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Abstract

Phytoestrogens are plant compounds that have been proposed to have a variety of health benefits. The aim of this study was to assess the

effects of these compounds on a number of physiological endpoints. Subjects were given a single intake of a phytoestrogen-rich (80 mg total

phytoestrogens) supplement containing soy, rye and linseed (Phase 1), followed by a week-long intervention using the same supplement

(Phase 2) (80 mg total phytoestrogens daily). A number of biochemical endpoints were assessed including urinary phytoestrogen metabolites,

lipids, antioxidant status, DNA damage and insulin-like growth factor-1 (IGF-1) and IGF binding protein-1 (IGFBP-1) and -3 (IGFBP-3).

Ten healthy female subjects took part in the study. Excretion of the isoflavones genistein, daidzein and equol in urine increased in both phases

of the study. No other endpoint was altered in Phase 1. However, in Phase 2, concentrations of IGF-1 and IGFBP-3 were increased by

phytoestrogen supplementation [IGF-1, median (IQ range), baseline 155 (123, 258), postweek 265 (228, 360) ng/ml, Pb.05; IGFBP-3,

baseline 3725 (3631, 4196), postweek 4420 (4192, 4935) ng/ml, Pb.05]. There was no effect of supplementation on lipids or markers of

antioxidant status. Short-term phytoestrogen supplementation increases urinary phytoestrogen excretion and increases IGF-1 and IGFBP-3.

These results require elucidation in further controlled studies.

D 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Phytoestrogens may protect against many diseases

including hormone-dependent cancers and coronary heart

disease. Found in many plant products, but particularly soy,

legumes and vegetables, they have a wide variety of pro-

posed biochemical effects including estrogenic and anti-

oxidant effects [1].

Many studies have examined the effect of phytoestrogen

supplementation in vitro, but fewer have looked at their

physiological effects in vivo. We have examined the effects

of a single intake of phytoestrogens and a week-long

intervention. We have assessed a variety of biochemical

endpoints, including phytoestrogen metabolites in urine,
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antioxidant status and lipid status. These all are potentially

altered by phytoestrogen consumption [1]. We have also

examined the effects of phytoestrogen supplementation on

insulin-like growth factor (IGF) profile and on DNA

damage, as assessed by the comet assay. Levels of IGF-1

and its related binding proteins are altered by tamoxifen [2],

and phytoestrogens have a similar structure to tamoxifen

[1]. Phytoestrogens have antioxidant properties [1] and may

therefore protect against oxidative DNA damage.
2. Methods and materials

Subjects were healthy female volunteers, employed

within University College London. The study was fully

explained to the subjects, and written informed consent

obtained. This study received ethical approval from the

Royal Free and University College London Medical School

Research Ethics Committee.
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Table 1

Estimated nutritional content of phytoestrogen supplement

Per 100 g Per daily dose supplement

Energy (kJ) 1656 1988

Energy (kcal) 395 476

Protein (g) 15.1 18

Carbohydrate (g) 56.7 68.0

of which sugars (g) 29.2 35.2

Fat (g) 12.0 14.4

of which saturates (g) 1.9 2.4

Fibre (g) 4.2 5.2

Sodium (g) 0.1 0.03

Table 3

Effect of 1 week of phytoestrogen supplementation on urinary

phytoestrogen excretion—Phase 2

Baseline

[median (IQ range)]

Postweek

[median (IQ range)]

Genistein (ng/ml) 206 (88, 306) 2775 (1818, 3101)T
Daidzein (ng/ml) 385 (195, 599) 4571 (3934, 5803)T
Equol (ng/ml) 96 (53, 131) 899 (501, 1540)T
Enterolactone (ng/ml) 224 (95, 403) 392 (181, 565)T
Enterodiol (ng/ml) 46 (19, 81) 83 (58, 114)T

T P b.05 when compared to baseline 2, Wilcoxon signed rank test.
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The supplement used was a soy and linseed bar, each bar

containing a total 20 mg of isoflavones and lignans. The

nutritional information is shown in Table 1.

2.1. Phase 1

Subjects were asked to provide a 24-h urine collection

prior to the study. After an overnight fast, subjects gave a

baseline blood sample. They were then given a breakfast

containing 80 mg of phytoestrogens (4� supplement bars).

Blood samples were taken at 8 and 24 h (fasting) after the

meal with spot urine samples collected during the hours

1–2, 2– 4, 4–6, 6–8 and 24 h after the meal. Meals or

snacks, excluding soy products, were permitted throughout

the 8-h postmeal period, but only liquids were consumed

until 2 h after the meal.

2.2. Phase 2

Six days later, subjects collected a further 24-h urine

sample and had a further fasting baseline blood sample

taken. They were then asked to take an 80-mg phytoes-

trogen supplement daily for a period of 7 days after which

they collected a final 24-h urine sample and had a final

fasting blood sample taken.

2.3. Collection and preparation of biological samples

Urine samples (24 h) were stabilised with 1–2 g/L

ascorbic acid and sodium azide (0.1 g/L) and stored at

�808C until analysis. Spot urine samples were not stabilised

but immediately frozen after collection. Blood samples

either kept at 48C for a maximum of 30 min (plasma) or

were allowed to clot for 30 min in the dark (serum) and then

centrifuged at 3000 rpm for 10 min. Serum or plasma was

aliquoted and stored at �808C until analysis. Lymphocytes
Table 2

Effect of one phytoestrogen meal on urinary phytoestrogen excretion—Phase 1

Baseline

[median (IQ range)]

1–2 h

[median (IQ range)]

2– 4 h

[median (IQ r

Genistein (ng/ml) 196 (146, 308) 217 (169, 377) 313 (201, 416

Daidzein (ng/ml) 428 (236, 593) 484 (388, 714)T 642 (375, 854

Equol (ng/ml) 91 (48, 192) 104 (31, 268) 191 (25, 328)

Enterolactone

(ng/ml)

284 (105, 334) 280 (149, 307) 226 (153, 308

Enterodiol (ng/ml) 69 (22, 101) 66 (42, 88) 79 (47, 88)

T P b.05 when compared to baseline, Wilcoxon signed rank test.
were collected into a Vacutainer Cell Preparation Tube

(Becton Dickinson, New Jersey), extracted and washed

according to manufacturer’s instructions and stored at

�808C.

2.4. Endpoint measurement

Urine samples were analysed for the isoflavonoids

genistein and daidzein, the isoflavan equol and the lignans

enterolactone and enterodiol levels, using gas chromatogra-

phy–mass spectrometry following enzyme hydrolysis, ex-

traction into ether and silylation according to Morton

et al. [3].

Ascorbic acid concentrations were determined in EDTA

plasma as described by Vuillemier and Keck [4]. Concen-

trations of lipid-soluble antioxidants were measured by

HPLC in serum according to the method of Thurnham et al.

[5]. Levels of aqueous phase lipid hydroperoxides were

assessed in plasma by the FOX 1 (ferrous oxidation in

xylenol orange) assay according to Wolff [6]. Susceptibility

of LDL to oxidation was assessed in Phase 2 according to

McDowell et al. [7]. Endogenous DNA damage was

analysed in Phase 2 by the comet assay in lymphocytes

according to Spanswick et al. [8].

Serum total cholesterol was estimated using an enzymat-

ic CHOD-PAP kit, while serum triglycerides were measured

using the Peridochrom GPO-PAP kit (both from Boehringer

Mannheim). Precipitation for HDL-cholesterol estimation

employs phosphotungstic Mg2+ reagents.

Serum samples were analysed for IGF-1 and IGFBP-1

and IGFBP-3 using ELISA kits from Diagnostic System

Laboratories (London, UK). For all laboratory methods,

daily quality controls were utilised to ensure both within-

and between-assay reproducibility.
ange)]

4–6 h

[median (IQ range)]

6–8 h

[median (IQ range)]

24 h

[median (IQ range)]

)T 392 (344, 558)T 1257 (1013, 2711)T 289 (139, 417)

)T 952 (681, 1837)T 3283 (2463, 4365)T 408 (252, 634)

356 (36, 523)T 757 (207, 915)T 136 (42, 264)

) 242 (146, 305) 301 (206, 335) 284 (169, 461)

77 (40, 95) 75 (48, 95) 77 (46, 145)



Table 4

Effect of phytoestrogen supplementation on lipids and antioxidant status

Phase 1 [median (IQ range)] Phase 2 [median (IQ range)]

Baseline 8 h 24 h Baseline postweek

Total cholesterol (mmol/L) 4.59 (4.07, 5.31) 4.47 (4.05, 4.82) 4.19 (3.89, 4.79) 4.63 (4.16, 5.54) 5.00 (4.32, 5.27)

HDL cholesterol (mmol/L) 1.49 (0.91, 1.68) 1.43 (0.96, 1.62) 1.43 (0.93, 1.87) 1.48 (1.16, 1.58) 1.57 (1.10, 1.73)

Triacylglycerol (mmol/L) 1.00 (0.83, 1.58) 1.44 (1.31, 2.39) 0.92 (0.66, 1.20) 1.19 (0.84, 1.78) 1.19 (0.86, 1.45)

LDL cholesterol (mmol/L) 2.59 (2.24, 3.39) 2.27 (2.13, 2.86) 2.36 (2.16, 2.51) 2.86 (2.29, 3.41) 2.96 (2.70, 3.31)

FOX1 (Amol/L) 1.65 (1.15, 2.57) 1.42 (1.37, 1.64) 1.20 (1.10, 1.37) 1.35 (1.19, 1.45) 1.34 (1.29, 1.46)

Retinol (Amol/L) 1.00 (0.74, 1.49) 0.79 (0.48, 1.47) 1.01 (0.69, 1.30) 0.99 (0.61, 1.10) 0.91 (0.52, 1.19)

a-Tocopherol (Amol/L) 20.9 (17.6, 23.9) 19.1 (14.8, 22.8) 21.4 (16.3, 24.8) 18.9 (15.5, 24.2) 21.0 (12.6, 23.3)

Lycopene (Amol/L) 0.09 (0.04, 0.16) 0.09 (0.06, 0.11) 0.09 (0.06, 0.11) 0.06 (0.04, 0.09) 0.07 (0.03, 0.16)

a-Carotene (Amol/L) 0.14 (0.06, 0.29) 0.12 (0.06, 0.21) 0.15 (0.09, 0.27) 0.08 (0.04, 0.11) 0.07 (0.05, 0.41)

a-Carotene (Amol/L) 0.14 (0.09, 0.20) 0.13 (0.09, 0.18) 0.16 (0.08, 0.19) 0.12 (0.09, 0.16) 0.10 (0.07, 0.17)

DNA damage (olive tail moment) – – – 4.21 (1.50, 5.07) 2.11 (1.31, 2.74)

Lag time (min) – – – 44.2 (37.4, 53.6) 44.5 (38.8, 48.4)

J.V. Woodside et al. / Journal of Nutritional Biochemistry 17 (2006) 211–215 213
2.5. Statistical methods

Comparisons between subjects pre- and postintervention

were carried out using a nonparametric Wilcoxon signed

rank test due to the small numbers of subjects. Associa-

tions between continuous variables were tested using

Spearman correlation coefficients. All analyses were

carried out using SPSS.
3. Results

Subjects had a mean age of 33.1 years ranging from

23 to 50 years. Eight were premenopausal, of whom three

were on the oral contraceptive pill. One of the subjects was

postmenopausal and was also on hormone replacement

therapy. One subject was perimenopausal. All subjects

were nonsmokers.

Concentrations of genistein, daidzein, equol and enter-

odiol were elevated, both after a single 80-mg dose and after

1 week of supplementation as shown in Tables 2 and 3.

The effect of phytoestrogen supplementation on lipid-

and antioxidant-related endpoints is shown in Table 4.

Neither acute nor chronic phytoestrogen supplementation

had any effect on any of the lipid or antioxidant-related

endpoints assessed.

All IGF-1 and IGFBP-3 levels fell within the range of

expected values given for healthy females in this age group.

As fasting samples are required for these assays, measures

of IGF-1 and IGFBP-3 status were limited to baseline and

24-h postsupplement in the first phase of the study.
Table 5

Effect of phytoestrogen supplementation on insulin-like growth factor and bindin

Phase 1 [median (IQ range)]

Baseline 24 h

IGF-1 (ng/ml) 218 (151, 293) 250 (179, 3

IGFBP-1 (ng/ml) 22.6 (19.0, 36.8) 17.4 (15.8,

IGFBP-3 (ng/ml) 4564 (3954, 5306) 4110 (3887,

IGF-1/IGFBP-3 ratio 0.05 (0.04, 0.06) 0.06 (0.04,

T P b.05 when compared to baseline, Wilcoxon signed rank test.
Levels of IGF-1 were unchanged following the single

80-mg load. However, in Phase 2, IGF-1 and IGFBP-3

concentrations were significantly elevated after a week of

supplementation. Levels of IGFBP-1 were not altered by

phytoestrogens in either phase of the study (Table 5).

The change in IGF-1 in Phase 2 was significantly

associated with the change in IGFBP-3 (r=.721, Pb.05;

Spearman correlation coefficient). However, if the ratio of

IGF-1/IGFBP-3 was compared pre- and postsupplementation,

the ratio was also significantly increased postsupplementa-

tion, suggesting that IGF-1 has increased independently of

the increase seen in IGFBP-3 (Table 5).
4. Discussion

This study has assessed the effect of phytoestrogen

supplementation, in the form of a soy, rye and linseed bar,

on a variety of biochemical endpoints. Concentrations of

phytoestrogen metabolites in urine reached their highest

levels 6–8 h after supplementation for isoflavones, and 24 h

for lignans in Phase 1. This is generally in agreement with

other studies examining the effect of supplementation on

urinary excretion of phytoestrogens [9]. This study, how-

ever, was not designed to be a rigorous study of

phytoestrogen pharmacokinetics.

Phytoestrogens can act as antioxidants [1] and may

inhibit the oxidation of LDL [10], although the data from

this study have not confirmed this in terms of lag time to

oxidation. A protective/antioxidant effect has been shown

by phytoestrogen supplementation on the susceptibility of
g protein concentrations

Phase 2 [median (IQ range)]

Baseline 2 Postweek

10) 155 (123, 258) 265 (228, 360)T
34.6) 24.8 (14.6, 57.7) 14.7 (10.0, 36.0)

4533) 3735 (3631, 4196) 4420 (4192, 4935)T
0.07) 0.04 (0.03, 0.06) 0.06 (0.05, 0.07)T
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LDL to oxidation in another study [11]. Another study,

however, in common with this one, has failed to show

an inhibition of lipid peroxidation after 8 weeks of

isoflavonoid supplementation in subjects with high-normal

blood pressure [12], measuring urinary F2-isoprostanes, a

reliable indicator of oxidative stress. The study measuring

F2-isoprostanes was randomised, double-blind and placebo-

controlled, in contrast to the present study, and was carried

out in relatively large numbers (n=59). Our subjects were

healthy and therefore had normal antioxidant status.

Therefore the lag times of these subjects may not have

been easily affected by this supplement.

We have also observed no significant change in DNA

damage in lymphocytes after 1 week of phytoestrogen

supplementation. We have previously shown that genistein

and equol within physiological range can reduce oxidative

DNA damage in vitro in lymphocytes [13]. Mitchell and

Collins [14] carried out a 4-week feeding study in healthy

men to assess the effects of a phytoestrogen supplement in

the form of soy milk on levels of DNA damage. There was

no significant effect on H2O2-induced DNA damage in

lymphocytes in those receiving the soy milk supplement as

assessed by the comet assay. However, the levels of

oxidised pyrimidine base damage over the 4-week period

progressively decreased. A recent study found no effect of

rye crispbread (rich in lignans secoisolariciresinol and

matairesinol) over 2 weeks on oxidative DNA damage

[15]. We have only evaluated endogenous DNA damage in

this study, where the damage may or may not have been

oxidative in origin, and our intervention period was shorter

than that which previously showed an effect. The antiox-

idant potential of these foods and compounds in vivo clearly

requires further investigation.

This study found no effect of either a single dose or

week’s supplementation with 80 mg of phytoestrogens daily

on serum lipids. This is in contrast to a meta-analysis of

studies published in 1995 [16]. Of the 38 studies reviewed,

89% reported a net decrease in plasma cholesterol that

averaged around 9% for an intake of around 47 g soy

protein daily. However, it is notable that 77% of the studies

included in the meta-analysis had 95% confidence intervals

that included zero.

Since the meta-analysis, several well-controlled studies

have been carried out, and the results of these have been

variable [17]. There are several potential explanations for this

variability. Merz-Demlow et al. [18] suggest that the effect of

isoflavones on lipids may be related to menstrual cycle phase.

The food matrix may also be important, as Lichtenstein [17]

suggests that the effect of isoflavones appears to be

somewhat dependent on whether the isoflavones are ingested

in isolation or as an enriched preparation of those endoge-

nously present in soy.

A recent study observed a reduction in LDL cholesterol

in 156 men and women by an average of 6%. This was due

entirely, however, to a mean reduction of 9% among those

with a raised baseline LDL cholesterol (N4.29 mmol/L) and
was only observed in men and postmenopausal women [19].

It may be that we observed no difference in our largely

premenopausal sample set because they had low-normal

lipid status initially. The original meta-analysis also found a

greater lowering effect in those with initially raised total

cholesterol levels [16].

This study has shown that 1 week of phytoestrogen

supplementation can alter IGF status, producing a signifi-

cant increase in both IGF-1 and IGFBP-3 levels. The vast

majority of IGF-1 is carried through the circulation bound to

a complex containing IGFBP-3 and, until released by

proteolysis, is relatively unreactive. Thus the strong

correlation between increasing levels of IGF-1 and

IGFBP-3 was as expected. However, when the ratio of

IGF-1 to IGFBP-3 was considered, this ratio was signifi-

cantly increased postsupplement, and this finding requires

further elucidation. Tamoxifen, a selective estrogen receptor

modulator, has been shown to lower IGF-1 and increase

IGFBP-3 concentrations [2]; therefore the phytoestrogen

supplement appears to be behaving differently to tamoxifen.

Oral estrogen treatment for menopausal women has also

been shown to reduce IGF-1 [20] through inhibition of

hepatic IGF-1 synthesis. The mechanism by which this

supplement has increased IGF-1 requires further study.

One possible reason for the increase in this ratio is that

IGF-1 is closely linked to nutritional status [21]. Our

observation of an increase in both IGF-1 and IGFBP-3 could

well be attributed to the increase in kilocalories and protein

consumed in the phytoestrogen bar (476 kcal daily; 18 g

protein daily; Table 1), as IGF-1 appears to be closely

related to protein and energy metabolism [21]. No dietary

intake data were collected in the present study so it is

unclear whether total protein and energy intake increased or

whether subjects unconsciously decreased their intake to

compensate for the extra calories over the week. Interven-

tion studies using a phytoestrogen extract or, as a control, a

food supplement from which phytoestrogens have been

removed, will be required to exclude the possibility that an

increase in protein and/or energy intake produced the

observed alteration in IGF-1 and IGFBP-3.

It may also be important to take into account the effects

of the menstrual cycle as it has been shown that IGF-1 can

vary throughout the menstrual cycle [22]. Oestrogenic, and

therefore confounding, effects of oral contraceptives and

hormone replacement therapy should also be considered as

numbers were not large enough in this study to examine

their effect.

The supplement bar we used contained two classes of

phytoestrogen—isoflavones (found predominantly in soy)

and lignans (found predominantly in linseed) [1]. The

biological effects of these two classes may be different, and

research has, to date, concentrated on the isoflavones. From

this study, we cannot distinguish the effect of the two

different classes or, indeed, conclusively attribute the

biological effects we have observed to the phytoestrogens

independent of any other supplement constituent.
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Nevertheless, these findings may have future implications

for health and disease. Phytoestrogens have been proposed to

protect against breast cancer, as Japanese women, who

consume their traditional diet with a high intake of phy-

toestrogens, have a very low incidence of breast cancer [23].

IGF-1 has been shown to be a risk factor for breast cancer in

premenopausal women [24], and, if it can be confirmed that

phytoestrogens increase circulating IGF-1 concentrations,

then this would actually indicate an increased risk of breast

cancer in those consuming high-phytoestrogen diets. Obvi-

ously, further work is required before such conclusions can be

drawn, but the data presented here do highlight the need for

further, well-designed trials.

In conclusion, this small study suggests that 1 week of

supplementation with a phytoestrogen-rich bar alters con-

centrations of IGF-1 and IGFBP-3. The supplement had no

effect on antioxidant parameters or lipid status in healthy

female subjects.
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