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Abstract

The antioxidant activity and total phenolic and flavonoid content of ethanolic, acetone and
ethyl acetate extracts of Ruscus hypoglossum L. and Ruscus aculeatus L. (aerial parts) from
Serbia were investigated in this paper. The best total antioxidant capacity (23.329 ug AA g_l)
and the highest DPPH scavenging activity (/Cso = 182.54 ug mL_l) were found in acetone
and ethyl acetate extract of R. aculeatus L. Ethanolic extract of R. hypoglossum L. showed
the highest ABTS radical cation scavenging activity (/Csq = 3.04 pg mL™), as well as reducing
power (ICso = 143 pg mL™). The best inhibitory activity against lipid peroxidation
(ICso = 651 pg mL_l) and the best ferrous ion chelating ability (/Csq = 110 pg mL_l) were
found in acetone and ethyl acetate extract of R. hypoglossum L. The highest total phenolic
(8.569 mg GAE g) and flavonoid contents (0.136 mg RU g™) were found in ethanolic and
acetone extract of R. hypoglossum L. and R. aculeatus L, respectively.
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Different plant species are the subject of numerous
studies throughout the world in order to obtain natural
products with their potential application in medicine,
pharmacy and food industry in recent two decades.
From ancient times, the plants have been using as rich
source of effective and safe medicines. About 80% of
world population is still dependent on traditional
medicines. Bioactive compounds and antioxidant
activity are important parameters that regulate the
therapeutic effects of a plant [1]. The most important
bioactive phytochemical constituents are alkaloids,
essential oils, flavonoids, tannins, saponins, lactones
and terpenoids [2]. Phenolics are widely distributed in
medicinal plants and they have multiple biological
effects, including antioxidant, anti-inflammatory, anti-
cancer, anti-viral, anti-bacterial and cardio-protective
activity [3]. An antioxidant is any substance that, when
present at low concentrations, significantly delays or
prevents oxidation of cell content like proteins, lipids,
carbohydrates and DNA [4]. It can interfere with the
oxidation process by scavenging reactive oxygen spe-
cies (SOD removing O, ), by binding transition metal
ions and preventing formation OH and/or decompo-
sition of lipid hydroperoxides, by repairing damages
(e.g., a-tocopherol repairing peroxyl radicals and so
terminating the chain reaction of lipid peroxidation) or
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by any combination of the above [5-7]. According to
these abilities, numerous methods are applied for test-
ing antioxidative activity of plants, such as the oxygen
radical absorption capacity (ORAC), ferric reducing anti-
oxidant power (FRAP), 2,2-diphenyl-1-picryl-hydrazil
(DPPH) radical scavenging and inhibition of the form-
ation of thiobarbituric acid reactive substances (TBARS)
[8]. Thus, antioxidant and phytochemical screening of
different plants are essential to provide valuable inf-
ormation in the search of new pharmaceuticals.

Ruscus hypoglossum L. and R. aculeatus L. are two
of the three species from genus Ruscus (fam. Liliaceae,
order Asparagales) which grow in Serbia. The native
range of Ruscus hypoglossum L. extends from Western
Europe to Iran. Common names include Mouse Thorn,
Spineless Butcher’s Broom and Horse Tongue Lily. Rus-
cus aculeatus L. (Butcher’s Broom) is originally from
Mediterranean Europe and Africa [9]. The rhizomes of
European species of Ruscus are used in herbal medi-
cines due to their anti-inflammatory and vasocons-
triction properties. Flavonoids from Ruscus species
strengthen blood vessels, reduce capillary fragility and
support healthy circulation. Many chemical consti-
tuents have been isolated from these plants. Species
from Ruscus genus are recognizing for ruscogenin and
flavonoids, especially R. aculeatus L. The aerial parts of
these two Ruscus species contain several flavonoid
glycosides and phenolic acids [10]. However, R. acu-
leatus L. rhizome contains p-coumaric acid and amides
of hydroxycinnamic acids, but it has no flavonoids. Rec-
ently, Hadzifejzovic et al. [11] have found that ethyl
acetate and butanol fraction of methanolic extract of
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herb and rhizome of R. aculeatus L. and herb of R.
hypoglossum L. have antimicrobial and antioxidant
activity. The authors showed, in mentioned results,
that there is a relatively strong correlation between the
total phenolic content and the antioxidant capacity of
plants’ extracts.

In literature there is no data related to the study of
antioxidant activity of Ruscus species from the territory
of Serbia. Therefore, the aim of this study was designed
for the evaluation of antioxidant activity of aerial parts
of two Ruscus species from Serbia in order to inves-
tigate the relationship between antioxidant properties
and total phenolic and flavonoid content. These data
will provide some useful information for healthier
living, as well as the further screening of plants as
potential sources of new natural antioxidants.

EXPERIMENTAL

Chemicals

2,2-Diphenyl-1-picrylhydrazyl (DPPH), gallic acid,
ascorbic acid, quercetin, butylated hydroxytoluene,
ammonium molybdate, sodium phosphate, sulphuric
acid, ferrous sulfate heptahydrate, Folin—Ciocalteu
reagent, aluminum chloride, potassium ferricyanide,
trichloroacetic acid, ferric chloride, linoleic acid, sodium
acetate, Tween-20, ammonium thiocyanate, hydro-
chloric acid, 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-
-p,p’-disulfonic acid monosodium salt hydrate, 2,2-
-azino-bis(3-ethylbenzothiazoline6-sulfonic acid) (ABTS),
sodium carbonate, potassium sodium tartrate tetra-
hydrate, rutine, were obtained from Sigma-Aldrich, St.
Louis, MO, USA; ethanol, methanol, acetone and ethyl
acetate were obtained from Fluka Chemie AG Buchs,
St. Louis, MO, USA.

Plant materials

Aerial parts of Ruscus hypoglossum L. were col-
lected from mountain ZeZelj, near Kragujevac (Serbia),
whereas aerial parts of Ruscus aculeatus L. were col-
lected from Ov&ar—Kablar gorge, near Cacak (Serbia), in
late September, 2012. The species were identified
according to Systematic key at the Institute for biology
and ecology, Faculty of Science, University of Kragu-
jevac, Serbia. Voucher specimens of R. aculeatus L.
(17074 BEOU) and R. hypoglossum L. (17075 BEOU)
were deposited in the Herbarium of Institute of Botany
and Botanical Garden “Jevremovac”, University of
Belgrade, Serbia.

Solvent extraction

The air-dried aerial parts of plant (30 g) were
broken into small pieces (2—6 mm) and extracted with
ethanol (96%), acetone and ethyl acetate (150 mL)
using a Soxhlet apparatus. The extracts were filtered
through a filter paper (Whatman No. 1) followed by
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evaporated on rotary vacuum evaporator at 40 °C. The
resulting extracts were dried at room temperature to
constant dry weight mass. The dark greenish residues
were stored in a dark glass bottle at 4 °C to prevent
oxidative damage until the further analysis.

Antioxidative methods
Total phenolic content

The total phenolic compounds in the extract were
determined according to the Folin—Ciocalteu method
by Singleton and Rossi [12] with some modifications. To
1 mL of each extract dissolved in methanol, 2 mL of
7.5% (w/V) sodium carbonate solution was added and
vortexed vigorously. After 5 min, 1 mL of 1:10 diluted
Folin—Ciocalteu’s phenol reagent was added and vor-
texed again. Same procedure was repeated for the
standard solution of gallic acid. All the tubes were
incubated at room temperature for 30 min and then
the absorbance was measured at 765 nm. The total
phenolic content in the extracts was calculated from
the standard curve and values are expressed as gallic
acid equivalent (GAE) in mg g of dry weight (DW)
extract.

Total flavonoid content

The aluminum chloride method was used for the
determination of the total flavonoids content of the
sample extracts [13]. Aliquots of extract solutions were
taken and made up to volume 3 mL with methanol.
Then 0.1 mL AICl; (10%), 0.1 mL potassium sodium
tartrate and 2.8 mL distilled water were added sequen-
tially. The test solution was vigorously shaken. Absor-
bance at 415 nm was measured after 30 min of incub-
ation. A standard calibration plot was generated at 415
nm using known concentrations of rutine. The concen-
tration of flavonoids in the test samples was calculated
from the standard curve and values are expressed as
rutine (RU) equivalent in mg g~* of DW extract.

Total antioxidant capacity

The total antioxidant capacity was determined by
phosphomolybdenum method according to Prieto et al.
[14]. To 1 mL of samples or standard at different con-
centration performed from stock solutions (1 mg mL™Y),
2 mL reagent solution (ammonium molybdate 4 mM,
sodium phosphate 28 mM and sulphuric acid 0.6 M)
was mixed vigorously. All the reaction tubes were
incubated at 95 °C for 90 min. The absorbance was
measured at 695 nm against blank (methanol) after
cooling at room temperature. Ascorbic acid (AA) was
used as standard and total antioxidant capacity of ext-
racts is expressed as mg AA g_1 of DW extract.

DPPH radical scavenging assay

DPPH radical scavenging activity was done accord-
ing to the method by Takao et al. [15] with slight modi-
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fication. Working solution of extracts was carried out
by dilution stock solution (2 mg mL™") of extracts. DPPH
was dissolved in methanol to obtain a concentration at
8 ug mL™. To 1 mL of DPPH solution, 1 mL of various
concentrations of the extracts or the standard solution
was added separately. The reaction mixtures were
incubated at 37 °C for 30 min, following by absorbance
measured at 517 nm using methanol as blank refer-
ence. The DPPH scavenging activity (%) of extracts and
standards AA, gallic acid, butylated hydroxytoluene
(BHT), a-tocopherol, quercetin were determined using
the following equation:

% Inhibition = 100(Ac-As)/Ac (1)

where Ac was absorbance of control reaction and As
the absorbance in presence of the sample.

2,2’-Azino-di(3-ethylbenzthiazoline-6-sulfonic acid)
(ABTS) decolorization assay

The ABTS™ decolorization assay is spectrophoto-
metric method widely use for determination of the
antioxidative activity of substances. The ABTS™ scav-
enging activity was measured according to the method
of Re et al. [16]. In brief, ABTS™ was first produced by
reacting ABTS stock solution (7 mM) with potassium
persulfate (2.45 mM). The mixture was then placed in
the dark at room temperature for 12 tol6 h before
using. Under this condition, ABTS™* can be stable in this
form for more than 2 days. The ABTS solution was
diluted with double-distilled water to obtain an absorb-
ance of 0.70£0.02 at 734 nm. Aliquots of 30 pL of the
sample extracts of different concentrations (from 2 mg
mL™ to 3.91 pg mL™") were then added to 2.7 mL
diluted ABTS™ solution, and mixture was incubated at
room temperature for 30 min. Absorbance was deter-
mined spectrophometrically at 734 nm. For the control,
1.0 mL of methanol was used instead of extract. AA
was used as a positive control. The percentage of inhi-
bition was calculated using the Eq. (1) and results are
expressed as /Csy value.

Determination of inhibitory activity against lipid
peroxidation

Antioxidant activity was determined by the thio-
cyanate method of Hsu et al. [17]. Serial dilutions were
carried out with the stock solution (2 mg mL™) of the
extracts, and 0.5 mL of each solution was added to
linoleic acid emulsion (2.5 mL, 40 mM, pH 7.0). The
linoleic acid emulsion was prepared by mixing 0.2804 g
linoleic acid, 0.2804 g Tween-20 as emulsifier in 50 mL
40 mM phosphate buffer and the mixture was then
homogenized. The final volume was adjusted to 5 mL
with 40 mM phosphate buffer, pH 7.0. After incubation
at 37 °C in the dark for 48 h, 72 and 96 h, a 0.1 mL
aliquot of the reaction solution was mixed with 4.7 mL
of ethanol (75 %), 0.1 mL FeSO, (20 mM FeSO, was

diluted in 3.5% HCI) and 0.1 mL ammonium thiocyanate
(30%). The absorbance of the mixture was measured at
500 nm and the mixture was stirred for 3 min. Ascorbic
acid was used as reference compound. To eliminate the
solvent effect, the control sample, which contained the
same amount of solvent added to the linoleic acid
emulsion in the test sample and reference compounds
(AA, GA, BHT, a-tocopherol and quercetin) was used.
Inhibition percent of linoleic acid peroxidation was also
calculated using Eqg. (1), and results are expressed as
ICso value.

Reducing power assay

The reducing power assay was determined accord-
ing to the method described by Oyaizu [18]. Serial
dilutions were carried out with the stock solution (1 mg
mL™) of each extract. To 1 mL sample extract at dif-
ferent concentrations, 2.5 mL 0.2 M phosphate buffer
pH 6.6, and 2.5 mL 1% potassium ferricyanide were
added followed by mixed vigorously. After incubation
at 50 °C for 20 min, 2.5 mL 10% trichloroacetic acid was
added to mixture followed by centrifugation at 3000
rpm for 10 min. Subsequently, 2.5 mL of upper layer of
mixture was added to 2.5 mL distilled water and 0.5 mL
0.1% ferric chloride, and absorbance of resulting sol-
ution was read at 700 nm against a blank. AA was used
as standard. The reducing capacity of extracts was cal-
culated using Eq. (1), and results are expressed as /Csy
value.

Measurement of ferrous ion chelating ability

The ferrous ion chelating activity extracts was mea-
sured by the decrease in absorbance at 562 nm of the
iron (ll)—ferrozine complex according to Carter [19] and
Yan et al. [20]. One mL of 0.125 mM FeSO, was added
to 1 mL sample extract at different concentrations
(from 2 mg mL™" to 3.91 ug mL™"), followed by 1 mL
0.3125 mM ferrozine. The test tubes were allowed to
equilibrate at room temperature for 10 min. The abs-
orbance was measured at 562 nm against blank. AA,
BHT, a-tocopherol and quercetin were used as positive
control. The ability of the extract to chelate ferrous ion
was calculated using Eq. (1), and results are expressed
as ICsq value.

Statistical analysis

All the results are expressed as means (MS) + stan-
dard deviation (SD) of three independent measure-
ments. For tested the normality of distribution, means
and standard deviation, Student t-test at the level of
significance 0.05 and 0.01 was used. Correlation coef-
ficient was analyzed through Pearson’s and Spearman’s
correlation coefficient. The IC5, values were calculated
by nonlinear regression analysis from the sigmoidal
dose-response inhibition curve. For statistical analysis,
the SPSS 13.0 software program was used.
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RESULTS AND DISSCUSION

According to traditional usage of these plants in
herb medicine, the antioxidant capacity of different
extracts of R. hypoglossum L. and R. aculeatus L. (aerial
parts) from Serbia was systematically investigated by
different assays. In addition, the total content of phe-
nols and flavonoids was determined in each extracts, as
well as the correlation between these phytochemicals
and the antioxidant activity.

Generally, the antioxidant activity of plants is
mainly associated to their bioactive compounds, such
as phenolics, flavonols and flavonoids [21]. Phenolics
are compounds possessing one or more aromatic rings
with one or more hydroxyl groups. The results of total
phenolic content (TPC) determined in the different
plants extracts are presented in Fig. 1. The TPC in all
tested extracts of R. hypoglossum L. was higher than
TPC in extracts of R. aculeatus L. The content of total
phenolics in EtOH, EtOAc and AcOH extract of R. hypo-
glossum L. were 8.569, 8.175 and 8.036 mg GAE g ',
respectively. However, the significant lesser TPC was
found in extracts of R. aculeatus L. in following order:
AcOH extract > EtOAc extract > EtOH extract. Sta-
tistically significant differences in TPC between AcOH
and EtOH (p < 0.05, R’ = 0.612), as well as between

EtOAc and EtOH extracts (p < 0.05, R® = 0.548) of R.
aculeatus L. were found. The highest TPC was deter-
mined in EtOH extract of R. hypoglossum L., whereas
the highest TPC was found in AcOH extract of R. acu-
leatus L. Obviously, these plants contain phenolics by
different polarity, which are involved in their anti-
oxidant activity. The least polar solvents are generally
considered to be suitable for extracting lipophilic phe-
nols, and polar solvents are used for hydrophilic phe-
nols [22].

Flavonoids are the most abundant polyphenols. The
basic flavonoid structure is the flavan nucleus, con-
taining 15 carbon atoms arranged in three rings (C6-C3-
-C6). The results of total flavonoid content (TFC)
determined in the different plants extracts are also
given in Fig. 1. The greatest quantity of TFC was found
in ACOH extract of R. aculeatus L. (0.136 mg RU g ')
whereas the lowest quantity was found in EtOH extract
of same plant (0.113 mg RU g™). The R. hypoglossum L.
extract with the greatest quantity of TFC was AcOH
(0.129 mg RU g '), followed by EtOH (0.125 mg RU g ™)
and EtOAc (0.121 mg RU g™). Among all tested ext-
racts, the AcOH extracts of both plants contain the
highest quantity of TFC. However, the AcOH extract of
R. aculeatus L. has higher flavonoid content than R.
hypoglossum L. Our dates are in accordance with those

ICso (wgmLY)

Inhibitory achivity against lipid
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dard Part of ] ] cation Reducing peroxidation
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activity actwvity . 43 h Tih 96 h
activity
FAELOH Aertal 50203+ 1.04 150+ 0.25 345+ 025 209+ 008 1000+ 126 950 £0.67 T+ 071
RAEOA:  Aerial 18254 +£0.21 165+ 033 343+025 223+ 0,10 1050+ 128 968 +£0.34 ZI0£ 085
RascOH Aertal 22717+ 037 170+ 0.55 3421012 239+0.12 1200+ 141 970+£0.91 840+ 096
RHEtOH Aeral 163233+ 1.21 130£0.17 4012 143+ 005 960 £0.97 890 £ 082 TaS5 £ 053
EHEtOAc  Aenal 27837+ 035 110+ 009 309+£008 160+ 0.10 1020+ 05% 1010095 989112
RHACOH  Aenal 53878+ 118 2304063 314+£0.10 162 £0.10 E70£0.74 T4 +0.646 651+ 081
.Y 397x0.10 nd nd nd nd nd 25543+ 1.21
Ad 6.05+0.12 3529+£125 285+005 381 +£0.15  400+0.63 350+0.45 250+ 1.05
BHT 362 £ 0.84 =1500 nd nd nd nd 11049
e-tocopheraol 124033 =1000 nd nd nd nd 392074
Quercetin 1484029 550+ 1.18 nd nd nd nd 290+025

Fob-Ruscus aculaatis L., RH-Ruscus ypoglossim L, EtOH-ethanolic extract, AcOH-acetone extract, EtO4c-ethyl acetate extract,

BHT-butylated hydrozytoluene GA-gdlic acid, Ad-ascorbic acid, nd-not determined. Reasults are mean values + 5D fom

three experiments.

Fig. 1. Total antioxidant activity, total phenolic and flavonoid content of plants extracts.
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reported in the literature, which revealed that acetone
is the best solvent for the extraction of phenols and
flavonoids [23-25].

The total antioxidant potential (TAP) of extracts
from both plant species and standard (AA) was inves-
tigated (Fig. 1). The AcOH extract of R. aculeatus L.
showed the highest antioxidant potential (23.329 ug AA
g "), two fold higher than the same extract of R. hypo-
glossum L. (14.976 ug AA g™). The EtOAc extracts of R.
aculeatus L. and R. hypoglossum L. showed some lesser
TAP with 21.330 and 13.491 pg AA g, whereas the
EtOH extracts of R. aculeatus L. and R. hypoglossum L.
were the least active extracts with 20.027 and 13.092
ug AA g, respectively. Obviously, the aerial parts of R.
aculeatus L. possess much stronger antioxidant poten-
tial than R. hypoglossum L. Results of this study showed
that AcOH extract of both plants has the highest anti-
oxidant potential followed by EtOAc and EtOH extracts.
The significant differences in total antioxidant capacity
between these two plants can be explained by differ-
ences in morph-physiological characteristics of plants,
their natural habitat and ecological factors [26].

The results of DPPH scavenging activity of different
plants extracts, as well as some synthetics antioxidants,
are shown in Fig. 2. The best anti-DPPH activity was
found in EtOAc extract of R. aculeatus L. This extract
produced 50% of DPPH scavenging activity in concen-
trations of 182.54 ug mL . However, slightly lower
scavenger activity of R. aculeatus L. was found in AcOH
(ICso = 227.17 pg mL™), but about three times lower
activity was found in EtOH extract (/Cso = 502.03 pg mL ™).
All examined extracts of R. hypoglossum L. showed
significantly lower free radical scavenging activity, com-
pared to R. aculeatus L. The extract of R. hypoglossum
L. with the best anti-DPPH activity was also EtOAc with
ICs = 278.37 ug mL™, followed by AcOH and EtOH with
ICso = 538.78 pug mL ™" and ICsy = 1632.33 pg mL™,
respectively. All tested extracts of R. aculeatus L. have

significantly higher free radical scavenging activity,
compared to R. hypoglossum L. The EtOAc extracts of
both plants possess the best DPPH scavenging activity.
This result is in accordance with report by Hadzifejzovic
et al. [11] who found that EtOAc extract of R. aculeatus
L. shows the best DPPH scavenging activity, with ICs5y =
157.83 pg mL". However, same authors investigated
only DPPH activity of R. hypoglossum L. methanolic
extract. The authors determined /Csq value as 518.19 ug
mL™". The results of this study confirmed that this plant
contains double higher free radical scavenging activity
in EtOAc than in methanolic extract.

ABTS™" scavenging capacities of extracts and refer-
ence compound (AA) were also determined in this
study (Fig. 2). All examined extracts showed significant
ABTS™" scavenging activity. The EtOH extract of R. hypo-
glossum L. showed the greatest ABTS™ scavenging act-
ivity, with ICso = 3.04 ug mL ™", followed by AcOH (/Cso =
=3.09 pug mL™) and EtOAH (ICs = 3.14 pg mL™). Slightly
lesser ABTS™" scavenging activity showed the extracts of
R. aculeatus L. The extract of R. aculeatus L. with the
greatest ABTS"" scavenging activity was AcOH, with /Csy =
=3.32 pg mL™, followed by EtOAc (ICso = 3.43 pg mL ™)
and EtOH (/Csp = 3.45 pg mL ™). This study shows that
the aerial part of R. hypoglossum L. has better ABTS™”
scavenging activity than R. aculeatus L. The EtOH and
AcOH are the solvents with best properties for the
extraction of antioxidants, which are responsible for
the best ABTS " scavenging activity of R. hypoglossum L.
and R. aculeatus L, respectively. In literature, the inf-
luence type of alcohol used for extraction on the esti-
mation of antioxidant activity of phenolic compounds
in ABTS assay is well discussed. According to Oszmi-
anski et al. [27], the antioxidant activity of plants
against ABTS is correlated with the concentration, che-
mical structures, and polymerization degrees of organ
antioxidants.

Total anticxidant

Total phenolic Total flavonoid

FPart of

Flant extract activity conitent content
plant 1 1 -1

g bh o mg GAE g mgRU g
FAELOH Aerial 20027148 5800 £ 065 0112 £002
EAEtOAC Aerial 21.330+£1.39 6£.275+£082 0127 +£0.11
EAAOH Aerial 23.329+£1.85 6510 £053 0136 +£0.14
EHELOH Aerial 12082 +£122 B.569 £ 094 0125018
EHEtOA: Aerial 12491 £1.35 8175091 0121015
EHAOH Aerial 14,976 £1.86 BO36£1.03 0125 £ 0,10

EA-R acwleatus L, EH-R. lopoglossum L, EtOH-ethanolic extract, AcOH-acetone extract,

EtOAc-ethyl acetate extract. Feasults are mean values £ 3D from three experiments.

Fig. 2. The values of ICs, of the plants extracts and some synthetics antioxidants.
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Many researchers reported that phenolic and flavo-
noid compounds have play an important role in sta-
bilizing lipid oxidation in biological systems [28]. The
inhibiting activity of each plant extracts against lipid
peroxidation was determined at different incubation
times (Fig. 2). The extract of R. hypoglossum L. with the
greatest inhibiting activity was AcOH, with /Csy =651 pg
mL ™, followed by EtOH (ICso = 765 pg mL™) and EtOAc
(ICso = 989 pg mL™"). However, the EtOH extract of R.
aculeatus L. showed the greatest activity in inhibiting
oxidation of linoleic acid (/Cso = 790 pg mL™), followed
by EtOAcC (/Cso = 810 pg mL™) and AcOH (/Cso = 849 pg
mL™"). Obviously, the aerial part of R. hypoglossum L.
exhibits better inhibitory activity than R. aculeatus L.
The AcOH of R. hypoglossum L. and EtOH of R. acu-
leatus L. are the extracts with greatest activity in inhi-
biting oxidation of linoleic acid.

Results of reducing power of tested plants extracts
and standard (AA) are presented in Fig. 2. All tested
plants’ extracts showed very significant reducing power
with ICso values in the range from 143 to 239 pg mL ™.
These values were more powerful than the synthetic
antioxidant AA (/Cs, = 881 pg mL™). The EtOH extract of
R. hypoglossum L. showed the highest reducing power,
with ICso = 143 pg mL ™", followed by EtAOc (/Cso = 160
pg mL™") and AcOH (ICso = 162 pug mL ™). The reductive
potential of R. aculeatus L. was as follow: EtOH (/Csq =
= 209 pg mL™), EtOAc (ICso = 223 pg mL™") and AcOH
(ICso = 239 pug mL™). The results of this study showed
that R. hypoglossum L. has the better reductive poten-
tial than R. aculeatus L. The EtOH is the best solvent for
the extraction of antioxidants with the best reductive
potential of both plants.

Ferrous ion chelating ability of each plant extracts
was determined and results are given in Fig. 2. Among
all tested extracts of R. hypoglossum L., the EtOAc
extract showed the greatest ferrous ion chelating
capacity, with the lowest ICs, = 110 pg mL™, followed
by EtOH with ICs, = 130 pg mL™ and AcOH with the
greatest ICso = 230 pg mL ™. Ferrous ion chelating ability
of R. aculeatus L. was the greatest in EtOH, with ICs, =
= 150 ug mL ™", followed by EtOAc and AcOH extracts
with ICso = 165 pg mL ™" and ICso = 170 pg mL ™", respect-
ively. All tested extracts of both plants demonstrated
high ferrous ion chelating capacity and much better
compare to synthetic compounds (Fig. 2). Presented
results showed that R. hypoglossum L. has better fer-
rous ion chelating capacity than R. aculeatus L.

The correlation between total phenolic and flavo-
noid content and antioxidant activity of plants was also
evaluated, and results are given in Fig. 3. The results
show very strong correlation between TPC and TOA
(R2 = 1.000), as well as between TFC and TOA (R2 =
= 1.000) in aerial parts of R. aculeatus L. Very strong
positive correlation was also found between TPC (or
TFC) and antioxidant activity by using the ABTS cation
scavenging capacity (R2 = 1.000) and reducing power
(R2 = 1.000). However, very strong negative correlation
was found between TPC (or TFC) and metal chelating
activity (R2 = —1.000) of R. aculeatus L. These results
show the importance of TPC and TFC in the antioxidant
activity when measured through the methods men-
tioned above. For DPPH scavenging activity and inhi-
bitory activity toward lipid peroxidation, no correlation
between their ICs, and TPC (or TFC) was found. This
finding is consistent with results of other authors [29],

ABTSE Inhibitory
Total DFFH Ifetal
cation Eeducing achvity
anticxidant scavenging chelating
scavenging power against lipad
activity activity activity
actvity peroxidation
. lvpoglassum L.
TP -1.000% - - - 1.000* -
TFC - - -1.000% - - 1.000%
B aculeatz L.
TR 1.000* - -1.000% 1.000* 1.000% -
TFC 1.000* - -1.000% 1.000% 1.000% -

*Corelation iz significant at the 0.01 lewvel

Fig. 3. The correlation coefficient (Rz) between antioxidant activities, total phenolic and flavonoid content of plants.
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and suggests on the possible presence of non-ionic
compounds in extracts.

In the extracts of R. hypoglossum L., very strong
negative correlation was found between TPC and TOA
(R2 =-1.000), but no correlation between TFC and TOA
was found. These results suggest that the antioxidant
activity of R. hypoglossum L. might be attributed to the
presence of some non-phenolic compounds or some
individual phenolic, which act in synergism with flavo-
noids. Very strong positive correlation was also found
between TPC and reducing power (R2 = 1.000) of R.
hypoglossum L. From this result, it was clear that phe-
nols play an important role in reducing power. This
result is in accordance with results of Boulanour et al.
[30]. For inhibitory activity toward lipid peroxidation
and metal chelating activity, very strong positive (R2 =
1.000) and very strong negative correlation (R2 =
—1.000) between their ICsy and TFC was found,
respectively. Obviously, flavonoids are correlated with
antioxidant activity when measured through the inhi-
bitory activity toward lipid peroxidation. The men-
tioned authors [30] have also reported that flavonoids
are correlated well in the protection of biological mem-
branes. However, for DPPH scavenging activity, ABTS
cation scavenging activity and reducing power, no cor-
relation between their /Cs, and TFC was found.

CONCLUSIONS

This is the first report about the antioxidant activity
of Ruscus hypoglossum L. and R. aculeatus L. from Ser-
bia. Acetone extract of R. aculeatus L. showed the best
total antioxidant capacity whereas the highest DPPH
scavenging activity was found in ethyl acetate extract.
Ethanolic extract of R. hypoglossum L. showed the high-
est ABTS radical cation scavenging activity as well as
reducing power. Acetone extract of this plant showed
the best inhibitory activity against lipid peroxidation
whereas the best ferrous ion chelating ability was
found in ethyl acetate extract. The highest total phe-
nolic content was found in ethanolic extract of R. hypo-
glossum L., but the highest total flavonoids content was
found in acetone extract of R. aculeatus L. Both plant
species had significant higher total phenolic than flavo-
noid content. Probably, some non-phenolic compounds
are also involved in antioxidant activity of plants. This
preliminary study provides data for supporting the use
of these plant species as natural antioxidant agents,
and confirms that these extracts represent a significant
source of phenolic compounds. The further investi-
gation will be focused on the chemical composition and
biological activity of selected plants in order to apply
them in pharmaceutical and food industry.
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1ZVvOD

ANTIOKSIDATIVNA AKTIVNOST VRSTA Ruscus I1Z SRBIJE: POTENCIJALNI IZVORI NOVIH PRIRODNIH ANTIOKSIDANATA

Violeta D. Jakovljeviél, Jasmina M. Milic'evic’l, Gorica T. Deliél, Miroslav M. Vrvi¢®

YInstitut za biologiju i ekologiju, Prirodno—matematicki fakultet, Univerzitet u Kragujevcu, Radoja Domanovica 12,

34000 Kragujevac, Srbija

zDepartman za Biohemiju, Hemijski fakultet, Univerzitet u Beogradu, Studentski trg 12—16, 11000 Beograd, Srbija

(Naucni rad)

Antioksidativna aktivnost etanolnog, acetonskog i etil-acetatnog ekstrakta
nadzemnih delova biljaka Ruscus hypoglossum L. i Ruscus aculeatus L. poreklom iz
Srbije, kao i ukupan sadrzaj fenola i flavonoida u ekstraktima, ispitivani su u ovom
radu. Acetonski ekstrakt R. aculeatus L. pokazao je najveci ukupni antioksidativni
kapacitet (23.329 ug AA g_l), a etil-acetatni ekstrakt najbolju sposobnost neutrali-
zacije slobodnih DPPH radikala (ICs, = 182,54 pug mL™). Etanolni ekstrakt R.
hypoglossum L. pokazao je najbolju sposobnost neutralizacije ABTS™ (/Cso = 3,04
pg mLY) i Fe3+—redukujuc’i kapacitet (/Csp = 143 pg mL ™). Acetonski ekstrakt biljke
pokazao je najbolju sposobnost inhibicije pri lipidnoj peroksidaciji (/Cso =651 pg
mL™), a etil-acetatni ekstrakt najbolju Fe’"-helatacionu aktivnost (ICsp = 110 pg
mL_l). Najveca kolicina ukupnih fenola (8,569 mg GAE g_l) izmerena je u etanol-
nom ekstraktu R. hypoglossum L., dok je najveca koli¢ina ukupnih flavonoida
(0,136 mg RU g_l) izmerena u acetonskom ekstraktu R. aculeatus L. Na osnovu
prikazanih rezultata, obe vrste Ruscus koje Zive na teritoriji Srbije predstavljaju
znadajne izvore novih prirodnih antioksidanata sa mogu¢om primenom u farma-
ceutskoj i prehrambenoj industriji.
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