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The protective effects of polyphenol-rich black chokeberry
against oxidative stress and inflammation

Sohyeon Jeon' and Bohkyung Kim"*

'Department of Food Science and Nutrition, Pusan National University

Abstract Black chokeberry (Aronia melanocarpa) has been suggested to exert antioxidant and anti-inflammatory effects
due to its high polyphenol content. However, the mechanisms underlying the effects of black chokeberry on the alterations
of nuclear factor E2-related factor 2 (NRF2) and nuclear factor kB (NF-kB) in macrophages have not been thoroughly
studied. In this study, we investigated the protective effects of polyphenol-rich black chokeberry extract (CBE) against
lipopolysaccharide (LPS)-induced oxidative stress and inflammation in RAW 264.7 macrophages. CBE significantly
attenuated the increase of cellular reactive oxygen species (ROS) levels and the nuclear translocation of NRF2 in LPS-
stimulated macrophages. The mRNA abundances of Nrf2 and its downstream antioxidant genes were significantly
decreased in LPS-stimulated macrophages. The LPS-induced mRNA expression of proinflammatory cytokines was
significantly inhibited by reducing the nuclear translocation of NF-kB by CBE. These data suggest that black chokeberry
may be used for the prevention of oxidative stress and inflammation-associated disease.
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Al ARSje] g s gk 2 wlgk R oP3XEEF, A
Aol AF, 9, TAY T oS g oAb dske)
~

ol FEsHl S7bstar slok. AA) AkshA
stress)2} 95-(inflammation)> TFFSE WHA
el 7Mooz dHA Ark(Holvoet, 2008; Maiese, 2015). AlZ
W &4 2F4% (reactive oxygen species, ROS) 2 22 4~ (reac-
tive nitrogen species, RNS)2 A/324 <1 A} 2h&-ol 2J3)] A=
), AW Lo E % WY vkg A F Alx PPl Fast
982 SHkDiplock, 1998; Puzanowska-Tarasiewicz %, 2009;
Siti 5, 2015). A W Atk 502 2ls) ¢ ROSE A
o] 71739l superoxide dismutase (SOD) % catalase &3 72
ksl Aol 2Jsfed A AE th(Puzanowska-Tarasiewicz &, 2009).
T AlE U 2EF 2 W 93 w3l oJste] tRke g Al
# ROSS} ol& AAs= AU kst A|2lo] B4ES ol F
A Hd AbshE 2EfAE op7]eiAl ®th(Karunakaran?t Park,
2013). AW ksl 24 F s A G2AE 2™k AL
A+ nuclear factor E2-related factor 2 (NRF2)i= antioxidant
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response element (ARE)] Ag3H & MXE RB3$ {32} (cytopro-
tective gene), 5 T FA B FAE} T4 WHE FUAZ
H(Giudice &, 2010). ZARIAL NRF2:= AHsl2] ~Eg| 20| tigh
B3 71 F83% 9ES T ¥ 7 oplE, A2 dAAME W
of 945 #H HARIARI nuclear factor kB (NF-xB)Q] &4d3}9
e g5 vke-S Aslele Aoz 4EFHtHDing 5, 2019; Ren

i o=

(Brown 5, 2007). YH3 95 st
3Rl AgaA 43 I
I 3 JtHCampos 5, 2020; Guarnieri®} Grassi 5, 2005;
Lopez-Candales 5, 2017). ©]2ig A Wlo] E= oz] 4 &
o] FFE vAE 95 ¥ U 945 Wl dxE
(inflammatory mediateros) 2! A}o]E7}2](cytokines)oll 2la] A=
= 5421 A olthBrown 5, 2007). 53] FF wkgol T4
gk 988 ks t4)M| = lipopolysaccharide (LPS) e 4k
sHA Z2EH A Sl o8l @48 Hol 958 fdsla, ol F
2 HAERAEJAR] NFxBol| ]3| - ¥ tH(Castrillo?} Tontonoz,
2004; Wilson 5, 2005). &/4sle o)A Z= NF«B HALRE
93] 95 #FH F49 inducible NOS (iNOS) 2 cyclooxygen-
ase-2 (COX-2) 52 443} AlA nitric oxide (NO)9} prostaglan-
din E2 (PGE2) Z2 {5 w7l <UAKinflammatory mediators)E
A2 gkck(Inoue®}t Tanabe, 1997; Nathan, 1992). 3o 2 A=
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A= w7 A= 954 Ale]E71QIC1 tumor necrosis factor o
(TNF-a), interleukin-6 (IL-6), IL-1p 5 S3lo] g% wks-
ot} Egk 93 ARES] s AbskE] 2Ed 9 Ax &4
< Fdste B2 4 ROSE AAd¢id

2belA 2B~ 9 G52 RS #-o] Jor, kst
d 712241 7o), 2B kst e Y
T 7t JE B2 UFS v tiAM Z3E ol 2lojA
= sk 2B A B 458 24Y F

| A

del] gk Ao FF3L U= FAelth ROSS F71

B3 A2E B gkskAl A3l o) A
T oz kskAvE g ot AibsAlE FEel oigh
B3 945 veplie A97F 2o, @48 aitsiAle e F
285 Helle A7 Ak old Atsky 2EH A 2 dFe
Ho g3t qlom, 34 Eol vja] FaRgo] gl kg
A fEl EZolut 21Fd uist #Ao] F58IaL UTH Vendemiale
= 1999).

53 ZIW2](Black chokeberry)?] &8 olZv oW dronia mel-
anocarpa)E. =op|2]7ke] Aol Ak g {oh EHE
E IS SHHoA Bol A A=A, 2 fevetlss
ofR otz ZhRgka lo] A% Fof AEEA A sUHE S
7FtaL dth(urikova 5, 2017). £ Z3dE= W2 oo F8
HRIRl ¥dE thF Shsted, thE gl /ol Hlste] B uto
Zsted #Y a2 AR HASPIE FET ol 2 F&u
A, A, 991, A, 7= 5o A8E AR Arh(Gonzalez-
Molina 5, 2008). &3 Z=l|g]= Fsls, SShEol=8 &
o] $Hratal Jdem, 53] HiglR F tEAlR FHgol 7Y =
2 FoE dHA Atk &Y Al THE AEAIS
hHE cyanidin AIEE B2EZ Aot A in viro 2 in vivo
AFolA BuE £ 23w ks), d9F, 3 5o A
3 7158S ORE =2 e EEjEEs ¥ EEheolE 59
AEAP o3t Aoz d#A SUthurikova 5, 2017). &1
AgelM B 2329 in viro F4F8E 40U NF«B €4
4 dFF &5 B o, iAAHE U NRF2 3 NF«B
2o oJg £Y Ao Asd 2EYE 8 9% ES &
ol tigh AE FET Helr) o]  AFeM= tAME
oA FAikst EaA 9 FEF diite] #AAse fAA RS S
Ago=y EFHE T EY A Atsd 2EH X 4
A5 BE 23 9 71 diate] A9 ETE

—=

N

o

ol Hibd
X oHd™
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NETE L Al

2 AFelM ARRE Eejdls o £ 2aME] FEE(black
chokeberry extract, CBE)< Artemis international (Fort Wayne,
IN, USA)ellA Algtol ARg-sigiet. Aol AR Aok 1,1-
diphenyl-2-ricryl hydrazyl (DPPH), lipopolysaccharide (LPS), 2'-
7'-dichlorofluorescin ~ diacetate (DCFH)&=  Sigma-Aldrich (St
Louis, MO, USA)°llA Fullsliar, AE ikl AR Al
Hyclone Laboratories Inc. (Logan, UT, USA)A] ufjsle] A&
kATt

In vitro 2IC|E A&

DPPH lt|Z 4752 Bd x3w2] F25& 100 uLe} EtOH
o %21 60 uM DPPHE 100 uLZ 96-well plateo] &3t 30
E7F A2oM wkeAZl & 540 nmold F3ES =48tk

AMES A7kl &2 dxzsd 42E 371 <& valsty
DPPH 47 232 WES(%E AAste] YehlSltt. Hydroxyl
radical (-OH) £&2752 fenton ¥H-5-o <3l AAE -OHE deox-
yribose”} #315t] AJJ % malonaldehyde (MDA)&F-S =4 3h=
WhHo] o8] H7lskith. Fenton ¥WHe- =2 18] 02M phos-
phate buffer saline (PBS)] F=HZ =<2 CBE 1400 uLel 10
mM FeSO,*7H,0-EDTA 200 uL, 10 mM 2-deoxyribose solution
200 pL, 10mM H,0, 200 uLE 7kt 5 37°CellA] 4A17F wlj<d
SIS Th wiFlo 2.8% trichloroacetic acid (TCA) 1mLS} 1.0%
thiobarbituric acid (TBA) solution 1 mLE H7}ele] 208 F<t
boiling ¥ coolingdt>] 490 nmellX] F2EE 783kt Nitric
oxide NO) &A% FHE 437 93 5mM SNP &4
PBS®} &3t § CBEE BEHE AE|dte] A2olA 15087
WS8Rt 2 ¥ Griess reagents WH-3} 1:1 H[EE WESA|
7 540 oA FFEE S48

ME b2t % &z

k-2 M EQ1 RAW 264.7 Al E(American Type Culture
Collection (ATCC, Manassas, VA, USA)= 10% fetal bovine
serum, 100 U/mL<] penicillin, 100 ug/mL2] streptomycin, 1X<]
vitamin®] $HFE RPMI 1640S ARE3Sled 37°C, 5% CO,= 27
2 Co, uid7IoA vtk AIEF 90% Aol =S
Aol AE-EIReH, 10 passage’t @A ¥ -8t RAW
264.7 thAAH )] S Z2AHE] 100 pg/mLg 2447 A2 g,
2 Z2Im2l9} 100 ngmLe] LPSE AAE A7+ E= A8t
At

M=Z Lj ROS &3

AE W ROSE ROS9}F ¥ES Al @45 Uehll= DCFHE ©l
L3l =43d k. DCFH A2 3 37°ColA] 30 min excitation
wavelength 485 nm, emission wavelength 530 nm=Z &3 79313
oh AE ) dlE ke AeoA] 15% 59 0.1N NaOHZ 7+
I E3l|gt MEZE BCA assay= Z7g3Ith 4% ROSE A2
W @l ko7 PAF3HnormalizationyA 7] H4 =2 e

At

Quantitative real time polymerase chain reaction (qRT-
PCR) 24

A2 HE BEAS 93l 5 RNA FF2 Trizol reagent (Life
Technologies, Carlsbad, CA, USA)E ©|&3}S T} Trizol €9 1

5 Atet] AlxE &alA7]L AReM 57 S A §
F2ZEE 200 uLE 718 12,000 rpmoflA] 158 59k LR
g it e A (S00 uLye Fsted MEE FEZ 871
3L FFge] olaZRY IES HUIE 12,000 pmolX 102 F
ot HAEE &t RNAS 7 A1ZIth RNA JAd=2 diethyl
pyrocarbonate (DEPC, Sigma-Aldrich) *12]3F SF+=2 343+ 70
% oS 1mLE AHT F F7] Tl Az AA 1AL A
Z(reverse transcription sample)Z AFE-3FATE 12} 7FE(first
strand) cDNA A& F&H & RNA 1 pgS ARESl] 3=
a1, Improm-II reverse transcription system (Promega, Madison,
WI, USA)Z oligo dT primerE ARE-3t] JHAF wk3-S Fd3}
Atk gPCR ¥4 CFX 96 (BioRad, Hercules, CA, USA)S A}
4319921, glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
ol g/dsH(normalization)*1Z1 At T2 & HwEA A
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R o
Sl WA MES lysis buffer® A7lelo] GRS 33

|

9L, MEE P 8 TulF S nuclear extraction kit (Caym
Chemical, Ann Arbor, MI, USA)E °]-&3te] FZsIqitt. o
7S Biorad protein assay kitg ©]83te] ©hES A &
T ©hlAS 4.16%2] SDS-polyacrylamide gelollx] A7]1%9%
E 2 3l37, membranedl] trasnfersted 5% skim milkol| A 1A]7F
blocking 3ttt 12k FAE 2H2t 8]A5te] 4°CollA] overnight 3}
o] HESAIZL H, 2%} A9} 204 1AIZE ¥EEAIZ] & enhanced
chemiluminescence (ECL) solutionZ} WF3-A]71 ¥ Chemidoc (Bio-
Rad)g o|-&3te] ©@uld WS 135150tk NF«kB p65, NRF2,
GAPDH, TATA binding protein (TBP)= Santa Cruz Biotech-
nololgy (Santa Cruz, CA, USA)°IA F-ulj 5}

(R

SHXE|

A3} B4 GraphPad Prism 7.01 software (San Diego, CA,
USAE o]&atd $A Aesldrt. 23 72t & meantSEM
2 YA ZF A3 vlas dYEAHEA (one-way ANOVA)
2 E43%F 5 Newman-Kuel post hoc test & p<0.05 =0l A
A5k

In vitro 2IC|E &S

tet in viro BUZ 275 AA &
a3l aFE Ak dlEde et ol E AFoMe
£ Ao ksl a5 Z437] $3 DPPH, -OH %
NO g 4t Egvls & &Y 3wz &5
S FEEE 5 10, 25, 50, 100 pg/mLE A 28FS =, DPPH
ATl FrEH R U8, -OH B aATE =
A A 25 pgmLo] FEME 70% ode] AA &3E
Effjo] 973t -OH radical &7 &35 AT 5 A} 24
AiFo Uz 95 Wk Sad 2 dxZ g Nod
gt £ Mgl &A E9E AWE Ay, &R
NO &7 &0] Z713I0tHTable 1). o= ¥ L& 70% e
2 =23 29 23w g7} DPPH ¥ ABTS gz 2A%e] 2
o} AR5 tHHwang 5, 2014).

HAlM= L ROS Mol O|xXl= 22 =3|2|o| A&

AlZ W] ROSE A3 tiAF 2Rgol] o8] A=, A
oE 9%k WY W glo] ME A Fas TS st
(Brown 5, 2007). Z2v} Thgek 2EH A B dF gl o3
e g A= ROSE M A5 W2 oS d3A7|a o
o3l Aol a3 Yolo] Erk(Schafer?t Werner, 2011). ©]o
£ 2w FEE0] @495t dAAEON A= 84
sbagol PiXE Gl dis] Admrgith @43 =X 2
AAEZ P ROSE 2 Z3u|g] Azl 23 H3lr Yehix
et whHe| LPS X2 oJ5] &Adstel ti2AlE W] ROSE
freldoz Zrlslda, olafst g4 A= ROS SV &
g 23wl Aol o8 43t HA &2 tHE O 7 2
frolFog hashe R el TthFig. 1A).

AAZ O S7HeE ROSE A @Aks) who] AlZzwlof] <3
AALEZ, B2 Zawzle] 23 ROS Z4 Taprt B3 ats)

hl

F 20 oF AR Asusich AW Fash o] 2 =
Alzglel 93 %S s AARIAR] NRRE 9% 4

oo

=
o

Table 1. In vitro radical scavenging activity of polyphenol-rich
black chokeberry extract

CBE Radical scavenging activity (%)
(ng/mL) DPPH “OH NO
5 48.28+1.98° 42.15+0.66° 42.69+1.19°
10 60.32+2.56° 58.29+0.45¢ 41.64+1.37°
25 76.29+3.68° 73.66+0.82° 44.68+0.94°
50 84.26+1.90° 80.22+0.15° 66.05+£0.37%
100 96.31+£0.92* 89.72+0.38° 70.05+0.72

Data represent meantSEM; Values with the different letters in a
column are significantly different (p<0.05). DPPH, 1,1-Diphenyl-2-
ricryl hydrazyl; -OH, hydroxyl radical; NO, nitric oxide.

o] Aksla 2B A= A datsl TAE A sle] Agky 2~
Ef2E osthRen 5, 2020). £ Z=wg]e] kst g
7v A ksl g4 2Hol| 9gh AR Awrr] 95, datst
a4 ZARIA] NRF2 ¥ downstream %A} superoxide dismu-
tase (SOD)2} NADPH oxidase (NOX) &4 3}e] Lolr gttt B
A e G483 HA G2 oA E A FAARIZR] NRF2¢}
giksl §4:¢1 SOD2| mRNA LHS S7HAIA, 87 el 9
LY zavgle] ikt 7)15AdE YeRIEL LPSE o8 24
3lEl M Zol A S718F NRF2 2 SOD2| e B8 23w
g ol o8] freldom gk AoR YelthFig 1B ¥
Fig. 1C). o= &8 z3u|gld] °g A2 W] ROS ZHAE 3|
ks A A dde] 2Aas Aoz gk oA e
A} ROSE AAsh= 23 a4l NOXe #@de &43ste o
M EAA FeHom Frksl o, B xam]d] o3 fo
How 7443 Ao YePdthFig. 1D). NOXE NRF2 AARIAL
o 2%t 23S S35 AIX W ROS Al 3tk Kovac, et al.,
2015). NOX= @A o= ROS A Astel] doiste] AW it
3} Alz"o]] 7)ojsleg, Bd oMo ikl 3= NOX '
A el oJ§ ROS A AsHE 58 AoE e

Uutr o 2= NRR2E= AM2ZZ Wldl Kelch-domain 1 protein
(Keapl)3} Al EAIA, 4481y ~Eg 2~ 53 722 259
o3l Keapl©] Q1itsls]o] AW & toz o]F3ict oz
©]%53F NRF2:= antioxidant response element (ARE)o Z%s}e]
ARE #8 fAA70) 33l g4 TE §% g4 33ds F
7FA1Z1tH(Castrillo®} Tontonoz, 2004; Ding &, 2019). ¢ £
ZAM2]e] NRF2 ¥ #d {72 el nx)e o] 24
°2 NRF29] 3 o ool o3 AA A3 Btk thlAxE
o] &dslel wEl NRF29| 3 ] olF Z7k= &9 Az A
ol 95t Azl A AHE F UATHFig. 1B).

olg]gt Adh= B M9 sk 2EH L BHE gt
2 AEZ U NRF2 2 uielAd 3ibst 71dS 285 nE,
ROS A4 Asl & 33t a2 Sl 93 ROS £A% F71el
o3t Zow eyt oly B Zam|zrt 1Y =dox
(Ciocoiu 5, 2013) ¥ &322 A 7F &8 F23220 C57BL/
6 "2 2doX NRF2 714 2o oJ3ks mx Axel fAF
gt Ao 2 YEPHTHWang, et al, 2020).

B3 =3H|2|e] tHAMZ=E L NF-«B % 4ZM O{7i <IXtof
Oxl= P&

NRF2= AHsld ~EFAE Hod 8 gk oy}, giaAxd
A dZE FE FAARIAI] NF«Be| BAslo= oS vzt
(Ding 5, 2019; Ren &, 2020). £ ZIAvz]E thalAlxEA
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Fig. 1. Effects of CBE on cellular levels of reactive oxygen species (ROS) and the expressions of genes involved antioxidant defense
system in RAW 264.7 macrophages. (A) ROS measurement (B) Nrf2 expression (C) Sodl expression (D) Nox2 expression and (E) NRF2
protein levels. Data are expressed as relative expression to control. Bars with different letters are significantly different (p<0.05). Values are
means+SEM; n=6. GAPDH and TBP were used for the puritiy of cytoplasmic and nuclear fractions, respectively. CBE, polyphenol-rich
chokeberry extract; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; NOX2, NADPH oxidase; NRF2, nuclear factor E2-related factor 2;
ROS, reactive oxygen species; SOD1, superoxide dismutase; TBP, TATA-binding protein.

NRF2 #& 71del] 28] JFE vAs 2R YER, o]
FT T AL A E G vAE A EJ%EMD}.

o] AX U EAl8le 9% & HARIAR] NFkBE ¥
A A= MlEZ | NF-«B/inhibitor kB (IkB) A= S35}
o 2 A5 =& H SFA M kBe dits A S B
3 welEa o= Qls) 243kE NFkBE 3 W= So7h #4F
S viNAL FEE S HAF Aol FEee FeE U
A Tk NF-kBE p65, p50, IkB subunit®] trimerZ T-4d%o] 9l
3 Akl 2Eg 2] 93] kB7F E31E™ p65/pS0 heterodimer
7h 8 402 o]Fsle] DNA Afe sk Aoz 4#A o
(Ding 5, 2019; Ren 5, 2020). oJo] &3 Z=M2]7} NF«B %
Ag B3l 9T vl ARl JES HIAE A AFESTE LPS
el 28] NF-kB p652] MZAA 3 W o]Fe] F71819Le
u, B 23dE] Xl o8 AxsH AT AEE A
ATHFig. 2B). °l& B Iz F5E0] deL= fx9 9
4 A BdA NF«B 71H 22 53 9 28 &35
el Azl fALEA YEFtH(Paulrayer 5 2017).

NF-«BE COX-29} iNOS9} 22 4% AAE AAMZI=HE A
oM FQ§ JTS str). COX-2¢F iINOSE 22} prostaglandins
(PGs)®t NOgh= thE 95 w7l Sxks AA7IE Aoz &
o2 Qi LPS Xzl s Edste jaAEedA Zrtkst
COX-2 ¥ iNOS mRNA &g E3 z=wg] X2of o) &
oxo g Fasitt 53] 8 zaugle] o8] Ad COX-
2/] Hqu O u]p:wdg]_ ;H}\uﬂf LH tﬂ—z‘i:]_ti];]. %g]ﬂ o7 71/\-3].
AL, INOSS| WS H|EAdst A E FFEeR 743
(Fig. 2B). COX-29} iNOS @i &d 27 Z3}, LPS Aol
o8 Z7ek COX-2 2 iNOS ©E-e B2 zamz] X2 <

gl AA sl Askete] mRNA @d 3t dX|ele 2= YEpdth
(Fig. 2C). @A driy oz Fo] AMGHI e H|EHRo|= 7

<Al (Non-steroidal anti-inflammatory drugs, NSAIDs)= 9% i
7} B2l PGsE AAF= COX-2 EAL Aslsl] ax=
THDeleuran, 2001; Lakshman %, 2016). NOSE 7&3t &
1A NO Aol #eshH, L % iNOSE= AW %ﬂ%
HASHH NO A4S oz A €t Aoz

0= ¥F "WAAE F7HA theke 24 03%7—5 sk
TH(Czapski 5, 2007; Dolan 5, 2000; Laskin 5, 1994). L
22 AFAHo g d= A3 F2 el 7[H CcOX-22}F iINOS

Z-3= d‘ﬂ 2 AE FH e S dF A &
= vebd = 9ok 5 239 2E NF«Be & W o5 ¥
ojel uk& cox 29} iINOSO| I Aol ofs] 93 AT &
IE el 3eg A

oé oo

mlm T > ox oo Jo &
™o O r£

o

=8 z3H|2|o] thMMZ L &34 AlO|E7RI0| O|XlE V&

S WHEolA Fa3 A4S sk A EE W52 LPS
o o5 BB, B GFY Aol EIIE AP A
g 249 95 wE AelA Bol o &Ha itk ol &
AP By 2amele] dZe) UF BE GIE 2ARY]
SJall, HAAEES LPSE 2= Al AdE e 954 ARl E7IRI
tumor necrosis factor alpha (TNF-a), interleukin-6 (IL-6), IL-1B
o] Pz BEe Z7gsIsith RAW 264.7 24 2= LPS 2
o o8] 954 Alo]E7Fel TNF-a, IL-6 2 IL-1p2] mRNA
A& ST eY, £ amE] A2 fa folHow a
e AHE F dATHFig 3A). 15 dF4 AROlEFR] TNF-
o, IL-6, IL-1p2] ©d s w3 LPS 2|2 EA35ke thalA|

[e
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(A) Cytoplasmic Fraction Nuclear Fraction
1h 2h 1h 2h
-LPS +LPS -LPS +LPS -LPS +LPS -LPS +LPS
CON CON CBE CON CON CBE CON CON CBE CON CON CBE
NFKB P65 [ e e — m— — —_— C—_

GAPDH | " o o mm— — —

TBP

(B) 2.5

[ CON & CON+LPS
[ cBE HH CBE+LPS

c 2.0}
Kl
7]
7]
g 15}
X
w
o b
2 1.0}
S
[}
¢

05}

0.0

COX-2 iNOS

©) -LPS +LPS
CON CBE CON CBE
o COX-2
| C— |iNOS

|——- — — -l B-actin

Fig. 2. Effects of CBE on singnaling pathway in RAW 264.7 macrophages. (A) Nuclear translocation of NF-kB (B) COX-2 and iNOS
expression and (C) COX-2 and iNOS protein levels. Data are expressed as relative expression to control. Bars with different letters are
significantly different (p<0.05). Values are means+SEM; n=6. GAPDH and TBP were used for the puritiy of cytoplasmic and nuclear fractions,
respectively. CBE, polyphenol-rich chokeberry extract; COX-2, cyclooxygenase-2; GAPDH, glyceraldehyde 3-phosphate dehydrogenase;
iNOS, inducible NOS (iNOS); NF-kB, nuclear factor kB; TBP, TATA-binding protein.

(A) 8000
] CON [l CON+LPS
[ cBE I CBE+LPS
A (B)  -LPS +LPS
6000
15 CON CBE CON CBE
0
@ | —_— | TNFa
= 4000
% IL-6
w | | c— | =
£ 2000 a b [~ — [1L1p
2 : i
s . | | B-actin
('
40 a
20
0 C C
TNFoL IL-6 IL- 1[3

Fig. 3. Effects of CBE on pro-inflammatory cytokines in RAW 264.7 macrophages. (A) mRNA expression of proinflammatory cytokines
(B) Representative western blot Data are expressed as relative expression to control. Bars with different letters are significantly different
(»<0.05). Values are means+=SEM; n=6. B-actin is a loading control. CBE, polyphenol-rich chokeberry extract; IL, interleukin; TNF-a, tumor

necrosis factor o.

oA FTIA oV B A 23] A E‘r(Fig 3B).
zaw e} Aol TEFoX NF«kB &3l ¢
3 IL-6, IL-8, TNF-o. AO]EF}Ql BH|E A&lele Ao 2 e
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