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Dansam-san (F}2:%0) Inhibits Atherosclerosis through Regulation of
Foam Cell Formation and Vascular Smooth Muscle Proliferation

Do-kyun Ryu, Dong-jun Choi, Chang-ho Han, Seung-hyun Jung,
Gil-cho Shin, Won-chul Lee, Yoon-ho Kang

Dept. of Oriental Medicine, Graduate School, Dongguk University

Objectives : This study was carried out to investigate the inhibitive effect of a combined-herb prescription of
Dansam-san (DSS) on formation of foam cells and cytokine.

Methods : Experimental formation of foam cells was induced on macrophage RAW 264.7 with ox-LDL. The effect
of DSS extract was observed by measuring the changes of CD36, PPAR-r, MMP-9, iNOS expression and changes
of formation level of foam cells after treating experimentally induced foam cells with DSS extract. Then the
antioxidative effect of DSS extract was compared with butylated hydroxyanisole (BHA).

Results and Conclusions : Results obtained are as follows:

1. DSS extract showed significant antioxidative effect at 8 mg/m¢ or more.

2. DSS extract inhibited the formation of foam cells.
3. DSS extract inhibited the creation and revelation of conversion-related material about foam cells.

4. DSS extract prohibited the increase of smooth muscle of vessels.
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Table 1. The Amount and Composition of Dansam-san(DSS) Extract

Species Part used Latin name weight(g)

Salvia miltiorrhiza BGE. Roots Salviae Miltiorrhizae Radix 1 2 10
Pueraria thunbergiana BENTH. Roots Puerariae Radix E B 10
Anemarrhena asphodeloides BGE. Rhizomes Anemarrhena asphodeloides G B 10
Dioscorea batatas DECNE. Rhizomes Dioscorea opposita (%) 8
Gypsum CaSOq4 * 2H20 Gypsum fibrosum B B 8
Scrophularia buergeriana MIQUEL Roots Scrophularia ningpoensis (X %) 8
Ophiopogon japonicus KER-GAWL. Tuberous roots Liriopis Tuber &M% 8
Scutellaria baicalensis GEORGI Roots Scutellaria Radix & 4
Coptis chinensis FRANCH. Rhizomes Coptidis Rhizoma (E &) 4
Lonicerae japonica THUNB. Lignum Lonicera japonica (BATR) 4
Prunus meme SIEB. et ZUCC. Fruits Mume Fructus & B 4
ig_%’%gj uba MILL. var. inermis Fruits Jujubae Fructus K % 4

TOTAL 82
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RAW264.7 cell& Korean Cell Line Bank(KCLB,
Korea)olld 78tk AlEE 37C, 5% CO2
incubatoroilA] 10% Fetal Bovine Serum(FBS; Sigma,
USA)7} 3%l Dulbecco's modified Eagle's medium
(DMEM, USA)E AHg3lo] wjesisint. SdiAlE
98 FAAZ  100unit/mé penicillin, 100pg/mé
streptomycin (Gibco/BRL, USAYS H7IsI%ich Al
T Zakra39] 80% AL A u PBSE Ao]
%31, Trypsin-EDTA(Gibco/BRL)E #2ldl] At
v Fsisint. WAl 29nict wdslgitt. g dd
A EE 200-250mg $7! Sprague Dawley]
9] 7kEthEM S &3 5 0.1% collagenase s ©|
S3lod FEIAEE He) - wigsich duEgs
AZE 7-128] At § & Aol AMg-sich

3. 7t =EE 2Iet MTT assay

A FEo HArleEE MIT assays 531
AREJE MIT assay= 4 96well plateo]
RAW264.7 cell(5x103cells/well)S 12417 w3t
F FBSE H7ISHA] %2 serum free medium
(Sigma)o.2 mste] 4AEL BT, |,
5,10, 20mgmé FE2 FIZH FEES H7ISI
24417t wjeFsldet. 8]l 3-(4,5-Dimethylthiazol
-2-YL)-2,5-Diphenyl-2H-tetrazolium bromide(MTT;
Sigma co.) 2mgm{E ¥, incubator|A] 4A|Zk Hj
%3t & dimethylsulfoxide (DMSO; Sigma)Z -3l
AlA 595mme] 3o A microplate reader(Molecular
devices, USA)E THFEE SH3] AIYEES
ARYSIATE PR 20ngmitAl e A ZAAEES] ¥
7t dojutA] ¢fol 1, 2ngme s HrbEeZ AR}

e eE-S 2357] Yel riboflaving ©] &3
ZgAath 2ANEES SR 941 photocellel

40mM buffer 2.6mf, nitroblue tetrazolium 100,
EDTA/cyanide 20044, riboflavin 1004, 34k}t 573
3 Fed 1N F2E 100w ¥ 3 Ao F
otk &3 %(absorbance) 560mmollA] autozerod L
light boxolA] 18 5 2418 ¥ EYEE 2%
Aok of 2 74 WHEelel PGS AVSAET

5. ox—LDLof| 2|5t CHAIMZL S| HEMZ Tt

M| 2

RAW264.7 cell-5x105cells/wellZ coating slide®]]
TAsHA platingdt ThHE S0ug/mée] ox-LDLA|A| 2
Az A2k Al FEES FEEE AL
Z 37°CoA 1247 Wikt WA E AAT &
10% NBFol| 10%-7t 28 & & Oil red O F4& 4
At Oil red O &l 1083t A2sar 85%
propylen glycololl4] #*83% ¥ Harris Hematoxylin
2 gt

6. AHEMZHE HH SZ2 mRNA 23 x|

XA

CD36, peroxisome proliferator activated receptor
(PPAR)-y, matrix metalloproteinase(MMP) -9,
inducible nitric oxide synthase(iNOS) mRNA &3
AAE ZANEF7) 98] RAW264.7 cell - 5x105cells/
well& 6well ° plating 3 Th2 50ug/mée] ox-LDL
2712 Aejsha, FIEH FEES $2E(, 2ngnd)
2 A2g & 37T 12413 vt vt
RAW264.7 cell®] RNAZ trizol reagent(Sigma)S
AMgsle]  F&% v UV-
(Shimadzu, Japan)Z «=¢ FEF =43Ath
RT-PCR kit(Premega, USA)E ©]-83l9 cDNAE
3338 &, CD36 primerE& PCR machineS.2 2%
Z7d wel ¥HgA]ZATHTable 2). PCR AHE&
1-2% agarose gel “dollA A7]9% 31 relative
intensity 2 &3ttt @A RT-PCRY FE4S

spectrophotometer

187



(448) tHgIgho 83l A28 A23 (2007 69)

Table 2. The primer of CD36, PPAR-y, MMP-9, iINOS and B-actin mRNA

Primer Primer sequences No. of cycles
CD36 sense 5'-GAG CCC ACA GTT CCG ATC A-3 35
antisense 5-CTG GGA GTT GGC GAG AAA AC-3
PPAR-y sense 5-CGA AGA TGC CAT TCT GGC-3' 40
antisense 5-GTC TTIT CCT GTC AAG ATC G-3
MMP-9 sense 5'-AGG CCT CTA CAG AGT CIT TG-% 30
antisense 5-CAG TCC AAC AAG AAA GGA CG-33
iNOS sense 5-AGA CTG GAT TTG GCT GGT CCC TCC-3' 30
antisense 5'-AGA ACT GAG GGT ACA TGC TGG AGC C-3
B-actin sense 5'-GGA GAA GAT CTG GCA CCA CAC C-3' 35
antisense 5'-CCT GCT TGC TGA TCC ACA TCT GCT GG-3'

Abbreviation : PPAR-y, peroxisome proliferator activated receptor-y; MMP-9, matrix metalloproteinase-9; iNOS, inducible nitric

oxide synthase

B71e7] 95t internal standard®! beta-actin®]

]
2 $Ad ANSh

7. AZMEE B 2 MM oF ZAE 9
5 HOIREISIEIE A

AEAEY CD36, PPAR-y, MMP-9 % iNOS
o] A AAE zAlsk7] ¢l RAW264.7 cell -
5x105cells/well 2 coating slide®l] plating 3}31 9]
oM 71%¥ ox-LDLE °]-&& "Hes vl
Ak HIAE AAZ F 10% NBF| 1083t 273
gt & @ CD36 IHE o]&3 Azl o
AL AAstglnt. ¢4 UL blocking serum$
10% normal goat serum(1:20, DAKO, Denmark)
oA 12A17F Bt WHSAIA H|5olH HARkE-g
AAetdtt. 124 FAQ mouse anti-mouse
CD36(1:100, Santa Santa Cruz Biotec, USA),
mouse anti mouse PPAR-y(1:100, Santa Cruz
Biotec), mouse anti mouse MMP-9(1:100, Santa
Cruz Biotec), mouse anti mouse iNOS(1:100,
Santa Cruz Biotec)®| 4°C humidified chamberol]
A 12X B WAl e H, biotinylated goat
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anti-mouse IgG(DAKO)°ll 4C humidified chamber
ol A 24A]7F link 3FSAT}. Avidin biotin complex
(DAKO)ell  1A17HEE A2eA] wAz &
0.05% 3,3'-diaminobenzidine(DAB)Z} 0.01% HCI
F3Hd 0.05 M tris-HCl 38 (pH 7.4)°l A
AN 7] & hematoxylin .2 thZg A 8le] 38}
n7goz @&
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8. PDGFOll /gt HEBSTNE 4] ofF| 2

B AH A E(Vascular  smooth  muscle  cell,
VSMC) - 5x105cells/well S coating slideol] 73}
Al plating®t thS 1mg/mle] platelet-derived growth
factor(PDGF, Sigma)oll 2A17F A2lslsict. fi2sik
28 2ngml A2l F 37°ColA 2417F v FsIA
o} =] A|A 4A]7F Aol 5-bromo-2'- deoxyuridine
(BrdU, Sigma) 10pM/m¢ 2] gk F ¥ix]E A|ASL
10% NBFel 1023+ 3733150t} 41C9} 37Ce] 2M
HCI890 A 27} 204 WHg-A1AH DNA-denaturation
< doFith 0.1M borate $ZF8-A A2 FPA|2
T H50|d wARkEE AAls|HE 0.01%9
proteinase K(DAKO)7} 23 normal goat serum®l|
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Fig. 1. The anti-oxidant effects of Dansamsan(DSS). The SOD ability of DSS were dose dependantly increased.

Abbreviation. BHA. Buthylated hydroxyanisole.

1A7FEet wheAIZiTh 2™ oy 13 AR mouse
anti-mouse  BrdU(1:50, Amersham, UK)°| 4T
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Fig. 2. Inhibition of ox-LDL induced foam cell formation by Dansamsan(DSS) extracts. A. morphological
changes(Oil red O, x1000). CON, No-treated RAW264.7 cells; ox-LDL, ox-LDL only treated RAW264.7
cells(square, enlargement of foam cell, x2000); DSS treated RAW264.7 cells after ox-LDL treatment;
arrow showed foam cell. B. Image Analysis for distribution of lipid particle. Abbreviation. ox-LDL. oxidation
low density lipoprotein. (x P < 0.05 compared with ox-LDL)
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Fig. 3. Inhibition of ox-LDL induced CD36 mRNA expression and CD36 production by Dansamsan({DSS) extracts.
A. CD36 mRNA expression. The RAW264.7 cells were treated with ox-LDL for 2hours prior to the addition
of indicated concentrations(1 — 2mg/mé) of DSS, and the cells were further incubated for 12hours. The
ox-LDL induced CD36 mRNA expression were dose dependantly decreased in DSS treated RAW264.7
cells. B. Morphological changes(arrow, immune reaction for CD36, x1000). C. Image Analysis for distribution
of CD36 positive reaction. Abbreviation. ox-LDL. oxidation low density lipoprotein. (i P < 0.05 compared

with ox-LDL)

61+£1.02%, 6mg/mlollA]  78+2.14%, 8Smg/miol|A
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2. tAMZL| HEME S oAH st

) 2F(580£41/100,000pixel) I & Oil red O
AAo] Tl Fgutgol Ao TAHA Yttt
ox-LDL A& TN = Oil red O G2l thgt <
AN A7 1,953% S7HeE 11,909+710/100,000
pixel2 ZHFAE Oil red O G2 g &3
e T2 AFAX e §41 AxAY A
Wizt A s Al JEetth ox-LDL A 22l
H)8)] FiE M2l Tl E Oil red O G4 tgt
F4EN A 3% A 3,280+111/100,000
pixel2 =73 5 th(Fig. 2).

190

3. AEME TE 2 SE mRNA L5iar M4
|

1) CD36 mRNA @7 A4 oA &7}

ox-LDL A}Fol 2ls]l RAW264.7 cello]| A9
CD36 mRNA I3 F7ME A=, AZ# %
5 A F vx 9FFoz Ide] FAHIU
%, ox-LDL A=A Ed5= CD36 mRNA Hd
ol wlal FIZERL Imgmlol M 5.4%, 2mg/mloill A
17.3%7} A= AthFig. 3-A).

o) 2 F(868+11/100,000pixel)ell A= CD36¢l ©
3 Fgurgo] A9 #AF A Fskt). ox-LDL A
gl M e CD36l gt /384 A7 1,334%
Z7}3k  12,448+396/100,000pixel & 23 H ok
CD369 th3h Ak F2 AZAL e
e A EAgA ZEA YeElT) ox-LDL A
2ol vl i AelFelMe CD36ol tigt
IJAEAN Azt 9% 72E 11,034£167/100,000
pixel2 =4 = 2AtkFig. 3-B, C).



ST 9 69 ¢ SRS AFAE B4

9 YURYIAE 24 A B 95U 2 @s)

+ o+ o+
ox—LDL
DSS -2
16000
PPAR-7
B-Actin T 14000
o
CON - o 12000
D 100 2 10000
o . =
| = 8000
° RS s x
Y = i
s ® ox-Lot s %
2 40 4000 1
£ 5 2000 |
ox-LDL + + + CON ox—LDL DSS
- ~
DSS 1 2 DSS 5 GROUP
A B C

Fig. 4. Inhibition of ox-LDL induced peroxisome proliferator activated receptor(PPAR)-y mRNA expression and
PPAR-y production by Dansamsan(DSS) extracts. A. PPAR-y mRNA expression. The RAW264.7 cells
were treated with ox-LDL for 2hours prior to the addition of indicated concentrations(1 — 2mg/mf) of DSS,
and the cells were further incubated for 12hours. The ox-LDL induced PPAR-3 mRNA expression were
dose dependantly decreased in DSS treated RAW264.7 cells. B. Morphological changes(arrow, immune
reaction for PPAR-y, x1000). C. Image Analysis for distribution of PPAR-y positive reaction. Abbreviation.
ox-LDL. oxidation low density lipoprotein. (x; P < 0.05 compared with ox-LDL)
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Fig. 5. Inhibition of ox-LDL induced matrix metalloproteinase(MMP)-9 mRNA expression and MMP-9 production
by Dansamsan(DSS) extracts. A. MMP-9 mRNA expression. The RAW264.7 cells were treated with
ox-LDL for 2hours prior to the addition of indicated concentrations(1 - 2mg/mé) of DSS, and the cells were
further incubated for 12hours. The ox-LDL induced MMP-9 mRNA expression were dose dependantly
decreased in DSS treated RAW264.7 cells. B. Mormphological changes (arrow, immune reaction for MMP-9,
x1000). C. Image Analysis for distribution of MMP-9 positive reaction. Abbreviation. ox-LDL. oxidation low

density lipoprotein. (x;
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Fig. 6. Inhibition of ox-LDL induced inducible nitric oxide synthase(iNOS) mRNA expression and iINOS production
by Dansamsan(DSS) extracts. A. iINOS mRNA expression. The RAW264.7 cells were treated with ox-LDL
for 2hours prior to the addition of indicated concentrations(1 — 2mg/mé) of DSS, and the cells were further
incubated for 12hours. The ox-LDL induced iINOS mRNA expression were dose dependantly decreased
in DSS treated RAW264.7 cells. B. Morphological changes(arrow, immune reaction for iNOS, x1000). C.
Image Analysis for distribution of INOS positive reaction. Abbreviation. ox-LDL. oxidation low density

lipoprotein. (» P < 0.05 compared with ox-LDL)
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Fig. 7. Inhibition of platelet-derived growth factor(PDGF) induced proliferation of Vascular smooth muscle
celllVSMC) by Dansamsan(DSS) extracts. A. morphological changes{immune reaction for BrdU, x1000).
CON, No-treated VSMC; PDGF, PDGF only treated VSMC; DSS, DSS treated VSMC after PDGF
treatment; arrow, BrdU positive VSMC. B. Image Analysis for distribution of lipid particle. Abbreviation.
ox-LDL. oxidation low density lipoprotein. (x P < 0.05 compared with PDGF)
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