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Abstract

The aim of this study was to investigate influence of solvent type on the phenolic content and antimicrobial and antioxidant
properties of Echium vulgare L. extracts. The following solvents were used in the study: ethanol, acetone, chloroform,
petroleum and ethyl acetate. The content of phenols, flavonoids and tannins was determined by spectrophotometric methods,
while the identification and quantification of polyphenolic compounds was performed by chromatographic method.
Determination of antimicrobial activity was done by microdilution method, while several methods were used in the evaluation
of antioxidant activity of plant extracts. The ethanolic extract had the highest content of phenols and flavonoids, while
chloroform extract had the highest content of tannins. The ethanolic extract exhibited the best antioxidant potential compared
to other extracts, and ethanolic and chloroform extracts manifested the best antimicrobial activity.

Rezumat

Scopul acestui studiu a fost de a investiga influenta tipului de solvent asupra continutului fenolic, a proprietatilor antimicrobiene
si antioxidante ale extractelor obtinute de la specia Echium vulgare L. Au fost utilizati ca solventi: etanol, acetond, cloroform,
petrol si acetat de etil, iar continutul in fenoli, flavonoizi si taninuri a fost determinat prin metode spectrofotometrice.
Identificarea si cuantificarea compusilor polifenolici s-a realizat prin metoda cromatograficd. Determinarea activitatii
antimicrobiene s-a realizat prin metoda microdilutiei, in timp ce pentru evaluarea activitatii antioxidante a extractelor au fost
utilizate mai multe metode. Extractul etanolic a avut cel mai mare continut de fenoli si flavonoide, in timp ce extractul
cloroformic a avut cel mai mare continut de taninuri. Extractul etanolic a prezentat cel mai pronuntat potential antioxidant, in
timp ce extractele etanolice si cloroformice au manifestat cea mai bund activitate antimicrobiana.
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Introduction pressure for processing and human factors affect yield
extraction.

In plants, polyphenols perform a number of functions
that have a great impact on the ecophysiology of plants:
they act as antioxidants, antimicrobial agents, visual
attractants of some insects important for flower pollination
[19]. In recent years, medicinal plants have been
extensively studied for their antioxidant activity and
ability to neutralize free radicals. Due to the increasing
resistance of bacteria to the action of a large number of
antibiotics, the use of natural antimicrobial preparations
of plant origin is becoming increasingly important.
Therefore, intensive research is focused on finding new
antimicrobial substances, originating from the plant
kingdom.

The Boraginaceae family originates from Asia and
includes a flowering family of about 2700 species
and 147 genera [5]. The family comprises a group of
plants that are important for pharmacology and cosmetology
[14]. Some Boraginaceae species were used for burns

Plants have been the basis of traditional medicines
throughout the world for thousands of years and
continue to provide new remedies to humankind [28].
Numerous of biological properties such as antimicrobial,
antiviral, antioxidant, anti-inflammatory, etc. are attributed
to phenolic compounds that are present in the plant
kingdom.

The selection of extraction solvents is critical, as it
will determine the amount and type of phenolic
compounds being extracted [11]. Numerous studies
have shown that methanol has been more efficient in
the extraction of lower molecular weight polyphenols,
while the higher molecular weight flavanols are better
extracted with agueous acetone. A review of the literature
indicated that aqueous mixtures organic solvents are
better solvents for extraction of polyphenolic compounds
from plant material [18, 29, 30, 32]. Humulescu et al.
[22] point out that in addition to solvents, other factors
such as dryness, dimension of plant material, temperature,
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and wounds healing in folk medicine around the world
[3].

Echium vulgare L. is a biennial herb occurring in weed
communities in Europe [27]. Numerous studies have
reported antibacterial, antiviral, anti-inflammatory,
antiproliferative, antioxidative and analgesic properties
of extracts of the Echium genus [1, 4, 16, 25].

The aim of this study was to investigate influence of
solvent type on the polyphenolic content and anti-
microbial and antioxidant properties of Echium vulgare
L. extracts.

Materials and Methods

Plant material and extraction

The plant E. vulgare L. was collected in the flowering
stage on Brdanska gorge, Serbia. The aboveground
part of the plant, previously degreased with petroleum
ether (40°C) is extracted with a series of solvents in
Soxhlet’s apparatus (ethanol, acetone, chloroform,
petroleum and ethyl acetate). The solutions were
evaporated on a rotary evaporator at a temperature of
40°C.

Determination of the total phenolic compounds,
flavonoids and tannins content

The amount of total phenols in plant was determined
by the Folin-Ciocalteu method [33]. The total phenol
content is expressed in milligram equivalents of gallic
acid per gram of extract (mg GA/g of extract).

The total quantity of flavonoid is carried out by the
method of Brighente et al. [9]. Total flavonoids content
is expressed in milligram equivalents of routine per
gram of extract (mg RU/g extract).

In order to determine the tannins content, by the method
of Verrmeris and Nicholson was used [36]. The
concentration of tannin is expressed in milligram
equivalents of gallic acid per gram of extract (mg
GA/g of extract).

Determination of the phenolic compounds in extracts
by HPLC analysis

Determination of polyphenol components in the tested
extracts have been performed on the appliance HPLC
Agilent 1200 Series UV-Vis DAD for a multi detection
wavelengths (Table I1). The 5 mL of sample separation
is performed using a column Agilent Eclipse XDB-
C18 column (4.6 x 50 mm, 1.8 microns). The column
was thermostated at 25°C. Two solvents were used
to elute gradient A (H2O + 2% HCOOH) and B (80%
ACN + 2% HCOOH + H;0). Separation of the
components was performed using the following linear
gradient: from 0 to 10 min, 0% B; from 10 to 28
minutes, gradually increasing 0 - 25%; B from 28 to
30 min, 25% B; 30 - 50% B gradually increases over
30 to 35 minutes; 35 - 40 min gradually increases 50 -
80% B; and finally in the last 5 minutes it gradually
decreases by 80 - 0% B. All identifications of each
component were based on the retention time of the
original standards. The polyphenolic components present
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in the samples were identified by comparing their
retention times and spectra with the retention time
and standard spectrum for each component [5].
Determination of antioxidant activity of extracts
The total antioxidative capacity was determined by
the phosphor-molybdenum method [31]. The results
of the total antioxidant potential are expressed in
micrograms of ascorbic acid per gram of extract (ug
AA/qg). Possibility of neutralization of DPPH radicals
with plant extracts was studied by the method of
Takao et al. [35]. Determination of inhibition of lipid
peroxidation was carried out by using the ammonium
thiocyanate method, based on the initiation of lipid
autoxidation at elevated temperature [23]. The ability
of extracts, as substrates suitable for the neutralization
of hydroxyl radicals formed in the Fenton reaction,
was determined by the method of Hinneburg et al. [24].
The results of the antioxidant activity are presented
as means * standard deviations (mean + SD) of three
analytical determinations. The results of inhibition lipid
peroxidation, hydroxyl radical scavenging activity and
DPPH scavenging activity are presented as a number
of 1Cs values, the concentration of the test compound
that reduces concentration of free radical species by
50%. As is known, the lower is the ICso value, the
more pronounced is the antioxidant activity.
Determining the antimicrobial activity of plant extracts
of microdilution method

The determination of the antimicrobial potential of
the tested extracts was carried out by a microdilution
method [10] on the bacteria: Listeria ivanovii ATCC
19119, Listeria inocuu ATCC 33090, Listeria mono-
cytogenes ATCC 19112, Enterococcus faecalis ATCC
29212, Enterococcus faecium ATCC 6057, Bacillus
spieizenii ATCC 6633, Staphylococcus aureus ATCC
25923, Staphylococcus saprophiticus ATCC 15035,
Klebsiella pneumoniae ATCC 13883, Escherichia
coli ATCC 25922, Proteus vulgaris ATCC 13315,
Proteus mirabilis ATCC 14153, Salmonella enteritidis
ATCC 13076, Salmonella typhimurium ATCC 14028,
Enterobacter aerogenes ATCC 13048, Citrobacter
freundi ATCC 43864, Pseudomonas aeruginosa ATCC
27853 and yeast: Candida albicans ATCC 10231 and
Aspergillus niger ATCC 16404. Minimum inhibitory
concentration (MIC) and MBC (minimum bactericidal
concentration) were determined. The microplates were
incubated for 24 h at 37°C for bacteria and 48 h for the
yeasts, and after this period a minimum inhibitory
concentration (MIC) was determined. The contents of
all wells, in which no microbial growth was visible,
were transferred to new Petri plates with appropriate
solid medium (MH agar) and after incubation at 37°C
for 24 h, the counting colonies grown was performed
(MBC).

Statistical analysis

Statistical analysis of the results was performed using
analysis of variance mono-factorial trial. The probability
value of 0.05 was considered significant.
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Results and Discussion

The total phenolic compounds, flavonoids and tannins
content

Due to their beneficial properties and effectiveness,
medicinal herbs have been used for centuries in the
prophylaxis and treatment of many diseases. The
medicinal properties of plants are attributed to a number
of secondary metabolites produced by plants. Successful
separation and determination of biologically active
compounds from plant material, it mainly depends on
the type of solvent used in the extraction procedure
[15]. Therefore, the aim of this study was to investigate
the influence of solvent type on the polyphenolic content

and antimicrobial and antioxidant properties of Echium
vulgare L. extracts.

The content of phenols, flavonoids and tannins of the
tested extracts of Echium vulgare obtained in our
study are summarized in Table I. The total phenolic
content is expressed as gallic acid equivalents, total
flavonoids content are expressed in terms of rutin
equivalents and concentration of tannins are expressed
as gallic acid equivalents. The phenolic content in the
extracts ranged from 89.22 + 0.07 to 100.21 + 0.57
mg GA/g, the flavonoid content ranged from 31.22 +
0.2510 35.16 +0.17 mg RU/g, and the tannin content
ranged from 65.39 + 0.38 to 70.35 + 0.42 mg GA/qg.

Table |

Total phenolics, flavonoids and tannin contents in extracts of plant Echium vulgare L. (mgGA/g, mgRU/Q)

Extracts Total phenolics (mg GA/g) Flavonoids (mg RU/Qg) Tannins (mg GA/g)
Chloroform 97.86 +0.13° 31.22 +0.25¢ 70.35 + 0.422
Ethyl acetate 89.22 +0.074 34.40 +£0.18% 69.86 + 0.64°
Ethanol 100.21 £ 0.572 35.16 £0.17° 65.39 + 0.38°
Acetone 95.38 £ 0.32° 34.21£0.21° 70.33 £ 0.472
Petroleum 85.20 +0.19¢ 34.10 + 0.46° 66.11 +0.13°

*Statistically significant difference between the levels of 0.05% is significant if it is next obtained concentration values 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. The results are presented as average +SD of three analytical determinations

The ethanolic 100.21 + 0.57 mg GA/g, chloroform
97.86 + 0.13 mg GA/g and acetone extracts 95.38
0.32 mg GA/g had the highest concentration of phenols,
and ethanol extract had the highest concentration of
flavonoids 35.16 + 0.17 mg RU/g. The highest
concentrations of tannin had the chloroform 70.35
0.42 mg GA/g and acetone extracts 70.33 £ 0.47 mg
GA/g.

Research has shown that all five solvents had a
statistically significant effect on phenol content. Statistically
significant difference is found between the content the
flavonoids from the ethanolic extract in comparison
to the other tested extracts. Based on the obtained

results, we can conclude that the extraction yield was
higher in polar solvents compared to less polar solvent,
which is in accordance with the results with the results
obtained by other researchers [15, 34].

HPLC analysis of phenolic compounds

The results of the HPLC analysis of the tested extracts
of the Echium vulgare are indicated in Table II. In
our study the acetone (24.82 mg/g) and the ethanolic
extract (19.06 mg/g) had the highest values of the
identified compounds. The lowest values of the identified
compounds were recorded in ethyl acetate extract (4.91

mg/qg).

Table 11

HPLC analysis of the obtainedextracts of plant Echium vulgare L. (mg/g)

Compounds Chloroform Ethyl acetate | Ethanol | Acetone | Petroleum
p-Hydroxibenzoic acid 1.83 n.d. n.d. n.d. 3.36
Chlorogenic acid n.d. n.d. 0.79 n.d. 1.54
p-Coumaric acid n.d. n.d. n.d. n.d. 0.29
Ferulic acid n.d. n.d. 0.26 n.d. 0.21
Synapic acid n.d. n.d. 1.32 n.d. n.d.
Rutin 3.49 4.04 7.77 16.73 2.22
Luteolin glycoside n.d. n.d. n.d. 0.73 n.d.
Rosmarinic acid n.d. n.d. 8.00 6.34 0.84
Quercetin n.d. 0.41 0.44 n.d. n.d.
Kaempferol n.d. 0.45 0.47 1.02 0.62
Apigenin n.d. n.d. n.d. n.d. n.d.
z 5.33 491 19.06 24.82 9.07

(n.d.) — not determined.

The most dominant components in the tested extract
were rutin and rosmarinic acid, which is in accordance
with the research of phenolic compounds of plants from
the family Boraginaceae [5-7]. Rutin exerts many
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pharmacological activities, including anti-inflammatory,
antimicrobial, anticarcinogenic, neuroprotective, anti-
thrombotic and antiviral activities [2, 17]. Rosmarinic
acid exhibits a wide range of biological activities, and
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various studies have shown antioxidant, antimicrobial,
antiviral, anticancer, and antiallergic properties of
rosmaric acid [20, 21].

Antioxidant activity of extracts

Plants intensively produce secondary metabolites, which
play a major role in biological systems, because they
neutralize the action of free radicals. The importance

of antioxidants is that they have the ability to stabilize
free radicals before damaging a cell. Evaluation of the
antioxidant activity of the extracts of Echium vulgare
L. included the determination of the total antioxidant
potential, inhibition of lipid peroxidation, hydroxyl
radical (OHe) scavenging activity and DPPH free
radical scavenging activity (Table III).

Table 111

The total antioxidant capacity (LgAA/g), inhibition of lipid peroxidation (ng/mL), hydroxyl radical (OHe)
scavenging activity (ug/mL) and DPPH radical scavenging activity (ug/mL

Extract Total antioxidant Inhibition of lipid Hydroxil radical DPPH radical
capacity peroxidation 1Cso scavenging activity 1Cso | scavenging activity 1Cso
Chloroform 101.24 +0.88 51.34 +£1.06 69.03 £0.18 70.01 +1.06
Ethyl acetate 102.28 +0.35 55.22 £ 1.27 67.30 £0.27 74.07 +£0.88
Ethanol 105.22 +0.32 49.48 +1.33 68.58 +0.11 71.60 £ 0.40
Acetone 101.23 +0.29 50.50 +£ 1.10 70.18 £0.77 72.51+0.86
Petroleum 91.01+1.42 56.38 + 1.02 75.19 £0.17 78.76 £ 0.79

Average antioxidans activity (+ SD) of three analytical determinations

The ethanolic extract of Echium vulgare L. had the
highest total antioxidant potential (105.22 + 0.32 g
AA/g) and the best ability to inhibit lipid peroxidation
(49.48 + 1.33 ug/g). The ethyl acetate extract exerted
the highest ability to capture the hydroxyl radicals
(67.30 £ 0.27 pg/g), and the chloroform extract had
the strongest DPPH radical scavenging activity (70.01 +
1.06 pg/mL).

Ethanol extract exhibited the strongest antioxidant
potential compared to other solvents which is in
accordance with the research by Do et al. [13] who
pointed out that 100% ethanol extract gave the highest
antioxidant capacity in all in vitro assays studied.
Numerous bioactive components of E. vulgare extracts

have certainly contributed to their antioxidant activity
[5].
Antimicrobial activity of plant extracts
The phenolic compounds present in the medicinal
plants are responsible for a range of biological activities,
including antimicrobial action [26]. Therefore, in the
last decade there has been increased interest in the
antimicrobial activity of various extracts obtained from
traditional medicinal plants.
The tested extracts of Echium vulgare L. exhibited a
certain degree of antimicrobial activity, while chloroform
and ethanol extracts exhibited the best antimicrobial
activity compared to the other tested extracts and standard
antibiotics — tetracycline and ketoconazole — Table V.
Table IV

Antimicrobial activity of Echium vulgare L. plant extracts MIC and MBC (ug/mL)

Bacteria/Extract| Chloroform | Ethyl acetate Ethanol Acetone Petroleum |Tetracycline| Ketoconazole
MIC/MBC

P. mirabilis 3.91/7.82 7.81/15.625 | 15.625/31.25 | 31.25/62.5 | 125.00/250.00 0.49 0
P. vulgaris 7.81/15.625 3.91/7.82 7.81/15.625 31.25/62.5 | 15.625/31.25 0.49 0
K. pneumoniae 15.625/31.25 | 62.5/125.00 3.91/7.82 62.5/125.00 | 250.00/500.00 0.49 0
E. coli 7.81/15.625 | 62.5/125.00 | 250.00/500.00 | 3.91/7.82 15.625/31.25 0.97 0
C. freundii 62.5/125.00 | 7.81/15.625 3.91/7.82 | 250.00/500.00 | 125.00/250.00 0.49 0
E. aerogenes 125.00/250.00 | 250.00/500.00 | 15.625/31.25 | 62.5/125.00 | 500.00/1000 0.97 0
S. enteritidis 125.00/250.00 | 7.81/15.625 3.91/7.82 31.25/62.5 62.5/125.00 0.49 0
S. typhimur. 3.91/7.82 500.00/1000 | 7.81/15.625 31.25/62.5 62.5/125.00 0.49 0
L. monocytog. 15.625/31.25 | 7.81/15.625 31.25/62.5 | 250.00/500.00 | 62.5/125.00 0.97 0
L. ivanovii 3.91/7.82 62.5/125.00 | 250.00/500.00 | 31.25/62.5 | 125.00/250.00 0.97 0
L. inocuu 62.5/125.00 | 15.625/31.25 | 7.81/15.625 3.91/7.82 | 250.00/500.00 0.49 0
B. spieizeni 250.00/500.00 | 3.91/7.82 | 125.00/250.00 | 31.25/62.5 | 125.00/250.00 0.97 0
P. aeruginosa 125.00/250.00 | 31.25/62.5 | 250.00/500.00 | 500.00/1000 | 7.81/15.625 0.97 0
E. faecalis 7.81/15.625 31.25/62.5 500.00/1000 | 62.5/125.00 | 15.625/31.25 0.97 0
E. faecium 7.81/15.625 | 125.00/250.00 | 62.5/125.00 31.25/62.5 | 250.00/500.00 0.49 0
S. aureus 3.91/7.82 | 250.00/500.00 | 31.25/62.5 7.81/15.625 31.25/62.5 0.97 0
S. saprophiticus | 7.81/15.625 | 250.00/500.00 | 125.00/250.00 | 62.5/125.00 3.91/7.82 0.97 0
A. niger 125.00/250.00 | 7.81/15.625 | 500.00/1000 | 7.81/15.625 31.25/62.5 0 0.97
C. albicans 250.00/500.00 | 125.00/250.00 | 62.5/125.00 | 15.625/31.25 | 7.81/15.625 0 1.95

The chloroform extract of E. vulgare L. exhibited the
strongest activity against the bacteria P. mirabilis, S.
Typhimurium, L. ivanovii and S. aureus (MIC = 3.91

pg/mL). The ethanolic extract exhibited the greatest
antimicrobial activity against K. pneumoniae, S.
enteritidis and C. freundii (3.91 pg/mL). The lowest
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value of minimum bactericidal concentration (7.82
pg/mL) was obtained for the chloroform extract against
the bacteria P. mirabilis, S. Typhimurium, L. ivanovii
and S. aureus, and the ethanolic extract was effective
against the bacteria K. pneumoniae, S. enteritidis and
C. freundii. The antimicrobial effect of ethanol and
chloroform extract is due to the high antioxidant
capacity and the presence of large amounts of
flavonoids and tannins, which is in accordance with
the results of research by Cushnie and Lamb [12].
Also, good antimicrobial potential of ethanol extract
can be associated with the stronger extraction capacity
of alcohol could have produced greater number of
active constituents responsible for antibacterial activity

(8].

Conclusions

The results of these studies showed that the applied
solvents significantly affected the content of phenolic
compounds in and their antimicrobial and antioxidant
properties. Ethanol extract had the highest content of
phenols and flavonoids, while chloroform extract had
the highest content of tannins. Ethanol extract exhibited
the best antioxidant potential compared to other extracts,
and ethanolic and chloroform extracts manifested the
best antimicrobial activity. The tested extracts are
abundant in pharmacologically active substances, so
further research on phenolic compounds of plants
from the Boraginaceae family would be of great
importance in the scientific field.
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