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PGE, and Inflammatory Cytokines Production in RAW264.7 Macrophages
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Abstract — Flavonoids are widely reported to be beneficial to human health. Among flavonoids, in general, flavonoid aglycons
have better biological activities than flavonoid glycosides, in that aglycons can easily penetrate through cell membrane because
of their low polarity. Therefore, kaempferol, quercetin and various their glycosides were evaluated for their abilities to inhibit
NO and PGE, productions in LPS-induced RAW 264.7 cells. Of these flavonoids and flavonoid glycosides, kaempferol-7-O-
SD-glucoside(kp-7-glu) which possesses a glycoside at C-7 position of the A ring in kaempferol, potently inhibited NO, PGE,
and TNF-a, IL-1B, IL-6 productions in LPS-induced RAW 264.7 macrophages.
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Flavonoide= 2] &) @] g% o] A A2l 2
B AL S 729 #d7(Cy) 207t C; A miAl
st A C-C-CR Ha 24 725 2k sdoltt
gdutg oz ¢, ©9e el wet flavonol, flavone,
flavanone, flavanonol, flavan, anthocyanin, anthocyanidin,
SO LT} 53 37le] drg] FollA B $ko] 4
x| w2k isoﬂavonoid 2 neoflavonoid 522 &
31t} Flavonoids7} TFF 25 72t= A g, 7
ZAR1 ztolof] whe} §LH°] “‘E}Z]UF* o] By FAt”
dnkxo g ﬂaV0n01ds7ﬂ RIEEL 25 it} 28 2k
£, flavonoids 7% 5 B 39| s|==247]9] vid He|
7t ksl 29S8 =24 O]-~ =93 2 XPO]E}“) Flavonol
glycosides, i =
go} &S Zh= AoE dEA %‘ttﬂ ﬂavanone -T’-ZOH
A A o] sH, TR 91x]9] Atshy B 2] 29, 49 E=
29, 61 $x]9] AbslE= ¥ MRSA(methicilline resistant
Staphylococcus aureus) 73S JeERl & o] Q31T &

chalcone
atEl 9
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27 9t} Hesperidin, apigenin, luteolin ZZ2]3. quercetin
I 722 flavonoids= 501302 HF5 HESoA Fa3%k o

Aolgkal B Rt} 2 AFolA= oA AHS flavonoid
AEE 5 kaempferol B querceting} ©]E wWiGAE2] A
= S Bl skt itk
T o

Sample — & A& A+ flavonoid 3F3HE-S F-541#}
a2 ol B2l AS ARSI ©] 5 kaempferol
2 7t kaempferol-3-glucoside, quercetin-3-xylosyl-glucoside
= T2 kaempferol-3-rhamnoside(afzelin), quercetin,
quercetin-3-galactoside(hyperoside), quercetin-3-rhamnoside
(quercitriny= IR kaempferol-3-xyloside, kaempferol-
3-xylosyl(1—>2)-galactoside, kaempferol-3-galactoside= 1%
w2 3o] " kaempferol-7-O-AD-glucosiders FA| WP 19
kaempferol-3,7-di-thamnoside &% " quercetin-3-
glucoside(isoquercitrin), quercetin-3-rutinoside(rutin)< 3=
U quercetin-3-a-L-arabinosidel= 21442 Vo)A Ha] gl
A& AHESRiT

Alef 2 717 — Al sl 223 Dulbecco’s Modified
Eagle Medium(DMEM) H}X]9} Fetal bovine serum(FBS)<}
Penicillin-Streptomycin(PS)= Life Technologies Inc.(Grand
Island, NY, U.S. A4 43l AF&-31IT}. Thiazolyl blue
tetrazolium bromide(MTT) A] 22 Alfa Aesar(MA, USA)
of| ], PGE, ELISA kit= Enzo Life Sciences, Inc.(Enzo,
New York, USA)°|*], mouse TNF-a, IL-1B, IL-6 EIA
kitss= BD biosciences(San Diego, USA)IA U35t

Mk — AFol] Al83F RAW 264.7 TIAHIE= murine
macrophage cell line® 2, St=1A|3Z5~2-8Y (Korean Cell Line
BankpllX 743182, 10% FBS2F 100 unit/ml penicillin-
streptomycin®©] Z3E DMEM v A el 4 37°C, 5% CO,
incubatorol] 2-S-A1A wiFSIATE Al Bl o] &l $hH
G =

MEZEM SH™(MTT Assay) —samples®] Al ¥ 542
MTT assayS 53l SA3ITE RAW 264.7 HIEE 24 well
platedl] 2x10° cells/well® ¥-F-3+ 3 24 A7+ 5 samplesS
FEEE A 1 AlZF § LPSE 1 pg/ml= A8t
3 24 A|ZF ot vikst & MTT solutionS 3 718}t
37°C, 5% CO, incubatoroll A} 2 A7} vjk3t & AbZolS
suctiond}2Z, &% AX (formazan)l DMSOE 1 ml¥ ¥
3L A4 304 E<t shakingsle] =T} 96 well plate
ol £538lo] ELISAS ©]-8-5%1 540 nmellX S35 =74
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Nitric Oxide(NO) &8 -NO A4S Griess reaction
assayS &3l ERISIATE RAW 264.7 MEZE 24 well plate
o 2x10° cells/well® 253+ 3, 24 A7+ 5 samplesS &
=R At 1 A7 LPSE 1 pg/ml=E A 2|kar
24 A7F FRE u ket &, v ASlS A
3} standard(NaNO,)E 100 ut2 96 wellel]l #53}aL, Griess
reagentS 100 pl¥ 71sH &, ELISAS ©]-83F 540 nm
oM FFEE SH3ATE NO2| positive control Z+= | -
NIL(40 pM)S AHE-3FATE

PGE, & —RAW 264.7 Al = 24 well plate] 2x10°
cells/well2 E53F & 24 A7t 5 samplesS = Z A2
32Tk 1 A17F 3 LPSE 1 pg/mlE A g)slal 24 AJ7F <t
vk &, v AT AE TSI FAT AR
enzyme immunoassay(EIA) kits(R&D Systems, Minneapolis,
MN, USA)E ©|83ld PGE,Z Z793159th. PGE,2] positive
control 2+ NS-398(10 nM)& A-&3F3tt.

Cytokines &8 —RAW 264.7 Al X E 24 well plate©l]
2x10° cells/well2 #5324 A7 ¥ samplesS 5=
2 HEIAek 1 A7 F LPSE 1 pg/mlz2 X235kl 24 A
ZF ER v & g A S FASAT. A 4
WO 2 enzyme immunoassay(EIA) kits(R&D Systems,
Minneapolis, MN, USA)E ©]&3}o] pro-inflammatory
cytokines?] TNF-a, IL-1B, IL-65 S35t}

SAHRM - 2 Ao 2 Aol tisirs Bk
Q9 2Hmean£S E)= YERA o™, 2 24L& Student’s
t-test? A1) AL p-value O Z FAH FoA= H

7Fskitt.

A%

[e=]

ofN

9% NESOlR SRR RE ) ATt 1Y e thF
FaQIA) i o] Al ol 710 A
il

olH TAMEE The 9% WMo Fad 482 @
o2 e Fud 9 NS AL £ doTM, §
WSS, o, B9, 954 4 A8 5 B 298 4
A2 oSt A% WS BHSATIE BAH A,

=
LPSel <&l fr=e o)Al Z=

ated
o|\
X
=)
=
ro
N
P
o
i
>
Dol

g 2dshe= Zlo] 954 kS X 8ate shhe] Wy
o2 AL et webr] 2 Atolxe tidst flavonoid
Aol d5 il JIAET ARlETRIES SAlsks vl &
7} DEA] BRI} LPSE =3 murine macrophage
cell line?! RAW 264.7 A= HSHEE w7l Q12 A
staz, sHHE ddS 24S Ashet de ARSETh
B Ao e ohetst 2EddA &, E23] H flavonoid
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Kaempferol R=H
Kaempferol 7-O-B-D-glucoside R = Glc

Fig. 1. Chemical structures of kaempferol and kaempferol-7-
O-/D-glucoside.

Al 4E-E S kaempferol & quercetin} ©]E<] T}
glycosides 5°] RAW 264.7 A LM qLF S S
el = A& gRlstirt.

A, kaempferol, quercetin % o] 5 H] A AHEE o]
RAW 264.7 A 3] AEol| WA= d3e 5431 9]
&l MTT assayE 2133ttt 48 A3, gF&9 3=

ES BF 210, 50, 100 pg/mle] =2 3RS
80~100%°] A2 AEES B AlE F5A40] A9 gl
ERIHATE AL JPshes AAlA, sitEe] Al

éi

Jt o
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o] GZ WAL A NISolH oA gL A
sp7] 9180, 7} S3HEo] S92 UehiiA] o= wolA LPS

o fFEEo] AHE= NO ¥ 44 JAE AT 2+,
RE 33tE0] wrolEA o Z NO AL AdAEtgo,
kaempferol, kaempferol-7-O-BD-glucoside, quercetin 2
quercetin-3-a-L-arabinoside] 47H4] 3}§HE°] NO A4S
50% ©17F JAlsk= Holdt £35 B TH(Table ).
ko] A= BAI3]HH, flavonoid §]-6LU SollA Zol
AtshA] e HuEA] FEfe] 319E<l kaempferol 2
quercetin®] H]wd =& S4S YeRH AL ek, HliEA] €]
735, Fol Ags wigA BT S40] w] wjitel] Alxdt
< A FHstER o] A vERdT) 2eiv AF 4
5 A EH, kaempferol®] 7H £1x]9l 170¢] glucose”}
73‘@—15]- WA= vl BT 9428 Bdo] B bl
vlugA 2] 3 $X]) glucose, rhamnose, xyloses<]
%O] ASIAY xyloxyl-galactose®} rhamnose-rhamnoses
o] W] "ol Aget wigA ] Zd-9-oll= N0 44 A3l
o] HlugA| B} WopTt. o]efgh 24 5 W oA
A8 e slatEo] HE =4 2 NO A oA 5dE vH
S w, kaempferol-7-O-AD-glucoside2] NO A4 A3l &
H7F 7V 98k 7199 LPSHE PGE, ¥ &9%5 A
o] E7IRl A4 Al AL st
Kaempferol-7-O-f-D-glucoside®] PGE, A3/ A a3&

Table 1. Effects of flavonoids on productions of NO and PGE, in LPS-induced RAW264.7 macrophages

IC," (pg/ml)

NO production

PGE, production

Kaempferol (kp)
Kp-3-glucoside
Kp-3-rhamnoside
Kp-3-xyloside
Kp-7-glucoside
Kp-3-xylosyl(1—>2)-galactoside
Kp-3,7-di-thamnoside
Kp-3-galactoside
Kp-3-sophoroside
Quercetin (qc)
Qc-3-glucoside
Qc-3-galactoside
Qc-3-rhamnoside
Qc-3-arabinoside
Qc-3-rutinoside
Qc-3-xylosyl(1—>2)-glucoside
L~NIL (uM)
NS-398 (nM)

21.5340.75 7.85+0.33
>100 -
>100 -
>100 -

17.68+1.51 5.82+0.22
>100 -
>100 -
>100 -
>100 -

31.28+0.71 6.79+0.62
>100 -
>100 -
>100 -

53.61+£0.91 39.07£2.79
>100 -
>100 -
28.29 -

- 7.23




298

TNF-a production (ng/ml)

LPS (1 pg/ml) - + + + + -
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Fig. 2. Effects of kaempferol-7-O-fD-glucoside (kp-7-glu) on productions of TNF-a, IL-1B, and IL-6 in LPS-induced RAW264.7
macrophages. (a) Effect of the kp-7-glu on TNF-a production (A), IL-1 (B), and IL-6 (C) by LPS-induced RAW 264.7 mac-
rophages for 24 h. Results are shown by relative ratio graphs. The values are the mean+S.D. of three independent experiments. The
values are the mean+S.D. of three independent experiments. #p<0.05 vs. the control group; *p<0.05, **p<0.01, ***p<0.001 vs. the
LPS-treated group; the significances of the difference between the treated groups was evaluated using the Student’s #-test.

Flgk A3}, 1C,, #e] 5.82 pg/mlz 9738 o4 5745 1
Fom A OS2 kampferol, quercetin 2 quercetin-3-a-
L-arabinoside®] ICy, -2 Z}7} 7.85, 6.79 2 39.07 pug/mke
1 % tH(Table I). Kaempferol-7-O-AD-glucoside”} Al X 5=
‘4 HERA 291 NO % PGE, 84 A 835 Yet

= FEE 283k, 10, 20 2 40 pg/mloA G5 wke-
o] A ¥l TNF-q, IL-1p, IL-652] 9=4 Alo]E7e] &)
A &S =A& 2 A3, kaempferol-7-O-pD-glucoside 7
LPSZ =% TNF-q, IL-1B ¥ IL-62] S T4
o2 AR HFig. 2). B]E Kaempferol-3-glucoside,
kaempferol-3-thamnoside & quercetin-3-galacoside= 7]
ATolM NOE Etele 254 w7l =2 A Asfell
et A7E B Hglo} ) B e} xlolg ol
ol APol AME M EZ F7,V LPS A2 B
E%0 LPSQ} IFN-y5A] 22| o3 8 A5 22 s
T A% AAold gl miet &do] thEA UeRt Flo]
2}al FAETh

2 AT AAE SRR,
95t RAW 264.7 Tl2]A| oA

flavonoidZ] AE5& LPSE
A Wl AIAEE

AAst= a7t
glucoside”t 7H¢ Holdk 95 2 &=
ERfi AT

AReH, 1 F kaempferol-7-O-AD-
el At v

4 =

B AolM = Tpekst *‘%Oﬂf\i 23} flavonoid 4J
% kaempferol, quercetin ! 0]5-4 opest w4
o] tiAA X LPSE fre® 95 w7l EdEe] A4
A& ERlsT. ’;‘z“’d% 3 4 A8 v 2

RAW 264.7 Q&M EE LPSE A3}y kaempferol,
quercetin & o] A AEES RS ], MES
e UERA] & FEolM sEoEHO0E NO A &
< AT

LPSZ A=3g RAW 264.7 th2]A| 2ZolA NO A4 <A
& 37t Hojd kaempferol, kaempferol-7-O-B-D-glucoside,
quercetin 2 quercetin-3-a-L-arabinoside %, kaempferol-7-
O-fD-glucoside®] PGE, 87 A3l 2371 A =7 3
o}
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LPSE A}=3F RAW 264.7 A4 kaempferol-7-O-
BD-glucoside= A3/ AFO]E7RRIIR] TNF-o, IL-1B, IL-
62] WS FroEHoR Fo4 Al Attt

B A%l 435 F3s] B, kaempferol, quercetin 2
ol 59 wigA| SRIEES BF T2 NO A o
Al 35 Holal vk F 16 79 sitES AL A
8 FAsIN oM, 1 5 4 7HA 319 (kaempferol-7-0-4
D-glucoside, kaempferol, quercetin, quercetin-3-o~L-
arabinoside)®] A% FTEA LPSE F=H NO2 A<
50% ol Asge =M 3 e Bk

235 YERd 4 714 3t8=E %, kaempferol-7-O-4D-
glucoside= Z &/Jo] thE A5l Hlal] Hold AL
vhkE ), webA | kaempferol-7-0-3D-glucoside”t &35
24E veili= viAYSl sl F7H1 A& gt
thd, 7t slgteo] Y2 HAE HAUSS BHoE o)
© 9% ANBAEAY 7FsE SRIE 7 dE Aotk o
0], o]E°| HFA Y= E3tal FHojd 2
= ol E AR S AFAE F Ut U 9n
Ue A7 E AR Bl
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