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Enter a new dimension!!!

Phenion® 3D tissue models of the human skin
for in vitro R&D and risk assessment

www.phenion.com

Meet us and browse
more detailed information 
at our website 

Phenion® FT Standard
- consists of dermis and epidermis
- basis for validated 3D Skin Comet assay

Phenion® FT Large
- enlarged surface area 7.7 cm²

Phenion® FT AGED
- mimics aged human skin
- anti-ageing research

Phenion® OS-REp
- pure epidermal model
- in vitro skin irritation 

Phenion® Human Skin Cells
- and corresponding cell culture media

 

NEW: 3D Skin Comet assay 

successfully validated
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13th INTERNATIONAL COMET ASSAY WORKSHOP!
24-27 JUNE 2019

The International Comet Assay Workshops are a series of scientific conferences 
dealing with practical and theoretical aspects of the Comet Assay, aimed at 
both experienced and new users of this popular technique. The Workshop has 
always been rather informal. It began as a satellite to the 2nd International 
Conference on Environmental Mutagens in 1995. At that time, the Comet Assay 
community was small, and we mostly knew each other. Even now, following 
exponential growth in popularity of this assay, the workshop retains the feeling 
of an extended family, reunited every two years, with a healthy intake of new 
family members. We try to keep registration costs as low as possible to make it 
easier for less established researchers to attend, and as a matter of policy no-
one has expenses refunded; there are no invited speakers. All are equal, and 
the newest recruits can readily share ideas with the old-timers.

The first five meetings in this series were called simply ‘Comet Assay Workshops’. 
‘International’ was added in 2005. So far, all have been held in Europe! Thus it 
was about time to broaden the scope! Therefore, we are proud to announce 
that the next ICAW in 2019 will be organised in Russia -  Pushchino (Moscow 
region).

At present the number of researchers in Russia who use the Comet assay in 
studies of DNA damage and repair as a result of the influence of different factors 
on living organisms continuously increases. That is why it would be useful to 
have the opportunity to meet with scientists who have more experience in the 
application of the Comet assay in different fields of biology.

The administration of the Institute of Theoretical and Experimental Biophysics 
of the Russian Academy of Sciences would be glad to participate in organizing 
the International Comet assay Workshop (ICAW 2019) in Russia.

We hope that the holding of ICAW 2019 in Russia will give impetus to the 
development of this approach not only in Russia but also throughout the world. 

We welcome you to Pushchino in 2019.

Organizing committee
Congress Chairs

I.P. Beletsky
Nikolai Sirota
Sergey Levin

Tatiana Perevyazova

Co-chairs
Amaya Azqueta
Sabine Langie

Bertrand Pourrut
Sergey Shaposhnikov

Irina Mikajlo

Local Organisers
Svetlana Sorokina
Tatiana Tantseva

Ekaterina Pershina
Serg Abdullaev
Alsu Dyukina

Scientific committee
Amaya Azqueta (Spain)

Elisa Boutet-Robinet (France)
Goran Gajski (Croatia)

Roger Godschalk (The Netherlands)
Sabine Langie (Belgium)
Peter Møller (Denmark)

Vanessa Moraes de Andrade (Brazil) 
Bertrand Pourrut (France)

Sergey Shaposhnikov (Norway)
Valentina Slobodskova (Russia)
João Paulo Teixeira (Portugal)

Aliy Zhanataev (Russia)
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SCIENTIFIC PROGRAMME

Please meet at hotel reception at 
11:00h for bus departure to TULA

For poster presenters: Odd poster numbers need to be presented on Tuesday and 
even poster numbers are to be presented on Thursday. The presenting researcher 
has to be present at the poster during its allocated poster session. All posters 
need to be mounted up at all times
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MONDAY 24th of June

16:30 - 18:00  Registration & Room Check-in (from 17h00)

18:00 - 19:00  Opening and Key note speaker
	 	 Chair:	Nikolai	Sirota
  
 18:00 -  Welcome by local organisers
 18:10 -  Key note lecture
  Olga Lavrik: The relevance of studying DNA 
  damage and DNA repair

19:00 - 20:00  Welcome reception

TUESDAY 25th of June
09:15   Opening by the Director 

09:30 - 10:45  Human and environmental monitoring (I)
	 	 Chairs:	Peter	Moller	and	Lisa	Giovanelli
 09:30 O1. Carla Costa (National Institute of Health & Porto University,  
  Portugal): NEOGENE project: DNA damage in umbilical cord  
  blood after in utero exposure to tobacco smoke
 09:55 O2. Elisa Boutet-Robinet (Toxalim, Université de Toulouse,  
  INRA, France): Genotoxicity and lipids oxidative damage under 
   occupational pesticide exposure: cross-sectional and   
  longitudinal study in a farmer cohort 
 10:15 O3. João Paulo Teixeira (National Institute of Health & Porto  
  University, Portugal): Trihalomethanes exposure in indoor  
  swimming pools users and DNA damage 
 10:30 O4. Diana Anderson (Bradford University, UK): Susceptibilities  
  to oxaliplatin-induced DNA damage in human lymphocytes:  
  Comparison between chronic obstructive pulmonary disease  
  (COPD), lung cancer 

10:45 - 11:15  Coffee break

11:15 - 12:30  Human and environmental monitoring (II)
	 	 Chairs:	Elisa	Boutet-Robinet	and	Bertrand	Pourrut
 11:15 O5. Matjaz Novak (National institute of biology,  Ljubljana, 
  Slovenia): The relevance of zebrafish model for genotoxicity  
  testing 
 11:40 O6. Tahereh Setayesh (Vienna University, Austria): Impact of  
  weight loss on obesity induced genomic instability 
 12:00 O7. Ana Inês Silva (National Institute of Health & Porto   
  University, Portugal): How does primary and oxidative DNA  
  damage relate to birthweight, gestational age and Apgar  
  score? 
 12:15 O8. Kristina Ordzhonikidze (Severtsov Institute of Ecology  
  and Evolution & Vavilov Institute of General Genetics, Moscow,  
  Russia): Nothobranchius rachovii as a test object in genetoxocity  
  assessment: the case of cerium dioxide nanoparticles

12:30 - 13:30  Lunch

13:30 - 14:30  Poster Pitch presentations
	 	 Chairs:	Irina	Mikajlo	and	Damian	Muruzabal	
  P02: Fátima Brandão (National Institute of Health & Porto  
  University, Portugal) Assessment of DNA damage in the lung  
  tissue of rats exposed by inhalation to TiO2 and SiO2   
  nanoparticles. 
  P10. I. A. Kadnikov (Federal State Budgetary Institution,   
  Research Zakusov Institute of Pharmacology, Russia) In vitro  
  investigation of NRH quinone oxidoreductase 2 contribution  
  in neuronal DNA damage
  P11. Evgenii Khizhnyak (Russian Academy of Sciences)   
  Heating and convection associated with electrophoresis
  P18. Victoria Nikitina (Federal Medical and Biological Agency  
  of Russia) Case report of “hedgehog” comets in blood of  
  Chernobyl accident liquidator
  P20. Kira Piglina (Research Zakusov Institute of    
  Pharmacology,Russia) Comet assay on mouse one- and two- 
  cell embryos
  P27. Valentina Slobodskova (POI FEB RAS, Russia) Marine  
  aquatic organisms to assess environmental toxicity by using  
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  the comet assay
  P28: J. Sokolovska (University of Latvia, Riga) Nitric oxide  
  metabolism and DNA breakage in autoimmune diseases 
  P30. Sorina Nicoleta Voicu (University of Bucharest,   
  Romania) Effect of gadolinium-based nanohydrogels   
  on nuclear DNA damage in SVEC4-10 endothelial cells
  P31.  Ibbo Willems (VITO & Hasselt University, Belgium)  
  Assessing Nucleotide Excision Repair: The Body’s Capacity to  
  Repair UV- or Cigarette Smoke- Induced DNA Damages
  P32. Robert Williams (University of Alaska, United States) A  
  Derivative of the Comet Assay: The Vertical Comet

14:30 - 16:00  Poster session 1 while coffee is served

16:00 - 18:00  Open discussion session on ‘Tips, Tricks &   
    Troubleshooting’
	 	 Chair:	Roger	Godschalk
 16:00 O9. Peter Moller (University of Copenhagen, Denmark): Why  
  analysing assay controls is not just a waste of time in the comet  
  assay 
 16:20 O10. Roger Godschalk (Maastricht University, The   
  Netherlands): Comparison of scoring software packages for  
  automated analysis of comet assay output images
 16:40 O11. Igor Gak (BioTek, USA): Use of Biotek scoring platform

19:00 - 23:00  Conference Dinner

WEDNESDAY 26th of June
09:00 - 10:45  Nutrition and dietetics
	 	 Chairs:	Goran	Gajski	and	Valentina	Slobodskova
 09:00 O12. Lisa Giovannelli (University of Florence, Italy): Dietary 
  intervention with polyphenols and colon health biomarkers:  
  focus on colon cancer chemoprevention
 09:25 O13. Goran Gajski (Institute for Medical Research and 
  Occupational Health, Zagreb, Croatia): Does a vegetarian 
  diet influence genomic stability? Analysis of health-related 
  biomarkers in vegetarians versus omnivores 

 09:45 O14. Shabana Akhtar (Bradford University, UK): Protective  
  effects of myricetin bulk and nano forms on peripheral   
  lymphocytes from pre cancerous patients compared to those  
  from healthy individuals 
 10:05 O15. Anna Zwyrzykowska-Wodzińska (Wrocław University  
  of Environmental and Life Sciences, Poland): Assessment of  
  Ilex plant extracts protection against hydrogenperoxide-  
  induced DNA damage in human lymphocytes 
 10:25 O16. Lamia Benguedouar (University of Mohamed Seddik  
  Benyahia, Jijel. Algeria): Reversal of in vivo Benzo[a]pyrene  
  genotoxicity by natural products 
 10:45 O17. Ellen Higgs (Birmingham University, UK): Sensitivity of  
  Ogg1-null mouse embryonic fibroblasts  for GSH depletion is  
  DNA damage ndependent

Rest of the day: Social programme

THURSDAY 27th of June
09:00 - 11:00  Nanotoxicology and genotoxicity testing
	 	 Chairs:	Aliy	Zhanataev	and	Sabine	Langie
 09:00 O18. Andrew Collins (Oslo University & NorGenotech AS,  
  Norway) High throughput genotoxicity testing of nanomaterials  
 09:20 O19. Giel Hendriks (Toxys, The Netherlands): The ToxTracker  
  assay combined with the Comet assay as a tool for mechanism- 
  based genotoxicity screening ofnanoparticles 
 09:45 O20. Monika Sramkova (Biomedical Research Center SAS,  
  Bratislava, Slovakia): Genotoxicity of gold nanoparticles in  
  blood and kidneys. An in vivo study. 
 10:00 O21. Marcin Kruszewski (Institute of Nuclear Chemistry and  
  Technology; Institute of Rural Health; & University of  
  Information Technology and Management, Poland):    
  Genotoxicity of silver nanoparticles in 4T1 and A2780 cell lines  
  does not correlate with cytotoxicity and ROS production 
 10:15 O22. Roger Godschalk ( Dept. Pharmacology & Toxicology,  
  The Netherlands): A pooled analysis of DNA repair data from  
  molecular epidemiological studies in the hCOMET project.
 10:30 O23. Andreja Jurič (Institute for Medical Research and   
  Occupational Health, Zagreb, Croatia): Application of the  
  alkaline comet assay to assess DNA instability in different cell  
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  types of Wistar rats exposed to irinotecan 
 10:45 O24. Sona Vodenkova (Institute of Experimental Medicine  
  of the Czech Academy of Sciences; Charles University and  
  General University Hospital; Prague, Czech Republic): The  
  utility of Comet assay in measuring tissue-specific DNA damage  
  and DNA repair: pilot experiments on mice 

11:00 - 11:30  Coffee break

11:30 - 13:00  Round table discussion: “the comet assay   
    in regulatory testing and OECD approval” 
	 	 Chair:	João	Paulo	Teixeira,	
	 	 Panel	members:	Giel	Hendriks,	Amaya	Azqueta

13:00 - 14:00  Lunch

14:00 - 15:00  Poster session 2 while coffee is served

15:00 - 16:30  Novel applications of the comet assay
	 	 Chairs:	Amaya	Azqueta	and	Sergey	Shaposhnikov
 15:00 O25. Bevin P. Engelward (Massachusetts Institute of   
  Technology, Cambridge, MA, USA): CometChip cell microarray  
  technology enables detection of carcinogenic DNA adducts 
 15:25 O26. Cristiana Costa Pereira (Portuguese National Institute of  
  Health, Porto, Portugal): Comet assay in bacterial cells – an  
  effective tool for antimicrobial resistance studies? 
 15:45 O27: Andrej Podlutsky (University of Alaska Fairbanks, Alaska,  
  USA): New approach for the DNA damage/repair analysis:  
  vertical comet assay 
 16:00 O28: Damian Muruzabal (Navarra University, Pamplona, 
  Spain): Detection of alkylated and oxidized DNA lesions using 
  the enzyme-modified comet assay 
 16:15 O29: Alena Gaveloba (Biomedical Research Center SAS, 
  Bratislava, Slovakia): Global DNA methylation in breast cancer 
  cells determined by the comet assay 

16:30 - 17:00  Closing and announcement ICAW 2021

Part Number TS-COMET-20-RC

Recirculating Comet Assay Tank

• Rugged Construction holds up to 20 slides
• Clear UV Resistant Acrylic Lid
• Buffer Recirculation Ports
• Cooling Platform for Static or Active Temp Control
• Retaining Edge Prevents Slide Movement
• Gold Plated Connectors, Rated up to 1000 Volts

*This CAT tank was first developed in association with Partners of the EC funded COMICS programme (2007-10)

www.thistlescientific.co.uk +44(0) 1698 338844  enquiries@thistlescientific.co.uk

DFDS House, Goldie Road
Uddingston, Glasgow G71 6PB
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ABSTRACTS

KEYNOTE LECTURE
Olga Lavrik 
“The relevance of studying DNA damage and DNA repair”

Biography

Olga Lavrik has completed her graduation from Novosibirsk 
State University and Postdoctoral studies and Dr of Sciences 

graduation from Institute of Bioorganic Chemistry in Moscow. She is the 
Director of Laboratory of Bioorganic Chemistry of Enzymes in the Institute of 
Chemical Biology and Fundamental Medicine of Russian Academy of Sciences, 
Professor of Novosibirsk State University, and Correspondent Member of 
Russian Academy of Science. She was working as Visiting Professor at NIEHS 
(NC), Institute Jacques Monod and. Evry University, France. She has published 
more than 350 papers in reputed journals and has been serving as an Editorial 
Board of Journal of Molecular Biology and Biochemistry, Russian Journal of 
Molecular Biology and as a Reviewer of Nucleic Acids Research, Journal of 
Medicinal Chemistry, Journal of Biological Chemistry, Oncology Letters and 
other journals. She is a member of Study Section of Russian Foundation for 
Basic Research and Member of Federation of Biochemical Society, Chancellor 
of European Environmental Mutagenesis and Genomics Society. She is a 
State Prize Winner, Commander of the Order of Academic palms, France, 
Medal of the Order of Merit for the Fatherland (Russian Federation). Prof 
Lavrik is an outstanding Russian scientist whose achievements in the study of 
DNA replication and repair are widely known and have received worldwide 
recognition. She pioneered the implementation of affinity labelling technique 
in supramolecular complexes of DNA replication and repair. New proteins and 
mechanisms of DNA repair, their functions and regulation were discovered 
and studied in her Lab. Another field of her interest is searching effective 
inhibitors of DNA repair enzymes to develop new therapeutic agents for cancer 
treatment.
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INVITED SPEAKERS O2. Genotoxicity and lipids oxidative damage under occupational 
pesticide exposure: cross-sectional and longitudinal study in a 
farmer cohort.

Hervé	 Perdry1,	 Amin	 Gharbi2,	 Pierre	 Lebailly3,4,5,	 Claire	 Vigor6,	 Yannick	
Lecluse3,4,5,	 Marianne	 Chevalier2,	 Valérie	 Bouchart3,4,8,	 Dominique	 Penther7,	
Thierry	Durand6,	Laurence	Huc2	and	Elisa	Boutet-Robinet2 

1 Univ	Paris-Saclay	&	INSERM	CESP,	Villejuif,	France	,	2	Toxalim	(Research	Centre	in	Food	
Toxicology),	Université	de	Toulouse,	INRA,	ENVT,	INP-Purpan,	UPS,	Toulouse,	France,	3	Inserm	
U1086,	Anticipe	Axe	Cancers	et	Préventions,	Caen,	France.,	4	Université	de	Caen-Normandie,	
Caen,	France.	,5	Centre	de	Lutte	Contre	le	Cancer	François	Baclesse,	Caen,	France,	6	Institut	des	
Biomolécules	Max	Mousseron	(IBMM),	UMR	5247	-	CNRS	-	University	of	Montpellier	-	ENSCM,	
Faculty	of	Pharmacy,	Montpellier,	France	,	7	Laboratoire	de	Génétique	Oncologique,	centre	de	
lutte	contre	le	cancer	Henri	Becquerel,	Rouen,	France	,	8	Labéo	Frank	Duncombe,	Saint	Contest,	
France 

The purpose of this biomonitoring study is to evaluate both DNA damage and lipid 
damage after occupational pesticide exposure. 
Biological samples from 190 never-smokers male farmers were collected in a cohort 
of farmer at enrolment (1997-2000) and at the 10-years follow-up. Pesticide exposure 
was determined on urine samples by four complementary analytical methods including 
2 different extraction methods and a derivation step, followed by HPLC-MS-MS or GC-
MS-MS. These methods allowed the dosages of 236 pesticides (or their metabolites) 
including 57 fungicides, 139 herbicides and 35 insecticides. Biomarkers of DNA damage 
were quantified by comet assay (alkaline comet assay and FPG-modified comet assay to 
reveal also oxidative DNA damage) on peripheral blood mononuclear cells. Biomarkers 
of oxidative lipid damage (5 urinary isoprostanoids potentially generated by free 
radical-catalyzed peroxidation of polyunsaturated fatty acids) were also quantified. 
Among 236 pesticides investigated, 53 were detected in at least one individual from 
the populated studied, the most frequently detected pesticides being glyphosate, 
2,4-dichlorophenoxyacetic acid, dichlorprop, difenoconazole, prochloraz. Each sample 
contains zero to 26 different pesticides. Concerning the level of DNA damage, farmers 
exhibited an increase of DNA Strand Breaks (SB) level after 10 year. Moreover, exposure 
to two herbicides (dichlorprop or glyphosate) is associated to higher SB level but to a 
lower oxidative DNA damage level, suggesting an increase of DNA repair activity and/
or antioxidative defence mechanisms. 
The farmers’ age affects lipid damage, which is highly correlated between two 
samples separated from 10 years for the same individual, suggesting a role of genetic 
background. In contrast, lipid damage is slightly affected by pesticide exposure. 
Moreover, DNA damage and lipid damage did not correlate.
In conclusion, this biomonitoring study highlights the genotoxic effects of occupational 
exposure to pesticides and in particular to two herbicides, and generates interesting 
hypotheses on the biological pathways activated by this exposure. 

O1. NEOGENE project: DNA damage in umbilical cord blood after 
in utero exposure to tobacco smoke

Alexandra	Camelo1,2,	Ana	 Inês	Silva1,2,	 Joana	Madureira1,2,	Ana	Teresa	Reis1,2,	
Filipa	Esteves1,2,	Fernando	Barbosa	Jr3,	João	Paulo	Teixeira1,2,	Carla	Costa1,2

1Environmental	Health	Department,	National	Institute	of	Health,	Porto,	Portugal;	
2EPIUnit,	Instituto	de	Saúde	Pública,	Universidade	do	Porto,	Porto,	Portugal;	
3School	of	Pharmaceutical	Sciences	of	Ribeirão	Preto,	University	of	São	Paulo,	São	Paulo,	Brazil

Recent epidemiological evidence has been associating in	utero environmental 
exposures and maternal lifestyle with serious health consequences and diseases 
later in life. Available studies suggest an urgent need to better understand the 
potential mechanisms that mediate the clinical and public health implications 
of life-long or transgenerational effects after preventable exposures. 
With data obtained in the frame of the NEOGENE project, we characterize 
here the tobacco use and exposure to environmental tobacco smoke (ETS) in a 
Portuguese population and its influence on DNA damage. This cross-sectional 
study enrolled 593 pregnant women who received prenatal care on Centro 
Hospitalar de São João, in Porto (Portugal), from May 2017 to August 2018. All 
participants provided information on sociodemographic and lifestyle variables, 
tobacco consumption and ETS exposure before and during pregnancy in a face-
to-face interview. Tobacco use and ETS exposure was confirmed with cotinine 
measurements in maternal urine samples, and DNA damage was assessed 
by alkaline and FPG-modified comet assay in umbilical cord blood samples. 
The significance of smoking cessation prior to the third trimester and other 
demographic, socioeconomic and lifestyle variables in the analysed outcomes 
was also explored. 
The use of reliable information on tobacco use and particularly on ETS exposure, 
as the one obtained through cotinine validation is essential for an accurate 
evaluation of the effects of these exposures in genetic outcomes. These results 
deepen the knowledge about the risk of maternal tobacco consumption and 
exposure for the health of the newborn and provide scientific support for 
the implementation of coherent and effective health promotion and disease 
prevention policies in early stages of life.

This	 work	 is	 supported	 by	 FCT	 and	 FAPESP	 (FAPESP/19914/2014);	 Carla	 Costa	 and	 Joana	
Madureira	are	supported	by	FCT	(SFRH/BPD/96196/2013	and	SFRH/BPD/115112/2016	grants,	
respectively).
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O5. The relevance of zebrafish model for ecogenotoxicity studies

Matjaž	Novak1,	Bojana	Žegura1	and	Metka	Filipič1

1National	institute	of	biology,	Večna	pot	111,	1000	Ljubljana

The aquatic environment is often the ultimate recipient of the increasing amount 
and range of human made contaminants. A large proportion of these chemicals 
is highly persistent and could be potentially genotoxic and/or mutagenic and as 
such represent a threat to aquatic organisms. This poses a major challenge for 
regulatory authorities and environmental managers to protect the quality of the 
environment, especially as many of contaminants occur below the detection 
limit. For the detection of adverse effects of pollutants various bioassays are 
used in order to accurately evaluate their effects on aquatic organisms. For the 
evaluation of the genotoxic contamination of the environment, the analysis of 
DNA alterations in aquatic organisms has been shown to be a highly suitable 
approach. Comet assay is among the most popular and sensitive assays for 
detecting DNA damage in various organisms including aquatic organisms 
through in	 vitro, in	 vivo and in	 situ exposures. Often applied organisms for 
environmental hazard assessments of water pollutants, are fish. They are 
considered as an excellent bioindicators of aquatic contamination as they are 
found in most of the world’s aquatic environments, capable of accumulating the 
pollutants present in the water and responding to chemical substances similarly 
to higher vertebrates. Among them zebrafish (Danio	rerio) is a very popular fish 
species. For genotoxicity studies blood cells are the most frequently used cell 
tissue, followed by liver and gills. Additionally, in the context of animal welfare 
protection the usage of earliest life-stages of zebrafish (embryos) and zebrafish 
cell lines that are considered as in	vitro	systems can serve as an alternative 
to animal testing in eco-/genotoxicological studies. The presentation will give 
an overview on the application on the zebrafish model (from cells to whole 
organisms) in ecogenotoxicology, which will be supported by the results from 
in	vitro and in	vivo studies.  

O6. Impact of weight loss on obesity induced genomic instability

Tahereh	 Setayesh1,	Miroslav	Mišík1,	 Sabine	 A.S.	 Langie2,3,	 Roger	 Godschalk4,	
Monika	Waldherr1,	Alexander	Haslberger5,	Siegfried	Knasmüller1

1.	Institute	of	Cancer	Research,	Department	of	Internal	Medicine	I,	Medical	University	of
Vienna,	Vienna,	Austria
2.	VITO-Health,	Mol,	Belgium
3.	Centre	for	Environmental	Sciences,	Hasselt	University,	Hasselt,	Belgium;
4.	Department	of	Pharmacology	&	Toxicology,	School	for	Nutrition,	Toxicology	and
Metabolism	(NUTRIM),	Maastricht	University,	Maastricht,	the	Netherlands
5.	Department	of	Nutritional	Sciences,	University	of	Vienna,	Vienna,	Austria

Introduction: The number of overweight/obese humans increased 6-fold since 
1976 [1]. It is known that elevated BMI values are associated with DNA damage 
related disorders (cancer, infertility, cognitive dysfunctions). An evaluation of the 
literature showed that human studies are controversial, possibly as a consequence 
of poor experimental design while findings from experiments with rodents suggest 
an association between DNA damage and body mass in inner organs [2]. 

Aim of this study was to investigate whether weight loss improves the integrity 
of the genetic material.
Methods: Overweight male and female mice were fed ad libitum (AL) 
with a Western diet (WD), with a 40% caloric restricted WD, or with a high 
carbohydrate low protein (HCLP) diet. After 19 weeks, several inner organs 
(brain, liver, colon and ovaries and testes) were removed and DNA damage, 
oxidised DNA damage and nucleotide excision repair (NER) were measured. 
In parallel, alteration of insulin level and pro- and anti-inflammatory cytokines 
were measured in plasma.
Results: Caloric restriction and the HCLP diet led to ca. 30% weight loss, which 
was paralleled by decreased DNA damage and oxidative damage of purines 
in inner organs, additionally the NER activity was increased. The effects were 
more pronounced in animals which received the HCLP chow. Biochemical 
analyses indicate that the improvement of DNA stability is associated with 
decreased inflammation and lower insulin levels.
Conclusion: The study indicates that weight reduction prevented obesity 
associated adverse health effects due to improvement of the genetic stability.

References:
1.	Lauby-Secretan,	B.,	et	al.,	Body	fatness	and	cancer—Viewpoint	of	the	IARC	working
group.	N	Engl	J	Med,	2016.	375(8):	p.	794-798.
2.	Setayesh,	T.,	et	al.,	Impact	of	obesity	and	overweight	on	DNA	stability:	Few	facts	and
many	hypotheses.	Mutat	Res,	2018.	777:	p.	64-91.
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O9. Why analysing assay controls is not just a waste of time in 
the comet assay 

Peter	Møller1

1	 Department	 of	 Public	 Health,	 Section	 of	 Environmental	 Health,	 University	 of	 Copenhagen,	
Copenhagen,	Denmark.

The comet assay is widely used to investigate DNA damage in biomonitoring 
studies on mainly white blood cells. Most environmental/occupational 
exposure studies and case-control studies have a reference group. However, 
experimental studies should also use controls to assess the quality of the 
laboratory experiments. Such controls are typically referred to as assay controls, 
reference standards or internal controls/standards. It is surprising that a large 
fraction of published articles do not report the results or even the use of assay 
controls. The immediate reason for including results on assay controls is to 
demonstrate reliable assay conditions. However, there are examples where a 
comparison of the variation in assay controls with the residual variation from 
statistical analyses has been useful as illustrated by two examples below. The 
residual variation is the same as the random (or unexplained) variation. In a 
cross-sectional study we originally assessed the effect of lifestyle factors on 
levels of oxidatively damaged DNA in peripheral mononuclear blood cells. 
The residual variation in the statistical models was higher than the variation 
in assay controls, indicating that there was variation between the samples 
that was not just random variation. Subsequent statistical analyses showed 
that intake of certain specific dietary items were independent predictors for 
the level of DNA damage. In another study, the influence of various factors 
on levels of DNA damage were tested, showing that exposure to sunlight was 
an important factor for the basal level of DNA damage in humans, whereas 
other factors like physical activity, intake of smoked/fried, vitamin pills and 
fresh fruit had no effect. Effects of these factors were considered to be low as 
the residual variation in statistical models was the same as the variation in the 
assay controls.

O10. Comparison of scoring software packages for automated 
analysis of comet assay output images.

Roger	Godschalk1

1Dept.	 Pharmacology	 and	 Toxicology,	 School	 for	 Nutrition	 and	 Translational	 Research	 in	
Metabolism	(NUTRIM),	Maastricht	University,	Maastricht,	The	Netherlands

The fact that the comet assay is easy to perform and only needs a limited 
number of cells to assess various types of DNA damage, favours the use of the 
comet assay in large scale biomonitoring studies and intervention trials. Recent 
developments make it possible to create slides in a high throughput manner, but 
unfortunately, scoring of the slides is still a bottleneck, which limits the number 
of samples than can be assessed in a reasonable period of time. Several scoring 
programs are commercially or freely available, for instance COMETIII, Casplab, 
Cometscore and OpenComet (plugin of ImageJ) and some have the option for 
automated scoring. However, these scoring programmes where never directly 
compared. Therefore, comet assay slides were prepared with varying amounts 
of DNA damage, pictures of comets were made and these were subsequently 
scored for DNA damage by all these programmes. There was a good correlation 
between all scoring results with correlation coefficients between 0.77 and 0.98 
(all p<0.001). The best correlation was found between Casplab and COMETIII, 
whereas the lowest correlation was found between Casplab and OpenComet. 
Despite the fact that the results of Casplab and COMETIII correlated very 
well, Casplab consistently scored lower in %Tail DNA compared to COMETIII 
(p<0.001). When the analysis was restricted to samples with %Tail DNA <15%, 
most correlations remained present, except for OpenComet, which no longer 
correlated with any of the other scoring methods. It should be noted that these 
analyses were performed with default settings, and therefore changing these 
settings may improve the correlation between results from these software 
packages. In conclusion, the software programmes used in this study for 
scoring comet assay slides perform equally well.  
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O12. Dietary intervention with polyphenols and colon health 
biomarkers: focus on colon cancer chemoprevention 

Lisa	Giovannelli1,	Katia	Tortora1,	Giovanna	Caderni1,	Nadia	Mulinacci1,	 Susan	
Duthie2

1Dept.	NEUROFARBA,	University	of	Florence,	Italy;	
2Robert	Gordon	University,	Aberdeen,	United	Kingdom

Colorectal cancer (CRC) is the third most common cancer in Western Countries 
and a leading mortality cause. Carcinogenesis is associated with genomic 
instability, oxidative stress, and epigenetic changes, such as DNA methylation 
in CpG islands, and can be stimulated by the microenvironment, where Cancer 
Associated Fibroblasts (CAFs) promote epithelial-mesenchymal transition, cell 
proliferation and inflammation. 
Food components have the potential to exert chemopreventive activities 
interrupting the carcinogenesis process with low associated toxicity. We 
investigated the ability of different polyphenol-containing foods and food 
by-products to prevent CRC: 1) in	 vivo - in Pirc rats, bearing an Apc gene 
mutation and spontaneously developing CRC, in short-term chemopreventive 
studies; 2) ex	vivo – in adenomas and colon mucosa biopsies isolated from Pirc 
and wild type (WT) animals; 3) in	vitro – in HT-29 colon cancer cell line. The 
results indicate that dietary elements have the ability to reduce microscopic 
preneoplastic lesions (MDFs) in colon mucosa in vivo through inhibition of 
proliferation and inflammation and induction of apoptosis.
An additional target of nutritional interventions in CRC are non-epithelial cells 
in the microenvironment. We investigated the effect of Apc mutation in primary 
cultures of colon fibroblasts isolated from Pirc and WT animals, evaluating cell 
proliferation and senescence, inflammatory state, CAF-associated markers 
and DNA stability. A modification of the comet assay to evaluate global DNA 
methylation status was also set up in human colon cell lines (epithelial and 
fibroblasts). The results indicate that Apc mutation is associated with a pro-
tumorigenic phenotype in colon fibroblasts, which might favor local cancer 
development. Moreover, data obtained with the comet assay on colon 
fibroblasts and in Pirc and WT rats showed a lower level of oxidative damage 
in Pirc compared to WT animals, supporting the hypothesis that Apc mutation 
promotes an increase in antioxidant defenses, thus conferring a selective 
advantage for carcinogenesis development.

O13. Does a vegetarian diet influence genomic stability? Analysis 
of health-related biomarkers in vegetarians versus omnivores

Goran	Gajski1,	Marko	Gerić1,	Marijana	Vučić	Lovrenčić2,	Sandra	Božičević2,	Ivica	Rubelj3,	Lucia	
Nanić3,	Nikolina	Škrobot	Vidaček3,	Laila	Bendix4,	Maja	Peraica1,	Dubravka	Rašić1,	Ana-Marija	
Domijan5,	Valentina	Gluščić1,	Jasna	Jurasović1,	Tatjana	Orct1,	Selma	Cvijetić	Avdagić1,	Gordana	
Jurak6,	Jasna	Bošnir6 and	Vera	Garaj-Vrhovac1

1Institute	for	Medical	Research	and	Occupational	Health,	Zagreb,	Croatia
2Merkur	University	Hospital,	Zagreb,	Croatia
3Ruđer	Bošković	Institute,	Zagreb,	Croatia
4Danish	Aging	Research	Center,	University	of	Southern	Denmark,	Odense,	Denmark
5Faculty	of	Pharmacy	and	Biochemistry,	University	of	Zagreb,	Zagreb,	Croatia
6Andrija	Štampar	Teaching	Institute	of	Public	Health,	Zagreb,	Croatia

It is still a matter of debate whether the vegetarian diet is healthier than a traditional 
one and if that is so, a difference in a variety of health-related biomarkers is 
to be expected. Therefore, the aim of our study was to compare the effects of 
vegetarian versus omnivore diet using a large number of health-related biomarkers 
to see whether differences in one’s diet influence genomic instability and impact 
telomere length. This was done using alkaline comet assay and cytokinesis-block 
micronucleus assay. Additionally, these parameters were associated with several 
haematological, biochemical and oxidative stress indices, essential and toxic 
elements, pesticides and mycotoxins that were measured in biological samples 
of both groups as well as to bone mineral density. The study was performed in a 
group of healthy adult vegetarians and age- and sex-matched omnivore subjects 
practicing a traditional mixed diet. The vegetarians included lacto-ovo-vegetarians 
and vegans. The obtained results revealed differences in various biomarkers that 
were largely in favour of a traditional mixed diet, rich in fruit and vegetables in 
this particular case, indicating that vegetarians have higher genome damage 
frequency (micronuclei and DNA strand breaks), along with shorter telomeres. 
Furthermore, vegetarians displayed a lower nutritional status of some nutrients 
(Ca, Cu and Zn, and vitamins B12 and D) accompanied with a lower antioxidant 
defence system (glutathione) and higher homocysteine level. However, the level of 
certain toxic metals (As and Hg) was higher in omnivores. Because of the evidence 
of a lower nutritional status of some micronutrients accompanied with a lower 
antioxidant defence system and higher genome damage frequency in vegetarians, 
supplementation of animal derived nutrients to this particular dietary group seems 
to be beneficial for improving some of the measured health-related biomarkers. 

Supported	 by	 the	 COST	 Actions	 hCOMET	 (CA15132),	 NutRedOx	 (CA16112)	 and	 CliniMARK	
(CA16113)
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O18. High throughput genotoxicity testing of nanomaterials

Andrew	 Collins1,2,	 Maria	 Dusinska3,	 Sergey	 Shaposhnikov2,	 and	 Naouale	 
El	Yamani2,3

1	-	Department	of	Nutrition,	University	of	Oslo,	Norway
2	-	NorGenotech	AS
3	-	Norwegian	Institute	for	Air	Research	(NILU)

High throughput methods for risk assessment are required to cope with the 
large and growing number of nanomaterials in production. It is not possible 
to assess nanomaterial toxicity by extrapolation from what is known of the 
corresponding bulk chemical;  the high surface area of nanoparticles relative to 
their volume influences their physicochemical properties and tends to increase 
their reactivity. Nanoparticles are also better able to penetrate biological 
membranes – an important aspect of toxicity assessment.

Damage to DNA, a crucial aspect of toxicity, is most conveniently measured 
with the comet assay. Experiments with four common nanomaterials, derived 
from ZnO, CeO2, TiO2 and Ag, have demonstrated direct strand breakage 
as well as oxidative damage (the latter being detected by digestion with 
formamidopyrimidine DNA glycosylase). We found different levels of damage 
depending on incubation time (3 or 24 h), with in some cases an increase with 
time and in others a decrease. While Ag and ZnO nanomaterials were clearly 
cytotoxic, CeO2 and TiO2 were not; but all four were capable of damaging DNA.

High throughput toxicity assays, as well as saving cost and time, reduce 
the effect of inter-experimental variation, and allow testing over a range 
of concentrations and incubation times, using diverse cell types. We offer 
guidelines for testing nanomaterials with the comet assay.

O19. The ToxTracker assay combined with the Comet assay 
as a tool for mechanism-based genotoxicity screening of 
nanoparticles 

Giel	 Hendriks1,	 Sarah	McCarrick2,	 Francesca	 Cappellini2,	 Remco	 Derr1,	 Jonas	
Hedberg3,	Inger	Odnevall	Wallinder3	and	Hanna	L.	Karlsson2. 

1Toxys,	 Leiden,	 the	 Netherlands;	 2Institute	 of	 Environmental	 Medicine,	 Karolinska	 Institutet,	
Stockholm,	Sweden;	3KTH	Royal	Institute	of	Technology,	Stockholm,	Sweden	

There is a demand for fast and reliable assays to identify nanoparticle-induced 
toxicity and underlying mechanisms. ToxTracker® is a mammalian stem cell-
based reporter assay that detects activation of specific cellular signalling 
pathways upon chemical exposure. ToxTracker contains six different GFP-
tagged reporters that allows discrimination between induction of DNA damage, 
oxidative stress and protein damage in a single test. 

We exposed the ToxTracker cell lines to 40 different metal-containing 
nanoparticles of different size and composition to validate the applicability of 
the assay for toxicity testing of nanoparticles. The highest cytotoxicity as well as 
activation of the ToxTracker reporters was observed for metallic nanoparticles 
of nickel (Ni), cobalt (Co), antimony (Sb) as well as small (<3 nm) CdTe quantum 
dots. These nanomaterials primarily activated the oxidative stress reporters in 
ToxTracker. Only for manganese metallic and oxide nanoparticles (Mn, Mn3O4), 
also induced the DNA damage reporter. We confirmed that the nanoparticles 
were efficiently taken up by the stem cells and do not interfere with the assay. 
To confirm the production of reactive oxygen species (ROS) and potential 
indirect genotoxicity by the nanomaterials, the Comet assay was performed 
in the ToxTracker cells in absence and presence of Fpg enzyme. ToxTracker 
in combination with the Fpg-modified Comet assay confirmed that oxidative 
stress was the primary mode of action for various metal and metal oxide 
nanomaterials. However, several nanoparticles were rather inactive in the test 
system. Together, our results indicate that ToxTracker, combined with the Comet 
assay can be used for rapid screening, ranking and first indication regarding 
which nanoparticles may be grouped together during risk assessment.
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O25. CometChip Cell Microarray Technology Enables Detection 
of Carcinogenic DNA Adducts 

Le	P.	Ngo1,	 Jing	Ge1,	David	K.	Wood1,	David	M.	Weingeist1,	Marcus	Parrish1,	
Todd	Townsend2,	Mugimane	G.	Manjanatha2,	Elina	Thadhani1,	Carol	Swartz3,	
Yang	Su4,	Leslie	Recio3,	Leona	D.	Samson1,4,	and	Bevin	P.	Engelward1

1Department	of	Biological	Engineering,	Massachusetts	Institute	of	Technology,	Cambridge,	MA.
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Genotoxicity testing is critical for predicting adverse effects of pharmaceutical, 
industrial, and environmental chemicals. The comet assay is well established 
as a method for assessing a wide range of DNA lesions. We have developed the 
“CometChip” platform as a way to increase the throughput and reduce labor 
associated with the traditional comet assay. Results show that the CometChip 
is effective for studies of base damage, strand breaks and interstrand crosslinks, 
however the platform had not been effective for studies of bulky lesions that 
are normally repaired by nucleotide excision repair (NER). Results also show 
effective application of a classic method for NER intermediate trapping, which 
involves treating cells with HU and AraC. Essentially, if cells can initiate NER, 
comet-undetectable bulky lesions are converted into comet-detectable single 
strand breaks. In addition, we incorporate HepaRG™ cells to recapitulate in vivo 
metabolic capacity. We have thus created the “HepaCometChip” for detecting 
genotoxic lesions, including bulky lesions that are missed by commonly used 
genotoxicity screening methods. In addition, we show that the platform can be 
used to assess global methylation levels by exploiting a restriction enzyme that 
is methylation dependent. Taken together, the CometChip is a broadly useful 
platform for many applications.  

O26. Comet assay in bacterial cells – an effective tool for 
antimicrobial resistance studies?

Inês	Gomes1,	Micaela	Querido2,	João	Paulo	Teixeira2,	Manuel	Simões1,	Cristiana	
Costa	Pereira2

1	 LEPABE,	 Department	 of	 Chemical	 Engineering,	 Faculty	 of	 Engineering,	 University	 of	 Porto,	
Porto,	Portugal,	2	Department	of	Environmental	Health,	Portuguese	National	Institute	of	Health,	
Porto,	Portugal	

The decline in the discovery and development of new antibiotics along with 
the emergence of multidrug resistant microorganisms is a recognized concern 
already today. An early and well-tailored antibiotic therapy in this context is 
a relevant strategy not only to improve clinical outcomes, but also to prevent 
the appearance and spread of dangerous resistant strains. (1) Bacteria have 
a distinctive genetic plasticity that enables them to respond to a wide range 
of threats in the environment, including the presence of antibiotic molecules 
that may put their existence at risk.(2) This plasticity results from their ability 
to acquire external genetic material, being transformation the simplest type of 
horizontal gene transfer, where bacterial species can incorporate naked DNA 
and hence develop resistance. (3)
Considering that antibiotic treatments may cause DNA damage and induce 
mutator phenotypes, a quantitative biophysical assessment of bacterial DNA 
damage and repair could help in understanding the development of antibiotic 
resistance. (4)
Based on this knowledge, we are optimizing the neutral comet assay technique 
to identify differently susceptible strains of Stenotrophomas	maltophilia to 
antimicrobials, according to the moiety where they were grown.
Our aim is to associate the antimicrobial effect to a resistance pattern based 
on the observed DNA damage.

(1)	 Rapid	 Detection	 of	 bacterial	 Susceptibility	 or	 resistance	 to	 quinolones.	 F.	 Otero	 et	 al.	 In:	
Didenko	V.	(eds)	Fast	Detection	of	DNA	damage.	Methods	in	Molecular	Biology.	(2017)	vol	1644.	
Humana	Press,	New	York,	NY
(2)	Antimicrobial	resistance	and	virulence:	a	successful	or	deleterious	association	in	the	bacterial	
world?	 Alejandro	 Beceiro	 et	 al.	 Clinical	 Microbiology	 Reviews	 (2013)	 vol.	 26,2:	 185-230.	
Doi:10.1128/CMR.00059-12
(3)	Mechanisms	of	Antibiotic	Resistance.	Jose	Munita,	and	Cesar	Arias.	Microbiology	Spectrum.	
(2016).	vol.4:2.	10.1128/microbiolspec.VMBF-0016-2015.
(4)	Single-Molecule	Analysis	of	Bacterial	DNA	Repair	and	Mutagenesis.	Stephan	Uphoff	and	David	
J.	 Sherratt.	 Annual	 Review	 of	 Biophysics	 2017	 46:1,	 411-432.	 doi.org/10.1146/annurev-
biophys-070816-034106.
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ORAL PRESENTATIONS
O3. Trihalomethanes exposure in indoor swimming pools users 
and DNA damage

Filipa	 Esteves1,2,	 Maria	 Sánchez-Flores1,2,	 Raquel	 Amaro1,2,	 Diana	 Sequeira2,	
Susana	Silva1,	Solange	Costa1,2,	Carla	Costa1,2,	João	Paulo	Teixeira1,2
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Disinfection of indoor swimming pools with chlorine, even though essential 
to prevent waterborne diseases, also leads to the presence of disinfection by-
products, such as trihalomethanes (THMs), some of them already identified as 
potentially mutagenic and carcinogenic.
The present study aims to analyze the possible genotoxic effects of THMs in 
individuals exposed to different levels of these compounds in indoor swimming 
pools considering at the same time, the influence of other demographic (age, 
gender and body mass index) and lifestyle (exercise, smoking habits and diet) 
variables.
For this purpose, two hundred and eighty (n=280) swimming pool users were 
recruited from ten municipal indoor chlorinated pools located in the north of 
Portugal; each individual filled a questionnaire on demographical, environmental 
exposure and clinical information and provided a peripheral blood sample. 
Genotoxicity was assessed using alkaline and FPG-modified comet assay, 
while individual exposure to different THMs, namely bromodichloromethane, 
dibromochloromethane, bromoform and chloroform, was estimated using 
Swimmer Exposure Assessment Model (SWIMODEL).
Data here obtained reinforces the importance of THMs monitoring in pools and 
the need of establish guidelines for water treatment, structure requirements 
and personal hygiene demands to enhance the positive health effects related 
to physical exercise by reducing the potential adverse health risks. Results may 
also support the development of new risk management strategies to minimize 
THMs exposure, without compromising disinfection efficiency and swimming 
benefits.

This work was supported by Project NORTE-01-0145-FEDER-000010, Health, 
Comfort and Energy in the Built Environment (HEBE), cofinanced by Programa 
Operacional Regional do Norte (NORTE2020), through Fundo Europeu de 
Desenvolvimento Regional (FEDER). Authors also acknowledge the support of 
the COST Action CA15132 (hCOMET).

O4. Susceptibilities to oxaliplatin-induced DNA damage in 
human lymphocytes: Comparison between chronic obstructive 
pulmonary disease (COPD), lung cancer patients and healthy 
individuals treated in vitro

Khaled	Habas1,	Mojgan	Najafzadeh1,	Badie	K.	Jacob	2,	Diana	Anderson1 
1School	of	Chemistry	and	Biosciences,	Faculty	of	Life	Sciences,	University	of	Bradford,	Richmond	
Road,	Bradford,	West	Yorkshire,	BD7	1DP,	UK.
2 Bradford	Royal	Infirmary,	Bradford	Teaching	Hospitals	NHS	Foundation	Trust,	Duckworth	Lane,	
Bradford,	West	Yorkshire,	BD9	6RJ,	UK.

Chronic obstructive pulmonary disease (COPD) and lung cancer are worldwide 
health problems. Susceptibility to environmental carcinogens is the result of a 
complex interaction between intrinsic hereditary factors and actual exposure 
to possible carcinogenic agents. Oxaliplatin is a platinum-based anti-cancer 
drug with antineoplastic properties used mainly for colorectal cancer and is 
cytotoxic due to platinum binding to DNA and the formation of intrastrand 
cross-links between neighbouring guanines. A difference in sensitivity of 
human lymphocytes to oxaliplatin and variability of the DNA damage was 
examined by use of the single cell gel-electrophoresis, also known as the Comet 
assay. To assess whether there might be a correlation between sensitivity and 
the expression levels or activity of P53, telangiectasia mutated (ATM) and 
Rad3-related protein (ATR), we quantified the mRNA and protein expression 
levels using quantitative polymerase chain reaction (qPCR) and Western blot 
analysis respectively. The effect of induced DNA damage and gene expression 
level between healthy individuals, COPD and lung cancer depends on the 
susceptibility to DNA damage in the different groups. Therefore, DNA damage 
with differential packaging has been related to early or late transcription and 
also to differential susceptibility to genotoxic damage. Genes and proteins 
located in the Lung cancer could be more susceptible to injuries than those 
located in healthy individuals and COPD. 
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O7. How does primary and oxidative DNA damage relate to 
birthweight, gestational age and Apgar score?
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Alteration in DNA structure early in life may have particularly adverse 
consequences in childhood but can also increase the risk for early onset of 
several diseases. Even though increased levels of oxidative stress and DNA 
damage in newborns have been associated to a number of factors ranging from 
in	utero exposures to mode of delivery, most of these studies encompassed a 
small number of mother-child pairs impairing any confident assumptions.

For the above-mentioned, and within the frame of the NEOGENE project, we 
propose here to analyse how DNA damage relates to main perinatal outcomes 
(birth weight among full-term newborns, gestational age, and Apgar score), 
while considering other relevant variables such as maternal age, gestational 
hyperglycemia, parity, mode of delivery, smoking, environmental tobacco 
smoke exposure, maternal body mass index, and gender of the fetus.
This cross-sectional study enrolled 593 pregnant women who sought prenatal 
care on Centro Hospitalar de São João, in Porto (Portugal), from May 2017 
to August 2018. A standard questionnaire, including sociodemographic and 
lifestyle variables, clinical history, tobacco consumption and exposure before 
and during pregnancy was completed for all the participants. Perinatal 
outcomes were extracted from medical records while DNA damage was 
assessed by alkaline and FPG-modified comet assay.

The identification of variables on the origin of DNA damage in newborns may 
enable timely interventions to prevent further increase of DNA alterations 
and their potential progression into chronic diseases, such as cancer, at a later 
stage of life. Also, in this context, one goal of future investigation is to explore 
the association between these variables and DNA repair ability.

This work is supported by FCT and FAPESP (FAPESP/19914/2014); Carla Costa 
and Joana Madureira are supported by FCT (SFRH/BPD/96196/2013 and SFRH/
BPD/115112/2016 grants, respectively).

O8. Nothobranchius rachovii as a test object in genetoxocity 
assessment: the case of cerium dioxide nanoparticles

K.G. Ordzhonikidze1,2,	 L.A.	 Pelgunova1,	 S.A.	 Simanovsky1,	 O.S.	 Ivanova3,	 E.Yu.	
Krysanov1

1Severtsov	Institute	of	Ecology	and	Evolution,	Moscow,	Russia
2Vavilov	Institute	of	General	Genetics,	Moscow,	Russia
3Kurnakov	Institute	of	General	and	Inorganic	Chemistry,	Moscow,	Russia

Short-living African fishes Nothobranchius	rachovii were used for the research 
into genotoxic effects of cerium dioxide nanoparticles in	 vivo applying 
alkaline Comet Assay. A preliminary study of cerium dioxide nanoparticles 
accumulation demonstrated revealed liver as a target organ for Comet Assay. 
Two types of cerium dioxide nanoparticles varying in the synthesis method 
and type of stabilization were used – CeO2 “Artem” and CeO2 “Volgograd”; the 
nanoparticles were administered intraperitoneally (40 mkl; concentrations: 
CeO2 “Artem” – 3,42 mg/ml; CeO2 “Volgograd” – 3,78 mg/ml); injection of 
water was performed for the negative control. Each group consisted of 6 
adult males. Standard methodology was applied with minor alterations for 
fish tissues. The data obtained showed significant increase in % DNA in comet 
tails in both experimental groups: 20,48 ± 3,17% and 17,20 ± 3,34% for cerium 
dioxide nanoparticles “Artem” and “Volgograd”, respectively. The control 
level of % DNA in comet tail was 8,87 ± 2.01%. This allows for the assumption 
about genotoxic activity of investigated nanomaterials. Comet Assay data were 
supported by concurrent analysis of chromosomal aberration frequencies 
in head kidney cells and abnormalities analysis in prophase I of meiosis in 
testes. Chromosome aberration frequencies were significantly higher for both 
experimental groups (0,11 ± 0,02 and 0,09 ± 0,005 for “Artem” and “Volgograd”, 
respectively, vs 0,006 ± 0,004 in control). Synaptonemal complex analysis 
revealed the following frequencies of abnormal meiocytes: 0,29 ± 0,12 for 
CeO2 “Artem”; 0,30 ± 0,06 for CeO2 “Volgograd” and 0,02 ± 0,004 for control. 
Nothobranchius	rachovii	proves to be a highly sensitive and convenient model 
organism for aquatic genotoxicity studies as well as the results achieved with 
combination of selected methods appeared to be in good agreement with 
each other.

The reported study was funded by RFBR according to the research project 
№18-29-05023.
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O11. Automated Comet Assay Imaging and Dual-Mask Analysis to 
Determine DNA Damage on Individual Comet Basis Enabling High 
Throughput Genotoxicity Testing
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Mammalian cells incur DNA damage as a result of internal factors, such as 
oxidative stress, as well as exposure to external stimuli, such as chemical 
compounds and UV radiation. Genotoxicity studies aim to understand the 
mechanisms of DNA damage and repair, focusing on methods of pathway 
regulation and dysregulation for improved therapeutic success. Beyond 
therapeutic implications, a number of industries, including cosmetics, food/
beverage, chemical and mining/oil/petroleum, incorporate genotoxicity testing 
to characterize the safety profile of their products. 

The comet assay is well established as a direct measure of DNA damage in 
genotoxicity studies. Upon fluorescent staining and imaging, the result appears 
similar to a comet, where DNA fragments (comet tail) migrate through the gel 
matrix while undamaged DNA remains static (comet head). Typically, detection 
requires operator intervention for image capture and analysis which tends to be 
a slow process, limiting sample throughput. Furthermore, operator subjectivity 
during analysis can also skew results as only comets that meet personal criteria 
are chosen for inclusion in the data set. Incorporating automated image 
acquisition and analysis into the assay workflow can help to enhance sample 
throughput, assay robustness and accuracy, while also increasing the overall 
laboratory efficiency. 

Here we demonstrate a combined process to generate automated, high-
throughput comet-based genotoxicity data. Using the novel Cytation 5 Cell 
imaging Multi-Mode Reader and high-density slides, 96 individual samples can 
be processed and analyzed simultaneously. With its dual-mask capability, the 
advanced analysis software Gen5 links comet head and tail information on a 
per-comet base so that real time population-level data, as well as individual 
comet data, are available (e.g. %DNA in the tail or comet tail moment). The 
combination of a single-cell microarray comet assay format and automated 
imaging and analysis provides an accurate and robust method to assess DNA 
damage and DNA repair in sampled cells. 

O14. Protective effects of myricetin bulk and nano forms on 
peripheral lymphocytes from pre-cancerous patients compared 
to those from healthy individuals

Shabana	 Akhtar1,	 Mojgan	 Najafzadeh1,	 Mohammad	 Isreb1 Rajendran	 C.	
Gopalan1	and	Diana	Anderson1  
1	University	of	Bradford,	Bradford,	UK

Myricetin is an anti-oxidant and naturally occurring flavonol which exhibits 
various health benefit and protective effects against several disease states 
including different forms of cancer. This present study was conducted to 
investigate the effects of myricetin nano and bulk forms on the lymphocytes 
from pre-cancerous patients compared to those from healthy individuals using 
the Comet and micronucleus assay.  The protein and gene expression levels 
of tumour suppressor, P53, were evaluated using western blotting and real-
time polymerase chain reaction techniques, respectively, after exposure to 
nano-particles and bulk myricetin. The study also analyses the gene expression 
levels of ataxia telangiectasia mutated gene using real-time polymerase chain 
reaction. The key findings of the current study are as follows. Lymphocytes 
from the patients showed higher levels of basa l  DNA damage compared 
to the healthy group which was observed throughout the in-vitro	treatment. 
The Comet and micronucleus assay revealed that myricetin in both forms has 
not induced any significant DNA damage; in fact the results demonstrated 
a reduction in damage upon treating with the myricetin nano form in 
lymphocytes from the patient group. Micronucleus assay has shown that 
myricetin nano caused a significant reduction (p<0.02) in the frequency of 
micronuclei in mono-nucleated cells in patient group. There was a significant 
increase observed in P53 proteins levels in isolated lymphocytes from both 
healthy individuals and pre-cancerous patients. Consistent results were 
obtained with gene expression levels where P53 gene significantly increased 
(p<0.008) in patient group upon treatment with myricetin nanoparticles and 
bulk forms. Ataxia telangiectasia mutated gene was not affected by treatment 
with myricetin bulk and nano-sized form in pre-cancerous patients. These 
results suggest some sort of protective effect offered by myricetin.
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Yerba Mate is an macerate or infusion of leaves (Ilex	 paraguariensis A. 
St. Hilaire),enjoying steadily increasing consumption around the world. 
Our preliminary study (Zwyrzykowska et al., 2015) proved high content of 
polyphenolic fraction, rich in rutin, quinic acid and its caffeoyl esters and 
the triterpenoids fraction rich in oleanane-type triterpenes as well as their 
glycosides (saponins) in different Ilex sp.
Based upon our studies on detailed characterization of bioactive substances 
from plants belonging to the Ilex sp. we decide to investigate the effects of 
I.	 paraguariensis and	 Ilex	 ×meserveae	 ‘Blue Angel’ extracts possibility of 
protection of DNA from oxidative damage in human lymphocytes induced by 
hydrogen peroxide (H2O2).
Lymphocyte cells were pretreated 1h with concentrations of 100, 200, 400 
and 800 μg/mL of I.	paraguariensis and I.	×meserveae	Blue Angel water and 
methanolic extracts then they were exposed to H2O2 (100 μM) for 20 min on ice 
to prevent repair of the induced oxidative DNA damage. Positive control cells 
were treated with H2O2 in PBS, which induced DNA damage corresponding to 
97 % tail DNA.
Comet assay analysis showed that in case of pretreatment with water extracts 
the mean percent tail DNA damage in lymphocytes was reduced  approximately 
to 21 % for I.	 paraguariensis	 in concentration 100 μg/mL and 18% for I.	
×meserveae	‘Blue Angel’ in concentration 200 μg/mL. In contrast, application 
of methanolic extract resulted in the mean percent damage in lymphocytes 
was approximately 30% for both	 I.	 paraguariensis	 and	 I.	 ×meserveae	 Blue 
Angel in concentration 100 μg/mL.
The results showed that Ilex	extracts rich in phenolic antioxidant compounds 
with protective effects on oxidative damages. They may have a great potential 
as a source of biologically active compounds that can be used as functional 
ingredients in food and supplements.

O16. Reversal of in	vivo Benzo[a]pyrene genotoxicity by natural 
products 

Lamia	Benguedouar 1,	Leila	Bouhafs1,	Mohamed	Sebti2,	Kamel	Boumeslat1,	and	
Mesbah	Lahouel1.

1	Molecular	Toxicology	Laboratory,	University	of	Mohamed	Seddik	Benyahia,	Jijel.	Algeria		
2	 Laboratoire	 de	 Biotechnologie,	 Environnement	 et	 Santé,	 Université	 de	 Mohamed	 Seddik	
Benyahia,	Jijel.

Several epidemiological studies have shown that exposure to polycyclic aromatic 
hydrocarbons (PAHs) can increase the risk of multiple cancers, such as lung 
cancers. One of these PAHs is benzo(a)pyrene (B(a) P). Carcinogenic derivative 
of B(a)P metabolism, reacts with DNA produces reactive oxygen species (ROS). 
Data indicates possible beneficial effects of plant derived phenolic compounds 
against oxidative damage of xenobiotics such as anticancer agents and PAHs. 
Therefore, it is necessary to develop more effective curative or preventive 
therapies to significantly reduce carcinogenicity and oxidative damage in the 
cells. Pistacia	lentiscus	L is a widespread spontaneous tree in the Mediterranean 
region of Jijel (east Algeria). Fruit oil of Pistacia	lentiscus	L. (FOPL) are widely 
used in folk medicine in wound healing and also in some respiratory diseases 
in the. It has been shown that FOPL has many biological activities including 
antioxidant, anti-inflammatory, and anproliferative .The present study aimed 
to determine the protective effect of FOPL against B(a)P oxidative DNA damage 
in mice using  in	vivo alkaline comet assay. The animals were divided into four 
groups; control, B(a)P group, FLPO group and FLPO associated with B(a)P 
group, The liver tissues were carefully dissected. The hepatic tissue cells were 
subjected to the single cell gel electrophoresis. Our results showed that theses 
FOPL markedly reduced oxidative stress caused by the B(a)P by increasing the 
cytosolic level of GSH, and decreasing the lipid peroxidation marker MDA. 
FOPL also increased the enzymatic activities of detoxifying enzymes Catalase 
and SOD. The assessment of the DNA damage by the alkaline comet assay 
test showed differences between control group and B(a)p  one in terms of tail 
length though the DNA damage was found significantly higher in B(a)P group. 
In conclusion, FOPL might have a role in the prevention of liver tissue oxidative 
damage and a decrease in the DNA damage. 

Keywords : oxidative stress, genotoxicity, liver tissu, B(a)P, FOPL
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O17. Sensitivity of Ogg1-null mouse embryonic fibroblasts for 
GSH depletion is DNA damage independent.
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Reactive oxygen species (ROS) within the cell are rapidly detoxified by anti-
oxidants, including glutathione (GSH). Depletion of GSH by buthionine 
sulphoximine (BSO) will therefore increase the levels of intracellular ROS, which 
can subsequently lead to oxidative DNA damage. A common form of oxidative 
DNA damage is 8-oxoguanine (8-oxoG), which is recognised by 8-oxoguanine 
glycosylase (OGG1) and repaired via the base excision repair (BER) pathway. 
It was therefore expected that Ogg1 knock out mouse embryonic fibroblasts 
(mOgg1-/- MEFs) would be more sensitive in response to GSH depletion. 
Although GSH depletion did induce apoptosis in mOgg1-/- MEFs, this was not 
accompanied by large increases in 8-oxoG levels. The tail intensity in mOgg1-
/- MEFs using the hOGG1-modified comet assay was increased from 1.1% to 
6.5%, which was significantly lower than the oxidative DNA damage produced 
by a non-toxic dose of 50 µM hydrogen peroxide. We observed increased levels 
of intracellular ROS (including mitochondrial ROS) in mOgg1-/- MEFs compared 
to wild-type (WT) MEFs, which were then further elevated in response to GSH 
depletion. This increased production of ROS was related to changes in gene 
expression of the anti-oxidant genes SOD2 and Catalase, which were 1.5 fold 
increased and 1.6 fold decreased in mOgg1-/- MEFs compared to wild-type 
(WT) MEFs, respectively. The transfection of Ogg1 in mOgg1-/- MEFs resulted 
in an increase in resistance to GSH depletion. 

We propose that BSO-induced toxicity in mOgg1-/- MEFs is not related to 
increased levels of DNA damage, but rather to increased level of ROS within 
the cell because of differential expression of anti-oxidant genes. 

O20. Genotoxicity of gold nanoparticles in blood and kidneys. An 
in vivo study.

Monika	 Sramkova1,	 Katarina	 Kozics1,	 Kristina	 Kopecka1,	 Patricia	 Begerova1,	
Zuzana	Sevcikova2,	Peter	Simon3,	Victor	F.	Puntes4,	Alena	Gabelova1
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2University	of	Veterinary	Medicine	and	Pharmacy,	Komenskeho	73,	041	81	Kosice,	Slovakia
3Slovak	Technical	University,	Radlinskeho	9,	812	37	Bratislava,	Slovakia
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Progressive expansion of nanomaterials in our everyday life raise concerns 
about their safety for human health. So far, limited number of in	vitro and in	
vivo studies has proved the capacity of nanoparticles to exert various adverse 
effects on kidneys - organ of our interest. In this study, the male Wistar rats 
were exposed to gold nanoparticles (0.7 mg/kg PEG-AuNPs, 11.7 ± 0.90 nm) by 
a single intravenous injection. At 1h, 4h, 24h, 7 days and 28 days post-injection, 
the animals were sacrificed and the blood and various organs including kidneys 
were collected for further analyses. Distribution and accumulation of the gold 
in the body was quantified by atomic absorption spectroscopy (AAS). For 
detection possible histopathological changes, the H&E staining was performed. 
Moreover, the impact of gold nanoparticles on genome integrity (DNA strand 
breaks and oxidative DNA lesions) was evaluated by the comet assay in the 
blood and kidneys. 
Based on the AAS, PEG-AuNPs were quickly removed from the bloodstream 
and nearly 70 % from the applied dose was eliminated from the organism 
within 24 h. Approximately the same quantity of the total injected dose of gold 
was detected in the rat organism at 7 and 28 days post-injection (8.84 % and 
8.57 %, respectively). These results indicated that the kinetics of gold clearance 
is protracted at later time intervals and a small quantity of PEG-AuNPs remains 
in the rat organism for a long time period. No histopathological deviations, 
neither significant genotoxic effects were detected in blood or kidneys of 
animals exposed to PEG-AuNPs. 
The in	 vivo study clearly demonstrated that PEG-AuNPs are non-toxic and 
biocompatible.

The research leading these results has received funding from European Union’s 
Horizon 2020 no. 685817 – HISENTS and APVV-16-0579. The authors would 
also like to acknowledge the contribution of the COST Actions CA15132 and 
CA17140.
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O21. Genotoxicity of silver nanoparticles in 4T1 and A2780 cell 
lines does not correlate with cytotoxicity and ROS production
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In this study we compared cyto- and genotoxicity of AgNPs and AgNO3 in 
two cell lines: human ovarian carcinoma A2780 cells and murine mammary 
carcinoma 4T1 cells. In addition, ROS production and cell mobility by wound 
healing assay. The cells were exposed to AgNPs coated with citrate (AgNPs(cit) 
or PEG (AgNPs(PEG), or AgNO3 for 24h. For both cell lines, AgNO3 was more 
toxic than AgNPs, while AgNPs(PEG) were less toxic than AgNPs(cit). When 
comparing two cell lines, A2780 cells revealed to be more sensitive to silver 
than 4T1 cells.
H2DCFDA oxidation was taken as a measure of ROS production. The intensity 
of ROS generation in treated cells reflected a general pattern observed for 
cytotoxicity, i.e. AgNO3 > AgNPs(cit) > AgNPs(PEG). The A2780 cells showed 
30% higher levels of ROS after treatment with AgNPs compared to 4T1.
Similarities were also observed in induction of oxidative damage to DNA. 
Genotoxicity pattern was as follows: AgNO3 > AgNPs(cit) > AgNPs(PEG). 
Interestingly, when formation of oxidative damage to the DNA was compared 
between the cell lines, it did not followed neither cytotoxicity pattern nor the 
pattern of ROS production. Comet assay analysis revealed more damage in 4T1 
cells than A2780. No differences were observed for cell mobility.
In conclusion, a comparison of different AgNPs and ionic silver revealed higher 
toxicity of ionic form. While in each cell line the patterns of three endpoints 
tested were similar, the comparison between the lines revealed additional 
factors, e.g. capability to repair damage to DNA or differences in cellular 
signaling, that might affect cellular response to nanoparticles.

This work was supported by National Science Centre grant No. 2014/15/B/
NZ7/01036 (MK, LKS), statutory funding for INTC (KS, SMW) and IRH (MK, LKS). 

O22. A pooled analysis of DNA repair data from molecular 
epidemiological studies in the hCOMET project.

Roger	 Godschalk1	 and	 Sabine	 Langie2,3,	 on	 behalf	 of	 Workgroup	 5	 of	 the	
hCOMET	project	(CA15132).
1	Dept.	Pharmacology	&	Toxicology,	School	for	Nutrition	and	Translational	Research	in	Metabolism	
(NUTRIM),	Maastricht	University,	Maastricht,	The	Netherlands.
2	Unit	Environmental	Risk	and	Health,	Flemish	Institute	of	Technological	Research	(VITO),	Mol,	
Belgium.
3	Faculty	of	Sciences,	Hasselt	University,	Diepenbeek,	Belgium

DNA damage levels represent the net effect of damage formation and removal. 
Therefore, to better interpret human biomonitoring studies, an individual’s 
ability to remove DNA damage should be characterized. Relatively few studies 
have included DNA repair as a biomarker and therefore, it was the goal of WG5 
of the hCOMET project to analyze a pooled database in which approximately 
1900 data points on base excision repair (BER) activity were available. BER 
activity data were normalized and subsequently the correlation with various 
host factors were investigated: BER was found to be significantly higher in 
women than in men. Although it is generally accepted that age is inversely 
related to DNA repair, no effect of age was found. On the other hand, a BMI 
larger than 25 kg/m2 was found to be related to higher levels of BER. Finally, 
higher BER activity was related to lower levels of DNA damage detected by 
the Fpg-comet assay, which is in line with the hypothesis that BER removes 
oxidatively damaged DNA. These data indicate that BER plays an important role 
in determining the DNA damage that is detected in molecular epidemiological 
studies, and should therefore be considered as endpoint in future studies.  
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O23. Application of the alkaline comet assay to assess DNA 
instability in different cell types of Wistar rats exposed to 
irinotecan 
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Irinotecan (IRI) is one of the most important antineoplastic drugs used 
in the chemotherapy of metastatic colorectal cancer. By binding to the 
topoisomerase I-DNA complex it prevents the relegation of the DNA strand, 
causing double-strand DNA breakage and cell death. Considering the well-
established sensitivity of the alkaline comet assay toward the detection of 
DNA damage in single cells, this study aimed to (I) clarify the dynamics of 
DNA instability in liver cells, leukocytes and brain cells of male Wistar rats that 
were intraperitoneally administered a single IRI dose of 100 mg/kg b.w., and 
(II) establish the differences between levels of DNA damage produced in the 
studied cell types. The outcomes of the IRI exposure were assessed at first, 
fourth and eight post-treatment day. Corresponding control groups of rats 
were studied in parallel. To establish the overall toxic effects, we also estimated 
changes in total body weight, liver and brain weights of experimental animals. 
IRI treatment diminished the total body weight of rats at each time-point 
of interest and also affected liver and brain weights compared to controls. 
The highest level of primary DNA damage was detected on the fourth post-
treatment day in liver and brain cells, and on the eight post-treatment day in 
leukocytes. The observed pattern of DNA damage could have been related both 
to the induction of lesions and their repair, which obviously created additional 
DNA damage detectable by the alkaline comet assay. Brain cells were the most 
vulnerable cell type following IRI exposure. Differences in cell susceptibility 
could have also been related to the inherent defence mechanisms in the tested 
tissues which has to be proven in forthcoming studies. 

O24. The utility of Comet assay in measuring tissue-specific DNA 
damage and DNA repair: pilot experiments on mice

Sona	Vodenkova1,2,3,	Alena	Opattova1,2,4	and	Pavel	Vodicka1,2,4
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3	Department	of	Medical	Genetics,	Third	Faculty	of	Medicine,	Charles	University,	Prague,	Czech	
Republic
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Comet assay, as a versatile and sensitive method for measurement of DNA 
damage and DNA repair capacity (DRC) in single cells, is most commonly applied 
on surrogate cells, such as blood cells. It is assumed that DNA damage and DRC 
in easily accessible surrogate tissues should reflect both these parameters in 
internal organs. However, the reports documenting the correlations of DNA 
damage/DRC between the surrogate and organ-specific tissues are scarce and 
inconclusive. Moreover, little is known about the variations in DNA damage/DRC 
between different tissues.
This study aims to optimize the Comet assay technique for measurement of DNA 
damage and DRC in various tissues to reveal inter-tissue (surrogate and organ) 
differences in basal level of DNA damage, oxidative DNA damage and the ability 
to repair particular DNA lesions.
Pilot experiments will be done on mice tissues, comprising peripheral blood, 
lung, heart, liver, spleen, colon, kidney, and testes. From various organs (both 
fresh and deep-frozen samples), single-cell suspensions will be prepared using 
enzymatic and/or mechanical approach. Standard alkaline and oxidation-
sensitive (Fpg) Comet assay, and in	vitro comet assay-based DNA repair assay will 
be employed.
Our experiments are currently running and until now, our sample size comprises 
individual tissues from 10 mice to address inter-individual differences. We 
optimize the separation of single cells from tissues. Subsequently, we will 
optimize the particular steps of the Comet assay to achieve reliable results for 
DNA damage and DRC, which will be finally compared between different tissues.
In conclusion, we believe the outcomes of this study will contribute to the 
broadening of use of the Comet assay, will clarify if surrogate tissue reflects DNA 
damage/DRC of individual organs, and will give the in-depth insight into the 
ability of different tissues to deal with DNA damage.

Grant support: GACR 19-10543S, AZV NV18-03-00199, and COST Action CA15132, ‘hCOMET’.
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O27. New approach for the DNA damage/repair analysis: vertical 
comet assay.
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In a traditional Comet Assay, the fluorescence of the “head” and “tail” regions 
of the comet is used to assess the level of DNA damage.  The traditional Comet 
Assay technique is sensitive and wildly used, however, also time-consuming 
and results are inherently variable between different Las. The Vertical Comet 
Assay (V-Comet, patent pending) aims to quantify the extent of DNA damage by 
collecting and analyzing the tail-portions of comets.  This is achieved through 
the collection of damaged DNA pieces into a buffer solution via electrophoresis, 
which can then be used to quantify the concentration of DNA or be used 
as a template for the qPCR.  The collection of damaged DNA in this manner 
would allow for the improvement of bioanalytical and clinical assessments of 
genotoxic agents.  Due to the capability to analyze the DNA fragments with 
qPCR, a gene-specific damage profile can be established for a wide variety 
of genes, not just a whole-genome assessment like in the traditional Comet 
Assay.  Presently we use our technique for the comparison of isolated DNA 
from HeLa and HDFa cell lines following the X-ray exposure conducted with/
without the repair time. For the first time we could answer the question: do 
cells discriminate between genome regions to perform DNA repair? Our results 
are based on a comparison between DNA repair in the following regions: “junk” 
DNA, housekeeping genes and cancer-related genes. 

1) Research reported in this publication was supported by the National Institute 
Of General Medical Sciences of the National Institutes of Health under Award 
Numbers UL1GM118991, TL4GM118992, or RL5GM118990. The content is 
solely the responsibility of the authors and does not necessarily represent the 
official views of the National Institutes of Health. UA is an AA/EO employer 
and educational institution and prohibits illegal discrimination against any 
individual: www.alaska.edu/titleIXcompliance/nondiscrimination.
2) NASA EPSCoR, NNH15ZHA003C
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The standard alkaline comet assay (CA) detects DNA strand breaks and alkali-
labile sites at single cell level.  In the early nineties, it was modified to detect 
oxidized purines by using the bacterial enzyme endonuclease III (Endo III). Since 
then, several bacterial and human enzymes have been combined with the 
assay to increase its sensitivity towards other lesions. The aim of this work is to 
combine the comet assay with several enzymes in order to detect oxidized and 
alkylated bases in an integrated assay. 
The following enzymes were used after performing the corresponding titration 
experiments: Endo III, formamidopyrimidine DNA glycosylase (Fpg) (commercial 
and crude bacterial extract), human 8-oxoguanine DNA glycosylase (hOGG1) 
and human alkyladenine DNA glycosylase (hAAG). hAAG has not been used in 
combination with the comet assay before.  The specificity of the enzymes was 
studied on Glyco-SPOT biochips by LXRepair.   
The enzyme-modified CA was performed using the 12 minigels/slide system. Same 
reaction buffer and time of incubation was used with all enzymes. The integrated 
assay was evaluated in TK-6 cells treated with non-cytotoxic concentrations of 
different genotoxic compounds (methyl methanesulphonate (MMS), potassium 
bromate (KBrO3) and ethyl methanesulphonate (EMS)) and Triton X-100.
hAAG detects lesions induced by MMS and EMS, showing very low and no 
response against H2O2 and KBrO3-induced lesions, respectively. On the contrary, 
hOGG1 detected lesions induced by KBrO3, H2O2 and MMS and showed no 
response in EMS-treated cells. Endo III detected H2O2- and MMS-induced lesions, 
and showed no response against KBrO3 and EMS-derived lesions. Fpg detects 
KBrO3, MMS and H2O2-derived lesions; and showed no activity on EMS-treated 
cells. Though several enzymes were able to detect the MMS, KBrO3 and H2O2-
induced lesions, the level of lesions detected varies depending on the enzyme 
used. None of the enzymes showed activity with Triton X-100-treated cells.  

Funding: Spanish Government (BIOGENSA, AGL2015-70640-R).
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O29. Global DNA methylation in breast cancer cells determined 
by the comet assay 
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DNA methylation, one of the most frequently occurring epigenetic events in the 
mammalian genome, is an essential epigenetic modification that, along with 
other epigenetic mechanisms, allows sophisticated time- and tissue-specific 
control of gene expression. Aberrant DNA methylation or the disruption of 
the normal methylation patterns can trigger a wide variety of pathologies, 
including cancer. Because DNA methylation alterations are one of the earliest 
modifications occurring in the process of carcinogenesis, it may be used as a 
biomarker for disease risk. Global hypomethylation has been recognized as a 
feature of the malignant epithelial component in human carcinomas, e.g. breast 
cancer. The aim of this pilot study was to evaluate the capacity of the Methy-
sens Comet assay (Perotti et al., 2015), requiring enzymatic DNA digestion with 
two restriction enzymes (HpaII, MspI), to reliable identify the level of global 
DNA methylation.  Three human breast cancer cell lines, MDA231, T47D, and 
JIMT1 as well as non- cancerous MCF 10A cells were used for the experiment.  
Validation of the results was performed by pyrosequencing, the gold standard 
technique for quantitative DNA methylation detection. A good concordance 
between pyrosequencing and Methy-sens Comet results for analyzed cell 
lines indicates that Methy-sens Comet assay might be a promising alternative 
method for potential epigenetic changes screening; however, further studies 
involving the cancer patients are indispensable.

Reference
Perotti, A. Rossi, V., Mutti, A., Buschini, A. Methy-sens Comet assay and 
DNMTs transcriptional analysis as a combined approach in epigenotoxicology. 
Biomarkers, 2015; 20(1): 64–70.
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Titanium dioxide(TiO2 NPs) and silica(SiO2 NPs) nanoparticles are widely used 
for several applications, increasing the concern about the possible risks they 
may pose to human health. Inhalation is a major route of exposure for these 
nanoparticles. This study aimed at evaluating the potential DNA damage in 
the lungs of male Sprague Dawley rats(n=5/per group) exposed for 5 days, 
6h/day by whole-body inhalation to aerosolised TiO2 NPs(0.5 to 10 mg/m3) 
and SiO2 NPs(0.5 to 5 mg/m3) at 5 days (nonrecovery group) and 21 days 
(recovery group) after the initial exposure. Rats administered(i.p.) with methyl 
methanesulfonate(MMS) at a dose of 100 mg/kg were used as positive controls 
(n=3). Lung cells were isolated and primary and oxidative DNA damage was 
assessed by the alkaline and FPG-modified Comet assay versions, respectively. 
Exposure to all tested TiO2 NPs doses did not induce significant primary DNA 
damage in the lung tissue in the nonrecovery (5.60±1.84 vs 5.47±2.03 % tail 
intensity;10 mg/m3) and recovery animal groups (9.81±4.51 vs 8.06±1.93; 10 
mg/m3) compared to the respective controls. Similar findings were observed 
in the lung of aerosolised SiO2 NPs exposed rats either in the nonrecovery 
(14.87±3.19 vs 15.84±2.47 % tail intensity; 5 mg/m3) or recovery group 
(8.87±1.41 vs 6.36±1.17 % tail intensity; 5 mg/m3) compared to the controls. 
In addition, exposure to both types of NPs did not cause a significant increase 
in lung oxidative DNA damage in both groups. As expected, DNA damage in 
the lung of MMS-injected animals showed a significant increase in the % tail 
intensity (74.50±4.28) compared with the control group.
Our data suggest that inhalation exposure to the tested doses of TiO2 NPs and 
SiO2 NPs seem not to affect DNA integrity in the rat lung. Nevertheless, further 
research should be conducted, namely the evaluation of other genotoxicity 
endpoints to support our findings.
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P10. In vitro investigation of NRH quinone oxidoreductase 2 
contribution in neuronal DNA damage.

I.A.	Kadnikov1,	I.O.	Logvinov1,	M.V.	Voronin1,	T.A.	Antipova1,	S.B.	Seredenin1

1Federal	State	Budgetary	Institution	Research	Zakusov	Institute	of	Pharmacology,	Department	of	
Pharmacogenetics,	Moscow,	Russia

Objective: NRH quinone oxidoreductase 2 (NQO2) is FAD-dependent 
flavoprotein catalyzing two-electron reduction of ortho- and para-quinones 
by N-ribosyl-dihydronicotineamide rather than NAD(P)H. In human NQO2 is 
expressed in heart, liver, kidney, skeletal muscle and brain. Overexpression of 
NQO2 is associated with development of Alzheimer’s and idiopathic Parkinson’s 
diseases. There is evidence of ROS overproduction when enzyme is exposed 
to catechol-quinones (dopachrome, aminochrome and adrenochrome). In 
its turn, ROS overproduction causes damage of macromolecules, DNA in 
particular. Therefore, inhibition of NQO2 may mediate neuroprotective effect. 

The aim of present study was evaluation of NQO2 participation in neuronal 
damage using comet assay.

Methods: Hippocampal HT-22 cells were incubated with adrenochrome (25, 
50, 75, 100, 125, 150 and 200 µM) in absence or presence of exogenous NQO2 
co-substrate 1-bezyl-1,4-dihydronicotineamide (BNAH, 100 µM) for 30, 60, 90 
and 120 minutes. Given pair of substrate and co-substrate is specific for NQO2 
(Vella et al., 2005). After the incubation we evaluated DNA damage as indirect 
marker of oxidative stress utilizing alkaline SCGE-assay.

Results: Spontaneous DNA damage was less than 5 %tDNA. Adrenochrome in 
25-75 µM range at 90-120 minutes incubation and 100 µM at 60 minutes in 
absence of BNAH markedly increased %tDNA, which didn’t exceed 10 %tDNA. 
Co-incubation of adrenochrome in 100-200 µM with BNAH during 30 minutes 
leads to at least 4-fold increase in %tDNA, meanwhile BNAH by itself had no 
impact on %tDNA. Incubation time increment to 60-120 minutes revealed 
cytotoxic effect of adrenochrome in 150 and 200 µM.
Conclusion: These findings provide rationale for further investigations in 
used model 30 minutes co-incubation of 100 µM BNAH and 100-150 µM 
adrenochrome with HT-22 cells. This model can be applied for screening of 
compounds with neuroprotective activity.
 

P11. Heating and Convection Associated with Electrophoresis

Evgenii	Khizhnyak,	Elena	Kuznetsova,	Nikolai	Sirota	

Institute	of	Theoretical	and	Experimental	Biophysics,	Russian	Academy	of	Sciences,	Pushchino,	
Moscow	region,	Russia

The purpose of this work was to study the process of heat generation under 
alkaline electrophoresis and to estimate the effect of heating and convection 
on the variability of the level of DNA damage detected by the comet assay. 
Evolution of the superficial temperature of alkaline solution was measured 
using uncooled FPA infrared camera with 384x288 spatial resolution and 
0.05 °C temperature sensitivity at 50 frames per second recording rate. It 
has been demonstrated that non-homogenous heat formation occurs in the 
electrophoresis solution during process of alkaline electrophoresis under the 
conditions used in the Comet assay studies. The initial sources of heat arose 
due to electrochemical processes in the area of electrodes. Convection flows 
of liquid formed as a result of gassing at the electrodes creates a temperature 
non uniformity in the region of the gel platform. The maximum temperature 
increase can reach the value of 7 °C after 15 minutes of electrophoresis. 
However not all of the temperature heterogeneities could be explained by 
the process of gas formation in the region of electrodes. Starting from the 5th 
minute of electrophoresis an additional 2–2.5 °C temperature gradient was 
observed in different areas of the gel platform, what could be explained by the 
formation of additional electrochemical heterogeneity of electrolyte solution. 
Comparison of data on identical slides located in different places on the gel 
platform showed no statistically significant differences in mean values, both 
%TDNA and tail length of the comet. At the same time, there is a significant 
variation in the dispersion between slides. Thus, we have shown that the 
temperature inhomogeneity of the electrophoresis solution arising in the 
process of electrophoresis does not cause statistically significant differences 
between the slides that undergo simultaneous electrophoresis. Significant 
differences between identical slides occur when the initial temperature of the 
solution varies.
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P18. Case report of “hedgehog” comets in blood of Chernobyl 
accident liquidator
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Astrelina1,	Alexander	S.	Samoylov1

1	 -	 State	 Research	 Center	 Burnasyan	 Federal	 Medical	 Biophisical	 Center	 of	 Federal	 Medical	
Biology	Agency	of	Russia
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The patient X, 58 years old, was exposed to gamma-beta radiation during an 
emergency response operation on Chernobyl Nuclear Power Plant in 1986. 
Cytogenetic dose was 3.2 G. Diagnosis: consequences of third degree acute 
radiation syndrome; 1-th degree radiation cataracts in both eyes; consequences 
of multiple radiation burns I-II-III degrees of the skin of the chest, forearms, 
abdomen, right thigh and both feet (33%). First toe amputation stump of the 
distal phalanx on a right foot. Concomitant diseases: hypertension; subcortical 
encephalopathy, chronic gastritis in remission. In 2001, he had surgery for 
esophageal leiomyoma. Oncological diseases are not revealed. Observed 
since 1986, in 2019 passed a scheduled diagnostic examination. The general 
condition is satisfactory, no complaints. General blood test: lymphocyte 2.1, 
leukocyte 4.2, neutrophils 1.5 x109/L. An increased DNA damage was observed 
using both alkaline (%TDNA - 7.2, median - 2.3) and neutral (14.8%, median 
- 14) DNA comet assay. Same values for healthy donors, respectively, 2.6%, 
median - 2.1 and 7.2%, median - 6.2. High level (10.1%) of “hedgehog” 
comets compared to 0.5% for healthy donors was revealed. In 2016, 2017, 
2018 using mFISH technique karyotype test was performed. During these 
periods, peripheral blood lymphocytes showed an extremely high frequency 
of spontaneous aberrations of the chromosome and chromatide type (28.8%, 
28.3% and 29.8%). Several clonal structural aberrations have been identified, 
clones no larger than 2–3%. Chromosomal translocations that associated 
with the pathogenesis of oncohematological diseases were not detected. 
In this study, it was established that a consistently high level of blood cells 
chromosomal variability is accompanied by increased DNA damage. Taking into 
account the state of health of the patient, the findings indicate the effective 
elimination of DNA damaged cells, that may explains 10.1% of “hedgehog” 
comet cells in the blood of the patient.

P20. Comet assay on mouse one- and two-cell embryos.

Pligina	K.L.,	Zhanataev	A.K.,	Daugel-Dauge	N.O.,	Durnev	A.D.

Research	Zakusov	Institute	of	Pharmacology,	Moscow,	Russia

The transmission of paternal germ cell DNA damage to preimplantation 
embryos has been demonstrated in scarce studies using comet assay with 
heterogeneous protocols and species. The aim of our study was using the 
comet assay to assess DNA breakage in individual preimplantation one- and 
two-cell mouse embryos after maternal exposure to genotoxin MMS. 
Mouse females were superovulated by i.p. injection of pregnant mare’s 
serum gonadotropin. Forty-eight hours after superovulation human chorionic 
gonadotropin and MMS at dose 10, 20 and 40 mg/kg were injected, followed 
by overnight mating with males. One- and two-cell embryos were recovered 
by flushing the oviducts 21 and 44 hours after mating, respectively. Based on 
literature review different protocols were used including intact or removed zona 
pellucida (ZP), 2 or 3 agarose layers, lysis solution w/wo anionic surfactants.  
The significant embryo loss (up to 60%) was experienced when protocol with 
2 agarose layers used that presumably occur on the step of coverslip removal. 
The use of a third agarose layer decreased the rate of embryo loss that did not 
exceed 10%. 
Due to morphological features and size embryos form a DNA comets other 
than that of somatic cells, making it impossible to analyze them using software. 
Results indicates that the presence/absence of the ZP or anionic surfactants 
(SDS or SLS) in lysis solution did not affect the embryo lysis and/or DNA 
relaxation and migration patterns. As a result, DNA damage was quantified by 
measuring the length of the streak of DNA comet tail between the edge of the 
ZP and the end of the visible comet tail. A significant increase in the length of 
the comet tail was observed in embryos received from females treated with 
MMS. 
DNA damage in individual embryos can be readily detected by the comet assay 
with appropriate modifications of technique. 
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P28. Nitric oxide metabolism and DNA breakage in autoimmune 
diseases

J.	Sokolovska1,	K.	Ošiņa1,	V.	Borisovs	1,2,	L.	Baumane2,	A.	Dekante1,	L.	Pahirko1,	J.	
Valeinis1,	V.	Rovīte3,	V.	Pīrāgs1,	N.	Sjakste1,2

1University	of	Latvia,	Riga,	Latvia,	2Latvian	Institute	of	Organic	Synthesis,	Riga,	Latvia;	3Latvian	
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Derangements of the NO metabolism and DNA breakage appears to be a 
common feature of autoimmune diseases. However, there is little data on 
simultaneous measurements of NO, nitrite and nitrate (NO2/NO3) and DNA 
breakage in these patients. To fill this gap we have characterised NO production 
and NO2/NO3 concentration in the biological fluids of patients with and without 
complications of type 1 diabetes	mellitus (T1D), and multiple sclerosis (MS).
Two hundred and seventy-one patients with T1D duration > 1 year and 69 
healthy volunteers were tested for NO and its metabolites, the same tests were 
performed for 22 MS patients and 22 controls. Eighty-eight patients with T1DM 
and 44 healthy controls were involved in DNA breakage study performed by 
comet assay. DNA integrity was evaluated also in 28 MS patients compared to 
18 controls. NO2/NO3 was measured by Griess reaction. Production of NO in 
whole blood was detected by EPR spectroscopy. 
In T1D group vs control subjects, blood NO was higher, but serum NO2/NO3 was 
lower. Diabetic retinopathy, diabetic polyneuropathy, cardiovascular disease 
and arterial hypertension did not cause further changes in serum NO2/NO3 and 
whole blood NO as compared to the median value of T1D patients. There was 
a trend of higher serum NO2/NO3 in patients with diabetic nephropathy and 
chronic kidney disease, with concentrations reaching those of healthy subjects. 
Urine NO2/NO3 was lower in patients with microvascular T1D complications 
compared with milder phenotypes. In T1D, estimated glomerular filtration rate 
(eGFR) correlated with urine NO2/NO3 and whole blood NO. NO production 
was higher in the blood of MS patients. A statistically significant increase in the 
level of DNA breakage was observed in specimens taken from MS and T1DM 
patients compared to healthy persons. The level of DNA damage in whole 
blood and lymphocytes of the same group was similar. 

P27. Marine aquatic organisms to assess environmental toxicity 
by using the comet assay

Slobodskova	V.V.,	Kukla	S.P.,	Chelomin	V.P

POI	FEB	RAS,	Vladivostok,	690041	Russia

Human economic activity leads to the entry into the coastal zone of chemical 
compounds of different origin, which affects the livelihoods of the organisms 
living here. In this connection, over the course of several years, the authors 
carried out a genotoxic assessment of the coastal waters of Peter the Great Bay 
(Sea of Japan) using the Comet assay.
For the studies, cells of the gills and digestive gland of bivalve mollusks 
were used: Crenomytilus	 grayanus, Modiolus	 kurilensis, Mutilus	 trossulus, 
Mizuhopecten	yessoensis, Corbicula	japonica [1,2,3]. Evaluation of the toxicity 
of the environment was carried out on the gametes and larvae of the sea urchin 
Scaphechinus	 mirabilis, on coelomocytes of the holothurian Apostichopus	
japonicus, on the cells of the marine polychaete Scoloplos	armiger, and on the 
unicellular green algae Heterosigma	akashiwo (unpublished data).
In the course of this work, it was shown that all marine hydrobionts used by us 
can be successfully used in toxicological experiments using comet assay in vivo.

References
Chelomin V., Slobodskova V., Zakhartsev M., Kukla S. Genotoxic Potential of 
Copper Oxide Nanoparticles in the Bivalve Mollusk Mutilus	trossulus // J. Ocean	
Univ. China, 2017, 16: 10-20
Kameneva P., Krasheninina E., Slobodskova V., Kukla S., Orlova T. Accumulation 
and Tissue Distribution of Dinophysitoxin-1 and Dinophysitoxin-3 in the Mussel 
Crenomytilus	 grayanus Feeding on the Benthic Dinoflagellate Prorocentrum 
foraminosum // Marine Drugs, 2017, V. 15, № 330. P. 1-14
Slobodskova V., Zhuravel E., Kukla S., Chelomin V. Evaluation 
of DNA Damage in the Marine Mussel Crenomytilus 
grayanus as a Genotoxic Biomarker of Pollution // J. Ocean	Univ. China, 2019, 
18(1): 10-20, pp. 159-164



https://icaw.vito.be https://icaw.vito.be49 50

P30. Effect of gadolinium-based nanohydrogels on nuclear DNA 
damage in SVEC4-10 endothelial cells
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Gd-based nanohydrogels (GdNGs) are used as contrast agents in magnetic 
resonance imaging (MRI) for detection and diagnosis of malignant tumors. The 
aim of this work was to evaluate the in	vitro effects induced by GdDOTA⊂CS-
TPP/HA synthesized in citric and acetic acid phase in SVEC 4-10 endothelial 
cells exposed for 6 and 24 hours. 
For cell viability and cytotoxicity tests 1µM, 2.5 µM, 5 µM and 10 µM 
concentrations, and for oxidative stress and genotoxicity assays 2.5 μM 
and 10 μM concentration of GdDOTA⊂CS-TPP/HA NGs were used. The cell 
viability (MTT assay), total cellular biomass (SRB assay), lactate dehydrogenase 
(LDH), reactive oxygen species (ROS), lipid peroxidation (MDA) and reduced 
glutathione (GSH) were analyzed by spectrophotometric and fluorimetric 
methods. The genotoxicity effect was assessed using the Comet assay. DNA 
strand break levels were determined and expressed as% tail DNA.  
Following exposure of SVEC 4-10 endothelial cells to GdDOTA⊂CS-TPP/HA NGs 
synthetized in citric acid phase, no cytotoxic effect compared to control was 
observed. Also, no significant changes for the ROS, MDA, and GSH levels were 
noticed. In addition, exposure of cells to GdDOTA⊂CS-TPP/HA NGs synthetized 
in acetic acid phase induced an increase of MDA level with 22% after 24 
hours, while GSH concentration registered a decrease by 15% compared to 
control. For MTT, LDH, SRB and ROS tests no significant changes were observed 
compared between GdDOTA⊂CS51-TPP/HA NGs synthesized in citric and acetic 
acid phase. Evaluation of genotoxicity by the Comet assay after treatment of 
SVEC4-10 cells with both Gd based nanogels showed no effect on DNA strand 
break levels at the doses  studied. 
Our findings have shown that GdNGs did not induced oxidative stress and 
genotoxicity in SVEC 4-10 cells and may be considered promising agents for 
future research of cancer magnetic resonance (MR) imaging.

P31. Assessing Nucleotide Excision Repair: The Body’s Capacity to 
Repair UV- or Cigarette Smoke-Induced DNA Damages
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All living organisms are daily exposed to a variety of potentially harmful agents 
that originate from the environment, diet or even endogenous processes, 
which can damage cellular DNA. If damages to DNA remain unrepaired, these 
lesions may ultimately result in mutations that can lead to aberrant expression 
or function of gene products and subsequent initiation of diseases like cancer. 
Humans possess several routes to repair damaged DNA, including nucleotide 
excision repair (NER), which removes bulky lesions induced by for instance UV 
or benzo[a]pyrene (present in e.g. cigarette smoke). 
Previously, we developed a modified alkaline comet assay to determine the 
ability of human lymphocyte extracts to perform the initial steps of the NER 
process, i.e. damage recognition and incision (Langie et al., Mutagenesis, 
2006). This repair assay can be applied in molecular epidemiological studies to 
assess inter-individual differences in NER. However, the question remains if it 
can pick up differences in the body’s capacity to repair different types of DNA 
lesions. The current work tests the hypothesis: ”the body’s capacity to repair 
UV- or benzo[a]pyrene-induced DNA damages is different”.
Our attempts to standardize the NER assay to measure benzo[a]pyrene-
induced lesions, for further proper comparison with the UV-NER assay, 
resulted in various challenges; preparation of a stock of substrate cells for the 
BPDE-NER assay needed to be optimized. Fresh exposure of the nucleoids in 
the gel, after lysis, gave the best results – but inter-assay variation needs to 
be taken into account. Still preliminary results showed that both assays assess 
the magnitude of the NER activity in a similar way; persons with high repair in 
the UV-NER assay, showed high repair in the BPDE-NER assay, and vice versa. 
Further research needs to confirm if both NER assays assess similar NER activity 
and kinetics.
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P32. A Derivative of the Comet Assay: The Vertical Comet
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The goal of this project was the development of a derivation of the comet 
assay: the vertical comet. The vertical comet modifies the traditional comet 
assay by running electrophoresis perpendicularly through the plane of the 
cells. This 3-dimensional electrophoresis draws the smaller fragments of 
damaged DNA into a buffer-filled chamber that is capped on the positive end 
with a DNA-impermeable membrane. With this process it is possible to directly 
capture DNA tail fragments for quantification and post-processing. This was 
achieved by 3-D printing parts to fabricate the device, and with polysulfone 
reverse osmosis membranes to prevent the travel of DNA. The vertical comet 
process was proofed with different sizes of DNA generated with sonication, as 
well as DNA markers, with successful capture determined using agarose gels 
and the Agilent Tapestation. This assay might be used for the study of the fate 
of specific genes during a damage and repair sequence, or for a ‘quantified’ 
version of the comet assay in which the initial cell concentration is tightly 
controlled and the level of cellular damage determined by quantification of 
the DNA isolated during the vertical comet process.
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Inonotus	obliquus, edible medicinal mushroom found in northern hemisphere, 
is widely used for the prevention and treatment of cancer, diabetes, colitis and 
asthma. Its bioactives, triterpens, polysaccharides and polyphenols exhibit 
antitumor, anti-inflamatory, hypoglycemic, immunomodulatory effects, as well 
as antioxidative properties. Oxidative stress and increased ROS levels lead to 
tissue damage, with DNA molecule being particularly susceptible to oxidative 
damage. 
The aim of this study was to evaluate the effect of the chaga mushroom 
(Inonotus	obliquus) on the repair kinetics in hydrogen-peroxide induced DNA 
damage in human leukocytes in	vitro using the alkaline comet assay. 
Peripheral blood samples were obtained from three healthy donors and 
treated with 50µM solution of H2O2 for 20 minutes at 4°C. Afterwards, cells 
were exposed to chaga extract in concentration of 500µg/mL and incubated 
at 37°C for time periods of 15, 30, 45 and 60 minutes in order to evaluate 
the repair kinetics. Untreated cells were subjected to the same conditions and 
used as control.
Obtained results showed a significant reduction in H2O2 – induced DNA 
damage in both treated and untreated cells at all time points. At time point of 
15 minutes, a significant decrease in the number of damaged cells treated with 
chaga compared to control was observed. 
These results suggest chaga could attenuate DNA damage, but in order to fully 
understand mechanisms underlying the antioxidative properties of this agent, 
further in	vivo studies are needed.

P01. Genotoxicity of cationic liposome nanoparticles.

E.A.	Anisina,	A.K.	Zhanataev,	A.V.	Kulakova,	A.A.	Lisitsyn,	A.D.	Durnev.	

Research	Zakusov	Institute	of	Pharmacology,	Moscow,	Russia

Cationic liposomes (CL) are perspective carriers of nucleic acids in gene 
delivery for therapeutic benefit. The potential risk of a nanoparticle as a 
medical application has raised wide concerns. This study aims to investigate CL 
genotoxicity in vivo by the alkaline comet assay and chromosome aberration 
test in bone marrow cells of mice (ChA).
For comet assay mice were administered i.p. CL in single dose (8, 20 or 40 mg/
kg) and sacrificed after 3 h and 1, 3, 7 and 14 d. In the repeated dose study 
mice were administered CL (2 and 8 mg/kg) during 7 day and sacrificed 24 h 
after the last dose. For ChA test mice were administered i.p. CL in single dose 
(2, 8, 20 or 40 mg/kg) and sacrificed 24 h. In the repeated dose study mice 
were administered CL in the same doses during 5 d and sacrificed 24 h after 
the last dose.
Comet assay revealed significant DNA damage (up to 6-fold increase) at single 
20 and 40 mg/kg CL doses in the kidney at the 1, 3, 7 and 14 d sampling times.  
At the 20 mg/kg dose, slight but significant DNA damage was observed in 
kidney at 1d. At dose 20 mg/kg CL induced DNA damage in liver (1 d sampling), 
in dose 40 mg/kg in liver (1 d) and lung (1 and 7 d sampling). After repeated 
administration, significant DNA damage was observed in kidney at CL doses 2 
and 8 mg/kg and in liver in dose 8 mg/kg. The administration of CL did not lead 
to significant chromosome aberrations in mice bone marrow cells in both after 
single administration and in the repeated doses.
The findings demonstrated CL genotoxicity that manifesting for long time in 
mice organs, particularly in kidney after single dosing. 
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 » percentage of DNA in the tail [Cf. % DNA in the tail];
 » moment of tail [Cf. Tail Moment – the product of tail length by the 

percentage of DNA in the tail];
 » moment of the tail on the Olive [Cf. Olive Tail Moment – the product of the 

distance from the center of the nucleus to the center of the density of the 
comet’s tail by the percentage of DNA in the tail].

Results indicated that the studied antiviral drug did not induce DNA damage in 
rat lymphocytes. 

Analysis of the “moment of tail” criterion (Cf. Tail Moment), which is the main 
generally accepted indicator in assessing a drug genotoxicity through DNA 
comet assay, allowed us to conclude that at a dose of 2000 mg/kg, which 100 
times exceeded the effective dose, the novel indole derivative with antiviral 
activity presented no genotoxic effect.

P04. EFFECT OF A NOVEL INDOLE DERIVATIVE WITH DIRECT 
ANTIVIRAL ACTIVITY ON DNA DAMAGE IN VIVO (by DNA COMET 
ASSAY)
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The aim of the study was to identify and quantify the ability of a novel antiviral 
drug to induce DNA damage in blood lymphocytes of Wistar rats using the DNA 
comet assay. 
The experiments were conducted on male Wistar rats, body weight 200-
250 g. The animals were divided into three groups of 5 individuals each: 
group 1 - negative control (1% aqueous suspension of starch gel), group 2 - 
antiviral drug in a dose 2000 mg / kg, which 100 times exceeded the effective 
dose (in 1% aqueous suspension of starch gel), group 3 - positive control 
(N-nitrosodimethylamine at a dose of 100 mg / kg). The experiments were 
performed with a single intragastric administration of drugs with euthanasia of 
animals after 3 and 24 hours after administration. The analysis was performed 
on rat blood lymphocytes. 

A fluorescent dye, namely acridine orange, was used for DNA visualization and 
for staining the microscopic preparations. Micropreparations were analyzed on 
Olympus CX 41 microscope, filter CX-DMB-2. At least 100 DNA comets without 
overlapping tails were randomly analyzed for each micropreparation, using a 
software complex for analyzing DNA comets, including a highly sensitive CCD 
camera combined with a microscope and specialized software Comet Score 
1.0.1.1 TriTek Corp. that allowed to carry out digital registration and processing 
of DNA comets parameters.

The main parameters of DNA damage are calculated in the tail of a comet:
 » tail length [Cf. tail length];
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As one of the leading causes of mortality and morbidity, cancer is the focus 
of many researches aimed on the development of novel anticancer agents. 
Halogenated boroxine K2(B3O3F4OH), heterocyclic derivate of boronic acid, 
has been patented as a potential therapeutic for benign and malignant skin 
changes. Boron is known as important microelement in wound healing. Due to 
its bioactivity the interest for the development of boron containing compounds, 
including anti-cancer drugs, has significantly grown. Although various in	vitro 
and in	vivo analysis of K2(B3O3F4OH) genotoxicity were previously conducted, 
this study aimed to analyse DNA damage in cultures of whole peripheral blood 
from healthy volunteer using alkaline comet assay. Separate cultures for 1 and 
24 hours treatments with 0.1, 0.2 and 0.4 mg/ml K2(B3O3F4OH) together with 
untreated controls were established. Duplicate slides (200 comets in total) per 
each treatment were analysed using Comet Assay IV software. Mean values 
of two tail intensity (TI) medians were compared among samples. Higher DNA 
damage was seen for 0.2 mg/ml, with significant difference revealed for 0.4 mg/
ml. These results correlate with previous findings of K2(B3O3F4OH) peripheral 
blood cultures treatment with chromosomal aberration and micronucleus 
assay. Results also confirmed 0.2 mg/ml as a limit dose for appearance of 
K2(B3O3F4OH) induced genotoxic events in	vitro. This work was supported by 
CA15132 Cost Action, Ministry of Civil Affairs of B&H and Ministry of Education, 
Science and Youth of Sarajevo Canton. 

Hadzic	 M,	 et	 al..	 Inhibitory	 effects	 of	 delphinidin	 and	 luteolin	 on	 genotoxicity	 induced	 by	
K2[B3O3F4OH]	in	human	lymphocytes	in	vitro.	Biologia.	2015;70:553-558.
Haveric	 S,	 et	 al.	 Effects	 of	 dipotassium	 trioxohydroxytetrafluorotriborate	 (K2[B3O3F4OH])	
on	 genetic	material	 and	 inhibition	of	 cell	 division	 in	 human	 cell	 cultures.	Drug	Chem	Toxicol.	
2011;34(3):250-254.
Haveric	 S,	 et	 al.	 Genotoxicity	 Evaluation	 of	 Dipotassium-Trioxohydroxytetrafluorotriborate,	
K2(B3O3F4OH),	 in	Human	Lymphocyte	Cultures	and	Mice	Reticulocytes.	Braz	Arch	Biol	Techn.	
2016;59:e16160195.

P07. Protective effect of Rosmarinus officinalis L. and Taraxacum 
officinale L. extracts on genetic material of human squamous	
carcinoma	cell	line	CAL27	

Ana	 Huđek1,	 Arijana	 Martinić1,	 Višnja	 Bačun-Družina1,	 Draženka	 Komes1,	
Ksenija	Durgo1 and	Mirta	Milić2

1 Faculty	of	Food	Technology	and	Biotechnology	University	of	Zagreb,	Zagreb,	Croatia
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Rosemary and dandelion plants are commonly used in Mediterranean diet 
but because of their anti-inflammatory and protective properties they are 
increasingly used in prevention and reduction of various diseases. The aim of 
this study was to test the effect of different concentrations of rosemary and 
dandelion leaves extracts (0.05x-5x, where 1x is the concentration in a single 
cup of therapeutic beverage) on the viability and primary (alkaline comet 
assay) and permanent (micronucleus cytome assay) genomic damage to 
human squamous	carcinoma	cell	line	CAL27	compared	to	the	control	(C). Also, 
protective effect of both extract against oxidative stress was determined. Comet 
assay showed that only 1-hour treatment with 5x concentrated dandelion 
extracts caused a statistically significant change in tail intensity (%DNA in tail ± 
SE = 10.39 ± 13.38; C = 2.39 ± 4.07). On the other hand, rosemary extract was 
more influential on genetic material at lower concentrations (1x, 2.5x and 5x) 
than dandelion (%DNA in tail ± SE = 6.75 ± 9.08; 7.24 ± 9.20; 16.73 ± 11.70; 2.39 
± 4.07 (C)). Also, micronucleus cytome assay showed that concentrations 0,05x 
and 0,1x of both extracts with 4-hours exposure caused a statistically significant 
increase in micronucleus, while higher concentrations induced apoptosis and 
necrosis. When exposed to lower concentration of hydrogen peroxide (0,25 
μM), rosemary extract reduced the fragmentation and percentage of DNA 
damage at all working concentrations (min%DNA in tail ± SE = 16.14 ± 13.09; 
max%DNA in tail ± SE = 24,32 ± 16.86; PC = 39.88 ± 22.19) and its potential role 
in decreasing oxidative damage was confirmed. At higher hydrogen peroxide 
dose (0,50 μM), rosemary extract showed a protective effect by decreasing the 
number of cells in apoptosis. Dandelion extract did not exhibit any protective 
effect. Both test extracts are presented as powerful agents that can be found 
in various therapeutic treatments but should be careful in dosage as the 
concentration in a cup of tea has already shown an apoptotic effect.
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P08. Pesticide-induced DNA damage in liver and bone marrow 
cells of CD-1 mice detected by comet assay

Ilyushina	N.A.,	Averianova	N.S.,	Masaltsev	G.V.,	Kara	L.A.	
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For regulatory purpose, pesticide genotoxicity is assessed using a battery 
of tests. The basic method sets include the Ames test, in vitro mammalian 
gene mutation tests, cytogenetic methods in vitro and in vivo (chromosomal 
aberration and micronucleus assays). Unscheduled DNA synthesis (UDS) 
has been used for many decades as a complementary method for Tier 2 of 
the pesticide genotoxicity assessment. But currently DNA comet assay is 
increasingly used instead UDS. The aim of this study was to evaluate genetic 
damage induced by glyphosate and carbendazim technical grade active 
ingredients (TGAI) in mouse liver and bone marrow cells with alkaline comet 
assay. Our previous data suggest that these TGAIs induced a statistically 
significant increase in the micronucleated polychromatic erythrocyte incidence 
in mouse bone marrow at doses up to 2000 mg/kg b.w. compared to negative 
control. DNA damage revealed by comet assay was significantly higher in bone 
marrow but not in liver of mice that received glyphosate at dose 2000 mg/
kg b.w.  Administration of carbendazim did not cause DNA damage in mouse 
tissues. Taken together, data obtained using micronucleus test and DNA comet 
assay in vivo demonstrate that glyphosate itself (at high doses) or impurities in 
technical products of glyphosate can directly or indirectly induce DNA damage 
in mammalian cells and confirm that the effect of carbendazim is more likely 
due to its interaction with the microtubules of the spindle apparatus, rather 
than with DNA.

 

P09. Ingestion of health-promoting foods and levels of Fpg-
sensitive sites in peripheral mononuclear blood cells 

Annie	Jensen1,	Mille	Løhr1,	Louise	Eriksen2,	Morten	Grønbæk2	and	Steffen	Loft,	
Peter	Møller1

1	 Department	 of	 Public	 Health,	 Section	 of	 Environmental	 Health,	 University	 of	 Copenhagen,	
Copenhagen,	Denmark.	 2National	 Institute	of	 Public	Health,	University	 of	 Southern	Denmark,	
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The comet assay has widely been used to investigate beneficial effects on 
oxidatively damaged DNA in peripheral blood mononuclear cells (PBMCs) 
in various supplementation trials with predominantly antioxidants and 
phytochemicals. The aim of the present study was to investigate the effect 
of whole food items (i.e. fish, salad, fruits, vegetables, wholegrain items, 
and potatoes) on levels of oxidatively damaged DNA, measured by the 
formamidopyrimidine DNA glycosylase (Fpg)-modified comet assay. The cross-
sectional study included samples from 382 men and 591 women between 18 
and 93 years, who answered a questionnaire and had a physical examination. 
The intake of dietary food items was segregated into less than once per week, 
weekly or daily consumption. Levels of Fpg-sensitive sites were measured with 
the comet assay in cryopreserved PBMCs. There were inverse associations 
between the consumption of fish and levels of Fpg-sensitive sites in both 
women (P<0.01) and men (P<0.05) in unadjusted analyses. Adjustment for 
confounders (e.g. age and lifestyle factors) revealed a stronger effect in women 
(-30%, 95% CI: -46%, -15%) than men (-7.1%, 95% CI: -16%, 2.1%) between 
subjects who ingested fish less than once per week as compared to a weekly 
fish consumption. Intake of salad was inversely associated with levels of Fpg-
sensitive sites in men (P<0.001, multivariate linear regression). On the other 
hand, intake of fruits, vegetables, wholegrain items, and potatoes were not 
consistently associated with levels of Fpg-sensitive sites. In summary, the 
strongest effect of health-promoting foods on Fpg-sensitive sites in human 
PBMCs was the ingestion of fish and salad.
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P12. In vitro antibacterial and antifungal activity of six 
essential oils and their cyto/genotoxicity to human HEL 12469 
cells
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Six esential oils (oregano, thyme, clove, lavender, clary sage, arbovitae) exhibited 
antibacterial and antifungal properties. The antimicrobial activities (minimum 
inhibitory concentrations, minimum bactericidal and minimal fungicidal 
concentrations) were shown against common pathogenic (Escherichia	 coli, 
Salmonella	 typhimurium, Yersinia	 enterocolitica,	 Staphylococcus	 aureus, 
Listeria	 monocytogenes, Enterococcus	 faecalis) as well as environmental 
bacteria (Bacillus	 cereus,	 Arthrobacter	 protophormiae,	 Pseudomonas	 fragi) 
and fungi (Chaetomium	 globosum, Penicillium	 chrysogenum,	 Cladosporium	
cladosporoides,	Alternaria	alternata,	Aspergillus	fumigatus). Oregano, thyme, 
clove and arborvitae showed very strong antimicrobial activity against all 
tested strains at full strength as well as at lower concentrations. Essential 
oils (EOs) showed different fungistatic and/or fungicidal activity in direct 
application and in vapor phase. Volatile phase effects were found to be more 
effective on fungal growth than direct contact phase effect. For the first time 
the genotoxic effects were evaluated in the human embryo lung cells (HEL 
12469) by standard comet assay revealing that none of the oils induced in	vitro 
significantly DNA damage at 24 h. This study provides novel approaches to 
assess the antimicrobial potential of essential oils in liquid and vapour phase 
showing also valuable properties of the phenol-free oil from the hard-wood of 
Thuja	plicata. Novel important information about the cyto/genotoxic activities 
of tested essential oils was displayed. Based on these results, these EOs can be 
considered as broad-spectrum anti-microbial agents for decontamination of 
indoor environment.

Acknowledgements:
This work was supported by the contributions from the Academy of Sciences 
(VEGA) grant 2/0027/16. The authors would also like to acknowledge the 
contribution of the COST Action CA17140.

P13. The genotoxicity of coper oxide nanoperticles in sand dollar 
Scaphechinus mirabilis.
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Copper oxide nanoparticles (CuO NP) are wildly used in many commercial 
products due their small size and peculiar properties. But same properties make 
potentially dangerous for human and marine environment health. However, 
toxicity of NP in marine environment still poor understood. Genotoxic effect of 
10 days CuO NP (50 nm) exposure in two concentration (20 and 40 µg/l) upon 
adult sea urchin S.mirabilis was evaluated. After exposure, copper content, 
products of lipid peroxidation (LPO) content in gonads and level of DNA damage 
in sea urchin spermatozoa was measured. For genotoxicity measurement 
alkaline version of comet assay was used. Percentage DNA in tail was used 
like primary criteria of genotoxicity. Base on this criteria genetic damage index 
was measured. Also level of abnormal sea urchin larvae development was 
measured.
CuO NP exposure resulted copper accumulation and increase LPO level in 
S.mirabilis gonads. CuO NP induced DNA damage in spermatozoa after 10 days 
of adult urchin exposure.  CuO NP exposure was significant influence of sperm 
fertilization and normal larva development. Increased of DNA damage and LPO 
level showed oxidative nature of NP genotoxicity. This results showed high 
danger of metal oxide nanoparticles for marine environment.
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Times after Irradiation of Mice with X-rays or Accelerated 
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The comet assay was used to estimate individual %TDNA in blood leukocytes 
and %TDNA averaged over a group at different times (1–23 days) after the 
exposure of mice to X-ray radiation at a dose of 5 Gy or accelerated carbon ions 
with an energy of 450 MeV/nuclon at a dose of 6.5 Gy. It was found that the 
maximum %TDNA and minimal amount of leukocytes occur on day 3 after the 
X-ray exposure. According to the literature data on the changes in the number 
of leukocytes after irradiation of animals (degeneration, abortive rise, and 
regeneration phases), this time corresponds to the degeneration phase. In the 
abortive rise phase (8 and 14 days), %TDNA values did not statistically differ 
from each other; on day 14, the death of mice was observed. In the regeneration 
phase (day 23), an increase in the number of leukocytes in survived mice 
and in %TDNA both in individual animals and over the group was observed. 
Presumably, the high %TDNA value is related to both the hyperproduction of 
cells in this phase and a decrease in their number to normal values by the end 
of the phase due to their partial death. In mice irradiated with 12С, %TDNA 
also increased by day 3, and the dynamics of changes in %TDNA was similar 
to that observed after X-ray exposure (5 Gy). The %TDNA values in these mice 
both averaged over the group and for individual animals were much higher 
compared with those obtained in X-irradiated mice, which was also observed 
at later times after irradiation. Presumably, the higher %TDNA values of 
leukocytes in 12С-irradiated mice are due to complex cluster DNA lesions and 
the dysfunction of mitochondria accompanied by the generation of reactive 
oxygen species in the postradiation period. 

P15. The use of comet assay as biomarker for plant in 
agricultural studies
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During the last decade plants have been increasingly used in ecotoxicological 
studies and environmental biomonitoring. In order to evaluate the impact of 
stress (biotic or abiotic) on plants, it is important to evaluate their health. This 
can be realized at the macroscopic scale (growth, dry or fresh weight…) or at 
the molecular scale, using biomarkers. During the same period, the application 
of the comet assay has been established as one of the most interesting 
techniques in eco-genotoxicology. It is a rapid, versatile, sensitive and relatively 
inexpensive method for measuring DNA damages and repairs in individual 
cells. However, this technique has never been applied to other research fields 
such as agricultural studies. The aim of this work was to evaluate the interest of 
comet assay in combination with other biomarkers to monitor potential impact 
of soil amendments (3 types of biochars) on plant growth.
We investigated biochar influence on plant health – lettuce (Lactuca	 sativa) 
which is considered to be a sensitive indicator of soil changes. Plants were 
grown on two different soils: an agricultural soil and one from a protection zone 
of underground drinking water source “Brezova nad Svitavou”. We analysed 
several biomarkers (oxidative stress, lipid peroxidation, photosynthetic 
pigments) to evaluate plant health and we compared them with DNA 
degradation measured by comet assay. Our results clearly demonstrated the 
impact of one type of biochar on plant growth. Nevertheless, the biomarkers 
evaluation has not showed significant differences among the treatments. DNA 
degradation was only observed in one plant condition, and this result was not 
correlated with a general impact on plant biomass. 
Numerous studies have demonstrated the interest of comet assay use to assess 
pollutant impact on plants. Complementary experiments need to be performed 
to better evaluate the potential interest of this technique to evaluate plant 
health in agricultural studies.
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P17. Genotoxic potential of TiO2 nanoparticles with enhanced 
photocatalytic properties investigated by comet assay in human 
lung cells 
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Due to its brightness and high refractive index, titanium dioxide (TiO2) 
represents about 70% of the total volume of pigment production worldwide, 
being commonly used as a white pigment (CI 77891) and food additive 
(E171) in many industrial and biomedical applications. TiO2 also has excellent 
photostability, being the most affordable and cheap photocatalyst known to 
date. But, the photocatalytic activity of TiO2-based nanomaterials and their 
applications are limited by the rapid recombination of electron-hole pairs and 
reduced light absorption capacity in the UV region only. In the context of an 
exaggerated synthesis of TiO2 nanoparticles with improved photocatalytic 
properties whose effects on eukaryotic cells are not exhaustively investigated, 
our research aimed to evaluate the interaction between human lung fibroblasts 
(MRC-5 cells) and TiO2 nanoparticles co-doped with 1% iron and nitrogen 
under alkaline conditions, as well as the genetic damage induced in these 
cells. Although there is no correlation between TiO2 nanoparticle-induced 
genotoxicity and lung cancer, epidemiological studies showed that long-term 
inflammation and oxidative stress in tissues can induce DNA damage, i.e. gene 
mutations or deletions, that can lead to the development of tumors and cancer. 
Therefore, the degree of nuclear DNA damage induced by TiO2 nanoparticles 
was assessed and quantified using comet assay. Our results showed that the 
exposure to 0.01 or 25 μg/mL of photocatalyst for 24 and 48 hours did not 
induce DNA fragmentation in pulmonary fibroblasts, but a significant increase 
up to 43% of DNA in tail after 72 h of incubation with same doses was recorded, 
proving the ability of TiO2 nanoparticles with enhanced photocatalytic 
properties to exert genotoxic effects induced by oxidative stress in a time and 
dose-dependent manner. Our findings are of major importance by providing 
useful knowledge to obtain more biocompatible TiO2-based nanomaterials for 
future photocatalytic purposes. Acknowledgments to project NANO-BIO-INT 
(PN-III-P1-1.1-PD-2016-1562).  
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DNA damaging agents are frequently used as a first line therapy for colorectal 
cancer (CRC) patients.  However, apart from cytotoxic effects on cancer cells, 
they also cause adverse side effects. Natural compounds are usually well 
tolerated and many of them have chemoprotective effects on non-malignant 
cells. Moreover, they may also generate reactive oxygen species (ROS), on which 
malignant cells are more sensitive. Ganoderma Lucidum (GLC) represents a 
medicinal mushroom used in traditional Chinese medicine for the prevention 
and therapy of several disorders.
In the present study, we suggested that the accumulation of DNA damage 
caused by GLC may lead to selective cancer cell death.  We have measured the 
effect of GLC on DNA damage both in CRC cell lines (HCT116, HT29) and a non–
malignant colorectal cell line (NCM460) and correlated these parameters with 
the ROS accumulation and the cancer cell proliferation after GLC treatment. 
Cell lines were treated with a well-defined extract of GLC (6% of triterpenes, 
13.5% of polysaccharides) for 6, 12 and 24 hours. For the measurement 
of DNA damage (strand breaks and FPG sensitive sites), we used Comet 
assay as a specific and sensitive method. ROS formation was measured by 
2’,7’-dichlorodihydrofluorescein diacetate (H2DCFDA) and cell proliferation by 
WST1 assay.
We showed that GLC induces oxidative DNA damage selectively in CRC cell lines, 
whereas it protects non-malignant cells from oxidative DNA damage. Oxidative 
DNA damage positively correlated with ROS accumulation and decreased cell 
proliferation, which led to cell cycle arrest specifically in CRC cells.
These data indicate that specific oxidative DNA damage caused by GLC in CRC 
cells may be a potential tool for improving anti-cancer therapy.
Grant support: AZV 15-27580A, GACR 18-09709S, GACR 19-10543S, and COST 
Action CA15132,‘hCOMET’.
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against human glioblastoma cells after exposure to ionizing 
radiation.
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Radiation therapy (RT) that employs ionizing irradiation such as X-ray to destruct 
cancer cells is an extensively used cancer treatment method in the clinic. 
Therefore, it would be clinically meaningful to explore effective approaches 
to enhance the efficacy of RT and reduce its side effect to normal cells and 
organs. For this purpose, nanocrystalline high-Z elements (e.g. Hf) which are 
able to interact with ionizing radiation to produce auger electrons and thereby 
generate reactive free radicals to destruct cancer cells have shown promises 
to sensitize RT-induced tumor killing. Meanwhile, it is necessary to identify the 
mechanisms of toxicity and effective concentration for each new theranostic 
agent.
Herein, we report the rational design of a new theranostics agent composed 
by hafnium (Hf4+) and citric acid with strong X-ray attenuation ability could 
serve as a radio-sensitizer to enhance radiotherapy. Citrate as a stabilizer gives 
luminescent properties to hafnium oxide nanoparticles (HfO2), which allows 
visualizing them into cell. Using the comet assay, we checked the genotoxicity 
of HfO2 nanoparticles and found no DNA damage for both cell types. Those HfO2 
nanoparticles shows efficient uptake by cancer glioblastoma cells (U251 MG 
cell line) and a significant survival decrease (via MTT and Live/Dead assay) after 
X-ray irradiation. Thus could be used for effective RT achieving a remarkable 
anti-tumor effect in	 vivo. Importantly, HfO2 nanoparticles have low toxicity 
to normal cell lines (fibroblasts cell line), minimizing concerns regarding their 
possible toxicity. Molecular mechanisms of selective cytotoxicity are associated 
with different nanoparticles uptake and pH-dependent ROS generation under 
X-ray irradiation. Our work thus presents a new theranostics agent with strong 
X-ray attenuation, luminescent properties and selective cytotoxicity. 
This work was supported by the grant of the President of the Russian Federation 
No. MK-518.2019.3
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Diet is one of the most important sources of exposure to external chemicals in 
daily life. In recent years, many functional ingredients have been commercialised. 
These are intentionally added compounds that aim beneficial health effects to 
consumers. Whilst their efficacy is well assessed, safety assessment is still not 
well detailed.
This project focuses on a complete in vitro genotoxicity evaluation of functional 
ingredients based on the existing safety assessment strategy of the EFSA for 
additives. This includes the mini-Ames and micronuclei test for the detection of 
point and chromosomic mutations, and the enzyme-modified comet assay for 
detecting pre-mutagenic lesions. The functional ingredients evaluated were: 
taurine, rutine, betaine, choline, vitamin E and docosahexaenoic acid (DHA).
The mini-Ames and the micronuclei tests were performed following the related 
OECD guidelines. The comet assay was performed after 3 hours of treatment 
and using the following enzymes: 3-alkyladenine DNA glycosylase (AAG), 
endonuclease III (EndoIII), and 8-oxoguanine DNA glycosylase (OGG1), to assess 
both oxidation and alkylation of DNA. Salmonella typhimurium TA97a, TA98, 
TA100, TA102, and TA1535 were used in the mini-Ames test, whilst TK-6 was 
the chosen cell line for performing the micronuclei test and enzyme-modified 
comet assay.
All selected functional ingredients have been evaluated using the mini-Ames 
test, being rutine the only one showing positive results. This compound was 
also positive for clastogenicity assessment, although aneugenicity evaluation 
showed inconclusive results. Comet assay was negative with and without 
metabolic activation. Taurine was found to be negative in the micronuclei test 
and the comet assay. Results from micronuclei test and comet assay of the rest 
of compounds will also be discussed in the workshop. 
Financial support: Spanish Ministry of Economy and Competitiveness 
(BIOGENSA, AGL2015-70640-R). J.S. thanks the Asociación de Amigos de la 
Universidad de Navarra and the Government of Navarra for the pre-doctoral 
grants received.
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The comet assay (single cell gel electrophoresis) is widely used in human 
bio-monitoring and for industrial testing of chemicals and drugs, and has a 
potential as a diagnostic tool in personalized medicine. The traditional comet 
assay format has 2 gels on a microscope slide, and there is a limit of 40 gels 
per experiment given the size of a typical electrophoresis tank. To increase 
throughput, we have developed two alternative formats, high- and medium- 
throughput. Medium throughput comet assay involves 12 minigels set on one 
microscope slide, and a total of 240 minigels can be run in one experiment. 
High-throughput assay involves 96 minigels supported by hydrophilic polyester 
film, giving a total of 384 gels in one experiment. The novel comet assay formats 
are suitable for large screening studies in which a high-capacity robust and 
standardised assay are needed. They save time at all stages and are suitable 
for further automation. 

P24. Analysis of DNA-comets using hyperspectral images
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2	 Institute	 for	 Preclinical	 Research,	 Ltd,	 Kuzmolovsky,	 Vsevolozhsky	 district,	 Leningrad	 Oblast,	
Russia

Preparation of the slide for the further analysis of images of DNA-comets is a 
laborious process that must be carried out in strict accordance with the protocol. 
One of the stages of preparation is the staining of the slide with a fluorescent 
dye to visualize DNA-comets. At the same time, it cannot be guaranteed that 
every time the staining of the slide is the same. Consequently, the accuracy of 
measurement of DNA-comet parameters will depend on the quality of staining.
Use of hyperspectral images of DNA-comets obtained using the hyperspectral 
camera in the visible and infrared ranges will allow one to facilitate the 
procession method. The method of visualization of hyperspectral images on 
the principle of similarity to the sample developed by the authors [1] allows 
one to synthesize a single-channel image of DNA-comets in grayscale. Further 
measurement of the parameters of DNA-comets is carried out, as usual, using 
this synthesized image.
Such an approach to research using the Comet Assay method will facilitate and 
accelerate the preparation of the slide. At the same time, the influence of the 
human factor on the accuracy of the results of measuring the parameters of 
DNA-comets will also decrease.

Sheremet’eva T.A. and Filippov G.N.. Method of transforming images. Russian 
Federation Patent No 2267232. Invention bulletin. 2005;(36):265.
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P25. Protection of cellular DNA from long-wave ultraviolet 
radiation at photobiomodulation with red and near infrared 
light

Maria	A.	Simonova1,	Robert	N.	Khramov1,	Andrew	B.	Gapeyev2

1	 Institute	 of	 Theoretical	 and	 Experimental	 Biophysics	 of	 the	 Russian	 Academy	 of	 Sciences 
2	Institute	of	Cell	Biophysics	of	the	Russian	Academy	of	Sciences
Pushchino,	Moscow	Region,	Russia

The “Useful Sun” strategy is based on photobiomodulation, in which a radiation 
in the red and near infrared (RNIR) ranges was found to cause therapeutic 
and preventive effects. The aim of the study was to evaluate the protective 
effects on DNA of mouse blood leukocytes during photobiomodulation with 
RNIR light, followed by irradiation of cells with long-wave ultraviolet (UV) 
radiation. The experiments were performed using whole blood leukocytes of 
Kv:SHK male mice. Radiation was applied to cells immobilized in low-melting 
0.5% agarose. The control was cells irradiated with broadband red light from 
xenon lamp with T720Q and KC10 filters. RNIR radiation was obtained from LED 
arrays with spectral maxima at 640, 660, and 730 nm. The radiation dose in all 
variants was about 0.85 J/cm2. After that, a load test was performed using UV 
radiation with a spectral maximum at 370 nm and a dose of about 45 J/cm2. 
DNA damage was assessed using the comet assay on a Comet Expert hardware 
and software complex (Gene Expert LLC, Pushchino). The percentage of DNA 
in the “comet’s tail” (%TDNA) was used as an indicator of DNA damage. As a 
result, it was shown that under the action of broadband red light, %TDNA after 
the load test was about 18.7 ± 0.9%. When pre-irradiated with red light with a 
wavelength of 640 nm and NIR light with a wavelength of 730 nm, %TDNA after 
the load test was significantly reduced to 12.9 ± 1.3% and 13.7 ± 1.4% (p <0.01) 
respectively. It is assumed that a decrease in the level of DNA damage in blood 
leukocytes during pre-irradiation with RNIR light with certain wavelengths may 
be associated with stimulation of DNA repair and/or activation of antioxidant 
defense systems. The study was supported by the Russian Foundation for Basic 
Research (project No. 18-29-17073).

P26. Proteasomal protein expression and DNA integrity in 
multiple sclerosis

Kristīne	 Ošiņa1,	 Natalia	 Paramonova1,	 Jolanta	 Kalniņa1,	 Vitālijs	 Borisovs1,	
Nikolajs	Sjakste1,2

1Genomics	 and	 Bioinformatics,	 Institute	 of	 Biology	 of	 the	 University	 of	 Latvia,	 Miera	 str.	 3,	
LV2169,	Salaspils,	Latvia;
2Faculty	of	Medicine,	University	of	Latvia	,	Riga,	Latvia

Multiple sclerosis (MS) is a neurodegenerative disease with high medical 
and social impact. Most patients are diagnosed with a relapsing-remitting 
MS (RRMS) with eventual transition to secondary progressive MS (SPMS). 
Accumulation of toxic protein aggregates is characteristic for MS patients 
and indicates dysfunction of ubiquitin-proteasome system (UPS), which is 
responsible for degradation of intracellular proteins and is one of the key 
factors in regulation of the immune system 
Taking into account the interplay between DNA damage and protein degradation 
pathways it was interesting to study markers of the two pathways in parallel. 
Groups of healthy subjects and MS patients were enrolled in the study. Single-
stranded (ss-) DNA breaks were determined in whole blood and isolated 
peripheral blood mononuclear cell (PBMNC) samples by means of comet assay. 
Oxidized base frequency was determined by treatment of slides with Fpg or 
Exo III enzymes. Proteasomal gene expression levels were determined in blood 
of 127 MS patients and 17 controls by means of qPCR. The PSMA6	(rs2277460 
and rs1048990), PSMC6 (rs2295826 and rs2294827) and PSMA3 (rs2348071) 
proteasomal gene single nucleotide polymorphisms (SNPs) were genotyped on 
MS subtype- and treatment efficiency association in 280 cases /305 controls 
study. 
The level of ssDNA breaks was increased in whole blood and isolated PBMNC 
samples of MS patients compared to controls (p<0.05), the level of oxidized 
purines and pyrimidines was comparable. There was no difference in PSMA3, 
PSMA6 and PSMC6 gene expression between RRMS and SPMS patients. IFNβ 
therapy increased PSMA3, PSMA6 and PSMC6 gene expression in patients 
with common genotypes at PSMA3 rs2348071 locus, PSMA6 rs2277460 and 
rs1048990 loci, and PSMC6 rs2295826 and rs2294827 loci compared to non-
treated patients (p<0.05).
Results suggest that onset of MS increases the level of ssDNA breaks. Treatment 
with IFNβ, but not the MS subtypes, affects proteasomal gene expression in 
MS patients.
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P29. Experience in the use of Comet Assay in cancer patients and 
animals with transplantable tumors

Irina	 A.	Goroshinskaya,	 Ekaterina	 I.	 Surikova,	 Polina	 S.	 Kachesova,	Nailya	 K.	
Guskova,	Anna	P.	Menshenina,	Elena	M.	Frantsiyants

Rostov	Research	Institute	of	Oncology,	14	line,	63,	Rostov-on-Don,	344037,	Russia

To analyze clinical features of cervical cancer (CC) in women infected with 
Chlamydia trachomatis (Ch.tr.), we studied DNA damage in leukocytes in 19 
patients with primary CC (including 7 women infected with Ch.tr.) and 13 
healthy women. To assess the influence of copper and zinc nanoparticles 
(NPs) on the growth of transplantable tumors, DNA damage was studied in 29 
white outbred male rats with Pliss lymphosarcoma and in 18 intact rats. DNA 
damage in blood leukocytes was measured by alcaline Comet Assay. We used 
1% agarose both types, electrophoresis at 20min, 20V, 300mA. The slides were 
stained by ethidium bromide. 100-150 comets per slide were measured. DNA 
damage was estimated by the percentage of DNA in the comet’s tail (%TDNA). 
Statistical significance of differences was assessed using Mann-Whitney U-test.
%TDNA in leukocytes of all CC patients was significantly higher than in healthy 
women. %TDNA increase in 12 non-infected patients was on average 53.7% 
(p=0.003), while in patients infected with Ch.tr. the mean %TDNA value was 2.4 
times higher than in non-infected patients and 3.7 times higher than in healthy 
women (p=0.000000). Thus, DNA damage in leukocytes more than doubled in 
presence of Ch.tr. infection, probably as a result of the activation of oxidative 
processes induced by Ch.tr. The results confirmed the role of Ch.tr. in blood cell 
DNA damage, contributing to the development of gynecological cancer.
%TDNA in leucocytes of rats with Pliss lymphosarcoma was 13.7% higher than in 
intact animals (p=0.014); it did not change after the introduction of copper NPs 
and decreased by 5.6% (p=0.049) after the introduction of zinc NPs, compared 
to controls (animals with lymphosarcoma without NPs administration). So Pliss 
lymphosarcoma growth increases DNA damage in rat leucocytes, and copper 
NPs do not affect it, while zinc NPs contribute to its reduction, possibly due to 
zinc participation in reparative processes.
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CONFERENCE VENUE

Zagorodny Hotel “Tsargrad”
Pushchino (Moscow Region),Russia
(www.tzargrad.ru)

Zagorodny Hotel “Tsargrad” is located on the bank of the Oka River in the im-
mediate vicinity of the Prioksko-Terrasny Reserve, an hour’s drive from Mos-
cow along the highway (Simferopol highway). A distinctive feature of the hotel 
is the luxurious styling of “a la Rus” in architecture and interiors. All the furni-
ture and decorative elements of the hotel are the result of manual work, made 
to individual order. The hotel meets all the requirements of a modern guest 
- comfort, hospitality, service - everything, as in the best world resorts.

The distance from the capital and the proximity of the forest area of   the natural 
reserve provide a special ecological uniqueness of the area where the hotel is 
located. The Prioksko-Terrasny Biosphere Reserve with picturesque landscapes 
is the only reserve in the Moscow Region.  

The hotel has all the facilities for conferences and seminars, teambuilding pro-
grams, family vacations and recreation with children, and celebrations . 
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Participants can register near the hotel reception The oral presentations will take place in the hall «Gerbovy»

Staircase leading to the Boyarsky and Gerbovy halls

The welcome reception will be held at the hall «Kaminny» Poster sessions will be organized in the hall «Boyarsky»

To conference 
halls
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SOCIAL PROGRAMME

Tuesday, June 25, 2019
19:00 - 23:00 Conference dinner 
  At the Korston Club Hotel Serpukhov

Wednesday, June 26, 2019
Guided tour to Tula including lunch and entrance to highlights

Guided 5-7 hours excursion to Tula (in-
cluding lunch and entrance to Muse-
um-estate Yasnaya Polyana, Weapons 
museum and Kremlin)

The most popular tourist attraction 
in Tula Oblast is Yasnaya Polyana, the 
home and burial place of the writer Leo 
Tolstoy. It is situated 14 kilometres (9 
miles) south-west of the city. It was here 
that Tolstoy wrote his celebrated novels 
War	and	Peace and Anna	Karenina.

A musical instrument, the Tula accor-
dion, is named after the city, which is a centre of manufacture for such in-
struments sold throughout Russia and the world. Tula is also renowned for 
traditional Russian pryanik, cookies made with honey and spices. In the West, 
Tula is perhaps best known as the centre of samovar production: the Russian 
equivalent of “coals to Newcastle” is “You don’t take a samovar to Tula”. (The 
saying is falsely ascribed to the writer and playwright Anton Chekhov, whose 
made a satirical portrait of one of his characters saying “Taking your wife to 
Paris is the same as taking your own samovar to Tula”.)
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PARTICIPANTS

First Name Last Name Organisation Country
Adarsh Naik Kemerovo State University Russia
Alena Gabelova Cancer Research Institute, 

Biomedical Research Center 
SAS

Slovakia

Alena Opattova Institute of Experimental 
Medicine, CAS

Czech Re-
public

Aliy Zhanataev Research Zakusov Institute of 
Pharmacology

Russia

Amaya Azqueta University of Navarra Spain
Ana Huđek Faculty of Food Technology 

and Biotechnology University 
of Zagreb

Croatia

Ana Inês Bento Fonseca 
e Silva

Environmental Health Depart-
ment, National Institute of 
Health, Porto, Portugal

Portugal

Andreas Rieger BIOTEK INSTRUMENTS, Inc Germany
Andrej Podlutsky University of Alaska Fairbanks United 

States
Andreja Jurič Institute for Medical Research 

and Occupational Health
Croatia

Andrew Gapeyev Institute of Cell Biophysics Russia
Andrey Malov Scientific Research Institute 

of Optoelectronic Instrumen-
tation

Russia

Anja Haveric University of Sarajevo Bosnia and 
Herzegov-
ina

Anna Zwyrzykowska- 
Wodzińska

Wrocław University of Envi-
ronmental and Life Sciences

Poland

Annie Jensen University og Copenhagen Denmark
Bertrand Pourrut EcoLab-ENSAT France
Carla Costa Instituto Nacional de Saúde 

Dr. Ricardo Jorge
Portugal
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First Name Last Name Organisation Country
Cristiana Pereira National Institute of Health 

Dr, Ricardo Jorge
Portugal

Damian Muruzabal University of Navarra Spain
Diana Anderson University of Bradford United 

Kingdom
Ekaterina Surikova Rostov Research Institute of 

Oncology
Russia

Elena Anisina Research Zakusov Institute of 
Pharmacology

Russia

Elena Kuznetsova ITEB RAS Russia
Elisa Boutet-Robinet Université de Toulouse/Inra France
Ellen Higgs Maastricht University Nether-

lands
Evgenii Khizhnyak ITEB RAS Russia
Fátima Brandão Institute of Public Health of 

the University of Porto
Portugal

Giel Hendriks Toxys Nether-
lands

Goran Gajski Institute for Medical Research 
and Occupational Health

Croatia

Ibbo Willems University of Hasselt Belgium
Igor Gak BioTek Instruments Germany
Ilya Kadnikov Federal State Budgetary 

Institution Research Zakusov 
Institute of Pharmacology

Russia

Ionela  
Cristina

Nica Department of Biochemistry 
and Molecular Biology, Fac-
ulty of Biology, University of 
Bucharest

Romania

Irina Mikajlo Mendel University in Brno Czech Re-
public

Jeļizaveta Sokolovska University of Latvia, Institute 
of Biology

Latvia
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Joao Teixeira National Institute of Health Portugal
Julen Sanz University of Navarra Spain
Katarina Kozics Biomedical Research Center 

SAS
Slovakia

Kira Pligina Research Zakusov Institute of 
Pharmacology

Russia

Kristina Ordzhonikidze Severtsov Institue of Ecology 
and Evolution RAS

Russia

Lamia Benguedouar University Mohamed Seddik 
Benyahia

Algeria

Lisa Giovannelli University of Florence, Italy Italy
Marcin Kruszewski Institute of Nuclear Chemistry 

and Technology
Poland

Marija Bruic Faculty of Pharmacy, Universi-
ty of Belgrade, Serbia

Serbia

Matjaž Novak National institute of biology Slovenia
Mirta Milic Institute for Medical Research 

and Occupational Health, 
Mutagenesis Unit
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Misko Milev University of Goce Delcev Stip 
R. North Macedonia

Macedonia

Mohammed Mahdi Bradford University United 
Kingdom

Monika Sramkova Biomedical Research Center 
SAS

Slovakia

Natalia Podlustkaya University of Alaska Fairbanks United 
States

Nataliya Averianova The Federal Budgetary Estab-
lishment of Science “Federal 
Scientific Center of Hygiene 
named after F. F. Erisman” 
of the Federal Service for 
Surveillance on Consumer 
Rights Protection and Human 
Wellbeing

Russia
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Nataliya Ilyushina The Federal Budgetary Estab-

lishment of Science «Federal 
Scientific Center of Hygiene 
named after F.F. Erisman» 
of the Federal Service for 
Surveillance on Consumer 
Rights Protection and Human 
Wellbeing

Russia

Nikolajs Sjakste University of Latvia Latvia
Nikolay Sirota ITEB RAS Russia
Olga Lavrik Institute of Chemical Biology 

and Fundamental Medicine 
SB RAS

Russia

Peter Moller University of Copenhagen Denmark
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Serazhutdin Abdullaev Institute of Theoretical  and 

Experimental Biophysics, RAS
Russia

Sergey Shaposhnikov Norgenotech AS Norway
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Valentina Slobodskova POI FEB RAS Russia
Victoria Nikitina State Research Center Bur-
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Russia

Russia
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Kingdom
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SPONSORS
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Comet Assay IV is the market-leading comet scoring system, with 
approximately 500 systems used in laboratories worldwide

Contact us today to arrange a free trial

genetox@instem.com  |  instem.com


