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KRILL OIL AND REACTED ASTAXANTHIN COMPOSITION 
AND ASSOCIATED METHOD 

Related Application(s) 

[0001] This application claims the benefit of U.S. non-provisional application Serial No. 

13/937,547 filed July 9, 2013, and claims the benefit of U.S. non-provisional application Serial 

No. 13/553,025 filed July 19, 2012, the entire contents of which are incorporated herein by 

reference. 

Field of the Invention 

[0002] The present invention relates to a krill oil and carotenoid composition used for eye care 

or other medical applications and medicine delivery system for the composition. The present 

invention also relates to a method of preventing, retarding and ameliorating central nervous 

system and eye diseases, including treating eye insult resulting from disease or injury, such as 

age-related macular degeneration, photic injury, photoreceptor cell or ganglion cell damage, 

ischemic insult-related diseases, cataracts, dry eye syndromes and inflammatory diseases. 

Background of the Invention 

[0003] The eye is an extension of the brain, and therefore a part of the central nervous system. 

Accordingly, in the case of an eye injury or disease, i.e., a retinal injury or disease, the diseases 

are often without treatment and the eye cannot be transplanted. Eye diseases and injuries that 

presently are untreatable include retinal photic injury, retinal ischemia-induced eye injury, age-

related macular degeneration, and other eye diseases and injuries that are induced by singlet 

oxygen and other free radical species. 

[0004] It has been hypothesized that a major cause of these untreatable retinal and other eye 

diseases and injuries is the generation and presence of singlet oxygen and other free radical 
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species. Singlet oxygen and free radical species can be generated by a combination of light, 

oxygen, other reactive oxygen species like hydrogen peroxide, superoxide or during reperfusion 

after an ischemic insult resulting in highly reactive NOx release. 

[0005] The eye is subjected to continuous light exposure because the primary purpose of the eye 

is light perception. Therefore, some untreatable diseases and injuries to the eye result from the 

continuous exposure of the eye to light, coupled with the highly-oxygenated environment in the 

eye. 

[0006] The process of light perception is initiated in the photoreceptor cells. The photoreceptor 

cells are a constituent of the outer neuronal layer of the retina, which is a component of the 

central nervous system. The photoreceptor cells are well sheltered in the center of the eye, and 

are protected structurally by the sclera, nourished by the highly-vascularized uvea and 

safeguarded by the blood-retinal barrier of the retinal pigmented epithelium. 

[0007] The primary function of the photoreceptor cells is to convert light into a physio-chemical 

signal (transduction) and to transmit this signal to the other neurons (transmission). During the 

transduction and transmission processes, the metabolic activities of these neurons are changed 

dramatically. Even though the photoreceptor cells are securely protected in the interior of the 

eye, these cells are readily accessible to light because their primary function is light detection. 

Excessive light energy reaching the retina can cause damage to these neurons, either directly or 

indirectly, by overwhelming the metabolic systems of these cells. 

[0008] The combination of continuous and/or excessive exposure to light, and the relatively high 

concentration of oxygen in the eye, generates singlet oxygen and other free radical species. 

Singlet oxygen and free radical species also can be generated by enzymatic processes 

independent from light exposure. The free radical species and singlet oxygen are reactive entities 

that can oxidize polyunsaturated fatty acids. The retina contains the highest concentration of 

polyunsaturated fatty acids of any tissue in the human body, and per-oxidation of the 

polyunsaturated fatty acids in cell membranes of the retina by hydroxyl radicals (OH) or 

superoxide (02) radicals can propagate additional free radical species. These free radical species 

can lead to functional impairment of the cell membranes and cause temporary or permanent 

damage to retinal tissue. It has been theorized that the generation of singlet oxygen and free 

radical species therefore underlies the pathogenesis of light-induced retinopathy and post- 
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ischemic reflow injury. In addition, a deficiency in removing these reactive free radical species 

can also contribute to various diseases of the eye. 

100091 A number of natural mechanisms protect the photoreceptor cells from light injury. For 

example, the ocular media, including the cornea, aqueous, lens, and vitreous, filter most of the 

light in the ultraviolet region. However, after cataract extraction or other surgical intervention, 

some of these protective barriers are removed or disturbed, whereby the photoreceptor cells are 

more susceptible to damage by radiant energy. The photoreceptor cells also possess other forms 

of protection from photic injury, for example, the presence of antioxidant compounds to 

counteract the free radical species generated by light. As will be demonstrated hereafter, 

antioxidants, which quench and/or scavenge singlet oxygen, hydrogen peroxide, superoxide and 

radical species, minimize injury to the photoreceptor cells. The most important area of the retina 

where such protection is necessary is the fovea or central region of the macula. Even though 

several protective mechanisms are present in the eye, a leading cause of blindness in the United 

States is age-related photoreceptor degeneration. Clinically, photoreceptor degeneration, as seen 

in age-related macular degeneration, is causally related to excessive exposure to high energy 

UVA and UVB ultraviolet light. The causes of age-related macular degeneration, which is 

characterized by a loss of photoreceptor neurons resulting in decreased vision, are still being 

investigated. Epidemiological studies indicate that age-related photoreceptor degeneration, or 

age-related macular degeneration, is related to several factors including age, sex, family history, 

color of the iris, nutritional deficiency, immunologic disorders, cardiovascular and respiratory 

diseases and pre-existing eye diseases. Advancing age is the most significant factor. Recently, it 

has been demonstrated that aging eyes have a decreased amount of carotenoids deposited on the 

retina. Clinical and laboratory studies indicate that photic injury is at least one cause of age-

related macular degeneration because of the cumulative effect of repeated mild photic insult 

which leads to a gradual loss of photoreceptor cells. 

[0010] Age-related macular degeneration is an irreversible blinding disease of the retina. Unlike 

cataracts which can be restored by replacing the diseased lens, age-related macular degeneration 

cannot be treated by replacing the diseased retina because the retina is a component of the central 

nervous system. Therefore, because no treatment for this disease exists once the photoreceptors 

are destroyed, prevention is the only way to address age-related macular degeneration. Presently, 

prevention of age-related macular degeneration resides in limiting or preventing light and 
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oxygen-induced (i.e., free radical-induced) damage to the retina because the retina is the only 

organ that is continuously exposed to high levels of light in a highly-oxygenated environment. 

[0011] In addition to photic injury, eye injury and disease can result from singlet oxygen and 

free radical species generated during reperfusion after an ischemic insult. Ischemic insult to 

retinal ganglion cells and to neurons of the inner layers of retina causes loss of vision. Loss of 

vision accompanies diabetic retinopathy, retinal arterial occlusion, retinal venous occlusion and 

glaucoma, each of which insults the eye depriving the eye of oxygen and nutrition via ischemic 

insult. 

[0012] The damage to the retinal ganglion cells has been attributed to ischemia, and subsequent 

reperfusion during which free radicals are generated. 

[0013] The pathogenesis of photic injury, of age-related macular degeneration, of 

ischemia/reperfusion damage, of traumatic injury and of inflammations of the eye have been 

attributed to singlet oxygen and free radical generation, and subsequent free radical-initiated 

reactions. Investigators therefore studied the role of antioxidants in preventing or ameliorating 

these diseases and injuries of the central nervous system in general, and the eye in particular. 

[0014] For example, ascorbate was investigated as an agent to treat retinal photic injury. 

Ascorbate is a reducing agent which is present in the retina in a high concentration. Studies 

indicated that ascorbate in the retina can act as an antioxidant and is oxidized by free radical 

species generated during excessive light exposure. 

[0015] Administration of ascorbate reduced the loss of rhodopsin after photic exposure, thereby 

suggesting that ascorbate offered protection against retinal photic injury. A decrease in rhodopsin 

levels is an indicator of photic eye injury. The protective effect of ascorbate is dose-dependent, 

and ascorbate was effective when administered before light exposure. Morphometric studies of 

the photoreceptor nuclei remaining in the retina after light exposure showed that rats given 

ascorbate supplements had substantially less retinal damage. Morphologically, rats with 

ascorbate supplements also showed better preservation of retinal pigmented epithelium. 

[0016] The above studies led to the hypothesis that ascorbate mitigates retinal photic injury 

because of its antioxidant properties, which are attributed to its redox properties. Ascorbate is a 

scavenger of superoxide radicals and hydroxy radicals and also quenches singlet oxygen, all of 

which are formed during retinal photic injury. This hypothesis accounts for the presence of high 

levels of naturally-occurring ascorbate in a normal retina. 
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[0017] Therefore, antioxidants which inhibit free radical formation, or which quench singlet 

oxygen and scavenge free radical species, can decrease lipid per-oxidation and ameliorate photic 

injury and ischemic/reperfusion injury in the retina. Antioxidants originally were investigated 

because they are known constituents of human tissue. However, antioxidants that are not 

naturally occurring in human tissue were also tested. In particular, in addition to ascorbate, 

antioxidants such as 2,6-di-tert-butylphenol, gamma-oryzanol, alpha-tocopherol, mannitol. 

reduced glutathione, and various carotenoids, including lutein, zeaxanthin and astaxanthin have 

been studied for an ability to comparatively quench singlet oxygen and scavenge free radical 

species in vitro. These and other antioxidants have been shown in vitro to be effective quenchers 

and scavengers for singlet oxygen and free radicals. In particular, the carotenoids, as a class of 

compounds, are very effective singlet oxygen quenchers and free radical scavengers. However, 

individual carotenoids differ in their ability to quench singlet oxygen and scavenge for free 

radical species. 

100181 The carotenoids are naturally-occurring compounds that have antioxidant properties. The 

carotenoids are common compounds manufactured by plants, and contribute greatly to the 

coloring of plants and some animals. A number of animals, including mammals, are unable to 

synthesize carotenoids de novo and accordingly rely upon diet to provide carotenoid 

requirements. Mammals also have a limited ability to modify carotenoids. A mammal can 

convert beta-carotene to vitamin A, but most other carotenoids are deposited in mammalian 

tissue in unchanged faint. 

100191 With respect to humans, about ten carotenoids are found in human serum. The major 

carotenoids in human serum are beta-carotene, alpha-carotene, cryptoxanthin, lycopene and 

lutein. Small amounts of zeaxanthin, phytofluene, and phytoene are found in human organs. 

However, of the ten carotenoids found in human serum, only two, trans- and/or meso-zeaxanthin 

and lutein, have been found in the human retina. Zeaxanthin is the predominant carotenoid in the 

central macula or foveal region and is concentrated in the cone cells in the center of the retina, 

i.e., the fovea. Lutein is predominantly located in the peripheral retina in the rod cells. 

Therefore, the eye preferentially assimilates zeaxanthin over lutein in the central macula which is 

a more effective singlet oxygen scavenger than lutein. It has been theorized that zeaxanthin and 

lutein are concentrated in the retina because of their ability to quench singlet oxygen and 

scavenge free radicals, and thereby limit or prevent photic damage to the retina. 
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[0020] Therefore only two of the about ten carotenoids present in human serum are found in the 

retina. Beta-carotene and lycopene, the two most abundant carotenoids in human serum, either 

have not been detected or have been detected only in minor amounts in the retina. Beta-carotene 

is relatively inaccessible to the retina because beta-carotene is unable to cross the blood-retinal 

brain barrier of the retinal pigmented epithelium effectively. It also is known that another 

carotenoid, canthaxanthin, can cross the blood-retinal brain barrier and reach the retina. 

Canthaxanthin, like all carotenoids, is a pigment and can discolor the skin. Canthaxanthin 

provides a skin color that approximates a suntan, and accordingly has been used by humans to 

generate an artificial suntan. However, an undesirable side effect in individuals that ingested 

canthaxanthin at high doses for an extended time was the formation of crystalline canthaxanthin 

deposits in the inner layers of the retina. Therefore, the blood-retinal brain barrier of the retinal 

pigmented epithelium permits only particular carotenoids to enter the retina. The carotenoids 

other than zeaxanthin and lutein that do enter the retina cause adverse effects, such as the 

formation of crystalline deposits by canthaxanthin, which may take several years to dissolve. 

Canthaxanthin in the retina also caused a decreased adaptation to the dark. 

100211 Investigators have unsuccessfully sought additional antioxidants to further counteract the 

adverse affects of singlet oxygen and free radical species on in the eye. The investigators have 

studied the antioxidant capabilities of several compounds, including various carotenoids. Even 

though the carotenoids are strong antioxidants, investigators have failed to find particular 

carotenoids among the 600 naturally-occurring carotenoids that effectively quench singlet 

oxygen and scavenge for free radical species, that are capable of crossing the blood-retinal brain 

barrier, that do not exhibit the adverse affects of canthaxanthin after crossing the blood-retinal 

brain barrier, and that ameliorate eye disease or injury and/or retard the progression of a 

degenerative disease of the eye and are more potent anti-oxidants than either lutein or 

zeaxanthin. 

[0022] Many scientific papers are directed to eye diseases and injuries, such as age-related 

macular degeneration, causes of the damage resulting from the diseases or injuries, and attempts 

to prevent or treat such diseases and injuries. The publications, which discuss various 

antioxidants, including the carotenoids and other antioxidants like alpha-tocopherol, include: 
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[0023] M. 0. M. Tso, "Experiments on Visual Cells by Nature and Man: In Search of Treatment 

for Photoreceptor Degeneration," Investigative Ophthalmology and Visual Science, 30(12), pp. 

2421-2454 (December, 1989); 

[0024] W. Schalch, "Carotenoids in the Retina--A Review of Their Possible Role in Preventing 

or Limiting Damage Caused by Light and Oxygen," Free Radicals and Aging, I. Emerit et al. 

(ed.), Birkhauser Verlag, pp. 280-298 (1992); 

[0025] M. 0. M. Tso, "Pathogenetic Factors of Aging Macular Degeneration," Ophthalmology, 

92(5), pp. 628-635 (1985); 

[0026] M. Mathews-Roth, "Recent Progress in the Medical Applications of Carotenoids," Pure 

and Appl. Chem., 63(1), pp. 147-156 (1991); 

[0027] W. Miki, "Biological Functions and Activities of Animal Carotenoids," Pure and Appl. 

Chem., 63(1), pp. 141-146 (1991); 

[0028] M. Mathews-Roth, "Carotenoids and Cancer Prevention-Experimental and 

Epidemiological Studies," Pure and Appl. Chem., 57(5), pp. 717-722 (1985); 

10029] M. Mathews-Roth, "Porphyrin Photosensitization and Carotenoid Protection in Mice; In 

Vitro and In Vivo Studies," Photochemistry and Photobiology, 40(1), pp. 63-67 (1984); 

[0030] P. DiMascio et al., "Carotenoids, Tocopherols and Thiols as Biological Singlet Molecular 

Oxygen Quenchers," Biochemical Society Transactions, 18, pp. 1054-1056 (1990); 

[0031] T. Hiramitsu et al., "Preventative Effect of Antioxidants on Lipid Peroxidation in the 

Retina," Ophthalmic Res., 23, pp. 196-203 (1991); 

[0032] D. Yu et al., "Amelioration of Retinal Photic Injury by Beta-Carotene," ARVO Abstracts 

Invest. Ophthalmol. Vis. Sci., 28 (Suppl.), p. 7, (1987); 

[0033] M. Kurashige et al., "Inhibition of Oxidative Injury of Biological Membranes by 

Astaxanthin," Physiol. Chem. Phys. and Med. NMR, 22, pp. 27-38 (1990); and 

[0034] N. I. Krinsky et al., "Interaction of Oxygen and Oxy-radicals With Carotenoids," J. Natl. 

Cancer Inst., 69(1), pp. 205-210 (1982). 

[0035] Anon., "Bio & High Technology Announcement Itaro," Itaro Refrigerated Food Co., Ltd. 

10036] Anon., "Natural Astaxanthin & Krill Lecithin," Itaro Refrigerated Food Co., Ltd. 

[0037] Johnson, E. A. et al., "Simple Method for the Isolation of Astaxanthin from the 

Basidomycetous Yeast Phaffia rhodozyma," App. Environ, Microbiol., 35(6), pp. 1155-1159 

(1978). 
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[0038] Kirschfeld, K., "Carotenoid Pigments: Their Possible Role in Protecting Against 

Photooxidation in Eyes and Photoreceptor Cells," Proc. R. Soc. Lond., B216, pp. 71-85 (1982). 

[0039] Latscha, T., "Carotenoids-Carotenoids in Animal Nutrition," Hoffmann-LaRoche Ltd., 

Basel, Switzerland. 

[0040] Li, Z. et al., "Desferrioxime Ameliorated Retinal Photic Injury in Albino Rats," Current 

Eye Res., 10(2), pp. 133-144 (1991). 

[0041] Mathews-Roth. M., "Porphyrin Photosensitization and Carotenoid. Protection in Mice; In 

Vitro and In Vivo Studies," Photochemistry and Photobiology, 40(1), pp. 63-67 (1984). 

[0042] Michon, J. J. et al., "A Comparative Study of Methods of Photoreceptor Molphometry," 

Invest. Ophthalmol. Vis. Sci., 32, pp. 280-284 (1991). 

[0043] Tso, M.O.M., "Pathogenetic Factors of Aging Muscular Degeneration,"Ophthalmology, 

92(5), pp. 628-635 (1985). 

[0044] Yu, D. et al., "Amelioration of Retinal Photic Injury by Beta-Carotene," ARVO Abstracts 

Invest. Ophthalmol. Vis. Sci., 28 (Suppl.), p. 7, (1987). 

[0045] In general, the above-identified publications support the hypothesis that singlet oxygen 

and free radical species are significant contributors to central nervous system, and particularly 

eye injury and disease. For example, it has reported that consumption of an antioxidant, such as 

ascorbic acid (Vitamin C), alpha-tocoplierol (Vitamin E) or beta-carotene (which is converted in 

vivo to lutein), can decrease the prevalence of age-related macular degeneration. 

[0046] The above-identified publications also demonstrated that several carotenoids, including 

astaxanthin, are strong antioxidants compared to beta-carotene, ascorbic acid and other widely 

used antioxidants in vitro. The publications also relate that (1) only particular carotenoids 

selectively cross the blood-retinal brain barrier, and that (2) certain carotenoids other than 

zeaxanthin and lutein that cross the blood-retinal brain barrier cause adverse affects. 

[0047] In general, the above-identified publications teach that astaxanthin is a more effective 

antioxidant than carotenoids such as zeaxanthin, lutein, tunaxanthin, canthaxanthin, beta-

carotene, and alpha-tocopherol in vitro. For example, the in vitro and in vivo studies disclosed in 

the Kurashige et al. publication with respect to astaxanthin demonstrated that the mean effective 

concentration of astaxanthin which inhibits lipid peroxidation was 500 times lower than that of 

alpha-tocopherol. Similarly, the Miki publication discloses that, in vitro, astaxanthin exhibits a 
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strong quenching effect against singlet oxygen and a strong scavenging effect against free radical 

species. 

100481 This free radical theory of retinal damage has been advanced by investigators examining 

the effectiveness of various antioxidants in ameliorating these diseases. 

[0049] To date, investigative efforts have been directed to preventing diseases and injury 

because the resulting free radical-induced damage is not effectively treatable. Therefore, a need 

exists for a method not only to prevent or retard, but also to ameliorate, degenerative and 

traumatic diseases and injuries to the central nervous system, and particularly the eye. The 

copending '396 parent application discloses a therapeutically effective amount of a synergistic 

multi-ingredient composition of mixed carotenoids comprising at least S, S'-astaxanthin derived 

from Haematococcus pluvialis, and one or more of lutein and/or trans-zeaxanthin or meso-

zeaxanthin admixed with a therapeutically effective amount of krill oil containing phospholipid 

bound and triglyceride bound EPA and DHA in which said krill oil contains at least 30% total 

phospholipids. The composition includes 50 to 1000 mg of krill oil, 0.5 to 8 mg of astaxanthin, 2 

to 15 mg of lutein and 0.2 to 12 mg of trans-zeaxanthin. 

[0050] Unexpectedly, it has been found that the addition of carotenoids and especially 

astaxanthin to krill oil results in an apparent chemical reaction between the two components with 

the possible trans-esterification occurring between the krill oil fatty acid esters and partially 

esterified carotenoids and creating a new compound. Therefore, a delivery mechanism is 

beneficial for the composition to prevent the disappearance of carotenoids. The "reacted" 

carotenoids could also be beneficial in an associated method of treating and composition. 

Summary of the Invention 

f00511 A method of enhancing cardiovascular health comprises administering a therapeutic 

amount of a composition comprising krill oil reacted with astaxanthin. In one example, the 

astaxanthin includes S,S'-astaxanthin derived from Haematococcus pluvialis. In another 

example, the krill oil is formed as phospholipid bound and triglyceride bound EPA and DHA, 

and the krill oil comprises 30% total phospholipids. In another example, the method includes 

administering 50 to 1000 mg of krill oil. The method also includes administering one or more of 

lutein and/or trans-zeaxanthin or meso-zeaxanthin. The method further includes administering 

0.5 to 8 mg of astaxanthin, 2 to 15 mg of lutein and 0.2 to 12 mg of trans-zeaxanthin. The 
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composition may be administered as a dietary supplement composition in one example and 

administered as a food product in another example or a cosmetic applied to the skin in yet 

another example. The krill oil and astaxanthin may be reacted together after ingesting an outer 

capsule containing the krill oil and an inner capsule containing the astaxanthin. 

100521 A composition to enhance cardiovascular health includes a therapeutic amount of krill oil 

reacted with astaxanthin. The astaxanthin comprises S,S'-astaxanthin derived from 

Haematococcus pluvialis in an example. The krill oil may be formed as phospholipid bound and 

triglyceride bound EPA and DHA with the hill oil comprising 30% total phospholipids. The 

composition may include 50 to 1000 mg of krill oil per dosage. The composition may include 

one or more of lutein and/or trans-zeaxanthin or meso-zeaxanthin and in one example 0.5 to 8 

mg of astaxanthin, 2 to 15 mg of lutein and 0.2 to 12 mg of trans-zeaxanthin. The composition 

may be formed as a dietary supplement composition and be formed as a food product and in an 

example and a cosmetic in another example. 

[0053] A medicine delivery system includes an inner capsule containing carotenoids and an 

outer capsule in which the inner capsule is contained within the outer capsule and the outer 

capsule containing a therapeutically effective amount of krill oil. In one example, the 

carotenoids comprise at least S, S'-astaxanthin derived from Haematococcus pluvialis, and one 

or more of lutein and/or trans-zeaxanthin or meso-zeaxanthin. The medicine delivery system 

also includes 0.5 to 8 mg of astaxanthin, 2 to 15 mg of lutein and 0.2 to 12 mg of trans-

zeaxanthin contained within the inner capsule. In a specific example, the medicine delivery 

system includes about 4 mg of astaxanthin, about 10 mg of lutein and about 1.2 mg of trans-

zeaxanthin contained within the inner capsule. 

[0054] In another example, the krill oil contains phospholipid bound and triglyceride bound EPA 

and DHA and the krill oil contains at least 30% total phospholipids. In another example, the hill 

oil is about 50 to about 1,000 mg contained in the outer capsule. 

[0055] A method of treating an individual is also set forth by administering a therapeutically 

effective amount of synergistic multi-ingredient composition of hill oil and carotenoids and 

reacting to carotenoids in vivo with the hill oil. In an example, the method includes 

administering carotenoids comprising at least S, S'-astaxanthin derived from Haematococcus 

pluvialis and one or more of lutein and/or trans-zeaxanthin or meso-zeaxanthin. In another 

example, the method includes administering 0.5 to 8 mg of astaxanthin, 2 to 15 mg of lutein and 
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0.2 to 12 mg of trans-zeaxanthin. About 4 mg of astaxanthin, about 10 mg of lutein and about 

1.2 mg of trans-zeaxanthin can be administered. The krill oil in yet another example contains 

phospholipid bound and triglyceride bound EPA and DHA and about 30% total phospholipids. 

About 50 to 1,000 mg of krill oil can be administered. 

[0056] A composition is disclosed that includes a synergistic multi-ingredient composition of 

krill oil containing phospholipid bound and triglyceride bound EPA and DHA in which the krill 

oil contains at least 30% total phospholipids and mixed carotenoids comprising at least S, S'-

astaxanthin derived from Haematococcus pluvialis that are reacted with the hill oil, and one or 

more of lutein and/or trans-zeaxanthin or meso-zeaxanthin. 

Brief Description of the Drawings 

[0057] 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: 

[0058] FIG. 1 is an example of a medicine delivery system that includes an inner capsule 

containing carotenoids and an outer capsule containing krill oil in accordance with a non-limiting 

example. 

[0059] FIG. 2 is chart showing stability data of various formulation blends of the composition of 

carotenoids and krill oil in accordance with a non-limiting example. 

[0060] FIGS. 3 and 4 show stability analytical charts for various formulation blends of the 

composition of carotenoids and krill oil at respective 20 degrees C and 50 degrees C in 

accordance with a non-limiting example. 

[0061] FIG. 5 is a chart showing a summary of changes by ultraviolet radiation of the 

astaxanthin in the composition in accordance with a non-limiting example. 

[0062] FIG. 6 is another chart showing astaxanthin stability for the composition at 20 degrees C 

and 50 degrees C. 

[0063] FIG. 7 are chemical formula of various carotenoids and showing the differences among 

them. 
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Detailed Description of the Preferred Embodiments 

[0064] The present invention will now be described more fully hereinafter. 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 complete, and will fully convey the scope of the invention to those skilled 

in the art. 

[0065] The leading cause of visual loss among elderly persons is dry or atropie AMD, which has 

an increasingly important social and economic impact in the United States. As the size of the 

elderly population increases in this country, AMD will become a more prevalent cause of 

blindness than both diabetic retinopathy and glaucoma combined. Although laser treatment has 

been shown to reduce the risk of extensive macular scarring from the "wet" or neovascular form 

of the disease, there are currently no effective treatments for the vast majority of patients with 

wet AMD. 

[0066] The Eye Diseases Prevalence Research Group (EDPRG) attributes AMD as the major 

cause of blindness among elderly people of European ancestry. Among white persons, AMD is 

believed to account for more than 50% of all blinding conditions. 

[0067] The EDPRG estimates that approximately 1.2 million residents of the US are living with 

neovascular AMD and 970,000 are living with geographic atrophy, while 3.6 million are living 

with bilateral large drusen. In the next 20 years these values are expected to increase by 50% 

with projected demographic shifts. 

[0068] Age-related developmental changes in retinal morphology and energy metabolism, as 

well as cumulative effects of environmental exposures may render the neural and vascular retina 

and retinal pigment epithelium more susceptible to damage in late adulthood. Along with these 

metabolic and structural changes and exposures, the aging eye also experiences a reduction in the 

potency of endogenous and exogenous defense systems. Pharmacological and surgical treatment 

options are of limited scope and efficacy currently. They are costly and may result in 

complications as severe as end-stage disease. The likelihood of vision loss among persons with 

neovascular AMD can be reduced with anti-VEGF treatment, photodynamic therapy, and laser 

photocoagulation. 

[0069] Nutrient-based preventative treatments for AMD development and progression have been 

examined in several studies including AREDSI, a NEI-sponsored study, the LAST, TOZAL and 
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CARMIS studies for example. AREDS was a multi-center study of the natural history of AMD 

and cataract. AREDS included a controlled randomized clinical trial designed to evaluate the 

effect of pharmacological doses of zinc and/or a formulation containing nutrients with 

antioxidant properties (vitamin C, vitamin E. and 0-carotene) on the rate of progression to 

advanced AMD and on visual acuity outcomes. The use of the combination of antioxidants and 

zinc reduced the risk of development of advanced AMD in participants who had at least a 

moderate risk of developing AMD by about 25%. The overall risk of moderate vision loss [>15 

letters on the Early Treatment Diabetic Retinopathy Study (ETDRS) chart] was reduced by 19% 

at 5 years. 

[0070] Of approximately 600 carotenoids identified in nature in the human diet, and 20 in human 

serum, only two forms of dietary xanthophylls, lutein and zeaxanthin, are present in human 

macular pigment. Lutein represents approximately 36% of all retinal carotenoids; zeaxanthin and 

meso-zeaxanthin each represent about 18%. 

10071] The natural tissue distribution, biochemical, and biophysical characteristics of lutein 

provide a reasonable basis for speculating that this nutrient acts in biological systems as: (1) an 

important structural molecule within cell membranes; (2) a short-wavelength light filter; (3) a 

modulator of intra- and extracellular reduction-oxidation (redox) balance; and (4) a modulator in 

signal transduction pathways. Lutein and zeaxanthin were considered for inclusion in the 

AREDS formulation; however, at the time of AREDS' initiation, neither carotenoid was readily 

available for manufacturing in a research formulation. 

[0072] The evidence base suggests that macular xanthophylls in combination with omega-3 

LCPUFAs from fish oil may act as modifiable factors capable of modulating processes 

implicated in existing AMD pathogenesis and progression and is the basis for the on-going US 

Government sponsored AREDS II study. Intake of these compounds may also show merit as a 

well-tolerated preventive intervention. Biochemical and biophysical properties of these 

compounds demonstrate a capacity to modulate factors and processes that activate and are 

activated by exposures associated with aging. These exposures include developmental changes 

associated with aging, chronic light exposure, alterations in energy metabolism, and cellular 

signaling pathways. 
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Dry Eye Syndrome 

[0073] According to C Stephen Foster, MD, FACS, FACR, FAAO, Clinical Professor of 

Ophthalmology, Harvard Medical School; Consulting Staff, Department of Ophthalmology, 

Massachusetts Eye and Ear Infirmary; Founder and President, Ocular Immunology and Uveitis 

Foundation, Massachusetts Eye Research and Surgery Institution et al' dry eye is a very common 

disorder affecting a significant percentage (approximately 10-30%) of the population, especially 

those older than 40 years. 

[0074] In the United States, an estimated 3.23 million women and 1.68 million men, a total of 

4.91 million people, aged 50 years and older are affected. 

[0075] Dry eye is a multi-factorial disease of the tears and the ocular surface that results in 

symptoms of discomfort, visual disturbance, and tear film instability with potential damage to 

the ocular surface. Dry eye is accompanied by increased osmolarity of the tear film and 

inflammation of the ocular surface. 

[0076] The tear layer covers the normal ocular surface. Generally, it is accepted that the tear film 

is made up of 3 intertwined layers, as follows: 

[0077] 1) 	A superficial thin lipid layer (0.11 p.m) is produced by the meibomian glands, and 

its principal function is to retard tear evaporation and to assist in uniform tear spreading. 

[0078] 2) 	A middle thick aqueous layer (7 gm) is produced by the main lacrimal glands 

(reflex tearing), as well as the accessory lacrimal glands of Krause and Wolfring (basic tearing). 

[0079] 3) 	An innermost hydrophilic mucin layer (0.02-0.05 j. m) is produced by both the 

conjunctiva goblet cells and the ocular surface epithelium and associates itself with the ocular 

surface via its loose attachments to the glycocalyx of the microplicae of the epithelium. It is the 

hydrophilic quality of the mucin that allows the aqueous to spread over the corneal epithelium. 

[0080] The lipid layer produced by the meibomian glands acts as a surfactant, as well as an 

aqueous barrier (retarding evaporation of the underlying aqueous layer), and provides a smooth 

optical surface. It may also act as a barrier against foreign particles and may also have some 

antimicrobial properties. The glands are holocrine in nature, and so the secretions contain both 

polar lipids (aqueous-lipid interface) and nonpolar lipids (air-tear interface) as well as 

proteinaceous material. All of these are held together by ionic bonds, hydrogen bonds, and van 

der Waals forces. The secretions are subject to neuronal (parasympathetic, sympathetic, and 
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sensory sources), hormonal (androgen and estrogen receptors), and vascular regulation. 

Evaporative loss is predominantly due to meibomian gland dysfunction (MGD). 

10081] The aqueous component is produced by the lacrimal glands. This component includes 

about 60 different proteins, electrolytes, and water. Lysozyme is the most abundant (20-40% of 

total protein) and also the most alkaline protein present in tears. It is a glycolytic enzyme that is 

capable of breaking down bacterial cell walls. Lactoferrin has antibacterial and antioxidant 

functions, and the epidermal growth factor (EGF) plays a role in maintaining the normal ocular 

surface and in promoting corneal wound healing. Albumin, transferrin, immunoglobulin A (IgA), 

immunoglobulin M (IgM), and immunoglobulin G (IgG) are also present. 

[0082] Aqueous tear deficiency (ATD) is the most common cause of dry eye, and it is due to 

insufficient tear production. The secretion of the lacrimal gland is controlled by a neural reflex 

arc, with afferent nerves (trigeminal sensory fibers) in the cornea and the conjunctiva passing to 

the pons (superior salivary nucleus), from which efferent fibers pass, in the nervus intermedius, 

to the pterygopalatine ganglion and postganglionic sympathetic and parasympathetic nerves 

terminating in the lacrimal glands. 

[0083] Keratoconjunctivitis sicca (KCS) is the name given to this ocular surface disorder. KCS 

is subdivided into Sjogren syndrome (SS) associated KCS and non-SS associated KCS. Patients 

with aqueous tear deficiency have SS if they have associated xerostotnia and/or connective tissue 

disease. Patients with primary SS have evidence of a systemic autoimmune disease as manifested 

by the presence of serum auto-antibodies and very severe aqueous tear deficiency and ocular 

surface disease. These patients, mostly women, do not have a separate, identifiable connective 

tissue disease. Subsets of patients with primary SS lack evidence of systemic immune 

dysfunction, but they have similar clinical ocular presentation. Secondary SS is defined as KCS 

associated with a diagnosable connective tissue disease, most commonly rheumatoid arthritis but 

also SLE and systemic sclerosis. 

[00841 Non-SS KCS is mostly found in postmenopausal women, in women who are pregnant, in 

women who are taking oral contraceptives, or in women who are on hormone replacement 

therapy (especially estrogen only pills). The common denominator here is a decrease in 

androgens, either from reduced ovarian function in the postmenopausal female or from increased 

levels of the sex hormone binding globulin in pregnancy and birth control pill use. Androgens 

are believed to be trophic for the lacrimal and meibomian glands. They also exert potent anti- 
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inflammatory activity through the production of transforming growth factor beta (TGF-beta), 

suppressing lymphocytic infiltration. 

[0085] Lipocalius (previously known as tear-specific prealburnin), which are present in the 

mucous layer, are inducible lipid-binding proteins produced by the lacrimal glands that lower the 

surface tension of normal tears. This provides stability to the tear film and also explains the 

increase in surface tension that is seen in dry eye syndromes characterized by lacrimal gland 

deficiency. Lipocalin deficiency can lead to the precipitation in the tear film, forming the 

characteristic mucous strands seen in patients with dry eye symptomatology. 

[0086] The glycocalyx of the corneal epithelium contains the transmembrane mucins 

(glycosylated glycoproteins present in the glycocalyx) MUC1, MUC4, and MUC16. These 

membrane mucins interact with soluble, secreted, gel-forming mucins produced by the goblet 

cells (MUC5AC) and also with others like MUC2. The lacrimal gland also secretes MUC7 into 

the tear film. 

[00871 These soluble mucins move about freely in the tear film (a process facilitated by blinking 

and electrostatic repulsion from the negatively charged transmembrane mucins), functioning as 

clean-up proteins (picking up dirt, debris, and pathogens), holding fluids because of their 

hydrophilic nature, and harboring defense molecules produced by the lacrimal gland. 

Transmembrane mucins prevent pathogen adherence (and entrance) and provide a smooth 

lubricating surface, allowing lid epithelia to glide over corneal epithelia with minimal friction 

during blinking and other eye movements. Recently, it has been suggested that the mucins are 

mixed throughout the aqueous layer of tears (owing to their hydrophilic nature) and, being 

soluble, move freely within this layer. 

[00881 Mucin deficiency (caused by damage to the goblet cells or the epithelial glycocalyx), as 

seen in Stevens-Johnson syndrome or after a chemical bum, leads to poor wetting of the corneal 

surface with subsequent desiccation and epithelial damage, even in the presence of adequate 

aqueous tear production. 

Pathophysiology 

[0089] A genetic predisposition in SS associated KCS exists as evident by the high prevalence of 

human leukocyte antigen B8 (HLA-B8) haplotype in these patients. This condition leads to a 

chronic inflammatory state, with the production of auto-antibodies, including antinuclear 
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antibody (ANA), rheumatoid factor, fodrin (a cytoskeletal protein), the muscarinic M3 receptor, 

or SS-specific antibodies (eg, anti-RO [SS-A], anti-LA [SS-B]), inflammatory cytokine release, 

and focal lymphocytic infiltration (ie, mainly CD4+  T cells but also B cells) of the lacrimal and 

salivary gland, with glandular degeneration and induction of apoptosis in the conjunctiva and 

lacrimal glands. This results in dysfunction of the lacrimal gland, with reduced tear production, 

and loss of response to nerve stimulation and less reflex tearing. Active T lymphocytic infiltrate 

in the conjunctiva also has been reported in non-SS associated KCS. 

[0090] Both androgen and estrogen receptors are located in the lacrimal and meibomian glands. 

SS is more common in postmenopausal women. At menopause, a decrease in circulating sex 

hormones (ie, estrogen, androgen) occurs, possibly affecting the functional and secretory aspect 

of the lacrimal gland. Forty years ago, initial interest in this area centered on estrogen and/or 

progesterone deficiency to explain the link between KCS and menopause. However, recent 

research has focused on androgens, specifically testosterone, and/or metabolized androgens. 

[0091] It has been shown that in meibomian gland dysfunction, a deficiency in androgens results 

in loss of the lipid layer, specifically triglycerides, cholesterol, monounsaturated essential fatty 

acids (eg, oleic acid), and polar lipids (eg, phosphatidylethanolamine, sphingomyelin). The loss 

of polar lipids (present at the aqueous-tear interface) exacerbates the evaporative tear loss, and 

the decrease in unsaturated fatty acids raises the melting point of meibum, leading to thicker, 

more viscous secretions that obstruct ductules and cause stagnation of secretions. Patients on 

anti-androgenic therapy for prostate disease also have increased viscosity of meibum, decreased 

tear break-up time, and increased tear film debris, all indicative of a deficient or abnormal tear 

film. 

[0092] It is known that in various tissues pro-inflammatory cytokines may cause cellular 

destruction. For example including interleukin I (IL-1), interleukin 6 (IL-6), interleukin 8 

(IL-8), TGF-beta, TNF-alpha, and RANTES, are altered in patients with KCS. IL-I beta and 

TNF-alpha, which are present in the tears of patients with KCS, cause the release of opioids that 

bind to opioid receptors on neural membranes and inhibit neurotransmitter release through NF-K 

f3 production. IL-2 also binds to the delta opioid receptor and inhibits cAMP production and 

neuronal function. This loss of neuronal function diminishes normal neuronal tone, leading to 

sensory isolation of the lacrimal gland and eventual atrophy. 
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[0093] Pro-inflammatory neurotransmitters, such as substance P and calcitonin gene related 

peptide (CGRP), are released, which recruit and activate local lymphocytes. Substance P also 

acts via the NF-AT and NF-K p signaling pathway leading to ICAM-1 and VCAM-1 expression, 

adhesions molecules that promote lymphocyte horning and chemotaxis to sites of inflammation. 

Cyclosporin A is an NK-1 and NK-2 receptor inhibitor that can down-regulate these signaling 

molecules and is a novel addition to the therapeutic armamentarium for dry eye, being used to 

treat both aqueous tear deficiency and meibomian gland dysfunction. It has been shown to 

improve the goblet cell counts and to reduce the numbers of inflammatory cells and cytokines in 

the conjunctiva. 

[0094] These pro-inflammatory cytokines, in addition to inhibiting neural function, may also 

convert androgens into estrogens, resulting in meibomian gland dysfunction, as discussed above. 

An increased rate of apoptosis is also seen in conjunctival and lacrimal acinar cells, perhaps due 

to the cytokine cascade. Elevated levels of tissue-degrading enzymes called matrix 

metalloproteinases (MMPs) are also present in the epithelial cells. 

[0095] Mucin synthesizing genes, designated MUCi-MUC7 7, representing both transmembrane 

and goblet-cell secreted, soluble mucins, have been isolated, and their role in hydration and 

stability of the tear film are being investigated in patients with dry eye syndrome. Particularly 

significant is MUC5AC, expressed by stratified squamous cells of the conjunctiva and whose 

product is the predominant component of the mucous layer of tears. A defect in this and other 

mucin genes may be a factor in dry eye syndrome development. In addition to dry eye, other 

conditions, such as ocular cicatricial pemphigoid, Stevens-Johnson syndrome, and vitamin A 

deficiency, which lead to drying or keratinization of the ocular epithelium, eventually lead to 

goblet cell loss. Both classes of mucins are decreased in these diseases, and, on a molecular 

level, mucin gene expression, translation, and posttranslational processing are altered. 

[0096] Noimal production of tear proteins, such as lysozyme, lactoferrin, lipocalin, and 

phospholipase A2, is decreased in KCS. 

[0097] It is clear from the above discussion that common causes of dry eye syndromes may be 

ameliorated by treatment with anti-inflammatory agents such as topical corticosteroids, topical 

cyclosporine A and/or topical/systemic omega-3 fatty acids. 
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[00193] 	Five of six studies examining the association of dietary lutein/zeaxanthin intake 

with advanced AMD have yielded inverse relationships that are statistically significant. The 

magnitude of odds ratios in these studies ranged from 0.1 to 0.7. Both sets of findings are 

germane in guiding applied clinical research on prevention and treatment of retinal disease, 

since: (1) tissue concentrations of DHA, lutein, and zeaxanthin per unit area are substantially 

higher in the retina than elsewhere in the body; and (2) retinal tissue status of these compounds is 

modifiable and dependent upon intake. 

[00194] 	The AREDS II study protocol (concluded its scientific rational by stating: "There 

is a compelling need to implement a clinical trial on nutrients that are both concentrated in the 

retina and implicated in modulation of pathogenic factors and processes of AMD." 
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[00195] 	It has been well established that lutein and trans-zeaxanthin are present in human 

retinal tissue and that they function to protect the eye from photo induced injury. The CARMIS 

study, which included a mixture of lutein, trans-zeaxanthin and astaxanthin, is the only clinical 

trial which reported the use of astaxanthin. Unfortunately, there have been no reports of the use 

of astaxanthin alone in any human clinical trial for the prevention or amelioration of dry AMD. 

The CARMIS study failed to determine if supplementation with astaxanthin alone is a key 

determinate of the positive outcomes of the study or that astaxanthin deposited on retinal 

epithelial cells. One possible interpretation of the CARMIS study is that lutein and zeaxanthin 

alone provided the observed benefits of the formulation employed, or in another interpretation 

that astaxanthin in combination with lutein and zeaxanthin provided the observed benefits. 

However, in no possible interpretation can one conclude unequivocally that astaxanthin alone 

prevents or ameliorates dry AMD. 

[001961 	In addition, the work of Tso, though claiming utility of astaxanthin for prevention 

or amelioration of dry AMD in humans, was not based on clinical trials performed on human 

subjects but instead on a different mammalian species, namely in rats. 

[00197] 	Therefore, there remains no conclusive evidence that astaxanthin alone can 

prevent or ameliorate dry AMD in man since no human study has ever been performed using 

astaxanthin supplementation alone, nor has any human study shown that astaxanthin actually 

deposits anywhere in the human retina, the first required step to retinal protection by this 

powerful carotenoid. 

Potential Roles of Polyunsatu► rrated Fatty Acids 

in Eve Physiology 

[001981 	An inverse relationship of dietary omega-3 LCPUFA intake with advanced AMD 

has been reported in six studies examining the issue. For prevalent disease, the magnitude of 

odds ratios for highest versus lowest omega-3 LCPUFA intake ranged from 0.4 to 0.9. 

[00199] 	Among these studies, the one containing the largest number of subjects with 

neovascular or "wet" AMD yielded a significantly lower likelihood of having the disease among 

participants reporting the highest consumption of omega-3. 

[00200] 	The scientific literature is replete with the certain human benefits of 

triacylglyceride bound EPA and DHA found in fish oil and fish oil concentrates and more 

27 



WO 2014/014766 
	

PCT/US2013/050240 

recently the potential utility of phospholipid bound EPA and DHA found in krill oil derived from 

Euphasia superba or Antarctic krill. 

[00201] 	The cardiovascular benefits as well as the anti-inflammatory benefits of such fish 

and krill oils66-67, and in particular triacylglyceride bound EPA and DHA derived from fish oils 

as well as algae derived triacylglyceride bound DHA are well known 68-73. Such algae derived 

DHA is used in large part as a supplement in infant formulas to ensure brain health in the 

developing fetus and in infants. 

[00202] 	LCPUFAs affect factors and processes implicated in the pathogenesis of vascular 

and neural retinal disease.'3  Evidence characterizing structural and functional properties of 

LCPUFAs indicates that these nutrients may operate both as: (l) essential factors in the visual-

sensory process, and (2) protective agents against retinal disease. 

[00203] 	Docosahexaenoic Acid (DHA) is the major structural lipid of retinal 

photoreceptor outer segment membranes. I4-15  Tissue DHA status affects retinal cell signaling 

mechanisms involved in phototransduction.I6-17  Tissue DHA insufficiency is associated with 

conditions characterized by alterations in retinal function,18-20  and functional deficits have been 

ameliorated with DHA supplementation in some cases.21  Biophysical and biochemical properties 

of DHA may affect photoreceptor function by altering membrane permeability, fluidity, 

thickness, and lipid phase properties.22-21  DHA may operate in signaling cascades to enhance 

activation of membrane-bound retinal proteins.16-17-24  DHA may also be involved in rhodopsin 

regeneration.25  

[00204] 	DHA and Eicosapentaenoic Acid (EPA) may serve as protective agents because 

of their effect on gene expression,26-29  retinal cell differentiation,3"2  and survival.30-34  DHA 

activates a number of nuclear hormone receptors that operate as transcription factors for 

molecules that modulate redox-sensitive and proinflammatory genes; these include the 

peroxisome proliferator-activated receptor-a (PPAR-a)27  and the retinoid X receptor (RXR).26  In 

the case of PPAR-a, this action is thought to prevent endothelial cell dysfunction and vascular 

remodeling through inhibition of vascular smooth muscle cell proliferation, inducible nitric oxide 

synthase production, interleukin(IL)-1 induced cyclooxygenase (COX)-2 production, and 

thrombin-induced endothelin-1 production.35  

[00205] 	Research on model systems demonstrates that omega-3 LCPUFAs also have the 

capacity to affect production and activation of angiogenic growth factors,36-38  arachidonic acid- 
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based proangiogenic eicosanoids,3943  and matrix metalloproteinases involved in vascular 

remodeling.44  

[00206] 	EPA depresses vascular endothelial growth factor (VEGF) —specific tyrosine 

kinase receptor activation and expression.36'45  VEGF plays an essential role in induction of 

endothelial cell migration and proliferation, microvascular permeability, endothelial cell release 

of metalloproteinases and interstitial collagenases, and endothelial cell tube formation.46  The 

mechanism of VEGF receptor down-regulation is believed to occur at the tyrosine kinase nuclear 

factor-kappa B (NFkB) site because EPA treatment causes suppression of NFkB activation. 

NFkB is a nuclear transcription factor that up-regulates COX-2 expression, intracellular adhesion 

molecule (ICAM), thrombin, and nitric oxide synthase. All four factors are associated with 

vascular instability.35  COX-2 drives conversion of arachidonic acid to a number of angiogenic 

and pro-inflammatory eicosanoids. 

1002071 	Although the mechanistic benefits of dietary supplementation with EPA and DHA 

polyunstaruated fatty acids in triacylglyceride form are well know, it remains speculative that 

such triacylglyceride bound EPA and DHA can improve vision. Such hypothesis is now under 

exploration under the National Eye Institute's 5-year AREDS II study. 

Krill Oil 

[00208] 	Nowhere does the literature teach that phospholipid bound EPA and DHA derived 

from Antarctic krill imparts any benefit in ameliorating eye related diseases such as AMD and/or 

syndromes such as dry eye syndrome, although more recent research indicates that hill oil 

extracts containing some phospholipid bound EPA and DHA may be useful in the treatment of 

hyperlipidemia, joint disease as manifested in osteoarthritis and/or rheumatoid arthritis, blood 

sugar control and attention deficit hyperactivity disorder.74  

[00209] 	However one must use caution when evaluating such information since all krill oil 

clinical trials to date have been conducted using krill oil that contains a mixture of 

triacylglyceride bound and phospholipid bound EPA and DHA. In addition, such krill oils 

usually contain approximately 30-40% weight-weight phospholipid bound fatty acids, principally 

in the form of saturated phosphatidylcholines which themselves are important cellular membrane 

components. 
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1002101 	Thus, it is difficult at the present time, to distinguish which form of EPA and 

DHA present in krill oil is useful as reported in the references cited above as well as the clinical 

trials described therein. It is also well known that phospholipids in general act as excellent 

emulsifiers and are known to improve the stability of emulsions and the bio-availability of many 

active ingredients. Phospholipids also play an important role in the production of micelle based 

drug delivery systems containing active ingredients with vastly improved bio-availability. 

Therefore it remains undetermined what the clinical value of krill oil, either alone or in 

combination with carotenoids, is in the prevention or amelioration of eye related diseases such as 

AMD, cataracts or dry eye syndromes. 

Cataracts 

[002111 	A cataract is an opacity, or clouding, of the lens of the eye. The prevalence of 

cataracts increases dramatically with age. It typically occurs in the following way. The lens is an 

elliptical structure that sits behind the pupil and is normally transparent. The function of the lens 

is to focus light rays into images on the retina (the light-sensitive tissue at the back of the eye). 

[002121 	In young people, the lens is elastic and changes shape easily, allowing the eyes to 

focus clearly on both near and distant objects. As people reach their mid-40s, biochemical 

changes occur in the proteins within the lens, causing them to harden and lose elasticity. This 

causes a number of vision problems. For example, loss of elasticity causes presbyopia, or far-

sightedness, requiring reading glasses in almost everyone as they age. 

[002131 	In some people, the proteins in the lens, notably those called alpha crystallins, 

may also clump together, forming cloudy (opaque) areas called cataracts. They usually develop 

slowly over several years and are related to aging. In some cases, depending on the cause of the 

cataracts, loss of vision progresses rapidly. Depending on how dense they are and where they 

are located, cataracts can block the passage of light through the lens and interfere with the 

formation of images on the retina, causing vision to become cloudy. 

[002141 	Nuclear cataracts form in the nucleus (the inner core) of the lens. This is the most 

common variety of cataract associated with the aging process. Cortical cataracts form in the 

cortex (the outer section of the lens). Posterior subcapsular cataracts form toward the back of a 

cellophane-like capsule that surrounds the lens. They are more frequent in people with diabetes, 

who are overweight, or those taking steroids. Although the causes of cataract formation remain 
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largely unknown, researchers have been focusing on particles called oxygen free radicals as a 

major factor in the development of cataracts. They cause harm in the following way: 

[00215] 	Oxygen-free radicals (also called oxidants) are molecules produced by natural 

chemical processes in the body. Toxins, smoking, ultraviolet radiation, infections, and many 

other factors can create reactions that produce excessive amounts of these oxygen-free radicals. 

When oxidants are overproduced, these chemical reactions can be very harmful to nearly any 

type of cell in the body. At times these reactions can even affect genetic material in cells. 

[002161 	Cataract formation is one of many destructive changes that can occur with 

overproduction of oxidants, possibly in concert with deficiencies of an important protective anti-

oxidant called glutathione. Glutathione occurs in high levels in the eye and helps clean up these 

free radicals. One theory is that in the aging eye, barriers develop that prevent glutathione and 

other protective antioxidants from reaching the nucleus in the lens, thus making it vulnerable to 

oxidation. Sunlight consists of ultraviolet (referred to as UVA or UVB) radiation, which 

penetrates the layers of the skin. Both UVA and UVB have destructive properties that can 

promote cataracts. The eyes are protected from the sun by eyelids and the structure of the face 

(overhanging brows, prominent cheekbones, and the nose). Long-term exposure to sunlight, 

however, can overcome these defenses. 

1002171 	UVB radiation produces the shorter wavelength, and primarily affects the outer 

skin layers. It is the primary cause of sunburn. It is also the UV radiation primarily responsible 

for cataracts. Long-term exposure to even low levels of UVB radiation can eventually cause 

changes in the lens, including pigment changes, which contribute to cataract development. (UVB 

also appears to play a role in macular degeneration, an age-related disorder of the retina.) UVA 

radiation is composed of longer wavelengths. They penetrate more deeply and efficiently into the 

inner skin layers and are responsible for tanning. The main damaging effect of UVA appears to 

be the promotion of the release of oxidants. Cataracts are common side effects of total body 

radiation treatments, which are administered for certain cancers. This observation indicates that 

ionizing radiation, which produces large numbers of free radicals dramatically accelerates 

cataract formation. 

1002181 	Glaucoma and its treatments, including certain drugs (notably miotics) and 

filtering surgery, pose a high risk for cataracts. The glaucoma drugs posing a particular risk for 

cataracts including demecarium (Humorsol), isoflurophate (Floropryl), and echothiophate 
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(Phospholine). Uveitis is chronic inflammation in the eye, which is often caused by an 

autoimmun.e disease or response. Often the cause is unknown. It is a rare condition that carries a 

high risk for cataracts. It is not clear whether nutrition plays a significant role in cataract 

development. Dark colored (green, red, purple, and yellow) fruits and vegetables usually have 

high levels of important plant chemicals (phytochemicals) and may be associated with a lower 

risk for cataracts. 

[00219] 	In analyzing nutrients, researchers have focused on antioxidants and carotenids. 

Studies have not demonstrated that antioxidant vitamin supplements (such as vitamins C and E) 

help prevent cataracts. Lutein and zeaxanthin are the two carotenids that have been most studied 

for cataract prevention. They are xanthophylis compounds, which are a particular type of 

carotenid. Lutein and zeaxanthin are found in the lenses of the eyes. Some evidence indicates 

that xanthophyll-rich foods (such as dark green leafy vegetables) may help retard the aging 

process in the eye and protect against cataracts. However, there is not enough evidence to 

suggest that taking supplements with these carotenoids lowers the risk of cataract formation. 

Since little is known about the exact mechanism for formation of cataracts, it is not surprising 

that there are no known drugs or dietary supplements including the carotenoids that prevent 

cataract formation there remains a need to find a suitable preventative treatment to prevent or 

ameliorate further cataract formation. Since no drugs can reverse nor prevent cataract formation, 

the only current treatment suitable for advanced cataract in humans is lens replacement surgery. 
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[002331 	The ability of a carotenoid to pass the blood-retinal brain barrier is important 

because carotenoids are not synthesized by the human body. The only source of carotenoids for 

humans is dietary intake. Furthermore, humans have a very limited ability to modify carotenoids. 

Therefore, the carotenoids accumulate in various organs in the ingested form. Accordingly, if a 

particular carotenoid is unable to cross the blood-retinal brain barrier, the carotenoid cannot 

accumulate in the retina and serve as an antioxidant. 
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1002341 	Furthermore, some carotenoids that are not normal constituents of human plasma, 

but have the ability to cross the blood-retinal brain barrier, have demonstrated adverse affects on 

the retina. Canthaxanthin which is intentionally ingested to provide an artificial suntan has 

accumulated in the retina in the form of crystals and has temporarily affected eye adaptation to 

the dark. In addition, beta-carotene has a very limited ability to cross the blood-retinal brain 

barrier. 

1002351 	Therefore, even though the carotenoids are known as strong antioxidants and are 

present in abundant supply, the carotenoids have not been used for the treatment of central 

nervous system damage, or eye damage, caused by disease or injury. The carotenoids 

investigated to date either could not effectively cross the blood-retinal barrier (i.e., beta-carotene) 

or adversely affected the eye (i.e., canthaxanthin). 

[00236] 	In accordance with an important feature, the composition comprises a 

therapeutically effective amount of a synergistic multi-ingredient composition of mixed 

carotenoids including at least S, S'-astaxanthin derived from Haematococcus pluvialis, and one 

or more of lutein and/or trans-zeaxanthin or meso-zeaxanthin admixed with a therapeutically 

effective amount of krill oil containing phospholipid bound and triglyceride bound EPA and 

DHA. The composition includes 50 to 500 mg of krill oil, 0.5 to 8 mg of astaxanthin, 2 to 15 mg 

of lutein and 0.2 to 12 mg of trans-zeaxanthin. The composition contains all naturally-occurring 

compounds and is a potent antioxidant and anti-inflammatory composition, which can be is used 

in a method to ameliorate and retard, or prevent, cell damage in an individual suffering from a 

degenerative, inflammatory disease or injury to the eye. In accordance with another important 

feature, the administration of a therapeutically-effective amount of the composition to an 

individual prevents, retards and/or ameliorates free radical-induced damage resulting from eye 

disease or injury. For example, damage to a retina can result from either photic injury, 

neurodegenerative disease or an ischemic insult followed by reperfusion. With respect to damage 

from photic injury, the composition decreases the loss of photoreceptor cells. With respect to 

damage from ischemic insult, the composition ameliorates the loss of ganglion cells and the 

inner layers of the retinal neuronal network. 

1002371 	Interestingly, none of the carotenes tested to date, and most of the xanthophylls 

tested to date do not pass through the blood brain barrier with a few notable exceptions. These 

exceptions include lutein, trans-zeaxanthin, canthaxanthin and astaxanthin. 
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[00238] 	Human serum typically contains about ten carotenoids. The major carotenoids in 

human serum include beta-carotene, alpha-carotene, cryptoxanthin, lycopene and lutein. Small 

amounts of zeaxanthin, phytofluene and phytoene are also found in human organs. However, of 

all of these carotenoids, only zeaxanthin and lutein are found in the human retina. In addition to 

certain carotenoids, the retina also has the highest concentration of polyunsaturated fatty acids of 

any tissue in the human body. These polyunsaturated fatty acids are highly susceptible to free 

radial and singlet oxygen induced decomposition. Therefore there is an absolute need to protect 

these polyunsaturated fatty acids, which make up a portion of the cellular membrane bi-layer, 

from photo induced free radical or singlet oxygen degradation. 

[00239] 	It has been theorized that zeaxanthin and lutein are concentrated in the retina 

because of their ability to quench singlet oxygen and to scavenge free radicals, because they pass 

the blood and eye brain barriers and are required in the oxygen rich environment of the retina to 

prevent light mediated free radical damage to the retina. 

[00240] 	In fact, zeaxanthin is the predominant carotenoid found in the central portion of 

the retina and more specifically is located in concentration in the retinal cones located in the 

central area of the retina (ie. the macula). Lutein, on the other hand, is located in the peripheral 

area of the retina in the rod cells. Therefore, the eye preferentially accumulates zeaxanthin over 

lutein in the critical central macular retinal area, (zeaxanthin interestingly, is a much more 

effective singlet oxygen scavenger than lutein), where the greatest level of light impinges. 

f00241] 	Biochemists have determined the exact, yet complicated, mechanism for light 

sensory response in the eye. It involves a key protein called rhodopsin whose structure includes 

a bound polyunsaturated compound called retinal (retinal is structurally related to vitamin A). 

When light enters the eye, cis-retinal isomerizes to all its all-trans isomer, causing disassociation 

of itself from its protein carrier. The disassociation triggers a complicated cascade leading to 

nerve based transmission of electrons to the brain via the optic nerve. All of this 

"photochemistry" takes a mere 200 femtoseconds to occur making it one of the fastest 

biochemical to electron transformations known. 

[00242] 	Chemists have learned that the retina is highly susceptible to polymerization by 

localized free radicals and highly reactive singlet oxygen. Because the retina is a strong absorber 

of light and because the retina is highly vascularized and thus rich in dissolved oxygen, nature 

has provided zeaxanthin as the key retinal carotenoid for protection of the central foveal region 
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of the retina from light induced damage at that point in the center of the retina where the most 

significant light impingement occurs. 

[00243} 	Clinical studies in man indicate that photic injury is a cause of age related macular 

degeneration because of the cumulative effect of repeated photic insult leading to the gradual 

loss of photoreceptor cells. 

[002441 	There have been many clinical trials designed to support the supplementation of 

the diet with lutein, however, as of 2007, there appears to be no unequivocal evidence that lutein 

supplementation is necessary in eye healthcare despite its wide acceptance as a supplement. This 

may simply imply that supplementation with extra lutein is not necessary since it is a readily 

available xanthophyll in many vegetables. More recently trans-zeaxanthin and meso-zeaxanthin 

have also entered the marketplace as an eye healthcare supplements which indeed makes sense. 

However, is there yet a better carotenoid meeting all the requirements associated with 

eye/blood/brain barrier transport, accumulation in the macula and capable of long term use? The 

answer is found in the xanthophyll astaxanthin. 

[002451 	Dr. Mark Tso, at the Univ. of Ill, has demonstrated that astaxanthin is one such 

naturally occurring antioxidant meeting all of these critical criteria in rats. Astaxanthin is the 

carotenoid xanthophyll responsible for the red color in salmon, lobster, krill, crab, other shell fish 

and in the micro algae Haematoccous pluvialis. The latter source has made astaxanthin readily 

available worldwide for such uses. US 5,527,533 was issued to the Univ. of Ill. describing the 

use of astaxanthin more fully in eye related diseases and which is hereby incorporated by in its 

entirety. 

[002461 	In addition, astaxanthin is a much more powerful antioxidant than canthoaxanthin, 

beta-carotene, zeaxanthin, lutein and alpha-tocopherol. Shimidzu et al. discovered that 

astaxanthin is 550 times more potent than alpha-tocopherol, 27.5 times more potent than lutein 

and 11 times more potent that beta-carotene in quenching singlet oxygen. In addition, Bagchi 

discovered that natural astaxanthin is 14 times more potent than alpha-toeopherol, 54 times more 

potent that beta-carotene and 65 times more potent that ascorbic acid (Vitamin C) in scavenging 

oxygen free radicals. Thus, though there are dramatic differences in the potency of astaxanthin 

when comparing the quenching of singlet oxygen and the scavenging of oxygen free radicals, it 

is clear that astaxanthin compares very favorably to zeaxanthin and lutein, the two carotenoids 

that are found naturally in the retina. 
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[00247] 	There is one more aspect of carotenoids, namely that some carotenoids can act as 

pro-oxidants. This is important since a carotenoid with pro-oxidant capability actually causes 

oxidation to occur in the body when high concentrations are present in tissue. Martin, et al. 

showed that beta-carotene, lycopene and zeaxanthin can become pro-oxidants under certain 

conditions, however because astaxanthin is the most potent of all carotenoids, Belittler et al. 

showed that astaxanthin can never be nor has it ever exhibited any pro-oxidant activity unlike the 

zeaxanthin found in the human eye. Since humans already have an abundant source of lutein and 

trans-zeaxanthin in their diets from many vegetable sources and are already present in the human 

eye, it appears that astaxanthin with its unique qualifying properties, unlike lutein or trans-

zeaxanthin, may be the eye healthcare supplement of choice. With astaxanthin's extraordinarily 

potent antioxidant properties, its ability to cross the blood brain/eye barrier and concentrate in 

the retinal macula in other mammalian species, without the side effects seen with canthaxanthin, 

and in light of Tso's contributions, astaxanthin, in a convenient dietary supplement presentation, 

may emerge as the pre-eminent new ingredient addition to lutein and/or zeaxanthin eye 

healthcare supplementation for the management of eye related oxidative stress and thus the 

prevention and mitigation of degenerative diseases of the eye such as age related macular 

degeneration (ARMD)and cataract formation if astaxanthin deposition can be experimentally 

confirmed in human retinal tissue. 

[00248] 	In addition, Tso found that light induced damage, photo-receptor cell damage, 

ganglion cell damage and damage to neurons of the inner retinal layers can be prevented or 

ameliorated by the use of astaxanthin including neuronal damage from ischemic, photic, 

inflammatory and degenerative insult in rats. Tso's patent claims the use of astaxanthin across a 

wide range of eye diseases including age related macular degeneration, diabetic neuropathy, 

cystoid macular edema, central retinal arterial and veneous occlusion, glaucoma and 

inflammatory eye diseases such as retinitis, uveitis, iritis, keratitis and scleritis, all disease states 

common to eye insult by oxidative species such as free radicals however this work was never 

confirmed in humans. 

[00249] 	Oral administration of astaxanthin confirms that it is at least transported into 

human blood stream, however, its deposition in human retinal tissue has never been confirmed. 

[00250] 	Astaxanthin is the major pigment of certain micro algae and crustaceans. 

Astaxanthin is a lipid-soluble pigment primarily used for pigmenting cultured fish, like salmon, 
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which must ingest astaxanthin to yield consumer-acceptable pink-colored salmon muscle. 

Astaxanthin also is an antioxidant which is about 100 to about 1000 times more effective than 

alpha-tocopherol. 

[00251] 	The prime source of commercial S,S'-astaxanthin is micro algae, and, to a very 

small extent, is found in hill oil derived from Euphasia superba (Antarctic Krill). Astaxanthin 

also is available synthetically, however synthetic astaxanthin may not be safe for use in humans 

since it contains 3 known enantiomers including R,R', R, S' and S,S' which are not easily nor 

economically separated two of which have unknown human safety data. The preferred naturally-

occurring S,S'-astaxanthin can be used in the composition and method of the present invention. 

[00252] 	As previously stated, the retinal pigment epithelium protects the retina by 

providing a blood-retinal brain barrier. The barrier excludes plasma constituents that are 

potentially harmful to the retina. As also previously stated, the blood-retinal brain barrier only 

permits lutein and zeaxanthin to enter the retina, and excludes other carotenoids present in 

human serum, including beta-carotene which is the most abundant carotenoid in human serum. 

Astaxanthin is not a naturally-occurring constituent in the retina. Therefore, the presence of a 

physiologically significant amount of astaxanthin in the retina of rats may illustrate the ability of 

astaxanthin to readily cross the blood-retinal brain barrier into the retina of humans. The optimal 

dose of the composition can be determined by a person skilled in the art after considering factors 

such as the disease or injury to be treated, the severity of the central nervous system damage by 

oral administration. The daily dose of composition can be administered daily or in accordance 

with a regimen determined by a person skilled in the art, with the length of treatment depending 

upon the severity and nature of the injury to the central nervous system, the need to improve 

accommodation or to control dry eye syndrome. 

[00253] 	The composition can be administered to an individual orally. When administered 

orally, the composition, for example, can be in the form of a liquid preparation, The 

administration of the composition to an individual suffering from an eye injury or disease, such 

as free radical-induced injury, benefits the vision of the individual by preventing further 

photoreceptor cells from damage or destruction. The free radical-induced damage can be 

attributed to light-induced injury or to injury resulting from an ischemic insult and subsequent 

reperfusion or neurodegenerative diseases. The administration of astaxanthin also helps prevent 

and retard photic injury in addition to ameliorating photic injury. 
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[00254] 	The administration of the composition ameliorates photoreceptor cell damage that 

is light induced, and ameliorates ganglion cell damage that is induced by ischemic insult and 

subsequent reperfusion. The administration of astaxanthin also retards the progress of 

degenerative eye diseases and benefits the vision of individuals suffering from a degenerative 

eye disease, such as age-related macular degeneration. 

[00255] 	The administration of the composition also provides a method of treating 

ischemic retinal diseases, such as diabetic retinopathy, cystoid macular edema, central retinal 

arterial occlusion, central retinal venous occlusion and glaucoma. In addition, the composition is 

useful in treating inflammatory diseases of the eye such as retinitis, uveitis, iritis, keratitis and 

scleritis wherein free radicals are produced in abundance, the prevention of cataracts and the 

treatment of certain causes of dry eye syndromes. 

[00256] 	Therefore, the antioxidant properties of the composition, coupled with the ability 

of the composition to cross the blood-retinal brain barrier, admixed with anti-inflammatory 

sources of EPA and DHA and the lack of toxicity of the composition and the lack of adverse side 

effects associated with the composition, make the composition a useful composition to prevent or 

ameliorate such eye related diseases, dry eye syndrome and/or cataracts and dry eye syndromes. 

"Reacted" Carotenoids and Delivery System 

[00257] 	The analytical analysis of the product blend of krill oil and carotenoids, including 

astaxanthin during testing, gave conflicting recovery data for the added astaxanthin when 

evaluated using HPLC (High-Performance Liquid Chromatography, also known as High- 

Pressure Liquid Chromatography) analysis. It was determined that over time, astaxanthin 

apparently, and rapidly, chemically combined in what appears to be an unknown way with one or 

more krill oil components to produce a compound that is not detectable using the HPLC 

methodology used to quantify the amount of astaxanthin in such initially blended product. As a 

result, a "capsule in a capsule" was designed to prevent such loss of astaxanthin to the krill oil in 

order to retain label claims. This is an unexpected observation/result with great benefits. 

Further, it is believed that astaxanthin when mixed with pure fish oil containing essentially all 

triacyiglycerides bound fatty acids, does not result in quantitative loss of astaxanthin to fish oil 

components as observed in krill oils, One skilled in the art would not have anticipated the 

instability of astaxanthin and other carotenoids in such added mixtures. 
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[00258] 	Testing has determined that astaxanthin added to krill oil results in an unstable 

product with respect to recoverable astaxanthin by HPLC analysis. A chemical reaction most 

likely takes place between krill oil and at least astaxanthin in such mixtures. Nevertheless, the 

astaxanthin does not seem to be destroyed in such mixtures since UV based analysis indicates 

that the astaxanthin moiety is still present without structural loss because it is still able to absorb 

UV at the appropriate quantifying absorption wavelength of astaxanthin at essentially 100% 

quantification of the amount of astaxanthin added to such blended product. Had UV alone been 

used to determine product stability the decrease in recoverable astaxanthin over time would not 

have been observed. The test results, tables and charts of FIGS. 2-6 show the decrease in 

recoverable astaxanthin over time. 

[00259] 	The carotenoids admixed with krill oil should be able to address not only the eye 

diseases known to be ameliorated by carotenoids but also the inflammatory diseases of the eye 

(including but not limited to dry eye syndrome) associated with the known anti-inflammatory 

activity of omega-3's. Just because phospholipid bound EPA and DHA are active alone as an 

anti-hyperlipidemic or as a reducer of pain in arthritic joints does not insure that such 

phospholipids from any source such as krill oil would prove effective for the treatment of 

inflammatory conditions of the eye. The AREDS2 study cited above is an example. This study 

was designed to determine if triglyceride bound omega-3 fatty acids would be effective in 

amelioration of inflammatory eye diseases. 

[00260] 	As noted before, the astaxanthin disappears and is converted to a new product in 

the presence of the krill oil. Other carotenoids can possibly have a similar effect. This is an 

unexpected result such that the addition of some carotenoids and primarily astaxanthin to krill oil 

results in the chemical reaction. The design of the capsule in a capsule prevents initial mixing. 

[00261] 	In accordance with a non-limiting example, FIG. 1 illustrates a medicine or drug 

delivery system at 10 that includes a central capsule 12 containing carotenoids 13 while an outer 

capsule 14 contains krill oil 15 and contains the inner capsule as illustrated. This capsule within 

the capsule prevents the disappearance of the carotenoids and the inability of standard HPLC 

(high-performance liquid chromatography) methods to quantitatively recover the carotenoids, 

especially with astaxanthin. Both capsules 12,14 could be formed of gelatin or similar material 

and formed to prevent mixing of carotenoids and krill oil until after capsule ingestion. 
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[00262] 	When added alone or in combination with other carotenoids. astaxanthin HPLC 

based recovery quickly abates much to the surprise of those skilled in the art. There is possible 

trans-esterification occurring between krill oil fatty acid esters and partially esterified 

carotenoids that creates a new compound. It is possible that the compound could be EPA trans-

esterified onto astaxanthin. Thus, to deliver the label amount of each carotenoid in a single dose, 

the krill oil and the carotenoids are not allowed to mix because of the incompatibility issue. FIG. 

I shows the technical solution using the capsule within a capsule in accordance with a non-

limiting example. 

[00263] 	FIG. 1 shows the medicine delivery system 10 that includes the inner capsule 12 

containing mixed carotenoids in one example comprising at least S, S'-astaxanthin derived from 

Haematococcus pluvialis and one or more of lutein and/or trans-zeaxanthin or meso-zeaxanthin. 

The outer capsule 14 contains a therapeutically effective amount of krill oil comprising 

phospholipid bound and triglyceride bound EPA and DHA and the krill oil contains at least 30% 

total phospholipids. 

[00264] 	In an example, 50-1,000 mg of krill oil can be contained in the outer capsule 14. 

In another example, the mixed carotenoids can include 0.5 to 8 mg of astaxanthin, 2 to 15 mg of 

lutein, and 0.2 to 12 mg of trans-zeaxanthin within the inner capsule. About 4 mg of astaxanthin, 

about 10 of lutein and about 1.2 mg of trans-zeaxanthin is contained within the inner capsule in 

one example. The use of this medicine delivery system 10 provides a new composition after 

ingestion in vivo that includes the therapeutically effective amount of synergistic multi-

ingredient composition of krill oil containing phospholipid bound and triglyceride bound EPA 

and DHA in which the krill oil contains at least 30% total phospholipids and mixed carotenoids 

comprising at least S, S'-astaxanthin derived from Haematococcus pluvialis that has reacted with 

the krill oil, and one or more of lutein and/or trans-zeaxanthin or meso-zeaxanthin. This allows a 

method of treating an individual by administering the capsule that includes the therapeutically 

effective amount of a synergistic multi-ingredient composition of krill oil and carotenoids and 

reacting carotenoids in vivo with the hill oil after ingestion. 

[00265] 	FIG. 2 is a chart showing data of astaxanthin at 13 days post formulation reacting 

with hill oil, but essentially neither lutein nor zeaxanthin. Astaxanthin is a keto-alcohol while 

lutein and zeaxanthin are alcohols and this can possibly make some difference. It should also be 

understood that the hill oil and "reacted" carotenoids, such as astaxanthin, and possibly 
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zeaxanthin and lutein, lose their ability to be recovered over time from the mixture but can still 

be quantitated by ultraviolet (UV) analysis. For example, the chromophores of the carotenoids 

are not destroyed when the reaction takes place over time and can be used to develop a number 

of products useful for cardiovascular applications, joint health care applications, eye care and 

other diseases. 

100266] 	Referring now to the chart in FIG. 2, there are shown various samples and 

explanation. Sample 3/1 is a mixture of astaxanthin in krill oil only and showing a 23% 

reduction in HPLC recoverable astaxanthin by day 13 while retaining total carotenoid 

concentration as measured by UV analysis. Similar results were obtained in the presence of 

lutein, however the "loss" of recoverable lutein was minimal while astaxanthin provided the 

same loss as the 3/1 sample. Sample 511 is mixed carotenoids. In this example, there is 

essentially no loss of HPLC recoverable astaxanthin while there is minimal loss of lutein and 

zeaxanthin (probably within experimental error). Recoveries of lutein and zeaxanthin in the 

presence of krill oil were within experimental error. Recoveries of these same carotenoids 

without hill oil, however, were less than expected because lutein and zeaxanthin are not very 

soluble in astaxanthin oleoresin. 

[00267] 	Admixture of astaxanthin derived from hp biomass extraction with krill oil above 

normal levels shows a continued loss of recoverable astaxanthin over day 1 concentrations while 

the total carotenoid concentration as measured by UV analysis remains essentially unchanged, 

indicating that a chemical reaction is taking place when relatively high concentrations of 

astaxanthin are added to hill oil, Further testing with LC/MS/MS can determine the resulting 

chemical species being foinied. It is believed this "reaction" is unique to krill oil phospholipids 

but other experiments can be conducted with other chemical species to determine the scope of 

this reaction. Further determination can be made whether all keto-alcohols (e.g., astaxanthin) 

react, and alcohols, amines, etc. A full strength eye care composition product included 4 mg of 

astaxanthin, 10 mg lutein and 1.2 mg zeaxanthin in an inner capsule with krill oil in the outer 

capsule to prevent comingling of the carotenoids with krill oil and preserve label claims in the 

event of an HPLC analysis of a simple blended product. 

[00268] 	FIG. 3 is another chart showing a stability analytical report for the astaxanthin, 

lutein and zeaxanthin with percent change from day 0 to day 12 at 20 degrees C. This is 

compared to FIG. 2 charts that show for day 13. The charts in FIG. 2 show the Aker Biomarine 
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sample while the charts in FIG. 3 show use for an eye formula as disclosed and also FlexPro 

MDIM  such as disclosed in commonly assigned U.S. patent application Serial No. 12/840,372 

and issued as U.S. Patent No. 8,481,072 as used for joint care, the disclosure which is hereby 

incorporated by reference in its entirety. In the charts, A corresponds to Aker Biomarine krill oil 

and E corresponds to enzymotec krill oil. The FlexPro MD rM  product as disclosed in the '072 

patent is a composition that alleviates joint pain and may be used to reduce symptoms of 

osteoarthritis and/or rheumatoid arthritis and is formed as a krill oil and/or marine oil in 

combination with astaxanthin and low molecular weight polymers of hyaluronic acid or sodium 

hyaluronate (hyaluronan) in an oral dosage form. It can be produced as a dietary supplement 

composition or pharmaceutical_ 

[00269] 	In one example, the composition as a reaction product may be used to enhance 

cardiovascular health by administering a therapeutic amount of the composition comprising krill 

oil reacted with the astaxanthin. In one example, the astaxanthin comprises S,S'-astaxanthin 

derived from Haematococcus pluvialis, The krill oil comprises phospholipid bound and 

triglyceride bound EPA and DHA and the krill oil comprises 30% total phospholipids. It is 

possible to administer 50 to 1,000 mg of krill oil in one example. It is also possible to administer 

one or more of lutein and/or trans-zeaxanthin or meso-zeaxanthin. In one example, 0.5 to 8 mg 

of astaxanthin, 2 to 15 mg of lutein, and 0.2 to 12 mg of trans-zeaxanthin are administered. 

[00270] 	The composition may be administered as a dietary supplement composition, as a 

food product, and in another example, as a cosmetic applied to the skin. As described above, the 

krill oil and astaxanthin may be reacted when an outer capsule containing the krill oil is ingested, 

and the inner capsule contains the astaxanthin. 

[00271] 	Such use of the composition as a reaction product may also be used to improve 

blood lipid profiles and reduce low density lipoprotein (LDL) oxidation in humans such as 

disclosed in commonly assigned U.S. patent application serial no. 13/093,201 and published as 

U.S. Patent Publication No. 2011/0268811, the disclosure which is hereby incorporated by 

reference in its entirety. 

[00272] 	As noted in the incorporated by reference '201 application, krill oil is 

supplemented with astaxanthin to improve a formulated product utility. In one study, 4 mg of 

astaxanthin per day for two weeks resulted in a 26% reduction of LDL cholesterol oxidation. 4 

mg of astaxanthin for eight weeks resulted in a 21 % decrease in C-reactive protein scores. 3.6 
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mg of astaxanthin per day for two weeks demonstrated that astaxanthin protects LDL cholesterol 

against induced in vitro oxidation. 

[00273] 	Astaxanthin is also known to reduce C-Reactive Protein (C-RP) blood levels in 

viva. For example, in human subjects with high risk levels of C-RP three months of astaxanthin 

treatment resulted in 43% drop in the patient population's serum C-RP levels a drop which is 

below the unacceptable cardiovascular event risk level. Astaxanthin is so powerful that it has 

been shown to negate the pro-oxidant activity of Vioxx in vitro, a COX-2 inhibitor belonging to 

the NSAIDS drug class which is known to cause cellular membrane lipid per-oxidation leading 

to heart attacks and strokes. For this reason Vioxx was subsequently removed from the US 

market by the FDA. Astaxanthin is also absorbed in vitro by lens epithelial cells where it 

suppresses UVB induced lipid per-oxidative mediated cell damage at umol/L concentrations. 

Reduction of C-Reactive protein (CRP), reduction of LDL oxidation and an increase in the 

omega-3 index in vivo would presumably all be important positive contributors to cardiovascular 

health since each are well know biomarkers for cardiovascular health risk. These results have 

been shown in: 

[00274] 	1) 	Lee et al., Molecules and Cells, 16(I):97-105; 2003; 

[0027S] 	2) 	Ohgami et al., Investigative Ophthalmology and Visual Science 

44(6):2694-2701, 2003; 

[00276] 	3) 	Spitler et al., J. of the Amer. College of Nutrition, 21(5): October 2002; 

and 

[00277] 	4) 	Harris, Pharmacol. Res. 2007 March; 55(3) 217-223. 

[00278] 	In one embodiment, 300-500 mg of krill oil and 2 mg astaxanthin is used and can 

form the reaction product as disclosed above. 

[00279] 	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 estimates. 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. 

[00280] 	It is believed that Krill oil based phospholipid bound EPA and DMA uptake into 

cellular membranes is far more efficient than triacylglyercide bound EPA and DMA since liver 

conversion of triacylglycerides is itself inefficient and because phospholipid bound EPA and 
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DHA can be transported 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 fish 

oil based products. Because of this burp-back feature of fish oils, it has been found that 

approximately 50% of all consumers who try fish oil never buy it again. 

[00281] 	Astaxanthin has an excellent safety record. A conducted study obtained the 

results as follows: 

Oral LD 50; 600 mg/kg (rats); 
NOAEL: 465 mg/kg (rats); or 
Serum Pharmacokinetics: Stewart et al. 2008 
1) T1/2: 16 hours; 
2) Tmax: 8 hours; 
3) Cmax; 65 mg IL. 

[00282] 	At eight weeks of supplementation at 6 mg per day, there was no negative effect 

in healthy adults. Spiller et al. 2003. 

[00283] 	As set forth in the '201 application, astaxanthin has three prime sources, e.g., 3 

mg astaxanthin per 240 g serving of non-farmed raised salmon or a 1% to 12% astaxanthin 

oleoresin or 1,5-2.5% beadlet derived from rnicroalgae. Literature references pertinent to the 

above discussion can be found 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. 

[00284] 	It should be understood that different proportions of ingredients and percentages 

in compositions and in the reaction product can be used depending on end use applications and 

other environmental and physiological factors when treating a patient condition. The krill oil in 

one example is derived from Eziphasia 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, and in one example, greater than 50% and in another example, 10% EPA and 5% 

DHA of which not less than 40% are in the form of phospholipids. The composition can be 
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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, 

and in one example, 0.1-12 mg of astaxanthin. 

[002851 	The astaxanthin may be derived from Haemawcoccus pluviales algae, Pliiffia, 

krill, or by synthetic routes, in the known free diol, monoester or diester form, and in one 

example, at a daily dose of 0.5-8 mg. The composition may also include an n-3 (omega-3) fatty 

acid rich oil derived from fish oil, algae oil, flax seed oil, or chia seed oil when the n-3 fatty acid 

comprises alpha-linolenic, stearidonic, eicosapentaenoic or docosapentaenoic acid. The 

composition may include naturally-derived and synthetic antioxidants that are added to retard 

degradation of fatty acids and astaxanthin. 

[002861 	The composition as formed from the reaction product of the krill oil and 

carotenoids, as in one example astaxanthin, may also be referred to as the reaction product 

throughout this description. There are also many possible uses that are explained below. 

[002871 	FIG. 4 is a chart showing results for 50 degrees C. FIG. 5 is a chart showing 

summary of changes by UV as described above. FIG. 6 is another chart showing results with a 

day 26 added with the eye formulation as described. 

[002881 	FIG. 7 shows the different chemical formula for different carotenoids. This 

indicates the differences and why hill oil can react more readily with one type of carotenoid and 

not others. 

[002891 	The composition as a reaction product occurs from the reaction of astaxanthin and 

hill oil such as shown by the experimental data provided above. Possible uses of the reaction 

product include use as a treatment for depression that may counter neurological disorders 

associated with depression. This could include treatment for a deficiency of neurotransmitters at 

post-synaptic receptor sites. The reaction product may be used to treat manic episodes in bipolar 

treatments and treat panic disorder and reduce the frequency and severity of panic attacks and the 

severity of agoraphobia. The reaction product may be used to treat Obsessive Compulsive 

Disorder (OCD) and malfunctioning neurotransmitters and serotonin receptors. The reaction 

product may also be used in the treatment of Alzheimer's Disease (AD) and reduce the presence 

of aluminosilicates at the core of senile plaque and diseased neurons. The reaction product may 

be used to treat aging disorders for cellular differentiation, proliferation and regeneration. It may 

also be used to treat age-related changes in mitochondrial function and age-related hearing loss. 
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The reaction product may also possibly maintain metabolic activity and available energy by 

maintaining levels of phospholipids in normal cells and maintain membrane integrity and 

regulate enzyme activities and membrane transport processes through changes in membrane 

fluidity. 

[00290] 	The reaction product may be beneficial for biological functions of essential fatty 

acids, including neural tissues such as the brain and retina and treat dementia-related diseases to 

increase mental function, memory, concentration and judgment and overcome the effects of 

Alzheimer's Disease. The reaction product may also be used to restore and preserve liver 

function and protect the liver against damage from alcoholism, pharmaceuticals, pollutant 

substances, viruses and other toxic influences that may damage cell membranes. It may possibly 

have antioxidant activity. 

[00291] 	Additives may be used with the reaction composition and pharmaceutical or 

nutraceutical formulations may be made by methods known in the art. For example, the reaction 

product may be formulated in a conventional manner using one or more pharmaceutically or 

nutraceutically acceptable carriers. Thus, the reaction product may be formulated for oral 

administration. For oral administration, the pharmaceutical or nutraceutical reaction products as 

compositions may take the form of, for example, tablets or capsules prepared by conventional 

techniques with pharmaceutically or nutraceutically acceptable excipients such as binding agents 

(e.g., pregelatinised maize starch, polyvinylpyrrolidone or hydroxypropyl methylcellulose); 

filters (e.g., lactose, microcrystalline cellulose or calcium phosphate); lubricants (e.g., 

magnesium stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch glycollate); 

or wetting agents (e.g., sodium lauryl sulphate). The tablets may be coated by methods known in 

the art. Liquid preparations for oral administration may take the form of, for example, solutions, 

syrups or suspensions, or they may be presented as a dry product for use with water or another 

suitable vehicle before use. Such liquid preparations may be prepared by conventional 

techniques with pharmaceutically or nutraceutically acceptable additives such as suspending 

agents (e.g,, sorbitol syrup, methyl cellulose or hydrogenated edible fats); emulsifying agents 

(e.g., lecithin or acacia); non-aqueous vehicles (e.g,, almond oil, oily esters or ethyl alcohol); and 

preservatives (e.g., methyl or propyl p-hydroxybenzoates or sorbic acid). 

100292] 	When the reaction product is used as a nutraceutical, it can be in the form of 

foods, beverages, energy bars, sports drinks, supplements or other forms as known in the art. 
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This reaction product is also useful in cosmetic preparations, e.g., moisturizing creams, sun-

block products and other topical cosmetic products as known in the art. 

[00293] 	The reaction product may be used in the treatment or prevention of a variety of 

disease states including: liver disease; chronic hepatitis; steatosis; liver fibrosis; alcoholism; 

malnutrition; chronic parenteral nutrition; phospholipid deficiency; lipid peroxidation; 

disarrhythmia of cell regeneration; destabilization of cell membranes; coronary artery disease 

caused by hypercholesterolemia; high blood pressure; menopausal or post-menopausal 

conditions; cancer, e.g., skin cancer; hypertension; aging; benign prostatic hyperplasia; kidney 

disease; edema; skin diseases; gastrointestinal diseases; peripheral vascular system diseases (e.g. 

leg ulcers); pregnancy toxemia; and neurodegenerative and psychiatric diseases (e.g. Parkinson's, 

Alzheimer's, autism, attention deficit disorder, learning disorders, mood disorders, bipolar 

depression, multiple sclerosis, muscular dystrophy). 

[00294] 	The reaction product may also be useful for targeting tumors and may be used in 

conjunction with radioisotopes for diagnosing central nervous system tumors. The reaction 

product may also be used to reduce local fat deposits and reducing visible cellulite. The reaction 

product may also be used in aesthetics such as breast enlargement by acting on the lobular tissue 

of the breast and by increasing hydration of the breast. 

[00295] 	The reaction product may be used to treat and/or prevent cardiovascular diseases, 

arthritis, skin cancer, diabetes, premenstrual syndrome and transdeinial transport enhancement. 

It may be used to decrease cholesterol in vivo and inhibit platelet adhesion and plaque formation 

and reduce vascular endothelial inflammation in a patient and offer hypertension prophylaxis. 

The reaction product may prevent oxidation of low-density lipoprotein and have an inhibitory 

effect on the secretion of VLDL possibly due to increased intracellular degradation of APO 

B-100. It may offer a post-myocardial infarction prophylaxis possibly because of its ability to 

decrease CIII apolipoprotein B, to decrease C3 non-apoliproprotein B lipoproteins and to 

increase antithrombin 3 levels. It may be suitable for prophylactic usage against cardiovascular 

disease in humans where it relates to coronary disease, hyperlipidemia, hypertension, ischemic 

disease such as relating to angina, myocardial infarction, cerebral ischemia, and shock without 

clinical or laboratory evidence of ischemia or arrhythmia. 

[00296] 	The reaction product may be suitable to offer symptomatic relief for arthritis, 

Still's Disease, polyarticular or pauciarticular juvenile rheumatoid arthritis, rheumatoid arthritis, 
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osteoarthritis, and may provide clinical improvement in decreasing the number of tender joints 

and analgesics consumed daily by decreasing the production of interleukin and interleukin-1 in 

human patients. The reaction product composition may also be used as a skin cancer 

prophylactic. It may have some retinal and anti-carcinogenic effects. It may enhance 

transdermal transportation as a substrate for detinatological topical therapeutic applications and 

may be used in dermatological treatments via creams, ointments, gels, lotions and oils and may 

be used in various therapeutic applications such as relating to anesthesic, corticosteroids, anti-

inflammatory, antibiotic and ketolytic functions. It may also be used to enhance transdermal 

transportation as a substrate for dermatological topical cosmetic applications where cosmetic 

application relates to skin hydration, anti-wrinkle, caratolytics, peeling and mask via creams, 

ointments, gels, lotions or oils. The reaction product may be used to reduce the pain and mood 

changes associated with premenstrual syndrome in women. 

100297] 	The reaction product, in accordance with a non-limiting example, may be used in 

a manner similar to the phospholipid compositions disclosed in U.S. Patent Publication No. 

2011/0160161. The reaction product may be used to treat or prevent a cardiornetabolic 

disorder/metabolic syndrome. The cardiometabolic disorder could be atherosclerosis, 

arteriosclerosis, coronary heart (carotid artery) disease (CHD or CAD), acute coronary syndrome 

(or ACS), valvular heart disease, aortic and mitral valve disorders, arrhythmia/atrial fibrillation, 

cardiomyopathy and heart failure, angina pectoris, acute myocardial infarction (or AMI), 

hypertension, orthostatic hypotension, shock, embolism (pulmonary and venous), endocarditis, 

diseases of arteries, the aorta and its branches, disorders of the peripheral vascular system 

(peripheral arterial disease or PAD), Kawasaki disease, congenital heart disease (cardiovascular 

defects) and stroke (cerebrovascular disease), dyslipidemia, hypertriglyceridemia, hypertension, 

heart failure, cardiac arrhythmias, low HDL levels, high LDL levels, stable angina, coronary 

heart disease, acute myocardial infarction, secondary prevention of myocardial infarction, 

cardiomyopathy, endocarditis, type 2 diabetes, insulin resistance, impaired glucose tolerance, 

hypercholesterolemia, stroke, hyperlipidemia, hyperlipoproteinemia, chronic kidney disease, 

intermittent claudication, hyperphosphatemia, omega-3 deficiency, phospholipid deficiency, 

carotid atherosclerosis, peripheral arterial disease, diabetic nephropathy, hypercholesterolemia in 

HIV infection, acute coronary syndrome (ACS), non-alcoholic fatty liver disease/non-alcoholic 

steatohepatitis (NAFLD/NASH), arterial occlusive diseases, cerebral atherosclerosis, 
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arteriosclerosis, cerebrovascular disorders, myocardial ischemia, coagulopathies leading to 

thrombus formation in a vessel and diabetic autonomic neuropathy. 

[00298] 	The reaction product may also be used to treat, prevent or improve cognition 

and/or a cognitive disease, disorder or impairment (memory, concentration, learning (deficit)), or 

of treating or preventing neurodegenerative disorders. The cognitive disease, disorder or 

impairment could be Attention Deficit Disorder (ADD), Attention Deficit Hyperactivity Disorder 

(ADHD), autism/autism spectrum disorder (ASD), (dyslexia, age-associated memory impairment 

and learning disorders, amnesia, mild cognitive impairment, cognitively impaired non-demented, 

pre-Alzheimer's disease, Alzheimer's disease, epilepsy, Picks disease, Huntington's disease, 

Parkinson disease, Lou Gehrig's disease, pre-dementia syndrome, Lewy body dementia 

dementia, dentatorubropallidoluysian atrophy, Freidreich's ataxia, multiple system atrophy, types 

1, 2, 3, 6, 7 spinocerebellar ataxia, amyotrophic lateral sclerosis, familial spastic paraparesis, 

spinal muscular atrophy, spinal and bulbar muscular atrophy, age-related cognitive decline, 

cognitive deterioration, moderate mental impairment, mental deterioration as a result of ageing, 

conditions that influence the intensity of brain waves and/or brain glucose utilization, stress, 

anxiety, concentration and attention impairment, mood deterioration, general cognitive and 

mental well being, neurodeveloprnental, neurodegenerative disorders, hormonal disorders, 

neurological imbalance or any combinations thereof. The cognitive disorder may be memory 

impairment. 

[002991 	The reaction product may be used to inhibit, prevent or treat inflammation or an 

inflammatory disease. The inflammation or inflammatory disease may be due to organ 

transplant rejection; reoxygenation injury resulting from organ transplantation (see Grupp et al., 

J. Mol. Cell, Cardiol. 31: 297-303 (1999)) including, but not limited to, transplantation of the 

following organs: heart, lung, liver and kidney; chronic inflammatory diseases of the joints, 

including arthritis, rheumatoid arthritis, osteoarthritis and bone diseases associated with 

increased bone resorption; inflammatory bowel diseases (113D) such as ileitis, ulcerative colitis 

(UC), Barrett's syndrome, and Crohn's disease (CD); inflammatory lung diseases such as asthma, 

acute respiratory distress syndrome (ARDS), and chronic obstructive pulmonary disease 

(COPD); inflammatory diseases of the eye including corneal dystrophy, trachoma, 

onchocerciasis, uveitis, sympathetic ophthalmitis and endophthalmitis; chronic inflammatory 

diseases of the gum, including gingivitis and periodontitis; inflammatory diseases of the kidney 
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including uremic complications, glomerulonephritis and nephrosis; inflammatory diseases of the 

skin including sclerodermatitis, psoriasis and eczema; inflammatory diseases of the central 

nervous system, including chronic demyelinating diseases of the nervous system, multiple 

sclerosis, AIDS-related neurodegeneration and Alzheimer's disease, infectious meningitis, 

encephalomyelitis, Parkinson's disease, Huntington's disease, Epilepsy, arnyotrophic lateral 

sclerosis and viral or autoimmune encephalitis, preeclampsia; chronic liver failure, brain and 

spinal cord trauma, and cancer. The inflammatory disease may also be a systemic inflammation 

of the body, exemplified by gram-positive or gram negative shock, hemorrhagic or anaphylactic 

shock, or shock induced by cancer chemotherapy in response to proinflammatory cytokines, e.g., 

shock associated with proinflammatory cytokines. Such shock can be induced, e.g., by a 

chemotherapeutic agent that is administered as a treatment for cancer. Other disorders include 

depression, obesity, allergic diseases, acute cardiovascular events, muscle wasting diseases, and 

cancer cachexia. Also, inflammation that results from surgery and trauma may possibly be 

treated using the reaction product. 

[00300] 	Many modifications and other embodiments of the invention will come to the 

mind of one skilled in the art having the benefit 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 specific embodiments disclosed, and that modifications and embodiments are 

intended to be included within the scope of the appended claims. 
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THAT WHICH IS CLAIMED IS: 

1. A medicine delivery system comprising: 

an outer capsule containing a therapeutically effective amount of krill oil comprising 

phospholipid bound and triglyceride bound EPA and DHA and the krill oil comprising at least 

30% total phospholipids; and 

an inner capsule within the outer capsule and containing mixed carotenoids comprising at 

least S, S'-astaxanthin derived from Haematococcus pluvialis, and one or more of lutein and/or 

trans-zeaxanthin or meso-zeaxanthin, wherein the outer and inner capsules are formed to prevent 

mixing of the carotenoids and krill oil until after capsule ingestion. 

2. The medicine delivery system according to Claim 1, further comprising 50 to 

1000 mg of krill oil contained in the outer capsule. 

3. The medicine delivery system according to Claim 1, further comprising 0.5 to 8 

mg of astaxanthin, 2 to 15 mg of lutein and 0.2 to 12 mg of trans-zeaxanthin contained within the 

inner capsule. 

4. The medicine delivery system according to Claim 3, further comprising about 4 

mg of astaxanthin, about 10 mg of lutein and about 1.2 mg of trans-zeaxanthin contained within 

the inner capsule. 

5. A medicine delivery system comprising: 

an outer capsule containing a therapeutically effective amount of krill oil; and 

an inner capsule within the outer capsule and containing carotenoids, wherein the outer 

and inner capsules are formed to prevent mixing of the carotenoids and krill oil until after 

capsule ingestion. 
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6. The medicine delivery system according to Claim 5, wherein the carotenoids 

comprise at least 8, S'-astaxanthin derived from Haematococcus pluvialis, and one or more of 

lutein and/or trans-zeaxanthin or meso-zeaxanthin. 

7. The medicine delivery system according to Claim 6, further comprising 0.5 to 8 

mg of astaxanthin, 2 to 15 mg of lutein and 0.2 to 12 mg of trans-zeaxanthin contained within the 

inner capsule. 

8. The medicine delivery system according to Claim 7, further comprising about 4 

mg of astaxanthin, about 10 mg of lutein and about 1.2 mg of trans-zeaxanthin contained within 

the inner capsule. 

9. The medicine delivery system according to Claim 5, wherein the krill oil contains 

phospholipid bound and triglyceride bound EPA and DHA and the krill oil contains at least 30% 

total phospholipids. 

10. The medicine delivery system according to Claim 5, further comprising 50 to 

1000 mg of hill oil contained in the outer capsule. 

11. A composition comprising a therapeutically effective amount of a synergistic 

multi-ingredient composition of krill oil containing phospholipid bound and triglyceride bound 

EPA and DHA in which the hill oil contains at least 30% total phospholipids, and mixed 

carotenoids comprising at least S, S'-astaxanthin derived from Haematococcus pluvialis that is 

reacted with the krill oil, and one or more of lutein and/or trans-zeaxanthin or meso-zeaxanthin. 

12. The composition according to Claim 11, further comprising 0.5 to 8 mg of 

astaxanthin, 2 to 15 mg of lutein and 0.2 to 12 mg of trans-zeaxanthin. 

13. The composition according to Claim 12, further comprising about 4 mg of 

astaxanthin, about 10 mg of lutein and about 1.2 mg of trans-zeaxanthin. 
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14. The composition according to Claim 11, further comprising 50 to 100 mg of krill 

oil. 

15. A composition comprising a therapeutically effective amount of a synergistic 

multi-ingredient composition of krill oil and carotenoids that are reacted with the krill oil. 

16. The composition according to Claim 15, further comprising 50 to 1000 mg of krill 

oil. 

17. The composition according to Claim 15, wherein the krill oil comprises 

phospholipid bound and triglyceride bound EPA and DHA in which said krill oil contains at least 

30% total phospholipids. 

18. The composition according to Claim 15, wherein the catotenoids comprise at least 

S, S'-astaxanthin derived from Haematococcus pluvialis that had reacted with the krill oil, and 

one or more of lutein and/or trans-zeaxanthin or meso-zeaxanthin. 

19. The composition according to Claim 18, further comprising 0.5 to 8 mg of 

astaxanthin, 2 to 15 mg of lutein and 0.2 to 12 mg of trans-zeaxanthin. 

20. The composition according to Claim 19, further comprising about 4 mg of 

astaxanthin, about 10 mg of lutein and about 1.2 mg of trans-zeaxanthin. 

21. A method of treating an individual by administrating a therapeutically effective 

amount of a synergistic multi-ingredient composition of krill oil and carotenoids and reacting the 

carotenoids in vivo with the krill oil. 

22. The method according to Claim 21, further comprising administering carotenoids 

comprising at least S, S'-astaxanthin derived from Haematococcus pluvialis, and one or more of 

lutein and/or trans-zeaxanthin or meso-zeaxanthin. 
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23. The method according to Claim 22, further comprising administering 0.5 to 8 mg 

of astaxanthin, 2 to 15 mg of lutein and 0.2 to 12 mg of trans-zeaxanthin. 

24. The method according to Claim 23, further comprising administering about 4 mg 

of astaxanthin, about 10 mg of lutein and about 1.2 rng of trans-zeaxanthin. 

25. The method according to Claim 21, further comprising administering krill oil 

containing phospholipid bound and triglyceride bound EPA and DHA, the krill oil comprising at 

least 30% total phospholipids. 

26. The method according to Claim 21, further comprising administering 50 to 1000 

mg of krill oil. 

27. A method of enhancing cardiovascular health comprises administering a 

therapeutic amount of a composition comprising krill oil reacted with astaxanthin. 

28. The method according to Claim 27, wherein the astaxanthin comprises S,S'-

astaxanthin derived from Haematococcus pluvialis. 

29. The method according to Claim 27, wherein the krill oil comprises phospholipid 

bound and triglyceride bound EPA and DHA, the krill oil comprising 30% total phospholipids. 

30. The method according to Claim 27, further comprising administering 50 to 1000 

mg of krill oil. 

31. The method according to Claim 27, further comprising administering one or more 

of lutein and/or trans-zeaxanthin or meso-zeaxanthin. 

32. The method according to Claim 31, further comprising administering 0.5 to 8 mg 

of astaxanthin, 2 to 15 mg of lutein and 0.2 to 12 mg of trans-zeaxanthin. 
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33. The method according to Claim 27, further comprising administering the 

composition as a dietary supplement composition. 

34. The method according to Claim 27, further comprising administering the 

composition as a food product. 

35. The method according to Claim 27, further comprising administering the 

composition as a cosmetic applied to the skin. 

36. The method according to Claim 27, further comprising reacting the krill oil and 

astaxanthin after ingesting an outer capsule containing the krill oil and an inner capsule 

containing the astaxanthin. 

37. A composition to enhance cardiovascular health comprising a therapeutic amount 

of hill oil reacted with astaxanthin. 

38. The composition according to Claim 37, wherein the astaxanthin comprises S,S'-

astaxanthin derived from Haematococcus pluvialis. 

39. The composition according to Claim 37, wherein the krill oil comprises 

phospholipid bound and triglyceride bound EPA and DHA, the krill oil comprising 30% total 

phospholipids. 

40. The composition according to Claim 37, further comprising 50 to 1000 mg of krill 

oil per dosage. 

41. The composition according to Claim 37, further comprising one or more of lutein 

and/or trans-zeaxanthin or meso-zeaxanthin. 

42. The composition according to Claim 37, further comprising 0.5 to 8 mg of 

astaxanthin, 2 to 15 mg of lutein and 0.2 to 12 mg of trans-zeaxanthin. 
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43.  The composition according to Claim 37, wherein the composition comprises a 

dietary supplement composition. 

44.  The composition according to Claim 37, wherein the composition comprises a 

food product. 

45.  The composition according to Claim 37, wherein the composition comprises a 

cosmetic. 
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