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Effects of Cheonghyul-San on the Generation of Redox Status
and on the Expression of NF-xB Dependent Proteins

Jeong Pyo Oh, Ji Cheon Jeong*

Department of Internal Medicine, College of Korean Medicine, Dongguk University

The aim of this study was to investigate the effects of Cheonghyul-san on the generation of peroxynitrite
(ONOQ), nitric oxide (NO) and superoxide anion radical (- O2), and on the expression of NF-kxB-dependent
proinflammatory proteins in obfob mice. Mice were grouped and treated for 5 weeks as follows. Both the normal lean
(C57BL/6J black mice) and control obese (objob mice) groups have received the standard chow. The experimental
groups were fed with a diet of chow supplemented with 7.5, 15 and 30 mg Cheonghyul-san per 1 kg of body weight
for 14 days. For this study, the fluorescent probes, namely 2',7-dichlorodihydrofluorescein diacetate (DCFDA),
4,5-diaminofluorescein-2 (DAF-2) and dihydrorhodamine 123 (DHR 123) were used. Western blot was performed using
anti-IKK-a, anti-phospho 1kB-a, anti-NF-xB (p50, p65), anti-COX-2, anti-INOS, anti-VCAM-1 antibodies, respectively.
Cheonghyul-san prevented H»Oz-induced cell death. Cheonghyul-san inhibited the generation of ONOO’, NO and - Oz
in the H.Oxtreated LLC-PK; cells. The generation of ONOO, NO and -O; were inhibited in the
Cheonghyul-san-administered objob mice groups. The GSH/GSSG ratio was decreased in the objob mice, whereas the
ratio was improved in the Cheonghyul-san-administered groups. Cheonghyul-san inhibited the protein expression levels
of phospho-lkB-a, IKK-a, NF-xB (p50, p65), COX-2, INOS and VCAM-1 genes. These results suggest that
Cheonghyul-san is an effective scavenger of ONOO", - O, and NO, and has an inhibitory effect on the expression
of NF-xB-dependent inflammatory genes in objob mice. Therefore, Cheonghyul-san might be used as a potential
therapeutic drug against the diabetes- and obesity-related proinflammatory diseases.
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Q8 gats Yl Urt ol thel EA18E (molecular
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Yot O ZH ROSY MM Z719F iINOS Fioll WHE nitric
oxide (NO)2) ThEF 4401 peroxynitrite (ONOO) HHE 1S
“7}/\]7;1 ME 2 =& _/r_ALQ. 7}1:‘91. 4.9} ol L0l ZB

S BIIEFY. ONOO: 9%, 2 Suh 2ol SHE 4ok

oA} NOS} superoxide anion radical (- O0;)0] ¥FSSHA o
AP, A% 24 s g UERE R NOgE - OHH =
Mol o 28 Hom dem k.
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2 ol Fol| A= EMEO] LLC-PKy M ZojA] HO,; Agjol 9
B A Z AR} ROS, NO B! ONOO-] Mol vk g8 HE
BHiL, ob/ob TS AclA] ROS, NO 2 ONOO- A3 NE-xB}
PEE G54 vl nXs YEe dEdle {3 202

R7iol BB

gLl 4 Sl XS (BUSESE, Mg, =)A=+
Y3k Bislod ArgsIam, 1 222 tisat Zri(Table 1).
T

Dulbecco’s Modifide Eagle Medium Nutrient Mixture F-12
(DMEM/F12), fetal bovine serum (FBS), streptomycin-penicillin
E9] MIE IS AlOFEE Gibco BRL (Grand Island, USA),
Sodium dodecyl sulfate (SDS), acrylamide= Bio-Rad (Hercules,
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USA), hydrogen peroxide, NP-40, CAPS, protease inhibitors,

bovine serum  albumine, potassium  phosphate &
Sigma-Aldrich ~ chemical Co. (ST. Louis, MO, USA),
dihydrorhodamine 123 (DHR  123)3%  2'7-dichloro
dihydrofluorescein diacetate (DCFDA)= Molecular Probes
(Eugene, OR, USA), 4,5-diaminofluorescein (DAF-2)= Dai ichi
Pure Chemical Co. (Tokyo, Japan), 1A} 24|¢1 IKK-a, 1xB-q, p-1
kB-ai= Cell Signaling Technology (Cell Signaling, USA), p30,
p65, INOS, COX-2, VCAM-1, B-actin, histone H13} 27} &A¢l
anti-mouse,  anti-rabbit, anti-goat IgG&  Santa  Cruz
Biotechnology (Santa Cruz, USA)olAl TGI91Q, sodium
chloride, hydrogen peroxide, ethanol, methanol & 7]1E} A]OF2
NEGM EFES TUS ABsl9n 7171 GENios
(GENios-basic, TECAN, Austria), UV-VIS spectrophotometer

(UV-2401PC, Shimadzu Co., Japan)& AE3IT)

Table 1. Composition and Contents of Chunghyul-san

BEEY 4oty =g
AR R Uimi Pumilae Radix et Cortex 8
i Gentianae Scabrae Radix 749
= Dioscoreae Radix 5¢
5 = Talcum 39
Total Arount 23 g

3) 5=

AE 30 g e, 5582
ob/ob W} (BUAHE

28 &
] 2hzol A7 F ARSI

,d
.
N
o
Ol
O
¥

=71 C57BL/6] 1
2 77k x}q
AR 2=

221
=2
T 50% % SABHT light-dark cycleo] 124]17F

A 8 B, nI2AE 1F AIBS 22 AE glo] =6l

A B2 I 460 gofl 3} ZFY) 95% methanolg 715}
T 60TOIM SEOE A 7H 38) BHE AZFl] ZENUS o
9Tk o] ZZWG AL0F WZITIIL AR st T o
A2 3H UUEETIE AESI HEAH FEE 6634 g (

1442%)2 Qo] Ao 893t BLE 345K ARSI

D1 A0 AR ZO] LLC-PKy A 2E ZRistal o Heigt
Feamaol s Bepatol 100x dish (Corning Co., New York,
USA)ol wieksisint oluff 5% fetal bovine serum, L-glutamine
(5.84 pg/mt)Th L-sodium bicarbonate (2438 g/mi)& Siarely
DMEM/F12 i [0l penicillin-streptomycin (100 U/ni)E 7t
slo) ALSBI9iL, 37T, 5% CO;, incubator WHFSIY) S, 280l
134 subculturedtol M ZEFE FABIHTH
3) MTT assay

&) HO0l 9t A ZAZERE HEE HEske At
2 97 95 Tada £O 2R FFaISich kT4

3-[4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
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(MTT) SN 4o} Yl A ZEoAE mitochondria®l succinyl
dehydrogenaseol] 213l Hl4=&4¢1 HEME9] formazanO 2 2H
2Tt 0] formazan®] ¥HYE HTE spectrophotometer2 £ 3}
o Aze] YESS SHECEN B 54 ¥ HEES
GHE &8¢ 4 Yok LLC-PKiE 9% well plateo]] | 1x10* /well
E &S 24417 niesld B FEES WA AREI6H
I HO:E HE B5 100 mMo) FE2 715k 5417 o] niaksr
NS AE B33NE SFEINTE SHA0lE wiXE A
A3 05 mg/me MTT 8N G Ml Zoll 715l 4A17F Z7} w5t
1 solublization £ (dimethyl sulfoxide:ethanol, 1:1)& 75}
24A17F BHQFSE &, 595 nmollA] W HEE ZFHBIIC
4) LLC-PK; cello] 4] - Oy, NO B ONOO AAE &3
LLC-PK; A& 96 well plateo] 1x10* /wellZ2 2361 ;‘5‘- 6}
B¢ ikt th2 BlE FE2E sTEE Azlsld 1
HH%@ 2, HO; 100 mME F2|3kd 5417 uigkst & - Oy
&S DCFDA assay'’, NO £A 52 DAF-2 assay'?, O
AAES Kooy E9] ol o8l SEBINLC)
AT 2R W FHY B9
"E@% E2 C57BL/6] TtRAE Heah, ob/ob HISAZ o
iAol BHESEEE 7.5, 15, 30 mg/kg2 Tl

ﬁo

8.»5

JF 5 S—EQE Lo, Zh 2ol 5ni2) ¥ wiEBIct 1%
MEZEEES 14U ARl 4o] 2oisiith
6) WA A5 MR

ABEES etherZ TIFAIF] r/}% B ZEHe u s
SHL A& AF sl M) AH+E & wum Whatman &
HAZ AASE AASH & 70T 54 BESIH ALRSINCH
4 885 Z8& 93 Aa 229 AR al 829 01 M

7¥sted Rl SlofAd
homogenizer 2 4237t FZSISIHTE o FEHE 600 x gol|A]
10827 AN ERISHL, ABHE 8,000 x gollAl TIA] 2087} Y4
5lod AZFEQ] mitochondriaZ S B39 2H ol A ASH
NS F5lod ROS, ONOO, NO @ GSH/GSSG £9] &8 &
15 AIEE ASSIHEE 3 western blot 32 918 A&
Joll 0.1 M HEPES, 1 M KCl, 30 mM MgCl, 0.1 M PMSF £0
GHA bufferE 715kd FA3IGIL iceo] 20827} BFXISH & 10%
NP-40€ 21 12,000 rpm, 4TolA] 587 AXNEE|E AEHG
cytosol 2B OF 391 pelletll 0.1 M HEPES, 1 M KCl, 1 M
NaCl, 0.1 M PMSF, 10% glycerol 501 ZgH bufferS 7}510]

oH—,—lIV\-] icedl| 20871 &

potassium phosphate buffer (pH 7.5)&

§

£ o H}I
o o T oF
k>{

bl

H:\J

resuspensiond}i 80| vortexings
ZIgH FH 12,000 rpm, 4TolA] 10E27F AXEFSE 5
nuclear E2E O gl Aol }Qﬂoﬂ‘/} W HE 2E2
Hak 7780] Y= S 0~4CollA] ARSI
7) BEAL STy

DCFDA  assay '8 EM4AE  SE3IMCE Rg49
DCFDA7} esterase = AF51A 7} 2is do ]- B]oﬂ-ﬂMOI

S AEAG

7%k %3%3 e E= 2’ 7'-dichlorofluorescein (DCF)0] %T)r. 9

well microplateo] BIMKFEES STEE B2F011, 444

P!

AMH13 DCFDAE Hryist & d& ZTAE ol&std o7t
A} 485 nm$} & 535 nmollA] 58 (ME O 73] EFEI3
cl oluf 4414 MYICE AF #EHNAE A}%éR =3

8) NO =8

Eol&el NOZQ indicator@] 4,5-diamino fluorescein
(DAF-2)= ARG 2709 ofp[ley] Alojol NOE ZEHBHH,
490495 nmo] oJ7|T}EGA]  greend] WIS WEF=
triazolofluoresceing A48 EHY| A|7]&= DAF-20 Q5] =
Zl¥ NOY| kol 9]&3ICt. Dimethyl sulfoxide 550 péofl DAF-2
1 mgo] =0} = AE 50 mM phosphate buffer (pH 7.4)=
1:4008) 2 3|45k AM2EITE 96 well microplateo]] Fﬂ]l%zfﬁ
E£ES =T E BFFL0, NO 4893 DAF-2E Fr7Ist &
Z BEAE ol8dl] ¢1710HE 485 nm&} BHETRE 535 anH/d
32 HH 0= 75 SHKITY. olm) NO HEQ0F 418 7

23

Kooy £9] 2P| 98] ONOO XMASS SH3IFTE %
well microplate] FBIMHFEES sTEHE EF3HL, 90 mM
NaCl, 5 mM KCl & 100 uM diethylenetriamine penta acetic
acide} 10 uyM DHR 123&
(pH 74)& H7ISH &, 53 %_,_71]2 olg3skd o7]T}Ar 485 nm
9} WETHE 535 nmof|A] EF3ITE ONOO &2 4
& A E AFESISIT

10) GSH/GSSG vlg &8

GSH/GSSG B|82 Gaitonoide?] wroll wig} E835149
cl GSHE Z=2] fFaldlo 0.1 M phosphate buffer®} OPT Aok
€ Y1 3087 3Al & FE BTAE 018310 o7|uta 485
nme} BHETHE 535 nmoflA] HEEIN L, GSSGe 24| fd o]

21 302 X% 0.5 N NaOH &} OPT A|9& &
I 258 A & %“%} ZEAE 01831 of71Ttar 485 nm&t

g38h= sodium phosphate S5

11) Western blot analysis

nl@ oAl HEGH /\lé} 2R FANY cytosol, nuclear £
Solx e BRloll LES BRORICL 52 YO tig
€ sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)Z E2]A]7] &, nitrocellulose membraneo] THEZ]
E& HolXA FUCE 0] membranes 22|19 & 5% skim milk
Z guizo] ZalsiA] &2 EEY BIE0]H antibody ZEHe
FHAAF) A 2 FA ThE 9] 1A} antibodyE 24|71 0] AE]5H
ST} 0] membraneS 0.1% Tween 202 RS TBSTE 60527
MA S the 24} antibodyE 2417} 0] ¥FZA]711L, TBSTE 60
E7F &3 tH2 membraned]] ECL solutiong HHSAIA 2
HBE Xray filmol ZBAIZTE

12) v Jgt

Hdol HEE Lowry &Y wp ¥ Bradford protein

assay kitg AHZGI] HESIATCE
13) EA Az

A8 HE9 BEe 7 AT 39 A ZEUAE
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HABHL 4 dgt 18 FOY HEE ttestE 018319 B

1. LLC-PK; Al ZollA] HaOo AEje) tist B3 83

LLC-PK; A Zo] HO, 100 mME J3I0S o A% 4=
£0] 58.21%% OV}, HIMHEESES 25, 50, 100, 200, 400, 800 g
/R AAESE A L= AEGO] 242 59.67, 65.99, 75.01, 82.27,
79.20, 68.03% 2 LIERL} 200 pg/ M= = Q)EAOE H0,

1=

o Q8 MEAT} AohE= HOE UehdthFig. 1),

cell viability (% of control)
]

20

0
H0, M) 0 100

Chunghyui-san
Gy 0 025 s 100 00 400 800

Fig. 1. Cytoprotective effect of Chunghyui-san on H;Ox-induced cell
death in LLC-PK; cells. Cells were exposed to H:0» (100 mM) in the presence
and absence Chunghyul-san (25, 50, 100, 200, 400, 800 wg/ml). After Shr exposure,
the celi viability was evaluated by MTT assay. Each vaiue is the mean+SD

2. LLC-PK;y AlzZoflA H:0p MEIE |5gh - 07, NO & ONOO
wol mlRls 2

- O 4 AEolA 117.27£6.58 fluorescence/min®lH] 1]
Bld HO, Aefoll 930 165.98£9.27 fluorescence/min© & 444
ol E7IHRNCLL BNE FEES ARIT A2 BE QERO
= ZAaEo] 200 pg/ml BmLoIA] 141.3548.59 fluorescence/min,
400 pg/ml STollA1 129.6848.77 fluorescence/ min@ & S04 )
Al AAEIRCHFig. 2A). NOE= A M EoA]  55.09+5.67
fluorescence/min®1d] B|GKd H,O, Ao 9al 110.87+7.46
fluorescence/min© F 44o] £71EAOL) il FE2S A
2let 450l s YEHOE 7T 200 pg/ml BTIA
95.54+5.21 fluorescence/min, 400 pg/m¢ STOJA] 87.46+7.00
fluorescence/min @ 2 R4 A ZHAEATHFig. 2B). ONOO
= M EZANA 1775548.35 fluorescence/ min®1H| #15ld HO,
Aol S8 283.77£13.59 fluorescence/min@ &2 4440] Z7}y
AL Hllf FEES MEIT B0 5% JEHOE i
o} 200 pg/m¢ STOIA] 260.58+11.93 fluorescence/min, 400 ug/
m EZoNAT 245.67+11.63 fluorescence/ minC. 2 S04 Q1A 7+
2FSITHFg. 3).

3. ROS, NO % ONOO- 4ol n|z]= sk
ROS A4 HarolA 1927:1.77%% Lt tiE oA =
49.08£3.96% = S7IHAUC). BIBFEEE 75, 15, 30 ng/kg &
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o8 AslTollAls ZHZF 46.22+3.65, 43.27+3.59, 39.87+3.71% %
ZAaEto] 15, 30 mg/ke FolarolAl Foldo] AFHEATE (Fig.
4A). NO 42 Faarola] 1238+1.05%% QL R oA =
2895:1.99% % SUIECE AETolME 2 286564334,
26.58+3.11, 22.47+2.99% % Z+AElo] 30 mg/kg FATolA 79
Hol  QlFEUrkFig. 4B). ONOO Mg  FHilkolA
8.75+059% U OL} R Tl Al 32.8842.17% 2 S71E9ich 4l
oA e ZH2E 29.6542.92, 28.09+2.77, 23.08+2.68% & 7+ o]
30 mg/kg FOITOlA FOH0] QIFHACKFIg. 5).

Br 19

fluorescence / min

Hy0, (mM)

Chunghyuf-san
(ng/m)

1)

120

fluorescence / min

I . e —L
Hy0, (aM) 100 100

C"”("fgh/y,;',/)_ S 0 50 100 20 400

Fig. 2. Effect of Chunghyul-san on ROS and NO generation in
LLC-PK; cells. Cells were exposed to HO: (100 mM) in the presence and
absence Chunghyul-san (25, 50, 100, 200, 400, 800, 1000 we/ml). Results are
mean=S.D. a) Significantly different from the normal. b) Significantly different from
the control (™ p ( CO1, * p € 005). At The generation of ROS was measured by
DCFH-DA fuorescence orobe. B : The generation of NO was measured by DAF-2
fluorescence probe
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Fig. 3. Effect of Chunghyul-san on ONOOQO" generation in LLC-PK;

_cells. Ceils were exposed 1o H0; (100 mM) In the presence and absence

Chunghyul-san (25, 50, 100, 200, 400, 800, *000 ug/ml). Results are mean+SD, a)
Significantly different from the normal. ) Significantly different from the control (*
p < 00%). The generation of ONOC™ was measured by DHR 23 fluorescence
probe.



SBE - BRI

A

60

50
9
= w0
=
2
=
T 3
9]
c
@
o 2
‘N
o

10

ol

ob/ob
Chunghyul-san (ma/kg) 0 15
B

%
g
c
2
g
)
c
@
o
o
z

C57 ob/ob ob/ob ob/ob ob/ob
Chunghyul-san(ma/kg) 0 0 75 15 30

Fig. 4. Effect of Chunghyul-san on ROS and NO generation in
mouse kidney. Mice were administrated with Chunghyui-san (75, 15, 30 ng/ke)
for 14 days. Results are mean+SE. (n=5). a) Significantly different from the
normal. b) Significantly different from the control * p < 001, * p ¢ 0.05). A. The
generation of ROS was measured by DCFH-DA fluorescence probe, B. The
generation of NO was measured by DAF-2 fluorescence probe.
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Fig. 5. Effect of Chunghyul-san on ONOO" generation in mouse

kidney. Mice were administrated with Chunghyul-san (75, 15, 30 mg/ke) for 14
days. Results are mean=SE. (n=5). a) Significantly different from the normal. b)
Significantly different from the control (** p ¢ 0.01). C. The generation of ONOO"
was measured by DHR 123 fluorescence probe.

4. GSH/GSSG H) &9l u)x|: @k

A2 ol Al GSHS GSSGE] B2 0.17+0.01%3 0Lt thx
T 0.06£0.01% 2 FY3A ZaEAct dalFoies z
7} 0.19+0.01, 0.2240.02, 0.28+0.02% & £7}=0] 15, 30 mg/kg &=
ATolA] FolHo] QIFERCHFg. 6).

5. IKK-a, p-IxB-a0] Djil= Gk
NF-xB gg3joll gk ASHLEAQ IKK-q, p-IkB-aol
T g2 AESH 2% dETOAM EVIEAOL Bk
E2E TO0 dFToNE dase e HITiFg. 7).
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025 b

GSH / GSSG ratio
o 2 o
2 & 8
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=
&

Cs7 ob/ob ob/ob ob/ob ob/ob
Chunghyul-san(ma/kg) 0 0 75 15 30
Fig. 6. Effect of Chunghyul-san on GSH/GSSG level in mouse
kidney. Mice were administrated with Chunghyul-san (75, 15, 30 me/ke) for 14
days. Results are mean+SE. (n=5). a) Significantly different from the normal. b)
Significantly different from the control (™ p < 0.01).
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Fig. 7. Effect of Chunghyul-san on IKK-a and IxB-a expression.
Western blot was performed to detect IKK-a and {kB-a protein levels in cytosol
fractions from mouse kidney. Mice were administrated with Chunghyul-san (75, 15,
30 mg/ke) for 14 days. Results are meantSE. (n=5). a) Significantly different from
the normal. b) Significantly different from the control (* : p ¢ 001). A KK-a
protein, B. 1kB-a protein
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Fig. 8. Effect of Chunghyul-san on NF-xB expression. Western blot was
performed {0 detect NF-kB protein levels in nuclear fractions from mouse kidney.
Mice were administrated with Chunghyu/—san (75, 15, 30 mg/ke) for 14 days.
Resuits are meantSE. (n=5). a) Significantly different from the normai )
Significantly different from the comro\ = p € 001). A p50 protein, B. pB5 protein

A .
iNOS . N :
p—actin Lw A — ﬁl
180
180
Bﬁ 140 |
%55 120
é% 100
g; 80
gg &0
2 40
20
° = S =
C57  ob/ob  ob/ob  ob/ob ob/ob
Chunghyui-san (mg/kg) 0 0 7.5 15 30
B

Arbitrary density of
COX-2 level (%)
o
8

C57 ob/ob ob/ob  oblob ob/ob
Chunghyul-san (mg/kg) 0 0 75 15 30

Fig. 9. Effect of Chunghyul-san on iINOS and COX-2 expression.

Western blot was performed to detect INOS and COX-2 protein levels in cytosol

fractions from mouse kidney. Mice were administrated with Chunghyui-san (75, 15,

30 mg/keg) for 14 days. Results are mean+SE. (n=5). a) Significantly different from
the normal. b) Significantly different from the control ¢ : p ¢ 0.0, * : p ¢ 0.05).
A INOS protein, B. COX-2 protein.

Arbitrary density of
VCAM-1 level (%)
[T
o QO
o O

o

Chunghyui-san (mg/kg) 0 0 7.5 15 30

Fig. 10. Effect of Chunghyul-san on VCAM-1 expression. Western blot
was performed to detect VCAM-1 protein levels in cytosol fractions from mouse
kidney. Mice were administrated with Chunghyul-san (15, 15, 30 mg/ke) for 14
days. Results are mean=SE. (n=5). a) Significantly different from the normal. b)
Significantiy different from the controt (™ = p ¢ 0.01)

&
HaEm IAES 9 B A8
= Jied Bed aNE Ushis G282 wg;
Aulolch. 74 4 & RigFE “EURY 123
29 ui7) BIE 2 RS DAS ACE FIK B, EE BT
. ARESAE EQ §508 NIRE, 1S, KE R
P55, 7 S0 A Fo AFREo] Syt AF dFo dahd
owi war oA G, sl anY, o9 W Wy 52 a3t
U Zo] Q= ACE HUECE RES BRI, rz@m
# 20| F50] Qo) FEEE, B, W B, BIRR
N5 954 ggu Ao ARBH b LEEe @Bﬂt
B, et B, R 1B 59 8508 BASE, B &
K, 1178 B9 220l AlgEol grom gd Aslo) fasitt
= A8 Rt InP BES BIEME, BREAK 59 G52
2 hR AR, EHER, KERW, Gk BY X3 88%d &
oY IR EE EIES B R K LB e BY 558
VEIO] ghds) 7 g5 9 v)io] BEE d5l viskd
olF] G2 UERE AQE J|tisla B AES A% -5}
2 FHAA XI%MJA o wE, AHEAY 2
H, ~ZAQ AEHA, TI81T gg
g &3 &l Agd e 7
St U)X CHALN 7} B5 A D)
HES gl Ml EERE 7HE0] A4

7} oled AEEQ) thAk ol
SMBE= @522 SEAT|L

[ = =1

_Or.4 L2,
2

=

FE

rl
o{){ ~
FE O\~1

P

R}

o r

i)

2

93
(e o= oo o

>

1© 2
o il
ita)
ol
dh
bl
ID

s
s
% 0

L, Ol
XQFIF

[‘Ew[‘\l
__>?“‘W_’
>,
w

>

M oz

g 40 M
H
2 ]
oMM
O
%

=
B g
N
i
S

rlo
NN
o
i

o oy {o o X

so O
=
Bl
Y
e oF
39

L

+ adipokineofl = 1eptm, TNF-qa, resistin,
LH oA aJeqoll

=

>~
=
-
)

ad1ponect1n . O]& adipokinegE
weks 1 ogsio] 2EEH, S84 @ﬁﬂﬂ
Q&R Zhpd, AEE 213} HrhAL A
oLt thAtel Zdoll 9

A BEkEE oladl AEs 3
St adipokineE¥ YA

289 E7h= ATAIEZ
2 xzolsl  adipokine BH]9] olAE

1-)4&9
mx
Ei"
4o H %
rﬂrﬂﬂ
2o O &
ey
=
W Ea
ﬂlj,_lrO
THT
et WO |
m%iggmnogg
e = r_%
)
N T
o
i)
L2

40
=
&
£
o
)
[Ol

- 469 -



g% Z1d

adipokine 2|9} 0]go] H|glolA A2 YLy SWZ sy
JEade S0 22 Ak g
sk ASZ A= Y.
=98 SR i HEsE
AL, 78 ROS7H €89 oledl A
A EEAIZO B4 ol TAEE A
sEo] By EUEEE0] Y8 A0F &5k Jri .
Cytokinedt 5 £Z QA9 &4 5t
o €8 B9 &7 zUgoEs
U AEHAE w2 EBUTHEE
L, O] F Qe NF-xBS] &3t} g o
A k3t I¥HErke Aol 9%
o

0%
>
)
2
ol
o
rok
12
ok
o

rlr
ek
(i
1o
o g

olo
o fio

e
o
Y

(oM o o
o o
LS
2o P EH

O gt
o
0jo © (=
0 s
Jo o

z
Lo}
=
w~]
2]
0z
fot
rir
&=
[y
©
&=
N
o
—3
Z,
Lo
&
il
B e
% olo
Lo/ =)
rlr %
8=)
I
iy (E
S~
s %
12 x

0O
[ =)
2 e

0X-29} iNOSS] &
P, SH s,
xBe] &4l
Q5) Yofict.
SRR

o 1
z o
o

o o]

g BEZ NZY 540
LloA] BEZAE, thAlA
F-«B Edo] S7t=lo] ey
HA LLC-PK; Al 2ol HiO:Z HTI3I3S uf Al MER0]
AR BMHFEES sTEZE AARS 420 5%
EHOE MEAP} GAEE AOE UEhdt). LLC-PK, A%
ol HO,E Ael5led ROS/RNS 44 g R 23 ROSSH NO
dZo] IR E7IHAOY BIEEEES AHLISH 4ol
TS ZLEE ROZ UERITE B8 ONOOE HiOE A
Zloll 95 ddo] E71EU O HIIBFEE Ao 98 &
9EA A=At

2 HAgdlA= ROSol| gt ¥ 5 1HE0] R E = ob/ob T}
LA O E ONOO, NO B ROSo)| g} 44 %
K1, ¥& kol Bojshs vzl njie gake AEsIH
Lt ob/ob Bl2AE SAE 18Y Y} 0}RARA] HITIS 35
BolARE LER] A|ZlSlo] 23 TlRA9) 3u) 770l
AA G 7t A 1&8 Agyo] YehbH AL 1s
B AISHESEE 2o 28 gy AR gaE B
VIERATEY?. ob/ob n}2 AcA] ROSS}F NO 4§40] 8- 5HA
7HEHAoL} BIEMEAEES TS Z20 FY3IA Zay
ROz VERITY B8 ONOOE ob/ob D2 A0lA] A40]
7IEA 2L BIHEFEE Folol &) A A=Y

GSH/GSSG Hlgd] v[X|e= Hes HES A ob/ob UL
20llA RO AATAOL BIHESES o8 A0
7Y UA B7IERACE ob/ob TIR2olA] GSHIV ZbAE] 1T
GSSGZ7t S7HER O BI#EEE T FoAlE GSHYY £7}
1 GSSGZF ZAag Aolth MAINSY ROSE AAHATE dlt
3} E8Q! GSH= GSH peroxidased]] Q18] H,00E A4 G A
GSSGE &%), GSSGE GSH reductases] ]3] NADPHE
AEEMEA TiA] GSHE I8, J8iEE mn#issse
GSSGE GSHZE #H2IA|7# ROSH| 93t A 442 giK oz
Holghe Aoz AL

1o
U

B!
Q
Q
r
1
fel
=
fugk

Ol

r

EOomu o

HIl
ol

i
AV

=
gk

oM fr oy o

BE w413 A2 HEY £7) B0l KKa D IKK-B
T} Wl nlxs BES BES 2T ob/ob BIRA0IA
=

ATt E3F NE-xB 24 3lo] #0I6h= IkB-a THE2 ob/ob 1}
S2ollA QiR SN BIKRFEE Folol ga &

Folo] Ol ZoEE
2 NF-xB] &d3}& Q)

= St oz 71X ¢E £X gz uhy
g YAl EE HEE 2EShE RALE AR

COX-2& X & AQAs HEEY ZAoA = A=0] §leH
VBRI g3AE Sk B5 53 22 WeskEQl ZhoAlE
TEEE PP, £ H4AIAIS mitogend] SEHO A
&7%0] prostaglandin B8] E S it Ty G5 A8l & F

=)
HE| AN #EE, A &y, Crohn's disease, helicobacter
pylori 5 91€ &€ S, {14 faA] @@ ol &
BT BABIF.

INOSE= L-arginines} EX}EA0] Sl5le] NOS| 44 Wl2S
Z0lsle EAEA, iINOSo| ] AIFSE ot B4t
= A, dlolgl s, SYME ol theh 4A o] Be-E egdh
T L) iNOSS Q) Rt A&E 4% HHOE Mo
NO= AA o) thdlel &l OIRIZE 2HE g E
St S F4F 0% INOSY U wE e fudls dEtoR
mA BEY, A2, AFEAY, olgdl ojEX A

h =V = R, =

0

Q‘_l_[

2
40

%

rg_l;

)

=l

2 48 Z3} ob/ob T}RA00A1 COX-2, INOS THelZl 2] vt
0] E7IHUCL BIHFEE Folol 23] |94 UA AF
He ASE Vet £ VCAM-19] isio] £718 Ag o

ZZ20] ROSSH RNS
Aoiishkz ol 98l EEQIAL ] waHE XAl

EMEC) Byl gl #EE AF A g50] =X

- 470 -



FIM#O] Redox Status B NF-xB 91&4 whiZof ulxls FEf

o

Q1371 951 ob/ob FERAoA ROS, NO B ONOO6
5 NF-xBS} #RAE &Y child gidel] nix|=
ESItt Bm#HFEE2 HOE Aolgh LLC-PK; Al
T EHNOT MZEAE 74 UA AFA1F1DL ROS,
NO ¥ ONOO HHEg ZLAATIE G EE & UCh
ob/ob B} 041 ROS, NO 2 ONOO™ 40| £715%0L) 5
MHEFEE Foio] sl S UA BAEACE ob/ob mouse
oflA GSH/GSSG H|g0] ZAEAOL HlHEEE oo 9
o FLSHA E7HEACE. BIIRSEE F0]= ob/ob mousedi|A]
E71¥ IKK-o, p-IkB-a & NF-kB (p50, p65)2] 218 A A7
T} ESE ob/ob mouseolA] P& EZXIOIAR] COX-2, iINOS 1l
VCAM-19] gidlo] E7IER OV BIBFEE Fajol 93] o
RFACE. o]ae] ABZEA Bghe ROS, NO B ONOOE §
BELF ~ASHL IkBV} Q-IELE = AE IA5I] NF«B &%
HEOEN COX-2, INOS, VCAM-1 59| && &7 tiiz]
152 ool Hrdi vl dEe 95 2 98

.. HO R 1Moo =

ol
o
N

0!
i

oo =
2 (ol
> R
- =,
o oY ™

olr

J

e 1o o
= p

.=
2EF GET ABY 7hsH0] AT

o

e
re

al

1. Luo, SF., Wang, C.C,, Chien, CS., Hsiao, L.D., Yang, CM.
Induction of cyclooxygenase-2 by lipopolysaccharide in
canine tracheal smooth muscle cells : involvement of
p42/p44 and p38 mitogen-activated protein kinases and
nuclear factor-kappa B pathways. Cell Signal. 15: 497-509,
2003.

2. Korhonen, P., Helenius, M., Salminen, A. Age-related
changes in the regulation of transcription factor NF-kappa
B in rat brain. Neurosci Lett. 225: 61-64, 1997.

3. Chung, HY.,, Kim, HJ, Jung, KJ., Yoon, ]S, Yoo, M.A,
Kim, KW, Yu, BP. The inflammatory process in aging.
Reviews in Clinical Gerontology. 10: 207-222, 2000.

4. Chung, HY., Kim, HJ. and Kim, JJW. The inflammation
hypothesis of aging : Molecular modulation by calorie
restriction. Ann. N.Y. Acad. Sci. 928: 327-335, 2001.

5. Radak, Z., Chung, H.Y., Naito, H., Takahashi, R., Jung, KJ.,
Kim, HJ.,, Goto, S. Age-associated increase in oxidative
stress and unclear factor kappaB activation are attenuated
in rat liver by regular exercise. FASEB J. 18: 749-750, 2004.

6. Kim, HJ., Kim, KW, Yu, B.P,, Chung, H.Y. The effect of
age on NF-xkB
activation and IxBa degradation. Free Radical Biol Med.
28: 683-692, 2000.

7. Weisberg, S.P., McCann, D., Desai, M., Rosenbaum, M.,
Leibel, RL., Ferrante, AW. Jr. Obesity is associated with

cyclooxygenase-2 gene expression

macrophage accumulation in adipose tissue. J Clin Invest.
112: 1796-1808, 2003.

8. Xu, H,, Barnes, G.T,, Yang, Q. Tan, G, Yang, D., Chou,

- 471 -

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22

23.

24,

. SHAEN, HAIH. FEMEOC] ob/ob moused] EH, AXEF,
o]
o

CJ., Sole, ]J., Nichols, A., Ross, ].S., Tartaglia, L.A., Chen,
H. Chronic inflammation in fat plays a crucial role in the
development of obesity-related insulin resistance. J Clin
Invest. 112: 1821-1830, 2003.

=13

&

polyol pathway % reactive oxygen speciestl] T]A]=
S92 EEIE3 R 22(2):350-356, 2008.

Tada, H., Shiho, O., Kuroshima, K., Koyama, M. and
K. An assay for
interleukin 2. ] Immunol Methods. 93: 157-165, 1986.
Cathcart, B.N. Detection of

Tsukamoto, improved colorimetric

R, Schwiers, E., Ames,
picomole levels of hydroperoxides using a fluorescent
dichlorofluorescein fluorescent assay. Anal Biochem. 134:
111-116, 1983.

Nagata, N., Momose, K., Ishida, Y. Inhibitory effects of
catecholamines and anti-oxidants on the fluorescence
reaction of 4,5-diaminofluorescein, DAF-2, a novel indicator
of nitric oxide. ] Biochem Tokyo. 125: 658-661, 1999.
Kooy, N.W., Royall, J.A., Ischiropoulos, H., Beckman, J.S.
Peroxynitrite-mediated oxidation of dihydrorhodamine 123.
Free Radic Res Commun. 16: 149-156, 1994.

Gaitonide, M.K. A spectrophotometric method for the
direct determination of cystein in the presense of other
naturally occuring amino acid. Biochem. J. 104: 627, 1967.
Lowry, O.H., Rosebrough, NJ.,, Farr, AL, Randall, R].
Protein measurement with folin phenol
Chem. 193: 265-275, 1951.

FREHT 8. TERAERE. LR, BIERRUERHIARTT, p 39, 1999.
TLERFTEREERT 3R PEERRA. 0, LERER R, pp
166-168, 2438-2439, 1984,

Han, KJ., Lee, KS., Kong, K.H., Cho, S.H. Separation and

purification of substance having matrix metalloproteinase-9

reagent. ] Biol

inhibition effect in Ulmus davidiana Planch. var. japonica
Nakai. Anal Schi technol. 16: 179-184, 2003.

ZEF RIRRFEEC] 279 gababA B XathAtel] =]
A= gk ZHshn ek BRAekelE=E, 2006.

olghg. #HREe o~ Bl B &1 g3 Zalvheha st
¢ BRI =&, 2005.

T, REEE A&, BT, pp 113-114, 271-272, 492-493,
1981.

SEE. REHEEMLZE] Alloxan B A9 g A
SE Wl nAl= gak Z310)8) 8(4):388-398, 1992

Steinberg, G.R. Inflammation in obesity is the common link

Ol

q

between defects in fatty acid metabolism and insulin
resistance. Cell Cycle. 6: 888-894, 2007.

Berg, AH., Combs, T.P., Scherer, P.E. ACRP30/adiponectin:
an adipokine regulating glucose and lipid metabolism.
Trends Endocrinol Metab. 13: 84-89, 2002.



25.

26.

27.

28.

29.

30.

31.

32.

YR - HAH

Frithbeck, G. Overview of adipose tissue and its role in
obesity and metabolic disorders. Methods Mol Biol. 456
1-22, 2008.

Cai, H., Harrison, D.G. Endothelial
cardiovascular diseases ; the role of oxidant stress. Circ
Res. 87: 840-844, 2000.

Matsubara, T., Ziff, M. Increased syperoxide anion release

dysfunction in

from human endothelial cells in response to cytokines. ]
Immunol. 137: 3295-3298, 1986.

Chung, HY., Kim, HJ, Shim, KH., Kim, KW. Dietary
modulation of prostanoid synthesis in the aging process :
role of cyclooxygenase-2. Mech Ageing Dev. 111: 97-106,
1999.

Maziere, C,, Auclair, M., Djavaheri-Mergny, M., Packer, L.,
Maziere, ]J.C. Oxidized low density lipoprotein induces
activation of the transcription factor NF-kB in fibroblasts,
endothelial and smooth muscle cells. Biochem Mol Biol Int.
39: 1201-1207, 199.

Kranzhofer, R., Schmidt, J., Pfeiffer, C.A., Hagl, S., Libby,
P., Kubler, W. Angiotensin induces inflammatory activation
of human vascular smooth muscle cells. Arterioscler
Thromb Vasc Biol. 19: 1623-1629, 1999.

Mordes, J.P. and Rossini, A.A. Animal models of diabetes
mellitus. Am ] Med. 70(2):353-360, 1981.

Eleazar, S. Animal models of non-insulin-dependent
diabetes. Diabetes metabolism reviews. 8(3):179-208, 1992.

- 472 -

33.

34.

35.

36.

37.

38.

39.

Vendemiale, G., Altomare, E., Grattagliano, 1., Albano, O.

Increased  plasma  levels of  glutathione and
malondialdehyde after acute ethanol ingestion in humans.
] hepatol. 9: 359, 1989.

Chung, H.Y., Soung, D.Y., Kim, AR,, Choi, HR,, Kim, H]J,,
Choi, ]S, Yang, R, Lee, KH. Yu, BP. Generation,
Toxicity and Scavenging of ONOO-: Its Involvement in the
Aging Process. Kor ] Gerontol. 10: 46-59, 2000.
Groszmann, R.J. Hyperdynamic state in chronic liver
disease. ] Hepatol. 17(2):538-40, 1993.

Tsujii, M., Kawano, S., Tsuji, 5., Sawaoka, H., Hori, M.,
DuBois, R.N. Cyclooxygenase
induced by colon cancer cells. Cell. 93(5):705-716, 1998.
Chung, HY., Kim, HJ., Kim, KW.,, Chio, ]S, Yu, B.P.

Molecular inflammation hypothesis of aging based on the

regulates angiogenesis

anti-aging mechanism of calorie restriction. Micro Res
Teching. 59: 264-272, 2002.

Baran, D., Vendeville, B, Ogborn, M., Katz, N. Cell
adhesion molecule expression in murine lupus-like
nephritis induced by lipopolysaccharide. Nephron. 84:
167-176, 2000.

Lakshminarayanan, V., Beno, D.W., Costa, R.H., Roebuck,
KA. Differential

intercellular adhesion molecule-1 by H;O; and tumor

regulation of interleukine-8 and

necrosis factor-alpha in endothelial and epithelial cells. ]
Biol Chem. 272(52):32910-32918, 1997.



