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Peroxynitrite (ONOO), superoxide anion radical (- O2) and nitric oxide (NO) are cytotoxic because they can
oxidize several cellular components such as proteins, lipids and DNA. They have been implicated in the aging
processes, and age-related diseases such as Alzheimer’s disease, rheumatoid arthritis, cancer, diabetes, obesity and
atherosclerosis. The aim of this study was to investigate the effects of Ojunghwan on the generation of peroxynitrite
(ONOQ)), nitric oxide (NO) and superoxide anion radical (- O2), and on the expression of NF-xB-dependent
inflammatory proteins in ob/ob mice. Mice were grouped and treated for 5 weeks as follows. Both the normal lean
(C57/BL6J black mice) and control obese (ob/ob mice) groups have received the standard chow. The experimental
groups were fed with a diet of chow supplemented with 30 and 90 mg Ojung-hwan per 1 kg of body weight for 14
days. For this study, the fluorescent probes, namely 2',7-dichlorodihydrofluorescein diacetate (DCFDA),
4 5-diaminofluorescein (DAF-2) and dihydrorhodamine 123 (DHR 123) were used. Western blot was performed using
anti-phospho 1kB-a, anti-IKK-a, anti-NF-xB (p50, p65), anti-COX-2, anti-iNOS, anti-VCAM-1 and anti-MMP-9 antibodies,
respectively. Ojunghwan inhibited the generation of ONOO’, NO and - O in the lipopolysaccharide (LPS)-treated
mouse kidney postmitochondrial fraction in vitro. The generation of ONOO", NO, - O and PGE: were inhibited in the
Ojunghwan-administered ob/ob mice groups. The GSH/GSSG ratio was decreased in the ob/ob mice, whereas that
were improved in the Ojunghwan-administered groups. Ojunghwan inhibited the expression of phospho-lkB-a, IKK-q,
NF-xB (p50, p65), COX-2, iNOS, VCAM-1 and MMP-9 genes. These results suggest that Ojunghwan is an effective
scavenger of ONOO, -0, , NO and PGE and has an inhibitory effect on the expression of NF-xB-dependent
inflammatory genes in ob/ob mice. Therefore, Ojunghwan might be used as a potential therapeutic drug against the
inflammation process and inflammation- related diseases.
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ROS, cytoklnes, mitogens, bacterial lipids, viral
transactivators 52 ¥ &3 t}kdl zp=Zo] WAIEH NF-«xB
inducing kinase (NIK)7} IkB kinase (IKK) 5345 &43}A]7
3 o]o] IxkBe} Qaksle} vl Ra)7t Jojun?, NF-«xB7l &
YZ F95 cyclooxygenase-2 (COX-2), inducible nitric oxide
synthase (iNOS), tumor necrosis factor (TNF-a), matrix
metalloproteinases (MMPs), vascular cell adhesion molecule-1
(VCAM-1), interleukin-6 (IL-6) & ¥Z WH&ol THAH Tl
LHE Z7HIA B 8 Ccox-200 98] A FE PGEE
Ez odz3 wdS Agd wmu olyg 24 FNE woF
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Table 1. Composition and contents of Ojunghwan

BEL Aokad =g
EHT Mori Fructus 125 ¢
ic T+ Lycii Fructus 120 g
EZ Atractylis Rhizoma 120 g
" O Polygonati sibirici Rhizoma 60 g
k=024 Lycii Cortex Radicis 60 g

Total Amount 485 g

2) Aler 37171

Aok sodium dodecyl sulfate (SDS), acrylamides
Bio-Rad (Hercules, USA), NP-40, CAPS, protease inhibitors,
DL-penicillamine, ~bovine serum albumine, potassium
phosphate, 6-hydroxy-2,5,7,8-tetra methylchroman-2-carboxylic
acid  (Trolox), Sigma-Aldrich
chemical Co. (ST. Louis, MO, USA), dihydrorhodamine 123
(DHR 123)7  2,7-dichloro  dihydrofluorescein  diacetate
(DCFDA)= (Eugene, OR, USA),
carboxy-PTIO sodium salt= Calbiochem (EMD Biosciences,
Inc, USA), 4,5-diaminofluorescein (DAF-2)<
Chemical Co. (Tokyo, Japan), 1} 3?1 IKK-q, IkB-a, p-IkB-a
& Cell Signaling Technology (Cell Signaling, USA)°l A p50,
p65, INOS, COX-2, VCAM-1, B-actin, histone H1Z} 21} &A1

anti-mouse,

lipopolysaccharide  (LPS)=

Molecular  Probes

Dai ichi Pure

anti-rabbit,  anti-goat

Biotechnology (Santa Cruz, USA)olA FH3AL, sodium
chloride, hydrogen peroxide, ethanol, methanol & 7]€} A] k-2
AFelA EFFS FY9std AREE %k 7171E  GENios
(GENios-basic, TECAN, Austria)g AH8-3}% T}

3) T=

IgG= Santa Cruz

5=
AF 30 g W, 5789 3 174 +7 ob/ob mouse
¢} C57BL/6] mouse (THAREE, g, I4)E 793 A4
3o HAEAI F AMESIATE A A 25e 2T U9, 5%

 50%=E A3k light-dark cycleo] 12A17F 9|2 ZH = A
& ¥, moused 1L ALY} BS A 9o FFeht

ZA B mkh 485 gofl 391 7] 95% methanolS 7}3}

I 60TAN FBOZ 24N 33 gHE F&31o FEIHS& A

Ut o] FEAE HoF YA AAZ ARG T o

bs5718 AHgste] AXAA F2E 10457 g (7

Aol o TEE st AHEs T
Aol Fo

EL& C57 mouseZ HA, ob/ob mouseZ thZET,

ob/ob mousedl| FifiHFEES FAI YT 5 4702 YT

Ko, 7t 7ol sup A v gstAth AT ARALFEE 30,

of
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90 mg/kg< 14U AFR o Hof Tt
3) }gi] }\]E‘O/] ;ﬂz

AUBEE ahr AL B 1 ITUL W AN
M

FU

ZA ] g 4uf & 01 M
potassium phosphate buffer (pH 75)% 7tste] Wy shellA
homogenizerZ 437t #2383t th o] dAAE 600 x gollAl
1087 A3, FF3HE 8,000 x goll Al ThA] 2087 A4
A& mitochondrias & £2|5tH o™ o] & A A3
A& F 3} ROS, ONOO, NO ¥ GSH/GSSG 59 =4&
A8 2 AR5 3 western blot £3S Y8l AA %
0.1 M HEPES, 1 M KCl, 30 mM MgClz, 0.1 M PMSF 5°]

= buffers 7}3te] #2331 iced] 2087 WA 3 3 10%
NP-40% 21 12,000 rpm, 4Col A 5&3F MHFA?@ O
cytosol #3802 33 pellete] 0.1 M HEPES, 1 M KCl, 1 M
NaCl, 0.1 M PMSF, 10% glycerol 5°] 2% ¥ bufferE 7}34
resuspensiondtil £E°] vortexing3ll FHA] icedl 20&7F WA
gk 7 12,000 rpm, 4Tl A 1027F A4 =
807 st AP AT A7l BRE 24 5HE 7
ol gle ¢ 0~4ColA AAstHh
4) ONOO A

Kooy 5¢] W99 28] ONOO A A%< Z4s¢th 96
well microplated] 7fAFEES FEHE £F313, 90 mM
NaCl, 5 mM KCl 2 100 pM diethylenetriamine penta acetic
acid®} 10 yM DHR 123§ &-3l+= sodium phosphate $+%-<!
(pH 7.4)& 7H3hT. 18)31 10 pM ONOO'S H7+ak %, 3 3
T o83 o793 485 nme} HE 9T 535 nmol H =73}
k. ONOO A49ezE A dAdSs, HzadozE
penicillamines AH8-3F4 0.
5) NO Z4H

Eo]x2l NO9 indicator¢l 4,5-diamino fluorescein
(DAF-2)= A219 271¢] ofw]=7] Ateld] NOE EF s},
490-495 nm9 Aq7]|HFA  greend] FFS WEde=
triazolofluoresceing A d3l# @49 Al7]= DAF-29] o) =
AE NO9| el 9]&3tt}. Dimethyl sulfoxide 550 ol DAF-2
1 mge] o} & A& 50 mM phosphate buffer (pH 7.4)=
1:4008] 2 3] A 3}o] AE-SFH T 96 well microplatedl] 7k L5
SES FEEE B783, NO 44939 DAF-2E A7He & &
#F BEAE o] &3t 7|3 485 nmo} B3 535 nmel A]
3% ztAo g 73 S4AN. NO Ao s A% gdds,
=T + carboxy PTIOE AH&-3I1Th.
6) S SHY

DCFDA assay2 #44as 2389t 2849
DCFDA7”} esterase W+ AF3lA 7l¢E&|S dlol H| &34l
DCFHZ ®©oldg3ls s, DCFHE A4tadl 93] 4ks}s o
et FFES yehdl= 2,7 -dichlorofluorescein (DCF)©] #t}.
99.9% 9] olgro] £33 125 mM DCFDAS} 33 750 &

ol
ol
s

o,

o X do ox M
o 2 o of T

3 4% 92 nuclear

o)
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£ R

a3k 600 U/ml esteraseS -207C ol stock solution® Z #]
o, A2 10 yM DCFDAS} 600 U/ml esteraseS &33}
A= =T 6 U/ esterase) A
2',7'-dichlorodihydrofluorescein (DCFH) &8 37CelA 202
FogE T AR AR GAolA WEEASAT 96 well

microplated] 75 HFEES FEHE B, SANL YA

PN oo
ol

43 DCFDAE 718 & 3 FAE |83t o793
485 nm9} W= 535 nmolA] 5% 7tACE 73] ATt

4

A

B AP E AT dAY
&3ttt

7) GSH/GSSG Hl& =

GSH/GSSG &2 Gaitonoided] WMol wre} 4319

t} GSHE 23 #29d 0.1 M phosphate buffere} OPT A<}

| 5 3% ﬂ:ﬁl—% o] g3t 7|97 485

At I, GSSGE 22 FA A

5 N NaOH ¢} OPT Aok ¥

o]-&ske] 7137 485 nm<t

o

, X2 2 E TroloxE Ab

3

%
R
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8) Prostaglandin E; &%

AZHAAM A= e AF5=4R] Prostaglandin Ex(PGEz) <]
%2 serume AHESte]  PGE, immunoassay kit (R&D
SYSTEMS)¢] A3 Wil wet S48 A.

9) Western blot analysis

2o X AEe A 22 FA A cytosol, nuclear
ol A G A S Bejste] TES BT T Fo Ed
< sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) &
E& HMolAA F3th o] membraned £ ¥ 5% skim milk
2 gl Fo] AgelA &2 FEo < HEo]H antibody 23S
AAI7]an 2t B @ A 9] 13F antibody & 2413F o) A 25t
St ©] membranes 0.1% Tween 20S -3+ TBSTE 6047t
A3 T8 27} antibodyS 2417t o4 WH8-A171 3, TBSTE 60
B7F A3 3 o8 membrane®]| ECL solutiong ¥FS-A] A WA g
¥FS Xeray filmol| ZH3AI A
10 WA ek

22 A7l &, nitrocellulose membranedl] T2

=

G do] HFES Lowry 59 w103} Bradford protein
assay kits AH8-3to] At
11) A A=

1. ok A3 FA A ONOO, NO % ROS Al wx&
e

LPSZ &/4d2ta 3l A4 BAEAE =T A4 d2 YA
ONOO, NO % ROS| thg oAl &S #Zstdd. ONOO
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AR sty HEAFEES 247 10, 41, 80% <At
ONOO™ AAAMZ 2 <& 9= penicillamineEt} Fs}A gk

N A A4 E4S JeERY Ath(Fig. 1A). NO A7) dist
o #ARLFEES 47 9, 31, 61% IAFTFY NO AAAY
carboxy-PTIOR tTh= oF3lA| ¢+ vl A ¢ NO A 45 v
B Ath(Fig. 1B). ROSOl W&k rffhFEEe A Adllss
AES AF} 11, 31, 77 pg/ml FENA 22 3, 18, 63% A5}
= A2 2 YElhY ROS AAAQ! trolox Rt Fs}A| v H] 1l %
A -0y 9A F4E e AThFig. 10).

>
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i
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Fig. 1. Effect of Ojunghwan on LPS-induced ONOO’, NO and ROS
inhibition in mouse kidney homogenate. Mice were injected LPS (5 mg/kg,
single dose). Mice were sacrificed 5 hours after injection. Ojung-hwan (2, 10, 50
ug/mE) and postmitochondria of the mouse kidney were added to each well. Each
values are the mean+S.E. of triplicate experiments. A : The inhibition of ONOO™
was measured by DHR 123 fluorescence probe. B : The inhibition of NO was
measured by DAF-2 fluorescence probe. C : The inhibition of ROS was measured
by DCFH-DA fluorescence probe.

2. ONOO, NO % ROS AA4d mxe 3

ONOO" A4 AaTolA 13.28+0.77% F o thEToll A
£ 31.98+2.75% 2 7t Atk Ak ALFEE 30, 90 mg/keS F
o3 AT e 2+2; 29.7841.99, 24.79+1.65% = ZFAE o] 90
ng/ke Folaol A folgo] A= AThFig. 24). NO A4 &
Aol A 1211:081% G ot 2T E 2287+1.92%2 Z7}
HoAth AT ME 21.54+1.77, 18461.31% 2 7HAH 0] 90 mg
/ke FoATo A frelde] Q=AY (Fig. 2B). ROS A4S A
ol A 27.3411.65% B ot R E 65.87+4.01% 2 Z7}
Aok AAFAME 60.44+3.75, 53.09+2.91% = ZAEo] BT
FrolAdel A= AT (Fig. 2C).

ONOOT goneration (%)
a = B & B M o=
—
MO ponaratkon (%)

2 NF-kB Signaling®l] v|X= 9

ROS gonorastion (%)

Te obb  ohkb  obib
Ohng-tvan fmghg) 0 ] »n 0

Fig. 2. Effect of Ojunghwan on ONOO', NO and ROS generation in
mouse kidney. Mice were administrated Ojung-hwan (30, 90 me/kg) for 14
days. Results are mean+S.E. (n=5). a) Significantly different from the normal. b)
Significantly different from the control ( p < 0.01, * p < 0.05). A : The generation
of ONOO™ was measured by DHR 123 fluorescence probe. B : The generation
of NO was measured by DAF-2 fluorescence probe. C : The generation of ROS
was measured by DCFH-DA fluorescence probe.

3. GSH/GSSG Hl &9 wX& 9
Aol A GSHSF GSSGEl &2 0.18+0.01% o txT
M= 0.1020.01% 2 FJ3hAl HAE ATk AP A= 0.25+0.02,

0350.02% % F7keo] =% FojAo] A= ATKFig. 3).
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Fig. 3. Effect of Ojunghwan on GSH/GSSG Ievel in mouse kidney.
Mice were administrated Ojung-hwan (30, 90 me/kg) for 14 days. Results are
meantS.E. (n=5). a) Significantly different from the normal. b) Significantly
different from the control (*» p < 0.01, * p < 0.05).

i

4. PGE, Aol A= 43

HRAFEEC] AEHAA Y45 = d5EZR] PCE 4
Ao vAe 9FS AES] Y8lA serumol A9 PGE, %%
ZAEEI T ATl E 283.24%19.81 pg/ml o tHERF A
= 369.54#25.79 pg/mE oS SIFE AT LM =
351.77£23.96, 322.62+22.73 pg/mlE 75 90 mg/kg T
oA frejidel A AThFig. 4).

PGE, (pa/ml)
¢ o > B B OB ®
o = (=] o =3 Qo -] [=
-+

OJunghwan (mg/kg) ‘D 0 30 an
Fig. 4. Effect of Ojunghwan on PGE: level in mouse serum. Mice were
administrated Ojung-hwan (30, 90 me/kg) for 14 days. Results are mean+S.E.
(n=5). a) Significantly different from the normal. b) Significantly different from the
control (» p < 0.01, * p < 0.05).
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5. IKK-a % phospho IkB-aoll #X& 9%

NF-kB &4 8te] #Host= Az ADAR] IKK-adl 71X =
B AR A daTN TAgded niiFEEe
i Zase 43S HAth(Fig. 5A). Phospho I
kB-a= Eﬁiv'f"ﬂ*i 7k 0] 1A JAH o APl A
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Fig. 5. Effect of Ojunghwan on IKK-a and p-lkB-a expression.
Western blot was performed to detect IKK-a and p-IkB-a protein level in cytosol
fractions from mouse kidney. Mice were administrated Ojunghwan (30, 90 mg/kg)
for 14 days. Results are meantS.E. (n=5). a) Significantly different from the
normal. b) Significantly different from the control (++ : p < 0.01, * : p < 0.05). A
: IKK-a protein, B : p-lkB-a protein.

6. NF-xB @ <foj UM% FF

HkHFEEC] ROS 24 AARJIAQ NF-kBS &4
nAE GFE HES] st AW ps0, pes FE XA
o}, NF-kB9 subunitQl p50, p65 W & #ds A3 4T
o Hlste] iz FTHER oY dATdAE ZiEE A
& HATHFig. 6).

050 ——— — — peh | - . _-_— —

Histone 11 | S - S— - Hislone H1 | - - — —

fros

o :t"uh ab/ob TS b b olod
Chung-twean [mgfkgh 0 ] o] - ] Ohung-twean [mgfegh 0 (] 0 -]
Fig. 6. Effect of Ojunghwan on NF-xB expression. Western blot was
performed to detect NF-xB protein level in nuclear fractions from mouse kidney.
Mice were administrated Ojunghwan (30, 90 mg/kg) for 14 days. Results are
mean+S.E. (n=5). a) Significantly different from the normal. b) Significantly
different from the control (** : p < 0.01, » : p < 0.05). A : p50 protein, B : p65
protein.

-2, iNOSe] @4 <F
Hl&te] thzTolA =

AR

[y

obob ohoh ohob (L) ool ohvob ohiob
Chang-twearr imghg) L] '] n ] Chang-twearr imghg) L] ] n )]
Fig. 7. Effect of Ojunghwan on COX-2 and iNOS expression. Western
blot was performed to detect COX-2 and iNOS protein level in cytosol fractions
from mouse kidney. Mice were administrated Ojunghwan (30, 90 mg/kg) for 14
days. Results are mean+S.E. (n=5). a) Significantly different from the normal. b)
Significantly different from the control (++ : p < 0.01). A : COX-2 protein, B : INOS
protein.
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Fig. 8. Effect of Ojunghwan on VCAM-1 and MMP-9 expression.
Western blot was performed to detect VCAM-1 and MMP-9 protein level in cytosol
fractions from mouse kidney. Mice were administrated Ojunghwan (30, 90 mg/kg)
for 14 days. Results are mean*S.E. (n=5). a) Significantly different from the
normal. b) Significantly different from the control (*+ : p < 0.01). A : VCAM-1
protein, B : MMP-9 protein.

1

o

AR Jeveleg’
s BEss888
Y- I

Y —
ol

kl
M

CytokineZ} 9% &3 Q1A &A3st=
o 3 TG FUME 2HFoEZN dS W
*Lfi}’q 2EYAE e FHYIHAEE
o] 2 sl NF-kBe &43tel g 4
11]4 4_§}7} ;qsgsh:}: Aotk 4%

% %37 w el %M $8S 2

Hate 2] 9ol WA F23 4BS I, s
T2 @3 =319 g 2FQA =AM A&H < NF-kBo| &3}
% 9% 2 B BT AX AR 3 Lol
S48 g 2ol BEZAE, hAHAE ¥ AR
o] NF-kB &4o] F7t5o] QP

B APl AMRE TkLS EiEad B%S 7h AR
SRR MR EAS e AWeE Bz fitte FAE
2 7450 o 74 = }'i%—% AHRH fiETE &H‘\
b RS R WA WES B WHIEE S &%
ZFAAL AL, EOlLS PERZE R ]E“l Jo o &/Jr[%é(? ‘aﬂzﬂ
H T F?EPF@% Y EsE A ‘32031, HRE S PR
HAoIY Ml Wb R 59 Esol %Wc?h

- 1206 -



#if% #.9] ob/ob mousedllA] Redox Status

PEORZY IFRRIELO R REEOK R e shiEh BEE U E ARk
FKIBIE ff1555 59 B%< 7T low, ff ke k7t
WIEEOR AN WYIER PRIFE A Bk 5o &%
< 7HAT AT, 59 fgil foh dikie ARG T £ 3%
o o} G FEol FEd®, e N TE AHEH o]
gom T2 AQolA I3 F3 ans Jehl Ao, dojstol

A Bk ) il ] 24 9oz 94dn one
, fifhe EKS SR HH R 2R WE WA 1nE

st -5t wdte} HivhS Ast T I I E
2FHE veld ZoE 7gE, gepa B AFeA = ROS
o3t 9= whso] AYPEE ob/ob FHEAZ A Z ONOO,
NO ¥ ROSe| it B4 AslsS AES L, 45 vhgol #d
e gl e JdFS HES AL

Ob/ob l¢-22% F22 18T HIgk uf-9- 22 A Aled A

o

Aol @4 27 ob7}t homo HEA (ob/ob)E HS W e}
o}, Wwhe 3R A ARE Yeh] Aden 1 gRE A%

O

| ol YA F7ete] 80 g7t A% =Edte] H4F vh$-2(30-40
g)el 3u 7ol :ar:} AR F7ksh A ed AFAol
e A& 1899 1deddE S 1 28 Yy
SALE ok E EXL 1,}5}144 g3

G S99 g AP FENA ROSY Ao F71+E

]:

k2o LPSE FH3te] 444 B G4 L ANAE
FrEdt 24 FAdd nfLFEES YT 4FAA s
9EH o2 ONOO A4S Zisﬁﬁ}% AL skt £ NO
9} ROS AAd dalXE nkilFEES Fo% 94 84S
YER ATk

ob/ob mouseoﬂﬁ ROSSF NO AAL & 13} A F7tE AL
U A ALFEES FA B9 FYeA BaHE e E
Elytth 3 ONOO = ob/ob moused| A Aol Z71E 0oy
HRHFZE T o3 o “11]540113}

GSH/GSSG HI&d "X+ 9% #AEI Zy b/ob
mouseo| Al fr&JHAl FAaH Ao TF)‘L—r 25 5o
o fF4 UA F7+E A ob/ob mouseol A GSH7}F 7+ ﬂ"’
GSSG7tF F7FH o i hFEE FoTd A= GSHIF F7F
H i GSSGZF #Aa® Aotk AU oxygen free radicalS &
AXN7E kst 420 893 glutathione (GSH)2 glutathione
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