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ABSTRACT

Coronary heart disease (CHD ) causing by atherosclerosis is a severe health risk
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in Taiwan. The theory of blood stasis in traditional Chinese medicine, in a particular
aspect, is most compatible with atherosclerosis. The regimens called "Blood Stasis
Abolition Soup (BSA-S) "and "Coronary Heart Disease regimen II (CHD-2) " are
originated from ancient wisdom and modern science. We propose that BSA-S may be
effective in a preventive manner in the early stage of atherosclerosis and CHD-2 is ef-
fective in the treatment of advanced atherosclerosis. This three-year study is proposed
to verify this working hypothesis and to develop a superior regimen. In the previous
study, we have used apoE (-) mice, a pathological animal model of LDL oxidation
and spontaneous atherosclerosis, to confirm that CHD-2 moderately reduced athero-
sclerosis but BSA-S, which contains eleven herbal plants, did not. Salvia miltiorrhiza
alone was effective to reduce atherosclerosis.

In this year, we have established several key pathogenesis-based in vitro assays
to correlate the above-mentioned in vivo pharmacology. The component herbs in these
two regimens did not contain potent cholesterol biosynthesis inhibitors as determined
by the incorporation of labeled acetate as precursor into cholesterol by HepG2 cells.
Based on the inhibition of in vitro LDL oxidation, we identified Angelica sinensis,
Paeonia lactifora, and Glycyrrhiza uralensis in BSA-S and Salvia miltiorrhiza Dalber-
gia odorifera, and Paeonia lactiflora in CHD-2 that contributed to the antioxidant acti-
vities. In the inhibition assay of OxLDL uptake by cultured macrophage J774 cells,
Salvia miltiorrhiza was the only herb that exhibited significant scavenger receptor in-
hibitory activity. We established the chemical profiles of effective fractions, and in
some cases the chemical markers, by using HPLC as a tool. In conclusion, this study
has been carried out according to the original design. Many effective component herbs
in th ese two regimens have been identified based on the key events in the pathogenesis
of atherosclerosis. The information may greatly shed light on the future development

of more effective regimen in the treatment of atherosclerosis.

Keywords : blood stasis; atherosclerosis; blood stasis abolition soup; coronary heart

disease regimen II.
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%ﬁaﬁ:%%ﬁﬁﬁﬁ (3) -

BAT > T EELHRBET | wfsH Bk a XS E § X REIKEK
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VAH: 3T A B8 AT dm oL N [B) B30T BRAK AR 2 AR AT 4= Be R HepG2
BBER 0 EAR AR X 4R A B AT T SA B BE B B AR A A A B
EPEZ K o o HepG2 tmfiasg &0 % FCS ¢ DMEM 332k ¥ R &
BENDRE > 524 CEMAER G FCS o) DMEM 324 & 32 %
24hr > AF A IR NEEIBR A SR o 24 0 A BT LR R
1 B [2-3H] acetate ¥ i& 3¢ % - £ ¥ 4] 48 A v A lovastatin (acid
form) - BEREBF A & R EH T RN 3TC T #AT 2 NEF > B Fmind
fig &1 (KOH/56/°C/2hr) w Wi B 8% - sAik 48 PO 3T Bk Al a4
Mo EHERBA SR HGRE (14) -
8~ MHALREBEREEZED (LDL) S{LEmR
BFREARBSRECK MG 2 A LDL (density range
1.006-1.063 ) - 3b¥ =48 7 4a nx, £ % X 4 %] v A d By i 4740 LDL &
bz it o Hifif2oF @ #H o8 AFELDL &4 (40C,24hr) >
VAR H R MEFAALE] - 3824 SuM & 10uM Cu (1) 3% % LDL fuit
(15) » Hafe @R L) &4 (conjugated dienes)
BIEAZ > Ak g A0R 234 nm 2 B K EF 40 0 $u LDL AL
probucol F= trolox ‘g positive control (16) -
- BBl IR BERZ BN
LAJ774 Evdtm o 5 AN OXLDL B X - fite =B h e £ % &
5T LA Hp 4] B vk tm B 35 & 3R, 0 7F a2 8 (Scavenger receptor » SR)
# o OXLDL % mitttmpneire /1 - N RESmfiotk (J774) 2% %
28 mih s FimBbdfiF 2 DMED &K F o it A OXLDL 3%
% 6h > FZ% st Oilred ¢ & oA 3] & L AS G A5 A 4542 34
J774 Bt 2 7% 4 %2 B2 4 A OXLDL £ # 24 helvolic acid (25pg/mL ) #

positive control °

— 366 —



T\ —RRAEBEREEB DT
AR SR BECE B LDL D RFREFRBRERE EdL > &
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rpm (1200xg) &< 15 min {4 54T fiF > 7 4C T AT Hik B
(44krpm (152,000xg) ~ 16hr) - 3o/ %EREF ER 2mL 2304 &,
) VLDL 24y (p<1.019g/mL) - & P3| 69345 A Ao A 2 mL NaBr
(p=122¢g/mL) » »4CTF/T2HHiksEs (44k rpm (152,000
g) ~20hr) - g v B BRRK ER 2mL %l &z LDL (p=
1.019-1.063 g/mL) > ZRAABEN4CTRAGEHER > RGH ARG
1 2487 - LDL 24t E B nr A PBS 47 o
FEEBRREZRIE AR AR CEERRE - RAREAHA
cholesterol esterase % B [ B2 &5 (esterified cholesterol ) 7K #2 g BE
B2 » B4 A cholesterol oxidase FALAE E BE LA & 4 B A b g (H202) >
& & peroxidase ##1t > =T #§ H2O2 2 4-aminoantipyrine & phenol &
JE & 4 quinonimine g4 & E A 2 & (17) - UBER BEAZ £ % (200
mg/dL) A2 &g > 45 RE 0510~ 20~ 25l /wA ImL & JE
P o RAMHBERTHE 10min > BE 500 nm FX R HME > 3
Ve R AE dh 42 - BB #7442 LDL 10uL A lmL RJE% » & 2 500
nm & HAEE AR E s R T AR BRI -
=tibEs (TG) IREZAIE T A FIAEAT - LRI
B — M lipase J& TG KA 2 b 82 A5 05 B > H i A 42 18 glycerol kin-
ase #1 glycerol-3-phosphate oxidase &1t 4 %, i8 &AL & ° M &y peroxidase
14T % H20; #2 4-aminoantipyrine & 2-chlorophenol R J& & 4 4r &,4%
B 2e (18) - & TG 2% % (200 mg/dL) HAF4RRE g - 4 7]
BRO~5~10~20~25 ul fjuA ImL RERT » BRA¥HE TR TH
F 10 min > % 500 nm F X & KA > EAE AR E LR o BRAGFEEZ
SR 10 Ul A ImL RER > s & 500 nm T 2 9% 48 B &R IE
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ege 1L.5hr HEHRBAE S A FATIE -
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France) E A 100 mL & # % 10 4= Lipofilm buffer ¥ » 4 CTF
FERME 2hr o LOREITATIE QRBETRZIBE R » BRSSO
RIB R R EBELE TRy EERTEGE R

2.F 7 B 10 ul serum ~ VLDL #2 LDL 4%] 2 10 pL. Sudan black dye
AEEBRTEATFE LShr BREEZTRZIARAR 450l W ANBR X
Freou W > AT EIR S0 min - FEAEMSEA L FBRE 170V ER 50
mA ; =% 5 W R 50 min.

3. AR B RARAG T BAR R I E KB ZFNRAER (aceticacid :
ethylene glycol : HoO=5:2:93,v/v/v) ¥ lhr » B#EB K E5 40-50
TR P EATIR » ARG RN ERTIHRAGF -

A TS

MM E —FX R ERFE AR SRR E S =R
A EEE EM b PIRE SBRMEZIGIR o TR R A4l F iz
B R AT o AR IREBE Y > BESR 4G (5302) Ak
LELTEE ~ RER ~ FERfoK (1:10,v/v) %8 E BB 24 B o FhEUR
P o KBRS REE  ARHORIRRYE o &I IR m i R A B
BEBT P2 R ERAES AR Bl GO RFZ 54
AR RABE MR EEEEMAEH > PHRALAEA2 L4 4
YA 1 2 bpRA > AR RBAZE e =3 F (4 CHD-2) -

BRER =Ry B AMEAE UM ETER > WA U EE R 2%
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EZIE—RADHOOERBRYRAZEDZ DRI > REEELHE
B L  AY B ait cBAE=2:1:1:1:1> wiw ggLthfiR
4 (CHD-2) - 4k CHD-2 24i&fbse s (¥4l LDL RALA64Z) TiE
probucol 2 50% (9,16) - & &N HMR LR A EE (&8
BSA-S)  FRIELLBIAEH ~ A s M=~ 28~ FH N BEE L @
HErAAELEA 0.5 2 thf) o KeLELE » CHD-2 #1 BSA-S —fE# B4 ¢
ZHEZ=ZHEH (FH N Z -~ ft) MR — R Fefp] o
AHF B, apoE (-) s B A AL R 3 AT 40 B Bk 31 4K AR 1L B 4 X B
(10-13) » BATO R —HLE M5 - £ 5 @ apoE (-) /R EAREBAK
#2 (8-10 animals %) > K P i=Hl4 (control) {££14 % 2 0.15% (w/
w) FEREZEFAN (CTL) » 7 4 @4 0.15% (ww) EEREEZ
iE A& 0 B 4 DPPD (0.5%, as positive control) (11) ~ VGH-SM1
(0.5%, w/w) ~CHD-2 (1.0%, w/w) - 4 %855+ DPPD %1 & VGH-SM1
MAMEIRARILE R EREE A Adrd 45% Kk 50% > & —3%H
(CHD-2) # + Edp sl # ikt & (-27.5%) o REF R o Tl ¢
— ~ QAR HepG2 ARIVIRET 180 Z AR EZTE T LD
HIEEEESHK
UAHE 3 A BT 4 i B [B) B2 [RAX 35t R 3R 2 ASB AT 4m itk HepG2
BEX O B AT 2 @R A BATE T A EEEEA S 0 BREHP
FIEMZ K o #F HepG2 4a i3 &7 4 FCS 49 DMEM 32 &% & ¢ »
ERESZOHRF > £3 5O EHMAE&K G2 FCS 89 DMEM 124 4
FRAE—R > UAF L@ ER B A SR o 244 0 AF B AMTe) Eilisg
& > {# B[2-3H] acetate z B¢ H| (14) > FE424] 48 B su A lovastatin
(acidform) - FEEEEA A REH BTN 3T CTFHIT2 INoF» 2480
fm il 2 Bis S AR B YCORE B BF 0 LA A POt 34k (liquid scintillation
counter) R H A4 - HEIEEEE AL SR Irhl a2 E - &ERBE TR
HERFHBO I+ =fHant By L eaRBENHEREL
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B 8y B3Rk (15 40ug/mL TF ¥p 4 B B% 4 4 Ax AE /1 R & lovastatin
4 ug/mL &5 5% -
—  REUAGHEBEEEE S LB naLEl
WTHMEEREEIREREEG (LDL) RAbis4h 918 Ak KL 2
AT MRE > BATLAILZARIE (3,15) » HIEmAatde T @ T4y
#] LDL fAbX L 8ALEM A 0 ¥T RE @ 3 &1 B Bk 3 K A2 AL F- 7 2
R o AR AE AR SR CEyEMFZ AR LDL (d=
1.006-1.063) - 3t ¥ F i =48 7 4k & # X By i 47450 LDL &4t
2 EPAR o
HAf4e T @ % H 082 A LDL #473E 47 AR & KAt
AL > oA Cu (IT) #F LDL £t - AL @42 Al s34
#4627 & 4 (conjugated dienes) Ai54% » T A ALk 41 R 234
nm Z % MEF% (15) (Fig. 1) » #HA Probucol (0.5-5.0uM) #v
Trolox (1.0-5.0 uM ) % positive control e
HERBT SR BARKR 25 LDL AL &R EH
BFrS~ T8E ~ K5 0 AR SRAACREN £ B ARSI 5B
& B (Salvianolic acid B; Sal B) p7zk (19) (Table 1) (Fig.4) -
3 E R T RARE R SULDL 8t h s mE A g i ~ H3E - K4 -
= e AIRIEERERIRERZEE (SR) MEA 0xLDL )75k
AN U
774 Eogtmfa 5N OXLDL A4 X - It — B r xam A %2
T o] LA B v dm i 35 R 3R E 4 % 8% (Scavenger receptor © SR) M
#mA OXLDL % il tmfn gy fie /1 - REURAZW T © /N R E"E itk
(J774) {24 8 pith > R#HmBbb 4 iF2 DMED 2% K ¥ > it
EA OXLDL H32% 6h > 5445 4 ek Oil Red 2 & oA H) & H 32 4b g},
Bempa ey R (RS HERR X AIEAR) - W6l 1774 tafo 2 75 %
B OXLDL i 24 helvolic acid (25ug/mL ) 44 positive control
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(20) (Fig.2) -
ERBT  RASSTFERRY (40pug/mL) B & 9B H B4
e B H % B N OXLDL #47Z 1 (Table 2, Table 3) (Fig.2) - i@
X P 4o BV B A% B8 8y ligands @,4% ¢ lipopolysaccharides ( bac-
terial endotoxins) ~ anionic phospholipids (PL) -~ oxidized LDL -
polyribonucleotide (poly (I) and poly (G) ) - ikarugamycin ~ hel-
volicacid % » 7F ffbi ¥ FHRAZ T BB » KRT HRAIR -
M@ ~ MR RABEATAZIR BRI E 142 8 PRI AL T
FATH B AR IR E AR 0 TR A kAR R A7 - 2% 0x (liquid
chromatography-mass spectrometry; LC-MS ) & £ & 4547 T B > #E30—
LRk R ER A B A R RAMBE Ry BRI FELEAS L TR
B ZRAT BRI AN 5B Py RAMEA - A A S IR A
HEZ A 5B R AMF8GE - WS R S > HERF S KEE
B4 4 salvianolic acid B (Sal B) & & )= % Fig. 3 -

N

AEBEZERERATHRAI TR - Tl A 2R EMEH
Fodp ) By Bk S R ARACTY R Z B 425 BR B A B RK 0 B E 12 B A B Ak 54 K AR
foby — Bk Bt W EERE R B B SRR R L R0 A 2 > F BN HTAE o
I d - BRI AT FHES > AT R ATFFLETHE -

HYBEERREMET > YERAD HAEMENTEERBAITOE
Mo @k HRIEHRILITHE AL FREOER R ARMRA LR L5
BHBRN O RAREAY > EHRAKREOFTERAENAZIFRRR > R
THBTBERER - EFEFZILL AFARFHR —AEK > i
RIF S ARRERNB T R o B F BEF R TR - B4 o Fa BURR
AR Lo TR RS A AL AR PEA I RS KRS > BEARRA— > X
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FERAEM S FH - REBE NI ERFTRREIL > AT EAEE AR
2o PRETETELRLEH FRGARER -

B Ar ﬂﬁfgniéﬁm%&iﬁﬁ*&i 75 74— B AL R (de-
generative diseases ) b > &35 I BE ~ W B ER AR ATEE -
Hmarrsl e mm > TERAEM - ERBILMEREIA CREFR— -
RERRIE - NAEMR (AFFEARE) SAAERAGEFE > A5 &
BERMBZNBEYHABEEARLRE - OF BRE2NT[RALIWATE
B REs AP BB EFERPRERIEIKREET > K AARB R Aﬁyﬁf
%’f%ﬁﬁ&%@ﬁi%’%ﬂ$ﬁkﬁﬁm%k’ﬂ B % B e 2B
MERRZERE > SHTHRAZIEHER (5) o R E 7B RE LI
RABACZ BB > R bR S (RFRRFEECZIRT ) 4L
Bk K AR AL 2 B 78 Akt o

B AT > BAkGRARAL ) Tk B 2R MR E B sk e (LDL) &
LB G BN R R e EBRE (2,3,21) » BFHERNE L)
FES RTAEN X BB IRE B sk A 8ALB G AT - AT E VR
f R G T —REE R E Ry AAEA ey R dr 4] LDL A4LiE G

o b BB AG) LDL A H % > A B4 AAL ~ FREE EF ~ HLEhksh
4K A3 4L &Y @ 4 probucol & E 3] 4 o

AP REREBT D A= ¥ 0 WH LDL SALBG AR F B E L
(B ~ A%~ 4) (aghByn ICs < 40 pg/ml AR4E) » faff
HERFAAT—MEHE= (F6HF K4~ HFE)  FEARA T LDL A4kse
N SRR RGABARR G =% o AAEAMBESL LDL f4bE &+ >
BOMEEYE IAHEY > REFSHARET  SAEMTEEE S EN
isoflavones & 3t AL #LALS: 5 J 89 24 & » A &k isoflavones it B & phytoes-
trogens &M > ARMEAFHIE o BUALRAE B Y 2L 0 RGO

(Umbelliferae ) #2 g #+ (Leguminosac) 4 & A4 % &S (5) o

AP 5] apo E SR Fa /N R 0 A B AR IR AR AL R IR S By M K

it
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SE T FEARMARARALAAZ 0 B A S R = A AR A S kR
k28 bz & (DPPD % positive control ) - {27 =38 & 3 F 45 R B4
£ DPPD « R# 5 E AT K » IFEE 560 K I IEHE IR S i Wy Bp $49)
A5 [B) B 64 4m 0 B ik RSB AR ARk AR AL R (9) o B SN ILHF R
BE > HE Py glabridin fo 4 b MR S wH E 4 4T 4 apo E (-)
NRERIEIRRIL R (12) - FRFPFE S IR 4T R
b &R — A RTTHEY R ESEE R BT HE A KRR R 48
AZREGMEX LA - AREES B HT 2 FBam > T EGFH
PRI MRS o INHEETITAT o AR R IR A BB Sh £ BT B A fe BB
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Table 1 ~ Lag phase and relative potency of salvianolic acid B and several other
antioxidants in the inhibition of LDL oxidation in Vitro.

Tiag (min) Tiag (min) Rel

Potency

- 151 - -

Probucol 302 151 1.00
Trolox 251 100 0.66
Quercetin 422 271 1.79
Genistein 216 65 0.43
Sal B 1286 1135 7.52

1. Oxidation of LDL (50pg/mL) was induced by Cu?* (5.0uM ) at25°C.

2. Conjugated diene formation was monitored continuously in a 96-well microtiter plate ( quartz) by
the increase of UV absorption at 234 nm.

3. The potency of an antioxidant is defined as its capability to prolong the lag phase ( Tiag, min) .

4. The relative potency of probucol was set as 1.00.

5. Results are mean values of three determinations.

Table 2 ~ Potency of herbal extracts ( 7+ =%% 7% ) and helvolic acid to inhibit
the uptake of OxLLDL by cultured J774 macrophages.

4 2 A Inhibition %Rel potency
H 4% (SM) Saliva miltiorrhiza 60 1.2
#% (PL) Paeonia lactiflora <10 -
N % (LC) Ligusticum chuanxiong <10 -
it (CT) Carthamus tinctorius <10 -
4% (DO) Dalbergia odorifera <10 -
Helvolic 50 1.0
acid (HVA)

1. Helvolic acid (HVA) (25 uM) was used as a positive control.

2. The crude methanolic extracts (40 pug/mL ) of each herbal material in CHD-2 were used.
3. Uptake of OXLDL (50 pg/mL ) by J774 macrophages was determined by Oil Red staining.
4. Results are mean values of three determinations.
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Table 3 ~ Estimated potency of herbal extracts to inhibit OXLDL uptake by J774

macrophages.

A 24 Potency
¥ 45 Bupleurum chinense -
AR Platycodon grandiflorum -
AR Citrus aurantium L -
it Achyranthes bidentata -
4 M Rehmannia glutinosa -
5 5% Angelica sinensis -
HH Glycyrrhiza uralensis +
kA= Prunus persica -
5 Paeonia lactiflora -
N & Ligusticum chuanxiong -
43t Carthamus tinctorius -
3% 4 Forsythia suspensa ++
wZ Ganoderma lucidum ++

1. Helvolic acid (HVA) and betulinic acid ( BTA ) were separately used as a positive control.

2. Herbal extracts (40pg/mL ) exhibiting >10% HVA (at25 pg/mL) or BTA (at40 pg/mL) activi-
ties were indicated as positive (+) . A 50% inhibition was marked as ++.

3. The top 11 herbs listed in this table are the components of BSA-S.
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Conjugated diene formation (Am)
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Fig 1. Assay of effective antioxidants to inhibit LDL oxidation.
TR HRBECIEyBEMAFZ AR LDL » # =38 7 A
AW Y EATILDL fib X ity iR T P K H
X ANFA LDL 4T 47 SAFR £ KA PRI AAL ] > 3524
Cu (II) 3% LDL f4t » LR b BRAI Ao R &
# (conjugated dienes ) % 454Z > M o3 ki 4& AR 234
nm % % {4 ° # A probucol 0.5-5.0 uM ) #F= trolox

(1.0-5.0 uM ) % positive control - The representative time

course assays of Salvianolic acid B (Sal B) and several
known antioxidants in the inhibition of LDL oxidation were
illustrated.
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Fig 2.
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In search of scavenger receptor inhibitors in two regimens
based on the inhibition of OXLDL uptake by J774 macroph-
ages.

A T4 B m kB R 2L 8 i > BRI F F 2
DMED 3z %4 ¥ - i B A OXLDL (50 ug/mL) H32% 6
h > 5 4% 4% & g oA Oil Red 2 & oA ) % 4316 i 76 4m i 09
RE (DT RAREAEAR) 40kl 1774 A
OxLDL #g 41 75 24 helvolic acid (HVA) #xiE4E 4|48 o 1.
Blank; 2. OxLDL; 3. OxLDL + HVA (25 uM) ;4. OxLDL
+ Salvia miltiorrhiza (40 ug/mL ¥ B2 H4h) o
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Detector response (A280)
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ALts 45 o ] 0 X R4 3L R

Reversed-phase HPLC profile of effective fraction in Salvia
miltiorrhiza capable of inhibiting LDL oxidation. Salvianolic
acid B (Sal B) is marked by an arrow. A binary solvent sys-
tem of methanol-water with low volume % of acetic acid

(HOACc ) was used for gradient elution.
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Salvianolic Acid B (from Salvia miltiorrhiza)
W e 3Ry R R EM A 24 (Salviamiltiorrhiza )
&Y /K EE & b T 4] LDL &A1t 4 A AL #| Salvianolic acid

B eyt 2 4%
Fig. 4. Chemical structure of Salvianolic acid B (Sal B) thatis a
potent antioxidant in Salvia miltiorrhiza to inhibit LDL ox-

idation.
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