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The Effects of an Extract of Artemisiae Capillaris, Curcumae Longae, and Crataegi
Fructus (IUS) on Anti-hyperlipidemia and Anti-oxidation in db/db Mouse Model

Hyun-tae Kim, Yoon-sik Kim. In-chan Seol. Ho-ryong Yoo
Dept. of Circulatory Internal Medicine, College of Oriental Medicine, Dae-Jeon University

ABSTRACT

Objective: This study was performed to investigate the effect of TUS (Inulsan, an extract of Artemisiae capillaris (P4Hg),
Curcumae longae (¥4), and Crataegi fructus (1LiF%)) on anti-hyperlipidemia, anti-oxidation, and anti-inflammation.

Method: We administered water extracts of Artemisiae capillaris, Curcumae longae, and Crataegi fructus for three weeks to
db/db mice (C57BL/Ks). animal models induced with type 2 diabetes mellitus. Mice were divided into three groups: normal
(C57BL/6J mice group), control group (db/db mice without administration of IUS) and IUS group (db/db mice treated with IUS).
Then we measured total cholesterol, LDL cholesterol, HDL cholesterol, and triglyceride in the serum after the oral administration of IUS.

Results:

1. TUS did not show any cytotoxicity in RAW 264.7 cells.

. TUS decreased AST, ALP, and creatinine levelsand did not show any liver or renal toxicity in the db/db mice.
. 1US increased DPPH and ABTS radical scavenging activity and decreased ROS production in RAW 264.7 cells.

. TUS increased HDL cholesterol and significantly decreased total cholesterol and triglyceride in db/db mice.
. TUS significantly decreased the atherogenic index and cardiac risk factor.

2
3
4. TUS significantly decreased IL-18, IL-6, and TNF-a production in RAW 264.7 cells.
5
6
7

. In contrast with the control group, fat infiltration in the liver and aorta decreased in IUS treated mice. The cell nucleus
was located in the central area in H&E staining of liver. And endomembranes also were more thinner than the control group

in H&E staining of aorta.

Conclusions: These results suggest that IUS might be effective in the prevention and treatment of dyslipidemia.
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Table 1. The Prescription of IUS

Herbal medicine Pharmacognostic name er;g;ht

name
WS Artemisiae Capillaris Herba 10
€ & Curcumae longae Radix 10
(AT Crataegi Fructus 10

Total amount 30

3) Ak A 77

(1) A o

¥ A3-S $8] Dulbecco's Phosphate Buffered
Saline(D-PBS : Welgene Co., Korea), Dulbecco’s
Modified Eagle's Medium(DMEM : Gibco BRL Co.,
UK), lipopolysaccharide(LPS : Sigma Co., US.A.), cell
viability assay kit(Daeillab sevice, Korea), penicillin
(Hyclone, Co., US.A.), nitric oxide detection kit(Intron
Biotechnology, Korea), (2,7)-dichlorodihydrofluorescin
diacettate(DCF-DA : Sigma Co., U.S.A.), trypan
blue(Sigma Co., U.S.A.), 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 : Sigma Co., US.A.), Quercertin(Sigma
Co., U.S.A.), Potassium acetate solution(Sigma Co.,
US.A), Sodium carbonate(Sigma Co., U.S.A.),
Aluminum nitrate nonahydrate(Sigma Co., U.S.A.),
Pb, As, Hg Cd standard solution(SCP Science,
Canada), Acetonitrile(Duksan, Korea) 55 A
ahod .

(2) 71 7

2 AFE 98 CO; incubator(Forma scientific
Co., U.S.A.), rotary vacuum evaporator(Biichi B-480
Co., Switzerland), clean bench(Vision scientific Co.,
Korea), freeze dryer(EYELA FDU-540 Co., Japan),
autoclave(Sanyo Co., Japan), centrifuge(Sigma Co.,
U.S.A.), vortex mixer(Vision scientific Co., Korea),
ice-maker(Vision scientific Co., Korea), deep-freezer
(Sanyo Co., Japan), ELISA reader(Molecular Devices

Co., U.S.A), plate shaker(Lab-Line Co., U.S.A.),
4B M7 (TELEDYNE Leeman Labs, U.S.A.),
ICP(Shimadzu, Co., Japan), 3% FZ7](Mtops,
Korea), HPLC(Shimadzu, Co., Japan), Light Microscope
(Carl Zeiss, Co., Germany), §7 7127](IlShinBioBase,
Korea), Luminex(Millipore Co., USA) Flow cytometry
system(BD biosciences, U.S.A.) 5& AHE-stich
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1) DPPH radical 27% &4
2 2 diphenyl-1-picrylhydrazyl(DPPH) = 3HAk3}
= & F 38le —Zrix]ﬁi IUSE 3% 1,
O 100, 1,000(ug/ml) F=7F HEZ ZAAHA o
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DPPH &AE(%) =
Hx27e FHEAS A FEE
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(2) ABTS radical 27% &4
ABTS 482 74 mM ABTS(2, 2-azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid))¢} 2.6 mM
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(3) reactive oxygen species(ROS) &4 A

Reactive oxygen species(R0S)9 &4 2, 7-
dichlorofluorescin diacetate(DCF-DA)E o83}t
RAW 2647 AEZ 12 well platest] 2x10° cells/well
of EA EF3ta 247t T3t ekl wioF
o]F Az ﬁHOM o2 wAsger, [USE 1
10, 100(ug/mD 9] =2 W=, LPS 1 pg/mle
i 37 C. 5% COy wief71el A Al
24717 oF v oFstsic), o &, 587k 1,200 rpm
oM A Ee|ste] 2 N X 71 PBSE 23]
AAstx, DCF-DAZF 10 uM°] H5E A7}l
G, Al 15% F TR 94 F Ak
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Al el AaE2 SPSS 11.0 unpaired student’s
T-teste} ANOVAE A48 ZAAZ shglow,

p0.05 §Fol A £-2AL AAsaH.

. dezdz
1. oMY ZA}
D) Az5A 37t
RAW 2647 A=A rlol A tjz7-s 100 0+4.0%
2 yehl€ 9 1US 1, 10, 100(pg/ml) FEellA
94.046.2%, 922+47% 91.9+38%< A= Aﬁ»w—
Bof bt A& FAH A (Fig. D).
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Fig. 1. Cell viability of IUS extract in RAW 264.7 cells.

Each cell was treated with 1, 10 and 100 (ug/ml)
of TUS extract for 24 hr. Cytotoxicity was measured
using an MTT assay. The results were expressed
as meantS.D. from three independent experiments.

IUSe) 334 ¥ 348 42 3 7=F,
W2, 529 % 7122 olshe HEHeH Table 2)

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

Pb Cd As Hg
Permissive density (mg/kg) 5 03 3 02
1US 0.201 0.212 0.378 0.006

) 7t 7)ol wA= odk
( ) AST $Aof| m|X|& <33k
AST(Aspartate aminotransferase)® &+
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220.00+42.43 TU/L=Z Jepd Wb, AAFLE 136.67
+79.70 TU/L, IUS 400 mg/kg%o 218.57+66.60
[U/LZ Jeht} gz vls] 74 eH(Fig. 2).
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Fig. 2. Effect of IUS extract on the AST level in
db/db mice.

The results were expressed as mean+S.D. from
three independent experiments (n=8).

Normal : non-diabetic mice

Control : db/db mice were treated orally with DW.
TUS 400 mg/kg - db/db mice were treated orally
with 400 mg/kg/day at IUS.

(2) ALT $Ael mA& 35

ALT(Alanine aminotransferase) <+ éxé Az, o
Z72 87504500 [U/LE vehd vbd, AALS
87.14x7.56 IU/L, TUS 400 mg/kg—rf’%’r 85.40+
6.90 TU/LZ VRt 257k o)7h $1siek(Fig. 3).
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Fig. 3. Effect of IUS extract on the ALT level in
db/db mice.

The results were expressed as mean=S.D. from
three independent experiments (n=8).
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Normal : non-diabetic mice
Control : db/db mice were treated orally with DW.
TUS 400 mg/kg - db/db mice were treated orally
with 400 mg/kg/day at IUS.

(3) ALP Aol m| A= <33

ALP(Alkaline Phosphatase) S =43 A3}, vz
2 230.78+6.61 TU/LZ vjehd whad, AA-E 99.48
+5.2 IU/L, TUS 400 mg/kgfFel+< 167.3517.85
IU/LE vehdt, gzl nls] 7tastdoh(Fig. 4).
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Fig. 4. Effect of IUS extract on the ALP level in
db/db mice.

The results were expressed as mean+S.D. from
three independent experiments (n=8).

Normal : non-diabetic mice

Control : db/db mice were treated orally with DW.
IUS 400 mg/kg : db/db mice were treated orally
with 400 mg/kg/day at 1US.

4) A 715l WA o3

(1) Creatinine **|ol W] 2= °3F

creatinine> &4 23, 27 1.4040.04 mg/dl
2 Jepd uwbd, AASS 0.97+0.05 mg/dl. TUS
400 mg/kgFol < 1.00£0.07 mg/dlE veht Bz
ol w8 Zraskodeh(Fig. 5).

(2) BUN $Aof] w|X& o33

BUN(Blood urea nitrogen)< &4 A3, dj24-2
20.38+5.45 mg/dl2 EPA ubH, AAES 24444315
mg/dl, TUS 400 mg/kgFodv-< 21.13+2.35 mg/dl
2 et I579] Ael7t 9ok (Fig. 6).
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Fig. 5. Effect of IUS extract on the creatinine level
in do/db mice.

The results were expressed as mean=S.D. from
three independent experiments (n=38).

Normal : non-diabetic mice

Control : db/db mice were treated orally with DW.
IUS 400 mg/kg : db/db mice were treated orally
with 400 mg/kg/day at 1US.
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Fig. 6. Effect of IUS extract on the BUN level in
db/db mice.

The results were expressed as mean+S.D. from
three independent experiments (n=8).

Normal : non-diabetic mice

Control : db/db mice were treated orally with DW.
IUS 400 mg/kg : db/db mice were treated orally
with 400 mg/kg/day at IUS.

2. SHitsl EMof DX HE

1) DPPH radical &A% n|x= o3

[US®] DPPH radical 27452 1 pg/ml X0
A 2.6£3.9%, 10 pg/ml s =lA 8.045.6%. 100 ng/ml
=sollA 40.247.8%, 1,000 pg/ml =X 75.2+8.6%
2 et 55 EHeR ZUMHE Felsd
(Fig. 7).
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g. 1. DPPH free radical scavenging activity of
IUS extract at various concentration.

Fi

Extracts were incubated with DPPH solution
at 37 C for 30 mins. Activities were determined
by measurement of absorbance at 517 nm. The
results were expressed as mean+S.D. from three
independent experiments.

2) ABTS radical 227%¢l m|#]+= oJ3F

[USe] ABTS radical 24%2 1 pg/ml S5
A 1.5t1.6%, 10 pg/ml =04 5.4+1.1%, 100 pg/ml
FEollA 37.554%, 1,000 pg/ml F=elAM 914+
05%% 5= 9&F o2 Z718%cHFig. 8).
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Fig. 8. ABTS radical scavenging activity of IUS
extract at various concentration.

Extracts were incubated with DPPH solution
at 37 C for 30 mins. Activities were determined
by measurement of absorbance at 517 nm. The
results were expressed as mean=S.D. from three
independent experiments.
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3) ROS AA el x| o3

ROS A =S RAW 2647 A EFA d2ae
100.0£1.5%2 Jeple o AHALS 4291.6%.
[USE 1 pg/ml E=olA 108.9+1.0%, 10 pg/ml %
Zoll A 104.26.7%, 100 pg/ml =l 86.1£5.3%
2 el 100 pg/ml oA HELol vls) #
oA A= 1 p0.05) #HAE BoH(Fig 9).
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Fig. 9. Effect of IUS extract on ROS production
in RAW 264.7 cells.

Each cell was treated with 1. 10 and 100 (ug/ml)
of TUS extract and LPS (1 pg/ml) for 24 hr. The
ROS production was analyzed by flow cytometry.
The results were expressed as mean=S.D. from
three independent experiments (* : p<0.05).

ROS production{% of control)

3 &HZ g0 O|xl= 2

1) Ate| &7kl Aol vA|E <33

(D IL-1B

RAW 264.7 A|ZFe A IL-18 A ) Z20]
100.5£13.1 pg/ml2 vehd Hbd, TS 4
pg/ml, 1USE 1 pg/ml =4 71.1£1.0 pg/ml,
10 pg/ml E=elA 52545.6 pg/ml, 100 pg/ml =
ol 4] 56.3+4.9 pg/mlZ WEht, 2ol Hldke] 1,
10, 100(pg/ml) F=olA A4 J=0** = p<0.001.
e p0.01) AAE Felskeh(Fig. 10).
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Fig 10. Effect of IUS extract on LPS-induced IL-18
production in RAW 264.7 cells.

RAW 264.7 cells were treated with IUS extract
(1, 10 and 100 (ug/ml)) for 24 hr in the presence
of LPS (1 pg/ml). The results were expressed
as mean+S.D. from three independent experiments
(Significance of results = *** : p<0.001, ** = p<0.01).

(2) IL-6

RAW 264.7 N ZFNA IL-6 YA ) 2F0
741.3+61.7 pg/mlZ R Wk, A 1.240.3
pg/ml, TUSE 1 pg/ml 504 687.9+15.3 pg/ml,
10 pg/ml F=oll A 687.7+11.4 pg/ml. 100 pg/ml %
Tl A 502.7+2.4 pg/mlE YERY}, izl H]s|
100 pg/ml F=AAM A =0+ p<0.01) 3
25 Yebd o (Fig. 11).
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Fig 11. Effect of IUS extract on LPS-induced IL-6
production in RAW 264.7 cells.

Raw 264.7 cells were treated with 1, 10 and 100
(ng/ml) of IUS extract in the presence of LPS
(1 pg/ml) for 24 hr. The results were expressed
as mean=S.D. from three independent experiments
(Significance of results: ** : p<0.01).

IL6 production{pgiml)




(3) TNF-a

RAW 2647 AE£FA TNF-a 4= o
o] 2482.2+108.9 pg/mlE YeRd Wb, A
128.7+3.6 pg/ml, TUSE 1 pg/ml S =elA 2195.3£23.0
pg/ml, 10 pg/ml F=elA 1973.8+55.9 pg/ml, 100
ng/ml Exo)A 1853.4+77.7 pg/mlE e, FH"
2ol Bl 10, 100(pg/ml) FxelA 24 gl=
p<0.05) A% veploh(Fig. 12).
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Fig 12. Effect of IUS extract on LPS-induced TNF-a
production in RAW 264.7 cells.

RAW 264.7 cells and adipocyte were treated with
1, 10 and 100 (ug/ml) of IUS extract in the
presence of LPS (1 ug/ml) for 24 hr. The results
were expressed as meanS.D. from three independent
experiments (Significance of results : * : p<0.05).

| F

4, EF ZYAHE B3l 0]Xz g
o = _— 2 "o

ﬁaﬂ W % FeH2EE I A3},

© 197502810 mg/dlez vrehd ubd, A
97 14+12.54 mg/dl, TUS 400 mg/kg Fo 7+
+20.66 mg/dlZ vFeh, Szl Bls] f-2)X
(* : pd0.01) #HAas Ryok(Fig 13).

2) HDL-C &=F

A W HDL cholesterol(HDL-C) 3skg =4
g A3} g2 25.0045.77 me/dlE vERA ub
o, AAEL 20.0045.77 me/dl, TUS 400 mg/kg 5
172 30.00:7.07 mg/dl2 JehY, Bzl vls)
o Z7}sldch(Fig. 14).

A

A

MR

o
B3 rlo M4

—_
[l
<2

Al o

s}

30

N

o

250 -

200
150 wx
100 |
N .
0 T T

1US 400 mg/kg

Total cholesterolin serum(mg/dL)

Normal Control

Study group

Fig. 13. Effect of IUS 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.
TUS 400 mg/kg * db/db mice were treated orally
with 400 mg/kg/day at IUS.
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Fig. 14. Effect of IUS on the level of HDL-cholesterol

in the serum of do/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.
1US 400 mg/kg : db/db mice were treated orally
with 400 mg/kg/day at IUS.

3) LDL-C =¥

g4 W LDL cholestero(LDL-C) %S A
A}, 2+ 163.2£30.85 me/dlE HFebd vk
AR 136.71£10.19 me/dl, TUS 400 mg/kg
2 163.2+13.85 mg/dlE e, dj 22 B

3te] zfo] 5 ERA] dskeh(Fig. 15).
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Effect of IUS on the level of LDL-cholesterol
in the serum of do/db mice.

The results were expressed as meantS.D. (n=8).
Normal : non-diabetic mice
Control : db/db mice were treated orally with DW.
1US 400 mg/kg : db/db mice were treated orally
with 400 mg/kg/day at IUS.

4) Triglyceride(TG) &

5324 W triglyceride &k :3: ZAe A Q2T
2 256.00+82.66 mg/dlE vEpd wbH, AL
140 00+51.38 mg/dl, TUS 400 mg/kg FoI+-< 112.50+
91.77 mg/dle® yehd, iz vlsle] §-2oA
=(* : p0.05) HAAE Rgoh(TFig. 16).
400 -
o 350
3 300
% 250 | .
2 200
E 150 -
o
= 100 -
50
o
Normal Control 1US 400 mg/kg
Study group
Fig. 16. Effect of IUS on the level of triglyceride
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in the serum of db/db mice.

The results were expressed as mean+S.D
(Significance of results, * @ p<0.05)(n=8).
Normal : non-diabetic mice

Control : db/db mice were treated orally with DW.

IUS 400 mg/kg : db/db mice were treated orally
with 400 mg/kg/day at IUS.

5. SUZSA S U AR SIEA 40| ORI Y
SHNAIA %Zé st 7544 o 272 6.90+0.08
mg/dle & YeR ¥

IUS 400 mg/kg —r°:]
v izl v f-24 A pd0.0D) FHa
st oH(Table 3). =3k AHF P45 AT
A3, x2S 7902012 mg/dle vepd ub4,
AR 4.8620.13 mg/dl, TUS 400 mg/kg o+
2 3540.07 mg/dlZ viehdt, HzLol wlE] 2]
A =0 1 p0.001) FAS el TH(Table 3).

Table 3. Al and CRF of Serum in db/db Mice
Containing IUS for 4 Weeks

Normal Control [US

AT 386+004  690:008  2.54+0.05"
CRF 486013  7.90:012  354+0.07%**

Values are mean+SD of 8 mice per group.
(Significance of results, *** : p<0.001, ** : p<0.01)

AI  atherogenic index, CRF : cardiac risk factor
Normal : non-diabetic mice

Control : db/db mice were treated orally with DW.
TUS 400 mg/kg : db/db mice were treated orally with
400 mg/kg/day at IUS.

SEEBEEE! W}ai Dy Ae B
5901 FHAE 4 QAo val A 7.}

_'_4

oo} ole) ¥k TUS 400 mg/kg Fol 2

AEHE AWFER s AxS TV ﬂzﬁli
o, o) 2l H]ﬂ"‘] A3 27} Moz om, A £
el A3 e AL Flslich(Fig. 17).



Fig. 17. Standard hematoxylin-eosin staining of liver frombdb mice.

Original magnification (Zeiss, x2.5)
A : normal, normal C57BL/6J mice group

B : control, db/db mice group treated with DW

C : IUS, db/db mice group treated with IUS 400 mg/kg

2) o

Ay 28 F ey 22L H & E 94, 32
g Ax, Az 2" Y2K(lipid particle) 7F 2o
A A& A (lipid core) o] =} 3-7H(subintimal
space)ol A M T HE d= W Alx W
g3l wjdo] FEEA gy Wete] AHoz

i
g

Obl O}ﬂ

FANA e A& stk ofd e, 1US
400 mg/kg FATIME Hitho] ¢k FAZE 129
ol A Wik W3- k=3 (internal elastic lamina),
o 59 73] WEgs] FEEe e, A4
A7 2ol wlgte] A JepdeE gals)
AoH(Fig. 18).

Fig. 18. Standard hematoxylin-eosin staining of aortas from db/db mice.

original magnification (Zeiss, x10).
A normal, normal C57BL/6J mice group

B : control, db/db mice group treated with DW

C @ IUS, db/db mice group treated with IUS 400 mg/kg
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