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Peroxynitrite Scavenging Activity of Curcuma longa

Byung-Soo Kim
Department of Food and Life Science,
Graduate School, Pukyong National University

Abstract

The Curcuma longa L. (Zingiberaceae), native to South and Southeast
Tropical Asia, has a long and distinguished human use in Eastern
civilization. Rhizome of C lbnga along with its primary constituent
curcumin is known for its antioxidant and cytoprotective role. Peroxynitrite
Is a cytotoxic intermediate produced by the reaction between the
superoxide anion (Oz ) and nitric oxide (NO). The aim of this study was
to investigate the scavenging effects of C longa on authentic
peroxynitrite, and further studies are planned that will attempt to
identify the active principles from the active fraction. The methanolic
extract of C longa showed 50% scavenging activity (ICsy) at concentration
of 1.7 £ 0.08 pg/ml, and thus fractionated with several solvents. The
peroxynitrite scavenging activity potential of the individual fraction was in
the order of ethyl acetate > dichloromethane > water fraction. The ethyl
acetate soluble fraction exhibiting strong scavenging activity was further
purified by repeated silica gel column chromatography. The structures of all
isolated compounds 1 ~ 3 were elucidated as diarylheptanoids, curcumin I,
curcumin 0 and curcumin I by spectroscopic methods such as ‘H-NMR
and “C-NMR respectively. Peroxynitrite scavenging diarylheptanoids, curcumin
I(1), curcumin I(2), curcumin IM(3) were isolated as active principles.



Compounds 1 - 3 showed the peroxynitrite scavenging activities with ICsp
values of 40 + 004, 64 + 030 and 297 + 129 ug/ml respectively.
Penicillamine as positive control exhibited ICsy value of 3.4 + 0.36 uM.
The structure-activity relationship of diarylheptanoids on peroxynitrite was
also discussed.



LA &

FHole AAE] o] kst Aol B3 A7 @ds] AT )
3 o= A 3RISHAIQ] butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT)S B¢ Hold dabst a7 A3 714 g del ALg5 oA
ey, oEe] & FEAIIE T A I SAHLS ZEreE Al
(Branen, 1975)°] R1d o]F A FAkstA|e] sfde] @dAo] 3 E=H AT
H] % tocopherol (Koskas %, 1984), L-ascorbic acid (Gow and Flick, 1985 ;
Han 5, 1990 ; Nishima, 1991)¢} 22 M dxsbA7b de] AMg-H 7= s,
dqa %01]/\11::_ =35 Ae2FE wig g8 du kdsie AFAlHQ aaksla)e)

P A7E Edgle] AlEE lth (Nagatsu 5, 1995). HdE<] #alrst
4 XA tartaric acid, gl citric acid’} RElEE S JAE F)s)e]
A A7F AlFHEO] (994, 1996) ZEolE HAE FoME E3
AegdSs 7 e FikskAlol B3 A7) Oleott (1937) 5 <130 tocopherol®]
FstE s Jhdol wEzl o, o8 FH AEFoA ks ARl
flavonoids&2] #el, FAsh= Ad77F &ds] o]Foxa 9o (Torel, 1986 ;
Larson, 1988) 1 o B &3} HEESo] IAE2RE w3z Al‘:]‘

A" #4kst (lipid peroxidation)d] SAAET 22 A s
BoWwk ofyel Aolde AEEANA YoM AsFe &S u
T2% ot Hd AE xAYosRE dojxE @
i”*é"‘_i = Vﬂ el gHEd AAA e gdARA 289 29890 37300 A

ok u-{H
fo rf wo

Superoxide (Oz)¢} nitric oxide (NO)E°] I53 A 2 AFA #H
o] Jrti BHuEm Qo T NOE O 9 wheate]  peroxynitrite
(ONOO )& ZAAIAX Axe] Falgt 8L Zoste w373 2 =
A3} s1EAd A3 37, F T 2 A3 #Bos= Ao HaH:
At HZo| AlbE “Inflammation Hypothesis of Aging” (31 5, 2000)9]
ot =gt A AN AFHEo] ANEH 0T dojFogH A A
Z7F9} INOS (inducible NO synthase)®] %o W& NO2 ez AAlo]



peroxynitrite 4 & B% S7IAA, AE 2 22 48 719 w3 L 23
sbe Ao Algdrt 53] A= peroxynitrited] td Eo]3 XﬂﬂEﬁ\J}
$1 0.8 2 peroxynitriteol]l 213 AT EAS ude W2 EE Ao w32
2Asta, =AAASRE osted vl FR3tE I¥EE peroxynitrite
scavengers 2-83t4 peroxynitriteol] 23 AEo] &4 olsh= AL
248 7 e 7}7"32 AAe Fokal stk a8ug 2 dApdqas &F
H %38t o8] 7kA] A8 FEEE9) peroxynitrite scavenger=4] 48
A=A E THALR Oﬂ?s}“t} T AR 7Y gel BEsta de &5
3+ peroxynitrite scavengerE %3] 1z} dF T

a3 (Curcuma longa L.)& A7}3} (Zingiberaceae)d| 2:3l= thdAl &2
s DA 7L ddetAjof Agoln B EAGL Folaol(dx)
sHoMAoL - T FACA dE] AulEn 9o, Ho ltﬁii/ﬂ LA7|ZE
S AAA AFEEHAT (Scartezzini and Speroni, 2000). &F-& 7 9]
Agow 7tE22 A2WE FAS om, o] Qo e Zm Ao] 30~
90cm, #2 10~20cmE YL WFaha 7|FE AzE, 9ue FEa0
= FAEEA =2 FHE JheHEd ¥y Zo] o 30cm, ¥HL e

4 o) A ]U% Ao] 25cm, A&
T 2u(@d), 2928, S3HED),
35 (T4), %@ﬁ)ola}lli Fam, BRo] AAgE A9 zhA] o)A
Aefgiet, ALl B E7E o BHIFHH} E"ﬂ ”L"ﬂ "‘J—‘EU}. R
(B5)2] thdzol] Fd %‘—:L—ﬂ‘ =& e

FEF 2FRIF ATk BE AYRE sz} vsd 9

se & Rest glen 7}11 ol eje dEelA F Wart Yrlx @}
FEE s et BY S O w2 ddel X e 420 e EeEe
AGA, FEFE LA A A2 2EE 1Y oY Aoz F
¢ Sl ER 22T oAb w2ty #ole] glu FFL £gko] Ant.
Aold FEE WHshE Y%oz ogdE AL FLFY PR A
TEE Y £ A A Re 2 AP FRANE £FS
gt R Bgoletn tu £5e] 2R el TA AL Fae BF
Bl S35, Wk A, i A8 Fol Avkw do F4



2ola, ZdEAs o] A=

W e, @4F, 29, gade) AR
AT, 44%, A3 SAE a¥el dvT elA Aok (NYF, 199

2 < 3
APE 5 2000 2T AmelME FUE2A sele] dzz Apgem
AL W22 ALHE AL FLFOR 549 W3 ¥l HulE (tumerol)
g (AEE, 2001). =3 2Ry Fa 9-gve)
SHE HRAE ol AHgHoly g (279,

olHg &F9 YRS FAMEhH tAHOZ essential oil (A, plant
pigment (2]=24), starch ()7} FAE 02 J4S BA essential oile
AAe] gFARe 03~72%5 AAE, 2 Fo= d—-camphene (0.8%),
camphor (2.5%), sesquiterpene (65.5%), sesquiterpene alcohol (229)0. 2 74
%o} AL, plant pigment:= curcumin (0.3~5.4%)%} 1)) demethoxycurcumin
oz FAE 9lev starch 30~40%, =44 5%, 3% 4%, T 16%
AEE et o (R8F, 1999).

w0l #3 AF7A Y AFRIEE ST 27 (MYE7)S 1A
T8 curcumin¥} A ibEAe} AERFT AG}S spAdn dyAd o
(Soudamini %, 1992 ; Ramsewak 5, 2000). &3oAM 3dAls} sgAHRo
curcumin®} 149} Atz A WE A 99dt} (Toda 5, 1985). 58 AEA o)A
Erkolzl AAANME 24 Fa324dL 7Ht (Kunchundy and Rao,
1989, 1990 ; Huang and Ferraro, 1992 ; Sharma, 1976). & 3ol A4 A ol A <]
kst GdS 23 abs-Aw AgS wolstE Zozw FE2S wolgit)
(Ruby &, 1995). Masuda % (1999)2 curcumin®] 3M:+3} 7]Hel i3t 518+l
A7 curcuming SdE FAst] IR 28| (dimerization)S T
A&SHA A (polymerization) & BFED2A AbS-zbg (chain-breaking)
FstA 2 A gtk By A2, Kato $ (1997)2  curcumin®]
peroxynitrited] 2JsiA] ®¥M3tE FeAo A 3-nitrotyrosin®] A A o
A% oA aRE JpRgEta Rasgdnt. B QR o] &30 #al
peroxynitrite 271 Ao td A3 AFEo] BuFol x| &
o] A7E AFSAT 1 23 Table 191 E AE7H2 A7dE og] 711

A= FEFEE peroxynitrited] A B3 27 FAHL JEIARASS mH@Y



o ofet HuE W SN Had FAGEAA HmA = 4
2ol Aes s 2Ea &3 FAAHENA 3A wER
diarylhepatanoidsl curcumin I (1), curcumin I(2) 18] curcumin I(3)o]
vt ont Zb7ke] curcumin 1~ peroxynitrite®} AA2H- 43S 3 Az}
F3h dtst @4do] eSS WRlth
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1. A=

= Aol A3 &3 (Curcuna longa L)Y &
AAFozRE 798 &7 TE (no. WP 010)&
B@sdh I 24F (ZAE 9 23F)9 4 E2E9 vge F
gAY AAYAE AT o g RE PG ARRE T

2. AleF 9t 717]
2-1. A%

Penicillamine& Sigma Chemical Company (St. Louis, MO, USA)=%-g
7934 DHR 123 (Dihydrorhodamine 123)¢} peroxynitrite’s 314k o)W
212t Molecular Probes(Eugene, Oregon, USA), Z22]3 Cayman (Ann Arbor,
MI, USA)O. 23 E Tsdn).

2-2. A AWy 77

'H-9} “C-NMR spectra= Varian UNIYT-400 spectrometerS ©]-8}% .0 1
5}3}o]FX] (Chemical shift)¥= Ztzhe] 7 &w) I3E 7Fo2 524
71538tk 'H-18) 3 “C-NMR signal59] thdHELS s (BUA), d (o] FA),
283 m (Fd)ez VESAd. 2y ZEnEaYyE silica gel
(Merck, 70-230 mesh)E 7}A 1 Ag3tgth TLCE Merck Kieselgel 60
Fosa plate (025 mm)E AFESFRIL FEES AL 50% HoSOsE AHE-5}o]
A&



o 7S 40Tl A 7‘]““01]*1 AZEEE 5531
ATt EF peroxynitrite H|nlA PSS 87] 93}
o 2E L2 WhHo g MeOH FEETS A%t
=8 FEELS H0dA d=EAZ1F, 21 bFo] CHxChe EtOAcE 7HA 1
F8&ta, AlEHoE CHLL 55 (144g), EtOAc F5% 220)3 HO F&
(35g)% ¥t} EtOAc & (2g)8 Si gel column (12x60, Silica gel 60,
Merck, 200 g)& F3A CH:Cl-MeOH (100:1 to 10:1) §wj& o] &3}
Chormatographyo]»@] 8712 H-EES 4 (Frl - Fr.8). 3 1 (500mg)=
Al CHLCLL.Z chromatographydhe] compound 1 (80mg, curcumin D& <A1
8 29 3 (400mg)e& st CHLL-MeOH (100:1)8vi24 Al Sigel
column< 33 compound 1 (20mg)®} compound 2 (60mg, curcumin II)E
s o 3 42 HE compound 3 (50mg, curcumin IHE ¥l st
of 7o (250mg)& thA] EtOAcS 7FA3L Si gel column chromatography &
&3t compound 3 (120mg)S AU Th.

(A) (B)
Photo. 1. €% (Curcuma longa 1..)9 Z (A)# 27 (B)



Dried-Rhizomes of C longa (200 g)
refluxed with MeOH (3 hr)

Total filtrate

concentrate to dryness

(in vaccuo at 40 C)
MeOH extract (21 g)

suspended in H.O
Aqueous layer
partitioned with CHaCly & EtOAc

CHClz EtOAc H2O residue

(144 g) (22 g) (35 g)

’ chromatographed over Si gel column
(12x60 cm, silica gel 60, Merck 200 g)

eluted with CHyCl.-MeOH (100:1 to 10 :D)

8 fraction
Fr., 1 Fr.2 & Fr. 3 Fr. 4
(500 mg) Si gel column recrystallized
purified chromatographed with
by CHClz CHxClb-MeOH (100:1)
Compound 1 I Compound 3
(80 mg, curcumin 1) Compound 1 Compound 2 (50 mg, curcumin M)

(20 mg) (60 mg, curcumin II)
filtrate (250 mg)——

chromatographed
on Si gel with EtOAc

Compound 3 (120 mg)

Scheme 1. Extraction, fractionation and isolation of C. longa




4. 3t3+E 52 Spectral data

4-1. Compound 1 (Curcumin I )¢} spectral data

'H-NMR (400 MHz, acetone-ds) ; 3.86 (6H, s, 2 x OCHs), 592 (1H, s,
H-4), 665 (2H, d, J= 16.0 Hz, H-2, 7), 683 (2H, d, /= 83 Hz, H-5', 5''),
712 (2H, d, J= 20 & 83 Hz, H-¢', 6''), 728 (CH, d, J= 2.0, H-2', 2'),
755 (2H, d, J= 16.0 Hz, H-1, 6),

BC-NMR (1000 MHz, acetone-ds) ; 18496 (C-3, 5), 15045 (C-4', 4'"),
14921 (C-3', 3'"), 1418 (C-1, 7), 12864 (C-1', 1'"), 12427 (C-6', 6''),
122.77 (C-2, 6), 11669 (C-5', 5'"), 112.02 (C-2', 2'"), 102.13 (C-4),

56.77 (2 x OCH3)

4-2. Compound 2 (Curcumin II)®2] spectral data

'H-NMR (400 MHz, acetone-ds) ; 386 (3H, s, OCHy), 592 (1H, s, H-4),
6.60 (1H, d, J= 16.0 Hz, H-7), 6.66 (1H, d, J= 16.0 Hz , H-2),
6.83 (1H, d, J= 85 Hz, H-5'), 6.85 (2H, d, J= 85 Hz, H-3"", 5''),
711 (1H, d, /= 1.7 & 85 Hz, H-6'), 7.28 (1H, d, J= 1.7 Hz, H-2'),
751 (2H, d, /= 85 Hz, H-2"’, 6'’), 755 (1H, d, J= 16.0 Hz, H-6),

75 (1H, d, /= 16.0 Hz, H-1),

_10_



“C-NMR (1000 MHz, acetone-d6) ; 18501 (C-3), 18492 (C-5),
160.96 (C-4'"), 150.47 (C-4'), 14923, (C-3"), 141.85 (C-1), 141.50
(C-7), 13142 (C-2", 6'"), 12863(C-1"), 128.16 (C-1'"), 124.32 (C-6'),
122.73 (C-2), 12251 (C-6), 117.25 (C-3", 5'"), 11668 (C-5), 111.96 (C-2"),

102.17 (C-4), 56.77 (OCHs)

4-3. Compound 3 (Curcumin M)2| spectral data

'"H-NMR (400 MHz, acetone-ds) ; 592 (1H, s, H-4), 661 (2H, d, J-
160 Hz, H-2, 6), 6.85 (2H, d, | J= 85 Hz , H-3', 4'), 685 (2H, d, J= 85,
H-3", 5'), 751 (2H, d, J= 85Hz , H-2', 6'), 751 (2H, d, J= 85, H-2'", '),
756 (2H, d, /= 16.0Hz, H-1, 7),

PC-NMR (1000 MHz, acetone-ds) ; 184.96 (C-3, 5), 16091 (C-4', 4'"),
14150 (C-1, 7), 13142 (C-2', 6/, 2", 6'"), 12816 (C-1",1'"), 122.49 (C-2, 6),

117.24 (C-3', 5, 3'", 5""), 102.22 (C-4)

_11_



HO

1: R1=R2=OCH3
2: R;=0CH;, R,=H
3: R1=R2=H

Ro

OH

Fig. 1. Structures of isolated compounds 1 - 3
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5. Peroxynitrte &4 84 =A

ONOO & =743l= ¥ peroxynitriteo] 93} FAHE @A tyrosine
710 JE=RIE FAHsE Wylo® UV-visible spectroscopy, GC-MS
spectroscopy, amino acid analysis, HPLC analysis % nitrotyrosine®] &o]% <l
polyclonal ¥+ monoclonal antibodyE& ©]&3% Wy So] gt} o] gox
Fgy, b 2R3 Sol oy B Ao M= peroxynitrite?)
~A 29 54 Kooy & (1994)9 ®¥S ¥Wdste] DHR 1239 AMsts
SAToZA st Ah Asle] BeEo] AR AR dimethylformamide
ol A DHR 123 (5mM)-2 A& (stock solution) 2. -80CeNA A= ¢
|3 WA o] glg AEE] M7kA] Wel mEATA] 2 AR WERH
vt $Fd (Buffer)> 90 mM sodium chloride, 5 mM  sodium phospate,
5 mM potassium chloride® PH 749 2¢lom 100 pM diethylenetriaminepenta
acetic acid (DTPA)= A &FHe 242t FR7) 2 Ho|3l42 A|=x3)
Rom, AL st E4ES AASA DHR 1232 peroxynitriteol] <] 3]
weAl AhEtEAom azle] HE PF FrE Azte]l Aux wMstR] ke
ol ATt AbshEl DHR 1239 33 ATt of719530] 480nmo) i W& 1}7o)
530nm<! microplate fluorescence reader (FL 500, Bio-Tek Instruments)oi A]
FAHJT. Y A= HT I3 A=olA w7 dFL W gol digk "agk
(n=3)°.2 a3vh &~AETE DHR 1239 43} o]l HAEzx Yeligdet
(Scheme 2).
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Sample

+

Authentic peroxynitrite

+

Rhodamine buffer

{Diethylenetriaminepenta acetic acid (DTAP)100uM + 90 mM sodium chloride
+ 50mM sodium phosphate + 5mM potassium chloride at PH 7.4}

|

Dihydrorhodamine 123 (5pM)

|

Incubation at 37 C for 5 min

Measurement of fluorescence intensity
Excitation wavelength at 480 nm

Emission wavelength at 525 nm

¥ Results were -expressed as means * S.E. for the final fluorescence

intensity minus background fluorescence.

Scheme 2.
Measurement of authentic peroxynitrite scavenging activity

- 14 -



m. 43 2 23
1. &% 2 E 9 peroxynitrites &7 &4

S=24 duze xgeia Zoggdy @A BAALE peroxynitrite’s
o} 7hA At AEe] Aol oo 1 9lv} (Pincemail, 1995). superoxideo}
nitric oxideZt ¥H-&8iA4 THEO] A= peroxynitrites @WA, A& 81
DNASH #Z2 3% AEZAZRES A2 F dsE =4 AEISou
Alzheimer's 28, Frlely 44, o, 28n 97435 (Squadrito and
Pryor, 1998)% 22 Aol #Ay = o] lvbxn deix gt} Table 101“1—”—
oAe] 7FA] 2] E (a1Abg] ¢ 24%5)%%%%94 peroxynitrited] ] 7} 3+ A A
g4S U AES Fdsidon 2 A9494E nusid Mg e
2AEEE e AL =l (1.10:0.10 ng/mlg} ek (1.35+0.08 pg/ml)
== (L7+0.08 pg/mho]l 2 #4& Yelidoh. wabA
AAt=d ol &858 *}*‘1 sHAl | AL vwy &
}Z]F— Re WRE oY ol gefRjst AEFos
oz dge] golghs J&‘:}f‘l @4 B AF FAE
o}, wr2bA authentic peroxynitrites®] 3 MeOH % ZZ 9
1E3t9 3 MeOH FEE2%YH CH.Cl-, EtOAc-, 181
7}

=

[-'EJ

peroxynitrite 2}
AREE AL Qe

.
$Foz A

O:
2 nllo
N

)

HO0- 84 287 22 4 gE25S doj 2AEHE HESFHoH

olg &4 RIZEZHH FHHEES R SAHINY

2. €9 *3E9 peroxynitrites 2A 837 3329 R 2 4
Table 2014 mi=vle} o] ©Fe] MeOH FE2e 474 47 2139

CH:Cly-, EtOAc-, 28]31 HO- 84 RIS 2o fu R3IHES 9

peroxynitrite 2~ &7d 2 EtOAc > CHxClz >MeOH >Hy09 0.8, 159

ICo= ZH2E 0.3+0.08, 1.3+0.09, 1.7+0.08, 183l 550+7.67 pg/m O3 "]’E]";\‘ii

<39 MeOH FEE9 EtOAc +84 #8o| 74 #A3 peroxynitrites
2AEHRE 7HIGE A S 9E Y EtOAc-#89) AA &7 7} peroxynitrite
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e
ER A A S BHAFPA EtOAc-E—QEE}E o7 A ey
H_3] I =
T

e E‘{—" *74 gHES 7”]”4
°l ZOT:Q% ok %*o% HolFAok  peroxynitrtee] WE &Fe
MeOH FZE2Z7H frd 259 AFe 427 aHEL ol 12 &9

BEES 2AAolZ HdYE ‘%lTjr. T E ~2AEA
AFEL diarylheptanoids@th. giukstd o]5& EFFHJitoe 5, 1992)0 A
e EAlste Ao® 29 A i dichloromethane® ethyl acetateol A1
falete 54 A4S /AR 7] W et ageg b @40 3
EtOAc-7t84d 82 & dA&5Ad #¥ azvieEadygoes A A s
oln] & <423 diarylheptanoids 1-32.8 #3g %A s9d (Fig. 1). o]&
3IHEES curcumin 1, II, 28]x MO vephgon oj59 Fxi= o]y
Z A2 EFFEdolHe vue EEFEES A1 HREERA AR
399t} (Roughley & Whiting, 1973).
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Table 1. Peroxynitrite scavenging activities of extracts

derived from various plant

Korean p, Latin name ONOO
name

3LALE] AP | Pteridium aquilinum var. /latiusculum (Pteridaceae)| 11.80+0.46
=995 AP | Hemerocallis lilioasphodelus (Liliaceae) 5.93+0.80
19% AP | Sedum kamtschaticum (Crassulaceae) 6.43+0.27
072 AP | Cassia tora (Fabaceae) 7.76+0.27
%] AP | Physalis alkekengi var. francheti (Solanaceae) 1.10+0.10
g (sl) LF | Actinidia arguta (Actinidiaceae) 7.28+0.88
guto] & AP | Oenothera odorata (Onagraceae) 2.24+0.05
2] AP | Pilatycodon grandiflorum (Campanulaceae) 4.24+0.54
-3} AP | Picus carica (Moraceae) 11.15+0.94
S334(1) LF | Picus carica (Moraceae) 5.72+0.42
B AP | Allium tuberosum (Liliaceae) 5.41+0.51
AR AP | Artemisia capillaris (Compositae) 5.86+0.73
A5 AP | Allium thunbergii (Liliaceae) 12.75+0.86
Mz AP | Zanthoxylum schinifolium (Rutaceae) 5.68+0.34
(9D LF | Zanthoxylum schinifolium (Rutaceae) 3.02+0.83
LS AP | Saururus chinensis (Saururaceae) 2.92+0.16
Aavg AP | Cassia ossidentalis (Fabaceae) 5.97+1.09
HUE AP | Galium verum var. asiaticum 4.18+0.08
ZutA(Ax) | WP | Ixeris dentata (Compositae) 1.35+0.08
&3t AP | Zingiber mioga (Zingiberaceae) 5.62+1.46
Fd54 AP | Hemerocallis fulva var. Kwanso (Liliaceae) 10.33+0.79
a9 AP | Hemerocallis fulva (Liliaceae) 8.96+0.21
wavE AP | Disporum sessile (Liliaceae) 14.76+1.06
A= AP | Agrimonia pilosa (Rosaceae) 7.79+1.33
7] RZ | Curcuma longa L. (Zingiberaceae) 1.70+0.04
Penicillamine 13.14+0.52

% AP : Areal part (AP, LF : Leaf (%)), RZ : Rhizome (7)), WP : Whole plant (33%)
%¥ Penicillamine : &4 434 (d= 33E)
¥ “ONOO-: Inhibitory activity of peroxynitrite (ICso:ng/ml).
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Table 2. Peroxynitrite scavenging activities of extracts
derived from C longa

Extracts ONOO*
methanol | 1.70 + 0.08
dichloromethane 1.30 + 0.09
ethyl acetate 0.30 + 0.08
water 95.00 + 7.67
penicillamine 13.14 + 0.52

“ONOO-: Inhibitory activity of peroxynitrite (ICso:ng/ml).

_18_



SFolA Be A FESe xE vy s 'H-NMR, “C-NMR

. 34 E4 compound 1 (curcumin 1)9 F+%

Compound 12 F34 42 vanillin 34F A2kl 9ste] 2oz masc)
'H-NMR spectrum (Fig. 2)& $:8] Ux® gj3 729 spectrumo] 2w g}
Aromatic ring®lA ABX type (87.28, 66.83, 87.12)¢} 2709 olefinic
proton®] A% frans-couplingdH= proton signal (8755, §6.65)°] AU,
aliphatic region®|A] methoxyl”]ol 7113t 3H%¥2] proton signale] &%)tk
(Table 3). "C-NMR spectrum (Fig. 3)°ll 4] sp® carbon peak (6112.02,
116.69, 612427, §141.86, 6122.77)% sp” quaternary carbon peak (&
128.64, 6149.21, 6150.45)7F &&= 31, 856.77°1 methoxyl”]7F 7]1218}+ carbon
signale] TR} (Table 3). 28] ketonedl 71918+ signal (5184.96)3F §102.13
o Az} shift=]o] & methylene carbon signale] #&= Q). wlelrd o] 348t
B2 ol A0E spectra data®t HlwEl] curcumin 1 03 AEX|Q}
(Masuda &, 1992 ; Chun %, 1999 ; A3}, 2000).

3-2. &4 E4A compound 2 (curcumin )9 F+=

Compound 19 'H-NMR spectrum (Fig. 4)ell A= aliphatic region®l] A
methoxyl7]ell 7]Q1%+ 3H#2 proton signal (83.86)°0] 2= 1 aromatic
ringl Al ABX type (8728, 8683, §7.11)¢} A.B, type® proton (8751,
06.85)2] peak patternc] FAlol TEEATE 2709 olefinic protono] A&
trans—coupling3}+= proton signal (87.56, 86.66)¢] #2&t= 11 65920 A A}# shift
3t Qe 1HE9Y proton signalel #EHTH (Table 4). “C-NMR
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spectrum (Fig. 5)°l 4] sp® carbon signal®] 8111.96, §116.68, §124.32,
612251, 814150 & 117.25, 613142, 8141.85, 812273 # sp° quaternary
carbon signal®] 8128.63, 5149.23, 8150.47 & 128.16, §111.96°] v}e}y;ar,
656.77¢ methoxyl”] 7} 7]¢13%F carbon signale] &= ¢ th (Table 4).
123 ketoneoll 71918k 2789] signal (5185.01, §184.92)% 6102.179 A A&
shift= o} 91+= methylene carbon signale] #&Hct watr, o] 3gEe
ol &7l spectra data®} ¥|wdle] demethoxy curcumin$! curcumin 2
AEA}JY (Masuda 5, 1992 ; Chun %, 1999 ; A A3}, 2000).

3-3. &4 EA compound 3 (curcumin IM)<¢ F+%

Compound IM¢} 'H-NMR spectrum (Fig. 6)& 48] X9 gjaze]
spectrume] A=A Aromatic ringlA AsBp type® proton (8751, §6.85)2]
peak pattern¥ 27]9] olefinic proton®] A& trans-coupling®h= proton signal©]
FZHE A} (Table 5). "C-NMR spectrum (Fig. 7)ol ] sp’ carbon peak(s
117.24, 6131.42, 6141.50, 5122.49)9} sp2 quaternary carbon peak(8128.16, 6117.24,
6160.91)7F WeFar, ketoneol]l 71913} signal (8184.96)3} §102.22¢) A A4 shift
= o] 21+ methylene carbon signale] @2 = th (Table 5).
mepA] o] SFFEL T3] spectra data®t HlwEF] bisdemethoxy—curcuming!
curcumin M2 ZAEX Y} (Masuda 5, 1992 ; Chun %, 1999 ; 71A3}), 2000).
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Table 3. 'H- and ®C-NMR data for curcumin I (acetone—ds)

Position '"H-NMR BC-NMR
B 1 755(2H, d, Jj=16.0 Hz) 141.86
2 6.65(2H, d, /=16.0 Hz) 122.77
3 184.96
4 5.92(1H, s) 102.13
5 184.96
6 755(2H, d, /=16.0 Hz) 122.77
7 6.65(2H, d, J=16.0 Hz) 141.86
1’ 128.64
27 7.28(2H, d, J=2.0) 112.02
3’ 149.21
4' 150.45
5’ 6.83(8.3)(2H, d, /=8.3 Hz) 116.69
6’ 7.12(2H, dd, j=2.0 & 8.3) 124.27
1” 128.64
2" 7.28(2H, d, J=2.0) 112.02
3" 149.21
4" 150:45
5" 6.83(8.3)(2H, d, /=8.3 Hz) 116.69
6" 7.12(2H, dd, J=2.0 & 8.3) 124.27
OCH; 3.86(6H, s, 2xOHs) 56.77(2x0OCHs)
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Table 4. 'H- and ®C-NMR data for curcumin II (acetone—ds)

Position 'H-NMR BC-NMR
1 756(1H, d, J=16.0 Hz) 141.85
2 6.66(1H, d, J=16.0 Hz) 12273
3 185.01
4 592(1H, s) 102.17
5 184.92
6 755(1H, d, J=16.0 Hz) 122,51
7 6.60(1H, d, J=16.0 Hz) 141.50
1’ 12863
2’ 7.28(1H, d, J=1.7) 111.96
3’ 149.23
4’ 150.47
5’ 6.83(1H, d, /=85 Hz) 116.68
6’ 7.11(1H, dd, J=1.7 & 85) 124.32
1” 128.16
2" 751(1H, d, J=85) 131.42
3 6.85(1H, d, J=8.5) 117.25
4" 160.96
5" 6.85(1H, d, J=85 Hz) 117.25
6" 751(1H, d, /=85) 131.42

OCH3 3.86 56.77
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Table 5. 'H and C NMR data for curcumin I (acetone-ds)

Position 'H-NMR BC-NMR
1 756(2H, d, J=16.0 Hz) 141.50
2 6.61(2H, d, /=16.0 Hz) 122.49
3 184.96
4 5.92(1H, s) 102.22
5 184.96
6 6.61(2H, d, /=16.0 Hz) 122.49
7 756(2H, d, /=16.0 Hz) 141.50
1’ ’ 128.16
2’ 751(2H, d, /=85 Hz) 131.42
3’ 6.85(2H, d, /=85 Hz) 117.24
4’ 6.85(2H, d, /=85 Hz) 160.91
5 751(2H, d, /=85 Hz) 117.24
6’ 131.42
1” 128.16
2" 751(1H, d, J=85) 131.42
3" 6.85(2H, d, /=85) 117.24
4" 160.91
5" 6.85(2H, d, /=8.5) 117.24
6" 751(1H, d, J=85) 131.42

OCH3

_29_



4. 3849 3}FE2] peroxynitrite 2A &7

ONOO = + 714 "3 <AFAHHQ free radicaldl NOSH Op ¢ uHgoj
OJ& A in vivoold A EC} Nitric oxide (NO):= HQE= A= 71
free radical2A ol&<9] W82 w9 <2F3ln hydrogen ¥y} radical
A9 NEAQ radical S Bolx v v WEAZER o2
A EW el A NO9 superoxide (02)7F FAlo] AAHHE NOS O, = =4
WH-g-8te]  peroxynitrite (ONOO)ZE A4 &t} (Chung %5, 1998). ONOO +
NO - &} #A A4S 7Hx9, dwlds HEelo]=¢] methionine 7],
thio ether®] At3} 2 A& A3 E Fdle] HMEZAHS ofr|s Mul
obvzt 4e]A 0 PHOIA proton3t¥ Ay Bafjs)7] Aol M Eutel Abg e
AEE TR & of$ WA Bsng geET= 0.0 b))
T wof] o2& Ao deix glon] A wjokE ANAMITNA 27
e A Ul FEY 4L HuHE 5 we wAAD Bun gew
B3 Qdth. EZ pKa 68904  peroxynitrous acid (ONOOH)E A 3Hx] o)
nitrogen dioxide, nitronium ion % hydroxy radical®] Az zgsic)
Peroxynitrite®] F23 A3 z4& NOS 0, B} ZAlo] 743 Ao
deiA o, A, @A Tzju DNAY Aol UE=Z3E 348 E3)
g8 HEd2 AEe olgh Haw 33 A 2 guanyl cyclase?] A
tyrosine YE23} o)X= lysine, arginine, histidine 7 ofw|xate] W3
thiol, thioether %+ ¢}UJ2} peptide, @& 9] methionine 7] 2ts} 2 x| A3}
Aske] frieol gt MEEA Tol BPTh w3 nEZC ol o3 35A)
Axe FJx oA, GSHe 17, ADP ribose synthase?] &AIslE  <l3h
DNA &4 9 M oy 317Z, mitochondrial ATP synthase, aconitase
2 AXE 849 AAE doA AFAE Foatn st a3 oY
ONOO ¢ =4 242 3 o A4y, TdAs 98 d= = oe Asn
dHHe= Ae® Busi ot (Haenen %, 1997 ; Pannala %, 1997; Lin <,
1997 ; Halliwell 5, 1997 ; Althaus 5, 1994). o213} peroxynitrite®] #|ATAHL
7HA= AEE £ flavonoid, catechin, polyphenol, ergothioneine, penicllamine
ol & &3 A U},

Table 69} Fig. 894 2e2]¥ diarylheptanoids®] peroxynitrite 47 84
HeElAT o] AR5 W 3-methoxy-4-hydroxy cinnamoyl (feruloyl)7]7}
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peroxynitrite®] Z# e AAAAE Yetd v coumaroryl?) & 7FA
curcumin = 2AEI7E 2okl £3) feruloyl?) & F 7 &98F= curcumin [ =
7V g 24 248 2FA0 Curcumin 19 27 4L penicillamines}
Hal HESIGO™ o5 FFEEY YZLFE THH 02 peroxynitrtes
2AZ . Curcumin I ¥ penicillamine®] 50% autheatic peroxynitrite
2A3817] A% F5E 40 + 004 pMe} 340 + 0.34 pMo|) 2™ curcumin &
EHRA oY= AL YERIT peroxynitrite AAH A o] i3t 22 MeOH
=, curcumin I, I, Z22j3 M9 FhHA &4 EFEL T2 Aoz
4 At FE2F o2, curcumin 1 & F 789 ortho-methoxylated
phenols¥ & 7H9] B-diketoneQZ o]Fojx] glov| gy 2EL WF FAAF
(conjugated) = o] $13, curcumin IME ¥ 7H¢] para-hydroxylated phenols™
& N9 f-diketoneo 2 ©)FR whAHol curcumin I+ 242} ortho-methoxylated 2t
para-hydroxylated phenols, 712 3 f-diketone®. & o]Fo]x ¢},
olel & AH}ZRE ortho-methoxylated phenol (feruloyl group)e] 73 =&
peroxynitrite 224 848 YERNZ] $Jste] Basithe AL FHRACE o A
E< peroxynitrite 9&A4] tyrosine nitrationg JAEtE H29 dFAI9E
zZ AA3AY. ; ferulic acidE p-coumaric acid®t} €L o ZEsich
(Pannala %, 1998). Hydroxycinnamates®} @7 ¥ phenolic acids:E 15 9]
T4-89 54 (Rice-Evans %, 1996)% %-ZHESt &4 (Salah £,
199)° 9siA e g AEzAY 71%5L g Bu Yo 29
ATEL o] FFEEL dUA-AFY {2 tyrosined] peroxynitrite©. 2 &
nitrations *& T UL dihydrorhodamin 1237 DNA (OShima %, 1998)¢]
peroxynitrite® 1§ A3E A I £ Juk. o] AF}EL e
peroxynitrite &7 #Ado] 3}s Fxo] Wl | o|Folx 1 ulEti
o 7H4 & FTHEY IFFEEY 2ALHE dstdxe H4Fin
& 4 Y. Phenolic 3FEEL p-coumaric acid®} ferulic acids} #e
monohydroxylate TE59] Z--ollA9} 2L, peroxynitrite .2 138} nitrationol]
& NFd2A BALEAY, caffeic acid® 2L catechol FZEo] ths) =1
Holx A9 B4 ALFEL Fdd A tyrosine®] peroxynitrite 2.2
1% nitration (F23HE A & = Ut (Pannala 5, 1997 ; 1998 ; Kerry

f
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and Rice~Evans, 1999).
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Table 6. Peroxynitrite scavenging activities of isolated
compounds derived from C longa

Extracts ONOO *
curcumin [ 4.00 + 0.04
curcumin II 6.40 + 0.30
curcumin Il 29.70 + 1.29
penicillamine 3.40 = 0.36

“ONOO-: Inhibitory activity of peroxynitrite (ICso: 1M).
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=we s A4S ANty 1 SRS Fste 4 st s
A = e A FAE LS 2oz Aps sty
Peroxynitrite™ superoxide®} anion (O: )3} nitrite oxide (NO)7} 4HF&-3)A4
AREE MESA FuAAeth 53] B AfdME o] &3¢ Bl
N

peroxynitrite 2~ Ao tht 7]Eo| 2 E AT E o] EJ—Q‘H 2] ¢E7
wZoll ofol Al FHE Fof AFsr)

+v° MeOH FEE9 4A @43 279 CH.Cly, EtOAc-, 131
H:0- 84 24537 22 &v AL 59 peroxynitrite 2ATAL
EtOAc >CHCl, >MeOH >H09 w202 Uehitil, $79 MeOH *%E 9
EtOAc 874 #3o] 7 dAE peroxynitrites 24 &S 7HRIgE ARE S

itk EtOAc-#389 2AFH7} peroxymtrlte S2AAZ Z dgA
penicillamine®| &AEFE F7FIATE CHLLEE =& 73 24 g4
BAFAA BtOAcHE b= ot YA Yebgdth vl HO 84 23e
15 oA 7HE g E4 g BHAFJY olgd AHES vlwE ok
SA4ES IR &89 MeOH FEE®¢ olydl MeOH FEE9
CH:Cl-3 EtOAc #3&E9°] peroxynitrite?] £A&EZHE el o] =29

peroxynitrite &2 AL &5 ikst Ao 7o & Row FEFrh
CH:CL-7 EtOAc #3 IF B5 & L2 47 dAES 7FA9 whd o)
H 0 82 °k6’& i Eoﬁl—ﬁﬂr. Peroxynitrte°ﬂ Eﬂf{ =39 MeOH
FEITENH F:¥ 3}

Ho] A AR5 FAAZ A" F Uk {%@.%«l a8 JEE
wAete]l A3 A diarylheptancids@th. 282z, s @Ao] 73t
EtOAc-7HA REES d&%AQ 4y azvteadggdos Axste] R
AAT SFES] F2E 937 98 'H-NMR, “C-NMR 59 %3849
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