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Abstract

Background: Rubus coreanus fruit (RF) has been used as a traditional medicine formulation to treat various diseases
including diarrhea, asthma, and cancer in East Asia (Korea, China, and Japan). RF, which is native to Korea, has a
larger fruit size than that of exotic species. In this study, we aimed to compare the anti-inflammatory activities of
immature and mature RF extracted with different solvents.

Methods: Mature and immature RF (MRF and IRF) were extracted with 30% ethanol, 70% ethanol and water at
room temperature. The antioxidant activity was determined using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2′-
azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) assays. Anti-inflammatory activity was determined by
measuring nitric oxide (NO) production, expression of inflammatory proteins (inducible NO synthase [iNOS],
cyclooxygenase [COX]-2, nuclear factor [NF]-κB, and inhibitor of NF-κB [IκB]), and inflammatory cytokines using
polymerase chain reaction in lipopolysaccharide (LPS)-stimulated RAW264.7 macrophages.

Results: The IRF 30% ethanol extract showed higher radical scavenging activity in DPPH and ABTS assays (half-maximal
inhibitory concentration [IC50] 16.0 ± 0.5 and 15.9 ± 0.4) than MRF did. In addition, the IRF 30% ethanol extract (200 μg/
mL) significantly reduced the production of the inflammatory mediator NO by approximately 80% and inhibited iNOS,
COX-2, phosphorylated (p)-IκB, and p-NF-κB activation compared with MRF. Moreover, IRF extract decreased the
inflammatory cytokines tumor necrosis factor-α, interleukin (IL)-1β, and IL-6 compared with the MRF extract.

Conclusions: This study revealed that IRF showed more beneficial effects than MRF did in LPS-stimulated RAW 264.7
macrophages, suggesting that IRF may be a useful anti-inflammatory agent.
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Background
Rubus coreanus fruit (RF), also called the Korean black
raspberry, belongs to the family Rosaceae and is cultivated
in the southern part of Korea, China, and Japan [1]. Im-
mature RF (IRF) has been used to treat diabetes mellitus
[2], while mature RF (MRF) has been used in anticancer,
anti-inflammatory, and anti-fatigue treatments [3–5].

These potential health benefits of RF are attributed to
different components including cyanidin 3-O-glucoside,
cyanidin 3-O-xylosylrutinoside, cyanidin 3-O-rutinoside,
ellagic acid (EA), and phenolics, such as gallic, protocate-
chuic, p-hydroxybenzoic, vanillic, syringic, salicylic, and
caffeic acids. [6–8]. The levels of linoleic acid, citric acid,
succinic acid, and sucrose decreased, while those of
glucose and fructose increased during the maturation
process [9].
Inflammatory response plays important roles in normal

and pathological healing. Following an injury, various fac-
tors activate the immune system, leading to a local
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inflammatory response [10]. Pro-inflammatory cytokines,
such as interleukin (IL)-6, IL-1β, and tumor necrosis factor
(TNF), are stimulated and oxygen-centered free radical pro-
duction is induced. The nuclear factor (NF)-κB transcrip-
tion factor induces the transcription of pro-inflammatory
genes and contributes to inflammation. Activated NF-κB is
a stable trimeric complex of two NF-κB subunits (p65
and p50) and inhibitor of NF-κBα (IκBα). NF-κB in-
duces key products such as pro-inflammatory cyto-
kines, cyclooxygenase-2 (Cox-2), and inducible nitric
oxide (NO) synthase (iNOS) [11]. Phosphorylation and
degradation of IκB allows NF-κB to translocate to the
nucleus [12, 13]. NOS isoenzymes [endothelial NOS
(eNOS), neuronal NOS (nNOS), and iNOS] synthesize
NO, and the production of high NO levels is characteristic
of many inflammatory conditions [14]. Therefore, it is
necessary to investigate the NOSs and NF-κB-induced
transcription factors that induce pro-inflammatory cyto-
kines, which subsequently cause inflammation-related
diseases [15].
The anti-inflammatory effects of MRF have been pre-

viously published [16]; however, there are no reports on
the effects of different harvest times and extraction sol-
vents on the anti-inflammatory activity of RF. In this
study, we investigated the effects of harvest time and
various extraction solvents on the anti-inflammatory ef-
fects of RF as well as the potential involvement of
NF-κB signaling in the mechanism of action of RF.

Results
Extraction yields of IRF and MRF according to extraction
solvent
The yields of IRF extracts with 0, 30, and 70% ethanol
were 15.22 ± 0.48, 17.33 ± 0.25, and 14.23 ± 0.19%, re-
spectively, and the corresponding values of MRF extracts
were 9.26 ± 0.66, 8.66 ± 0.25, and 8.07 ± 0.00%, respect-
ively. IRF extract yield was higher than that of MRF, and
the yield of IRF 30% ethanol extract was the highest.

Antioxidant assay of IRF and MRF
The results of antioxidant assays are presented in Table 1.
The results of DPPH and ABTS radical scavenging assays
were expressed as IC50 values. IRF showed the highest
DPPH radical scavenging activity (IC50 of 30% ethanol ex-
tract: 16.0 ± 0.5 μg/mL), while MRF showed the lowest
(IC50 of 0% ethanol extract: 208.2 ± 17.1 μg/mL). Similar to
DPPH results, IRF showed the highest ABTS radical scav-
enging activity (IC50 of 30% ethanol extract: 15.9 ± 0.4 μg/
mL) and MRF showed the lowest (IC50 of 70% ethanol ex-
tract: 97.5 ± 2.7 μg/mL). The IRF extract showed signifi-
cantly low IC50 values in DPPH and ABTS radical
scavenging assays (p < 0.05), indicating that IRF exhibited
the best antioxidant activity.

IRF and MRF extracts inhibited NO production in LPS-
stimulated RAW264.7 cells
Cell viability was determined after treatment with
various concentrations of IRF and MRF extracts (0 to
400 μg/mL). The cell viability values were > 90% after
exposure to up to 200 μg/mL of the extracts com-
pared with the control (LPS treatment only, Fig. 1);
however, the extracts affected cell viability at 400 μg/
mL. All extract concentrations < 200 μg/mL were non-
toxic to the cells and were therefore used in the sub-
sequent assays. As shown in Fig. 2, NO production in
LPS-stimulated RAW264.7 cells significantly de-
creased. We observed that different concentrations of
IRF and MRF inhibited NO production in
LPS-stimulated RAW264.7 cells. Specifically, IRF and
MRF 30% ethanol extracts (200 and 50 μg/mL, re-
spectively) reduced cell viability. Thus, the extracts
were used at a concentration of 200 μg/mL in the
next assay.

IRF inhibits IL-6, IL-1β, and TNF-α levels in LPS-stimulated
RAW264.7 cells
We investigated the effect of IRF and MRF extracts on
the expression levels of pro-inflammatory cytokines such
as IL-6, IL-1β, and TNF-α. As shown in Fig. 3,
RAW264.7 cells treated with LPS alone showed in-
creased expression levels of IL-6, IL-1β, and TNF-α
compared with the untreated cells. The expression
levels of IL-6, IL-1β, and TNF-α were reduced in
LPS-stimulated RAW264.7 cells following treatment
with MRF extracts. IRF treatment also attenuated
LPS-mediated overproduction of IL-6, IL-1β, and
TNF-α. These data indicated that the inhibition of IL-6,
IL-1β, and TNF-α by IRF may have been mediated by
decreased NO production. The 30% ethanol extract of
IRF showed a higher reduction in IL-6 and TNF-α
levels.

Table 1 IC50 value of antioxidant activity from 0, 30 and 70%
ethanol extracts of mature and immature fruit of Rubus coreanus
(n = 3)

Sample DPPH (μg/mL) ABTS (μg/mL)

MRF 0% 208.2 ± 17.1a 96.6 ± 8.3a

30% 78.7 ± 2.9c 67.0 ± 1.6b

70% 178.8 ± 2.0b 97.5 ± 2.7a

IRF 0% 24.0 ± 1.0e 21.6 ± 1.1c

30% 16.0 ± 0.5e 15.9 ± 0.4d

70% 32.2 ± 1.1d 27.6 ± 1.6c

Ascorbic acid 10.2 ± 0.3e 34.1 ± 0.3c

All values are means ± SD. Means with different letters are significantly
different at p < 0.05 by Tukey’s multiple comparison tests. MRF mature Rubus
coreanus fruit, IRF immature Rubus coreanus fruit
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IRF extract inhibits expression of inflammatory-related
proteins in LPS-stimulated RAW264.7 cells
The NF-κB signaling pathway has been reported to be
associated with the induction of gene expression of in-
flammatory mediators such as NO, iNOS, COX-2, IL-6,
and TNF-α [11]. NF-kB activation is induced by the deg-
radation of IkBα by IkB kinase-mediated phosphoryl-
ation and subsequent p65 nuclear translocation [17]. To
determine whether the effects of 0, 30, and 70% ethanol

extracts of IRF and MRF were mediated by the
inflammatory-related proteins p-NF-κB (p65), p-IκB,
COX-2, and iNOS in LPS-stimulated RAW264.7 cells,
their protein expression was measured by western blot-
ting (Fig. 4 and Additional file 1: Figure S1). LPS signifi-
cantly enhanced p-p65, p-IκB, COX-2, and iNOS
expression in RAW264.7 cells. In addition, RAW264.7
cells treated with LPS and IRF showed a higher reduc-
tion in expression of p-p65, p-IκB, COX-2, and iNOS

Fig. 1 Cell viability of Rubus coreanus fruit (RF) extracts on lipopolysaccharide (LPS)-induced RAW264.7 cells. Cells were pretreated various concentrations of
mature RF (MRF) and immature RF (IRF; 25, 50, 100, 200, 300, and 400 μg/mL) for 1 h and then 1 μg/mL LPS with extracts for 18 h. Cell viability was
measured using MTS assay. All values are means ± SD, n= 3. *p< 0.05, **p< 0.01, and ***p< 0.001, comparing LPS control and each column

Fig. 2 Effects of Rubus coreanus fruit (RF) extracts on nitric oxide (NO) production of lipopolysaccharide (LPS)-induced RAW264.7 cells. Cells were
pretreated with various concentrations of mature RF (MRF) and immature RF (IRF; 25, 50, 100, and 200 μg/mL) for 1 h, followed by 1 μg/mL LPS
for 18 h. NO production was measured using Griess reagent. All values are means ± SD, n = 3. . ###p < 0.001, comparing control and LPS control.
***p < 0.001, comparing LPS control and each concentration

Seo et al. BMC Complementary and Alternative Medicine           (2019) 19:89 Page 3 of 9



than MRF-treated cells did. Furthermore, we showed
that treatment of IRF 0 and 30% ethanol extract with
LPS strongly suppressed inflammatory-related proteins.
Our results suggest that IRF could negatively regulate
inflammatory-related proteins in LPS-stimulated
RAW264.7 cells and may therefore have
anti-inflammatory effects on LPS-treated cells.

Analysis of EA in IRF and MRF using HPLC
EA is the main phenolic compound in RF [18, 19] and has
beneficial effects, such as anti-inflammation, in mice and in
damaged skin [20, 21]. Thus, we performed HPLC analysis
to determine whether the inflammation inhibitory effect of
IRF is attributed to EA content. The chromatograms of
standard solution, MRF extract, and IRF extract are shown

Fig. 3 Anti-inflammatory effect of Rubus coreanus fruit (RF) extracts on mRNA expression. Representative bands of tumor necrosis factor (TNF)-α,
interleukin (IL)-1β, and IL-6 are shown. Cells were treated with mature RF (MRF) and immature RF (IRF) at 200 μg/mL for 1 h, followed by 1 μg/mL
LPS with extracts for 18 h. mRNA expressions were detected using reverse transcription-polymerase chain reaction (RT-PCR). The data depicted in
the bend below as the means are an average of three similar and independent experiments. Means with different letters are significantly different
at p < 0.05 by Tukey’s multiple comparison tests

Fig. 4 Anti-inflammatory effect of extracts from Rubus coreanus fruit (RF) on RAW264.7 protein expression. Cells were pretreated with 200 μg/mL
mature RF (MRF) and immature RF (IRF) for 1 h and then induced with 1 μg/mL LPS for 18 h. Cells were lysed and proteins were employed by
SDS-PAGE followed by Western blotting using primary antibodies targeting anti-p-p65, p-ikB-a, COX-2, iNOS and β-actin. . The data depicted in
the bend below as the means are an average of three similar and independent experiments and gel images are of representative blots. Means
with different letters are significantly different at p < 0.05 by Tukey’s multiple comparison tests
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in Fig. 5. The EA contents of IRF and MRF were 0.75 and
0.10mg/g dried weight, respectively.

Discussion
RF is well known to have various pharmacological ef-
fects, including anticancer and anti-inflammatory [2–5,
16] activities, which are attributed to the phenolic com-
pound anthocyanin and EA content [6, 9, 18]. However,
the effect of different harvest times and extraction sol-
vents on the anti-inflammatory effects of RF in
LPS-stimulated RAW264.7 cells has not yet been exam-
ined. This is the first study to compare the
anti-inflammatory effects of different solvent extracts of
MRF and IRF in LPS-stimulated RAW264.7 cells. Total
phenol and flavonoid contents were higher in 75% etha-
nol extract of MRF than in 25, 50, and 100% ethanol ex-
tract of MRF [22]. The anti-oxidant effect of 75%
ethanol extracts of MRF and IRF was better than that of
25, 50, and 100% ethanol extracts in liver cells and
DPPH radical scavenging activity [22, 23]. In addition,
30% ethanol extract of IRF has beneficial effect osteopor-
otic by pro-inflammation [24]. Based on these findings,

water, 30% ethanol, and 70% ethanol were selected as ex-
traction solvents in this study.
Injuries due to inflammation are mediated by

oxygen-derived free radicals and high-energy oxidation,
which cause toxic oxidation reactions in the cells [14]. In
this study, the IC50 values in both ABTS and DPPH free
radical scavenging assays were lower for IRF than for MRF.
The 30% ethanol extract of IRF showed better antioxidant
activity than MRF. RF contains anthocyanins and phenolic
compounds in abundance [6], and their composition
changes during maturation process. In particular, the con-
tents of organic acids, amino acids, and phenolic com-
pounds are reduced [25], while anthocyanin components
formed that are glycosides attach to the phenolics [9].
Phenolic compounds are found in many fruits and vegeta-
bles, and they contribute to protective effects against oxida-
tion in organisms [26]. EA is known to be a standard
phenolic compound in RF and therefore, EA was selected
as a standard component for the analysis. EA exerts poten-
tial activities such as anti-inflammatory and anticoagulatory
effects in cardiac tissues of diabetic mice and UV–B
irradiation-induced inflammation model [20, 21]. In the

Fig. 5 Liquid chromatography (LC) chromatograms of mature and immature Rubus coreanus fruit (MRF and IRF, respectively). Chromatogram: (a)
Ellagic acid (EA, 200 μg/mL); (b) water extracts of MRF, 5 mg/mL; and (c) ethanol extracts of IRF, 5 mg/mL
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present study, IRF contained a higher quantity of EA than
MRF did, indicating that the EA component in IRF inhib-
ited the production of pro-inflammatory cytokines and
inflammation-related factors in LPS-stimulated RAW264.7
cells. Raw 264.7 macrophages perform major functions
such as initiation, maintenance, and resolution of inflam-
matory precess [27]. Our findings showed that IRF effica-
ciously inhibited p65 NF-κB inflammatory response via
cytokine genes in LPS-stimulated RAW264.7 cells. Treat-
ment of RAW264.7 cells with LPS stimulates toll-like re-
ceptor 4 and induces the release of pro-inflammatory
cytokines necessary to activate immune response [28]. We
demonstrated the inhibition of pro-inflammatory factors
TNF-α, IL-1β, and IL-6 by IRF. In a previous study, 100%
ethanol extract of IRF reduced pro-inflammatory cytokines
more effectively than MRF extracts did [16]. However, 0
and 30% ethanol extracts of IRF reduced pro-inflammatory
cytokines to a lesser extent than 100% ethanol extract did.
Pro-inflammatory cytokine actions involve the activation of
NF-κB. Cytokines may be responsible for the induction of
COX-2 and iNOS. Furthermore, iNOS produces NO to
cause inflammation [14]. In the present study, treatment of
LPS-stimulated RAW264.7 cells with 0 and 30% ethanol
extracts of IRF reduced NO and inflammatory-related pro-
teins, and these effects were less potent than those induced
by the 100% ethanol extract (similar to effects on
pro-inflammatory cytokines) [16]. The extract with the
highest polyphenol content exhibited the highest antioxi-
dant capacity [6]. A previous study reported that the ethyl
acetate fraction of RF, which had the highest polyphenol
content, showed the highest NO reduction rate [8]. These
results indicate that the ethanol extract of IRF, which had
antioxidant ability, showed better anti-inflammatory effects
than MRF.
Our results confirmed that the anti-inflammatory ef-

fects of 0 and 30% ethanol extracts of IRF, which were
mediated by reduction of NF-κB pathway activity via
cytokine inhibition in LPS-stimulated RAW264.7 cells,
were higher than that of the 70% ethanol extracts of IRF
and MRF. This effect may have been mediated by the
anti-inflammatory effects of EA in IRF. Therefore, 0 and
30% ethanol extracts of IRF have the potential to be used
as therapeutic agents for inflammation-related diseases.

Conclusion
Our results revealed that IRF inhibited inflammatory
responses induced by NF-kB signaling and
pro-inflammatory cytokines (TNF-α, IL-1β, and IL-6). In
addition, the EA content of RF, which is known to have
anti-inflammatory activity, was higher in IRF than in
MRF. This study was the first to describe the detailed in-
flammatory mechanisms of IRF and MRF extracted
using different ethanol concentrations. Furthermore,
these results suggest that IRF could be used as a dietary

supplement with potential benefits in treating
inflammation-related diseases.

Materials and methods
Preparation of materials, extracts, and yields
R. coreanus grown for 30 and 45–70 days post-bloom
(IRF and MRF, respectively) were collected from Gwang
Yang in South Korea in 2017. The code and production
income sales report number of the plant material
(09-01-0026 and 09–004–2005-1) was deposited at the
National Forest Seed and Variety Center and identified
by PhD. Seok Cheol Suh (Gwangyang Agricultural Tech-
nology Center) [29]. In addition, the voucher specimen
(NIBRVP0000180126) was deposited at National insti-
tute of biological resources [30]. Crushed RF samples
were stored at − 20 °C before extraction and were hot-air
dried, crushed, and subsequently extracted. IRF and
MRF were reflux extracted three times with different
concentrations of ethanol (0, 30, and 70%). The sample
extracts were filtered, vacuum evaporated, freeze-dried,
stored at − 70 °C, and then used in each experiment. The
weight of dried samples (Wsample) and freeze-dried ex-
tracts (Wextracts) were measured and the yield was calcu-
lated using the following equation:

Yield %ð Þ ¼ Wextracts gð Þ=Wsample gð Þ� 100

2,2-Diphenyl-1-picrylhydrazyl scavenging assay
2,2-Diphenyl-1-picrylhydrazyl (DPPH) scavenging assay
was carried out using the Müller method [31] with mod-
ifications. Sample stock solutions (10 mg/mL) were di-
luted to final concentrations of 10 to 500 μg/mL in
ethanol and mixed with 0.25 mM DPPH solution. After
30 min, the absorbance at 515 nm, which is the max-
imum absorbance of DPPH, was recorded as Abssample

using an ultraviolet/visible (UV/VIS) spectrophotometer
(BioTek Instruments, Inc., Winooski, USA). A blank ex-
periment was also carried out using the same procedure
with ethanol plus the extract solution, and the absorb-
ance was recorded as Absblank. The radical scavenging
activity (RSA) of each solution was then calculated as a
percentage according to the following equation:

RSA %ð Þ ¼ Abssample � Absblank
� �

=Absblank
� �� 100

The positive control was ascorbic acid, and each value
was expressed as the half-maximal inhibitory concentra-
tion (IC50), which is the concentration that scavenges
50% of the free radicals.

2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulphonic acid
scavenging assay
The 2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid (ABTS) scavenging activity of the extracts was
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examined against ABTS radical cation generated using
chemical method [32]. Sample stock solutions (10 mg/
mL) were diluted to final concentrations of 50 to
300 μg/mL in water. ABTS was dissolved in water to a
concentration of 7 mM. The radical cations were pro-
duced by reacting the stock solution with 2.45 mM of
potassium peroxodisulfate and allowing the mixture to
stand at − 4 °C for 4 h before using the ABTS+ solution.
The absorbance at 734 nm of the mixture of ABTS+ and
various concentrations of the extracts, recorded as Abs-
sample, was measured using a UV/VIS spectrophotometer.
A blank experiment was also carried out by the same
procedure using water plus the extract solution, and the
absorbance was recorded as Absblank. The RSA of each
solution was calculated as a percentage according to the
following equation:

RSA %ð Þ ¼ Absblank � Abssample
� �

=Absblank
� �� 100:

The positive control was ascorbic acid and each value
was expressed as the IC50.

Cell culture
RAW264.7 macrophages were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with
5% fetal bovine serum (FBS), 1% penicillin-streptomycin
(Gibco BRL, Burlington, ON, Canada) at 37 °C in a 5%
CO2 incubator. The medium was replaced every 2 days
for subculture.

Measurement of cell viability
To evaluate the effects of the extracts on cell viability, a
CellTiter 96® AQueous One Solution cell proliferation
assay (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethox-
yphenyl)-2-(4-sulfophenyl)-2H-tetrazolium [MTS]) was
performed. The cells were plated in 96-well plates at a
density of 1.0 × 105 cells/well. After 24 h, the medium
was replaced with serum-free medium, and the cells
were treated with various concentrations (0 to 400 μg/
mL) of IRF and MRF extracts for 1 h, followed by 1 μg/
mL of lipopolysaccharide (LPS). After 18 h, 100 μL of
DMEM containing MTS was added to each well and in-
cubated at 37 °C for 1 h. The medium was removed and
120 μL of dimethyl sulfoxide was added, and the plate
was shaken for 5 min at room temperature to dissolve
the precipitated formazan. The absorbance of the result-
ant solution was measured at 490 nm using a multi-plate
reader (BioTek Instruments, Inc., Winooski, USA).

Measurement of NO production
To determine the effect of IRF and MRF extracts on NO
production, Griess reagent (Promega) was used accord-
ing to the manufacturer’s instructions. The cells were
plated in 96-well plates at a density of 1.0 × 105 cells/well

for 24 h. The medium was replaced with serum-free
medium, and the cells were treated with various concen-
trations (0 to 400 μg/mL) of MRF and IRF extracts for 1
h, followed by 1 μg/mL of LPS. After 18 h, equal
amounts of the culture medium and Griess reagent were
reacted in a 96-well plate for 10 min, and the absorbance
was measured at 540 nm using a multi-plate reader.

mRNA analysis using reverse transcription polymerase
chain reaction
RNA from RAW264.7 macrophages was isolated using
1 mL of TRIzol (Ambion, MA, USA). cDNA was synthe-
sized from 1 μg of total RNA using Reverse Transcript-
ase Premix (Intron, Seongnam-Si, Korea). Polymerase
chain reaction (PCR) analysis was performed with 20 ng
of cDNA using the Maxime PCR PreMix kit (i-Taq, In-
tron) to detect TNF-α, IL-6, IL-1β, and glyceraldehyde
3-phosphate dehydrogenase (GAPDH). The forward and
reverse primers are presented in Table 2. Reactions were
performed on a PCR System, and the thermal profile set-
tings were 50 °C for 2 min and 95 °C for 2 min. In
addition, 30 cycles were performed for TNF-α, IL-6,
IL-1β, and GAPDH (at 94 °C for 300 s, 58 °C for 30 s,
and 72 °C for 30 s). After PCR, electrophoresis was per-
formed using a 1% agarose gel, visualized using loading
STAR (Dyne bio) staining, and detected using a UV
spectrometer (Davinch-K, Korea).

Western blotting
RAW264.7 macrophages were collected and lysed in
ice-cold radioimmunoprecipitation assay buffer (Cell sig-
naling, MA, USA) for 30 min. The protein contents were
measured by Bradford protein assay (Bio-Rad, CA,
USA). Total proteins (20 μg) were subjected to sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
electro-transferred onto polyvinylidene difluoride mem-
brane (Millipore, Darmstadt, Germany). The membranes
were blocked with 5% nonfat-milk for 30 min at room
temperature and incubated in a 1:1000 dilution of the
primary antibody overnight at 4 °C. The primary anti-
bodies used were phospho Nf-κB p-65 (p-p65),

Table 2 mRNA of forward and reverse primers sequence

Primer name Sequence Size (bp)

TNF-α Forward 5′-CACACTCAGATCATCTTCTCAA-3′ 198

Reverse 5′-TTGAAGAGAACCTGGGAGTAG-3′

IL-1β Forward 5′-GTATCACTCATTGTGGCTGTG-3′ 329

Reverse 5′-ATTTTGTCGTTGCTTGGTTCTC-3′

IL-6 Forward 5′-ATTACACATGTTCTCTGGGAAG-3’ 312

Reverse 5′-TTTTACCTCTTGGTTGAAGATATG-3’

GAPDH Forward 5′-AAAAGGGTCATCATCTCCGC-3’ 432

Reverse 5′-CTTCTTGATGTCATCATACTTGG-3’
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phospho-IκB-α (p- IκB-α), Cox-2, iNOS, and β-actin. All
antibodies were purchased from Cell Signaling (USA).
The membranes were washed three times with
Tris-buffered saline plus Tween 20 for 10 min each time.
After that, the membranes were incubated in a 1:2000
dilution of horseradish peroxidase-conjugated secondary
antibody for 1 h at room temperature. The protein reac-
tions were detected using enhanced chemiluminescence
reagent (Bio-Rad, CA, USA) and chemi-luminator
(Davinch-K, Seoul, Korea).

High-performance liquid chromatography analysis of EA
The analysis of EA was performed using a
high-performance liquid chromatography (HPLC) sys-
tem from Waters 2795 series (TX, USA), equipped with
a diode array detector from Waters 2495 series (TX,
USA). HPLC separation of EA for quantitative analysis
was performed using a reverse phase system. The com-
ponents of the chromatographic profile of IRF and MRF
extracts were identified by comparison with retention
times (RT) of peaks in the EA standard solution. An
INNO C18 (4.6 × 250 mm, 5 μm) column was used with
a mobile phase comprising 0.1% phosphoric acid in
water (A) and methanol (B) for EA. The elution program
was a modification of the method by Chae et al. [18]
with a gradient solvent system (B from 30 to 70% for 25
min). UV detection was performed at 370 nm. The injec-
tion volume was 10 μL, the flow rate was 1.0 mL/min,
and temperature was 35 °C.

Statistical analysis
All experimental results are presented as the means ±
standard deviation (SD) of three independent experi-
ments. The statistical significance of differences in this
study was calculated using a one-way analysis of vari-
ance using Tukey’s test (GraphPad Prism 5.02).

Additional file

Additional file 1: Figure S1. Anti-inflammatory effect of extracts from
Rubus coreanus fruit (RF) on RAW264.7 protein expression. Cells were
pretreated with 200 μg/mL mature RF (MRF) and immature RF (IRF) for 1
h and then induced with 1 μg/mL LPS for 18 h. Cells were lysed and
proteins were employed by SDS-PAGE followed by Western blotting
using primary antibodies targeting anti-p-p65, p-ikB-a, COX-2, iNOS and
β-actin. (DOCX 414 kb)
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