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Abstract

The aim of this study is to examine phytochemical composition and evaluation of antimicrobial, antioxidant and cytotoxic
activity of Anchusa officinalis plant extracts in different solutions: ethanol, chloroform, petroleum, acetone and ethyl acetate.
A comparative analysis has shown that ethanol extract had the highest concentration of phenols (104.03 + 0.63 mgGA/g), and the
highest concentration of flavonoids (30.26 +0.40 mgRU/g). The highest concentration of the condensed tannins recorded in
chloroform extract (74.65+0.57 mg GA/g). The ethanol extract showed the strongest antioxidant and the best antimicrobial
activity as compared to all other tested extracts, while the chloroform and the acetone extracts showed the best cytotoxic activity
on cell line of mouse fibroblast carcinoma (L20B). This is the first report of citotoxic activity of extract A. officinalis plant from
Balkan region on tumor cell lines. HPLC analysis of A. officinalis plant extracts confirmed that the predominant polyphenol

components were: rosmarinic acid, chlorogenic acid, naringenin, lutein-glycoside and rutin.
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Introduction

The Boraginaceae family includes approximately 2000 spe-
cies worldwide, mainly in Europe and Asia (Dresler et al.
2017). Plants of the Boraginaceae family are traditionally
used in the treatment of fever, asthma, kidney stones, wound
healing, as well as in treatment of arthritis, sprains or disloca-
tion of the joints and bone fractures (Al-Snafi 2014). The
therapeutic effect of these plants is related to the content of
many biologically active compounds, including
naphthaquinones, flavonoids, terpenoids and phenols
(Sharma et al. 2009). This constituens have a wide range of
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pharmaceutical activities, including anti-inflammatory, anti-
viral and anti-bacterial activities (Igbal et al. 2005).

Anchusa officinalis belongs to the Boraginaceae family.
Genus Anchusa (Boraginaceae) is one of the major genera
of flowering plants with major diversity center in the southern
part of the Balkan Peninsula (Selvi and Bigazzi 2003). The
plant is native to the Europe, but absent from the extreme
North, much of the West and parts of the Mediterranean region
(Jakovljevic et al. 2016). Among the people it is known as
blush, duck nest and healing common bugloss. Numerous
studies of various species of the Anchusa genus indicated their
wide application in folk medicine (Khare 2007; Amin 2005).
The presence of numerous phytochemicals, alkaloids, tannins,
oils, polyphenols, pyrrolizine alkaloids, triterpenoids, in the
Anchusa genus was confirmed in research by Al-Snafi
(2014). HPLC analysis of polyphenol components confirmed
the presence of rosmarinic, benzoic acid, rutin and catechin in
a methanolic extract of the Anchusa undulata subsp. hybdrida
(Zengin et al. 2015).

Since there has no enough scientific data on phytochemical
analysis and biological properties of extracts of Anchusa
officinalis plant from Balkan region, the data from this study
will be the report of potential application of different extracts
of A. offiicinalis in medical treatment.
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Matherials and methods
Chemicals

Methanol (HPLC, gradient grade), quercetin and formic acid
(standards for HPLC) were supplied by Merck KGaA
(Darmstadt, Germany). Folin-Ciocalteau’s reagent, (DPPH),
Muller-Hinton broth (MHB), Muller-Hinton agar (MHA),
Sabouraud dextrose broth, Minimum essential medium
Eagle (MEM), Fetal bovine serum (FBS), resazurin, ascorbic
acid, butylated hydroxytoluene (BHT), ketoconazole,
amracin, galic acid, protocatechuic acid, caffeic acid, vanillic
acid, chlorogenic acid, syringic acid, ferulic acid, rutin,
rosmarinic acid, naringenin, luteolin, kaempferol and apigenin
were purchased from Sigma- Aldrich GmbH (Sternheim,
Germany).

Plant material and extracts preparation

The plant Anchusa officinalis was collected in the period
May—June 2013 in the flowering stage of development on
Brdanska gorge near Gornji Milanovac in Serbia. The deter-
mination of the plant was conducted at the Faculty of Science
in Kragujevac, Department for Botany. The plant material is
defatted with petroleum ether (40 °C). The above-ground part
of the plant is grinded by cylindrical crusher and extracted
with solvents series in Soxhlet apparatus. After that solutions
were evaporated on a rotary-evaporator at a temperature of
40 °C.

Determination of the total phenolic content

Total phenol content in the plants is determined by the Folin-
Ciocalteu method (Singleton et al. 1999). Series of extract was
diluted to a concentration of 1 mg/ml, and 0.5 ml of the extract
was mixed with 2.5 ml of Folin-Ciocalteu reagent and 2 ml of
NaHCOj3 (7.5%). After 15 min of standing at 45 °C absor-
bance was measured at 765 nm compared to a blank control.
Total phenol content is expressed in milligram-equivalents of
gallic acid per gram of extract (mg GA / g of extract).

Determination of flavonoid content

The total quantity of flavonoid is carried out by the method
Brighente et al. (2007). A volume of 0.5 ml of extract solution
was mixed with 0.5 ml of 2% aluminum chloride (AICls), and
after 1 h standing at room temperature absorbance were mea-
sured at 415 nm on a spectrophotometer compared to a blank
control sample. The content of total flavonoids is expressed in
milligram-equivalents per gram of the routine extract (RU mg /
g of extract).
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Determination of tannin content

To determine fused tannins was used method by Vermerris
and Nicholson (2006). The 2 ml of the extract was mixed with
a given amount of floroglucinols, and then with 1 ml of a 2:5
HCI/H,O solution and 1 ml of a solution of formaldehyde.
After incubation overnight at room temperature, are deter-
mined in the non-precipitated phenols in the supernatant
liquidusing a Folin-Ciocalteu’s methods. The concentration
of tannin-fused was calculated as the concentration of the
residue of total phenols and non-precipitated phenolsand
expressed in equivalents of gallic acid.

HPLC data analysis

Determination of polyphenol components in the extracts were
performed on a HPLC instrument Agilent 1200 Series
(Agilent Technologies, USA) with UV-Vis DAD for the de-
tection of multi wavelengths. After injecting 5 pl of sample,
the separation was performed in an Agilent-Eclipse XDB C-
18 4.6:150 mm column. The column was thermostated at
25 °C. Two solvents were used for the gradient elution: A -
(H,0 +2% HCOOH) and B - (80% ACN +2% HCOOH+
H,0). All identifications of individual compounds were based
on the retention times of the original standards, where avail-
able, and spectral data (Boskovic et al. 2017).

Determination of the total antioxidant activity

Determination of the total antioxidant capacity was carried out
according to the method of phosphomolybdic by Prieto et al.
(1999).

DPPH free radical scavenging activity of the plant extracts
was determined using DPPH photometric method according
to Takao et al. (1994). Determination of inhibition of lipid
peroxidation was carried by ammonium thiocyanate method
(Hsu et al. 2008). Determining scavenging hydroxyl radical
was performed by applying a standard method (Hinneburg
et al. 20006).

Screening for the antimicrobial activity

Antimicrobial activity of the plant extracts was tested by
microdilution method (CLSI 2012). The tested microorgan-
isms included different bacterial strains: Bacillus spieizenii
ATCC 6633, Citrobacter freundi ATCC 43864,
Enterococcus faecalis ATCC 29212, E. faecium ATCC
6057, Enterobacter aerogenes ATCC 13048, Escherichia coli
ATCC 25922, Klebsiella pneumoniae ATCC 13883,
L. monocytogenes ATCC 19112, Listeria inocuu ATCC
33090, L. ivanovii ATCC 19119, Proteus mirabilis ATCC
14153, P. vulgaris ATCC 13315, Pseudomonas aeruginosa
ATCC 27853, Salmonella enteritidis ATCC 13076,



Biologia

S. typhimurium ATCC 14028, Staphylococcus aureus ATCC
25923, S. saprophiticus ATCC 15035 and yeasts: Aspergillus
niger ATCC 16404 and Candida albicans ATCC 10231.
Extract solutions were serially diluted in MHB and
Sabouraud dextrose broth in a line hole of the microplate with
a 96 holes, followed by addition of the bacterial culture to an
approximate concentration of 1.5 x 10® CFU / ml and yeast
spore suspension of 3 x 10* CFU / ml. The microplates were
incubated for 24 h at 37 °C, and thereafter minimum inhibito-
ry concentration (MIC) was determined. The MIC was then
determined and corresponds to the lowest concentration sub-
stance which produces no bacterial growth. Commercial anti-
biotics amracin and ketoconasole were used as a positive con-
trol. Upon expiration of 24 h (for bacteria) and 72 h (for fungal
growth) at a temperature of 37 °C, the MIC values were no-
tices visually after the addition of resazurin (0.05% solution
0,02 ml) as an indicator, the color of the solution changed
from blue in purple. The contents of all wells in which was
no visible microbial growth was transferred to a new Petri-
dish with a suitable solid carrier (MHA) and after incubation
at 37 °C for a period of 24 h the counting of the grown colo-
nies was carried out. Minimum bactericidal concentration
(MBC) was defined as the concentration of active substance
which kills 99.9% of the bacterial cells.

In vitro cytotoxic activity by MTT assay

Examination of cytotoxic activity was carried out by the MTT
assay in human cell lines Hep2 - human larynx carcinoma
(medium MEM Eagle supplemented with 5% FBS), human
cell lines RD — rhabdomyosarcom (medium MEM Eagle sup-
plemented with 10% FBS) and mouse cell lines L20OB- tumor
fibroblast (medium MEM Eagle supplemented with 10%
FBS). All cell lines are adherent. The cell suspensions with a
density of 10* cells were seeded into microtiter 96-well plates
and allowed to incubate at 37 °C and 5% CO, in an incubator.
After completing the 24 h incubation the medium was re-
placed with 100 ml of medium containing various concentra-
tions of the extract (from 25 to 1000 pg/ml) and control cells
added to fresh medium without the extract. After 48 h treat-
ment cells viability was determined by MTT cytotoxicity as-
say 3-(4, 5-dimethylthiazol-2-yl) -2,5 diphenyl tetrazolium
bromide assay (Mosmann 1983). Upon completion of incuba-
tion of the cells with extracts MTT was added (to a final
concentration of 5 mg/ml PBS) to each well and the plate
was incubated for 2—4 h at 37 °C. Colored formazan crystals
generated were dissolved with 150 ml DMSO. The absor-
bance was measured at 570 nm on a microplate Reader. The
percentage of viable cells was determined as the ratio of the
absorbance of the treated cells and control cells multiplied by
100. The results were obtained from three independent
experiments.

Statistical analysis

Statistical analysis of the results was performed by analysis of
variance of monofactorial experiment. Multiple comparison
of means test was determined by using the least significant
differences (LSD). The results of antioxidant activity are pre-
sented as means + standard deviations (mean = SD) of three
analytical determinations.

Results

The results of total phenolic content of the tested plant extracts
of A. officinalis using Folin-Ciocalteu’s method and expressed
as gallic acid equivalents are presented in Table 1. The obtain-
ed values were in the range from 87.11 +£0.54 to 104.03 +0.63
mgGA/g. The phenolic contents in the ethanol (104.03 +0.63
mgGA/g) and cloroform extracts (100.26 £ 0.40 GA/g) were
higher than in the other three tested extracts. The content of
flavonoids was determined using spectrophotometric method
with AICI; and expressed in terms of rutin equivalents. The
ethanol extract had the highest value of flavonoids (30.26 +

0.40 mgRU/g), followed by acetone extract (29.91 +0.44
mgRU/g). The results are shown in Table 1. The highest con-
tent of tannins achieved in the chloroform (74.65+0.57 mg
GA/g) and acetone extract (74.53 £0.46 mg GA/g).

An integral approach was used to evaluation the antioxi-
dant potential of the plant Anchusa officinalis: total antioxi-
dant potential, inhibition of lipid peroxidation, hydroxyl rad-
ical (OH’) scavenging activity and DPPH free radical scav-
enging activity. Table 2 shows obtained results antioxidant
activities of extracts A. officinalis plant. These results implied
that ethanoliclic extract have the highest (OH") radical scav-
enging abilities (53.53 £0.91) followed by chloroform, ace-
tone and petroleum extracts. The ethanolic extract of
A. officinalis had the highest total antioxidant capacity

Table 1 Total phenolics (mgGA/g), flavonoids (mgRU/g) and tannins
(mgGA/g) content in the various extracts of plant Anchusa officinalis
Extracts Phenolics Flavonoids Tannins
(mgGA/g) (mgRU/g) (mgGA/g)
Chloroform 100.26 = 0.40b 28.24+0.33b 74.65+£0.57a
Ethyl acetate 91.79+0.17¢c 29.49+0.48a 73.26 £0.58a
Ethanol 104.03 £0.63a 30.26 £0.40a 70.67+0.51b
Acetone 99.35+0.43b 29.91+0.44a 74.53£0.46a
Petroleum 87.11+0.54d 29.05+0.28ab 70.41 +£0.54b

*Statistically significant difference between the level of 0.05% is signif-
icant if it is next obtained concentration values (compared to extract
employed) is a different letter. If they are the same letters that difference
is not significant. If there are two letters, the significance is seen again
after that is there at least one letter that is the same or different (insignif-
icant or significant difference)
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Table 2 The total antioxidant

capacity (ugAA/g), inhibition of Extracts Total gntioxidant
lipid peroxidation (pg/g), capacity
hydroxyl radical (OH")
scavenging activity (ng) and Chloroform 88.26£0.98
DPPH free radical scavenging Ethyl acetate 87.09+0.95
activity in the various extracts of Ethanol 90.26 +0.99
plant Anchusa officinalis
Acetone 87.13+0.99
Petroleum 78.05+1.45

Inhibition of lipid Hydroxyl radical OH" DPPH free radical
peroxidation scavenging activity scavenging activity
37.39+£1.26 56+0.98 57.04+1.08
40.28 +1.23 54.33+£0.77 59.03+0.98
3545+1.34 53.53+091 55.57+0.45
37.51+1.11 55.13+£0.57 57.41+0.76
41.32+1.08 62.14+£0.77 63.81+0.86

Average antioxidans activity (+SD) of three analytical determinations

(90.26 £ 0.99 nug AA/g) and the lipid peroxidation inhibition
(35.45+1.34 IC5¢ pg /ml). Also, the highest antioxidant ac-
tivity in DPPH test (55.57 £0.45 pug /ml) recorded in ethanolic
extract. The lowest antioxidative capacity is recorded in pe-
troleum extract.

HPLC analysis of examined extracts of the A. officinalis
plant showed the presence of the following components: p-
hydroxybenzoic acid, chlorogenic acid, p-coumaric acid, ferulic
acid, sinapinic acid, rutin, lutein glycoside, apigenin glycoside,
rosmarinic acid, quercetin, lutein, naringenin and kaempferol,
whereas the most dominant were: rosmarinic, chlorogenic acid,
naringenin, lutein-glycoside and rutin (Table 3). Petroleum ether
extract of A. officinalis had a maximum value (3 335.185 mg/g)
of the identified compounds: rosmarinic acid (244.300 mg/g),
chlorogenic acid (30.925 mg/g), naringenin (14.018 mg/g),
lutein-glycoside (13.038 mg/g) and a rutin (11.116 mg/g).

The values of antimicrobial activity of different extracts of
A. officinalis plant are shown in Table 4. The maximum anti-
bacterial activity (MIC =3.94 pug/mL) was shown by the

ethanol extract against Proteus vulgaris, Salmonella
enteritidis, Enterococcus faecalis, Enterococcus faecium,
Salmonella typhimurium and Candida albicans and by the
chloroform and acetone extract against E. faecalis and
C. albicans (MIC 7.875 pg/mL). The petroleum ether extract
remarkably inhibited the growth of Aspergillus niger (MIC
3.947 ug/mL). On the other hand, a lower values of antimi-
crobial activity (MIC from 31.25 to 125.00 pg/mL) was found
in ethyl acetate extract againts the tested microorganisms.

Minimum bactericidal concentrations (MBC) of tested ex-
tracts of the A. officinalis plant ranged from 7.875 pg/ml to
250 pg/ml. Ethanol extract showed the lowest MBC value
against the bacteria P. vulgaris, S. enteritidis, S. typhimurium,
E. faecalis, E. faecium and fungus C. albicans (MBC
7.875 pg/ml).

Results of citotoxic activity of the different extracts of
A. officinalis (in a concentration from 25 to 1000 pg/ml) in
three cell lines (Hep 2, RD and L20B), using MTT assay
shows in Table 5.

Table 3 HPLC data analysis of

various extracts of plant Anchusa Compounds Petroleum Chloroform Acetone Ethyl acetate Ethanol
officinalis
Protocatehuic acid n.d. n.d. n.d. n.d. n.d.
p-Hydroxibenz. acid 3.888 0.516 0.845 n.d. 0.069
Caffeic acid n.d. n.d. n.d. n.d. n.d.
Vanillic acid n.d. n.d. n.d. n.d. n.d.
Chlorogenic acid 30.925 n.d. 4.646 1.499 n.d.
Syringic acid n.d. n.d. n.d. n.d. n.d.
p-Coumaric acid 3.599 n.d. 0.008 n.d. n.d.
Ferulic acid n.d. n.d. 0.247 n.d. 0.007
Synapic acid 4.109 0.198 2.057 1.772 0.027
Rutin 11.116 2.509 2.073 12.485 0.029
Luteolin glycoside 13.038 0.102 6.775 1.948 0.059
Apigenin glycoside 3.601 n.d. 1.605 2.581 n.d.
Rosmarinic acid 244.300 0.645 58.961 6.181 1.432
Quercetin 0.817 0.204 0.396 0.918 0.016
Luteolin 2.826 n.d. nd. n.d. n.d.
Naringenin 14.018 0.142 3.142 n.d. 0.059
Kaempferol 2.948 0.269 0.417 1.009 0.010
Apigenin n.d. n.d. n.d. n.d. n.d.
Y 335.185 4.585 81.172 28.393 1.708
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Table4 Antimicrobial activity of various extracts Anchusa officinalis expressed as minimum inhibitory concentration (MIC) and minimal bactericidal

concentration (MBC)

Microorganisms Ethanol Ethylacetate Chloroform Petroleum Acetone Amracin Ketoconazol
(pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml)

Proteus mirabilis 62.5 62.5 31.25 62.5 125.00 0.49 0
125.00 125.00 62.5 125.00 250.00

Escherichia coli 7.875 125.00 31.25 125.00 31.25 0.97 0
15.75 250.00 62.5 250.00 62.5

Klebsiella pneumoniae 7.875 125.00 31.25 125.00 125.00 0.49 0
15.75 250.00 62.5 250.00 250.00

Proteus vulgaris 3.94 62.5 31.25 125.00 62.5 0.49 0
7.875 125.00 62.5 250.00 125.00

Salmonella enteritidis 3.94 62.5 31.25 125.00 62.5 0.49 0
7.875 125.00 62.5 250.00 125.00

Enterobacter aerogenes 7.875 125.00 31.25 125.00 31.25 0.97 0
15.75 250.00 62.5 250.00 62.5

Citrobacter freundii 62.5 62.5 31.25 62.5 125.00 0.49 0
125.00 125.00 62.5 125.00 250.00

Salmonella typhimurium 3.94 62.5 31.25 125.00 62.5 0.49 0
7.875 125.00 62.5 250.00 125.00

Pseudomonas aeruginosa 62.5 125.00 31.25 125.00 125.00 0.97 0
125.00 250.00 62.5 250.00 250.00

Listeria ivanovii 7.875 125.00 31.25 125.00 31.25 0.97 0
15.75 250.00 62.5 250.00 62.5

Listeria inocuu 62.5 62.5 31.25 62.5 125.00 0.49 0
125.00 125.00 62.5 125.00 250.00

Enterococcus faecalis 3.94 31.25 7.875 31.25 7.875 0.97 0
7.875 62.5 15.75 62.5 15.75

Listeria monocytogenes 7.875 125.00 31.25 125.00 31.25 0.97 0
15.75 250.00 62.5 250.00 62.5

Bacillus spieizeni 62.5 125.00 31.25 125.00 125.00 0.97 0
125.00 250.00 62.5 250.00 250.00

Enterococcus faecium 3.94 62.5 31.25 125.00 62.5 0.49 0
7.875 125.00 62.5 250.00 125.00

Staphylococcus aureus 62.5 125.00 31.25 125.00 125.00 0.97 0
125.00 250.00 62.5 250.00 250.00

Staphylococcus saprophiticus 62.5 125.00 31.25 125.00 125.00 0.97 0
125.00 250.00 62.5 250.00 250.00

Aspergillus niger 7.875 62.5 31.25 3.94 62.5 0 0.97
15.75 125.00 62.5 7.875 125.00

Candida albicans 3.94 31.25 7.875 31.25 7.875 0 1.95
7.875 62.5 15.75 62.5 15.75

Table 5 Growt inhibitory effects ICsq values (ng/ml) of Anchusa
officinalis plant extracts
Extract Hep 2cells RD cells L20B cells
ICso (pg/ml) ICso (png/ml) ICs0 (ng/ml)
Chloroform 144.67+2.12b 176.53 £0.54b 102.28 £4.10c
Ethyl acetate 173.39+0.27a 188.89+1.35a 150.34+0.52b
Ethanol 135.44+0.87c 187.49+2.52a 147.17+0.16b
Acetone 137.34+1.30c 176.33 £0.25b 105.54 +£2.42¢
Petroleum 176.77 +2.26a 120.57+1.32¢ 159.35+0.74a

*Statistically significant difference between the level of 0.05% is signif-
icant if it is next obtained concentration values (compared to extract
employed) is a different letter. If they are the same letters that difference
is not significant. If there are two letters, the significance is seen again
after that is there at least one letter that is the same or different (insignif-
icant, or significant difference)

The chloroform (102.28 +4.10 pug/ml) and acetone extract
of A. officinalis (105.54 +2.42 pg/ml) were showed the best
cytotoxic activity on L2OB cells line but petroleum ether ex-
tract was significantly influenced on RD cells line (120.57 +
1.32 pg/ml). The ethanol and acetone extracts were signifi-
cantly influenced on Hep2 cells, and chloroform and acetone
extracts were significantly influenced on L2OB cells.

Discussion

Since ancient times, medicinal plants were used in folk medi-
cine, and for many years these plants have been particularly
investigated for their total phenol and flavonoid contents and
their antioxidant effects (Lopes-Lutz et al. 2010). Therefore, the
aim of this study was examination phytochemical composition
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and evaluation of antimicrobial, antioxidant and cytotoxic ac-
tivity of Anchusa officinalis plant in different solvents: ethanol,
chloroform, petroleum, acetone and ethyl acetate. The total
phenolic content, phenols, flavonoids and tannins in extracts
of A. officinalis could be related to the solvent polarity. In this
research comparative analysis has shown that ethanol extract of
A. officinalis had the highest concentration of phenols; the eth-
anol and acetone extract had the highest concentration of fla-
vonoid and chloroform and acetone extract had the highest
concentration of the condensed tannins.

The plants contain a wide variety of antioxidants and inves-
tigations for novel natural antioxidants of plant origin are in
increasing. In this study ethanolic extract of A. officinalis
showed the strong antioxidant activity. Previous studies of total
antioxidant activity methanolic extract of plants Anchusa italica
showed similar values as values in our study (Al-Snafi 2014).
Also, the aqueous extract and methanolic extract of Anchusa
strigosa have significant antioxidant potential (Al-Snafi 2014).

HPLC analysis was showed that rosmarinic acid is the most
dominant in extracts of A. officinalis, which is in line with the
results of similar studies of plants from family Boraginaceae
(Zengin et al. 2015). This acid exhibits a wide range of bio-
logical activities, and various studies have shown antioxidant,
antimicrobial, antiviral, anti-cancer and anti-allergic proper-
ties of rosmarinic acid (Hooker et al. 2001; Huang and
Zheng 2006). The rosmarinic acid is an efficient antagonist
of lipid peroxidation and this polyphenol is able to insert
spontancously in lipid membranes, with a higher affinity for
unsaturated than for saturated lipids (Fadel et al. 2011).

The antimicrobial properties of herbal compounds are valu-
able resources in medicine. The ethanolic extract of the
A. officinalis plant exhibited the great antimicrobial activity
against Gram (+) and Gram (—) bacteria. This can be related to
the biological nature of the active ingredients, whose activity
may be increased in the presence of alcohol because of its
stronger extractant capacity, by which a larger number of ac-
tive components with antimicrobial activity is being isolated
(Bhattacharjee et al. 2006). Manifested antimicrobial activity
is closely related to the total concentration of phenol and with
a wide range of biological activities, including anti-thrombot-
ic, cardio-protective and vasodilatory, as well as with a broad
anti-oxidative potential of the tested extracts, as evidenced by
the results of other authors (Garcia-Lafuente et al. 2009).

Natural phytochemicals derived from plants have found
use in the treatment of many diseases, including cancer. In this
study, the chloroform and acetone extract of A. officinalis
plant were showed the best cytotoxic ativity on L2OB cells
line. Chloroform and acetone extracts of A. officinalis exhib-
ited the most effective cytotoxic activity compared to other
tested extracts, which can be related to their strong antioxidant
potential, variety of pharmacologically active compounds and
their synergistic effects, this is in agreement with other re-
search (Ioku et al. 1995; Chen and Chen 2013).
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Conclusion

In the summary, this study indicate that Anchusa officinalis
have certain high content of phenolic components of various
extracts and the evaluation of its antimicrobial, antioxidant
and cytotoxic potential, which showed that the extracts of
A. officinalis are enriched with pharmacologically active com-
pounds. This is the first report of citotoxic activity of extract
A. officinalis from Balkan region on tumor cell lines and there-
fore could have a medical significance in the future.
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