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Inhibitory Effect of Galangin from Alpinia officinarum on Lipopolysaccharide-
induced Nitric Oxide Synthesis in RAW 264.7 macrophages

Hwa Jin Lee*

Department of Natural Medicine Resources, Semyung University

Abstract In a screen for plant-derived inhibitors of nitric oxide (NO) production in lipopolysaccharide (LPS)-activated
RAW 264.7 macrophage cells, a flavonol isolated from the chloroform extract of Alpinia officinarum was isolated. The
structure of the flavonol was found to be 3,5,7-trihydroxy-2-phenylchromen-4-one (galangin, GLG) by using spectroscopy.
GLG exhibited an inhibitory effect (IC,, value: 26.8 uM) on NO production in LPS-stimulated RAW 264.7 murine
macrophage cells. Moreover, GLG suppressed expressions of inducible nitric oxide synthase (iNOS) protein and mRNA

in a dose-dependent manner.
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1%%(‘5&? Alpmla oﬁ” icinarum Hance)—— %‘%}ﬂ—(zingiber-

aceae)°ll 5—7—’3]~* ThaAl zEo ¥|E7| 24 FHER), V&
), 2AZCNGHE), AR ESERIHLE 983, Fo4Re
Z = 1,8<ineol, methyl cinnamate, o-cadinenes 2] #7323

galangol 5o AlmAdRe] geA ¢ I?‘r(7) o FH H 50“ 241,
FERO A ASMEY, FE, BF, dlgld &8
°ﬂ’\1“ AEA o2 vt g1 Aol dis) E}
E yele Aoz d#- JtkEB). German Commission E
Monographoll = 287 &9} 48} Bl AMEEe 2= 7]A|Y]
o] Qo n=e FDAo|A & ‘generally regarded as safe
(21CFR section 182 10, 182. 202 Jdslal ATHY). A, 3L
Z7re] okg|gAdol st A= ksl e, Edolst 2 gy
= —}% 5ol EJ—E]O% ATH(10-13).
2 APdM e I FEES AFHeETE Bt 9y
ﬁ}ﬂ" o] LPSZ 2d35}e RAW 264.7 tHﬁ dlZF=4 2] NO A
gell WA= e}, o R ¥ NO A AsNAZE

iNOSe| W&ol mX|= Pafol| thall Rarsfarzl gic),

VEETETE
NENERCIE T
IFFES kS BRYAFAN RLE 325G A2 A
AR ATk DY RS FEERVE F40 ©e
SIS ) Akl IR SERA0YE o Wiok

24759, FEREEQR559), o€ OWEﬂOlE(ls.l g) TAHZ
747re] 7HgRE S Céoir% SEEXE 7HE £8(224 2% hex-
ane:ethylacetate (30:1—10:1) 2] =7 Oi 218|714 AE = =Zn)
ETIE d3te §EES IA o9 REo= U 7t #

o T
==
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ol thall NO A4 A &3-S ARt NO A A<
o] T2 6 (786 mg)oll thall Ael7HA Y A=riEey]
(chloroform:methanol, 7:1-2:1)2} 97H(C,,) ZH IAZntEH T
(55% acetonitrile—>80% acetonitrile) 5= 3J3ted et A4S
Ehll= ©dsttE (75 mgrS Eelsidlen, ks A4 s
o]&-3F high performance liquid chromatography (HPLC, Shi-
madzu HPLC system with UV monitor, Kyoto, Japan)Z 22135}
Atk

MZS st AlZe| X2

RAW 264.7 &M ZE3F(ATCC, Rockville, MD, USAYE 10%
FBS (fetal bovine serum), 2mM L-arginineZ} 100 ug/mLe] peni-
cillin, streptomycin (Life technologies, Frederick, MD, USA)©]
3" DMEM HjA 2 37°C, 5% CO, incubatordl| A H%3t$]
RAW 264.7 A EZ 1.5x10° cells/mL 3}o] 48 well plates] #F3}
of 12A17F FQF FEATIA A2 AR wehgt ok LPSE
1 pg/mLe] EEF 718 th A8 dimethylsulfoxide (DMSO)|
BaAIA B, Alxel HEA HEFEFE 0.1% DMSO £
o] HE% LpPSet FAlol wigFdol 7k tha 37°C, 5% CO,
incubatoroll A1 AGAIZE wiYFste] Zh welld] wiFAoR feElH
NO A4 A=E ZAsIth A8 Aol e 54 MTT
Ao ZASL M sl F40] e =0l 245
783k

MTT A|EHE 0|88t AlZe| MESY HIL

RAW 264.7 MEE 1.5x10° cellsymL 2 3} 96 well plate]
100 pLA Z5=3te] 124]7F ERF F-2PA 713 A2 wjA 2 sk
3 o5 LPSE 1pugmle] =2 718tk AlEe JAFE=
0.1% DMSO £do] E=s& LPSe} FAlol wjddol 7t b
37°C, 5% CO, incubatorollA] 24A17+ vlFIATh 7+ welle] B %
HAE AA F PBSE & ¥ AAT F methylthiazolydiphenyl-
tetrazolium bromide (MTT, Sigma, St. Louis, MO, USA)& -2
7Fek). 37°C, 5% CO, incubatorollX] 4417k Hj<Fst & solubili-
zation§-9-& 71813, 570 nmollA EF =S =43

Criess reagentE O|&§H il Fo| NO MMl £H

NOE 2:3%9] &< life timeS 7H EQMEe B42 i
NO,” Fe|2 Hzmz AXE NO2 %2 NO, ¢ ez F
Fatoh AZuF AN 100 uLet Griess A 2F0.1% N-(1-
naphthyl)ethylenediamin - 2HCI, 1% sulfanilamide in 5% conc.
H,PO, in H,0) 150 uLE &3] 10 St wh3A17]5L A7y
%E microplate reader (Molecular Devices, Sunnyvale, CA,
USA)E o]&3dt] 570 nmoll F2=E SAsIen Had =
& 93l NaNO, & ZFFEOE ARSIt

Westernblot analysis

RAW 2647 AIZE Uiz, LPSHE] <, LPSHAIEA o=
o] A2lgk £ 20417 wi etk Mgl S AA sl AlEE
lysis buffer (Cell Signaling Technologies, Beverly, MA, USA)E
o]-g-3ste] lysis Al7]3L, Bradford 8-S ARS-3te] ©hld S =t
gk ¥, 8% SDS-PAGEE °|&-slo] 317] 953 +, PVDF mem-
brane®l|] transfers}ATh iNOS 3A(BD  Biosciences, Franklin
Lakes, NJ, USA)E ZFAI7]ZL horseradish peroxidase linked
type?] 22+ FAE AFAIZ] F, ECL detection reagentsE ©]-&-3t
PF FAY R INOSTH Ao I HEE A

Reverse transcription-polymerase chain reaction (RT-PCR)&
RAW 264.7 A|XE tZF, LPSHEE, LPSHAIEA T FoZ
o] A2lgk & 6AZE vieFstaitt il S Al A Sk PBSE
A2 3 A14:3] Trizol (Life technologies)S 7Fsle] AEZE lysis
Azl H, AFdHA e uhel RNAS #2181t dojzl RNAY
reverse transcriptase (Life technologies)®} hexamer (Cosmo, Seoul,
Korea)S 7}t & 42°Col|A] 1A17F HESA1A cDNAZE A&t
. FojF cDNAS] dA HF3} primer (iNOS; sense 5'-ATGTC-
CGAAGCAAACATACA-3', antisense 5-TAAGGTCCAGGAAG-
TAGGTG-3', B-actin; sense 5'-TGTGATGGTGGGAATGGGTCAG-
3, antisense S-TTTGATGICACGCACGATTTCC-3"), polymerase
(Promega, Madison, WI, USA)E 7}5l%] iNOS mRNAS| &7

=5 s

Azo| AN 2|

AN dL BE 2 335 o] wkE A Fo
B+ FFAAE FAIGKA 7L A 18] 34 vlae
way analysis of vaiance (ANOVA)®} student’s ttestE ©]-8-3}
p<0.0531 gl thal feldel Ao Aejsklct.

2

Az g
4 FEEQ| NO MM Xoligty

D (Alpinia officinarum Hance, Zingiberaceae) €S
of dis Aol W 7z gv RIS A3, &S 7 Ew
JozRe &4 AAS HAS 4% 249 A=vETY Y
2 &Y 8L FHsAT & @A LPSE A$ RA
264.7 AEANA NO A A3 A== Fr1ed veke 2=
E 2 gujEge] ot NO A AsEA AF 23, LPS v
ol B3 HEsE FEEL 16%, FEEIEE /M 23S
70%°] NO A4 As&Ee et F25 9 &g
A ZAEEE 10 ugmLolYLL, ol RAW 264.7 A|Edl| T3
AEZAALS Uehx] ESdthFig 1), Wb, S22 X530 o
3 SR F4E 9% 49 A=vEIYE AAEH

[
Rl oR

iz = axv
£ [o fr me

IHZoRRE EHMMEO Z2i|ef Ci EMMES NO MY
Xsl gt

ZREEXET) tiEl Az F WA 7l go] 4
g7Hd W 94 2 A=nEad g Pste] A 245 o
e T SgES BEsitlon, 5= 94 dHE o8
HPLCE ZRlsisiet. weld 3ighae BAF 270.059 24
Ao r A7l TLC 3ol 10% Fikell ojs) 3oz
s o, B3 EAARE T3 L FEF 3,5,7-thy-
droxy-2-phenylchromen-4-one (galangin, GLG, Fig. 2A)2.2 4
9, HaE £ 5ok X FATH14). 43S NO A
A AsgEE Yee FEEXEZ202RE 23 94 3}
& GLG] tisll LPSZ &d3}st RAW 264.7 A ZZHE F&
€ NO A4 Aslis"S HriskidthFig. 2B). L A3, LPS &
= X2zl NoZt 33 Atsle Ag 1T 5 Ao,
33HE GLG Aol e & J&A o2 NO AHS As)st
= AL g on, NO A4 Asi@del gt 1C,,3-2 26.8

Motk 3 GLGE] NO A2 eyt MEEA o
FeFIE FAIS MTT assay A= <181 tHFig. 2B).
GLGE %

FeH(15), FPsh1e), FLA17), FHIH(I8), Fd
o g RS Hole ZoR Bud v gl

olN
ofnt fr
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Fig. 1. Effect of solvent fractions of Alpinia officinarum on LPS- 5r
induced NO production. RAW 264.7 cells were treated with LPS *
(1 pg/mL) and/or solvent fractions of A. officinarum (10 png/mL) for ’_L‘
20 h, and the amount of nitrite in supernatant was measured using 0 = 0.0
Griess reagent (bar). Cell viability assay was performed with MTT 0 0 5 10 20 30 40
colorimetric assay (@). AOM: methanol extract, AOHx: hexane GLG (uM)

layer, AOC: CHCI, layer, AOEA: EtOAc layer.

LPS
Fig. 2. The structure of GLG from Alpinia officinarum (A) and

o, E3 FAF GLG &2 HAIEZNE fg GLG7F J774A.1 the effect of GLG on LPS-induced NO production (B). RAW
WAAEZ BagaE mdoi d= JAEFESS UERlE 264.7 cells were treated with LPS (1 pg/mL) and/or various
oz o,Laqx% glo]. ¥ o] Avtels AXs= RO A concentrations of GLG for 20 h, and the amount of nitrite in
AN—T1 = AR s L — = _ = = A—

supernatant was measured using Griess reagent (bar). Cell viability

was performed using MTT colorimetic assay (@). The values are
expressed as the means+SD of three individual experiments.

Ty FEE2LE 2205 CKUSIEIE0| INOS wWhiksigy <005
iNOSe] &g Asfste] =gk NO S Adllste Aoz
A dE HAA INOS AHAZE lueolin(22), kazinol B(23), terpenes(28,29) 2 alkaloids(30,31) 5 th¥a 7x¢] 3}tEE0]

ZtEth(20-21).

quercetin(24), kaempferol(25)3} %2 flavonoid, liganan(26,27), HiEo] ) mehr] £ AfidME Ao ZHE Egh

(A) 120 B) 120
£ ( <
B 100 B 100 o .
g 1 mim s |
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:’; 80 — T % 80 | ‘ |
S * 3 | | |
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2 &0 2 o0 | i ‘
8 g - |
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iNOS E—, — — iNOS

peactin | < - G B-actin
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GLG (uM) . . 50 30 10 GLG (uM) . . 50 30 10

Fig. 3. Effects of GLG from A. officinarum on the expression of LPS induced iNOS protein (A) and mRNA (B). (A) RAW 264.7 cells were
treated with GLG (10, 30 and 50 uM) and/or LPS (1 pg/mL) for 20 h. Cell lysates were prepared and the iNOS, COX-2, and B-actin protein
levels were determined by Western blot. (B) RAW 264.7 cells were incubated in the presence of LPS (1 pg/mL) with or without GLG (10, 30
and 50 uM) for 6 h. The mRNA levels for iNOS and B-actin were determined by RT-PCR from total RNA extracts. B-Actin was used as an
internal control. Images are the representative of three independent experiments that shows similar results. The values are expressed as the
means*SD of three individual experiments. *p<0.05.
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ﬂavonol Tz9] 3FE GLGZE iNOS EHdo] Aaf|l&AdS ey
=2 #elslazt skath 3% GLGZE INOSS] Wl mx|&=
S Yolr 7] 93l INOSEHH|S o] &351= Western blot 2
AS 3t 43} FE GLGZF 55 gEFHOE INOS v
IS AAstke S BESIAtHFig 3A). =3 SI3HE GLGY]
S T YHAATF mRNALE Al o]g ZJAAE &
Ql}7] 93] iNOS primerE ©]83}] RT-PCR AgS 433t A
7}, 39S GLGOl 2l INOS mRNA2| o] F& oJ&FHo
2 JAEE AE BRJsICHFig 3B). °|ZH IFFORHEH
E2)3 flavonol 722 3FE GLGS NO A& A2 INOS
mRNAS] T8 A E %f‘& iNOS Eathde] A= stol| <
g ZUS EAF F AT

RS

l'UE o o2 r

2.
o

o ok
e =

ZbE 454 A% @3z 3 Xy HYYS 4
WSk oOE NS f% 712 AFEA 54 NOS (induc-
ible nitric oxide synthase, iNOS) o 2]gF NO<| It} AL A
ks S AAEZRE Fopux 2 ATE 53 0}9\3‘3}
NO A xig}]z‘)-)\%,,] 747(4 <1 EH}\U']]_,_Z,‘—?_]_ RAW 264.7 k]]
LPSZE EA3lst & =5+ INOSo 28l A== NO= Grless
A kS o] 43] NO, o Hel= A3t B8 Western blot 2
¥ g RT-PCR 23S Ald5te] iNOSS] mRNA®] W& 3l oy
el st G ZARIATE. 28 (Lipinia officinarum Hance,
Zingiberaceae)?] MBS FE2EZNE FAo wE &v IS
AlgYste] SRS st B3 EAYE olgste] &
25k FddE<] flavonol —TLZO 3,5,7-trihydroxy-2-phenylchromen-
< IS F871dS golrr] ¢
AH A3, 223 flavonol A+
(GLG)®] NO A8A3 &4-E iNOS mRNAZH-S A3 st
iNOS &4~ whze] AAdo] AA|- 7IRIsh=s 2oz EIskA
ot mEbe, 12 FEEEFE 28F flavonol E}SLD(GLG)OI
iNOS I&le] AAE F3) thge] NO s Asfgo=sm,
D (dipinia officinarum)®] NO A= AH"E IS4 F3h
of th3t & 7Fsde] & AR Jiddrt

o WE

|

4-one (galangin, GLG)%
3], Western blot % RI- PC

HAlel =

o] =2 20138 ATt anfskad ] el 9

3 e A7,
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