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Phytochemical screening and biological activity
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Abstract. The current study aimed to investigate ethanolic
extracts from the following medicinal plant species cultivated
in western Romania: Melissa officinalis L., Rosmarinus offici-
nalisL.(RO)and Salvia officinalis L..(SO). Antioxidant activity,
total phenolics content and a profile of the main hydroxycin-
namic acids (HCAs), including caffeic, ferulic, coumaric and
rosmarinic acids, was determined for each plant extract. The
in vitro antimicrobial activity against four bacterial strains
(Escherichia coli, Listeria -, Pseudomonas aeruginosa and
Staphylococcus aureus), and the effect on cell viability in two
melanoma cell lines (B164A5 murine melanoma and A375
human melanoma) was also assessed. The results indicated that
total phenolics content was 73.76-274.73 mg GAE-g"' and the
antioxidant activity was 2.32-2.87 mM Fe**100 g'. There was
found a strong positive correlation (R=0.9691) between total
phenolics content and the antioxidant activity in the investi-
gated samples. Regarding the HCA profile obtained by high
performance liquid chromatography, the results demonstrated
that rosmarinic acid represents the main identified compound.

Correspondence to: Dr Corina Danciu, Department of
Pharmacognosy, Faculty of Pharmacy, University of Medicine
and Pharmacy ‘Victor Babeg’, 2 Eftimie Murgu Square,
300041 Timisoara, Romania

E-mail: corina.danciu@umft.ro

Key words: Melissa officinalis L., Rosmarinus officinalis L.,
Salvia officinalis L., total polyphenols, hydroxycinnamic acids,
antioxidant, antibacterial, B16 4A5 murine melanoma, A375 human
melanoma

The ethanolic extracts of RO and SO exhibited antibacterial
activity against Gram positive and Gram negative bacteria. RO
was the most effective in terms of decreasing the cell viability
of murine and human melanoma cell lines, while the HCAs did
not exhibit any effect on cell viability. These findings suggest
that plant extracts from the Lamiaceae family may used in the
clinic as natural antibacterial agents.

Introduction

Pure natural compounds or different types of plant extracts
have been studied over a long period of time for a large range
of therapeutic effects (1,2). Furthermore, lifestyle and dietary
habits serve a vital role in the prevention and treatment of a
number of pathologies, including cancer (3).

The Lamiaceae family represents the most important source
of plants that have a calming and relaxing effect. Its members
also strengthen and stimulate, and have specific effects associ-
ated with a particular organ or system. It has been demonstrated
that the active compounds present in plants from the Lamiaceae
family have natural antibacterial (4,5), antioxidant (6,7), anti-
fungal (8) and antitumor effects (9,10) which suggests that they
may be viable alternatives to synthetic products in the therapy
of various diseases. Thus, the proven benefits on human health
represent the main reason why various medicinal plant species
belonging to the Lamiaceae family are increasingly exploited
nowadays, in various formulations. These approaches have
revealed not only therapeutic effects similar to those exhibited
by synthetic chemical molecules, but have not produced any side
effects and may thus be used over longer periods of time (7,9).
Species of the Lamiaceae family contain hydroxycinnamic
acids (HCAs), including rosmarinic (RS), ferulic (FE), caffeic
(CA) and coumaric (CU) acids and phytochemical compounds
with biological potential, including antibacterial, antiviral,
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antioxidant, anti-inflammatory, antidepressive, anticancer, anti-
angiogenic and antihepatotoxic effects (10).

Cutaneous melanoma is an aggressive skin malignant tumor
induced by changes in skin melanocytes, and its incidence rate
is steadily increasing globally (11). Notably, the cutaneous
melanoma is one of the most common cancers in young adults,
particularly in young women (12). Although, the average age
at diagnosis is 63, melanoma is not uncommon among those
younger than 30 years old (13). The American Cancer Society's
estimates in the United States for 2017 ~87,110 new cases of
melanoma will be diagnosed (~52,170 in men and 34,940 in
women) and ~9,730 people are expected to succumb to fatality
(~6,380 men and 3,350 women) (11). Furthermore, metastatic
melanoma has indicated high resistance to cytotoxic agents,
which typically results in a poor prognosis (14). Therefore, the
finding of natural and sustainable anti-cancer compounds for
improving the melanoma prognosis represents an important
research issue. Plant extracts rich in bioactive compounds
may significantly contribute to improve conventional chemical
treatments (9,10). In this line, a growing number of investiga-
tions on different species from Lamiaceae family, confirmed
their pharmacological potential to be used as phytochemical
extracts in the treatment and management of cutaneous mela-
noma (10,14,15).

The aim of the present study was to analyze the antioxidant
activity (AA), total phenols content (TP) and profile of selected
HCAs in ethanol extracts of Melissa officinalis L. (MO),
Rosmarinus officinalis L. (RO), Salvia officinalis L. (SO)
and the antimicrobial activity against a panel of four relevant
pathogenic microorganisms, which constitute typical residents
of skin and intestinal flora. The effect on cell viability of
extracts and the main HCAs was also determined for the B16
4A5 murine melanoma and A375 human melanoma cell lines.

Materials and methods

Plant samples. The whole aerial parts of the investigated
medicinal plant species (MO, RO and SO) were collected
in 2014 from the experimental field at Banat's University of
Agricultural Sciences and Veterinary Medicine, King Michael
Iof Romania (Timisoara, Romania; 21013'E longitude,45045'N
latitude). From each species, ~500 g fresh material was used.
Additionally, voucher specimens, defined as a representative
sample of an expertly identified plant that is deposited and
stored at a facility from which researchers may later obtain the
specimen for examination and further study (16), were identi-
fied and 20 plants are deposited in a temperature-controlled
herbarium (22-25°C and 30-40% relative humidity) of the
Department of Agricultural Technologies, Banat's University
of Agricultural Sciences and Veterinary Medicine ‘King
Michael I of Romania’ from Timigoara.

Preparation of extracts. Plant material was air dried at 25°C
and ground to a fine powder using a grinder (GM 2000;
Grindomix; Retsch Technology GMbH, Haan, Germany).
The powdered material (2 g) was extracted with 20 ml 70%
ethanol for 30 min at 60°C using an ultrasonic water bath
(FALC Instruments, Treviglio, Italy). Extracts were filtered
using Whatman membrane filters nylon 0.45 ym, 30 mm
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and
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stored at 2-4°C for subsequent antioxidant, antimicrobial and
anticancer experiments.

AA evaluation. The evaluation of AA was performed using the
ferric reducing antioxidant power (FRAP) assay according to
a previously published protocol (17). FRAP reagent (1.5 ml;
Sigma-Aldrich; Merck KGaA) and 50 ul plant extract were
vortexed 6 min at 3,200 rotation/min using Vortex Genie 2
(Scientific Industries, Inc., Bohemia, NY, USA) and reaction
mixtures were measured at a wavelength of 595 nm using a
UV-VIS spectrophotometer (Specord 205; Analytik Jena AG,
Jena, Germany). A calibration curve was used in the range of
1-50 mM Fe?*100 g' dry matter (d.m). The regression equa-
tion was: y=3.41+x-0.02 and the coefficient of correlation
was R?=0.9991. Ethanol was used as a control sample. All
experiments were performed in triplicate and the results were
expressed as a mean value.

TP evaluation. A total of 0.5 ml extract was treated with 1.25 ml
Folin-Ciocalteu reagent (Sigma-Aldrich; Merck KGaA) diluted
1:10 with water. The sample was incubated for 5 min at room
temperature and 1 ml Na,CO; 60 g1"' was added. Following
30 min of incubation at 50°C, the absorbance of samples was
measured at 750 nm using an UV-VIS spectrophotometer
(Specord 205; Analytik Jena) (18). The calibration curve was
obtained using gallic acid (GA) (Sigma-Aldrich; Merck KGaA)
as the standard with a concentration range of 0.03-1 mg-ml
and a blank ethanol control (Sigma-Aldrich; Merck KGaA).
The regression equation was: y=1.92-x-0.10 and the coefficient
of correlation R?=0.9980. The results were expressed in mg
GAE-g"'d.m. All experiments were performed in triplicate.

HCA determination. The levels of primary HCAs FE,
CA, RS and CU were determined using an LC-Shimadzu
chromatograph (Shimadzu, Kyoto, Japan) equipped with a
degasser (DGU-20AS), binary pump (LC-20AD), column
thermostat (CTO-20AC), autosampler (SIL 20-A) and
SPD-10A UV detector (Shimadzu). A sample of 10 ul was
injected at a flow rate of 1 ml/min. The chromatographic
conditions were: PREVAIL column 150x4.6 mm (Alltech
Associates, Inc., Deerfield, IL, USA). Two mobile phases
were used to elute the compounds. Mobile phase A contained
CH,OH:CH,COOH:H,0 at a ratio 90:2:8 (v/v) and mobile
phase B contained CH;OH:CH;COOH:H,O at a ratio 10:2:88
(v/v). Elution of the compounds through chromatographic
column was performed with a concentration gradient, which
implied the use of the mobile phase B in the first 10 min,
followed by a mixture of mobile phases B and A in the propor-
tion (85:15, v/v) for 10-15 min, followed by a mixture of mobile
phases B and A in the proportion (50:50, v/v) for 15-20 min,
followed by a mixture of mobile phases B and A in the propor-
tion (30:70, v/v) for 20-25 min and then an isocratic program
with 80% mobile phase B until the 40th min. The wavelengths
of maximum absorbance were 280 nm and 320 nm. The
calibration curves were produced in the range of 1-10 gg-ml’.
The regression equations were as follows: y=2.36x-2.34 (CA),
y=2.00x-2.65 (CU), y=2.96'x-5.28 (FE), y=4.22-x-2.02 (RS).
R? was >0.98 for all regression curves. The limit of detection
representing the amount of compounds that may be detected
with a signal to noise ratio (S/N) =3 was 0.5 ug-ml” for CA,
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Table I. TP and AA of medicinal plants.
Plant species AA (mMFe**100 g!' d.m.) P-value TP (mg GAE-g''d.m.) P-value
RO 2324057 (RO/MO) 0.75 86.05+0.40 (RO/MO) 0.001
MO 2.47+0.54 (MO/S0) 0.63 73.76+2.80 (MO/S0) 2.27x108
SO 2.87+1.19 (RO/SO) 0.52 274.73+£2.53 (RO/SO) 8.28x108

Data are expressed as the mean + standard deviation, n=3. TP, total phenolic content; AA, antioxidant assay; d.m., dry matter; RO, Rosmarinus

officinalis L.; MO, Melissa officinalis L.; SO, Salvia officinalis L.

CU and FE and 0.4 pg'ml" for RS. The limit of quantifica-
tion representing the lowest concentration for which S/N =5
was 0.7 ug-ml! for CA, CU and FE and 0.6 ug-ml’ for RS.
The results were expressed in mg-g™' d.m. Experiments were
performed in duplicate. All standards were prepared in
methanol (Merck KGaA) and all reagents and solvents used
were analytical grade chemicals. Standards of RS, CA, FE and
CU were purchased from Sigma-Aldrich, Merck KGaA.

Antibacterial activity. A total of four bacterial strains that
grow primarily on skin and constitute part of the intestinal
flora and food contaminants (4) were used to determine the
antibacterial effect of medicinal plant extracts. The following
bacterial strains were used: Escherichia coli (cat. no. 25922),
Listeria monocytogenes (cat. no. 19114), Pseudomonas aerugi-
nosa (cat.no.27853) and Staphylococcus aureus (cat.no. 25923,
all American Type Culture Collection [ATCC], Manassas,
VA, USA). The agar wells procedure was employed (4).
Strains were kept at -80°C as stock cultures. Prior to each
experiment, bacteria were cultured on Brain Heart Infusion
(BHI) agar (Oxoid; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) and incubated at 37°C for 24 h. Strains were then
revived using BHI broth (Oxoid; Thermo Fisher Scientific,
Inc.) at 37°C for 24 h. Following this, 2 ml bacterial suspension
adjusted according to the turbidity of 0.5 McFarland standard
was transferred to 200 ml Muller Hinton (MH) agar (Oxoid;
Thermo Fisher Scientific, Inc.) at 45°C. MH agar (25 ml) was
then poured into Petri dishes and left to solidify. Four wells
were made using a sterile hole puncher (5 mm diameter) in each
agar plate. Ethanolic MO, RO and SO plant extracts (80 pl)
was then placed in each well and 70% ethanol was used as the
control. Two different concentrations of RS were also tested:
100 pg'ml" and 1,000 pg-ml’. Plates were incubated at 37°C for
24 h. The diameter of zone inhibition was then measured and
recorded. Experiments were performed in duplicate.

MTT cell viability assay. B164AS5 murine melanoma
(Sigma-Aldrich; Merck KGaA) and A375 human melanoma
cell lines (cat no. CRL-1619™; ATCC) were seeded on a
96-well culture plate at a cellular density of 6,000 cells/well
and attached to the bottom of the well overnight. After 24 h,
100 pul of fresh Dulbecco's modified Eagle's medium (Gibco;
Thermo Fisher Scientific, Inc.) containing 50 and 100 pg-ml’!
plant extracts or HCAs [dissolved in dimethyl sulfoxide
(DMSO); Sigma-Aldrich; Merck KGaA] was added to cells
and incubated for 72 h at 37°C. Ethanol was used as a control
sample. The medium was supplemented with 10% fetal calf

serum (PromoCell GmbH, Heidelberg, Germany) and 1%
penicillin/streptomycin mixture (10,000 IU/ml; PromoCell
GmbH). Melanoma cells were then assayed using 10 ul
5 mg'ml! MTT solution from the MTT-based in vitro toxi-
cology assay kit (Tox-1; Sigma-Aldrich; Merck KGaA). Intact
mitochondrial reductase converted and precipitated MTT as
blue crystals during a 4 h contact period. The precipitated
crystals were dissolved in 100 ul lysis solution provided by
the manufacturer (Sigma-Aldrich; Merck KGaA). The reduced
MTT was spectrophotometrically analyzed at a wavelength
of 570 nm, using a microplate reader (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). Wells with untreated cells were
considered as a reference for viability, while DMSO, which
was used to prepare stock solutions of the tested substances
was also added to cells for the evaluation of cell viability. All
in vitro experiments were carried out on two microplates in
quadruplicate for each tested substance, as well as controls.

Statistical analysis. Data are presented as the mean + stan-
dard deviation. Statistical analysis was performed using the
Statistical Analysis System 8.1 (SAS Institute, Inc., Cary, NC,
USA). One way analysis of variance was applied to evaluate
statistical significance regarding the reduction in cell viability
following treatment with selected extracts *, ™ and ™" indicate
P<0.05, P<0.01 and P<0.001, respectively, compared to control
group. Pearson's correlation coefficient was also calculated
between antioxidant parameters. P<0.05 was considered to
indicate a statistically significant difference.

Results and Discussion

Antioxidant properties. The TP and FRAP values of natural
extracts are presented in Table I. SO exhibited the highest
TP value (274.73£2.53 mg GAE-g' d.m.) followed by RO
(86.05+£0.40 mg GAE-g' d.m.) and MO (73.76+2.80 mg
GAE-g'd.m.). The antioxidant properties of medicinal plants
belonging to the Lamiaceae family have been previously
highlighted (11,19). Total phenolic content in MO extract
ranged between 20.16-38.77 mg GAE/g depending on flow-
ering stages (11). The results reported by Mohamadi ez al (19)
indicated higher phenolic compound in MO extract compared
with SO extract (31 mg GAE/g d.m. in MO and 26 mg
GAE/g d.m.in SO) and rosmarinic acid contents (22 mg/g
d.m. in MO and 18 mg RA/g d.m. in SO). A previous study
indicated the antioxidant properties of metanolic extracts
from MO and SO on the stability of soybean oil, and results
suggested the higher antioxidant activity of the MO extracts
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Table II. HCA content (mg-g"' d.m.) of medicinal plants extracts.

HCA CA CU P-value FE P-value RS P-value

MO Nd 0.21240.02  (MO/RO)0.0005  0.540£0.04  (MO/RO) 0.0001 9.632+1.25 (MO/RO) 0.0010
RO Nd 0.585£0.05  (RO/SO) 0.0001 0.138+0.01 (RO/S0O) 0.018 3.310+0.24 (RO/SO) 0,0001
SO Nd 0.091+001  (MO/SO) 0.002 0.080+0.1 (MO/SO) 0.0004  14.910+0.90 (MO/SO0) 2.7x10°

Data are expressed as the mean =+ standard deviation, n=2. CA values were Nd as their concentrations were lower than the quantification
limit (0.04 mg-g"' d.m.). RO, Rosmarinus officinalis L.; MO, Melissa officinalis L.; SO, Salvia officinalis L.; HCA, hydroxycinnamic acid;
RS, rosmarinic acid; FE, ferulic acid; CA, caffeic acid; CU, coumaric acid; Nd, not detectable; d.m., dry matter.
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Table III. Correlation between hydroxycinnamic acid concen-
tration and antioxidant activity.

TP CU FE RS
Correlation R
CU -0.6489
FE -0.6397 -0.1695
RS 0.8079 -0.9726 -0.0640
AA 0.9691 -0.8163 -0.4307 0.9282

Data are expressed as the mean + standard deviation. Correlation
between CA and AA was not investigated because the CA values were
not detectable (the values were lower than the quantification limit
(0.04 mg-g!' d.m.) S, rosmarinic acid; FE, ferulic acid; CU, coumaric
acid; TP, total phenolic content; AA, antioxidant assay; R, correlation
coefficient. P<0.05.

were indicated compared with SO (0.043 mg/ml extract of MO
and 0.061 mg/ml extract of SO was necessary to obtain 50%
of DPPH degradation) (19). TP content in medicinal plants
belonging to the Lamiaceae family from Romania ranged
between 40-60 mg GAE-g' d.m. according to a previous
study (20). Rasmy er al (21) indicated 94.35 mg GAE-g' TP
in SO alcoholic extracts while other studies indicated that the
TP content was 61-137 mg GAE-g" (22) and 21.74-93.65 mg
GAE-g"! (23). Lower values (14.53-33.22 mg GAE-g") were
detected in Lamiaceae species from Iran (24). The differences
registered among the values reported by previous studies may
be due to the pedological and agro-technical conditions.

SO extract exhibited the highest FRAP content (2.87 mM
Fe?*100 g'd.m.) followed by MO (2.47 mM Fe?*-100 g"' d.m.)
and RO (2.32 mM Fe**+100 g'd.m.). Similar results were
reported by Derakhshani e al (24) in extracts from different
species of SO (2.49-3.7 mM Fe?*100 g' d.m.).

The HCA profile demonstrated that RS is the main
phenolic acid in Lamiaceae plant extracts (Fig. 1). The
content of RS in analyzed extracts was 9.63 mg-g"' d.m.
in MO, 14.91 mg-g''d.m. in SO and 3.31 mg-g"'d.m. in RO.
The majority of our results are in agreement with the results
reported in previous studies, which demonstrated variation in
the RS content detected in Lamiaceae extracts in the range
3.48-90.52 mg-g' d.m. (19,25-28). The only exception were the
results concerning RO extract. Agro-techniques and fertiliza-
tion treatments are responsible for the increase in RS content
in medicinal plants (29).

The levels of FE and CU acids were decreased compared
with the level of RS acid inthe MO,RO and SO groups (Table IT).
The FE content ranged between 0.08 and 0.54 mg-g’'d.m. with
the highest value recorded in the MO extract, which is consis-
tent with studies performed by Oniga et al (30) where the range
obtained was 0.36-0.56 mg-g"' d.m., Proestos and Komaitis (31)
where the range was 0.34-6.9 mg-g' d.m. and Baciu et al (32)
where the content was determined as 0.15 mg-g'd.m. The
level of CU was also detected in the same range of values
as FE, with the minimum value recorded in SO extract
(0.091+0.90 mg-g'd.m.) and the maximum value recorded in
the RO extract (0.585+0.57 mg-g" d.m.). Similar results have

Table I'V. Antimicrobial activity of extracts.

Inhibition zone diameter (mm)

Listeria Pseudomonas Staphylococcus

monocytogenes

Escherichia

aeruginosa P-value aureus P-value

P-value

coli P-value

Plant extract

C (70% ethanol)

MO

=)

=)

=)

()

12+0.9 (RO/S0)0.005

(RO/SO) 0.31
(C/SO) 5.31x10°

12+1.0

(RO/SO) 0.006

15+1.2

(RO/SO) 0.06
(C/SO) 3.59 X103

0.3
7+0.6

RO
SO

(C/SO) 1.04x107

15+0.3

11+0.2

(C/S0) 5.90x10°

11+0.6

RS 100 pug/ml

=)

=)

=)

Oa

RS 1,000 pg/ml

Data are expressed as the mean + standard deviation. RO, Rosmarinus officinalis L.; MO, Melissa officinalis L.; SO, Salvia officinalis L.; RS, rosmarinic acid, C, control.
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Figure 2. Cell viability following treatment with plant extracts. Cell viability of (A) B164A5 mouse melanoma and (B) A375 human melanoma cell lines
following treatment with 50 and 100 pg'ml* Rosmarinus officinalis L., Melissa officinalis L. and Salvia officinalis L. plant extracts. Values are presented
as the mean =+ standard deviation. All in vitro experiments were performed on two microplates in quadruplicate for each tested substance, as well as control

samples. ‘P<0.05, “P<0.01 as indicated. Ctrl, control.
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Figure 3. Cell viability following treatment with HCAs. Cell viability of (A) BI64AS5 mouse melanoma and (B) A375 human melanoma cell lines following
treatment with 50 and 100 pg-ml™ caffeic acid, coumaric acid, ferulic acid and rosmarinic acid. Values are presented as the mean + standard deviation. All
in vitro experiments were carried out on two microplates in quadruplicate for each tested substance, as well as control samples. No statistically significant

differences were observed between groups.

been reported in extracts from medicinal plants cultivated in
Europe (33-35).

As indicated in Table III, there was a significant
negative correlation for the concentration of HCAs and anti-
oxidant activity for FE/CU (-0.1695), FE/RS (-0.0640), FE/AA
(-0.4307) (P<0.05); a significant moderate negative correlation
for TP/CU (-0.6489), TP/FE (-0.6397) (P<0.05); a significant
strong negative correlation for AA/CU (-0.8163), RS/CU
(-0.9726) (P<0.05) and a significant strong positive correla-
tion for TP/AA (0.9691), RS/AA (0.9282) and RS/TP (0.8079)
(P<0.05).

These results demonstrated that the activities of RS among
its constituents provided a strong contribution to antioxidant
efficiency and value, indicating that RS had the greatest AA.
By contrast, FE and CU had a small contribution to the total
antioxidant capacity of the extracts.

Antibacterial evaluation. Many previous studies have focused
on the antimicrobial potential of medicinal plants or pure
active phytocompounds (36-38), however few studies have
associated this effect with a particular chemical composition
or specifically with the HCA content. Therefore, the antimi-
crobial activity against a panel of four relevant pathogenic
microorganisms associated with RS content was investigated
in the current study. The results demonstrated that RO and SO
extracts exhibit an antibacterial effect against Gram positive
and Gram negative bacteria (Table IV). RO extract exhibited
the greatest antibacterial effect against L. monocytogenes with
an inhibition zone diameter of 15+1.2 mm, while the weakest
antibacterial effect was detected against E. coli with an inhibi-
tion zone diameter of 8+0.3 mm. The greatest antibacterial

effect for SO was recorded against S. aureus with an inhibition
zone diameter of 15+0.3 mm, while the weakest antibacterial
effect was detected again against E. coli with an inhibition
zone diameter of 7+0.6 mm. The antibacterial effect of the MO
extract was similar to the control.

By contrast, the results obtained concerning bacterial
growth in the presence of two concentrations of RS indi-
cated that it is not responsible for the antimicrobial activity
of analyzed plant extracts. However, previous studies have
demonstrated an active role of RS against S. aureus (39). In the
present study, it is hypothesized that the antibacterial effect of
RO and SO extracts was due to the synergism exercised by the
presence of different bioactive compounds within the extract.
A similar observation was made for the antimicrobial effect of
different essential plant oils in the study by Hossain et al (40).
This may be an advantage because different microorganisms
cannot acquire resistance to multiple biological compounds (8).

Reduction in cell viability. Following an incubation period
of 72 h, the A375 human melanoma cell line became more
sensitive to RO extract compared with the B164A5 mouse
melanoma cell line. The viability of the human melanoma
cell line was 56% at a concentration of 50 gg'ml' RO and
45.5% at the concentration of 100 yg'ml"' RO compared with a
viability of 70% at a concentration of 50 gg'ml' RO and 61%
at a concentration of 100 pg-ml' RO for the murine cell line.
At the concentration of 100 ug'ml’ SO, a viability of 71% for
A375 melanoma cell line and 65.5% for the B164A5 mouse
melanoma cell line was indicated. Less effective was the MO
extract, namely at the concentration of 100 ug':ml' MO, the cell
viability of the A375 melanoma cell line was 79.5% and for
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the B164AS5 mouse melanoma cell line this was 77.5% (Fig. 2).
Treatment with 100 xg'ml" RO significantly decreased the cell
viability compared with the control in case of the A375 human
melanoma cell line group (P<0.01). Additionally, 100 pg'ml’!
SO treatment significantly decreased the cell viability
compared with the control group in case of the same tested cell
line (P<0.05). Furthermore, 100 pzg'ml” RO and 100 yg'ml"' SO
treatment significantly decreased the cell viability compared
with the control group in case of BI64A5 mouse melanoma
cell line (P<0.05). The reduction in viability in each melanoma
cell line between cells treated with different concentrations of
MO and the control group was not significant. The reduction in
viability in each melanoma cell line between cells treated with
100 ug'ml" SO or RO and the control group was significant,
although this reduction was more marked in RO compared
with SO. The difference in viability between the control group
and cells treated with different concentrations of HCAs was
not significant in the two melanoma cell lines (Fig. 3). RO
extract has been previously described to reduce the viability of
M14 and A375 melanoma cell lines at concentrations ranging
from 20-80 ug'ml' (14). Additionally, in the same study it was
demonstrated that RO extract containing 31.7% carnosic acid,
which is the major polyphenol responsible for AA, was able
to confer ultraviolet radiation protection (14). Furthermore,
it was demonstrated that RO extract reduced the viability of
A375 human melanoma cell line, which directly correlated
with the time check point (24, 48 or 72 h) and concentration
(1:240, 1:480 or 1:960 dilution) (15). Huang et al (41) indicated
that carnosol, the major compound of RO extract responsible
for antioxidant and chemopreventive activity, downregulates
nuclear factor-xB and c-Jun, thus suppressing the MMPO.
These mechanisms are correlated with the direct effect of
inhibiting the invasion of B16/F10 mouse melanoma cells.

In conclusion, the results of the current study indicated
that the ethanolic extracts from selected medicinal species
belonging to the Lamiaceae family exhibited a high AA and
RS content. The antibacterial potential of RO and SO extracts
against Gram positive and Gram negative bacteria suggest
that they may be viable alternatives to synthetic products in
the treatment of various diseases. The RO extract exhibited a
stronger effect in terms of reducing the viability of the murine
and human melanoma cell lines compared with SO and MO
extracts and the BI64A5 murine melanoma cell line had an
improved response to the extracts compared with the A375
human melanoma cell line. The results also demonstrated that
HCAs are not responsible for the reduction in viability caused
by the plant extracts investigated in the current study. These
findings suggest that plant extracts from the Lamiaceae family
may be used in the clinic as natural antibacterial agents.
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