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Abstract. Betonica bulgarica Degen et Nei¢. (syn. Stachys bulgarica Hayek) is a Bulgarian endemic
plant included in Red Data Book of Bulgaria under the category “endangered”. The aim of the
present study is to provide data about the antimicrobial activity of B. bulgarica leaf, flower, seed,
stem and root methanolic extracts against Staphylococcus aureus ATCC 25923, Escherichia coli ATCC
25922, Bacillus cereus, Aspergillus ochraceus 2002 IM-BAS, Fusarium moniliforme 394 FN-9, Fusarium
graminearum 2294 IMI 155426 and Penicillium verrucosum 2003 NRRL F-143. Antimicrobial activity of
the extracts was evaluated by agar well diffusion method. Root extracts of B. bulgarica exhibited the
highest antibacterial activity against S. aureus and B. cereus with large zones of inhibition. All
extracts demonstrated either low and statistically insignificant activity against E. coli or a lack
thereof. As a whole, extracts of Ablanovo area (in Sinite kamani National Park) exerted the highest
activity against S. aureus, B. cereus and E. coli. Leaf, flower, stem and root extracts of B. bulgarica
showed either a lack of antifungal activity or low and statistically insignificant one.
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Introduction the Republic of Bulgaria under the category
Betonica bulgarica Degen et Nei¢. (syn. “endangered” (Genova, 2011). The known
Stachys bulgarica Hayek) is a Bulgarian locations of this species are Balkan Range
endemic plant included in Red Data Book of (Central and Eastern), Tracian Plain and
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Sinite Kamani Natural Park near to Sliven
(Grozeva et al., 2014, 2016; Gerdzhikova et
al., 2015).

Betonica (Stachys) species are widely used
in folk medicine and recently in official
medicine (Bankova et al,, 1999). They have
anti-inflammatory, immunomodulatory,
antimicrobial, anti-cancer and antioxidant
properties (Khavani et al., 2005, Amirghofran
et al.,, 2007; Salehi et al., 2007; Saeedi et al.,
2008; Morteza-Semnani & Saeedi, 2009;
Hajdari et al, 2010; Serbetci et al., 2010;
Sliumpaité et al., 2013; Jassbi et al., 2014;
Tzanova et al., 2018). Nowadays, the more
frequent use of plant extracts as natural food
preservatives and safer alternative of
antimicrobial agents brings about the
necessity to study their antimicrobial activity
(Mostafa et al., 2018). B. bulgarica is known to
have a high content of polyphenols and
flavonoids, which not only have antioxidant,
but also antimicrobial activity (Bankova et al.,
1999; Tzanova et al., 2018; Yakoub et al,
2018). Moreover, it is found that many species
from Betonica (Stachys) genus are rich in
essential oils, which also have antimicrobial
activity (Skaltsa et al., 2003; Grujic-Jovanovic
et al.,, 2004; Vundac et al., 2006; Salehi et al.,
2007; Morteza-Semnani & Saeedi, 2009;
Rusenova & Parvanov, 2009; Ebrahimabadi et
al., 2010; Hajdari et al., 2011; Dimitrova-
Dyulgerova et al., 2015). Because of that, even
though there are not data about the
antimicrobial activity of B. bulgarica, it could
be assumed that it exists.

Because the chemical polymorphism of
medicinal plants largely depends on various

factors such as geographic conditions,
collection time, vegetation phase, etc., the
survey of medicinal flora present in various
growing sites and countries is important part
of plant studies (Dimitrova-Dyulgerova et
al, 2015, Igwaran et al, 2017). The
differences of the chemical constituent’s
content could lead to variations of
antimicrobial activity of the cultivated
plants, because many chemical constituents
exert antimicrobial activity (Das et al., 2009).

The available literature is lacking data
about the antimicrobial potential of extracts
from different organs of B. bulgarica. This
motivated the present study which aims to
provide such findings from B. bulgarica leaf,
flower, seed, stem and root methanolic
extracts and to compare the antimicrobial
activities of different populations of B.
bulgarica.

Material and Methods

Plant material and extract preparation.
Aerial parts of Betonica bulgarica were
harvested from July to September in four
locations from naturally growing populations
in Bulgaria (Table 1; Figure 1). The roots
were collected at the end of the vegetative
period. The voucher specimens from studied
populations are kept in the herbarium of the
Agricultural University in Plovdiv (SOA).
Plant material was air-dried in shade at
room temperature and grounded in a
mechanical grinder (final powder size less
than 400 pm). The samples were stored in
the dark and cool rooms at 16 - 18 °C prior
to the analysis.

Table 1. Basic characteristics of the populations whence the plant materials of Betonica
bulgarica were collected (by Tzanova et al., 2018).

Popu- .
lation Location, voucher North East Elev. Ecological conditions
No number m a.s.l.
Balkan  Foothill Soil type - Cambisols (WRBSR,
Region, Lovnidol 2006). Herbaceous community
1 village, Pashova 42°59.079" 25°15.846" 368 dominated by Festuca pratensis. The

Livada area (SOA
062252)

terrain is slightly sloped (4° - 5°),
non-eroded, facing south-west.
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Balkan  Foothill Soil type - Cambisols (WRBSR,

Region, Lovnidol 2006). Herbaceous community

village, Above ., , o , dominated by Trifolium pratense

2 Avdjiiski trap 43°01.327° 257151547 508 L. The terrain is very slightly

area (SOA 062253) sloped (2° - 3°), non-eroded,
facing north-east.

Eastern  Balkan Open meadow of the Cclifs

Eange/ Smlt‘i‘ northwest. Herbaceous

amani  Natura o , o , community dominated by B.

3 Par}<, Karandilska 42°42.688" 26°22.872° 972 bulgarica. The terrain is slightly

poliana area (SOA sloped (4° - 5°), non-eroded,
062254) facing north-east.

Eastern Balkan Soil type - Chromic Luvisols

Range, Sinite (WRBSR, 2006); Open meadow

kamani  Natural on the edge of a mixed

Park,  Ablanovo deciduous forest comprising

area (SOA 062255) Carpinus betulus L., Quercus robur

4 42°40 638" 26°17.262 540 L., Ulmus minor Mill.,, Fraxinus

ornus L. and Crataegus monogyna
Jacq. The herbaceous community
is dominated by B. bulgarica. The
terrain is very slightly sloped (3°
- 4°), non-eroded, facing south-
east.

Above Avdjiiskiltrap

e

Karandilska polyana

“~ Ablanovo

Fig. 1. Map of the four locations of Betonica bulgarica populations.

The target compounds were extracted
by Soxhlet method, for 8h. As solvent was
used methanol in the ratio of plant material:
solvent 1:10. After filtration through 0.45 um
membrane, the extracts were concentrated
by rotary vacuum evaporator at 30°C

(Hossain & Rahman, 2015).

Tested microorganisms. In this study were
included  reference  bacterial  strains
(Staphylococcus ~ aureus ~ ATCC 25923,
Escherichia coli ATCC 25922) and a clinical
bacterial isolate (Bacillus cereus). The fungi
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strains were Aspergillus ochraceus 2002 IM-
BAS, Fusarium moniliforme 394 FN-9,
Fusarium graminearum 2294 IMI 155426 and
Penicillium verrucosum 2003 NRRL F-143. The
bacterial strains were stored at -20 °C. Prior
to use they were restored by trypticase soy
blood agar (Himedia, India). The fungal
strains were grown on Potato-glucose agar
(glucose 20.0 g, potatoes 200.0 g, yeast
extract 2.0 g, agar 20.0 g., pH 5.6).
Antimicrobial  activity. ~ Antimicrobial
activity of the extracts was evaluated by agar
well diffusion method described by

Velichkova et al. (2018). In brief, for
measuring  of  antibacterial  activity,
inoculums were prepared in saline

corresponding to 0.5 of the McFarland
standard (1.5x 10° CFU/mL) from 24 h
bacterial colonies incubated on trypticase
soy blood agar. 20 mL of Mueller Hinton
agar (Himedia, India) was poured in every
Petri dish. The wells were formed with a
sterile 6 mm cork borer after pre-application
of the inoculum with a sterile cotton swab.
The wells were filled with 100 pL of the
extracts. Positive control with gentamicin at
a concentration of 12.5 pg/mL and negative
with methanol was performed. The plates
were incubated at 37 °C for 24 h under
aerobic conditions.

For measuring of antifungal activity, 72
h old fungal cultures were grown on Potato
glucose agar. 20 mL of Potato glucose agar
was poured in every Petri dish. After
solidification, 0.1 mL inoculum of the fungal
strains (1-2 x 10* CFU/mL) was introduced
on the agar plate surface and the wells were
made by sterile cork borer of size 6.0 mm.
The wells were filled with 0.1 mL of the
methanol extract. An incubation period of 3-
7 days at 23°C was maintained.

Antimicrobial activity was evaluated by
measuring zones of inhibition of microbial
growth surrounding the plant extracts in the
wells. The zones of inhibition were
measured in millimeters. Antibacterial
activity was assumed in the presence of a
growth inhibition zone > 8.0 mm. The tests
were performed in triplicate to determine

the reproducibility of the results. The
complete experiment was carried out under
strict aseptic conditions.

Statistical analysis. All analytical assays
were carried out in triplicate and expressed
as mean values + standard deviation (SD).
Statistical analysis was performed with
Statistica 10, StatSoft Inc. (2007).

Results and Discussion

According to the experimental data
(Table 2) only leaf, flower and root
methanolic extracts of Betonica bulgarica
exhibited activity against S. aureus. The root
extracts have the highest antibacterial
activity. The zones of inhibition (ZI) at
concentration of 16 mg/mL were very large
(155 - 18.17 mm). Moreover, further
dilutions of the root extracts showed
concentration-dependent effect against S.
aureus and some activity even at
concentration of 0.25 - 1 mg/mL. Root
extracts from the area of Ablanovo exhibited
the highest activity against S. aureus (Z118.17
mm) and were active at concentration of 0.25
mg/mL (at 0.5 mg/mL there was
statistically significant difference with the
negative control). The leaf and flower
extracts demonstrated low and statistically
insignificant activity against S. aureus. Leaf
and flower extracts from the area of
Ablanovo again have the highest inhibitory
activity against S. aureus with ZI of 9.0 mm
and 9.33 mm, respectively.

All methanolic extracts of B. bulgarica
exhibited either low and statistically
insignificant activity against E. coli or a lack
thereof. Ablanovo root extracts showed the
highest activity (ZI 9.17 mm) followed by
leaf extracts from Karandilska polyana (ZI
9.00 mm).

Only root methanolic extracts showed
activity against B. cereus, with large ZI (11.17
- 125 mm) and statistically significant
difference with methanol control. Ablanovo
root extracts again demonstrated the highest
antimicrobial activity (ZI 12.5 mm).

As a whole, methanolic extracts from B.
bulgarica of Ablanovo area exhibited the
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highest antibacterial activity. This is
probably due to the type of soil and climatic
conditions of Ablanovo area, which are
presumably favourable for the growth of
plants rich in antimicrobial constituents.

ZI of the positive control (gentamicin at
concentration of 12.5 mg/mL) for S. aureus,
E. coli and B. cereus were 21 mm, 17 mm and
23 mm, respectively, which means that all
microorganisms were sensitive to positive
control.

Our results regarding the antibacterial
activity of B. bulgarica methanolic extracts
are corresponding to the findings of
Leblebici et al. (2016) who found that
ethanolic extracts of 6 Stachys species (S.
annua ssp. cilicia, S. setifera ssp. lycia, S.
sosnowskyi, S. tmolea, S. cretica ssp. anatolica
and S. iberica ssp. iberica var. densipilosa) were
more inhibitory against S. aureus and B.
cereus than E coli. Lotfipour et al. (2008)
reported higher activity of methanolic
extracts of S. fruticulosa and S. schtschegleevii
against S. aureus than B. cereus and lack of
any inhibitory activity against E. coli. Saeedi
et al. (2008) found that methanolic extracts of
four Stachys species (S. byzantina, S. inflata, S.
lavandulifolia and S. laxa) demonstrated
higher activity against S. aureus than E. coli
as a whole. Moreover, methanolic extracts of
S. laxa were not inhibitory against E. coli.
Mahboubi et al. (2012) reported much higher
activity of ethanolic extracts of S. byzantina
against S. aureus than E. coli.

On the other hand, our findings are
somewhat dissimilar to the data of Jassbi et
al. (2014), who evaluated antibacterial
activity of methanolic extracts from 9 Stachys
species (S. acerosa, S. benthamiana, S.
byzantina, S. obtusicrena, S. lavandulifolia S.
pilifera, S. pubescens, S. spectabilis and S.
persica) through nutrient broth microdilution
assay. These authors found that the extracts
from Stachys species showed similar activity
against S. aureus, E. coli and B. cereus as a
whole, with small differences. The extracts
were the most active against B. cereus,
followed by E. coli and S. aureus. Dulger &
Aki (2009) reported much higher activity of

Dinev et al.

ethanolic extract of S. pseudopinardii against
B. cereus (Z1 25 mm) than S. aureus (ZI 13
mm). The extract was not inhibitory against
E. coli. However, Abichandani et al. (2010)
found that methanolic extract of S.
schtschegleevii  exhibited similar activity
against S. aureus and E. coli (ZI 10 mm), but
did not inhibit B. cereus. According to Yavuz
et al. (2017) methanolic extract of S. annua
inhibited E. coli (ZI 17 mm) but not S. aureus
(Z1 7 mm).

According to the experimental data leaf,
flower, stem and root extracts of B. bulgarica
showed either a lack of antifungal activity or
low and statistically insignificant one (Table 3).

These results are similar to the data of
Saeedi et al. (2008), who found that
methanolic extracts of four Stachys species (S.
byzantina, S. inflata, S. lavandulifolia and S.
laxa) did not show any antifungal activity
against Aspergillus niger. Skaltsa et al. (2003)
studied antimicrobial activity of essential oils
from eight Stachys species (S. alopecuros, S.
scardica, S. cretica ssp. cretica, S. germanica ssp.
heldreichii, S. recta, S. spinulosa, S. euborica, S.
menthifolia) and reported better activity
against bacterial species (P. aeruginosa, E. coli,
B. subtilis, B. cereus, Micrococcus flavus and
Staphylococcus  epidermidis)  than  fungi
(Aspergillus  niger, Penicillium ochrochloron,
Epidermophyton floccosum, Candida albicans and
Trichophyton — menthagrophytes), ~which is
similar to our findings. On the other hand,
the essential oils of Stachys pubescens
exhibited noticeable antifungal activity
against Fusarium oxysporum, Aspergillus flavus
and Alternaria alternata (Mohammadi et al.,
2014). According to Lazarevi¢ et al. (2010) the
antifungal activity of Stachys spp. extracts
was very dependent on the type of solvent.
Diethyl ether extracts of S. germanica, S.
plumosa and S. scardica exhibited very high
activity against Aspergillus niger (with ZI at
least 24 mm), but ethyl acetate extracts were
not inhibitory against this mould. As a whole,
there is a lack of enough literature data about
the antifungal activity of Betonica (Stachys)
species which hinders the comparison of our
data with similar findings.
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Table 2. Diameter of inhibition zones (mm) of methanolic extracts from B. bulgarica
(n=3, meant SD). Legend: * - no activity. Different letters in the table denote significant
differences between zones of inhibition of plant extracts and negative control (methanol)
values according to LSD test (p < 0.05).

B. bulgarica Methanol extract

Population/Organs (mg/mL) S. aureus E. coli B. cereus
Pashova livada
Leaves 16 8.33 + 0.58* - -
Flowers 16 8.0+0.02 - -
Seeds 16 - 8.17 £ 0.29*° -
Stems 16 - 8.83 +£0.29° -
Roots 16 16.0+£0.5" 8.5+0.52 11.33 £ 0.29%
8 14.83 £ 0.86°
4 13.83 +1.04%°
2 11.33 £ 0.58%°
1 8.5+0.52
0.5 -
Above Avdjiiski
trap
Leaves 16 7.67 £0.58* - -
Flowers 16 7.33 +£0.58* - -
Seeds 16 - - -
Stems 16 - - -
Roots 16 15.83 £ 0.29%° 8.0+0.52 11.5 £ 0.5
8 14.33 £ 0.58%°
4 13.33 £ 0.29%°
2 11.33 £ 0.58%°
1 8.5+0.52
0.5 -
Karandilska
polyana
Leaves 16 - 9.0+0.0* -
Flowers 16 8.67 +0.58* - -
Seeds 16 - 7.17 +0.292 -
Stems 16 - - -
Roots 16 155+ 0.5 817+0.29* 11.17 £0.29%®
8 14.33 £ 0.58%°
4 13.5+0.5%
2 11.0+0.0%®
1 8.33 +£0.29*
0.5 -
Ablanovo
Leaves 16 9.0+0.0* - -
Flowers 16 9.33 +(0.58° - -
Seeds 16 - 75+0.87°2 -
Stems 16 - 8.17 +£0.29° -
Roots 16 18.17 £ 0.29%° 9.17 £ 0.76* 125+0.5%
8 16.17 £ 0.29%°
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14.17 £0.29°°
13.67 £ 0.58°°
13.0£0.0%
10.83 £ 0.29°°
8.0+0.0°

7.0+£0.0° 7.0+£0.0° 6.0 £0.0°
21+0.0 17 £ 0.0 23+0.0

Table 3. Diameter of inhibition zones in mm of methanolic extracts (32 mg/mL) from B.
bulgarica (meant SD). Legend: * - no activity. According to LSD test (p < 0.05) the results
denote no significant differences between zones of inhibition of plant extracts and negative

control (methanol) values.

Betonica bulgarica
Population/Organs

A. ochraceus F. moniliforme F. graminearum  P. verrucosum

Pashova livada

Leaves 7.17 £0.29* 7.0+0.0° - -
Flowers - 7.17 £0.29° - -

Stems -

Roots - 717 £0.29° 7.0+0.0° -

Above Avdjiiski trap

Leaves -
Flowers 8.67 £0.58°
Stems -

Roots - 717 £0.29° 7.0+£0.0° --

Karandilska polyana
Leaves -

Flowers - 7.0+0.0° - 7.0+0.0°

Stems -

6.83 £ 0.29°

Roots - 7.0+0.0° 70+£05° -

Ablanovo

Leaves -
Flowers -
Stems -

- - 8.17 £0.76*

7.0+0.0° 8.0+0.0°

Roots - 8.0+0.0° 8.17+£0.29° 7.83£0.29°
Methanol 6.0+£0.0° 6.0+£0.0° 6.0+0.0° 6.0+£0.0°

We see some experimental data
concerning the antibacterial and antifungal
activity of Betfonica (Stachys) species that
sometimes differ greatly from our results.
The distinctions could be primarily
attributed to factors such as plant species,
bacterial strains and method of extract
preparation, but also to geographic
conditions, collection time and vegetation
phase of the plants, etc. (Dimitrova-
Dyulgerova et al., 2015; Igwaran et al., 2017).

Climatic differences and geographical area
may change the amount and types of
secondary metabolites of plant species.
Moreover, the plants of the same genus
differ in chemical composition and content
of antimicrobial substances such as
monoterpenes, sesquiterpenes, diterpenes,
triterpenes, flavonoids, biflavonoids,
glycosides, phenolic acids, etc. (Leblebici et
al., 2016). These factors could strongly
influence antimicrobial activity of the plants
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examined which could the

differences found.

explain

Conclusions

In the present study root extracts of
Betonica bulgarica exhibited the highest
antibacterial activity against S. aureus and B.
cereus with large zones of inhibition. All
extracts demonstrated either low and
statistically insignificant activity against E.
coli or a lack thereof. Seed and stem extracts
did not have any activity against S. aureus.
Leaf, flower, seed and stem extracts were not
inhibitory against B. cereus. As a whole,
methanolic extracts from B. bulgarica of
Ablanovo area showed the highest activity
against S. aureus, B. cereus and E. coli. Plant
extracts of B. bulgarica exhibited either a lack
of antifungal activity or low and statistically
insignificant one.
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