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Smaller Increase in Serum Cholesterol Level in Rats Fed an Ethanol Extract
of Adzuki Bean Seeds
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The increase in serum cholesterol level in a group of rats fed a high-cholesterol diet containing an
ethanol extract of Adzuki bean seeds was significantiy lower than that in a group of rats fed a conirol diet
that did not contain the extract. Feces weight and cholesterol excretion were significantly higher in the
Adzuki bean group. An in vitro-micellization study showed that the solubility of cholesterol miceliized by
addition of an ethanol extract of Adzuki bean seeds at concentrations of 1.10 mg/ml~5.56 mg/ml decreased
in a concentration dependent manner, In addition, iver HMG-CoA reductase activity in rats fed the Adzuki
bean seed extract was significantly lower than in the control. However, there was no significant'difference
in the level of HMG-CoA reductase mRNA expression. Furthermore, there were no significant differences
in the levels of mRNA expression of genes associated with cholesterol metabolism, cholesterol Ta-
hydroxylase, LDL receptor, LCAT, ACAT, hepatic cholesterol esterase, and SREBP2. These findings
suggest that an ethanol extract of Adzuki bean seeds may inhibit increases in serum chelesterol by two
mechanisms : inhibition of micellization of cholesterol in the gastrointestinal tract, leading to reduced
absorption of cholesterol and its éxcretion in feces ; and a reduction in the activity of cholesterol synthase
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in the liver.
of SREBP; was significantly lower.
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It is also possible that the fatty acid metabolism system was affected, because the expression
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1. EBEsEREOHE

ALK T EEmOMS » b (Fisher % ; F344/DuCrj, H
Rz vT) i, -EEOERBREA~DIEET - o RICE
CERERERRA L Ao, (N 80% T v — VML, TR
L7 (Vigna angularis Qhwi et H, Qhashi) % 80%
T/ —ATEEMHL T, BERICEERO A 4 3T
{13 DAIAION SP-850 (=#/{t¥) THE® Y v/ v/ HEK
HbrEL, 80% =y -V TEHLTHARBLL, LR
o — SO RERAMEER L, Table 1 WoRL f2, SR

BbABSIET Ao BEEEE L T-30C THREL, B8

EkREEHRLLEOESR L. Ty FEFERCETL,
7:00 7~ HEHEE, 19 : 00 2 SESEI O 12 BSRETEHH, =B 23
+1°C, HEER6055% & L. HLO#R\W i Guide for the
Care and Use of Laboratory Animals'® 2§ » 7.

2, MME HEREUEBHROILXFO—N - HAERO

MEFORo LV RAF o -V BLUOHDL T v2 59—
i, TDX 7+ 34 %— (Abbott) ZH/EBERETHIT
L#z. VLDL+IDL+LDL 2 i 2 7 o — VRS, oL
RF - LBEE DL 3 L A5 0 — VBRSNS EE
Ltc, 70, BIIREE(LISEE (AD @, VLDL-FIDL+LDL
JLVARFe—LEErHDL AL X Fo—-LEBOoEE LT
Wi, BEeBicsshdaorvare—ibl, 2L 27
=W E-F X b 73— (i) 2EwESRET, &
e EHEEE L BRIBHERSE (BREETE) 2H0vi
BRETAEL, 70— VERMENE S LTHEBIL .

3. HBAO pH AIE

ERMAYE, BERSAT 0ml KERE, BEERE
IEEE T 16 SRR - i LT, KRR O pH AAIE L.

4, ALAFO—IOIEIHLBEORE"

3 -&)V{lﬂ?’ﬁ?ﬁii,/ 48mmol/l L ¥ F ¥, 0.5mmol/l 3 L
ZFO— MBI 132mmoel/l F v oo —EELSSE 15
mmol/1 | v SRR ERAEK (PBS, pH 74) ¥ 10ml
A EEHNIEE, 37°C T UMM 32 ~—r LR
Lic. 04»5 556 mg/ml OEEEHEIFH T PBS iEE L 7o/
Sxy /s — il esonl S FEED I {LEK &%
RS, 37°C T 1SR v+ = ~—L 7. 1000g, 10 537
BLSHEL TE SN RO BB, 0223m © MILLEX-
GP 7 + A% (Millipore) #&L, AEHICEEhiaL
AFE—EEAILAFE—E-FRFT7a—CLY
BIEL, e fblica L 2Fm— LiEEELAEH LA,

5 FEEES # 0Y —A® 3-hydroxy-3-methylglutaryl-
CoA (HMG-CoA) L& %% —+ (EC 1.1.1.34) jEH
DAE _

HMG-CoA v ¥ 7 ¥ — ¥ OiEMEAIE L, Lippe & O

Table 1 Composition of the experimental diet

Adzuki EE Control
(wt%)

Casein 25 25
‘Corn starch 15 i5
Corn oil 5 5
Cellulose powder 5 ]
Mineral mixture (AIN76) 3.5 3.5
Vitamin mixture {AINTS) l 1
Choline chioride 0.2 0.2
Sodium cholate 0.125 0.125
Cholesterol 0.5 0.5
Adzuki ethanol extract 1.2 —
Sucrose to 100 te 100

ZHERL72®. 250mmol/138/k+ + )9 A, 10mmol/] =
FLryYT I CAEEERT > b)Y AB LT 10mmol/] ¥
FARALA b —WEEEB0mmol/l ) YEEH Y o AGEE

i (pHT2) ICERURHRE 2 ov —siE (5ot s

E75mg/mlF2) 0.2 mlid, 25ul @ 300 mmel/1 7
2—Z2-6-) vEEB LU 25pl D 30mmol/l =2 F » T 3
FPF=v IR0 vAF Y B lpldsr2 —2-6-
U vEERKERBER 2=y b)) BLT10pl @ 0.14mmol/]
[3-¥C}HMG-CoA (Amersham) & &B& LT, 37°C T30

A vE 2 b L 200] QSR NA TRIGE

(Ef%, 10pl @ 500mmol/1 A Na 57 b vEF e ) T—&
LTENLT, BUTCTIAMEA »E2a~x—bLTH
NuviRES s b bl CORIEEKR 200l © 50%
FAWEES b U ABET800p] DB~ Y E Y ENA T,

© 3000g, 10 HELSH 40 2TV, 85N LR 5000
W 3ml @Y a7y 7he 7 (Packard) & MA THREHE

HEERIE Lo, &7, JIBThT V2 oy — 24 10 S0
B g, RBCRELEEZ TS v &L

6. FEOILZ70—IREEEFRESOMNE

v rE—ABEEENT TS S - A AR L £
(Adzuki EE) B4 5% -5 » MNFBbG 6B/ TV
Fx S —mp Ok AERRWT, BRNA AR
Ly ﬁ@ﬁék cDNA %358 [ 72, Sterol regulatory element-
binding protein 1, 2 (SREBP,, SREBF;), HMG-CoA L
Fh &y —F aLAFu—NATa-kbFoFys—4, (£
Ey)#£ra54 >y (LDL) ve7F—, LY Fr-aLRF
D—T YRS VAT 25—+ (LCAT), 7 ¥ CoA
IVAFO—ATFTY 5725 —¥ (ACAT), IIF
HorAFe-LIRF S5 —F0O mRNA FHEIE, RT-
PCR-#H g T S ¥—w s vikicky, ¥1) =2
TAFE F-3-) vBFEe Fas'+— ¥ (GAPDH, =¥
o—) HEREBOEICHT 2EWES LTERL WS,
FALEY 4 v—8BLU7 0—7F Table 2 R L 7.
i, FEIKER7 » MFEEFAVKREPCR 754 v —
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Table 2 Base sequence of primer and probe’

SREBP, (AF286470)

Sense 5-CCCAGGTGACCCGACTATTCT-8 (2297-2317)

Antisense  B-GCTGCATGGCCTTGTCAAT-3' (2697-2679)

Probe 5-CTCTACCAGTGGGTATAAGCGTTCAGCTGCCTCCTCATCCCGCOTCAGCCAGTG-8 (2601-2548)
SREBP. (BC101502)

Sense 5-CTTGGTCCCGATGTCGTCT-3' (2545-2563)

Antisense 5 -CTCCCGCCATTAGTCGAAC-3 {3076-3058)

Probe 5 - TGCCGCTGACATTGAGACTGCTCCACAGGTGACCACTGGCCCTCTCACAATGAC-S (2824-277)
HMG-CoA reductase (X55289)

Sense 5-GCGTGCAAAGACAATCCTGGAG-3' (b44-565)

Antisense  5-GTTAGACCTTGAGAACCCAATG-3 (788-767)

Probe 5’ GA'I‘CTGTTGTGAACCATGTGACTTCTGACAAGA’I‘GTCCTGCTGCCAATGCTGCC 3’ (683-630)
Cholesterol 7a-hydroxylase (J05500)

Sense 5-GCCGTCCAAGAAATCAAGCAGT-3 B (1394-1415) .

Antisense  5-TGTGGGCAGAGAGAACAAAGT-Y (1699-1679)

Probe 5 CCCGAAGGCCTG’I‘TTAAGTGATGACTCTCAGCCGCCAAGTGACATCATCCAGTG3 (1633-1580)
LDL receptor (13722)

Sense 5 CTGTGTCACTGAAGCGCAAGG-8 (2360-2380)

Antisense  5-CAGGGCGGGGAGGTGTGAGAA-Y {2875-2855)

Probe 5-GTGAACTTGGGTGAGTGGGCACTGATCTGAGGGGCAGGCAGGCAC-3 (2237-2193)
LCAT (X54096) :

Sense - 5-TGGGTATGTGCGGGATGAGAC-¥ (486-506)

Antisense  5-TGGCGGTTGGGGACTTAGGAG-3 (1318-1298)

Probe ' 5-ATCTGTCCCATTCATGCGGAGCAAGTGTACACCCTGTGACTGGCGGLCCTGE-3 (1221-1170)
ACAT (D86373)

Sense | 5-TACATCTTTGAGAGACTCTGTG-3 {1091-1112)
Antisense  5-ACACGTAACGACAAGTCCAGGT-3 (1724-1703)
Probe 5~ ATGAAGTTAAAAGCCA’I‘TCCAAAGAACATGAAGAGCACGAAGAGCACTGGGTAG 3 (1542-1489)

Hepatic cholesterol esterase {L46791)
Sense 5-CAGAAAACAGCCAAATCCCTC-Y (1147-1187}
Antisense  5-ACTTCTTTGTCCTTCAGCCTC-8 (1655-1635)
Probe 5 -CAAATACTGAGAAGAGTTCATCACCATGGTCTCCGATCACTGTCTTGGGCCTCA-3 (1453-1400)
GAPDH (U10983} : i
Sense 5-ATCATCTCCGCACCTTCTG-3' (322-340)
Antisense 5 -TAGCCGAATTCATTGTCATACC-S’ _ i {923-902)
Probe 5 -GGCAGCTTTCTCCAGGCGACATGTGAGATCCACGACGGACACGTTGGGGGTAGG-S {723-670)

'These probes are labeled with DIG
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T 7E

%7, Adzuki EE &fE£547 % 5 + © GOT (FA ¥
VERA RV OFEEEF 5 VAT I —¥) R GPT (g
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B o fe.

Adzuki EE Bff% 3:E/5 275 » roMERo Lo
VAFO—ABiE, avibo—LalBorhichkNTEE
i EEAIE S T (Table 3). i, VLDL+IDL
+ILDL ALV AFE—AEBMI v o — ey
Bl LEMHENC LicEEL T (Table 3), %

PL I Yl

" fz, Adzuki EEREEA 52735 FMEO3EHO Al

W, avbte—nEBEESI LS FicHANTEERES -
7= (Table 3).
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Table 3 Serum cholesterol concentrations in rats fed
Adzuki EE or control diet for 3 weeks'

Table 4 Weight of liver and feces in rats fed Adzuki
EE or control diet for 3 weels'

(mg/dl} Adzuki EE Control Adzuki EE Control
Total cholesterol Liver
0 week 63.41 3.9 B8.8* 4.9 Weight (g) ©9.5350.39  9.4740.30
1 week 148.247.8  293.6+47.8" Total lipid (mg/g wet liver)  94.9712.8  92.013.0
2 weeks 159.6+27.5  206.8+227.5* Cholesterol (mg/g wet liver) 11.0%1.7  10.4%1.4
3 weeks : 141.0%£31.0 201 ..4120.9* Feces
HDL cholesteral Weight (g/d) 1.7940.25%  1.52%+0.20
0 week ©40.4% 1.8 42.2% 2.2 Cholesterol (mg/d) 12.04+1.7*  10.8+0.6
1 week 922 94 1.9 27.0% 1.4 Bile acid (mg/d) 8.98%3.0 8.9+4.3
2 weeks . 30.0% 2.5 30.0% 2.1 'Values are meanststandard deviations for 12 rats.
3 weeks : 31.6% 4.6 31.4% 2.1 *p<0.05
VLDL+1DL+LDL cholesterol® '
0 week 23.04 2.7 2661 3.1
"1 week 126.0%+47.1  196.6+47.3* 18 :
2 weeks 129.6+28.6 176.8%28.5" = 16
3 weeks 109.4£30.9  170.0£19.4* W 14
: E 12
Atherosclerotic index?® = 10
0 week ¢.5710.06 -0.53::0.06 g 8
1 week 5.81+2.24 6.70%1.15 3 2
2 weeks 4.37£1.15  5.68E1.30 5 g |
3 weeks 3.52+1.08  5.37%0.52* 0 1 L : L "

! Values are meanststandard deviations for 12 rats,
2YLDL+IDL+LDL cholesterel ; {Total cholesterol)—{HDL
cholesterol)
" 3 Atherosclerotic index ; {Total cholesterol — HDL cholesterol)
/HDL cholesterol '
*p<0.05

FEREEYHREo v AT - VELHEEESRD N
N fohs, BEORMEEELLS v FOEBRIERER
BRI L Tz (Table 4). LA L, 1 A7 b OEEHESHEM
EOMARZEEY ohish- o, CROOR-RLD

Adzuki EE &fif 5 » rO#ERIZ, 3 v ro—vAEN

ENTEHERIE SV, ETBERREEEsZda e
RS,

2. HBAOpH

Ty b o EiEE Adzuki EE &fE42 5575 v O
EBAHEZAELAZEIA, FEOZAT T.7110.14,

BEDENIE 699012 2T L, MAERTERREL >

Tz, Adzuki BE SEROEBHN pH METFL TV
D, 3o BEBRBOREPEHROENAEICL S
HEMHEAEERY g & TV 2 TR HEE AN 3,
3, ALARFO—IENMIHTEAETSY / — LT
DR '
JLAFo—LORNERELT, 2VAFI-LIE
NOEERIEST/NE T &/ — ViR OB LR L
7o, aLAFo—NIeNNETy s — AT E 1]
mg/ml B FBENT 2 & 3 v A7 0 — VA ERERFNICRE
Bt (Fig. 1), TLRFo—-L0 3 A EHEER, B4

0 1 2 3 4 5 6
Adzuki bean extract (mg/ml)

Fig. 1 Effect of Adzuki ethanol extract (Adzuki EE) on
the micellar solubility of cholesterol ir vitre

Adzuki EE was added to taurochelate/lecithin/chole-
sterol mixed micelles. Means within the same rows
bearing different superscripts are significantly different
{p < 0.05). :

DIEHOATFFYH L — FTHHEEXNTVEDS

NGy — M, 2L RFo—A0 3 EAbE
BZd BN S5 0 L b, NERY 7 =/ — VOIEH
WL EBRfEMESEA NS, By s —VHTHE L

mg/ml EEENBNERY 7 = s — VB, HFF VI

LWEE LT 2000M TH o
4 So FFEREYR— O HMG-CoA LF 7 &~
g

Adzuki EE SO 5 o + I BT 5 HMG-CoA L
§ 4 4 —EiEMklE, 7.65£1.55Bq + mg protein™! TH D,
v b o—ABEEEO LN (9.9511.65 Bg.-mg protein™!)
N TEBIEVESR LI, HMG-CoA L §7 & —+
i, IS B3I LAFo — LAROEEEETHL O
Lo, Adzuki EEGEEO T M Flicsd 2302
Fo—EEAIIHEN TV A ESHEEa R $i,
HEEARo R ) 7=/ -1, FEBi: 70V —20
HMG-CoA L 57 7 — ¥R ZHREIET S 2EHD
HELEDNHEENT WA I &b, gy /s — K
M EEN LR 7 =/ — LIRS, T OBEOTEEITE
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Table 5 mRNA concentrations in rats fed Adzuki EE
or control diet for 3 weeks!

Arbitrary unit

mRNA Adzuki EE Control

SREBP, 0.42+0.10*  1.0020.18
SREBP, . 1.08%0.38 1.00£0.57
HMG-CoA reductase 1.07%0.17 1.00£0.10
Cholesterol Ta-hydroxylase 1.05£0.17 1.00+0.13
LDL receptor 1.000.10 1.00%£0.15
LCAT 0.98+0.11 1.00£0.26
ACAT 1.25+0.40 1.00+0.20
Hepatic cholesterol esterase 1.03%0.19 1.00%0.13

! Values are means=*standard deviations for 12 rats. The
values of each mRNA are expressed relative to glycer
aldehyde-3-phosphate dehydrogenase (GAPDH) mRNA in
all groups. ‘

*p<0.05

KRR L TV WREMAER Sha, BERBEBE O
FHHiCowTE, NIy — YR & D4 -
LT, EEMEOBERIT PN ETSH 5.

5 Zuv MTEOESEAHCED I EEFRR
Adzuki EE 8 # O > » MTBicsidta L 25 0—
NVEIEERTO mRNA REBREIZ, Tv bo— LR
DEVFIEEAEED SNIEH -7 (Table 5), =77, g
DB = ki 4 2 85K F <5 5 SREBD, i, Adzuki
EERMEMES » F THRAFBHEFECET LTV A Em
5, FVRFo—EENEONE RS 5 3 EEOR
FO mMRNA BEEXHET L7208, BRABCHESNEE
BB bhishk -/ (Table 5). #2ERY 7 =/ — VERHTIC
&% HepG2 #ifd0 LDL 17 4 — % SREBP. ® mRNA
C RREBEMAHFESNTVE® S, Adzuki EE A
v b OIBICEE N TR L DBEIRBR I IEEE
BEH LN P o7,

CNOOHERM S, Adzuki EE&8HES » F OMig 2
VATFa- v ERIEERG, BERLAa L AT -0
DEA~OHMIEER TR : 7 oV — s HMG —
CoA L $ 7 & —¥FEHETCER L2 L2 70— LG
RN L B &M L7, 7, O T L 27 0— At
WRBRTFORBEIC3FEMNA SN, 7. SREBP,
@, A YA Ve LDEEEZ Y AEERTTLHLC &
Mo, NG F s — AR A v 2 ) v OFER P IEEE
FUHBERR I A 52 T B uREE S TE & e

7 - #

NGx 5 s — AR AR L BT LR F o — EfH
(Adzuki EE BHE) 252 /5 o N EOEIL 250 —
VB, T ro—BHT .y FEICHS, BERILR

Fo—w ERHSIAES St 4, Adzuki EE &SEEE

7y b CTRERBEL D LR T 0 — AHE a8
LT, invitro Y £ LB L D, 110 mg/ml~556
mg/ml D/NG x5/ — BRI L 0 Y vk Ly
TR T OV DIERREY, RNBRENCEDCT AT L
TR Uiz, 7z, Adzuki EE &fHEES o + OFFE

HMG-CoA L' ¥ 7 % —#iElEl, 3v bo—nozhtb

SHEECET LT, UL, HMGCoA L 42 # — ¥
O mRNA BEBICEEZZS oMM -7 4, T
A7 o= BT A B/EFTHEILAF O AT
a-E K@+ ¥37 -+ LDLL+7%-, LCAT, ACAT
APz L 25 0 -2 x 75—+, SREBP,® mRNA %
HELEBEEZIA SNt -7, ThooBRRE, JSx
o/ —NMEEES C LD, HEEFCBLTI LR FE—
VDL RIAEDBHEZ N, IL 250 — A ORI =
N, FLHEICE DT HMG+CoA L ¥ 7 & — 2iEH A
Hladhi Lok, M2 L2700 LEIIEsEEE
TVAAREMERRIE L T3, %72, SREBP, ORIEN
HECEDR 27 &b d, BMoRMRICLEBL52
TV B HEEELEZ S5,

INELT S S — R ARR L T R Wb
HREOIHRERFEB L UHELVANER, 5+ @

EEBLUT ML AV OB REE DRSS

ERBLUE EHERCRSHLZS
LOMARHATEES RSO ESEWLAZ ), 25S
EXRF AWML COE 7o 75 aifmD—BE LT a7m.
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