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Abstract

This study investigated the antioxidant activity in vitro and pro-
tective effects in murine macrophage cells against arsenic trioxide
treatment with Korean bokbunja berry, Rubus coreanus Miquel leave
and stem crude extracts (RCMLS). The total phenolic and flavonoid
contents in Rubus coreanus Miquel berry, leave and stem were 1.37
+ 0.01 ~ 2.80 + 0.02 mg GAE/100g and 54.95 + 1.65 ~ 109.90 +
3.06 mg QE/100 g, respectively. The DPPH (2,2-diphenyl-1-picrylhy-
drazyl) and FRAP (ferric lon reducing antioxidant Potential) values
also indicate that RCMLS possess strong antioxidative potentials.
Furthermore, at the concentrations of 10, 50, 100 mg/mL, Rubus
coreanus Miquel berry crude extracts had no cytotoxicity in Raw
264.7 cells. When murine macrophage cells were challenged with
As (Arsenic) to induce oxidative stress, the administered RCMLS
had restored cell antioxidative capacities as well as cell viabilities.
The protein expression of the oxidative marker enzymes, SOD (su-
peroxide dismutase) 1 and 2, catalase, and Heme-oxygenase was
elevated by treating As, and these elevated mode was almost dimin-
ished by the addition of RCMLS in macrophage cells. These results
suggest that RCMLS have antioxidant and As protective effects, and
could be used as a potential antioxidative nutraceutical targeting
heavy metal pollution.
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Introduction

Rubus coreanus Miquel (R. coreanus), a perennial shrub of the
Rosaceae family, is known to possess various phytochemicals in its
various parts and thus reported to have antioxidative, anti-inflamma-
tory, anti-hemolytic, anti-cancer effects [1-3]. The unripe fruits of
R. coreanus were used in Korean traditional medicinal practice for
the treatment of diabetes, spermstorrhea, asthma and allergy-related
diseases [4]. It is generally known that the phenolic contents in ber-
ries can be influenced by the degree of ripening, growing location or
growing practice [5-7], nonetheless, ripe fruits of R.coreanus contain
the high amount of anthocyanins mainly due to their dark colors of
fruits. Abundant other kinds of phenolic compounds of R. coreanus
fruits are ellagic acid, gallic acid, cinnamic acid, protocatechuic acid,
sangiin H-4, 23-hydroxytormentic acid, and nigaichgoside F [8-10].
It has been reported that leaves or stems of R. coreanus exert similar
kinds of bioactive functions as fruits [11]. Over the past decades the
antioxidant hypothesis for the prevention and treatment of non-com-
municable degenerative diseases has been prevailed targeting how
polyphenols or flavonoids would confer their health benefit [12].
After extensive searching the exact mechanism of health preventive
measures of these antioxidant natural components, a number of bi-
ological activities were found to be important [13]. Besides simple
antioxidant function of these natural components, anti-inflammatory
activity is emerging as one of the critical functions [14]. Inflammation
is a major contributing factor to the development of several degener-
ative diseases [15-16]. A prolonged pro-inflammatory state so called
chronic inflammation may lead to rheumatoid arthritis, atherosclero-
sis, inflammatory bowel disease and even diabetes [17-18].

As (Arsenic), a ubiquitous environmental toxicant, is a metalloid
element and is often detected in lakes or rivers near mines [19]. Cur-
rently, EPA (Environmental Protection Agency) classifies As as an en-
docrine disruptor along with lead, mercury, and cadmium. Arsenic has
several chemical forms such as inorganic arsenic (iAs), Monomethy-
larsonic acid (MMA), Dimethylarsinic acid (DMA), and in drinking
water, the known main source of arsenic, where arsenic exists as iAs
Mand iAs V. Even though the exact mechanism of toxicity is unclear,
the increased generation of Reactive Oxygen Species (ROS), such
as peroxyl radicals, superoxide radicals, unpaired oxygen, hydroxyl
radicals would induce cell cytotoxicity [20]. The inhibition of various
cellular enzymes by arsenic occurs through sulthydryl group binding,
lowering their activities [21]. Specially it can interfere glutathione, a
potent As detoxifying agent involved in the process of As metabolism
[22]. Additionally, arsenic exposure can lead to interfering gene ex-
pression of proteins which in turn delineate signal transduction pro-
cess involved in DNA repair, DNA synthesis, energy production [23].

This study was undertaken to evaluate antioxidant effects of R.
coreanus in three different parts namely fruits, leaves and stems, and
protective effects against arsenic trioxide-induced oxidative stress in
murine macrophage RAW 264.7 cells.
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Materials and Methods

Materials, chemicals and reagents

Folin-Ciocalteu’s reagent, 2,2-Diphenyl-1-Picrylhydrazyl
(DPPH), 2,4,6-Tripyridyl-Striazine (TPTZ), 3-(4,5-Dimethyl-2-th
azolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) and 2°7’-di-
chrorofluorescin diacetate were purchased from Sigma-Aldrich Co.
(St. Louis, Mo, USA). Murine macrophage RAW 264.7 cells were
from Korean Cell Line Bank (Seoul, Korea). Penicillin-streptomycin
solution and 10% fetal bovine serum were from Corning (Tewksbury,
MA, USA). RPMI-1640 buffer and phosphate saline buffer were from
Welgene (Kyungsang-do, Korea). The primary antibodies were from
Snata Cruz Biotechnology Inc (Santa Cruz, CA, USA), the second-
ary goat or mouse antibodies were from Bio-Rad Lab (Bio-Rad, CA,
USA). Goat anti-rabbit antibodies from Young In Frontier (Ab Fron-
tier, Seoul, Korea), and rabbit anti-goat antibodies from Invitrogen
Co. (Invitrogen, CA, USA). Rubus coreanus Miquel fruits were ob-
tained from Korean Plant Extraction Bank (Ohchang, Korea). Rubus
coreanus Miquel leaves and stems were donated from Korea Bok-
bunja Research Institute (Gochang, Korea). All the other reagents are
analytical grade.

Preparation of Rubus coreanus Miquel leave and stem
crude extracts

Rubus coreanus Miquel leaves and stems were dried for 48 h to
have a final moisture content of 6%. Dried samples were extracted
with hot distilled water (1:100) for 1 h and then this extracted solution
was sterilized at 100°C for 20 min, filtered, concentrated for 2 h using
Rotary Evaporator and freeze-dried. The resulting powder was further
diluted with 95% ethanol to give 5, 10, 15, 30, 50, 75, 100 mg/mL.

The determination of the Total Phenol (TPC) and the Total
Flavonoid (TFC) contents

Samples, 1.0 ml (1:9 diluted with distilled water) and 0.2 ml of 2
N Folin-Ciocalteu’s reagent were mixed. After 3 minutes, 0.4 ml of
10% Sodium Carbonate solution (Na,CO,) was added and incubated
in the dark for one hour at room temperature. Absorbance was mea-
sured at 725 nm using an ELISA microplate reader (Thermo Fisher
Scientific, Waltham, MA, USA). The TPC in the sample was derived
from a standard curve for gallic acid and is expressed as g of gallic
acid equivalents per 100 gram (g GAE/100 g). From the total of 1 mL
samples (9 extract :1 etOH) 0.5 ml was taken to a test tube and mixed
with 0.1 ml of 10% Aluminum Nitrate (AI(NO,),-9H,0), 0.1 ml of
1 M Potassium Acetate (CH,COOK) and 4.3ml etOH. The resulting
solution was reacted for 30 minutes at room temperature in the dark.
The absorbance was determined at 415 nm. A standard curve was pre-
pared using quercetin. The TFC in the sample was calculated from the
standard curve and is expressed as mg of quercetin equivalents per g

(mg QE/g).

DPPH free radical scavenging activity (DPPH assay)

The 100 pL samples of six different concentrations (5, 25, 50, 100,
150, 200 mg/mL) were added to 1.9 ml 0.1 mM DPPH solution and
incubated for 30 min at 37°C. Absorbance was measured at 515 nm.
Ascorbic acid, a-tocopherol and quercetin were used as positive con-
trols.

Ferric ion Reducing Antioxidant Power (FRAP) assay

The 20 uL samples of three different concentrations (10, 50, 100
mg/mL) were treated with 180 nL. FRAP reagent and incubated for
30 min. Absorbance was measured at 593 nm. As positive controls,
ascorbic acid was used.

Cell lines and cell viability measurement

Raw 264.7 cells, a mouse leukemic monocyte macrophage cell
line (ATCC TIB-71), were cultured in RPMI-1640 media supple-
mented with 10% inactivated fetal bovine serum and 100 U/mL pen-
icillin, at 37°C in a humidified atmosphere of 95% air and 5% CO,.
The total of 1x10° of cells were dispersed to each 96-well. After 24
h cultures, and then cells were treated with different concentrations
of samples for 4 hours. After adding 100 ml MTT solution (diluted
in RPMI 1640 without phenol red) to each well containing samples,
and then incubated for 4 hours, the plates were centrifuged for 10
min at 3,000 rpm. Then the MTT solution was removed and added
100 ml DMSO to each well. Finally, the microplate reader (Thermo,
Waltham, USA) was used to obtain the absorption values at 540 nm.
The cell viability was calculated by the following formulation:

Ae and Ac mean the absorption value of experiment group (mea-
sured under treatment) and control group (without treatment) respec-
tively.

Reactive oxygen species measurement

The cells (1x10°) were incubated with 20 ml of three concentra-
tions (0, 50, 100 mg/mL) of extracts for 4 hr. Next, another 4 h incu-
bation was carried out with the addition of 20 ml As,O, at each well.
DCF-DA (2°7’-Dicholorodihydrofiorescein diacetate) at the concen-
tration of 25 M was added to make total of 2 mL each well, and then
the microplate was incubated at 37°C in a humidified atmosphere of
95% air and 5% CO,. The chemiluminescence was determined by
spectrofluometer at 485 nm excitation and 530 nm emission wave-
lengths.

Western blotting analysis

The Raw 264.7 cells were washed twice with PBS and lysed with
lysis buffer containing RIPA buffer, protease inhibitor, and phospha-
tase inhibitor. Protein samples were quantified using a Pierce™ BCA
Protein Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA).
Next, 20 ml samples were separated on SDS-PAGE gels and elec-
tro-transferred onto a methanol-activated PVDF membrane (Roche,
Mannheim, Germany). The membranes were blocked with 5% skim
milk and probed in primary antibodies overnight. Then the mem-
branes were washed and exposed to horseradish peroxidase—linked
secondary anti-rabbit antibody (Cell Signaling Technology, Danvers,
MA, USA) or secondary anti-mouse antibody for one hour. The pro-
tein bands on the membrane were visualized using Clarity™ West-
ern ECL Substrate (Bio-Rad, Hercules, CA, USA) and imaged with
ChemiDoc (Bio-Rad, Hercules, CA, USA).

Statistical analysis

Data were expressed as Mean + Standard Deviation (SD) of three
similar and independent experiments. Difference between the groups
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were analyzed by using T-test using SPSS for Windows Ver. 25.0
(SPSS Inc., Chicago, ILL, USA)

Results
Total Phenolic and Flavonoid Content (TPC and TFC)

The data regarding TPC and TFC of ethanol extracts of R. coreanus
fruits, leaves and stems are shown in figures 1 & 2. As gallic acid
equivalent, the total phenol contents of R. Coreanus Fruits (FRE),
Leaves and Stems (LSRE), and Fruit, Leaves and Stems (FLSRE)
were 1.37 0.01, 2.80 0.02, 2.09 0.01 gGA per 100 g ethanol extracts
respectively. The total estimated flavonoid contents of R. Coreanus
Fruits (FRE), Leaves and Stems (LSRE), and Fruit, Leaves and Stems
(FLSRE) were 54.95 1.65, 109.90 3.06, 105.68 3.61 mg QE (Querce-
tin equivalent) per 100 g ethanol extracts respectively.

Figure 1: Total phenolic content of ethanol extracts from Rubus coreanus
Mig.

Values are expressed as mean of triplicate measurements. FRE=fruit of
Rubus coreanus Miq. Ethanol extract; LSRE=leaf and stem of Rubus
coreanus Miq. Ethanol extract; FLSRE=fruit, leaf and stem of Rubus
coreanus Miq. Ethanol extract.

Figure 2: Total flavonoid content of ethanol extracts from Rubus coreanus
Migq.

Values are expressed as mean of triplicate measurements. FRE=fruit of
Rubus coreanus Miq. Ethanol extract; LSRE=leaf and stem of Rubus
coreanus Miq. Ethanol extract; FLSRE=fruit, leaf and stem of Rubus
coreanus Miq. Ethanol extract.

Antioxidant properties

To determine the antioxidant effects, 0, 5, 25, 50, 100, 150 and
200 mg/mL FRE, LSRE and FLSRE were tested applying DPPH as-
say. The results are shown in figure 3, FRE, LSRE and FLSRE had
70.0%, 84.4% and 68.0% of DPPH free radical scavenging activity,
respectively. The FRAP values 10, 50, and 100 mg/mL of FRE, LSRE
and FLSRE were shown in figure 4 and leaves and stems (LSRE)
exhibited the highest FRAP values.

Figure 3: DPPH radical scavenging activity of ethanol extracts from Ru-
bus coreanus Miq. and several antioxidants.

Values are expressed as mean of triplicate measurements. FRE=fruit of
Rubus coreanus Mig. Ethanol extract; LSRE=leaf and stem of Rubus
coreanus Mig. Ethanol extract; FLSRE=fruit, leaf and stem of Rubus
coreanus Miq. Ethanol extract.

Figure 4: Ferric-reducing antioxidant power value of ethanol extracts
from Rubus coreanus Miq. and ascorbic acid.

Values are expressed as mean of triplicate measurements. FRE=fruit of
Rubus coreanus Miq. Ethanol extract; LSRE=leaf and stem of Rubus
coreanus Miq. Ethanol extract; FLSRE=fruit, leaf and stem of Rubus
coreanus Miq. Ethanol extract.

Effect of Rubus coreanus Miquel extracts on cell cytotoxic-
ity of RAW 264.7 cells

The cytotoxicity of various concentrations of R. coreanus extracts
(10, 50, 100 mg/mL) to 264.7 cells was tested. After treating mac-
rophage cells with R. coreanus extracts for 24 hours, an MTT assay
was performed. At 10, 50, 100 mg/mL concentrations of R. coreanus
extracts (FRE, LSRE and FLSRE) showed over 100% survival rates
compared to the negative control (Figure 5). Therefore, in further ex-
periments, concentrations up to 100 mg/mL were used because they
did not significantly affect cell proliferation and survival of RAW
264.7 cells.
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Figure 5: Effect of ethanol extracts from Rubus coreanus Miq. on cell
viability in RAW 264.7 cells.

Cells were treated with FRE, LSRE and FLSRE (A : 100, B : 50, C : 10
pg/ml) for 24 h then percentage of cell viability were measured by MTT
assay. Values are expressed as mean of triplicate measurements. FRE=-
fruit of Rubus coreanus Miq. Ethanol extract; LSRE=leaf and stem of Ru-
bus coreanus Miq. Ethanol extract; FLSRE=fruit, leaf and stem of Rubus
coreanus Miq. Ethanol extract.

Restoration of cell viability suppressed by As with R.
coreanus extracts

First, to determine the dose-dependent cytotoxic effect of As on
RAW 264.7 cells, cells were treated with 0, 1.25, 2.5 and 5.0 uM Ar-
senic trioxide for 24 hours, MTT assay was performed (Figure 6). Cell
viability was decreased by As to 60% with 2.5 uM and to 40% with
5.0 uM As respectively. Next, the restoration capacity of R. coreanus
extracts on cytotoxicity caused by the addition of As compound was
tested, and at the concentration of 2.5 uM As, all of three kinds of
extracts (FRE, LSRE and FLSRE) exhibited over 80% recovery of
damaged cell cytotoxicity (60%) depending on the concentrations of
supplemented R. coreanus extracts. As for higher concentration of
as (5.0 uM) this recovery was significantly elevated even though the
magnitude of recovery was lower than 2.5 uM As (Figure 6).

Quenching of ROS (reactive oxygen species) induced by as
by treating cells with R. coreanus extracts

The increased the level of ROS by the addition of As was found
to be lowered by the treatment with 50 mg/mL R. coreanus extracts
to the level of 56-78% ROS and up to 54-80% with 100 mg/mL con-
centrations (Figure 7). Specially the leaves and stems extracts showed
the highest ROS quenching effect at the both concentrations of 50 and
100 uM.

Effect of R. coreanus extracts on the oxidative stress in-
duced enzyme levels in the presence of As

To elucidate whether ROS quenching was accompanied with ROS
related enzyme control, western blotting was performed (Figure 8).
The protein expressions of all four enzymes namely catalase, super-
oxide mutase 1, superoxide mutase 2 and heme oxygenase-1 were
increased significantly (p<0.05) in the presence of arsenic oxide,
however, the addition of R. coreanus extracts decreased the expres-
sion of these enzymes. Specially leaves and stems showed the highest
reduction in all the enzyme protein expression.

Figure 6: Protective effect of ethanol extracts from Rubus coreanus Migq.
on RAW 264.7 cells from As,O,-induced cell death.

RCM inhibition of As203-induced cell death by MTT assay. Cells were
treated with 2.5M(A) and 5.0M(B), of As,O, respectively in the presence
of LSRE (50 and 100 pg/ml) treatment or 24 h, and then percentage of
cell viability were measured by MTT assay. Values are expressed as mean
of triplicate measurements. *p <0.01 indicated a significant difference in
As,O, treated groups compared with untreated group. LSRE=leaf and stem
of Rubus coreanus Miq. Ethanol extract; FLSRE=fruit, leaf and stem of
Rubus coreanus Miq. Ethanol extract; ATO=Arsenic Trixide (As,O,).

Figure 7: Effect of ethanol extracts from Rubus coreanus Mig. on RAW
264.7 cells from As,O,-induced reactive oxygen species (ROS) produc-
tion.

RAW 264.7 cells were treated with 2.5 M, of As,O,, respectively in the
presence of FRE, LSRE and FLSRE (10, 50 and 100 pg/ml) treatment or
24 h, and then percentage of oxidative stress level were measured by DCF-
DA assay. Values are expressed as mean of triplicate measurements. *p
<0.01 indicated a significant difference in As,O, treated groups compared
with untreated group. FRE=fruit of Rubus coreanus Miq. Ethanol extract;
LSRE=leaf and stem of Rubus coreanus Miq. Ethanol extract; FLSRE=-
fruit, leaf and stem of Rubus coreanus Miq. Ethanol extract; ATO=Arsenic
Trioxide (As,0,).
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Figure 8: Protein expression of HO-1, catalase, SOD1 (Cu/Zn SOD) and
SOD2 (Mn-SOD) in RAW 264.7 cells treated with ethanol extracts from
Rubus coreanus Miq. and As,O,.

RAW 264.7 cells were treated with RCM (FRE, LSRE and FLSRE) 100
pg/ml or combine-treated with RCM plus As,O, for 24 h. Cells were then
harvested and the protein expression was detected by western blot anal-
ysis. Proteins (10 pg) of the total cell lysates were loaded in 12% SDS-
PAGE. The expression level of tubulin proteins was examined and served
as a loading control. FRE=fruit of Rubus coreanus Miq. ethanol extract;
LSRE=leaf and stem of Rubus coreanus Miq. Ethanol extract; FLSRE=-
fruit, leaf and stem of Rubus coreanus Miq. Ethanol extract.

N

Discussion

A large number of populations are exposed to undesirable amount
of arsenic through drinking water and food. High concentrations of
arsenic in drinking water and food, or from particular environmental
conditions, can bring detrimental toxicities [24]. Those who are ex-
posed to high concentrations may develop acute, subacute, or chronic
consequences of toxic symptoms. Inorganic along with organic arsen-
icals are known to bind strongly to thiol groups, which together with
seleno-enzymes, and they are vulnerable targets of toxic activities of
As [25]. As is a well-known carcinogen influencing various organs,
specially, lung, urinary tract, skin cancers are reported at levels above
50 mg/L drinking water [26]. As low as 10 mg/L could induce bladder
cancers according to the recent summary report of epidemiological
studies [27]. The prolonged exposure is known to be linked to pe-
ripheral neuropathy, cardiovascular disease [28]. One research even
suggests that exposure to environmental arsenic should include a risk
factor for the development of children autism spectrum disorder [29].
There are claims that arsenic exposure may precipitate type 2 diabetes
in susceptible individuals [30] and furthermore, increased oxidative
stress caused by arsenic leading to aggravated atherosclerosis and
lowered endothelial functions [31].

R. coreanus Miquel (bokbunja) Korean black raspberry, is na-
tive to Korea and other Northeast Asia countries known to exert
health-promoting effects including diminishing oxidative stress from
various origins, dampening inflammation and further ameliorating
liver steatosis, obesity and cancer [32-38]. This study has two fold
aims: i.e. it is to compare the total phenolic and flavonoid contents,
free radical scavenging effects and the protective effects against ox-
idative stress induced by arsenic trioxide of fruits, leaves and stems.

The total polyphenol contents of the ultrasonication extracted R.
coreanus samples ranged from 1.37 to 2.80 gGA per 100g freeze-
dried powder. The highest polyphenol concentration was found with
combinations of fruits, leaves, stems. The higher flavonoid contents
were obtained with leaves and stems, when they were expressed in
milligrams of quercetin equivalent per 100 G extracts. Similar results
of antioxidative activities were obtained for leaves and stems, where
they showed the higher values for the DPPH radical scavenging assay
and FRAP (ferric-reducing antioxidant power) values. Generally, re-
search on berries has traditionally focused on their antioxidant prop-
erties and has been shown in vitro system to carry antioxidant capabil-
ities [39]. This study extended to evaluate the ROS scavenging effects
of this berry and its parts in arsenic —induced stress in murine macro-
phage 264.7 cells. The evident anti-cytoxicity effects were observed
with the addition of R. coreanus ethanol extracts in As treated mac-
rophage cells. Furthermore, the antioxidative and anti-inflammatory
capacities of RCM powder were shown in macrophage cultured treat-
ed with arsenic. The downregulation of anti-inflammatory enzymes
such as SOD1(Cu/Zn superoxide dismutase), SOD2 (Mn superoxide
dismutase), catalase and heme oxygenase-1 protein by the addition
of RCM fruits, leaves and stems in arsenic-treated macrophage cells
demonstrates that the altered balance between oxidative stress condi-
tions caused by arsenic trioxide and antioxidant defense system may
have restored by R. coreanus fruit, leave and stem extracts.

Conclusion

Freeze-dried powder of R. coreanus Miquel fruits, leaves and
stems exhibited considerable protective effect against arsenic-induced
toxic condition as shown by the regulation of antioxidant activities
and controlling some of antioxidant enzymes. This finding provide
evidence for the beneficial capacities of R. coreanus Miquel leaves
and stems for health promotion in the presence of arsenic contamina-
tion.
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