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Abstract: Lignans constitute a group of phytochemicals, which are produced by oxidative dimerization of two 

phenylpropanoid units. Furfuran type lignans such as secoisolariciresinol, matairesinol, lariciresinol or pinoresinol are 

widely distributed in edible plants, and most of those dietary lignans are metabolized by the gut microflora to 

enterolactone and enterodiol, also known as enterolignans, traditionally classified as phytoestrogens. The rich sources of 

lignans are flaxseed, sesame seeds, cereal products, and Brassica vegetables. There is a growing interest in biological 

functions of lignans from edible plants, since a higher intake of edible plants containing lignans is known to reduce the 

incidence of certain chronic diseases. This review deals with the isolation and preparation of furfuran type lignans from 

edible plants, and their bioactivities such as anticancer, antioxidant, cardiovasculoprotective, neuroprotective, and anti-

inflammatory activities, so that recent informations about bioactive lignans from edible plants may be available for the 

development of potential functional food agents. In this article, patents based information is also discussed. 

Keywords: Lignan, edible plant, isolation, bioactivities, furfuran.  

1. INTRODUCTION  

 Lignans are phenolic compounds widely distributed in 
plants [1-7]. 

 Lignans are a class of secondary plant metabolites, which 
are produced from shikimic acid via the phenylpropanoid 
pathway, produced by oxidative dimerization of two 
phenylpropanoid units [1,2]. A larger part of lignans, present 
in different parts of plants, are found to be present as 
glycosidic conjugates of plants. Recent progresses in 
extraction method and structural elucidation contributed to 
accurate quantification of broad spectrum of lignans in 
edible plant sources [3,4,6,8]. Those techniques have been 
employed for a large scale preparation of lignans. Of edible 
plants, the most common dietary sources of mammalian 
lignan precursors are unrefined grain products. The highest 
concentrations of lignan have been found in flaxseed, 
followed by unrefined grain products, particularly rye and 
barley. Lignans are also found in the Prunus fruits or the 
leaves of edible plants such as Petasites japonicus [9,10]. 
The type of lignan differs according to the species and the 
amounts of lignans vary in different parts of the plants [3, 4, 
6]. Representative furfuran type lignans from edible plants, 
such as matairesinol, secoisolariciresinol, lariciresinol and 
pinoresinol, are known to be converted by gut microflora to 
mammalian lignans, enterolactone or enterodiol [7,11,12], 
which show more beneficial effects on human health, 
compared to lignan precursors Fig. (1). Previous studies 
proposed that lignan- rich diet had benefits in decreasing the 
risk of breast or prostate cancer, and the risk of 
cardiovascular disease [13,14]. Further, they showed some 
antioxidant action and anti-inflammatory action. In addition, 
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lignans might be of use in preventing oxidative stress in 
tissues such as brain or liver. However, the lignans con-
taining phenolic hydroxyl groups are targets of phase II 
metabolic reactions, conjugation with glucuronic acid, 
sulfate or glutathione, which result in the decrease of 
pharmacological activity of lignans. Taken together, the 
biological efficacy of lignan diets may depend on the amount 
or type of lignans present in the plants. The aim of this 
review is to provide a list of furfuran type lignans originating 
from edible plants, and discuss about the preparation of these 
lignans and their bioactivities. 

2. EXTRACTION AND PREPARATION 

2-1. Separation of Lignans 

 Solvent extraction is a traditional method for extracting 
lignans from plant sources. However, other less polar 
components present in most plant tissues may interfere with 
the subsequent separation of lignan if a polar solvent is used. 
Therefore, the sequential solvent extraction is recommended 
for efficient separation of lignan compounds. For this 
purpose, lipophilic compounds are removed with non-polar 
organic solvents such as hexane or dichloromethane [15,16]. 
Meanwhile, the hydrophilic constituents including the 
lignans are extracted with polar solvents such as acetone, 
methanol or ethanol. In some cases, the addition of polar 
solvents such as water to the sample may increase the 
recovery of more polar compounds such as lignan glycosides 
[17]. Meanwhile, some lignans of low or medium polarity 
can be efficiently extracted with more non-polar solvent. 
Direct extraction with a hot polar solvent, appropriate for 
lignans of a low polarity, has also been used for extraction of 
some plant lignans [18-21]. However, the subsequent clean-
up step to separate the lignans from the polar extract is to be 
considered in respect to conveniency and recovery. A 
recently-introduced method for extraction of plant lignans is 
the accelerated solvent extraction, which is carried out at 
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higher temperature and pressure and under inert nitrogen 
atmosphere. This method may enable fast and convenient 
extraction using relatively small amounts of solvent 
[16,22,23]. Lignans in some plant materials require special 
pretreatments before extraction. Polar lignans such as 
secoisolariciresinol diglucoside (SDG), present in the plant 
as ester-linked oligomers or polymers [24,25], seem to be 
readily soluble in aqueous methanol or ethanol. Nonetheless, 
the subsequent alkaline hydrolysis is required to release free 
secoisolariciresinol. Furthermore, in case of glycosides, 
additional hydrolysis steps, enzymatic or non-enzymatic, are 
used for the release of free aglycone [24,26]. Separately, 
several analytical procedures, including the combinations of 
enzymatic, acidic and alkaline hydrolysis, before or after 
extraction, have been developed to simplify the subsequent 
chromatographic analysis of extracts containing lignan 
glycosides.  

2-2. Preparative Isolation of Lignans 

 Preparative enrichment and separation of individual 
lignans in pure form is demanded for the preparation and 
characterization of unknown lignans or the development of 
functional foods. The recent finding that knotwoods from 
some tree species contain large amounts of free aglycone 
lignans has provided the opportunity to isolate pure lignans 
in gram quantitiy [22,23,27]. Some lignan isolated in a large 
scale from spruce was used as a starting material for making 
other lignans [27,28]. The basic principle for isolating 
lignans in a large scale consists of the freeze-drying and 
grinding, the removal of lipophilic components using hexane 
extraction, and the extraction of hydrophilic portion with an 
acetone-water mixture or with ethanol. Pure lignans can then 
be obtained by flash chromatography on normal-phase silica 
columns and / or by solvent crystalizsation [15]. Although 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Proposed metabolism of furfuran type lignans, modified from a previous report [7] Glc, glucosyl group. 
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flash chromatography is a convenient method for preparative 
isolation of selected lignans from raw extracts, the con-
ditions of separation and purification need to be optimized. 
For the preparation of lignan-containing food, the 
employment of polar solvents such as ethanol or ethyl 
acetate is to be considered for the dietary safety.  

 In addition, various chromatographies such as open-
column chromatography, medium-performance liquid chro-
matography (MPLC), semi-preparative HPLC, and 
preparative TLC have also been used to isolate lignans 
[19,26,29,30]. The choice of column, either normal-phase or 
reverse-phase, for preparative separation of lignans appears 
to be important in terms of yield. However, experience has 
shown that silica gel chromatography in some cases actually 
gives better separation than reverse phase chromatography 
[23,28]. Although the solvent of elution can vary according 
to the type of lignan, the solvent for final elution, suitable for 
the development of functional food, is to be considered.  

2-3. Quantitative Analysis 

 As pure reference lignan standards have been available, 
the quantitative analyses have been advanced. Whereas the 
simple way to determine lignans is in aglycone form, some 
kinds of hydrolysis methods are necessary in order to release 
ether or ester-linked lignans [4,24]. Simply, after removal of 
non-edible parts from the fruits and vegetables, the solid 
foods were either directly chopped or cut into smaller pieces 
prior to freezing in liquid N2. After addition of the internal 
standards, the samples were consecutively submitted to 
alkaline and enzymatic hydrolysis with -glucuronidase 
(Helix pomatia) to release the lignan aglycones. Then, the 
samples were extracted with diethyl ether, and subjected to 
liquid chromatography-tandem mass spectrometry analyses. 
Separately [6], the hydrolyzed extracts were purified by C18 
column separation and DEAE-Sephadex chromatography, 
and then the final samples were derivatized using silylation 
to be subsequently injected into the chromatographic system. 
Recent data indicate that the available databases largely 
underestimate the amount of enterolignan precursors in 
foods. In this respect, the quantitative analyses of lignans 
present in plants are to be assessed in consideration of the 
extraction yield of total lignans, free or bound forms.  

3. REPRESENTATIVE EDIBLE PLANTS AS 
SOURCES OF LIGNANS 

3-1. Flax 

 Lignans occur in a diversity of food sources such as nuts, 
grains, seeds, fruits and vegetables [4]. Flaxseed is 
potentially the richest source of phytoestrogens including 
lignans. The primary lignan found in flaxseed is 2,3-bis (3-
methoxy-4-hydroxybenzyl) butane-1,4-diol (secoisol-
ariciresinol) which is stored as the conjugate secoisol-
ariciresinol diglucoside (SDG) in its native state in the plant 
[4]. Flax seed contains higher levels of this lignan than any 
other plant food [4,15]. One of the major problems 
associated with flax foods is the toxicity associated with 
cyanogenic glycosides, present in flaxseed, which may cause 
goitrogenic problems. Therefore, cyanogenic glycosides are 
to be removed during lignan extraction [31]. Defatting of 
flax meal with hexane is known to produce an enrichment of 
all individual cyanogenic glycosides [30]. Lignans have 

originally been known to exist as components of a soluble 
ester-linked complex. Therefore, sodium and barium 
methoxides have been used for methanolysis to release 
lignans free of other compounds [32]. However, these 
processes suffer from drawbacks in that they can not be 
scaled up for commercialization [33,34]. For a large scale 
preparation of flax lignans, materials such as flax, flaxseed 
or defatted flax are extracted with alcohol at a suitable 
temperature to minimize growth of microbes and facilitate 
extraction of the lignan complex from plant material [4]. The 
slurry containing lignan complex was subjected to filtration 
or centrifugation, and the resulting aqueous porton is then 
dried to obtain a powder. Ultrafiltration is useful to remove 
cyanogenic sugars and other undesirable compounds. In 
further purification, the concentrated lignan sample is 
subjected to liquid-chromatography with methacrylic poly-
mer resin, which is eluted with ethanolic water. The 
treatment of the lignan fraction with 0.1% sodium hydroxide 
(pH 7.6), followed by acid treatment (pH 3.5), gave rise to 
the bottom precipitate, which contains lignans devoid of 
cyanogenic glycosides.  

 There have been reports on the phytochemical benefits of 
flaxseed lignans. Feeding with purified lignan at 5% flaxseed 
diet levels significantly reduced colon and mammary 
carcinogenesis in animals [35]. Additionally, flaxseed 
supplementation might have a beneficial effect on prostate 
cancer biology [36]. Separately, it was reported that flaxseed 
lignans prevented the development of Type I and Type II 
diabetes [37]. Especially SDG, a major lignan in flax, was 
reported to delay the onset of type I and II diabetes in an in 
vivo rat model due to its antioxidant action [38,39]. In 
addition, flaxseed lignans acted as a hypotensive agent with 
ability to lower blood pressure [40], provided benefits 
against Lupus Nephritis [41], and reduced the development 
of hypercholesterolemic atherosclerosis in animals due to a 
lipid-lowering action [42], along with the potential anti-
oxidant activity [43,44]. Separately, the expressed bioac-
tivity of secoisolariciresinol diglucoside was suggested to be 
related mainly to the conversion of secoisolariciresinol 
diglucoside to enterolignan in vivo system. An epidemiolo-
gical study indicated that high serum ENL level was related 
to a reduction in the mortality caused by cardiovascular 
disorders [45]. Related studies suggested that ENL displayed 
a higher biological activity than its plant precursors [44]. The 
biological activation of secoisolariciresinol diglucoside to 
enterolignans is a prerequisite for the release from the plant 
matrix after ingestion and bioactivation through gut 
microbial action [46-48]. In flax seed, secoisolariciresinol 
diglucoside is present as a macromolecular structure bound 
by hydroxymethyl glutaric acid [49]. Deglycosylation of 
secoisolariciresinol diglucoside can be performed in the 
small intestine either by enzymatic activity present in the 
brush border of the gut mucosa or by bacterial enzymatic 
activity [50]. Taken together, the possible factors responsible 
for the bioactivation of lignans in the large intestine are diet, 
transit time, intestinal redox state, and the type and activity 
of the colonic microflora [51]. 

3-2. Sesame  

 In consideration of total lignan content, the sesame seeds 
still remain the most lignan-rich species among foodstuffs. 
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Noteworthy, the content of sesame lignans including the 
lipophilic sesamin type lignans [4] is higher than that in 
linseeds. Sesamin, one of the principal lignan compounds in 
sesame, is contained in sesame seeds in amounts of 0.1-
0.5%. In contrast, episesamin, a stereoisomer of sesamin, 
does not naturally occur in sesame seeds. During purification 
steps, sesamin undergoes epimerization to give episesamin 
as a by-product, and sesamins refined from sesame oil are 
known to contain sesamin and episesamin in proportions of 
nearly 1:1 by weight ratio [52]. Lipid-soluble lignans such as 
sesamin and sesamolin were isolated from sesame using a 
reverse-phase column. Similarly, sesaminol glucosides were 
isolated from the same source [53]. For isolation of lignans 
from defatted oil seed, ground and defatted oil seeds were 
extracted with methanol. Then, methanol extracts were 
further fractionated using a sequential solvent elution on 
silica gel column. The lignan-rich fraction was further 
purified by preparative high-performance liquid 
chromatography (HPLC) system. A procedure for the large 
scale extraction from oil seeds employs the extraction of 
roasted and defatted oil seeds with hot water, and subsequent 
separation of liganans on Diaion HP 20 open column using 
60% ethanol. For quantitative determination of lignans in 
sesame seeds, a two-step method applying the combination 
of methanolysis and enzymatic hydrolysis was employed to 
generate aglycone form. However, the accurate determi-
nation of lignans in sesame seeds was interfered probably 
due to a varying degree of esterification in different sesame 
seed samples [4]. For the refinement of sesamin and 
episesamin, a reverse-phase HPLC with Develosil ODS-UG-
5 column, eluted by acetonitrile gradient was utilized [54]. A 
variety of bioactivities were expressed by refined sesamins 
[55]. They improved hepatic function [56], alleviated 
alcoholism and symptoms of withdrawal [57], showed anti-
inflammatory and infection-protective action [58], and 
inhibited 5-unsauration enzymes [59,60]. In addition, 
sesame oil containing sesamin revealed the actions of 
suppressing migraine [61] and sesamin had an autonomic 
nerve system-modulating activity [62]. In comparison, there 
was no significant difference between sesamin and epise-
samin in terms of activity for inhibiting fatty acid synthases 
[63]. Taken together, the mixture of sesame lignans might be 
utilized for the preparation of functional foods as well as 
pharmaceutical preparations. 

3-3. Rye and Barley 

 Recent studies have shown that lignans are present in 
cereal foods; they account for no less than 5% of the weight 
in rye and wheat bran, which has the highest lignan content 
of all cereals. Especially, 7-hydroxymatairesinol, sensitive to 
destructive extraction, is the dominant lignan in wheat, 
whereas syringaresinol is dominant in rye [64]. Dry cereal 
sample was extracted with polar solvent at high temperature, 
and subjected to enzymatic hydrolysis

 
in the presence of

 

digesting enzymes, which hydrolyze glycoside forms of 
lignans in cereal brans. For the increase of recovery yield, 
the acidic or alkali hydrolysis, preceded by enzymatic 
hydrolysis, was necessary. For the determination of lignan 
content in sample, GC-MS [65] or LC/MS [4] has been 
employed. The combination of alkaline and acid extractions 
gives the highest yield of secoisolariciresinol and 
hydroxymatairesinol, concentrated in the bran layer of the 

grain of rye and wheat [4], since these lignans seem to occur 
more in esterified forms in cereals than other lignans. 
Generally, there was a strong association between the

 
intake 

level of plant lignans and the circulating level of entero-
lignan [66]. Noteworthy, the bioavailability of secoisol-
ariciresinol and matairesinol was much higher than

 
the mean 

bioavailability of lariciresinol, pinoresinol and syringare-
sinol. Thus, conversion

 
of mammalian lignan precursors to 

enterolactone seems to depend on the amount of total lignans 
as well as the type of lignans present in cereal grains. 

3-4. Adlay  

 An activity-guided fractionation [67] was used to identify 
the antioxidative components from hulls of adlay (Coix 
lachryma-jobi L.). In the sequential solvent fractionation, the 
butanol-soluble fraction exhibited the greatest capacity to 
scavenge 2,2'-diphenyl-1-picrylhydrazyl (DPPH) radicals. 
This may be in contrast to the highest antioxidant activity of 
ethyl acetate fraction among butterbur leaves extracts [68]. 
One lignan, responsible for antioxidant action of butanol 
extract of seed hulls, was identified to be syringaresinol, 
which showed a strong DPPH radical scavenging action with 
EC50 value of approximately 59 μM, and the other lignan, 4-
ketopinoresinol, showed a weaker inhibition.  

3-5. Prunus  

 Prunes are the dried fruits of some cultivars of Prunus 
domestica L. (Rosaceae), originating from the Caucasus 
region in western Asia, recognized as a healthy food (9). In 
addition, the fibers from Prunus amygdala [69] are used for 
the preparation of lignans. Pitted prune fruits were 
homogenized with 90% aqueous ethanol [9] to produce an 
extract, which was partitioned between hexane and water. 
The water-soluble fraction was further separated by Diaion 
HP-20, and the MeOH eluate was rechromatographed on 
Sephadex LH-20 gel and ODS columns. Subsequent 
rechromatography of the lignan fraction over Sephadex LH-
20 on silica gel columns afforded two antioxidant lignans, 
pinoresinol monoglucopyranoside and 3-(beta-D-glu-
copyranosyloxymethyl)-2- (4-hydroxy-3-methoxyphenyl)-5-
(3-hydroxypropyl)-7-methoxy-(2R,3S)-dihydrobenzofuran ), 
which possessed oxygen radical absorbance capacity 
(ORAC) values of 1.09 and 2.33 micromol of Trolox equiv/ 
micromol, respectively [9]. 

3-6. Butterbur  

 The leaves of Petasites japonicus Maxim., a perennial 
plant widely grown in Japan and Korea, have been used as 
an edible vegetable. Recent studies showed that 
petasinophenol [70] and flavonoid glycosides [71], isolated 
from P. japonicus, inhibited eukaryotic DNA polymerase 
rhamda and DNA polymerase alpha, respectively. In the 
course of screening antioxidant components, the ethyl 
acetate fraction and butanol fraction of leaves of P. 
japonicus extracts demonstrated a remarkable antioxidative 
action in DPPH radical scavenging assay [72]. Neuro-
protective bio-activity –guided fractionation indicates that, 
the neuro-protective compound, purified using reverse phase 
column and silica gel column, is a new lignan, named 
petaslignolide A [73]. The amount of petaslignolide A, 
isolated from leaves of Petasites japonicus, is estimated to 
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be 0.0143 mg per g dry leaves. Further, the lignan compound 
was treated with naringinase or -D-glucosidase to obtain an 
aglycone com-pound, 9-hydroxypinoresinol [74], and a sugar 
derivative, identical to that of authentic D-glucose. In DPPH 
radical scavenging assay, 9-hydroxypinoresinol was at least 
twice more potent than petaslignolide A. In animal 
experiment, the butanol fraction showed the greatest 
neuroprotective action against seizure and mortality caused 
by kainic acid. Especially, the prevention by butanol extract 
against kainic acid induced -cytotoxicity in C1 and CA3 
domains of hippocampus was confirmed [72]. In further 
study, the neuroprotective action was found to be mainly due 
to petaslignolide A, present in butanol fraction. This was 
further confirmed by oral administration of petaslignolide A, 
which delayed the onset time of seizure and increased the 
survivability [72-74]. Moreover, 9-hydroxypinoresinol, the 
hydrolysis product of petaslignolide A, was more potent than 
petaslignolide A in neuroprotection [74]. Consistent with the 
above finding, 9-hydroxypinoresinol and petaslignolide A 
appeared to alleviate oxidative stress-related biochemical 
parameters in brain tissue as well as liver tissue. Thus, the 
extract from butterbur leaves is suggested to be 
neuroprotective against oxidative stress in brain tissue [75]. 

3-7. Other Foods 

 Dietary lignans are present at considerable concentrations 
in fiber-rich foods, e.g., whole grain products [3,76]. 
Interestingly, after ingestion, most dietary lignans undergo 
an extensive transformation by the gut microflora, leading to 
the formation of enterolignans. The estimation of 
secoisolariciresinol and matairesinol amount in foods [77-
79] provided a basis for the estimation of lignan intake [80-
82]. However, as databases including values for secoisolari-
ciresinol, matairesinol, lariciresinol, and syringaresinol have 
been collected from extensive studies, the assessment of 
lignan intake are to be modified. For this purpose, liquid 
chromatography-tandem mass spectrometry has been used to 
quantify lariciresinol, pinoresinol, secoisolariciresinol and 
matairesinol [3]. The richest source of lignans was flaxseed 
(approximately 301 mg/100 g), which contained mainly 
secoisolariciresinol. Also, the lignan concentrations in 
sesame seeds (approximately 29 mg/100 g, mainly pino-
resinol and lariciresinol) were relatively high. For grain 
products, the lignan concentration ranged from 7 to 764 
μg/100 g. The total lignan content of cereals species can be 
in the following order ; rye > wheat > oat > spelt wheat > 
Japanese rice > wild rice > buckwheat > barley > amaranth > 
corn > millet > red rice > brown rice . However, the lignan 
content in wheat exceeds that in rye when the alkaline-
extractable portion of 7-hydroxymatairesinol is considered 
[4]. Also, Brassica vegetables contained unexpectedly high 
levels of lignans (185-2321 μg/100 g), mainly pinoresinol 
and lariciresinol. In most cases the amount of lariciresinol 
and pinoresinol was greater than that of secoisolariciresinol 
and matairesinol. However, the alkaline extraction, followed 
by acid extraction, resulted in an increased yield of most of 
the lignans, indicating that lignans could be linked to other 
compounds. Thus, the combination of alkaline and acid 
extraction gives the highest yield in case of almost all other 
cereal species. Although the difference of lignan content may 
be at least partly due to difference in analytical methods, it is 
also possible that the content of some lignans may vary 

within the same species depending on factors such as genetic 
factors or growth conditions.  

4. GENERAL BIOACTIVITIES 

 There have been reports that furfuran lignans from edible 
plants possess a variety of bioactivities as demonstrated in 
Table 1. 

4-1. Antiatherosclerosis Effect 

 Lignan complex from flax seed was suggested be 
beneficial in preventing atherosclerosis, and reducing risk 
factors for coronary artery disease and stroke [82]. 
Concerned with this, there are epidemiological studies on the 
associations between enterolignan concentrations in 
biological fluids or the intake of plant lignans and chronic 
disease risk. In case–control studies, there was an inverse 
associations of serum lignans with cardiovascular diseases in 
Finnish studies [83,84]. The lignan secoisolariciresinol 
diglucoside from flaxseed has been shown to be effective in 
decreasing serum cholesterol

 
and reducing the extent of 

atherosclerosis in the hypercholesterolemic
 

rabbit [85]. 
Additionally, flaxseed lignan secoisolariciresinol diglucoside 
(SDG) was suggested to prevent and alleviate hyper-
cholesterolaemic atherosclerosis by inducing adiponectin 
mRNA expression and showing beneficial effects on lipid 
metabolism in diet-induced obesity in mice [86]. A very 
recent study indicates that enterolactone induces HO-1 in 
HUVEC in a time- and concentration-dependent manner 
presumably via the transcription factor Nrf2, which may 
contribute to its vasculoprotective effects [87]. Nonetheless, 
it was reported that flax lignan complex failed to produce 
regression of atherosclerosis [88]; the inhibitory effect of 
flax lignan on atherosclerosis acceleration was suggested to 
be ascribed to the removal of cholesterol in the diet. 

4-2. Antitumor Activity 

 Metastasis is a major cause of morbidity and mortality in 
breast cancer, and the invasion of tumor cells may play a 
crucial role in the metastatic process. While some lignans 
inhibited the invasion of a breast cancer cell line (MDA-MB-
231) [89], secoisolariciresinol and its metabolite enterodiol 
induced a significant decrease in cell invasion at relatively 
high concentrations [90]. Meanwhile, the mammalian 
lignans enterodiol and enterolactone were observed to show 
an inhibitory effect on breast and colon carcinoma [91]. 
Matairesinol also expressed a potent cytotoxic effect on 
human promyleocytic leukemia HL-60 cells [92], and in 
mechanistic analysis, matairesinol-induced cell death was 
suggested to be associated with DNA damage and apoptosis. 
In an animal experiment, hydroxymatairesinol showed an 
antitumor activity by expressing a statistically significant 
inhibitory effect on tumor growth in 7,12-dimethyl-
benz[a]anthracene (DMBA)-induced rat mammary cancer 
[5,93]. Anticarcinogenic effects of dietary hydroxy-
matairesinol were also evident when administration started 
after DMBA induction. Hydroxymatairesinol was relatively 
non-toxic when given to animals as well as healthy male 
volunteers. Moreover, hydroxymatairesinol had no 
estrogenic or anti-estrogenic activity at 50 mg per kg wight 
in immature rats. Separately, it has been suggested that 
PLC 1 plays a key role in the proliferation and progression 
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of human cancer [94]. Noteworthy, sesamin [95] exhibited a 
dose-dependent inhibition of PLC 1 activity. Presumably in 
support of this, the IC50 values of sesamin in the inhibition of 
cancer cell lines such as A549, MCF-7 and HCT-15 were 
close to IC50 values of seamin in the inhibition of PLC 1. 
Thus, it is supposed that inhibition of PLC 1 may be one of 
mechanisms responsible for antiproliferative effect on the 
human cancer cells. However, antitumor activity of flax 
lignan is to be evidenced extensively in clinical tests.  

4-3. Anti-inflammatory Action 

 Carrageenan-induced rat paw oedema is a widely used 
model to investigate the pathophysiology of an acute local 
inflammation [96]. Recently, the carrageenan-induced rat 
paw oedema formation has been frequently employed in the 
screening of anti-inflammatory agents. Lariciresinol and 
isolariciresinol expressed their anti-inflammatory activities 
by significantly inhibiting carrageenan-induced hind paw 
edema in mice [97]. These were supported by their potent in 

vitro inhibitory effect on the production of TNF- , a pro-
inflammatory cytokine [98]. In addition, lariciresinol gly-
coside, pinoresinol, pinoresinol glycodiside and syrin-
garesinol glycoside also showed anti-inflammatory effects 
[98]. Macrophages and lymphocytes, playing an important 
role in host immune responses, are proliferated and activated 
by inflammatory signal compounds, such as 
lipopolysaccharide (LPS). As a result, they secrete pro-
inflammatory mediators such as cytokines (TNF- , ILs) and 
lipid mediators (prostaglandin E and leukotriene B), as well 
as reactive oxygen and nitrogen intermediates [99]. 
Isolariciresinol, lariciresinol glycoside, pinoresinol, 
pinoresinol glycodiside and syringaresinol glycoside were 
found to significantly inhibit TNF-  production from mouse 
macrophages [100]. In addition, pinoresinol and syrin-
garesinol glycoside showed significant suppressive effects 
on NO production triggered by LPS. However, lignan 
compounds seemed to interfere with biosynthetic pathway 
for TNF-  production, rather than NO formation, in 
activated macrophages. In related experiment to see the 

Table 1. Summary of Furfuran Type Lignans Demonstrating Biological Activities 

Compound Plant Source Bioactivity Ref. 

Secoisolariciresinol Flax, sesame  

Cereal grain 

Antioxidant  

Anticancer  

[44] 

[13,90] 

Secoisolariciresinol diglucoside Flax, sesame 

Cereal grain  

Antioxidant activity 

Anticancer, Antiapoptotic 

Antiathersclerosis  

Diabetes 

Hypotensive 

[44] 

[13,88] 

[85,86] 

[38,39] 

[40] 

Matairesinol  

 

Hydroxymatairesinol 

Sesame, flax 

Cereal grain 

Antioxidant activity  

Anticancer 

Anticancer 

[13] 

[92] 

[93] 

Lariciresinol Sesame, flax, vegetable Anticancer  

Anti-inflammatory 

[13] 

[97,98,100] 

Pinoresinol Sesame, flax, cereal grain 

vegetable 

Anticancer 

anti-inflammatory  

[13] 

[97, 98,101] 

Pinoresinol glucoside Prunes 

 

Antioxidant activity  

Anti-inflammatory 

[9] 

[98,100] 

Syringaresinol Adlay, Sesame  

Cereal grain 

Antioxidant  

Anti-inflammatory 

[67,104] 

4-Ketopinoresinol Adlay Antioxidant activtiy  [67] 

Sesamin Sesame Antioxidant 

Antiproliferative effect 

Hepatoprotective 

Anti-inflammatory  

[103,104,108] 

[95] 

[58] 

[62] 

Sesamolin  Sesame Antioxidant  [108] 

Petaslignolide A 

9-Hydroxypinoresinol 

Petasites Antioxidant, neuroprotective action 

Neuroprotective action 

[73,76] 

[74] 
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effect of lignan on concannavalin A or interleukin-2 -
induced lymphocyte proliferation, syringaresinol glycoside 
potently inhibited T lymphocyte proliferation induced by 
concannavalin A or interleukin-2. In addition, pinoresinol 
showed a significant inhibitory effect on cytokine production 
from LPS (or phytohemagglutinin)-stimulated human 
peripheral mononuclear cells [101].  

4-4. Antioxidant Action 

 Most of lignans containing hydroxyl group was 
suggested to exhibit antioxidant action according to the 
number or position of hydroxyl group. In Trolox-equivalent 
antioxidant activity (TEAC) and chemiluminescence (CL) 
assays, 8-hydroxypiniresinol glycoside and 8-hydroxy-
pinoresinol showed high antioxidant properties [102]. The 
aglycone hydroxypinoresinol displayed more powerful 
antioxidant activity than pinoresinol. Likewise, aglycone 9-
hydroxypinoresinol was more potent than its precursor, 
petaslignolide A [74]. Thus, the antioxidant action of 
pinoresinol derivatives depends on the number of hydroxyl 
gruoup in the structure. The antioxidative function of 
sesamin on exercise-induced lipid peroxidation was observed 
in animals using strenuous physical exercise as a trigger for 
oxidative stress [103]. Further, sesamin, scavenging free 
radicals, exerted a strong protective effect against exercise-
induced lipid peroxidation. Separately, syringaresinol and 
sesamin, isolated from Chinese propolis, were observed to 
inhibit lipid peroxidation in rat liver microsomes potently 
[104]. Consistent with this, sesamin exhibited an 
antioxidative effect on lipid and alcohol metabolism in the 
rat liver. Further, sesamin and sesaminol elevated -toco-
pherol concentration and decreased thiobarbituric acid-
reactive substance (TBARS) level in the blood plasma and 
liver of rats. In a separate experiment [105], sesamin was 
more effective than sesamolin in reducing serum and liver 
lipid levels while sesamolin is stronger in increasing hepatic 
fatty acid oxidation.

 

4-5. Neuroprotective Action 

 Some lignans, with antioxidant activity, were observed to 
express a neuroprotective action in excitotoxin-induced 
neurotoxicity in rat cortical or hypoxic neuronal cells [106-
108]. Furthermore, the antioxidant action of lignans from 
edible plants was extended to their neuroprotective action in 
animal experiments. Oral administration of 9-hydroxy-
pinoresinol and its glycoside, petaslignolde A, showed a 
protective effect on the seizure and mortality caused by 
kainic acid [73,74]. In addition, these lignans successfully 
prevented the loss of the GSH peroxidase activity and the 
lipid peroxidation in brain tissue, which was exposed to 
kainic acid, an excitotoxin. In comparison, 9-hydroxy-
pinoresinol, a metabolite of petsalignolide A, was more 
effective than its precursor glycoside, petaslignolde A in 
preventing kainic acid-induced neurotoxicity [72-74]. Under 
the same condition, quercetin or pinoresinol, despite their 
antioxidant action, showed no significant effect on the 
seizure and mortality caused by kainic acid. Thus, peats-
lignolide A and its aglycone, 9-hydroxypinoresinol seems to 
have antioxidant activity in brain tissue, and therby exert a 
neuroprotective effect. Thus, the extract containing 9-
hydroxypinoreinol derivative may be usefully used in the 
prevention and treatment of neurodegerative diseases. Taken 

together, antioxidant action of lignans is supposed to be 
responsible for various bioactivities of lignans, since cellular 
oxidative stress is intimately linked to disease states such as 
carcinogenesis, inflammation, or atherosclerosis. However, 
other bioactivities of lignans are not necessarily related to 
the number of hydroxyl group, suggesting that the 
antioxidant action may not be necessarily required to the 
expression of various bioactivities.  

5. CURRENT & FUTURE DEVELOPMENTS 

 This review covers preparation of lignans from edible 
plants and and biological activities of furfuran type lignans. 
Recently-introduced methods for extraction of plant lignans, 
such as accelerated solvent extraction, preceded by 
enzymatic or non-enzymatic pretreatments, is used for the 
convenient preparation of lignans. For a large scale 
preparation of lignans from freeze-dried plants, extraction of 
hydrophilic portion with polar solvents at high temperature, 
followed by flash chromatography, is recommended. 
Representative furfuran type lignans were introduced in this 
review in respect to bioactivities. They were found to have 
antioxidant, anticancer, antiatherosclerosis, anti-inflam-
matory, and neuroprotective activities in animal experiments, 
although extensive studies to prove the clinical efficacy 
remains to be carried our. Antioxidant activity of lignans 
seems to depend on the number or position of hydroxyl 
group in the structure of lignans; hydroxypinoresinol 
displays more powerful antioxidant activity than pinoresinol 
glucoside or pinoresinol. In this respect, the metabolism of 
lignans to enterolignans in vivo may be implicated in the 
practical bioactivities of lignans. However, other bioac-
tivities of lignans are not necessarily related to the number of 
hydroxyl group, suggesting that antioxidant action is not 
necessarily required for the expression of various 
bioactivities. Consistent with this, recent studies indicate that 
bioactivities of lignans may be expressed through various 
mechanisms in addition to antioxidant action. The lignan 
preparations can be provided preferably in crude lignan 
extract from edible plants, or in compositions of isolated 
lignans and additional antioxidant compounds. Also, the 
compositions can be in any form suitable for use in 
supplementing the diet as a functional food. 

REFERENCES 

[1] Imai T, Nomura M, Fukushima K. Evidence for involvement of the 

phenylpropanoid pathway in the biosynthesis of the norlignan 
agatharesinol. J Plant Physiol 2006; 163: 483-487. 

[2] Eklund, P., Hiilovaara-teijo, M., Kalapudas, A., Kangas, L., 
Lindholm, A., Sjoholm, R., Sodervall, M., Unkila, M.: 

US20050101541 (2005).  
[3] Milder IE, Arts IC, van de Putte B, et al. Lignan contents of Dutch 

plant foods: A database including lariciresinol, pinoresinol, 
secoisolariciresinol and matairesinol. Br J Nutr 2005; 93: 393-402. 

[4] Smeds AI, Eklund PC, Sjöholm RE, et al. Quantification of a broad 
spectrum of lignans in cereals, oilseeds, and nuts. J Agric Food 

Chem 2007; 55: 1337-1346. 
[5] Saleem M, Kim HJ, Ali MS, et al. An update on bioactive plant 

lignans. Nat Prod Rep 2005; 22: 696-716. 
[6] Peñalvo JL, Adlercreutz H, Uehara M, et al. Lignan content of 

selected foods from Japan. J Agric Food Chem 2008; 56: 401-409. 
[7] Heinonen S, Nurmi T, Liukkonen K, et al. in vitro Metabolism of 

plant lignans: New precursors of mammalian lignans enterolactone 
and enterodiol. J Agric Food Chem 2001; 49: 3178-3186. 

[8] Willför SM, Smeds AI, Holmbom BR. Chromatographic analysis 
of lignans. J Chromatogr A 2006; 1112: 64-77.  



94    Recent Patents on Food, Nutrition & Agriculture, 2009, Vol. 1, No. 1 Kim et al. 

[9] Kikuzaki H, Kayano S, Fukutsuka N, et al. Abscisic acid related 

compounds and lignans in prunes (Prunus domestica L.) and their 
oxygen radical absorbance capacity (ORAC). J Agric Food Chem 

2004; 52: 344-349. 
[10] Cui HS, Kim MR, Sok DE. Protection by petaslignolide A, a major 

neuroprotective compound in the butanol extract of Petasites 
japonicus leaves, against oxidative damage in the brains of mice 

challenged with kainic acid. J Agric Food Chem 2005; 53: 8526-
8532. 

[11] Axelson M, Sjövall J, Gustafsson BE, et al. Origin of lignans in 
mammals and identification of a precursor from plants. Nature 

1982; 298: 659-660.  
[12] Adlercreutz H. Lignans and human health. Crit Rev Clin Lab Sci. 

2007; 44: 483-525. 
[13] Adlercreutz H. Epidemiology of phytoestrogens. Baillieres Clin 

Endocrinol Metab 1998; 12: 605-623. 
[14] Vanharanta M, Voutilainen S, Nurmi T, et al. Association between 

low serum enterolactone and increased plasma F2-isoprostanes, a 
measure of lipid peroxidation. Atherosclerosis 2002; 160: 465-469. 

[15] Pizzey, G.R.: US20067048960 (2006).  
[16] Willför S, Hemming J, Reunanen. M, et al. Lignans and lipophilic 

extractives in Norway spruce knots and stemwood. Holzforschung 
2003; 57: 27-36. 

[17] Awika JM, Rooney LW, Wu X, et al. Screening methods to 
measure antioxidant activity of sorghum. (Sorghum bicolor) and 

sorghum products. J Agric Food Chem 2003; 51: 6657-6662. 
[18] Koulman A, Bos R, Medarde M, et al. A fast and simple GC-MS 

method for lignan profiling in Anthriscus sylvestris and 
biosynthetically related. plant species. Planta Med 2001; 67: 858-

862. 
[19] Kawamura F, Kawai S, Ohashi H. Sesquilignans and lignans from 

tsuga heterophylla. Phytochemistry 1997; 44: 1351-1357. 
[20] Takaku N, Choi DH, Mikame K, et al. Lignans of Chamaecyparis 

obtuse. J Wood Sci 2001; 47: 476.  
[21] Abe F, Yamauchi T, Wan, A. S. C. Lignans related to olivil from 

Genus Cerbera (Cerbera. VI). Chem Pharm Bull 1988; 36: 795-
799. 

[22] Willför S, Hemming J, Reunanen M, et al. Phenolic and lipophilic 
extractives in Scots pine knots and stemwood. Holzforschung 

2003; 57: 359-372. 
[23] Willför S, Eklund P, Sjöholm R, et al. Bioactive phenolic 

substances in industrially important tree species. Part 4: 
Identification of two new 7-hydroxy divanillyl butyrolactol lignans 

in some spruce, fir, and pine species. Holzforschung 2005; 59: 413-
417. 

[24] Ford JD, Huang KS, Wang HB, et al. Biosynthetic pathway to the 
cancer chemopreventive secoisolariciresinol diglucoside-

hydroxymethyl glutaryl ester-linked lignan oligomers in flax 
(Linum usitatissimum) seed. J Nat Prod 2001; 64: 1388-97. 

[25] Kamal-Eldin A, Peerlkamp N, Johnsson P, et al. An oligomer from 
flaxseed composed of secoisolariciresinol diglucoside and 3-

hydroxy-3-methyl glutaric acid residues. Phytochemistry 2001; 58: 
587- 590. 

[26] Johnsson P, Kamal-Eldin A, Lundgren LN, et al. HPLC method for 
analysis of secoisolariciresinol diglucoside in flaxseeds. J Agric 

Food Chem 2000; 48: 5216-5219. 
[27] Lindberg LE, Willför SM, Holmbom BR. Antibacterial effects of 

knotwood extractives on paper mill bacteria. J Ind Microbiol 
Biotechnol 2004; 31: 137-147.  

[28] Eklund PC, Willför SM, Smeds AI, et al. A new lariciresinol-type 
butyrolactone lignan derived from hydroxymatairesinol and its 

identification in spruce wood. J Nat Prod 2004; 67: 927-931. 
[29] Owen RW, Mier W, Giacosa A, et al. Identification of lignans as 

major components in the phenolic fraction of olive oil. Clin Chem 
2000; 46: 976-988. 

[30] Shukla, R., Hilaly, A.K., Moore, K. M.: US20046767565 (2004). 
[31] Shukla, R., Hilaly, A.K., Moore, K.M.: US20087407676 (2008).  

[32] Thompson LU, Seidl MM, Rickard SE, et al. Antitumorigenic 
effect of a mammalian lignan precursor from flaxseed. Nutr Cancer 

1996; 26: 159-165. 
[33] Jarvinen, T., Jarho, P., Unkila, M., Hiilovaara, M.: 

US20050249857 (2005). 
[34] Empie, M.W., Flickinger, B.D., Sun, S.Z.: US20060234948 (2006). 

[35] Thompson LU, Rickard SE, Orcheson LJ, et al. Flaxseed and its 
lignan and oil components reduce mammary tumor growth at a late 

stage of carcinogenesis. Carcinogenesis 1996; 17: 1373-1376. 

[36] Demark-Wahnefried W, Price DT, Polascik TJ, et al. Pilot study of 

dietary fat restriction and flaxseed supplementation in men with 
prostate cancer before surgery: exploring the effects on hormonal 

levels, prostate-specific antigen, and histopathologic features. 
Urology 2001; 58: 47-52. 

[37] Clifford H, Mehmet CT, Yingying X. Flaxseed. Adv Food Nutr 
Res. 2006; 51: 1-97.  

[38] Prasad K. Secoisolariciresinol diglucoside from flaxseed delays the 
development of type 2 diabetes in Zucker rat. J. Lab. Clin. Med 

2001; 138: 32-39. 
[39] Prasad K, Mantha SV, Muir AD, et al. Protective effect of 

secoisolariciresinol diglucoside against streptozotocin-induced 
diabetes and its mechanism. Mol. Cell. Biochem 2000; 206: 141-

149. 
[40] Prasad, K.: US20026498145 (2002). 

[41] Clark, W.F., Parbtani, A.: US5837256 (1998). 
[42] Prasad K. Dietary flax seed in prevention of hypercholesterolemic 

atherosclerosis. Atherosclerosis 1997; 132: 69-76. 
[43] Kitts DD, Yuan YV, Wijewickreme AN, et al. Antioxidant activity 

of the flaxseed lignan secoisolariciresinol diglycoside and its 
mammalian lignan metabolites enterodiol and enterolactone. Mol 

Cell Biochem 1999; 202: 91-100. 
[44] Hu C, Yuan YV, Kitts DD. Antioxidant activities of the flaxseed 

lignan secoisolariciresinol diglucoside, its aglycone secoisolari-
ciresinol and the mammalian lignans enterodiol and enterolactone 

in vitro. Food Chem Toxicol 2007; 45: 2219-2227. 
[45] Vanharanta M, Voutilainen S, Rissanen TH, et al. Risk of 

cardiovascular disease-related and all-cause death according to 
serum concentrations of enterolactone - Kuopio ischaemic heart 

disease risk factor study. Arch Int Med 2003; 163: 1099-1104. 
[46] Adlercreutz H, Fotsis T, Setchell K, et al. Effect of Diet and 

Antibiotics on Urinary-Excretion of Lignans. J Clin Chem Clin 
Biochem 1981; 19: 597. 

[47] Bowey E, Adlercreutz H, Rowland I. Metabolism of isoflavones 
and lignans by the gut microflora: a study in germ-free and human 

flora associated rats. Food Chem. Toxicol 2003; 41: 631-636. 
[48] Unkila, M.: US20080057140 (2008). 

[49] Kamal-Eldin A, Peerlkamp N, Johnsson P, et al. An oligomer from 
flaxseed composed of secoisolariciresinoldiglucoside and 3-

hydroxy-3-methyl glutaric acid residues. Phytochemistry 2001; 58: 
587–590. 

[50] Struijs K, Vincken J P, Verhoef R, et al. The flavonoid herbacetin 
diglucoside as a constituent of the lignan macromolecule from 

flaxseed hulls. Phytochemistry 2007; 68: 1227–1235. 
[51] Eeckhaut E, Struijs K, Possemiers S, et al. Metabolism of the 

lignan macromolecule into enterolignans in the gastrointestinal 
lumen as determined in the simulator of the human intestinal 

microbial ecosystem.J Agric Food Chem 2008; 56: 4806-4812. 
[52] Fukuda Y, Nagata T, Osawa T, et al. Contribution of lignan 

analogues to antioxidative activity of refined unroasted sesame seed 
oil. J Am Oil Chem Soc 1986; 63:1027-1031. 

[53] Kawakishi, S.: US19975606035 (1997). 
[54] Ono, Y., Tomimori, N., Tokuda, S., Rogi, T.: EP1842540 (2007).  

[55] Barr, M.: US5811313 (1998). 
[56] Shinmen, Y., Akimoto, K., Asami, S., Suwa, Y., Kitagawa, Y., 

Sugano, M., Yamada, H., Shimizu, S., US5211953 (1993). 
[57] Benecke, H.P., Sherwood, B.E.: US4427694 (1984). 

[58] Forse, A.R., Chavali, S.: US5762935 (1998). 
[59] Shimizu S, Akimoto K, Kawashima H, et al. Production of 

dihomo- -linolenic acid by Mortierella alpina 1S-4. Am Oil Chem 
Soc 1989; 66: 237-241.  

[60] Shimizu S, Akimoto K, Kawashima H, et al. Sesamin is a potent 
and specific inhibitor of 5 desaturase in polyunsaturated fatty acid 

biosynthesis. Lipid 1991; 26: 512-516.  
[61] Pushpangadan, P., Rao, C.V., Kartik, R., Mehrotra, S., Goel, R.K., 

Acharya, S., Somanathan, M.: US20050142232 (2005). 
[62] Moritani, T., Kiso, Y., Ono, Y.: US20060058376 (2006).  

[63] Kushiro M, Masaoka T, Hageshita S, et al. Comparative effect of 
sesamin and episesamin on the activity and gene expression of 

enzymes in fatty acid oxidation and synthesis in rat liver. J Nutr 
Biochem. 2002; 13: 289-295. 

[64] Smeds AI, Eklund PC, Sjöholm RE, et al. Quantification of a broad 
spectrum of lignans in cereals, oilseeds, and nuts. J Agric Food 

Chem 2007; 55:1337-1346.  



Patents on Furfuran Type Lignan Compounds Recent Patents on Food, Nutrition & Agriculture, 2009, Vol. 1, No. 1    95 

[65] Bach Knudsen KE, Serena A, Kjaer AK, et al. Rye bread in the diet 

of pigs enhances the formation of enterolactone and increases its 
levels in plasma, urine and feces. J Nutr 2003; 133: 1368-1375. 

[66] Lampe JW, Atkinson C, Hullar MA. Assessing exposure to lignans 
and their metabolites in humans. J AOAC Int 2006; 89: 1174-1181. 

[67] Kuo CC, Chiang W, Liu GP, et al. 2,2'-Diphenyl-1-picrylhydrazyl 
radical-scavenging active components from adlay (Coix lachryma-

jobi L. var. ma-yuen Stapf) hulls. J Agric Food Chem 2002; 50: 
5850-5855. 

[68] Min BS, Cui HS, Lee HK, et al. A new furofuran lignan with 
antioxidant and antiseizure activities from the leaves of Petasites 

japonicus. Arch Pharm Res 2005; 28: 1023-1026. 
[69] Rabinowitz, I.N.: US20067005154 (2006).  

[70] Mizushina Y, Kamisuki S, Kasai N, et al. Petasiphenol: a DNA 
polymerase lambda inhibitor. Biochemistry 2002; 4: 14463-14471. 

[71] Mizushina Y, Ishidoh T, Kamisuki S, et al. Flavonoid glycoside: a 
new inhibitor of eukaryotic DNA polymerase alpha and a new 

carrier for inhibitor-affinity chromatography. Biochem Biophys 
Res Commun 2003; 301: 480-487.  

[72] Sok DE, Oh SH, Kim YB, et al. Neuroprotection by extract of 
Petasites japonicus leaves, a traditional vegetable, against oxidative 

stress in brain of mice challenged with kainic acid. Eur J Nutr 
2006; 45: 61-69. 

[73] Cui HS, Kim MR, Sok DE. Protection by petaslignolide A, a major 
neuroprotective compound in the butanol extract of Petasites 

japonicus leaves, against oxidative damage in the brains of mice 
challenged with kainic acid. J Agric Food Chem 2005; 53: 8526-

8532. 
[74] Cui HS, Sok DE, Min BS, et al. Protective action of 9-

hydroxypinoresinol against oxidative damage in brain of mice 
challenged with kainic acid. J Pharm Pharmacol 2007; 59: 521-528. 

[76] Kim, M.R., Sok, D.E., Oh, S.H., Km, Y.B.: US20077361371 
(2007). 

[75] Peñalvo JL, Heinonen SM, Nurmi T, et al. Plant lignans in soy-
based health supplements. J Agric Food Chem 2004; 52: 4133-

4138. 
[77] Mazur W, Fotsis T, Wähälä K, et al. Isotope dilution gas 

chromatographic-mass spectrometric method for the determination 
of isoflavonoids, coumesterol, and lignans in food samples. Anal. 

Biochem 1996; 233: 169-180. 
[78] Mazur W, Uehara M, Wähälä K, et al. Phyto-oestrogen content of 

berries, and plasma concentrations and urinary excretion of 
enterolactone after a single strawberry-meal in human subjects. Br 

J Nutr 2000; 83: 381-387. 
[79] Mazur WM, Duke JA, Wähälä K, et al. Isoflavonoids and lignans 

in legumes: Nutritional and health aspects in humans. J Nutr 
Biochem 1998; 9: 193-200. 

[80] De kleijn MJJ, Van der schouw YT, Wilson PWF, et al. Dietary 
intake of phytoestrogens is associated with a favorable metabolic 

cardiovascular risk profile in postmenopausal U.S. women: The 
Framingham study. J Nutr 2002; 132: 276-282.  

[81] Franco OH, Burger H, Lebrun CEI, et al. Higher dietary intake of 
lignans is associated with better cognitive performance in 

postmenopausal women. J Nutr 2005; 135: 1190-1195. 
[82] Van der Schouw YT, Sampson L, Willett WC, et al. The usual 

intake of lignans but not that of isoflavones may be related to 
cardiovascular risk factors in U.S. men. J Nutr 2005; 135: 260-266. 

[83] Vanharanta M, Voutilainen S, Lakka TA, et al. Risk of acute 
coronary events according to serum concentrations of 

enterolactone: a prospective population-based case-control study. 
Lancet 1999; 354: 2112-2115. 

[84] Vanharanta M, Voutilainen S, Rissanen TH, et al. Risk of 
cardiovascular disease-related and all-cause death according to 

serum concentrations of enterolactone: Kuopio Ischaemic Heart 
Disease Risk Factor Study. Arch Intern Med 2003; 163: 1099-

1104. 
[85] Kivelä AM, Kansanen E, Jyrkkänen HK, et al. Enterolactone 

induces heme oxygenase-1 expression through nuclear factor-E2-
related factor 2 activation in endothelial cells. J Nutr 2008; 138: 

1263-1268. 
[86] Fukumitsu S, Aida K, Ueno N, et al. Flaxseed lignan attenuates 

high-fat diet-induced fat accumulation and induces adiponectin 
expression in mice. Br J Nutr 2008; 6: 1-8. 

[87] Prasad K. Reduction of serum cholesterol and hypercholes-
terolemic atherosclerosis in rabbits by secoisolariciresinol 

diglucoside isolated from flax seed. Circulation 1999; 99: 1355-

1362.  
[88] Prasad K. A study on regression of hypercholesterolemic 

atherosclerosis in rabbits by flax lignan complex. J Cardiovasc 
Pharmacol Ther 2007; 12: 304-313. 

[89] Hausott B, Greger H, Marian B. Naturally occurring lignans 
efficiently induce apoptosis in colorectal tumor cells. J Cancer Res 

Clin Oncol 2003; 129: 569-576. 
[90] Magee PJ, McGlynn H, Rowland IR. Differential effects of 

isoflavones and lignans on invasiveness of MDA-MB-231 breast 
cancer cells in vitro. Cancer Lett 2004; 208: 35-41. 

[91] Lin X, Switzer BR, Demark-Wahnefried W. Effect of mammalian 
lignans on the growth of prostate cancer cell lines. Anticancer Res 

2001; 21: 3995-3999. 
[92] Singh SK, Shanmugavel M, Kampasi H, et al. Chemically 

standardized isolates from Cedrus deodara stem wood having 
anticancer activity. Planta Med 2007; 73: 519-526. 

[93] Saarinen NM, Wärri A, Mäkelä SI, et al. Hydroxymatairesinol, a 
novel enterolactone precursor with antitumor properties from 

coniferous tree (Picea abies). Nutr Cancer 2000; 36: 207-216. 
[94] Arteaga CL, Johnson MD, Todderud G, et al. Elevated content of 

the tyrosine kinase substrate phospholipase C-gamma 1 in primary 
human breast carcinomas. Proc Natl Acad Sci 1991; 88: 10435-

10439. 
[95] Lee JS, Kim J, Yu YU, et al. Inhibition of phospholipase Cgamma1 

and cancer cell proliferation by lignans and flavans from Machilus 
thunbergii. Arch Pharm Res 2004; 27: 1043-1047. 

[96] Cicala C, Morello S, Alfieri A, et al. Haemostatic imbalance 
following carrageenan-induced rat paw oedema. Eur J Pharmacol 

2007; 577: 156-161.  
[97] Küpeli E, Erdemo lu N, Ye ilada E, et al. Anti-inflammatory and 

antinociceptive activity of taxoids and lignans from the heartwood 
of Taxus baccata L. J Ethnopharmacol 2003; 89: 265-270. 

[98] Cho JY, Kim AR, Park MH. Lignans from the rhizomes of Coptis 
japonica differentially act as anti-inflammatory principles. Planta 

Med 2001; 67: 312-316.  
[99] Sullivan GW, Sarembock IJ, Linden J. The role of inflammation in 

vascular diseases. J Leukoc Biol 2000; 67: 591-602. 
[100 ] Cho JY, Park J, Yoo ES, et al. Inhibitory effect of lignans from the 

rhizomes of Coptis japonica var. dissecta on tumor necrosis factor-
alpha production in lipopolysaccharide-stimulated RAW264.7 

cells. Arch Pharm Res 1998; 21: 12-16.  
[101] Sun CM, Syu WJ, Huang YT, et al. Selective cytotoxicity of 

ginkgetin from Selaginella moellendorffii. J Nat Prod 1997; 60: 
382-384. 

[102] Piccinelli AL, Arana S, Caceres A, et al. New lignans from the 
roots of Valeriana prionophylla with antioxidative and 

vasorelaxant activities. J Nat Prod 2004; 67: 1135-1140.  
[103] Ikeda T, Nishijima Y, Shibata H, et al. Protective effect of sesamin 

administration on exercise-induced lipid peroxidation. Int J Sports 
Med. 2003; 24: 530-534. 

[104] Kiso Y. Antioxidative roles of sesamin, a functional lignan in 
sesame seed, and it's effect on lipid- and alcohol-metabolism in the 

liver: a DNA microarray study. Biofactors 2004; 21: 191-196. 
[105] Hou RC, Huang HM, Tzen JT, et al. Protective effects of sesamin 

and sesamolin on hypoxic neuronal and PC12 cells. J Neurosci Res 
2003; 74: 123-133. 

[106] Lim JS, Adachi Y, Takahashi Y, et al. Comparative analysis of 
sesame lignans (sesamin and sesamolin) in affecting hepatic fatty 

acid metabolism in rats. Br J Nutr 2007; 97: 85-95. 
[107] Kim SR, Lee MK, Koo KA, et al. Dibenzocyclooctadiene lignans 

from Schisandra chinensis protect primary cultures of rat cortical 
cells from glutamate-induced toxicity. J Neurosci Res 2004; 76: 

397-405.  
[108] Ma CJ, Kim SR, Kim J, et al. Meso-dihydroguaiaretic acid and 

licarin A of Machilus thunbergii protect against glutamate-induced 
toxicity in primary cultures of a rat cortical cells. Br J Pharmacol 

2005; 146: 752-759.  

 


