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Anti-Oxidative and Anti-Inflammatory Activities of Carpinus pubescens Burkill Extract in RAW 264.7 Cells
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In this study, to evaluate the anti-oxidative and anti-inflammatory effects of Carpinus pubescens Burkill
ethanol extract (CPEE), we performed the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging, reac-
tive oxygen species (ROS) inhibition, and nitric oxide (NO) scavenging assays and an analysis of the related
protein expressions. CPEE showed high DPPH radical scavenging activity and effectively increased ROS
inhibition activity dose-dependently. Furthermore, CPEE induced the expression of the anti-oxidative
enzyme heme oxygenase 1 and its upstream transcription factor, nuclear factor-E2-related factor 2, in RAW
264.7 cells. CPEE was associated with a reduction in NO production, which was induced by lipopolysaccha-
ride treatment in a dose-dependent manner. The expression of inducible nitric oxide synthase (iNOS), an
upstream regulator of NO production, was also inhibited. Taken together, these results suggest that CPEE
has anti-oxidative and anti-inflammatory activities and could be useful as a potential anti-oxidant and anti-

inflammatory agent.
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WA oJaf, 1e|a RFoRE= YA E= o 3
AE o g3 YA Holls EAJ4tAF (reactive oxygen
species, ROS)o] A=t ROS7I &7td o2 ofgf HA g
At G4tk A 2] 7] 5o AstE o] I AT AA A
ol9] #&o] MAH WAL= A3tA A EH A(oxidative
stress)E WA ot 43 AE AL Ao} 22 &4
2 71T A4 £AS DNA W4, A2 A, gulg 2
o 5= ZHstA 6, 8, 18, 41]. AL ATt A|AH]
oA £23% 14 242l heme oxygenase (HO) $=4 &
kel HO-12 duld © 2 hemeS YA 7| = 842 2
g A Yo, AMRIER G54, datstera 9 27 Hoj
2 FET 9EAE gEA Sdado o gt g
Abgt Qdztz g A e W RRles AEEH39]. HO-1
2 AiaF, F&0l 9 A4 Al EARRl T 22 A
3 AEY A S FE5 Aol o Hdo| f=H
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o, AFSHA AEF Ao thgste] Al U redox (reduction-
oxidation) ¥ & A3t dAIS} AAEA FA 7ot
[7, 15, 19, 38]. HO-1¢] &&2 Yzt o g HAdA A =
A= AARRIA} nuclear factor-E2-related factor 2 (Nrf2)
of s o]FojXcta A Urh35]. WAL A2 A ¢
Nrf2= HO-13 Z-2 A3t &l fAzo] EX8h=
antioxidant response element (ARE)9] 23} ol F-4
Ao W 1 Gl A FRAH O N ALY AEE
20 tigk Ao 719 HHA JE-E FFeei3, 11].

HEugolzt AR o]l I B AYFEAU &
27, 35ta] &4l sl "N 27} o] & A8t Thekgt
5 WEEE BHF e BN &4 2AE FESAY
st = 71 - olth42]. 2y A&H o R B B
A Y dFEES 229 45 faske ol B
gk ROSY A4 ARl EFRRIL Ysa A=aE X3t o
o Ao miAfA =X FaF 4TS 5] BEHEY W
#AQ A2 T A4 A AlZefdt FE< LPSY Bt
olg &, nlAE 5 Aol 3l tf A Al Z(macrophage)7}
SAATEE A5 Aol EAIE WESHA H AL, inducible
nitric oxide synthase (iINOS)2} cyclooxygenase-2 (COX-2)
o IS 531 NO 9 prostaglandin E2F 22 54
A7 B 2N FFENESo] wi7fE T} o] T A
iNOSe| 93t Ztohet NO A2 1 AA =2 d57ds =
AELE do Bk ofyzt, /Aot AsHA HH B2
o Wk o] et FEj2 AekE o] YA 229 HAE of7]
g 4 T2, 20, 31].

Carpinus pubescens Burkill-& A}2HE1}(Betulaceae)
HolupR o] &34 422H F2I} HEW SAAA
gtc}. C. pubescens®t T L3F AR} A A o] LpFE2] Al
BEIAE[16], FHSAE[13, 14], NZETAE[43] T &
o] tfsiA= LHA UAT C. pubescens Burkill®] 13|
el 5ol dalA] LA woh gl el s 9
5 Bzt defae Ae G2 vt glot. oo & A+
oAM= HAolA Feigt A2 Ef Ao Ao 43
S 2 C. pubescens Burkill®] ot FEE0] B85 At
39S BAS ABE BAYS AR LY RUAS
ol gtol BHTOEM 7154 2AZHY B8 15AL
spolsh mn shic

Mz WUy

C. pubescens 3Z52| A=

B Ao A AFE3E C. pubescens A&E& FEE(]3}
CPEE)Z 333t S8 E 4 5] EAlE
YEFH 2 FBM123-019)5k] AHESHH e FE2042 o

}ll
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St 72tk Az 2 243 CPEES
o 45°Co| A 1587t =20 &
A& 5% 103 WHEste] F 39zt
o] B¢ ARE Ao 28 1P E
1000SW, EYELA, Japan) 9 52 AZ
Japan)dto] A& A7FA| 4°Co]| B3|
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DPPH 2}tz &7 8/ S35 53 CPEEY] F4lsts &4

AAF L FAet A48 70 ARZA FEHTL 9
<, &2 DPPH &tz 2459 42 S3f o|FAL L
t}. DPPH+= H| 23 HA3E 2tz 2 520 nm oA &
HAe BFSE Jehie e Betae) sgtEols 2t
4 2AZgol Yl 220 Y3 SR Hepo] €2
g o2 WA "ot DPPHY o3t o)zt 2442 A
A4ks A DAY E v 2T A4S 3 JHAAE B
o|BZ PAISHA HM o g o]-&E i JUTH(9, 37].

DPPH oz A &4 A4S 93 CPEEE =4
(0.1024-12.8 ug/ml)Z wetLo Ho FH|3tL 96 well
plateo]] HEt2of] &3)% 1.5 x 10* M DPPH 40 plo} Z+ A]
& 160 WE 25 SFHe 24 3087 BAIR
3, multi-plate reader (Paradigm, Beckman, CA, USAYS
o[ g3le] 520 nmelH FHES ST ARE HAAHA
Fe &4 Ez HEte] BT 27 PES WEEE
el 32, 50% A3 %X (inhibitory concentration, ICs0)E
AArst gt o2 Ql 3H4t3kA| 2 DPPH radical 274 €4
24 A PA GEFOR F2 AHE kT2 A
A vl Ao 432 33 BHE AP Y| Hghe
2 eyl

l:l
%

4

RAW 264.7 A|3£52] vjoF W CPEEQ] N ZE4 B4

FArst 9 3 ES S A Z AY ZDARE F tAA
EZ 39l RAW 264.72 American Type Culture Collection
(ATCC, TIB-71™, VA, USA)2E E 13t 10% g o}
A (fetal bovine serum, FBS, Invitrogen Corporation,
CA, USAT 1% YA H/AEZ Enjo] Al (Invitrogen)©| E
35 DMEM (Invitrogen) Hj X & A3} 37°C, 5% CO,
27 stof| A vjgstit.

g4 4 38 A AR AD NEZ5A4Y /7 &
TA o]lF A s=9 2 A5 RAW 264.7 A X35
24-well tissue culture plate®] well & 3.0 x 10°7| & B
sto] B2RA|71 & CPEES] 93k AlZ 54 48 575 WST
assayE 53l #4955t CPEE A2 24A17F & WST A|oF
(Daeil Lab Service, South Korea)o| = wjA| 2 wA|5}e 3t
NZF B¢t wgAn o) g3t
150 nmol ) FHES 27 33] W A

multi-plate readerE
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CPEE?] ROS £~A% &4
ROSE w9 w40l 27] thizo] Azet £a), whuya
A% AFS}, DNA &4 9 G4 oA 5& QoA A
el 2glol HUE ROS &4 BustsS St X

o

B fe

>~19H'U°>“

A]

=

A

H&-5 3L 9,&‘:]‘[28 30, 33] &2 Aol = CPEE7]' Hq
Abehs& Hy0:2 fr&=3 ROS Aol A =7F u| A=
8) RAJ3Hict o8 915} RAW 264.7 AlZ] 4]
Z AEAY % 452 50 uMe] 2,7-dichlorofluorescein
diacetate (DCFH-DA, Sigma-Aldrich, MO, USA)E 2A| 7t
ot A A3 3 A ABEA 500 uM 2] Hy0,9F = 8 A
25 A & AR 3 ROS A4 AAl5& multiplate
reader® ol 48 W 33% Bl AL 2H4L

33 WhE A9 Fatgho = ey gl

A3 4 HO-1 2 AARIAI Nrf29] 1 285 £4

CPEESZI 31-/\@} A 71AL gotH 7| Q& HEAQ 3
Abs} 49 HO-13 2 ARl Nrf2o] A& A2l 9
EigaaL ‘iifd ¥ 32 Western blot hybridization® 2 &
AstEth HO-19 € A}138A = Cell Signaling Technology
(MA, USA)E 5 ¥ T8t AL, Nrf29} actin®] U2}FakA4] &
anti-goat®} anti-rabbit 59 ©]XF A= Santa Cruz
Biotechnology (CA, USA)o| Al Y3t AME3}ATH AR
A7k B wfop AT A TR S REetel HYERE
Yoz 9l SES AR F 50 ugd THAL 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)Z 4795511 YERAER2 vo] WA
3 1:1,000-5,000.0 2 ;]Aqsk A chal ol o x}aA| o
hybridizationd}th. -2 Agt & horse radish peroxidase
(HRP)7} 52+ OlXPﬁc}Xﬂ(l.LOOO)i g A7 FeE HhEAl7
I chemiluminescence detection system (Fluo-Chem® FC2,
Alphalnnotech, CA, USA)S o|-&3}o] Tijd e S 24
shich Ao 27 33 ¥HE AES Faf A o
A 0E HIE eI $ HloJHE AASHAH.

CPEES] NO 34 oAl 24

HF-3-A] 2 4 (reactive nitrogen species)?] dlifo]H, ]
FSHHE Y T3 AHEQAAE gzl NO= AF =4,
sAY 9 AW 59 AYrlees L jloey, 45
HAfo] Hojs HeHog Fad 4T Fhri(34, 36].
olgg NO B4 AA5Y #42 Park 5[28]9 HHS ®¥

O o > FLJ
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gl 35Utk RAW 264.7 A|ZF 5 24-well tissue
culture plated] well @ 3.0 x 10°7J& BEZF35}le] BakA]7]
1 ug/mle] LPSE A3t NO A& =312 CPEEY] 4
3t NO ;A A3%52 Griess reactione Z3f 245130
S 33 WHE AP Y FAH R Ueisich A
ARG AJOF2 B Sigma-Aldrich (MO, USA)o| A -5}
of ARG
CPEE?] 345 &4 o 9l 13 245 B4
B % AlZ Woll A 5}A| °}9—‘% dt
¢ oY NOE A4stH, BA4H
S-S SN EF5 wiAA o A
28 AL ASE ABA ST, 40l
CPEES] 9% 4 714¢ 9al7] 1) No 4] 84
hlzlo] INOSQ] T2l WHE-S- Western blot hybridization®
2 BA3}gct iINOSQ YA}8HA|= Cell Signaling Technology
(MA, USA)ZEE U319, Actin®] LAFA|9Q}F anti-goat
@} anti-rabbit 59| ©|2}8}4|= Santa Cruz Biotechnology
(CA, USA)o A Fsto] ALgsEATh A= A7 2 vy
G Az Sl AS FE5te] HejExE o= iy
=5 24 F 50 pugd @¥ES 10% SDS-PAGEZ A
QBT YERAERZ So] WA T AT O T
w2 o] Ax}gHA| ¢}t hybridizationd} ¥tk S A% &
HRP7} EZ 5 o|agA 2 3+ A7 59 ¥ A|7|1
chemiluminescence detection system< ©]-&3}o] thilzl gk
AL B4 A Y A= 33 vhE AdS F8 49
Q] el g Wy WIS gt & HolHE AlAsHTH

O

'1T
L d
oL =
)

o =

A 4

A 9] A7l B (mean) £ FEH A} (standard deviation,
SD)Z U glm, 7 Holee] B4 EAHS SPSS 200
3l p kol
0.05 H|TH(p < 0.05)%] AL &40 Y& Ao g wots}
%et.

softwareZ ©|-83t unpaired Student’s ¢-testS

CPEE<] E}Elﬁ &7 84 $3E T8 s 24
= OX—M 712 87)9 vh3she

gt go] JAE Foq5tY
ﬂ*}ﬁ} E#L} xﬂ lr:ﬂ— ARl HEZ ol gE 1 gt
[1]. CPEEY] 313158 DPPH i &7 AL E5) &
A5ttt I 23 CPEEY §&= F7ho| wheh 47t oz
275 Ho 0.1024, 0.512, 2.56, 12.8 ug/mle] A|& A
o 9]3 DPPH &tz &7 %5 0] Z+Z+ 21.85, 37.04, 86.99,
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Table 1. DPPH radical scavenging activity of CPEE.

Concentration Inhibition rate

Reagent (ug/mi) (%)
CPEE 0.1024 21.85 £ 0.72
0.512 37.04£0.76
2.56 86.99 + 0.53
12.8 99.85 +0.27
Ascorbic acid 0.512 27.08 £ 0.36
(Positive control) 2.56 96.45 + 0.27
12.8 98.10 £ 0.19

99.85% & UEY 50% 2A F=E UEWE ICs dtol
1.04 ug/ml2 FA Y RFOZ ALESE of AT 2 HAL = H|
BTl C9] ICs 31 1.19 ug/mldt SARSH AE 9] =2 84
< Hof ¢ 7t S-S B I8 th(Table 1).

CPEE7} RAW 264.7 A|3Z &89 n|X]= J3F
CPEE7} B{3F A& A 304 Elst7] 93]
CPEEZ} A2 A3 Zd A0 RAW 264.7 A AJEL0| 1]
A& G AH Rt CPEES S%9(0, 10, 25, 50 ug/
mhE 24A1ZF AE|e A3}, BE FRoA AZ 54 /4
SH2] o= Ae AU TH(Fig. 1). o] F AP H FAsHE
71 &AM = 10-50 pg/ml7kA 9o F=5 AHESHTH

CPEES] ROS A7% B.A]

DPPH 2ttjZr &7 &/l o8} CPEEZ} B {3t &2 3
Arshsol Slgo] et 1 28 7108 & o Al ol
H7] 3] WA RAW 264.7 A| 250 thEZ| Q] A5} AE
g4 =214 Hy0.5 AP ste] CPEE®] &3t ROS 224
= BASAT AlEZ WA Ed4tar S = H DCF-
DAZ} S| 2B A E= 4t3HA] 7he2sfo] DCFHE 2otA|
g3} =3 H]gFA Q0 DCFHE &4 Atdof 93| AbstE o]
2',7"-dichloro-fluorescein (DCFZ AT =11 o]= 7}t 3%

120

100
80
60
40
20
0 T T T
0 50

CPEE (pg/ml)

Cell viability (%)

Fig. 1. Effect of CPEE on cell viability in RAW 264.7 cells. Values
are represented as the mean £ SD (n=3).
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Fig. 2. ROS scavenging activity of CPEE in RAW 264.7 cells.
Values are represented as the mean £ SD (n = 3). *, **Significantly
different from the vehicle control (-/-) and H,0,- induced control
(-/+), respectively (p < 0.05).

& Uehuichzs). o]2fd 2e)E o 83te] ROS WK HES
248 23} H,0,0) 93] S8 ROS 4] CPEES| X
2] o3 FEolEa 02 A= eirkFig. 2). %, CPEEZ
H,0.0 93} §28 A154e AEd|Ag BapoR 74k
1e AT 4 ot

CPEEZ} 418l a4

HXE g
HO-1S 4+8He &4 914, 4

28 B 279 A §X

HO-1%1 Ak A1} Nrf2e] walo]
WS e W AE

3 | F83% A4S 53
o, ZARIZIR] Nrf2g F3 Wdo] ZAETH12]. Nrf2
34 2B 2o g5t AZ o7 ™S AT dAA A
AARIAZ dejA doh4]. BFAA oA Nref2e
Keap1o] s} vH|&43} e 2 Az d o A5k, 4F3}
2 =g Wtoy Keapldt sl =o] & Y2 0|53t ARE
of AFT o EZN HO- 13 T2 43t a4 HdS 24
3teh[27]. A7) AFolA CPEEY 23] ROS7F #4asE A
o] gl we} CPEE7} 253t Atets 9] 2871245
ool 2 7] 93] HO-1 2 Nrf2o] ¥d A= E Western blot
hybridization& 38 £43t Rt 1 23} 10-50 pg/mle)

]

>i
L olN

zzolﬂ
S

FII‘
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0 10 25 50 (pg/ml of CPEE for 24 h)
Nrf2 [ S5 s TS s
HO-1 | e s e S
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Fig. 3. Modulation of the representative anti-oxidative
enzyme, HO-1 and its upstream transcription factor Nrf2
protein expression in RAW 264.7 cells by CPEE. Actin was
used as an internal control.



A& 2ol ofs) HO-1 Tajd HHo| F7H= g o] 49
AAL QlAkel Nrf2¢] el W E3 3715 Y th(Fig. 3).
w2} A CPEEE= RAW 264.7 Al £F oAl Nrf2& A AR A
HO-1 9 i & =g o2 N Aoty ~AEHAREH
FArst BE et AME SlsHglh

CPEE7} NO A4 @ iNOS W3 o] u]x]& g

NOX NOS9|| 9]} L-arginine 2 2 2 ¥ M A=t} iNOS
£ A9 WEsL 9 AF4 Ao EFRRl 93) ZatA &
ZHETH10]. A 24 stofl A iINOSe] 23t N0 dA|
g 7t o2 434 WAAETS A = 452 &
A Hi 22 9] £A4S FEehe A0R gEA glo] &
=X &ako] =9 u7H o|th25]. CPEEZ} 73t dHAks) &t
e BH3ha glgo] A719 AdE T3 st Ao wabA
CPEE7} &5 €4 TS UetW =4 gotE 7] ¢35 NO
A AdsS E438%ch WA CPEEZF LPSZ A=E& &
A 120
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Cell viability (%)
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Fig. 4. Effect of CPEE on cell viability (A), LPS-induced NO for-
mation (B), and iNOS protein expression (C) in RAW 264.7
cells. (A, B) Values are represented as the mean £ SD (n=3). ¥,
**Significantly different from the vehicle control (-/-) and LPS-
induced control (-/4), respectively (p < 0.05). (C) Actin was used
as an internal control.
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=3t RAW 264.79] A|ZAJE 0| nX]E FFS ot 4
I} 10-200 ug/mle] A& Aol o) NZEAFS FU3HA|
ororth(Fig. 4A). th& o2 LPSE A2E S =3 RAW
264.7 N]ZFA =¥ CPEEQ Ao w2 NO A1}
INOS & vjX& G EA8 A7 10-200 pg/mle] A]
2 A 23 FEE£23 NO A A&z A
iNOS & o] A3 ES& <lstAth(Fig. 4B, 4C). o|g& 4
3+E E3) CPEE7} iNOSS) W& AA 3o =R NO A4
< 2T F e FET LS B AR AR

0
12

H Lo A= C. pubescens Burkill 9|&t-2 &5 (CPEE)

FAS o FA5 A9/ DPPH oz &A%,
ROS A4 A5, NO 2A &4 & 58 £453 |
A CPEEY] §4t3ls< DPPH o)z &4 522 E4%
A3 e 2ASE Boen, & o AT FAitsks 2
712& gotr 7] 98 ROS A AAl o8 £435 dat &
= EHOR 3 ROS £75E EAch B obyzt o
F2<Ql Arst 49 HO-1 9 11 AAF A&HQl Nrf29] &
7 g o) vz S E4% 23 CPEES] &3 HO-
1 9 Nrf29] 2&o] F7Hd& 24t &H CPEEZ} LPSo]
o3 F=H NO Aol mA &= FFE 74T 28 529
27¢] NO A4 a5 BHewl ok NO A4 B
Q1 INOSE| & A sfjof 4] 7] 1gha &elskict. o] 43t 2
15 53 CPEEY &2 43t FE5 84< &Ys
fom FF YA 7154 ANEA 85 g2 &
U AR wgdr.
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