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■ Summary Background & aim
The mammalian lignan enterolac-
tone (ENL) produced from plant
lignans, e. g. secoisolariciresinol
diglycoside (SDG), may protect
against various cancers in humans.
The present work aims to evaluate
the effect of flaxseed on tumour
formation in multiple intestinal
neoplasia (Min) mice, a model for
colon tumorigenesis. Design Male
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and female Min mice were fed ei-
ther with a non-fibre control diet
or the same diet supplemented
with 0.5 % (w/w) defatted flaxseed
meal. Conversion of SDG to the
mammalian lignans enterodiol
(END) and ENL in the gut, and
plasma ENL, were measured by
HPLC with coulometric electrode
array detector (CEAD) and time-
resolved fluoroimmunoassay, re-
spectively. Wild-type mice were
also fed with the experimental di-
ets in order to see whether lignan
metabolism is different in Min and
wild-type mice. Results The total
number of adenomas or their size
in the small intestine was not dif-
ferent in the flaxseed and control
groups. The flaxseed group had a
tendency for a decreased number
of colon adenomas in both gen-
ders. Gender and genotype based
differences were found in the in-
testinal ENL levels. When com-
pared to Min females, Min males 
in the flaxseed group had several
fold higher ENL levels in the 
small intestine (Min males

125 ± 124.5 nmol/g vs. females
22.8 ± 16.0 nmol/g, P = 0.048) and
caecum (47.6 ± 31.6 nmol/g vs. fe-
males 14.5 ± 6.6 nmol/g, P = 0.001).
Presence of adenomas in the gut
influences the intestinal lignan me-
tabolism. Min mice had less intesti-
nal END and ENL as compared
with the wild-type mice (P < 0.05).
Mean plasma ENL increased 7-fold
during the flaxseed feeding
(7 nmol/L in control vs. 50 nmol/L
in flaxseed group) but no differ-
ences between gender and geno-
type were found. The plasma ENL
level did not correlate with ade-
noma number in the small intes-
tine and colon. Conclusion The
number of intestinal adenomas in
the Min mouse model is not related
to ENL level in plasma nor is it as-
sociated with the levels of intesti-
nal lignans. A gender difference in
ENL lignan metabolism was found
in the gut but not in the plasma.

■ Key words Min mice – flaxseed
– enterolactone – enterodiol –
plant lignans
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No effect on adenoma formation in Min
mice after moderate amount of flaxseed

Introduction

Phytoestrogens, mainly isoflavonoids and lignans, have
been proposed to prevent various cancers in humans.
Potential mechanisms of anticancer action of phy-
toestrogens have been suggested to involve modulation
of hormone metabolism and subsequent cancer risk [1,

2]. The main food sources of isoflavonoids in the Asian
population are soy products [3]. Flaxseed is the richest
source of plant lignans. However, it is a relatively minor
dietary component, and plant foods such as whole-grain
products, berries, fruits and vegetables are the main
sources of lignans in the Western diet [4, 5]. Plant lig-
nans secoisolariciresinol diglycoside (SDG) and
matairesinol (MAT) are metabolised by the gut mi-
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crobes to mammalian lignans enterodiol (END) and en-
terolactone (ENL). Enterodiol may further be converted
to enterolactone. Both ENL and END are absorbed and
undergo enterohepatic circulation, eventually being ex-
creted in the urine and faeces [6, 7].

Plasma ENL can be used as an indicator for plant lig-
nan intake [8, 9]. Whether ENL as such is antitumori-
genic, or it is just a biomarker of a healthy diet is still 
a matter of debate. However, a high dietary intake of
plant lignans in women with particular cytochrome
P450c17α genotype [10], or high plasma ENL level [11]
was associated with a reduced risk of breast cancer. Fur-
thermore, a low plasma ENL concentration was associ-
ated with increased risk of breast cancer [12]. Curiously,
very high plasma ENL concentrations were also associ-
ated with an increased breast cancer risk in two out of
three cohorts, whereas, in the third cohort the associa-
tion was opposite. No association was found between
plasma ENL level and the risk of prostate cancer in hu-
mans [13], nor between plasma ENL and an increase in
tumour cell apoptosis in prostate cancer patients [14].
Both isoflavones and lignans have structural similarities
with natural and synthetic estrogens and antiestrogens
[7]. There is substantial evidence that hormone replace-
ment therapy reduces the risk of colon cancer in women
in their menopausal years [15, 16]. However, no direct
evidence of a protective role of plant or mammalian lig-
nans with regard to colon cancer in humans has been re-
ported although studies in animals support this view
[17]. Daily gavages of isolated SDG from flaxseed in car-
cinogen-treated male rats decreased the number of
aberrant crypt foci (ACF) in the distal colon [18]. Also
other plant lignans such as arctiin from burdock seeds
or 7-hydroxymatairesinol (HMR)-containing crude ex-
tract isolated from coniferous trees have shown to be tu-
mour preventive in other animal models used to study
colon cancer [19, 20].

In the present experiment we studied the possible an-
titumour effect lignans provided by defatted flaxseed
meal on intestinal adenoma formation in Min mice, a
well-characterized animal model for human colon can-
cer [21]. Male and female Min mice were fed either with
non-fibre control diet, or a diet supplemented with 0.5 %
(w/w) defatted flaxseed meal for seven weeks after
which the intestinal adenomas were counted. To eluci-
date the relationship of lignans and intestinal tumour
formation we also measured the conversion of the lig-
nan SDG to END and ENL in the contents of both cae-
cum and in the distal small intestine, and in the plasma
of the experimental mice. Both genders were used to see
if the intestinal adenoma number or the conversion of
plant lignans differs between males and females. Wild-
type mice were also fed with the experimental diets in
order to determine if there is a genotype-based differ-
ence in the lignan metabolism between Min and wild-
type mice.

Materials and methods

■ Lignan analysis of defatted flaxseed meal and diets

A GC-MS method was used for analysis of plant lignans,
MAT, secoisolariciresinol (SECO, the aglycone of SDG),
isolariciresinol (ISOL), lariciresinol (LAR), pinoresinol
(PIN) and syringaresinol (SYR), in flaxseed raw mater-
ial and diet samples. It was modified from previously
published method for analysis of isoflavonoids and lig-
nans in food matrixes [22]. All details of the method
with complete evaluation will be published elsewhere.
The method is briefly as follows.Duplicate analyses were
carried out for each sample. Deuterated internal stan-
dards (2H6-matairesinol, 2H6-secoisolariciresinol and
2H8-anhydrosecoisolariciresinol), 0.5 ml of distilled wa-
ter, and 0.5 ml of hydrolysis reagent (containing 5000 FU
glucuronidase and 50000 RU sulphatase from Helix po-
matia in 0.3 M acetate buffer, pH 5) were added to 50 mg
of dry sample. Enzymatic hydrolysis was carried out at
37 °C overnight and then for 1 h at 60 °C. The hydrolysed
sample was extracted twice with 6 ml diethyl ether.Com-
bined organic phases were evaporated to dryness, dis-
solved in 0.5 ml methanol and stored at 4 °C. The water
phase was subjected to acidic hydrolysis by adding
200 µl 6.0 M HCl followed by incubation of the sample
for 2 h at 70 °C and twice extracted with 6 ml of diethyl
ether:ethyl acetate, 1:1 (v:v). The organic phases were
combined with organic phases obtained after the enzy-
matic hydrolysis.The sample was evaporated to dryness,
dissolved in 0.5 ml of methanol and stored at 4 °C. The
water phase was further hydrolysed with 1.5 M HCl 2h at
100 °C, followed by extraction with diethyl ether:ethyl
acetate, 1:3 (v:v). The water phase was discarded. The or-
ganic phases were combined with the stored organic
phases, obtained after enzymatic and mild acid hydrol-
yses. The sample was evaporated to dryness under ni-
trogen, dissolved in 200 µl of methanol, and applied in
2 �200 µl of methanol on a Lipidex 5000 column
(0.5 �5.0 cm in MeOH:CHCl3:H2O, 4:1:1). Lignans were
eluted with 4 ml of MeOH:CHCl3:H2O, 4:1:1 (v:v:v). The
fraction was evaporated to dryness under nitrogen, and
dissolved in 0.5 ml of MeOH. Further purification of the
sample was carried out with chromatographies on
DEAE-OH and QAE-Ac as described by Mazur et al. [22].
The sample was derivatised with 100 µl of QSM, (pyri-
dine:HMDS:TMCS, 9:3:1) by incubating 30 min at room
temperature, transferred to a micro vial and analysed by
GC-MS. Deuterated internal standards were not avail-
able for the new plant lignans, so quantification was
done using deuterated MAT for analysis of LAR,PIN and
SYR, and deuterated SECO and anhydrosecoisolari-
ciresinol (ANSE) for analyses of ISOL and anhydroiso-
lariciresinol (ANIS), respectively.
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■ Diets

Lignan analyses revealed that defatted flaxseed meal had
a total lignan level of 14.6 µmol/g (5 mg/g).SECO was the
main lignan (97.5 %) and the others existed only in trace
amounts (0.1 % MAT, 1.7 % ISOL, 0.3 % LAR and 0.5 %
PIN). The plant lignan concentration in the flaxseed diet
was adjusted to be equivalent with a 2.5 % flaxseed con-
taining diet [estimation based on ref 23]. Flaxseed diet
had a total lignan concentration of 73-µmol (26 mg)/kg
diet. We analysed also the non-fibre diet and found a
small amount of SECO (0.23 µmol/kg diet), which prob-
ably originated from plant oils.

Otherwise the diets were AIN-93G-based [24] non-fi-
bre high-fat diet (control) and a high-fat diet supple-
mented with 0.5 % (w/w) of defatted flaxseed meal
(flaxseed) (Table 1). The oil (11.2 %), carbohydrate
(41 %), and protein (34.5 %) contents of defatted
flaxseed meal were compensated in rapeseed oil, dex-
trose and casein fractions. Both diets contained 20 %
protein, 40 % carbohydrate and 40 % fat per energy. The
intake of fat and fatty acid composition corresponded to
that in a Western-type diet.

■ Animals

The Laboratory Animal Ethics Committee of the Uni-
versity of Helsinki approved the study protocol. The
mice were bred at the Laboratory Animal Centre, Uni-
versity of Helsinki, from the mice originally obtained
from the Jackson Laboratory (Bar Habor, ME). The Min
pedigree was maintained by mating C57BL/6J- +/+ fe-

males with C57BL/6J-Min/ + (Min) males. Both breed-
ing pairs and offspring were fed with 2014 Harlan Teklad
diet (Harlan Teklad, Madison, WI), which does not con-
tain any alfalfa or soy as a source of plant phytoestro-
gens. Offspring were genotyped after weaning by using
the Promega’s Wizard® Genomic DNA Purification Kit
followed by allele-specific polymerase chain reaction
[25]. All Min mice (12–17 Min mice/group/gender,
n = 58) and wild-type mice (7–14 mice/group/gender,
n = 42) were put on the experimental diets at the age of
five weeks. Mice were housed in plastic cages in a tem-
perature- and humidity-controlled animal facility, with
12-h light/dark cycle. They had a free access to the semi-
synthetic diets and tap water for the feeding period of
seven weeks. The body weights of the animals were
recorded weekly. At the end of the feeding period mice
were killed by CO2 asphyxiation. A blood sample was
collected from the abdominal aorta, centrifuged at 6000
g for 1 min, after which plasma was stored at –70 °C for
ENL analysis. The contents of the distal small intestine
(five cm up from the caecum) and the caecum were col-
lected and stored at –70 °C for lignan analysis. The scor-
ing of adenomas was done as described in the previous
study [26]. Briefly, the small intestine and colon + cae-
cum were rinsed with ice-cold saline and spread flat on
a microscope slide. The number, diameter and location
of adenomas were determined with an inverse light mi-
croscope with a magnification of 2.5x by two observers
blind to the dietary treatment.

■ ENL analysis of plasma samples

ENL was analysed from the plasma samples by time-re-
solved fluoroimmunoassay [27, 28]. Analysis was per-
formed as described by Oikarinen et al. [29].

■ Lignan analysis of intestinal contents

The plant SECO and mammalian ENL and END lignan
levels in the caecal and small intestinal contents were
measured by HPLC with coulometric electrode array de-
tector (CEAD). The sample was weighed and 0.5 ml of
water and 0.5 ml of hydrolysis reagent (glucuronidase
and sulphatase from H. pomatia in 0.3 M acetic buffer
pH 5.0) were added. The enzymatic and acidic hydroly-
ses were carried out as described for lignan analysis of
defatted flaxseed meal and diets. The hydrolysed and
extracted samples were chromatographed on QAE chlo-
ride in acetate form as described by Mazur et al. [22].
Samples were diluted with the mobile phase and
analysed by HPLC-CEAD applying the method de-
scribed by Nurmi et al. [30] using the modified detection
potentials. The original potentials 575, 600, 670 mV were
changed to 520, 660 and 700 mV on channels 5, 6 and 7,

Table 1 Nutrient composition (g/kg) of experimental diets1

Ingredient Control Flaxseed

Casein 236.2 234.5

Dextrose 479.0 477

Butter 148.9 148.9

Sunflower-seed oil 13.3 13.3

Rapeseed oil 62.2 61.6

Mineral mix 41.6 41.6

Vitamin mix 11.8 11.8

L-cystine 3.6 3.6

Choline chloride 3.6 3.6

Tertiary butylhydroxyquinone 0.014 0.014

Defatted flaxseed2 – 5.0

1 Casein was obtained from Kainuun Osuusmeijeri (Sotkamo, Finland), dextrose
from Six Oy (Helsinki, Finland), mineral and vitamin mix from Harlan Teklad (Madi-
son, WI), L-cystine, choline chloride and tertiary butylhydroxyquinone from Yliopis-
ton Apteekki (Helsinki, Finland), defatted flaxseed meal from Elixi Oil Oy (Somero,
Finland) . Butter, sunflower oil, and rapeseed oil were from a local market.
2 Defatted flaxseed meal had 34.5% of protein, 40.7% of carbohydrates, 11.2% of
fat, 8.8% of moisture and 4.9% of ash
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respectively and mammalian lignans END and ENL
were quantified on channel 6. Due to the analysis proce-
dure, the values of ENL and END represent the sum of all
conjugated and unconjugated forms of these mam-
malian lignans.

■ Statistics

The results are expressed means ± SD. Statistical analy-
ses were performed using SPSS 10 (SPSS Inc. Chicago,
Illinois). Intestinal lignan data and adenoma data of the
small intestine was analysed by non-parametric Mann-
Whitney U test for two independent samples.Colon ade-
noma number was tested by χ2 tests. Two-way ANOVA
(general linear model) was used to test normally dis-
tributed plasma ENL data for diet �gender and
diet �genotype interactions.Associations between vari-
ables were analysed with nonparametric Spearman’s
correlation test. Values of P < 0.05 were considered sig-
nificant.

Results

■ Body weights

Weight gain during the experimental period was similar
in both diet groups per gender and genotype (data not
shown).

■ Adenoma number of Min mice

The total number of adenomas in the small intestine was
not different between the control and flaxseed groups
(Table 2). The mean adenoma size in the small intestine

was 1.0 ± 0.2 mm for control males, 0.9 ± 0.1 mm for con-
trol females, and similarly, 1.0 ± 0.2 mm for flaxseed
males and 0.9 ± 0.1 mm for flaxseed females.

There was no change in adenoma number, size, inci-
dence or distribution in the colon between the diet
groups, although the flaxseed groups had a tendency to
have a fewer number of adenomas in the colon than the
control groups (Table 2). When diet groups per gender
are pooled together, Min males had twice as many ade-
nomas in the colon (0.90 ± 0.94, n = 29) than Min fe-
males (0.45 ± 0.57, n = 29, P = 0.048). When males and
females were compared within a diet group a similar but
non-significant tendency could still be seen.

■ Intestinal lignan levels

Min mice and wild-type mice had several similarities in
the intestinal lignan levels as well as plasma ENL con-
centrations.Flaxseed diet fed Min male and female mice,
as well as their wild-type counterparts had significantly
increased levels of intestinal ENL (P ≤ 0.004), END (P
≤ 0.006) and SECO (P ≤ 0.001) as compared with the con-
trol group (Table 3). The ENL and END concentration
found in Min and wild-type mice after the flaxseed diet
were at the same level in the distal small intestine and
caecum. There was a positive relationship between the
small intestinal and caecal ENL (r = 0.914, P = 0.001,
n = 26) and END levels (r = 0.512, P = 0.008, n = 26) in
the flaxseed fed Min mice.

A difference between genders was found in the in-
testinal ENL levels.When compared to Min females,Min
males in the flaxseed group had several fold higher 
ENL levels in the small intestine (Min males
125 ± 124.5 nmol/g vs. females 22.8 ± 16.0 nmol/g, P =
0.048) and caecum (Min males 47.6 ± 31.6 nmol/g vs. fe-
males 14.5 ± 6.6 nmol/g, P = 0.001) (Table 3). Although
the control Min males had very low ENL level in the
small intestine, it was still significantly higher than the
ENL level found in Min females (P = 0.014) indicating a
gender effect on lignan metabolism on a wide range of
intake. Gender difference in the caecal ENL level was
also found between wild-type males and females fed the
flaxseed diet (wild-type males 69.1 ± 32.4 nmol/g vs. fe-
males 24.9 ± 17.6 nmol/g,P = 0.027).However, there were
no differences between gender in the levels of intestinal
SECO or END, which is a precursor of ENL. Therefore,
we assume that possible differences between male and
female mouse food intake does not explain the observed
differences between gender in the intestinal ENL levels.

When comparing genotypes it was found that 
wild-type males on the flaxseed diet had a higher level
of caecal ENL (69.1 ± 32.4 nmol/g) and END
(15.7 ± 6.5 nmol/g) than corresponding flaxseed fed Min
males (ENL 47.6 ± 31.6 nmol/g, P = 0.045; END
6.1 ± 5.6 nmol/g, P = 0.001). Similar tendency was also

Table 2 The number of adenomas in the small intestine, colon and caecum, and
tumour incidence in the colon in Min males and females fed with control non-fibre
and 0.5% flaxseed diets for seven weeks1

Adenoma number Male Female

Control
n = 12 13

Small intestine 57.4±29.7 56.7±27.2
Colon and caecum 1.2±1.1 0.7±0.6
Tumour incidence (%) in the colon and caecum2 58% 62%

Flaxseed
n = 17 16

Small intestine 45.8±16.5 56.3±29.3
Colon and caecum 0.8±0.9 0.4±0.6
Tumour incidence (%) in the colon and caecum2 53% 31%

1 Values are mean ± SD; n number of animals
2 The number of animals (%) bearing tumours in the colon and caecum
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found between wild-type and Min females in the caecal
ENL (24.9 ± 17.6 nmol/g vs. 14.5 ± 6.6 nmol/g) and END
levels (14.5 ± 9.2 nmol/g vs. 8.5 ± 6.7 nmol/g) although
this was not significant.

Lignans were analysed in the distal small intestine,
which had 17 % of the total adenoma number of the
small intestine, and in the caecum where few adenomas
were found. There was a weak significant negative asso-
ciation between levels of SECO and adenoma number of
the distal small intestine (r = –0.383, P = 0.026, n = 42).
No association was found between END or ENL and ade-
noma number of this area.

■ Plasma enterolactone

The plasma ENL concentration increased significantly
(P = 0.001) after the flaxseed diet in both genotypes
when compared with the control groups (Table 4). How-
ever, no differences between genders (P = 0.806) or
genotypes (P = 0.931) within diet groups were found.
The plasma ENL level was not associated with adenoma
number in the small intestine or colon.

Discussion

Flaxseed diet or isolated SDG have been shown to de-
crease ACF formation and mammary tumours [18, 31,
32] or reduce tumour growth [23, 33, 34]. We found no
significant changes in intestinal adenoma formation in
Min mice after the flaxseed diet, only a tendency of de-

creased number of colon adenomas in both genders.
Furthermore, flaxseed diet fed Min females had a lower
colon tumour incidence (31 %) than the control female
group (62 %),although this was not significant.So far we
cannot conclude that a 0.5 % defatted flaxseed meal con-
taining diet (corresponding to a 2.5 % flaxseed diet),
even though causing a considerable increase in plasma
ENL and the intestinal plant and mammalian lignan lev-
els, affects adenoma formation in Min mice. This result
is in line with two other studies with Min mice [29, 35],
that also showed that ENL production (up to plasma
ENL concentration of 180 nmol/L in ref. 35) as a conse-
quence of 5 % flaxseed or 10–30 % rye bran supplemen-
tation does not have any effect on adenoma formation in
this animal model. On the contrary, other studies with
carcinogen-induced rats have shown that flaxseed sup-

Table 3 Concentrations of lignans in the distal small intestine and caecum of Min and wild-type male and female mice fed non-fibre control or 0.5 % flaxseed diets for
seven weeksa, b

Distal Small Intestine Caecum

Min Wild-type Min Wild-type

Diet Male Female Male Female Male Female Male Female

Control
n = 8 8 7 2 12 13 9 3

ENL, nmol/g 3.0±2.1d 1.0±0.7 6.1±4.1e 0.5±0.1 0.5±0.3 0.5±0.5 1.4±1.3 0.2±0.1
END, nmol/g 1.0±1.5 0.7±0.6 1.6±1.1 0.3±0.2 0.6±0.7 0.4±0.7 1.8±1.2e 0.1±0.0
SECO, nmol/g 4.9±2.1 5.6±3.3 3.5±2.3 3.9±1.9 0.6±0.7 0.5±0.7 0.7±0.6 0.9±0.1

Flaxseed
n = 12 14 9 3 17 16 10 5

ENL, nmol/g 125.1±124.5c, d 22.8±16.0c 106.5±88.1c 38.4±36.6 47.6±31.6c, d 14.5±6.6c 69.1±32.4c, d, e 24.9±17.6
END, nmol/g 13.3±19.6c 9.8±8.4c 23.0±15.2c 17.2±13.3 6.1±5.6c 8.5±6.7c 15.7±6.5c, e 14.5±9.2
SECO, nmol/g 27.8±17.5c 38.8±38.9c 35.3±21.6c 21.5±10.9 26.4±16.9c 28.6±13.2c 18.5±6.2c 28.9±16.4

a Values are mean ± SD; n the number of analysed samples, which varies because of the amount of intestinal content in some animals was too small for lignan analysis. Sta-
tistical analysis was not carried out when n < 5
b ENL enterolactone; END enterodiol; SECO secoisolariciresinol
c Different from control, P ≤ 0.006
d Gender difference between males and females fed the same diet, P < 0.05
e Genotype difference between wild-type and Min males fed the same diet, P < 0.05

Table 4 Concentration of enterolactone (ENL, nmol/L) in plasma samples of 
Min and wild-type male and female mice fed non-fibre control or 0.5 % flaxseed
diets for seven weeks1, 2

Min Wild-type

Male Female Male Female

n = 11 13 12 7
Control 6.8±2.1 7.0±3.9 7.4±2.6 3.9±2.0

n = 12 14 9 8
Flaxseed 46.0±21.1* 54.6±17.5* 52.3±40.1* 44.5±13.2*

1 Data are mean ± SD; n the number of analysed samples
* Different from control, P = 0.001
2 General linear model Univariate analyses found non-significant diet x gender
(P = 0.806) and diet x genotype (P = 0.931) interactions
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plementation lowered ACF multiplicity and number in
the gut of carcinogen-treated rats, and the protective ef-
fect was linked, in part, to pure SDG and associated with
increased β-glucuronidase and reduced cell prolifera-
tion activities [18, 31]. Other types of plant lignans, 0.02
or 0.2 % arctiin and 0.02 % crude HMR extract in a diet
[19, 20] have also been shown to be protective against
chemical-induced colon carcinogenesis in rats and in
Min mice, respectively. Metabolism of plant lignan SDG
(or SECO) differs from that of arctiin or HMR. Arcti-
genin, a metabolic product of glycoside arctiin, was only
to some extent converted to ENL and mainly to other
metabolites [36]. HMR was metabolised to ENL and 7-
hydroxyenterolactone [36, 37] whereas SDG/SECO was
metabolised extensively mainly to ENL and END.

We found that Min male mice had higher numbers of
colon adenomas than females. When Min mice were
treated with azoxymethane a similar difference between
genders in colon tumour number was also noticed [38].
This may indicate that female Min mice might be more
protected against colon tumorigenesis than males.After
ovariectomy, intestinal adenomas in Min mice has been
shown to increase by 77 %, and estradiol replacement af-
ter ovariectomy had a tumour-reducing effect accom-
plished with changes in estrogen receptor (ER) α and β
levels in the intestinal tissues [39].Phytoestrogens might
also have other ways to exert their effect on intestinal
mucosal cells. In a recent study genistein was found to
accumulate in the colon tissue and regulate vitamin D
metabolism in such a way that the synthesis of antimi-
totic hormone 1.25-dihydroxyvitamin D3 was enhanced
[40].

Our hypothesis was that the presence of adenomas in
the gut might influence intestinal lignan metabolism in
Min mice. Indeed, we found lower levels of intestinal
END and ENL in Min mice when compared with the
wild-type mice.However, the responses to diets was sim-
ilar in both genotypes. Min mice usually become
anaemic by 60 days of age due to the development of
multiple adenomas, which cause bleeding into the in-
testinal lumen [41].A rational explanation would be that
bleeding changes levels or populations of microorgan-
isms or bacterial enzyme activities, and in that way
changes dietary lignan metabolism.

In the present study, the consumption of 0.5 % defat-

ted flaxseed meal diet was sufficient to elevate plasma
ENL level 7-fold in both Min and in wild-type mice. Two
interesting findings were made: First, there were no dif-
ferences in plasma ENL between genders or genotypes,
which was quite surprising since clear gender differ-
ences in both genotypes in the intestinal ENL levels were
found. Second, in flaxseed fed mice the ENL level in the
plasma did not reflect ENL levels in the gut. It could be
speculated that a saturated absorption process for ENL
in the gut regulates the plasma ENL level. However, this
hypothesis was rejected with an experiment (unpub-
lished results of SO, S-MH, HA and MM) where 2.5 times
higher flaxseed supplementation in Min mice roughly
double ENL levels in the gut and plasma.

The metabolism of mammalian lignans involves an
enterohepatic circulation similar to that of estrogens. It
is estimated that 50–60 % of the conjugated estrogens in
the liver are excreted into bile and re-enter the human
intestine [42]. Estrogens and mammalian lignans ENL
and END are excreted with the bile back into gut conju-
gated with glucuronic acid. We found substantial levels
of mammalians lignans in the distal small intestine of
flaxseed fed mice, and there was a significant positive
correlation between the ENL and END values of the two
intestinal segments. These results indicate that either lu-
minal ENL/END originated from enterohepatic circula-
tion or plant lignan conversion may already exist in the
distal part of the small intestine in mice. Unfortunately,
we did not separate the unconjugated and conjugated
metabolites, nor bilinary lignans (glucuronides) from
dietary lignans (glycosides). So far, we can ask if differ-
ences between genders in the luminal ENL could be due
to the differences in bilinary secretion of ENL regulated
by the liver or some hormonal control of gut bacterial
enzymes that are involved in lignan metabolism.

In conclusion, this study showed that the number of
intestinal adenomas in Min mouse is probably not re-
lated to ENL production or linked to the levels of plant
lignan precursors in a diet. Lignan metabolism is com-
plex, and is also partly affected by gender.
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