Journal of Korean Association
of Cancer Prevention
2003; 8(3): 173-180

Caffeic Acid®] ONOO™~ A|AHZA
Bt SR AT, SHAga opsu,
vl Auleh 33w g3, ‘A

olxIY' - NESF® - L—xHﬂz LUed’ - xﬂﬂsV
ZlalM? - & K CHa -

Peroxynitrite (ONOO ) Scavenging Activity of Caffeic Acid

Ji-Young Lee', Do Yu Soung Jae-Kyung No’, You-Jung Kim® Jeong-Hwan Jé,
Min-Sun Kim’, Jae-Sue Choi’, Hae-Young Chung ? and Kyung-Hee Lee’

!Genetic Engineering Research Institute, Pusan National University, Busan 609-735, Korea
Department of Pharmacy, Pusan National University, Busan 609-735, Korea
'Department of Cosmetology, Pusan Women’s College, Busan, Korea
*Department of Food Biotechnology, Pukyong National University, Busan, Korea

Peroxynitrite (ONOO ) is produced by the reaction of superoxide (O;") with nitric
oxide (NO). ONOO™ is a powerful oxidant that can cause damages of proteins, lipids,
and DNA through more subtle action mechanism, which is called the process of nitration
and oxidation. Nitrotyrosine has served as a fingerprint for ONOO ~ mediated damage
of cellular proteins in a variety of pathological conditions. Because the body lacks endo-
genous defense components against ONOO ™~ induced protein modifications, ONOO
scavengers should be supplemented. In the present study, caffeic acid showed evidence
of scavenger for ONOO . A dihydroxyl group and a double bond seem to be essential
structure requirements. The data from the experiments confirmed a protective effect of
caffeic acid on bovine serum albumin (BSA) and low-density lipoprotein (LDL) against
ONOO . Further, caffeic aicd was found to protect tert-butyl hydroperoxide (+-BHP)-
mediated ROS generation in vascular endothelial cells. The present study demonstrated
that caffeic acid with hydroxyl groups and double bonds exerts an anti-nitration effect
by scavenging ONOO™ through electron donation.
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A A+ (reactive oxygen species, ROS)ZF AuLA
L. = superoxide ( - O ), #4314 (hydrogen per-
oxide, H20;), hydroxyl radical ( - OH) 59 AF4&
= Utk W Ko g AR Eo ) g
ASkarz, Wl s olskelAEA BAH niic
oxide (U324, NOE EHeIeh. Sel, 23t o
< A7t 885 3 Q)3 peroxynitrite (ONOO )&=
NO, NO,, HNO, -9 H4-st-253 97 843
Z=(reactive nitrogen species, RNS)#} 3 gk}

ONOO &= F Mol vlzA <A A free radical
¢ NOS} - 02 9] vkl 93| A in vitro Bl in vivo
o] AEEolA 53] wo| A=t ONOO &
NOgt - 0, Hr} %4o] v] 743t Ao 4dx] glo
™, A4, i c12) 3 DNAS] AR3)el Y EZ 3} )14
<= Tl W HYT AEY olgk, k23 A3
4l guanylate cyclase2] 2+, tyrosine?] VE 23} o] e
lysine, arginine, histidine 742 o}u):=2k2] ¥¥, thiol,
thioether ¥R+ o] e} gl o] methionine #F7] 443} 1
AAIASR] i)l et A B4 Sof Fodgie).'?
R vEEoelols] TF ol ATt ©E o,
GSH®] 127}, ADP ribosyl transferase®] #4)3}5 ol3}
DNA =4 9l A|Z oz 37, mitochondrial ATP
synthase, aconitase 7H2- A|FH #4-9] AHE Qo
AFAZ e gk, A3 ol2] ONOO o] 54
2 =3), o, I, B3, 9E o2 E o)
Ao BRE Ao® Hanla g

¥ ollA] NO= HE NO synthase (NOS)ol] 2]
A= o] Wl fel ol A&, diw SR A, ¥
WA AT Y YA 270 o
&5 3 Yok - 0, & A4 1A% Y=
oll Al A7) 5 Hib o] Zalsl= NO} Auka] ub
3lo] ONOO™ & Higk¥lth. ONOO & 2| F 9] 3}
3% gde] UER &Y 58 Yot Ao
Eul7ste) el 2o] Fofehs sk NOTF
Fom EANA B 24 HoAE -0, &
superoxide dismutase (SOD)&} WF-g-8lo] H,0.S A
ARk Ho0p = Bl 2% Al Hol| kA slA] Eag
T A5}, catalasel} GSH peroxidase Sof] <]l 4]
AFA ol B2 ulAHh o5 ROSE lw)e)
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7] 918 713 ol ok Q) Eke] %
o, 3t o] 5] A AA Mkl Fo
3L gtk ONOO™ 9] EAfo] ufj$- 7}a}od
o8] 7} AWzt HeEHo] QokE AL o
o} 1Al HellA] EolslA] ONOO & A|A3)
a7} EAA) ko2 oLy BAw Hel
4 AL olgeke] ONOO o g 3
WASE Fol oo ol2ist 48 e B
E& uric acid, serotonin 52} 72 ]el4 ONOO™
WA A, flavonoids, hydroxycinnamatesS} 72 o
2 FHAE 9 salicylate 53} 22 @A Fo] Al
‘6‘_1_1:]_.8N10)

HEEL A 84 Fol da] EAlste delg
4 EHo|BR Ak o) & B-g3l7] ujFol, A7k
9] HiH(plasma)oll A E3] EAst), o] 8k gt
& % caffeic acid= 7} ¥33F hydroxycinnamic
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acidE 7FA| 3L Qluk. sl caffeic acid= low-density
lipoprotein (LDL)2] AF3}-2 =}1,'" U957 Aol A
tert- butyl hydroperoxide (+-BHP)el| &2} A13}=] ~
E #lX(oxidative stress)ol] that = &) 2Hgo]
wIEo] Qb whzha B ATl AL AR
o] A= Aoz A caffeic acid?} 1 ST A
£9 ONOO™ AAZA 3} tyrosine 27 2] nitrationo]]
W BE Aol sl edFelgla, ONOO ™ AlA
FA3 Bee] YE caffeic acide] Fzol o)
caffeic acid f-E4|Alo] ] F=AADAE B4

sheieh.

WE Wy
1) Alet

Caffeic acid, DL-penicilallaminet= R| Lu} 3}& &
23] AH(ST. Louis, MO, USA)ef| 4] dihydrorhodamine
123 (DHRI123)#}  2°,7’-dichlorodihydrofluorescein
diacetate (DCFDA)-2 Molecular Probes (Eugene, OR,
USA)ol|4 ONOO™ £ Cayman Chemical Co. (Ann
Arbor, MI, USA)ell A Fsto] A-gsleivt.



2) ONOO ™ Z£X
Crow 52] Well g8l ONOO™ AASE 5%
slgdh."? 96-well microplateol] caffeic acid® F%

W2 23, 90 mM NaCl, 5 mM KCl g 100 M
diethylenetriaminepenta acetic acid?} 10 M DHR
1238 3185} sodium phosphate 2+3=H(pH 7.4)-&
7bse}. gl 5 10 4M ONOO ™ A 7het &, 8 353
5 E o]&3}o] excitation (500 nm)I} emission
(536 nm)E ZA syt ONOO™ AP Z =
A #+5]= ONOO (Cayman Chemical Co)E 2
A AL3sbo] caffeic acide] A|A B 5E& HEDS
et

3) Protein Nitration 53

Bovine serum albumin (BSA, 0.5 mg/ D)3} low
density lipoprotein (LDL 1 mg protein/ml) 95 plofl FX%
W A g 52 Sl 25415 Hrhste] eellA 10
EL7} shaking incubationgt 3, ONOO (4 mM in 0.3
N NaOH) 25418 Hrlslm 2087F A-LolA]
incubations}3t}. Nitration ¥h-2-o] Hyt 3 acrylamide
gelol] #17]edEs}o] anti-nitrotyrosine antibody & ©]-§

sto] whalAo| nitraiond AEE HAAbsgch”
4) Protein Oxidation &N

OxyBlot Kit”& Argslo] 2,4-dinitrophenyl hydr-
azine (DNPH)Z thA side-chainsol] )+ carbonyl 7]
Z EAslo] immunoblot assayE AAslsich 10%
SDS 3 19} DNPH 5 ulE &9|d A& 24 7 &=
A2l A 15 B7F wfekst 3 3.75 419] neutralization
gole Hrlsigdrl. Oxidation HWhZol Fut &,
Acrylamide gelol] %) 7] ¢ (&-}-o] anti-nitrophenyl anti-

bodyE ol &-ate] shAe] Akt FEE BAY

YPEN &3 NI A|FE 10% fetal bovine serum
(FBS)S 3F4-3l Dulbecco’s Modified Eagle Medium
(DMEM: Nissui, Tokyo, Japan) ¥l A}el] glutamine (5.84
mg/ml), amphotericin B (0.25 zg/ml), penicillin (100
U/ml) 9 streptomycin (100 U/ml)-S d7kslo] 37°C,
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5% CO9l z710l|A wkslgon, Alxes A7
(exponential phase)ol] & 21 Aol A-gslaict
A ZZ 6-well platesel] 2 x 10"/ml2 A& & +}F Zqk
wljokst oS- 1, 2, 4 uM2] caffeic acid®} +-BHP 10 M
< A gstod 3A7F wieksldet. wiekd AE= cover
glassol] 4] 10 xM2] DHR 123 7}slo] AlE U] A4
% ONOO o] t3dt caffeic acid®] &% &34 0]
73(Zeiss Co., Germany)2 23l H43}%ch

e 1

1) Caffeic acid XSS ONOO™ HH &
4 Hm

vl 748 ONOO ™ A|A &A1& 7HAI Y&
caffeic acid®} 5 579 L $EAHE2] ONOO™ A
A BA4L =A% A, 7B Z3H Q) phenolic
compoundi= 1.34 pM2] IC50& v}E}H caffeic acid
Sch. o] 4€ RI3} R29] 914l 2H2} 7] OH]
Z 7}A caffeic acidgd.o, t}& o & RI'9} R2'9]
AR A6l A7 FAY OHAZ AR 34
dihydroxylhydrocinnamic acid (IC50=2.39 xM)3it}.
o182 717t R1%} R2 $1%10] §F 714 OH7| o] A3
7% 7}A p-coumaric acid (IC50=3.95 uM)$} p-
hydroxyhydrocinnamic acid (IC50=48.20 uM)g.em,
OH719) X3A1E 7}R A 53¢ cinnamic acid (IC50
>50 M%) hydrocinnamic acid (IC50>50 1 M)&
ONOO o] gt A|AZA o] F&] Uekrh(Table 1).
whgbA] OHZI9F 2 X|& X7} caffeic acidg]
ONOO™ A|AZA o] FAsiA BHE ] e A
= Az,

2) ONOO 0]l o5l R®EE BSARF LDLE
nitration0]] CHSl caffeic acid?| AH| &I}

Caffeic acid®] nitrationel] 3t H} 2 7 E&l7]
£l3] ONOO™ = BSAS} LDL] pitration2 -§ %38}
o] nitration¥! tyrosine #%}7]&  anti-nitrotyrosine
antibody & western blot s} t}. Fig. 12] AcllA K
= ule} 7+o] 500 g/ml BSAS]] 100 M2] ONOO &
thE o 7 X elelel-S ul] BSAQ] nitrationo] controlof]
nlal 73sbA ViEbsk e, caffeic acid 7+t 2, 20 oM
& A Heldro M, FEEH 2 & tyrosine F17]
) nitrationo] ®A s 7Astgich 3k, ONOO ol
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Table 1. Comparison of ONOO ™ scavenging activity of caffeic acid and its derivatives

O
R2 R2'
= OH OH
R1 R1
Substitute

Compound R1 R2 R1’ R2’ IC50 (M)
Caffeic acid OH OH 1.34+0.11*
3,4-Dihydroxyhydrocinnamic acid OH OH 2.39+0.42
p-Coumaric acid OH 3.95+0.53
p-Hydroxyhydrocinnamic acid OH 4824235
Cinnamic acid >50
Hydrocinnamic acid >50

*Each value is mean+S.D.

oJ3 FE=% LDLE| nitrotyrosineol] th3 A% caffeic
acid ZM7F 2, 20 M-S X |30 24, LDLo] 4%
nitrotyrosineo] F% o]EH o7 3] ZhaE Ak
(Fig. 1B).

3) ONOO 0l 2lsll R =gl BSAQ} LDL2| ox-
idation0f] CHS} caffeic acidQ| o{H| S 1}

BSA%} LDLe] Atd}ol] w3t caffeic acide] o)A|&
3% 7=} Fig. 2014 2= n}eh 2] ONOO-
of ¢4 BSAS} LDLE] protein carbonyl ¥4]o)
caffeic acidE %1 X =] ¢} Z 3} BSA® T o} &} LDL
JAE SEEAoR gasigich Bal, 204M
caffeic acid X glol] 2Jal|4] protein carbonyl &4} o]
A A Al der, whalA] caffeic acids= ONOO
ol olal HAE = e A" ] Aol sk
AAEZIA7} le Aoz Yehyrt

4) SEUHTIMZOM ~BHPO| 2|8 M L{
ONOO  MAMofl LHS} rosmarinic acidQ
AN &1}

AE Y ABAEE ONOO o tiygh Al gats
ARSI 98l acid 1, 2, 4 uME ZH2F A Eol] A
el g A3 AEHAE FE81 -BHPE A
gele] =% ONOO™ 9 A& AAlBI=AE 7

E3513ith Fig. 30l4] B nle} Zro| caffeic acid X
2ol o3 AlZ W] 4= ONOO ™ levelo] % 9
EX o2 A&t B AA AT caffeic acid= A
Z ] ONOO™ A& JAlsle Aes A=

il &

A W AT 2 oleh 2R Tl 94
HFAYE| = ROS/RNS ol o3l Zef= & st~
Egxol] o}t A W redox statued] EHFH L
ssh Qe Bl U B ohe), ATA
(apoptosis), S, SR, weld nysh, P,
Parkinon®| ¥, amyloid<, X|vl] & oJ&] 7}2] 2w 7}
Fdso] gl BagojAla g9 ol&
ROS/RNS+ A E W] 3}§ (mitochondria, microsome,
peroxisome) % cytosolol] 4] AJ A=l w, A Er}, WAL
Gl Eo Adtete] o|Hd BAe] AHe £4
A7 B8, - 0, % NOS} A ebo] 23t 4]
254+ YehliE ONOO & A48 4 g3,
ONOO += peroxynitrous acid2 A 3+s] =4 o] = o}
A] mnitrogen dioxide W OHZ Haj=]o] hydroxyl
radical ( - OH)-S & A3}

A We] F23 ROS A4 Al == mitochondria
o] ARG AL} cytochrome P450 5-2] §4-4] &



A
Caffeic acid (M) 2 20
ONOO " (M) 100 100 100
BSA (g/ml) 500 500 500 500
B
Caffeic acid (M)
ONOO™ (M)

LDL (mg)

Fig. 1. Effect of caffeic acid on nitration of BSA and LDL
by ONOO . Caffeic acid was added to BSA (A) or LDL
(B). The reaction samples were incubated with shaking at
25°C for lhr. After ONOO~ was added, all samples were
further incubated with shaking at 25°C for 30 min.

o] drt. A= o) Foll el SASAE 75T
24 AE 844 (homeostasis)S S-X]&)aL gl o1},
A= AlEE e HelA A=r(endogenous stimuli)
Eak ohy g} hekglk 79 2104 A (exogenous
stimuli)ol] =25 o] 17| Wil o] & Aol Ugt
B 3$#go] F a3}t ONOO ™ + poly ADP ribosyl
transferase 2] A 3}HE E-3) A E Q] oR] 73}
AEALE 2T Fk obyz), sl EZ = elote] A
ARDH THFS A F, ONOO & W&
Zrelold] g FEAIA A o] Z s AXE
A7 gl salgo 57 H9 FANA
ONOO ™ 7} tyrosine Z+7] 8] Y E 2319} A A} €] 2}19]
ABHE o7|AIA AT AEAE fESTT B
3lgick. B3k, ROS/ RNSe]| o)) -2 A2 E
| Aol 23l A EA ol A SODLY catalase =3 722
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A
Caffeic acid (M) 2 20
ONCO™ (M) 100 100 100
BSA (g/ml) 500 500 500 500
B
Caffeic acid (M) 2 20
ONOO- (M) 200 200 200

LDL (mg) 1 1 1 1

Fig. 2. Effect of caffeic acid on oxidation of BSA and
LDL by ONOO . Caffeic acid was added to BSA (A) or
LDL (B). The reaction samples were incubated with
shaking at 25°C for lhr. After ONOO~ was added, all
samples were further incubated with shaking at 25°C for
30 min.
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AAE 7FA I glo] o]E gt Wl A& F3l redox
state ¥ 2T ZA A W IS FA
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shebE 2H8-& 54 ol 7HA @A A4Sl 94
HAEE A 2B AT AeE A
23tk w3 ROSE &A% o 2x FEshAl 44
= ROS7}F M EW ghabst wholAle) 7]5A 38L& o
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Fig. 3. Protective effect of caffeic acid on -BHP-induced ONOO ~ generation. The cells were incubated with 10 «M
+BHP for 3 hr after pre-treated for 30 min with caffeic acid. Intracellular ONOO ™ levels were analyzed with confocal
laser microscopy. A; control, B; 10 uM #BHP, C; 10 M +BHP+1 M caffeic acid, D; 10 M -BHP+2 uM caffeic

acid, E; 10 uM ~-BHP+4 M caffeic acid.
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B ool A] caffeic acid7} LDL| AL&}LE o As}
9l ©.v albumin®] tyrosine nitration ¥EéF FE & FE
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= caffeic acide] A A ¢l nitrationol] ]34 7} o}
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