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Effects of Samkieum on LDL Oxidation in Macrophage Cell,
Hee-jo Lee - Gwi-seo Hwang - Kyung-jun Kim

The oxidative modification of low density lipoprotein(LDL) has been implicated in the development of
atherosclerosis, Oxidized DL are found in macrophage foam cell, and it can induce an macrophage proliferation
in atherosclerotic plaque. In this study, we investigated the hypothesis that Samkieum may reduce atherosclerosis
by lowering the oxidiazability of LDL,

To achieve this goal, we examined the effect of Samkieum on LDL oxidation, nitric oxide production in
mouse macrophage cell line, RAW264.7, and the effect of Samkieum on cupuric sulfate-induced cytotoxicity,
LDH release, and macrophage activity.

Samkieumn 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, Samkieum
activated RAW264.7 cell, and prolonged the survival time, and increased nitric oxide production in Raw 264.7
cells. '
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Table 1, Contents of Samkieum,
%Y, Aok $+3
F Q8 Rehmannia glutinosa 120
iR Eucommia ulmoides 40
A Achyranthesjaponica 40
1 Angelica sinensis 40
Fatef Lyciumchinense 40
HR % Angelicae 40
Sl S Paeoniae Radix Rubra 40
A Cinnamomum lourern 40
3 Asarum heterotropoides 40
HiF Angelicae Dahuricae Radix 40
el RS Aconitum carmichaeli 40
Eqip Glyctrrhizae Radix 40
¥ Zingiber officinale 40
B 600
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B3te] Azagct. AFFRNdE A
=0 Ag3tgen, 27 wPAlele WAe =l
¥ 297 oFste AHgsiglt.

3) A¥FEY Ay 2 AE2A

£ AgojM A3l Spraque-Dawley #=
(o]3} A=)= dignlo] YA Hohulol 2 F
ot A AR BHol A2 T Agsar.
AR 3zl oo} zHAHE oA
7,00 FE 2% 7,00 744 12 Ate g zAdn,
AYeEE 22T W9, $E& 60 % W2 §A
3t 3HE AET TYAEE AREEiglon,
1 2L 2o 21 %, ZAYW 35 %, % A
29Z 5.0 %, 7714 8.0 % Solt}. 58 Yl
BFEE AL AR 35 APIA 4t
tt,

2. 4y

1) A A ek
A%l A48 murine macrophagedl RAW
2647 Cell>: AEhdtn MEFLYN Foo}

ARSStgle, A¥EWYge DMEM(Dulbecco's
modified Eagle's medium, Gibco)d] 0.37%
sodium  bicarbonate, 10%FBS,  100U/ml

penicillin, 100yg/ml streptomycing F7}5+ H)A|
£ 0.22/m membrane filter2 o3 the A}g3}
¥om, 37T, 5% CO;, incubatoroA] wj%3}%c},
W 2-3 34 wiAE 2 Foloo, Ad w
AE HAE AAGF F uypsin-EDTA(X10)E 7}
3lL, 37TelA 1087 WAt BIAE A¥s
At AYA AR AEE 5 X 1() Scells/
mE 24welld] seedingdtgil, ME7} wjgte] @
FEIEE gt

2) YAAZ LDL ©lilslo] vl 9% =4
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6) LDH frejoll vl 48

mi

LDLS A7t A AEE 50M CuSOs0f 204
b =FA oy, WA ATAE oo wiAz
4% LDH %<& LDH kit (LDH/LD , Sigma
No .500)2 ZAstgch, AEulo] EAlsk= LDH
%2 lysis buffer(S0mM Tris/SmM EDTA)E 500
W Y 2guts AMgele AXTE A7 o
#, LDH kitg AHg-sto] ZAs}glrt, LDH kitd]
g dge oga 2

lactic acid + NAD" © " pyruvic acid + NADH + H’

LDH

WANZERE f28 LDHY WEge 19
A& AHgstel AAsalct.

Release (%) = LDH activity in medium * 100 / (LDH

activity in medium + LDH activity in cell lysate)

7) AAE S A 9% 5
QAHES  FAstoRE Uolrr] ¢ty
Suzuki 5 (1989)9] o] wet EA4std djAA
¥R Hu[EE acid phosphatase®] A4S
ZAskqck. Ak 9 AEE PBS 49 (pH 7.2),
0.02 M p-nitrophenyl phosphate/ 0,1 M citrate
buffer (pH 5.0 0.1 M citrate acid®} 0.1 M
sodium citrate® °F ;1.5 (vW)2 E§3to] pH
5008 XA F phosphate
(Sigma Chemical Co, , US,A)E 0,02 M HEE
7Fst28, 0.2 M borate buffer (pH 9.8)+= 0,2
M sodium borate?] 0.2 M NaOHE 7}5] pH
9.8% zAsteltt. O FLE WHoe suM
CuSOs°l| 2047t =2A170 o, A5 #dtd

p-nitrophenyl

olskz o 291« fiadirkftol W ALl ikl wlxle “fke] YA

AN g}, 0.19% Triton X-100& 100ulE 718
t}2 0,02 M p-nitrophenyl phosphatase/ 0.1 M
citrate buffer (pH 5.00& 0.5 m¢ 7}3 37C ,
5% CO; ¥lF71oM 1A jEEAI § 1500
rpmolA] 587 AAEE F 4L g 4T
oA 0.2 M borate buffer (pH 9.8) 1mé#8& 7}
atod Whe-g FAA T 405 amoH FREE
ZAsoH tiA Axe 42 oy Ao uet
Alx¥et gict,

Acid phosphatase activity
(p-nitrophenyl phosphatase imol/ 10°  macrophage/60
mins) = 1. 15x0.D, at 405 nm
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1. tHAMZ LDL X|ZEAStOl Ojx[= HE

native LDLEZ ABIAI7IE  §5A49]  murine
macrophage -like RAW 264.7 cell?] X< o
ARgo A, s frEjHE MDA o0&
HHRee ZAsqnt, iz ¥s) 10ug/m
Fx9] SamkieumA] EatollA] MDA $371 748}
of 2 dchdlof Abshibgo] AAEE A e
tHFig, 1),
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SamkieumA|£ & vlE] o3 AHFY 34, A
g A23A ¥ LDLY| =2A]7 29
Ase} vlws] £ w, dol 9E LDL Fo] #23
022 #7139}, welA, SamkieumAEE 10

0.Dof MDA

Controt 8SK1 SK10

Fig. 1. Effect of Samkieum on oxidized LDL
formation in RAW 264.7 cells,
MDA was measured in RAW 264,7 cells incubated
with native LDL for 90hrs,
Control; vehicle
SK1; 1ug/mé of Samkieum
SK10; 10xg/ml of Samkieum
* p€0.05 vs control

remained LDL contents

Control SK1 SK10

Fig. 2. Effect of Samkieum on
Formation in RAW264.7 Cells,

Remained native protein was measured in RAW 264.7

cells incubated with native LDL for 90hrs,

Control; vehicle

SK1; 1ug/mi of Samkieumn

SK10; 10ug/mé of Samkieum

* p{0.05 vs control

Oxidized- LDL
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g/t FEojA LDLE 3l nlDLL oxLDL
2 H3ATIE gANEe] 848 JA8 dohEFig.
2).

3. THAIMIZ Nitric Oxide MAS0fl OjXl= H&

gAs sl stimulatorol™, ¥4 $3
A#A)Ql NOWNitric oxide )] %& nitrite] 9O
2 gHes ZA8 9. LDLY 4 Fojg
&, Ng7t M ESY nicriee #H|o) o|EE
= UAEA Yol E AR, dxId HF
Samkieum lug/mlE vlE] 5@ AgFoTe 7
4+, FH o7 nitrite®] o] F7}1319CHFig. 3).

0.35

Nitrite content {uM)

Fig. 3. Effect of

Formation in RAW 264.7 Cells,

RAW 264.7 cells incubated with native LDL for 90hrs,
Control; vehicle

SK1; 1xg/ml of Samkieum

SK10; 10ug/ml of Samkieum

* p{0.05 vs control

Nitric  Oxide

Samkieum on

4. HAM=Z WES0 olxls S

5uUM CuSO.2 Ao &4 fste] dojd A
FASE MTT assay2 FAstgich, A8 249, 1
pg/ml, 10pg/nl FEo AEFAFNN BF cell
survival rate® F7HAA AEEG0] gA|go| &
o1 E]2icH(Table 2),
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Table 2, The survival rate of RAW264.7 cell from different groups incubated with CuSOq4 for 20 hrs,

treatment O.D value (650nm) Survival rate (%)

control 1.00£0.08 100.0
Samkieum 1ug/mé 1.13£0.04 113.0+5.02*
Samkieum 104g/mé 1.18£0.06 117.6+6.84*

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

5. LDH s2/0fl 0jX|= HE SamkieumA| 839} acid phosphatase activity7}
S71Eo], &49 dAAEY 848 IEAF

IDLE 3713 RAW264.7 cellg SuM CuSOs (g, 5

A 20AZ =2AA £4E FES T, 24E A4
¥2HE wjAd f&=E LDH 848 2439
E} A¥ A7, SamkieumA|BE AFo A3

E FEoA 93 ( p(0.01)2E LDH &%
‘ﬂxﬂﬂﬂ‘:}(ﬁg. 4),

22

acid phosphatase activity

~

Contro 3Ky SK 1D

LDH release (%)

)
S

Fig. 5, Effect of Samkieum on Acid Phosphatase
Activity in RAW 264.7 Cells,

RAW 264.7 cells were incubated with 1, 10ug/ml of
Samkieum in presence of CuSOj,

Control; CuSOs¢ only

Fig. 4. Effect of Samkieum on CuSO,-induced LDH SK1; 1ug/ml of Samkieum + CuSO4

Macrophage-like RAW 264.7 Cells, " P4 001 vs control

RAW 264 cells were incubated with 1 , 10 pg/ml

Samkieum in the presence of 5UM CuSO.. _
Control; CuSOy4 only v, i ’é_’
SK1; lug/ml of Samkieum + CuSOs

SK10; 10ug/mé of Samkieum + CuSOy

Control SK1 SK10

* p{ 0.01 vs control fgi’&lgio]] x]B]-A-L“_?__o] ;};Z} i, %q}}fgjﬂ.ao] H]
2o Beel BUE 48U FAARTE U
6. tfMlz gestol iz 38 L A2RM, AHET Ade e ABe

3
SUM CuSO0) :=2A1A X3k Agwog &  FEE & Aok TGS ddow
A7 RAW 264.7 celld] T3t Az aas A % LDL(ow density lipoprotein)o] HDL(high
AR, gz vZatd 10pg/ml FEo density lipoprotein)ol H|3}] AJjzoz A3
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2] Akl A Y S (hyperlipoprot einemia)|AE &
A5 AE 2 44573 sHatherosclerosis) 0|3
o] vl g& Aoz duA i, 24FIA
3152 A Z(farty streak)e] Z71SHAA AEA)
¥(foam celle] FHozHE AZdcty e
et oA AFAEE 8F DA Emonocyte)
o ZH2HE AFRYAY A AT} g4
ANE2e £3 9 QAR F+E Tt FAH
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oxLDLo| ¢Jste] iANEsF F@AHe| uFstA
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LDLS th2A ¥ Rrohlel dadygAz, 4
HEZAE, Y75 YddrME oxLDLE HHE
F gtk o] AR oA F4H E=E HE
A2 Fgol #oF=d, ceruloplasmin-bound
copper, superoxide, NOx, lipoxigenase, myelope
roxidase 50| FoF AR L3 B, o
HAEY FuivAEe o H4E oxLDLE
gaAEe AEdY ZEFEE Foln PKC
(protein kinase C)o] AL F7HAFLEA
GM-CSF(granulocyte macrophage
stimulating factor)E f-2jAI7Ith. dAAEERE
2|8 GMCSFE taAEE F4A4A o g
oxXIDLE A4ste] ddY AFe 3P0,
£, GM-CSFe FaY9AE 9 43982 A
¥9o| A& AT oxLDLY] FHY AR &
7 839 s {dsA "ok olgdA ¥
#8 AZA TN HAE oxLDLY A7HA7}
=0l A&d HASHA= GEHSS st
o g@Yo| sdd 4% 9o, o3 F¢ A
243 WEo g ofsla,

LDLo| copper iond] XxZ%W LDLFY
apoprotein®] A3} 2 23, AAAH 2H|EHA 3}
Eo A3t 9 Ryt g dojdrt. o ¥
sh= LDLo| f#uFMEL tidAEAe} w3t

colony
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oyl A3lEct, LDL AklolE Apolipoprotein B
] fragmentation, cross-linking, ofv|xAt A¥s}e}
=4 459 i 3 4 Ryt ¥
=], 43} 2 BALE tyrosine, nitrotyrosine,
chlorotyr osine, hydroxyleucine®} 1E9] o]4Z
A5e 250 W + 9,

Nitrite 2 nitrater= nitic oxide(NO)2] tjA}it
E3% endothelial cello]\} macrophage cell27E
AA4dcy, NOt wWuH IFAHA ARTR A%
Zol PHoME LDLE A + Qi a3,
RAW264.7  celit FaUmAEN RAAE
superoxide®} ¥H3-3}0] peroxynitriteE AT
eon, o] whgAo]l F FAsFEC| LDLER
B oxIDL &AL 3] RAW264.7 cell?
scavanger receptor®] ¢J&] oxLDLo| UXHIL F
2o BOD, ceg 9ag A4S B §4
9 cholesterol& RAW264,7 celld] 2J3] &= r]
Az APEH 37 atherosclerosis?] A3 £
g Busu ok, o]9riE NO9| FHgoeE
vascular smooth muscle?] ojg}¥ did 3%
oA, GEUBAEoM Y EFH F4Y A 2 1
AN BAPAF dAt dem, GMP
B8 849  phosphodiesterase?] JAE T
fibroblast, lymphocyte & smooth muscle cell &
2 Aol B} Atherosclerosis 213}
#}74& Bl cholesterol59] x| Fo] AFE 3L ¥
BAxe FHog @Y v[F7} dojue ARE
R, mEAl, o AEEL  NO7}
atherosclerosis®] AL A% ¢ Y= FA=
AANEZL ¢k, Nirite 2 nitrates  nitic
oxide(NO)8] UJAMHEZ  endothelial cello]t}
macrophage cell2%E AAEE nitric oxided)
A% parameter2A S48},

LDHE AEEIA E34ol 3718 A%
B3l AEeRE FEHE AEUe FiE,
LDHS| 4L Ax&ydd Axg AAshe 7lE
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ZH#k(Samkieum)2 FEEE HHY Bkl
F2E Ao Fmol WHTH RER =gl
EE elu Aglsto] HEmEisRgol AdAS #E
b Eo EBRE 5o $F0) JERe A8
e BHE EE OBBe B ot
SRomuing SRR Gt

Mt WP i e BER SRE X9
ERERS kelo, K& FiRsty, MkFe W
Bolal AEE chxed, BT AHE AY ¥4
B30 moEsta, HEs dsieiy g x3A
ok S,

Al G Jdsid, wEe =0 @
g g FEAY FAsIesd, #ite A
TAol Se BUFgol glor, apgEs Akt
§o] 91, HFol WEE Pz BA9AA 1
olol tish Aol Slcka gt B et
24 2 TxPB] g SR L, Mkt
T A4EE olgel BANHATY BeE F
gtk masel ok,

3 Zjge HxIAIRALH ST I
4ol Haso] glu, wie 2w 3L
2 G| Hago] it

2 AeMe diAMEe  cell
RAW264.7 cellS ujo}sldr LDLS A713te) A
AsE oxIDLRE 3A4s7] 4l whiez At
st RallEla e dl AR EAsg, A
A3}, Samkieum¥™ RAW264.7 cell oxLDL A4
AN dohs gl A A2 A3 At
A7E Jepfd).

31H, RAW264.7 celld] oxLDL A5 &A 9]
T2 g o2IDLUYY XA i3} 2 RS
ZA3tglon, AgIA AAHatst A7 AAEHE
MDAE ZA3t9itt,

A8 AT, Samkieum:= LDLE  A7}g
RAW264.7 cell2%E AAHE oxIDLY X #<

= ok

line?)

ojzlz 9) 291 : aErIH o] mhe KRN iitkol PiXE kel W

Ad#asts A48 dAst. watA,
Samkieum= RAW?264.7 cell®] oxILDL AAFE
Axste] Pl AAA2 & IR T3, @Y
234 gAog Jehte gFuks 2% fdEe
AR ATE JAT F A& AR FEHAA.

A¥AT}  Samkieum¥®  IDLE A
RAW264.7 celloA nitrite®] =& HAS] F7}
N7le Aoz Jepdet

o] Samkieum’} LDLE 4#E RAW264.7
cello] 98] AAEE oxLDLY o3 uhgo] 2=
5= NOS(nitric oxide synthetase)?] &4& F7}
A7 Anz neld, o#@ BIE Samkieumr}
RAW264.7 cellZ5E oxIDL AAL AAs= 2
A5 AwAel 9E Aoz uUsht Novt
atherosclerosis®] e AlE= 5371 U= A
o% Aztdd.

RAW264.7 cello] U3t oxLDL®] AHsiztge]
ANEZ LDH felds ol43td 343 23,
Samkieum¥ CuSO; & #E3 oxLDd <J3L
RAW264.7 celld] LDH fEl& AAzte &2
Chehgint,

olAe] AFHEL Samkieum AF|7} RAW264,7
celld] 71%5% AT 7158H PREE ve
3 7RsAE AR £ olgd sheds Feldt
71 $15te] RAW264.7 cell?] 75843 e njx)&
A8k CuSOs0 23 RAW264.7 celld] AEES
=A3tgct, A#8E7, SamkieumtT RAW2064.7
celle] AE&AE AHAL FFE FA K3
o, 938 RAW264.7 celld 7|5 ZAARY
acid phosphatase?] T4 F7MAZTH wWEHA,
Samkieum®] oxLDL A4 |A2-4-2> RAW264.7
celld) AENFAAE §& 2§ ofd Aow
Sinsazhel

olate] A1AD, SamkieumE A ZYA}L oo
2 g FUAsF o 2 Xgd 8%
g AT Algdd.
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V.2 B

~ K #k(Samkieum)?] macrophage cell lineQl
RAW264.7 cell®] A2 Akslo] RIHE QA
qgd d3& Friadet, ol Slstel gAM T
A oxLDL AAle] vX& 3k, nitric oxide WA
of A g3, AT FA3}e o= g
2 Wlete] A A3 AAE F3lo] FU7
35 48  JdeA gRE HEINY gLy

22 22E A9t

1. =H#k(Samkieum)2 RAW264.7 cell oxLDL
ARAAG dolu= daild Asls dA3
IAe= 245 vepgc

2, Samkieum? RAW264.7 cell®] oxILDL AJA
HRoN AAEE QAAZY A3t 4 RS &
Ao AR AAHAsE AASA.

3, Samkieum& &£4E RAW264.7 cell?] A=S
de APHA 9FL v gt

4, Samkieume RAW264.7 cell®] 7% ZAAR
Ql acid phosphatase®] #4& Z7}AAc),

o]te] ATAI, Samkieume RAW264.7 cell
9 oxIDL A3%5-& AAlste] o] A do]
ot d@e v}, HABEA YA 5oz Y
e g5utges % @y 52 oAg
T A& ez FEHUY, dEM, =gR&K
(Samkieum) TJA X9 oxILDL ¥4 & 23 F
W3t dHe] o 9 x5 $4F F 9L
ZAoR Aztdd,
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