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ABSTRACT

Prevention of life style-related diseases, in which thrombogenesis is deeply involved,
1s the currently important social problem. Diet is undoubtedly one of the important
risk factors of the diseases. Therefore, prevention of thrombogenesis is beneficial for
that of the diseases. To prevent, prothrombotic state has to be assessed. Currently
used multifactorial tests seem not to have succeeded. As thrombus is the result of
the interaction among blood cells, blood vessels and blood flow, we established a
sensitive and reproducible animal model of thrombogenesis for assessing the effect of
diets on thrombotic state. In the model thrombus is formed by He-Ne laser
irradiation in the carotid arteries of genetically atherogenic mice deficient both in
apolipoprotein E (apoE”) and low density lipoprotein receptor (LDLR”). We have
demonstrated using this model that genistein-rich isoflavone aglycone prevents high
fat diet-induced prothrombotic states. However, purity of the isoflavone preparation
used in this study was low (30%). Therefore, the results were not conclusive. The aim
of the present study was to clarify the antithrombotic effect of isoflavone and to
compare the effects of isoflavone forms, glucoside (daidzin and glycitin rich) and
aglycone (daidzein and glycitein rich), using the preparation with high purity
(glucoside 80%; aglycone 90%). The male mice were raised with commercial solid diet
until 6 weeks of age and the test diet feeding started from 6 until 14 weeks of age.
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Isoflavones were supplemented to the basic high fat diet (40% in energy; control diet)
to be 25 mg/kg diet (glucoside), 13 mg/kg diet (aglycone equivalent to 25 mg/kg diet of
glucoside in molar concentration) and 650 mg/kg diet (aglycone). Thrombus was
formed in the left carotid artery by He-Ne laser irradiation in the presence of Evans
blue. He-Ne laser-induced thrombosis method (in vivo) revealed that aglycones showed
antithrombotic effect at 13 mg/kg diet (P=0.031) and at 650 mg/kg diet (P= 0.007)
but not glucoside (P = 0.349). Shear-induced platelet reactivity test (in vitro) showed
the antiaggregatory tendency in aglycone at 650 mg/kg diet (P=0.064). The results
confirmed that daidzein and/or glycitein have antithrombotic effect, but not daidzin
and/or glycitin. The antithrombotic effect may be partly due to antiaggregatory
effect. Deficiency of antithrombotic effect in glucoside might be due to its lower

absorption in the intestine. Soy Protein Research, Japan 5, 108-116, 2002.
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(%), Japan), (Bp)EAEX DM ESNIA VY T7TIHRY
sVvay K (#MEE78.4% (daidzin 34.2%, glycitin
35.6%, genistin 6.9%)), BX 77y ar (HiE
90.7% (daidzein 40.5%, glycitein 43.5%, genistein
6.4%)).
=& FRELA) - Sodium pentobarbital (Nembutal, 50
mg/mL, Abbott Lab, USA) % f\v 7=,

v

Evans blue : Merck#:# (Germany) Evans blue# 4
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F &

RO ML EBEEHL, AINOGYZUWE L7
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AV T IR G EAEEGT 7 3 & (13 mg/kg
diet) BLU 77V are0fFRGEGRT 7Y IV E
(650 mg/kg diet) O 4 FiFHOFE % F#& L7z (Table1).
AR FEHIHIEEE0.6%I2 72 5 & ) IR L 7298 R % H
WCHER L L, B E T—30C O HE CRIEL 7.
HetkapoE” « LDLR #7V /v 7 7 w7 b~ w7 A2 g
BEEEE (CE-2, HAZ L7 (F), Japan) % 6 #Hi
FCHEATMEE Lok, S AMEREIE & EN S
T2 ORE I 72,

He-Nel — ¥ —&iE~ 7 RBEEIRIRTRE -in vivo-
REOFEMIFMOMY TH A7, EHIERD &,
% $'Nembutal (65 mg/kg body weight) % ~ 7 A
WIS L, BREEL 72, ES2050E, ERBREIIRICAR )
T F L »Fa2—7 (PE10, Becton Dickinson and
Company, USA) #¥E L7z, R\WT< 7 AEE %)
L, AASEIREFE (8450~500 4m), 37
7AN—EHCTHEFENISEA SN 7/-He-Nel — 4 —
(Model NEO-50MS, ## 7 —72 (#), JAPAN) % g
SL7-. MBEEIEH = 2 — L & Y Evans blue% &
L CRG S 72, MARTERGETR 13 SHBIIR % 7% 4 FR B 2
BT L (Model LG-PS2, #+ 1 ¥ /S A (%), Japan),
i L EICRRE L72CCDA A F %4 LT (Model
TMC-7, Fri#sss 25 4 (BR), Japan) /¥ 2 (2
B A A 72 (Macintosh Power Mac G3) (Fig. 1).

Table 1. Experimental diets supplemented by isoflavone glucoside and aglycone

Ingredient Control Glucoside Aglycone High aglycone
Casein 23.2 23.2 23.2 23.2
Cystine 0.3 0.3 0.3 0.3
Corn starch 36.2 36.2 36.2 36.2
Sucrose 9.95 9.95 9.95 9.95
Soy oil 3 3 3 3
Butter 7.5 7.5 7.5 7.5
Beef tallow 10 10 10 10
Cellulose 5 5 5 5
Mineral mixture 3.5 3.5 3.5 3.5
Vitamin mixture 1 1 1 1
Choline bitartrate 0.25 0.25 0.25 0.25
tert-Butylhydroquinone 0.0041 0.0041 0.0041 0.0041
Cholesterol 0.05 0.05 0.05 0.05
Isoflavone glucoside or aglycone 0 0.0025 0.0013 0.065

Total grams 100 100 100 100
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Fig. 1. He-Ne laser-induced mouse carotid artery thrombosis model.

Evans blue&hii2> 5 100 M T1047M, AF61RDH
2% B0 AR MY A4 X OV (Fig. 2).

X &M% (Haemostatometry) -in vitro-
A3 Gorog b KovacsiZ & o TR E N2 HiETH
200 Z O ORI, PUBEF A L 7 i
WEMWT, MERET ¢ X)) BRI/ (1
ARSI/ RE) , BEERE, MARVAIRRE % 8t
MICHETEEHETH L. WEEM%Fig. 3ICR7.
% ¥, Nembutalfif T o~ 7 2 EREIR & 0 25G07E

Bt &2 HWT, PrEEfEF = mz 2 W CTIRILL 72, BEH
WEREG 2 ANEAY P A=F —DF VT —(A) 2ty k

L7z S 2 RK0R) ZF LYy Fa—7 (id, 0.50
mm; od, 1.00 mm) % HY) ¥, 60 mm Hg FC1ARKD
Fa—=TDOHRENT 7 4 v % —EhE (0.057 mL/min)
THEFFENICHASE, AT 2 —7h 5 EEDIL
Wi LW L7z, R0 2 537300, (B)IZBWTF
=7 %4t (EA0.18 mm) TZHM L, AMAEAKNIC
HIL X7, RIEXYIR)) (375 dyne/cm?) T4k
SNTM/MMRD S 7% % kIR TNz, IRl
W& (CONDIMFIEEIET 55, RATTEEICLD
Mg L7z, s ozfbr E2 e L CTRIFR
Wi L, av¥a—% THEAFLZ. BN
Haemostatogram % Fig. 412/R3. ZEHlIC X V4L 5+
DIKRET 2 HEH30% B X 0% RET 5 F TOMH
Fi & ZZNHL, H2, FRILA 5 EEIC X ) EA10 mm
Hel& T ¥ % $ CORFE%CT1, 10 mm Hgl2 % % £ TO
K ACT2& LT, ZRZhu/MMesost: (HL, H2)
L &FERE (CT1, CT2) oigiEE L.

XE/-ABEHRRE Vol 5(2002)

Fig. 2. Three dimensional feature of a thrombus.
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Fig. 3. Principle of haemostatometry. Haemostatometer is composed of three parts, A, B and C. Non-
anticoagulated blood in a syringe is kept vertically in a holder at 37°C (A). Non-anticoagulate blood is
displaced by paraffin liquid at 0.057 mL/min, resulting in blood flow in the other polyethylene tubing (i.d.,
0.50+0.01 mm; o.d., 1.00+0.02 mm). Bleeding in surrounding saline at 37°C is caused by punching with a
needle, 0.18 mm in diameter, followed by haemostasis, and shear-induced platelet-rich plug formation (B).
Polyethylene tubing is connected to a blood waste reservoir under 60 mm Hg and changes in pressure are
recorded (C).

Table 2. Effects of isoflavone glucoside and aglycone on plasma cholesterol and triglyceride, as measured using
apoE and LDLR double knockout mice. n=4-6 in each group

Measurement Control Glucoside Aglycone High aglycone
Cholesterol (mg/100 mL) 1183£50 1017+42 980+22 1156+ 74
(P=0.09) (P=0.07)
Triglyceride (mg/100 mL) 121+19 162+29 182+32 —
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Fig. 4 .Typical haemostatogram. Arrow indicates needle puncture. Hl=Area until 30% pressure recovery,
H2=area until 90% pressure recovery; CT1=time until a pressure drop of 10 mm Hg from baseline (60 mm
Hg) caused by clotting; CT2=time until pressure decreases to 10 mm Hg and keeping below 10 mm Hg for 1

min.
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Fig. 5. Body weight change in control and isoflavone-
treated mice. (@), control group; (), glucoside

group; (O), aglycone group; ((J), high aglycone
group. n=16-20 in each group.
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Fig. 6. Effect of isoflavone glucoside and aglycone on
high fat diet-induced thrombogenicity, assessed
by the mouse carotid artery thrombosis method
in apoE and LDLR double knockout mice. C:
control diet, G: glucoside diet, A: aglycone diet,
HA: high aglycone diet. *P<0.05, **P<0.01.
n=6-9 in each group.
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Fig. 7. Effect of isoflavone glucoside and aglycone on shear-induced platelet reactivity, assessed by
haemostatometry in apoE and LDLR double knockout mice. C, control diet; G, glucoside diet; A, aglycone
diet; HA, high aglycone diet. * P < 0.05, n= 5-6 in each group.
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