular microscope (Magnus MS24, India) for abg@mal morphological characteristics.

2.6. DNA damage assay from salivary gland drosophila

DNA was isolated from the salivary gland of th@dhnstar larvae of five different culture setsdan
was subjected to agarose gel electrophoresis (G@nesub system, India).

2.7. Statistical analysis

All obtained demographic data are presented asmien + SEM and analyzed with Origin Pro 8
software.

3. RESULTS AND DISCUSSION

Quercetin, rutin and many other flavonoids havégh lantioxidant activity and thus have been widely
studied in the fields of food science and nutritsmience [20-21]. Rutin is a natural flavonoid @néd in
fruits and vegetables and is one of the glycosgllalerivatives of quercetin [22]. The radioproteetiffects
of quercetin and rutin against gamma radiation Haeen confirmed in Swiss albino mice previously-p23.
Curcumin is an active component of turmeric just lguercetin of tea leaves, onion etc. This yelbaoured
plant phenolic compound which possesses therapptdgjgerties has various health benefits [25-32]thim
present work, the probable radioprotective effeftbioflavonoid quercetin have been explored adding
radiation.

It is evident from the Figure 2 that the pupatiaterof the Post-Q (80.8 + 2.63%) and Pre-Q (83.1 +
0.5%) flies are much higher than that of the U\ateel larvae (37.8 £ 1.27%). The pupation rate ef pr
quercetin treated flies is much higher than thahefonly UV treated larvae.
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Figure 2. Effect of quercetin on pupation rate: Control (@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 skowemoderate increase in their size (Figure 3).
Although the differences are minute but the pupae af the Post-Q (2.3 + 0.03 mm) and Pre-Q (2.46504
mm) treated pupae are comparatively higher thaptipae size of the UV treated (2.2 £ 0.03 mm) thisdar
larvae. The control pupa size in this case is 2.894 mm. The pupae size experiment also reflbetsame
trend and supports the previous experiment, althdlig differences are not that much significant.
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Figure 3. Effect of quercetin on the size of pupae: Coni@)| Quercetin (Q), UV treated, Post-Q and Pre-Q.

Pupal migration distance from the culture mediuraristher parameter to assess the effect of low-dose
radiation effects on fruit fly. The mean migratidistance of control (C) and positive control (Qg &0
0.02 cm and 5.2 + 0.11 cm respectively. There Egaificant increase in the migration distance foé t
quercetin treated UV exposed larvae i.e. Post-Q £30.09 cm) and Pre-Q (4.2 = 0.16 cm) comparethéo
UV treated ones (1.2 + 0.08 cm). The effect of WAdiation minimizes the migration rate of the pupaleich
is successfully recovered by the pre-treatmenuefcgtin (Figure 4).

Larvae pre-treated with quercetin and developed adult flies have showed significant increase in
their mean eclosion rate. The mean eclosion rateeofjuercetin control is 87.5 + 1.67%. There drastic
decrease in the eclosion rate of UV treated larfZ#e5 + 0.84%) whereas treatment with quercetin has
recovered the eclosion rate to some extent. Thusiecl rate of Post-Q larvae is 64.9 £ 1.44% anddh®re-
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Q larvae is 70.1 + 1.0%. The eclosion rate of ffligs is recovered three times with the pre-treattmof
guercetin than that of only UV treated flies (Fig&). Quercetin reversed shortened lifespan odimtad flies

as well as increased the pupation and eclosion rate

TE
=
s §f
@
g s 2
5 L
B #
- I
P 4 F
=]
=} T
[ ) =
o
E
g1
=
3
o 4L I—I—|

0

c Q uv Post-Q Pre-Q

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

Post-Q and Pre-Q |f*< 0.05 as compared to radiation alone group).
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Figure 5. Effect of quercetin on eclosion rate: Control (Clegetin (Q), UV treated, Post-Q and Pre-Q

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

In eclosed fly size experiment (Figure 6), theesiz control adult female flies are 2.5 + 0.01 mma a
of control male flies are 2.2 £ 0.01 mm. Size & thV treated adult female flies are 2.3 £ 0.03 mmd ef
male flies are 1.7 £ 0.03 mm. Larvae fed with gaérchave showed a minute increase in fly sizergadJV
exposure i.e. Pre-Q (2.4 £ 0.01 mm for female aidt20.03 mm for male). Fly size of the UV pre-egpd
and quercetin post-treated larvae are 2.4 + 0.012fonrfemale flies and 1.9 £ 0.04 mm for male fligsthis
study, the male flies show more severe effect ofrdiation than the female flies; however, in cabboth
the sexes, quercetin ameliorates the effects daatiad. This sex specific radiation resistance rhaydue to
the presence of only one X chromosome in malesreasstwo X are present in case of female flies.
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Figure 6. Effect of quercetin on the size of eclosed aButisophila: Control (C), Quercetin (Q), UV treated,
Post-Q and Pre-Q.

When third instar larvae are exposed to UV radiafar a period of 60 seconds, and are allowed to
develop into adult flies they showed some unusharacters such as incomplete abdominal pigmentation
curly wings, outstretched wings; whereas quercptigrtreatment showed no such abnormal characters or
mutant phenotypes. From the Figure 7 (a-d), itvident that freshly eclosed female fly which is Weated
at its larval stage have showed incomplete abddriganentation at the left lateral side of the boeigures
7 (e, g, h) depicts UV treated male flies that hame@mplete abdominal pigmentation. In the Figurfe there
is a male fly in which one wing has not emergedplily during its eclosion. Among two flies in thiglires
7 (i, j), Figure 7 (i) shows normal male fly whibls its wing running parallel to its body axis; wd@es in the
Figure 7 (j), the male fly shows outstretched wingsa mutant phenotype along with incomplete atidal
pigmentation. In quercetin treated sets, no sucilo@bal flies are detected. Figures (k, 1) show redrfiemale
fly and normal male fly respectively.

UV TREATED FLIES

NORMALADULT FLY

=

Figure 7. UV-induced deformities db. melanogaster: (a-d) incomplete abnormal pigmentation in fenfidss; (e,g,h)

incomplete abdominal pigmentation in male flie§; s{ngle winged male fly; (i) normal male fly; @@eformed wing and
incomplete abdominal pigmentation in male fly; figrmal female fly; (I) normal male fly. All arrowsdicate the

abnormal characteristics.

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



Majumder et al. Effect of quercetin against UV radiation-induced damage in Drosophila melanogaster 282

Isolated DNA from the salivary gland Bfrosophila is subjected to agarose gel electrophoresis (Figure
8). Lane 1 and 2 shows DNA isolated from contrgl 48d positive control larvae (Q). Lane 3 show$vagy
gland DNA of UV treated larvae (UV). Lane 4 andepiresents DNA from Post-Q and Pre-Q salivary glands
of larvae, respectively. Salivary gland DNA isothfeom the UV treated larvae when are subjecteabrose
gel electrophoresis moves further than the DNA a$tf) and Pre-Q larvae. The control DNA (lane 13 ha
similar position with respect to DNA of Pre-Q laevdlane 5), which indicates the protective effett o
guercetin against UV radiation induced DNA damage.

Figure 8. Effect of quercetin on salivary gland DNADfosophila. Lane 1 — control, Lane 2 — quercetin treated

sample, Lane 3 — UV treated sample, Lane 4 — Pastrdple, Lane 5 — Pre-Q sample.

An important risk factor in skin carcinogenesissidar UV radiation. High energetic photons are
capable of interacting with DNA and it also indud@dA damage. In order to determine the effect of UV
radiation on SKH-1 mice in relation to DNA damagestudy was conducted, which revealed the incriease
single strand breaks [33]. Bulky photodimers aneegated at di-pyrimidine sites due to solar UV aéidn. It
also induces single strand breaks and various tgpax<idative lesions [34]. UV radiation is capalidé
inducing single strand breaks in the nuclear DNAhafmans as well [35]. A variety of mutagenic and
cytotoxic DNA lesions such as cyclobutane pyraméddimmers (CPD), 6-4 photoproducts (6-4PPs) and
DNA strand breaks are generated due to one of dheiful mutagenic agent i.e. UV radiation [36]. @
strand breaks and oxidised bases are generatetb duié-A radiation [37]. Relatively low dose of U\ay
induces the formation of DNA strand breaks [38]D8Rind 6-4PPs are the two type of UV-B induced DNA
damage [39]. Single strand breaks are generallggoninant just after UV irradiation [40]. Such stesli
confirm that UV radiation can induce the formatioh DNA strand breaks along with other molecular
changes. Hence, the present study on salivary @b of fruit fly successfully proves the protedieffect
of quercetin against UV radiation induced DNA damag

Moreover, it is already reported that curcumin peatment of concentration 100 pM mitigates the
effects of gamma irradiation dbrosophila [27]. But, quercetin pre-treatment has recovered theteshed
eclosion rate caused by UV radiation at compartil@ver dose of quercetin (10 pM) than the dose of
curcumin as reported by Seong et al. [27]. It comdi the efficacy of quercetin as a potent radicgmiatr. The
present study unravelled the UV protective potémtisaquercetin orD. melanogaster. From the results, it is
evident that quercetin has the efficacy to rendérpdotection on fruit flies. However, this effox promote
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guercetin as antioxidant supplement and probabitopeotector against UV radiation-induced damage
warrants furthern vivo studies with clinical trials for the benefit ofinan being.

Authors’ Contributions: Conceived idea and designed the experiments: BPPBrformed the experiments:
SM, DM, SP. Analyzed the data: SP, DM, MB. Conttédzl reagents/materials/analysis tools: DM, SP.
Contributed to writing of manuscript: SP, DM, MBVISAIl authors read and approved the final manyxscri

Conflict of Interest: The authors have no conflict of interest to dexlar

Acknowledgements: This work is financially supported by DepartmeftSzience and Technology (DST),
West Bengal and is indebted to Dr. Tarak Nath Podtlemorial Foundation and Shri Jitendra Naryan ®utt
Fellowship for the financial assistance. Authorpress their sincere gratitude to Dr. Arpan Pargp&tment
of Zoology, University of Calcutta for capturingetiphotographs of flies during microscopic obseorsi
Thanks are extended to Dr. Ajay Kumar Mandal farumconditional support in experimental procediife
authors are indebted to Dr. Sajal Bhattacharya,dHBepartment of Zoology and Dr. Dipak Kumar Kar,
Principal of Asutosh College for their constant oy and encouragement.

REFERENCES
1. Pal S, Saha C. A review on structure-affinity rielaship of dietary flavonoids with serum albumids.

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

2. Jan AT, Kamli MR, Murtaza I, Singh JB, Ali A, HagMR. Dietary flavonoid quercetin and associated
health benefits - an overview. Food Rev Int. 2(6]3): 302-317.

3. Liu RH. Health benefits of fruit and vegetables &mem additive and synergistic combinations of
phytochemicals. Am J Clin Nutr. 2003; 78(3): 51052
Pietta PG. Flavonoids as antioxidants. J Nat F2060; 63: 1035-1042.

5. Dajas F. Life or death: Neuroprotective and anteareffects of quercetin. J Ethnopharmacol. 2012;
143(2): 383-396.

6. Guardia T, Rotelli AE, Juarez AO, Pelzer LE. Amtflammatory properties of plant flavonoids. Effects
of rutin, quercetin and hesperidin on adjuvantréighin rat. 1| Farmacol. 2001; 56(9): 683-687.

7. Pal S, Saha C, Dey SK. Studies on black @zaréllia sinensis) extract as a potential antioxidant and a
probable radioprotector. Radiat Environ Biophysl2(62(2): 269-278.

8. Benkovic V, Knezevic AH, Dikic D, Lisicic D, OrsdiN, Basic |. Radioprotective effects of propolis
and quercetin iry-irradiated mice evaluated by the alkaline comstgsPhytomedicine. 2008; 15(10):
851-858.

9. Obulesu M, Rao DM. Effect of plant extracts on Adiher’s disease: an insight into therapeutic
avenues. J Neurosci Rural Pract. 2011; 2(1): 56-61.

10. lliadi KG, lliadi NN and Boulianne GL. Regulatiori drosophila life-span: effect of genetic backgraun
sex, mating and social status. Experimental Gelogyo2009; 44(8): 546-553.

11. Moskalev AA, latskiv AS and Zainullin VG. Effect déw dose irradiation on the lifespan in various
strains ofDrosophila melanogaster. Genetika. 2006; 42(6): 773-782.

12. D’Orazio J, Jarrett S, Ortiz AA, Scott T. UV Radidet and the skin. Int J Mol Sci. 2013; 14(3): 12222
12248.

13. Watson M, Holman DM, Eisen MM. Ultraviolet radiati@xposure and its impact on skin cancer risk.
Semin Oncol Nurs. 2016; 32(3): 241-254.

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



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

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Hart PH, Gorman S, Jones JJF. Modulation of theumensystem by UV radiation: more than just the
effects of vitamin D. Nat Rev Immunol. 2011; 11(S34-596.

Narayanan DL, Saladi RN, Fox JL. Ultraviolet ragtiatand skin cancer. Int J Dermatol. 2010; 49(9):
978-986.

Stevens C, Khan VA, Lu JY, Wilson CL, Pusey PL, WabMK et al. The germicidal and hermetic
effects of UV-C light on reducing brown rot diseas® yeast microflora of peaches. Crop Prot. 1998;
17(1): 75-84.

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

Young AR. Acute effects of UVR on human eyes and.sRrog Biophysics Mol Biol. 2006; 92(1): 80-
85.

Saric A, Kalafatic M, Rusak G, Kovacecic G, Framje, Gutzeit HO. Postembryonic development of
Drosophila melanogaster meigen 1830 under the influence of quercetin. EioNews. 2007; 118(3):
235-240.

Alia M, Mateos R, Ramos S, Lecumberri E, Bravo Lgy& L. Influence of quercetin and rutin on
growth and antioxidant defense system of a humaatbena cell line (HepG2). Eur J Nutr. 2006; 45(1):
19-28.

Aizawa Y, Sunada S, Hirakawa H, Fujimori A, Kato,T@esaka M. Design and evaluation of a novel
flavonoid-based radioprotective agent utilizing mglucosy! rutin. J Radiat Res. 2018; 59(3): 272:281
Mauri PL, Lemoli L, Gardana C, Riso P, Simonetii HMRorrini M, et al. Liquid
chromatography/electrospray ionization mass spewtic characterization of flavonol glycosides in
tomato extracts and human plasma. Rapid Commun Basstrom. 1999; 13: 924-931.

Patil SL, Mallaiah SH, Patil RK. Antioxidative arddioprotective potential of rutin and quercetin in
Swiss albino mice exposed to gamma radiation. J Rtegsics. 2013; 38(2): 87-92.

Chaudhary D, Chandra D, Kale RK. Modulation of cadsponse of glyoxalase system by curcumin. J
Ethnopharmacol. 1999; 64(1): 1-7.

Lee KS, Lee BS, Semnani S, Avanesian A , Um C¥nJHEJ, et al. Curcumin extends life span,
improves health span, and modulates the expressioage-associated aging genes DOnosophila
melanogaster. Rejuvenation Res. 2010; 13(5): 561-570.

Seong KM, Yu M, Lee KS, Park S, Jin YW, Min KJ. €umin mitigates accelerated aging after
irradiation inDrosophila by reducing oxidative stress. BioMed Res Int. 2QX8L.5: 425380.

Pari L, Tewas D, Eckel J. Role of curcumin in heahd disease. Arch Physiol Biochem. 2008; 114(2):
127-149.

Shen LR, Xiao F, Yuan P, Chen Y, Gao QK, Parnell. l@Qurcumin-supplemented diets increase
superoxide dismutase activity and mean lifespddrosophila. Age. 2013; 35(4): 1133-1142.

Jiao Y, Wilkinson J, Di X, Wang W, Hatcher H, KotdD. Curcumin, a cancer chemopreventive and
chemotherapeutic agent, is abiologically active ichelator. Blood. 2009; 113(2): 462-469.

Aggarwal BB, Sung B. Pharmacological basis forrble of curcumin in chronic diseases: an age-old
spice with modern targets. Trends Pharmacol S€9280(2): 85-94.

Jagetia GC. Radioprotection and radiosensitizatiprturcumin. Adv Exp Med Biol. 2007; 595: 301-
320.

Shabon MH. Use ofturcuma as a radioprotector. Proceedings of the third ©mvhental Physics
Conference, 2008.

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



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

33.

34.

35.

36.

37.

38.

39.

40.

Svobodova AR, Galandakova A, Sianska J, Dolezdli€hnovska R, Ulrichova J, et al. DNA damage
after acute exposure of mice skin to physiologiamdes of UVB and UVA light. Arch Dermatok Res
2012; 304(5): 407-412.

Mullenders LHF. Solar UV damage to cellular DNAorin mechanisms to biological effects. Photochem
Photobiol Sci2018; 17: 1842-1852.

Cook PR, Brazell A. Detection and repair of singleand breaks in nuclear DNA. Natuf76; 263:
679-682.

Rastogi RP, Kumar A, Tyagi M, Singha RP. Molecutagchanism of ultraviolet radiation induced DNA
damage and repair. J Nucleic Aci@910; 592980.

Cadet J, Douki T. Formation of UV-induced DNA damagpntributing to skin cancer development.
Photochem Photobiol S@018; 17: 1816-1841.

Patton WP, Chakravarty U, Davies RJH, Archer DB. Wduced DNA damage in retinal pigment
epithelial cells. Invest Opthalmol Vis S&i999; 40(13): 3268-3275.

Sha Y, Vranian V, Owen N, Koon SJM, Calkins ML, Timason CS, et al. Modulation of UVB induced
carcinogenesis by alternative DNA repair pathw&gs.Rep. 2018; 8: 705.

Lankinen MH, Vilpo LM, Vilpo JA. UV- andy-irradiation-induced DNA single-stand breaks anelirth
repair in human blood granulocytes and lymphocytgat Res Fund Mol M. 1996; 352(1-2): 31-38.

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



