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ABSTRACT: Eugenol is a phenolic compound isolated from clove essential oil. It is used in dentistry, fragrance, 
cosmetic, and food industries. According to the fragrance ingredient safety assessment report, eugenol does not cause 
phototoxic reactions and genotoxicity. However, its effect on UV-induced cytotoxicity and genotoxicity has not been 
well examined. Here in this study, cytotoxic and genotoxic effects of eugenol are investigated on UVA-induced damage 
using human keratinocyte cells (HaCaT). HaCaT cells were treated with increasing concentrations of eugenol (10-500 
µM) for 1 hour and irradiated with 5-10-15 J/cm2 UVA. 24 hours later the neutral red uptake (NRU) assay was used to 
evaluate cytotoxicity. For genotoxicity assay cells were exposed to 1-10 µM eugenol for one hour and non-cytotoxic 
UVA irradiation doses (1, 2.5 J/cm2) were used. The alkaline comet assay was carried out immediately after the UVA 
irradiation to measure the genotoxic potential of eugenol. The cytotoxicity assay results indicate that eugenol caused a 
cytotoxic effect in a dose-dependent manner in HaCaT cells and increasing doses of UVA-irradiation enhanced the 
cytotoxic effect of eugenol. The alkaline comet assay results showed that eugenol causes DNA single-strand breaks and 
increasing doses of UVA-irradiation aggravates the genotoxic potential of eugenol. These data demonstrate that eugenol 
has cytotoxic and genotoxic potential and eugenol aggravates UVA-induced cytotoxic and genotoxic response in HaCaT 
human keratinocytes. 
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 1.  INTRODUCTION 

The human skin is exposed to solar ultraviolet radiation (UV) every day. UV is divided into three 
wavelength ranges: UVC (200-280 nm), UVB (280-320 nm), and UVA (320-400 nm). Only 10% of UVB and 
almost 90% of the UVA reach the Earth's surface [1].  

UVB radiation has a higher energy level than UVA radiation and directly can damage the DNA of 
epidermal cells. It is thought to be responsible for skin cancers whereas UVA radiation caused DNA damage 
is minimal but it can penetrate further into the dermal layers and indirectly affect the DNA by generating 
reactive oxygen species (ROS), [2]. Excessive accumulation of ROS causes oxidative damage to the cellular 
components such as cellular macromolecules, DNA and mitochondria [3]. The evidence about the harmful 
effects of UVA promotes skin aging, carcinogenesis, and immunosuppression is increasing [4]. UVA-induced 
ROS generation can promote single-strand and double-strand DNA breaks [5,6]. UV-induced both direct and 
indirect DNA damages can result in chromosomal aberrations and disturb DNA replication, transcription and 
translation. These changes can subsequently result in cell cycle arrest and apoptosis [7]. In addition to the 
harmful effects directly caused by UV, chemical compounds in drugs or compounds that occur during the 
metabolism of drugs or chemicals in cosmetic products applied on the skin may interact with UV radiation. 
Chemical modifications resulting from these interactions may worsen the cytotoxic and genotoxic effects 
caused by UV irradiation [8].  

Eugenol is one of the major constituents of clove essential (Syzygium aromaticum) oil (70-90%) and it is 
a volatile phenolic compound [9]. It is bioactive and known to possess several pharmacological properties like 
antimicrobial, antioxidant, anticancer, anti-inflammatory, etc. [10]. It is used as a topical anesthetic and 
analgesic for oral application in dentistry. Also, it is traditionally used as a topical anesthetic by direct 
application on the gums [11]. Also, eugenol is used in perfumeries, flavoring and cosmetic industries for 
strong, spicy and clove-like fragrances [12]. Essential oils are often applied directly to the skin as fragrance 
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because of that it is important to know about adverse skin reactions [13]. Additionally, eugenol is determined 
to be cytotoxic to human dermal and endothelial cells and gingival fibroblasts [14,15].  

According to the risk assessment result of the Research Institute of Fragrance Materials, eugenol does 
not raise a concern about genotoxicity [16]. On the other hand, there are several studies showed that eugenol 
has a genotoxic potential with different genotoxicity assays in different models [17,18] and eugenol is 
determined to increase sensitivity to H2O2, a common reactive oxygen intermediate which is widely used as a 
genotoxic agent [19].  

The effect of eugenol on UVA-induced damage to the skin has not been well examined and remains 
unclear. The alkaline comet assay is a powerful, fast and easy method to assess primary DNA damage as 
single-strand DNA breaks. It allows the analysis of the potential photoprotective or phototoxic effects of 
chemicals in terms of genotoxicity when irradiated with UV radiation [8]. Therefore, in this study, the cytotoxic 
and genotoxic effects of eugenol in UVA irradiated human keratinocyte cells have been investigated. 

2. RESULTS  

2.1. HaCaT cells show UVA sensitivity 

The cells were exposed to 1, 2.5, 5, 10 and 15 J/cm2 UVA. According to the neutral red uptake (NRU) 
cytotoxicity assay results, increasing doses of UVA showed an increased cytotoxic effect on HaCaT cells. The 
cell viability was reduced significantly at 10 J/cm2 (p<0.05) and 15 J/cm2 (p<0.0001), Figure 1. 

 
Figure 1. NRU cytotoxicity assay results after different doses of UVA irradiation in HaCaT cells. The data 
were presented as the mean ±SD. *p<0.05, ****p<0.0001 vs control.  

 

2.2. Eugenol increases UVA-induced cytotoxicity in HaCaT cells 

According to the NRU cytotoxicity assay results, eugenol showed dose-dependent cytotoxic effects in 
HaCaT cells compared to the control group (p<0.001, p<0.0001). The cell viability did not significantly change 
for the cells that were kept in the dark (p>0.05), (Figure 2a). 5 J/cm2 UVA irradiation did not cause a significant 
cytotoxic effect (p>0.05), (Figure 2b) but increasing doses of UVA caused significantly increased cytotoxicity 
compared to control groups (p<0.01, p<0.0001), (Figure 2c, 2d). Eugenol treatment intensified the cytotoxic 
effect of UVA irradiation significantly compared to UVA irradiated group (p<0.001, p<0.0001), (Figure 2b-d). 
Increasing doses of UVA caused increased cytotoxicity for the same eugenol concentrations up to 50 µM 
(Figure 2). 100-250-500 µM eugenol concentrations cytotoxic effects did not change with 5-10-15 J/cm2 UVA 
irradiation compared to the control group which was kept in dark (p>0.05). 
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Figure 2. NRU cytotoxicity assay results of eugenol concentrations and different doses of UVA irradiation 
in HaCaT cells. The data were presented as the mean ±SD. ** p<0.01, ****p<0.0001 vs control, ###p<0.001, 
####p<0.0001 vs UVA. 

2.3. UVA-induced DNA damage was increased with eugenol treatments 

The alkaline comet assay was used to determine DNA damage. UVA irradiation caused increased DNA 
damage and DNA tail intensity %raised with 1 J/cm2 (p>0.05) and with 2.5 J/cm2 irradiation (p<0.05), (Figure 
3). 

 

Figure 3. DNA damage % after 1, 2.5 J/cm2 UVA irradiation in HaCaT cells. The data were presented as the 
mean ±SD. *p<0.05 vs dark. 
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According to the study results, up to 10 µM eugenol concentrations did not induce DNA damage in 
HaCaT cells. However, eugenol with 1 J/cm2 UVA irradiation resulted in increased DNA damage. The 
increasing concentrations of eugenol caused more genotoxic effect and these increases were significant at 5 
and 10 µM eugenol concentration compared with 1 J/cm2 control group (p<0.0001). 2.5 J/cm2 UVA irradiation 
and eugenol treatment caused dose-dependent DNA damage and the DNA damage was significant at the 
concentrations of 2.5 µM (p<0.05), 5, and 10 µM (p<0.0001) eugenol compared with 2.5 J/cm2 control group. 
From 2.5 µM to 10 µM eugenol concentration increased UVA irradiation caused significantly higher DNA 
damage at the same concentrations of eugenol treatments when compared to groups that did not receive UVA 
irradiation (dark) (Figure 4), (p<0.05, p<0.001, p<0.0001). 

 

Figure 4. DNA damage % in 1, 2.5, 5, 10 µM eugenol treated HaCaT cells after 1, 2.5 J/cm2 UVA irradiation. 
The data were presented as the mean ±SD. *p<0.05, ****p<0.0001 vs control. #p<0.05, ####p<0.0001 vs dark. 

3. DISCUSSION 

Solar UV radiation is known to cause adverse effects to the skin. UVA and UVB wavelengths can 
penetrate the skin and both can induce reactive oxygen species generation [20]. UVA and UVB can cause a 
deleterious effect in the human skin by triggering damage in cellular membranes, proteins, lipids, and DNA 
[21]. UVA can reach deeper than UVB and the harmful effects of UVA promote skin aging, carcinogenesis and 
immunosuppression [4]. UVA-induced toxic mechanisms mainly depend on indirect mechanisms which are 
activated by the generation of ROS and increased oxidative stress has a central role in UVA-induced DNA 
damage [22]. Also, UVA exposure is reported to cause micronucleus formation and chromosome instability 
[23,24] DNA damage [25] and photoaging [26].  

Eugenol is widely used in fragrances, cosmetics, dental applications and as a flavoring agent in various 
foods [27]. Using different methodologies many authors evaluated the cytotoxic, genotoxic, phototoxic, 
developmental, local, respiratory and skin sensitization potential of eugenol to assess the safety of eugenol 
[16]. A study has suggested that eugenol is highly cytotoxic even at low concentrations to human fibroblast 
and endothelial cells [15]. Kalmes and Blömeke investigated the eugenol impact in human HaCaT 
keratinocytes up to 600 µM concentrations. They found eugenol showed inhibitory activity with WST-1 assay 
and BrdU cell proliferation assay but cell propidium iodide staining did not show cell death [28]. Similarly, 
the current study indicates that eugenol shows cytotoxic activity in human keratinocytes. According to the 
eugenol safety assessment of the Research Institute of Fragrance Materials topical application of eugenol did 
not cause phototoxic reactions in vivo. Also, eugenol is found to be a weak skin sensitizer [16]. Former reports 
indicated the genotoxic potential of eugenol. However, no study has so far examined the genotoxic effects of 
eugenol after UV irradiation. Da Silvia Gündel et al. reported that eugenol showed moderate toxicity at the 
highest concentration studied and did not cause a genotoxic effect on mononuclear cells of peripheral blood 
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following 4-hour exposure [29]. In line with these findings, in our study alone eugenol treatments showed a 
dose-dependent cytotoxic effect on human keratinocytes and non-cytotoxic concentrations of eugenol did not 
cause DNA damage. 

Eugenol was determined to have genotoxic activity on V79 cells at 2500 µM with chromosomal 
aberration assay [17]. A previous study showed that eugenol induces single and DNA double-strand breaks 
in Chinese hamster ovary AA8 cells at 250 and 750 µM concentrations [30]. Rompelberg et al. evaluated the 
antigenotoxic potential of eugenol and found that in vivo treatment of rats with eugenol resulted in a reduction 
of the genotoxicity of benzo(a)pyrene, but in vitro mutagenicity test showed increased genotoxicity with 
eugenol treatment [18]. Slamenova et al. studied the effects of eugenol on cytotoxicity, DNA and oxidative 
system in HepG2, Caco-2 and VH10 cell lines [19]. The results of this study showed that eugenol shows 
cytotoxicity in all three cell lines. Under 600 µM concentrations eugenol significantly increased DNA damage 
in VH10 fibroblast and to a lesser extent in Caco-2 cells. Also, eugenol increased the H2O2-induced DNA 
damage. Comet assay results of the current study illustrate that noncytotoxic UVA irradiation doses can cause 
DNA single-strand breaks in HaCaT human keratinocyte cells. Also, nongenotoxic concentrations of eugenol 
increase UVA-induced DNA damage significantly by causing DNA single-strand breaks. Eugenol can act as 
an antioxidant compound with low concentrations; however, high concentrations seem to be responsible for 
prooxidant effects [31]. This characteristic of eugenol may be responsible for worsening the UVA-induced 
cytotoxicity and genotoxicity in the present study.  

4. CONCLUSION 

For the first time the current study suggests that UVA-induced cytotoxic and genotoxic response is 
enhanced with eugenol treatments. The study results may provide preliminary in vitro evaluation and 
contribute to a further understanding of the potential risk of dermal eugenol use under UV radiation. 

5. MATERIALS AND METHODS 

5.1. Chemicals 

Dulbecco’s Modified Eagle’s Medium (DMEM), fetal bovine serum (FBS) and 10000 U/mL penicillin 
and 10000 µg/mL streptomycin, trypsin solution, Phosphate saline buffer (PBS) were obtained from Gibco 
(Carlsbad, CA, USA). Eugenol ≥ 98% was purchased from Sigma Aldrich (Germany). DMSO, neutral red 
bought from Santa Cruz (CA, USA). Low melting point agarose and normal melting point agarose were from 
ThermoFisher (Camarillo, CA, USA). All other chemicals were from Sigma Aldrich (Germany) unless 
otherwise stated. 

5.2. Cell culture 

Ethical approval is not required for this study since the study does not involve human or animal 
subjects. The Human Keratinocyte (HaCaT) cell line is kindly provided by Prof. Dr. Betul Yilmaz (Marmara 
University, Istanbul, Turkey). Cells were cultured in DMEM supplemented with 10% FBS 100 U/mL penicillin 
and 100 µg/mL streptomycin in a humidified incubator at 37 °C and 5% CO2. 

5.3. Determination of UVA sensitivity of HaCaT cells 

Briefly, 1 x105 cells were seeded in 96-well plates. After overnight incubation, the media was replaced 
with a thin layer of phenol red-free DMEM. Then, the cells were exposed to a UVA radiation dose with a UVA 
lamp (1, 2.5, 5, 10, 15 J/cm2) from the top of the plate at room temperature. The dose of the radiation was 
measured with a digital radiometer (Lutron UVA-365SD, Taiwan). Meanwhile, the control plate was kept in 
dark at room temperature. After the irradiation, the medium was removed and replaced with fresh DMEM 
supplemented with 10% FBS, 100 U/mL penicillin and 100 µg/mL streptomycin. The cells were incubated for 
24 hours (h) and the UVA sensitivity of the cells was evaluated with NRU cell viability assay.  

5.4. Eugenol treatment with UVA irradiation 

Briefly, 1x105 cells/well were seeded in 96 well plates. After 24 hours cells were treated with 
concentrations of eugenol (10-500 µM) along with control (0.5% DMSO) for one hour. Then media was 
discarded and cells were covered with a thin layer of phenol red-free DMEM. The cells were UVA irradiated 
with UVA doses 5-10-15 J/cm2. UVA dose was determined with a digital radiometer (Lutron UVA-365SD, 
Taiwan). In parallel, another experiment setup was kept in the dark at room temperature. After the irradiation 
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medium was removed from all of the plates and replaced with a fresh medium and incubated for 24 h. Then, 
the NRU assay was carried out to determine the cytotoxic effect of eugenol with or without UVA irradiation. 

5.5. NRU cell viability assay 

After the treatment cells were incubated in DMEM supplemented with 10% FBS, 100 U/mL penicillin 
and 100 µg/mL streptomycin for 24 h. Then, the medium was discarded and the cells were incubated with 
fresh DMEM containing 50 µg/mL neutral red dye for 3 h at 37 °C and 5% CO2. The culture supernatant is 
removed and the wells were washed with 1x PBS. A mixture of acetic acid, water and ethanol (1:49:50) was 
used to dissolve neutral red in the cells. After a brief shake, the absorbance was measured at 540 nm with a 
microplate reader (EPOCH BioTek, USA). The effect of UVA and/or eugenol on cell viability was calculated 
as the percentage of 0.5% DMSO treated control cells. The assays were performed in triplicate. 

5.6. Determination of genotoxicity with the comet assay 

Non-cytotoxic UVA doses and eugenol concentrations for HaCaT cells were chosen for genotoxicity 
experiments. The cells were seeded in 6-well plates and treated with 1-2.5-5-10 µM concentrations of eugenol 
and 0.5% DMSO as the control for 1 h. UVA irradiation with the 1 and 2.5 J/cm2 UVA doses was carried out 
as aforementioned. Meanwhile, the control plate was kept in dark at room temperature. The comet assay was 
carried out immediately after the irradiation procedure with a slight modification of the method described by 
Collins [32]. Briefly, the cells were collected with trypsinization and mixed 1:1 with prewarmed (37 °C) 0.65% 
low melting point agarose in PBS. The cell mixture was added on the 1% normal melting point agarose 
precoated microscope slides. The cell mixture was covered with a coverglass and let to solidify for 20 minutes 
(min). Then, the coverglasses were removed and the cells were lysed in lysis buffer containing 2.5 M NaCl, 
100 mM EDTA, 10 mM Tris-HCl, 10% DMSO and 1% Triton X-100 (pH=10) at 4 °C for 1 h. Then the slides 
were placed in the electrophoresis tank horizontally and let for 20 min in electrophoresis buffer containing 0.3 
M NaOH and 1 mM EDTA (pH=13) to allow the unwinding of the DNA. The electrophoresis was performed 
at 300 mA for 20 minutes. The slides were immersed in neutralizing buffer containing 0.4 M Tris-HCl (pH 7) 
for 10 minutes. After that, the slides were fixed with ice-cold absolute ethanol and air-dried. Ethidium bromide 
was used to stain the DNA just before slide examination. Randomly selected 100 cells were scored per 
experiment group under a fluorescent microscope (Olympus BX53, Japan) using a Comet assay IV image 
analysis system (Perceptive Instruments, UK). The DNA damage level was evaluated from the comet tail 
intensity%. 

5.7. Statistical Analysis 

All experiments were repeated at least triplicate and the data were presented as the mean ± standard 
deviation (SD). All statistical analyses were performed using GraphPad Prism Software 7.0 (GraphPad, USA). 
Significant differences between groups were analyzed via one-way analysis of variance (ANOVA) followed 
by Dunnett’s post-hoc test. P<0.05 was considered statistically significant. 

Acknowledgements: The author would like to thank Prof. Dr. Buket Alpertunga for her insightful comments in this 
work. 

Author contributions: A.T.J.; Conceptualization, Methodology, Investigation, Data collection and analysis, Writing, 
Supervision 

Conflict of interest statement: The authors declared no conflict of interest.  

REFERENCES    

[1]  D’Orazio J, Jarrett S, Amaro-Ortiz A, Scott T. UV radiation and the skin. Int J Mol Sci. 2013; 14(6): 12222-122248. 
[CrossRef]  

[2] De Gruijl FR. Photocarcinogenesis: UVA vs. UVB radiation. Skin Pharmacol Physiol. 2002; 15(5): 316-320. [CrossRef] 

[3]  Klaunig JE, Kamendulis LM, Hocevar BA. Oxidative stress and oxidative damage in carcinogenesis. Toxicol Pathol. 
2010; 38(1): 96-109. [CrossRef] 

[4]  Brugè F, Tiano L, Astolfi P, Emanuelli M, Damiani E. Prevention of UVA-induced oxidative damage in human dermal 
fibroblasts by new UV filters, assessed using a novel in vitro experimental system. PLoS One. 2014; 9(1): e83401. 
[CrossRef] 

https://doi.org/10.3390/ijms140612222
https://doi.org/10.1159/000064535
https://doi.org/10.1177/0192623309356453
https://doi.org/10.1371/journal.pone.0083401


Jannuzzi 
UVA-induced cyto-genotoxic effects of eugenol 

Journal of Research in Pharmacy 

 Research Article 

 

 

 
http://dx.doi.org/10.29228/jrp.133 
J Res Pharm 2022; 26(2): 354-361 

360 

[5]  Kielbassa C, Roza L, Epe B. Wavelength dependence of oxidative DNA damage induced by UV and visible light. 
Carcinogenesis. 1997; 18(4): 811-816. [CrossRef] 

[6] Greinert R, Volkmer B, Henning S, Breitbart EW, Greulich KO, Cardoso MC, Rapp A. UVA-induced DNA double-
strand breaks result from the repair of clustered oxidative DNA damages. Nucleic Acids Res. 2012; 40(20): 10263-
10273. [CrossRef] 

[7]  Des Marais TL, Kluz T, Xu D, Zhang X, Gesumaria L, Matsui MS, Costa M, Sun H. Transcription factors and stress 
response gene alterations in human keratinocytes following Solar Simulated Ultra Violet Radiation. Sci Rep. 2017; 
7(1): 1-13. [CrossRef]  

[8]  Meunier J, Sarasin A, Marrot L. Photogenotoxicity of Mammalian Cells: A Review of the Different Assays for In Vitro 
Testing. Photochem Photobiol. 2002; 75(5): 437-447. [CrossRef] 

[9]  Nejad SM, Özgüneş H, Başaran N. Pharmacological and toxicological properties of eugenol. Turk J Pharm Sci. 2017; 
14(2): 201-206. [CrossRef] 

[10]  Raja MRC, Srinivasan V, Selvaraj S, Mahapatra SK. Versatile and synergistic potential of eugenol: a review. Pharm 
Anal Acta. 2015; 6(5): 367. [CrossRef]  

[11]  Chaieb K, Hajlaoui H, Zmantar T, Kahla‐Nakbi AB, Rouabhia M, Mahdouani K, Bakhrouf A. The chemical 
composition and biological activity of clove essential oil, Eugenia caryophyllata (Syzigium aromaticum L. 
Myrtaceae): a short review. Phyther Res An Int J Devoted to Pharmacol Toxicol Eval Nat Prod Deriv. 2007; 21(6): 501-
506. [CrossRef] 

[12]  Bendre RS, Rajput JD, Bagul SD, Karandikar PS. Outlooks on medicinal properties of eugenol and its synthetic 
derivatives. Nat Prod Chem Res. 2016; 4(3): 1-6. [CrossRef] 

[13]  Buckle J. Essential Oil Toxicity and Contraindications. Clinical Aromatherapy: Essential Oils in Healthcare. Churchill 
Livingstone London, UK, 2016, pp.73-94.  

[14]  Gerosa R, Borin M, Menegazzi G, Puttini M, Cavalleri G. In vitro evaluation of the cytotoxicity of pure eugenol. J 
Endod. 1996; 22(10): 532-534. [CrossRef] 

[15]  Prashar A, Locke IC, Evans CS. Cytotoxicity of clove (Syzygium aromaticum) oil and its major components to human 
skin cells. Cell Prolif. 2006; 39(4): 241-248. [CrossRef] 

[16]  Api AM, Belsito D, Bhatia S, Bruze M, Calow P, Dagli ML, Dekant W, Fryer AD, Kromidas L, La Cava S, Lalko JF, 
Lapczynski A, Liebler DC, Miyachi Y, Politano VT, Ritacco G, Salvito D, Schultz TW, Shen J, Sipes IG, Wall B, Wilcox 
DK. RIFM fragrance ingredient safety assessment, Eugenol, CAS Registry Number 97-53-0. Food Chem Toxicol. 2016; 
97: 25-37. [CrossRef] 

[17]  Maralhas A, Monteiro A, Martins C, Kranendonk M, Laires A, Rueff J, Rodrigues AS. Genotoxicity and 
endoreduplication inducing activity of the food flavouring eugenol. Mutagenesis. 2006; 21(3): 199-204. [CrossRef] 

[18]  Rompelberg CJM, Evertz SJCJ, Bruijntjesrozier GCDM, van den Heuvel PD, Verhagen H. Effect of eugenol on the 
genotoxicity of established mutagens in the liver. Food Chem Toxicol. 1996; 34(1): 33-42. [CrossRef] 

[19]  Slameňová D, Horváthová E, Wsólová L, Šramková M, Navarová J. Investigation of anti-oxidative, cytotoxic, DNA-
damaging and DNA-protective effects of plant volatiles eugenol and borneol in human-derived HepG2, Caco-2 and 
VH10 cell lines. Mutat Res Toxicol Environ Mutagen. 2009; 677(1-2): 46-52. [CrossRef] 

[20]  Powers JM, Murphy JEJ. Sunlight radiation as a villain and hero: 60 years of illuminating research. Int J Radiat Biol. 
2019; 95(7): 1043-1049. [CrossRef] 

[21] Trautinger F. Mechanisms of photodamage of the skin and its functional consequences for skin ageing. Clin Exp 
Dermatol. 2001; 26(7): 573-577. [CrossRef] 

[22]  Kielbassa C, Epe B. DNA damage induced by ultraviolet and visible light and its wavelength dependence. Methods 
Enzymol. 2000; 319: 436-445. [CrossRef] 

[23]  Phillipson RP, Tobi SE, Morris JA, McMillan TJ. UV-A induces persistent genomic instability in human keratinocytes 
through an oxidative stress mechanism. Free Radic Biol Med. 2002; 32(5): 474-480. [CrossRef] 

[24]  Dahle J, Kvam E. Induction of delayed mutations and chromosomal instability in fibroblasts after UVA-, UVB-, and 
X-radiation. Cancer Res. 2003; 63(7): 1464-1469.  

[25]  Zhang X, Rosenstein BS, Wang Y, Lebwohl M, Wei H. Identification of possible reactive oxygen species involved in 
ultraviolet radiation-induced oxidative DNA damage. Free Radic Biol Med. 1997; 23(7): 980-985. [CrossRef] 

https://doi.org/10.1093/carcin/18.4.811
https://doi.org/10.1093/nar/gks824
https://doi.org/10.1038/s41598-017-13765-7
https://doi.org/10.1562/0031-8655(2002)0750437POMCAR2.0.CO2
https://dx.doi.org/10.4274%2Ftjps.62207
http://dx.doi.org/10.4172/2153-2435.1000367
https://doi.org/10.1002/ptr.2124
https://doi.org/10.4172/2329-6836.1000212
https://doi.org/10.1016/S0099-2399(96)80012-4
https://doi.org/10.1111/j.1365-2184.2006.00384.x
https://doi.org/10.1016/j.fct.2015.12.013
https://doi.org/10.1093/mutage/gel017
https://doi.org/10.1016/0278-6915(95)00091-7
https://doi.org/10.1016/j.mrgentox.2009.05.016
https://doi.org/10.1080/09553002.2019.1627440
https://doi.org/10.1046/j.1365-2230.2001.00893.x
https://doi.org/10.1016/S0076-6879(00)19041-X
https://doi.org/10.1016/s0891-5849(01)00829-2
https://doi.org/10.1016/s0891-5849(97)00126-3


Jannuzzi 
UVA-induced cyto-genotoxic effects of eugenol 

Journal of Research in Pharmacy 

 Research Article 

 

 

 
http://dx.doi.org/10.29228/jrp.133 
J Res Pharm 2022; 26(2): 354-361 

361 

[26]  Lim HW, Naylor M, Hönigsmann H, Gilchrest BA, Cooper K, Morison W, DeLeo WA, Scherschun L. American 
academy of dermatology consensus conference on UVA protection of sunscreens: summary and recommendations: 
Washington, DC, Feb 4, 2000. J Am Acad Dermatol. 2001; 44(3): 505-508. [CrossRef] 

[27]  Pramod K, Ansari SH, Ali J. Eugenol: a natural compound with versatile pharmacological actions. Nat Prod 
Commun. 2010; 5(12): 1934578X1000501236. [CrossRef] 

[28]  Kalmes M, Blömeke B. Impact of eugenol and isoeugenol on AhR translocation, target gene expression, and 
proliferation in human HaCaT keratinocytes. J Toxicol Environ Heal Part A. 2012; 75(8-10): 478-491. [CrossRef] 

[29]  da Silva Gündel S, Dos Reis TR, Copetti PM, Favarin FR, Sagrillo MR, da Silva AS, Segat JC, Baretta D, Ourique AF. 
Evaluation of cytotoxicity, genotoxicity and ecotoxicity of nanoemulsions containing Mancozeb and Eugenol. 
Ecotoxicol Environ Saf. 2019; 169: 207-215. [CrossRef] 

[30]  Martins C, Doran C, Laires A, Rueff J, Rodrigues AS. Genotoxic and apoptotic activities of the food flavourings 
myristicin and eugenol in AA8 and XRCC1 deficient EM9 cells. Food Chem Toxicol. 2011; 49(2): 385-392. [CrossRef] 

[31]  Atsumi T, Fujisawa S, Tonosaki K. A comparative study of the antioxidant/prooxidant activities of eugenol and 
isoeugenol with various concentrations and oxidation conditions. Toxicol Vitr. 2005; 19(8): 1025-1033. [CrossRef] 

[32]  Collins AR. Measuring oxidative damage to DNA and its repair with the comet assay. Biochim Biophys Acta. 2014; 
1840(2): 794-800. [CrossRef] 

 

This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr.      

 

https://doi.org/10.1067/mjd.2001.112913
https://doi.org/10.1177/1934578X1000501236
https://doi.org/10.1080/15287394.2012.674916
https://doi.org/10.1016/j.ecoenv.2018.11.023
https://doi.org/10.1016/j.fct.2010.11.013
https://doi.org/10.1016/j.tiv.2005.04.012
https://doi.org/10.1016/j.bbagen.2013.04.022
http://dspace.marmara.edu.tr/

