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ABSTRACT 
 
The aim of the study was to evaluate the genotoxic effect of combined oral contraceptives with low concentration of 
estrogens: 0.03 mg ethinylestradiol and 3 mg desogestrel per day using HRM analysis of genomic DNA isolated 
from the whole unstimulated saliva. Our data suggest that there are not significant alterations in the melting 
temperature of DNA of the group exposed to the oral contraception in comparison with the control group. The 
sequenation (MDR1 gene, a forward primer 5´-TGGGGCTTTTAGTGTTGGAC-3´; a backward primer 5´-
TGTGGAGAGCTGGATAAAGTCA-3´) confirmed identical nucleotide sequences for forward fragments of both 
groups. In spite of this, minor change of nucleotide content were observed when compared the sequences of DNA for 
the control group and the volunteers group taking oral contraceptives for backward fragments, when a deletion in 
the sequence on the 50 bp position for the group exposed to the oral contraception was observed. 
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INTRODUCTION 
 

Estrogen is a class of 18-carbon steroid indispensable for the growth and upkeep of reproductive and non-
reproductive organs in the body. The level of estrogens in peripheral blood of non-ovulating women averages 199 
pg/ml [1]. Although, there are several well-established risk factors identified for breast cancer such as the inherited 
genetic predisposition or reproductive history; it is uncertain whether prolonged use of oral contraceptives and 
hormone replacement therapy containing synthetic estrogens increases the risk of carcinogenesis in hormone-
dependent organs, particularly breast and endometrium [2,3]. 
 
Estrogens are transformed to catechol estrogens and these, or the resulting quinones, interact with DNA producing 
oxidative damage to DNA and hence cause mutations [4]. A concept that reactive oxygen species can produce 
genotoxic effects as well as support the development of estrogen-dependent breast tumors is discussed in the review 
[5]. The endogenous estrogens and their metabolites by increasing genomic instability and by transducing signal 
through influencing redox sensitive transcription factors play important role in cell transformation, cell cycle, 
migration and invasion of the breast cancer.  
 
Among various drug transporters, P-glycoprotein (Pgp), the MDR1 gene product, is one of the best studied and 
characterized. Pgp is an ATP-dependent efflux pump, which plays a key role in regulating absorption, excretion, and 
tissue distribution of various drugs. P-glycoprotein represents also an important prognostic factor in malignant 
diseases. Pgp is expressed in normal human tissues such as liver, kidney, intestine and the endothelial cells of the 
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blood-brain barrier. A growing number of preclinical and clinical studies have demonstrated that polymorphism of 
the MDR1 gene may be a factor in the overall outcome of pharmacotherapy for numerous diseases [6]. 
 
The great interest stimulated by high resolution melting (HRM) methods explains its rapid expansion to cope with 
broad spectrum of human genetic mutations [7] and polymorphisms [8]. HRM includes the precise monitoring of the 
variation in fluorescence initiated by the release of an intercalating DNA dye from a DNA duplex as it is denatured 
by increasing temperature.  
 
Considering the fact that studies on the mutagenic effects of combined oral contraceptives with low concentration of 
estrogens are limited, the aim of our study was to evaluate the effects of oral contraceptives to detect potential 
associations between oral contraceptives and the genotoxic damage in healthy women using HRM analysis from the 
samples of the whole unstimulated saliva. 
 

MATERIALS AND METHODS 
 

A sample of the whole unstimulated saliva was obtained from 3 women (range: 31-35 years) taking an oral 
contraception containing 0.03 mg ethinylestradiol and 3 mg desogestrel per day for 5years at least. Furthermore, 
none of the three control individuals (range: 28-35 years) had history of oral contraceptive, cigarette smoking, and 
alcohol intake. Approximately 3-6 ml of the whole unstimulated saliva was collected by expectoration into sterile 
50 ml polypropylene tube placed on ice. Volunteers were instructed to refrain from the morning oral hygiene, eating 
or drinking at least one hour before saliva collection. Saliva secretion during the collection of the sample was not 
stimulated mechanically or chemically. Non-soluble debris, food fragments and microbes were removed by 
centrifugation at 14000×g for 30 min at 4°C. The supernatant and pellet were separated, the pellet was discarded and 
the supernatant saved at -80°C for further analysis. 
 
Genomic DNA samples were extracted from the unstimulated saliva using the Genomic DNA from Tissue kit 
(Macherey-Nagel, Biotech) according to the manufacturer´s instruction with some modifications. The concentration 
of DNA was approximately in the interval of 2.5 – 3.0 µg/µl. 
 
Two primers, where DNA fragment is between exon 14 and intron 14 of MDR1 gene, were selected [9]. As a 
forward primer and a backward primer were used respectively 5´-TGGGGCTTTTAGTGTTGGAC-3´ and 5´-
TGTGGAGAGCTGGATAAAGTCA-3´. HRM analysis was performed with the aid of Line-Gene K (KRD 
Molecular Technologies) using FastStart Universal SYBR Green Master (ROX) (Roche Diagnostics) as 
recommended by the manufacturer. The cycling protocol started with one cycle of 50°C for 2 min followed by 1 
cycle of 95°C for 10 min followed by 40 cycles of 95°C for 15 s (1°C/cycle), a touch down of 95°C to 61.2°C for 
1min. The melting analysis step started at 61.2°C to target temperature of 95°C for 15 s (0.5°C/cycle). Fluorescence 
data were converted into melting peaks by the aid of fluorescence quantitative PCR detection software (Line-Gene 
K, Bioer) to determine binding efficiency of DNA from saliva. 
 
PCR product was sequenced in Sequencing Centre of Department of Molecular Biology (University of Veterinary 
Medicine and Pharmacy in Košice, Slovak Republic). The concentration of primer was 1 pmol/µl. The template 
accomplished the volume of 20 µl. The volume of primer was 10 µl. The resulting percentage of nucleotide bases 
and amino acid of MDR1 gene were analyzed with the aid of BioEdit Sequence Alignment Editor. 
 

RESULTS AND DISCUSION 
 

The effect of the use of an oral contraceptive on the generation of DNA strand alterations derived from human saliva 
was evaluated using the HRM. Fig. 1 illustrates the melting curves and the derivative melting curves of control 
women, women using oral contraceptives, and women using oral contraceptives during the beginning of 
menstruation. 
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Fig. 1. Representative melting curve (A) and derivative melting curve (B) of DNA of control women (green), women using oral 
contraceptives (grey) and women using oral contraceptives during the beginning of menstruation (blue). 

 
One clear melting transition for both amplicon duplexes melted at 65-90°C was observed. Based on 12 
measurements, one melting peak was displayed at 75.2±0.5°C for control women, at 75.1±0.7°C for women using 
oral contraceptives and at 75.1±0.6°C for women using oral contraceptives during the beginning of menstruation, 
respectively. Nosignificant change at p < 0.05 were observed. 
 
Using MDR1 primer pairs: forward 5′-CCCATCATTGCAATAGCAGG-3′, backward 5′-
GTTCAAACTTCTGCTCCTGA-3′ it was possible to amplify fragments of genomic DNA and detect PCR products. 
In Fig. 2there is a verification of DNA sequence of MDR1 gene from saliva in BLAST database. 
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Fig. 2.Verification of DNA sequence of MDR1 gene from saliva in BLAST database 
 
Comparing the relative content of G+C/A+T in the group of women taking oral contraceptives and the group of 
women using oral contraceptives during the beginning of menstruation, no change was observed. The sequencing 
results confirmed identical nucleotide sequences for both fragments of DNA. In spite of this, minor change of 
nucleotide content were observed when compared the sequences of DNA for the control group and the volunteers 
group taking oral contraceptives for backward fragments, when a deletion in the sequence on the 50 bp position for 
the group exposed to the oral contraception was occurred (Fig. 3). 
 

A 

 
Alignment score: 293, identities: 0.9805195 

 
B 

 
Alignment score: 301, identities: 0.9808917 

 
Fig. 3. The aligned nucleotide sequences of fragments of DNA of women taking oral contraceptives (A1) and the control group (A6) for 

both forward (A) and backward primers 
 
Clues about a role of estrogen genotoxicity and an increased risk of breast cancer as a function of plasma estrogen 
levels in plasma were published earlier [14]. In a case-control study [15] was also demonstrated that elevated serum 
levels were positively associated with breast cancer risk. Evidence suggests that the genotoxic mechanism of 
estrogens and its metabolites in breast cancer involves their oxidation to 3,4-quinones and reaction with DNA to 
form depurinating N3Ade and N7Gua adducts. Authors of the study [10] examining estrogen genotoxicity of the 
female ACI rats revealed mutagenic estrogen-dependent effect on breast cancer. Mammary glands of both estrogen-
responsive and resistant rats contained pre-existing mutations at frequencies of (39.8–58.8) × 10−5 , the majority 
(62.5–100%) of which were AT to GC transitions detected as GT heteroduplexes.· 
 
Estrogens inducing tumors in laboratory animals can be associated with breast cancer in humans as well. The 
authors of the study [12] examine formation of DNA adducts by reactive electrophilic estrogen metabolites, 
formation of reactive oxygenspecies by estrogens and the resulting indirect DNA damage by these oxidants, and, 
finally, genomic and gene mutations induced by estrogens. Several types of indirect DNA damage are caused by 
estrogen-induced oxidants, such as oxidized DNA bases, DNA strand breakage, and adduct formation by reactive 
aldehydes derived from lipid hydroperoxides were observed.  
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Our study did not show significant genotoxic effect of oral contraception containing 0.03 mg ethinylestradiol and 3 
mg desogestrel. There was not observed the change of melting temperature of genomic DNA of the control group of 
women and the group taking oral contraception. Only minor change for backward fragments of DNA - a deletion in 
the sequence on the 50 bp position for the group exposed to the oral contraception - was occurred 
 
It is obvious that there are many other individual factors that can cause the DNA damage, e.g. previous and current 
medication, excessive diagnostic radiation [14], exposure to toxicants [15,16,17], endogenous infection, diabetes 
[18], polymorphic metabolizing genes, and efficiency of DNA repair. Therefore it is not excluded that the minor 
change in the DNA sequence observed in our experiment at low oral contraceptive levels are not due to the taking of 
the drug, but the factors mentioned above can be responsible. Nevertheless, it would be advisable to take precautions 
while prescribing oral contraceptives as well and take into account all of these factors 
 

CONCLUSION 
 

In conclusion, we found no associations between the intake of the oral contraceptives with low estrogen content for 
a longer period and the genetic changes observed with the aid of HRM analysis. However, our results are expected 
tocontribute to the efforts to better understand the sporadic cancer risk of the oral contraceptives. 
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