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Abstract This study investigated the antioxidant and
anti-inflammatory effects of seed ethanol extracts from
Rubus coreanus Miquel (SERC). To investigate the antioxidant
activity, total polyphenol and flavonoid content, ABTS and
DPPH radical scavenging activity, and reducing power were
measured. The total polyphenol and flavonoid contents in
seed ethanol extracts of R. coreanus Miq. were 4.09 ug gallic
acid equivalents (GAE)/mg and 16.25 ug quercetin equivalents
(QE)/mg, respectively. DPPH and ABTS radical scavenging
activity showed concentration-dependent scavenging activity,
and the RCs, values of SERC were 26.68 ug/mL and 39.30
ug/mL, respectively. Moreover, the ferric reducing antioxidant
power (FRAP) assay was performed to assess the reducing
power, and SERC showed 0.61 = 0.01 mM FeSO, E/mg. To
measure the anti-inflammatory effect, the cytotoxicity and
nitric oxide (NO) production inhibitory efficacy in RAW
264.7 cells was confirmed. SERC showed a NO production
inhibitory effect at 500 ug/mL without cytotoxicity. As a
result of verifying the antioxidant and anti-inflammatory
activity using SERC, its potential as an antioxidant and
anti-inflammatory material was confirmed.
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HSH AL EY A A7 W A gk JFS A= 8.4
© 2 ofg Aol stz Tolst= A o= & A A 9l
Th(Lee et al. 2013a). A AEH A= A f oY 2] AS

3 A 9 T AR of| A EH A 8= EHAJ A4 (Reacative
oxygen species, ROS)o| 34k} A| 2~ Hll o] &J3ff A A =] 2] Z-5}
At AU A A o] A/d = H 2= Al Fl o} (Hwangbo et al.

2021). ROS+= superoxide radical anon (*0,), hydroxyl radicals (*

OH), hydrogen peroxide (H,0,) 5 2] &7} 312, hydroxyl
radicalso] Z} etz 5 71 7338 £A4-S 9 0 71 th(Kang
and Lee 2021). AF3H4 A E g A 9] 242 Q] A4=-2 S|4k, A
A, eid g v 5 A FREY E4S Yol
A 22 o] v 7} 2] Q1 MBHE oF 7] 3}o] ?
< R ASN 25, 70, WA 59 34—‘:#?3'@
PO 7| AU ZZIA 7= U 5 3= S A Sl ch(Hwangbo
etal. 2021; Jang et al. 2021).

O:Iﬁ__ g}ol— ﬂz% /\A]— ol /\ﬂ
Aol thgh 27| B3 E 97k 4%
A=E A WA oA AFRESo
interleukin (IL)-6, IL-1[3 -2 F543 AFo| &7} (pro-inflammatory
cytokine)T} YA ANO), F=A DAL E FqAAaL
(iNOS), cyclooxygenase-2 (COX-2) 53} Z+-& =4 ujj 7)) ¢l
Z}(pro-inflammatory mediator) 5-©| A4 = th(Hwangbo et al.
2021; Kim et al. 2021a). 22} o] 7] A o) &3t g SHH-2-0]
ol 1224 A|+H(Gram negative bacteria) 2] 2] uhof 2|5}
+ A At} 3 F(lipopolysaccharide, LPS)of| T =3} 7+
Wel 49l ool ofah 3w sty 2440l AZu-g-2 A
2% £4po|L} A Ho] Sof of 2] W] uhy v} g2
ZZ15}= Yol o & 283kt (Hwangbo et al. 2021; Kim et al.
2021a).
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ABolt ahkeh 9 Wi BAS AU BAE ol 3
$313 931, o] 22 E oFelstd K AW A4S B4
stol QLAT 715 A AL el E 2Alo] Bt A}
S =] 37 Q) th(Hwangbo et al. 2021; Jang et al. 2021).

E B2 (Rubus coreanus Miquel)= %} u] T (Rosaceae)ol] &
L RE o 8, U, 53 5 obloel] 445
[e)

s

(Yuetal. 2019), &2 Ugtof| = S5 o] 2] & 9] A17]
Ao A ok A E R, 2~3m HEE A, Z-are]

O 7HAet 717t S #om HRl AS EACE Gt &

A= 5~6d o] o] a1 7-8Yof| vl 7} A& ] = o] 1}
ol A7t FA Aehrt S Ew S A WS o o] of

n ALy dujE AxXs AL EE X2k s (Jeon et al.
2015; Kim and Shin 2011; Kim et al. 2011), 5 2] 2 7} o] wt =2 H
ol A A=, BA (A, A Z(1LIE), ek 5 A=
Q0 Hi A Hs AR, tEAloH, B, E 2 E  H
FA Y AYEA 54 FRokal 2o m(Choi et al.
2012), /3 < A" (Chaetal. 2007), 3= ' of whe} A4 2] &
A A E 9] 3haF #3517} WA ST (Cho et al. 2005). 2229
A 2| & of] THet 2] A= FAEEK(Lee and Do 2000; Yoon
et al. 2003), 3+ 9= &4 (Yang et al. 2007), S+ SA(Yuet al.
2019) 3ot 1l w E ) A(Kim et al. 2006), 3} 3} 2 2= 27§
A (Kim et al. 2008), H & 4] 2 2(Kim et al. 2005), =] 2|
E 7} A & 3H(Lee et al. 2014; Lee et al. 2013b) S-of] T3t A
7} ol ol A 9.

% AL of )y 30 o
03

2 ATl AL A, FAF 5ol & LA BEA
o FA2 AHg 3ol ke FH B AL L 22 E
2)o] s, ZepR o] © G2 7 Z 5 DPPH, ABTS ]
227 S4 WFRAP B4 24 9 A8t S U %6

N0 A oA BAS Sl FAF BHL AF ol
7154 A, B9S2 ZA O b5 A S Bttt

ERIEE
HERE

Aluminium nitrate, 2,2'-Azjno-bis(3-ethylbenzothiazoline—6—sulf0nic
acid) diammonium salt (ABTS), Folin A] 2F, Na,COs, gallic acid,
potassium acetate, quercetin, 1,1-diphenyl-2-picryl hydrazyl
(DPPH), potassium persulfate, 2,4,6-Tris(2-pyridyl)-s-triazine
(TPTZ), Iron(Il) sulfate heptahydrate (FeSO,), sodium nitrate,
sulfanilamide, naphthylethylendiamine, phosphoric acid, LPS,
Dimethyl sulfoxide (DMSO0)<} 3-(4,5-Dimethylthiazol-2-y1)-2,5-
Diphenyltetrazol-ium Bromide (MTT)+= Sigma-Aldrich Chemical
Co. (St. Louis, MO, USA) 22 F.§| L4 5}o] AR5} T A 32
Hfj oFof] AF-&-% A|9F S & fetal bovine serum (FBS), penicillinZ}
Dulbecco’s modified Eagle’s minimum (DMEM) Hjj X] = Gibco

BRL Co. (Grand Island, NY, USA)o| A -9 5}o] AF-&-3FS Tt

% A22 Ao dy ovene] 4 AT B8 S

AU UL, RUAD 28R 3 10
goll A& : 70%2] ©f =1:100] HA o gh-&-& 3 7}s}o]
Ao 244\7E 255 342 38 uHE st ol 22
2 Whatman No. 3 filter paper (Whatman Ltd, Maidstone, Kent,
UK)E AR&-5e] of 35t 3 50°Cof| A 2F9-5= 7] (Rotavapor
R-100, Buchi, Flawil, Switzerland)S A}8-3}o] 4 =
Yol Ftt FE=H FEEL 54 A X7 (Freeze drying, Vision,
Daejeon Korea)o| A 52 A3 3 Ba3lsto] 20°C Y&

atof BapstH A A5tof] ARSI

z_Q_;(]

and Denis 1912)2] HH &
HEBEA} EA 22T Qdammqu

SEONL 387 A Th EF] 10%
o2 274513 WHgo] H o] 2o| | EF |
A1Z1 & Microplate Spectrophotometer (xMARK,

BIO-RAD Co., California, USA) A}H] E AF-&-3}o] 700 nmoj| A]
ol ZHEE ZA3AE 5= gallicacild 272 B o2 =
Hoho] B LML Aol BEA FA 2220 5 Eel

s B Fers.
ZFEEY F EYHLOE ?}; %Nleva etal. (2000)2] 1
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DPPH 9] radical scavenging activity (%) = [100-(S/Cx100)]
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ABTS" cation decolorization assay H} & & 8-3lo] =& &0
ABTS 2ht] 7k 47 84 =749 2230519 ch(Re et al. 1999).
ABTS ZttjZt 8912 7 mM ABTS2} 2.45 mM potassium
persulfate S A 2 5}o] & oF S S3151o] 244|171 Sk A&
Ql SFAl o] A Wh-G-A1A ABTS™ & A/ A1 71 732 nmof 4] &
% 27} 0.70 (= 0.02)0] = A phosphate buffered saline
(PBS, pH7.4) 2 A 23} ¢l Tt A| 25 ABTS 24| Z €94 180 1
Lo 5= 25 20 uLE 7}sto] 127k §h3-A171 & 732

mmof| A FFEE S3H AT

S22t A FEE9 ferric reducing antioxidant power
(FRAP) 23

BEA $A 2EBO) FRAPHS AMEF BUY Hrhs
Benzie?} Strain2] B (1996)2 -3-8-5}0] =4 5} 4 th. FRAP
Al k& 300 mM acetate buffer (pH 3.6), 40 mM HCloj] =21 10
mM TPTZ 2 20 mM FeCl;-6H,05 2+ 10:1:1 (v/iviv) & H| &
2 Z3eto] Al 2k glet. FE= 10 uLeF200 LS| FRAP A
oFg EosharL 37°Coll A 57t Hh-3-A1 71 5 593 nmojl A &

Br2 245t} ATk v FeS0,2 REEAR T
2418 24 81 31 mM FeSO, equivalent/mg extract 2 3 A] 3}
piee

MIZZ B

2 Aol RAW 264.7 A| 25 S M| 2323 ol A &
oF vbo} A}-8-3} 91 o). A| 3= 10% FBS, 100 units/mL penicillin-
streptomycin- ] 7}t DMEM H}j 2] & 0] -8-3} ¢ 5% CO,7} &
A3k 37°C w7104 1-200] g 1 wjoral oA,

NE 428 59

B % A Q1 RAW 264.7 A & 4 eww BHz 2R 2%
Bl tht AE] YEE 21s] Ffeke] MTT AJokg
o] &-3}o] 2745191t} 96 well plateo]] 5X10* cells/well ] A 3£
2100 uLR BZ=3}o] 2447k ZoF wlj k7] of A Hj ok &, &
A WA Z2 133t & FE2ES 4 2o uet A 2e &
24 A1 7k F o MTT 5 =7} 0.2 mg/mLo| & =2 H7}5F & 34]
7 Z-oF v ot o] MTT7} M= £ & 8lglc) 71 & AHSof
S A A 5} DMSOE 100 pLA& H323}0] formazones A 3
£ 83 X171 3 Microplate Spectrophotometer = AF-&-5}0 550

nmel] A FHEE S ATh A EAERL o 227w

sho] HE-8(%) = LR e,

B8 5 3529 9T AL S $19) Griess
reagent S o] 83 NO 4 4% 24U E ol §30] 24319
TF RAW 264.7 A| 22 5 x 10* cells/well 5% =2 96 well plate ]

e o] 24 A|7) ) 93k 3, 522 3 LPS (100 ng/mL)7} &
slEjof 9l FEA WAS A2 7 2447 vaksic
96 well plateo]] AJZujF A5 100 uLL} Griess A 2F(1%
sulfanilamide, 0.1% naphthylethylendiamine in 2.5% phosphoric
acid) 100 ULE Z}7} 3715 5 A1 20 A 1587 584171 5
Mlcroplate SpectrophotometerS- ©]-8-5}0] 540 nmoj| A &34 &=
ZA 38}t NO A A -2 sodium nitrate S 0]-8-5F0] %
A& A sk NOo| gHg2 AlAtst gt

JHm

S 24

2t = A 2t e] Adfol th gt § A A 21= Student’s
t-test= H|13FG o, EA A 2] & Pgro] 0.05 ujulel AL
FA7 el gol4lol ook B st

S 2oii= sfEi & S22 0lE B

2280 5B 0% F Behreo|= @

243 A 3}= Table 1o YERH QT B8} 34 3%
% 289 = g5 54 A7+=4.09 ug GAE/mg °] &
,BER 2R 2250 Z ETtE o= 32 1625 ug
Qg ¥.0j59ct.

Piciz a7 2
DPPH % ABTS 2t| 2 47 S42 $5te] Bia 54 &

Table 1 Contents of total polyphenols and flavonoids of seed
ethanol extracts of Rubus coreanus Miq.

Total polyphenols Total flavonoids

(ug GAE"/mg) (Lg QE”/mg)
4.090.22 16.251.21
'"Total phenolic content is expressed as pg/mg gallic acid
equivalent.
*Total flavonoid content is expressed as Ug/mg quercetin
equivalent.

*Each value is expressed as meantS.D.(n=3)
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Table 2 DPPH and ABTS radical scavenging activities of seed ethanol extracts of Rubus coreanus Miq.

Sample Radical scavenging activity (%)
Name Concentration (ug/mL) DPPH radical ABTS radical
5 6.80+1.54 -
7.5 10.36+1.54 5.87+3.02
Rubus coreanus Miq. seed. 10 18.05:0.51 6.35+7.34
25 52.07+£3.20 34.60+1.48
50 93.49+6.42 64.34+8.41
RC50 26.68+1.34 39.30+4.22
0.25 1.18+8.25 -
0.5 10.06+6.72 -
0.75 18.93+6.23 -
1 35.50+8.93 7.69+0.52
Ascorbic acid 2.5 94.08+1.36 14.68+1.30
5 - 56.70+1.57
7.5 - 89.64+0.27
10 - 93.17+0.08
RC50 1.42+0.12 4.98+0.05

'Each value is expressed as mean+S.D.(n=3)

Table 3 Reducing power of seed ethanol extracts of Rubus
coreanus Miq.

FRAP value
(mM FeSO, EY/mg)

0.610.01

'FRAP value is expressed as mM/mg FeSO, equivalent.
’Each value is expressed as mean+S.D.(n=3)

S&9 itk A& Felskgith FEE9 s ABTS,
DPPH e}t] 2 Adll5-& &&= etdl F 7S Table 2]
UEebQlet. 2% 20| DPPH 2Ht) 2 47 AL sr oz
# © & DPPH 2}t]Z 27 84 o] Z7eh= 21 S sheld 4
AL u:] 50% A 5% Q1 RCso 312 26.68+ 1.34 pg/mL o] 3

o S 34 3B ABTS oEl 2 LA S o)
o] ABTS g 4 BAS B39 39.30+4.22
ug/mLe] RCx g Hol 2 ich,

FRAPO| o8t sielz =79

AL HISHE W 5 Sl FRAPS AL-g 3ol

BE B2 o8-S 252 FULS oI A0l +

=
0.01 mM FeSO, E/mg®] Zt-& e ¢ th(Table 3).
NzZYEE

Bl 22 2Z529] A ZEAS 391517] $5te] RAW
264.7 NEAA L AAEE 24S 35 chFig. 1).

MTT assay & 2-8-5}0] RAW 264.7 | 0] A] AJ2-&-2 B¢l
s A3k, 10~500 g/mLoj| A] 85% O] AFQ] A3 A E8-S K o]
Fol AlEEA ] flad &UT = ATh

SEA BXF FEE2 NO MY x| &Y &5

A SAFEES FAS 2 ZUs] st A
HES i E A N0 A4 & NO assay & X1 3 5ho] &2l
5} th(Fig. 2). NO assay S 3 5to] B2} 22} 2&E9]
FHS DAE Flst A3}, LPS A 2] tol 4] 22.21 nM7}HA]
F7FEENO A epo] B $4 £52 500 ugmLE 4]
3 o A 13.16 nME 2F 40% 7+ A8+ ot

|_
2

B2} FAe -2 A B AALA Foll A sh= 2
5 e 22F A HE = theket

o, hydroxyl 7] & 7}A] = ¥ ok % 3H
W2 ) Zho- F BRI AR et A o]
Qo thekgt Aejddo] Bojste ACE dHA Qo
(Kang and Lee 2021; Lee and Kim 2020). £3], Z2gtE -0 ==
ZH 5 IR nT Y =

A2 SRR A2 ALs Sl Buel don, 3
5.1 8 27 3 charat ASHaL, oFel i 7
T2 U= Ao 2 48 A ) th(Hertog et al. 1993; Kim et
al. 2014). 28} H =o]=X= flavanones, flavonols, flavones,
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Fig. 1 Effect of seed ethanol extracts of Rubus coreanus Miq. on cell viability in RAW 264.7 cells. Data are expressed as the

meantSD (n=3) of three replicates
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Fig. 2 Effect of seed ethanol extracts of Rubus coreanus Miq. on NO production in RAW 264.7 cells stimulated by LPS. Data are
expressed as the meantSD (n=3) of three replicates. #p<0.05 compared to LPS-untreated group; *p<0.05 compared to LPS-treated

group

flavanol ! isoflavones= —TL’“ & o] Q10 ™ (Hertog et al. 1992),
0] SN 75258 S|t S48 71
wa4NMO@6vm} o A L st 5
o] thekdt AEld 75 M+ ALSR HuEI 9t
(Choi and Ohk 2017; Rice-Evans etal. 1995). Kimet al. (2021b) 2]
A7 ANE W 1450 T A B FA FEERTH
B2} 54 25 80] £& Behuico|E gakg HojRglo
W S A AR B RS RN RE FA
£80] £& E23s AL Hol2g

DPPH g}t Z-& A& o 2 ot A3 3}1:] 2 A
/K]—Al o}: E/H o} 0]3_0}0:1 UL/\]-Q]-E:] _,] Pl = 7‘51%
I (Lee and Cho 2016), ABTSE o]&3t gAtstel =3
potassium persulfate 5H-3-© & A= ABTS ztt]zho] A
o] g4t B- 3] vh-g- 0 & A A 5 o] ghr]Z 9] A
Al AEA0] B4 E= A& AR ] o] th(Hwang et al.
2021). DPPH®} ABTS A| oF-2 ¢4 2ht] Z-ol Al wh, &3} 7]
Srfjofl &34 ol mobd 54 A HISA Al FAtel 24
S =3 ’8}btﬂ AFg-0] 7153} tH(Awika et al. 2003). 2 A
oA A} FA 5= 2 DPPH, ABTS 2ht]Zh &7 24
zyz¢ 26.68 +1.34,39.30 £ 4.22 pg/mL 2] RCsp 4} 2. = DPPH
Uz 27 4ol 2 Ao s Yeygon, 548 5=
A= DPPH 2tt] 2 227 5-0] ABTS &t 2 A 55Tt &
2758 ol Ttk &2 s o A ABTS 2tt) 2 427

_I>~
X,

U rlo %2 o
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o £ © rlo

SHTFDPPH 202 275004 B8 2tz 47848
Leh A 718l AgsHE HE i, B ge
&ABHE 7| A Zfol o] EAfsEA A2 FEONAE E
Aol A 2o 7} el = Ao 2 #hehE th(Kwon and Youn
2014). Kim et al. (2021b)2] 14% 28}3} A& £x} 2% 50
DPPH, ABTS #}t] 2 4 7] 24 A 3}S ¥ W 50% DPPH 2}t
7+ 27 B3-S e L= [C503ho] 57.4~208.3 pg/mL s E-5
TEE9 2668 ugmLE T &7 B4o] ¥ JlE
911, ABTS 2ho]Zt A7 AL v w = =3}
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NOSe©] 9]5}o] L-arginine & = F-8] A /J &1L =& RH-5-
7HA A EAFQL A5 w7 Q1A NOQ| v =3k A /]
3 sy, A4} A8 O 2 peroxynitrite (ONOO-)E
K shol Aok A of ALBHE £AFE 910 7] 1§
o] W A7 &4 5 FEsty] fizel Ao BagtaE
O] NO F&=& FA8t= A2 wf$ $25th(Bogdan 2015;
Moncada and Higgs 1993). &= Lo x| BBz} 22 2&8
500 ug/ml. 2] 3t ol 4 %] 2 2 40% o] 42 NO 414
oA Aea Bl 4= AL A2 54 A oA FY

L l‘lO ox,

[o

- =
=T o A A E EA o] 9102 Blolslo] HE Al £a} 2
o] A= AR O Tt AL W=}

o ot

by e

5|

& AT B2 A e FEEY A R FEF
2 Asekdeh Farst Z4 e Aot 7] 95t F &7
¥ 9 b o] & stk ABTS 9 DPPH 2tt]Z 245
o2 E S St BEA T4 ogE 255 T
Z289E 9 ZetR o) E gHeFe 747t 4.09 ug GAE/mge}

1625 g QE/mgo| %l th. DPPHE} ABTS 2ht]Z 2752 1=
© YEH £75S NI, BEA 5 T FE B
RCS0 3t 71742668, 39.30 pgmLo] gl eh. Achr} ehelel &
H718t7] 918 S FRAP B0 A A 7 228

Pz

ATE ZA517] 8] RAW 264.7 A Lof| A Al E5A4 3} AF
512 2:(NO) A4 ©1A] &%-2 shelstglet. 2Hel A7} 500

At AL
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