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Characterization of Isoflavones and Their Conjugates in Female
Rat Urine Using LC/MS/MS
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Isoflavone phytoestrogens found in soybeans are the most widely studied phytochemicals in human
diets and soy infant formulas. The health benefits of the isoflavones daidzein and genistein have
been reported, and concerns about potential adverse effects have also been raised. However, the
results of direct analysis of isoflavones and their metabolites in biological fluids after consumption of
soy-containing diets are scarce. This study describes an LC/MS/MS method for the analysis of
isoflavones and their metabolites in the urine of female rats fed diets made with soy protein isolate.
Five isoflavones (daidzein, genistein, glycitein, dihydrodaidzein, and O-desmethylangolensin) were
identified by comparison with authentic standards. Seventeen conjugates of isoflavones were
characterized in the urine, the most unusual being genistein 5-glucuronide and four glucuronide
conjugates of reductive metabolites of daidzein. The application of LC/MS/MS to analyze isoflavone
metabolites is simple and sensitive, and appears to be an excellent method for determining the
bioavailability and metabolism of food phytochemistry.

KEYWORDS: Soy protein isolate (SPI); isoflavones; rat urine; isoflavone glucuronides; metabolism; LC/
MS/MS

INTRODUCTION genistein have been identified by GC/MS in humans in vitro

Isoflavone phytoestrogens are major phytochemicals presentand in vivo (19).
in soybeans, which have been known as a health food in Asia The aim of Fh's study was to .develop a sensitive LC/MS/MS.
method to directly characterize the isoflavones and their

for centuries and in the West more recently. Soy infant formulas o . . oo
y. S0y metabolites in biological fluids as a part of our continuing study

are an excellent source of isoflavones and high circulating th taboli th f isofl The isofl d

isoflavone concentrations are attained in infadfs Although '?hn ir ?n"}[et? Iict) Ic '?: thwayri?\ IS\I(V) f\vones.r i 3'30 féon?%atﬂ

significant health benefits of consuming isoflavone-rich diets €Ir metabolites € urine were separated by LL, ar N
peaks of these compounds were simultaneously identified by

have been reporte®{-8), some studies have raised concerns o S -
about potential adverse effects from isoflavone intake in infants auto !V.IS/ MS. 'I_'he application .Of LC.:/ M.S/ MS with d|ffer_e_nt 1on
polarities (positive and negative) is simple and sensitive, and

?;;?:drfosEIrteggfigz;srtrr%?(ei?:(\:Nz)r(ﬁ:r? L\?\,ﬁi@gcg&? tISr: gﬂl;)lt(s is an invaluaple technique for identification of isoflavones and
. . . . e their metabolites.

The study of isoflavone action requires a full identification
of isoflavone metabolites to develop a thorough understanding
of the metabolic pathways of isoflavones after consumption and MATERIALS AND METHODS
bioavailability of active metabolites. Recently, a number of  yaterials. Three standards, including daidzein (7gihydroxy-
studies have been conducted on the analysis of isoflavones angsoflavone), genistein (5,7,4'-trihydroxyisoflavone), and biochanin A
their metabolites in biological fluids. The majority of the studies (5, 7-dihydroxy-4'-methoxyisoflavone), were purchased from Indofine
have focused on determining the concentration of isoflavone Chemical Company, Inc. (Belle Mead, NJ). All other standards,
conjugates by measurement of the liberated aglycones in bio-glycitein (7,4-dihydroxy-6-methoxyisoflavone), dihydrodaidzein (7,4
logical fluids after digestion with deconjugating enzymea- dihydroxyisoflavanone), dihydrogenistein (5,7tdhydroxyisofla-
15). In other studies, LC/MS has been used to identify the iso- \r/]agonE)' ﬁn@-l)desmethyllango)lensin (1‘E)2t’4'di3y?roxyg:e”ty”'ﬁ‘%ét)
flavones and their conjugates in biological fluids of rats admini- 1Y¢roxyphenol)-propan-_-one) were obtained from Flantec
stered the pure isoflavones, genistein, daidzin, and daidzein (16—(R24iNg: UK). All chemicals used for the LC/MS/MS analysis were

. . PLC grade. Soy protein isolate was a kind gift from Protein
18). The metabolites of these isoflavones have been reporte echnologies International (St. Louis, MO). Female Spragawley

as glucuronide and sulfate conjugates. Additionally, the mono- 4ts \ere purchased from HarlaSprague-Bawley (Indianapolis, IN).
hydroxylated and dihydroxylated metabolites of daidzein and Soy Feeding StudyFemale Sprague—Dawiley rats were housed in
stainless steel metabolism cages and fed ad libitum diet containing SPI

*To whom correspondence should be addressed. Phone: (501) 320-as the sole protein source formulated according to AIN 93G (20). Two
2785. Fax: (501) 320-2818. E-mail: BadgerThomasM@uams.edu. SPI preparations (SPI 670 and IF-SPI) were used in the present study.
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Figure 1. UV-265 nm HPLC chromatograms: (A) profile of a urine pool from rats fed an isoflavone rich diet (SPI-670); (B) profile of a urine pool from
rats that were fed a diet low in isoflavones (IF-SPI); and (C) profile of a mixture of standards: dihydrodaidzein (16), daidzein (17), glycitein (18), genistein
(21), O-desmethylangolensin (22), dihydrogenistein (23), and biochanin A (24). * indicates the peaks present in both urine profile A and its control
profile B.

SPI 670 and IF-SPI have different quantitative levels of major 55—100% from 70 to 75 min, and finally returned to initial concentra-
isoflavones according to the analytical data from Protein Technologies tion from 75 to 80 min. HPLC profiles of isoflavones and their
International. SPI 670 contained 1.36 mg of genistein equivalents and metabolites in the urine sample were obtained with a diode-array
0.65 mg of daidzein equivalents per g of protein. Estimated daily intake detector. Because UV spectra of isoflavones have band Il appearing in
of genistein and daidzein equivalents was 19.3 and 9.2 mg/kg body the 245—270 nm region and the band | shoulder in the range 300—340
weight, respectively, after consumption of SPI 670. IF-SPI, used as a nm (21), two UV wavelengths of 265 and 315 nm were chosen for
control for isoflavone analysis, contained less than 0.1 mg of genistein detection of isoflavones and their metabolites. A UV wavelength of
or daidzein equivalents per g of protein. 360 nm was also set in the UV detector for detection of flavones.
Urine was collected for 24 h after ingestion. Urine containers had Conditions for MS analysis of HPLC peaks included a capillary voltage
ascorbic acid and sodium azide added as preservatives (0.1% concentra2f 3200V, a nebulizing pressure of 33.4 psi, a drying gas flow of 10
tion of each). Samples from rats were storee-26 °C. For this study, mL/min, and a temperature at 34C. The MS scan began at 60.00
a pool was made by combining urine from five rats per group (1 mL/ and ended at 700.0®/zwith compound stability 5_0% and trap_drive
rat). This protocol was approved by the Animal Care and Use level 50%. Samples were analyzed by automatic MS/MS with both
Committee of the University of Arkansas for Medicine Sciences. negative- and positive-ion modes. MS/MS conditions were the follow-
LC/MS/MS Sample Preparation. Solid phase extraction (SPE) with ing: mass range from 100 to 70‘?’2' isol width 4.0, frag ampl.l.OO,
: and number of parents 1. The urine from rats after consumption of the
an LC-18 (2 g/12 mL) cartridge from Supelco (Bellefonte, PA) was . . - .
used to prepare the enriched extract of rat urine for LC/MS/MS analysis. isoflavone rich diet (SP! 670) an d control urine were analyzed under
) . exactly the same HPLC conditions. The control urine was collected
SPE procedures for the urine sample and its control were exactly thefrom rats that were fed with IE-SPI
same in order to compare their LC/MS/MS results. Before a sample '
was applied, the cartridge was rinsed with two volumes of MeOH
followed by two volumes of water. The urine sample (5 mL) was RESULTS AND DISSCUSSION
thawed and passed through the cartridge before the sorbents became
dry. The cartridge was then washed with 20 mL of methanol. The =~ Comparison of HPLC Profiles. To detect isoflavones and
methanol effluent was concentrated on a rotary evaporator under their metabolites, the profile of urine from rats fed the SPI-670
reduced pressure at room temperature, followed by drying in the freeze-diet was compared to that of rats fed the IF-SPI diet. Several
dryer to give an enriched extract of interest. The enriched extract was peaks were present in HPLC profiles of urine from both groups.
dissolved in 25QuL of 75% agqueous MeOH (5@L/mL urine) for  The only difference between sample diet SPI-670 and its control
LC/IMS/MS analysis. IF-SPI were the concentrations of isoflavone equivalents. The
LC/MS/MS Analysis. The enriched extract was directly analyzed |evels of isoflavone equivalents in the SPI-670 diet were more
by LC/MS/MS with @ SxL injection. LC/MS/MS was performed using  than 10 times higher than those in the IF-SPI control diet. More

Bruker model Esquire-LC multiple ion trap mass spectrometer equipped 5 wventy peaks were present in the HPLC profile of urine
with an Agilent 1100 series liquid chromatograph. An Eclipse from the rat fed SPI-670, and representative profiles of

XDB-C8 column (150x 4.6 mm i.d.) (Agilent Technologies, Wilm- isofl d thei boli howEi 1
ington, DE) was used at a flow rate of 1 mL/min. The HPLC gradient Isoflavones and their metabolites are showrrigure 1.

was 25% acetonitrile/methanol (solvent B) in 0.1% formic aciH Isoflavone Aglycons Isoflavone aglycones, including genistein,
(solvent A): 8-25% in 40 min, 25-55% from 40 to 70 min, daidzein, glycitein, dihydrogenistein, dihydrodaidzein, and
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o R,
No. metabolite Bl _lﬁ & 3_4
17 daidzein H H OH OH
4 daidzein 7-glucuronide H H *QOGIlcUA OH
8 daidzein 4'-glucuronide H H OH OGIcUA
7 daidzin H H * OGlc OH
1 daidzin-glucuronide H H OGlc OGIcUA
12 6"-O-malonyldaidzin H H Omalonyl H
21 genistein OH H OH OH
14 genistein 5-glucuronide OGIcUA H OH OH
3 genistein 7-glucuronide OH H OGIcUA OH
9 genistein 4'-glucuronide OH H OH OGIcUA
2 genistein 7,4"-diglucuronide OH H OGIcUA  OGIcUA
18 glycitein H OMe OH OH
6 glycitein 7-glucuronide H OMe OGIcUA OH
11 glycitein 4'-glucuronide H OMe OH OGIcUA
10 glycitin H OMe OGlc OH

C : ~
0 OH R,

. R
No. metabolite R No. metabolite R R
16 dihydrodaidzein ~ OH equol ' OH OH
5 dihydrodaidzein **13  equol giucuronide OGIcUA OH
7-glucuronide OGIcUA #x15 equol glucuronide OGIcUA OH
R; 9 OH .
*  GlcUA: B-glucuronic acid;
Glc: B-glucose.
O ** conjugation position could not
0 R, be determined by LC/MS/MS.
No. metabolite R R

22 O-desmetylangolensin OH OH
#%19  O-desmetylangolensin glucuronide OGIcUA OH
#%20 O-desmetylangolensin glucuronide OGluUA OH

Figure 2. Structures of the isoflavones and their metabolites in female rat urine.

O-desmethylangolensin, have been previously identified in rat glucuronide. The daughter spectra in both positive- and negative-

urine after treatment with deconjugating enzymd®)( A ion modes suggest a daidzeiglucuronide structure fof. The
mixture of authentic standards was subjected to HPLC. Under daughter spectrum with positive-ion mode &fs identical to
the same conditions, the retention times of compon&6t&7, that of 4, suggesting tha#t and 8 are daidzeir-glucuronide

18, 21, and22 in the urine were identical to those of their isomers. The daidzein @-5-p-glucuronide is a major conjugate
corresponding standard&igure 1A and 1C). These results metabolite of daidzein after daidzein administratid®,(17).
indicate that the structures of compouri 17, 18, 21, and In the present study is the largest peak in the 265 nm HPLC
22 are dihydrodaidzein, daidzein, glycitein, genistein, and profile, except for the peaks of isoflavone aglyconEggre
O-desmethylangolensin, respectivellfigure 2). The same 1A). Thus, it is reasonable to assume thas daidzein 7-O-
daughter spectra of standards and their corresponding isofla-3-p-glucuronide. There are two conjugation sites, hydroxy
vones in the urine confirm these structural assignmentk6pf groups at C-7 and'4on daidzein (Figure 2), therefor8 is
17,18,21, and22 (Table 1). daidzein 4'-O-fe-glucuronide. Compoun8 is a minor com-
Isoflavone Conjugates.Compoundsl, 4, 7, 8, and12, in ponent in the urine and is often ignored in the analysis of iso-
their daughter spectra with positive-ion mode, gave the sameflavone metabolites in biological fluids. To confirm the assign-
base peak am/z 255 representing daidzein aglycon as the ments of4 and 8, the urine sample was analyzed under the
mother nucleus. This diagnostic fragment indicates that theseHPLC condition previously described for the analysis of
compounds are daidzein conjugatEgy(re 3). The molecular daidzein and daidzein @-f-p-glucuronide (17). The retention
ion [M — 1]~ atm/z429 of4 yielded two ions atn/z253 and behaviors of4 (16.84 min),8 (19.41 min), andl7 (daidzein,
175 in the daughter spectrum (MS/MS) corresponding to 24.03 min) suppor, but not8, as daidzein ©-3-p-glucuronide
fragments of daidzein and glucuronide groups, respectively. A on the basis of the reported retention times of daidzein and
weak peak atm/z 385 resulted from loss of COfrom daidzein 70©0-$-b-glucuronide 17). Compound7 gave a
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Table 1. ESI MS/MS Data for Free Isoflavone in Rat Urines and Their Standards
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isoflavonoids Rt. min. ion polarity MS, m/iz [M - 1]~ MS, m/z [M + 1]* ion, m/z in MS/MS
16 56.4 negative 255 1492 135 121
std. dihydrodaidzein 56.5 negative 255 1492 135 121
16 56.2 positive 257 b
std. dihydrodaidzein 56.5 positive 257 1632 123 95
17 57.8 negative 253 2242 208 135
std. daidzein 57.8 negative 253 2242 208 135
17 57.7 positive 255 1372 227 199
std. daidzein 57.8 positive 255 1372 227 199
18 59.0 negative 283 2682 240
std. glycitein 59.0 negative 283 2682 240
18 59.1 positive 285 2702 229 145
std. glycitein 59.2 positive 285 2702 229 145
21 64.6 negative 269 1818 225
std. 64.7 negative 269 1812 225
21 64.3 positive 271 1532 243 215
std. genistein 64.8 positive 271 1532 243 215
22 69.0 negative 257 1092 239 163
std. desmethylangolensin 69.0 negative 257 1092 239 163
22 69.1 positive c
std. desmethylangolensin 69.1 positive c
dihydrogenistein negative c
std. dihydrogenistein 62.0 negative 271 1652
dihydrogenistein positive o
std. dihydrogenistein 62.0 positive 273 b
biochaninA negative c
std. biochaninA 74.6 negative 283 2682
biochaninA positive c
std. biochaninA 745 positive 285 2402 170

2 Base peak in daughter mass spectra. ® Because positive ion polarity was not a good ionization mode for these compounds, no daughter mass spectrum was obtained

during auto MS/MS analysis. ¢ No mass spectra were obtained during MS analysis.

[M + 11" at m/z417 in accord with a &H»0O9 formula of
daidzin that is a principal isoflavone component in SE2)(
The fragment atn/z 255 in its daughter spectrum was formed
by loss of a glucoside. Thus, we assigras daidzin, daidzein
7-O-p-b-glucopyranoside. Compountiis more polar thart
and 7 according to their retention behavior in reversed-phase
HPLC (Figure 1). Compoundl with [M + 1]* at m/z 593
produced three diagnostic fragments: a daidzegincuronide
moiety atm/z431; a daidzeirglucoside moiety am/z 417,
and a daidzein moiety at/z 255 in the MS/MS. The fragments
at m/z 431 and 417 resulted from loss of glucoside and
glucuronide, respectively. The fragmentalz 255 was derived
from losses of glucoside and glucuronide. The MS/MS data
indicates thatl is a glucoside and glucuronide diconjugate of
daidzein. Considering daidzin (daidzein 7-glucoside) is a
principal isoflavone component in SP23) and detected a&

in the urine, the structure df should be daidzirglucuronide.
There is only one conjugation site (C-én daidzin, suggesting
structure daidzin '40-j3-p-glucuronide forl. In the daughter
spectrum ofl2 with a [M + 1]™ at m/z503, the base peak at
m/z 255 for the daidzein aglycone moiety might be derived from
loss of a malonylglucosyl, suggestif@-malonyl daidzin for
12. Because '60-malonyldaidzin is present in SP2Z), the
structure ofl2 was assigned as 6''-O-malonyldaidzin.

The molecular ion [M— 1]~ atm/z445 of compound8 and
14 yielded a base peak at'z 269 in the daughter spec-
trum corresponding to the diagnostic genistein fragm€able
2). The value (176 Da) of the lost fragment suggests the structure
genistein—glucuronide for botB and14. The fragment atn/z
175 from [M — 1]~ atm/z445 in the daughter spectrum dé
(Figure 4) also supports the presence of a glucuronide group.
For compound, auto MS/MS with negative-ion mode failed
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Figure 3. Daughter mass spectra of daidzein and its conjugation
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Table 2. ESI MS/MS Data for Isoflavone Conjugates in Rat Urine

conjugates?
no. structures Rt. min. ion polarity MS[M-1]~ MS M + 1]* ion in MS/MS m/z
daidzein (17)
1 GlcUA-Glc 14.1 negative 591 415> 253 175
14.3 positive 593 2550 431 417
4 7-GIcUA 30.7 negative 429 2530 175
30.7 positive 431 2550 199
7 7-Gle 419 negative 415 c
41.9 positive 417 255P
8 4'-GIcUA 423 negative 429 c
42.3 positive 431 255P
12 malonylGlc negative d
49.4 positive 503 255P
genistein (21)
2 diGIcUA 25.4 negative 621 445> 269
254 positive (623)447¢ 2710
3 7-GlcUA 29.0 negative 445 2690
positive d
9 4'-GIcUA 44.0 negative 445 c
44.0 positive 447 271P
14 5-GIcUA 51.2 negative 445 269° 175
51.2 positive (447)2718 1530 243
glycitein (18)
6 7-GIcUA 33.6 negative 459 283° 175
338 positive 461 285P
10 7-Gle negative d
44.8 positive 447 285P
11 4'-GIcUA negative d
45,5 positive 461 285P
equol
13 GlcUA 50.4 negative 417 175P 241
50.6 positive (419)243¢ 123b 107
15 GlcUA 515 negative 417 1750 241
514 positive (419)243¢ 107 123
0-desmethylangolensin (22)
19 GlcUA 59.5 negative 433 175b 257
positive d
20 GlcUA 60.0 negative 433 257° 175
positive d
dihydrodaidzein (16)
5 GlcUA 321 negative 431 1755
positive d

a Because appropriate standards were not available, compounds were identified tentatively only on the basis of MS/MS data. P Base peak in daughter mass spectra.
¢ Because molecular ion was not a base peak in MS, no daughter spectrum was obtained during auto MS/MS. ¢ Because positive ion polarity could not ionize the compound,
no mass spectra was obtained in MS. € The daughter spectra derived for base peak in MS instead of molecular ion in auto MS/MS.

molecular ion [M+ 1]" at m/z 447 of 9 gave a genistein of MS/MS suggest the structure genistettiglucuronide for

fragment atm/z 271 (Table 2), suggesting thatis a genistein— 2, but do not provide evidence for the conjugation sites on
glucuronide. The MS/MS data fro, 9, and14 indicate that ~ genistein.
they are genistein—glucuronide isomers. The 7- anchdno- The daughter spectra in positive-ion mode of compouids

glucuronide conjugates of genistein have been identified in the 10, and11 yielded the same base peakrafz 285 in accord
blood of rats receiving dietary genistein. The HPLC retention with the diagnostic glycitein fragment, indicating thét 10,
times of genistein 7-glucuronide (7.10 min), genistein 4 andl1lare the conjugates of glycitein. In the daughter spectra
glucuronide (8.08 min), and genistein (12.85 min) have been Of 6 and11, the ion atm/z285 derived from the same [M
reported (18). Under the same HPLC conditions as those 11" atm/z461 after loss of a glucuronide fragment (176 Da)
described in relL8, the elution order and retention times are as SU99ests thab and 11 are glycitein—glucuronide isomers.
follows: 7.09 min for3, 7.99 min for9, 9.33 min forl4, and Con_3|d(_ar|ng that 7- gl_ucuronldes_ of daidzein (Rt 30.7 min) and
12.83 min for21 in the present study. Comparison of the genistein (Rt 29.0 min) are retained on the C8 sorbent much

L . less than those of their'4somers (42.3 min for daidzein
retention times foB, 9, 14, and21 and those previously reported glucuronide and 44.0 min for genisteiglucuronide), the HPLC

for genistein and its conjugate$q) indicates thaB8 and9 are retention behaviors 06 (Rt 33.6 min) andL1 (Rt 45.5 min)
genistein 7-glucuronide and genistein 4'-glucuronide, réspec- g ggest thab and11 are glucuronated at the 7- andhydroxy
tively. There are three conjugation sites on genistein at C-5, 7, groups, respectively. Compourtd is a glycitein glucoside
and 4', which implies that4 is a 5-glucuronide conjugate of  pecause the mass difference of 162 Da betweenHM]* at
genistein. Compound gave a [M— 1]~ atm/z621 in accord  m/z 447 and the glycitein fragment an/z 285 implies a
with a formula of genistein diglucuronide. The base peak at glucoside group in the structure b®. Because glycitin (glycitein
m/z 445 and the genistein fragment @iz 269 were resulted  7-glucoside) is a component in SPI digRf, it is expected that
from losses of two glucuronide groups in sequence. The datal0is glycitin, an unmetabolized SPI ingredient in the urine.
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Figure 4. Daughter mass spectra of genistein 5-glucuronide (peak 14) and two glucuronide conjugates of equol.

Two minor components,3and15, with the same [M- 1]~ dihydrodaidzein are new isoflavone metabolites, not previously
at m/z417 have nearly identical daughter specta(re 4). reported. The exact regiochemistry of conjugatesb{dr3, 15,
The base peak an/z175 is a typical fragment for glucuronide, 19, and20 could not be determined by LC/MS/MS in the present
and the ion am/z241 is formed from an equol moiety. Thus, study because appropriate standards are not available for LC/
13 and15 are equol glucuronide isomers. Like compoudds ~ MS/MS and no pure separated glucuronide conjugates are
and 15, the daughter spectra of minor componetisand 20 available for NMR. o
from the same [M— 1]~ at m/z433 are essentially identical Metabolism of Isoflavones.The principal isoflavone con-
(Table 2). Two ions atm/z 175 and 257 are derived from stituents in SPI are isoflavone glucosides, including daidzin and
glucuronide an®-desmethylangolensin moieties, respectively. genistin (22). Although rats in this study were in me_tabohsr_n
Thus, 19 and 20 are O-desmethylangolensin glucuronide cages that kept food,_urlne, "’.‘”d_ feces separate, It Is possible
isomers. For compound, the negative ion am/z 175 in that isoflavone glucosides, daidzii)(and glycitin 0), in the

rine resul from contamination of th Pl in the food.
daughter spectrum from [M— 1] at m/z 431 suggests urine resulted from contamination of the SPI in the food

| id oty f h lecular | | f However, genistin was not detected in the urine and daidzin
glucuronide moiety foi5. The molecular ion am/z431 of 5 and glycitin were detected. If contamination were the cause of

corresponds to the formula ofdi.hydr.odaid.zein.glucuroni.deZ but §aidzin and glycitin, one would expect to find genistin also.
no ion atm/z 255 for dihydrodaidzein moiety is shown in its Thus, these data suggest that these glucosides were not food
daughter spectrum. Dihydrodaidzein is the one of five aglycones contaminants in the urine, but that they were absorbed in small
found in the urine sample. As glucuronide conjugates of all four amounts. Also, a trace of'60-malonyldaidzin was detected in
other aglycones are detected in the urine, the structurB®r  urine. Both 6"-O-malonyl-genistin and -glycitin are present in
identified as dihydrodaidzein glucuronide tentatively. The SPIin higher concentrations than that §¢@-malonyldaidzin,
glucuronide conjugates of equd)-desmethylangolensin, and and no 6'-O-malonyl -genistin and -glycitin were detected in
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the urine. Therefore, the trace amount 8f@-malonyldaidzin gas chromatography; MS, mass spectrometry; ESI, electrospray

detected in the urine may be due to direct absorption by femaleionization; SPE, solid-phase extraction; UV, ultraviolet and

rats. visible absorption; NMR, nuclear magnetic resonance.
Identification of aglycones dihydrodaidzein, equol, aDd

desmethylangolensin in the urine suggests a reductive metabolic*CKNOWLEDGMENT

pathway for daidzein. Interestingly, the reductive metabolites \we thank Drs. Martin J. J. Ronis, Reza Hakkak, Ronald L. Prior,
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