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COMPOSITION DERIVED FROM 
ASTAXANTHIN AND METHOD TO TREAT 

JOINT PAIN ASSOCIATED WITH 
OSTEOARTHRITIS 

RELATED APPLICATION(S) 

[0001] This application is a continuation application of Ser. 
No. 13/914,725 ?led Jun. 11, 2013, Which is a continuation 
application of Ser. No. 12/840,372 ?led Jul. 21, 2010 (now 
US. Pat. No. 8,481,072), Which is based upon prior ?led 
provisional application Ser. No. 61/227,872, ?led Jul. 23, 
2009; and provisional application Ser. No. 61/345,652, ?led 
May 18, 2010, the disclosures Which are hereby incorporated 
by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to treating and alleviating 
symptoms of osteoarthritis and/or rheumatoid arthritis using 
therapeutic compositions and methods derived from krill 
extracts and/ or marine oil compositions and synergistic addi 
tives. 

BACKGROUND OF THE INVENTION 

[0003] The use of krill and/or marine oil are disclosed in 
US. Patent Publication Nos. 2004/0234587; 2004/0241249; 
and 2007/0098808, the disclosures Which are hereby incor 
porated by reference in their entirety. The bene?cial aspects 
of using krill and/or marine oil are shoWn also in a research 
paper published by L. Deutsch as “Evaluation of the Effect of 
Neptune Krill Oil on Chronic In?ammation and Arthritic 
Symptoms,” published in the Journal of the American College 
of Nutrition, Volume 26, No. 1, 39-49 (2007), the disclosure 
Which is hereby incorporated by reference in its entirety. 
[0004] The published ’587, ’249 and ’808 applications dis 
cuss the bene?cial aspects of using krill oil in association With 
pharmaceutically acceptable carriers. As an example, this 
krill and/ or marine oil can be obtained by the combination of 
detailed steps as taught in the ’808 application, by placing 
krill and/ or marine material in a ketone solvent, separating the 
liquid and solid contents, recovering a ?rst lipid rich fraction 
from the liquid contents by evaporation, placing the solid 
contents and organic solvent in an organic solvent of the type 
as taught in the speci?cation, separating the liquid and solid 
contents, recovering a second lipid rich fraction by evapora 
tion of the solvent from the liquid contents and recovering the 
solid contents. The resultant krill oil extract has also been 
used in an attempt to decrease lipid pro?les in patients With 
hyperlipidemia. The ’808 publication gives details regarding 
this krill oil as derived using those general steps identi?ed 
above. 
[0005] The published article gives further details of hoW the 
processed krill oil alone, at 3000 mgs/daily dose is a product 
that aids in treating chronic in?ammation and arthritic symp 
toms. The article describes a study, Which had several obj ec 
tives: a) to evaluate the effect of Neptune Krill Oil on C-re 
active protein (C-RP) on patients With chronic in?ammation; 
and b) to evaluate the effectiveness of the Neptune Krill Oil on 
arthritic symptoms. The method used a randomized, double 
blind, placebo controlled study protocol. Ninety patients 
Were recruited With either a con?rmed diagnosis of cardio 
vascular disease and/or rheumatoid arthritis and/or osteoar 
thritis and With increased levels of CRP (>1.0 mg/dl) upon 
three consecutive Weekly blood analysis prior to initiation of 
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oral treatment With krill oil. It is important to note that C-RP 
is a Well knoWn biomarker for risk of cardiovascular disease, 
therefore in this trial, since patients With knoWn cardiovascu 
lar disease states We not excluded from the trial the protocol 
appears to have evaluated the effects of krill oil on this car 
diovascular risk factor While evaluating the effects of krill oil 
supplementation on the pain and discomfort associated With 
OA and RH. Group A received the Neptune Krill Oil (300 mg 
daily) and group B received a placebo. C-RP and Western 
Ontario and McMaster Universities (WOMAC) osteoarthritis 
scores Were measured at baseline and days 7, 14 and 30. After 
seven days of treatment, the Neptune Krill Oil reduced CRP 
by 19.3% compared to an increase by 15.7% observed in the 
placebo group (p:0.049). After 14 and 30 days of treatment, 
the Neptune Krill Oil further decreased CRP by 29.7% and 
30.9% respectively (p<0.001). The CRP levels of the placebo 
group increased to 32.1% after 14 days and then decreased to 
25.1% at day 30. The betWeen group difference Was statisti 
cally signi?cant; p:0.004 at day 14 and p:0.008 at day 30. 
The application of the processed Neptune Krill Oil shoWed a 
signi?cant reduction in all three WOMAC scores. After seven 
days of treatment, the Neptune Krill Oil reduced pain scores 
by 28.9% (p:0.050), reduced stiffness by 20.3% (p:0.001) 
and reduced functional impairment by 22.8% (p:0.008). The 
results of that study indicate that the Neptune Krill Oil at a 
daily dose of about 300 mg signi?cantly inhibits in?amma 
tion, reduces arthritic symptoms Within a short treatment 
period of 7 and 14 days and may be effective in reducing the 
risk of cardiovascular disease by reduction of C-RP in the 
patient population employed. 

SUMMARY OF THE INVENTION 

[0006] In accordance With a non-limiting example, even 
more bene?cial and synergistic effects for alleviating joint 
pain and symptoms of osteoarthritis and/ or rheumatoid arthri 
tis have been found When krill oil and/or marine oil are used 
in combination With other active constituents. 
[0007] In accordance With a non-limiting example, the 
method treats and alleviates symptoms of osteoarthritis and/ 
or rheumatoid arthritis in a patient by administering a thera 
peutic amount of a composition including a krill oil in com 
bination With astaxanthin and loW molecular Weight 
polymers of hyaluronic acid or sodium hyaluronate (hyalu 
ronan) in an oral dosage form. The krill oil in one example is 
derived from Euphasia spp., comprising Eicosapentaenoic 
(EPA) and Docosahexaenoic (DHA) fatty acids in the form of 
triacylglycerides and phospholipids, although not less than 
1% EPA and 5% DHA has been found advantageous. In 
another example, the krill oil includes at least 15% EPA and 
9% DHA, of Which not less than 45% are in the form of 
phospholipids. The composition can be delivered advanta 
geously for therapeutic results With 1-4000 mg of krill oil 
delivered per daily dose. In another example, 01-50 mg 
astaxanthin are supplemented to the krill oil per daily dose. 
[0008] The astaxanthin is preferably derived from Haema 
Zococcus pluvialis algae, Pfa?ia, krill, or by synthetic routes, 
in the free diol, monoester or diester form. These polymers of 
hyaluronic acid or sodium hyaluronate (hyaluronan) can be 
derived from microbial fermentation or animal tissue. About 
1-500 mg of hyaluronan can be delivered per daily dose. The 
hyaluronan is micro- or nano-dispersed Within the composi 
tion in one preferred example. In a preferred example, the 
hyaluronic acid is derived from a biofermenation process and 
has surprisingly a relatively loW molecular Weight betWeen 
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0.5 and 100 kilodaltons (kDa). In another example, the poly 
mers of hyaluronic acid or sodium hyaluronate (hyaluronan) 
are derived from animal tissue and have molecular Weights 
exceeding 100 kDa. Such high molecular Weight hyaluronans 
are typically derived from rooster combs and are reportedly 
mildly anti-in?ammatory though this fact is someWhat con 
troversial. The literature clearly indicates that as the molecu 
lar Weight of hyaluroic acid and its salts increases, its immu 
nogenicity drops dramatically. In addition, the scienti?c 
literature clearly points out that loW molecular Weight hyalu 
ronic acids fragments are unexpectedly highly pro-in?amma 
tory With respect to the innate immune system and Would thus 
not be expected to useful in the treatment of in?ammatory 
disease states and in particular joint pain associated With OA 
and/ or RH. 

[0009] The composition may also include a natural or syn 
thetic cyclooxygenase-1 or -2 inhibitor comprising aspirin, 
acetaminophen, steroids, prednisone, or NSAIDs. The com 
position may also include a gamma-linoleic acid rich oil 
comprising Borage (Borago o?icinalis L.) or Saf?oWer 
(Carthamus Zinclorius L.). 
[0010] The composition may also include an n-3 (omega-3) 
fatty acid rich oil derived from ?sh oil (EPA and DHA), algae 
oil (EPA and DHA), ?ax seed oil (ALA), perrila seed oil 
(ALA) or chia seed oil (ALA) and the n-3 fatty acid com 
prises, either alone or in combination, alpha-linolenic, steari 
donic, eicosapentaenoic or docosapentaenoic acid. Soluble or 
insoluble forms of Collagen and elastin such as those derived 
from hydrolyZed or un-hydrolyZed eggshell membrane can 
also be added. The composition may also include anti-in?am 
matory and/or joint health promoting compounds comprising 
at least one of the preparations of the green lipped mussel 
(Perna canaliculus), Boswellia serrala, turmeric (Curcuma 
longa), stinging nettle (Urlica dioica), Andrographis, Cat’s 
claW (Uncaria lomenlosa), bromelain, methylsulfonyl 
methane (MSM), chondroitin sulfate, glucosamine sulfate, 
s-adenosyl-methionine, proanthocyanidins, procyanidins or 
?avonoids, and preparations of hydrolyZed or un-hydrolyZed 
eggshell membrane. The composition may include naturally 
derived and synthetic antioxidants that are added to retard 
degradation of polyunsaturated fatty acids and/or the potent 
anti-oxidant astaxanthin. 
[0011] Different compositions may use different ingredi 
ents in combination With the krill oil, astaxanthin and hyalu 
ronate and be combined With different ingredients and 
supplemental compositions for more speci?c purposes. 
[0012] A pharmaceutically acceptable composition com 
prises a krill oil in combination With astaxanthin and hyalu 
ronate and optionally combined With glucosamine sulfate, 
chondroitin sulfate, collagen, methylsulfonmethane, a 
gamma-linoleic acid or omega-3 fatty acid rich oil or 
cyclooxygenase inhibitor for the treatment of symptoms 
related to joint pain or joint diseases including but not limited 
to osteoarthritis and rheumatoid arthritis. 
[0013] In yet another example, a dietary supplement 
acceptable composition comprises a krill oil in combination 
With astaxanthin and hyaluronate and optionally combined 
With glucosamine sulfate, chondroitin sufate, collagen, meth 
ylsulfonmethane, a gamma-linoleic acid or omega-3 fatty 
acid rich oil and a cyclooxygenase inhibitor for the treatment 
of symptoms related to joint pain or joint diseases including 
but not limited to osteoarthritis and rheumatoid arthritis. 

[0014] In yet another example, a medical food acceptable 
composition comprises a krill oil in combination With astax 
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anthin and hyaluronate and optionally combined With glu 
cosamine sulfate, chondroitin sufate, collagen, methylsulfon 
methane, a gamma-linoleic acid or omega-3 fatty acid rich oil 
and cyclooxygenase inhibitor for the treatment of symptoms 
related to joint pain or joint diseases including but not limited 
to osteoarthritis and rheumatoid arthritis. 

[0015] In still another example, a composition is formu 
lated in a therapeutic amount to treat and alleviate symptoms 
of osteoarthritis and/ or rheumatoid arthritis, Wherein the 
composition includes a krill oil in combination With astaxan 
thin and polymers of hyaluronic acid or sodium hyaluronate 
(hyaluronan) in an oral dosage form. This composition may 
include other active constituents as explained and identi?ed 
above relative to the method and composition. 

[0016] A process for extracting astaxanthin from Haema 
Zococcus pluvialis algal biomass is also disclosed and com 
prises providing a dried form of Haemalococcus pluvialis, 
extracting astaxanthin using one of at least a polar and non 
polar solvent to obtain a slurry, ?ltering the slurry to separate 
the cells from the extract, and obtaining an astaxanthin oleo 
resin concentrate by removing solvent from the extract. This 
astaxanthin oleoresin concentrate is administered to a human 
patient in an oral dosage form containing 1 to 50 mg of 
astaxanthin oleoresin complex to treat and alleviate symp 
toms of osteoarthritis and/or rheumatoid arthritis in one 
example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Other objects, features and advantages of the 
present invention Will become apparent from the detailed 
description of the invention Which folloWs, When considered 
in light of the accompanying draWings in Which: 

[0018] FIG. 1 is a vieW shoWing a chemical structure of 
astaxanthin that can be used in accordance With a non-limit 
ing example. 
[0019] FIG. 2 shoWs the MMP3 concentration in osteoar 
thritis (OA) patients administered With an astaxanthin oleo 
resin complex in accordance With a non-limiting example. 

[0020] FIG. 3 shoWs MMP3 results on OA patients admin 
istered With placebo. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] The present invention Will noW be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the scope of the invention to those 
skilled in the art. 

[0022] The composition includes EPA and DHA function 
aliZed as marine phospholipids and acyltriglycerides derived 
from krill and esteri?ed astaxanthin, and in one non-limiting 
example, loW molecular Weight polymers of hyaluronic acid 
or sodium hyaluronate (hyaluronan) in an oral dosage form. 
Some of these components are explained in the folloWing 
chart: 
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Components Percentage (%) 

PHOSPHOLIPIDS 

PC, PE, PI, PS, SM, CL >40 
OMEGA-3 (functionalized on PL) >30 
Eicosapentaenoid Acid (EPA)* >17 (15% in one example 

and 10% in another) 
>11 (9% in one example 
and 5% in another) 

Docosahexaenoid Acid (DHA)+ 

ANTIOXIDANTS (mg/100 g) 

Astaxanthin, Vitamin A, Vitamin E >1.25 

*>55% of PL-EPA/Total EPA 

+>55% of PL-DHA/Total DHA 

These amounts can vary depending on application and persons. 

[0023] As noted before, surprisingly the composition 
includes a pro-in?ammatory low molecular weight Hyalu 
ronic Acid (LMWtHA). Natural high molecular weight 
hyaluronic acid is the major hydrodynamic component of 
synovial ?uid and importantly is known to be immuno-neu 
tral to the innate immune system. It is nature’s bone joint 
shock absorbent and lubricant. It has been found that there is 
excellent oral bioavailability of LMWtHA fragments speci? 
cally to connective tissue, which maximizes interaction with 
target synovial ?uid producing cells. Therefore in a preferred 
composition containing krill oil, astaxanthin and LMWtHA, 
two anti-in?ammatory components are thus combined with 
one highly in?ammatory component. The scienti?c literature 
indicates that LMWtHA fragments exhibit potent pro -in?am 
matory behavior. It therefore remains unclear why a pro 
in?ammatory component would elicit a favorable overall 
response in in?amed joint tissues. It is believed that such 
pro-in?ammatory LMWtHA fragments may promote site 
repair by simulation of the innate immune system repair 
mechanism and by simulating production of non-immuno 
genic high molecular weight HA bringing the joint back to 
homeostasis, however these are theories. A great deal of work 
by leading immunologists is still attempting to unravel all the 
aspects of the complicated singling processes associated with 
the innate immune system. Studies using large animal models 
of osteoarthritis have shown that mild immunogenic Hyalu 
ronic Acids with molecular weights within the range of 0.5 
1.0><106 Da (Dalton) were generally more effective in reduc 
ing indices of synovial in?ammation and restoring the 
rheological properties of SF (visco-induction) than non-im 
munogenic HA’s with molecular weights >2.3><106 Da. 
[0024] Astaxanthin is a required component of the instant 
invention. Related scienti?c literature indicates that in a 
lipopolysaccharide induced in?ammatory rat model, astax 
anthin at just 1 mg/kg in vitro and in vivo: (1) down regulates 
TNF-alpha production by 75%; (2) down regulates prostag 
landin E-2 production (PGE-2) by 75%; (3) inhibits nitric 
oxide synthase (NOS) expression of nitric oxide by 58%; and 
(4) these effects on in?ammatory markers were nearly as 
effective as prednisolone in this model. FIG. 1 shows an 
example of the astaxanthin as astaxanthin 3S,3'S (3,3'-dihy 
droxy-4,4'-diketo-[3-carotene). Such information suggests 
but does not prove that astaxanthin may be an effective stan 
dalone product for the reduction of OA and/or RH pain or 
other symptomology associated with OA and/ or RH. 

[0025] In induced uveitis, astaxanthin also showed dose 
dependant ocular anti-in?ammatory activity by suppression 
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of NO, PGE-2 and TNF-Alpha by directly blocking NO syn 
thase activity. Astaxanthin is also known to reduce C-Reac 
tive Protein (C-RP) blood levels in vivo. For example, in 
human subjects with high risk levels of C-RP three months of 
astaxanthin treatment resulted in 43% of patients serum C-RP 
levels to drop below the risk level. This may explain why 
C-RP levels dropped signi?cantly in the Deutsch study. 
Astaxanthin is so powerful that it has been shown to negate 
the pro-oxidant activity of Vioxx, a COX-2 inhibitor belong 
ing to the NSAIDS drug class which is known to cause cel 
lular membrane lipid per-oxidation leading to heart attack 
and stroke. For this reason Vioxx was removed from the US 
market. Astaxanthin is absorbed in vitro by lens epithelial 
cells where it suppresses UVB induced lipid per-oxidative 
mediated cell damage at umol/L concentrations. In human 
trials astaxanthin at 4 mgs/day prevented post exercise joint 
fatigue following strenuous knee exercise when compared to 
untreated subjects. These results have been shown in: 
[0026] 1) Lee et al., Molecules and Cells, 16(1):97-105; 

2003; 
[0027] 2) Ohgami et al., Investigative Ophthalmology and 

Visual Science 44(6):2694-2701, 2003; 
[0028] 3) Spiller et al., J. of theAmer. College of Nutrition, 

21(5): October 2002; and 
[0029] 4) Fry et al., Univ. of Memphis Human Performance 

Laboratories, 2001 and 2004, Reports 1 & 2. 
[0030] A preferred composition in one embodiment 
includes 300 mg of krill oil, 45 mg of low molecular weight 
HA, and 2 mg astaxanthin. 
[0031] Astaxanthin has potent singlet oxygen quenching 
activity. Astaxanthin typically does not exhibit pro-oxidant 
activity unlike [3-carotene, lutein, Zeaxanthin and Vitamins A 
and E. Astaxanthin in some studies has been found to be about 
50 times more powerful than Vitamin E, 1 1 times more pow 
erful than [3-carotene and three times more powerful than 
lutein in quenching of singlet oxygen. Astaxanthin is also 
well known for its ability to quench free radicals. Compara 
tive studies have found astaxanthin to be 65 times more pow 
erful than Vitamin C, 54 times more powerful than [3-caro 
tene, 47 times more powerful than lutein, and 14 times more 
powerful than Vitamin E in free radical quenching ability. 
[0032] US. Pat. No. 5,527,533 (the T50 patent), the disclo 
sure which is hereby incorporated by reference in its entirety, 
discloses the bene?ts of astaxanthin for retarding and ame 
liorating central nervous system and eye damage. Astaxan 
thin crosses the blood-brain-retina barrier and this can be 
measured by direct measurement of retinal astaxanthin con 
centrations. Thus, Tso demonstrated protection from photon 
induced damage of photo-receptors, ganglion and neuronal 
cell damage. 
[0033] Studies have shown that HA binds to the surface of 
dendritic cells (“DC’s”) and stimulated T-cells. Blockade of 
the CD44-HA interaction leads to impaired T-Cell activation 
both in vitro and in vivo. Studies have shown that in cancer 
cell lines, LMWtHA fragments speci?cally induce nitric 
oxide synthase in dendritic cells. In DC’s, NO expression 
caused dendritic cell apoptosis (cell death). DC’ 5 are essential 
T-cell activators which function by presenting antigens to 
T-cells, thus apoptosis of DC’s may short circuit the adaptive 
immune system response. This effect was clearly CD44 
dependent because pretreatment of DC’s with anti-CD44 
monoclonal antibodies blocked the NO mediated induction of 
DC apoptosis. It appears that low molecular weight HA frag 
ments interrupt the normal course of the well known T-cell 
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mediated adaptive immune system response. CD44 is a gly 
coprotein responsible in part for lymphocyte activation (also 
knoWn as T-cell activation) and is knoWn to speci?cally bind 
to HA. On the other hand as previously discussed loW 
molecular Weight HA fragments appear to up-regulate the 
innate immune response, particularly in chronic in?amma 
tory conditions Where the innate immune system may in some 
Way be compromised. 
[0034] Support for such teachings can be found in: 
[0035] 1) Mummert at al., J. ofImmunol. 169, 4322-4331; 
[0036] 2) Termeer et al., Trends in Immunology, Vol. 24, 
March 2003; 

[0037] 3)Yang et al., Cancer Res. 62, 2583-2591; and 
[0038] 4) KcKee et al., J. Biol. Chem. 272, 8013-8018. 
[0039] Additional information can be found in the folloW 
ing references: Gho sh P. Guidolin D. SeminArthritis Rheum., 
2002 August; 32(1): 10-37; and P. Rooney, M. Wang, P. 
Kumar and S. Kumar, Journal of Cell Science 105, 213-218 
(1993). 
[0040] As noted before, krill oil is typically produced from 
Antarctic krill (Euphausia superba), Which is a Zooplankton 
(base of food chain). It is one of the most abundant marine 
biomass of about 500 million tons according to some esti 
mates. Antarctic krill breeds in the pure uncontaminated deep 
sea Waters. It is a non-exploited marine biomass and the catch 
per year is less than or equal to about 0.02% according to 
some estimates. 

[0041] It is believed that Krill oil based phospholipid bound 
EPA and DHA uptake into cellular membranes is far more 
e?icient than triacylglyercide bound EPA and DHA since 
liver conversion of triacylglycerides is itself inef?cient and 
because phospholipid bound EPA and DHA can be trans 
ported into the blood stream via the lympathic system, thus, 
avoiding liver breakdoWn. In addition, krill oil consumption 
does not produce the burp-back observed With ?sh oil based 
products. Because of this burp-back feature of ?sh oils, it has 
been found that approximately 50% of all consumers Who try 
?sh oil never buy it again. 
[0042] Astaxanthin has an excellent safety record. A con 
ducted study obtained the results as folloWs: 
[0043] Oral LD 50: 600 mg/kg (rats); 
[0044] NOAEL: 465 mg/kg (rats); or 
[0045] Serum Pharmacokinetics: SteWart et al. 2008 

[0046] 1) Tm: 16 hours; 
[0047] 2) Tmax: 8 hours; 
[0048] 3) Cmax: 65 ug/L. 
[0049] At eight Weeks of supplementation at 6 mg per day, 
there Was no negative effect in healthy adults. Spiller et al. 
2003. 
[0050] In accordance With one non-limiting example, 
astaxanthin has three prime sources. 3 mg astaxanthinper 240 
g serving of non-farmed raised salmon or a 1% to 12% astax 
anthin oleoresin or 1.5-2.5% beadlet derived from microal 
gae. Further veri?cation is re?ected in Lee et al., Molecules 
and Cells 16(1): 97-105, 2003; Ohgami et al., Investigative 
Ophthalmology and Visual Science 44(6): 2694-2701, 2003; 
Spiller et al., J. of the American College of Nutrition 21(5): 
October 2002; and Fry et al., University of Memphis, Human 
Performance Laboratories, 2001 and 2004, Reports 1 and 2. 
[0051] Although many bene?cial and synergistic effects 
are noW being reported herein have been observed When krill 
oil is used in combination With other active ingredients, and 
more particularly, krill oil in combination With astaxanthin 
and polymers of hyaluronic acid or sodium hyaluronate in 
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preferably an oral dosage form for the control of joint pain 
range of motion and stiffness, it should be understood that 
different proportions of ingredients and percentages in com 
positions can be used depending on end use applications and 
other environmental and physiological factors When treating 
a patient. 

[0052] In accordance With a non-limiting example, the 
method treats and alleviates symptoms of osteoarthritis and/ 
or rheumatoid arthritis in a patient by administering a thera 
peutic amount of a composition including a krill oil in com 
bination With astaxanthin and polymers of hyaluronic acid or 
sodium hyaluronate (hyaluronan) in an oral dosage form. The 
krill oil in one example is derived from Euphasia spp., com 
prising Eicosapentaenoic (EPA) and Docosahexaenoic 
(DHA) fatty acids in the form of triacylglycerides and phos 
pholipids, although not less than 1% EPA and 5% DHA has 
been found advantageous. In another example, the krill oil 
includes at least 15% EPA and 9% DHA, of Which not less 
than 45% are in the form of phospholipids. The composition 
can be delivered advantageously for therapeutic results With 
1-4000 mg of krill oil delivered per daily dose. In another 
example, 0.1-50 mg astaxanthin are supplemented to the krill 
oil per daily dose. 

[0053] The astaxanthin is preferably derived from Haema 
Zococcus pluvialis algae, Pfa?ia, krill, or by synthetic routes, 
in the free diol, monoester or diester form at a daily dose of 
0.5-8 mg. The polymers of hyaluronic acid or sodium hyalu 
ronate (hyaluronan) can be derived from microbial fermenta 
tion or animal tissue. About 1-500 mg of hyaluronan can be 
delivered per daily dose and preferably betWeen 10 and 70 
mgs/ dose. The hyaluronan is micro- or nano -dispersed Within 
the composition in one preferred example. In another 
example, the hyaluronic acid is derived from a bio-fermenta 
tion process and has a molecular Weight betWeen 0.5 and 100 
kilodaltons (kDa). 
[0054] In another example, the polymers of hyaluronic acid 
or sodium hyaluronate (hyaluronan) are derived from micro 
bial fermentation or animal tissue and have molecular 
Weights exceeding 100 KDa and preferably up to 106 KDa. 

[0055] The composition may also include a natural or syn 
thetic cyclooxygenase-1 or -2 inhibitor comprising for 
example aspirin, acetaminophen, steroids, prednisone, or 
NSAIDs. The composition may also include a gamma-li 
noleic acid rich oil comprising Borage (Borago o?icinalis L.) 
or Saf?oWer (Carlhamus Zinclorius L.), Which delivers a 
metabolic precursor to PGEl synthesis. 

[0056] The composition may also include an n-3 (omega-3) 
fatty acid rich oil derived from ?sh oil, algae oil, ?ax seed oil, 
or chia seed oil and the n-3 fatty acid comprises alpha-lino 
lenic, stearidonic, eicosapentaenoic or docosapentaenoic 
acid. HydrolyZed or unhydrolyZed collagen and elastin 
derived from eggshell membranes can also be advanta 
geously added. The composition may also include anti-in 
?ammatory and/or natural joint health promoting compounds 
comprising at least one of preparations of green lipped mussel 
(Perna canaliculus), Boswellia serrala, turmeric (Curcuma 
longa), stinging nettle (Urlica dioica), Andrographis, Cat’s 
claW (Uncaria lomenlosa), bromelain, methylsulfonyl 
methane (MSM), chondroitin sulfate, glucosamine sulfate, 
s-adenosyl-methionine, proanthocyanidins, procyanidins or 
?avonoids. The composition may include naturally-derived 
and synthetic antioxidants that are added to retard degrada 
tion of fatty acids and astaxanthin. 
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[0057] Different compositions may use different ingredi 
ents in combination With the krill oil, astaxanthin and hyalu 
ronate and be combined With different ingredients and 
supplemental compositions for more speci?c purposes. 
[0058] A pharmaceutically acceptable composition com 
prises a krill oil in combination With astaxanthin and hyalu 
ronate optionally combined With one or more ingredients 
including but not limited to glucosamine sulfate, chondroitin 
sulfate, collagen, methylsulfonmethane, a gamma-linoleic 
acid or omega-3 fatty acid rich oil a cyclooxygenase inhibitor 
or a lipogenase inhibitor for the treatment of symptoms 
related to joint diseases including but not limited to osteoar 
thritis and rheumatoid arthritis. 

[0059] In yet another example, a dietary supplement 
acceptable composition comprises a krill oil in combination 
With astaxanthin and hyaluronate optionally combined one or 
more ingredients, including but not limited to, glucosamine 
sulfate, chondroitin sufate, collagen, methylsulfonmethane, a 
gamma-linoleic acid or omega-3 fatty acid rich oil a 
cyclooxygenase inhibitor or a lipoxygenase inhibitor for the 
treatment of symptoms related to joint diseases including but 
not limited to osteoarthritis and rheumatoid arthritis. 

[0060] In yet another example, a medical food acceptable 
composition comprises a krill oil in combination With astax 
anthin and hyaluronate and optionally combined With one or 
more ingredients including glucosamine sulfate, chondroitin 
sufate, collagen, methylsulfonmethane, a gamma-linoleic 
acid or omega-3 fatty acid rich oil, a cyclooxygenase inhibitor 
or a lipoxygenase inhibitor for the treatment of symptoms 
related to joint diseases including but not limited to osteoar 
thritis and rheumatoid arthritis. 

[0061] In still another example, a composition is formu 
lated in a therapeutic amount to treat and alleviate symptoms 
of osteoarthritis and/or rheumatoid arthritis, Wherein the 
composition includes a krill oil in combination With astaxan 
thin and polymers of hyaluronic acid or sodium hyaluronate 
(hyaluronan) in an oral dosage form. This composition 
includes other active constituents as explained and identi?ed 
above relative to the method and composition. 

[0062] A process for extracting astaxanthin from Haema 
Zococcus pluvialis algal biomass is also disclosed and com 
prises providing a dried form of Haemalococcus pluvialis, 
extracting astaxanthin using one of at least a polar and non 
polar solvent to obtain a slurry, ?ltering the slurry to separate 
the cells from the extract, and obtaining an astaxanthin oleo 
resin concentrate by removing solvent from the extract. This 
astaxanthin oleoresin concentrate is administered to a human 
patient in an oral dosage form containing 1 to 50 mg of 
astaxanthin oleoresin complex to treat and alleviate symp 
toms of osteoarthritis and/or rheumatoid arthritis in one 
example. 
[0063] Other details of the type of CO2 extraction and 
processing technology (as supercritical CO2 extraction) and 
peroxidation blocker technology that can be used are dis 
closed in commonly assigned U.S. Patent Publication Nos. 
2009/0181127; 2009/0181114; and 2009/0258081, the dis 
closures Which are hereby incorporated by reference in their 
entirety. 
[0064] There noW folloWs further details of an astaxanthin 
extract that can be formed from Haemalococcuspluvialis and 
an associated method for preparation thereof. As described 
beloW, this astaxanthin extract and method advantageously 
can be used alone in an oral dosage form to treat and alleviate 
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symptoms of osteoarthritis and/or rheumatoid arthritis. It is 
also applied in combination With krill oil and LMWtHA as 
described above. 

[0065] In this example, astaxanthin oleoresin complex is 
derived from alga Haemalococcus pluvialis, Wherein the 
astaxanthin oleoresin complex is useful for relieving pain in 
Osteoarthritic patients. 
[0066] It should be understood that application of astaxan 
thin from the algae Haem alococcuspluvialis for the improve 
ment of muscle function, muscle disorders, muscle diseases 
and carpal tunnel syndrome are reported. In these many stud 
ies, astaxanthin oleoresin extracted through super critical 
CO2 extraction Was used. HoWever, no studies or clinical 
trials Were carried out using astaxanthin oleoresin speci?cally 
for alleviating symptoms of Osteoarthritis. 
[0067] Osteoarthritis (OA) is the most prevalent form of 
arthritis. Osteoarthritis is a disease in Which the cartilage that 
acts as a cushion betWeen the bones in joints begins to Wear 
aWay causing bone on bone joint sWelling and joint pain. It is 
characteriZed by degeneration of articular cartilage along 
With peri-ar‘ticular bone response. It affects both sexes, 
mainly in the fourth and ?fth decades of life. The knee joint is 
most commonly affected joint. At present the management is 
by pharmacological and non-pharmacological therapy. Cor 
rective surgical therapy and or joint replacement therapy in 
some cases may not be possible. 

[0068] Traditional treatments for Osteoarthritis involve the 
use of analgesics, non-steroidal anti-in?ammatory drugs 
(NSAIDs) or cyclooxygenase-2 speci?c (COX-2) NSAIDs 
alone or in combination. Advances in recombinant protein 
synthesis also provide relief from the symptoms of OA and 
RH. Steroid or high molecular Weight hyaluronic acid injec 
tions have also been used With some success hoWever these 
therapies have Well knoWn deleterious side effects. 

[0069] Many of these treatments alone have shoWn limited 
effectiveness in clinical trials. To avoid the cardiac risks and 
gastrointestinal issues associated With traditional OA treat 
ments (particularly With long term use), many patients have 
turned to complimentary and alternative medicines (CAMs) 
such as dietary supplements. Glucosamine and chondroitin 
alone or in combination, are Widely marketed as dietary 
supplements to treat joint pain due to OA. TWo major clinical 
trials on glucosamine and chondroitin (The GAIT Study) 
failed to shoW any signi?cant improvement in WOMAC score 
over placebo except in the highest quartile of patients studied. 
Because of their limited effectiveness, the search for addi 
tional CAMs to treat OA continues (see for example Ruff et 
al., Eggshell membrane in the treatment of pain and stiffness 
from Osteoarthritis of the knee: a randomiZed, multicenter, 
double-blind, placebo-controlled clinical study, Clin. Rheu 
matol (2009) 28:907-914). 
[0070] In accordance With a non-limiting example, a com 
position comprises astaxanthin oleoresin complex derived 
form Haemalococcuspluvialis algal biomass as a single com 
ponent treatment to relieve the symptoms of OA. A process 
for extraction of the astaxanthin oleoresin complex from alga 
Haemalococcuspluvialis is also provided. A use of the astax 
anthin oleoresin complex is provided Wherein the astaxanthin 
oleoresin complex is useful for relieving pain in Osteoarthri 
tis patients When administered in an effective amount. The 
astaxanthin oleoresin complex as disclosed is helpful in 
improving the quality of life, functionality and by adminis 
tering required amount of Astaxanthin oleoresin complex. 
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[0071] The astaxanthin oleoresin complex as disclosed is 
derived by extraction of the Haemalococcus pluvialis algal 
biomass by solvent extraction using polar/non-polar solvents 
in a non-limiting example. The Haemalococcuspluvialis bio 
mass is obtained from cultivating the alga in open ponds, 
harvesting astaxanthin rich biomass, drying the harvested 
biomass to remove the moisture and cracking the dried bio 
mass for extraction of astaxanthin complex from the said 
algal biomass. 
[0072] The subject matter relates to long term management 
of the patients With Osteoarthritis in terms of a) relief of pain 
and b) improved functions of daily life using astaxanthin 
oleoresin complex as disclosed. 

[0073] In one of embodiment, there is provided a compo 
sition comprising astaxanthin oleoresin complex. In another 
embodiment, there is provided a composition comprising the 
astaxanthin oleoresin complex derived from Haemalococcus 
pluvialis algal biomass. In another embodiment, there is pro 
vided a process for extraction of astaxanthin from Haemato 
coccus pluvialis algal biomass, Wherein the process com 
prises providing dried form of Haemalococcus pluvialis, 
extracting astaxanthin using polar and/or non-polar solvents 
to obtain a slurry; ?ltering the slurry to separate the cells from 
extract; and obtaining astaxanthin oleoresin concentrate by 
removing solvent from the extract. In another embodiment, 
there is provided Haemalococcus pluvialis alga, Wherein the 
alga is cultivated in open ponds or in closed photobioreactors. 
One embodiment provides the process for extraction of astax 
anthin Haemalococcus pluvialis algal biomass, Wherein the 
Haemalococcus alga accumulated With astaxanthin is har 
vested to concentrate the biomass. In another embodiment, 
there is provided a process for extraction of astaxanthin Hae 
malococcus pluvialis algal biomass, Wherein red cysts of the 
Haemalococcuspluvialis are dried to remove the moisture. In 
another embodiment, there is provided a process for extrac 
tion of astaxanthin Haemalococcus pluvialis algal biomass, 
Wherein red cysts of the Haemalococcuspluvialis are dried to 
remove the moisture and the dried red cysts are cracked for 
optimal extraction of the astaxanthin. A method improves the 
quality of life and functionality of Osteoarthritis patients by 
administering required amounts of astaxanthin oleoresin 
complex in oral dosage form. 
[0074] In one embodiment, there is provided a method of 
improving the quality of life and functionality of Osteoarthri 
tis patients by administering astaxanthin oleoresin complex 
in oral dosage forms containing 1-50 mg astaxanthin oleo 
resin complex. In another embodiment, there is provided a 
method of improving the quality of life and functionality of 
Osteoarthritis patients by administering astaxanthin oleo 
resin complex in oral dosage forms containing 1-30 mg astax 
anthin oleoresin complex. In another embodiment, there is 
provided a method of improving the quality of life and func 
tionality of Osteoarthritis patients by administering astaxan 
thin oleoresin complex in oral dosage forms containing 1-20 
mg astaxanthin oleoresin complex. In another embodiment, 
there is provided a method of improving the quality of life and 
functionality of Osteoarthritis patients by administering 
astaxanthin oleoresin complex in oral dosage forms contain 
ing 10-25 mg astaxanthin oleoresin complex. In one embodi 
ment, there is provided a method of improving the quality of 
life and functionality of Osteoarthritis patients by adminis 
tering astaxanthin oleoresin complex in oral dosage forms 
containing 15 mg astaxanthin oleoresin complex. In another 
embodiment, there is provided a method of improving the 
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quality of life and functionality of Osteoarthritis patients by 
administering astaxanthin oleoresin complex in oral dosage 
forms containing 3-8 mg, preferably 4 mg, most preferably 5 
mg astaxanthin oleoresin complex. In another embodiment, 
there is provided a method of improving the quality of life and 
functionality of Osteoarthritis patients by administering 
astaxanthin oleoresin complex in oral dosage forms contain 
ing astaxanthin oleoresin complex, Wherein the Osteoarthritis 
assessment in Osteoarthritis patients is based on Western 
Ontario and McMasters Universities (WOMAC) Osteoarthri 
tis Index. 

[0075] In one of the embodiment, there is provided a 
dietary supplement formulation comprising astaxanthin oleo 
resin complex, either alone or in conjunction With surfactants 
to improve the absorption of astaxanthin and therefore the 
bio -availability of astaxanthin Wherein the formulation is use 
ful for improving the quality of life, functionality and relief of 
pain in Osteoarthritis, Wherein the formulation comprises 
1-50 mg astaxanthin oleoresin complex. In another embodi 
ment, there is provided a pharmaceutical formulation com 
prising astaxanthin oleoresin complex, either alone or in con 
junction With surfactants to improve the absorption of 
astaxanthin and therefore the bio-availability of astaxanthin, 
Wherein the formulation is useful for improving the quality of 
life, functionality and relief of pain in Osteoarthritis, Wherein 
the formulation comprises 1-50 mg astaxanthin oleoresin 
complex. In yet another embodiment, there is provided a food 
product comprising astaxanthin for improving the quality of 
life, functionality and relief of pain in Osteoarthritis, Wherein 
the formulation comprises 1-50 mg astaxanthin oleoresin 
complex either alone or in conjunction With surfactants to 
improve the absorption of astaxanthin and therefore the bio 
availability of astaxanthin. In yet another embodiment, there 
is provided food and/ or beverage product comprising astax 
anthin oleoresin complex either alone or in conjunction With 
surfactants to improve the absorption of astaxanthin and 
therefore the bio-availability of astaxanthin for improving 
quality of life, functionality and relief of pain in Osteoarthri 
tis, Wherein the formulation comprises 1-50 mg astaxanthin 
oleoresin complex. One embodiment provides the astaxan 
thin formulations as disclosed comprising 2 to 20 mg of 
astaxanthin. 

[007 6] 
[0077] Haemalococcus is a uni-cellular green microalga 
Which has the capacity to concentrate in its cells the xantho 
phyll/carotenoid pigment astaxanthin under appropriate 
groWth conditions. Astaxanthin has a characteristic red color. 
Haemalococcus alga can concentrate astaxanthin up to 1.0% 
to 2% of its body Weight in open pond cultivation or up to 5% 
in photobioreactors. The alga is groWn in open ponds con 
taining Water enriched With nutrients of nitrates, phosphate, 
magnesium, CO2, minerals etc., for the algal groWth. The 
cultivation of the alga is not a continuous process and is 
carried out under a batch process of 7-10 days. 

[0078] The Astaxanthin rich alga is separated/harvested 
using mechanical methods/ separator machines from the pond 
culture medium and the ?ltrate from the pond is cleaned and 
recycled. The harvested algal slurry is Washed using fresh 
Water and concentrated. Thereafter the slurry in Wet form 
along With antioxidants is dried through a spray drier. The 
poWder is stored under normal Warehouse condition and or in 
cold storage and then cracked and stored under nitrogen or 
vacuum packed. An example is given in Indian Patent No. 
201526 (SWati S Thomas, Kumaravel S and Jeeji Bai 

Cultivation of Haemalococcus pluvialis Alga 
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Ni2003iA cyclic process for the production of astaxanthin 
enriched biomass from Haemalococcus algae) on “A cyclic 
process for the production of astaxanthin enriched biomass 
from Haemalococcus algae.” 
[0079] Extraction Process for the Preparation of Astaxan 
thin Oleoresin Complex 
[0080] The dried form of Haemalococcus pluvialis alga is 
used as the raW material for the extraction process. The algal 
poWder is cracked using a cracking mill. The cracked cells are 
then immersed in a suitable polar/non-polar solvent and 
mixed. After giving su?icient time for astaxanthin extraction, 
the mixture is passed through a ?ltration unit to separate the 
cells from the extract. The spent cell With solvent is then 
passed through a unit to remove solvent from the cells. The 
clear ?ltrate With astaxanthin is then passed through a distil 
lation unit to remove the solvent. The concentrated astaxan 
thin is ?nally passed through high vacuum distillation unit to 
strip the extraction solvent residue beloW 100 ppm level. All 
the operations are carried out under vacuum or under nitrogen 
atmosphere to avoid any degradation. Astaxanthin oleoresin 
is red in color and the concentration of astaxanthin Will range 
from 2. 5% to 10% depending on the level of astaxanthin in the 
algal poWder. 
[0081] Composition of Haemalococcus pluvialis Cell PoW 
der & Astaxanthin Oleoresin Complex 
[0082] Astaxanthin (3,3'-dihydroxy-b, b-carotene-4,4'-di 
one) is Widely distributed in nature and is the principle pig 
ment in crustaceans and Salmonoids, various birds including 
?amingos and scarlet ibis. The carotenoids impart distinctive 
orange red coloration (Bjorn Bjerkeng, Marianne Follingb, 
Stephen Lagockia, Trond Storebakkena, Jan Ollic and Niels 
Alstedd. Bioavailability of all-Eastaxanthin and Z-isomers of 
astaxanthin in rainboW trout (Oncorhynchus mykiss). Aquac 
ulture, (1997). 157: 63-82. 
[0083] Astaxanthin is a keto (oxygenated) carotenoid With 
the molecular formula C4OH52O4 and has a molecular Weight 
of 596.86. Astaxanthin exists in several stereochemical forms 
viZ 3S,3'S; 3R,3'R; 3S,3'R and 3R,3'S depending on the 
source (Schiedt, K., Leuenberger, F. J.,Vecchi, M. Analysis of 
astaxanthin as found in Wild salmon and synthetic astaxan 
thin, Helv. Chim. Acta (1981) 64: 449-457). The major natu 
ral sources of astaxanthin include algae Haemalococcus, 
yeast Pha?ia and Krill apart from salmon and trout. Among 
these, Haemalococcus is the richest source producing 
betWeen 1% to 4% astaxanthin of its dry Weight (Maher, T. J. 
Astaxanthin: A versatile carotenoid antioxidant. International 
Journal of Integrative Medicine (2000) Volume 2 (number 
4)). In Haemalococcus algae astaxanthin exists as 3S,3'S 
isomer, Whereas in the yeast it is in the form of 3R,3'R isomer. 
Astaxanthin exists in Haemalococcus cells in the form of 
monoester and diester, Which accounts for more then 90% of 
total astaxanthin. Other carotenoids such as beta-carotene, 
canthaxanthin and lutein are present in minor amounts (Lee, 
Y- K., Zhang, and D. H. Production of astaxanthin by Hae 
malococcus. In: Chemicals from Microalgae. Ed: Zvi Cohen, 
Taylor and Francis, UK (1999). Pp. 173-195). Astaxanthin 
exists in free form in synthetic astaxanthin and Pha?ia yeast. 
The summary of results is given Table 1 and 2. 
[0084] Clinical Trial to Evaluate the Ef?cacy of Haemato 
coccus pluvialis Astaxanthin Oleoresin Complex in Osteoar 
thritis Patients 
[0085] The study has been carried out as a comparative 
single blind clinical trial of astaxanthin oleoresin complex in 
60 Osteoarthritis patients as compared With Placebo control 
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for a period of 12 Weeks n:60 (30 A+30 P). The dosage 
consisted of one softgel containing 15 mg of Astaxanthin 
once a day during breakfast for 12 Weeks. A total of 70 
subjects Were recruited for the study, 35 in each group (Astax 
anthin oleoresin complex and placebo-control) of both the 
sexes. Patients Were explained the nature of the study and 
informed consent Was obtained prior to the start of the study. 
Patient subjects Were clinically examined by the Principal 
Investigator and team. X ray and blood samples Were draWn at 
the commencement and at the end of study period. The case 
record forms Were ?lled by the Principal Investigator and 
rechecked by the Clinical research associate. Sixty patient 
subjects completed the study. Ten Were drop outs due to 
various reasons but not on account of intolerance to the astax 
anthin oleoresin complex orplacebo control. The results Were 
tabulated by the expert data entry operators under supervision 
of Biometric expert. The results Were subjected to Statistical 
analysis by an independent analyst. 
[0086] The assessment of Osteoarthritis symptoms Were 
based on Western Ontario and McMasters Universities 
(WOMAC) Osteoarthritis Index, VAS scale, Lequesne’s 
functional scale as Well as Sleep score as additional param 
eters besides radiological investigations. Further the assess 
ment of Osteoarthritis symptoms based on haematological 
studies, speci?cally MMP3 (Matrix metalloproteinase 3) in 
clinical parameters since Osteoarthritis patients shoW 
elevated levels of MMP3 in blood as Well as in synovial ?uid. 
The elevated levels cause signi?cant tissue damage through 
cartilage destruction. 
[0087] Results of Clinical Trial and Discussions 
[0088] Total Health Assessment Score 
[0089] The total health assessment on Osteoarthritis 
patients Was carried out on their dif?culty to a) Dressingi 
doing buttons, Washing and combing hair b) Arisingistand 
up straight from a chair, get in and out of bed, sit cross-legged 
on ?oor and get up c) Eating4cut vegetables, lift a full 
cup/glass to your mouth d) WalkingiWalk outdoor on ?at 
ground, climb up ?ve steps and e) HygieneiTake a bath, 
Wash and dry your body, get on and off the toilet f) Reach 
ingireach and get doWn a 2 kg object from just above your 
head, bend doWn to pick up clothing from the ?oor g) Gripi 
open a bottle previously opened, turn taps on & off, open door 
latches h) ActivitiesiWork in of?ce/house, run errand to 
shop, get in and out of car/auto. The summary of results is 
given Table 3. 
[0090] There Were signi?cant reductions in the mean scores 
of patients taking astaxanthin oleoresin complex at the end of 
3 months but not for the Placebo group. There Were no sig 
ni?cant differences betWeen astaxanthin and Placebo group 
at Basal values. There Were signi?cant differences betWeen 
the astaxanthin and placebo group at 3 months. 
[0091] WOMAC Score 
[0092] The Western Ontario McMaster (WOMAC) is a 
validated instrument designed speci?cally for the assessment 
of loWer extremity pain and function in Osteoarthritis (OA) of 
the knee. The patients Were assessed on their pain, stiffness 
and dif?culty in carrying out day-to-day activities. The pain 
index Was assessed for Activitiesia) in Walking on ?at sur 
face, going up or doWn on ?at surface, at night While in bed, 
sitting or lying, standing upright b) Stiffnes siafter ?rst Wak 
ening in morning, after sitting/ lying or resting later in the day 
and c) dif?culty in descending stairs, ascending stairs, stand 
ing up from a chair, While standing, bending to ?oor to pick up 
objects, Walking on ?at ground, getting in & out of autorick 
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shaW/bus/car, going shopping, on rising frombed, While lying 
on bed, While sitting on chair, going on/ off toilet, doing heavy 
domestic duties such as moving heavy boxes/ scrubbing ?oor/ 
lifting shopping bags, doing light domestic duties such as 
cleaning room/table/cooking/dusting, While sitting cross 
legged position, rising from cross-legged position, While 
squatting on ?oor. The summary of the results are given in 
Table 4. 
[0093] There Were signi?cant reductions in the mean scores 
for patients taking Astaxanthin oleoresin complex at the end 
of 3 months but not for the Placebo group. There Were no 
signi?cant differences betWeen patients taking Astaxanthin 
oleoresin complex and placebo group at basal values. There 
Were signi?cant differences betWeen Astaxanthin and Pla 
cebo groups at 3 months. 
[0094] VAS (Visual Analog Scale) on Pain Parameters 
[0095] Pain parameters Were assessed in Osteoarthritis 
patients taking astaxanthin oleoresin and the Placebo group 
using VAS. The assessment Was carried out in a) Pain param 
etersipain While using stairs, pain While Walking on ?at 
ground, pain While standing upright, pain While sitting or 
lying doWn, pain at night in bed b) Physical functionsigoing 
doWnstairs, going upstairs, sitting, getting up from sitting, 
standing, bending to ?oor, Walking on ?at ground, getting into 
or out of automobiles, shopping, putting on socks/ stockings, 
taking off socks/stockings, getting into bed, getting out of 
bed, getting into or out of bath tub, getting on or off toilet seat, 
during heavy household chores, during light household 
chores, getting into lotus position. The summary of results of 
Pain parameters (Pain+Physical) scores are given in Table 5. 
[0096] There Were signi?cant reductions in the mean scores 
at the end of 3 months for patients taking Astaxanthin oleo 
resin complex but not for the Placebo group. There Were no 
signi?cant differences betWeen Astaxanthin oleoresin com 
plex and Placebo group at Basal values. There Were signi? 
cant differences betWeen Astaxanthin oleoresin complex and 
Placebo groups at 3 months. 
[0097] Laquesne’s Index 
[0098] Laquesne’s index is the Functional index for 
Osteoarthritis of the knee. Assessment is carried out on a) 
Pain/discomfort4during nocturnal bed rest, morning stiff 
ness or regressive pain after rising, after standing for 30 
minutes and b) Physical functionsimaximum distance 
Walked, activities of daily living like able to climb up a stan 
dard ?ight of stairs, able to climb doWn a standard ?ight of 
stairs, able to squat or bend on the knees, able to Walk on 
uneven ground. The Laquesne’s index results are given in 
Table 6. 
[0099] There Were signi?cant reductions in mean scores for 
the patients taking Astaxanthin oleoresin complex at the end 
of 3 months but not for the Placebo group. There Were no 
signi?cant differences betWeen astaxanthin oleoresin com 
plex and Placebo groups at Basal values. There Were signi? 
cant differences betWeen astaxanthin oleoresin complex and 
Placebo groups at 3 months. 

[0100] Sleep Scale 
[0101] Sleep is an important element of functioning and 
Well being. Sleep Scale Was originally developed in the Medi 
cal Outcomes Study (MOS) intended to assess the extent of 
sleep problems. The Medical Outcomes Study Sleep Scale 
includes 12 items assessing sleep disturbance, sleep 
adequacy, somnolence, quantity of sleep, snoring, and aWak 
ening short of breath or With a headache. A sleep problems 
index, grouping items from each of the former domains, is 
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also available. This assessment evaluated the psychometric 
properties of MOS-Sleep Scale in Osteoarthritis patients tak 
ing Astaxanthin oleoresin complex and Placebo group. The 
results on Sleep scale MOS is given in Table 7. 
[0102] There Were signi?cant reductions in the mean scores 
for patients taking astaxanthin oleoresin complex at the end of 
3 months but not for the Placebo group. There Were no sig 
ni?cant differences betWeen astaxanthin oleoresin complex 
group and Placebo group at Basal values. There Were signi? 
cant differences betWeen astaxanthin oleoresin complex 
group and Placebo group for most of the variables. 
[0103] MMP3 (Matrix Metalloproteinase 3) Assay 
[0104] Assessment of Osteoarthritis symptoms based on 
haematological studies, speci?cally MMP3 (Matrix metallo 
proteinase 3) Were carried out in clinical parameters since 
Osteoarthritis patients shoW elevated levels of MMP3 in 
blood as Well as in synovial ?uid. The elevated levels cause 
signi?cant tissue damage through cartilage destruction. The 
results of the MMP3 analysis on Osteoarthritis patients 
before and after 3 months of administering With astaxanthin 
oleoresin complex are given in FIG. 2. The results of the 
MMP3 analysis on Osteoarthritis patients before and after 3 
months of administering With Placebo are given in FIG. 3. 
MMP3 levels did not shoW signi?cant change but the trend is 
toWards reduction. 
[0105] In all, 70 subjects Were recruited for the study in a 
randomiZed manner. The patients Were explained the nature 
of the study as Well as active (astaxanthin oleoresin complex 
softgels containing 15 mg astaxanthin) and placebo treat 
ments. An informed Written consent Was obtained from the 
subjects prior to the commencement of the study. At the 
commencement of the study patient subjects Were clinically 
examined and blood samples Were collected for CBC/ESR & 
MMP3 study. Speci?c orthopaedic and radiological exami 
nations Were performed. The patient subjects Were assigned 
placebo and active treatment in a random manner for a period 
of 12 Weeks. Patient subjects Were advised to continue With 
their other routine treatments, if any. At the end of 4 Weeks the 
subjects Were called for a second visit in order to re?ll the 
samples. The same procedure Was carried out in third visit and 
the procedure of the ?rst visit Was repeated in fourth visit. 
Results Were tabulated by data entry operators and detailed 
statistical analysis Was performed using those results. At the 
base level the groups Were similar and comparable. 

ADVANTAGES OF THE INVENTION 

[0106] Total Health Assessment score (Arising, Dressing, 
Eating, Walking, Hygiene, Grip, Reaching, Daily activities) 
exhibited signi?cant changes betWeen Astaxanthin oleoresin 
complex and Placebo group (P<0.001). Improvement Was 
seen in all the parameters of daily activities. 
[0107] WOMAC INDEX exhibited signi?cant differences 
(P<0.001). This score is unique for the functional abilities in 
patients With chronic joint disorders such as Osteoarthritis. 
[0108] VAS Pain parameters (Pain+Physical) score: There 
Were signi?cant reductions in the mean scores at the end of 
treatment for patients taking astaxanthin oleoresin complex 
but not for Placebo P (<0.001). It is suggestive of improve 
ment in the pain related aspects of Osteoarthritis. 
[0109] Laquesne’s index: (Functional Index for OA of 
knee): There Were signi?cant reductions in the mean scores at 
the end of treatment for patients taking Astaxanthin oleoresin 
complex but not for Placebo (P<0.05). 
[01 10] Sleep scale from the medical outcomes study: There 
Were signi?cant reductions in the mean scores at the end of 
treatment for patients taking astaxanthin oleoresin complex 
but not for Placebo (P<0.001). 
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[0111] There Was signi?cant difference between the aver 
age sleep each night (hrs). Patients taking astaxanthin oleo 
resin complex had higher sleep than Placebo group (P<0.01). 
[0112] Improvement in the sleep time clearly indicates e?i 
cacy of the treatment With astaxanthin oleoresin complex. 
Astaxanthin helps to get better sleep as is evident from sleep 
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TABLE 2-continued 

Proximate Analysis, Carotenoid Pro?le and 
Fatty Acid Pro?le of Astaxanthin Oleoresin Complex 

Astaxanthin oleoresin 
_ _ _ _ _ PARAMETER complex 5% 

score. This is due to reduction in pain and other symptoms of 
the disorder MMP3 did not shoW signi?cant change but the Moisture % 0.23 r 0.02 
trend is toWards reduction. Reduction in MMP3 levels are Carotenoids 5-14 I 0-04 
suggestive of improving cartilage health due to reduction in CAROTENOIDS % 
the process of cartilage destruction in a positive manner , 

. . . . . Total carotenoids 5 

although there is neither direct proof to this effect nor statis- . 
. 11 . .? ?. . h d h . h Total astaxanthin 4.68 
tica y signi cante ectint epresent stu y. No c ange int e talttmns?staxamnn [390 
radiological picture Was seen. No noteWorthy side effect/ g_cis_astaxa_nthin 047 
intolerance Was noted during the study period. Astaxanthin l3-cis-astaxanthin 0.31 
oleoresin complex appears to be safe for general consump- 15-cis-astaxanthin 0 
{ion Dicis-astaxanthin] 0.05] 

. . Betacarotene 0.03 

[0113] Astaxanthin oleoresin complex extracted through C 311th “anthin 0 06 
polar solvents from Haemalococcus pluvialis alga may be Lutdn 008 
suitable for the patients in the early stage of the Osteoarthritis FATTY ACID PROFILE, Area % 
to prevent the progression of the disorder. It may be useful to 
the patients With established Osteoarthritis to provide symp- C14:0 Myristic acid 0.23 
tomatic relief from pain and improved quality of life. Astax- C 1510 P?ntaldlecanloic acid 0-1 
anthin oleoresin complex improves symptoms like pain as C 1610 Palmlmc @d. 24-57 
Well as quality of physical activities of daily life in a signi?- C161 Palmltolelc 801d, , 0'57 

. . . . C 16:2 Hexadeca dienoic acid 0.45 
cant manner. Osteoarthritis is seen to mark its presence at a _ . . . 

. . . . . . C 16.3 Hexadecatrienoic acid 0.14 

younger age in India. It Would be appropriate to initiate the C 16:4 Hexad?cmm?noic acid L15 

treatment With Astaxanthin'oleoresin complex right from the C171) H?ptadecanoic acid 214 
beginmng as soon as the diagnosis is arrived at. Study With C 1&0 swam acid 1_61 
larger sample siZe at different centres is recommended to C18:1 Oleic acid 38.93 
study the mechanism of action of Astaxanthin oleoresin com- C 1812 Linol?ic acid 17-22 
plex in Osteoarthritis further~ C 18:3, n-6 Gamma linolenic acid 0.84 

C 18:3, n-3 Alpha linolenic acid 8.14 
C 18:4 Octadeca tetraenoic acid 1.3 

TABLE 1 C20:2 Eicosadienoic acid 0.81 
, I I C20 :4 Arachidonic acid 0.85 

Carotenoid Pro?le ofHaemalococcus PZuvzaZzs C220 B?h?nic acid 0 5 
Cell PoWder and Astaxanthin Oleoresin Complex ' ' 

Astaxanthin 
Oleoresin complex 

Carotenoids Cell poWder 5% TABLE 3 

Beta-carotene 0.62 r 0.01 0.62 r 0.01 Total Health Assessment Score 

Canthaxanthin 1.21 r 0.03 1.20 r 0.03 Total Hmlth Assessment Score 
Astacene 3.09 r 0.06 3.09 r 0.06 

Semiastacene 1.35 r 0.03 1.35 r 0.03 Duration 
Dicis astaxanthin 1.07 r 0.02 1.03 r 0.05 

Trans astaxanthin 75-70 I 1-53 75-75 I 1-51 Treatments Basal 1 month 2 months 3 months Signi?cance level 
9 cis astaxanthin 9.20 r 0.77 9.19 r 0.77 
13 cis astaxanthin 6.10 r 0.94 6.08 r 0.93 Astaxanthin 18 14.68 13.19 12.13 S, P < 0.001 
Lutein 1.66 r 0.03 1.65 r 0.03 Placebo 20.25 19.8 19.48 19.51 NS, P = 0.4 

S = Signi?cant, 

NS = Not Signi?cant, 

2 P = Probability 

Proximate Analysis, Carotenoid Pro?le and 
Pam Acid Pro?le of Astaxanthin Oleoresin Complex TABLE 4 

Astaxanthin oleoresin WOMAC Score 
PARAMETER complex 5% WOMAC 

PHYSICAL Duration 

App‘wmnc6 Free HOW Treatments Basal 1 month 2 months 3 months Signi?cance level 
Color Dark red 

PROXIMATE Astaxanthin 36.39 31.87 28.42 26.52 S, P < 0.001 
Placebo 38.07 36.62 36.59 36.1 NS, P = 0.6 

Protein % 0.95 r 0.03 
Carbohydrate % 0.11 r 0.01 S = Signi?cant, 
Lipid % 94.89 1 0.12 NS = Not Signi?cant, 

Ash % 3.82 I 0.08 P = Probability 
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TABLE 5 

VAS Pain Parameters Score 
Pain Parameters 

Duration Signi?cance 

Treatments Basal 1 month 2 months 3 months level 

Astaxanthin 891.94 828.71 772.58 748.39 S, P < 0.001 
Placebo 945.86 923.28 916.21 915.17 NS, P = 0.1 

S = Signi?cant, 

NS = Not Signi?cant, 

P = Probability 

TABLE 6 

Laquesne’s Index 

Signi?cance 
Parameters Astaxanthin Placebo level 

1. During nocturnal bed rest Basal 0.6 +/— 0.7 0.6 +/— 0.7 NS, P = 1.0 
3 months 0.8 +/— 0.7 0.5 +/— 0.7 S, P = 0.05 

2. Morning stiffness or Basal 0.9 +/— 0.6 0.6 +/— 0.7 NS, P = 0.9 
Regressive pain after rising 3 months 0.6 +/— 0.6 0.6 +/— 0.5 NS, P = 0.9 

3. After standing for 30 Basal 0.4 +/— 0.5 0.6 +/— 0.7 NS, P = 0.9 
Minutes 3 months 0.3 +/— 0.6 0.5 +/— 0.7 S, P = 0.05 

4. Maximum distance Walked Basal 1.3 +/— 0.7 1.7 +/— 1.3 NS, P = 0.9 
3 months 0.6 +/— 0.5 1.7 +/— 1.3 S, P = 0.001 

5. Activities of daily living 
a) Able to climb up a Basal 0.8 +/— 0.5 0.9 +/— 0.3 NS, P = 0.9 

standard ?ight ofstairs 3 months 0.7 +/— 0.5 1.0 +/— 0.4 S, P = 0.03 

b) Able to climb doWn a Basal 1.3 +/— 0.3 1.6 +/— 0.9 NS, P = 0.9 
standard ?ight ofstairs 3 months 0.9 +/— 0.6 1.6 +/— 0.9 S, P = 0.03 

c) Able to squat or bend the Basal 1.3 +/— 0.3 1.6 +/— 0.9 NS, P = 0.9 
Knees 3 months 0.9 +/— 0.6 1.6 +/— 0.9 S, P = 0.03 

d) Able to Walk on uneven Basal 1.3 +/— 0.3 1.6 +/— 0.9 NS, P = 0.9 
Ground 3 months 0.9 +/— 0.6 1.6 +/— 0.9 S, P = 0.03 

S = Signi?cant, 

NS = Not Signi?cant, 

P = Probability 

TABLE 7 

Sleep Scale MOS 

Signi?cance 
Sleep parameters Astaxanthin Placebo level 

1. Time to fall asleep (min) during Basal 2.3 +/— 1.3 2.6 +/— 1.3 NS, P = 0.9 
the past 4 Weeks 3 months 1.6 +/— 1.1 2.5 +/— 1.3 S, P < 0.001 

2. Average sleep each night (hours during 6. +/— 1.3 5. +/— 1.8 S, P < 0.001 
last 4 Weeks) 

3. Feel your sleep Was not quiet? Basal 3. +/— 1.9 3. +/— 1.9 NS, P = 0.9 
3months 2.6 +/— 2.1 3.8+/— 2.1 S,P=0.02 

4. Get enough sleep to feel rested Basal 3.8 +/— 1.9 3.8 +/— 1.9 NS, P = 1.0. 
upon? 3 months 2.9 +/— 2.1 3.6 +/— 2.1 S, P = 0.03 

5. AWaken short ofbreath or With Basal 5.6 +/— 1.2 4.6 +/— 2.2 NS, P = 0.6 
headache? 3 months 5.6 +/— 1.2 4.5 +/— 2.8 NS, P = 0.6 

6. Feel droWsy or sleepy during day? Basal 5. +/— 1.2 4. +/— 2.2 NS, P = 0.6 
3 months 5.7 +/— 1.8 4.5 +/— 2.8 NS, P = 0.6 

7. Have trouble falling asleep? Basal 3.6 +/— 2.7 4.6 +/— 2.2 NS, P = 0.3 
3 months 4.4 +/— 2.1 4.5 +/— 2.8 NS, P = 0.9 

8. AWaken during your sleep time Basal 4.1 +/— 2.9 4.6 +/— 2.2 NS, P = 0.7 
and have trouble in falling sleep 
again? 

3 months 4.9 +/— 2.3 4.5 +/— 2.8 NS, P = 0.7 
9. Have trouble staying aWake Basal 4.7 +/— 1.8 4.6 +/— 2.2 NS, P = 0.9 

during the day? 3 months 5.4 +/— 1.8 4.5 +/— 2.8 S, P = 0.05 
10. Snore during your sleep? Basal 5.5 +/— 1.1 4.4 +/— 1.5 NS, P = 0.2 

3 months 5.7 +/— 0.8 4.8 +/— 1.3 S, P = 0.05 
11. Take naps (5 min. or longer) Basal 4.1 +/— 1.5 4.4 +/— 1.5 NS, P = 0.6 

during the day? 3 months 3.7 +/— 1.5 4.8 +/— 1.3 S, P = 0.05 

Jan. 9, 2014 
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TABLE 7-continued 

Jan. 9, 2014 

Sleep Scale MOS 

Signi?cance 
Sleep parameters Astaxanthin Placebo level 

12. Get the amount ofsleep you Basal 3.2 +/— 1.8 4.5 +/— 1.5 NS, P = 0.6 
needed? 3 months 3.7 +/— 1.8 4.8 +/— 1.3 S, P = 0.05 

S = Signi?cant, 

NS = Not Signi?cant, 

P = Probability 

[0114] Many modi?cations and other embodiments of the 
invention will come to the mind of one skilled in the art having 
the bene?t of the teachings presented in the foregoing 
descriptions and the associated drawings. Therefore, it is 
understood that the invention is not to be limited to the spe 
ci?c embodiments disclosed, and that modi?cations and 
embodiments are intended to be included within the scope of 
the appended claims. 

1-34. (canceled) 
35. A method to treat and alleviate symptoms of joint pain 

associated with osteoarthritis, comprising administering a 
therapeutic amount of an astaxanthin oleoresin. 

36. The method according to claim 35, wherein the astax 
anthin oleoresin is administered alone in an oral dosage form. 

37. The method according to claim 35, wherein the astax 
anthin oleoresin is derived from Haemalococcus pluvialis 
algae. 

38. The method according to claim 35, wherein the astax 
anthin oleoresin includes at least 4 percent total astaxanthin. 

39. The method according to claim 35, wherein the astax 
anthin oleoresin includes at least 5 percent total carotenoids. 

40. The method according to claim 35, comprising deliv 
ering 1 to 50 mg of astaxanthin oleoresin per daily dose. 

41. The method according to claim 40, comprising deliv 
ering 2 to 20 mg of astaxanthin oleoresin per daily dose. 

42. The method according to claim 35, wherein the astax 
anthin oleoresin is obtained from a cracked biomass. 

43. The method according to claim 42, wherein the astax 
anthin oleoresin is obtained from the cracked biomass by 
solvent extraction. 

44. The method according to claim 43, wherein cracked 
biomass is solvent extracted by polar solvents or non-polar 
solvents. 

45. The method according to claim 35, wherein the astax 
anthin is derived by synthetic routes in the free diol, monester 
or diester form. 

46. A composition formulated in a therapeutic amount to 
treat and alleviate symptoms of joint pain associated with 
osteoarthritis, wherein the composition includes an astaxan 
thin oleoresin. 

47. The composition according to claim 46, wherein the 
astaxanthin oleoresin is administered alone in an oral dosage 
form. 

48. The composition according to claim 46, wherein the 
astaxanthin oleoresin is derived from Haemalococcuspluvia 
lis algae. 

49. The composition according to claim 46, wherein the 
astaxanthin oleoresin includes at least 4 percent total astax 
anthin. 

50. The composition according to claim 46, wherein the 
astaxanthin oleoresin includes at least 5 percent total caro 
tenoids. 

51. The composition according to claim 46, comprising 
delivering 1 to 50 mg of astaxanthin oleoresin per daily dose. 

52. The composition according to claim 46, comprising 
delivering 2 to 20 mg of astaxanthin oleoresin per daily dose. 

53. The composition according to claim 46, wherein the 
astaxanthin oleoresin is obtained from a cracked biomass. 

54. The composition according to claim 53, wherein the 
astaxanthin oleoresin is obtained from the cracked biomass 
by solvent extraction. 

55. The composition according to claim 54, wherein 
cracked biomass is solvent extracted by polar solvents or 
non-polar solvents. 

56. The composition according to claim 46, wherein the 
astaxanthin is derived by synthetic routes in the free diol, 
monester or diester form. 

57. The composition according to claim 46, wherein the 
composition is formulated as a dietary supplement composi 
tion. 

58. The composition according to claim 46, wherein the 
composition is formulated as a pharmaceutical formulation. 

* * * * * 


