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Quantitative data on phyto-oestrogen, particularly lignan, content in edible plants are insufficient.
We, therefore, measured isoflavonoids and lignans in nine edible berries using an isotope dilution
gas chromatography—mass spectrometry method for foods and found substantial concentrations
of the lignan secoisolariciresinol @9—-3718 mg/kg DM), low amounts of matairesinol (0—

078 mg/kg DM) and no isoflavones. To determine pharmacokinetics and urinary excretion pattern
of the mammalian lignan enterolactone derived from plant lignans, a study with human subjects
was conducted. Five healthy women and two men consumed, after a 72h period of a phyto-
oestrogen-free regimen, a single strawberry-meal containing known amounts of plant lignans. Basal
and post-meal blood and urine samples were collected at short intervals. The samples were analysed
using time-resolved fluoroimmunoassay of enterolactone. The meal increased plasma concentration
of enterolactone after 8—24h and in urine in the 13—24h and 25-36h urine collections. High
individual variability of the metabolic response was observed. Enterolactone excreted in the urine
collected throughout the 48 h post-meal yielded on average 114 % of the plant lignans consumed. It
is concluded that berries containing relatively high concentrations of plant lignans contribute to
plasma and urinary levels of mammalian enterolactone in human subjects.

Berries: Phyto-oestrogens: Kinetics

Epidemiological investigations in human subjects have (Adlercreutzet al. 1986, 1987, 1988) that berries and fruits
provided evidence linking diet to incidence of cancer (e.g. containing plant lignans may be the precursors of mam-
breast, prostate cancer) and other degenerative disordersnalian enterolactone (ENL) and enterodiol (END). This
(e.g. CHD, postmenopausal osteoporosis). The detectionwas based on correlations found between dietary intake of
and identification in human subjects of lignans and iso- fibre from berries and fruits, and urinary excretion of
flavonoids, plant-derived oestrogenic compounds abundantmammalian lignans END and ENL. In order to verify this
in plasma of subjects living in areas with low cancer suggestion we developed the isotope dilution gas chroma-
incidence, have challenged studies on their metabolic tography—mass spectrometry method (ID-GC-MS) for food
pathways and role in human health and disease. samples and analysed both lignans and isoflavones in some
Despite laboratory research efforts revealing interesting edible berries. The present paper describes for the first time
properties of phyto-oestrogens as inhibitors of carcinogenic concentrations of plant oestrogens in nine different types of
and atherosclerotic processes, there is a dearth of studies oberries.
their presence in terms of quantity and quality in the human  The urinary excretion of lignans (Fig. 1) has been the
diet. Very little is known about the fate of lignans in most frequently studied aspect of their metabolism
common foods after ingestion in human subjects. There is (Adlercreutz et al. 1982, 1986, 1988, 1994). Urinary
a single study in rats, however, in which food lignan content lignan response to consumption of linseed, which contains
was measured and then urinary levels of mammalian lignansover 200-fold more of the ENL precursor secoisolarici-
were measured following ingestion (Landstret al. 1998). resinol (SECO) (Mazuet al. 1996) than berries, has been
As early as in the middle of the 1980s, it was suggested investigated in some long-term studies in urine (Shedtal.

Abbreviations: ID-GC—MS-SIM, isotope dilution gas chromatography—mass spectrometry in the selected-ion-monitoring mode; END, enterodiol; ENL,
enterolactone; MAT, matairesinol; SECO, secoisolariciresinol.
* Corresponding author: Professor Herman Adlercreutz, fa858 9 61585633, email herman.adlercreutz@helsinki.fi
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MeO MeO Rosaceagblackcurrant Ribes nigruny redcurrant Ribes
O o] O OH rubrum) of the family Grossulariaceag and cranberry
HO HO OH (Vaccinium oxycoccQs lingonberry ¥accinium vitis-
o idaeg), bilberry (Vaccinium myrtilluy and blueberry
O O (Vaccinium corymbosumof the family Ericaceae The
OMe berries were purchased from commercial sources. Straw-
oH OH berries for consumption by the' subjects of t_he study (5kg)
were brought from a farm in central Finland. These
Matairesinol Secoisolariciresinol strawberries were divided into ten portions of 500g (wet
weight) and frozen at20° until consumed. Before phyto-
oestrogen analysis, the berry samples were dried in the oven
(45-50, 4-5d) and pulverized manually with a mortar. DM

OMe

HO HO OH was determined with a Moisture Analyzer 40 (Sartorius AG,
O o] OH Gattingen, Germany).
0 . .
O O Chemicals, standards and instruments
OH OH The berries were analysed using our ID-GC—MS in the

selected-ion-monitoring mode (SIM) method for the
determination of lignans and isoflavonoids in food
Fig. 1. Structures of plant and mammalian lignans. samples. All chemicals and details of the synthesis of
standards and the validity of the method have been
presented (Mazuret al 1996). Time-resolved fluoro-

immunoassay of plasma and urine ENL was performed

Enterolactone Enterodiol

1991; Lampeet al. 1994; Cunnanet al. 1995) and faeces

(Kurzeret al. 1995). Our previous investigations on lignans : . ; )
; . : as described in detail by Adlercrewdtal. (199&) using the

(and isoflavonoids) in plasma (Adlercreuét a_I. 1993, following instruments, all purchased from Wallac, Turku,
1994) allowed us 10 assess norma_l concentrations of th.eseFinIand: a Victor 1420 multilabel counter and Wallac 1420
\F,’V%%r? e\;:}rg gc%nnSanm e'fjmtr;llsrr] r? ;Eﬂll\jlglr%lijstsanﬁ oyégéeﬂtanan Victor software version 1.0 for data analysis. Microtitration

- o ...\ Strips were washed and shaken with 1296-026 DELFIA
(1994) reported plasma levels ofhgnar_ws (and |soflavon0|QS) pla?ewasher and 1296-003 DELFIA plateshaker respec-
for postmenopausal women consuming a traditional diet tively. Radioactivity counting was performed with a LKB

supplemented with linseed, soyabean flour or CICNerSprOUtS'Model 1217 Rackbeta Liquid Scintillation Counter. White

Brzezinskiet al (1997), studying the effects of a phyto- R . . X .
L : ' : microtitration strips coated with goat anti-rabbit IgG were
oestrogen-rich diet on menopausal symptoms in women, . oroducts of Wallac.

examined basal and end-of-study levels of phyto-oestrogens
in serum without measuring the dietary content of plant

oestrogens. In none of these investigations have the basal Study design
and post-meal levels of lignans in blood and urine of
human subjects been measured after a challenge with foo
with known lignan-precursor concentration. In the present
investigation we studied the kinetics of ENL for 48 h after

a strawberry meal in human subjects.

The study design was approved by the ethics committee of
he Helsinki University Central Hospital. Detailed written
dietary instructions and a list of forbidden food items were
given to the participants at least 1 month before starting the
experiment. The subjects were requested to exclude from
their diet any food items containing phyto-oestrogens for 3d
Materials and methods (72 h) before the consumption of the berry meal and during
the collection of plasma and urine samples (the following
48h). The participants avoided most vegetables and
Healthy subjectsn( 7) were recruited to the experiment fruits, legumes, seeds and nuts, berries, grains, whole-
based on an oral interview with the project leader. All but grain products, and tea, beer and wine. Consumption of
one man (H.A.) were employed by the Helsinki University certain wheat products (white bread, pasta), milk products
Department of Clinical Chemistry and were technicians, or (milk, yoghurt, cheese), meat and fish, a few vegetables (e.qg.
medical or chemistry students. None were taking any potato) and fruits (e.g. an apple, a pear) was allowed so that,
medication and none had had any antibiotics during 3 in principle, the intake of vitamins and macronutrients was
months preceding the sampling period. The subjects’ agesunchanged. The subjects began this restricted (zero) diet 3d
ranged from 23 to 55 (mean 38 years and BMI from before the experiment (D1) and followed it throughout the
188 to 260 (mean 28) kg/n. experiment (D5). On day 3 (D3), starting after the first
morning void, participants collected one 24 h urine sample
(‘zero’ urine), including the first morning void on day 4
(D4). Daily urine was collected into 2 litre plastic bottles
The berries studied were: strawberFydgaria x ananassy containing 2g ascorbic acid and stored+a4° until the
blackberry Rubus fructicosys raspberry Rubus idaeus collection was completed. Total urine volume was measured
and cloudberry Rubus chamaemorusof the family and portions were stored a0’ until analysis. On D4 at

Subjects

Berry samples
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08.00 hours, a vascular catheter was introduced to a mediarglucuronide (only for plasma), hydrolysis reagen2@0/ml
cubital (or basilic) vein and the first blood sample (‘zero’ p-glucuronidase and 2 U/ml sulfatase ifil@ol/l acetate
plasma, four 10 ml tubes) was taken. Thereafter subjectsbuffer, pH 30) was added to the plasma or urine sample
consumed 5009 strawberries. Following the strawberry which were mixed and then incubated overnight &t &or
meal the 24 h urine sample was collected in four portions: plasma samples diethyl ether was used to extract free
4h+4h+4h+12h. Blood samples (410 ml) were taken (unconjugated) ENL after the hydrolysis; for urine no
through the catheter at the following interval&@, 1 h, 2 h, extraction was used. Then the hydrolysed and extracted
4h, 8h after the berry meal. The last blood sample was plasma or urine samples in assay buffer (Tris-HCI buffer
taken on the morning of the next day (D5) (24 h after the containing 5g BSA/I, pH B) were pipetted into prewashed
meal). After centrifugation of the tubes, plasma (15-20ml) goat anti-rabbit IgG microstrips. Simultaneously anti-
was separated and stored -€20° until analysis. On D5  serum (dilution 1:250000) and Eu-labelled ENL (dilution
urine sample collection was continued in two portions 1:400000) in the assay buffer were added into the
(12h+12h) per d. Total urine collection obtained in four microstrips. After incubating and shaking the strips slowly
(D4) and two (D5) portions was measured and stored at on a DELFIA plate shaker (Wallac) at room temperature for
=20 until analysis. 90 min, the strips were washed with a DELFIA plate washer
The subject K.L. collected D5 urine mistakenly in one (Wallac). Subsequently DELFIA enhancement solution
portion, 25—48h, instead of in two portions (25-36h and (Wallac) was added to each well and the strips were
37-48h). shaken slowly for an additional 5min. Fluorescence was
read in the DELFIA Victor multilabel counter (Wallac).
Results were calculated according to the formula:

Analytical methods Plasma ENL= concentration (read)

Isotope dilution gas chromatography—mass spectrometry
in the selected-ion-monitoring mode method for food
samples The method for the determination of lignans, Urine ENL = concentration (read} dilution factor.
isoflavones and coumestrol in berry samples is described
briefly here. Dried and powdered berry samples were
hydrolysed with an enzyme mixturdélix pomatia Bio
Sepra Inc., Marlborough, MA, USA) and acid (HCI), Values in the text were expressed as means with pooled
extracted with diethyl ether and the extract subsequently standard errors. After one-way ANOVA, the data were
was purified on DEAE- and QAE-Sephadex columns assessed using Duncan’s multiple range test. Differences
(Pharmacia Fine Chemicals, Uppsala, Sweden). Formono-were considered significant &< 0[05. All the statistical
netin, daidzein, biochanin A, genistein (isoflavones) and analyses were performed with the SPSS statistical software
coumestrol, as well as SECO and matairesinol (MAT) package (Version 6.1J, SPSS, Chicago, IL, USA).
(lignans) were derivatized to form trimethylsilyl ethers and
analysed by the ID-GC-MS-SIM method (Mazat al
1996) using synthesized deuterated internal standards for
the correction of losses during the procedure. All assays The lignan concentrations in eight types of berries grown in
were carried out in duplicate or quadruplicate. Finland are shown in Table 1. None of the isoflavonoids in
Time-resolved fluoroimmunoassay methods for entero-these samples was measurable with our ID-GC-MS-SIM
diol in plasma and urine The analytical procedure is technique, mainly due to their low concentrations and some
briefly as follows (Adlercreutet al. 1997, 1998,b). After interfering compounds at these very low (trace) levels.
addition of the radioactive internal standaitd-oestradiol However, relatively high levels of the lignan SECO were

x 1/recoveryx dilution factor,

Statistics

Results

Table 1. Phyto-oestrogen content of berries (n.g/kg DM)*

Berry Daidzein Genistein SECOfT Matairesinol
Rosaceae
Blackberry (Rubus fructicosus) Tr Tr 37180 225
Strawberry (Fragariax ananassa) Tr Tr 15046 781
Cloudberry (Rubus chamaemorus) 0 0 2030 0
Raspberry (Rubus idaeus) 0 Tr 1390 0
Ericaceae
Lingonberry (Vaccinium vitis-idaea) 0 0 15100 0
Cranberry (Vaccinium oxycoccos) 0 0 10540 0
Blueberry (Vaccinium corymbosum) 0 0 8350 0
Grossulariceae
Blackcurrant (Ribes nigrum) 0 0 3880 95
Redcurrant (Ribes rubrum) 0 0 1653 0

SECO, secoisolariciresinol; Tr, trace (present in trace amounts; over 50—-60 % of detection limit).
* Analysis by isotope dilution gas chromatography—mass spectrometry in the selected-ion-monitoring mode.
T Total amount of anhydrosecoisolariciresinol and SECO.
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Table 2. Enterolactone in plasma (hmol/l) and urine (nmol/l) before and after consumption of the strawberry meal
(Values for individual subjects and mean values with pooled standard errors)

Time of plasma Subject
collection (h after  Urine collection
strawberry meal) Time (h) A.S. L.W. W.M. T.N. H.A. R.T. K.L. Mean SEM
0 Plasma 108 83 1 110 a1 138 22[3 10(3* 23
Day 3; 24 Urine 6868 8493 3038 6080 2413 247038 312814 14943 42912
(0]1) Plasma 70 1107 11 1201 42 113 2100 99* 24
Day 4; 0-4 Urine 6978 78201 998 5230 4403 14472 232406 9022 2836
1 Plasma 609 113 138 1108 40 1107 2411 1o0* 28
Day 4; 5-8 Urine 7193 6590 5863 94118 2516 78601 229316 8912 24712
2 Plasma 838 o 13 104 42 103 198 92* 22
Day 4; 9-12 Urine 7763 10004 5873 4588 10493 13517 70718 175603 8931
4 Plasma 1338 113 0o 104 32 8B 173 93* 22
Day 4; 13-24 Urine 6272 27422 81600 14380 18897 43638 12373 18736 4933
8 Plasma 141 134 40 1503 33 92 259 1212 209
Day 5; 1-12 Urine 6730 39730 6986 133903 7710 22968 12466 15712 45412
24 Plasma 168 500 24 2509 8 108 302 206 62
Day 5; 13-24 Urine 12302 17973 5626 123809 17160 19846 Nd 14217 2124

Nd, not determined (the sample was not collected).
Mean values were significantly different from that of the sample taken 24 h after the strawberry meal: * P < 0[05.

found in all the berries, ranging from39 mg/kg (raspberry)  (mean 1@ (sem 208) nmol/l). At the four next measure-
to 37M2mg/kg (blackberry) (@ and 1043 umol/kg DM ments, @, 1, 2 and 4 h after the berry meal, plasma ENL
respectively). Blackberry contained the highest concen- levels slightly decreased, ranging fronil o 210 nmol/I
trations of SECO and total plant lignans. Strawberry (the (mean @ (SEM 2[@4)nmol/l), 15 to 2471 nmol/l (mean
most common Finnish variety) containedig/kg DM, 101 (sem 28) nmol/l), 15 to 198 nmol/l (mean R (SEM
(424 pmol/kg). MAT, the immediate precursor of ENL, 22)nmol/l) and @ to 174 nmol/l (mean B (SEM 2(2)
was found only in three berries (strawberry, blackberry and nmol/l) respectively. The analysis of plasma ENL in two
blackcurrant) at low concentrations.The strawberries usedsubsequent plasma samples taken on D4 and D5 indicated
in the study (500 g, 78 g DM) contained 3 wmol (117 mg an increase (statistically significant for values at 24 h; 8 h:
on a DM basis) of SECO andT¥ pmol (061 mg on a DM 4[0-2599 nmol/l, mean 12 (sem 209)nmol/l; 24 h: 24—
basis) MAT. 302 nmol/l, mean 2B (SEM 6[2) nmol/l). ENL concentra-
The results for ENL concentrations in plasma and urine tions recorded in the subject K.L.’s plasma (all collections
of each subject are shown in Table 2. Mean plasma ENL but at 24 h) were higher than those of the other subjects.
values before and during the experiment are displayed in The urinary excretion of ENL was calculated for 4h
Fig. 2. collections (nmol/4 h). A 24 h urine collection on D3, cor-
In the seven subjects studied, ENL plasma concentrationsrected for 4 h period, yielded results for the subjects ranging
recorded in the basal plasma samples taken before confrom 708 nmol/4h (subject W.M.) to 10%3nmol/4h
sumption of strawberries ranged froniZ1to 224 nmol/l (subject K.L.) (mean 518 (Sem 1323)nmol/4 h). ENL

30

N
[4)]

N
(=]

Plasma enterolactone (nmol/l}
- -
(=) (4]
*
*
*

[4)]

0 0-5 1 2 4 8 24
Time (h)

Fig. 2. Enterolactone concentrations in plasma of the subjects (n 7) after consumption of a strawberry meal. Values are means with standard errors
indicated by vertical bars. Mean values were significantly different from that of the sample taken 24 h after the strawberry meal: * P < 005.
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Table 3. Individual urinary excretion (nmol/24 h) and recovery (%) of enterolactone (ENL)

Time of urine collection

Day 3; 24h Day 4; 1-24h Day 5; 25-48h
Total ENL excreted Recovery

Subject (pre-challenge) post-challenge (%)

A.S. 1339 1844 1817 2322 5604
LLW. 2820 6600 14265 18045 4380
W.M. 425 920 785 1280 310
T.N. 1796 2558 2745 3507 8501
H.A. 4344 1664 1732 -948 -230
R.T. 4694 4839 4792 4947 1198
K.L. 6319 6558 3491 3730 908
Mean 11400

excretion measured in the urine collected in portions member of this family, the raspberry, the lowest amount of
within the four next 4 h periods (D4: 0—4h, 5-8h, 9-12h SECO was detected. When compared with other edible
and 13-24h) after the strawberry meal varied individu- plant foods analysed until now (Mazur, 1998; Mazur &

ally between the subjects (range 339066 nmol/4 h, Adlercreutz, 1998), berries are an important source of the
1056—-10329 nmol/4 h, 118-19094 nmol/4 h and 208— lignans in our diet.

9032 nmol/4 h respectively); however, there was atendency The present pilot study was primarily designed to eval-
for an increase (mean 581 (seMm 1322) nmol/4 h, 4341 uate whether and how rapidly a single meal, relatively rich
(SEM 1031) nmol/4 h, 648 (SEM 2338) nmol/4 h, and 646 in lignans, would affect plasma levels and urinary excretion

(seM 1899) nmol/4 h respectively). In the next collection, in subjects consuming a phyto-oestrogen-free diet. In order
25-36 h, mean ENL excretion increased and was the highesto follow lignan metabolic changes in the biological fluids
recorded during the experimental period (range (139 immediately after a berry meal we collected short-time
31255 nmol/4h, mean 928 (SEem 3905) nmol/4 h). ENL urine portions and took blood at short intervals within the
excretion decreased in the urine collected at 37—48h in all first 48 h post-challenge. We chose to determine plasma and
the subjects except for K.L. (the sample not collected) urinary ENL because ENL is the chief mammalian lignan in
and A.S. (range 129-16298, mean 54® (SEM human subjects and we have developed specific, sensitive
2271 nmol/4 h). and economical time-resolved fluoroimmunoassays for it.
Urinary ENL excretion per d (nmol/24 h) differed among Strawberry was selected for the experimental meal due to its
the subjects (Table 3). The recovery of plant lignans SECO popularity in the Finnish diet, and its relatively high lignan
and MAT determined as urinary ENL varied fron23 to content.
438 % (mean 114 %) for the subjects. Two subjects, how- The results of our present study led to certain observa-
ever, showed very different yields: H.A. excreted 23 % less tions on lignan metabolism in human subjects. The first
ENL in urine than calculated by the intake, whilst LW.'s observation is that a single strawberry meal, demonstrated
ENL recovery in urine was almost 5-fold higher (4386) to contain relatively high amounts of plant lignan SECO,
than judged by the amount of plant lignans ingested. contributed to elevated plasma ENL levels and increased the
When the ENL values in plasma with respect to sampling urinary excretion of this mammalian lignan (statistically
periods were analysed statistically, the 24h mean ENL significant in 24h post-meal plasma). The metabolic
concentration was significantly higher than the mean con- response, however, was different in different subjects.
centrations at 0,0, 1, 2, 4h P<0[05). With respect to Maximal mean ENL value measured in the 24 h plasma
the ENL values in urine, no significances were found post-challenge was accompanied by the highest mean
between the different periods due to high interindividual urinary ENL in D5 25-36h urine of the subjects. From
variations. the data it is obvious that it takes about 8 h for the lignan
precursors to reach the colon where conversion to ENL
takes place, reaching its maximum about 25—-36 h after the
meal.
The quantitative results for isoflavones in berries, showing The second comment concerns the high individual varia-
very low content of these phenols in berries, are consistenttion of ENL values in plasma and urine, before and during
with our earlier findings in various fruits and vegetables the experiment. Although all the subjects ingested a fixed
(Mazur, 1998; Mazur & Adlercreutz, 1998) as well as with dose of the lignans, there were substantial variations
earlier reports by others (Price & Fenwick, 1985; Jostes. between the subjects in the post-challenge plasma levels
1989; Dewick, 1993; Reinli & Block, 1996). With regardto and urinary excretion of the mammalian ENL. The between-
lignans, our present study is the first describing plant lignan individual variability of ENL levels in plasma and urine,
SECO and MAT levels in berries. The results for the three before and during the experiment, is probably due to
berry families Rosaceae, Ericaceaand Grossulariaceae  differences in individual lignan metabolism and absorption
varied Blackberry and strawberry of thRosaceafamily depending on the gastrointestinal microflora (Adlercreutz,
contained the highest amounts of lignans whereas in anotherl998). The gut microflora produces enzymes catalysing

Discussion
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metabolic conversion of SECO, the major lignan in In summary, berries contain different, relatively high
strawberry, to END through dehydroxylation and then amounts of the lignan SECO, but not isoflavones, and
demethylation (Borrielloet al. 1985). END is then oxi-  therefore contribute to elevated plasma levels and increased
dized by facultative bacteria to yield ENL. ENL also can urinary excretion of mammalian lignan ENL. A supplement
be synthesized directly from MAT, however, strawberry of 5009 lignan-rich strawberries increased plasma ENL
(and other berries) contains minimal amounts of this concentrations 24 h post-challenge (observed as higher
lignan. The conversion of plant lignans to mammalian urinary excretion in D5 25-36h collection) (statistically
lignans depends on the presence of facultative bacteria insignificant for mean values in plasma). Our pilot study
the intestine, as evidenced by studies with rats and humanshowed clearly high individual variability of metabolic
subjects (Axelson & Setchell, 1981; Setchetlal 1982; response to a single dose of lignan-rich berries.
Petterssomt al. 1996).

There is a large body of evidence that our diet influences
our gastrointestinal microflora (Rowlarat al. 1985). The
Finnish (except for W.M.) participants of the study have The authors would like to thank Adile Samaletdin and Ritva
been consuming a lignan-rich diet for many years. Their Takkinen for skillful technical assistance. One author
everyday diet consists predominantly of cereals and grain (W. M.) thanks the Graduate School in Steroid Research
(e.g. rye bread), milk and yogurt products, vegetables, for a scholarship. The analytical work was supported by
seeds, and berries (all these are sources of lignans). ThidNIH grant no. 2 R0O1 CA 56289-04.
dietary pattern must therefore affect their microflora and
influence mammalian lignan production from plant pre-
cursors (Adlercreutz & Mazur, 1997; Adlercreutz, 1998;
Mazur & Adlercreutz, 1998). Daily intake of these foods isa Adlercreutz H (1998) Evolution, nutrition, intestinal microflora,
natural stimulation of the production of mammalian lignans; ~ and prevention of cancer: a hypothesizoceedings of the
the fibre increases the bacterial mass. Interestingly the Society for Experimental Biology and Medicig&7, 241-246.
subject K.L., a vegetarian, does not consume any meatAdlercreutz H, Fotsis T, Bannwart C, Hizlainen E, Bloigu S &
and meat products at all; she had the highest ENL concen- (F)."“$A(198&) Urinary estrogen profile determination in young

. - . . innish vegetarian and omnivorous womd@nurnal of Steroid
trations in pre- and partlg:ularly post-.meal plasma and urine Biochemistry24, 289—296.
which could reflect her high metabolic response to the berry agjercreutz H, Fotsis T, Bannwart C, Waa K, Brunow G &
meal. High individual variation in phyto-oestrogen excre- — Hase T (1994) Isotope dilution gas chromatographic—mass
tion in response to isoflavonoid- or lignan-rich plant food  spectrometric method for the determination of lignans and
consumption has been reported by other investigators isoflavonoids in human urine, including identification of
(Adlercreutzet al. 1991; Lampeet al. 1994; Mortonet al. genistein.Clinica Chimica Actal99, 263-278.
1994; Kelly et al. 1995; Karret al. 1997; Watanabet al. Adlercreutz H, Fotsis T, Bannwart C, Waé K, Makela T,
1998). The subjects in these studies, however, had been Brunow G & Hase T (1986) Determination of urinary lignans

treated with a much greater dose of phyto-oestrogens for a and phytoestrogen metabolites, potential antiestrogens and
longer period of time anticarcinogens, in urine of women on various habitual diets.

- . . Journal of Steroid Biochemistrg5s, 791-797.
The urinary recovery of ENL differed only slightly from  , yicrcreutz H, Fotsis T, Heikkinen R, Dwyer JT, Woods M,

amounts estimated by its precursors in the strawberry meal. Go|din BR & Gorbach SL (1982) Excretion of the lignans
Considering lignan metabolism and ENL recovery one  enterolactone and enterodiol and of equol in omnivorous and
should bear in mind that substantial amounts of lignans vegetarian women and in women with breast cancancet2,

are excreted by the faecal route and the amounts are similar 1295-1299.

Acknowledgements

References

or only slightly lower in faeces than in urine (Bannweral. Adlercreutz H, Fotsis T, Kurzer MS, Wala K, MakelaT & Hase

1987) (e.g. faecal excretion of lignans in nine omnivorous T (1995) Isotope dilution gas chromatographic mass spectro-
women: ENL 1510 nmol/24 h, END 1&nmol/24 h and metric method for the determination of unconjugated lignans
MAT 2203 nmol/24 h (Adlercreutet al. 1995)). This would and isoflavonoids in human feces, with preliminary results in

mean that the total recovery of lignans in urine and faeces is g?;'l’g;cfjlsognd vegetarian womeAnalytical Biochemistry

prob_ably higher than the “_“ta"e of lignans from the straw- Adlercreutz H, Fotsis T, Lampe J, Wda K, MakelaT, Brunow G
berries. Furthermore, the time-resolved fluoroimmunoassay g Hase T (1993) Quantitative determination of lignans and
for urinary ENL gives about 30% higher values than if  jsoflavonoids in plasma of omnivorous and vegetarian women
assayed by GC-MS (H Adlercreutz and M Uehara, unpub- by isotope dilution gas chromatography—mass spectrometry.
lished results), probably due to the presence of other lignan Scandinavian Journal of Clinical and Laboratory Investigation
metabolites cross-reacting with the antiserum. As micro- 53, 5-18.

flora is an indispensable factor involved in the constant Adlercreutz H, Fotsis T, Watanabe S, Lampe Jhal@K, Makela
process of mammalian lignan production, the bacteria T & Hase T (199_4) Determ_ma_tlon of lignans and isoflavonoids
seem to be loaded with lignans and could themselves N Plasma by isotope dilution gas chromatography-mass

100 . . spectrometryCancer Detection and Preventid8, 259—-271.
supply 5-10% ENL recovered in urine (basal plasma and Adlercreutz H, Hokerstedt K, Bannwart C, Bloigu S, Heldainen

urinary ENL levels, even after a long period of restricted "¢ Fotsis T & Ollus A (1987) Effect of dietar

. ) . . , y components,
diet, did not reach 0 value). Xet al. (1995) in their study on including lignans and phytoestrogens, on enterohepatic circula-
bioavailability of soyabean isoflavones concluded that the  tion and liver metabolism of estrogens, and on sex hormone

breakdown of isoflavones by the microflora in the gut  binding globulin (SHBG)Journal of Steroid Biochemistrg?7,
determines the recovery of the compounds. 1135-1144.

ssaud Ans1anun abprquie) Ag auljuo paystignd 687000005 L L£000S/£L0L0L/BI010p//:sd1y


https://doi.org/10.1017/S0007114500000489

Strawberry-derived phyto-oestrogens in human subjects

Adlercreutz H, Hokerstedt K, Bannwart C, Hadainen E, Fotsis
T & Bloigu S (1988) Association between dietary fiber, urinary

387

Kelly GE, Joannou GE, Reeder AY, Nelson C & Waring MA

(1995) The variable metabolic response to dietary isoflavones in

excretion of lignans and isoflavonic phytoestrogens, and plasma humans.Proceedings of the Society for Experimental Biology

non-protein bound sex hormones in relation to breast cancer. In
Progress in Cancer Research and Therapyl. 35: Hormones
and Cancer 3 pp. 409-412 [F Bresciani, RIJB King, ME
Lippman and J-P Raynaud, editors] New York, NY: Raven
Press.

Adlercreutz H, Honjo H, Higashi A, Fotsis T, iHadédinen E,
Hasegawa T & Okada H (198} Urinary excretion of lignans

and Medicine208, 40—-43.

Kurzer MS, Lampe JW, Martinit MC & Adlercreutz H (1995)
Fecal lignan and isoflavonoid excretion in premenopausal
women consuming flaxseed powdeZancer Epidemiology,
Biomarkers and Preventiof, 353—358.

Lampe JW, Martini MC, Kurzer MS, Adlercreutz H & Slavin JL
(2994) Urinary lignan and isoflavonoid excretion in premeno-

and isoflavonoid phytoestrogens in Japanese men and women pausal women consuming flaxseed powdenerican Journal of

consuming a traditional Japanese di@merican Journal of
Clinical Nutrition 54, 1093-1100.

Adlercreutz H, Lapcik O, Hampl R, Wea K, Al-Maharik N,
Wang G-J & Mikola H (1997) Immunoassay of phytoestrogens
in human plasma.Symposium on Phytoestrogen Research
Methods, Tucson, Arizona, USAbstr.

Adlercreutz H & Mazur W (1997) Phyto-oestrogens and western
diseasesAnnals of Medicine€9, 95-120.

Adlercreutz H, Wang G-J, Lapcik O, Hampl R, W&a K,
Mékela T, Lusa K, Talme M & Mikola H (1998) Time-
resolved fluoroimmunoassay for plasma enterolactone.
Analytical Biochemistry265 208-215.

Adlercreutz H, Wang G-J, Uehara M, Lapcik O, Al-Maharik N,
Mékela T, Mikola H, Hampl R & W&da K (1998&) Immuno-
assays of phytoestrogens in human plasihe Cost 916
Workshop on Phytoestrogens: Exposure, Bioavailability,
Health Benefits and Safety Concerns. April 17-18, 1998,
Doorwerth, The Netherlandpp. 23-28 [S Bausch-Goldbolm,

S Kardinaal and F Serra, editors]. European Communities.

Axelson M & Setchell KDR (1981) The excretion of lignans in rats
— evidence for an intestinal bacterial source for this new group
of compoundsFEBS Lettersl23 337-342.

Bannwart C, Adlercreutz H, Wela K, Brunow G & Hase T
(1987) Identification of the isoflavonic phytoestrogens formo-
nonetin and dihydrodaidzein in human urine. liiernational
Symposium on Applied Mass Spectrometry in the Health
Sciences. Abstractyp. 169. Barcelona: Fira de Barcelona,
Palau de Congressos.

Borriello SP, Setchell KDR, Axelson M & Lawson AM (1985)
Production and metabolism of lignans by the human faecal flora.
Journal of Applied Bacteriolog$8, 37—43.

Brzezinski A, Adlercreutz H, Shaoul R, Rosler A, Shmueli A,
Tanos V & Schenker JG (1997) Short-term effects of phytoes-
trogen-rich diet on postmenopausal wombtenopause — The
Journal of the North American Menopause Socidty89—94.

Cunnane SC, Hamadeh MJ, Liede AC, Thompson LU, Wolever
TM & Jenkins DJ (1995) Nutritional attributes of traditional
flaxseed in healthy young adultdmerican Journal of Clinical
Nutrition 61, 62—68.

Dewick PM (1993) Isoflavonoids. Ifihe Flavonoids: Advances in
Research Since 1986p. 117-217 [JB Harborne, editor].
London: Chapman & Hall.

Jones AE, Price KR & Fenwick GR (1989) Development of high-
performance liquid chromatographic method for the analysis of
phytoestrogenslournal of the Science of Food and Agriculture
46, 357-364.

Karr SC, Lampe JW, Hutchins AM & Slavin JL (1997) Urinary
isoflavonoid excretion in humans is dose dependent at low to
moderate levels of soy-protein consumptidmerican Journal
of Clinical Nutrition 66, 46—51.

Clinical Nutrition 60, 122-128.

Landstfon M, Zhang J-X, Hallmans G, Wan P, Bergh A, Damber
JE, Mazur W, Wada K & Adlercreutz H (1998) Inhibitory
effects of soy and rye diets on the development of Dunning
R3327 prostate adenocarcinoma in r&ostate36, 151-161.

Mazur WM (1998) Phytoestrogens in food. Bailliere’s Clinical
Endocrinology and Metabolism: Phyto-oestrogewnsl. 12, no.

4, pp. 729-742 [H Adlercreutz, editor]. London: Balitke
Tindall.

Mazur WM & Adlercreutz H (1998) Naturally occurring
oestrogens in foodJournal of Pure and Applied Chemistry
70, 1759-1776.

Mazur WM, Fotsis T, Whda K, Ojala S, Salakka A & Adlercreutz
H (1996) Isotope dilution gas chromatographic—mass spectro-
metric method for the determination of isoflavonoids, coumes-
trol, and lignans in food sampleAnalytical Biochemistrn233
169-180.

Morton MS, Wilcox G, Wahlqvist ML & Griffiths K (1994) Deter-
mination of lignans and isoflavonoids in human female plasma
following dietary supplementationlournal of Endocrinology
142 251-259.

Pettersson D, fan P, Knudsen KEB, Lundin E, Zhang JX,
Hallmans G, Harkonen H & Adlercreutz H (1996) Intake of
rye bread by ileostomists increases ileal excretion of fiber
polysaccharide components and organic acids but does not
increase plasma or urine lignans and isoflavonaidsirnal of
Nutrition 126, 1594—1600.

Price KR & Fenwick GR (1985) Naturally occurring oestrogens in
foods — A reviewFood Additions and Contaminar2s73—106.

Reinli K & Block G (1996) Phytoestrogen content of foods — a
compendium of literature valued\utrition and Cancer26,
123-148.

Rowland IR, Mallett AK & Wise A (1985) The effect of diet on the
mammalian gut flora and its metabolic activitieGritical
Reviews in Toxicolog$6, 31-103.

Setchell KDR, Lawson AM, Borriello SP, Adlercreutz H &
Axelson M (1982) Formation of lignans by intestinal microflora.
In Colonic Carcinogenesis: Falk Symposium, 3ip. 93-97
[RA Malt and RCN Williamson, editors]. Lancaster: MTP Press.

Shultz TD, Bonorden WR & Seaman WR (1991) Effect of short-
term flaxseed consumption on lignan and sex hormone
metabolism in menNutrition Researct1, 1089-1100.

Watanabe S, Yamaguchi M, Sobue T, Takahashi T, Miura T, Arai
Y, Mazur W, W&da K & Adlercreutz H (1998) Pharmaco-
kinetics of soybean isoflavones in plasma, urine and feces of
men after ingestion of 60g baked soybean powder (kinako).
Journal of Nutrition128 1710-1715.

Xu X, Harris KS, Wang HJ, Murphy PA & Hendrich S (1995)
Bioavailability of soybean isoflavones depends upon gut
microflora in womenJournal of Nutrition125 2307-2315.

© Nutrition Society 2000

ssaud Ans1anun abprquie) Ag auljuo paystignd 687000005 L L£000S/£L0L0L/BI010p//:sd1y


https://doi.org/10.1017/S0007114500000489

