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Inhibitory Effects of Bupleuri Radix on
ox-LDL induced Foam Cell Formation
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Department of Preventive Medicine, College of Oriental Medicine,
Gachon University, Seongnam 461-701, Korea

Abstract

The oxidative modification of low density lipoprotein(LDL) has been implicated in the development of
atherosclerosis. Oxidized LDL(oxLLDL) is captured into macrophage and stimulates to form macrophage
foam cell. And it can induce an inflammation and smooth muscle proliferation in atherosclerotic plaque.

Objective : In this study, we aimed to investigate the effect of Bupleuri radix(SH) on the foam cell
formation, a critical initiation stage of atherosclerosis.

Methods : To achieve the goal, we examined the effect of SH on LDL oxidation, nitric oxide production
in RAW264.7, and the effect of SH on cupuric sulfate-induced cytotoxicity, LDH release, and macrophage
activity.

Results : SH inhibited the formation of oxidized LDL from native LDL in RAW264.7 cell culture, and
decreased the release of LDH from cupric sulfate-stimulated RAWZ264.7 cell. In other experiments, SH
activated RAW264.7 cell, and prolonged the survival time, and inhibited foam cell formation induced by
oxLDL in Raw 264.7 cells.

Conclusion : These results showed that SH might prevent atherosclerosis by controlling the early stages
of foam cell formation.
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A|91 CD360] Fojah=ul,” CD362 oxLDLI}
gTE 318t AFAESE Mk

A AZ7F Fdhd) WA S 27| A T2
A get? o9l WER oxILDL &A1 PISK/
Akt pathway, p38¢t JNK MAPK 274315 &
gk As A gojaitt? ojdl AT gy
o] A= AFAEZF L¥ska Q= FH )
E, Ad A4 5o feE el A
o] Yl AEAEZ} EH])3F= cathepsins,
MMP-13} & protease”} & #9] collgeno]H}
elasting F33te] 22 &S fraiet? o) gf
= ¥WEE granulocyte macrophage colony sti—
mulating factor(GM-CSF), IL-1, TNF-q, IFN-
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AuprEe] LAR-9Re] AFe}l AZuke-S )
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221 ceruloplasmin, paraoxonase-1 2 mye-
loperoxidase™” 9} Al Zul €29 12 and 15-
lipoxygenase(LOX)," ¥ NADPH oxidase,”” 1.DL
receptor-related protein 1 (LRPl),lG) and phos—
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AHAE o]kl st ool Ak
TH7IE ol&std 5% Ui WedxrE
olgste] HxspAom, &L oF 12%°] Atk
A PBSSF A kL wiAlell =9l §

T

T ofdato] FeH(o]st SH) o= AHE-3H3
3) CHA{MIZ Bt

A& o] A}F8-3F murine macrophage¢! RAW
2647 Cell> A-goietal A2 egol A gt
o} ARgetgitt AlaEujF2 DMEM(Dulbecco's
modified Eagle’s medium, Gibco)ell 0.37% sodium
bicarbonate, 10% FBS, 100 U/ml penicillin, 100
ug/ml streptomycine A 7Fsk #iX] = 022 m
membrane filter2 o] 7}3F T} A8} o,
37C, 5 % CO, incubatorol| A Bi¥s}St) o=
2~331¥ wiA & E—@WH Fom, A wgA
= A S A A F trypsin-EDTA(x10)Z 7}
skat, 37°ColA 103 WA|ste] F-2he AXE
qu &t AFol AREE AlEE 5x 107 cells/
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;é].' l"%’—‘} St = Hj i)

9] oxLDL % Foam Cell &4 <A 2

ofo
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TBA(n 0.26 M Tris buffer) -8} 400 & %
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550 nmellA =5 SAsHATh
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9] LDL(Sigma Chemical Co.)& 7}t & 904
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FFATh A5 AS AASIAL 50 wl DMSOE 3
7Fe tF2- 650 nmolA SH =S SH5H

5) LDH ®2lol olx|s dst =X

LDLE H7Fsk M| 3EE 5 uM CuSOqs0l 20
AlZE =2 The, WA S Fste] A
2 %% LDH %2 LDH kit(LDH/LD, Sigma
No. 50002 S48t} Aol EA15H= LDH
k& lysis buffer(50 mM Tris/5 mM EDTA)E
500 wb Bl 2595 AREske] AlEERS 834
7l s, LDH kitE A3t SA43tdth

6) CHAIMEZ ACP Ralo o|xle g8k 55

a9

A

i)

AAEe] G st e dotr ] flste]
AAEZRE EH|EE acid phosphatased] &
Aatank AleF 2 A5+ PBS S (pH
7.2), 0.02 M p-nitropheny! phosphate/ 0,1 M
citrate buffer(pH 5.0)+= 0.1 M citrate acid2}
0.1 M sodium Citrate—a“ oF 1:115 (vv) &2 E£335h
pH 5022 ZA3F 3 p-nitrophenyl phosphate
(Sigma Chemical Co., US.A)E 002 M ¥ %=
7Fak32m, 0.2 M borate buffer(pH 9.8)= 02
M sodium borate®l] 0.2 M NaOHZ 7}3] pH
98= ZAsAtt Hof Y o= 5 1M
CuSOsell 20417t :=EA Th, a5 s AHsh
o] AABFATE 0.1% Triton X-1002 100 wlE
7}8k 12 0.02 M p-nitrophenyl phosphatase/
0.1 M citrate buffer (pH 5.0 0.5 ml 7]'3]1 37C,
5% COp wlF71elA 1A RES-AIZL 3 1500
rpmol| Al 51 PAlEE] & A2 A 4T
Aol A 0.2 M borate buffer(pH 9.8) 1 m{ 2=
7Fste] RES-S FAAIZ $ 406 nmollA] FE =
& SAsh

mmﬁ

A
x]o. =
& 5
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7) HAE M= &M =33} Ol Red O A4

Raw264.7 T A 5X104 7HE 48-well =4
o|Ec] #F3ato] QPFSIAIF T 12413 ¥, SH
extract® 27+ 1 pug/mle} 10 pg/mle] 52 14
2F AX YA AL, ox-LDLE 25 pg/ml 5=71
LE wjx]e] H7fste] 4817 E<t skt
Hjfo] Evpd xS A ASta PBS(pH 7.4) =
MA8E 3 4% formaldehyde/PBS &8-S 7}3}
o AXE 303 1AsIH Y. 2 MEES
PBS& A& 3}, 05% Oil Red O/60% isopropyl
alcohol &40 2 1A]7F &<t AASIA T Ao

U G S A AL, 70% ethanol= A3
% 4% Nonidet-P40Z QFS-9M-S- &3} U}, v}
o]Z7 ZolE B (GENios A5082, TECAN,
Maennedort, Switzerland)E ©]-83 490 nm 3}
Gl AwEE SAsHATE B 400X HH-E-ol A
=9 v A (Inverted microscope OLYMPUS,
IX 51(Olympus Co., Tokyo, JAPAN))S ©]-&
af HFetal 1 o|mAE 533

3 SAXz|

student’s t-test
frejadeol ok

1. CHAMIZ LDL X[ & ak=tof|

olxlE @at

2] A 3Eoll 23 native LDLS 2H3} A=S
=23}7] 98k murine macrophage ¢! RAW
264.790 o] gk Akstzhg Adf EEl o] el
MDA o2 7H Ao r A4t ool
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Fig. 1 Effect of SH on oxidized LDL formation in macrophage cells. MDA was measured in
RAW 264.7 cells incubated with native LDL for 90hrs.

Control : vehicle
SHI : 1 pg/ml of SH
SHI10: 10 pg/mé of SH

# 1 p<0.05 vs control *x: p<0.01 vs control

HI3) 1 pg/me, 10 pg/ml H%9o] SH A E72o) A
MDA 2|7} 7hassto] x| ekl of 4hsigh-g-o]
AA == As WEbATKFig. D).

2 THAIM = DLES| chzl
Atsto]| o|x|l= AE

Fo] SHARE Ve F
<t LDLJJr A uf gstod
= el S 482 nm
FHE=E 0183 04 %Zéfs}aiv} 10 pg/mt F%=
o] SHARE vE] Foldt Aadate] 4, Ao
S APskA] eal LDLA &A1 rﬂzqq Z
o vjarsl & uf, gelgls= LDL o] frof Ao
2 Z7IsIE Y. wEbA], SHARE 10 pug/ml &
%ol LDLE #ate] nLDLS oxLDLZ %3}
A S A A tHFg. 2).

1 pg/ml, 10 pg/ml
046} 1:]—-— POAITF =

3. cHAIM|Z Nitric Oxide
MM o o|x|= HEt

et

7S sl stimulatorel™, 4% S
A3 A2l NO(Nitric oxide)2] %2 nitrite2]
o= g o w S5k LDL¥ 34 F

-, AlE7F A A 9] nitrite 8]0l o]t
ek PIX=A] gol & A, ko] ¥
SH 10 pg/mlg v Foldk Almae] 49,
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oA o = nitrite®] ol F7FstATHFig. 3).
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Remained LDL(fold)

Control SH1 SH10
Fig. 2 Effect of SH on oxidized LDL formation in macrophage cells. Remained native protein
was measured in RAW 264.7 cells incubated with native LDL for 90hrs.

Control : vehicle

SHI: 1 pg/ml of SH

SHI10: 10 pg/mé of SH

# 1 p<0.05 vs control *x: p<0.01 vs control

180

160 -

140 -

120 -

100 -

Nitrite Production(%)

80

60

40 -
Control SH1 SH10
Fig. 3 Effect of SH on nitric oxide formation in macrophage cells.
RAW 264.7 cells incubated with native LDL for 90hrs.

Contro1: vehicle
SHI: 1 ug/mé of SH
SHI10: 10 pg/ml of SH
s+ p<0.01 vs control
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Table I. The survival rate of RAW264.7 cell incubated with CuSQOy, for 20 hrs.

O.D value (650nm) Survival rate (%)
control 1.00+0.08 100.0
SH 1ug/mé 1.17£0.03 116.2+3.75"
SH 10ug/mé 1.18+0.01 117.8+1.89"

Survival rates represent the ratio of O.D value between control and SH group. Data are expressed as
mean *+ S.D. As compared to the control group, ‘P <0.05

5. LDH #elol| o|xl& P&t

LDLS #7FsF RAW264.7 cell& 5 pM CuSOy
of 20A3F wEAIA £ FES F &4H
A EZEE wjzd %55 LDH 845 54
sttt A3 A, SHAs= A A83 2
E FEollA o3 (p<0.01) e LDH ¥5< 9
A 3FA K Fig. 4).

6. AN Z ACP 2ol o|x|l= g&t

SUM CuSO =B A1 At Alghulow &

A1) RAW 2647 cellol] tjsh A go] e 2w
wokth thxat3) vlaste] 10 pg/ml 5% SHA]
29 acid phosphatase activity7} 57}38}o]
SHAIE7F 10 pg/ml 5ol A A8 Axe] &
& 3 EAFCHEFE. 5).

7. HEYY Ml=zof o|xl= A&

oxLDLe| &3t AFHE 2315 AAS=AE
otolr 7] ¢Jate] thalMFEe] ox-LDLS #7}st
of AFAERY #eE FEd & SHE A
sled Oil Red OFAS B3l AF Alx Ul A&

160

140 A

120 A

100

Acid Phosphatase Activity (%)

o
o
1

60 -
Control

*%

SH1 SH10

Fig. 4 Effect of SH on acid phosphatase activity in macrophage cells.
RAW 264.7 cells were incubated with SH in presence of CuSOQsa.

Control : CuSOy only

SH1: 1 pg/ml of SH + 5 uM CuSOq4
SHI10: 10 pg/ml of SH + 5 uM CuSOy

#% p<0.01 vs control
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140
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Control SHA1 SH10
Fig 5. Effect of SH on CuSOs-induced LDH release from macrophage cells.
RAW 264 cells were incubated with SH in the presence of CuSOs.
Control : CuSO4 only
SHI1: 1 pg/mé of SH + 5 pM CuSOq4
SHI10: 10 pg/mé of SH + 5 pM CuSOq
*p <0.05 vs control
= A - "' . _p,! .':
a:M: ., ol :' L A 1-.-’""- . ; - ;l
sL P e -2 ‘ e L G Copl
A R S S
S0 E g PRV S
g7 5 TES iz (2 B A5 - Y
= L5 = } - o e
A .#o‘p‘; K ? 'ﬂ,'j\- s ;..!': e h't
o o #;‘.‘"’ U " T oo -y
T G588 | R
-ty - 1 - " L -
NC ox-LDL 1 10[SH]
Fig. 6 Inhibitory Effect of SH on the oxLDL-induced foam cell formation.
NC: native LDL
ox-LDL : oxLLDL only
SHI1: 1 pg/mé of SH + oxLLDL
SH10: 10 pg/mé of SH + oxLDL
AR FHS AvZow BRI, FRES

SAdste] RSkl Addd 1 pg/m,
nl 559 SH= oxLDLe ]38 AFAE AAdS
242} 50%. 65% A8k vk(Fig. 6, Fig. 7).
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ORO staining(fold)
N
|

NC ox-LDL 1  10[SHI

Fig. 7 Effect of SH on lipid accumulation in oxLDL-induced foam cell.

NC: native LDL
ox-LDL: oxLLDL only

SHI: 1pg/mé of SH + oxL.LDL

SHI10: 10pg/m¢ of SH + oxLDL
## p<0.001 vs NC, #*xp< 0.01 vs ox-LDL, *:#x p<0.001 vs ox-LDL
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Z71GAQ] AEXN E(foam cell) o] FAo 7K
B AlFRgitiar g A ok AFAEE tiA A
Fo} A FE(monocyte) 7} LDLE &545FAL,
CD36¥ LOX-1(lectin-like low—density lipop-
rotein receptor 1)} 732 scavenger receptors
(SR)E &3 5+ oxLDL &4 2 3}
o Eato] FAE7] AZETL? o] A= F
¥ LDLe] 4tstatgo] #3teo] 9l=d], LDL
Sk oA A ZERE ofy 2 9] A 2,
AAH DA X, JIp Toll aia] Lot
1749l = ceruloplasmin—bound copper, sup-
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eroxide, NOx, lipoxygenase,lg) myeloperomdasew
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g DL 78] iono] =E%HW LDLF2
apoprotein®] Ats} 2 Ea) <X Ay} A EA
she=e] Abst 9 Esl7F 742t dojdr) di

WAl EY M 2L LDLY] 2aE #2
= bl o] ftEl=d|, LDLe| 4bakA]of
AdItst Ed 2 ezl MDA LDLW S Q1
A AbsiA] EefEo] FdEh AdAy, SH
LDLE 713 RAW264.7 cell 258 A F
+ oxLDLe] #1381 A iksE A8 oA
S THFig.1) o]k |, LDLO] Atshy]= A
ol 41 LDL9] Apolipoprotein B7} Z7to 2 3|
W a1, ofr]igbe] AbstE o] FieA| so] FAdE
71%= F) webs, A3 oz LDLY Ahst
2 B3| A =E apolipoprotein®] &3l 23} vyel}
+ tyrosine, nitrotyrosine, chlorotyrosine, hyd-
roxyleucine?} 1E5-2] o] A A 5= St A
7hgE B Ao e A A cell line
21 RAW264.7 cell& wiFabdA LDLS #7Fat
of A= oxLDLYS S4317] 918 e
2 Abstste] Ealuar B gE S S5t
Stk Ad Ay SHE= RAW264.7 cell oxLDL A
iAol A dojuf= A AlskE dA 8] o
A= AaE vehlAekFig. 2). webs, SH
= Ao g&] LDLo] AkslE o] Yeh=
oxLDL dss& AAlste] 7FAERS] &3}
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¥o| 93 oxIDL F5E AFAER 7l F
AR dEA 9oH, IL-1, IL-6, TNF-
GF-B 5% 2 4594 52 oxLDL &
Z7}A] 7]+ scavenger receptor 43S =
TWNA AFAE B NS Azt
o]} A g SHE-S-ol FoJsl= Lipoprotein-
associated phospholipase A2 (Lp-PLA2)%®= &
WA glol] sk Aoz etk ukg 2
SOD, catalase, glutathione peroxidase®} 22 &
Abska s AlZz=glou YoAaES] eNOS 3 57}
FWZstE A Buslek” Nitrite
nitic oxide(NO)©] tHAM:H== endothelial cell
o]} macrophage cell 25-E AAAE™ 24X
oA A4 % superoxide®} ¥H3-5}9] peroxynitrite
sk, o] Aol o3l oxLDL Aol &3
¥ 321 scavanger receptorS £3l oxLDLo] &5
A ek olegk AR HAHS T FF
cholesterol> AZFA| L2 W g2 Ao =74
= M|3ZE2] AE 3} 8 atherosclerosise] 718
S =Rsvia By 01\;]_3 4 ZwAs 2
a3} é% J&Oﬂ cholesterol 52 3]
=207 gy v} o
= 98 eNO9J
2+ vascular smooth muscle®] o] <z}
S oA, dRUIAEe] 3 T4
oA 2 WM Ee] PRI A7} glom P
cGMP-phosphodiesterase®] &A1& E3F fibro-
blast, lymphocyte 2 smooth muscle cell 52
7] o] BaE ek 434 o= Nitrite 2
nitrate:= nitic oxide(NO)2] tAMHEZ endo-
thelial celle]Y} macrophage cellZ25-E A4 F
= nitric oxide®] YA EEZ SAHAtH ) 2
3 Ay} SHE LDLS A 23 RAW264.7 cellol
A nitrite®] TEE 57}/\]71—5 Ao w e
t}. o]i= SH7} LDLS 4133 RAW264.7 cellol
ofal Ydu= oxLDL°ﬂ of&f] wkg-o] A==
NOS(nitric oxide synthetase)?] &4& F7HA|
70 Axtz ®lth ol SH &7} ahiatal=k-g

=S e | S o

=

e N @

A4 %
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S YERAY RAW264.7 cell®] 752 A1gt
7Ved s AlAKE o ole g s Eelst
7] Y3t RAW264.7 cell®] 71584 3ol v

= G CuSO49l 293k RAW264.7 cell9] A3

E&S SAS AL g4, SHE CuSO=

212k RAW264.7 celle] &S S7HAA Y

(Table 1), B=3F RAW264.7 cell9] 7' SHA %

¢l acid phosphatase?] #4-S 57 F thFig.

4). o]} MR ML A Alruks Flo] =
= Al¥EW &9 lactate dehydrogenase(LDH)

A v A= GFE S5 A T RAW264.7

cellell thgh oxLLDL®] e 2-8-¢] A= LDH

fFrelEgs 4% 243, SHis CuSOy A2 A

A® oxLDLel 93+ LDH #dE gAs:= &

2 YeERtH(Fig. 5). wWEbA, SHe) oxLDL

AR A 28-S RAW264.7 celle] Al¥E7]5

AE &5 282 ohd Ao=w JAehE Ut ]

23 A9E B2 SHYF ASAE A9 A

FAZW] lipid Ao WA= TS Frhs

A3 SHE oxLDLZ F¥H+e= AFAE 4

< A5 T’/P(Flg 6). T3 74%*%]'%_0“ =4 5

= lipid &3S ORO ¥94< S3 &3 23

SHE A B_J/FE— e A tH(Fig. 7). olz]gh

A= SH7F tiAj A2l 23 LDL 4FshE ¢

Alste] Uepd Aoz FAaec) 2 AFEANE
o 2 A|5o) s 7S} Shatel] §-8-st7] ¢
3 A¥sE EdollAe A7t xlgFolrt,

il

VEE

A Z(SH)7F AFAIE A B o 2 Al ol A
o) Aehu) 2kstol v X3 Il vhstel Brtst
Aok A2, SHE i AlEelA9] oxLDL
WATAAA Dok vl Aske @A
oAlehE daks vehigith E3 oxLDL 47
Al Z3E = olxA o] Ak 2 BIE =X
a7 A AE AAHAEE @A A
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St} o]} A, Al Eof Tk CuSO42] AlXES
S A4 3]_931\013:] A A E g4 A 72 acid
phosphatase®] 448 F7FAIATE E3h SHe
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