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Hypolipidemic and Anti—oxidant Effects
of Chunghyl Plus in Type II Diabetic Mice Model

Koh Eun Choi, In Chan Seol, Yoon Sik Kim, Hyun Kyoung Cho, Ho Ryong Yoo*
Department of Circulatory Internal Medicine, College of Korean Medicine, Daejeon University

This study was perfomed to investigate the effects of Chunghyul-plus(CHP) on oxidative damage and
hyperlipidemia in db/db mouse. After treatment with CHP, safety in cytotoxicity, heavy metal toxicity, production of
reactive oxygen species(ROS), nitric oxide (NO) and proinflammatory cytokine IL-Ib, TNF-a, IL-6 in RAW 264.7 cells.
Serum total cholesterol, LDL cholesterol, HDL cholesterol, triglyceride, insulin, GLP-1, glucose, food intake, body
weight, organ weight, AST, ALT, ALP, BUN, creatine and histologic change of liver and aorta were measured in db/db
mouse after oral administration of CHP. CHP showed safety in cytotoxicity and toxicity of liver and kidney for logn
time administration. CHP increased the DPPH and ABTS radical scavenging activity. CHP showed significant inhibitory
effect on reactive oxygen species (ROS), and showed inhibitory effect on nitiric oxide(NO) compared to control group.
CHP decreased cytokine IL-6 production significantly, and decreased IL-18 and TNF-o compared to control group.
CHP decreased body and organ weitht, intake food, and glucose levels compared to control group. CHP decreased
total cholesterol and triglyceride significantly, and decreased LDL-cholesterol levels and increased HDL-cholesterol
levels compared to control group. CHP decreased atherogenic index and cardiac risk factor significantly. CHP
increased serum insulin and GLP-1 compared to control group. In histologic examination, lipophagy in the liver and
aorta decreased in CHP treated mice and the cell was regular and boundary of vessel wall was clear compared to
control group. These results suggest that CHP is effective in antioxidation activity and treatment and prevention of
hyperlipidemia, atherosclerosis, diabetes, ischemic heart disease, stroke and other cardiocerebrovascular disease.
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2 149 FIEYLE ool G WA 2 db/db ABF 0|
g FuXE5 a5 AANer [fgstuxt A5t =Houoh
2 A+ BBE22(015F CHP)7F Aghs] &4 9 uX|d 50
Al 932 AAor FYstux AP gon], CHP FE5=2
RAW246.8 N2 E o]&sto] NEZEAI FI5FAAE Bol AFA
< 2Igt &, F4et d FE5 &HE Zoprr] s £ Hs ¢
Zaluiolc 3 DPPHS} ABTS radical 27%, HZUY ROS,
NO, AolEZIRl BHZE FA5IAYL, T & ZHQ 8339
271 db/db RF|S o]8&3to] A U cholesterol, triglyceride,
insulin, GLP-1, glucose, Alo]Az|zF, A|ZF, A7|24, 7t A7)
s #RE A5t at tiaWe 2A o Ui ¥F¥ 52 WE

stgon ol o3t AUE AW WBsh: Holct.
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Ao ALEEl RAW 264.7 N Z& SN EF238(Korea)o] A

2 Ao Are3st 82 2A(ChungHuyl-Plus ©]st CHPE
B7])e KBEQAGHAA A" Aoz 178&9 BH¥2 500 mgo]
I 1.5 golAl &% Zo|ct. CHP: & A #%F
o] 5u &3F°] FA+Z 100EK oA 10A]7t HE £& & 80=A|
oA 65 BAz 7t w55l d2 593 5 A A9
1/20] sigste g9 AAE gt 5%} &3 & oA 4
o] g0 o] A&t Z1o2 CHP(1RH)Y /43t 832 o
pd

Table 1. The Prescription of CHP

Herbal medicine name  Pharmacognostic name Weight(g)
HiES Artemisiae Capillaris Herba 0.375
€ 2 Curcumae longae Radix 0.375
W & Crataegi Fructus 0.375
ES Salvia miltiorrhiza BUNGE 0375
Total amount 15

3) 52 ¥ A=
2 A8E dsto A" db/db mouse (5373,
27 g)e 22| (Korea)olA] FUste] A&ttt
2537 ARTIE AXUA @A e, 7] %
Ao 4yt AL (Altromin CO., Germany)
=2 %5 FIchIt. 2379 {8 ol 8
y¥e APt A $2L dxFH VP2 2
age uEsigon, MY AY A AYRY
145.3+17.4 ng/d0, X2 264.4+133.6 mg/dd, CHP &9
269.7+71.3 mg/d0o]Att. FF AMRA2 O3 22 2UoR
Zo]R =g, Conventional systemOo@ 22+2°C, 19 24X|7t
12X]7H 200-300 Lux2 ZRY3IY 1L, 12A]7H2 WoA 44 5]
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steict.
4) Al

B ML 93] Dulbecco's Phosphate Buffered Saline
(D-PBS : Welgene Co.,, Korea), Dulbecco's Modified Eagle's
Medium (DMEM Gibco BRL Co., UK), Efo}dA (fetal
bovine U.S.A),
lipopolysaccharide (LPS : Sigma Co., U.S.A.), cell viability

serum: FBS, Invitrogen Co.,
assay kit (Daeillab sevice, Korea), nitric oxide detection Kkit
(Intron Biotechnology, Korea), penicillin (Hyclone, Co.,
U.S.A), streptomycin (Hyclone Co., U.S.A),
(2,7)-dichlorodihydrofluorescin diacettate (DCFH-DA : Sigma
Co., U.S.A), 2,2'-azinobis—(3- ethylbenzothiazoline-6-sulfonic
acid) (ABTS Sigma Co., U.S.A), 1,1-
diphenyl-2-picryl-hydrazyl (DPPH Sigma Co., U.S.A),
trypan blue (Sigma Co., U.S.A.), ethanol (Merck Co.,
Germany), Mouse magnetic luminex screening assay (R&D
system, U.S.A.), Rat/Mouse insulin ELISA kit (Biovender.,
CZECH), GLP-1 ELISA kit (shibayaki Co., Japan), Dimethyl
sulfoxide (DMSO
phenol reagent (Merck Co., Germany), Gallic acid (Sigma
Co., US.A), Quercertin (Sigma Co., U.S.A.), Sodium
U.S.A),
nonahydrate (Sigma Co., U.S.A.), Potassium acetate solution
(Sigma Co., U.S.A.), As, Pb, Hg, Cd standard solution (SCP
Science, Canada), water (Duksan, Korea), acetonitrile
(Duksan, Korea) 52 A25}9ict.
5) 717]

7171%= rotary vacuum evaporator (Biichi B-480 Co.,
Switzerland), freeze dryer (EYELA FDU-540 Co., Japan), CO2
incubator (Forma scientific Co., U.S.A)), clean bench

Sigma Co., U.S.A.), Folin-Ciocalteu's

carbonate  (Sigma Co., Aluminum  nitrate

(Vision scientific Co., Korea), autoclave (Sanyo Co., Japan),
vortex mixer (Vision scientific Co., Korea), centrifuge
(Sigma Co., U.S.A.), deep-freezer (Sanyo Co., Japan),
ice-maker (Vision scientific Co., Korea), plate shaker
(Lab-Line Co., U.S.A.), ELISA reader (Molecular Devices
Co., US.A), ICP (Shimadzu, Co., Japan), $2¥A7]
(TELEDYNE Leeman Labs, U.S.A.), HPLC (Shimadzu, Co.,
Japan), #{F F%7] (Mtops, Korea) T2 =7
(IShinBioBase, Korea), Light Microscope (Carl Zeiss, Co.,
Germany), flow cytometry system (BD biosciences, U.S.A.),
Luminex (Millipore Co., U.S.A.)52 A}2-5t9t}.
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vz, d, 7tE§ 249 3¢, CHP £&§ 05 g2 S20T
HRAAEAPA HEL10l Fof B 10 e Wisha, = o

=2
e A}Roral Bl Bt B
oAgste] gFBeA2A )
sistel dofoz sigict. Wee 3rum AREAARA 2E
8710 B4 10 W 42 2 = ok

é‘ﬁ‘ée}xﬂfroﬂl(ICP) 1%5}01 %‘%"d%
Nuoloz wrskd Aog St Ao yAel A6 Cip
&2 50 ngZ A& FAsto £EE AN AP ARA
1 22 EH7|E olgstel SR
3) AEEH 24
RAW 264.7 M]Z= 96 well plateo]] 1.5%10° cells/well2 &
Zstgct. Age AMeb] Mol Aze vigUoz FASIYL,
CHPE ZtZ} 1, 10, 100 (ng/m))9] s=2 A2t o] ThA] 244]
7t £ wjokstoint. Bl & 10 po] WST solutiong ‘o] 308
F g7l (37°C, 5% CO.)olA ¥HEAIZTH ¥h3o] &8¢ § 450
nmoX FZE HIE FAsto] WEEE iR Ot A=z
BEES BAISHOL
4) RAW 264.7 | v|¥
4% RAW 264.7 NJZE 50 mo] KHo] 271 t}& PBS 9
< 2ol AZE EJA & 1,200 rpmolA 52 59 A2
sto] 4592 AAstch. AEst Q& FHol 1% penicilling}
10% fetal bovine serum (FBS)Z xAJ¥l DMEMHJA] 1 m& 2o
SA1Zc} 100 m disho] 9 md HiX]S Fo] A ZE BGAZ 3,
*ﬂi"ﬂ%bl (37°C, 5% COy)ollA HigstAt. Alfuige] 4= 5
3] ojdez AgstE, AlwEY AT Ao 24A17F HIA|FZ o
5) 3 & &R
(1) & 2= AT &3
CHP9] phenol ¥F2 Gutfingere] WHZ 8ot EA5}
Aact. £&5 A|889% 1 mgo] Foiln-Ciocalteu's phenol reagent
50% 0.5 mE 7tsto] A2ojA 37235¢ vhRAIZT. whZ-galo]
Na,CO; Z3t8o 1 m) & F/S 7.5 M A2 Edsto] 302
2 ARIAZ %, 12,000 rpmol A 1083 AXEE stol AL
o] 760 nmolA &L =S £351%ct & phenol gFL gallic
acid® EFBAZ sto] AT APH w g SFstAe
o, GAE (Gallic acid equivalent)/g& ERY9 2 AHL5t9% .
(2) & Bepurole ¥F 574
CHP9Q] flavonoid §t&F2 Nieva Moreno £
o] 5745ty CHP € AHIcte 7F 0.1 m0et 80% OflEh2 0.9 md
2 353st E3HE 0.5 mlo] IM potassium acetate®t 10%
aluminium niatate 0.1 md 80% o&t2 4.3 mdS r.jsto] Allof
408 S0 8IX|S & 415 nmo|A EFEE £A5191, quercetin
2 olgsto] AN BETHE olgstol AFL Fatot.

(3) DPPH radical 2AA4% &8

62 -I)('

o Wy 38t

Free radical 247 &4 A|@L QASH Free radical DPPH
AMgsh= ¥oltt. CHP T?E—’] 335 ==& 1, 10, 100,
000 (ng/m)2 U2 & A FEEZ A7, CHP &5
100 poo} ofjet2o] 83sjA]71 0.2 mMQJ DPPH &9 150 W&
ststo] 37°CollA] 308 ZQF ¥k X7 & 517 mojA &S
AP A 5N 22 FR4E AMESlen, DPPH &%
gazozt osee ol RS Atk DPPH Akgetr)
27&2 otg9] Al Zo] A4tstit.

m|m
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2HE (%) = (

(4) ABTS radical 24% &4
ABTS assay:= 7|&£0] ¥ 1% H'HS 96 well plateo] IHA
L£7stol MAlstith. CHP &89 % =5 1, 10, 100,
1,000 (vg/m)2 Y& 4 QA &2 SAAZ oY, ABTS &9
L2 74 mM ABTS (2,2-azino-bis-(3-ethylbenzothiazoline
-6-sulfonic acid))?} 2.6 mM potassium persulphateE A X3t
O, &40 24Xt WAt gol2 (ABTS+He JAHAN £
4 £ 574sto] 1 go] 15 ojstz HeEs 54
st@m, 84 51 ABTS+ 291 150 09t CHPZ 77} 5 W 233}
o WSAZ Hol 734 molA EF=g 54at
g0l Pse 5R4E dszoz du dazd dad
ABTS radical AA%& wig gz AASHTH

Az H7tzo g85)

FEEEERTS

2HE (%) = (1- ) x 100

(5) Ml=z4l ROS 8 574

RAW 264.7 A|ZOA reactive oxygen species (ROS)E &
Ast7] 9l5te] 2°,7'-dichlorofluorescin diacetate (DCF-DA)S
o] &35ttt 12 well plated] RAW 264.7 HJZE 2x10° cells/well
o] E]Al &35t 24Xt St Hig stgict. vl & M= wj¢
Moz PA|5tYon, CHP £5228 1, 10, 100 (nyg/m)°] ==&
A2Jsta, LPS 1 pg/mo] 522 A2t &, Al 2447 52 3
7°C, 5% CO, Hig7I0oNA viFstct. vigF &, 1,200 rpmoA 5
5 AT ot 22 Al=E AV PBSE AR ARG
1, DCF-DAL 10 ]JMOI QEQ 7‘:—]7]»8]- r_]»g 55 50]— AI-_Q_Q]
. QM 5 X}71e PBSE 290] 1,200 rpmofA] 5E =
2 & 5, 4PAS AT g oAl PBS 400 WE ¥
AE 242 YUz A7) te wats BAs.
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(1) Nitric oxide(NO) AdHF 574
NO9| &+

nitric oxide & &

griess reagent system2 o] &3] YA Q]
£735149ct. RAW 264.7 NZE 96 well
plateo] 2x10* cells/well2 2Z3lo] 24A|17F E9t vl stgict.
HjoF & 2L vjofloz FA|5HY T CHP 2522 7H7t 1, 10,
100 (ug/ml)9] 59 LPS 1 pg/mo] 522 A2|sto] ThA] 244
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7t 59t uijgstgict. N1 buffer 50 0.8 Z} wello] A2jsta Ar
oA 1087t ¥ A7 t}S, N2 buffer 50 S 7t wello] =2
sto]  10%3F WRSAIZ1 & 540 molN FI=E FASIAC
Nitrite standard?] =¥ REFZAES 0]85t0] H|YAO NO =
=2 ARt
(2) Aol E7HI AEF 54
HZ Yox L34 Alo]EFIQIS 12 well plateo] RAW
264.7 J]IZE 2x10° cells/wello] E|A] EFs}o] 2447 S0t vk
3 & Hz2e ujgdoz wASIFY, CHP £&552 1, 10, 100
(ng/m)9] =%k, LPS 1 1g/mo] =2 A2|sto] A A ZH|Y7]
(37°C, 5% COo)ollA 2413t 5o vjgsldct. AARe o3 A
FAo2 [L-1B, IL-6, TNF-o.§ Luminex 7|7|2 &35}t
7) 89 ¥ AodFF, AF, BV #A 54
db/db mouse?] 7]¥go& %X C57BL/6 OLLAES AAHL

=
£7a @zes syt ez e 85% o9sd
7} gotely Ueo} Aayst
ojgon, AYPe
279.63:50.4002 AL AAsGon, APl A7 WAL ¥
o pde og2s olgsl] WAL Ad AR 85YNE A
29 1537 R0 gx2ds $R42 375 o
gou], APTol: CHP 5222 Uld 82 1
20010 (400 ng/kg) A Folstoick. CHP 252
% 60 kg 7]1202 3t 5 ULeA FE 30 g2 7]
F3toct.

od

Fe 4o A

0:]0\_
Fo2 3o A

bt

)

. oX
=)
o
=)
A

Gah A AL olgatel AW B2 F AAL AR,
Yo 305 ALl 24 T+ 3,000 rpmold 153 Fot
gAY & 838 Fstol diAdOistae $YBIO FabLabo] 24
olg] 3}t Total cholesteroly}t triglyceride (TG) $F
Enzymatic assay, high density lipoprotein cholesterol
(HDL-C) ¢=F2 Selective inhibition, low density lipoprotein
cholesterol (LDL-C) §t=F2 Enzymetric method?] Yz]& o] &
stol Aster AtERM7]2 SRS,
9) SHASHRI2(A) D A B TSR] (CRF)

W35t A4 (Atherogenic Index, Al Fiordaliso®] A4t
%9l Al=(Total-C] -[HDL-C])/[HDL-C] A& Atgsto] 7staict.
ESH MEAHK] 49 CRF (Cardiac Risk Factor)=
Asbgol tet 5 2AAHS9 2 HDL 2ArelEe] go
2 o] Pkt

10) 3t 71

Rosenfeld

o

l'

7 4olA AST, ALT, ALP ZH =S F457] sl A%
AR ol gsto] AP F8 & FHZ AFect. EAZ 302
T F2olA 23 g3 3,000 rpmofA] 15259 dAEY & &
& 2dsto], dAste FHYBIO FabLabol] 4 9|g] stict.
AST, ALT, ALP &4 %+ JSCC UV method ¥2]E o] &35to] A
s} AL EA7]2 SRt
11) A 7=

dA UoJA creatinine, BUN &4=5 F4517] 9s] A%
Fapye olgstol UY T2 § AL Aot FAS 20
T F2olA 237 t3 3,000 rpmofA] 15259 A&
AL Hasto], tjAisty SHIBIO FabLabo] &
Creatinine®] 322 Creatinine Jaffe Method aalg o] &5t
31, BUN9] &tk Kinetic UV assay for urea/urea nitrogend
2§ o|-&sto] AJatst RewA7|2 £
12) @4 U d=d 54

AY =87 S ethyl etherZ USH AEjolA] MAF ARpHOo 2
KH%* T2 3,000 rpmolA 1583F A4 Z2sto EFE &

3 Rat/Mouse Insulin ELISA kitS 0|83} c}2a} Zo] &
783}‘,&1:}. ¥ = Insulin plated]] washing &% 898 o]8&35}
o 1\1]7'(46}1 100 109] biotin conjugate?} 10 109] standard, &
S § OA] washing &5

of
302 E9 ERSAIZIZ AAERY $ 100 me] substrate
chromogen reagents Y42 $ 308 9 wreA|FHTH 5 A

o
reaction stopperS 100 105 st H ELISA reader 450 mmojf|A]
8= 5
13) 84 U GLP-1 &8

A 38 ¥ ethyl ether2 U YEioN AT AAEZS
sto] AR o 3,000 rpmo A 1573t AH #2jsto ERFS
HaJgt &, GLP-1 ELISA KitE o]&3slo &A3519ct. anti-GLP-1
coated 96 well plateo] 84 10 e} buffer solution 40 uL&
E3oto] 24249] wello] 50 WA 235kl 20~ 25°ColA 2413t &
o wX|3F o2 washing buffer2 33 ANAsIUCE A
biotin-labeled anti-GLP-1 solution 50 plS 21 20~ 25°Cof|A]
27te Wi 3 oA 33 ARt 1elm
HRP-conjugated avidin solution 50 10E Y1 20 ~25°Co]A 30
= &9 HigE So oAl AAsHY Y. Oix]9to & chromogenic
substrate reagent 50 105 21 20~25°ColA 30 =9 vjYst

, 50 109] reaction stopper& 7"‘7}0} 3 multi microplate
readerg o0]£5}o] 450 nmoj|A EZ =& EA5t%Uct
14) =& A

Ether2 Olfistel 44 HAMEE olgsiel ¥l M¥stn
29 B2 il 2 OsUe Masich. 4 APPER
HEe £ NS 10% F4 Z2eo] 1SR, 1A
of ¢2E ZASL 124 B¢ 32E FRBAN Y O
A 1N eAs AAstct 289 G4E 95l 60%0)A
100%9 F3go] ol2r|7tA = A5 ol meb gad H,
xylened] £FIYE AN ol ey gl ARt AL
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£32 9E7|(microtome)S ©0]&5t0] 3~4 ym FAIQ HEoz
Obso] & matd w9 $t2eudS A% $, hematoxyline &
stgon] 33

eosin (H&E) ¥yt @S Al

A3 Bt

T_ ]730; _n_}-xl- n]

3. BAAY
Ad Axto] EAAEl= SPSS 11.0 unpaired student's
T-test @ ANOVAE ARgstgon p<0.05 £+&4 943 4

etk

1 334 &%

CHP REEe) 334 UL S Ik . =B, S

& 71EA olstz AEHAL

Table 2. Content of Pb, As, Cd and Hg in Extract of CHP

Pb As Cd Hg
permissive density (mg/kg) 5 3 03 0.2
CHP 0.108 N.DY 0.083 0.004

1) N.D. : Not detected.

2. z=7
1) RAW 264.7

RAW 264.7 A|ZEAL JxZS 100.0+9.1%2 UERIL of
CHP %&22 1, 10, 100 (ig/m) =o]A 99.3+4.5%,
104.8+3.6%, 102.3+10.5%9] A= AMESS Uehjo] or¥at A
o3 ERIF AT

3. gast aso AL 9
)% %Elﬁﬂ% &g
CHP %20 ZA5}= % phenol &FL gallic acidE

222 ’.%7540}04 573 2, Table 33 o] phenol dF2
291.3+3.3 mg/go] 9K Table 3).

Table 3. Total Phenol Contents of CHP

Sample Total phenolics (mg/g ext.)
CHP 291.3+33

2) 5 Eetd ol 4T

CHP #&&9] £x5l= £ flavonoid $FE quercetin® &
2348 MRSt £Ast Axl, Table 49t Zo] flavonoid $HF
2 114.9+2.7 mg/go]YtHTable 4).

Ol

Table 4. Total Flavonoid Contents of CHP
Sample Total flavonoid (mg/g ext.)
CHP 1149+2.7

3) DPPH radical 2450 0]X]&= 4%
CHP %&39 DPPH radical 2752 1 png/ml s=oA
0.6+1.8%, 10 pg/m HEolA 51+1.5%, 100 pg/md s=OIA

33.2+£1.7%, 1,000 pg/md HEo]A 87.9+2.0%2 S oJEXMog
S7tstoct.
4) ABTS radical 2A%0] vz g

CHP %339 ABTS radical 4752 1 pg/ml SEoA
0.120.3%, 10 pg/md SE=o]A 2.640.5%, 100 pg/md Eof|A
24.4+8.6%, 1,000 pg/m E0|A 859+0.9%% H& oEXO=R
57tst
5) ROS 3%l njx]& 9%

RAW 264.7 N|ZZ0]A ROS /dF2 tix+2 100.0+8.9%
2 UehS o YAFL 40.843.6%, CHP £&522 1 ug/m
ZolA 92.946.7%, 10 pg/m S EOlA 76.5+5.7%, 100 pg/md 5
ZoA 96.4+5.6%2, iEFo] Hlste] 10 pg/md =M {94
AAI(* : p<0.05) Z+A3AHFig. 1).

S 120 "
s 100

(3] -

S g0

s

§ ®

8

ER

o

a 20

w

g o

LPS (ug/ml) - 1 1 1 1
CHP(ug/ml) 0 0 1 10 100

Fig. 1. Effect of CHP extract on ROS production in RAW 264.7 cells.
Each cell was treated with 1, 10 and 100 (ug/m@) of CHP extract and LPS
(1 pg/me) for 24hr. The ROS production was analyzed by flow cytometry.
The results were expressed as mean + S.D. from three independent
experiments. (* : p <0.05. compared to control)

4. §E%5 &850 X 9T
1) NO A3l njxl:= %
RAW 264.7 A|ZZo]A NO HBAFL 272 16.1£1.5 uM
2 Uepie o) JAEL 3.2+£1.0 uM, CHP 3352 1 pg/ml 5
Zo]A 16.4+1.7 uM, 10 pg/m S Zo]A 17.0+1.1 uM, 100 pg/
m SEoA 17.2+3.4 uMZ SR}
2) A EFIQ Ao tlx]
(1) IL-1B
RAW 264.7 AZZOJA IL-18 AMAFL thxFo] 48.0+6.2
pg/miQl VB, FAF2 12.6+1.0 pg/ml, CHP £EF2 1 ng/ml
LgolAq 40.8+6.4 pg/m), 10 pg/m) SEo]A 43.3+2.8 pg/m,
100 pg/m SEo]A 39.046.6 pg/mz, thEF0] H|ste] BE =
LoA st
(2) IL-6
RAW 2647 ANEZEZAA -6 XAZe :11540]
1021.8+140.9 pg/miQl W, Fd+2 17.1+1.0 pg/md, CHP &
522 1 pg/m SE0]A 938.4+82.2 pg/m), 10 pg/md 5T oA
796.8+82.9 pg/md, 100 pg/m ST oA 891.7+98.6 pg/mb.2, tf
2o Hste] RE FEoA ZAstgon 10 pg/md =04 &
9 A (» : p<0.05) ZFr25IRH(Fig. 2).
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(3) TNF-a
RAW 2647 HM=ZZoJA TNF-a
5905.3+237.2 pg/meQl W, P72 573.0+52.3 pg/ml, CHP
2222 1 pg/md FE=0|A 5658.3+332.7 pg/ml, 10 pg/md FE
olA 5413.8+199.2 pg/ml, 100 pg/md HEOA 5875.3+199.1
pg/m2, tixof vlgte] RE FEAA FAsin.

MRS T xFo|
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Fig. 2. Effect of CHP extract on LPS-induced IL-6 production in RAW
264.7 cells. Raw 264.7 cells were treated with 1, 10 and 100 (ug/m@) of
CHP extract in the presence of LPS (1 pg/me) for 24hr. The results were
expressed as mean * SD. from three independent experiments
(Significance of results: ** : p<0.05).

5. A% nxl= FF

A59 F7t A= T2 T dat, A2 A Al
ZF A] 22.70£0.45 go]q E= i 25.51+0.69 g, =2
A& Al 49.1941.18 go]Al £8 3 54.57+0.83 g°l ¥td, CHP
EojZo AF AAF A] 49.78+1.88 golA 8 3 51.70+1.53 g
2, CHP Eojze tjx2 st AZF Z7ko] At

Table 5. Effect of CHP Extract on Body Weight Gain in db/db Mice
Normal Control CHP 400mg/kg
Initial body weght (g) 22.70+045 49.19+1.18 49.78+1.88
Final body weight (g) 25.51+0.69 54.57+0.83 51.70£1.53
Weight gain (g) +2.81 +5.38 +1.92
The results were expressed as mean + S.D.(n = 8)

6. Alo] MF|&Fo]| O]x]:= A

No| ¥3Yol vxlE JFS 53T 2, xS AY A
A 87014 280 g, 95FoIN 302 g, 105F0IN 304 g, A
B2 LFYOIAL 297 g2 WA, AHTL UP AA 85YolN
157 g, 95Yol4 158 g, 105l 167 g, B F2 11530]
KL 177 g2, CHP 400 mg/kg Eoj2e Ag A& §xzo]
235 g, 9 HOllA 174 g, 105304 180 g, 38 11599

ok
A 209 g2 tha2o] ulstel Alo] M| Aasteict.

7. @3 Wzt vjx= 4F

g 9sto] tjx: TS 57T 75?} EHE%% Ag AE
Z oA 264.4+133.6 mg/de, 9% oA 389.6+62.6 mg/de, 10
ZHoA 509.9+74.2 mg/d), A =3 11T°0]]1~1% 598.4+4.6
mg/deQl W, FALe AF AE 8FFo|A 145.3+17.4 mg/dd,
mo|A] 152.7+12.5 mg/de, 10Zo]Ax] 145.4+7.3 mg/do, A&

-

£2 1153Y0ME 146.1+9.4 ng/d2 UERFOU], CHP 400 mg/
kg £ol2 Ad XA 8F oA 269.7+71.3 mg/dd, IFHolA
295.0£63.2 mg/dy, 105PolA 398.7+56.5 mg/dt, AY F2 11
=Y 372.5+112.1 ng/d2 Thxo] H|5to] ZAastYct
3t A A&y 28 7o A Lx| ¥WEE SIS Ay gz
© 334.0 mg/d0e] X7} =7t vt AAFZLL (0.9 mg/d), CHP
400 mg/kg £olFe 102.8 mg/d0o] Y wistz fjxFo] v|sto
225t tHTable 6).

Table 6. Effect of CHP on Chage of Blood Sugar in db/db Mice

Normal Control CHP
Initial Blood Sugar (mg/d?) 1453+174  2644+1336  269.7+713
Final blood sugar (mg/de) 146.1+94 598.4+4.6 3725+1121
Change of blood sugar (mg/de) +0.9 +334.0 +102.8

8. 71 87 w3t

7] A st ujAle 9¥E 54T 2, dxdo AE
8 5 719 BAL 2.68+0.29 g, AW AL 2. g
A7ko] AL 0.50+0.07 g9l HJ?*; BE2o A8 F8 ¢ U9
A= 1.33+0.20 g, A[Y9] FA= 0.38+0.08 g, A9
0.31+0.01 go]x, CHP 400 mg/kg Fol¥ A Ta &
DA 1.8740.22 g, AW LA 1.1240.58 g, A&ke] =
0.31£0.07 go]Q¥ct.

opt

>

g U F ZY2HE TFF2 X i, gzxRde
197.50+28.10 mg/d0Ql e, AAMZL 97.14+12.54 mg/d), CHP
400 ng/kg EIFL 120.00+30.33 mg/de2, ThE 0] H|3to] &

o%d A (++ @ p<0.01) F23tRAH(Fig. 3).
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Fig. 3. Effect of CHP extract on the serum total cholesterol level in
db/db mice. The results were expressed as mean + S.D(Significance of
results, ** : p <0.01) (n = 8). Normal : non-diabetic mice. Control : db/db
mice were treated orally with DW. CHP 400 mg/kg : db/db mice were
treated orally with 400 mg/kg/day at CHP.

2) HDL-C &t

84 U HDL-C e é- g3t A3, RFS 25.00+5.77
ng/deQl ¥HH, AAFZL 20.00+5.77 mg/d2, CHP 400 mg/kg £}
T2 35.00+4.50 mg/d0.2, EM%OII ulsto F7151 %I ch(Fig. 4).
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Fig. 4. Effect of CHP on the level of HDL-cholesterol in the serum of
db/db mice. The results were expressed as mean + S.D. (n = 8). Normal
: non-diabetic mice. Control : db/db mice were treated orally with DW.
CHP 400 mg/kg : db/db mice were treated orally with 400 mg/kg/day at
CHP.

3) LDL ZAHE T&F

84 1 LDL-C 3 A3t Az, )22 163.2430.85 ng
/dogl ¥tel, MAFe 136.71+10.19 mg/d, CHP 400 mg/kg o}
2 127.6+23.18 mg/d0.2 , thEZo] vlato] 743t CHFig. 5).
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Fig. 5. Effect of CHP on the level of LDL-cholesterol in the serum of
db/db mice. The results were expressed as mean + S.D. (n = 8). Normal
: non-diabetic mice. Control : db/db mice were treated orally with DW.
CHP 400 mg/kg : db/db mice were treated orally with 400 mg/kg/day at
CHP.

4) Triglyceride(TG) &2k

E7 U triglyceride FF< é’ﬁﬁi ﬁﬂ—r gqz2+2 gzxad2
256.00+82.66 mg/doQl Wi, AA++2 140.00+51.38 mg/dd, CHP
400 mg/kg FoT2 133.33+29.44 mg/in, gz 2o ulstel &
9 UA (+x : p<0.01) ZFA5IAHFig. 6).

r|o

10. HZ3R S R AW AFR o) vR = T

SHPA S5 T A, YEF2 6.90£0.08 mg/d0Ql W
W, LS 3.86+0.04 mg/dd, CHP 400 mg/kg Fo|d
2.83+0.04 mg/d02, CIRFO| HIst [AF QA (xxx
p<0.001) Z48trKTable 7). =&, y&P AWA+E 54
A, 22 7.90+0.12 mg/d0Ql W, FAFFLS 4.86+0.13 mg/
d9, CHP 400 mg/kg o2 3.43+0.10 mg/d0=2, ChxFof H]st
of §94 QA (#++ : p<0.001) ZrAsIPHTable 7).

Fig. 6. Effect of CHP on the level of triglyceride in the serum of
db/db mice. The results were expressed as mean + S.D(Significance of
results, ** : p<0.01) (n = 8). Normal : non-diabetic mice. Control : db/db
mice were treated orally with DW. CHP 400 mg/kg : db/db mice were
treated orally with 400 mg/kg/day at CHP.

Table 7. Al and CRF of Serum in db/db Mice Containing CHP for 4
weeks

Normal Control CHP
Al 3.86+0.04 6.90+0.08 2.83+0.04 ***
CRF 4.86+0.13 7.90+0.12 343+0.10 ***

Values are mean+SD of 8 mice per group (Significance of results, *** : p<0.001)
(n = 8) Al ; atherogenic index, cardiac risk factor. Normal : non-diabetic
mice. Control db/db mice were treated orally with DW. CHP 400 mg/kg db/db
mice were treated orally with 400 mg/kg/day at CHP

11. 3t 7150 vAle 3T
1) Aspartate aminotransferase (AST) &

T 7l BRY Am ZEA ASTE T 2w, dxde
220.00+42.43 TU/LQI ¥HH, AAE2 136.67+79.70 IU/L, CHP 400
ng/kgE07+2 192.00+31.80 IU/LZ thxo] H]|5to] ZH4stct

2) Alanine aminotransferase (ALT) gaF

715 BRY Am HRY ALTE FFF Zd, dxde
87.50+5.00 IU/LQI YHH, AFArt2 87.14+7.56 1U/L, CHP 400
ng/kg o2 86.40+3.40 IU/LZ, 1579 xto]7t gigct

3) Alkaline Phosphatase (ALP) $t¥

7 7ls &30 AE 4R ALPE 533 AW, fEze
230.78+6.61 IU/LQI ¥, /42 99.48+5.2 1U/L, CHP 400
ng/kgFol2 124.16+8.69 IU/LE, Tixo] H|sto] §94
A (s : p<0.01) ZABHYC

12. A 71500 vRl=

- 9%
1) Creatinine (Cr) &t

o

Al 715 £A9] RX|® AHEQl creatinineS £A3 Ay, &2
L 1.40+0.04 mg/doQl ¥t AAFREO (.97+0.05 mg/dd, CHP 400

mg/kgTalil% 1.10£0.04 mg/d0.2 ThxZo] vlato] ZtastAct
2) Blood urea nitrogen (BUN) 3t

A 715 539 A 4L BUNE 3% Zif, dzde
20.38+5.45 mg/deQl ¥, FAFL 24.44+3.15 mg/dd, CHP 400
ng/kg T} F-& 23.50+2.35 mg/db2 1F7r] Atol7t YUct.

1384 4 <

Y A 3}, xS 118.51+19.27



K. E. Choi et al

171

pU/miQl uHH  AHARLL 80.76+6.92 pU/ml, CHP 400 mg/kg &
ofF& 154.65+21.30 pU/mb 2, &2 F0] H|sto] =7}t

14. @3 W GLP-1 AQF v 9T

4 W GLP-1 Bd3S 58T 2, txI2 7.94£0.75
pg/mQl B, A2 12.67+0.98 pg/ml, CHP 400 mg/kg £
T2 11.86+1.62 pg/ml2, x| Hsto] F7IstAct.

15. =% 94X =k
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1)

MY 52 3 7 %] H & E 94 3 B2 2ah, a3

o 7t AzoA AW LIt BREY, o2 As) ALY o] Hx

A Ul R E Bald A2 BAF 2 9u, YR U

FUAZY 2E FHY Z2T Bk olo] Wk CHP 400 ng/
o
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%‘* ' :”:‘ﬁ
% %%W N

Fig. 7. Standard Hematoxylin-Eosin staining of liver from db/db mice.
original magnification (Zeiss, x2.5). (A) ; Normal ; Normal C57BL/6J mice
group (B) ; Control ; db/db mice group treated with DW (C) ; CHP ;
db/db mice group treated with CHP 400 mg/kg

internal
elastic
lamina

B 5 A b SIS U - Ui
Fig. 8. Standard Hematoxylin-Eosin staining of aortas from db/db
mice. original magnification (Zeiss, x10). (A) ; Normal ; Normal C57BL/6)
mice group (B) ; Control ; db/db mice group treated with DW (C) ; CHP
; db/db mice group treated with CHP 400 mg/kg
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IAESL stojEHor &g, MM, EEHY Wi %5}1
PR saek el AR EREEERS] SR 2s) &#me
Boton FMBEY AMEM, %E BMme HFEA &= ZN“E%
HEOZ B4 . wekA @ik o2 WHE, #HERER K
Esta FRE(LE, EmiLREE sk MiEREY 428 S8
& of 512 WAL, EmbREE MRILEE Sol Bhes
glo] 3=l A& Zo] Yok

DX @5y} #AY oy Ar: WEHE, NEY 59
cHolAIQE AnkEE EGBES, MRBIBIERSS 5o Awo] B
AQR A7t Aok AW AA o5 AP nARFY AR
A3soz FEEA 2ot Aoz gyE FYAA oEstL
gou, HZ AN FYAR EF Fr|Ho2 £ o
A 59 obdy A7 AZIEn Aok, wetd MAHs ula
R ol e AAE2A YA ATE 55 LN 5O UF
@50l Qrtn walA AR FHE BYFE20 AN
)] %‘%‘ Yol AL AFE ZFIgPsHA = Aot

o
\\

rlo
B’R mlo

EMERE, RMAEESY &50] o] ARAHA, KB 5
Agtat LIERE, BAER, MEKER 5ol AHgste 9
2o oA FFRRRERS WIET HHd A, 13Y
e Faprt QAokn LA AP, Ft
HEA-ga AW Ao figt “‘4
o AN F ZH2EES ZAAA LXBSS
%01 Buglo] Aot Wik HRFESE a50]
ks, WAESO AMREo gom® e nxdZ 4
EHE":'%O]W AZ9] Fux|FZ U Fitet a3HE HRl ub Qo #
2 JEMmILRE, ITRBESHs 5ol o KRS, B, B
B 59 ZA0) oh2EogT®. g4 dael JEIA ARY
(curcumin)2 1X|@ 2ddN FEFY] FXE Folo BF &
AHE SEE ZAAFE Jo2 Hugo 9on®, ok uis
9] AN Fitst autel I FuXEF a7t 930l &l
goict. E3 o9 d3E 53 UMY &30 BFFEEI
LAYl 2 JIE WA oA FuxFEFH} JFu|waAIt gloy,
Ao MqoFrlo|z Quigl ofmA|HAA E-ZA 0lQAol FHY
3 mdolA 3RIxl 239 E¥FEE9 A|AAt, st
4 eSS Bugh} glch WEE B
ool AN, BixkW 59 A8}
o] gon B, FYDch WIEWEFA Lol
ol IAEZF, FAFWAHLF] LMY, WEE FHAY
it glucosed Ul 45 Aok, dad A FERHY
S ZHAAA TAPS © g2 FJHAF|E &HLo] 9lSo] £
QACF. wp¥o] Ao E TA|A o]
2odox EZAHE, FAXA, LDL-cholesterol?]
HDL-cholesterol2 Ar&A1A AU XA hAL9]
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Wl DNA &4 A"e] stz gt Axee 24, gugel i
3} =< 71990 x|A9] FAks}, £35| LDL-cholesterole] Ats}al
¥ge doyloay TuAs} © AATAS &7 WA} XY
of aadel eigre s HCHY. E3 Aoty AEFAL NO @
IL-18, TNF -o, IL-659] Alo|E7l9lz} 2t JZTAQARSO
TEI RS ST L A,

G4l £elE UgOR ARE IAUTE FMIF KR

doz QAlsty Emxm, MREY &858 /KD thaol M3
A7E B3l DAPSO O gaNol HAY o2 T4 B
F5% CHPE olgsto] JM3t L Fuxd3 ang AP¥oz

FYotart A¥e MY In viroo]H CHPEEEL RAW
264.7 AZE olgste] AZSAT ALY U A5A Atol£7
ol BFE, in vivoolq G 29 FEQ 859 7 db/db
MZE o] 835t EA holesterol, triglyceride, insulin, GLP-1,
glucose, AlolAdZF|Z, AZF, A7|9A, AST, ALT, ALP, BUN,
creatine, 7t} tj5Wo] =& F& WA

CHP9] QAN AZE 95t 524 dhakat RAW264.7 A|Zof
izt Nz=4e RS 2 g, 7tEF, £29 3L 7IEA] olst
2 A869a AL FEEA Ygronl ALSHL 25 9% o
Ao AEPEES ¥ol HF Aeg HitEQItHTable 2).
249 vAl= g2 Lot Yaf F =
%* DPPH radical®} ABTS radical &7
St NOS B34 AtolE7tel Y

NI T

L
o

o
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o
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oX

oX
oft
o
Ak
o
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_,_

EAd &5 EASE 28 AR o
2 Z3HEL reactive free radicald] £+4Q¥AS A|&5to] 94
3t non-radical® UHSo] SHAMEIARL sHoF W F AEHE x—] sla
3} 5 Cjet AYYYS eIt SaturolEt ¥, TY 9
J95 @4 Sol oo, FRU Yol wet A Fust B

Atk %A JAcH”. DPPH assay: w2 g
PSS £45P] 919 dal AGEl: Wolch. DPPHE

Mg el By stz Fust B0l Yt 2
hydrogen radical?] XIS dtofSo|HA] HE|of
Mo] glojx|xg], AM7Zo] 2o]X|= H&EX DPPH radical

Asol 2 AL uigchd. ABTS assay: DPPHY 70|
radical AAHo] o3t sHiasly =XWolats AL ZA| U st
ut2.9 E3}0] free radicalo] QU 890 A 22 AJlste] &
Agtsg AAICHE Ao o2, WAz 53T & An*
N3t ALY 25 MG HSHHT.

CHPZZ20 £Aste 5 HE T2 291.3+3.3 mg/g, &
Hyolt $hFe  114.9+2.7mg/g & EXE Y1, CHP F5E2
1, 10, 100, 1,000 (pg/md)e] =%==2 3]Ast & DPPH radical &
s 9 ABTS radical 27452 53¢t Ay, =&
gEos kg, HeA CHPE Beh &5 71 4
7+st 2 9ltK(Table 3 & Table 4).

ROSE= Al Ujo] EAist= &40 osf A== 0, 52 T
sto ol AsY &4 oslt F¥ Yotk ROSE
A UoIN MaE olgsts AAH o

*
T
Z g
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superoxide radical2
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AtabgolA 43789 ¥ otz organic compound 59| A-4tet
U 9u2uE Solg oA ojgt Azl gAlsgd 54
urgo] oJFiME AP 4 Ak No: UmAR, 553 50
A nitric oxide synthase(NOS) 249 ZujRl8& &3
L-arginineo] A A E]%: free radical2 ¥r2Ao] 75ty Cjuy
9] 7]1o|A intercelluar messenger24] Ar&stct ®st o]

Aol B3 UmAmol MY Fame] Bae s
AW S AMStE 5 AR WAl Tolstn AL o)

MRz 2Hg3ch. @A A= ANz 0329 ol o]
Sto Wejubgo] F3MY 4T sk Aok et Aol B

of ¥FWSH £N9 By, WAL olFE Lo
0], superixide 3°]2(0.-)2 {7A ¥hgsto] ¥hg/do] ufL =
£4o] 7Zist AMSHA|Ql peroxynitrite (ONOO-)2 AIA5t=d],
Peroxynitrite= THiA 2 x)Ro] AhstE G &dl, AZEAHS
gozicty Wy Yob’® CHPO st 9 stadx b
Yol 1At ROSQH NO ¥ XAAZA mi7/lE4Q TNF-a, IL-6
o Z2 A|EFIIZ Raw 264.7 NEZS ARgste] £74sigih
Raw 264.7 HZ: wleAQ CgANzzz, WY Ysirz
a7l LPSo] ojsf Astelo] cikst Atshal uiARI® obe} o
ATY ANES PESIE Aoz F2AH Uk,

Aol EFFQI2 W2 N ZoJA] Aitet= ZPE|ER A5 W
Auk-SolAl wi7iAY 7152 stof IL-6, IL-1B, TNF-ax= CHAIA]
ZoA BAE = rFQ HFF AoJEIRIC 2 AFUE2 F4
Aste] wAlat WY, Fshel U mAo] FoF ATL o
g . F4EEE APEH Gy 2dste Tdu
°ﬂ1~1 IL-2, IL-y, TNF-o 5©] 2H|E3 ANz} Ljm A ofA
IL-13} 22 Afo]£71Qlo] Zul€tt. o]F TNF-a¢} IL-12 &
A Aol7telojet shed, ol o] WMypo A U
FAE AeT ML A5USE Auete g o)
fZolt, YujAlxe] FaEAo] o5 okt Aol A&t &
AdNE Fast AT 0. =3t o2fdt FF54 Al|EUE
e 32 vjgo] gigt A7 S uigtoz 93 o FHY AY
ZAAE ZHlEy, A €A, dass 2 daed A
3} Ze ¥o] gt Aoz LA Yo,

RAW 264.7 AM|ZoJA ROSe} NO9o AAEHFS =4
ROSY| T2 dixFo) H|3] 10pg/ml s=olN {974
(p<0.05) Z4stA(Fig. 1), NO9| AF2 iz H5]
SR o §ode gtk o2 o] ¥ u CHP: AEY)
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oL 9, IL-6 WAFL BE kwoy Zastdoen 10 p
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