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A B S T R A C T

The effect of flaxseed lignan secoisolariciresinol diglucoside (SDG) on ulcerative colitis was

examined. Experimental colitis was induced in mice by administering 5% dextran sul-

phate sodium (DSS). SDG in doses of 100 and 200mg/kg/day and 5-aminosalicylic acid (positive

control) were given orally for 3 days before and during DSS administration. Oral SDG treat-

ment significantly decreased the disease activity index and increased colon length. Histological

examination revealed that the oral administration of SDG suppressed DSS-induced erosion,

ulceration, crypt abscesses and oedema. Furthermore, colonic myeloperoxidase activity and

TNF-α expression declined remarkably following treatment with SDG. Additionally, oral SDG

treatment significantly increased the expression of several mucoprotectionmarkers, to include

zona occludens-1,Tollip and trefoil factor 3, and thus restored intestinal permeability.These

results suggested that oral SDG treatment can alleviate DSS-induced colitis and might be

a promising supplement for the amelioration of inflammatory bowel disease.
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1. Introduction

Inflammatory bowel diseases (IBD), principally including Crohn’s
disease and ulcerative colitis, are chronic recurrent inflam-
matory disorders primarily affecting the digestive tract. This
disease commonly displays classic colitis symptoms, such as
rectal bleeding, diarrhoea, abdominal pain and weight loss, thus
dramatically interfering with the daily life of a patient with
IBD (Conrad, Roggenbuck, & Laass, 2014). Moreover, patients
with IBD have a significantly higher risk of colorectal cancer
(Tomasello et al., 2014). Furthermore, IBD incidence rates have
substantially risen in the past several decades, with IBD now
considered a global disease affecting several million people
worldwide (Ananthakrishnan, 2015). Because of the increas-
ing IBD incidence rate, the direct and indirect costs are expected
to rise exponentially (Kaplan, 2015).While the aetiology of IBD
requires further elucidation, evidence suggests that genetic sus-
ceptibility, intestinal environment and immune system
interactions contribute to an exaggerated or unnecessary in-
flammatory response to luminal bacteria, thus playing a pivotal
role in IBD pathogenesis (Tomasello et al., 2014; Xavier &
Podolsky, 2007). Currently,many drugs such as aminosalicylates
and immunomodulators are used for IBD treatment (Morrison,
Headon, & Gibson, 2009), but the optimal therapy has still not
been established. For example, 5-aminosalicylic acid (5-ASA)
drugs,which are a common first-line of treatment with a proven
efficacy (Feagan & Macdonald, 2012), have a high incidence of
side effects (Katsanos, Voulgari, & Tsianos, 2012; Linares, Alonso,
& Domingo, 2011) and relatively low compliance rate due to a
high pill burden (Kane, 2006; Morrison et al., 2009). Therefore,
it is essential to seek alternative and less expensive treat-
ment options to improve IBD outcome.

Lignans are a group of non-caloric, bioactive, polypheno-
lic compounds found in many food products, but with the
highest concentrations found in flaxseed. The principal flax-
seed lignan, secoisolariciresinol diglucoside (SDG), has been of
particular interest due to its potential health benefits in
humans. In the gut, this compound is metabolized by gut
microbiota to form the mammalian lignans enterodiol (END)
and enterolactone (ENL) (Setchell et al., 2014), which exhibit
a weak oestrogenic effect due to a structural similarity to es-
tradiol (Adolphe, Whiting, Juurlink, Thorpe, & Alcorn, 2010).
Additionally, SDG and its metabolites have been reported to
possess antioxidant, anti-inflammatory, antidiabetic and
antitumour properties in addition to serving as a cardiovas-
cular enhancer (Adolphe et al., 2010).

Over the past decades, researchers have reported that SDG
has the potential to beneficially modulate colon health and
offers protective anti-tumour activity (Kuijsten, Arts, Hollman,
van’t Veer, & Kampman, 2006). Furthermore, the ability of SDG
to act as a colon cancer preventative agent has been partly at-
tributed to its strong antioxidant, anti-proliferative and
antiangiogenic activities. However, a recent study showed that
flaxseed consumption can exacerbate acute colonic mucosal
inflammation and injury in an IBD model induced by dextran
sulphate sodium (DSS) (Zarepoor et al., 2014).While SDG is one
of major bioactive compounds in flaxseed, the adverse effects
seen in DSS-induced colitis were not likely attributed to SDG.
This study showed that the flaxseed hull, which contains the

highest SDG levels, did not induce colitis aggravation, but rather
slightly attenuated DSS-induced body and liver weight loss
(Zarepoor et al., 2014). Furthermore, SDG metabolites can pass
the enterocyte barrier and modulate intestinal immune cell
functions. For example, these enterolignans can prevent I-κB
degradation and NF-κB activation, subsequently leading to a
decreased TNF-α release in monocytes (Corsini et al., 2010).
Moreover, ENL, a phase 2 protein inducer (Wang, Liu, Higuchi,
& Chen, 1998), may ameliorate some diseases with a promi-
nent inflammatory component. Based on these observations,
we hypothesized that oral SDG consumption would amelio-
rate IBD via its anti-inflammatory activity. Therefore, the goal
of the present study was to determine if an ameliorative effect
could be achieved following oral SDG treatment in DSS-
induced colon injury.

2. Materials and methods

2.1. SDG preparations

SDG was isolated from flaxseed as previously described (Zhang
& Xu, 2007). Briefly, flaxseeds were ground to flour, defatted with
n-hexane and the flour was extracted with 50% (v/v) aqueous
ethanol.The extract was vacuum evaporated and subjected to
alkaline hydrolysis for 4 h under constant rotation using 0.25M
aqueous sodium hydroxide. After hydrolysis, the samples were
acidified to pH 4.0, and crude SDG was collected and filtered
through a 0.45 µm cellulose acetate membrane filter. The fil-
trate was subjected to Sephadex LH-20 (Amersham Pharmacia
BiotechAB, Uppsala, Sweden) column chromatography, and pure
SDG was obtained by eluting with aqueous ethanol of differ-
ent concentrations. The isolated SDG had a purity of 96% (by
HPLC analysis).

2.2. Animals

Male C57BL/6J mice were purchased at 7 weeks of age fromVital
River Laboratory Animal Center (Beijing, China). The animals
were housed individually and maintained at a controlled
ambient temperature (22 ± 1 °C) under diurnal conditions (light–
dark: 08:00–20:00) with access to standard laboratory rodent
chow and tap water ad libitum. The animals were cared for in
accordance with the Guiding Principles in the Care and Use of
Animals. The experiment was approved by the Oil Crops Re-
search Institute Council on Animal Care Committee of the
Chinese Academy of Agricultural Sciences.

2.3. Experimental design

Following the 7 day acclimatization period, mice were ran-
domly divided into five groups (n = 10 per group).The untreated
control group received only drinking water without DSS, while
the DSS group (DSS) was given 5% (w/v) DSS (MW: 36,000–
50,000; MP Biomedicals, Solon, OH, USA) in their drinking water
for 7 days to induce ulcerative colitis (Albert, Walker, Thiesen,
Churchill, & Madsen, 2010; Cho et al., 2007). For the SDG treat-
ment groups and the 5-ASA positive drug control group, SDG
(100 and 200 mg/kg/day, L- and H-SDG groups) and 5-ASA
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