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Abstract—Use of natural plant extracts to prevent the 

damage potency of various mutagens is on the rise. The 

aims of our study were: i) to evaluate the biological activity 

of Salvia officinalis (sage) water extract and its ability to 

reduce the zeocin-induced cytotoxic/genotoxic effects in 

Hordeum vulgare (barley) and human lymphocytes, ii) to 

obtain information about the susceptibility of plant 

chromosomes on the basis of “aberration hot spots” (AHS) 

under various experimental conditions of treatment. Sage 

extract had no or low cytotoxic effect and its clastogenic 

effects were clearly dependent on the concentration and 

test-systems. Lymphocytes were more susceptible to sage 

extract than barley. Sage extract applied in a higher but 

low-toxic concentration showed well expressed protective 

potential against zeocin. It decreased the chromosome 

aberrations and micronuclei induced by zeocin in both test-

systems. The protective effect was manifested irrespective 

of the experimental design and test-systems. All AHS were 

found to be within heterochromatin-containing or terminal 

segments when barley meristems were treated with the 

radiomimetic. AHS were reduced and no longer located in 

heterochromatin-rich regions after sage treatment following 

different experimental designs. Our results might be useful 

in future health research programs and prophylactic 

therapy based on plant extracts. 

 
Index Terms—Salvia officinalis, plant extract, chromosome 

aberrations, micronuclei, anti-cytototoxicity/anti-

genotoxicity, test-systems 

 

I. INTRODUCTION 

In the last decades natural plant extracts as a form of 

medical treatment have become a subject of intensive 

research. There is growing interest in the search for and 

investigation of natural substances of plant origin that 

possess anti-mutagenic, anti-genotoxic and anti-oxidant 

activities against inducers of reactive oxygen species 

(ROS). A variety of medical plants have biological and 

pharmacological activities that may protect cells against 

oxidative-induced damage (Mierlici et al., 2009, Ramu et 

al., 2012; Agabeyli, 2012, Al-Awaida and Akash, 2014). 

                                                 
Manuscript received October 1, 2014; revised December 22, 2014. 

The wide application of natural plant extracts and their 

biologically active compounds in human nutrition and 

pharmacy require studies first on their safety at doses in 

the pharmacological range and second, on their anti-

cytotoxic and/or anti-clastogenic activities. As a general 

rule crude therapeutic products of plant origin are less 

toxic than their synthetic counterparts because they 

contain the whole array of medicinal compounds (known 

and unknown) just as they are found in their natural 

source and thus, pose less risk of side effects (Celik, 

2012). However, it must be taken into account that the 

non-prescription use of medicinal plants is an important 

health problem due to their particular toxicity 

(Mendonça-Filho, 2006).  

Salvia officinalis (sage), which belongs to Lamiaceae, 

is one of the important herbs native to the Mediterranean 

region and also cultivated to some extent in different 

European countries. It is used in the food processing 

industry and also in the area of human health. Extracts of 

different Salvia species have been examined for a 

number of biological activities, antimicrobial, anti-

inflammatory, antioxidant, anti-spasmolytic, anti-

diarrheal, neuroprotective, hepatoprotective and 

cholinergic binding properties (Capasso et al., 2004, Ren 

et al., 2004; Lima et al., 2007; Behboud et al., 2011; 

Khan et al., 2011; Osman and El –Azime, 2013; 

Fischedick, 2013, Shahrzad et al., 2014, Hamidpour et 

al., 2014). S. officinalis is considered to have the highest 

amount of essential oil compared to the other Salvia 

species (Rami and Li, 2011). Oil extract of S. officinalis 

shows good antifungal activity (Badiee et al., 2012). Al-

Ezzy et al., (2011) have demonstrated anti-mutagenic 

effect of sage leaf aqueous extract against cytostar in 

cultured blood cells of ten acute lymphocytic leukaemia 

patients. The leaves of S. offcinalis are known for their 

antioxidative properties (Wang et al., 1998, Farhoudi et 

al., 2011). Sage can express protective effect against 

H2O2 in DNA fragmentation tests (Ewadh et al., 2013). 

Salvia extract can significantly decrease the DNA 

damage induced by flavomycin in a linear, dose-

dependent manner in partridges (Yurtseven et al., 2008). 

S. officinalis leaves possesssome therapeutic effects due 
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to the presence of biochemicals like tannin, triterpenoids, 

flavonoids, estrogenic substances, saponins, and volatile 

oil, together with vitamins C and A (Patenkovic et al., 

2009). 
Various genetic biomarkers and test-systems are used 

to estimate the cytotoxic/genotoxic effects and anti-

cytotoxic/anti-genotoxic potential of medicinal herbs and 

phytochemicals in order to regulate their consumption 

(Gadano 2006, Surh and Ferguson, 2003, Liman et al., 

2012, Gateva et al., 2014, Angelova et al., 2014, 

Todorova et al., 2014). The genoprotective effects of S. 

officinalis extract was studied using micronuclei and 

comet assay in Swiss albino mice (Mathew and Thoppil 

2012 a). The anti-proliferative and pro-apoptotic effects 

of water extracts of S. fruticosa and S. officinalis and 

their main phenolic compound rosmarinic acid were 

evaluated in two human colon carcinoma-derived cell 

lines (Xavier et al., 2009). Diterpene manool isolated 

from S. officinalis has been shown to exhibit a protective 

effect against methyl methanesulphonate in HepG2 cells 

evaluated based on the level of induced chromosome 

damage (Nicolella et al., 2014).  

Valuable and representative information about the 

biological activity and anti-genotoxic potential of 

medical plant extracts could be provided by combined 

studies with in vitro and in vivo test-systems. This 

provoked our interest is studying the biological effect 

and anti-cytotoxic/anti-genotoxic potential of S. 

officinalis water extract against ROS inducer – zeocin, in 

two different phylogenetically distant experimental test-

systems: higher plant (Hordeum vulgare) and human 

lymphocytes in vitro. Endpoints for cytotoxicity and 

genotoxicity were used. Detailed information about the 

susceptibility of chromosomes based on “aberration hot 

spots” (AHS) in the reconstructed karyotype of barley 

chromosomes was also obtained. The use of 

reconstructed karyotypes allows identification of 

individual chromosomes and the detection of AHS as a 

result of clastogenic effects of different mutagenic 

factors and chemical substances in plant test-systems 

(Schubert and Rieger, 1977; Nicoloff et al., 1987; 

Künzel et al., 2001). The susceptibility to genotoxic 

impact depends on the type of karyotype reconstruction, 

particularly with regard to the number and kind of the 

reconstructed chromosome segments. Here we used the 

structurally reconstructed barley karyotype MK 14/2034. 

This translocation line is characterized by seven easily 

distinguishable chromosome pairs which allow both the 

investigation of mutagen-specific features of aberration 

distribution patterns and possess nearly the same 

sensitivity as the barley standard karyotype.  

In the present study zeocin was used as a standard 

mutagen. It is a radiomimetic which is able to directly 

induce double strand breaks (DSBs) in DNA similarly to 

ionizing radiation. It belongs to Bleomycin/Phleomycin 

antibiotic family. Its effect has been previously 

investigated and described (Chankova et al., 2007, 

Dimova et al., 2009). 

The aims of our present study were: i) to evaluate the 

biological activity of Salvia officinales water extract and 

its ability to reduce the zeocin-induced cytotoxic and 

genotoxic effects in H. vulgate and human lymphocytes 

in vitro as test-systems based on cytotoxic and genotoxic 

endpoints, ii) to obtain information about the 

susceptibilities of plant chromosomes on the basis of 

“aberration hot spots” under various experimental 

conditions of treatment. Cytotoxic effect was assessed 

based on mitotic index, DNA damage by induction of 

chromosome aberrations and micronuclei formation. 

II. MATERIAL AND METHODS 

A. Plant Extract from Salvia Officinalis (Sage) 

Plants Salvia officinalis were collected in the region of 

Banska Bystrica, Slovakia. The collection of such herbs 

from natural medicinal plants is carried out according to 

the requirements of Bulgarian Medicinal Plants Act, 

amend., Offic. Gaz. No 66 of 26 July 2013, Chapter 

3/Art. 21 (1). The sage extract was prepared as follows:  

Haulms and leaves of Salvia officinalis were air dried 

for 20 days at 25°C. The plant material (24 g) was cut 

into small pieces (1 – 2 cm) and was extracted three 

times with hot methanol (200, 150 and 100 ml) at 60°C. 

After evaporation of the methanol, the remaining water 

was removed by azeotropic distillation with toluene. The 

solid end-product yield of 2.7 g (11.3 %), yellow-green 

in color, was stored at 4 °C. The plant extract of S. 

officinalis was dissolved in 5 % dimethyl sulphoxide 

(DMSO) to prepare working concentrations. 

B. Standard Mutagen 

The radiomimetic zeocin (Zeo) (Cas No.: 11006-33-0) 

belongs to the bleomycin/phleomycin family of 

antibiotics. The concentrations of zeocin were selected 

based on their effectiveness in inducing DNA damage in 

both test-systems. 

C. Test-Systems and Culture Conditions 

Two types of experimental test systems at different 

levels of hierarchy were used: plant test-system – 

Hordeum vulgare, and human lymphocytes in vitro 

D. Hordeum Vulgare (Barley) 

Root tip meristems of Hordeum vulgare (reconstructed 

karyotype MK14/2034) were presoaked for 1 h in tap 

water and germinated for 18 h at 24
o
C. The meristems 

were treated as described further. 

E. Human Lymphocytes in Vitro 

Lymphocyte cultures (1×10
6
 cells/ml) were prepared 

from peripheral heparinized venous blood of healthy 

non-smoking donors, aged 35–48 years, by applying the 

standard method of Evans (1984). Each culture contained 

RPMI 1640 medium (Sigma, Germany), 12 % calf serum 

(Sigma, Germany), 40 μg/ml gentamycin (Pharmacia, 

Bulgaria) and 0.1% phytohemagglutinin (PHA) (Sigma, 

Germany). The lymphocyte cultures were treated as 

described below.  

The experiments were in compliance with the 

Declaration of Helsinki. Voluntary written informed 

consent was obtained from all participants. 
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F. Experimental Design 

1) Cytotoxic and/or genotoxic effect of Salvia 

officinalis water extract 

Hordeum vulgare meristems were treated with sage 

water extract for 60 min in concentrations of 10–100 

μg/ml; human lymphocyte cultures were treated for 60 

min in concentrations of 5–100 μg/ml. Barley cells were 

treated for 60 min with 300 μg/ml of zeocin and human 

lymphocyte cultures, for 15 min with 150 μg/ml.  

Untreated cells were used as a negative control in both 

test systems. 

2) Anti-cytotoxic and anti-genotoxic potential of 

sage  

To study the anti-cytotoxic and anti-genotoxic 

potential of S. officinalis, the most appropriate 

concentrations were chosen based on our preliminary 

experiments. Two experimental designs were applied: 

3) Hordeum vulgare: 

 Conditioning treatment (for 60 min) with Salvia 

officinalis water extract (100 μg/ml) followed by 

4 h inter-treatment time and challenge treatment 

(for 60 min) with zeocin (300 μg/ml).  

 Treatment (for 60 min) with Salvia officinalis 

water extract followed immediately by zeocin 

treatment (60 min) without any inter-treatment 

time.  

After the treatment and recovery times (18, 21, 24, 27 

and 30 h) at 24
o
C, each sample was added 0.025% 

colchicine (2 h) in a saturated solution of α-

bromonaphthaline. The meristems were fixed in a 

mixture of ethanol and acetic acid (3:1), hydrolyzed in 1 

N HCl at 60
o
C for 9 min and stained with Schiff’s 

reagent at room temperature for 1 h. The root tips were 

macerated in a 4% pectinase solution for 12 min and 

squashed onto slides for scoring of metaphases with 

chromosome aberrations.  

4) Human lymphocytes in vitro: 

 Conditioning treatment (for 60 min) with Salvia 

officinali  water extract (50 μg/ml) followed by 4 

h inter-treatment time and challenge treatment 

with zeocin (150 μg/ml).  

 Treatment (for 60 min) with Salvia officinalis 

water extract followed immediately by zeocin 

treatment (15 min) without any inter-treatment 

time.  

After each treatment the cultures were washed in a 

serum-free RPMI medium and the cells were incubated 

in a fresh medium at 37°C. At the 72
nd

 hour of 

cultivation 0.02% colchicine was added to each culture 

and the cells were hypotonized in 0.56 % KCl. The cells 

were fixed in a mixture of methanol: glacial acetic acid 

(3:1). After centrifugation each cell culture was dropped 

on clean slides and was stained in 2% Giemsa.  

5) Endpoints 

The marker for cytotoxicity was mitotic index (MI). It 

was calculated according to the formula: MI = A/1000, 

where A is the number of dividing cells. 

To evaluate the chromosome aberrations (CA) at least 

800 well-spread metaphases of each sample were scored 

for both test-systems. Chromatid breaks (B’), 

chromosome breaks (B”), chromatid translocations (T), 

intercalary deletions (D), duplication-deletions (DD), 

dicentrics (DC) and ring chromosomes (RC) were 

determined. The yield of “aberration hot spots” was 

evaluated in barley, using an adapted formula for 

comparison of the upper limit of confidence interval 

from the expected and observed chromatid aberrations in 

individual loci and evaluation of “aberration hot spots” 

(Jovtchev et al., 2010, Rieger et al., 1975). 

To calculate the micronuclei, 3000 cells per sample 

were scored. Colchicine was omitted and the cells were 

directly fixed at 30 h after treatment for Hordeum 

vulgare and at 72 h after PHA stimulation for human 

lymphocyte cultures. 

6) Statistical analysis 

The metaphases were analyzed for the presence of 

chromosome aberrations (MwA± SD). The percentage of 

MwA in M1 mitosis was determined. Induced 

micronuclei (MN % ± SD) were evaluated.  

An adapted formula was used for comparison of the 

upper limit of confidence interval of the expected and 

observed chromatid aberrations in individual loci and 

evaluation of “aberration hot spots” in barley (Rieger et 

al., 1975; Jovtchev et al., 2010: Gateva et al., 2011; 

Gateva et al., 2014).  

Data are mean values from three independent 

experiments for both test-systems. The results were 

analyzed statistically by the Fisher exact-test. 

III. RESULTS  

The cytotoxic effect of Salvia officinalis water extract 

evaluated based on the value of the mitotic index (MI) in 

both test systems is shown in Fig. 1. The sage extract had 

no or only a weak cytotoxic effect (p < 0.05) in Hordeum 

vulgare when applied in a concentration range of 10 

μg/ml – 100 μg/ml as compared to the untreated cells 

(Fig. 1a). Sage water extract was shown to possess a low 

cytotoxic effect in human lymphocytes in the 

concentration range of 5 μg/ml – 100 μg/ml compared 

with the negative control (Fig. 1b). The most cytotoxic 

concentrations (p < 0.01) were 50 and 100 mg/ml, 

decreasing the MI to 30 % from the value of the 

untreated control (100%).  

 
Figure 1. Mitotic activity evaluated based on the value of the mitotic 

index observed after treatment with Salvia officinalis water extract: in 

Hordeum vulgare (a) and in human lymphocytes in vitro (b). Data are 

mean values from three independent experiments. The mitotic activity 
in all treated variants was calculated as a percentage of the untreated 

control. *p < 0.05, **p < 0.01. 

No effect of DMSO on the investigated parameter was 

observed in both test systems (data not shown). 
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The genotoxic/clastogenic activity of sage water 

extract was calculated based on induction of 

chromosome aberrations and micronuclei. Based on the 

yield of chromosome aberrations, a well expressed 

clastogenic effect (p < 0.05, p < 0.001) was observed in 

both test systems, with a clear dependence on the applied 

concentrations (Fig. 2). Lymphocyte cultures were more 

sensitive to Salvia officinales water extract than 

Hordeum vulgare. The yield of chromosome aberrations 

increased from 2.4- to 5.3-fold in human lymphocytes 

and from 2.0- to 3.8-fold in barley compared with the 

negative control.  

 
Figure 2. Chromosome aberrations induced after treatment with Salvia 

officinalis water extract: in Hordeum vulgare (a) and in human 

lymphocytes in vitro (b). Data are mean values from three independent 
experiments. *p < 0.05; ***p < 0.001.  

No effect of DMSO on the investigated parameter was 

observed in both test-systems (data not shown). 

There was a 3-fold increase in the percentage of 

induced micronuclei (p < 0.001) in human lymphocytes 

with increasing the concentrations of extract. compared 

with the control and 2.3-fold in H. vulgare, respectively 

(Fig. 3 ).  

 
Figure 3. Micronuclei induced after treatment with Salvia officinalis 

water extract: in Hordeum vulgare (a) and human lymphocytes in vitro 
(b) test-systems. Data are mean values from three independent 

experiments. ***p < 0.001. 

A narrow spectrum of chromosome aberrations after 

sage extract treatment was observed in both test systems. 

Mainly chromosome breaks (В"), followed by a low 

percent of chromatid breaks (В') were observed. 

A. Anti-Cytotoxic and Anti-Genotoxic Potential of 

Salvia Officinalis Water Extract 

The anti-cytotoxic potential of sage water extract in 

both test systems is demonstrated in Fig. 4. Our results 

showed an increased (p < 0.001) value of mitotic activity 

after conditioning treatment with Salvia water extract in 

low-toxic concentrations prior to zeocin treatment with a 

high harmful concentration and 4-hour inter-treatment 

time compared to that in cells treated with zeocin only in 

both types of test-systems (Fig. 4(a), Fig. (b)). The 

cytotoxic effect of zeocin also decreased when Salvia 

extract was applied in a low-toxic concentration 

immediately before the radiomimetic without any inter-

treatment time in human lymphocytes (Fig. 4 (b)).  

The anti-genotoxic/anti-clastogenic potential of Salvia 

officinalis water extract evaluated as induction of 

chromosome aberrations and micronuclei in both test-

systems is presented in Fig. 5 and Fig. 6. The clastogenic 

effect of zeocin calculated based on chromosome 

aberrations decreased 2.6-fold in barley and 1.5-fold in 

human lymphocytes after conditioning treatment with a 

low-toxic concentration of Salvia extract followed by 4-

hour inter-treatment time and a toxic high concentration 

zeocin (Fig. 5). The yield of chromosome aberrations of 

zeocin was also reduced (p < 0.001) when the 

radiomimetic was given immediately after the treatment 

with Salvia extract in both test-systems (Fig. 5). 

 
Figure 4. Anti-cytotoxic potential of Salvia officinalis  water extract 

evaluated based on the value of the mitotic index after treatment with 

sage and zeocin in two experimental designs in: (a) Hordeum vulgare, 

(b) human lymphocytes in vitro. The mitotic activity in all treated 
variants was calculated as a percentage of the untreated control. Data 

are mean values from three independent experiments. ***p < 0.001.  

 
Figure 5. Anti-clastogenic potential of Salvia officinalis water extract 

evaluated based on the yield of chromosome aberrations after treatment 
with sage and zeocin in two experimental designs in: (a) Hordeum 

vulgare, (b) human lymphocytes in vitro. Data are mean values from 

three independent experiments. ***p < 0.001. 

 
Figure 6. Anti-clastogenic potential of Salvia officinalis water extract 
evaluated based on the yield of micronuclei after treatment with sage 

and zeocin in two experimental designs in: (a) Hordeum vulgare, (b) 
human lymphocytes in vitro. Data are mean values from three 

independent experiments. ***p < 0.001. 

The yield of micronuclei depends on the test system 

and the experimental design. The yield of micronuclei 
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was reduced approximately 1.5-fold in barley and 2.4-

fold in human lymphocytes (p < 0.001) after 

conditioning treatment with low-toxic concentration of 

Salvia water extract prior to a harmful concentration of 

zeocin and 4-hour inter-treatment time compared with 

zeocin treatment only (Fig. 6 (b)). A lower yield of 

micronuclei compared with zeocin treatment was 

calculated (p < 0.001) after treatment with Salvia extract 

without any inter-treatment time prior to zeocin only in 

human lymphocytes. In Hordeum vulgare the yield of 

micronuclei was comparable to that after treatment with 

zeocin only (Fig. 6 (a)).  

 

 
Figure 7. “Aberration hot spots” evaluated after treatment with: (a) zeocin (300 μg/ml) and (b) conditioning treatment with a low-toxic concentration 

of Salvia officinalis extract (100 μg/ml) 4 h inter-treatment time and a challenge treatment with a high toxic concentration (300 μg/ml) of zeocin in the 

reconstructed barley karyotype MK14/2034. Centromers are labeled in dark grey and NORs of chromosome 6 and 7, in light grey. White columns 
represent the observed isochromatid breaks; grey columns indicate the calculated breaks based on the segments length. The asterisks denote 

“aberration hot spots”. Data are mean values from three independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001. 

TABLE I. OBSERVED “ABERRATION HOT SPOTS” AFTER DIFFERENT TREATMENT DESIGNS IN HORDEUM VULGARE ROOT TIP MERISTEN CELLS OF THE 

RECONSTRUCTED KARYOTYPE MK 14/2034 

 Number of 

observed  

cells 

versus 

 

Observed “hot spot segments” (%) 

Treatment 

variants 

Number of  

observed 

breaks 

Non- 

hot spot 

segments 

(%) 

7  

Chr.1
7
 

10  

Chr.2 

15  

Chr.3
4
 

17 

Chr.3
4
 

20 

Chr.4
3
 

21 

Chr.4
3
 

24 

Chr.4
3
 

26 

Chr.4
3
 

28 

Chr.4
3
 

34 

Chr.5 

39 

Chr.6 

41 

Chr.6 

43 

Chr.7
1
 

46 

Chr.7
1
 

48 

Chr.7
1
 

Control 
2000 cells 

87 breaks 
100  - - - - - - - - - - - - - - - 

Sal 10 

µg/ml 

2000 cells 

169 breaks 
100  - - - - - - - - - - - - - - - 

Sal 50 

µg/ml 

2000 cells 

207 breaks 
88.5   - - - - - - - - - - - - 11.5 - - 

Sal 100 

µg/ml 

2000 cells 

281 breaks 
74.8  - - - - - 8.0 - 8.0 - - - - - 9.2 - 

Zeo 300 

µg/ml 

3000 cells 

968 breaks 
33.4  5.7 3.8 9.6 4.9 - 6.1 4.3 5.1 4.2 5.7 6.6 6.0 - 4.6 - 

Sal 100 

µg/ml 

→4h→Z

eo 300 

µg/ml 

1250 cells 

275 breaks 
81.0  - - - - 11.9 - - - - - - 7.1 - - - 

Sal 100 

µg/ml 

→0h→Z

eo 300 

µg/ml 

1250 cells 

314 breaks 
67.0  - - - - - 11.0 - - - - - 

11.

0 
- - 11.0 
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“Aberration hot spots” (AHS) were evaluated in barley 

metaphase chromosomes of the first mitosis after 

treatment (Fig. 7). Zeocin treatment alone induced twelve 

AHS, whereas the sage extract showed a dose-dependent 

manner of “hot spot” formation: Salvia at a concentration 

of 10µg/ml induced no AHS; at 50µg/ml, one AHS; and 

at 100µg/ml, three AHSs (see Table I). All AHS were 

isochromatid breaks. The yield of “aberration hot spots” 

was decreased when both experimental designs with 

conditioning and challenge treatment were applied. 

Nearly 2.5-fold reduction of AHS was observed after 

treatment with Salvia extract and zeocin without any 

inter-treatment time. A six-fold decrease in the level of 

AHS was achieved when sage extract was applied as a 

low-toxic conditioning treatment prior to zeocin 

challenge and 4-hour inter-treatment time compared to 

zeocin treatment only. Zeocin induced specific 

‘‘aberration hot spots’’ in barley which were either 

limited to heterochromatin-containing segments around 

the centromers (50%) or to terminal segments (50%). 

After additional treatment with sage extract the breaks do 

not more concerns to proximal heterochromatin-areas 

near (Fig. 7). This is a visible improvement because 

aberrations within proximal heterochromatin-containing 

segments and centromers seem to be more harmful for 

survival than those induced in gene-rich regions (Künzel 

et al. 2001). 

The reduced clusters of AHS were located mostly in 

terminal chromosome segments (see Table I). The 

change in the location of AHS (proximal or terminal 

chromosomal regions) seems to be agent specific. In our 

previous study (Kopaskova et al. 2012) we found that 

extract from Lilium candidum reduced the yield of AHS 

in barley significantly, but did not affect their location. 

On the other hand, Papaver rhoeas extract (Gateva et al., 

2014) showed characteristics similar to those of Salvia 

officinalis extract, i.e. reduction of proximal 

heterochromatin-rich region as “aberration hot spots”. 

The spectrum of induced chromosome aberrations 

depends on the experimental design and the test system. 

The treatments applying both schemes of experimental 

designs – with 4-hour inter-treatment time and without 

any inter-treatment time between conditioning treatment 

with sage extract and challenge treatment with zeocin 

induced a more diverse spectrum of chromosome 

aberrations in human lymphocytes than in Hordeum 

vulgare (data not shown). 

IV. DISCUSSION 

Oxidative stress results from overproduction of ROS 

and also from imbalance between their production and 

the organism’s ability to detoxify them or repair the 

DNA damage. ROS possess high reactivity and could 

affect cellular functions and integrity. Oxidative stress 

can cause injuries in DNA such as DSBs, changes in 

major and minor grooves, changes in double helix, and 

could destroy proteins and lipids (Al-Saadi et al., 2012). 

It can also cause DNA–DNA and DNA–protein cross 

links and mismatches between nucleotide pairing (Aust 

and Eveleigh, 1999). 

The biological activities of medical herbs such as 

Salvia officinalis that may protect cells against oxidative 

stress-induced damage are being investigated (Xavier et 

al., 2009, Al-Ezzy et al., 2011). In order to regulate the 

application of herbs in medicine it is essential to study 

their safety. Attention is particularly paid for the herbs 

used in traditional medicine to have low cytoxicity and 

genotoxicity. Many plants used in traditional and folk 

medicine have been reported to be potentially cytotoxic, 

mutagenic, and/or carcinogenic (Mengs, 1988, Ferreira-

Machado et al, 2004, Gadano et al., 2006). For example, 

Ewadh et al. (2013) showed that notwithstanding their 

remedial properties, some extracts may cause harmful 

side effects. 

The results presented here show no or just a low 

cytotoxic effect of Sage water extract in the 

concentrations applied by us. The clastogenic effect of 

Salvia officinalis extract was clearly dose-dependent in 

both test-systems. Barley root tip meristem cells could be 

considered to be more tolerant to the sage extract than 

human lymphocytes. Our data are in agreement with 

Vujošević and Blagojević (2004), who showed that sage 

extract used at a high concentration (100 μl/kg) is 

cytotoxic in a mammalian test system in vivo. According 

to Dogan (2004) and Lima et al. (2004), the use of higher 

doses of S. officinalis is not recommended because its 

essential oil contains tannins, toxic thujone and eugenol 

compounds. Contradictory results also exist. Mathew and 

Thoppil (2012 b) reported no genotoxicity of S. 

officinalis extract. According to the authors, 

administration of S. officinalis extract alone does not 

produce any significant variation of micronucleated 

polychromatic erythrocytes compared with the control. 

Al-Ezzy et al. (2010) showed that aqueous extract of 

sage has the ability to increase the mitotic index in bone 

marrow cells in albino male mice as compared to the 

negative control and in mice treated with cytosar drug 

that caused reduction in mitotic index. 
In the present study, our interest was also focused on 

the anti-cytotoxic and anti-genotoxic potential of sage 

water extract against the DSBs inducer zeocin. It is well 

known that unrepaired DSBs can lead to cancer, serious 

diseases and/or cell death (Rich et al., 2000, Alfadda and 

Sallam, 2012). In our study, we observed a protective 

effect of S. officinalis extract against zeocin. The 

cytotoxic and clastogenic effects of the radiomimetic 

were decreased when S. officinalis water extract was 

applied as a conditioning treatment with a higher but 

low-toxic concentration prior to challenge treatment with 

a high toxic concentration of zeocin and 4 h inter-

treatment time in both test systems. Our results are in 

agreement with the study of Mathew and Thoppil, (2012 

a) on Swiss albino mice, where pre-treatment with 

methanol extract of S. officinalis at higher concentrations 

50, 75 and 100 mg/kg was shown to lead to a significant 

decrease in the frequency of methyl parathion induced 

micronuclei and DNA damage assessed by comet assay. 

In another study, Mathew and Thoppil (2012 b) showed 

that pre-treatment with extracts of three Salvia species 

decreased not only the micronuclei in polychromatic 
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erythrocytes, but also the chromosome aberrations 

induced by methyl parathion. The data presented by us 

are also in accordance with the study of Alkan et al. 

(2012) where S. officinalis methanolic extract reduced 

the micronucleated polychromatic erythrocytes and 

increased the ratio of polychromatic erythrocytes to 

normo-chromatic erythrocytes induced by 

cyclophosphamide in Wistar albino rat bone marrow. 

Hudecova et al. (2012) showed that plant extracts from 

Gentiana asclepiadea and Armoracia rusticana applied 

in non-toxic concentrations in split treatment with zeocin 

decrease the DNA damage caused by zeocin to more than 

50% and enhance the adaptive response (AR) in human 

lymphocytes. Our data are in agreement with these 

results and are also in accordance with our previous 

study where conditioning treatment with Papaver rhoeas 

extract followed by 4 h inter-treatment time and zeocin 

challenge treatment showed induction of AR (Gateva et 

al., 2014). The results from our present study that the 

genotoxic effect of the radiomimetic was decreased more 

than 2-fold, indicate AR induction after conditioning 

treatment with sage extract, 4 h inter-treatment time and 

challenge treatment with zeocin. Many studied show that 

AR could activate DNA repair networks (Miura et al., 

2004), de novo protein synthesis (Tosello et al., 2007), 

and antioxidants (Achary 2009).  

Based on the reconstructed barley karyotype, our 

results could allow for a valuable detailed interpretation 

of the chromosome-specific effect of the Salvia extract 

applied as conditioning treatment followed by challenge 

treatment with ROS inducer zeocin. Stoilov et al. (2013) 

investigated the potential of different cytological 

reconstructed barley karyotypes to overcome single- and 

double-strand DNA breaks induced by bleomicyn, a well 

known ROS inducer. In some cases there were 

remarkably increased aberration yields, on the one hand, 

but on other hand, higher sensitivity was not related to 

any specific clastogenic response of particular 

chromosome regions. In our previous studies we reported 

specific ‘‘aberration hot spots’’ in barley induced by the 

ROS inducer paraquat (Jovtchev et al., 2010; Gateva 

2012). They are mostly limited to heterochromatin-rich 

segments and only isochromatid breaks appeared as 

aberration clustering. In the present investigation we 

found that treatment with zeocin induced 12 specific 

AHS, equally located in heterochromatin-containing 

regions and terminal segments. When conditioning 

treatment with S. officinalis water extract was given prior 

to zeocin challenge treatment, the AHS were decreased 

significantly (2.5- to 6-fold) compared to those observed 

following zeocin treatment alone. The fact that after the 

conditional treatment the heterochromatin-regions no 

longer appeared to be an “aberration hot spot,” 

underlines the specificity of the plant extracts. This is 

particularly interesting, considering the fact that the 

reduced aberration frequency by other plant extracts 

and/or mutagens is not imperatively connected to the 

chromosome segments were AHS are manifested 

(Kopaskova et al., 2012; Stoilov et al., 2013). 

Our data here also showed that the cytotoxic and 

genotoxic effects of zeocin were also decreased in 

samples without any inter-treatment time between the 

sage extract treatment and zeocin in both test systems. 

This indicates that the protective effect of sage extract is 

exhibited irrespective of the experimental design and the 

test system. This is in correspondence with the study of 

Vujošević and Blagojević (2004), who obtained that 

post-treatment with terpenoid fractions of sage 

suppressed the effects of Mitomycin C in a mammalian 

system in vivo. The authors calculated that the percent of 

aberrations induced by Mitomycin C alone decreased 

with increasing the concentrations of sage.  

Nikolić et al. (2012) showed that multiple mechanisms 

are involved in the anti-mutagenicity/anti-genotoxicity of 

sage and basil extracts and pure monoterpenes, using 

Escherichia coli K12 assay and modified standard 

mutagenicity tests (E. coli K12, Salmonella/microsome 

and S. cerevisiae reversion assays). Many reports 

indicated that the anti-mutagenic potential of S. 

officinalis extracts is probably due to the bioactive 

components present in it (Fleming, 1998; Dent et al., 

2013). Salvia extracts contain a plethora of compounds 

including polyphenols, terpenoids and flavonoids (Dogan, 

2004; Slamenova et al., 2004; Lima et al., 2005). These 

phytochemicals can act as antioxidants (Miura et. al., 

(2002) and cell prolipherative stimulators (Mathew and 

Thoppil 2012 a). Sage is a natural source of flavonoids 

and polyphenolic compounds (e.g., carnosic acid, 

rosmarinic acid and caffeic acid) possessing strong anti-

oxidant, radical-scavenging, and anti-bacterial activities 

(Cuvelier et al., 1994, Dorman et al., 2003; Lima et al., 

2007; Baranauskiene et al., 2011). Weisburger (2001) 

also reported protective effects of phenolic compounds 

against deleterious genotoxic carcinogens by scavenging 

reactive oxygen species (ROS) and enhancing host 

antioxidant defence systems.  

Pradhan and Girish (2006) reported glutathione-

enhancing and liver regenerative effects of Salvia 

officinalis. The plant extract had a high free radical 

scavenger activity expressed as a reactive reaction % in a 

dose-dependant manner. Knezevic-Vukcevic et al. (2007) 

suggested that the protective effect of sage 

monoterpenoids was through enhanced recombinational 

repair and excision repair.  

The results from our cytogenetic analysis using 

chromosome aberrations and micronuclei as endpoints 

and applying various experimental designs showed a 

well expressed protective effect of S. officinalis water 

extract against the oxidative stress inducer zeocin. The 

protective effect was demonstrated in phylogenetically 

distant test systems that have different susceptibility. The 

anti-cytotoxic and anti-clastogenic effects of sage extract 

could indicate AR induction and also correspond to 

antioxidant properties of plant extract well documented 

in other studies.  

Plant extract from S. officinalis could be used as a 

natural and alternative means of preventing oxidation. 

The present work could be useful in further health 
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research programs and prophylactic therapy using natural 

plant extracts.  

V. CONCLUSIONS 

1) Sage water extract alone showed no or just low 
cytotoxic effect and clastogenic effect clearly dependent 
on the concentration and the test system. Human 
lymphocytes in vitro as a test system were more 
susceptible to S. officinalis extract than H. vulgare. 

2) S. officinalis water extract applied in a higher but 
low-toxic concentration showed well expressed anti-
cytotoxic and anti-clastogenic effect against the 
radiomimetic zeocin.  

3) S. officinalis water extract could provide genome 
protection against the harmful action of genotoxins such 
as zeocin. The protective effect was manifested 
irrespective of the experimental design and the test 
system. 

4) The analysis of ‘‘aberration hot spots’’ in the 
reconstructed barley karyotype MK14/2034 after zeocin 
treatment showed that ~65% of all isochromatid breaks 
were clustered within 12 chromosome segments only. All 
AHS were found to be within heterochromatin-
containing or terminal segments. AHS were reduced and 
no longer located in heterochromatin-rich regions after 
sage treatment following different experimental designs. 
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