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A lipid extract of Perna canaliculus affects the
expression of pro-inflammatory cytokines in a rat
adjuvant-induced arthritis model

Summary
As published initially in this same journal in 2000 (1), the lipid extract of Perna
canaliculus (New Zealand green-lipped mussel; Lyprinol®) is known for its anti-in-
flammatory effects in animal models and in human controlled studies (arthritis; asth-
ma). As a follow-up of its effects on pain in a rat model of adjuvant-induced arthritis
(AIA) (2), we studied its effects on the production of cytokines known to be associated
with inflammation (IL-6, IL-1α TNF-α, IFN-γ). Feeding with Lyprinol  was as-
sociated with  significantly decreased expression levels of TNF-α and IFN-γ when
compared to  Naproxen (positive control) and, even more when compared with sham
and extra-virgin olive oil (negative control). When compared to Naproxen, sham and
extra-virgin olive oil, the levels of IL-6 and IL-1α were also marginally decreased in
rats fed with Lyprinol. This study demonstrates that AIA rats fed with Lyprinol had
decreased production of cytokines associated with inflammation.
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Introduction

When given to animals and humans, a lipid-rich extract
prepared by supercritical fluid carbon dioxide extraction
of freeze-dried stabilized New Zealand green-lipped
mussel Perna canaliculus powder (Lyprinol®), has shown
significant anti-inflammatory (AI) activity (1-7); this was
described extensively for the first time in a special issue of
this journal (1). According to Whitehouse and coworkers
(8), when treated per os (p.o.) with this lipid extract, Wis-
tar and Dark Agouti rats developed neither adjuvant-in-
duced polyarthritis nor collagen (II)-induced auto-allergic
arthritis. This was achieved with doses 200 times lower
than other seeds or fish oils (8). In contrast to non-
steroidal- anti-inflammatory drugs (NSAIDs), whole
mussel extract of Perna candaliculus is non-gastrotoxic in
disease-stressed rats at 300 mg/kg p.o. (7). Further, Lypri-

nol does not affect platelet aggregation in both humans
and rats (5,8). Clinical studies, either controlled or ran-
domized, have demonstrated very significant AI activity
in patients with osteoarthritis (OA) (3,4,6,9), asthma
(10), and other inflammatory conditions (11). There are
no reported side-effects, even at doses up to 2,500 mg/day
in patients. The lipid extract of Perna canaliculus seems to
be a reproducible, stable source of bioactive lipids with
much greater potency than plant/marine oils currently
used as nutritional supplements to ameliorate signs of in-
flammation (5,8,12). This lipid extract’s subfractions were
also found to inhibit LTB4 biosynthesis by polynuclear
white blood cells in vitro, and PGE2 production by acti-
vated macrophages (13). Much of this AI activity was
found to be associated with omega-3 PUFAs and natural
antioxidants, e.g. carotenoids. However, the exact mecha-
nisms of its actions are not clear.
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We conducted a series of experiments to understand the
anti-inflammatory mechanism of action of this lipid ex-
tract and its effects on pain control (2). In this article, we
present the effects observed on the production of IL-6,
IL-1α, TNF-α, IFN-γ, the four cytokines considered to
be associated with inflammation in the AIA rat model.
When compared to Naproxen, sham and extra-virgin
olive oil, we found that Lyprinol is effective in reducing
the production of TNF-α and IFN-γ. The levels of IL-6
and IL-1α were also marginally decreased in AIA in-
duced rats fed with Lyprinol.

Materials and Methods

Induction of inflammation in Sprague-Dawley (SD) rats

Four groups of six 6-week-old male SD rats were pur-
chased from the Central Animal Facility (CAF) of Hong
Kong Polytechnic University (HKPU). All the rats were
kept and cared under conditions that fully met the re-
quirements of the Procedures for the Care of Laboratory
Animals or Animals (Control of Experiments) Regula-
tions Chapter 340 of the Hong Kong SAR government.
Ethics approval (ASESC No.04/9) had been obtained
from The Animal Subjects Ethics subcommittee of the
HKPU. Arthritis was induced in anesthetized animals by
administration of adjuvant according to the method pre-
viously described (8) with minor modifications. Briefly, at
day 0, each rat was injected in the paw of the right hind
limb with 100 µl of Freund’s complete adjuvant (Sigma,
St. Louis, MO, USA) containing 10 mg/ml of Mycobac-
terium butyricum (Difco, Livonia, MI, USA). Another six
rats without arthritis induction were observed as normal
group.

Products/drug tested fed to the treatment and control
groups of rats

Rats in the lipid extract of Perna canaliculus (Lyprinol®,
Pharmalink International Ltd., Burleigh Heads, QLD,
Australia) study group were fed by oral gavage at a dosage
of 25 mg Lyprinol / kg body weight. Typically, the re-
quired amount of Lyprinol was made up with olive oil
(Virgin®, Bertolli, Italy) to 300 µl before being force-fed
to the rats with a stainless steel stomach tube. 300 µl of
olive oil, and 20 mg/ kg body weight of Naproxen were
fed as vehicle and positive control respectively. Naproxen

is a NSAID that is routinely being used to treat inflam-
mation and known to have gastro-toxic side effects. Nor-
mal chow was provided to all the animals.

Splenocyte preparation

At day 7 and 14 after arthritis induction, splenocytes of
each rat in the Lyprinol®, Naproxen and olive oil were pre-
pared as described previously (2,14). Briefly, spleens were
aseptically cut off and minced into tiny pieces. Single cell
suspension was prepared by gentle grinding of spleen pieces
in RPMI 1640 medium (Life Technologies, Invitrogen,
Carlsbad, CA, USA). Splenocytes (mostly B and T cells)
from the crude spleen cell suspension were recovered by us-
ing Ficoll-Hypaque® Plus lymphocyte isolation kit (Phar-
macia Biotech, Piscataway, NJ, USA) as described in the
manufacturer’s manual. Recovered splenocytes (1.5 ml)
were transfered into a sterile centrifuge tube and 4 volumes
of pre-cold 0.83% ammonium chloride (NH4Cl) were
added and incubated for 10 minutes for the lysis of residual
erythrocytes (2). Splenocytes were recovered by centrifuga-
tion at 1000 x g for 5 minutes, washed with 8 ml pre-warm
(37°C) sterile PBS buffer (137mM NaCl, 2.7mM KCl,
4.3mM Na2HPO4−7H2O, 1.4mM KH2PO4, pH 7.4) and
finally re-suspended in appropriate volume of complete
RPMI 1640 medium (10% fetal bovine serum, 100units/ml
of penicillin and 100µg/ml of streptomycin, supplemented
with L-glutamine and 25 mM HEPES).

Cell count and viability staining

Re-suspended splenocytes were stained with 0.4% Trypan
blue exclusion dye (0.4 g Trypan blue in 100ml PBS
buffer) at ratio 1:1. The number of splenocytes was
counted and calculated with the aid of a hemocytometer.
More than 99% of splenocytes were viable. Except stated
otherwise, splenocytes were diluted to a working popula-
tion of 5 x 106 cells/ ml in the following experiments.

ELISA assay for cytokines 

5 x 106 splenocytes/ ml were seeded in 24-well plate; a
suboptimal concentration of 1.25 µg/ ml of lipopolysaccha-
ride (LPS) (Sigma, St. Louis, MO, USA) was used to
prime the splenocyte culture. Cell culture was incubated in
37? incubator at 80% humidity and 5% CO2 atmosphere
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condition. After incubating with LPS, supernatants were
collected either at 10 hours or at a specific time wherever
indicated in the text, before being stored at -80 °C until
use. IL-6, IL-1α, TNF-α and IFN-γ were measured by an
enzyme-linked immunosorbent assay (ELISA) sandwich
type assay (BioSource, Camarillo, CA, USA) as described
in the user’s manual. Samples used for measurements of
IL-6, TNF-α and IFN-γ were supernatants of splenocytes
that had been incubated with LPS for 10 hours. On the
other hand, because of the low levels of expression of IL-
1α, samples used for measurements of IL-1α were super-
natants of splenocytes that had been incubated with LPS
for 24 hours. Data obtained were compared to those of the
control group and analyzed by Student’s t-test.

Results 

Levels of pro-inflammatory cytokine interleukin-6 (IL-6)

Figure 1 shows that the level of the pro-inflammatory cy-
tokine IL-6 was decreased at day 7. The level of IL-6 in
the Lyprinol® group was significantly lower than the one
of the control and olive oil groups. The level of IL-6 in
the Lyprinol® group is close to the one observed in the
NSAID Naproxen group. Our results clearly demonstrat-
ed that Lyprinol® can decrease the production of the pro-
inflammatory cytokine IL-6 in the early phase of AIA.

Levels of pro-inflammatory cytokine interleukin-1αα
(IL-1αα)

IL-1α level of AIA rat splenocytes at days 7 and 14 was
measured. Figure 2 shows that the level of IL-1α at day 7
and especially at day 14 was reduced significantly in the
Lyprinol® group when compared to the control and olive
oil groups. This effect on IL-1α production was not seen
in rats fed with the NSAID Naproxen. The results
demonstrated that Lyprinol can reduce the production of
the pro-inflammatory cytokine IL-1α in AIA rats.

Levels of cytokines tumor necrosis factor-αα (TNF-αα)
and interferon-gamma (IFN-γγ)

As shown in figure 3, levels of TNF-α in the Lyprinol®
group on day 14 were greatly decreased when compared to
those of the control group. Indeed, the level of TNF-α de-

Figure 1 - Amount of pro-inflammatory cytokine interleukin-6
(IL-6) produced by LPS-stimulated splenocytes after 7 days of
arthritis induction. Although not statistically significant, Lypri-
nol lowered the amount of IL-6 production when compared to
control and olive oil groups, though not as effectively as the
NSAID Naproxen. Data shown are mean + S.E.M. (n=6)

Figure 2 - Amount of pro-inflammatory cytokine IL-1-alpha
produced by LPS-stimulated splenocytes at (A) day 7 and (B)
Day 14 after induction of arthritis in rats
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tected was lower than the one found in AIA rats treated with
the NSAID Naproxen. Besides, the production of another
pro-inflammatory cytokine, IFN-γ, was also found to be sig-
nificantly decreased. As shown in figure 4, IFN-γ level of
Lyprinol® group was dramatically decreased when compared
to the control and olive oil-fed groups. Again, the level of
INF-γ in the Lyprinol® group was even lower than the one
observed in the AIA rats treated with the NSAID Naprox-
en. Our results showed that Lyprinol® can decrease the pro-
duction of IL-6, TNF-α, IL-1α and IFN-γ in AIA rats.

Discussion 

AIA is a loco-regional highly inflammatory experimental
condition, with systemic repercussions. AIA in the rats is a
standard model accepted for the study of inflammation,
and its control by medications or supplements (2,8,15).
The lipid extract of Perna canaliculus (the green-lipped
mussel of New Zealand; Lyprinol®) is known as a powerful
anti-inflammatory product in animal models and human
diseases (asthma, arthritis). We used the AIA rat model in
order to get a better understanding of the mechanisms re-
sulting in the anti-inflammatory effects of Lyprinol®. We
measured the levels of cytokines that are known to be pro-
inflammatory: IL-1α, IL-6, TNF-α and IFN-γ. We com-
pared results observed when using Lyprinol with the ones
observed with sham, olive oil (negative control), and the
non-steroid anti-inflammatory drug (NSAID) Naproxen
(positive control); and we observed a group of rats that had
no AIA as reference. We found that the group of rats given
Lyprinol had a significantly decreased production of some
of pro-inflammatory cytokines; this provides a partial ex-
planation on how Lyprinol can help to control the symp-
toms related to inflammation (2, 4-7).
Lyprinol® did control the production of pro-inflammato-
ry cytokines better than Naproxen in AIA rats. Extra-vir-
gin olive oil was ineffective.
The AIA rat model has been extensively studied, both to
assess the efficacy of medications and monitor inflamma-
tion-associated cytokines. For example, Anderson (16)
found that SC-58125, a selective COX-2 inhibitor, inhibit-
ed IL-6 and IL-6 mRNA. Avramidis (17) found that grape
melanin normalized elevated levels of IL-6 and TNF-α.
Badger (18) found that idoxifene, a selective estrogen re-
ceptor modulator, reduced serum IL-6 levels in animals
treated with 10 mg idoxifene/kg body weight/day. D-
43787, a cyclosporine receptor-binding immunomodulator
was found to inhibit LPS-induced IL-6 and TNF-α pro-
duction (19). Bindarit, an inhibitor of MCP-1, was found
to decrease TNF-α production after LPS induction (20).
Kim et al. (21) described the antinociceptive and anti-in-
flammatory effects of ethylacetate extracts from Bang-Poon
(Radix lebouriellae) on IL-6. Prophylactic and 6-day thera-
peutic treatment with FK506 (tacrolimus) was found to re-
duce the levels of IL-6 and TNF-α (22). An extract from
an Indian plant, Swertia chirayita, was also found to reduce
in a dose-dependent fashion, the levels of TNF-α, IFN-γ
and IL-1‚ while IL-6 was only affected when higher doses
(23.72 and 35.58 mg/kg) were administered (23). Magari
and coworkers found that leflunomide inhibited anti-

Figure 3 - Amount of pro-inflammatory cytokine tumor necro-
sis factor-alpha (TNF-α) produced by post 10 hours LPS-sti-
mulated splenocytes collected after 14 days of arthritis induc-
tion. Lyprinol effectively controlled the amount of TNF-α pro-
duced when compared to control and olive oil groups. More im-
portantly, Lyprinol was more effective than the NSAID Na-
proxen. Data are mean + S.E.M. (n=6). * p < 0.05

Figure 4 - Amount of interferon-gamma (IFN-γ) produced by
post 10 hours LPS-stimulated splenocytes collected after 14
days of arthritis induction. As can be seen, Lyprinol effectively
lowered the amount of IFN-γ produced when compared to con-
trol and olive oil groups. Strikingly, Lyprinol controlled the
IFN-γ production even more effectively than the NSAID Na-
proxen. Values shown are mean + S.E.M. (n=6). * p < 0.05 
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CD3/CD28 induced production of TNF-α, IL-6 and IL-
1‚ (24). Barsante et al. found that atorvastatin significantly
decreased the concentrations of IL-6, TNF-α and IL-1‚
(25). The Chinese herbal preparation QFGJS was also re-
ported to decrease significantly the serum levels of IL-6,
TNF-α, IL-1α (26). A targeted DNA vaccine using naked
DNA which encodes for TNF-α resulted in the generation
of immunological memory to its gene product which effec-
tively inhibits the development of AIA (27). Other studies
used different assays to evaluate the control of production
of these pro-inflammatory cytokines: for instance a novel
inhibitor of p38 MAP kinase, TAK-715 (28) inhibited
LPS-stimulated release of TNF-α from human monocytic
THP-1 cells in vitro. The benefits observed in animal
models associated with the reduction in the production of
TNF-α resulted in the suggestion (29) of a beneficial asso-
ciation between pentoxiphylline and Lyprinol®, instead of
low-dose prednisolone. All these previous studies on the
same AIA animal model have been using substances that
lack the impressive clinical baggage that Lyprinol carries,
both in terms of efficacy, and safety.
Nevertheless, it should be stressed that AIA rats receiving
Naproxen experienced multiple hemorrhagic ulcerations
of the gastro-intestinal tract on post-mortem examina-
tions (after harvest of the splenocytes) while the ones re-
ceiving Lyprinol® fared very well. Further, in our previous
studies, rats taking Lyprinol recovered from AIA after
one year of administration (14).

Conclusion

Administration of Lyprinol, the lipid complex of Perna
canaliculus, to rats with adjuvant-induced arthritis resulted
in a diminution of production of some cytokines (i.e. IL-
6, IL-1α, TNF-α, and IFN-γ) known to be associated
with inflammation. This effect is more pronounced than
the one Fed with Naproxen (positive control), and much
stronger than the one Fed with extra-virgin olive oil (oth-
er control). Our results suggest that further investigations
on Lyprinol as a treatment of arthritis should be consid-
ered.
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