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Abstract. Stevia rebaudiana (Bertoni) Bertoni (Asteraceae) and Salvia hispanica 
L. (Lamiaceae) (chia) are functional foods used worldwide  today. Additionally, 
aerial parts of both plants contain valuable secondary metabolites. Chemical 
composition of stevia and chia exhibits wide variations depending on geographic 
region, climatic conditions, time of plant collection etc. Nowadays there is a renewed 
interest on plants bioactive compounds concerning two important health problems: 
contamination of the environment with agrochemicals and inability to treat cancer. 
The aim of this study was to evaluate allelopathic and in vitro anticancer activity of 
water extracts made from the aerial parts of micropropagated stevia and chia grown 
in Bulgaria in laboratory conditions. The allelopathic potential was evaluated using 
germination and root/shoot elongation assays and Allium cepa-test. Water extracts 
of plants tested had no significant influence on seed germination, but affected 
seedling growth. Chia was more effective in suppressing growth, as compared to 
stevia. Effective Concentration causing 50% growth inhibition (EC50) value was 
determined: 11.12 g/l (stevia) and 6.17 g/l (chia). After exposure to extracts (EC50, 
for 24 h) mitotic indices in root meristem cells were extremely low. In such a case 
it is not recommended to score chromosomal aberrations. The results of the study 
revealed that water extract of chia possess much stronger allelopathic activity than 
stevia. Cytotoxic effect in vitro was evaluated using cell proliferation/viability of 
human hepatoma cell line SK-HEP-1. In the present study, stevia and chia water 
extracts had no influence on cancer cell line tested. 
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Introduction
Stevia rebaudiana (Bertoni) Bertoni (Asteraceae) and Salvia hispanica L. 

(Lamiaceae) are functional foods used worldwide. Stevia rebaudiana (stevia) 
is a natural sweetener and seeds of Salvia hispanica (chia) – a valuable food 
ingredient. Additionally, aerial parts of both plants contain different secondary 
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metabolites and are used in traditional medicine (Gupta et al., 2013; Ali et al., 
2012). 

Nowadays there is a renewed interest on plant bioactive compounds concerning 
two important problems affecting human health: environmental pollution and ina-
bility to treat cancer. Urgent needs of the world today are to reduce the use of agro-
chemicals and to find new effective anticancer drugs. Scientific studies have proved 
that herbal secondary metabolites could be useful tool for both problems solving. 
Some of them have allelopathic potential and could be used to control pests (Fujii et 
al., 2003; Gilani et al., 2010; Devkota et al., 2013; Kakati & Baruah, 2013). Addi-
tionally, various plant products possess promising anticancer properties (Gautam et 
al., 2014) and have shown cytotoxic effects on tumor cell lines (Reddy et al., 2003). 

Some representatives of stevia and chia have been shown to contain allelochem-
icals in aerial parts (Taware et al., 2010; Ahmed et al., 1994). There are reports on 
antitumor activities of Stevia rebaudiana leaves (Jayaraman et al., 2008). Valuable 
metabolities were found in chia leaves (Amato et al., 2015). Chemical composition 
of stevia (Montoro et al., 2013) and chia (Ahmed et al., 1994) exhibits significant 
variations depending on the geographic region, climatic conditions, time of plant 
collection etc. 

The aim of this study was to evaluate allelopathic and in vitro anticancer activity 
of water extracts made from the aerial parts of micropropagated Stevia rebaudiana 
and Salvia hispanica L. grown in Bulgaria in laboratory conditions. For this pur-
pose, the following experimental approaches have been used: (1) germination and 
root/shoot elongation; (2) Allium cepa-test and (3) cell proliferation/viability of 
human hepatoma cell line SK-HEP-1.

Materials and methods
Plant extracts
Micropropagated plants (Zayova et al., 2013; 2016) were grown in the exper-

imental field of Institute of plant physiology and genetics near Sofia, Bulgaria. 
Aerial parts of plants cut about 30 cm from the top were collected in the summer of 
2014 and dried at room temperature. 

Hot water extracts of air-dried and finely ground aerial parts were prepared and 
then allowed to cool to room temperature: stevia was boiled for 15 min and chia 
was covered with boiling deionized water for 60 min. Extracts were then filtered 
through filter paper. Based on our previous experiments (data not shown) stevia ex-
tracts were prepared at concentrations 2, 4, 6, 8, 10, 12 and 14 g/l and chia extracts 
– at concentrations 5, 6, 7, 8, 9 and 10 g/l.

Phytotoxicity testing
For germination and root/shoot elongation, seeds of Triticum aestivum L. were 

used. Seeds were thoroughly rinsed with tap water and deionized water. After that 
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seeds were placed between two sheets of filter paper and dried at 25 ˚C. Twenty 
seeds were placed on filter paper in each of ten Petri dishes (11 cm in diameter). 
Five ml of each extract or deionized water as a control were applied to the seeds. 
The dishes were sealed and incubated at 25 ˚C ± 1 ˚C for 72 h. Three replications 
of each treatment were done.

Germination assay 
Germination was determined by counting the number of germinated seeds. Final 

germination was expressed as percentage after statistical analyses performed on the 
raw data.

Root/shoot elongation assay. The length of the roots and shoots of germinated 
seeds was measured. The percentage of root and shoot growth inhibition in relation 
to the control for each extract was determined. Seeds that did not germinate were 
not included in the root/shoot elongation test. 

Determination of the effective concentration causing 50% growth inhibition 
(EC50) value

A growth curve was drawn: root length as percent of control (ordinate) against 
test concentrations (abscissa). From the growth curve EC values were obtained: 
EC50 = the effective concentration that decreased root growth about 50% when 
compared to the negative control group (deionized water, 100%) (Fiskesjö, 1985; 
Rank, 2003). 

Allium cepa L.-test
Potential cytotoxicity and genotoxicity of water extracts were estimated 

using Allium cepa L. as test object. The onion bulbs were purchased from a 
biofarm certified to the BCS Öko Garantie; GLOBAL G.A.P and IFS Food. 
The outer scales of the bulbs and the old dry roots were carefully removed 
without destroying the root primordia. The bulbs were kept for root germina-
tion in deionized water for 24 h. Bulbs with new roots with length of 1.5 cm 
were placed in water extracts tested and were allowed to root for 24 h at 25±1 
ºC. Then the root tips were washed thoroughly with deionized water, fixed in 
a Clarke’s fixative (95% ethanol: acetic acid glacial, 3:1) for 90 minutes and 
hydrolyzed in 1N HCl for 8 min and in 45% acetic acid for 60 min at room 
temperature. Then they were stained for 90 min in 1% aceto-orcein and the ter-
minal root tips (1-2 mm) were excised and squashed in 45% CH3COOH. Each 
sample and control group consisted of 9 meristems from 3 bulbs. At least 1000 
cells of each root meristem were analyzed. The microscopic analysis included 
assessment of the mitotic index and aberrant cells. The mitotic index was de-
termined as a ratio between the number of cells in mitosis and the total number 
of analysed cells. 
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In vitro cytotoxicity assay
Solutions of plant extracts at concentration corresponding to determined EC50 

value were used in order to evaluate their effects on cancer cell proliferation/vi-
ability. The SK-HEP-1 was obtained from National Bank for industrial Microor-
ganisms and Cell Cultures (Bulgaria). The cells were maintained as adherent in 
controlled environment: DMEM medium, supplemented by 10% heat-inactivated 
fetal calf serum, in incubator at 37 ºC, 5% CO2 and humidified atmosphere. In order 
to keep cells in log phase, the cultures were refed with fresh medium two or three 
times/week. 

Cell proliferation/viability was assessed using Premixed WST-1 Cell Prolifer-
ation Reagent. The assay principle is based upon the reduction of the tetrazolium 
salt WST-1 to formazan in the mitochondria of living cells. Exponentially growing 
cells were seeded in 96-well flat-bottomed microplates (100 μl/well) at a density 
of 1×105 cells per ml. Time of treatment was 24 hours. Solutions were freshly pre-
pared in DMEM and filtered using 0.22 µm filter. Four hours before the end of incu-
bation time, cell proliferating reagent WST-1 (10 μl/well) was added to the culture 
media. Microplates were further incubated for 4 hours at 37 ºC. The absorbance of 
formazan product was quantitated at 450 nm using an ELISA reader. The cell sur-
vival fractions were calculated as a percentage of the untreated control (untreated 
control = 100%). 

Statistical analysis 
Experimental data were processed by Student’s t-test. 

Results 
Germination assay
Allelopathic effect of water extracts on germination percentage of T. aestivum 

L. is shown in Tables 1 and 2. Stevia inhibited seed germination only after treat-
ment with concentrations above 10 g/l. There was no clear dose-dependent effect. 
Similarly, chia extracts had no significant effect on germination. A nonlinear effect 
has also been observed: for example, treatment with 5 g/l and 10 g/l had the same 
effect (inhibition by 5.36%).
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Table 1. Effect of water extracts of Stevia rebaudiana on germination of T. 
aestivum L. seeds

Concentration, g/l
Germination

means ± SD %
0 17.67±1.53 100.00
2 17.67±1.53 99.98
4 18.67±1.15 105.64
6 18.67±1.53 105.64
8 16.33±2.31 92.44

10 16.00±1.00 90.55
12 14.33±2.08 81.12
14 12.33±3.79 69.80

Data are expressed as means ± SD (standard deviation); *P ≤ 0.05.

Table 2. Effect of water extracts of Salvia hispanica on germination of T. aes-
tivum L. seeds

Concentration, g/l
Germination

means ± SD %

0 18.50±1.00 100.00
5 17.75±0.50 95.95
6 18.75±0.50 101.35
7 17.75±0.96 95.95
8 18.00±0.82 97.30
9 17.25±2.22 93.24

10 17.25±1.89 93.24

Data are expressed as means ± SD (standard deviation); *P ≤ 0.05.

Root/shoot elongation assay
Notable inhibition of wheat growth by stevia was observed after treatment with 

concentrations above 10 g/l (Table 3). Unlike the germination, seedling growth 
was affected in dose dependent manner. Treatment affected root length of seedlings 
much more than shoot length. From the curve based on the obtained values of root 
length as percent of control against test concentrations EC50 value was obtained – 
11.12 g/l (Fig. 1).
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Table 3. Effect of water extracts of Stevia rebaudiana on root and shoot lenght 
of T. aestivum L.

root shoot
Concentration,

g/l
Average

length (mm)±SD
Growth

(%)
Average

length (mm)±SD
Growth 

(%)
0 51.58±10.95 100 18.55±4.16 100
2 46.29±11.97* 89.74 18.47±4.24 99.98
4 45.78±9.66* 88.76 18.94±4.15 102.12
6 40.62±10.36*** 78.75 18.16±4.14 97.90
8 36.60±9.72*** 70.96 15.55±3.81*** 83.80

10 27.67±8.79*** 53.64 14.54±3.41*** 78.39
12 24.34±6.38*** 47.19 13.48±2.97*** 72.68
14 19.87±5.84*** 38.52 10.38±3.07*** 55.96

Data are expressed as means ± SD (standard deviation); *P ≤ 0.05, ***P ≤ 0.001

Table 4. Effect of water extracts of Salvia hispanica on root and shoot lenght 
of T. aestivum L.

root shoot
Concentration,

g/l
Average

length (mm)±SD
Growth

(%)
Average

length (mm)±SD
Growth 

(%)
0 57.76±12.55 100.00 17.12±3.31 100.00
5 30.94±10.32*** 53.57 17.10±3.69 NS 99.89
6 30.77±8.95*** 53.27 13.85±4.14*** 80.88
7 19.19±7.05*** 33.22 13.09±3.46*** 76.46
8 18.96±6.75*** 32.82 12.42±2.73*** 72.53
9 18.37±7.15*** 31.80 12.42±3.66*** 72.57

10 19.71±6.12*** 34.12 12.42±3.66*** 72.57

Data are expressed as means ± SD (standard deviation); ***P ≤ 0.001

Table 4 summarizes the results about effects of chia extracts on wheat root and 
shoot growth. As can be seen, chia exerted a stronger inhibitory effect in compar-
ison with stevia: influence of 10 g/l chia extract was similar to influence of 14 g/l 
stevia extract. Respectively, EC50 value of chia is two fold lower than EC50 value 
of stevia – 6.17 g/l (Fig. 2).

Allium cepa-test 
Using Allim cepa-test the influence of plant extracts tested at concentration 

equal to EC50 values was determined. Both plants showed significant mitodepres-
sive effect – mitotic indices were extremely low (Table 5). In such a case it is not 
recommended to score chromosomal aberrations (Rank, 2003). 
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Table 5. Mitotic index and phase indices in root meristematic cells of Allium 
cepa L. exposed to water extracts of Salvia hispanica (11.12 g/l) and Salvia hispan-
ica (6.17 g/l) for 24 h

Mitotic index Prophase Metaphase Anaphase Telophase 
Sample % SD % SD % SD % SD % SD
Control 5.51 ±0.76 34.31 ±14.48 20.86 ±6.42 11.89 ±8.15 32.94 ±9.65
Stevia < 1.00 – – – –
Chia < 1.00 – – – –

Stevia – water extract from Stevia rebaudiana; Chia – water extract from Salvia hispanica; 
Control – deionized water; n – number. Data are expressed as means ±SD (standard devi-
ation).

 

Fig. 1. Determination of the Effective Concentration causing 50% growth inhi-
bition (EC50) value of water extracts of Stevia rebaudiana on root growth of T. 

aestivum L.
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Fig. 2. Determination of the Effective Concentration causing 50% growth inhi-
bition (EC50) value of water extracts of Salvia hispanica on root growth of T. 

aestivum L.

 

Fig. 3. Effect of Stevia rebaudiana and Salvia hispanica on proliferation/via-
bility of human hepatoma cell line SK-HEP-1. **P ≤ 0.01.

In vitro cytotoxicity assay 
Estimated EC50 values of plant extracts were used to evaluate effects on cell 

proliferation/viability (Fig. 3). After treatment cell viability was similar to those of 
control, respectively about 104% (stevia) and 119% (chia). 
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Discussion
Although stevia and chia are used mainly as functional foods, these plants con-

tain various bioactive compounds. From this point of view, a matter of interest are 
studies on plant extracts as a source of allelochemicals and anticancer agents. In 
present study allelopathic and in vitro anticancer activity of water extracts of mi-
cropropagated stevia and chia grown in Bulgaria was evaluated. It is known that 
micropropagation represents an approach to develop plants with constant traits. 
On the other hand, because of variation in secondary metabolites, studies on plants 
from different geographical regions are important. 

Effects of allelochemicals on sensitive plants can be easily tested in laboratory 
conditions: responses such as changes in seed germination, plant height and root 
length are estimated (Sampietro et al., 2009). The results of present study revealed 
that water soluble allelochemicals in plants tested have no significant influence 
on seed germination. Moreover, a nonlinear effect was observed. The inconsistent 
effects of extracts tested on germination are in accordance with data about other 
plants (Mutlu & Atici, 2009). It is known that plant interaction is a complex phe-
nomenon and even positive and negative effects could be observed at different con-
centrations of secondary metabolites (Baeshen, 2014). 

Seedling growth was affected to great degree in comparison with germination. 
The established growth reduction could be attributed to inhibitory effects of allel-
opathic substances in water extracts. Chia exerted much stronger growth inhibition 
as compared with stevia. In our study, root growth was more sensitive than shoot 
growth. Stronger inhibitory effect on root length as compared to shoot length was 
reported in other studies (Kakati & Baruah, 2013). A possible explanation is that the 
permeability of allelochemicals to root is greater than to shoot (Nishida et al., 2005). 

Allelochemicals can affect the plant growth by different manner: one of the 
principal mechanisms is the alteration in the mitotic index (Mohamed & El-Ashry, 
2012; Reigosa et al., 1999). Based on root growth inhibition data EC50 values were 
estimated. EC50 determination is widely used as a first step in cytogenetic studies 
on medicinal plants extracts (Sarkar et al., 2012; Namkeleja et al., 2013). In present 
study both plants at concentration EC50 inhibited cell division. The decline of the 
mitotic index after treatment indicates the occurrence of a cytotoxic effect (Leme 
& Marin-Morales, 2009).

The results of present study confirmed observations that many plants used in 
traditional medicine show allelopathic effect (Kakati & Baruah, 2013). Plants with 
proven allelopathic activity are an important potential source for alternative pest 
management strategies (Macias et al., 2003). A matter of interest is to identify spe-
cific allelochemicals in chia, which revealed significant inhibitory effect.

Contemporary medicine uses different plant-derived compounds to treat cancer 
(Kakati & Baruah, 2013). Cancer diseases still remind a great concern to modern 
society and secondary metabolites in medicinal plants are widely studied as po-
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tential anticancer agents. Cytotoxic effect on cancer cells in vitro can be detected 
using cell viability assay (Chen et al., 2015). In present study, stevia and chia water 
extracts had no influence on cancer cell line tested. One possible explanation could 
be the type of extraction, since in other study acetone and ethyl acetate extracts 
of Stevia rebaudiana were found to be cytotoxic to HEP2 cells, but water extract 
showed no pronounced antitumour activity (Jayaraman et al, 2008). So, our results 
confirm only the lack of anticancer activity of water extracts of plants tested, but 
not exclude future research on their possible medicinal application.

Conclusion
The results of present study revealed that water extracts from leaves of chia had 

much stronger allelopathic effect on the growth and development of T. aestivum 
L. as compared with stevia. The possibility of utilization of chia water extracts in 
agriculture needs to be studied further.

Water extracts from stevia and chia aerial parts had no influence on cell prolif-
eration/viability of SK-HEP-1cell line.
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