
The American Journal of Veterinary Research supports the 
use of Omega-3 fatty acid supplementation to treat animals 
with chronic inflammatory diseases* such as arthritis and skin 
related issues. MOXXOR is the most powerful, all-natural 
Omega-3 and antioxidant on the planet from the pure 
pristine environment of New Zealand. Offered with an 
unconditional money-back guarantee.

*American Journal of Veterinary Research. April 2008, Vol. 69, No. 4, Pages 486-493 

Your best friend deserves the very best!



 
THE POWER OF MOXXOR….Amazing Benefits For Animals 

 
 

 
 
 
 
 
 

MOXXOR is a combination of a powerful all natural Omega 3 and  
a potent Antioxidant from the pure pristine environment of New Zealand. 

 
Ultimate Omega-3s from Greenlip Mussel Oil 
MOXXOR is a concentrate of polyunsaturated fatty acids (also known as PUFA’s) extracted from PernaCanaliculus (the New 
Zealand Greenlip mussel). The proprietary cold pressed extraction method is used instead of esterification or distillation 
(chemically and heat altered).  MOXXOR does not contain any heavy metals, mercury, contaminates, PCB’s, or other toxins.  
There are no seafood allergy reactions with MOXXOR. 
 
Antioxidants from Grape Seed Husks 
Sauvignon Blanc grape seed husks contain the most powerful antioxidants on the planet because of the thin ozone layer over 
the South Island of New Zealand. This unique atmospheric condition allows for greater levels of super antioxidants OPC 
(oligomeric procyanidin compounds) than any other known fruit or berry. MOXXOR is free from genetically modified material, 
heavy metals, arsenic and pesticides. Antioxidants assist our immune system to protect against free radicals that cause pre-
mature aging. Free radicals come from pollution, poor diet, age, exercise, and stress. 
 
Kiwifruit Seed Oil 
Kiwifruit Seed Oil is rich in full spectrum Vitamin E (mixed tocopherol and tocotreinols), which naturally reduce rancidity and 
increase the shelf life of GLM Oil.  The Vitamin E found in Kiwifruit Seed Oil is also a network antioxidant, which can help 
"quench" free radicals and recycle other antioxidants once they have become weaker free radicals, particularly in the fatty 
portion of the cell, which is important for the cell membrane, which is where the omega-3 phospholipids reside. 
 

 
 
 
 
 
 
 
 
 

                          

Amazing Value…Three Ingredients in One Tiny Capsule! 
90 Day Money Back Guarantee!! 

     
Compare the size of Moxxor to those big hard to swallow  
Fish Oil capsules! Taking Moxxor Increases patient compliance.  
 
          

 

Heart Health 
Cognitive Brain Health 
Cardiovascular Health 
Immune System Support 
Joint Strength & Support 
Increased Energy 
Maintain Healthy Cholesterol 
 

Fights Free-Radicals 
Healthy Skin & Coat 
Reduce Pain & Inflammation 
Healthy Digestive System 
Eye Health 
Healthy Nervous System 
Overall Well-Being 



                                   
 

Understanding Moxxor  vs Fish Oil 
 
Most Fish oils have undergone a process called Esterfication or Distillation.  The USA is one of only a few first world countries 
that allow fish oil to be sold after these processes.  Fish oil such as cod and salmon have also undergone the process of 
esterfication, which can increases the amount of EPA and DHA synthetically.   Clinical trials have proven that there is less 
benefit from this type of product than from fish oils in their natural state.   
 
Moxxor uses cold technology to allow the mussel oil to retain a perfect balance of all 18 Omega-3’s and to maintain the highest 
level of phospholipids in its most natural form.  Moxxor is completely natural with no synthetic adulteration of its natural 
ingredients.  The Green Lip Mussel oil has clinical trials that prove beyond a doubt its efficacy in the most bio-available form 
possible. 
 
The FDA certifies all products, processes and facilities in New Zealand under the MOU (Memorandum of Understanding) 
between the FDA and NZFSA (NZ Food Safety Authority).  All food for shipment, sale and consumption in the USA are 
regulated, audited and approved under the MOU.  Moxxor is not FDA approved as it is not classified as a Drug. 
 
 
Fish Oil 
 

• Recommended to bring down high triglyceride levels in the blood 
• 0.50% Anti-Inflammatory Value vs. 79% for Green lip Mussel Oil 
• May cause bleeding tendencies if dosage is more than 3000mg 
• Side effects include can include upset stomach 
• Need to take 4 large capsules=approximately 200 calories  
• Doesn’t contain ETA 
• Most so not contain an antioxidant 
• Should not take it if you are allergic to any kind of fish or seafood 
• May contain Heavy Metals, Mercury,PCB’s, Chemicals & Fillers 
• May give fishy burp up taste 
• Warning for pregnant women, children and pets 
• Patient compliance not good due to large size capsule 
• Backed by Studies and Research 

 
 
 
Moxxor  (Green lip Mussel Oil) 

 
• Provides the same ability to bring down triglycerides because of the unique anti-inflammatory characteristics 
• 79% Anti-Inflammatory Value vs. 0.50% for Fish Oil 
• No bleeding tendencies 
• No contraindications or side effects 
• 2 capsules=8 calories 
• Contains ETA, an omega 3 class specific to the Green Lip Mussel, that is the only known entity that inhibits both Cox 

and Lox inflammatory pathways which are responsible for production of Leukotrines which initiate and spread 
inflammation 

• Has an antioxidant component that ties up free radicals that exacerbates your mild to moderate pain due to chronic 
inflammation  

• No seafood allergy  
• No Heavy Metals, Mercury, PCB’s, Chemicals & Fillers  
• No fish burp or side effects 
• Safe for pregnant women. children and pets 
• Higher patient compliance due to small size capsule 
• Approved under the MOU 
• Backed by Studies and Research 



WHY THE GREEN L IP MUSSEL IN MOXXOR IS SUPERIOR TO TRADIT IONAL FISH OILS 

 
 
 
 

 
 



WHY THE GREEN LIP MUSSEL IN MOXXOR IS SUPERIOR TO TRADITIONAL FISH OILS 

 
 



Moxxor Contains All 18 Omega-3’s 
 

Within the omega-3 family there are approximately 8 well represented omega-3 structures in both the 
triglyceride and phosopholipid forms.  With the additional forms of these 8 there is a total of 18 known 
to man and more being discovered as we speak. Two of these structures are better known than 
others, namely EPA and DHA.  EPA and DHA are not a measure of how effective a product is. We 
need to explain to people that what is important is the ratios of ALL fatty acids. 
We have started some work at looking at the different omega-3’s and it is becoming apparent that the 
longer chain omega-3’s are of particular importance.  Unfortunately, these are the harder ones to 
extract intact.  If you think about it, we know that fish sourced omegas are more effective than plant 
based omegas.  Plant based ones are the short ones like alpha linolaic whereas marine based 
omegas have this omega plus many more with longer chains.  The longer ones tend to be more 
“polar” and therefore will be more reactive. 
 
The names of the 18 Omega-3's found in MOXXOR (the last 5 are of most interest to us) are as 
follows: 
 

Alpha -Linolenic Acid  (ALA)    
Stearidonic Acid   (STD)  
Eicosatrienoic Acid  (ETE)  2 forms  
Eicosatetraenoic Acid  (ETA)  4 forms  
Eicopentaenoic Acid  (EPA)  2 forms  
Docosapentaenoic Acid (DPA)  3 forms  
Docosahexaenoic Acid  (DHA)  2 forms  
Tetrocosapentaenoic Acid  (TPA)  2 forms 
Tetracosaheexaenoic Acid (THA) 
 

The last L in LDL stands for lipoprotein which is the transporter for fat in our blood. It carries 
cholesterol and phospholipids into our artery walls. LDL carries an enzyme called lipoprotein which 
when released makes a potent omega-6 called arachidonic acid which can trigger clotting, 
inflammation and arrhythmias. Therefore we measure LDL as a risk factor in heart disease.  
In relation to questions pertaining to HDL and LDL, we know water and oil do not mix, and our blood 
is mainly made of water, therefore the essential fats need a method of moving through our bodies. An 
important transporter for this is a group of compounds called Phospholipids which are found in all our 
bodies’ cells. Phospholipids carry long-chain fatty acids through our body. Unfortunately, if we do not 
have enough omega-3's in our diet, it is far more likely that the inflammatory causing omega-6's will 
be transported. This is why we believe we are correct in designing MOXXOR to have a high level of 
omega-3s to provide the most effective method in combating inflammation possible.   
 
 
  
 



ETA and SDA 
       Eicosatetraenoic Acid & Stearidonic Acid 

 

Omega-3 fatty acids are now well-known inflammation fighters. Controlled clinical trials clearly show 
that they fight inflammation, reducing and in some cases eliminating the need for anti-inflammatory 
drugs with their disturbing short- and long-term side effects. Both omega-3 fatty acids, and nearly all 
anti- inflammatory drugs, work through their effects on a group of local, cellular "hormones" called 
eicosanoids. 

Eicosanoids are messengers that cells use to communicate with one another, coordinating their 
activities. Some ("bad") eicosanoids promote inflammation, while other ("good") eicosanoids have 
potent anti-inflammatory functions. Thus, the body's inflammatory response rests in large part on the 
balance of "good" and "bad" eicosanoids produced by your cells when they hear the immune system's 
inflammatory call. 

"Bad" eicosanoids are made from an omega-6 fatty acid called arachidonic acid. Most drug approaches 
to inflammation, from aspirin and the older NSAIDs (Non-Steroidal Anti-Inflammatory Drugs, like 
ibuprofen) to the new "COX-2 inhibitor" drugs, like celecoxib [Celebrex®] and rofecoxib [Vioxx®]), 
work by inhibiting the formation of the series-2 prostanoid group of "bad" eicosanoids. Prostanoids 
are formed from arachidonic acid by an enzyme called cyclooxygenase, or COX. (AA). 

But while these drugs certainly provide symptomatic relief in the short term, COX-2 inhibitors can 
actually accelerate the underlying inflammatory disease in the long term, by diverting arachidonic acid 
into another, slower-acting, and ultimately more destructive pathway: the lipoxygenase (LOX) enzyme 
pathway, which produces the ravaging series-4 leukotrienes. Leukotrienes are the eicosanoids 
released by immune cells involved in the body's inflammatory responses, and are more responsible for 
the long-term consequences of inflammation, which can result when a deranged immune system 
attacks the very body that it was designed to defend. 

"Bad" eicosanoids are made from an omega-6 fatty acid called arachidonic acid. Most drug approaches 
to inflammation, from aspirin and the older NSAIDs (Non-Steroidal Anti-Inflammatory Drugs, like 
ibuprofen) to the new "COX-2 inhibitor" drugs, like celecoxib [Celebrex®] and rofecoxib [Vioxx®]), 
work by inhibiting the formation of the series-2 prostanoid group of "bad" eicosanoids. Prostanoids 
are formed from arachidonic acid by an enzyme called cyclooxygenase, or COX. (AA). 

But while these drugs certainly provide symptomatic relief in the short term, COX-2 inhibitors can 
actually accelerate the underlying inflammatory disease in the long term, by diverting arachidonic acid 
into another, slower-acting, and ultimately more destructive pathway: the lipoxygenase (LOX) enzyme 
pathway, which produces the ravaging series-4 leukotrienes. Leukotrienes are the eicosanoids 
released by immune cells involved in the body's inflammatory responses, and are more responsible for 
the long-term consequences of inflammation, which can result when a deranged immune system 
attacks the very body that it was designed to defend. 

Therefore, blocking the COX pathway alone results in an imbalance - an imbalance that ultimately 
trades short-term gain for long-term pain. What people suffering with autoimmune disorders most 
need is a "dual pathway inhibitor:" a molecule which will shut down COX-2 and LOX alike, preventing 
the formation of all "bad" eicosanoids. 

Transnational pharmaceutical giants are racing to create such drugs. But Nature is already waiting for 
them at the finish line, with two rare omega-3 fatty acids. 



 
Introducing ETA and SDA 

Eicosatetraenoic acid (ETA) and its precursor stearidonic acid (SDA), are omega-3 fatty acids you 
probably haven't heard much about. Because ETA and SDA are so rare in food sources, there's been 
little study of their role in the effects of diet on chronic disease (unlike eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA), which are commonly found in fatty fish and in regular fish-oil 
supplements). 

While ETA is very rare in the normal Western diet, it is found in significant amounts in the fatty acids 
of the green-lipped mussel (Perna canaliculus). Many early studies in humans and animals found that 
crude extracts of Perna were effective in reducing inflammation, and in relieving the symptoms of 
rheumatoid and osteoarthritis - but other studies found no effect. 

The reason, as later studies confirmed, was that the anti-inflammatory properties of the green-lipped 
mussel were due to their content of SDA and ETA. Most green-lipped mussel supplements are not 
stable fatty acid extracts, but are crude concentrates or are based on mucopolysaccharides. When 
seven commercially-available green mussel products were put to the test by comparing them with a 
stable fatty extract rich in ETA and SDA, the fatty acid extract revealed strong anti-inflammatory 
powers, while the other extracts were found to vary wildly in strength. Great variations were even 
revealed in different batches of the same product. 

More tellingly, when the inflammation-fighting powers of a stable ETA- and SDA-rich extract were 
compared with crude P. canaliculus extracts whose fatty acid content had been deliberately removed, 
the fatty acid extract of the mussel exhibited potent anti-inflammatory effects, while the ETA-depleted 
preparation was found to be completely ineffective. 

ETA and SDA Top the Omega- 3’s 

Two direct comparison studies have been performed in animals to compare the anti-inflammatory 
effects of the ETA- and SDA-rich oil of P. canaliculus against those of salmon, cod liver, flaxseed, and 
two mixed fish oils. These studies clearly show that the ETA- and SDA-rich fatty acid extract of P. 
canaliculus is far superior to other omega-3 sources at quenching the fires of inflammation, giving 
more potent anti-inflammatory benefits at significantly lower doses. 

Using the series of tests discussed above, ETA/SDA supplementation lowered arthritis scores by 4213% 
to 7515%, versus 0 to 31% using conventional omega-3 sources. Likewise, rear paw swelling was 
reduced by 96-98% by the ETA/SDA-rich oil, while swelling was only lowered by 7 to 38% with 
common omega-3s! These results are all the more remarkable because the dose of ETA/SDA-rich P. 
canaliculus oil was only about 1% of that used for the standard omega-3 oils. 

Another recent study tested the effects of these novel fatty acids in a rat model of arthritis. After 15 
days of administering omega-3 fatty acid extracts from P. canaliculus, rear paw swelling was 
significantly reduced by 34% and fore paw inflammation by 60%. Deterioration in total body condition 
was reduced by 52% compared to controls. The extract also decreased inflammatory response in the 
spleen, and it had a 35-70% inhibition of leukotriene metabolites. Serum levels of the inflammatory 
biomarker ceruloplasmin were reduced compared to control mice, indicating a less severe disease 
state. Interestingly, the fatty acids had comparable potency to the known anti-inflammatory agent 
piroxicam. The fatty acid extract had no adverse side effects. These results suggest a potential benefit 
not only in rheumatoid arthritis, but also in other inflammatory diseases such as psoriasis, asthma and 
cardiovascular disease. 



A New Human Trial 

In a new randomized, double-blind, controlled trial involving rheumatoid and osteoarthritis sufferers, 
significant improvements were reported in morning stiffness and measures of joint functionality 
during the double-blinded phase among rheumatoid arthritis sufferers taking the SDA/ETA-rich oil; 
further, night pain was "much improved" in 40% of subjects, and vanished in an additional 26.7%. 
Improvements were also seen in some patients' grip strength and overall visual-scale pain scores, but 
these results were not found statistically meaningful. Assessment by doctors and patients concluded 
that 73% of the persons with rheumatoid arthritis had experienced a good response - including 20% 
who became completely symptom-free by the end of the double-blind phase. The results were similar 
in the osteoarthritis victims. 

Similar results have been reported in an unpublished pilot trial and in case reports. A double-blind, 
placebo-controlled trial vouches for the benefits of an SDA- and ETA-rich fatty acid supplement in 
bronchial asthma, and testimonial accounts and animal studies suggest benefits in premenstrual 
syndrome as well. 

How Does It Work? 

Why does the SDA- and ETA-rich oil of Perna canaliculus so remarkably outperform other omega-3s? 
The anti-inflammatory powers of all omega-3 fatty acids are grounded in biochemistry: the omega-3s' 
ability to bind up key enzymes involved in making "bad" eicosanoids. And as studies show, ETA, and 
SDA working through it, more potently prevent the formation of both types of "bad" eicosanoids: 
series-2 prostanoids and series-4 leukotrienes. Mechanisms are believed to include: 

•  A stronger ability to tie up delta-5 desaturase, the enzyme that forms arachidonic acid. 
• Indirectly increasing the production of the "good" eicosanoids from DGLA. 
•    ETA's close chemical resemblance to arachidonic acid, leading to stronger tying up of  the LOX   
enzyme. 

 In addition to these advantages, SDA and ETA share anti-inflammatory mechanisms that are common 
to all omega-3 fatty acids. Thus, ETA and SDA are natural COX-2 inhibitors. Remarkably, omega-3s 
accomplish this feat not only because their natural metabolites bind up COX-2, but also by actually 
working at the gene level to reduce the production of COX-2 from the DNA code. And SDA/ETA block 
the formation of inflammatory cytokines (immune system messenger chemicals) such as tumor 
necrosis factor alpha (TNF-alpha) and interleukin-1 (IL-1). Revolutionary new painkillers - such as 
etanercept (Enbrel®) are so effective because they target TNF-alpha. 

ETA/SDA-based omega-3 supplements are an orthomolecular revolution, providing powerful support 
against inflammation in ways that other natural supplements can't match. The biochemistry explains 
the results seen in animal studies and clinical trials. But only you can experience them ... for yourself 
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Why Moxxor is SUPERIOR to Competing Products 

Moxxor is the only green-lipped mussel product in the world that delivers raw, naturally-preserved (with grape seed 
extract), unadulterated green-lipped mussel oil in a capsule with no fillers, no chemicals and no questionable 
ingredients.  
 
Competing products contain inferior "filler" ingredients that offer no therapeutic benefits and may, in fact, compromise 
the effectiveness of their supplements. One competing name-brand product is made from: Stabilized (freeze-dried) 
Marine Lipid Extract, Olive Oil, Gelatin, Sorbitol (a sugar alcohol), Vegetable Glycerin, Vitamin E and Soybean Oil.  
 
Soybean oil? That's high in omega-6 fatty acids, which are the very fatty acids people already consume in excess 
quantities! Sorbitol is a sugar alcohol commonly used in cough syrups, and it has laxative effects that may be 
unwelcomed. Vegetable glycerin is a chemical used in pharmaceuticals, skin care products, shaving cream and 
personal lubricants. (http://en.wikipedia.org/wiki/Glycerin) It's also a laxative, too.  
 
Do you really want to be eating sugar alcohol chemicals, glycerin and cheap soybean oil fillers? That's the whole point 
of these ingredients, of course: To create "cheap fillers" that make the capsule look larger than it needs to be. Moxxor 
uses no fil lers. Each one of the three ingredients in Moxxor is put there for a therapeutic purpose.  
 
 
What's NOT in Moxxor is just as important...  
 
In addition to using just three simple ingredients (green-lipped mussel oil, deep marine omega-3 fish oil and grape 
seed extract), Moxxor has undergone comprehensive lab testing certifying it to be:  
 
• Free of heavy metals like mercury, cadmium or lead 
• Free of any detectable traces of over 180 pesticides 
• Free of PCBs or other chemical contaminants  
 
This is because Moxxor is grown in pristine aquaculture farms located off the coast of New Zealand. The waters are 
pristine, unpolluted and tightly regulated by the New Zealand government. No fish feed of any kind is introduced into 
the aquaculture farms, and the green-lipped mussels feed exclusively off the naturally-occurring marine phytoplankton 
present in the waters that flow northward from the Antarctica.  
 
 
Many fish oil products contain bizarre chemical ingredients  
 
Beware of low-cost fish oil products!  
 
A NaturalNews investigation revealed that Kirkland Signature Enteric Coated Fish Oil Concentrate (sold at Costco 
retail stores) may contain the following chemicals:  
 
Methacrylic Acid Copolymer, Ethylcellulose, Sodium Alginate, Hydroxypropyl Methylcellulose Phthalate, Medium Chain 
Triglyceride, Triacetin, Oleic Acid, Stearic Acid, Ammonium Hydroxide, Polyethylene Glycol  
 
Polyethylene Glycol is a chemical commonly used in personal lubricants, laxatives and toothpastes. It is being 
researched for use in body armor. (http://en.wikipedia.org/wiki/Polyethylene_glycol)  
 
In addition, there is currently no legal requirement that fish oils disclose the levels of heavy metals contamination found 
in their products. Fish oil supplements are being sold today that contain potentially harmful levels of mercury, but 
consumers currently have no way to determine these contamination levels simply by looking at the product label. 
 
 



Antioxidant Protection 
 
There is a lot of talk today about the importance of antioxidants, free radicals, oxidative stress, air and water 
pollution and the impact it has on our health. Research shows that the human body can only take so much of 
this daily abuse before disease starts to show up.  With the daily intake of antioxidants, however, we can 
protect our cells from damage and live a longer and healthier life. 
 
Cell damage is caused by free radicals, atoms or molecules with one or more unpaired electrons.  Being 
unstable, they steal an electron from another molecule to regain balance in the process creating another free 
radical.  This process is repeated until the energy of the free radical is spent or the reaction is stopped by an 
antioxidant. 
 
Although breathing oxygen is essential to life, oxygen can also be your worst enemy.  It starts a process in 
your body called oxidation, which is the formation of free radicals.  The oxidation of copper which turns an 
“aged” green is a good example. Something similar happens when your body is exposed to air, light and poor 
nutrition.  Air pollution, heavy exercise, stress, exposure to chemicals, radiation, fatty foods and normal 
metabolic processes all promote the formation of free radicals.  Free radical oxidation damage is as harmful 
and destructive to your body and brain as corrosion is to your car.  Just think of antioxidants as human 
“RustOleum”. 
 
Antioxidants are naturally occurring nutrients found in certain fruits and vegetables.  People who eat at least 5 
servings of fruits and vegetable a day have been shown to have a lower risk of cancer.  The sad truth is that 
only 9 percent of Americans and fewer in most other countries are eating 5 fruits and vegetables per day. The 
antioxidants that are found in foods include Vitamin A, C & E, the minerals selenium, zinc, antioxidant 
enzymes, polyphenols and all of the phytonutrient carotenoids. 
 
Research shows that the benefits of Antioxidants include; Stronger Immune System, which builds resistance to 
flues, viruses and infections, reduces incidence of all cancers, prevention of glaucoma and macular 
degeneration, reduces risk of cholesterol-oxidation and heart disease and protects cells from aging and 
oxidative damage. 
 
There are many ways of determining if a compound has antioxidant activity, but the most common accepted 
test tube or in vitro method is the ORAC method, or Oxygen Radical Absorbance Capacity.  The outer coat of 
New Zealand’s Sauvignon blanc Grape seeds have been shown to be the most highly effective antioxidants on 
the planet.  Because of the unique hole in the ozone and intense radiation from the sunlight, the seeds build up 
a thicker coating of antioxidants for protection. MOXXOR’S ORAC value is 12,000 and is the most powerful 
Antioxidant on the planet. 
 
Compared to other products, MOXXOR is produced using only water which means no harsh chemicals, 
solvents, pesticides or high temperatures are used which ensures that the antioxidant compounds in MOXXOR 
are exceptionally stable.  In addition, MOXXOR is independently tested to show it has no agrichemicals or 
measurable levels of heavy metals and arsenic. 
 
Grapes grown in New Zealand, particularly the Sauvignon blanc variety, are grown under a Sustainable 
Viticulture Program that ensures minimum impact on the environment.  These vineyards exceed those 
standards required by Local Authorities and Government Environmental Regulations.  MOXXOR is dedicated 
to Product Safety, Quality and effectiveness and therefore monitors the grapes at every stage of the production 
process. 
 
MOXXOR is the most powerful all natural Omega-3 and Antioxidant on the planet exclusively from the pure 
pristine environment of New Zealand. 
I highly recommend that every one take MOXXOR for both the Omega 3 and the Antioxidant benefits.  
 
Rhonda Donahue, PhD. Author of “The Pollution Inside You” What is your body dying to say? and member of the 
Moxxor Holisitic Advisory Board. 
 



The Truth About Fish Oils 
 
 

     Lately, there have been hundreds of news stories touting the benefits of fish oil. From 
healthier hearts to improved brain function, fish oil is the latest “buzz”. What is 
interesting, people in Sweden, Denmark, Norway and Finland have credited their 
hardiness to a diet high in fish and fish oil for years. 
     Studies from around the world (especially with the Eskimos in Greenland) have 
revealed that the health benefits of fish oil come from two omega-3 fatty acids – EPA 
(eicosapentaenoic acid) and DHA (docosahexaenoic acid). Not surprisingly, these two 
healthy omega-3s are found in the fatty tissue of the fish consumed in great quantities by 
the Eskimos who took part in one of the many studies. 
     However, despite the growing amount of evidence that the omega-3 fatty acids in fish 
boast a bevy of health benefits, most Americans still won’t include enough fish in their 
daily diets. One of the major reasons is their concern about contaminants, especially 
mercury and PCBs (polychlorinated biphenyls) in certain types of fish. So, consequently, 
more Americans are buying fish oil supplements at a rate that makes them the fourth 
most popular dietary supplement in the United States. 
     Since its popularity, doctors are increasingly recommending it to their patients. The 
only problem is that not all fish oils are created equal. And the differences extend far 
beyond the amount of DHA and EPA offered in a particular supplement. 
     Almost all the fish oil used for supplements comes from fish caught off the coast of 
South America. This fish is then shipped to refining facilities in Norway and Canada 
where it is typically subjected to high temperatures or chemical solvents during 
processing. In fact, even though most fish oil supplements are supposed to be “natural”, 
they are just as processed and refined as the vegetable oils we find in the supermarket. 
  The quality of the fish oil supplement begins with the quality of the raw materials used. 
Although salmon is one of most popular sources of omega-3 EFAs. Sardines and 
anchovies are often used instead. So, to keep the raw material costs down, most 
companies don’t even use whole fish. Instead, they use the skin, bones, and other waste 
generated when these fish are processed. 
     Getting the omega–3 rich oil out of these bits of fish can be accomplished in several 
ways. First, the proteins in the fish are denatured, which means that heating the fish to 
200 degrees for 30 minutes changes the proteins’ chemical structure. The fish are then 
put into presses to extract the oil. Once the oil has been pulled out of the fish, it can be 
bleached, deodorized, or purified to make it more palatable. To bleach fish oil the 
manufacturers use bleaching clays. Removing the fishy smell requires deodorizing the 
fish by injecting extremely hot steam into the oil. Finally the fish oil is poured through 
activated charcoal to get rid of contaminants like mercury, PCBs, and dioxins. 
     One might think that simply pressing, bleaching, deodorizing, and purifying fish oil 
using the previously mentioned methods would be all that was required to make a fish oil 
product that could be bottled or put into capsules and sold to the public. Many companies 
have taken additional steps through the wonders of chemistry when they process their 
fish oil. 



     There is a process known as fractionation and concentration that not only purifies the 
fish oil; it also increases the percentage of DHA and EPA. The “only” problem is that this 
process requires the use of harsh chemical solvents that can leave a residue in the finished 
fish oil product. Another process, cryoconcentration, involves freezing the fish oil for 24 
hours at more than minus 100 degrees. The result is freeze-dried, crystallized fish oil that 
has up to 2.5 times more DHA and EPA, however chemicals must be used to crate these 
frozen fatty acid crystals. 
     Chemicals are also used in another method: urea complexation. This process is quite 
similar to the way soap is made. An alkali, sodium, is combined with alcohol and used to 
separate sterols and fat-soluble vitamins from the fish oil. The fatty acids are then 
dissolved in a mixture of alcohol and urea (antiseptic) and cooled to concentrate the DHA 
and EPA content. Even though this method can boost levels to three times the original 
concentration, it can also leave a residue in the fish oil, which must be re-treated to 
remove the chemicals.  
     Of course, chemicals aren’t the only way to separate the fatty acids. Molecular 
distillation heats the oil to about 480 degrees in a low-pressure vacuum for six hours so 
that the condensed vapors can be captured. Under these conditions, the DHA and EPA 
aren’t very well protected against oxidation, and harmful trans fats can form. 
 
An Omega-3 Star is Born 
 
     There is new proprietary, stabilized natural marine lipid oil from the New Zealand 
green-lipped mussel. It contains a rare combination of lipid (fat) groups containing many 
polyunsaturated fatty acids (PUFAs).  These PUFAs, which include omega-3s and some 
eicosatetraenoic acids (ETAs), have been shown to be extremely powerful anti-
inflammatory compounds that are particularly effective (158 times more effective than 
any fish oil on the market) against arthritis. 
     Why is this lipid oil so effective? It is a purer product than any fish oil because the 
green-lipped mussel lives in such a sheltered and protected environment. The New 
Zealand environment is ideally suited for contaminated-free aqua farming that simply 
isn’t possible in ocean waters anywhere else. The lipids found in the green-lipped mussel 
are especially rich and efficacious due to a combination of the mussels’ genetics and their 
food – tiny organisms called microplankton.  
     Another problem with traditional fish oil supplements is the amount that must be taken 
to experience any benefit. But because of green-lipped mussel’s ability to be 100% 
bioavailable, it is 158 times more effective than any other omega-3 oils on the market. 
These omega-3s are of such a high concentration and natural balance that it is on average 
247 times more effective then salmon oil. 
     I truly believe that the main source of omega-3 through green-lipped mussel is the 
biggest revolution ever seen in EFA supplements. Without supplements having all the 
drawbacks of traditional fish oil, I am convinced that the stage is set for  
Americans to finally reap the many benefits that omega-3 fatty acids have to offer. 
 
Dr. Howard Peiper, N.D., nominated for a Pulitzer Prize, has written several best-selling books on 
nutrition and natural health. His website is: www.walkthetalkproductions.com 



Industry Responds to California Fish Oil Lawsuit 

Jason Phillips March 3rd, 2010 
 
Eight dietary supplement manufacturers and marketers were named in a California lawsuit filed 
on March 2 that alleges some fish oil supplements have been sold containing illegally 
undisclosed and unnecessarily high levels of contamination with polychlorinated biphenyl (PCB) 
compounds. The eight companies named in the lawsuit are: CVS Pharmacy Inc., General 
Nutrition Corp. (GNC), Now Health Group Inc., Omega Protein Inc., Pharmavite LLC, 
Rite Aid Corp., Solgar Inc., and TwinLab Corp. The lawsuit alleges that the companies sold 
fish oil, shark oil, fish liver oil and shark liver oil supplements that have PCB contamination 
above the so-called “safe harbor” limits set for human PCB consumption under California’s 
Proposition 65. That law requires companies to warn consumers about contaminant exposures. 
Proposition 65, passed as a ballot initiative in 1986, was passed to force consumer products to 
eliminate toxic chemical ingredients or reduce them below published safe harbor limits in the 
past. 
 
U.S. consumers spent $739 million on fish and animal oil supplements in 2008, making it the 
eighth most popular dietary supplement on Nutrition Business Journal’s list of the top 100 
selling supplements in the United States. Many within the industry are wondering what the 
potential implications this lawsuit could have on the fish oil supplement market. NBJ reached out 
to two industry trade associations, as well as to legal experts with the Goodwin Procter  law firm 
to determine what effect this might have on the industry; their responses are included below 
along with a statement from one of the defendants, TwinLab Corp. 
 
• Forrest Hainline, attorney at the San Francisco office of Goodwin Procter : This threatened 
lawsuit highlights an essential problem in applying Proposition 65 to foods or supplements. The 
evidence is uncontroverted that omega-3 fatty acids are not only beneficial but essential for 
health. The evidence is overwhelming that Americans in general do not eat enough fish to obtain 
the appropriate amounts of omega-3 fatty acids. This might be due in part to the campaign to 
frighten people away from eating fish for fear of methyl mercury. 
 
As the California Supreme Court recognized in Dowhal v. SmithKline Beecham Consumer 
Healthcare, 32 Cal.4th 910 (2004), “even if scientific evidence supports the existence of a risk, a 
warning is not necessarily appropriate: The problems of over warning are exacerbated if 
warnings must be given even as to very remote risks.” This is particularly true where the benefit 
of the product folks would be warned against outweigh the potential harm. This was true in the 
Tuna Case, which I tried and won. The benefits of eating fish (because of omega-3 fatty acids, 
among other benefits) far outweighed the remote and even theoretical risk of exposure to the 
minute amounts of methyl mercury. 
 
The Food and Drug Administration (FDA), not a bounty hunter law firm under Proposition 65, 
should determine whether warnings on foods or supplements are appropriate, and what form they 
should take. 
 
 



Note: Hainline also obtained a judgment for restaurants that Proposition 65 warnings concerning 
grilled chicken were preempted by federal law. 
 
Joanne Gray, attorney at the New York City office of Goodwin Procter : I have provided 
legal advice to a number of dietary supplement companies over the years and have been 
continually disappointed at the number of frivolous lawsuits that have been filed against the 
industry, including Proposition 65 claims, consumer class actions claims and products liability 
lawsuits. It is important to mount a strong defense to these actions right from the start. 
 
It is unfortunate that dietary supplement companies and retailers have faced Proposition 65 
lawsuits, even when minute amount of substances hold no real risk of harm to the consumer. 
These lawsuits are a real threat to the survival of the smaller companies in the industry, and they 
also increase costs to consumers. 
 
• Council for Responsible Nutrition (CRN): CRN believes the suit was filed in California in 
order to take advantage of a state law, Prop 65, which has conservative standards that are not law 
in the rest of the nation. Further, the information disclosed during the press conference danced 
around the details, offering a lack of specificity to the general public about the levels of 
polychlorinated biphenyl (PCB) compounds found in the fish oil products that were tested. 
Though the lawyers suggest that the levels of PCBs found in these products far exceed what is 
acceptable by Prop 65 standards, the actual levels of PCBs found in the majority of these 
products do not appear to exceed the Prop 65 limit (90 ng/day). Furthermore, they fail to mention 
that the Food and Drug Administration’s (FDA) tolerance level for PCBs in fish (2,000 parts per 
billion) far exceeds the levels of PCBs found in fish oil… 
 
The bottom line is that consumers, whether they live in California or elsewhere, should continue 
to feel confident in the safety and efficacy of their fish oil supplements. This lawsuit does 
nothing to change the strong science supporting the many health benefits of fish oil, which range 
from cardiovascular health to cognitive development of infants and young children, and the very 
low thresholds of PCBs which apparently trigger a labeling requirement in California cannot be 
extrapolated to demonstrate any actual risks at those levels. The health benefits for fish oil far 
outweigh any suggested, and unsupported, risks.” Read the entire statement here.  
 
• Global Organization for EPA and DHA Omega-3 (GOED): In response to a lawsuit being 
filed against eight dietary supplement brands and retailers, the Global Organization for EPA and 
DHA Omega-3s (GOED) is reassuring the industry and consumers that fish oils manufactured by 
its members, and the market in general, meet the highest quality standards available. “We have 
complete confidence in the safety of the fish oil supplement market, which has been validated 
through multiple third-party reviews by industry watchdogs on thousands of products,” said 
Adam Ismail, Executive Director of GOED. “In fact, this industry is among the highest quality 
and most transparent of all consumer products,” he added. 
 
There are multiple resources in the public domain where consumers can get more information on 
the quality of their products, including the International Fish Oil Standards program 
(www.ifosprogram.com). Furthermore, a recent report by Frost & Sullivan found that 93% of the 
refined fish oils on the market in the United States are produced from anchovy and sardine oils. 



However, the plaintiffs unfortunately only tested one of these types of oils, which actually had 
PCB content well within the Safe Harbor provisions of Proposition 65. “While the plaintiffs raise 
an important issue,” said Ismail, “it is unfortunate that they are implying that most fish oils are 
unsafe and that the industry is hiding information on such vital nutrients.” Read the entire 
statement here.  
 
• Greg Grochoski, Twinlab’s chief science officer : “Twinlab’s fish oil products are all 
molecularly distilled and quality tested for purity. These processes are especially effective for 
reducing impurities such as PCBs found in oceans, lakes, rivers and streams and common to fish 
and fish- based products.” Twinlab’s statement went on to say that the company cannot comment 
on the validity or accuracy of the tests referenced by the plantiffs, though its products were 
reported as having among the lowest level of impurities.  
 



THE AMAZING HEALING GREEN LIP MUSSEL OIL perna canaliculus EXCLUSIVELY FROM NEW ZEALAND 
 
Over 20 years ago, researchers observed the coastal-dwelling Maori nat ive people of New Zea land.  These 
Maori people had far lower incidences of arthrit is related diseases than those living inland.  After years of 
study, researchers discovered that this was due to their consumption of green-lipped mussels. 
 
Clinical studies show that specific lipids found in the green-lipped mussel oil are highly effective anti-
inflammatory. Most chronic diseases that afflict people have an inflammatory component. 
 
Some areas that Greenlip mussel oil can benefit include: 
 

• Arthritis, rheumatoid arthritis, osteoarthritis 
• Protects blood vessels and bone joints 
• Benefits for skin protection and aging 
• Gastrointestinal tract 
• Cardiovascular system 
• Respiratory system including asthma and allergies 
• ADD, ADHD and AUTISM  
• Neurological health 
• Depression 

 
Fish oil is highly beneficial, but all fish oils are not equally beneficial.   Research has shown that green 
lipped mussel oil has properties not found in any other marine source.  In fact, it is 200 times more 
effective in reducing inflammation than other fish oils that contain more common PUFA’s. 
The active ingredients of the green-lipped mussels are a series of unique Omega-2 PUFA’s ca lled 
eicosatetraenoic acids (ETA”s).  The lipped oil has an ability to control chemicals called leukotrienes, which 
are responsible for initiating and spreading inflammation throughout the body.  Healthy individuals 
naturally release leukotrienes to combat illness, but individuals that suffer from autoimmune diseases 
produce too many leukotrienes.   
 
The two main pathways responsible for inflammation are LOX (lipoxygenase) pathway and the COX (cyclo-
oxygenase) pathway.  The LOX produces leukotrienes.  The COX produces Prostaglandins and 
Thromboxanes.   Both of these pathways produce a chemical called arachidonate, which is responsible for 
oxygenization.   When either or both of these pathways produce excessive leukotrienes, prostaglandins 
and thromboxanes or the pathways malfunction then you have inflammation.  When this happens one 
could experience Arthritic pain, wheezing asthma as well as many other conditions. 
Is there a substance that can inhibit both the LOX and the COX pathways?  The answer is YES, the green-
lipped mussel oil inhibits both of these inflammatory pathways.  This is mostly attributed to the fact that 
there are a variety of active ingredients contained in green-lipped mussels, in addition to the fatty acids 
that have been ident ified.  For example, there are about ten different marine sterols (oils) and more than 
thirty fatty acids including saturated, monounsaturated, and polyunsaturated in the lipids.  Each of these 
ingredients has a different effect on the COX and LOX pathways. 
The green-lipped mussel oil is non-allergenic as there is no protein or carbohydrate present in it.  This 
means that there is no chemical for an IgE reaction.  So, mussel oil is safe, even if you don’t tolerate 
shellfish. 
 
 
 



Introducing Moxxor Green-lipped Mussel oil exclusively from New Zealand.  And by the way the Green-
lipped Mussels do not grow anywhere else in the world because of the unique aquaculture and Ozone 
layers in New Zealand.  Moxxor is a concentrated superfood supplement made primarily from the extract 
of green-lipped mussels grown in aquaculture farms near the coast of New Zea land.   
A study on green-lipped mussel oil published in the journal  inflammopharmacology (9) shows the 
remarkable ability of green-lipped mussel oil to ease signs of inflammation. 
 
Who may potentially benefit from Moxxor?  Moxxor’s benefits go beyond the ant i-inflammatory effects of 
green-lipped mussel oil.  Others who may benefit from Moxxor include: 

• Children and teens (ADD, ADHD and AUTISM) 
• Athletes and active individuals 
• Elderly patients current ly experiencing inflammation 
• Adults wishing to enhance the ir omega-3 nutrit ion 
• Expectant mothers looking for a mercury-free source of omega-3’s 
• Individua ls wishing to support their heart health 
• Anyone suffering from the signs of omega-3 deficiency 

 
Moxxor is superior to other products because of many reasons: 

• Free from heavy metals like mercury, cadmium or lead 
• Free of any detectable traces of over 180 pesticides 
• Free of PCB’s or other chemical contaminants 
• No filler ingredients that offer no therapeut ic value 

 
This is because Moxxor is grown in prist ine aquaculture farms located off the coast of New Zealand.  The 
waters are pristine, unpolluted and t ightly regulated by the New Zea land government.  No fish feed of any 
kind is introduced into the aquaculture farms and the green-lipped mussels feed exclusively off the naturally 
occurring marine phytoplankton present in the waters that flow northward from the Antarctica. 
 
Beware of low-cost fish oil products!  And investigation by Natural News revealed that Kirkland Signature 
Enteric Coated Fish O il Concentrate (sold at Costco retail stores) may conta in the follow ing chemicals: 
Methacrylic Acid Copolymer, Ethyl cellulose, Sodium Alginate, Hydroxypropyl Methylcellulose  Phthalate, 
Medium Chain Triglyceride, Triacetin, O leic Acid, Stearic Acid, Ammonium Hydroxide, Polyethylene Glycol.  
Polyethylene Glycol is a chemical commonly used in personal lubricants, laxat ives and toothpastes.   It is being 
researched for use in body armor. (http:/ /en.wik ipedia.org/wiki/Polyethylene_glycol) 
 
In addition there is current ly no legal requirement that fish oils disclose the levels of heavy metal 
contamination found in their products.  Fish oil supplements are being sold today that contain potentially 
harmful levels of mercury, but consumers currently have no way to determine these contamination levels 
simply by looking at the product label. 
 
Sources for this article: 

(1) http:/ /www.naturalnews.com/011401.html 
(2) Whitehouse, M.W. “Anti-Inflammatory Activity of a Lipid Fraction from the NZ Green-Lipped 

Mussel” Inflammopharmacology. 1997.5(3):237-46, PubMed document number 17638133 
(3) Gibson S.L.M et al, “The treatment of arthritis with lipid extract of Perna canaliculus: a randomized 

trial” Glasgow Homeopathic Hospita l Gasgow, UK 
(4) The Amazing Healing Extract perna canaliculus from New Zealand, Georges M. Halpern, MD, PhD 



Greenlip Mussel Studies 
 
2008/01/25 - Systematic review of the nutritional supplement Perna Canaliculus (green-lipped mussel) in the treatment of osteoarthritis 
S. Brien, P. Prescott, B. Coghlan, N. Bashir and G. Lewith From the Department of Primary Care, University of Southampton, Aldermoor Health Centre, 
Aldermoor Close, Southampton, Hampshire, SO16 5ST and School of Mathematics, University of Southampton, University Road, Southampton, 
Hampshire SO17 1BJ, UK  Abstract Complementary treatments for osteoarthritis (OA) are sought by patients for symptomatic relief and to avoid the 
iatrogenic effects of non-steroidal anti-inflammatories.  
  
2007/01/08 - Novel anti-inflammatory omega-3 PUFAs from the New Zealand green-lipped mussel, Perna canaliculus 
Comp Biochem Physiol B Biochem Mol Biol. 2007 Aug;147(4):645-56. Epub 2007 Apr 14 Treschow AP, Hodges LD, Wright PF, Wynne PM, Kalafatis N, 
Macrides TA. Natural Products Research Group, School of Medical Sciences, RMIT University, Bundoora, Victoria, 3083, Australia.  
  
2007/06/11 - Immunomodulation of murine collagen-induced arthritis by N, N-dimethylglycine and a preparation of Perna canaliculus 
BMC Complement Altern Med. 2007 Jun 11;7:20 Lawson BR, Belkowski SM, Whitesides JF, Davis P, Lawson JW. Department of Biological Sciences, 
Clemson University, Clemson, SC, USA. blawson@scripps.  
  
2006/06/01 - Clinical efficacy and tolerance of an extract of green-lipped mussel (Perna canaliculus) in dogs presumptively diagnosed with degenerative 
joint disease N Z Vet J. 2006 Jun;54(3):114-8 Pollard B, Guilford WG, Ankenbauer-Perkins KL, Hedderley D. Institute of Veterinary, Animal and 
Biomedical Sciences, Massey University, Private Bag 11222, Palmerston North, New Zealand.  
  
2006/01/13 - In vitro modulation of inflammatory cytokine and IgG levels by extracts of Perna canaliculus   
BMC Complement Altern Med. 2006 Jan 13;6:1 Mani S, Lawson JW. Department of Microbiology and Molecular Medicine, Clemson University, 
Clemson, SC 29634, USA. sachin_mani@excite.com BACKGROUND: Inflammation is a predominant characteristic of autoimmune diseases which is 
characterized by the increased expression of pro-inflammatory cytokines.  
  
2002/06/01 - Improvement of Arthritic Signs in Dogs Fed Green-Lipped Mussel (Perna canaliculus)  
The American Society for Nutritional Sciences J. Nutr. 132:1634S-1636S, June 2002 Tiffany Linn Bierer3 and Linh M. Bui EXPANDED ABSTRACT 
Arthritis is a significant problem in both humans and animals that may occur at any age but is particularly common in older individuals.  
  
2000/09/01 - Anti-inflammatory effects of a stabilized lipid extract of Perna canaliculus 
Halpern GM. Allerg Immunol (Paris). 2000 Sep;32(7):272-8 University of California, USA. A lipid-rich extract, prepared by supercritical fluid (CO2) 
extraction of freeze-dried stabilized NZ green-lipped mussel powder (Lyprinol) has shown significant anti-inflammatory (AI) activity when given to 
animals and humans.  
  
1993/05/01 - Anti-inflammatory activity of glycogen extracted from Perna canaliculus (NZ green-lipped mussel). 
Agents Actions. 1993;38 Spec No:C139-42. Miller TE, Dodd J, Ormrod DJ, Geddes R. Department of Medicine, University of Auckland School of 
Medicine, New Zealand. Previous laboratory based investigations of a commercially prepared freeze-dried extract of the NZ green-lipped mussel (Perna 
canaliculus) showed that the material had the capacity to inhibit experimentally induced inflammation.  
  
1983/06/01 - Perna canaliculus in the treatment of rheumatoid arthritis 
Caughey DE, Grigor RR, Caughey EB, Young P, Gow PJ, Stewart AW. Freeze-dried extracts of the New Zealand green lipped mussel, Perna 
canaliculus, have been promoted extensively as a treatment for rheumatoid arthritis for some years though there have been few published trials of its 
effectiveness.  
  
1980/12/19 - Gastroprotective and anti-inflammatory properties of green lipped mussel (Perna canaliculus) preparation. 
Arzneimittelforschung. 1980;30(12):2128-32. Rainsford KD, Whitehouse MW. Freeze-dried powdered preparations of whole (i.e. without shell) green-
lipped mussel (Perna canaliculus) from New Zealand given orally to rats showed some modest anti-inflammatory activity (carrageenan paw oedema). 
 
 
Grapeseed Extract Studies 
 
2006/05/01 - Beneficial Effects of a Novel IH636 Grape Seed Proanthocyanidin Extract in the Treatment of Chronic Pancreatitis 
Oxygen-derived free radicals mediate tissue damage in acute and chronic pancreatitis. The addition of a commercially available IH636 grape seed 
proanthocyanidin extract (commercially known as ActiVin) to their treatment regimen led to a reduction in the frequency and intensity of abdominal pain 
as well as resolution of vomiting in 1 patient.  
  
2004/12/22 - Animal Study Shows Grape Seed Extract May Protect Brain  
Health-food activists have long touted the value of taking grape seed extract. However, there has been little or no scientific evidence of the molecular 
basis for its benefits. Now, researchers at the University of Alabama at Birmingham (UAB) report the first direct evidence that the popular dietary 
supplement affects specific proteins in healthy brains in ways that may protect against future age-related dementia.  
  
2003/02/27 - Molecular mechanisms of cardioprotection by a novel grape seed proanthocyanidin extract. 
Free radicals and oxidative stress play a crucial role in the pathophysiology of a broad spectrum of cardiovascular diseases including congestive heart 
failure, valvular heart disease, cardiomyopathy, hypertrophy, atherosclerosis and ischemic heart disease.  
  
2002/11/20 - Grape Seed Proanthocyanidins Prevent Plasma Postprandial Oxidative Stress in Humans  
The present study was designed to investigate the effect of supplementing a meal with grape seed proanthocyanidins (the main phenolic antioxidant of 
red wine) on plasma postprandial oxidative stress.  
  
2002/03/20 - Activin, a grape seed-derived proanthocyanidin extract, reduces plasma levels of oxidative stress and adhesion molecules (ICAM-1, 
VCAM-1 and E-selectin) in systemic sclerosis 
This study evaluated whether a new generation antioxidant Activin derived from the grape seed proanthocyanidins, could reduce the induction of the 
adhesion molecules as a result of inflammatory response in the plasma of systemic sclerosis (SSc) patients.  
 
  
2000/09/01 - Effects of niacin-bound chromium and grape seed proanthocyanidin extract on the lipid profile of hypercholesterolemic subjects: a pilot 
study.  Hypercholesterolemia, a significant cardiovascular risk factor, is prevalent in the American population. We conclude that a combination of Cr and 
GSE can decrease total cholesterol and LDL levels significantly. 
 



 
 
Omega-3 Media 
 
2008/09/22 - Antioxidants and Omega-3 Fats: Functional Foods to Boost Health 
Looking for your meal ticket to health?  You might be wise to go for some omega-3 fatty acids served up with a side of antioxidants. The 
good news is, it can be as tasty as it is healthy -- think grilled salmon and vegetables, drizzled with olive oil and accompanied by a nice 
glass of red wine.  
  
2008/28/08 - Omega 3: A Possible Treatment for Depression  
In a study conducted by the Yale Prevention Research Center in Derby, CT, in 2005, it was stated that, "Major depression is the leading 
cause of disability world wide, and among the 10 most frequent indications for using alternative medicine therapies, especially dietary 
supplements.  
  
2008/08/28 - Omega-3’s and Childhood Asthma 
Researchers found a high intake of dietary polyunsaturated fats as a risk factor for asthma in preschool children. They then suggest 
that reducing the consumption of these fats represent an intervention that has great potential for lowering asthma rates.  
 
  
2008/08/14 - Fish may reduce rates of “silent” stroke  
Current evidence suggests that eating baked or broiled (not fried) fish at least once a week appears to reduce the risk of stroke by 
about 25 percent. Eating fish more than four times a week seems to reduce stroke risk a bit more.  
  
2008/07/30 - Omega-3-rich fish linked to better hearts in Japan 
Large intakes of omega-3 fatty acids from fish may explain the low levels of heart disease in the land of the rising sun, says a new 
study.   
  
2007/12/04 - Eating More Fish Reduces Alzheimer’s Risk 
RELEASED BY AUSTRALIA SEAFOOD SERVICES EATING more fish reduces the risk of suffering Alzheimer’s disease. That is the 
conclusion of a major research project reported in the current issue of the international journal, Neurology.  
  
2007/09/17 - Australian Kids in Dire Need of More Omega-3s 
RELEASED BY THE OMEGA-3 CENTRE Click here for full text A NEW report released today has found Australian children should be 
consuming more fish and other foods rich in long chain omega-3s to increase their intake by as much as five times their current level.  
  
2007/04/17 - Why children need long chain Omega-3s and are they getting enough? 
RELEASED BY THE OMEGA-3 CENTRE Click here for full text Experts on Omega-3 fatty acids will advise The Omega-3 Centre on 
the links between children's health and Omega-3s at a Scientific Consensus Workshop to be held in Sydney on 20 April.  
  
2002/07/01 - Omega-3 Fatty Acids in Inflammation and Autoimmune Diseases 
Journal of the American College of Nutrition, Vol. 21, No. 6, 495-505 (2002) Artemis P. Simopoulos, MD, FACN The Center for 
Genetics, Nutrition and Health, Washington, D.C ABSTRACT   Among the fatty acids, it is the omega-3 polyunsaturated fatty acids 
(PUFA) which possess the most potent immunomodulatory activities, and among the omega-3 PUFA, those from fish oil—
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)—are more biologically potent than -linolenic acid (ALA). 
 
Antioxidant Media 
 
2008/09/22 - Antioxidants and Omega-3 Fats: Functional Foods to Boost Health 
Looking for your meal ticket to health?  You might be wise to go for some omega-3 fatty acids served up with a side of antioxidants. The 
good news is, it can be as tasty as it is healthy -- think grilled salmon and vegetables, drizzled with olive oil and accompanied by a nice 
glass of red wine.  
  
2008/09/10 - Grape Seed Extract May Reduce Cognitive Decline of Alzheimer's Disease 
A compound found in grape seed extract reduces plaque formation and resulting cognitive impairment in an animal model of 
Alzheimer's disease, new research shows.  
 
 
 
 



MOXXOR ANTI-OXIDANT THIRD PARTY CLINICAL TRIAL FOR ATHLETES 
 
A preliminary clinical trial has been completed by Dr. Glenn Vile in conjunction with HortResearch, a New 
Zealand research institution. Although the number of participants in the trial is small (eleven competitive rowers), 
the double-blind nature of the trial and the preliminary results indicate that the grapeseed extract used in Moxxor 
(a marine omega-3 nutritional supplement) may be beneficial as a dietary supplement for helping reduce 
oxidative stress during exercise. 
 
Here's how the trial was structured: One hour prior to exercise, competitive rowers were given either 150mg of 
grapeseed extract (GSE) or 150mg of placebo (glucose). A second dose of the same amount was given after 
the 30-minute exercise session. Blood samples were taken one hour prior to exercise and one hour after 
exercise. 
 
The blood samples were analyzed to determine the level of lactate dehydrogenase (LDH), a chemical marker of 
oxidative stress and muscle damage. The results of this preliminary trial reveal that those rowers who took the 
grapeseed extract used in Moxxor experienced a 34% reduction in LDH levels (plus or minus 6%). 
 
The author's conclusion of this study is included below, along with full references. 
 
While the study was too small to support sweeping generalizations about GSE and exercise for the population 
as a whole, it does provide justified optimism for further study of grapeseed extract as potential reducer of 
exercise-induced oxidative stress. This may mean (although there is no proof of this yet) that GSE might also be 
a useful element to study in the prevention of heart disease or cancer. Recent laboratory research conducted at 
the University of Kentucky, in fact, reveals that GSE causes leukemia cells to commit suicide (apoptosis), 
thereby positioning grapeseed extract as a potentially useful anti-cancer element for further study. 
 
It's worth noting that the grapeseed extract used in this study is the exact same grapeseed extract used in 
Moxxor. 
 
MOXXOR Antioxidant and Exercise 
 
Here's the text of the preliminary study from Dr. Glenn Vile: 
 
The increased demand for energy during exercise requires an increased oxygen supply to active tissues and an 
increased metabolic rate. Based on our current understanding that there is a balance between oxidative stress 
and our antioxidant defense mechanisms it would be predicted that the increased oxygen supply and metabolic 
rate associated with exercise would overwhelm our antioxidant defense mechanisms and lead to increased 
levels of oxidative stress. There is good evidence that is the case. Oxidative damage to lipids, proteins, and 
DNA occurs in both trained and untrained volunteers during, and for up to 24hrs after, taking part in activities 
such as alpine ski racing, long distance running, and cycling (Shing et al 2007, Subudhi et al 2001, Mastaloudis 
et al 2001, Ramel et al 2004, Aguilo et al 2005, Goldfarb et al 2005 and Itoh H et al 2000). 
 
Antioxidants, particularly vitamin E, are depleted during exercise (Mastaloudis et al 2001 and Aguilo et al 2005), 
and recent evidence suggests that the dietary intake of antioxidants by athletes is lower than the general 
population (Machefer et al 2007). Supplementation with antioxidants prior to exercising reduces the oxidative 
damage that occurs during exercise. Antioxidants that have been shown to be effective include vitamins E 
and/or C (Aguilo et al 2005, Goldfarb et al 2005, Itoh et al 2000, Bryant et al 2004 and Bloomer et al 2004), and 
polyphenolic compounds of the type that are found in Grape Seed Extract (Morillis et al 2005, Pilaczynska-
Szczesniak et al 2005 and Murase et al 2005). In addition antioxidant supplementation enhances aerobic 
performance in athletes (Aguilo et al 2007). 
 
A daily dose of 35-110 mg of polyphenolic compounds, such as those found in MOXXOR Grape Seed Extract, 
has been shown to be effective in reducing oxidative damage and preventing the depletion of vitamin E that 
occurs during normal and strenuous levels of activity (Pilaczynska-Szczesniak et al 2005, Murase et al 2005 
and Simonetti et al 2002). 
 



Antioxidant supplementation prior to exercise has been shown to decrease some of the unwanted 
consequences of exercise e.g. muscle soreness (Bloomer et al 2004) but at this stage there is no evidence that 
antioxidant supplementation improves exercise performance (Itoh et al 2000 and Bloomer et al 2004). 
 
The high antioxidant activity of MOXXOR grape seed extract has been demonstrated in test tube assays 
(Oxygen Radical Absorbance Capacity or ORAC assays) and in cytoprotection assays with cultured human 
cells. 
 
In order to determine if MOXXOR grape seed extract is able to protect athletes from muscle damage that occurs 
as a consequence of the increased levels of oxidative stress generated during exercise, MOXXOR in 
conjunction with HortResearch, a New Zealand research institution, have performed a preliminary clinical trial. 
 
Eleven well trained rowers completed a full cross-over trial. One hour prior to a 30 min maximal rowing ergo-
meter test the participants were given a capsule containing either 150mg of MOXXOR grape seed extract or 
150mg of glucose (a placebo, and a double blind cross-over trial). A second capsule of 150 mg was given 
immediately post-exercise bringing the total dose to 300mg. Blood samples were taken one hour prior to 
exercise and one hour after exercise and lactate dehydrogenase (LDH) was measured in plasma samples as an 
indicator of muscle damage. 
 
As expected, levels of LDH significantly increased in the blood one hour following the rowing ergo-meter 
exercise. An acute total dose of 300mg of MOXXOR grape seed extract decreased the release of LDH by 34 +/-
6%. The results of this preliminary trial indicate that MOXXOR grape seed extract may be effective at reducing 
the muscle damage that occurs in trained athletes following exercise. 
 
Note: This article makes no health claims about Moxxor, and Moxxor is not intended to diagnose, treat or 
prevent any disease. 
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Patient Population
•All patients had failed on high dose fish oil therapy

•All patients were on hormone replacement

•None of the patients had specific diets or consistent diets

•Dosages varied based on patients choice



Results
1. Apo-lipo protein- Lp(a) 1/3 of patients had a decrease

2. 44% of patients had a decrease in Triglycerides 

3. 50% converted to more favorable LDL pattern shape

4. 50% of patients had increase in HDL-2 pattern



Dr. Otero Clinical Trial
•44 patients 24 male /20 female

•40-90 years old

•60% improvement in symptoms such as malaise, muscle soreness

•Significant decrease in CRP (50%), ESR, Triglycerides, 
total cholesterol, LDL (66%)



Of the 9 metals that were Tested, 5 had 
Below any 

Detectable levels
Antimony, Bismuth, Mercury, Silver and Tin

Lead detectable level 0.1 Moxxor <0.2 = <2ppm

Cadmium Normal daily levels ingested 1-3 mcg /gm
Moxxor 0.0001 mcg /gm

Copper –mineral RDA 1-3mg daily Moxxor <0.001mg



Arsenic 12.4 mg /kg Moxxor 0.012 mcg /gm = 12 ppm
Detectable levels 0.05 mg /kg

Organic vs. Inorganic

Organic is non toxic to humans and animals
Normal levels in shrimp/ lobster >86 ppm
Some fish contain >100-1000ppm

Inorganic is used in medicines, pigments, agriculture

http:/ /www.nutraingredients-usa.com/Research/Rice-bran-contains-high-
arsenic-levels-study

http:/ /www.inchem.org /documents/ jecfa/ jecmono/v024je08.htm





 
 

Whitehouse Study Reviewed 
 

What is Lyprinol?  It is the precursor to MOXXOR.  While a good product, it is inferior to MOXXOR in potency and 
efficacy.  It’s processing is inferior and it is mixed with olive oil.  In-Vitro vs In-Vivo studies.....In-Vitro means in a test 
tube......In-Vivo means in live subjects. 
 
Table One – Prophylactic (before issues occur) treatment vs OTC NSAIDS 

1. Compares SFE (Lyprinol) to Aspirin, Ibuprofen, Naproxen 
2. Equal anti-inflammatory activity to Naproxen 
3. Equal subjective relief to Naproxen (ease of movement, healthy appearance, etc. 

 
Table Two – Prophylactic treatment vs plant/marine oils 

1. Compares SFE with fish oils and plant oils 
2. None of them compared to potency of Lyprinol 

 
Table Three – Active short term treatment of arthritic rats 

1. Compares Lyprinol to fish oils/plant oils/Ibuprofen 
2. Least amount of swelling in front and rear paws of all agents 
3. Lowest arthritic score of all items tested* 

 
*Arthritis score based on an independent observer assigning a score to the animals based on paw and tail inflammation 
and overall condition and mobility.  Subjective evaluation. 
 
Table Four – Collagen II (Autoimmune) arthritis treatment 

1. Least inflammation throughout all locations tested 
2. Conclusion anti-inflammatory activity in autoimmunity 

 
Table Five – Arthritis ablation (elimination) 

1. The least swelling in all areas 
2. The lowest subjective arthritis score 
3. The greatest weight gain (a sign of health in a young animal) 

 
Table Six – Inhibition of leukotrienes (In-Vitro studies) 
LBT4 – a product of arachondonic acid metabolism that causes inflammation produced by the LOX pathway. 
5-HETE – a product of arachondonic acid metabolism that causes inflammation produced by the LOX pathway. 
Leukotrienes are present in many inflammatory diseases such as allergies, asthma, IBS, CV disease, etc. 
In test tubes Lyprinol blocked the production of leukotrienes by inhibiting LBT-4 and 5-HETE steps. 
 
Other In-Vitro Studies: 

1. Lyprinol did not work as fast acting like OTC NSAIDS 
2. Lyprinol was non-toxic to the stomach unlike aspirin that causes gastric bleeds 
3. Lyprinol does not cause inhibition of platelet aggregation (increase bleeding times or cause increased bruising) 

 
Discussion – Key Points: 

1. Potent but slow acting anti-inflammatory 
2. Two pathways COX 2 and LOX 
3. Does not irritate stomach or cause bleeding 
4. EPA/DHA and other novel omega-3 fatty acids found in Lyprinol may act synergistically as a potent 

immunomodulating combination 
5. Appears to alleviate signs and symptoms of arthritis 
6. Leukotriene regulation may be of interest in other disease states, i.e. asthma and IBS 
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ABSTRACT

Whitehouse MW, Macrides TA, Kalafatis N, Betts WH, Haynes DR, Broadbent J. Anti-inflammatory
activity o f a lipid fraction (Lyprinol) from the N Z green-lipped mussel. Inflammopharmacology.
1997;5:237-246.

A lipid-rich extract , preparared by supercritical fluid extraction of fresh stabilized mussel powder
(Lyprinol), showed significant anti-inflammatory (AI) activity given therapeutically and prophylacti-
cally po to Wistar and Dark Agouti rats developing either (a) adjuvant-induced polyarthritis or (b)
collagen(II)-induced autoallergic arthritis, with EDso~<15 mg/kg; c.f. naproxen/>25 mg/kg or various
therapeutic oils (flaxseed, evening primrose, fish) >/1800mg/kg given orally. Lyprinoi showed little or
no activity in acute irritation assays (carrageenan, kaolin, histamine) indicating it is not mimicking
rapid-acting NSAIDs.

Incorporating Lyprinol into arthritigenic adjuvants composed of heat-killed Mycobacterium.
tuberculosis suspended in olive oil or squalane, effectively preventedarthritis development at a dose of
5 rag/rat. By contrast , 'dummy adjuvants' prepared with Mycobacterium tuberculosis and flaxseed,
evening primrose or fish oils were still arthritigenic in Dark Agouti rats (doses of oil =90 mg/ra0.

Lyprinol subfractions inhibited leukotriene-B4 biosynthesis by stimulated human polymorpho-
nuclear leukocytes in vitro, and prostaglandin-E2 production by activated human macrophages in vitro.
Much o f this AI activity was associated with polyunsaturated fat ty acids and natural antoxidants
(carotenoids, etc.).

In contrast to NSAIDs, Lyprinol is non-gastrotoxic in disease-stressed rats at 300 m g / k g po and
does not seem to affect platelet aggregation (human, rat). These data show Lyprinol to be a
reproducible, relatively stable, source of bioactive lipids with much greater potency than plant/marine
oils currently used as nutritional supplements to ameliorate signs of inflammation.

Keywords: NZ green-lipped mussel, Lyprinol, lipid fraction, inflammation, NSAIDs

INTRODUCTION

There is a tradition of using shellfish supplements as a remedy for arthritis among
indigenous people, notably in Western Mexico and throughout the South Pacific. The
dried flesh of the NZ mussel Perna canaliculus, has been sold in several countries since
the early 1970s as a nutritional supplement (Seatone) with possible benefits for
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relieving arthritis [1,2]. Reports o f early clinical trials have been mixed: some attesting
benefits [3-6], others not [7-10]. Studies using animals have likewise yielded mixed
findings. Acute anti-inflammatory activity in rats was associated with protein [11] o r
glycogen fractions [12] but only when inected ip The product available in the 1970s
showed modest o r no activity in suppressing the carrageenan paw oedema [13] and had
no effect on the adjuvant-induced arthritis in rats [14] when given orally. Indirect
evidence was adduced for the presence o f an anti-histamine (perhaps lysolecithin [15])
and anti-prostaglandin activity, as indicated by delayed parturition in rats [16].
The situation changed dramatically in 1986 when dried mussel extracts became

available that had been stabilized with 3% tartaric acid immediately after removing the
flesh from the shell [17]. This additive acts as both a metal chelator and antioxidant, in
effect preserving labile unsaturated molecules from spontaneous (possibly metal-
catalyzed) auto-oxidative destruction.
Lyprinol is the mussel 'oil', obtained by supercritical fluid extraction (SFE) o f this

stabilized mussel powder using liquified carbon dioxide [18]. It represents about 4-5%
original dry weight and contains triglycerides, sterol esters, free fatty acids, po la r lipids
and carotenoids but no solvent residues. As this report shows, the bulk o f the anti-
inflammatory activity o f stabilized Seatone is extracted into this lipid fraction so that
Lyprinol effectively constitutes a 20-fold concentrate o f the original dr ied mussel.
Being very low in protein it is unlikely to be allergenic and being salt-free it is more
acceptable for cardiac patients than the original dr iedmussel preparations.

METHODS

Materials

Stabilized Seatone (McFarlane Laboratories, Surrey Hills, Victoria, Australia) was
purchased from a local pharmacy and kept at room temperature. The SFE extract,
Lyprinol capsules (containing 50 mg o f this extract with 200 mg olive oil) and the bulk
residue o f the mussel powder remaining after SFE extraction were all supplied by
McFarlane Laboratories and kept at 4°C. Other oils used as nutritional supplements
were purchased from health food stores (local and overseas). The preparation o f
Lyprinol subfractions is described elsewhere [19].

Assessment o f anti-inflammatory activity

This was assessed in rats a f te r oral administration o f either (a) aqueous dispersions
prepared with 0.2% Tween-20 as a suspending agent or (b) unemulsified lipids, diluted
into cold-pressed olive oil as necessary.Acute rear paw inflammation was induced with
0.6 mg carrageenan in 0.1 ml saline injected into both rear paws o f female Wistar rats.
Chronic polyarthritis was induced with adjuvants prepared from dried Mycobacterium
tuberculosis (0.3-1 mg) dispersed in 0.1 ml squalane olive oil o r other oily vehicles, and
inoculated into the tailbase o f Wistar o r Dark Agouti rats on day 0. Treatment was
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given either from day minus -1 continually for 16 days (i.e. a prophylactic regime) o r
from day 10 through 13 (therapeutic regime) i.e. after the first signs o f arthritis were
manifest. Rear paw inflammation was measured with a micrometer. Forepaw inflam-
mation was assessed arbitrarily on a scale o f 0-4+. An independent observer assigned
an overall arthritis score to all animals based on paw/tail inflammation and overall
condition/mobility.
A second prophylactic assay was based on treating female Dark Agouti rats (150-

180 g) with test fractions/oils co-administered with the mycobacterial arthritigen.
An autoallergic arthritis was induced in Wistar rats [20] by inoculating into the r ight

rear paw 200 lag bovine cartilage collagen Type-lI emulsified with a complete Freund's
adjuvant (Difco Laboratories, Detroit, USA). (This commercial adjuvant is too weak
to induce adjuvant disease in this ra t strain.) These animals were treated orally from
day 8 onwards.

In-vitro studies

Leukotriene biosynthesis by human polymorphonuclear leukocytes (PMN) was
studied as described [21]. Af t e r isolation, 1 ml o f PMN was added to glass tubes and
warmed to 37°C for 5 min before the addition o f 5 lalo f test fractions o r 5 lal methanol
(control). After 10 min the PMN were stimulated to produce leukotrienes by the
addition o f arachidonic acid (10 ~mol/L final volume) and the calcium ionophore,
A23187 (5 lamol/L final volume). Af t e r a further 5 min incubation, leukotriene
synthesis was stopped by the addition o f 100 lal o f 100 mmol/L citric acid and LTB4
and 5-HETE measured by HPLC [21].
Prostaglandin production by human monocytes was measured as follows. Mono-

nuclear cells were isolated using a ficol gradient [22] and 4 × 106cells were suspended in
250 lal o f RPMI-1640 medium supplemented with 10% fetal calf serum, 5 lag/ml
penicillin and 50 U/ml streptomycin. After incubation at 37°C in 5% CO2 for 1 h, the
non-adherent cells were removed by washing with Hanks balanced salt solution. The
adherent cells were then incubated in 250 !11 of the RPMI medium containing the fatty
acid methyl esters prepared from Lyprinol subfractions at various concentrations and
5' lag/ml E. coli lipopolysaccharide. After 24 h the supernatants were sampled and
analysed for prostaglandin-E2 using a competitive radioimmunoassay [23].
Platelet aggregation was measured ex vivo using 400 lal platelet-rich plasma,

obtained from rats by cardiac puncture using heparin o r from volunteers b y
venipuncture using citrate as anticoagulant. Aggregation at 37°C was triggered by
adding 10 lal 25 mmol/L arachidonic acid o r 10 lal 0.2 mmol/L ADP and recorded
using a Chronolog aggregometer. Wistar rats were pre-dosed orally for up to 16 days
with 50 mg kg-~ day -l Lyprinol. Volunteers took either 150 mg aspirin o r 3 Lyprinol
capsules (each containing 50 mg) per day for 7 days before drawing the blood samples.
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RESULTS

Inhibition o f adjuvant-induced polyarthritis in Wistar rats

Table 1 compares the efficacy o f the original stabilized mussel powder (Seatone) with
the two derived fractions; namely, the SFE extract, which constitutes approximately
4% and the residues being the residual ~>95% o f the extracted dried mussel. The top
dose o f 300 mg/kg was the same as that required for aspirin to show any effect on this
experimental arthritis. Naproxen and ibuprofen were included in this comparison,
being readily available in over-the-counter (OTC) formulations in Australia and other
countries. All the test drugs/materials were given orally for the maximum (prophylac-
tic) dosing per iod = 16 daily doses beginning on the day before inoculating the
arthritigen.
Table 2 shows the results o f dosing according to this maxi(prophylactic) schedule

with the SFE extract in olive oil (Lyprinol) and a range o f plant/marine oils currently
sold OTC with implied claims that they may confer benefit in inflammatory disorders.
None o fthese plant/marine oils matched Lyprinol in potency.
Table 3 also compares Lyprinol with these plant/marine oils in a much briefer

therapeutic o r dosing schedule: namely treating the animals from the time o f initial
onset o f arthritis (day 10 post-arthritigen) for only 4 days. Following cessation o f this
br ief treatment (on day 13), Lyprinol-treated rats exhibited a slow recrudescence o f
arthritic signs from day 14 onwards, indicating that the therapeutic effect is reversible
though the rebound was noticeably slower than post-NSAID treatment. The plant/
marine oils were barely effective in this short-term dosing experiment.

TABLE 1
Adjuvant arthritis - prophylactic treatment withmusselpreparationsor (OTC) NSAIDs

Signs o farthritis (+ SE) on day 15

Dose Rear paw Front paw
Treatment mg/kg swelling (mm) swelling (ram)

Arthritis
score

None - 1.19 (0.21) 2.5 (0.3)+
Dried mussel 300 0.24 (0.05) 0.8 (0.2)+
SFE ex mussel 15 0.23 (0.06) 1.3 (0.2)+
Mussel residue 300 1.15 (0.09) 1.9 (0.7)+
Aspirin 300 0.72 (0.16) 1.9 (0.4)+
Ibuprofen 50 0.61 (0.02) 1.7 (0.1)+
Naproxen 25 0.25 (0.17) 0.8 (0.3)+

2+
0.7+
0.5+
2+

1 . 5+
1.4
0.8+

Testmaterials administered po for 16days, female Wistar rats (n= 4/group)
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TABLE 2
Adjuvant arthritis: prophylactic treatment with Lyprinol or some plant/marine oils

Signs of arthritis (-t-SE) on day 15

Dose Rear paw Front paw Arthritis
Treatment* mg/kg swelling (mm) swelling (mm) score

None - 1.21 (0.07) 2.8 (0.5)+ 2.8+
Olive oil 1850 1.19 (0.12) 2.9 (0.3)+ 2.7+
Lyprinol 20 0.23 (0.13) 1.4 (0.3)+ 1.5+

Fish oils
Max EPA 1850 0.63 (0.22) 1.1 (0.3)+ 1.8+
Norwegian salmon 1850 0.74 (0.11) 2.7 (0.8)+ 2.0+
Pikasol 1850 1.36 (0.11) 3.0 (0.3)+ 3+

Plant oils
Flaxseed 1900 1.07 (0.22) 3.3 (1.1)+ 1.7+
Evening primrose 1900 0.82 (0.22) 2.5 (0.9)+ 1.5+

Oils administered po for16days, female Wistar rats (n= 5/group)
*Source ofoils:MaxEPA (Solgar, Lynbrook, NY, USA); Norwegian salmon (J.R. Carlson, Arlington Hts,
IL, USA); Pikasol (Lube AS, Hadsund, Denmark); Flaxseed (Barleans, Ferndale, WA, USA); Evening
primrose (Nature's Way, Springville, Utah, USA)

Other studies o f arthritis inhibition

Table 4 shows that Lyprinol also suppresses the autoallergic arthritis induced by
sensitizing Wistar rats to the unique collagen Type-II present in cartilage. Fish oils
may actually augment this auto-allergic arthritis in rats [24]. Ibuprofen had no effect on
the acute/chronic paw swelling induced in the right rear paw by the injection o f the
antigen/adjuvant emulsion. Lyprinoi did reduce this local inflammation as well as the
systemic arthritic manifestations in the other paws.
Table 5 shows that incorporating the SFE from the mussel into the arthritigenic

adjuvants, effectively ablated arthritis development. This is a rare property o f only a
few drugs currently used to t rea t arthritis, notably cyclosporin and lobenzarit [25]. A
pseudoadjuvant prepared from the contents o f the Lyprinol capsule (i.e. the SFE in
olive oil) was not arthritigenic in contrast to plain olive oil adjuvants.
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TABLE 3
Adjuvant arthritis: therapeutic treatment with Lyprinolor some plant/marine oils

Mean changes in signs of arthritis (-t-SE)

Dose Rear paw Front paw Arthritis
Treatment* mg/kg swelling (ram) swelling(ram) score

None - 1.09 (0.27) 1.8 (0.5)+ 2.6+
Olive oil 1850 0.96 (0.11) 1.9 (0.2)+ 2.7+
Lyprinol 20 0.02 (0.10) + (0.5) 1.5+

Fish oils
Max EPA 1850 0.91 (0.23) 2.1 (0.4)+ 2.1+
Norwegian salmon 1850 1.38 (0.43) 2.6 (1.0)+ 2.8+

Plant oils
Flaxseed 1900 0.75 (0.24) 1.6 (0.6)+ 1.8+
Evening primrose 1900 0.69 (0.17) 1.8 (0.5)+ 1.8+

Ibuprofen 40 0.80 (0.14) 1.9 (0.2)+ 2.3+

Test materials administered po for4days only, female Wistar rats (n= 5/group)
*Source ofoils: seeTable 2

In-vitro studies

These were conducted with various subfractions prepared from the original SFE
extract [18,19]. Free fatty acids (constituting about 30% o f the SFE extract) were
separated by reverse-phase chromatography. Fractions from the column were collected
a t various time intervals.
Table 6 shows that four o f these fractions (f,d,b,e) were particularly effective in

inhibiting the transformation o f added arachidonate to leukotriene-B4 and 5-HETE by
A-23187-activated human PMN. These active fractions contain polyunsaturated acids
with 4, 5 and 6 double bonds.
The unfractionated SFE material also inhibited prostaglandin E2 production from

endogenous arachidonate by stimulated human blood monocytes with IC50= 1.2 ~tg/
ml. This la t te r finding confirms a previous prescient observation that a mussel
preparation mimics NSAIDs in prolonging gestation in rats by influencing prostaglan-
din production [16].
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T A B L E 4
Collagen-II arthritis: therapeutic treatment with mus s e l preparations

S i gn s o f arthritis on d a y 15 ( _ SE )

D o s e Left rear p a w R i g h t rear p a w F o r e p aw
Treatment m g / k g swe l l i n g (mm) swe l l i n g (mm) inflammation

None - 1.77 (0.17) 1.62 (0.27) 2.5 (0.5)+
Olive oil 1850 1.75 (0.05) 1.75 (0.35) 2.3 (0.6)
SFE in olive oila 20 0.32 (0.07) 1.04 (0.04) 0.6 ( 0 . I ) +
W h o l e mus s e lb 300 0.74 (0.16) 1.11 (0.16) 0.8 (0.2)+
O T C i b u p r o f e nc 50 0.82 (0.19) 1.48 (0.39) 0.7 (0.2)+

Female Wistar rats sensitized by injecting C-II/CFA in right rear paw (day 0). Treatment given po from day
8 onwards (n = 4 animals/group)
aAs in Lyprinol= 20% SFE in olive oil; bSeatone (Australia); CNurofen

T A B L E 5
Arthritis ablation by mus s e l 'oil'/Lyprinol

S i gn s o f arthritis (__+SE)

Mycobacterium SFE Re a r p a w F r o n t p a w Arthritis A wt
tuberculosis in (mg/rat) swelling (mm) swelling (mm) s c o r e (g)

Olive oil 1.68 (0.31) 4 (0.7)+ 3.2+ +04
10 0.19 (0.22) 0.3 (0.2)+ 0.2+ +20
5 0.46 (0.26) 1.2 (0.3)+ 1.5+ +17
2 0.88 (0.61) 1.3 (0.7)+ 2 + +18

LyprinoP (20) 0.13 (0.17) 0.8 (0.3)+ 0.2+ +25

F l a x s e e d oil 1.47 (0.27) 3.8 (0.9)+ 3+ +05
T r i - GLAb - !.08 (0.43) 3.5 (1.4)+ 2.3+ +11
Pikasol ¢ - 0.78 (0.15) 1.3 (0.2)+ 1.1 + +16

Female Dark Agouti rats (n = 4/group) inoculated with 0.1 ml mycobacterial/oil 'adjuvants' containing
mussel lipids (SFE). Ensuing arthritis scored on day 17
aLyprinol= 20% SFE in olive oil; brri-T-linolein (80%, Scotia); CDanish fish oil
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TABLE 6
Inhibition ofhuman PMN leukotriene production by Lyprinol and its subfractions

Fatty acid Retention
Experimental concentrations time LTB4 5-HETE
conditions (~tg/ml) (min) ng/106 PMN ( -t-SE)

Control PMN 19.8-+0.8 129 -+3
Unfractionated SFE 100 0 12-t-7

SFE fractions
RPFA-a 9 18-22 19.7+ 1.6 156__+16
RPFA-f 41 22-25 0 0
RPFA-d 30 25-31 4.2± 0.8 0
RPFA-b 46 31-36 0 0
RPFA-e 18 36-42 2.2 + 1.1 24___ 4
RPFA-i 20 42-47 16.7-+1.2 95_+6
RPFA-c 113 47-61 15.7+1.1 110+4
RPFA-g 155 61-66 17.0_+0.6 I03_+4
RPFA-h 51 77-83 16.8+0.9 134-t-4

Other in-vitro studies

Lyprinol, like Seatone, showed little activity in the standard test for NSAIDs, namely
rapid inhibition o f the carrageenan paw oedema (data not shown). Lyprinol was non-
gastrotoxic in fasted disease-stressed (arthritic) rats at a dose o f 300 mg/kg. The same
dose o f aspirin caused massive gastric haemorrhage.
Preliminary studies indicated that platelet aggregation ex vivo, triggered by

arachidonate o r ADP, was normal in platelet-rich plasma from rats dosed with
Lyprinol for 16 days (at 50 mg/kg) and two human volunteers taking 150 mg/day
Lyprinol. Aspirin a t the same daily dose profoundly inhibited platelet aggregation
induced by arachidonate but had little/no effect on aggregation induced by ADP.

DISCUSSION

These in-vivo/in-vitro studies indicate that Lyprinol, the lipid fraction (mussel 'oil')
obtained from stabilized dried mussel powders, is a potent but relatively slow-acting
anti-inflammatory agent. It behaves as a dual inhibitor o f arachidonate oxygenation by
both cyclooxygenase (COX) and 5-1ipoxygenase. Since Lyprinol does not seem to
readily affect the na tu ra l resistance o f the stomach mucosa o r inhibit platelet
aggregation, this effect on cyclooxygenase activity may be directed more towards the
inducible (inflammation-associated) COX-II ra the r than the 'housekeeping' COX-I
(gastric mucosa, platelet).
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E x t e n s i v e f r a c t i o n a t i o n o f L y p r i n o l y i e l d e d m o r e p o t e n t but r a t h e r less s t a b l e
subfract ions, p a r t i c u l a r l y w h e n t h e s e w e r e e n r i c h e d a t the e x p e n s e o f the e n d o g e n o u s
ant ioxidants . T h e f i n d i n g o f t w o o r t h r e e p a r t i c u l a r u n s a t u r a t e d f a t t y a c i d s , o t h e r than
E P A o r DHA , i s part icularly interest ing as they a p p e a r to be p o t e n t i a l antimetaboli tes
to a r a c h i d o n a t e [19]. T h e c h a r a c t e r i z a t i o n o f t h e s e mussel-sourced a c i d s i s d e s c r i b e d
e l s e w h e r e [26].
O t h e r p o l y u n s a t u r a t e d f a t t y a c i d s have b e e n extensively s t u d i e d a s p o t e n t i a l

i m m u n o r e g u l a n t s [27]. T h e g e n e r a l c o n s e n s u s i s that r a t h e r high d o s e s o f ~- o r )'-
l inolenates , E P A o r D H A a r e r e q u i r e d to consis tent ly i n f l u e n c e i m m u n e r e s p o n s e s as
d e t e r m i n e d b o t h in vivo a n d in vi t ro . T h e s e n o v e l m u s s e l a c i d s , t o g e t h e r wi th the E P A
a n d D H A (and p e r h a p s o t h e r unident if ied c o m p o n e n t s ) also p r e s e n t in L y p r i n o l , m a y
a c t synergis t ical ly as a p o t e n t i m m u n o m o d u l a t i n g c o m b i n a t i o n o f n a t u r a l d r u g s .
T h e s e s t u d i e s c e r t a i n l y give credibi l i ty to the folk w i s d o m o f u s i n g c e r t a i n m a r i n e

p r o d u c t s , part icularly th i s N ew Z e a l a n d - s o u r c e d m u s s e l , as a nutri t ional s u p p l e m e n t
to help al levia te the s i g n s a n d s y m p t o m s o f ar thr i t i s .
T h e leukotriene-regulant act ivi ty m a y also b e o f i n t e r e s t in o t h e r clinical c o n t e x t s

( e . g . a s t h m a , i n f l a mm a t o r y b ow e l disease).
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Abstract—A useful function of any complementary medicine is to supplement some of the bene�ts
from other treatment modalities. In rats, extracts from Indian celery seed and the NZ green-
lipped mussel are powerful nutraceuticals that (i) amplify the potency of salicylates and prednisone
for treating pre-established chronic in�ammation (arthritis, �brosis) and (ii) reduce the steroid’s
gastrotoxic and lymphopenic side effects. Such combinations might also be useful for treating
in�ammatory components of (a) osteoarthritis caused by microcrystalline hydroxyapatite (BCP)
and (b) pseudo-gout, associated with calcium pyrophosphate crystals; that are usually refractory to
monotherapy.

Key words: Celery (seed) extracts; collagen-induced arthritis; (N.Z.) mussel extracts; prednisone;
BCP/zymosan-induced �brosis; steroid-sparing activity.

1. INTRODUCTION

Complementary/ alternative medicines (CAM) are now the subject of considerable
re-appraisal (Mills and Bone, 2000; Ernst, 2001; Rotblatt and Ziment, 2002; Brat-
man and Girman, 2003). However, evaluations of non-prescription therapies often
do little justice to some of their truly complementary, i.e., supportive characteristics,
such as covering an insuf�ciency or failing of another therapy. This may be dif�-
cult to assess and then accept, especially in the current regulatory climate which
generally opposes the licensing of drug combinations.

¤To whom correspondence should be addressed. Fax: (61-7) 3397-7035; e-mail: dbutters
@powerup.com.au
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Table 1.
Overview of three nutraceutical medicines, as studied in rats

Tradition Source AI agents AI¤ ‘Steroid- Analgesic Gastroprotectant
sparing’

Ayurvedic Celery seed C C C C
(India) Apium graveolens
Maori (New Green-lipped C C ¡ C=¡¤¤

Zealand) (GL) mussel
Perna canaliculus

Aboriginal Fat from emu C C C=¡¤¤ C=¡¤¤

(Australia) Dromais
novaehollandiae

* Anti-in�ammatory activity, preventing arthritis development.
** Dependent on degree of fractionation.

As this report shows, it is feasible to explore the potential of drug–CAM
combinations for treating in�ammatory disorders using stringent pharmaco-assays
in laboratory rats.

There are few modern drugs for in�ammatory disease so polyvalent as the classic
synthetic drugs: aspirin (used for over a century) or prednisone (nearly a half-
century old). These are still widely consumed or prescribed when not much else
seems ef�cacious. It is worth looking at ways to live with the side-effects of these
two classes of drugs. Each of these classic drugs has spawned an extended family
of pharmaceutical second- or third-generation synthetic agents designed to be either
more potent for local delivery (supersteroids for asthma or dermatitis) or less toxic
for systemic use (COX-2 inhibitors). These are expensive, still need regulation and
are unlikely to be available to the 80% of the global population living in the Third
World.

This study examines some natural products derived from three systems of tradi-
tional medicine (TM) practised in non-Western cultures, that are as yet relatively
neglected (Table 1). The intrinsic anti-in�ammatory activity of the animal products
(from a shell�sh and a bird, the emu) has been discussed elsewhere (Whitehouse et
al., 1997, 1998).

Here we outline some of their potential to augment both aspirin-like drugs and
corticosteroids — effectively reducing both dosage and side effects of these classical
anti-in�ammatory drugs.

For evaluating arthritis remedies, the choice of animal model(s) may be critical
for generating apposite data concerning the real power of new monotherapies (e.g.,
biologicals) or novel drug combinations, that might realistically ful�ll expectations
in a subsequent clinical trial. It is not too dif�cult to identify anti-in�ammatory
agents that suppress development of an experimental arthritis in rodents. However,
to curtail the arthritis, once fully expressed, is quite another achievement.

Two models of chronic in�ammation in rats were used to verify the value of
combinations of steroid with steroid-supportive nutraceuticals; namely (1) the
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collagen-induced polyarthritis in rats, relevant to rheumatoid arthritis (Trentham,
1982) and (2) the persistent in�ammation engendered with insoluble calcium salts
(Denko and Whitehouse, 1976) of relevance to osteoarthritis (and perhaps pseudo-
gout).

2. MATERIALS AND METHODS

Studies in rats were carried out according to protocols approved and supervised by
the University of Queensland (UQ) Animal Ethics Committee Number 5. Outbred
Wistar and inbred Dark Agouti rats were obtained from the UQ Central Animal
Breeding Facility, Pinjarra Hills.

2.1. Collagen-induced arthritis (CIA)

Collagen type-II from bovine trachea was dissolved in 10 mM acetic acid (2 mg/ml)
and emulsi�ed with an equal volume of Freund’s incomplete adjuvant, FIA. On day
0, 250 ¹l of this emulsion was injected (D 5 £ 50 ¹l inoculations) intradermally
into the tailbase of Wistar rats, using a 30 g needle. No booster injection was
needed. CIA was assessed by paw swelling measured on day 15 and at earlier
times as appropriate. An arthritis score (scale 0–4C) was also compiled for each
animal, based partly on signs of in�ammation in all four paws and along the tail but
also including assessment of other clinical signs of general well-being or otherwise
(mobility, piloerection, low-grade fever, grooming, etc.). Prophylactic treatment
was administered either (i) continually from day 0 for 15 days or (ii) at late stages
of development, from day 9–14 inclusive. Therapeutic treatment was given, after
the disease was optimally established, from days 15–18.

2.2. Adjuvant-induced arthritis

Female Wistar rats (160– 180 g) were injected subcutaneously with 0.7 mg heat-
killed M. tuberculosis (human) dispersed in 0.1 ml squalane. Treatment was
initiated on day 15 for three days.

2.3. Chronic response to persistent local irritants

The rear paws of rats were injected with irritants dispersed in isotonic saline
(60.2 ml): zymosan-A, 0.5 mg; hydroxyapatite, 5 mg; calcium pyrophosphate,
10 mg. Paw swelling was measured after 3 h, 24 h and daily thereafter. Test
treatments were usually administered orally after three h, when the initial oedemic
response had peaked and the more chronic responses leading to �brosis had begun.

2.4. Assessment of some side effects

Animals were fasted overnight after �nal dose of treatment and challenged next day
with 50 mg/kg oral ibuprofen (given as the OTC formulation, Nurofen®) to probe
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the resistance of the gastric mucosa to an NSAID. Animals were killed after 2.5 h,
their stomachs rinsed and the number of mucosal haemorrhagic lesions enumerated.
Spleens and thymi were removed and weighed to assess lymphoid involution as
another marker of steroid intoxication.

2.5. Therapeutic agents (sources)

Aspirin (Monsanto), prednisone, dexamethasone, di�unisal, naproxen (Sigma, St.
Louis, MO, USA); meloxicam (Boehringer-Ingelheim); celery seed extracts D
alcoholic (Celtech® Beagle, Nerang, Qld, Australia), and supercritical �uid extract
therefrom (Pharm-Med, Chapel Hill, Qld., Australia); extracts of green-lipped (GL)
mussel D stabilised powder (Biomex®, MacLab, Nelson, New Zealand) and a
lipid extract prepared therefrom (Lyprinol®, Blackmores, Sydney, NSW, Australia).
Therapeutic grade re�ned emu oil (Dromaiol®) was supplied by Turner Research
Labs (Narellen Vale, NSW, Australia).

2.6. Other reagents

FIA, hydroxyapatite (grade I), zymosan-A and some batches of collagen type-II
(Sigma); another sample of collagen type-II was a gift from Dr. G. Slim (Industrial
Research, Wellington, New Zealand). Calcium pyrophosphate dihydrate (CPPD)
crystals were prepared from sodium pyrophosphate and calcium chloride (Denko
and Whitehouse, 1976), selected for optimal irritancy and minimal endotoxin
contamination.

3. RESULTS

3.1. Prophylactic treatment of collagen-induced arthritis (CIA)

Table 2 indicates the intrinsic anti-in�ammatory activity in suppressing CIA de-
velopment of two celery seed extracts: alcoholic (A-CS) and a further concentrate
prepared from A-CS by supercritical �uid extraction with liqui�ed carbon dioxide
D S-CS (Butters et al., 2002). The similar ef�cacy of GL mussel extract has been
described previously (Whitehouse et al., 1997).

This is in marked contrast to dosing rats with some triglyceride oils (olive, �sh),
used as neutraceuticals and frequently claimed to be of bene�t in arthritis, which
actually hastened arthritis development (by day 12) and consistently ampli�ed its
magnitude as measured on day 15.

3.2. Therapeutic treatment of established CIA

Table 3 shows that combinations of low-dose prednisone with celery or GL mussel
extract, which were each not effective used singly, rapidly engendered signi�cant
arthritis-remitting activity. Since the average paw swelling of the arthritic animals
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Table 2.
Prophylactic treatment of collagen-inducedarthritis in rats

Treatment g/kg Mean signs of arthritis (day 14)

Increase in rear paw Arthritis score Rats/ group
thickness (mm)

None ¡ 0.58 (0.17) 2.0C 6
A-CSa 0.3 0.21 (0.12) 0.7C 4
S-CSa 0.05 0.08 (0.07) 0.8C 4

Fish oil/Nb 1.8 1.12 (0.18) 2.8C 3
Fish oil/USc 1.8 1.08 (0.22) 3C 3
Cod liver oil 1.8 1.67 (0.17) 3.7C 3
Olive oild 1.8 1.23 (0.26) 3C 5

Oils given orally for 15 daily doses; celery seed extracts for 6 daily doses only commencing on
day 8.

a Alcoholic (A) and supercritical (S) �uid extracts from Indian celery seed.
b Pikasol, Norway.
c MaxEPA, USA.
d Light cooking oil, Spain.

Table 3.
Therapeutic treatment of pre-establishedcollagen-induced arthritis in rats

Treatment Dose Reduction in rear paw Reduction in Gastric
(mg/kg) thickness (mm) arthritis score lesionsa

None ¡ 0.23 (¡0.2C) 38
Prednisone (Pr) alone 2.5 0.18 (0.07) 0.2C 26
Pr C A-CS 2.5/300 0.82 (0.09) 0.9C 11
Pr C S-CS 2.5/50 0.93 (0.13) 1.3C 15
Pr C Lyprinolb 2.5/20 0.99 (0.12) 1.5C 30
Pr C BioMexc 2.5/300 1.05 (0.29) 1.7C 3
Meloxicam (Mx) alone 5 (¡0.02) (0.07) 0.2C 23
Mx C Lyprinol 5/20 0.44 (0.21) 0.3C 16
Mx C BioMex 5/300 0.59 (0.13) 0.9C 19
A-CS alone 300 (¡0.25) (¡0.3C) 10
S-CS alone 50 0.10 (¡0.3C) 0
Lyprinol alone 20 (¡0.08) (¡0.3C) 27
BioMex alone 300 (¡0.03) (¡0.3C) 17

Treatment given for 3 days only. Animals challenged on day 4 with ibuprofen (50 mg/kg) to probe
gastric resistance. Measure change rear paw thickness and arthritis score after 3 daily doses. Initial
paw swelling was 1.1–1.3 mm; arthritis score D 2.7–3.2C. Data are means (SEM) from groups
of 4 or 6 rats. Numbers in parentheses represent increase over the no-treatment controls (n D 4
rats/ group).

a Mean number haemorrhagic lesions with ibuprofen, 50 mg/kg after fasting overnight (on the third
day).

b Lyprinol from the GL mussel D lipid extract.
c Stabilised whole mussel powder.
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Table 4.
3-Day combination therapy for rats with pre-establishedadjuvant-inducedarthritis

Dose “Allopathic” With Reduction in Mean Weight
(mg/kg) treatment number change

of gastric (g)
lesionsa

Rear paw Front Arthritis
(mm) paw score

in�ammation
10 Hi Prednisone — 0.07 (0.05) 0 0 44 C1
2.5 Lo Prednisone — 0.06 (0.11) (¡0.7C) (¡0.3C) 32 2

Ly 0.76 (0.13) 1.1C 1.3C 13 C8
A-CS 0.60 (0.13) 0.9C 0.8C 13 C7
S-CS 0.45 (0.19) 0.8C 0.8C 11 C3
Dromaiol 0.59 (0.17) 0.8C 0.9C 21 C3

200 Aspirin — (¡0.16) (0.07) (¡0.6C) 0.2C 20 C2
Ly 0.40 (0.22) 0.6C 0.3C 10 ¡2

80 Di�unisal — (¡0.11) (0.07) 0.3C 0.1C 29 C5
Ly 0.48 (0.14) 1.4C 1.0C 0 C3
A-CS 0.65 (0.11) 1.3C 0.8C 5 C10
S-CS 0.53 (0.15) 1.0C 1.0C 8 C9

150 Mefenamic acid — (¡0.09) (0.15) 0.3C 0.4C 13 C6
Ly 0.61 (0.17) 0.3C 0.7C 0 C9
BM 0.56 (0.21) 1.2C 0.9C 2 C12

20 Lyprinol alone 0.15 (0.11) 0.6C ¡0.1C 17 C4
300 BioMex alone (¡0.07) (0.21) 0.4C 0 0 C3

Dose for 3 days only, fast overnight and probe for gastric resistance with ibuprofen (see Table 3).
Data are means (SEM) from groups of 4 or 6 rats. A-CS D alcoholic celery seed extract (300 mg/kg);
S-CS D supercritical �uid extract from celery (50 mg/kg); Dromaiol (emu) D 900 mg/kg; Ly D
Lyprinol (20 mg/kg); BM D BioMex (300 mg/kg) from GL mussel.

a Mean number haemorrhagic lesions with ibuprofen, 50 mg/kg after fasting overnight (on the third
day).

before treatment was 1:2 § 0:09 mm (n D 60 rats), whilst the normal paw thickness
was 7.3 mm, some of these ‘remissions’ with reductions in paw thickness >0.9 mm
were quite dramatic in appearance. Reductions in paw volume would be even more
dramatic; see Appendix A.

This response was all the more signi�cant because (i) several NSAIDs were
ineffective; (ii) much higher doses of prednisone (>10 mg/kg) were required, if
used alone, to have any impact on paw size but also inducing unacceptable side
effects (weight loss, virtual extirpation of thymus and heightened susceptibility to
NSAID-gastropathy); and (iii) the synergist alone, like the NSAIDs alone, were
ineffective here — in contrast to their ability to suppress arthritis development
when used at an earlier time, e.g., celery extracts (Table 1) and the mussel extracts
(Whitehouse et al., 1997).

3.3. Therapeutic treatment of established adjuvant-induced arthritis

Tables 4 and 5 show that this synergy was reproducible in another model of
experimental polyarthritis, induced with a mycobacterial adjuvant. Here it was
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Table 5.
“Souping up” salicylate for treating established adjuvant-inducedarthritis in rats

Dose of Treatment Reduction in Mean Weight
additive p.o. number change
(per kg) of gastric (g)

lesionsa

Rear paw Front Arthritis
(mm) paw score

in�ammation
2 ml Olive oil (OO) alone 0.10 0 0.2C 31 C4
200 mg Na salicylate (¡0.07) (¡0.5C) (¡0.9C) 33 C5

and OO
20 mg – and Lyprinolb 0.48 (0.12) 0.7C 0.5C 0 C8
1 ml – and Dromaiolb 0.67 (0.12) 1.6C 0.7C 16 C10
100 mg – and S-CSE 0.45 (0.17) 0.5C 0.5C 2 C3
20 mg Salicyl alcohol and Lyprinol 0.05 (¡0.2C) (¡0.1C) ND C6

Dose for 3 days only, fast overnight and probe for gastric resistance (see Tables 3 and 4).
Dose of sodium salicylate or salicyl alcohol D 200 mg/kg per day. OO D olive oil carrier for active

lipids.
a Mean number haemorrhagic lesions with ibuprofen, 50 mg/kg after fasting overnight (on the third

day).
b Inhibition of leukotriene synthesis by human PMN’s.

possible to replace low-dose prednisone with (i) some relatively weak but non-
gastropathic NSAIDs, e.g., di�unisal, mefenamic acid and sodium salicylate, better
known as analgesics rather than anti-arthritic agents, or (ii) other NSAIDs with low
gastrotoxicity, e.g., meloxicam. Also, the Lyprinol could be replaced with whole
stable GL mussel powder or celery seed extracts or an active emu oil (given orally).

The combination of salicyl alcohol (saligenin) with Lyprinol did not remit arthri-
tis, showing that Lyprinol needed to given with a proven NSAID to successfully
treat established arthritis.

3.4. Experimental �brotic in�ammation induced by zymosan

The yeast cell wall protein-carbohydrate complex, zymosan, induces a biphasic
response when injected into a rat’s paw, i.e., an initial rapidly developing oedema
(partly reduced by cyproheptadine) which subsides after 2–3 h and is succeeded by
a slow developing but persistent local �brosis. To distinguish anti-�brotic activities
from acute anti-in�ammatory effects, all treatments were given after 3 h.

Table 6 again shows that combinations of celery seed or GL mussel extracts
together with low dose prednisone or dexamethasone were able to reduce both the
delayed �brotic response to zymosan and the incipient toxicity of these steroids
(thymus involution, predisposition to NSAID gastropathy).

3.5. Persistent in�ammation with calcium salts found in human joints

The major mineral component of bone, the basic calcium phosphate (BCP) D
hydroxyapatite, induces chronic irritation when injected into an air pouch in rats
(Dieppe et al., 1976) or into rats’ rear paws (Denko and Whitehouse, 1976); the
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Table 6.
Persisting rear paw oedema after injecting zymosan or crystalline calcium salts

Treatment mg/kg Zymosana with BCPb CaPPc

24 h 48 h 24 h 48 h 24 h 48 h
High Prednisone 10 19 20
Low Prednisone 2:5 0 0 6
L-Pr. and A-CS 300 58 44 46 41 67 69
L-Pr. and S-CS 50 34 27 57 72 48 75
L-Pr. and BioMex 300 76 66 64 60
L-Pr. and Lyprinol 50 52 39 66 46 8 20
L-Pr. and emu oil 900 63 46 40 48 22 59

Naproxen 50 ¡32 ¡11 ¡9 ¡7 0 9
N. and A-CS 82 63 0 23
N. and S-CS 0 28
N. and BioMex 59 46 9 17
N. and Lyprinol 0 0 73 70 0 19
N. and emu oil 71 84

Data are percentage inhibition (n D 4/group) measured after 24 and 48 h, treatment given at 3 and
24 h after injecting irritants.

Dose of irritant adjusted to give increase in paw thickness D 1:2 § 0:11 mm in untreated controls.
a Zymosan (yeast cell wall) a trigger for �brotic in�ammation.
b Hydroxyapatite as found in OA (not RA) synovial �uids.
c Calcium pyrophosphate as found in pseudo-gout.

Table 7.
Divergent anti-in�ammatory responses within the one animal

Rat Treatmenta Mean paw swelling in mm (SEM) with

BCP after CPP after

24 h 48 h 24 h 48 h
DA None 1.60 (0.07) 1.50 0.85 (0.05) 1.05

Naproxen alone 1.46 (0.02) 1.43 0.95 (0.13) 0.85
Naproxen and BM 0.50 (0.15) 0.70 1.04 (0.06) 0.99

Wistar None 1.38 (0.13) 1.38 1.22 (0.19) 1.27
Naproxen alone 1.38 (0.07) 1.45 1.20 (0.13) 1.03
Naproxen and BM 0.80 (0.17) 0.70 1.22 (0.08) 1.08

Groups of 4 DA or Wistar rats were injected in the left paw with BCP (5 mg) and the right paw with
CPP (10 mg).

a Naproxen D 50 mg/kg; BioMex (BM) D 300 mg/kg, dosed orally 3 and 24 h after inoculating
rear paws with BCP /CPP.

latter response being expressed as a slow-developing but persistent paw oedema.
Table 6 shows that this too was reduced by treatment with the same synergistic
TM-combinations with low dose prednisone that held down the �brotic response
to zymosan. Rather surprisingly high-dose naproxen plus TM combinations also
suppressed this BCP-induced in�ammation.
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Table 6 also indicates that the in�ammatory response to CPPD, the likely
cause of pseudo-gout, might also respond to the same steroid-plus synergist
combination. However, this CPPD-induced in�ammation was refractory to high
dose naproxen alone or combinations of naproxen with the same synergists that
effectively suppressed BCP in�ammation when combined with prednisone. This
was dramatically con�rmed when hydroxyapatite was injected into one rear paw and
CPPD into the other and the animals then dosed with a test combination (Table 7).

3.6. Lymphoid involution

Animals with the zymosan-induced paw oedema suffered modest parallel reduction
in thymus and spleen mass after three days, compared to non-in�amed rats.
Treatment with prednisone (2.5 mg/kg) reduced thymus/body weight ratio by 30%:
this was restored to normal by co-dosing with 13 mg/kg Lyprinol. The equivalent
anti-in�ammatory dose of prednisone alone (10 mg/kg), i.e., without Lyprinol,
reduced the thymus/body weight ratio by over 50%.

4. DISCUSSION

These experimental studies have asked the question: will combination therapies
safely and effectively out-perform monotherapy in controlling severe, disabling,
in�ammation? Few anti-arthritic drugs induce/ accelerate remission of established
polyarthritis in rats at sub-toxic doses. Not too many treatments are truly effective
for preventing the cartilage destruction in rheumatoid arthritis caused by ingrowth
of pannus (from hyperplastic synovium).

Endogenous cortisol provides inter alia a �rst line of defence from the ravages
of chronic in�ammation. When other palliative therapy fails, it is still common
practice to introduce a synthetic corticosteroid (CS), e.g., prednisone for systemic
use or yet more potent CS for local use (lung, skin). These allopathic steroids are
multi-potent and suppress chronic in�ammation by several mechanisms, function-
ing simultaneously or sequentially, which other therapies may only control singly.
Thus, the leukotriene-regulant function of corticosteroids, effected by controlling
phospholipase-A2 , is largely reproduced by inhibitors of 5-lipoxygenase (5-LOX)
supplemented by leukotriene-receptor antagonists. Other valuable properties of
corticosteroids, such as inhibiting nuclear factor ·B and other promoters of pro-
in�ammatory cytokines, have not as yet been fully reproduced by currently available
drugs in the clinic. Fortunately this latter function seems attainable with low-dose
steroids. Some of the effective natural products, e.g., Lyprinol and the more potent
emu oils contain 5-, 12- and 15-LOX-inhibitors (W. H. Betts, personal communica-
tion).

So we can now begin to write new pharmaco-ef�cacy relationships along the lines:
(1) Low-dose steroid plus LOX inhibitor (may be) D high-dose steroid alone.
Paradoxically, we can also write another equation:
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(2) Low-dose steroid plus steroid ‘antagonist’ D high-dose steroid for ef�cacy,
while minimising the steroid toxicity. This is achieved in a two-fold manner:
direct reduction of the steroid dose needed and supplemented by any properties
of the synergist acting as an ‘antagonist’ to counteract a steroid side effect,
e.g., celery extract protecting the stomach (Whitehouse et al., 2001) or Lyprinol
protecting the thymus.

In other clinical contexts, the concept of ‘steroid-sparing’ agent (SSA) is used
to describe supplementary prescription therapy for patients, usually asthmatics,
who are steroid dependent. Some of these SSA, e.g., methotrexate, aurano�n,
cyclosporin (Harbison and Whitehouse, 2000), are notoriously toxic and can only
be used clinically under strict supervision. However, as shown here, there are
natural products/ nutraceuticals which might also be considered steroid-sparing,
either as (i) ampli�ers of potency (i.e., diminishing steroid dosage required) or
(ii) protectants from some of the notorious side effects of steroids, e.g., GI ulcers,
lymphoid involution, and perhaps osteoporosis. The SSA identi�ed here can
probably/ generally be regarded as safe (GRAS), being derived from (a) long
traditional usage in non-Western systems of medicine and (b) regular foodstuffs
in the same and other cultures.

Osteoarthritis is notoriously dif�cult to treat beyond palliative therapy with
analgesics (Hochberg, 2002). The presence of hydroxyapatite crystals embedded
in the synovium or phagocytosed by synovial �uid leukocytes may trigger the
release of pro-in�ammatory/ algesic factors (Dieppe et al., 1976; Gibilisco et al.,
1985). Corticosteroids are sometimes used intra-articularly (Buchanan and Kean,
2002) when prostaglandin-suppressant drugs prove inadequate. However, both oral
and intra-articular steroids may impair what little cartilage regeneration might be
occurring (Lash and Whitehouse, 1961).

The proliferation of �broblast-like synoviocytes, probably responsible for pannus
formation and destruction of joint cartilage in rheumatoid arthritis, is driven by
macrophage inhibitory factor (MIF). MIF may also activate the expression of
phospholipase-A2 and cycloxygenase by rheumatoid synovial �broblasts (Lacey et
al., 2003). A key factor regulating MIF is its natural antagonism by endogenous/
supplemented corticosteroids (Morand et al., 2003).

This realisation again raises the question of how to get the best out of the steroids
we know — optimising their therapeutic potential — while successfully controlling
their side effects. One answer may be to harness the power of readily available
synergistic CAMs with the requisite qualities: reproducible and reliable, adequate
preservation, proven ef�cacy/safety and affordable cost (Butters and Whitehouse,
2003).

Finally, these studies also showed the bene�cial effects of some TM-products for
reducing, even sometimes abolishing, NSAID-gastropathy in chronic in�ammation
(see Tables 3–5); demonstrated previously in more acute models of in�ammation
(Rainsford and Whitehouse, 1980; Whitehouse et al., 2001).
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APPENDIX A

Relationship between paw thickness and paw volume, as indicators of oedemic/
�brotic in�ammation (Y. Anissimov, Therapeutics Research Unit, UQ):
² Assuming a cylindrical geometry, the volume of a rat’s rear paw D length (l) £

area of cross section (¼D2=4).

With V D a ¢ D2; where D D diameter; a D l¼=4
then 1V approximates to 2 aD ¢ 1D:

² So the relative change in volume

1V

V
D 2aD ¢ 1D

aD2 D 21D

D
;

i.e., twice the relative change in diameter.
² Restating this, the volume of oedema reduction is double the reduction of paw

thickness/ diameter.
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Random Sampling of Dogs with 
Elevated Triglycerides 
Matthew Wheaton, D.V.M.



2 Month Random Sampling

• I have taken a very cursory look at a random 
sampling of dogs with elevated triglyceride levels 
that were put on Moxxor for 2 months and 
compared their pre-treatment levels with their 2 
month post-treatment levels.



High Points:

*  12 dogs of varying breeds, sex and ages. Diets were 
unchanged but vary from dog to dog.

*  Pre-treatment average for this group was 1400. The 
normal range in dogs from our lab is 29-291.

*  Post-treatment (2 months) average for this group was 
330.

That is a 76% decrease with 2 months of Moxxor as the 
only treatment administered and no diet change.



Conclusion

• I am very pleased with the changes that I have 
seen with this group of patients and plan to 
perform a more formal, controlled study in the 
future. We have very similar changes in our cat 
population as well and I will present this info to 
you another time.
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A green-lipped mussel (GLM) preparation was evaluated in a randomized, double-controlled and 

double-blinded clinical trial. It was hypothesized that the treatment effect would be less than that 

of the positive control (carprofen) but more than that of the negative control (placebo). Forty-five 

dogs with chronic pain and a radiographic diagnosis of osteoarthritis that were randomly 

allocated into one of three groups completed the study. All dogs were fed the test products or 

placebo for 8 weeks. The dogs were evaluated four times, at 4-week intervals. Six different 

variables were assessed: veterinary-assessed mobility index, two force plate variables, owner-

evaluated chronic pain index and pain as well as locomotion visual analogue scales (VASs). 

Intake of extra carprofen was also evaluated. A chi-squared and a Mann–Whitney test were used 

to determine significance between groups. When changed to dichotomous variables, there were 

more dogs in the GLM than in the placebo group that improved, according to veterinary-assessed 

mobility, owner-evaluated chronic pain index and pain VAS (P = 0.031, P = 0.025, P = 0.011, 

respectively). For the same three, the odds ratio and their confidence interval were over one. The 

extent of improvement was significantly different between the GLM and the control in 

veterinary-assessed mobility (P = 0.012) and pain VAS (P = 0.004). In conclusion, GLM 

alleviated chronic orthopedic pain in dogs although it was not as effective as carprofen. As no 

side-effects were detected, GLM may be beneficial in dogs e.g. when non-steroidal anti-

inflammatory drugs cannot be used. 

 



Keywords: Controlled, dog, Lyproflex®, nutraceutical, OA, placebo 

 

Over the last few years, there has been a growing interest in new treatment options for 

osteoarthritis (OA), both for humans and pets, especially dogs. The so-called nutraceuticals have 

become available, since some patients cannot tolerate or do not want to take the risk of non-

steroidal anti-inflammatory drugs (NSAIDs) because of their side-effects (1,2). Nutraceuticals 

have been described as naturally occurring, biologically effective nutritional supplements that can 

confer some degree of health benefit and there is a whole new science referred to as 

‘bioprospecting’(3) that explores and introduces these new herbs—or animal molecules or 

products. Currently, several nutraceuticals on the market are claiming to relieve arthritic 

symptoms. These products generally fall mainly into two distinct product groups, including 

glucosamine and chondroitin sulfate combinations or polyunsaturated fatty acids (PUFAs), 

particularly Omega-3 series PUFAs, such as those derived from marine sources. One of the 

nutraceuticals that may benefit OA is a product based on Perna canaliculus, or the green-lipped 

mussel (GLM) that has been thoroughly examined by Halpern (4) [see also (5)]. 

 

The early GLM-based products were often produced from rejected mussel meat from human food 

processing, which typically included steam processing as part of the manufacturing process and 

the early trials using these unstable GLMs, showed poor results. In the 1980s, a method of 

temperature-controlled cold processing and stabilization of GLM by adding organic acids to 

prevent oxidation and freeze-drying was patented (6). After 1986, this new stabilized GLM has 

been in use and is documented to be efficacious in treating experimental arthritis in rats (7,8), 

clinical arthritis in humans (9,10) and more recently also in dogs (11,12). 

 

The GLM product used in this study, which originates from mussel farms in the Pacific Ocean, 

has been harvested when the mussels are 12 to 18-months old, and is stabilized, freeze-dried at 

−40°C and packed immediately thereafter. The GLM product is a rich source of nutrients, 

including glycosaminoglycans (GAGs), such as chondroitin sulfates, vitamins, minerals and 

Omega-3 series PUFAs. It is not totally clear how the products function (13) [this is not totally  

 

 



clear for NSAIDs either (14,15)], despite substantial research. Although there has been only a 

few studies published on the use of stabilized GLM on dogs, it is already available for dogs with 

OA, as a powder, as capsules or incorporated into pebbles. 

 

The aim of this study was to evaluate a GLM product as an OA nutraceutical for dogs in a 

randomized, double-controlled and double-blinded trial. We expected the positive control 

carprofen to significantly reduce pain and locomotion difficulties, and the negative control 

(placebo) to have no such effect. The effect of the nutraceutical was hypothesized to lie 

somewhere between those of the positive and negative. Objective, semi-objective and subjective 

variables were used for assessment. Since the GLM is also used in humans, the treatment 

outcome is of interest for many people as OA is becoming one of the most prevalent and costly 

diseases in our aging society. Due to the side-effects associated with NSAIDs, 60–90% of 

dissatisfied human arthritis patients are reported to seek complementary therapies for their 

disease (16). 

 

Dogs 

Inclusion criteria were that dogs had clinical signs and a radiographic diagnosis of OA, in either a 

hip joint or an elbow joint. The owner had to have described at least two of the following signs as 

being frequent: difficulty in lying down and/or in getting up from a lying position, difficulty in 

jumping or refusing to jump, difficulty in walking up or down stairs, or definite lameness. Dogs 

were excluded from the study if they had had prior surgery of the evaluated joint, inadequate 

clinical symptoms, systemic or infectious disease, neurological deficits, lameness from articular 

infection, or recent trauma. 

 

Sixty-eight dogs were chosen based on 124 telephone interviews with owners. Of these, 51 dogs 

will be presented here and the remaining 17 constituted a treatment group for another study (17). 

Six dogs (two in each group) were excluded from the study at some point for the following 

reasons: having had a previous operation of the affected hip joint, having a transverse vertebra (n 

= 2), sustaining a cruciate ligament injury (n = 2) and diagnosed with degenerative myelopathy. 

There were 15 dogs in each group that finished the study: 12 dogs with canine hip dysplasia 

(CHD) and three dogs with elbow OA in each group, all confirmed by radiographs. Twenty-five 



dogs were male and 20 were female. The median age was 6 years (range 1–11) and the median 

body weight (BW) was 34 kg (range 18–56). There were both uni- and bi-laterally affected dogs. 

All dogs had either moderate or severe radiological changes in the worst-affected hip or elbow 

joint (18). 

 

Owners were asked not to give the dogs NSAIDs or corticosteroids for at least 30 days and no 

Na-pentosan polysulfate (Carthrophen®, Biopharm Pty. Ltd., Australia) for at least 90 days prior 

to the study. However, this proved not to be always the case, as some owners felt that their dogs 

were in such pain that they therefore gave them NSAIDs. The use of the additional analgesic pre-

trial was, however, recorded in the questionnaire. 

 

Test Products 

The product tested in this study was the GLM (Lyproflex® 500 mg; ICENI, OMNI 

nutraceuticals, Cambridgeshire/Biofarm Oy, Finland). The capsules contain 46–52% protein, 

5.9–9.3% fat, 8.0–21.5% carbohydrates, 3.9–5.8% moisture, 14–25% ash, >12 mg 

eicosatetraenoic acid (ETA)/100 g, > 500 mg eicosapentaenoic acid (EPA)/100 g and >400 mg 

docosahexaenoic acid (DHA)/100 g. The initial dose was 4 (for dogs ≤ 40 kg BW) or 6 (for dogs 

> 40 kg BW) capsules/day for 10 days, then continuing with half of the loading dose (i.e. two or 

three capsules) for the rest of the study. This meant an initial dose of 20–49 mg/kg/day depending 

on the BW of the dog. 

 

Two control groups were included: the established positive control carprofen (Rimadyl® 50 mg; 

Pfizer, Helsinki, Finland) at a dose of 2 mg/kg twice a day and a negative control that received all 

products as placebos. Carprofen was a white pill without the usual stamp and its placebo an 

identical lactose tablet, GLM was a greenish capsule and its placebo a very similarly colored 

lactose capsule. In addition, all dogs were administered an ampoule of isotonic sodium chloride 

solution as a placebo for another study (17). The products were coded and organized by a 

research assistant who was not involved in the study thereafter. 

For ethical reasons, all owners were also given a package of 50 mg carprofen in normal 

packaging and with the normal stamp on the tablet, at the start of the trial. This could be used as 

additional pain relief (dose of one tablet for a dog of 20–30 kg BW, two tablets for a dog of 31–



40 kg and three tablets for a dog of 41–60 kg) if they felt the dog was in considerable pain. The 

number of additional carprofen doses used was recorded in the questionnaire. 

 

Study Protocol 

The study was designed as a randomized double-controlled, double-blinded clinical trial using 

the CONSORT guidelines (19). A secretary made the first appointments, and at this first visit 

(W0), the dogs were assigned into groups, in order of arrival using a computer-generated random 

list. Only the location of the diseased (hip or elbow OA) was stratified for in the randomization. 

Initial clinical, orthopedic and neurological examinations were performed and diagnostic criteria 

included decreased range of motion and pain on stretching the hip or flexing the elbow. 

Radiographs were taken of the dogs’ hips and/or elbows and other joints if needed. The W0 

evaluation and W0 questionnaire was set as baseline, except for pre-trial analgesic medication, 

where the assessment was made at W−4, as the owners were told not to use them anymore 

between W−4 and W0. Follow-up visits with questionnaires for reassessment were at 4, 8 and 12 

weeks (W4, W8 and W12). The dogs were given the products orally for 8 weeks, from W0 to W8. 

At W12, the dogs had been off all medication for 4 weeks and were evaluated to determine long-

term effects of the different treatments as follow up. All evaluators (veterinarians and owners) 

and all technical assistants were blinded. Owners of the dogs were required to sign informed 

consent forms. The study protocol was approved by the Ethics Committee of the University of 

Helsinki. 

 

Veterinary Evaluation 

Two veterinarians subjectively assessed three parameters at W0, W4, W8 and W12: locomotion, 

jumping and walking stairs using 0–4 descriptive scales. The three scores assigned by the two 

veterinarians were summed to form a veterinary-assessed mobility index, with a possible 

minimum score of 0 and a maximum of 24 (2 × 3 × 0–4). 

 

Owner Assessment 

Four weeks before the first visit (W−4) and during each following evaluation, owners answered a 

three-part questionnaire. The first part used a descriptive scale of 0–4 and contained questions 

about attitude, behavior and locomotion. Of these, 11 questions were combined to form a 



combined owner-assessed chronic pain index, as described previously (20). The second part 

contained two 10 cm visual analogue scales (VASs): one for pain and the other for locomotion. 

The end of the lines to the left represented no pain or no difficulties in locomotion, and to the 

right, the worst possible pain or the most severe difficulties in locomotion. The third part 

consisted of questions about possible adverse reactions to treatment, including change in appetite, 

vomiting, diarrhea and atopic skin reactions. The question about additional analgesics was not a 

continuous variable but used the following scale: ‘during the last four weeks additional carprofen 

was given 1 = not at all, 2 = 1–2 times, 3 = about once a week, 4 = about 3–5 times a week, 5 = 

daily/almost daily’. 

 

Objective Evaluation of Gait 

Gait was analyzed by force plate gait analysis (Kistler forceplate, Type 9286, Kistler Instrumente 

AG Winterhur, CH-8408, Switzerland), which assesses weight bearing of limbs. The force plate 

was submerged into the concrete floor so that the plate and floor surfaces were on the same level. 

The floor was then covered with a 2 mm thick rubber mat that extended from 7 m before to 7 m 

after the plate, forming a 14 m walkway. A hole was cut in the mat over the force plate and a 3–4 

mm gap was left between the force plate mat and the rest of the mat. The signal from the plate 

was processed and stored using a computer-based software program, and velocities and 

acceleration were determined by three photoelectric cells placed exactly 1 m apart and a start-

interrupt timer system (Aquire 6.0, Sharon Software Inc., DeWitt, MI, USA). 

 

Dogs guided by their owners trotted over the walkway from left to right. The speed was one 

comfortable for each dog in trot and had to be in the same range (± 0.5 m/s) for the dog each time 

the test was performed (at W0, W4, W8 and W12). The acceleration was < 0.5 m/s/s and contact 

had to be made with the plate first by the forelimb and shortly after with the hind limb of the 

same side for the evaluation to be valid. The test was repeated until sufficient valid results were 

obtained for both left and right limbs. 

 

Three valid measurements for each side and for each visit were then chosen by a blinded assistant 

(one not otherwise participating in the study) according to speed, acceleration and with no 

interferences, such as gait abnormalities or extra body movements. The mean of these three 



measurements was used for analysis. The ground reaction forces were normalized for each dog's 

BW and mean peak vertical force (PVF) and mean vertical impulse were used as variables. Only 

measurements from the most severely affected leg at time W0 were used in the analysis. 

 

Blood Samples 

Blood samples were collected from the dogs at each visit. Blood urea nitrogen (BUN), creatinine, 

serum alanine aminotransferase (ALAT), alkaline phosphatase (AFOS), total protein and albumin 

were analyzed. 

 

Statistical Analysis 

The number of dogs needed in each group was calculated for a two-tailed test (Fisher). The 

sample size (n = 15/group) was sufficiently large to detect a 47% difference (11) in treatment 

outcome (effective versus not effective) with a statistical power of 0.8 and allowing for a 5% α-

error. 

 

To counteract the effect of the extra NSAID on dogs that at W8 had used extra carprofen more 

than three times per week, their W8− values were changed into the most negative value measured 

for any dog at that time. This enabled us to use the whole data in the statistical analyses. 

For calculating the percentage of dogs/group that improved between baseline and W8 and the 

odds ratio, the results of each variable were converted into dichotomous responses of ‘improved’ 

and ‘not improved’. Dogs that deteriorated and dogs with no change in the evaluated variable 

were considered ‘not improved’. The difference between the treatment groups and the placebo 

was calculated using a chi-squared test. The odds ratio was calculated using the common Mantel–

Haenszel odds ratio estimate and the confidence interval (CI) was set to 95%. An odds ratio more 

than 1.0 indicated a beneficial effect of the test treatments. 

 

The changes from baseline to W8 were also calculated for each variable. The difference between 

the GLM and placebo group was analyzed using the Mann–Whitney test. The changes from W0 

to W8 in the force plate variables were proportional in the front and hind legs, although the values 

were different. Therefore, force plate data of all four legs were analyzed together. The dogs, for 

which no force plate results could be registered, were considered ‘not improved’ in the 



dichotomous evaluations and excluded in the median analyses. A correlation test was used to 

evaluate the association between the assessments of the two veterinarians. Statistical significance 

was set at P < 0.05. Statistical tests were preformed using SPSS 12.0 for Windows (SPSS Inc., 

Chicago, IL, USA). 

 

Baseline Values 

Baseline variable median (range) values were: for the veterinary-assessed mobility index: 6 (10–

18), PVF: 71.21 (54.7–135.25), vertical impulse: 9.11 (6.02–19.9), owner-evaluated chronic pain 

index: 16 (4–25), pain VAS: 3.55 (0–8.4) and locomotion VAS: 4.8 (0–8.3). There was no 

statistical bias between the groups at baseline. The evaluations of the two veterinarians correlated 

well (R = 0.853, P < 0.01). 

 

Dichotomous Responses 

There were four dogs (all from the placebo group) that had used extra carprofen more than three 

times per week at W8. For three of the variables [veterinary-assessed mobility index (P = 0.031), 

chronic pain index (P = 0.028) and pain VAS (P = 0.011)] there were significantly more 

improved dogs in the GLM group compared to the placebo group (Table 1). The odds ratio for 

the veterinary-assessed mobility index was 5.5 (95% CI 1.14–26.41) indicating that a dog that 

had received the GLM product was 5.5 times more likely to have a positive response compared to 

a dog that had received the placebo. The odds ratio for the force plate PVF was 2.50 (95% CI 

0.52–11.93), for the force plate impulse 2.40 (95% CI 0.52–10.99), for the owner-assessed 

chronic pain index was 6.0 (95% CI 1.17–30.72), for the pain VAS 8.0 (95% CI 1.52–42.04) and 

for the locomotion VAS 4.12 (95% CI 0.88–19.27).  

 

  

Table 1.  
Percentage of improved dogs and median (range) of 
improvement for evaluated variables, per group from W0 to W8 

Medians of the Change from W0 to W8 

All variables showed a similar trend of improvement, with carprofen being the most efficient, 

placebo the least and GLM being between these two (Table 1). There was a significant difference 

between the GLM and the placebo in two variables [veterinary-assessed mobility index (P = 



0.012) and pain VAS (P = 0.004)] and a third variable was close to significant [locomotion VAS 

(P = 0.057)]. 

Extra Carprofen 

At W−4, before the owners were requested to stop all medication, 14% of the carprofen group, 

13% of the GLM group and 8% of the placebo group were given NSAIDs once a week or more. 

At W8, (Fig. 1 ) 0, 7 and 27% of the respective groups were given additional 

carprofen once a week or more. At follow-up (W12), the respective numbers were 33, 14 and 

29%. The differences between both GLM and carprofen compared to the placebo group at time 

W8 were significant (P = 0.021 and P = 0.008, respectively).  

 

 

  

Figure 1.  
At the end of the treatment period (W8), there was 4/15 dogs in 
the placebo group given extra carprofen 3–7 days/week (n = 
number of dogs). 

Complications and Side-effects 

Three dogs (one in the GLM group, two in the placebo group) were so lame during the visits that 

no usable data were obtained from the force plate. Two of these dogs (one in the GLM group, one 

in the placebo group) were euthanized between W8 and W12 due to severe pain. In populations, 

neither our findings of clinical side-effects nor clinical chemistry in any of the blood parameters 

were severe or related to any particular group. Palatability was never a concern. 

 

In our study, dogs showed a beneficial clinical response to treating OA-induced pain and 

locomotion difficulties with GLM. More dogs improved in the GLM group compared to the 

placebo group and the extent of treatment effects was between that of our two control groups, as 



can be seen from the median values in Table 1. The carprofen had in previous studies shown 56–

80% of improvement in dogs with OA (graded by veterinarians and owners) whereas the placebo 

in the same studies showed improvement in only 23–38% of the cases (21, 22). As these numbers 

are close to the results we obtained in our study for the two control groups (Table 1), they 

indicate that our cohort reflects reality well and that we can trust the results of our treatment 

group. The fact that extra carprofen was used significantly more often in the placebo group at W8 

is also a positive result for the tested product. 

This positive outcome opens a discussion about possible working mechanisms of the GLM (Fig. 

2 ). In the early GLM clinical trials on human patients, the outcomes were not 

good and often contradictory (23,24). Twenty years later, possibly after having stabilized the 

product by freeze-drying and lyophilizing, the results of clinical trials for GLM have been 

significantly promising (9–12). The lyophilizing process might have been the more important as 

in fact, the difference in lipid, sterol or fatty acid composition of frozen and freeze-dried GLM 

has been shown to be non-existent; the only major difference was between total lipid composition 

on a dry weight basis because of the removal of water in the deep-frozen product (25). The potent 

anti-inflammatory activity of GLM powder was confirmed in vivo using the established rat paw 

oedema model; rats fed mussel lipids perorally developed neither adjuvant-induced polyarthritis 

nor collagen-induced auto-allergic arthritis (8). However, these lipids showed only marginal 

inhibition of carrageenan-induced paw edema in rats (acute irritation assay, which is the standard 

test for NSAIDs), indicating that they do not mimic rapid-acting NSAIDs (8,13). Macrides and 

others (7) found that the ETAs of GLM had considerable anti-inflammatory activity. In vitro, the 

extracted lipids have been shown to possess significant cyclo-oxygenase (COX) and 

lipoxygenase (LOX-5) inhibitory activity; hence, the GLM seems to be working on the same 

mechanisms as newer NSAIDs (8).  

 

 

Figure 2.  
Main active constituents of the green lipped mussel and their 
effect on the inflammation pathways of osteoarthritis. The main 
active constituents, according to how we understand their 
working mechanisms now: The Omega-3 PUFAs (especially 



  

the ETAs) have (more ...) 

This dual inhibition of both LOX- and COX metabolic pathways may offer an explanation for the 

reported clinical efficacy and favorable gastrointestinal tolerability of GLM. Platelet aggregation 

remains unaltered and the lipid fraction be non-gastrotoxic in fasted disease-stressed arthritic rats 

at a dose of 300 mg/kg (treatment dose 20 mg/kg) (8,13). This shows that the GLM does not have 

the negative side-effects of the NSAIDs. Recently, new GLM extracts were tested (26) and a 

Tween-20 extract (that draws out membrane-bound proteins by a cationic detergent) effectively 

inhibits both COX-1 and COX-2 activity. It also induced a significant reduction in TNF-α, IL-1, 

IL-2 and IL-6 and decreased IgG levels, indicating that GLM may regulate the immune system 

and promote humoral and cellular activity (26). 

 

The active components possess a molecular weight above 100 kDa and when a proteolytic 

enzyme was added to the extract, it eliminated the component effective against inflammatory 

cytokines, suggesting that at least part of the active substance resides in the protein moiety 

associated with the glycogen, probably as a glycoprotein (26), as already had been suggested 

earlier (27). However, the component effective against COX enzymes was resistant to this 

induced proteolysis, indicating that there are different types of active components (26). It was 

suggested that GLM mediates T-(lymphocytes) helper cells Th1/Th2 regulation as it relates to 

inflammation and therefore plays an immunomodulatory role (26). The chondroitin sulfate and 

the other GAGs of the GLM further work as building blocks in cartilage anabolism; glucosamine 

is one of their main constituents. They help the joint capsule to hold water and to adapt to 

changes in pressure, thereby absorbing shock induced by abnormal join stress (28). The role of 

minerals and vitamins has not been studied, but it is possible that they also contribute to the 

positive effects of the GLM. As seen earlier, the GLM probably acts through several different 

working mechanisms. 

 

Three studies exist on stabilized GLM as a treatment for canine OA and our findings are 

consistent with two of them. Bierer and Bui (11) conducted three 6-week, randomized, double-

blinded trials, in which they compared three different GLM dog feeds with control feeds. They 



used a total arthritic score by summing eight variables. As in our study, all individual variables 

showed no significant improvement, although a significant change was observed in the total 

arthritis score in favor of all three GLM test groups. In our study, a different set of variables was 

used. The veterinarians evaluated only mobility and not range of motion, crepitus, etc., as we had 

noted that owner compliance was much higher if provocations that hurt the dogs were not used. 

Two force plate measurements were chosen as objective variables. Force plate has been used in 

similar studies to evaluate treatments of hip (22,29–31) and elbow (22,31,32) joints. The best 

variables for these conditions were considered to be PVF and vertical impulse, both of which 

were included here. The change from baseline to end of treatment in vertical impulse and PVF in 

our study was in the same range as in previous studies (30) but the range was larger. 

Furthermore, we used three owner-assessed variables: two VAS scores, one of them widely used 

in studies assessing human pain and a chronic pain index that has been shown to correlate well 

with chronic pain due to hip OA in dogs (20). In our study two of these three owner-assessed 

variables showed significance between the GLM group and the placebo. Thus, while our 

variables were different from the eight variables of Bierer and Bui (11), also only three of our six 

variables showed a significant improvement between W0 and W8 in the GLM group, compared to 

the placebo group. 

 

In the second dog trial, Dobenecker (33) used a smaller dose of GLM [25% of what was used by 

Bierer and Bui (11) and of our initial dose] and found no statistical improvement in the GLM 

dogs, compared to the placebo group. The third canine trial showed a significantly decreasing 

pain scale throughout the study (12) but obtained only close to significant differences compared 

to the placebo group (that in our opinion was quite unsuitable as a placebo, including both 

brewers’ yeast and dried fin-fish, which probably both would work positively in OA). 

As far as side-effects from these products, they were neither severe nor related to any group. 

Carprofen and other NSAIDs can potentially have severe side-effects such as hepatic disease 

(especially in Labradors), renal toxicosis and irritation of the gastrointestinal tract (1,2), whereas 

GLM is reported to have none (9,10,34). In fact, research suggests that GLM may have 

chondroprotective properties due to its GAG, especially chondroitin sulfate, content (35–37). In 

addition, GLM has a slower onset (34,38–41) but a longer effect (23). The preliminary human 

study by Gibson et al. (23) indicated that the beneficial effects of GLM treatment, could last for 



2–3 weeks after cessation of therapy, if given at least for 2 months. Our follow-up evaluation was 

 

 

at W12, 4 weeks after discontinuation of the trial, and the beneficial effects were still evident as 

could be seen e.g. by a smaller intake of extra carprofen in the GLM group compared to the two 

other groups. 

 

Carprofen, by contrast, rapidly triggers the clinical response, but this vanishes quickly upon 

discontinuing the drug, which also was documented in our study where a third of owners in the 

carprofen group were using extra carprofen at follow up, compared to none at the end of the 

treatment period. The placebo group seemed to react in accordance with the seasonal disease 

pattern of our geographical region, although the means changed only slightly and the CI were 

large, making an exact interpretation difficult: they started showing more signs of pain when the 

weather changed (42,43) to a humid, raw cold (our placebo group became worse between W0 to 

W8) (Fig. 1 ) and later in the spring when the weather turned warm and dry (W8 

to W12) the dogs were better again. 

 

In future studies, to obtain an optimal effect from the GLM product, should reconsider some 

aspects of the treatment regime. As OA often is a clinically variable disease, not having 

homogeneous groups is a major drawback, and this likely influenced the results. However, 

although the cohort of dogs was non-homogeneous, observed as a wide range even at the start of 

the trial, the documented trend of improvement was clear and similar for all variables and may 

even have been more evident, if we had more dogs. The positive effects of the GLM could 

eventually have been underestimated, rather than overestimated: if a non-articular concurrent 

pain such as spondylosis or secondary muscle pain, etc. was present, there would have been a 

positive analgesic effect for these also in the NSAID carprofen group, while the GLM might have 

helped primarily in arthritic disorders (9–12). The choice of patients and the treatment time might 

also have an impact on the results. 



 

Radiographically, all dogs in our study had moderate or severe OA. Although the radiological 

data does not correlate well with the true clinical picture, at least not in dog hip joint (20), these 

dogs might have been too seriously affected to benefit optimally from the product. In one of the 

older human studies, severity of the disease was shown to have an impact on treatment outcome; 

mild and moderate knee OA responded very well to GLM treatment, whereas patients with severe 

knee OA did not benefit from treatment (34). Also, our 2-month study period might have been 

too short, as some earlier human studies have been unable to show a significant improvement 

compared to controls until patients had ingested fatty acid products for 3–6 months (34,38–41). 

In conclusion, our results suggest that the modern stabilized and freeze-dried GLM is more 

effective than the placebo in treating chronic pain due to moderate to severe OA and that it has no 

side-effects. For dogs that can not use NSAIDs or corticosteroids and for patients who need 

analgesic support over extended periods of time, oral GLM may be an acceptable alternative for 

treating chronic arthritis pain, although it does not alleviate pain as well as carprofen. As dogs are 

used as models for human OA, we hope these promising results will stimulate new human 

research in this area. 
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      Green Lipped Mussels For Treatment of Equine Inflammation 

The use of Perna canaliculus has been established since the early 1970’s as a supplement to 
maintain joint mobility in arthritic people. In parallel, products derived from NZ Green 
Lipped Mussels (GLM) were used in animals. In both cases there was mixed success and 
variability. This was eventually attributed to inconsistent production methods which relied 
upon heat treatment to process the mussels. Subsequently, further investigation identified 
omega-3 series PUFAs including EPA, DHA and newly characterized range of 
Polyunsaturated Fatty Acids described as Eicosatetraenoic Acids (ETAs). These Omega-3 
series Eats are heat labile and sensitive to heat so a proprietary method of cold processing 
has enabled the development of the MOXXOR product with Omega-3 series Eats. 

 The anti-inflammatory potency of ETAs and GLM containing ETAs has been independently 
demonstrated. They act as anti-metabolites of Arachidonic Acid metabolism and are potent 
inhibitors of Cyclo-oxygenase 2 and the Lipoxygenase pathways. 

 Clinically, the efficacy of green lip mussel products has been demonstrated in veterinary 
use. In a  trial I was involved with an overall 77% percent response within 4 weeks was in-
line with previous reports in both medical and veterinary clinical reports.  

 Although this was an open study, the magnitude and range of horses and owner/managers 
contributing to the results indicate that the efficacy is substantial. Significant 
improvements in lameness were demonstrated and reported by the comments of the 
owners. Substantial improvements in the Quality of Life of these animals and the 
satisfaction of ownership were apparent. 77% of horses in 64 locations overall responded 
positively to a MOXXOR beta test product. 

 Arthritis Cases 

Horses with a confirmed diagnosis of joint arthritis responded very well confirming similar 
results in medical studies. 80% of horses improving condition in 4 weeks and to such an 
extent that their ability to perform some degree of work substantially improves. Joint 
inflammation is typically mediated via both the Cyclo-oxygenase and Lipoxygenase 
pathways and providing Lyproflex with potent Anti-inflammatory action.  

 Concomitant Products 

Perhaps the most intriguing results are the improvements produced when used with 
horses already using products such as Bute or nutritional supplements. Owners reported 
subsequently that they are able to reduce the dosage of Bute and other supplements once 
stabilized by green lip mussel products.  

 I recommend the contents of two capsules per day as a dose as horses seem to very 
sensitive to MOXXOR and do not require a weight related dose.  

Jeremy Harris: Director General New Zealand 



NZ mussel product tested on arthritic horses 

June 4, 2008 
Could a New Zealand green lipped mussel 
product help the world's arthritic horses?  

The question is being explored in a randomised, 
placebo controlled nationwide clinical trial being 
undertaken at Massey University.  

Studies have shown the mussel product to be 
beneficial to joint health in humans and dogs. 
The Massey work is the first to explore whether 
it helps horses.  

The trial is double blind, meaning the 
veterinarians and owners who assess the ongoing 
health of the horses do not know whether each 
has been given the product or a placebo until the 
animal has undergone its final assessment. It 
began in April last year and researchers are still 
seeking New Zealand horses with lameness in 
the fetlock joint to take part.  

Enrolment is a continuous process and horses 
begin the trial as they become available and as 
they meet procedural requirements.  

Finding suitable horses has proved more difficult 
than originally thought, for several reasons. For 

example, if the animals have been taking glucosamine (a common supplement fed by many 
owners to horses with joint issues) or several other substances commonly used, include MSM, 
hyonate, pentosan or steroid injections, they need to be taken off them for 10 weeks before 
joining the trial.  

To be able to take part, horses undergo a careful lameness assessment, including x-rays and the 
use of a diagnostic nerve block to ensure that their fetlock issues are related to osteoarthritis in 
the joint and not other lingering problems from old injuries or ligament damage.  

Participating horses receive either a daily dose of powder containing the mussel product, or a 
similarly flavoured placebo powder.  

Each horse gets the prescribed dose daily for 56 days, with those receiving the mussel product 
receiving it at the same dose rate at which it proved effective in people and dogs.  

 
A horse is prepared for assessment for the 
arthritis study at Massey. © Trish Dunell  



Vets carry out an assessment of the joint health of each horse at the beginning and end of the 
trial, with samples of joint fluid from the fetlocks taken at the beginning and end.  

The study involves four levels of assessment.  

• The veterinarians' lameness exam of the joint health of each animal at the start and their 
findings from a similar assessment two months later.  

• The views of the horse owners on the wellbeing and joint health of their animals, based 
on weekly assessments throughout the trial period.  

• Scientific analysis of the joint-fluid samples for three bio-chemical markers that can 
indicate a change in joint health.  

• Kinematic gait analysis in which computer video analysis of the movement of each horse 
can be assessed from recordings made at the beginning and end of the trial.  

While the first two forms of assessment will involve the vet and the owner, the latter two will 
provide scientific data on whether each horse has improved, remained in a similar state, or 
deteriorated.  

The joint-fluid analysis will be carried out in the 
Netherlands, where researchers will test for a 
bio-chemical in joints called Substance P, the 
levels of which have been shown to correlate 
closely with the degree of joint pain an animal is 
feeling.  

The fluid samples will also be tested for levels of 
inflammatory bio-chemical markers, which will 
give an indication of changes in joint health.  

The kinematic gait analysis is being done in New 
Zealand under the supervision of Massey 
University equine sciences lecturer Chris 
Rogers.  

For this part of the trial, about 40 reflective 
markers are placed on each horse in positions to 
highlight the movement of the knee and fetlock 

joints. The horses are trotted in a straight line in front of a video camera.  

The footage is transferred to a computer where software maps the movement of the reflective 
markers and generates a digital profile of each animal, showing joint speed and angle.  

By performing the same test before and after supplementation, the computer analysis can paint 
an objective picture of whether there has been any change in joint performance in each animal.  

Dr Rogers says the analysis is not only able to indicate a change in joint performance, but also 
evaluate the degree of change.  

 
To take part in the study, horses undergo a 
careful lameness assessment, including x-rays 
and the use of a diagnostic nerve block. © 
Trish Dunell  



Crucial to the testing is placing the markers on the horse at the same locations each time.  

"We have a very defined standard operating procedure on where the markers are attached," he 
told Horsetalk. "They are placed at specific anatomical landmark sites."  

Like the vets carrying out the joint-health assessment, Dr Rogers and his team have no idea 
whether each horse received the mussel product or the placebo.  

Dr Rogers is no stranger to kinematic analysis. He conducted similar research during the study 
into the effects of the green lipped mussel on joint health in dogs, and has also researched the 
effects of training on the gaits of two-year-old thoroughbreds, the findings of which he will be 
speaking on in France this month.  

The findings of the mussel product trial are expected to be known later this year.  

The work is being funded by a grant from the government's Foundation for Research Science and 
Technology.  
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