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Peroxynitrite Scavenging Activity and its Mechanism of Cheonga-hwan

Seong-Ho Kim, Ji-Cheon Jeong
Dept. of Intemal Medicine, College of Oriental Medicine, Dongguk University

Objectives: Peroxynitrite (ONOO), formed from the reaction of superoxide ( - O2) and nitric oxide (NO), is a cytotoxic
species that can oxidize several cellular components such as proteins, lipids and DNA. It has been implicated in diseases such
as aging process, Alzheimer s disease, rheumatoid arthritis, cancer and arteriosclerosis. Due to the lack of endogenous
enzymes responsible for ONOO inactivation, developing a specific ONOQO' scavenger is of considerable importance. The aim
of this study was to evaluate ONOO scavenging activity and its mechanism in Cheonga-hwan (CAH).

Methods: The ONOO scavenging activity in CAH was assayed by measuring oxidized dihydrorhodamine 123 (DHR 123)
by fluorescence. The scavenging efficacy was expressed as ICs, showing the concentration of each sample required to cause
50% inhibition of DHR 123 oxidation. In a separate study, the protective effect of CAH on ONOO~induced nitration of
bovine serum albumin (BSA) was investigated using immunoassay with a monoclonal anti-nitrotyrosine antibody, and a
horseradish peroxidase-conjugated anti-mouse secondary antibody from sheep.

Results: CAH showed potent scavenging activities of ONOO, NO and - O:. The data demonstrated that CAH led to
decreased ONOO-mediated nitration of tyrosine through electron donation. CAH showed significant inhibition on nitration of
bovine serum albumin by ONOO in a dose-dependent manner.

Conclusions: CAH can be developed as an effective peroxynitrite scavenger for the prevennon of the ONOO involved
diseases. (J Korean Oriental Med 2002;23(4).55-63)

Key Words: Cheonga-hwan, scavenging activity, peroxynitrite, nitric oxide, superoxide anion
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1. M=

1) A

HifHL A AFAN TAF F AAs}] A}
g3tgon, 3 Ao Bage gy 2As A ol et
Zo] et

i Fucommiae Cortex 50¢

wWEls Pasoraliae Semen S0g

1A Bk Juglandis Semen 50g

o Zingiberis Rhizoma 3125¢
Total amount 181.25g

2) Al <

3-Morpholinosydnonine (SIN-1), DL-peniallamine-&
Alz1w) 38l 213 A} (ST. Louis, MO, USA)dl| A,
dihydrorhodamine 123 (DHR 123)3 2,7 -
dichlorodihydrofluorescein diacetate (DCFDA)-&
Molecular Probes (Eugene, OR, USA)9|A] ONOO-&
Cayman Chemical Co. (Ann Arbor, MI, USA)<l| 4] 4,5-
diaminofluorescein (DAF-2)< Dai ichi Pure Chemical
Co. (Tokyo, Japan)el| M -9} 3ted A}-&-3}% ch.

2. 4

D e} 2A

HHAL 18125 g2 A B8tz 3 3 95%
methanol-& 7}5ke] 60TNA F80 2 24A)17HA 33]
HHE 333l F2AS A 59
WAA F A2 o Hg Adg 3
& A3t AxRAA F2ES YA
FER 345l AL&EAT

2) ONOO &%

Kooy 5-2] #P{®e] 9]3] ONOO A A TS 43}
At 96 well microplated] FFEHEFEES FHsl,
90 nM Nacl, 5 mM Kcll 2 100 M diethylen-

4% 919 - FHILY Peroxynitrite A 4 9 714 (707)

etriaminepenta acetic acid®} 10 M DHR 123& &&
3HE sodium phosphate 99 (pH 7.4)& 7}3ic}. 2
2|31 10 M ONOO- A7k 5, d % F&E o] &3}
o] excitation (500 nM)2} emission (536 nM)-& &3 &t
Q.

3) EAdA S

DCFDA assay”2 ZANALE 23819 th 99.9%
9] g &3]3 12.5 mM DCFDAS} 33t S§5
of £33+ 600 U/ml esterase S 207 )| stock solution
o2 AFsden, 484 10 uM DCFDAS%
6U/esterase S E£§sta] 2A| ¥ 2,7 -dichlorodihy-
drofluorescein (DCFH) &-90-& 22°Col| A 2087F ok
g3 ALE AR adA WE BT A $4
2] DCFDA7} esterase ' At8}2 71 B8] & ol
¥4 44 < DCFHE gotAe st¥ |, DCFHE 24
Aol o3 AbstEo] B FRE Jepl= 27 -
dichlorofluorescein (DCF)o] & X & excitation
wavelength 485 nm 2! emission wavelength 530 nmej|
A Fluorescence Microplate reader (FL 500, Bio-Tex
instruments) 2 27 59 T}

4)NO 2784

E0]&<Ql NO9| indicator?! 4,5-diamino fluorescein
(DAF-2)w= Apile] 274€] ofnl7] Alolo] NOE £
sjol, 490495 nme) o7 5ol greene] FHE
WZ3l & triazolofluoresceing ¥HET}. Dimethyl
sulfoxide 550 # <] DAF-2 1 mgo] =} &= A& 50
mM phosphate buffer (pH 7.4)2 1:4008] 2 3| A 8}5]
t}. NO A3 E39] sodium nitroprusside (f.c. 2 mM)
9} DAF-2 (fc. 3.14 uM)Z 96 well plateo]] A 7}e}sd
o 349 A7l= DAF-2¢9] 3] £ NOg| %o
o] Zgith DAF-2¢F NOS] wh3of| ofsff WE=e 3
B2 108 $ 33 =A (FL500, Bio TekAHE ©] &
st} 7134} 4859 W& 530 nmoll A &% 31

5) Protein nitration

Bovine serum albumin (BSA, 0.5 mg / mL) 95 <]
T2 ABv F& S 25 WE Arbsle] A
2] 1023t shaking incubationgt %, ONOO" (4 mM in
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0.3 N NaOH) 2.5 ©& H7}3txn 2083t &4
incubationA} 7] th. Nitration ¥+g-0] E &, agarose
gelo] 2719 E5be] ant nitrotyrosine antibodyZ ©]
23] protein©] nitration® % =& nitrotyrosine > 2
AN

6) 3-Nitrotyrosine 7%

Fifde] ONOO 9| 93} tyrosine® nitrotiong <
Astex] QRE o)A 7|y d Wy wt &
A3AQT, 0.3 N NaOHel| =0} 9l ONOO (500
uM) &l FigALe] EAtell 100 uM tyrosines 3
b8t HEF 29 E 1 mle 2Er) tyrosined}
ONOO¢] %+-2-oj| ¢]3} 3-nitrotyrosine2] FA = =74
34 th. 430 nmol| A ¢ peak 2HEH & 3-
nitrotyrosine2] A4} -& o|u]gict.

7) ONOO 2 A A 714

FAe 28 4L %7 9kl ONOOE
Pannala S| Wgwol] wet 3% HEAS o) ool
273513t} 0.3 N NaOHol| o} 9l ONOO (500
uM)ell FHEHL& 50 mM phosphate buffer (pH 7.4)]
xd AHrleta, AF ¥ 117 H28 I 7
£98 3 F 37CA 1A F< shaking
incubationA}7] %, £33 LA (Ultraspec 2000 UV-
visible spectrophotometer, Pharmacia-BiotechAh & ©]
£33t} 190 nme} 600 nm Alo] o] zHFel| A A3
ONOO Zhztoll Al FHdiHol o) 2~ E- e s}
£ 430 nmoj| A 23 3}%, o] nitration ¥H-g-0] g
%eg ol

$) £ ¢

4Y QAe BAe 7} 49T 2
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Fig. 1. ONOO scavenging activity of Cheonga-hwan
Each value is the mean+S.E. of three experiment.
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1. ONOO HAH &4

HEALYl ONOO AA 4% HEY 23,
ONOO AAAZ & 214 U= penicillamine (ICs
=3.7 ug/ml) BT} 23R 9 ¥) @3 73k ONOO A| A
24 (ICx =13.6 ug/ml)S VFERAATE o] A2 FHiAL
o] crude extractZ2A © <Y positive controi<!
penicillamine B.th= oF&bx| Tt vl mA 713 EAS
el Ae A S2A 2 it e el
€ AL AAtgT (Fig. D).

2. NO H7| g4

ONOO 9] A7l NO AASS HES 2, 7]
Z NO9| AAAQ carboxy-PTIO Bt 2F3lA| ¢,
w3y g NO AASS Uehldt. Flde
ONOO ®7} olj&} NOE A| Ao 24 ONOO- %
Ag AT Ao g Atgdn} (Flg. 2).

3. O MAH &AM

ONOO 9] %=t} AT O AASS AES
Ad, 712 - Or AAAQ trolox Hrhe 2F51A] T, H
23 g AA 24E dehlio] Fifide] ONOO
2 NO #7t ozl - 0-F Z¥aA AATES ¢
T 9ok (Flg. 3).

R0
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i i e B . Al
0.3 10 25 50
CPTIO Cheongahwan

Concentration {ig/n2}

Fig. 2. NO scavenging activity of Cheonga-hwan
Each value is the mean=+S.E. of three experiment.
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Fig. 3. O scavenging activity of Cheonga-hwan
Each value is the mean+S.E. of three experiment.

4. ONOO™ HA 7|H

FiiLe] ol 7102 ONOOE AR s 7
o tigle] HESHT) TyrosineE ONOO &} ¥H-2-3}
1 430 nmol|A] o) EFF-E 7FA & 3-nitrotyrosine
(Fig. 4B)S A%} Fi#A} ONOO©| %5l
HHL Aol nitrationF o] YERZ3Eo] YA =&
A2 HEF 43, 430 nmol| M FF=S 7IXA &
o182 (Fig. 4 C, D, F) #i#iire] nitration®)R] &1,
electron donation®] €& ONOOZE A AT 7154 o]
AAFE e} 28] 1 Fig. 4A0) A H.%0] tyrosine 1 0]
ONOO T 2418 72 430 nmo| A peak7} glont,
tyrosine& %718 73-¢ 3-nitro tyrosine2] peak”} 430
nme] YeEh}&d| (Fig. 4B), Fig. 4 F, G, H| A 2%
o] FHAZ 47 10,25,50 we/ml A7V AS =
o|&A 0 2 3-nitrotyrosine?] peak’} ZojAL & 4
etk o)A FHfde] M EFHCE tyrosine
nitratione JA| L & 4 I3, o] AL nitration B

= electron donation®]] &3 A A& oju|gic].

5. albumin nitration Xl Z1}

Albumin®] tyrosineo] ONOOo]| 2]&) nitration ¥ &=
=l FifAre] nlA)+= 9 3k anti-nitrotyrosine 3} ]
2 AEsHE 1 A3}, FEHS albuming] tyrosine
nitrationg FE ojEFH oz HAF AL &
U o] AL Fifide] ONOOE EHACZ )|
3o 2 M tyrosine?] nitrationg A3t albumine)
nitration A8 3+ R o2 Ag H} (Fig. 5).
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Fig. 4. Interaction of Cheongahwan with ONOO" and its
effect with ONOO-mediated 3-nitrotyrosine.
A : ONOO' (40 uM), B : Tyrosine (40 uM) with
ONOO- (40 uM), C : Cheongahwan (10 uM) with
ONOO (40 uM), D : Cheongahwan (25 uM) with
ONOO" (40 uM), E : Cheongahwan (50 uM) with
ONOO- (40 uM), F : Tyrosine (40 uM),
Cheongahwan (10 uM) with ONOO" (40 uM), G :
Tyrosine (40 uM), Cheongahwan (25 uM) with
ONOO- (40 uM), H : Tyrosine (40 uM),
Cheongahwan (50 uM) with ONOO" (40 uM). Each
mixed solution was incubated at 37°C with shaking
for 1h and scanned between 190 and 600 nm with
spectrophotometric analysis. The spectrum of the
peak displayed at 430 nm reflects the formation of 3-
nitrotyrosine.
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Cheongahwan(um/mg) 10 30 90
OMOC—(uM) 100 100 100 100

Fig. 5. Effect of Cheonga-hwan on albumin nitration
Cheongahwan was added to BSA. The reaction
samples were incubated with shaking at 25<C for 1h.
After ONOO was added, all samples were further
incubated with shaking at 25 for 30 min.
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Flavonoid®] ONOO- A# #&& LDL AM3LE
A&t CHD (A8 #A Aghe] di&ES A7
B2 flavonoid®] 47 A8 8 Iy EF S
o] ABBA7L h52 AARHATh 22 flavonoid
7} WA Eo} A FETA L Alold] FHHW vt
2 1 FadA g9 e AR 1§
2 o flavonoide] A3}&A| 2] AL e HiE
3 TP, Flavonols 9|4 EGCG, EC, GCG, EGC,
gallate estert= chain-breaking antioxidant2A] =}-82-8}
] LDL9] 4HatE wix| el 3 484, A 84 radical—"—
2AE Wl ol]g} ONOO- & YE=3IE
AA|7] 3 LDLY surface charge alterationg #| ?}?}
t}Y Haenen "2 polyphenole] T2} dHitsldAg
He] FII S wIlon, H FUe S5 FE3
EGCG 121 GCG7}F 34 AAZ e 71Heg 52
#3& Vel e A #3g. o)d 842 OH
group®] "F"ﬂ el o gh4E AT dEAH,
o] F4:% chelatingdle] Fenton Whg-of 2]3t &4
A P4 & A Addcia Bt

Isoflavonoid A€ <] A E-E2 & genistein F=HA S
o] A& AR glom T EAgh o]EL WA
2 Ao WA HaAltn A U
ONOO 2} ¥h-S-ofl A} genistein®} daidzeine U EZ
358 o] A dllA] isoflavonoidZ} 4 FIA = 2}
48 Aolgtn gelA Uk’ 53], genistein LSP
2 # %% macrophage?| INOSE A 3] A3}
2% ONOO 94& Walale A2 YelA ULk
, B Soll ExjsHH, o
EA<l AEL monohydroxamatesQ! ferulic acid}
coumaric acid7} ¢} 2™, catecholates¢] caffeic acid<}

chlorogenic acids7} itk ©]& EF+ ONOOE 3

—_—

Hydroxycinnamate+= 2} 4~

A A Astm ONOO| 9 WAIE+E nitrotyrosine

A& grerr}. Monohydroxamtes& ONOOE A 7
e Bl ARale] 23 Y EZ3HEH catecholate
£ 54 AR AeUTk LeA ATP. e
oA} %25 chlorogenic acid’= catecholate +%Z 7}
A3 YedA ONOO S A AAste 48 488
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2% 2203 TR0 2AH B &9 AurEol
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3], a-Tocopherol9} 7- tocopherol & %2 ONOO £ A
Agtctn <A 9 Ed, ONOOS ZAjstollA a-
tocopherol & A+3}5]0] &-TQ-& YH& 1 y-tocopherol- &
Y Eg3}5 o] 5-NO2-y- tocopherolS @A gtcta gk
P W] BN COl ascorbic acide @@l 9} 2o 3d
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& AaFo @Wol EAgT ONOO A AA
ascorbic acid= RAW 264.7 A Zo| A} ONOO &} 37|
Aalsle Ao ONOO ©%E A Htl DNA
fragmentation &7}o] Zo] 5], ascorbic acid7}
ONOO 9 &gt A XALE AAgte Rax ob.

o]Ate]l mAo| HAE 9 flavonoid, phenol’d
HElTl Eot HlElR C7F 73 ONOO AA &4-&
VR AT FaLe] Ak, #HE AR, BAbk, £# &o
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ONOO AAFo= 288 7heido] AAE AT &
o2 olF 74 FFAES] ONOO AMATH 159
g4 A 1Hske AL % 7 e dret
PREEY

& ONOO & A A e 71 o Ze AAA AA
7} nitration® © 2% ONOO-E A AstAL o}u®
A A A7 ONOO o] AAE ZHF (electron
donation)& B34 A|Aste 2714 A2t & g
A gtk B AdeA FHiile] ONOO A A 714

= A A7} nitratdon® #] ¢Fa1 ONOOE A
Adle A3 ZA electron donationol] 2)3] ONOO &
AALE & & YNTH>® E& o] & electron
donationol] 2J& ONOOS A A% 71Ad =
flavonoid & phenold A Eo] Hoddt H o2 Al
Hrt.
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At FHHS ONOOE Tk & o= A AsIe

g4 Jehlidan, ONOO 9] A4AQl - O %
NOd| M= g3 0 2 A Asle &5 Jeh)
itk

FHIRAE electron donationd] 2]&] ONOOE A A

3+ 3, ONOO©| 23} tyrosine nitrationS E%& 9| &
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