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Effects of Gamisoyosan(GS) on LDL Oxidation in RAW 264.7 Cell.

Gwi-Seo Hwang
College of Oriental Medicine, Kyungwon University, 461-701, Korea.

The oxidative modification of low density lipoprotein(LDL) has been implicated in the development of
atherosclerosis. Oxidized LDL are found in macrophage foam cell, and it can induce an macrophage
proliferation in atherosclerotic plaque. In this study, we investigated the hypothesis that gamisoyosan(GS) may
reduce atherosclerosis by lowering the oxidiazability of LDL, To achive this goal, we examined the effect of
GS on LDL oxidation, nitric oxide production in mouse macrophage cell line, RAW264.7, and the effect of

GS on cupuric sulfate-induced cytotoxicity, LDH release, and macrophage activity.

GS inhibited the

generation of oxidized LDL from native LDL in RAW264.7 cell culture, and decreased the release of LDH

from cupric sulfate-stimulated RAW264.7 cell.

In other experiments, GS activated RAW264.7 cell, and

prolonged the survival time, and increased nitric oxide production in Raw 264.7 cells.

Key words: lipoprotein(LDL), RAW264.7 cell, gamisoyosan(GS)
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PKC(protein kinase C) 848 FT7/MNHL=
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stimulating factor)E #ZAIZch dAAEER
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100mg/kge] §#Ho.2 P=of 104 T+ F9
3} )2, heparin A 2|3 syringeE ©|&3ta] |
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(1) RHAE 8

Agd] A48T murine macrophagel! RAW
2647 Cell® A &gt AXFLPA EgL
o AH&3dqith. AXuj¥E DMEM(Dulbecco's
modified Eagle’s medium, Gibco)l 0.37%
sodium  bicarbonate, 10%FBS, 100U/ml
penicillin, 100zg/ml streptomycing #H7+g Bl
£ 022m membrane filter2 33 o-g ALE
stgem, 37C, 5% CO2 incubatorolA] w3}
Atk wF 2-3 A wj}E n@Ps FoH,
A o Hj A = LI RE=s A AT 5
trypsin-EDTA(X10)& 7}8tx, 37ClA 1087
wxste] 2gdg AEE Basch 484 A
48 AXE 5 x 10°cellymE  Awello]
seeding3t 1L, M¥7} viete] 2 FAJEE H
At
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AR AEE FAFADL QA 7T vt
9} o] w¥E 2 AFFE plateZHEH F 31
2592 AXE EJT F EAA 200u9 F
Zo] 209% TCAGn 06M HCH £93 01M
TBA(n 026M Tris buffer) €< 40048 %ol
BTAA 2087 HSAAE g FEF 2000g
oAl 5E7 AL 4FAE FH3| 560nm
A FE4=8 AU

(4) NAAME Nitric Oxide FX5 &3

Aol 7& AH} FIF PYeE LDLE
Foig & 90AI7 s gst AP A oA A
202 gtk NaNO2 S99 d&H9Ql 34
dg BEo] FFHErt 005xM7F HEE 24
stk WA de A vjgds NaNO2 34
Aol FFe] Greiss reagent solution2 ¥, 15
B Ao B} the 540nmoflA F%E—%
ZA43 o

6) HYAE Q=T vXE 9 FH

RAW 2647 AIXE 24 welld] EF3x 5713
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9o GSE FA7EsT 7TAIZ wiYgd O S
M CuSO49 2017+ =2 A7t PBSE 343§
MTTEY 50uE A7ItE oAl 4AIZE ®jgst
Aok AEAE AA3L 50 8 DMSOE #7113
& 650nmol A FF=E FA3

(6) LDH fr&ldl vixe 9% 34

LDLE 713 QAAEE 5M CuSO49 20
AZF =EA7 O, HA A5AE o 6lx
2 ¥%¥ LDH %¢& LDH kit ( LDH/AD ,
Sigma No 500 )& ZFA43ch AEH A
3l LDH 92 lysis buffer( 50mM Tris/omM
EDTA)E 500x ¥ %835 AMEstd Alxe
< g2 thE, LDH kitE ARgste] £33}
%t} LDH kit9] ¥HE e o7 2o
lactic acid + NAD" < pyruvic acid + NADH + H

1
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FAE AHE3te] AA 3
Release (%) = LDH activity in medium X
100/ ( LDH activityy in medium + LDH
activity in cell lysate)

(7) AAE SA39 mRE= 93 &3

A Axe] st RE  dolEry] 3o
Suzuki & (1989)¢] W o=} 43t o4
A¥zRE EH|gE acid phosphatase?] 84-%
ZA34c. Ak 2 Ase PBS €9 ( pH
72) , 002 M p-nitrophenyl phosphate/ 0,1 M
citrate buffer ( pH 50)= 01 M citrate acid9}
01 M sodium citrate& % 1:15 ( v/©)& &%
3d pH 500&2 FAHF F p-nitrophenyl
phosphate ( Sigma Chemical Co. , US.A Y&
002 M HEZ=E 71319128, 02 M borate buffer
( pH 98 )= 02 M sodium borates] 02 M
NaOHE 714 pH 982 A3t 6Wx $Y
F BYPer 5uM CuSO4el 20A17F &A1
0, AEdE Fstd AA A 0.1% Triton
X-100= 100mE 71 W& 002 M
p-nitrophenyl phosphatase/ 0.1 M citrate buffer
( pH 5008 05 me 7}3) 37C , 5% CO2 ¥
71914 14zF %A F 1500 pmolA] 583
dAE" F 4L A 4THNA 02 M
borate buffer (pH 9.8 ) 1m¥-E 7}3ly ¥Hg&
FAAZ F 405 nmol A FFEE SAsP o
HA AEe 84L& g Ao met Ash

Acid phosphatase activity ( p-nitrophenyl

phosphatase ¢ mol/ _ 10 6macrophage/GO mins)
= 1.15X0 . D. at 405 nm
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Fig. 1. Effects of GS on the fillration rate of

whole blood in vivo.

Filtration rate was measured with 20% whole
blood suspension in Tris-NaCl buffer. Each was
incubated at 37C for 5 min.

Control: non treated group

GSH: GS treated group (500mg/kg, P.O.)

GSL: GS treated group (100mg/kg, P.O.)

*x: p<001 vs
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native LDL-2 A3A7]& £ 549 murine
macrophage -like RAW 2647 celle] &4& o
Azh-go] A7, 5o fElse MDA 4o
Aoz FA3NAY. = HE 10ug/me
FE9 GSAETA MDA 71 748k A
Ao Aslukg-o] dAHE AL Yl
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Fig. 2. Effect of GS on oxidized LDL formation
in murine macrophage-tike RAW 264.7 cells..

MDA was measured in RAW 264.7 cells incubated
with native LDL for 90hrs.

Control: vehicle

GSL: lug/ml of GS

GS10: 10ug/ml of GS

= p<0.05 vs control

3. CHAMIZ LDLES Ceid 4bstol of
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GSA8E vE BdF A¥TFY 3%, ANGE
AelsA ¢ LDLI x=&ANZ dxTe 2%
o} v B o, Fo} & LDL %ol frejze
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Fig. 3. Effect of GS on oxidized LDL formation

in RAWZ264.7 cells.

Remained native protein was measured in RAW
264.7 cells incubated with native LDL for 90hrs.
Control: vehicle
GS1: lug/ml of GS
GS10: 10ug/ml of GS
*! p<0.05 vs control
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Fig4. Effect of GS on nitric oxide formation in

RAW 264.7 cells,

RAW 264.7 cells incubated with native LDL for
90hrs.

Control: vehicle GS1: lug/ml of GS

GS10: 10ug/ml of GS

* p<0.05 vs control
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5. HAME MESo ojxs &

S5uM CuSO4Z M¥o] &£48 mstd dojd
MAEAHAE MTT assay® A4t 43 2
3, lpg/ml, 10pg/ml FES AEFATAA
% cell survival rate® F7HAA AXE &0

ojAlgol FAHANUT

Table 1. The survival rate of RAWZ264.7 cell
from different groups incubated with CuSO for 20
hrs.

O.D value Survival rate
(650nm) (%)
Control 1.00£0.08 100.0
GS 1lug/mi 1.22£0.01 122.0+£ 1,99+
GS 10ug/ml 144018 143.6+10.5+

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

6. LDH welof olxl= A&

LDLE #H7I$ RAW2647 cell® 5¢M
CuSO49l 20717t =&A1A &S F53 & &
4 AX2RE bRl f&== LDH 84-%
2389 48 25, GSASE 434 AL
BE F=94 #93 ( p<001DSE LDH 7%
& JA

7. tHA{Mlx gMdslof o|xls HE

5uM CuSO4el| =FA1A 48y Adwoz
EXAIZ] RAW 2647 celld] th3 Alse] &3S
AT d2TH Hadd 10u/mt T2
GSAl 879 acid phosphatase activity7} Z7}3t
o GSAE87} 10ug/mt FEAAM g 71d=
&4E AXY 848 JEAAT

LDH release (%)

Fig.

Fig.
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6. Effect of GS on CuSO4-induced LDH
release from murine macrophage-like RAW
264.7 cells.

RAW 264 cells were incubated with 1, 10 ug/m¢
.GS in the presence of 5u¢M CuSO4.

Control: CuSQs only

GS1: lug/ml of GS + CuSO4
GS10: 10ug/ml of GS + CuSO4
* p< 0.01 vs control

14 4 T

Acid Phosphatase Activity(umot/mi)

[-X3 ——
Contro!

7. Effect of GS on acid phosphatase
activity in RAW 264.7 celis.
RAW 2647 cells were incubated with 1, 10ug/ml
of GS in presence of CuSQOa.
Control: CuSQs only
GS1: lug/ml of GS + CuSO4
GS10: 10ug/ml of GS + CuSOs

* p< 001 vs control
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dAo] ARl IFH, THERYo]
&8z g3dygo] A KR FNEgTS
HEF, AR, ARAT 44T HEEA
AFS FEY 5 g FHAste YloeEs
A ¥ZEF LDL(ow density lipoprotein)©]
HDL(high density lipoprotein)s] w®}3te “ddj3
o2 $AT A A@ W ¥ F(hyperlipo
proteinemia)f| A FAFHIE € FAFAF
3Hatherosclerosis) ©1&&°] % & ALE
A ATH12) FATHAESFES AWAE
(fatty streak)e] Z712A¢1 AEAX(foam cell)
o Fyozgrnyg AFgdn A A oy
3, AFAEE ¥F G X(monocyte)l ¥
2HE AR oM A AR AT
29 B3 2 AX49 FFE T3 FAHH7
A #gth o] A= LDLY &4 43t
ol X¥gHY ged, AFAAYE 53 FHE
oxLDLYl 9j3to] i Ajx7} dadgol 1&stA
|t

LDLE YA AE HatelUe}l Ay, 8
FFE2AR, d75ol oM E oxLDLE =t
3 = g of RAdE AR E4AFH E=
Hl g% 2hgo] o], ceruloplasmin-
bound copper, superoxide, NOx, lipoxigenase,
myeloperoxidase 5°] F8% QAR 2§37
2ot Ay FdNgAE] o5 B4
oxLDLE di¥Adxe AxAdW ZEsEE £l
I PKC(protein kinase C)e] 48 Z7Irzo
24 GM-CSF(granulocyte macrophage colony
stimulating factor)Z #&Azith, gAAE=H
B #2l¥ GM-CSFx DAY E ZFAA O
B oxLDLE st a9 HiEg FAW
th(9,10). =3 GM~CSF= AL € &
G2 AXe FHE AF3d oxLDLY &
o Ay §4 @y 633 Es 2 €
o} ol ¥ A TUAN FAH

140

oxLDLe] #A71g#7t g4slo] Fad AYEFH
A Fsi-EE wasted gyl Bdd F
= o, ofgd AL HAAT HFos gsid
=2

IDLe] copper iond] x&HW LDLFY
apoprotein®] tgl @ Ea, QAAAAR 2HEH
S A3t 2 BE7t 42 dojdrh ol d
W3l LDLol EAUTATEY A A oA e}
23 S Asigd. LDLeY  Agele
Apolipoprotein B9 fragmentation,
cross-linking, o}9]xAb 43le} A 459
wefe] s & Eert ¥EgEedH, 48 ¢
BHAEE tyrosine, nitrotyrosine,
chlorotyrosine, hydroxyleucine® 1%¢] o|4 =3
ATE 48 F71E 5 4917, 18).

2 JdF9Ae dYAEY  cell  lined!
RAW264.7 cell& widst®A] LDLE H7Hto
AAHE oxLDLEE &4 93 wye=
Aglete BEsa g duEdFe S
YA, GSE= RAW247 cell oxLDL A4
AoiA deide v¥d A8 A A
= 23S Jgddth  §3 RAW2647 celle]
oxLDL 44% 249 xri& Wyge=2lDLUe
AAHe 43 9 EIHE FHHYoH, AR
Al AATAE 3 YAHsEE MDAE S3389
g 43837, GS¥ LDLE 37t RAWZHT
celleHE] AAHE oxIDLY ¥ A Az
32 dA3  AdAsgd. o, GSe
RAW264.7 celi®] oxLDL AA%5& dAlstd ¥
Pelo] AR & gF 6]F3 "IEFA
Aoz Yelys dFus 49 fdsE 3
I 5E& JAE F A& HAoZ FZHUH

Nitrite 2 nitrate® nitic oxide(NO)2] A4t
22 endothelial cellolY macrophage cell 24-E
AREd. NOE vlzd <A A|/IE A
49l PHOl A& LDLE 4bgAid 4= gich =
#Hu, RAW2647 celld FdU A FEA A A
¥ superoxide$} WH2-3}o] peroxynitriteE A4
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& 4 gon, o wgAo] & FAIYEO
LDLEHRH oxLDL A& #FZsto RAW2647
cell®] scavanger receptors] 218} oxLDLe] 1A
Ha FFEA FTHI9, 20). ol F 48 AA
2 E3] F49 cholesterole RAW264.7 celld

o3 =AY A¥e AEIF @4
atherosclerosis®] &g Z3cn RuHD
gtd ojgttE NO9 3FAL2EE  vascular

smooth muscle?] oj¢td} #id &A% oA,
AT QA dH Fo4d g4 € 499y
Axse dRFEIT A7t Adem(13, 19),
cGMP %8849 phosphodiesterased] A&
%% fibroblast, lymphocyte ¥ smooth muscle
cell 4 9ABol EHIAHAUTA5 16).
Atherosclerosis 3342 @] cholesterols
9] Ado| HAHT FBAX F2oz P
Y H]37 doluyes #AL Xt e, of
Aol ZALEL NO7F atherosclerosis® &<
AqAE F U= FAEZ AANEHzZ Ut
Nitrite & nitrater nitic oxide(NO)2] TAMEE
2 endothelial cell*]'} macrophage cell2%-E
M AE = nitric oxide?l A4l parameter£A] &
FEH17). A¥ZA7k GSE LDLE HY
RAW264.7 celll A nitrite®] =8 dA3 F
7HNANE Aeg YEgd o GS7t LDL&
433 RAW264.7 celle] o3 A4 == oxLDL
of o8] whgo] AFHE NOS(nitric oxide
synthetase)®] €4& 7M1 2z HIG
olg|gk AxE GS7F RAW247  cell 24
oxLDL A& oAs: AAe Ad@AAol Aok
weha], B dFAELS NO7F atherosclerosis?
AP AR FE4g Yl oz 33
At

LDHE AX&EZA F34d0] $718 AxehE
53l AEzHE TEHE AXUY FAE
LDHY #3& Ax&ye F=E FAHIE 7
Fo] Ak, RAW264.7 cellel thst oxLDLY 4
s2tge] AB2 LDH FAFE o] &3 574

& A, GSE CuSOs 2 #E& oxLDel 9J3IL
RAW2647 celle] LDH 488 dA%: idE
UERA THFig 6).

olAte] ATHEL GS AA7H RAW2647 cell9]
7%e A 54T FusAee dgd
sAe A Zo old s gt
7] 913t RAW264.7 celle] 71584 8le] WA
= 9481 CuSOol 93 RAWHAT celld A
&8 274s9d. 24825, GSE RAW264T
cellel A=goE AFAY JFe FA I
om, £33 RAW2HAT celld]l 715 SAAEY
acid phosphatase?] 842 F7MAIHTE wehA,
GS9 oxLDL A4 <AF-8& RAW264.7 celld
AT75AE 58 8L ofd AoE @Y
=91} (Fig7).

olate] ATAT, GSE AAUAL ooz <
3 YAz o 2 X o848 FEA
o] Jlda Al HA

d 8

7b] 2 84HGS)°!  macrophage cell line$l
RAW264.7 Al X o] o] Abslo] BREE AE
o & g3k2 Hrisigd ol Astd dAlAl
oA oxLDL A ul X+ G, nitric oxide
Aol vlAE Gz, dAATe @48t wlA
E %52 Hrstd Aady A3l g4 8 F3
o FHALS 4% £ AEA 4RE FE
gk 4843, 712 84HGS)E RAW264.7
cell oxLDL AAAANA dojrte v Hd 43}
2 #A43 JgAse 2542 JEddTt =,
RAW264.7 cell®l oxILDL AR HAARANAN A==
Ax A 43 P RS FA}E= AEA AA
Fa3ts dAE AT =W, GSe
RAW264.7 cell®] oxLDL A4%& JAsle &
Ao Ho] HAslm o] H| T3 HWYE
g4 ATz YsdE gdF:usez AR
HARPES gAY £ UL Aoz F3HY
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. olde Z#7E GS AAe] RAW264.7 cell
594 ERUA FE PSR4 T &
Az Rl A3 A¥ZEH, St &€
RAW264.7 celle] AE&olE AFAL &
FA Z3lgon, 23|83 RAW2647 celld] 7|
ZA A #Q acid phosphatase®] 84L& F7HA#
=2

wehd, 7k A8 HGS)E WAAES] oxLDL
P4e T8 945 2EY 9% " A5
o]4d 7ol Adka ARHU

2 d7E Aedgn gedyAdses
FHA7 o FA=HEU.
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