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sons.1–3 IBD comprises two conditions, known as
Crohn’s disease and ulcerative colitis. There is no
known cure for IBD and the current treatments avail-
able fail to induce or maintain long-term remission in
most patients.1,2

The persistence of the disease is strongly associated
with relapsing inflammation of the intestine. Inflamma-
tory mediators that prolong this chronic inflammation
include the arachidonic acid metabolites leukotriene-B4

(LTB4), prostaglandin-E2 (PGE2), and thromboxane-
B2 (TXB2), and the pro-inflammatory cytokines
interleukin-1, -2, -6 (IL-1, IL-2, IL-6), tumor necrosis
factor-alpha (TNF-α), and interferon gamma (IFN-γ).3

Treatment modalities, using corticosteroids and drugs
such as sulfasalizine and 5-aminosalicylic acid, reduce
intestinal inflammation and enhance colonic healing
and repair of damaged tissue, in turn, reducing associ-
ated pain and swelling.3 However, side-effects are com-
monly associated with the high doses of drugs required
for therapy. Thus, there is a clear need for improved
therapeutic approaches to improve the quality of life for
patients.1 Alternative treatments such as dietary omega-
3 polyunsaturated fatty acids (n-3 PUFA), in the form
of marine oils, have been demonstrated to reduce the
symptoms of inflammation in a range of inflammatory
diseases, including rheumatoid arthritis, psoriasis, and
colitis. This effect was attributed to the n-3 PUFAs:
eicosapentaenoic acid (EPA; 20:5n-3) and docosa-
hexaenoic acid (DHA; 22:6n-3).4

One marine oil of particular interest is Lyprinol
(Pharmalink International, Brisbane, Qld, Australia),
the stabilized lipid extract from the New Zealand green-
lipped mussel (NZGLM), Perna canaliculus, as it is
thought to contain anti-inflammatory properties.4–8 The
oil of the NZGLM contains a complex mixture of trig-
lycerides, sterol esters, sterols, polar lipids, and free
fatty acids,4,9,10 and has been shown to reduce the pro-
inflammatory LTB4 in human monocytes.5 It is currently
postulated that Lyprinol elicits an anti-inflammatory

Background. Lyprinol (Pharmalink International), the
stabilised lipid extract of the New Zealand green-lipped
mussel, is currently used to relieve symptoms of arth-
ritis. We investigated the effect of pretreatment with
Lyprinol (LYP) on experimentally induced inflam-
matory bowel disease (IBD) in mice. Methods. Male
C57BL/6 mice (aged 6 weeks) were gavaged daily for
13 days with (150µl) olive oil (OO; n � 7), fish oil (FO;
n � 8), or LYP (n � 8). Mice consumed 2% dextran
sulfate sodium (DSS) for 6 days, starting on day 7. Body
weight and disease activity index (DAI) scores were
recorded daily. Colonic damage was determined by
histopathology. Colonic inflammation was quantified by
myeloperoxidase (MPO) activity. Results. LYP treat-
ment significantly (P � 0.05) reduced body weight loss,
DAI scores, crypt area losses, and cecum and colon
weights, compared with FO treatment. MPO activity
was not significantly affected by any treatment. Con-
clusions. These findings provide preliminary evidence
that Lyprinol may be potentially useful in ameliorating
symptoms of IBD. The benefit, however, is unlikely to
be due to the omega-3 fatty acid content. Dose-
response evaluation of Lyprinol in experimental IBD is
warranted.
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Introduction

Inflammatory bowel disease (IBD) is defined as a
chronic, relapsing inflammation of unknown origin,
with incidence rates of 4 to 10/100000 persons per year
and prevalence rates between 40 and 100/100000 per-
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effect, via EPA inhibition of both 5-lipoxygenase and
cyclooxygenase arachidonate oxygenation pathways.6

Furthermore, a recent human study has shown NZGLM
lipids reduce levels of TXB2, PGE2, and IL-1�, with
similar potency to low-dose n-3 PUFA supplementa-
tion.4 Such findings support the potential for Lyprinol to
reduce inflammation in IBD.

The objective of this study was to investigate the
potential anti-inflammatory effects of Lyprinol (�1mg
n-3 PUFA/day) in a murine model of experimental
ulcerative colitis. Using the dextran sulfate sodium
(DSS)-induced model of colitis in male C57BL/6 mice,
we assessed the effects of Lyprinol on colitic disease
severity, compared to mice treated with fish oil (55mg
n-3 PUFA/day). We hypothesised that prophylactic ad-
ministration of Lyprinol in this disease setting would
reduce inflammation and, hence, the severity of disease.

Materials and methods

Animals and experimental design

The study followed the Australian Code of Practice for
the Care and Use of Animals for Scientific Purposes
and was approved by the Animal Ethics Committee of
Adelaide University and the Animal Care and Ethics
Committee of the Women’s and Children’s Hospital,
Adelaide.

Male C57BL/6 mice, aged 6 weeks (n � 23), were
assigned to three treatment groups and administered
150 µl of either Lyprinol (LYP), fish oil (FO), or extra
virgin olive oil (OO), via daily oral gavage, for 13
days. Lyprinol capsules (Pharmalink International)
contained 50mg NZGLM lipids, 100 mg natural
monounsaturated olive oil, and 0.255 mg vitamin E
(d-α-tocopherol). The daily dose of Lyprinol was a com-
bination of 15µl of the Lyprinol capsule diluted with
135 µl extra-virgin olive oil (Vetta; Meadow Lea Foods,
Sydney, NSW, Australia). Thus each 150-µl gavage
contained 5 mg NZGLM lipids, of which less than 1mg
comprised n-3 PUFA. This dose (5 mg/mouse) was se-
lected on the basis of a previous study where Lyprinol
was administered to adjuvant-induced polyarthritic rats
at a dose of 20 mg/kg.6 At this dose, Lyprinol was shown
to be more anti-inflammatory than fish oil (90 mg/rat).
Fish oil was prepared by combining oil from EPAX 5500
and EPAX 3000 capsules (EPAX 3000 � EPAX 5500
capsules; Pronova, Oslo, Norway). They were combined
to comprise 210 mg EPA and 150 mg DHA per ml,
equivalent to 55 mg EPA/DHA per 150µl gavage. Fol-
lowing 7 days’ prophylactic oil administration, DSS (ICN
Biomedicals, Columbus, OH, USA) was dissolved in
deionized water to a concentration of 2% (w/v) for oral
consumption by mice for the remaining 6 days. This

concentration of DSS was chosen based on previous
work in our laboratory, using C57BL/6 mice which indi-
cated that a moderate degree of colitis was manifest.11

All mice were killed on day 13. The severity of colitis was
assessed daily, using a disease activity index (DAI),
based on a scoring system12 which scored body weight
loss, stool consistency, rectal bleeding, and overall condi-
tion, increasing in severity on a scale of 0–3 for each
parameter. Overall condition was determined by two
factors: (1) Mobility/agility: healthy mice are considered
quite active, whereas mice affected by DSS characteristi-
cally become very weak and feeble, sitting hunched with
very little movement. (2) Fur: healthy mice have well-
groomed fur that lies flat to the body, whereas mice
consuming DSS become scruffy. Body weight and water
consumption were also recorded daily. Each mouse un-
derwent the 13C-octanoic acid breath-test on day 0 and
day 13, following an overnight fast, for assessment of
gastric half-emptying times (t1/2) of a standard nutrient
liquid, as a marker for potential upper gastrointestinal
perturbation induced by the treatments.13

Collection of gut tissues

On day 13, mice were killed by CO2 asphyxiation fol-
lowed by cervical dislocation. Visceral organs were re-
moved surgically as described previously.14 Segments of
proximal and distal colon (2 cm) were rapidly placed in
10% formalin fixative for histological analysis. The re-
maining ~1.5-cm mid-colon was frozen immediately in
liquid nitrogen for future myeloperoxidase (MPO) de-
termination. Finally, the other visceral organs, including
the spleen, liver, thymus, lungs, heart, and kidneys, were
weighed.

Tissue specimens for histological analysis were pre-
pared by hematoxylin-and-eosin staining of 4-µm paraf-
fin wax-embedded tissue sections and examined with
a light microscope (Olympus BH-2, Tokyo, Japan). A
semiquantitative histological assessment of intestinal
damage was utilized to obtain an overall score of colitis
severity.15 Quantitative histological analysis was con-
ducted on images acquired with a SONY digital camera
(Tokyo, Japan) and measurements were performed
using Image Pro Plus V.4.5.1.2.7 software (Media
Cybernetics, MD, USA). Crypt area index was a ratio of
the crypt area (µm2) to total mucosal area (µm2). We
measured the area occupied by the crypts (� crypt area)
and divided this by the total mucosal area. This ratio
was then expressed as a percentage of the total mucosal
area.

Biochemical myeloperoxidase (MPO) activity

MPO activity was used as a measure of neutrophil infil-
tration, and, hence, a determinant of inflammatory ac-
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tivity. Samples of mid-colon (~5cm) were homogenized
(Heidolph homogenizer and type 10G probe, Cin-
naminson, NJ, USA) in potassium phosphate buffer
containing 0.5% hexadecyltrimethyl-ammonium bro-
mide (pH 6.0; 50mg tissue per ml). After freeze-thawing
the homogenate once, the tissue MPO activity was de-
termined by previously described techniques.16,17 Absor-
bance of each sample was determined at 450nm by a
microplate reader (Dynatech MR7000; Dynatech,
Denkendorf, Germany). A unit of MPO activity was
defined as that converting 1µl of hydrogen peroxide to
water in 1min at 22°C.

Statistical analysis

The statistical tests were performed using Graph Pad
InStat software (San Diego, CA, USA). We performed
a one-way analysis of variance (ANOVA), which
compared each group with the other, for statistical
significance. If significance was seen (P � 0.05), post-
hoc tests were performed using the Tukey-Kramer
Post-test (for data where means � SEM were mea-
sured). Where data was not normally distributed, non-
parametric ANOVA was used (for data represented as
median scores). If significance was seen (P � 0.05),
post-hoc analyses were performed using the Kruskal-
Wallis Post-test.

Results

Following administration of all oils, body weights in-
creased rapidly from day 0 to day 1 due to recovery
from a fasting period of approximately 20h, prior to
breath testing (Fig. 1). On day 1, LYP mice had a signifi-
cantly higher body weight than FO-treated mice (Fig. 1;
P � 0.05). Body weight gain reached a maximum on
day 10 (17 � 3%) for FO-treated mice, and day 11
(18 � 2%) for OO-treated mice, and LYP-treated mice
(22 � 3%). Body weight began to decrease due to DSS
consumption after maximum weight was reached. On
day 12 of the trial, compared to the day-0 body weight,
OO-treated mice had gained 15 � 2% body weight,
FO-treated mice had gained 6 � 5%, while LYP-treated
mice had gained 21 � 3% (Fig. 1).

The DAI, indicated as [median (range)], in FO-
treated mice (Fig. 2) was greater than that in LYP-
treated mice on days 10, 11, 12, and 13 (P � 0.05). DAI
in OO-treated mice was lower than that in FO-treated
mice on day 10 only [OO, 0 (0–0); FO, 0.5 (0–2)]. There
were no significant differences in DAI between LYP-
treated mice or OO-treated mice on any day.

The crypt area index (CAI) of the distal colon was
higher in LYP-treated mice (48.9 � 9.4%), when com-
pared to FO-treated mice (24.6 � 9.0%; P � 0.03),

Fig. 1. Effect of daily oral administration of 150µl of olive oil
(n � 7), fish oil (n � 8), or Lyprinol (stabilised, lipid extract of
New Zealand green-lipped mussel; Pharmalink International;
n � 8) on the bodyweight change of C57BL/6 mice. Body
weights were calculated as a percentage change from day 0.
Mice ended a 15-h fasting period on days 0 and 13. Data values
are expressed as means � SEM. a Significantly different from
olive oil (P � 0.05); b significantly different from fish oil
(P � 0.05)

Fig. 2. Scoring of body weight loss, rectal bleeding, stool con-
sistency, and overall condition was assessed by the disease
activity index (DAI) and compared between mice treated with
olive oil (n � 7), fish oil (n � 8), or Lyprinol (n � 8). Data are
shown during the dextran sodium sulfate consumption period,
which commenced on day 7. Data values are expressed as
medians, with ranges indicated in parentheses. b significantly
different from fish oil (P � 0.05); *, significantly different from
day 0 (P � 0.05)
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while OO-treated mice (39.8 � 10.1%) were not
significantly different from either group (Table 1). The
colitis severity scores of the distal colon (Table 1) indi-
cated a trend that supported the differences seen in
CAI, in that FO-treated mice had the highest scores for
colitis severity [OO, 5 (1–10); FO, 9 (5–15); LYP, 4 (1–
14); P � 0.07]. The differences described in the distal
colon did not extend to the proximal colon, where both
crypt areas and colitis severity scores did not differ sig-
nificantly between the three treatment groups (data not
shown). Similarly, MPO activity, water consumption,
and gastric emptying were not significantly affected by
any treatment (data not shown).

On day 13, colon weight was decreased in LYP-
treated mice (133 � 7 mg) compared to both the OO
(154 � 5 mg) and FO (151 � 7 mg) treatment groups
(Table 1; P � 0.05). Cecum weights in LYP-treated (88
� 7mg) and OO-treated mice (98 � 7 mg) were de-
creased in comparison to mice receiving FO (120 �
12 mg; Table 1; P � 0.05).

Discussion

To date, this is the first study to investigate the potential
anti-inflammatory effects of Lyprinol in experimentally
induced IBD. Using the DSS-induced model of ulcer-
ative colitis, we compared Lyprinol to fish oil, both with
low doses of n-3 PUFA, while using extra-virgin olive
oil as a control. In terms of body weight loss, DAI, and
histopathologic damage, Lyprinol treatment was more
effective than fish oil at reducing symptoms of DSS-
induced colitis. However, since a sizeable component of
Lyprinol comprised olive oil (90%), it was perhaps not
surprising that the effects of Lyprinol were not marked
at this dose.

In the current study, body weight loss was accompa-
nied by diarrhea and blood loss as a result of damage to
the colon and rectum, consistent with other studies of
DSS-induced colitis.14,18 Despite the significantly higher
body weights on day 1 in Lyprinol-treated mice com-

pared to fish oil-treated mice, it appeared that the onset
of body weight loss, during the DSS consumption
period, was delayed in Lyprinol-treated mice compared
to fish oil-treated mice. Colitic disease activity was
reduced in Lyprinol-treated mice, compared to fish oil
treatment, presumably as a result of reduced tissue
damage. The colon and cecum weights following
Lyprinol treatment were lower than those after treat-
ment with fish oil, which may have been an indication of
reduced edema and inflammation, as both edema and
the infiltration of inflammatory mediators could have
contributed to increasing the weight of gastrointestinal
organs. Crypt loss in the distal colon was reduced
following Lyprinol treatment, as evidenced by greater
crypt areas, compared to treatment with fish oil. Fur-
thermore, the colitis severity scores of the distal colon
further indicated that Lyprinol-treated mice suffered
less tissue damage.

Previous reports regarding the anti-inflammatory
mechanism of Lyprinol as being primarily n-3 PUFA-
driven are not supported by the findings of this study,
as fish oil contained higher levels of n-3 PUFA than
Lyprinol, for a lesser effect. This minimal effect of
fish oil may have been due to a lack of efficacy at such a
low dose of n-3 PUFA, as it has been shown that fish
oils with high doses of EPA and DHA exert anti-
inflammatory effects.5 Although the mechanism by
which Lyprinol reduced DSS-induced colitis in the
present study is unclear, it could be due to direct effects
on T-lymphocyte function and/or cytokine production.
Lyprinol contains a complex mixture of triglycerides,
sterols, sterol esters, fatty acids, and polar lipids, as
well as polyphenols, hydroxy fatty acids, and dl-α-
tocopherol, as well as other unidentified compounds.
Hence, it may be possible that these additional consti-
tuents were responsible for some of the effects seen.
Similarly, a third of Lyprinol is olive oil, which is rich in
polyphenols (oleuropein and hydroxytyrosol) and oleic
acid (18:1n-9), and is thought to reduce risk factors for
heart disease, lower cancer mortality, and reduce
inflammation.19–23 In animal studies, a diet feed contain-

Table 1. Histological, physiological, and biochemical data from mice receiving 13 days’ olive oil, fish oil, or Lyprinol (stabilised
lipid extract of New Zealand green-lipped mussel; Pharmalink International) administration, at daily doses of 150µl, commencing
7 days prior to oral consumption of 2% dextran sulfate sodium (DSS) for 6 days

Olive oil Fish oil Lyprinol
Parameter (units) (n � 7) (n � 8) (n � 8) P value

Crypt area index (% total mucosal area) 39.8 � 10.1 24.6 � 9.0*** 48.9 � 9.4** 0.03
Colitis severity (median score) 5 (1–10) 9 (5–15) 4 (1–14) 0.07
Colon weight (mg) 154 � 5 151 � 7 133 � 7*;*** 0.05
Cecum weight (mg) 98 � 7** 120 � 12*;*** 88 � 7** 0.002

Data values are expressed as means � SEM or medians (ranges). Significance was considered when P � 0.05, indicated by: *, significantly
different from olive oil; **, significantly different from fish oil; ***, significantly different from Lyprinol
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ing 15% olive oil reduced carageenan-induced edema in
rats.24 In the present study, the marine oil formulations
containing olive oil were unlikely to have had a major
influence on the reduction of DSS-induced colitis;
however, there may have been a synergistic effect with
the olive oil components in addition to the Lyprinol
components which could explain the lack of effect seen
with fish oil (no olive oil). Further studies are warranted
to investigate the mechanisms by which these com-
pounds reduced the symptoms of DSS-induced colitis,
including inflammatory marker (cytokine/eicosanoid)
production.

In summary, we have shown that Lyprinol has the
potential to reduce the severity and onset of IBD. The
improvements seen in the present study in some indices
of colitis compared with fish oil indicate that Lyprinol
may have provided the potential to be more beneficial
for treatment of colonic inflammation than fish oil.
However, the optimal dose for Lyprinol administration
may not have been achieved. Therefore, further studies
are warranted to address the dose dependency of
Lyprinol for maximum benefit against colitic disease, as
well as the timing of administration, in order to deter-
mine its potential to form an adjunctive component to
conventional IBD treatment.
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