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Abstract

The aim of the present work was to evaluate the potential of Clinopodium
vulgare water leaves extract to decrease the DNA damaging action of zeocin
and to throw more light on the mode of action.

Single and combined treatments with 10, 100, and 1000 µg/ml plant ex-
tract and 100 µg/ml zeocin were performed on 551 (haploid) and D7ts1 (diploid)
yeast strains. The protective potential, the magnitude of the repair capacity,
and the role of incubation conditions were studied based on double strand
breaks’ (DSB) induction and rejoining.

The results provided new evidence that despite the different ploidy both
strains are DSBs repair proficient but differ in their repair capacity although
comparable levels of initially induced DSBs were measured. The diploid strain
D7ts1 was found to possess better-expressed repair capacity than the haploid
strain 551. The combined treatment with Clinopodium vulgare L. extract at
concentrations’ range of 10–1000 µg/ml and zeocin resulted in a significant de-
crease in DSBs levels. It could be suggested that priming the cells with various
concentrations of the extract results in an acceleration of DSBs rejoining when
30 min recovery time at optimal experimental conditions is given. When in-
cubation is performed on ice the repair processes are impeded but not fully
blocked. Such a study confirms that the difference in the repair capacity of
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the cells could be one of the possible mechanisms, participating in cell pro-
tection against different DNA damaging factors. The combined application of
Clinopodium vulgare L. extract at concentrations range of 10–1000 µg/ml pro-
tects yeast DNA against zeocin-induced DSBs by acceleration of DSB rejoining.

Key words: Saccharomyces cerevisiae, Clinopodium vulgare L., accelera-
tion of DSB rejoining, repair capacity, double strand breaks

Introduction. The modulation of the genotoxic potential of various environ-
mental stressors by using biologically active natural compounds is one of the main
strategies for genome protection. A lot of information concerning the mechanisms
of action of natural products of plant origin has been gathered: anti-oxidative
and/or regeneration of other antioxidants; inactivation of free radicals; chelation
of heavy metals; inhibition of cell proliferation; modulation of signal transduction;
regulation of transcription; DNA protective effect by stimulating DNA repair pro-
cesses, etc. [1, 2].

Plant products are known as rich sources of antioxidants. Nevertheless, data
concerning their ability to modulate DNA damaging action of various stressors is
scarce. Wild basil (Clinopodium vulgare L.) is a worldwide-spread plant commonly
used in Balkan Peninsula folk medicine for the treatment of various diseases [3,4].
The main chemical constituents [4,5] and in vitro antioxidant, antibacterial, anti-
inflammatory, plasmid DNA protective, and anticancer activity of the extract have
already been identified [3, 4, 6]. Previously it was shown by us that Clinopodium
vulgare extract may protect plasmid DNA [6]. No other data were found concern-
ing such activity. Based on this finding and the already reported chemical com-
position [4, 5] here we hypothesize that Clinopodium vulgare water leaves extract
may possess DNA protective capacity against DNA damaging action of zeocin.

The aim of the present work was to evaluate the potential of Clinopodium
vulgare water leaves extract to decrease the DNA damaging action of zeocin and
to throw more light on the mode of action.

Materials and methods. Two S. cerevisiae strains with similar cell survival
susceptibility to zeocin [7, 8] were used: haploid – 551 rho+ and diploid – D7ts1.

The cell cultures were cultivated at a temperature of 30 ◦C, 200 rpm, and their
growth was determined spectrophotometrically by measuring the optical density
at a wavelength of 600 nm (OD600).

The radiomimetic zeocin (Invivogen) was used as a double-strand break in-
ducer [7–9].

The lyophilized Clinopodium vulgare L. leaves water extract was prepared
and kindly provided by Bardarov [5]. Protocol for working solutions has been
described previously [6].

Single treatment experiments. Clinopodium vulgare L. leaves extract
treatment. Cell suspensions (1× 106 cells/ml) at the end of exponential and the
beginning of stationary phase were treated with three extract concentrations – 10,
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100, and 1000 µg/ml for 1 h at 30 ◦C with aeration (on a rotary shaker). After
incubation, cells were harvested and washed.

Zeocin (Zeo) treatment. Cell suspensions were treated with 100 µg/ml Zeo
for 1 min on dark and ice (to prevent DNA repair) as described previously by
us [7, 8].

Combined treatment experiments. Two steps procedure was used –
single treatment with Clinopodium vulgare L. leaves extract as described above,
followed by zeocin treatment without washing between them. After the procedure,
cells were harvested, and the pellet was washed with cooled sterile MQ H2O.
Further, samples were split into three series: (1) without recovery time (–RT) after
Zeo treatment; (2) with 30 min recovery time (+RT) at optimal for cell growth
conditions (30 ◦C, 200 rpm) given after the Zeo treatment; (3) with 30 min RT on
ice. Samples were then subjected to constant field gel electrophoresis.

Constant field gel electrophoresis for measurement of double-strand
breaks induction. Levels of DSBs were measured by Constant Field Gel Elec-
trophoresis (CFGE) [7,8]. Gene Tool Analyzer G: Box Syngene was used to mea-
sure the ethidium bromide fluorescence. To quantify the induced double-strand
break levels, the fraction of DNA released (FDR) was calculated following the
formula described in [10].

Statistical data processing. All data are presented as mean values from at
least three independent experiments. Values calculated after single treatments are
presented as a fraction of DNA released (FDR). Results after combined treatment
are presented as normalized FDR [9]. GraphPad Prism software version 6.04 (San
Diego, USA) was used for statistical data processing. The magnitude of DSB
repair capacity was calculated as a ratio between FDR measured in samples with
and without 30 min recovery time [11].

Results and discussion. DNA susceptibility of strains and repair
capacity after a single treatment with 100 µg/ml Zeo and different con-
centrations of wild basil leaves extract. A single treatment with 100 µg/ml
Zeo resulted in around 2-fold higher DSB levels compared to untreated control
samples without statistically significant differences between both strains. Effect
of recovery time at optimal for cell growth conditions – 30 ◦C, 200 rpm) given
30 min (+RT) after single Zeo treatment was clear. The levels of DSB were re-
duced as follows: from 0.265 to 0.221 for strain 551 (p < 0.05), and from 0.243 to
0.173 for D7ts1 (p < 0.01) (Fig. 1A, B).

Further, the repair capacity (Table 1) of both strains was calculated. Data
in Table 1 illustrate two main findings – both strains are DSBs repair proficient,
but differ in their DSBs repair capacity despite the comparable levels of initially
induced DSBs. These results are in agreement with the previous ones obtained
on Chlamydomonas reinhardtii, where the wild-type 137C and the cross-resistant
strains AK-9-9 and H-3 possessed approximately similar DNA susceptibility mea-
sured as levels of initially induced DSBs but differ in their repair capacity magni-
tude [12].
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Fig. 1. DNA susceptibility and the role of recovery time after a single treatment with 100 µg/ml
Zeo, and various concentrations of Clinopodium vulgare L. extract – 10, 100, and 1000 µg/ml
on Saccharomyces cerevisiae strain 551 (A) and D7ts1 (B). Where the standard errors are not

presented, they are equal to or smaller than the symbols of the graphic

T a b l e 1

Repair capacity of Saccharomyces cerevisiae strains presented
as a ratio of the FDR measured after a single treatment with

100 µg/ml Zeo with and without 30 min recovery time

Strain Repair capacity
551 1.199
D7ts1 1.405

No concentration or the genotype’s dependent statistically significant differ-
ences were identified after a single treatment with Clinopodium vulgare leaves
extract (Fig. 1A, B). The DSB levels were very close to those measured in the
control – untreated samples.

The effect of Clinopodium vulgare leaves extract priming on the
induced by Zeo DSBs. Three priming concentrations of Clinopodium vulgare
leaves extract were tested. A similar around 2-fold statistically significant decrease
of DSB levels was measured for both strains in samples without RT (Fig. 2A, B)
in comparison with those after single zeocin treatment (p < 0.0001). No effect of
the magnitude of concentration was found.

It could be suggested that priming treatment with Clinopodium vulgare ex-
tract may protect the yeast DNA from the damaging action of Zeo. This is in
agreement with our previous data that treatment with the extract could protect
plasmid DNA in vitro against DNA oxidative damage even when the lowest con-
centration of 10 µg/ml was applied [6]. The present results on both strains provide
in vivo confirmation of this observation. No genotype specificity was obtained.

Is the DNA protective potential of Clinopodium vulgare leaves ex-
tract affected by the recovery time? To clarify this question further exper-
iments were performed having in mind that strains were found to possess very
similar DNA susceptibility, expressed as comparable levels of initially induced
DSBs but different repair capacity.

C. R. Acad. Bulg. Sci., 77, No 2, 2024 199



Fig. 2. DSBs levels measured immediately (•), and 30 min at optimal conditions (■) or on ice
(▲) after the combined treatment with extract concentrations in the range of 10 (1), 100 (2),
and 1000 (3) µg/ml, and 100 µg/ml Zeo of strain 551 (A) and D7ts1 (B). Where the standard

errors are not presented, they are equal to or smaller than the symbols of the graphic

The results obtained in strain 551 provided evidence that the DSB levels
measured after 30 min RT (optimal conditions) were comparable with those mea-
sured immediately after the treatment (Fig. 2A). It could be suggested that either
30 min RT is not enough to activate the DNA repair processes in strain 551 or
the extract is not able to trigger the DNA repair.

The DSB levels measured in the diploid strain after 30 min RT at optimal
conditions were statistically significantly lower in comparison with those calculated
immediately after the treatment (Fig. 2B). Analysing curves in Fig. 2 it could
be concluded that priming the cells with various concentrations of the extract
results in an acceleration of DSBs rejoining when 30 min recovery time at optimal
experimental conditions is given. These results are in good agreement with the
studies of [16,17].

Based on these data it could be suggested that the diploid strain possesses
dose-dependent well-expressed repair capacity at optimal conditions when priming
with different concentrations of C. vulgare is applied. The highest repair capacity
was calculated after combined treatment with 1000 µg/ml plant extract and Zeo
(Table 2) which correlated well with 1.5-fold increased levels of ROS induced by
the application of 1000 µg/ml plant extract (data not shown). Probably this small
amount of ROS is good enough to trigger DSBs DNA repair mechanisms.

Further, to clarify whether 30 min RT on ice could fully prevent DSBs repair
potential of strains further experiments were performed. Genotype-dependent dif-
ferences in the DSB levels were obtained after the combined treatment and 30 min
RT on ice. Although the DSBs levels were higher than those in samples measured
immediately after the combined treatment, they were lower than those in single
Zeo-treated samples (Fig. 2A, B). Genotype-dependent decrease of DSB levels was
measured – around 1.6-fold in strain 551 and 1.3-fold in D7ts1 (Fig. 2A, B).
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T a b l e 2

Repair capacity of Saccharomyces cerevisiae D7ts1 30 min after combined treat-
ment at optimal conditions with C. vulgare extract at concentrations range 10–

1000 µg/ml and 100 µg/ml Zeo at optimal conditions

Clinopodium vulgare L. concentrations (µg/ml) + 100 µg/ml zeocin
Repair capacity

Strain 10 100 1000
D7ts1 2.351 2.651 3.081

Our results show that the DSB repair is impeded when samples are on ice, but
probably not fully blocked as the DSB levels are lower than those induced after
a single Zeo treatment. Such observation is in accordance with our previously
published data on Chlamydomonas reinhardtii [9]. No effect of the concentration
was found on both strains when incubation was performed on ice.

The question of whether a cell’s resistance depends on the level of initially
induced DSBs or the cell’s repair capacity is still under discussion [9,11,12,14,15].
Our previous research as well as other authors revealed that the DNA repair
processes could be increased by natural products [15–18]. The present work is a
confirmation of this finding.

Conclusion. The current study provides new evidence that despite the dif-
ferent ploidy of the strains D7ts1 and 551, both are DNA repair proficient towards
single zeocin treatment. They are found to differ in their repair capacity, which
confirms the suggestion that the potential to repair DNA damage is one of the
driving events involved in the formation of DNA resistance. Additionally, the
combined application of Clinopodium vulgare L. extract at concentrations range
of 10–1000 µg/ml protects yeast DNA against zeocin-induced DSB by acceleration
of DSB rejoining. Experimental confirmation is provided that when S. cerevisiae
strains are incubated on ice the repair processes are impeded but probably not
fully blocked.

Our finding contributes to the scarce knowledge concerning the application
of plant extracts for the modulation of DNA repair.

REFERENCES

[1] Chankova S., T. Todorova, P. Parvanova, D. Miteva, Z. Mitrovska et al.
(2013) Kaempferol and jatropham: are they protective or detrimental for Chlamy-
domonas reinhardtii?, C. R. Acad. Bulg. Sci., 66(8), 1121–1128.

[2] Koklesova L., A. Liskova, M. Samec, T. Qaradakhi, A. Zulli et al. (2020)
Genoprotective activities of plant natural substances in cancer and chemopreventive
strategies in the context of 3P medicine, EPMA J., 11(2), 261–287.

C. R. Acad. Bulg. Sci., 77, No 2, 2024 201



[3] Batsalova T., K. Bardarov, V. Bardarov, D. Moten, B. Dzhambazov
(2017) Cytotoxic properties of Clinopodium vulgare L. extracts on selected human
cell lines, C. R. Acad. Bulg. Sci., 70(5), 645–650.

[4] Zheleva-Dimitrova D., R. Simeonova, R. Gevrenova, Y. Savov, V. Bal-
abanova et al. (2019) In vivo toxicity assessment of Clinopodium vulgare L. wa-
ter extract characterized by UHPLC-HRMS, Food Chem. Toxicol., 134, 110841,
https://doi.org/10.1016/j.fct.2019.110841.

[5] Bardarov K., T. Todorova, D. Miteva, V. Bardarov, A. Atanassov et al..
(2016) Preliminary screening for study of the chemical composition of Clinopodium
vulgare L. water extract, C. R. Acad. Bulg. Sci., 69(6), 717–724.

[6] Todorova T., K. Bardarov, D. Miteva, V. Bardarov, A. Atanassov et al.
(2016) DNA protective activities of Clinopodium vulgare L. extracts, C. R. Acad.
Bulg. Sci., 69(8), 1019–1024.

[7] Todorova T., D. Miteva, S. Chankova (2015) DNA damaging effect of zeocin
and methyl methanesulfonate in Saccharomyces cerevisiae measured by CFGE, C.
R. Acad. Bulg. Sci., 68(1), 71–78.

[8] Todorova T., D. Miteva, S. Chankova (2019) DNA susceptibility of Saccha-
romyces cerevisiae to Zeocin depends on the growth phase, Int. Microbiol., 22(4),
419–428.

[9] Chankova S. G., E. Dimova, M. Dimitrova, P. E. Bryant (2007) Induction
of DNA double-strand breaks by zeocin in Chlamydomonas reinhardtii and the role
of increased DNA double-strand breaks rejoining in the formation of an adaptive
response, Radiat. Environ. Biophys., 46(4), 409–416.

[10] Chankova S. G., N. P. Yurina, E. G. Dimova, O. V. Ermohina, Y. P.
Oleskina et al. (2009) Pretreatment with heat does not affect double-strand breaks
DNA rejoining in Chlamydomonas reinhardtii, J. Therm. Biol., 34(7), 332–336.

[11] Serafin A. M., J. M. Akudugu, L. Böhm (2003) Studies on the influence of
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