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7% 7% it (Hibiscus Sabdariffa Linnaeus) 2 4% 3 #}(Malvaceae)it
Yo RERTWE  03RNPE  BREZRRHE > 2 RARH
Wb B A - IR OA M (ol Hhdh B2 R0E%E);
BESERAF M HEMRRME S Pectin RERIFE - KT LK
# hibiscetin -+ gossypetin » quercetin o B #h 2 HF %, 1 58 Sh X BR BRSO
HAKERMA anti-spasmodic » FREEEE > B ABRRIAER - &
£y flavonoids B 4 $iL AL & HpHl o B & 5% 0 B R 25 8 ( protocatechuic
acid : PCA) “THp#lib @ BB 3% F 21t » AR T LB T EM i
¥ Z PCA RICH ¥4 %R AAAEA > £ 4144 3R PCA 7 4 4L TPA
1R BE 7 1 B R A% i HL-60 A2 /M -

AR FE & BT AP IL K B B e 4] LDL f1b4E A - 4 4]
LDL ¥ apo-B & fragmentation & ¥p#] LDL ¥ #% B 8% 2 degeneration>
R SD K& R 128 » &RETEMIEKERY( 1%, 2% YA 8%
RGBSR RERREES PBRE UHRE (30%) REKRKSE
R(OMEA) AAxHelEmE 1 % &2 % B KERY iy
#1 triglycerides » 423} HDL & LDL %% R A - 0.5% & 1% & itk
EERAMABREH 1.3% MEEEEAR 3% lard oil 484 10 B2 & F2
triglycerides B B% Bl % » 3t At 3% o HDL & 848 LDL » i#& — 35 LUK IR ER
B AL BT & AP T K B4 A dpF) atherosclerosis lesion Z 45 - & A
R EAIEKERG T LT R FRAKRE RZ 0 FThE - B ohik
F A B BT LK E B B FH TR A d O 0¥k
WmZAME -
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Abstract

Hibiscus sabdariffa Linne (Malvaceae), an attractive plant
believed to be native to Africa is cultivated in Sudan and in eastern and
Taiwan. It has been reported to contain a number of flavonoids including
gossypetin, hibiscetin and quercetin. In vitro experimental studies have
shown that administration of the aqueous extract produces
anti-inflammation, hypotensive and hypocholesterolemic. In spite of the
wide use of H. sabdariffa extract (HSE) in folk medicine for treatment of
various diseases, there are no reports in the literature on their
anti-atherosclerosis activity. This study was to evaluate the effects of an
aqueous extract obtained from Hibiscus sabdariffa (HSE) on the
susceptibility of LDL to oxidation and on plasma lipid in rabbits and rats
affected by experimental atherosclerosis induced by the intake of high
levels of saturated fat and cholesterol. We have found that HSE inhibit
Cu™ -mediated LDL-oxidation, apo-B fragmentation and cholesterol
degeneration in LDL. Furthermore, we found that HSE inhibit plasma
triglyceride, cholesterol and arthoscleotic lesions in cholesterol fed rabbit
and rats. HSE also inhibit plasma triglyceride in high fructose fed rats.
These results inducated that HSE possesses potential as a preventive

agent against cardiovascular disease.

Keywords: Hibiscus sabdariffa extract (HSE), LDL oxidation,

hypolipidemia, atherosclerosis.
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& #b 7& (Hibiscus Sabdariffa Linnaeus) % 4% 3t #}(Malvaceae) 44
o RERTRE  SHPNPR BREDRRGE > 6B RIARS
Pk & - HIEARD LA MBQoiEZEE - Wbl - BLRBE)],
2) B X E AL B EHBARIEGS) Pectin REAFIES)
% 8% 6145 # hibiscetin » gossypetin » quercetin - B sFZ HF 7 » {288
SR B8R B K B B4 A anti-spasmodic(6) © FFRE B 85(7) » % & (8)
BRALHAEMO) - K A4 flavonoids B 4t G4k B ¥ 4l fo % 5
(10,11) ; J& 52 % & (protocatechuic acid ; PCAYdp$lib 4 2R 435 &
ZHEAu(12-16) » KA R LB TEFIE T 2 PCA RIEFH £ A %640
FALEM (17, 18) » A4 R PCA 75 4 41 TPA 42 BE 5% 15 A (19) &AL
i HL-60 A #Hse— 2 4F B (20) -

2 B B plasma lipids &, 45 % [B &% (cholesterol) & = & H & A5
(triglyceride) ° cholesterol & triglyceride R 458 A7 KM o 58 » 3% 5
d B & B & A AR KM &) B & G (lipoprotein) » A AEE AR 3E 0 R
EMRBEE OREFBRESTEART - RIMKERARFESRR S
A9 # > chylomicron - very-low density lipoprotein(VLDL) ~ low density
lipoprotein(LDL)}A& high density lipoprotein(HDL) » & % high density
lipoprotein X 7] #m 4> 5%, HDL, & HDL3;>- R B 84 B5 & & LAr A 89 ls 5 &
B5 & & 7u(apolipoprotein)4a /&, 34 < 48 [F] -

BEEIER G4 %F K& cholesterol (4 plasma cholesterol #)
60-70%) * BRM D FRAE BB AL E RN - BT AWK BIRELL
(atheroslerosis)® T £ A -F > ¥ ¥ LDLRE RS > B EWAKHAK




BRI ERERTH - HEEMERE S RENHAEHE (phospholipids)
R ‘b & &Y cholesterol (15 & 3 cholesterol & 20-30%) £ hit B A o F
B 5k B cholesterol BA F 2 o B REMIER » ik F F HDL
RERS  RTHB @R cholesterol B9 B BM B EMKS)
ARAE AL 6 1% 5 B B4R o

i F F 60-70 %44 cholesterol & &y LDL Frd& % @ Aok & LDL &
S Ri® % R RIGEF > 45 F 5 m P cholesterol #9 R KBS &AM
KB ARAEAL o A f P cholesterol (BB ¥ Btk @ LDL £ 88 ¢
W MR PO REEREH  BEANSE TRERENEME
TH AT tmie i@ LDL 386938 > iEM#F K h  cholesterol /R B
LA B SR AR Sy AR AR AL B A2 B -

fed& & v &) LDL & HDL Fodti ik $yAkAE{b A R 3& a4 Bl 4E - &)
Bk B2 At & F 21 6 % subendotherial space % 4 cholesterol ester
rich # foam cell » # iZ 2k cholesterol ester 8| 2k B % modified 5 LDL »
% macrophage & monocyte &% X F #9445 45 186 &1L LDL 4% >
Bp 72 py, foam cell» macrophage #}#® native 4 B,E-apolipoprotein #) LDL
#2F HHA R » M4 chemically modified negative charged LDL (4w
acetyl-LDL) 8] =] 2 if # macrophage Lt #) receptor #3# » & &
macrophage & °

Atherosclerosis & —fER B ZH M BER > BEOHALL
atherosclerosis Z R HEEBE TR AL L F M EPHAAEL —#
atherosclerosis agent = #¢ atherosclerosis lesions #.% 38, LDL & £ 1t4%
£(21, 22) £4% LDL 4§ 4 #> endothelial cells> monocyte/macrophages
A smooth muscle cells (23) » £ macrophage % ox-LDL #t$94 4
LDL-receptor 48 8 F 5| v £& 44 3% 5% & — #& proatherogenic » @ fuo 3



macrophage 7€ F§ » i g% cholesteryl ester #44v & foam-cell £ 4 ;@ {2
{# circulating monocytes and T-lymophocytes & % ; @ cytotoxic 4%
M @ % & )vig aggregation (24) o
# % antioxidants » LW A B A K& LDL & A 1L/ER R
atherosclerosis * 4o curcumin (25)& baicalein (26) @ 4.3p#] vascular
smooth muscle cell #93¢ 4 & {2 it apoptosis (27) » & iL4H YEH
flavonoides ( 4o quercetin * gossypetin - hibiscetin) & & 52 & 8
(protocatechuic acid) @ & b WA ER A B F L AAL ~ B ~ 9B w o
R ZARE (7-17) B ubsR o E 2 Ry Z 8 I XK R L AR A0
i o B ER P o R RILE AP IR E R I S AEEBF L 5 R 88
BEZRKORZELBEFRARPHSEPRRATZICAZTHEEZE
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BALR B BAK 9 diF 0 % B — A5 R4 > 3000 rpm B0 54
BB R f i o KA A 43 B0 i h R B 45 LDL(28-30)

B e 2.0 ml Ao x 0.15 M NaCl & 0.3 ml EDTA (PH 7.4)%& A
Beckman TL-100 £ E 442 3k B4 0 8.0 90,000 rpm » 10°C » 10
24 BELEFR » BiwaA 0.15 M NaCl & 0.3 ml EDTA (PH 7.4)
#2 90,000 rpm » 10°C » 3.5hrs » &% Bp 2 LDL -

LDL # #5144 & 32 > LDL 44t f2 44 EDTA &8 8 - FriA
LB KM R F LDL 349 EDTA (31,32) » #%49 A column PD-10
(G-25 PD 10 Sephadex column; Pharmacia) > 2t 84 25 ml PBS i@ PD-10
column » & 4o 2.5 ml sample (LDL) » #K4% & /4v 3.5 ml PBS » PR AT
0.5ml ¥4 3 ml BP & % EDTA & LDL -

LDL electrophoretic mobility % 444

#) A Backman pargon lipo gel electrophoresis system (Backman
analytic, Milan, Italy) » B &) 42 8] ¥ A5 % & &) electrophoretic mobility -
R— B O #4F e agarose gel » AR 4R IR %8R 89 K4 0 22 4F loading
paper * %18 well 18 loading 5 pl sample » $# & 5 248 » BB & LUK
#& loading paper LR HR % x4y sample » 4§ loading paper £ & 45— BL
Fi8 o B ogel AT AME » o AiBF 89 buffer> 22 100 V B'E 30 5




4 > RILI G gel A EMA A BIEAF 0 AAEEME L S 5ds 0 Rk
¥ 20 4k MARERES 5480 ME > Bt o

TBARS A iR E o#

LDL #9885 @ AALRARIE Yagi REBHZ HARMEE %
thiobarbituric acid (TBA) 2R 8] malondialdehyde (MDA)#) & & & K o

W ik & 4e LDL Aw XK FLR (0.5, 1.0, 2.0 mg/ml) &% 4% it
KERY(HSE) 384 37°C— 444 > B 10 pM CuSO; %
nitroprusside # &5 4 37°Cixd 24 0% » 2K B hen 25% TCA @ 1L
10,000 rpm F& 10°Cat 30 480l -kt » 23R EF R BN
TBA & » 8T 4 90-957C vtk 40 448 - #% A Hitachi F2000 & %
tb &, 5t R A AR IE Bradford (33)4% A 1,1,3,3-tetramethoxyprpon & 4
standard > 048 LK & 532 nm 0 4 kK K 600 nm FRIE -

Apo B fragmentation 4~ #f

#% HSE /K324 2 LDL > 2L 3% SDS » 10% glycerol & 5%
2-mercaptoethanol £ 9SC FHER 5 H48 - R H M > REBELEN
SDS-PAGE (3-15% gradient)’ 4t 48V 7k 150 4~4% » B 24 Coomassie
Brilliant blue R250 % &, » 74§ apo-B Z 5-#2441t(34) -

LDL ¥ B B] 8% 4 #7

LDL + x A% B & » # 14 1% A MENAGENT Cholesterolo kit




(Mmenarini Co. Italy) 4 Cholesterol-esterase * Cholesterol oxidase &
peroxidase 2 ;& & #1 LDL R & & chinoeimmine 4 500 nm 9B % J 4~
ERE o

LR S

#200g B E2 SD A& AL 30% fructose Fx o dv gt & 0 X84
AR 1% H2%HSE » 48R 6 1@ A F R4 5 10g/100g 52 & >
71 —3RER B 1L 3 % lard oil & 1.3 % cholesterol #ho #2543 > F ok éa
AAcHm 1% % 2%HSE » 24 1218 -

BT 5# % m Y i — % 2l 30 £ New-Zealand Rabbit (2500 %,
Vo hLa BHE-E HX 150 g diet (Z3@aks) Hi=m
LA 95.7% chow » 3% lard & 13% MEEI& » 4 +8 - THEE4
atherosclerosis process » HSE X5 4 85 /v 0.5% 2, 1% HSE » + 814 >
i B & — 78 > 2L sodium pentothal (20 mg/kg) MhBLE A > kK
&\ EDTA-coated tubes » 2R 8w » — 2y AT 5 A% » L35 4805
HAERBIE7 -~ =84+ hAs - HDL - LDL » % — 34y 4 & LDL > 24 EM
B TBARS %##7 ox-LDL- # % # PCA Z $ M > fu ik 4 1b 4t 35 AST-
ALT ~ BUN -~ creatinine » 4. — 4 547 ' M AT HEE - BHERZFT %
PCA 2% -

Aortas t1BLi R N 3% glutaraldelye (0.1 mol/sodium cacodylate




buffer pH 7.4 & 0.01% calcium chloride) & » 14 paraffin-&,32 » 14
hematoxylin and eosin > Masson-Goldner thrichromic stain & Gieson’s
elastin stain ¥7 £ fatty streak » medial calcifications & fibrous plaque -
3t o Ht

K& X mean+ S.D.& 7 » @2 b H B B3 2 ttest
2 #7 3% ANOVA o £ F o p<0.05S AT EAA ST EL -
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2 X

HSE #p#] LDL &4b4k A

& B — B~ 50 0.5, 1.0 & 2.0 mg/ml =z HSE T #p%{ & CuSO, (10
uM) mediated LDL electrophoretic mobility, 2.0 mg/mlt 2 HSE ] 7% 4
dtp ) CuSOy-mediated Z electrophoretic mobility - & B = #a-7= s 4& dp
FER BB ATAAKIE HSE & CuSO, £ #4L LDL #% f£ Ao X HSE
35T K & &7 electrophoretic mobility 14 E LDL f./b4F M : 48 Fl 49
RIB kB —F o4 TBARS A i - RBTANE—RE= &
%A TE AR IE HSE (£ —) % LDL &4tk B Ao A HSE (& =) ¥+
HSE +Tdp4) CuSO4-mediated &9 LDL #4/ER 4 1.0 & 2.0 mg/ml
HSE /% 32 T TBARS % & % & & {&(p<0.001 & p<0.00001) o

B LDL &5 34etE A - B2 T #1 A electrophoretic mobility, lipid
hydroperoxide (TBARS formation)#h» 47,4 1% st Apo B #) fragmentation
A LDL ¥ A& B &5 44 degradation @ B = 8857 24 CuSO, (10 uM) & E
LDL 4 37°C4 M 4 /185 » Ti& s Apo B ##t (Bl = » 5§ —47) > {24
0.1 & 0.5 mg/ml & HSE & 32 R 857 sb i A4k 30 #] + B L8857 X
CuSO, (10pM) & 32 LDL 12 8§ » # & LDL + z j @ &
degradation » £ fje A HSE B|3p 4] sb4£ B » 0.5 mg/ml HSE & 2 881
£ & £ (p<0.01) #gdp#| LDL ¥ AEBE 852 degradation « 47414 L& R
#a~ HSE % K A #p#) LDL 2 A4L4EA -

HSE #p #| . B B5
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2 1.3% BEB &R 3% lard oil F Aot & -F(New Zealand) #)#f +
1038 TS5 4B 5 05% & 1% 2 HSE 10 814 4 £ 88~ HSE #
BA # Y %) = 8% b A5 (p<0.05)(B) Z) - A% B 5% (p<0.05)(Bl %) &
LDL-cholesterol (p<0.05, <0.01)( 75) * 4.8 LDL-cholesterol £
HDL-cholesterol Z tbfs| F /& o % sh4n%5 38, HSE =T #p 4] —4& 4 B 7 &,
FEROALBEHASafER B tBTU J0%REBRANBEAZ
SD K& R L e faBadh 28 &R MM 1%AR 2% 2 HSE
3 #1(p<0.05 & p<0.01) » £ LDL-cholesterol 4.%% 2% HSE &4k (B €
D) » B A8~k 3% lard oil & 1.3% cholesterol F v ¢ » A
12 38 & R BRI ho 1% & 2% &3 HSE» A 88 3 518 48 45 B % (p<0.05,
p<0.01) » LDL-cholesterol (p<0.01) A risk ratio(p<0.05, p<0.01) > f2:%
4 3¢ fu HDL-cholesterol = 42 71 48 & 20%HSE & # & % » HSE K % 3%
ho Rk b 2 MONEEI A 0 LR B F i — FIR3T - AL HSE 143 Bl 8%
ZHRERFZRRTERAH

HSE ¥#p 4] atherosclerostic lesion

24 1.3% cholesterol & 3% lard oil Fpe#>fFE1EF > 84 10
B EIETH EEARLL oil red ¥ & H B 2 fatty steak (Bl AL) > £
Ak 5 AR B R IR BB TR R m T R~ S51E R T WLt B AR A2
(migration) 238 % (B +) - 344 atherosclerostic lesions » {1842
b E A 0.5% & 1% 2 HSE Lif&) lesions A B8 3 &9 4% 47 HI(E
+) » Bt HSE =T 3] fo F 5% % -

HSE =z &M 4 #



AR 108 1%HSE 89 &-F > B E 2% HSE6BA 2 Ka i
WHRIBA LBET A~ F B WEARETEY - L oFAThE
fLiE(eL3E ALT, AST, ALP)R % s #E £ 1L {i( .48 BUN, Creatin, Uric
acid)}y @ 88 % Wi(k =, m) BT HSEH &2/ - & - B -

MESTHEEN -
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4 in vitro % ¥ HSE (0.5 mg/ml) T4#p#| Cu™ 42it LDL #
electrophoretic mobility » i — # 4-# & TBARS #57< HSE #p#) LDL
“AALAER > — MM E  LDL # f4b4 M Ti% & LDL + apo-B fE 4t
#% alkoxy A& peroxy radicals 4f i & 4 lipid peroxidation i o F2(34)
RHE B8 8 50 A% > o B4 69 348 P iR HSE # % 494 LDL 4 &4t
BB XA K F 4B HSE $ protocatechuic acid (17 R
anthocyanins (18) A4 L fACH A » 7 ARS P2 HSE +44 1%
protocatechuic acid & 61% anthocyanins » B #t HSE 2 #% LDL #4L -
] %& & protocatechuic acid, anthocyanins & X ¥ flavonoids (4o
quercetin, gossypetin & hibiscetin) 2 A - LDL # f.1b 45 2% &
monocyte &9 4m it 414 > chemotactic effect + tp#) macrophage motility -
) 8% 5T 4% &= 75 &%, foam cell 42 i early stage atherogenesis (21-23) »

BEAMEBRTH AR &0 a-tocopherol - retinoids
carotenoids - curcumin (25) & baicalein (26) #£##p4] LDL £4t 0 5%
‘b atherogenesis - & #t » HSE Z #p%] LDL F LT 48 & protocatechuic
acid, anthocyanins & flavonoids 2 4% &./LAE /7 - ¥ 2K flavonoids 3T 14
# Cu™ 2z chelators » 412 HSE #2784 £ & LDL FALB R B R —
# - Bt flavonoids #1 4 chelators 2 2 % K X -

B 87 Bt s A5 & LDL fo HDL 2 84k €, 484k 33 2 S ik
EYRARACA 48 % B Z M 45(35, 36) » 1L HSE 1% & 2% @ANE R
BE(0%) 6 @A X KGR » BAE IS 8 Hibps » 28 BENANE
XM ABFBF > 1220 HSE Hiho % 3 % lard oil & 1.3% cholesterol
MRZ KGR 12 8 8+ HSE ¥4 08 B B A KEEISE QitE
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B RV EEEEOASEARET LM - Bt AARAESH
B RERX B2 Myi > HSE K bl B5 A5 2 AF A > =T 48 A 47 %1
atherosclerotic Z /5 » & T it — 35 #£ 3% HSE ] 4] atherosclerosis °
L& 3 % lard oil & 1.3% cholesterol £2 & New Zealand % -F 10 8 » 887
HSE “Tiphid ¢ =8k tibis - BEMRKERL ARG » LRARN
#p4) atherosclerotic lesions » ¢,3% fatty steak » foam cell £ 4 > 454E &
TR s B A% 4L 0 b K &8 £ AR 0§ 1% st atherosclerosis 7% #(37) - B
st » HSE 2 A 9 %] & fn B R % L HE

HSE 2 &4 it 2 /K By » 44 protocatechuic acid  anthocyaning
A flavonoids (5) > i sk R A LAk IRE A A F IR AALZ A
(10-18) » B ¢t HSE Mo A5 B dph! atherosclerosis 2 4FM X &A% L
i Z 4 Ay Z I EACIE A o KA A BT HSE 894 A A Qg $] LDL
ft ) BIRAEEIBY - ZBhH b Bs > EBELXE P ZEEE  ipH
macrophage # % foam cell ; Hp#) T BLim B AS 4 5 BRI Hl k& fatty
steak &9 & 4 o E# HSE 4o {7 #p %] atherosclerotic lesions + %1/ £ i —

FIRP o
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Fig. 1. (A) Agarose gel electrophoresis of LDL. LDL was incubated with CuSO4 or SNP
for 24 hr at 37 °C.The sample on the gel lanes are follows: lane 1, native LDL ; lane 2,

LDL incubated with CuSO,; lane 3-5, LDL incubated with CuSOy in the presence of
0.5 (lane 3), 1 (lane4) and 2 mg/ml(lane5) HSE; lane 6, LDL incubated with SNP;
lane7-9, L.DL incubated with SNP in the presence of 0.5 (lane7), 1 (lane8) and 2
mg/ml(lane9) HSE. (B) Determination of relative electrophretic mobility. * LDL

degradation.
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Fig. 2. (A) Agarose gel electrophoresis of LDL. LDL was incubated with CuSOj, for 24 hr at
37°C. The sample on the gel lanes are follows: lane 1, native LDL; lane 2, LDL
incubated with CuSQy; lane 3-5, LDL incubated with CuSQO, in the presence of 0.5
(lane3), 1 (laned), 2 mg/mi(lane5) HSE; lane 6, CuSQ; pre-incubated with LDL ; lane
7-9, CuSO, pre-incubated with LDL than addition of 0.5 (lane7), 1 (lane8) and 2
mg/ml(lane9) HSE.(B) Determination of relative electrophretic mobility.
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Fig.3. Inhibition of Cu®*" mediated Apo B fragmentation in LDL by HSE.LDL (120
pg/ml) was incubated with 10 pM CuSO, at 37 °C in the presence of
HSE for 4 hr. After the incubation, EDTA (final concentration 1 mM) was
added to prevent any further oxidation. Approximately 6 mg protein of the
LDL was applied to SDS-PAGE (3-15% gradient). After the
electrophoresis, each spot was stained with Coomassie Brilliant blue R250.
M, standard molecular weight markers.
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Fig. 4. Inhibition of Cu** mediated cholesterol degradation in LDL by HSE. LDL (120 ug
protein/ml) was incubated with 10 uM CuSQ; at 37 °C in the presence of HSE for
12 hr. After the incubation, EDTA (final concentration 1 mM) was added to prevent
any further oxidation and the total cholesterol contents were determined
enzymatically. Each point and vertical bar represents mean+S.D. for triplicate
determinations. * P <0.01, compared with CuSOy treated LDL group.
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Fig. 5. Effect of HSE on plasma triglyceride levels in 10 week-period cholesterol fed
rabbit. The data are presented as mean + SD from 6 rabbits per group. The
cholesterol fed diet containing 1.3% cholesterol and 3% lard oil. * p<0.05,
compared with the group of cholesterol fed.
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Fig. 9. Internal surface of the thoracic aortas from the five groups of
rabbits showing Oil red O stainable lipid deposit, arrow indicated
that atherosclerotic lesion in rabbit thoracic aortas.
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Fig. 10. Histological analysis of a representative atherosclerotic lesion
from cholesterol-fed rabbits treated for 10 weeks with HSE 0.5%
and HSE 1%. Basal diet (A); rabbits fed basal diet with HSE 1%
(wt/wt) (B) ; rabbits fed with high cholesterol diet containing 3 %
lard oil and 1.3 % cholesterol on basal diet (C and D ). The arrow
was shown for foam cell (A) and smooth muscle cell migration ()
in (C); The calcification core was shown as arrow ( ) in (D); high
cholesterol diet fed rabbits and treated with HSE 0.5% (E) and 1%
(F) on daily diet.






