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ABSTRACT

Rodent models have been used to study the anticarcinogenic properties of the soy isoflavones, particularly genistein,
but there is little information regarding the pharmacokinetics of the absorption and excretion of genistein. In this study,
rats were given a single oral dose of genistein (20 mg/kg body wt) or an equivalent dose as Myougjoonamul-kong and
Myoungjoonamul soy sprouts. Concentrations of genistein were measured in plasma, urine and feces at intervals up to
48 hr after dosing. Maximum peak of plasma genistein concentration is 8 hr after dosing, and its concentration is 13.2,
7.4 mol/L in soy and soy sprout-treated rats, respectively. In pure genistein treated rats, maximum peak of plasma geni-
stein concentration is 2 hr after dosing (5.7 mol/L) . The percentage of dose recovered in urine over 48 hr was not diffe-
rent between groups (21.2% soy treated ; 18.2% soy sprout treated ; 16.1% pure genistein treated) . There were no
significant differences between groups in the recovery of genistein in feces (19.5%, 7.5% and 15.7% of doses, respecti-
vely). 6.9% and 6.07% of the daidzein from the soy and soy sprout treated was recovered in the feces. (Korean J

Nutrition 38(5) : 335~343, 2005)
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on o]AL Az EE AL diL X U 5, @A
M, A73R1A} (growth factor) 8] 2Hgol Tesla ¢k
2k WY 2EAEA ) 71T 2t Stk RuE1 9]
t}? Foll 503l FQ isoflavonest ¥ FE|E ma-
lonyl—glycosides$} acetylglycosidesAEA 2 ZA)sht
Hof] o3 A wMHEZ U¥b 2 F daidzin, genistin,
daidzein, genisteing soy isoflavonesghy. T} o
-9 soy isoflavonese glycoside Hej2 A8} en-
zyme (B —glucosidase) A2t 2kx2]ol] 218} bioactive
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49 ZFEA RN FELE 199934 HFEUE
Z7 o]z R H {Hg FFFUE 2 genistein (99.7%,
Sigma, St. Louis) & F ABAEZ ARG TUES
AAFBTEA 7t F2E A7) N AT o Z 24
ARE Auig 2oz 584 A AAE Ju= 52 A%
o o5 4EF3 ¥4 B47] (Cycoltec 1093, Tecator,
Hoganas, Sweden) 150 mesh 2718 48 3 A3
52 ARSI

ABHAIE genistein FFE 71E0E AF kg T 20 mg
& FoAATh A AN FFUE Foll genistein
7} genistin®] o] 4zt FAE 7|FOE 124, 539.9

ug/lg FERINT. BFUE FUE (A ols 747 232,
794.2 ug/g TEIE wEtd FFUE FI B F
genistein FFL FAE 7|€0F 72 437.9¢9 693.7
ug/gel L, AF 200 g 7152 8§ FHelAl 20 mg/ke
HF TELE genisteing FoIE A¢ T FUES 74
7} 9.1% 5.77 g& T3tk o] A% F daidzein A%
& Z}7t 44,877} 25.98 mg/kg AF01Th AL 04
T EAFA), 9 F 2, 8, 15, 24, 48A700] ZE F
A3 isoflavone FFE BA3IGIE £ ki isofla-
voned F¢ 24217 ARE forced—feeding A, ) 2,
8, 15, 32, 48AIt 1A 02 F st HEsl A3 e
genistein, daidzein, equol, 4 —ethyl phenolZ ¥-413}3ich

2. AgE=n AR

AYFEL 6539 Sprague DawleyA 57 rat (:F
231 £ 123 gl o2 AT T ENA oo} ARSI
o, APFES 25 24T AEM 1Y 1247H A% 8
o, 3% AFEE AFrEo] FAA17IEA ARSIt

o5 Ayo] AlRE7] 79 ARE isoflavone—free diet
£ 39 (Table D3IYon A¥ 12A12F ARE HaA
Aot APEES X 34P8FF SRR ST, Al
o2 dabAlolA] YellA ARS3haA A37)3 B¢ 8

Table 1. Composition of isoflavones-free diets

Ingredients %
Casein” 15.0
Methionine® 0.25
Glucose 25.0
Corn starch 46.5
Soybean ol 5.0
Cellulose” 50
Choline chloride 0.2
Vitamin mixture® 0.1
Mineral mixture® 1.5
NaCl 04
Tricalcium phosphate 0.9
Limestone 0.16
Total 100.0

"Acid casein (Australia)

?Sigma Chemical Co. (St. Louis, Mo)

®Vitamin mixture (0.2%) provides per kg of diet: Vit.A 5200 U,
Vit. D3 600 U, Thiamin 20 mg, Riboflavin 15 mg, Pyridoxine 7.8 mg,
Niacin 80 mg, Biotin 0.6 mg, Folic acid 6.0 mg, Pantothenic acid
30 mg, Vit B12 0.04 mg, Ascorbic acid 250 mg, Vit E 501U, Vit. K 2
mg, Inositol 100 mg, and BHT 100 mg

“Mineral mixture (2.5%) provides per kg of diet: K20 g, Mn 115
mg, Fe 80 mg, Mg 625 mg, 1 0.35 mg, Cu 8.0 mg, Zn 78.0 mg, Se
0.15mg, Co 0.21 mg. Mo 3.3 mg and B 1.58 mg.

“Referance: Nutrient Requirements of Rat. National Research
Council (9th edition, 1994), National Academy Press, Washing-
ton D.C.
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tectorE ©]43% HPLCZ #4315tk ARR-g EFE4
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¥ gt}
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200 x1Z A7kelel A43) ¥ F HPLCZ #4313,

2) 3 FUE W HHME o9 isoflavones BAF°

(1) Free isoflavones &% 4

FUES & 52 22N F 39 ol ALe) A
st TA4% 7z A8 0.3~1.0 gofl ethanol 20 ml& ¥
% homogenizer IKA—Werk) Z 1%7} isoflavone- & 3
233t} o} & W83 F shaking incubator 55CellA]
30%-7F incubations 31 &3] FE2& ¢ o YA
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ek, FEIh A% Al

23] 5N% F 2SI,

SHEEE

mobile phaseZ

(2) Total isoflavones &= ¥4
Free isoflavones ¥ 24 2gelx] 28 43 2
& 9¥¢] 4 mol/L. HCIZ screw—capped tube°1] H4e 3
e oA 3087t conjugates FEIE 7SI
7S C18 solid phase extraction cartridge®l] ¥-&
% 80% methanol® 2319 th 29 mobile phase
2 AA3s) 348 T HPLCE RA513t} (Table 2).
Table 2. Analytical condition of genistein, daidzein, equol and

4-ethyl phenol by high performance liquid chromatography
(HPLC)

Instrument
Pump M 910 Slvent deliverry module, Young fin
instrument Co.
Detecter Electrochemical detector, Shimadzu
Column heater Temperature controler, Kukjie Eng. Co
Column Mightylsli, RP-18, 250 X 4.6 mm, 5 zm, Kan-

to Chemical Co.

Operating condition

Potential 075V
Column Temp. 37T
Injection Vol. 50 |
Flow rate 1.0 ml/min

Gradient profile

Methanol: 0.1 mol/L ammonium acetate
(pH 4.6): 25 mmol EDTA/L = 50:50:1 by
vol

Methanol: 0.1 mol/L ammonium acetate
(pH 4.6): 25 mmot EDTA/L = 40:50:1 by

Mobile phase 1

Mobile phase 2
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Fig. 1. Plasma concentration of genisteine and daidzein from rats
following a single oral dose of Myunngjoonamul-kong at 20 mg/
kg body weight as a genistein. Value are the mean of three rats
at each time point for each treatment group. No significant ob-
served among treatment.
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Fig. 2. Plasma concentration of genisteine and daidzein from ratfs
following a single oral dose of myungjoonamul-soy sprout at 20
mg/kg body weight as a genistein. Value are the mean of three
rats at each time point for each freatment group.
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Fig. 4. Plasma concentration of daidzein from rats follwing a sin-
gle oral dose of Myoungjoonamul-kong, Myoungjoonamul soy
sprout and genistein at 20 mg/kg body weight as a genistein.
Value are the mean of three rats at each time point for each
freatment group.
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Fig. 3. Plasma concentration of genisteine from rats following a
single oral dose of pure genistein at 20 mg/kg body weight. Va-
lue are the mean of three rats at each time point for each trea-
tment group. No significant observed among treatment.
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Fig. 8. Plasma concentration of genistein from rats following a
single oral dose of Myoungjoonamul-kong, Myoungjoonamul soy
sprout and genistein at 20 mg/kg body weight as a genistein.
Value are the mean of three rats at each time point for each
treatment group.
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Fig. 6. Cumulative urinary excretion of genistein and daidzein
from rats following a single oral dose of Myoungjoonamul-kong
at 20 mg/kg body weight. Value are the mean of three rats at
each time point. *P <0.05 compared to genistein, daidzein, 4-
ethyl phenol af the same time.
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daidzein > genisein > 4— Ethyl phenol 0|10, Fu}
99T (Fig. 7) 3 genistein 393 (Fig. 8) & Genis-
tein> daizein > 4 —ethyl phenol > equol &20}gt}
48A17F5qt & w29 genistein (Fig. 9), daidzein (Fig.
10), equol (Fig. 11), 4—ethyl phenol (Fig. 12)& £3
AT> FUEFOITED genisteinFoF £0F BE Foj|A
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Fig. 7. Cumulative urinary excretion of genistein and daidzein
from rats following a single oral dose of Myoungjoonamul-soy
sprout at 20 mg/kg body weight. Value are the mean of three
rats at each time point.

Fig. 8. Cumulative urinary excretion of genistein and daidzein
from rats ollowing a single oral dose of genistein at 20 mg/kg
body weight. Value are the mean of three rats at each time
point.
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Fig. 9. Cumulative urinary excretion of daidzein from rats follo-
wing a single oral dose of Myoungjoonamul-kong. Myungjoona-
mul soy sprout and genistein at 20 mg/kg body weight. Value
are the mean of three rats at each time point.
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Fig. 10. Cumulative urinary excretion of genistein from rats follo-
wing a single oral dose of Myoungjoonamulkkong, Myungicona-
mul soy sprout and genistein af 20 mg/kg body weight. Value
are the mean of three rats at each time point.
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7.5 ¥ 15.7%ZM, soy, geinstein, soy sprout 2F
Efttt, 018 oWt 23kg side 2 JeplE thE Table
33} gt} Gt AghEol# AFHE ot FFHA gn
IR0 F Uzt AL AT NPOE, 100014 £ 3]
F& P& W g 2 o] NEeR B soy sprout
9] 23lgo] 71 Eou 1 O = genistein, soyT2

124 | 8 Soy
—eo— Soy sprout

10—-
3
6]
4
2__

0-

Cumulative dose excreted (ug)

T T T T T
0 10 20 30 40 50

Time after dose (h)

T T T T T T

Fig. 11. Cumulative urinary excretion of equol from rats following
a single oral dose of Myoungjoonamui-kong, Myungjoonamul
soy sprout and genistein at 20 mg/kg body weight. Value are
the mean of three rats at each time point.
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Fig. 12. Cumulative urinary excretion of 4-ethyl phenol from rats
following a three rats at each time pointsingle oral dose of Myo-
ungjoonamul-kong, Myungjoonamul soy sprout and genistein at
20 mg/kg body weight.

Table 3. Digestibility of genistein and daiazein in soybean, soy-
bean sprout, genistein

Genistein Daidzein

Recovery Recovery

Sample  Digestibility rafioc Digestibiity  ratio
(%) (%, from (%) (%, from

urine) urine)

Soybean 80.5 21.2 93.1 18.43

Soybean 4, ¢ 182 9393 693

sprout
Genistein 84.3 16.1 - -

£=0]3it}. Daidzein®] 739l genistein 2t soy w7 soy
sproutTo] A3-80°] 1.1¥ & RoZ AU} Fig.
13-16).

AAo) 84 (bioavailability) o1& 43 F &= (absorp-
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Fig. 13. Cumulative fecal excretion of genistein and daidzein from
rats followings a single oral dose (20 mg/kg body weight) of Myo-
ungjoonamul -kong. Data at each time point are a mean valu-
es of three rats.
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Fig. 14. Cumulative fecal excretion of genistein and daidzein
from rats followinga @ single oral dose (20 mg/kg body weight)
of Myoungjoonamui soysprout. Data at each time point are a
mean values of three rats. *P<0.05 compared to genistein, dai-
dzein, 4-ethyl phenol at the same time.

3.0 4
25
20 ]
1.5 1
1.0 1

05

Cumulative dose excreted (ug)

0.0

T T T L T i L
Q 10 20 30 40 50
Time after dose (h)

Fig. 15. Cumuidtive fecal excretion of genistein and daidzein from
rafs followings a single oral dose (20 mg/kg body weight) of ge-
nistein. Data at each time point are a mean values of three rats.
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Fig. 16. Cumulative fecal excretion of genistein from rats follo-
wing a single oral dose of Myoungjoonamul-kong, Myungjoo-
namul soy sprout and genistein at 20 mg/kg body weight. Value
are the mean of three rats at each time point.
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Fig. 17. Cumulative fecal excretion of daidzein from rats follo-
wing a single oral dose of Myoungjoonamul-kong, Myungjoo-
namul soy sprout and genistein at 20 mg/kg body weight. Value
are the mean of three ratfs at each time point.
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conjugation®] ¥ojok &1 conjugationF = AFE T F
EPoA HR]E= wkgo] wil¢ th=ck BAO)E (xenobi-
otics) 8] thF-E2 Tt £21e 83 %7t SUtEe] wu
HEo R iEsHe i AR
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IsoflavonesS ¥§3} polyphenols® &3¢} tjrlaA
oA, 459 polyphenols 4kl Q&) {EAog 7}
FEHEAY lactobacilli, bifido—bacteria 22 8714 gut
bacteria 9J3}] deconjugation Br}l. o224 HE3HA PA
& 72 =9 23295 (proximal small intestine) o4
FTHAY gut bacteria®ll 28] thAF} Hol equol (dai-
dzein®] F2 ARFE) oY} 4—ethyl phenol (genistein
9} FQ drPEE) & AT 53] equold daidzein
Br} B% estrogenic 3l 7283 a3E 7Rckn U
2 glt}h. E9 isoflavoness 7HE® (portal vein) &2
So7k4 38 (enterohepatic circulation) & E75A
A F=2 glucuronic acid conjugateF e ©F (bile) T
A ek A2 559 isoflavones 7HolA] re-
conjugation®®] ¢} BE O E isoflavone glucuronides
FEIE wjdET) olE HsiME A9 25 el A
HEANH F57} ol ol Aok 311 F4Ho] Falo] oldl
isoflavonesi= 7102 oSy ARE AXY 7t isofla-
vone< glucuronic acid4 sulfate EElZ conjugation®]
of FAog FulHy A nu gFo e widdn, Fn}

o e gEoE wEsE FEg Rulshe Yt
ot F22291 aglycone] ¥Alo|t) o AS- &

Apgo] 2500 12eh L R glucuronidation o
2 pdE 3 2508 E2L glucuronidation ¥ ¥ &
o7 wjdEE o g Yo

Daidzein¥ genistein®] RS 242t 264.23% 270.23
ojt}y. webx A% Fe R EoJ isoflavoned AEFH
A v BB 9 degradationg A EOoF ujAdPT)
%2 d)dEE isoflavoneS $2 glucuronidated conju-
gates©|3l 2% sulfate conjugates’} WjdEE RAo7
dA Uk HAE GHEE olojA AHE Y% AF
29z 8453 Jed XA T B2 E2nE 4]
& Holg Foldt AFATME Fo F 1A P
Yol Ao 55 2] AN F71 wiEA dojs
2 BAFITE™ A4 ] isoflavone ©]84d¢l| thal
M 479 ozt 2359 @Rl S HAFHANN ¥ =
£ %% daidzein?} genistein®] 94 el 502 A%
ARAA” daidzeine %% monoglucuronides (79~82%),
sulfoglucuronides (6~17%), aglycone (1~5%) JE|Z uj
A5 2™ genisteine monoglucuronides (2~15%), di-
glucuronides (12~26%), sulfoglucuronides (2~15%),
disulfate (1~4%) FEIZ WA= T daidzeinS E}E)2]
ool 9J3 equol} O—-desme—thylangolensinsé HE o
AP = o] Hlgol &3 Z} JiQlnitt 553 v]gS Hel




342 | ARFE £33 T3 FYES] IsoflavonesS] AAo]8A vz
2o AT

Equol == HjAdEE F isoflavoned 1%7} <+ H&=
o] vjd 5 2™ monoglucuronides (32~93%), sulfo-
glucuronides (0~43%), monosulfate (0~15%), 18]
disulfates (0~10%) 3 w2 = Ut} O—desmethyl an-
golensing % monoglucuronides (97%) 2 wid= o v}
2] 3%% o2 FeHE A=A DH-9 genistein
3 daidzein "€ FlALE T3 ohE EH=E A
SRRt [AHEAo| s o} uEx|x] gkgtono] &
A9 jgo] AEA S Wiled B2 £ ALE

FA= 3 At

Wiseman™-& 772 isoflavone®] AAlol-8/dl 4%
FE 298 Rud vl 9les Xu $0& A 01"*"1]
A F5E H43AFHE 1 daidzein®] genistin °o]¥C} 6%
Aol 8ol Frkn Rusiglom JiuiQle ) Altel
w2} F79 E5-80) 13~35%71K] ti2cty B usksich
Watanabe 52 732 4 @44 60 g2 7 37}
F(kinato—genistein 103 umol = 27.8 mg, daidzein 112
umol = 28.5 mg) & AFHAZ F 72417 FF A}
Wol|A 9] genistein, daidzein, equol, O—desmethylangle-
usin® kinetic curveE gas chromatographymass spec-
trometry & ©]&3lo] AR A3, 839 genistein}
daidzeine 6A1tthell ol peakE EolT omje] FE&
Z47} 2.44 umol/L, 1.56 umol/LZ B9t} Equols}
O-DMAS 8% At peaks daidzein®] peak ol Y
epxttt. Tev @Rl ge g8 kolAe tiFEo] dai-
dzeinelglon w& F3 3= daidzein®] 35.8%, ge-
nistein®] 17.6%Ack. £222] 3= 2.9~4.6%F. &}
wor o]2]d Tk sisluict @l WolE Bt

Xu $79) AFelME daidzein EFol o B FHE
ANA BHARE | B89 genistein?} daidzein®] &
S} vlseaHA JeRt e koAM= daidzein®) o] ¢
B2 7107 BuEHE 58 F3 34 daidzein 21%,
genistein® 9% % UENGon Fo29| 35E 1~2%%
ot} =9 W& E3% isoflavoned} 19 thAREES v S
daidzein®) 54.7%, genistein®] 20.1%%.2H9, King 52
2 FHollAl 20 mg9 genisteinE aglyconeﬁﬂ HEN ¢
3l genistein®} glycosideHE|E2H F-& der&E 53}
o FAAAE o vE FrES ‘)rE]"—H?Jqu_ H 1313
o 39 F%I} alyconeFHIA @ ©] el FopAvt
48A17VR) BHE uli= FEztel xlol7t §le Aoz
Elgt). 38 FHE BOR steroidsE wIAEE) iR &
2+ 175~19.9%, Fo2E 21~22%2) genistein 3

&5 H3th AN Fad FBLE aglycone? conju-
gate 7+e] & Aol BolA] itk Hutchins 572 aly-
cone conjugateJENE °‘X4]°1]7ﬂ ARANZE | & F
3)4=Fo] genistein Bt} ¥ ¥A YER conjugate FER
7} aglycone 2.2 A= 9S ) isoflavoned] AAo]8A
o] Bl Egktky Busisich

(o] Ot

i =
oA 23 —a-% 4538k genisteing FHE U=
genistein 2 7|FE2E FAA 9 (20 mg/kg) Al

L ST
- ‘-l,"__l.\_ SOy,

ZE W, Xﬂ‘*ﬂ"ﬂ’ﬂ 57t
pure genistein@%] o™ YWkA3HE-S soy sprout, pure
genistein, soyT% Folith olZM soy 9l genisteins
BA Frsy uidEY, £ A F4EA Gu ujEE
07 UYes 4= A I2F F P & AL ¢4 7 U
th olE €% 5o AcEHA g o] e aFEY
%7] wEolzta -’?‘—78151315} ueba] A7) HAo
Z isoflavoneS AFstuAl & wo&= TRk FYUEY
Bl2o A7} E}%‘%‘ Ao AZtsn] HEst AAE 9
M S Alo] AdAsh= AElY] 39 T2 isoflvones
9] FF&S A Aol A& Ao Az ch

SOy sprout,
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