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Abstract

To investigate the effects of Angelica keiskei Koidz on cholesterol metabolism, male Sprague
Dawley rats were fed diets containing 5% of A. keiskei flour for 6 weeks. A. keiskei decreased plasma
contents of total cholesterol, LDL—cholesterol and triglyceride while showing no change in HDL-
cholesterol; resulting in reduction of atherosclerotic index. Decrease in liver concentration of triglyceride
and increases in fecal excretion of cholesterol, total neutral steroid and bile acid were also observed.
Those results suggest that A. keiskei improves hypercholesterolemia through, at least in part, reducing
the absorption of cholesterol and enhancing the catabolism of cholesterol to bile acids.
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Table 1. Composition of experimental diet (%)
Ingredient B BA C CA
Corn starch 50.3 50.3 50.3 50.3
Sucrose 10 10 10 10
Casein 20 20 20 20
Choline bitartrate 0.2 0.2 0.2 0.2
Mineral” 35 35 35 35
Vitamin® 1 1 1 1
Corn oil 10 10 95 9.5
Cholesterol - - 0.5 0.5
Alphacel(cellulose) 5 - 5 —
Angelica keiskei® - 5 - 5

VAIN76™ Mineral mix
2AIN76™ Vitamin mix
9Dried powder

ethyl ether2 vt A2 F /B3l Al Aoz R A
Hstw 713 A2 A5} ¥ 9L EDTA(Img/ml)
2 Ae]ste] 1A 2 a4 Fo] ubx] A7) 3 500 x gol| 4]
2087k 44l 2] 8l A8 «d o] HDL-cholesterol S
24 o} -20°Cell B35} x| 2 ke 24 5}t
7t g AL A F09% A2 deE AL oL
ARA 2 7] & AAsS F2E& AT F -20°C
B33t A gekg 2Asgck e AP F2
307 M2 sted -20°Cell Borahed D=4 Y cholesterol
=+ &A%l

xEA =

¥4} 2 cholesterol, 2] cholesterol, triglyceride %
phospholipid §F2 &4 o) & 3 kitA] 2k(Eiken Chem-
ical Co., LTD., Tokyo, Japan)-2 & #4893t} Chole-
steryl ester %2 % cholesterol 33l 4 §-2] cho-
lesterol §eF2- 7+3le] A&3st 4}, ¥4 high density
lipoprotein(HDL)-cholesterol<> phosphotungstate-
MgCly(11)ell &3} A-lipoproteinge AAAZ & F4

2.2(12) A9}, 7k3-9] total cholesterol, free

A
A

cholesterol, triglyceride @ phospholipid 3 #-2 Folch
whg o 2(13) A AL 257 F Ta 0 o 8 kitAl &
(Eiken Chemical Co., LTD., Tokyo, Japan)2-& ¥4
stglet. ol &g 718tr] A A A& HxOz-free
dioxane-isopropanol(l : 1,v/v)el &3] A ZcH14).

B S neutral steroids ¥ EHEM HiH £3

1

23 neutral stercids 2 E5AH Miettinen 5-(15)
3} Grundy 5(16)2] ¥gel 23 -’F'%%}“] methylation
7} silylation 4 & 7 & gas chromatography ¥+ 2.
2 245917, A28 column-S HP-1(cross-linked
methy! silicone, 25m X 0.32mm X 0.170m)24, column
L5 180°Cell A 587 A A ¥ 10°C/minZ. 250°C7¢
2] AA17] F ohA 2°C/minE 280°C7AA] A5A1 A
t}, A 8% 9] neutral steroid ¥ ©&4H& ¥ neutral
2 acidic steroide] & A A1Zb=) v] w2 3te] 435 o

SHHE|

A A 7E meanTSDE EA]519] 2.9, cholesterol
s A2 Foo o2 Adel F 87k A& AE-
E 7= SAS program(SAS Institute Inc., Cary, NC,,
USA)E o) &-3le 2-way(2X2) analysis of variance
(ANOVA)Z #A13lsich 24 AR F7A] o] #9

AL p<0.05 F 9l 4] Fisher?] Least Significant Dif-
ference Test(18)5 E3led A3t

dot U aE
Molyaia, BHlZ, Molzg o 2 5%

AYEE ratdl] A keiskeiZ 657t Fo& 23} 9
;Ao g obF obed kg wix|R] odgkon, o] 4134
3o 7t At GA R ARG T S AR E
o} Alo] E-8& Z7FAZtHTable 2). 53] cholesterol

Table 2. Food intake, weigh)t gain, food efficiency ratio, liver weight and heart weight of rats fed the experimental

diets for 6 weeks!

Group Food intake(g/day) Weight gain(g/day) Food efficiency(%6) Liver weight(%) Heart weight(%)

B 21.2+0.7° 595+0.78 281£33" 3.36=0.26° 0.35+0.02°

BA 195+0.8° 5.76+0.61* 20.412.1% 3.21*021° 0.32+0.02%

Cc 216+1.3° 5.72+0.61* 26.4t16° 395+0.25° 0.35%0.02°

CA 20.6+0.7% 6.13£0.50° 298+1.7° 402+0.10° 0.34%0.01°

ANOQVA(P>F)

CH 0.1225 0.8230 0.5661 0.0001 0.4399
AK 0.0089 0.7375 0.0524 0.7369 0.0651
CHXAK 0.5180 0.3483 0.3786 0.3333 0.4399

"Mean+STD(n=>5). Means in the same column sharing a common superscript letter are not significantly differ(.snt(p>'0‘06_)
FER; Food efficiency ratio(weight gain/food intake), CH; Main effect of cholesterol, AK; Main effect of Angelica keiskei,
CHX AK; Interaction between the effects of cholesterol and Angelica keiskei
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o] HrIE Aol R e A keiskei F371 A¥4]o]
4FFRE AR EES G 7= A FE Byt
Cholesterole] A 71%l groupell A A. keiskei7} A&
< 2R3 AL A o)) @) wjio] ofy
I Aoligo] F7He ¥z AR cHTable 2).

A g3 7F F3F ¥] 82 cholesterol & 4 3 & Tl A
Z FE Uty o, A keiskei 39 7t Fool| o} &
d¥-& v A A] e}, AFF AR F-L cholesterol
B A keiskei Fel dgk-& WA gbohe).

£ 3A 27} Z K Table 4). o] o] whe} F 7 8} x| 4=
% cholesterol FFelA 0864 ¥ cholesterols
F 3R] & FollA] 2] 0.38¢] v]3le  ZF7HE B
t}. A keiskei F+ 8% HDL-cholesterololl & %3 3
£ " AA] @stoy LDL-cholesterol %2 f23o
2 742 AF ). ol wel 597 3A) 4 = cholesterol
& F9 817 928 Tl A 0.21, cholesterol F¢1 Tl A
052% B A keiskei® F99317] 4L 4749 d=x
Fol vlgte] o H A g B A keiskei®] XA

SE X2 Table 5. Effects of Angelica keiskei on plasma con-
tents of triglyceride and phospholipid”

2Je] = cholesterol H7H= 83 & cholesterolg §2] (mg/dD
BA A5A172.1, o]+ free cholesterol 2.t} cho- Group TG PL
lesteryl ester®) 7}l 71§ 7 2.2 A2 ¥ cHTable BA 1g§gflgf7"z }gggf 22:
3). A keiskei F4E cholesterol& FI8HA] W& T B il el b
o= 83 % cholesterolg 27} 7FaA13121, cho- CA 90.3+11.0°  1293%11.8
lesterol & F9% FdAE fez 83 & cho- ANO\(/J[}\{(P>F) 0.9864 03960
lesterol& 4 A t). A keiskei o] W& ¥R 2 AK 0.0003 0.9087
cholesterol®] 74+ free cholesterol 2.t} cholesteryt CHX AK 0.6909 0.7839

ester?] W3l g 7o)}
A]6] % cholesterol 7} ¥# HDL-cholesterol
FE 23 0.2 734 A 7)== ubd LDL-cholesterol

DMean*STD(n=>5). Means in the same column sharing
a common superscript letter are not significantly different
(p>0.05)

TG; Triglyceride, PL; Phospholipid

Table 3. Effects of Angelica keiskei on plasma total cholesterol, free cholesterol, cholesteryl ester and cholesteryl
ester ratio in rats

Group TC(mg/dl) FC(mg/dl) CE(mg/dl) CE ratio(CE/TC % 100)

B - 727148 154+1.4° 57.3+48% 788+2.1°

BA 67.0+35° 148+2.7° 521+28° 77935

C 848+65° 159+4.6° 68937 815+4.2*

CA 71.7£50° 138+2.2° 579+36® 80.8+2.3"

ANOVA(P>F)

CH 0.0043 0.8644 0.0003 0.0938
AK 0.0020 0.3901 0.0006 0.6486
CHXx AK 0.1681 0.6090 0.1483 0.9452

DMeantSTD(n=5). Means in the same column sharing a common superscript letter are not significantly different(p>0.05)
TC; Total cholesterol, FC; Free cholesterol, CE; Cholesteryl ester

Table 4. Effects of Angelica keiskei on plasma HDL~cholesterol, LDL~cholesterol and atherosclerotic index in rats”

Group HDLCH(mg/dl) LDLCH(mg/dl) Al

B 527+2.2° 199+3.0° 0.38£0.06°

BA 55.6+2.4° 114+21° 0.21£0.04°

C 4H57+42° 39.0+43° 0.86£0.11°

CA 473+23° 244+41° 0.52£0.09°

ANOVA(P>F)

CH 0.0001 0.0001 0.0001
AK 0.1520 0.0001 0.0001
CHX AK 0.6656 0.1005 0.0357

PMean +STD(n=>5). Means in the same column sharing a common superscript letter are not significantly different(p>0.05)
HDLCH; HDL cholesterol, LDLCH; LDL cholesterol(total cholesterol-HDLCH), AI; Atherosclerotic index(LDLCH/
HDLCH)
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MAEHNE R} A keiskei F9+ 3} cholesterol
Fol ot BA o] B4 triglyceride FHFS FHo =
ZAaAg o, 84 X3 gekele o e vR]R
23kt (Table 5).

3HH vt 5(7)9] ®wel A A keiskei®] methanol ex-
tract®} methanol extract® %] 2213k luteolin-7-0-
glucoside= 10% cholesterols} mX|u}3]o] 2 32|
Fo] i€ #A oA EA total cholesterol® LDL-
cholesterol& 74~ A1 A A. keiskei2] flavone 3H§5-0)
AR R ET) F o7 4FE Gt gl
AlAbstgd oo, vt £(19)2 in vitrod 3 o A A. keiskei
22 83 luteolin-7-O-glucoside®} hyperoside
7} 3-hydroxy-3-methylglutaryl coenzyme A(HMG-
CoA) reductase® *]3s}e] A cholesterol §4 S
ZAFE A o 019 in vivo HE & o}
A ot

2 %3

Aol XA S 2% A3H(Table 6), Alo]F
cholesterol 7= 7E324) 9] total cholesterol, free cho-
lesterol, cholesteryl ester, triglyceride @ phospholipid
=& AA3) 27 A A keiskel T3 = 7k322] )
total cholesterol, free cholesterol, cholesteryl ester &

phospholipid 3kl 43S VA A] ko, trigly-
ceride 3F-& 4] ©] % cholesterol A 7}et #AIglo] H-2]
Ao g BaAFT A keiskei7} k2R ] o A2
A E 2 triglyceride® A A o2 714 A7 = 42
A up7ke] oubat 2] & oA AlAbsle v 2 71
2 AlgEr 124713 A48 Sl BsA ol
AT7F D8t

Cholesterol 3 =HE4H HiA

Table 761141 ¢} 7ro] cholesterol A]o] &7} ¥ o
2 WA =] = cholesterol® coprostanone %2 714
#A & cholesterol & neutral steroid®] A4S 7}
At A keiskeit cholestanol®] Wl & folH oz
Z7} X 7 2.9, cholesterol-free A} o] Tl 4] Z neutral
steroid ¥lAd & #2152 8 Z7}A1 7] 31, cholesterol 4]
o] ol A= & neutral steroid ¥]4-& <7t Z7FAH L
v o) o)A ske}. A keiskei A o] 7l 24 &
neutral steroid ¥l o] 2718k AL B ol A keiskei
£ AR ol 49 cholesterol?] F4&& Y3 e 7oz
Atz E ). Cholesterol?] & F43 4 249 A%
Folr tlAt| A 4 wlf vv|E Ao U A
3)TH(20). Cholesterol®] A& 4l coprosterolE-2-
o W EEol &]8te] AL cecum FEA FAEE

Table 6. Concentrations of liver lipids in rats fed the experimental diets” (mg/g)
Group TC FC CE TG PL
B 39+0.4° 26+0.2° 1.3+02° 40.7+ 57° 197+ 1.0°
BA 36+0.2° 28%0.1% 0.8+0.2° 187+ 6.0° 20.7£2.3
C 26.0+50° 4608 215+43° 952+17.1° 27.0+52°
CA 247+16° 40+0.3° 207t 16° 688+ 87 244+2.0°
ANOVA(P>F)

CH 0.0001 0.0001 0.0001 0.0001 0.0023
AK 05511 0.4393 0.5970 0.0003 0.5998

CHXAK 0.6874 0.0861 09132 0.6786 0.2501

1)Mean:*:STD(n=5). Means in the same column sharing a common superscript letter are not significantly different

(p>0.05)

Table 7. Fecal excretion of neutral sterols”

Group Cholesterol Coprostanone Coprostanol Cholestanol Total

B 26+05° 1.1+0.7p 02£02° 26+04° 65%0.8°

BA 201047 1.7+0.7% 0.3+0.2° 43105° 83+07°

C 28.1+38° 44+13° 05+02° 25+04° 354+53°

CA 328%57° 31x09" 15+12° 39+0.4° 41.3+38°

ANOVA(P>F)

CH 0.0001 0.0144 0.0231 0.2806 0.0001
AK 0.2557 0.6959 0.0902 0.0001 0.0353
CHXx AK 0.1450 0.2868 0.1451 0.6019 0.2332

DMean=+ STD(mg/day, n=5). Means in the same column sharing a common superscript letter are not significantly different

(p>0.05)
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Table 8. Fecal excretion of bile acids”

SR - w294 -

AL - HA43 -4EH

Group LC HDC UDC DC CDC C HC Total

B 0.11 0.84 0.02 0.32 0.54 0.04 0.04 1.91+0.39°

BA 0.40 1.64 0.09 0.44 0.65 0.03 0.09 3.34+0.99°

C 0.44 0.43 0.15 0.81 0.58 0.26 0.57 3.23+037°

CA 0.80 0.66 012 0.91 1.00 0.36 0.76 462+061°

ANOVA(P>F)

CH 0.0009
AK 0.0004
CHXAK 0.9411

Ymg/day. Mean of 5 rats

LC; Lithocholic acid, HDC; Hyodeoxycholic acid, UDC; Ursodeoxycholic acid, DC; Deoxycholic acid, C; Cholic acid,

HC; Hyocholic acid

Ao AUdA Fo=HA @ widdch(21,22). A
keiskei®] Ao]A 7}l 2}4) cholestanol W Ado] F713}
+ A28 Hol A keiskeit cecumellA] cholesterol =
5 cholestanol® A3l Pl &S 45§ F34
&= Ao ¥l

2oz wAd=EE 254 4¢]F cholesterol?]
59 Aol A keiskeidl 93t fe)Hal F7}
Z 2t Table 8). w}ebA] A. keiskeioll 213 B4 cho-
lesterol 22 3E FE5AL WA Fote] A 7]l
e Z o2 AlREH, 2 716 #sldE ol A7
7} "3t

ole} Z-& A= wol A keiskeiodl 213 EA cho-
lesterol®] Zav AR e 9] cholesteol ¥4 2
@5 ene] wiide] Ul U rIAse AL
Alg ¥}

e <

3 # 4l cholesterol(0.5%) ¥ A. keiskei(5%)5 7
¥ ¥4 9 703 X A AL 9 24 F9] neutral steroids
2 5At wi Aol vl o -8 Asigch ¥4 cho-
lesterol EX%% 4}¢]Z cholesterol A 7}dl| 2] s FA]3]
Z7HE 2 A, A keiskei 1A FA 22 HAastg]
t}. Ale| % cholesterol 7= ¥ A HDL-cholesterol ¥
& frod ez 734 A7)+ v LDL-cholesterol&
A2A F/HA T3 AR 4F w9} A keiskei 5
¥ ¥4 LDL-cholesterol®] ¢4 o2 zFA A3 2
o, B9 32+ E cholesterol & FoJ317] 942 Fol
4] 0.21, cholesterol g -l 4 0.528 X A keiskei
£ F9381A] & 4zt dizFd uiste 93 7
28 ¥ A keiskei7} EAAA QA aaE vyt A
keiskei 33 T8 cholesterol &< ¢} @Al gle] A
triglyceride %% Aoz A7 AHAE R

2, 84 dxA kel S v1A R ket

A. keiskei S99 713249 total cholesterol, free
cholesterol, cholesteryl ester % phospholipid ¥
L o 3g v|AR] ggkond, triglyceride FL AolF
cholesterol 7}e} FAgle] 24 o2 FAaA Rt A
keiskei= cholestanol, & neutral steroid ¥ @354
A& F7HA AT o) 9} AL AFA =2 Mol A keiskei
o] 1§t ¥# cholesterol®] 74 cholesterol -2
7} 2 cholesterol& cholestanol 2 2.8 A3} <5
Ato zel wjide] Zrtgd 4R 71QisE ALE AR
e},

ZAtel 2
o] EE-L 19949 AFES] AgFFArIE A
FYE AFAIH AL DR} 19069 E FF 4%
AFARE) FEIHA Q74 Lol &) sho] AT
dew old ZHAr=YYh.
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