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Abstract

Rubus hyrcanus Juz. (Rosaceae), known as Caspian blackberry, is wildly distributed around the Caspian Sea. This study
focused on antioxidant, cytotoxic, and antibacterial activities of total extracts and different fractions from the roots and leaves
of this species. The total phenolics and flavonoid contents were also evaluated. Finally, the phenolic profiles of selected
fractions were determined using HPLC-DAD and LC-MS/MS. The results indicated that the total phenolics content (TPC)
of root total extract (RTE) was 3.5 times that of leaves (340.4 and 102.7 mg GAE/g, respectively). The TPC of three root
fractions ranged from 226.6 to 392.9 mg GAE/g, while in leaves fractions, it ranged between 68.3 and 101.8 mg GAE/g. The
total extract of leaves had higher contents of total flavonoids than roots (70.5 and 8.9 mg QE/g, respectively). The methanol
fractions of both parts had the highest amounts of flavonoids. The root methanol fraction (RMF) had the best antioxidant
effect in both DPPH radical scavenging assay (ICs,: 9.16 pg ml™") and total antioxidant capacity test (1010.5 mg aTE/g). The
RMF and RTE had potent antibacterial activities against Bacillus subtilis and Staphylococcus aureus (MIC 1.5 mg m1™).
In the MTT assay, ethyl acetate fractions of roots and leaves exhibited the best cytotoxicity (ICs, 247 and 227 pg ml™},
respectively) and the highest selectivity indexes (4.73 and 5.31, respectively). Phytochemical analysis revealed the presence
of gallic acid, p-coumaric acid, and chlorogenic acid in leaves ethyl acetate fraction, chlorogenic acid in leaves methanol
fraction, and gallic acid in the root ethyl acetate fraction.
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Introduction

Oxidative stress, defined as an imbalance between the pro-
duction of oxidative agents and antioxidant systems, can
lead to oxidative damage to the macromolecules like lipids,
proteins, and nucleic acids [1-3]. It plays a significant role in
developing several degenerative diseases, including diabetes,
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rheumatoid arthritis, cardiovascular diseases, cancer, brain,
immune system dysfunction, and aging [4, 5]. To overcome
the cellular damage caused by free radicals and other asso-
ciated reactive oxygen species (ROS), a very complicated
endogenous antioxidant system is evolved in human beings.
In addition, there are a vast number of exogenous antioxi-
dants that contribute to neutralizing free radicals [4, 6, 7].
Medicinal and dietary plants, fruits, and vegetables are rich
sources of natural antioxidants that can inhibit oxidative
damage and bring health benefits by scavenging reactive
free radicals [8]. Furthermore, the utilization of antioxidant
preservatives in the food industry helps to keep freshness
and avoids browning and rancidity, especially in lipids and
lipid-containing products, inhibiting/delaying deterioration
of products during processing, transportation, and storage
[9].

Among different natural antioxidants, phenolic com-
pounds consist of a large group of phytochemicals in
plant’s species that have a wide range of structures and
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functions [10]. The polyphenols are characterized by one
or more hydroxyl-containing aromatic rings, resulting in
simple phenolic molecules or highly polymerized struc-
tures. Because of their chemical structures, polyphenols
have a high antioxidant capacity [11]. They support the
human antioxidant system by acting as reactive oxygen
scavengers, metal chelators, and enzyme modulators [12].

Medicinal plants have been historically used for their
antibacterial properties against food-borne bacteria and
food spoilage pathogens to improve the safety of products
and prolong their shelf life [13]. Bacteria such as Bacil-
lus subtilis, Staphylococcus aureus, Escherichia coli, and
Pseudomonas aeruginosa are widespread food-borne and
food spoilage bacteria that can cause diseases [14—16].
Phytochemicals such as polyphenols, alkaloids, lectins,
terpenoids, polypeptides, and polyacetylenes are well-
known for their antimicrobial effects [13]. Among them,
various phenolic compounds exhibit potent antibacterial
activity and, therefore have attracted attention as a natural
replacement of synthetic preservatives in the food industry
[17]. The mechanism of such activity can be due to the
alteration of cell membrane permeability, losing integrity,
changing the cell wall rigidity, and the modifications of
several intracellular functions such as hydrogen binding
between polyphenols and bacterial enzymes [17].

The genus Rubus (Rosaceae) comprises over 750
species and is one of the most diverse genera of plants,
broadly distributed in the world as wild and cultivated
species and genotypes [18, 19]. Among them, Rubus hyr-
canus Juz., commonly known as Caspian blackberry, is
an important wild blackberry species distributed around
the Caspian Sea [20]. Leaves and fruits of Rubus species
have been used in numerous countries as natural medicines
to treat a number of diseases like diabetes, many types of
infections, colic, and burns. The leaves of some species
also have been administrated in traditional folk medicine
as antispasmodic, antidiarrheal, anti-inflammatory for oral
and throat diseases, anti-morning sickness, anti-headache,
uterine relaxant, insecticidal, and wound treatment agent
[19,21-23].

Moreover, the roots of some species like R. fruticosus
have been used for the treatment of diarrhea and labor pain
[24]. The roots’ decoction has astringent, tonic, and wound
healing properties [25].

Today, discovery of antioxidant and antibacterial agents
from edible plants rich in polyphenols is of great interest. In
this study, the total phenolic and flavonoid contents of total
extracts and fractions from leaves and roots of R. hyrcanus
were determined. The antioxidant, antibacterial and cyto-
toxic activities were evaluated. Finally, the detection and
classification of the polyphenols in the fractions with the
highest antioxidant and antibacterial capacities were carried
out using HPLC-DAD and LC-MS/MS.
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Materials and methods
Chemicals

Quercetin, gallic acid, 2,2-diphenyl-1-picrylhydrazyl
(DPPH?®), Folin-Ciocalteu’s phenol reagent, BHA (butylated
hydroxyanisole), and vitamin E were bought from Sigma-
Aldrich, USA. Aluminum trichloride (AlCl;), ammonium
molybdate tetrahydrate, and sodium bicarbonate were got
from Merck, Germany. External standards used for HPLC
analysis were obtained from Carl Roth, Sigma Aldrich, Alfa
Aesar, and Altmann Analytik, Germany. HPLC-grade ace-
tonitrile was purchased from Th. Geyer, Germany. The acetic
acid was from Altmann Analytik, Germany. The cancerous
and normal cell lines (MCF-7 and HUO2) were bought from
the Iranian Biological Resource Center. Dulbecco's Modified
Eagle Medium (DMEM) was obtained from Gibco. Fetal
bovine serum (FBS) was purchased from Invitrogen. Other
used reagents and solvents were of analytical grade.

Plant materials, extraction, and fractionation

The aerial parts and roots of R. hyrcanus were collected
from Fouman—Saravan highway, Guilan province, Iran, in
May and September 2019, respectively. The voucher speci-
men (113 HGUM) was deposited in the herbarium of the
School of Pharmacy, Guilan University of Medical Sci-
ences. The leaves and roots were separated and shade-dried
at room temperature for a week. The leaves and roots (500 g,
each) were powdered in a mixer grinder and extracted with
methanol by percolation method for 24 h (1000 ml). Extrac-
tion was repeated three times. The solvent was evaporated
using a rotary vacuum evaporator at 40 °C to obtain the
dried extract with extraction yield of 22% and 10%, respec-
tively. The dry extracts were stored at 4 °C until the analyses.
The total extracts from each part of the plant were fraction-
ated by solvents with different polarities, including hexane,
ethyl acetate, and methanol, sequentially. The fractions were
concentrated under reduced pressure by a rotary vacuum
evaporator.

Determination of total phenolics and total
flavanoids

The Folin-Ciocalteu assay was used to measure the total phe-
nolic content of samples according to the method described
previously [26, 27]. This test was performed by mixing 1 ml
of each sample with 5 ml of freshly prepared Folin-Ciocalteu
reagent (diluted tenfold with distilled water) and incubated
for 10 min. Then, each solution was mixed with 4 ml sodium
bicarbonate solution (75 g.l_l). After 30 min, the absorbance
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was taken at 765 nm using a UV/vis spectrophotometer
(LAMBDA 25, PerkinElmer) [27]. Gallic acid (GA) was
used as the reference standard, and the following calibra-
tion curve was plotted: y=0.00093x —0.0375, R%=0.999,
Total phenolics contents are expressed as mg of gallic acid
equivalents (GAE) per gram of dry extract [28].

The measurement of flavonoid content was carried out
by a method described by Saeidnia and Gohari (2012) [29,
30]. In the beginning, 5 ml of aluminum trichloride (AICl;)
(2% in methanol) was added to 5 ml of each sample and vor-
texed well. After 10 min, the absorbance of the mixture was
measured at 415 nm. The flavonoid quercetin was used as the
standard substance, and the following calibration curve was
plotted: y=0.0179x—0.0261, R*=0.986. Finally, the total
flavonoid content is expressed as mg of quercetin equivalents
(QE)/g of extract.

Determination of DPPH radical scavenging capacity

The 2,2’-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging assay was carried out to investigate the radical
scavenging activities of samples [28, 31]. Briefly, 2 ml of
DPPH methanol solution (40 pg.ml™", freshly prepared) was
added to 1 ml of each sample. The absorbance was meas-
ured after 30 min at A, 517 nm. Butylated hydroxyanisole
(BHA) and vitamin E were used as the standard antioxidants.
The control contained sample (1 ml) and distilled water
(2 ml). The blank included DPPH solution (2 ml) and dis-
tilled water (1 ml). All the experiments were repeated three
times. The percentage of scavenging was calculated using
the following formula [32]:

%Scavenging = 100 —

(sample absorption — control absorption)

The total antioxidant capacity of each sample is expressed
as mg of a-tocopherol equivalent («TE) per gram of extract,
using the following linear equation plotted using a-tocopherol
as the standard: y=0.0024X+0.004; R>=0.998. In this equa-
tion, Y is the absorbance at 695 nm, and X is the concentration
as oTE (ug ml™).

Cytotoxicity assay

All samples were tested for their anti-proliferative activities
against MCF-7 (breast cancer) and HUO2 (human foreskin
fibroblast) cell lines by MTT (3-(4,5-dimethyl-thiazol-2-yl)-
2,5-diphenyltetrazolium bromide) assay. In this assay, 5x 10
cells per well were seeded in a 96-well plate in complete
DMEM, incubated at 37 °C for 24 h in a humidified atmos-
phere containing 5% CO,. After removing non-adherent
cells, the adherent cells were exposed to six concentrations of
each sample (62.5, 125, 250, 500, 1000, and 2000 pg.ml‘l).
Next, the cell lines were incubated for 48 h at 37 °C with 5%
CO,. The negative control was the growth medium without
plant extract. Afterward, 20 ul MTT solution (5 mg.ml~! in
phosphate-buffered saline (PBS)) and DMEM (180 pl) were
added to each well, incubating for 4 h. Then, supernatants were
removed from the wells, and DMSO (150 pl, each well) was
used to dissolve formazan crystals [36]. The plates were placed
on a shaker for 10 min. The amount of purple formazan dye is
directly associated with the number of vital cells in the culture
[36, 37]. The optical density (OD) was determined at 490 nm
by an absorbance microplate reader (Biolek), using a reference
wavelength of 630 nm. Each MTT assay was carried out three
times. The percentage of viable cells was determined using

blank absorption

] x 100.

The radical scavenging activities are expressed as ICs,
values by plotting the percentage of scavenging against the
sample concentrations.

Determination of total antioxidant capacity
by phosphomolybdenum reduction assay (PRA)

The total antioxidant activities of the total extracts and frac-
tions of R. hyrcanus were determined by the phosphomolyb-
denum reduction assay (PRA) [33, 34]. In this method, the
samples reduce Mo(VI) to Mo(V), forming specific green
phosphate-Mo(V) compounds at acidic pH. Briefly, 0.3 ml of
each sample was combined with 3 ml of a reagent mixture
(0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM
ammonium molybdate) in a test tube and incubated in an oil
bath at 95 °C for 90 min. After cooling to room temperature,
the absorbance of each mixture was measured at 695 nm [35].

the following equation:

[OD treated group — OD background]
% Viability = x 100

[OD control — OD background]

The ICs,, value was defined as the concentration of samples
required for the reduction of cell viability by half and calcu-
lated using non-linear regression curves plotted by GraphPad
Prism (Version 8, GraphPad Software, USA) [38, 39].

Antibacterial assay

Antimicrobial activities of total extracts and fractions pre-
pared from leaves and roots of R. hyrcanus were tested
against some food-borne and food-spoilage bacteria, includ-
ing two Gram-positive (Staphylococcus aureus ATCC 6538
and Bacillus subtilis ATCC 9634) and two Gram-negative

@ Springer



144

European Food Research and Technology (2022) 248:141-152

(Escherichia coli ATCC 8739 and Pseudomonas aeruginosa
ATCC 9027) bacteria. The agar disk diffusion assay was
used to determine the antibacterial activities. In this method,
the bacterial inoculums were standardized to match the 0.5
McFarland (turbidity) standards in which bacterial density
was set to be 1.5 x 108 CFU ml~!. Afterward, the Petri dishes
with 25 ml Mueller Hinton agar (MHA) were seeded with
test strain suspension using a sterile cotton swab. Discs were
placed in the agar. The fully dried extracts and fractions were
solved in water, in a concentration of 300 mg ml~!, and then
15 pl of each sample was placed on each disk. After plates
being incubated at 37 °C for 24 h, they were evaluated for
inhibition zones (mm).

Minimum inhibitory concentration (MIC) was measured
by the broth microdilution method using 96 U-shaped well
plates [40]. First, a stock concentration was prepared from
each sample in distilled water. Then, twofold serial dilution
of each sample's stock solution (100 pl) was prepared using
Mueller Hinton broth (MHB) in wells. The serial dilutions
of samples (10 concentrations from 100 to 0.8 mg ml~})
were prepared in microplates. Each bacteria inoculum
(1.5x 10% CFU mlI~!) was diluted in 0.9% saline to give
10° CFU ml™". The plates were spot-inoculated with 100 pl
of each prepared bacterial suspension (10° CFU/spot). The
bacteria were incubated at 37 °C for 24 h. The plates were
tested for the absence or presence of visible growth com-
pared to the negative control wells. The endpoint of MIC
was the lowest concentration of the samples with no visible
growth [41].

HPLC-DAD analysis

The concentrations of polyphenols in the fractions with
the best biological activities (RMF, REF, LEF, and LMF)
were determined by liquid chromatography. The method
was adapted according to Kschonsek et al. [42]. For
this purpose, a binary RP-HPLC gradient method was
used. The column was a C18 (2)-Luna analytical column
(250%x 4.6 mm; 5 pm; Phenomenex Ltd, Aschaffenburg,
Germany). The column temperature was 30 °C. The
mobile phase was composed of a time-varying ratio of
0.1% acetic acid in water (solvent A) and methanol (sol-
vent B). The flow rate of 0.8 ml min~! was used for a
total run time of 160 min. Elution was carried out using
the following gradient program: 0-2 min, 0% B isocratic;
2-6 min, linear gradient from O to 15% B; 6-12 min,
15% B isocratic; 12—17 min, linear gradient from 15 to
20% B; 17-35 min, 20% B isocratic; 35-90 min, linear
gradient from 20 to 35% B; 90-132 min, 35% B iso-
cratic, 132-150 min, linear gradient from 35 to 80% B,
150-160 min linear gradient from 80 to 0% B [42]. The
detection was performed by a DAD (diode array detec-
tor, 254 nm, 280 nm, 320 nm, 376 nm; Merck-Hitachi,
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Darmstadt, Germany). Identification was given by com-
paring retention times and DAD absorbance spectra with
the external standards. The concentrations were calculated
using five-point calibration curves of external standards.
The linearity was given over the five-point calibration
curve. The used standard phenolic compounds were caf-
feic acid, chlorogenic acid, 2,5-Dimethoxybenzoic acid,
ellagic acid, ferulic acid, gallic acid, sinapinic acid, syrin-
gic acid, vanillic acid, p-coumaric acid, (—)-epicatechin,
epicatechin gallate, epigallocatechin, epigallocatechin gal-
late; isoquercitrin, kaempferol, quercetin, rutin trihydrate,
and luteolin-7-O-glucoside.

LC-MS/MS analysis

LC-MS/MS analysis was performed to identify unknown
polyphenolic compounds in the plant samples. The detection
was done using an API 2000 MS/MS system (AB Sciex,
Darmstadt, Germany). The method was modified according
to Ernawita et al. [43]. To detect polyphenols, a negative ion
mode (APCI) was used with nitrogen as the nebulizer gas
and a vaporizer temperature of 400 °C. The chromatographic
separation was performed at 30 °C on a Kinetex C18 column
(150%2.1 mm, 5 pm, Phenomenex Ltd, Aschaffenburg, Ger-
many) and a C18 guard column (4 X 30 mm; Phenomenex
Ltd, Aschaffenburg, Germany). The mobile phase consisted
of a time-varying ratio of 0.3% formic acid in water (solvent
A) and acetonitrile (solvent B). The gradient setting was as
follow:

0-2 min, 90% B isocratic; 2—12 min, linear gradient from
90 to 80% B; 12-22 min, linear gradient from 80 to 65% B,;
22-25 min, 65% B isocratic; 25-27 min, linear gradient from
65 t0 90% B; 27-37 min, 90% B isocratic. The detection was
performed by a UV detector (280 nm; Shimadzu, Duisburg,
Germany). Identification was obtained using a Multiple Ion
Scan. For verification, multiple reactions monitoring (MRM)
was performed, and the mass-to-charge ratios of the result-
ing fragments were compared with values from the litera-
ture. The confirmation of the polyphenols was given using
their respective standards. Mass spectra of unknown phe-
nolic compounds were acquired using a 200—-600 scan range.

Statistical analysis

Every experiment was performed in triplicates. All the
results are expressed as mean =+ standard deviation (SD). The
correlation between phytochemicals and antioxidant activ-
ity was tested by Pearson correlation coefficient, using the
SPSS program (Version 22.0. SPSS Inc., Chicago, USA). p
values < 0.05 were considered significant.
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Results and discussion
Total phenolics and flavonoids contents

The total phenolics content (TPC) of roots and leaves
of R. hyrcanus was determined by the Folin—Ciocalteu
method. As is presented in Table 1, the phenolics content
of root total extract (RTE) was 3.5 times that of leaves
total extract (LTE) (340.4 and 102.7 mg GAE/g extract,
respectively). The TPC of three root fractions ranged
from 226.6 to 392.9 mg GAE/g extract, while it ranged
between 68.3 and 101.8 mg GAE/g extract in leaf samples.
Among the three solvents used for fractionation, methanol
revealed the highest amounts of phenolic compounds in
both roots and leaves, followed by ethyl acetate and hex-
ane. The results specified that methanol was more selective
for fractionation of the phenolic compounds in R. hyrcanus
leaves and roots than the other two solvents.

Pavlovic et al. exhibited that the total phenolics con-
tent in leaves methanol extract of three cultivars of R.
idaeus ranged from 84.6 to 144.2 mg GAE/g. The results
of our study are in the range of that study [44]. Veljkovic
et al. investigated the total phenolics contents in leaves
of different populations of R. idaeus growing in Serbia,
and the results ranged from 59.7 to 96.8 mg GAE/g [45].
Venskutonis et al. evaluated the leaves of R. idaeus, col-
lected in several geographical locations in Lithuania, and
reported that the amount of total phenolics varied from 4.8
to 12.0 mg GAE/g [23]. Asnaashari et al. determined that
the amount of TPC in leaves of R. fruticosus ranged from
57.6 to 108.6 mg GAE/g and the methanol extract had the
highest concentration of phenolic compounds.

In all samples, the flavonoid content of leaves was
higher than of roots. In leaves samples, the LTE had the
highest amount of flavonoids (70.5 mg QE/g extract), fol-
lowed by LMF (62.6 mg QE/g extract). In root samples,
the RTE and RMF had the highest amount of flavonoids
(8.89 and 7.54 mg QE/g extract) [46]. In other studies, dif-
ferent flavonoids have been reported in the leaves of Rubus
species, including quercetin, kaempferol, hyperosid, rutin,
and quercetin 3-O-p-d-glucopyranoside [22, 47]. Studies
revealed the presence of several phenolic compounds in the
root acetone fraction of R. fairholmianus. Compounds such
as 1-(2-Hydroxyphenyl)-4-methylpentan-1-one, 2-[(3-Meth-
ylbutoxy)carbonyl] benzoic acid, 2-(5-Methylhexyl) benzoic
acid, 4-Methylpentyl benzoate, 3-(Iminomethyl)-2,4-dimeth-
ylphenol, and 3-Methylbutyl benzoate have been isolated
from this species and showed strong antioxidant effects [19,
48].

Generally, studies have suggested that the highest amount
of phenolic compounds, known as plant defense secondary
metabolites, in roots can be connected to lignification of root
tissues in order to provide better resistance and hardness,
lower tissue elasticity, and acting as an effective physical
barrier to soil pathogens. However, it is demonstrated that
in leaves, light can stimulate the synthesis of flavonoids as
they have the protective role against UV rays damages [49].

Antioxidant capacity

Due to the presence of phenolic compounds, leaves and
roots of R. hyrcanus showed wide ranges of radical scav-
enging activities. The extract and fractions prepared from
root exhibited significant DPPH radical scavenging activity
(ranged from ICs, 9.2 to 13.3 ug ml~!). However, the leaves

Table 1 Total phenolics TPC TEC DPPH PRA

and flavonoid contents, and

antioxidant activities of total Leaves

extracts and different fractions TE 102.66+0.32 70.45+0.02 3015+ 1.1 571.00+0.12

from leaves and roots of Rubus

hyrcanus HF 68.30+0.14 12.05+0.01 122.87+2.45 447.14 £0.03
EF 82.54+0.23 47.11+£0.04 47.74+1.23 47492 +£0.14
MF 101.82+0.09 62.57+0.04 36.54+0.79 558.75 +0.05

Roots

TE 340.39+0.02 8.89+0.01 10.00+0.02 941.00+0.54
HF 226.58 +0.02 4.55+0.01 13.25+0.02 880.16 +0.05
EF 292.32+0.02 7.38+0.02 11.10+0.02 960.00+0.02
MF 392.88 +£0.04 7.54+0.01 9.16+0.04 1010.5+0.05
BHA - - 7.81+0.02 -
Vitamin E - - 14.20+0.01 -

Values of the results are expressed as mean + standard deviation of three independent experiments

TPC total phenolics contents (mg GAE/g extract); TFC total flavonoids contents (mg QE/g extract); TE
total extract, HE hexane fraction, EF ethyl acetate fraction, MF methanol fraction; DPPH radical scaveng-

ing assay (ICs, ug ml~!); PRA phosphomolybdenum reduction assay (mg oTE/g extract)
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samples showed less antioxidant activities (ranged from ICs,
30.2 to 122.9 ug ml~") than the roots. The maximum radical
scavenging activities were detected for RMF and RTE (ICs,
9.2 and 10.0 ug mI~!). These values were comparable to
ICs, values of the two standard antioxidant agents BHT and
vitamin E (7.8 and 14.2 ug ml~!, respectively) in this study.

In phosphomolybdenum reduction assay (PRA), root
samples revealed stronger antioxidant abilities. In the roots,
RMF and REF were the most powerful antioxidants (1011
and 960 mg oTE/g extract, respectively). Also, in leaves,
LTE and LMF had the highest antioxidant activities (571
and 559, respectively). These results show that R. hyrcanus
roots can be considered as a potent natural antioxidant for
the replacement of synthetic ones.

By comparing the antioxidant activities of leaves and
roots, it was obvious that the roots had a higher level of
antioxidant activity in both assays. Regarding this, it can be
suggested that the antioxidant effect depends on the type of
tissue as a result of different phytochemical contents [45].
The antioxidant activities of leaves and roots of R. hyrcanus
can be related to the high amounts of phenolic and flavonoid
compounds [26]. The methanol fraction and total extract of
roots and leaves, which showed the best antioxidant activi-
ties, had the highest contents of total phenolics and total
flavonoids.

Additionally, correlations and regression analyses were
carried out between total phenolics and flavonoid contents
and antioxidant capacities of R. hyrcanus roots and leaves.
The DPPH radical scavenging test exhibited negative cor-
relations and regressions with the phenolic and flavonoid
contents. Given that in DPPH antioxidant assay, the results
are calculated as ICs, values, the lower amount is represent-
ing higher radical scavenging action and vice versa [34].

The phenolic contents were significantly correlated
with the DPPH radical scavenging activities in leaves and
roots and influenced them (with r=— 0.905, R*=0.829,
p=0.047 for leaves; r=— 0.987, R?>=0.973, p=0.007 for
roots). Although the leaf flavonoid contents showed a nota-
ble correlation with radical scavenging effect (r=— 0.977,
R%>=0.954, p=0.011), it did not exhibit a significant cor-
relation in roots (r=— 0.859, R?*=0.737, p=0.071). Inter-
estingly, the phenolics contents in leaves and roots highly

influenced the antioxidant abilities in phosphomolybdenum
reduction assay (PRA) (r=0.983, R*=0.967, p=0.008;
r=0.911, R*=0.829, p=0.045, respectively). However,
the root flavonoids content did not significantly correlate
with the antioxidant effect in PRA (r=0. 649, R*=0.4216,
p=0.175).

Previous studies have demonstrated the antioxidant
capacity of Rubus sp. In a study, Muniyandi et al. showed
that the DPPH antioxidant activities of different fractions
prepared from the fruits of R. niveus, R. ellipticus, and R.
fairholmianus ranged from 12.5 to 352.1, 11.0 to 272.8, and
21.2 to 406.8 pg ml~!, respectively [34]. They also revealed
that methanol and ethyl acetate were the best solvents for
extracting antioxidant phytochemicals [34]. Grochowski
et al. investigated the radical scavenging activity of R. cae-
sius. Their results indicated that the IC, values of different
fractions ranged between 44.5 and 240.9 pug ml~!, and the
ethyl acetate fraction had the best activity [50]. Veljkovic
et al. reported that ICy, values for leaf methanol extracts
of different populations of R. idaeus ranged from 110.2 to
199.2 ug ml~! [45]. Moreover, the studies carried out on
root fractions of R. fairholmianus revealed a wide range of
antioxidant properties (ICs, from 3.6 to 27.8 pug ml~!) [19].

Cytotoxicity

In this study, the MTT assay was carried out to evaluate
the cytotoxic effects of total extracts and fractions prepared
from roots and leaves of R. hyrcanus on MCF-7 and HUQ2
cell lines. Both cell lines were treated by each sample at
different concentrations for 48 h. The total extract of leaves
and roots inhibited the proliferation of MCF-7 in a dose-
dependent manner with the ICs, of 392 and 414 pg.ml™},
respectively. Among the fractions, the REF and LEF had
the strongest cytotoxic activities on MCF-7 cell line (ICs:
247 and 227 pg ml~!, respectively). The anti-proliferative
activities of samples on normal cell line were not consider-
able (> 1000 pg ml1~") (Table 2).

The selectivity index (SI) depicted the concentration of
plant samples resulting in a 50% reduction of viability of
the normal cell line to the concentration that can reduce
50% viability of cancerous cells. This index is used for the

Table 2 Cytotoxic activities

ac lues) and selectivit Sample MCE-7 HUO02 Selectivity index

5o values) and selectivity IC 1 ! IC 1 -

indexes of total extracts and (ICso value pg ml™) (ICso value mg ml™)

fractions from leaves and roots Leaves Roots Leaves Roots Leaves Roots

of R. hyrcanus on MCF-7

(breast cancer) cell line and TE 392+2 414+2 1.0+0.3 1.1£0.2 2.6 2.7

HUO2 (normal cell line) cells HF 620+ 1 47142 1.6+0.4 1.1+0.3 2.5 2.3
EF 227 +1 247+ 1 1.2+0.3 1.2+0.4 5.3 4.7
MF 315+2 325+1 1.3+0.4 1.1+0.6 4.2 34
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TE total extract, HE hexane fraction, EF ethyl acetate fraction, MF methanol fraction
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evaluation of the safety and efficacy of various substances.
References consider the SI higher than three to be more
selective toward cancerous cell lines than normal cells. In
this study, EF prepared from roots and leaves showed the
highest selectivity indexes (4.73 and 5.31, respectively)
which depict the safety of these fractions.

So far, the growth inhibitory effects of numerous Rubus
species have been reported. For instance, the methanol
extract from leaves of R. idaeus indicated cytotoxic activity
(ICsy 95.7 pg ml~") on HCT-116 (Human colorectal can-
cer cell line) [45]. Jazi¢ et al. showed that the fruits of R.
Jfruticosus had anti-proliferative activity against MCF-7 and
Hela (cervix epitheloid carcinoma) cell lines with ICy, of
306.7 and 315.5 pg ml~!, respectively [51]. In another study,
Plackal Adimuriyil et al. revealed that the root extract of R.
fairholmianus had antitumor activity on human colorectal
cancer cell (Caco-2), suggesting that it can cause a signifi-
cant decline in the cell viability and proliferation, as well as
inducing apoptotic activity [52].

Acetone and methanol extracts of R. ellipticus repre-
sented strong anticancer properties against human cervical
cancer cells (C33A) (IC5,=500 and 490 pg ml~!, respec-
tively), while displaying no anti-proliferative activities on
normal PBMC:s cells [6]. These results are correlated with
the results of our research. Recent research demonstrated
the relationship between the antioxidative effects and the
anticarcinogenic, antimutagenic capacities of polyphenols,
which play a critical role in protecting against cellular oxi-
dative damage [34]. In this study, the total extract, ethyl
acetate, and methanol fractions of both roots and leaves,
which contained a high amount of phenolic compounds,
revealed the best ICy, values against MCF-7, but no cor-
relation was found between the values of phenolics content
and the potency of anti-proliferative activities. Therefore,

more investigation is needed to clarify the mechanism of
cytotoxicity.

Antibacterial activity

The antibacterial activities of different extracts from roots
and leaves of R. hyrcanus are shown in Table 3. All the
prepared extracts did not show any antibacterial activities
against Gram-negative bacteria, including E. coli and P. aer-
uginosa, except LTE and LMF, which had weak activities
against E. coli (zone of inhibition 7 and 8 mm, respectively).
The root total extract and fractions showed antibacterial
activities on S. aureus and B. subtilis (zone of inhibition
10.0-16.5 mm and 14-20 mm, respectively). The LTE, LEF,
and LMF had lower antibacterial effect on S. aureus (zone
of inhibition 10.5-11.5 mm) than roots. Moreover, only LTE
and LMF were effective against B. subtilis (zone of inhibi-
tion 11.5 and 15.5 mm, respectively).

The B. subtilis indicated the best sensitivity rate to the
tested samples (MIC ranged from 1.5 to 6.3 mg ml~"). The
highest anti-B. subtilis activities were determined by RTE
and RMF (MIC 1.5 mg ml™"), followed by LMF and LTE
(MIC 3.1 mg ml~!). Moreover, the most effective samples
against S. aureus were RMF and RTE (MIC 1.5 mg m1™).

Thiem et al. reported that the R. chamaemorus butanol
fraction showed antibacterial activity against Gram-positive
and Gram-negative bacteria (MIC 0.58 to 2.33 mg ml~!) and
the most sensitive bacteria were S. aureus and B. subtilis
[53] which are comparable to the results of our study. In
another study, Grabek-Lejko et al. demonstrated that R. pli-
catus leaves and fruits had antibacterial effects on different
strains of S. aureus, mainly against methicillin-resistant ones
(MRSA) [54]. Also, the acetone extract from roots of R.
fairholmianus had antibacterial activity against S. aureus

Table 3 Antibacterial activity

. Sample S.aureus B. subtilis E. coli
of total extracts and fractions
from leaves and roots of Rubus 71 MIC 71 MIC Z1 MIC
hyrcanus
Leaves
TE 10.5+1.0 3.1 11.5+1.5 3.1 7 100
HF - - - - - -
EF 11.0+1.0 25 - - - -
MF 11.5+1.0 3.1 155+1.2 3.1 8 100
Roots
TE 14.3+0.6 1.5 20 1.5 - -
HF 10 50 14 6.3 - -
EF 10 12.5 14 6.3 - -
MF 16.5+0.6 1.5 20 1.5 - -

The results are expressed as the mean + SD

TE total extract, HE hexane fraction, EF ethyl acetate fraction, MF methanol fraction; ZI zone of inhibition
(mm) MIC minimum inhibitory concentration (mg ml~")

— No bacterial activity found
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with MIC of 337.86 pg ml~! [48]. Assafiri et al. reported
that leaves of R. canescens had bactericidal effect against
MRSA (zone of inhibition 34 mm) [55].

Jang et al. showed that different fractions of R. coreanus
roots had effective antibacterial actions on B. subtilis and S.
aureus (MIC 5 and 30 mg ml™!) [56].

The extraction of bioactive phytochemicals from plant
species is mainly related to the type of solvent used in the
extraction process [57]. In the present study, three solvents
including hexane, ethyl acetate, and methanol were used
for fractionation of total extracts. According to the results,
methanol was the best solvent for extracting phytochemi-
cals with the highest antibacterial activity. This finding is
consistent with other researches that reported methanol and
ethanol as the best solvents for extracting antimicrobial phy-
tochemicals from the plants [57-59]. In the present study,
methanol fractions of roots and leaves contained the highest
amounts of total phenolic compounds. The different inves-
tigations demonstrated the antibacterial effects of polyphe-
nols against wide ranges of bacteria [60]. These compounds
exert their activities due to several suggested mechanisms,
including damaging the cell membrane, inhibiting intracellu-
lar enzymes, decreasing host ligands adhesion, suppressing
biofilm formation, neutralizing bacterial toxins, and having
the synergic effects with other antibiotics [17, 60].
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Among the samples, four fractions with the most signifi-
cant biological activities (REF, RMF, LEF, and LMF) were
chosen for DAD-HPLC analysis. For the identification of
main compounds, twenty standards were used. Compounds
were identified according to their retention times and
absorbance spectra. The HPLC chromatographic profiles
of phenolic compounds in the fractions REF, RMF, LEF,
and LMF are shown in the Fig. 1.

In addition, LC-MS/MS analysis was utilized to iden-
tify the presence of unknown compounds by matching
their molecular and fragmentation ions with the literature
data. The different chromatograms of R. hyrcanus extracts
from leaves and roots indicated that the compositions of
polyphenols vary in the different parts of the plant.

In the LEF of the R. hyrcanus, from 20 phenolic com-
pounds used as external standards, only gallic acid, p-cou-
maric acid, and chlorogenic acid were detected (Fig. 1).
As is presented in Table 4, gallic acid had the highest
concentration of 7.50 mg g™, followed by p-coumaric acid
(5.67 mg g~"), while chlorogenic acid had the lowest con-
centration (0.65 mg g~'). The rest of the peaks could not
be identified. In contrast, in LMF, chlorogenic acid was
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Fig. 1 HPLC chromatograms of R. hyrcanus at 320 nm: A leaves ethyl acetate fraction, gallic acid (1), chlorogenic acid (2), and p-coumaric acid
(3); B leaves methanol fraction, chlorogenic acid (1); C root ethyl acetate fraction, gallic acid (1); D Root methanol fraction
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Table 4 Polyphenols in roots and leaves of Rubus hyrcanus

Polyphenol Gallic acid p-Coumaric acid ~ Chlorogenic acid
Leaves

EF 7.50+0.69 5.67+0.19 0.65+0.05

MF n.d. n.d. 297+0.17
Roots

EF 156+1.3 n.d. n.d.

MF n.d. n.d. n.d.

Results are expressed as mean +SD

EF ethyl acetate fraction, MF methanol fraction, concentration: mg/g
extract

n.d. not detected

detected at the concentration of 2.97 mg g~', but gallic
acid and p-coumaric acid were not detected.

The HPLC analysis of REF revealed that the amount of
gallic acid was 15.6 mg g~', but none of the other com-
pounds were found in this fraction. In the RMF all the peaks
remained unknown.

The presence of chlorogenic acid was also confirmed
by LC-MS/MS analysis (Fig. 2). The chlorogenic acid is
an esterified form of caffeic acid and quinic acid [61].
This results in cleavage of intact caffeoyl and quinic acid
fragments as a fragmentation pattern in APCI MS with
negative ion mode. This could be confirmed by MS, by
which the same [M-1]" ion at m/z 353 was detected in
the multiple ion scan. In the multiple reactions monitor-
ing (MRM), a peak at m/z 191 was detected, confirming
that chlorogenic acid decomposes into quinic acid and caf-
feic acid by fragmentation. This is in agreement with the
results of Fang et al. [61]. It also showed a [M—1]" ion
at m/z 447. Also, MRM determined a product ion at m/z
285, which is why the presence of luteolin-7-O-glucoside
could be assumed (Fig. 2). However, a comparison of the
wavelength of maximum absorbance with the reference
substance disproved this. The fact that the same fragment
was also detected by MRM suggests that the glucoside
is linked to luteolin at a different position, or there is a
linkage of another glucoside with the same mass. Further
LC-MS/MS analysis showed various peaks in the 200—600
scan range. It showed a [M—1]" ion at m/z 431 and 461.1.

[

2.5e61

2.0e6 1

1.5e6

Intensity, cps

1.0e6 4

5.0e5 1

1[01

XIC of -Q1 MI (3 ions): 447.0 Da from Sample 3 (B Blaetter 03) of 20210408 Pflanzen (MI) 1.wiff (Heated Nebulizer)

Max. 1.7e6 cps)

0.0 : = e
2 4 6 8

Time, min

0.84
2.2e6

2.0e6
1.8e64
1.6e6
1.4e6
1.2e64
1.0e6 4
8.0e5
6.0e5
4.0e5
2.0e5

12.97

AUV

Shimadzu LC Controller Detector A, Channel 1 from Sample 3 (B Blaetter 03) of 20210408 Pflanzen (M) 1.wiff

Max. 2.3e6 |

19.23

29.50 _30.57_31.99_33.45 _35.11
7 T T

0.0

0 2 4 6 8 10 12 14 16

18 20 22 24 26 28 30 32 34 36

Collected by: BO-MS\Administrator
Electronic Signature: no
Operator: Administrator
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The latter could represent kaempferol-7-O-hexuronide
[44]. An exact assignment via the mass was not possible.

Gudej et al. revealed that the leaves of Rubus spe-
cies are rich sources of flavonoids (especially quercetin
and kaempferol) and the ellagic acid as a phenolic acid
[22]. These compounds could not be demonstrated in the
extracts of R. hyrcanus. Martini et al. reported a number
of phenolic compounds, including flavonoids and phenolic
acids like caffeic acid, ferulic acid, and gallic acid in R.
ulmifolius leaves. The amount of gallic acid in this study
was 0.062 mg/g, which is lower than the reported amount
in the present study [47].

Oszmianski et al. showed that chlorogenic acid had a
concentration between 0.19 mg g~! and 6.34 mg g~! in the
dry matter of blackberry leaves of various species [62].
This finding is consistent with the amount of chlorogenic
acid in our study (2.97 +0.17 mg.g™!), which is in the
middle of range.

Conclusions

This study focused on phytochemical analysis, antioxidant,
cytotoxic, and antibacterial activities of total extracts and
different fractions from the roots and leaves of Rubus hyr-
canus (family Rosaceae). It was determined that the root
extracts of R. hyrcanus had the higher amount of total
phenolic contents as well as better antioxidant activity
rather than leaves. The ethyl acetate fractions of roots and
leaves had the best cytotoxic activities on MCF-7 cell line
with the best selectivity indexes. All the extracts and frac-
tions showed better antibacterial activity against Gram-
positive bacteria rather than Gram-negative ones. Also, the
roots samples had more potent antibacterial activity than
leaves. In phytochemical analysis, gallic acid was detected
in leaves and roots. In leaves, p-coumaric acid and chloro-
genic acid were also identified. The HPLC peaks in metha-
nol fraction of roots remained unknown. Considering all
results, the roots of R. hyrcanus are an interesting raw
material for bioactive plant products.
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