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CYAN EXHIBIT 1037 . FILED

UNITED STATES DISTRICT COURT 2217 JUN 29 AN 8: 47
MIDDLE DISTRICT OF FLORIDA

CLFA, US DISTRICT CQURT
OCALA DIVISION FIEOUE DISTRICT OF FL
) SOALAFLORIDA
U.S. NUTRACEUTICALS LL.C )
d/b/a VALENSA INTERNATIONAL; )
and THE BOARD OF TRUSTEES OF )
THE UNIVERSITY OF ILLINOIS, ) — _
) S z-CN-Blele ‘OC— /107 AS
Plaintiffs, ) Civil Action No.
)
VvS. ) JURY TRIAL DEMANDED
)
CYANOTECH CORPORATION, )
and NUTREX HAWAII, INC,, )
)
Defendants. )
)
COMPLAINT

“This is a complaint for patent infringement arising under the patent laws of the United
States. Plaintiffs U.S. Nutraceuticals, LLC, dba Valensa International, and The Board of
Trustees of the University of Illinois allege the following as their complaint:

THE PARTIES
1. Plaintiff U.S. Nutraceuticals, LLC, dba Valensa International (“Valensa”), is a
limited liability corporation formed under the laws of the State of Florida and has a principal
place of business at 2751 Nutra Lane, Eustis, Florida, 32726.
2. Valensa is an innovative, nutraceutical-focused company that develops,
manufactures, and sells ingredients for natural health supplements, multi-ingredient
nutritional formulations, and other functional compositions used to promote natural health

and well-being. Valensa has particular expertise with astaxanthin, including proprietary
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extraction and stabilization techniques Valensa uses in support of its efforts to market
astaxanthin, as well as patent rights covering certain uses of astaxanthin.

3. Plaintiff The Board of Trustees of the University of Illinois (“University of
Ilinois™) is a body corporate and politic of the State of Illinois with a place of business at
352 Henry Administration Building, MC—350, 506 South Wright Street, Urbana, IL 61801.

4, The Univcrsity of Iilinois is an academic institution involved in extensive

- research activities that have earned the University of Illinois numerous utility patents,
including the Tso patent.

5. Upon information and belief, Defendant Cyanotech Corporation
(“Cyanotech®) is a publicly-traded corporation formed under the laws of the State of Nevada.
with a principal place of business at 73-4460 Queen Kaahumanu Highway, Suite 102,

**‘Kailua-Kona, Hawaii, 96740.

" 6.' *' Upon information and belief, Defendant Nutrex Hawaii, Inc. (“Nutrex”), isa
corporation formed under the laws of the State of Hawaii with a principal place of business at . .
73-4460 Queen Kaahumanu Highway, Suite 102, Kailua-Kona, Hawaii, 96740.

7. . Cyanotech and Nutrex (collectively “Defendants”) market nutraceutical
ingredients and products and directly and indirectly compete against Valensa, particularly
with respect to their efforts to manufacture and sell astaxanthin products. Defendants:
produce and sell astaxanthin products and condition-specific formulations to consumers, as
well as to other nutraceutical companies that repackage and rebrand the products as their own

and/or incorporate Cyanotech-brand astaxanthin in their own retail dosage form products.

601391641 2
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8. Upon information and belief, Nutrex is a wholly-owned subsidiary and/or
division of Cyanotech, and there is nearly complete overlap in the directors and executives of
Nutrex with those of Cyanotech. For example, Mr. Brent Baily serves as President and Chief
.~ ‘Exetutive Officer of both entities, and he also serves on the Cyanotech Board of Directors.

" . Mr. Gerald Cysewski serves as Executive Vice President and Chief Scientific Officer for
‘both companies, serves on the Board of Directors for Cyanotech, and has been identified as a_
'-founcier of both companies. Mr. Cysewski also previously served as Cyanotech’s Chief

Executive Officer. Ms. Jole Deal serves as the Chief Financial Officer, Vice President of

. Finance and Administration, Treasurer, and Secretary for both entities, and her predecessor, . : « ..

“Ms; Déanha-Spooner, also possessed those same positions with both entities. Mr. Glen

L4

nvy Jansen'Serves as the Vice President of Operations for both entities. Mr. Robert Capelli serves .. .-

as Vice President Sales and Marketing for both entities. Similarly, the Medical Directorof . .. . ..

+ 1. Cyanbtech, Dr: Robert Corish, helped develop the formulation for the products sold uridera . : .-

‘Nutrex label, and has been identified as the Medical Director of Nutrex as well.
9. Upon information and belief, Nutrex and Cyanotech operate from the exact
- same offices, with the same personnel using the exact same facilities and equipment. In
marketing materials, the entities refer to the same assets and facilities as their own, including, .
for example, the algae farms used to grow Haematococcus pluvialis, an algae from which
* astaxanthin is extracted.
10.  Upon information and belief, the financial resources of Cyanotech and Nutrex
are, and have been, intermingled and are not kept separate. For example, Cyanotech’s public

filings with the United States Securities and Exchange Commission include the financial

601391641 3
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information of Nutrex, and do not provide any financial information specific to Cyanotech

~ and exclusive of Nutrex.

11.  Upon information and belief, Cyanotech formed Nutrex for the sole purposes

“ S eof marketing Fetail products designed by Cyanotech, for the exclusive benefit-of Cyanotech. . ..
' Déspité forming Nutrex-Hawaii, Cyanotech has referred to Nutrex Hawaii-branded retail -

* “prodticts ds its own.

RV Upon information-and belief, Cyanotech has ignored the separate corporate

e sfatuSOf Nutrex, and has treated Nutrex and its employees and resources as though it was the
S %éiﬁ}é‘éﬁtil)i"dé"Cyanotech'. Cyanotech has exerted complete and unfettered control over the ;.

ot iy e d G Nutrex. For all intents and purposes, the two purported entities have operatedasa
b5 Sl gie dnitity: and all actions undertaken by Nutrex are for the exclusive benefit of, in active - .

L3t e ugnéent With, ‘and under the control and direction of, Cyanotech.

CrOnEL gy e i ‘ . - JURISDICTION

13.  This is an action for patent infringement arising under the Acts of Congress

" relating to patents, 35 U.S.C. §§ 271, 281-285.

‘14  This Court has subject matter jurisdiction under 28 U.S.C. §§ 1331, 1332, and
'1338(a).

15.  This Court has personal jurisdiction over Defendants by virtue of their
substantial, continuous, and systematic contacts with the State of Florida, and their knowing
and ‘purposeﬁll distribution, marketing, offers to sell, and sales of astaxanthin products used
to infringe the Tso patent at issue in the State of Florida. This Court also has personal

jurisdiction over Defendants because their acts of patent infringement are aimed at this

601391641 4
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judicial district and/or have effect in this judicial district. For example, upon information and
belief, Defendants have knowingly and purposefully distributed the products at issue to
. customers located in Florida, through their own online retail efforts, and through the online
* oo 'marketing-efforts of their distributors and-customers. Defendants have marketed their
- products through retail chains such as Whole Foods (16 stores in Florida), Walgreens (143
stores in Florida), GNC, Amazon.com, The Vitamin Shoppe (60 stores in Florida), Swanson
“.. Health Products, 4all Vitamins, and PureHealingFoods.com for sale on the Internetto

i~ - customets-located in Florida, and, upon information and belief, in brick-and-mortar stores

weloie otatedin the'State of Florida. Defendants have also placed advertisements for their .. .

! astaxanthin products in publications distributed throughout the country, including Florida, - . ..

Lemvguehas Whole Foods Magazine. Defendants have also sold astaxanthin beadlets, tablets, . -

and/or oleoresin to numerous companies with the knowledge and expectation that those . ..

companies sell products throughout the United States, including Florida, incorporating -

."..Cyanotech’s astaxanthin products, for use in methods that infringe the Tso patent. Such.
companies include, for example, Jarrow Formulas, NOW Foods, Twinlab, Health Plus,
HLV/Douglas Labs, Pure Encapsulations, and Nutraceutical Science Institute.

16.  Upon information and belief, Defendants have also employed a number of
- individuals residing in the State of Florida that were involved with the development,

marketing, and sale of astaxanthin products for uses Defendants knew to be covered by the
Tso patent. Cyanotech employed Dr. Robert Corish as a Medical Director while he lived in
the State of Florida, a position Dr. Corish has also been identified as serving for Nutrex.

Cyanotech also employed and/or contracted with Dr. Leonard Smith, who served as a

601391641 5
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scientist and spokesperson for Cyanotech, while he resided and continues to reside in Florida.
Cyanotech also employed Mr. Marc Ketchel as Director of Sales for Cyanotech while he

lived in Florida. As Cyanotech’s Director of Sales, and while living and working out of

=i+ :Flotida; Mr. Ketchel developed formula prototypes, wrote marketing materials for - -

Defendants” MD Formulas Hawaii™ astaxanthin products, and also managed a team of 25

sales representatives working the East Coast, including Florida, in support of those products.

w14 «Edch of Dr. Corish, Dr. Smith, and Mr. Ketchel were responsible for the design and

sl developiment of Defendants’ MD Formulas Hawaii™ products, which, upon information and

sunsarivins belief; they did while living in Florida,  The MD Formulas™ products are some of the -

wocovas v iproduets that are the subject of allegations set forth in this Complaint. -

et olincluditig Cyanotech’s engagement of Valensa to extract Cyanotech’s biomass at Valensa™s. . . .

we et
U ITLE SO

ERV AT TR TR

PR

+ &217:%  Cyanotech has also engaged in substantial business in Florida with Valensa,

- faeility for and on behalf of Cyanotech. Cyanotech has also engaged, and is engaging, in "

- business-in Florida through sales of Haematococcus pluvialis biomass (from which

"+ ‘astaxanthin is extracted) to Valensa.

18.  Venue in this District is proper under 28 U.S.C. § 1400(b) and 28 U.S.C. §
1391,
THE TSO PATENT
19, - On June 18, 1996, the United States granted U.S. Patent No. 5,527,533 (“the

Tso patent”) entitled “Method of Retarding and Ameliorating Central Nervous System and

Eye Damage” to Dr. Mark O. M. Tso. The Tso patent duly and legally issued to Plaintiff

601381641 6
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~ University of lllinois, as assignee of the inventor, Dr. Tso. A copy of the Tso patent is
attached to this Complaint as EXHIBIT A.
'20.  The Tso patent relates to methods of administering astaxanthin to, inter alia,
** improve vision, protect the retina, improve the condition of the retina, retard the progress of
" -age-related macular degeneration, improve the condition of the central nervous system, and
' “-treat individuals suffering from degenerative retinal disease and/or degenerative central
" nervous system disease. On numerous occasions, Defendants have publicly acknowledged
. ‘that Dr. Tso was the person responsible for the groundbreaking discovery that astaxanthin
* + offered these benefits, and that these discoveries are the subject of the Tso patent.

21.  Valensais an exclusive licensee of the Tso patent, with the exclusive right to

.. i market dietdry supplement astaxanthin products under the Tso patent. - - . .

i e 220 Valensa has satisfied the notice provisions of 35 U.S.C. §287. -
COUNT I: PATENT INFRINGEMENT
" 23,  Defendants have infringed the Tso patent by manufacturing, offering for sale,

selling, and/or importing astaxanthin products with the specific intent and suggestion that
users of those products employ them in methods that are covered by one or more claims of
the Tso patent. Products that Defendants have advertised, marketed, sold, and are selling for
purposes of performing the methods claimed in the Tso patent include, but are not
necessarily limited to, Defendants’ MD Formulas™ line of astaxanthin products, including
BioAstin Supreme™, EyeAstin™, OmegaAstin™, JointAstin™, DermaAstin™, and

CardioAstin™ products (all of which contain BioAstin Hawaiian Astaxanthin™), as well as

£01391641 7
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Defendants’ BioAstin® gelcaps, beadlets, and CO; extracts (collectively “Defendants’
Astaxanthin Products™).

24.  Defendants expressly suggest the use of Defendants’ Astaxanthin Products to
perform the methods claimed in the Tso patent. For example, the product labels for
‘Defendants’ Astaxanthin Products include instructions and representations such as the

- following:

o “BioAstin® Hawaiian Astaxanthin — to support eye health.”
. “BioAstin® is clinically validated to support eye health in a variety of ways.”

¢ “BioAstin works throughout our entire body — eyes, brain...”

¢ “BioAstin Hawaiian Astaxanthin provides more protection from damaging effects
of free radical or oxidative stress, helpmg your body to better prevent future

" oxidative damage.” : ~

» “BioAstin works throughout the entire body, our eyes, brain, cardiovascular
system, muscles, and skin- everywhere. It supports a healthy oxidative balance
which leads to improvements in many health conditions.”

» “EyeAstin™ supports healthy vision and enhances normal eye function. It helps
reduce eye fatigue and strain from reading or long hours spent on the computer.”

e “EyeAstin™ is the world’s most comprehensive eye health formula.”

e “EyeAstin is formulated . . . to protect eyes [from damage from UV light] and
maintain eye health.” ‘

25.  In addition, Defendants’ representatives have suggested the use of
Defendants’ Astaxanthin Products to protect and improve vision in sales pitches and public
presentations. For example, Cyanotech’s Medical Director, Dr. Robert Corish, gave a
presentation at the nation’s largest health supplement convention, Natural Products Expo, in
which he touted Defendants’® Astaxanthin Products by stating that “macular degeneration is
the leading cause of blindness in people over 65 years of age in this country and there is no
known cure. Dr. Paul Tso out of Harvard (sic) has shown that astaxanthin embeds within the

macula and is able to absorb the free radicals . . . .” Dr. Corish made these statements while

601391641 8
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presenting, in front of an audience comprised of supplements industry executives, store
owners, purchasing agents, and health care professionals, a Nutrex-branded slide containing a
picture of the EyeAstin™ bottle, and the following bullet points:

“Macular degeneration (Univ. of lllinois patent)”

“Protects eyes from light-induced damage”

“Eye strain and fatigue (nine positive human clinical trials)”
“Visual acuity (ability to see fine detail)”

Dr. Corish went on to state that “astaxanthin crosses the blood-retinal barrier, so it offers
protection to the retina, the macula, and also the lens.” Dr. Corish also indicated that
Defendants’ Astaxanthin Products.can be used to prevent dementia and strokes. Defendants
have made similar.representation's and instructions in online marketing presentations,
including interviewsl Dr. Mercola conducted of Mr. Brent Baily and Dr. Corish (see, e.g.,
http:l/www.youtube.coWQatch?wWSSi-gPWFBo, and
http:ilwww.youtube.oomlwatéh?v=wMa9cvaZRU). '.

26.  Defendants also instruct customers and consumers to use Defendants’
Astaxanthin Products to improve and protect vision through their advertising and marketing
materials. For example, Defendants’ websites promote the use of Defendants’ Astaxanthin
Products with the following statements:

o ‘“Astaxanthin crosses the blood-brain barrier and brings antioxidant protection to
the eyes, the brain and the central nervous system. Again, many antioxidants
(including other carotenoids) cannot cross this barrier to help protect these vital
organs.”

e “Animal cell culture studies have also indicated that astaxanthin can protect skin
from the damaging effects of ultraviolet radiation, ameliorate age-related macular
degeneration . ..”

e “BioAstin Natural Astaxanthin has demonstrated effectiveness in clinical research
in several areas closely associated with aging, cardiovascular health, eye and

601391641 9
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brain health, as well as an anti-inflammatory for conditions such as rheumatoid
arthritis, carpal tunnel syndrome, tendonitis and joint soreness due to exercise.”

o “Unlike beta-carotene, astaxanthin is able to readily cross the blood-brain barrier
and protect the retina against photo oxidation and loss of photoreceptor cells.
Astaxanthin has not been shown to crystallize in the retina, though this has been
reported to cause asymptomatic indications with canthaxanthin in the past.
Furthermore, astaxanthin has the ability to protect the neurons of the retina as well
as those of the brain and spinal cord, from damage caused by free radicals (US
Patent 5,527,533).”

¢ “Although astaxanthin is not normally found in the eye, research indicates that
Natural Astaxanthin may provide the absolute best supplemental protection
available for the eyes. Mark Tso, PhD, has shown that astaxanthin can cross the
blood-brain barrier. When he fed it to rats, he found it in their eyes. He then
demonstrated that it protects the eyes from light-induced damage, photoreceptor
cell damage, damage to nerve bundles (called ganglions), nerve damage, and
inflammatory damage. (Tso, et al., US Patent No. 5,527,533, 1996) Tso showed
that astaxanthin is also effective in ameliorating retinal damage. (Tso & Lam,
1996)” ‘ '

e “Dr. Mark Tso of the Wilmer Eye Institute at Johns Hopkins University has aptly
demonstrated that astaxanthin is the clear winner when it comes to protecting your
eyes. He discovered that astaxanthin easily crosses into the tissues of the eye and
exerts its effects safely and with more potency than any of the other carotenoids,
without adverse reactions. Specifically, Tso determined astaxanthin could
ameliorate or prevent light induced damage, photoreceptor cell damage, ganglion
cell damage, and damage to the neurons of the inner retinal layers. Other
researchers (Shimidzu et al, Bagchi, Martin et al, and Beutner) have since
confirmed Dr. Tso's finding that astaxanthin is the most powerful antioxidant ever
discovered for eye health, giving your eyes an additional layer of long-term
protection.”

o “Although zeaxanthin and lutein do provide benefits to your eyes, science is now
revealing that astaxanthin is the ULTIMATE carotenoid for eye health and
prevention of blindness. Blindness is an enormous problem worldwide.”

As the above excerpts show, Defendants have expressly exploited, and continue to exploit,

Dr. Tso’s patented discoveries in an effort to promote the sale of their own, unlicensed

601391641 10
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products to both retail and industry consumers, knowing that the uses to which they are
instructing their customers to put their products infringe the Tso patent.

27.  Users of Defendants’ Astaxanthin Products have followed Defendants’
instructions. Defendants’ customers that follow Defendants’ instructions directly infringe the
Tso patent.

28.  As Defendants’ own marketing materials touting Dr. Tso’s discoveries, and
referencing the Tso patent confirm, Defendants have been aware of the Tso patent and the
subject matter claimed therein for years. Further, long before filing this suit, and on
numerous occasions, Valensa warned Defendants that their actions violated the Tso patent,
and asked Defendants to cease and desist from further efforts to exploit the methods claimed
in the Tso patent for their own gain. Defendants flouted Valensa’s pleas, and continued to
instruct their customers to infringe the Tso patent.

29.  Defendants knew, and/or were willfully blind to the fact that, their instructions
for, and advertised uses of, Defendants’ Astaxanthin Products resulted in direct infringement
of the Tso Patent. Despite this awareness, Defendants continued instructing their customers
to use Defendants’ Astaxanthin Products to infringe the Tso Patent.

30.  Defendants have induced infringement of, and continue to induce
infringement of, the Tso patent, by making, using, importing, selling and/or offering for sale
Defendants’ Astaxanthin Products with instructions to perform, and pursuant to
advertisements touting, methods covered by the Tso patent.

31.  Defendants have had notice of the Tso patent, and the subject matter covered

by the claims of the Tso patent, for years. Despite having knowledge of the Tso patent,

601291641 1
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Defendants knowingly continued to induce the infringement of the Tso patent, and such
infringement is willful. Defendants continued to sell and market Defendants’ Astaxanthin
Products for use in the claimed methods despite a high likelihood that such sale and
marketing infringed valid and enforceable claims of the Tso patent, and Defendants knew or
should have known that their actions constituted a high likelihood of infringement.

32.  Plaintiffs have been and continue to be irreparably harmed and monetarily
damaged by Defendants’ willful infringement of the Tso Patent. Plaintiffs will continue to
be irreparably and monetarily damaged unless Defendants’ infringement of the Tso patent is
enjoined.

PRAYER FOR RELIEF

WHEREFORE, Plaintiffs pray for the following relief:

A. A judgment that Defendants Cyanotech and Nutrex have infringed U.S. Patent
No. 5,527,533;

B. A judgment that Defendants’ Cyanotech and Nutrex infringement of U.S.
Patent No. 5,527,533 was willful;

C. A preliminary injunction enjoining and restraining Defendants Cyanotech and
Nutrex, their officers, directors, agents, servants, employees, attorneys and all others acting
under or through them, directly or indirectly, from infringing U.S. Patent No. 5,527,533;

D. A permanent injunction enjoining and restraining Defendants Cyanotech and
Nutrex, their officers, directors, agents, servants, employees, attorneys and all others acting

under or through them, directly or indirectly, from infringing U.S. Patent No. 5,527,533;

601391641 12
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E. A judgment and order requiring Defendants Cyanotech and Nutrex to pay
damages for infringement of U.S. Patent No. 5,527,533 in an amount sufficient to
compensate for Defendants’ infringement, together with pre- and post-judgment interest
under 35 U.S.C. § 284; including treble damages for willful infringement;

F. A judgment and order requiring Defendants Cyanotech and Nutrex to pay the
costs of this action, including all disbursements and attorney fees, because this case is
exceptional as provided by 35 U.S.C. § 285, with pre- and post-judgment interest; and

G. Such other and further relief that this Court may deem just and equitable.

DEMAND FOR JURY TRIAL

Plaintiffs hereby demand a trial by jury of all issues so triable.

Respectfully su%

ames V. Etscorn

Florida Bar No. 705111
BAKER & HOSTETLER LLP
P.O.Box 112

Orlando, Florida 32802-0112
Telephone: 407-649-4000
Facsimile: 407-841-0168
jetscom@bakerlaw.com

And

Todd S. Werner (MN Reg. No. 033019X)
CARLSON CASPERS

225 South Sixth Street, Suite 4200

Minneapolis, MN 55402

Telephone: (612) 436.9600

Facsimile: (612) 436.9605

twerner@ccvl.com

Counsel for Plaintiffs U.S. Nutraceuticals LLC d/b/a
Valensa International and Board of Trustees of The
University of Hlinois
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METHOD OF RETARDING AND
AMELIORATING CENTRAL NERVOUS
SYSTEM AND EYE DAMAGE

FIELD QF THE INVENTION

The present invention relates 10 a method of relarding and
ameliorating central nervous system and eye discases. More
panticularly, the prescnt invention is directed to methods of
treating central nervous system and eye insult resulting from
discase or injury, such as age-related macular degeneration,
photic injury, photorecepior cell or ganglion cell damage,
traumatic injury, ischemic insult-rclated discases and
inflammatory diseases. The method comprises administering
a themapeutically-cffective amoumt of astaxanthin 10 an indi-
vidual, either orally, topically or parenterally, to ameliorate
damage caused by the discase or injury or to retard the
progress of a degencrative disease.

BACKGROUND OF THE INVENTION

Many diseases and injuries of the cenwral nervous system
presently arc not treatable. These discases and injuries are
unireatable because, unlike many peripheral organs that can
be removed in whole or in part, or transplanted, the central
nervous sysiem has very limited regeneration capability and
cannot be totally excised without death. The cye is an
extension of the brain, and therefore 2 part of the central
nervous system. Accordingly, in the case of an eye injury or
diseasc, §.c., a retinal injury or discase, the discases arc often
without treatment and the eye cannot be transplanted. Eye
discases and injurics that presently arc untreatable include
retinal photic injury, retinal ischemia-induced eye injury,
age-relaied macular degeneration, and other eye diseases
and injurics thal are induced by frec radical species.

It has been hypothesized that a major causc of these
untreatable centra) nervous system diseascs and injuries is
the generation and presence of singlet axygen and other free
radical species. Singlet oxygen and free radical species can
bhe gencrated by a combination of light and oxygen, or
during reperfusion after an ischemic insult.

The eye is subjecied to continuous light exposure because
the primary purpose of the eye is light perception, Therefore,
some untreatable diseases and injuries 10 the eye resul: from
the continuous exposure of the eye to light, coupled with the
highly-oxygenated environment in the eyc.

‘The process of light percoption is initisted in the photo-
recepior cells. The photoreceptor cells are 2 constient 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 protecicd
structurally by the scler, nourished by the highly-vascular-
ized uvea and saleguarded by the blood-retinal barrier of the
retinal pigment epithetium.

The primary function of the photorceeptor cells is to
convert light into a physio-chemical signal (transduction)
and to transmit this signal to the other neurons (transmis-
sion). During the transduction and transmission processes,
the metabolic acrivities of these neurons are changed dra-
matically. Even though the photoreceptor cells are securely
prolected in the interior of the eye, these cells are readily
accessible to light because their primary function is light
detection. Excessive light encrgy reaching the retina can
cause damage to these neurons, either directly or Indirccily,
by overwhelming the metabolic systems of these cells.

»
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The combinatior of continuous and/or cxcessive exposure
1o light, and the relatively high concentration of oxygen in
the eye, generates singlet oxygen and other free radical
species. Singlet oxygen and [ree radical specics also can be
gencrated by cnzymatic processes independent from light
exposure, The free radical species and singlet oxygen are
reactive entitics that can oxidize polyunsaturared fatty acids.
The retina contains the highcst concentration of polyunsaty-
rated fatty acids of any tissue in the human body, and
peroxidation of the polyunsaturated fatty acids in cell mem-
branes of the retina by hydroxyt radicals (OH) or superoxide
{O,) radicals can propagatc additional frec radical species.
These free radical species can lead 1o functional impairment
of the cell membranes and cause emporary or permanent
damage o retinal tissue. It has been theorized that the
generalion of singlet oxygen and free radical species there-
fore underties the pathogenesis of light-induced retinopathy
and post-ischemic reflow injury (i.c., free radical generation
during reperfusion afler an ischemie insult). In addition, 2
deficiency in removing these species can also contribute to
various discases of the eye ard the central nervous system.

A number of natural mechanisms protect the photorecep-
tor cells from light injury. For example, the ccular media,
including the cornea, aqucons, lens, and vitreous, Glter most
of the light in the uliravioler region. However, afier cataract
extraction or other surgical intcrvention, some of these
prolective barriers are removed or disturbed, whereby the
photoreceptor cclls are more susceprible to damage by
radiant encrgy. 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 sin-
glet oxygen, hydrogen peroxide, superoxide and radical
species, help minimize injury 10 the pholoreceptor cclls. In
addition, the human cye has an excessive number of pho-
toreceptor cells such that only destruction of a significant
number of photoreceptor cells adversely affects visual func-
tion.

Even though scveral protective mechanisms are present in
the eye, a leading cause of blindness in the United States is
age-related photoreceptor degeneration, Clinically, photore-
ceplor degeneration, as seen in age-related macular degen-
eration, is causally rclated to excessive exposure (0 blue
light. The causes of age-reiated macular degeneration, which
is characterized by a loss of photorcceplor neurons resulting
in decreased vision, are being investigated. Epidemiological
studies indicate that age-related photorceeptor degeneration,
or age-related macular degeneration, is caused by several
factors including age, scx, family hisiory, color of the iris,
mitritional deficiency, immunologic disorders, cardiovascy-
lar and respiratory diseases and preexisting eye discases.
Advancing age is the most significant factor. Receatly, it has
becn demonstrated that aging eyes have a decreased amount
of carotenopids. Clinical and laboratory studies indicate that
photic injury is a causc of age-related macular degeneration
because of the cumulalive effect of repeated mild photic
insult which leads to a gradual loss of photorceeptor cells.

Age-related macular degeneration is an irrevessible blind-
ing discase of the retina. Unlike cataract wherein vision can
be restored by replacing the diseased lens, age-related macy-
lar degencration cannot be treated by replacing the discased
reting because the retina is 8 component of the central
nervous system. Thercfore, because no treatment for this
disease exists once the photorecepiors are destroyed, pre-
veation is thc only way to confront age-relstcd macular
degeneration. Presently, prevention of age-relsied macular
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3
degencration resides in limiting or preventing light and
oxygen-induced (i.c., frec radical-induced) damage (o the
retina because the elina is the only organ that is continu-
ously exposed to high levels of light in a highly-oxygenated
environment,

In addition to photic injury, eye injury and disease can
result from singlet oxygen and free radical species generaled
during seperfusion after an ischemic insult, Ischemic insult
to mtinal ganglion cells and to neurons of the inner layers of
retina causcs loss of vision. Loss of vision accompanies
diabetic retinopathy, retinal arterial occlusion, retinal venous
occlusion and glancoma, each of which ischemically insults
the eye, iec., deprives the cye of oxygen and nutsition.

The damage to the retinal ganglion cclls has been atirib-
uied to ischemia, and subsequent reperfusion during which
free radicals arc gencrated, During reperfusion, the reoxy-
genation of tissue afier an ischemic insult results in a
relatively high concentration of oxygen flowing through the
effected tissue, which comtributes 1o free radical formation.
Ischemic insult and reperfusion accompanied by free radical
gencration also Is a major contributor to central nervous
system damage, such as damage caused by 8 stroke.

The pathogenesis of photic injury, of age-retated macular
degeneration, of ischcmia/reperfusion damage, of traumatic
injury and of {nflammations of the eye and central nervous
system have been attribuled to singlet oxygen and free
radical gencration, and subseguent frec radical-initiated
reaclions. Investigators therefore studied the role of antioxi-
dants in preventing or ameliorating these disecases and
injurics of the central nervous system in general, and the eye
in particular,

For example, ascorbate was investigaled as an agent to
treat retinal photic injury. Ascorbate is a reducing spemt
which is present in the retina in 2 high concentration. Studies
indicated that ascorbate in the retina can act as an antioxi-
dant and is oxidized by free radical species generated during
excessive light exposure.

Administretion of ascorbate reduced the loss of thodopsin
after photic exposure, thereby suggesting tha: ascorbatc
offered protection against retinal photic injury. A decrease in
rhodopsin levels is an indicator of photic eye injury. The
protective effect of ascorbale is dose-dependent, and ascor-
batc was effective when administered before light exposure.
Morphometric studies of the photoreceptor nuclei remaining
in the retina after light exposure showed that rals given
ascorbate supplements had substantially less retinal damage.
Morphologically, rats with ascotbatc supplements also
showed better preservation of retinal pigment epithelium.

The above swudies led w the hypothesis that ascorbaie
mitigates retinal photic injury because of ils antioxidant
properties, which are atiributed to its redox properties.
Ascorbate is a scavenger of superoxide radicals and hydroxy
radicals and also quenches singlet oxygen and reduces
hydrogen peroxide, all of which are formed in retnal photic
injury. This hypothesis accounts for the presence of high
levels of naturally-oceurring ascorbate in a normal retina.

Therefore, antioxidants which inkibit free radical forma-
tion, or which quench singlet oxygen and scavenge for free
radical species, can decrease lipid peroxidation and amelio-
rale photic injury and ischemic/reperfusion injury in the
central nervous system, and particularly in the retina, Ami.
oxidants originally were investigaled because they are
known constituents of human tissue. However, antioxidants
that are not naturally occurring in human tissue also were
tested. In particular, in addition 10 ascorbale, antioxidenis
such as 2,6-di-tect-butylphenol, y-ocyzanol, a-tocopherol,

10
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mannitol, reduced glutathione, and various carotenoids have
been studied for an ability to quench singlet oxygen and
scavenge free radical species. These and other antioxidants
are effective and scavengers for singlet oxygen
and free radicals. In particular, the carotenoids, as a class of
compounds, are very effective singlet oxygen quenchers and
frec radical scavengers. However, individual carotenoids
differ in their ability to quench singlet oxygen and scavenge
for free radical species.

The carolenoids are naturally-occurring compounds that
have antioxidant ies, The carotenoids are common
compounds manufactured by plants or animals, and contrib-
ute greatly to the coloring of plants and animals. A cumber
of animals, including mammals, are unsble to syathesize
carolenoids de novo and accordingly rely upon diet o
provide carotenoid requitements. Manunals also have a
Jimited ability to modify carotenoids. A mammal can con-
vert f-carotene to vitamin A, but most other carotenaids are
deposited in mammalian tissue in unchanged form.

With respect to humans, about ten carotenoids are found
in human serum, The major carotenoids in human serum are
f-carotene, a-carotene, cryptoxanthin, Jycopene and Jutein.
Smiall amounts of zeaxanthin, phytofluene, and phytoene are
found in human organs. However, of the ten carotenoids
found in human serum, only two, zcaxanthin and lutein, are
found in the human retina, Zeaxanthin is the predominant
carolenoid in the macula and is concentrated in the cone
cells in the center of the retina, i.e., the macvla. Lutein is
located in the peripheral retina in the rod cclls. Therefore,
the eye preferentially assimilates zeaxanthin over lutein in
the macula and also selectively concenirates zeaxanthin,
which is a more effective singlet oxygen scavenger than
Jutein, in the center of the eye. It has beea theorized that
zeaxanthin and lutein arc concentrated in the retina because
of their ability to quench singlet oxygen and scavenge free
radicals, and thereby limit or psevent photic damage to the
retina.

Therefore only two of the about len carotenoids present in
human serum are found in the retina. Bela-carotenc 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-carotenc is rela-
tively inaccessible o the retina because P-carotene is unable
to cross the blood-retinal brain barzicr of the retinal pigment
cpithelium effectively. As will be explained in detail here-
inafter, small amounts of B-carotene have been found 1
crass the blood-retinal brain barrier.

1 also is known that another carotenoid, canthaxanthin,
can cross the blood-retinal brain bamvicr and reach the retina,
Canthaxanthin, like all carotenoids, is a pigment and can
discolor the skin. Canthaxanthin provides a skin color that
appmoximates a suntan, and accordingly has been used by
humans to generate an astificial suntan. However, an unde-
sirable side effect in individuals that ingested canthaxanthin
al high doses for an extended time was the formation of
crystalline canthaxanthin deposits in the inner Jayers of the
retina. Therefore, the blood-rotinal brain barier of the
retinal pigment epithelium permits only panicular caro-
tenoids lo enter the retina. The carolenoids other than
zeaxanthin angd lutein that do enter the retina cause adverse
effects, such as the formation of crystalline deposiis by
canthaxanthin, which may iake several years (o dissolve.
Canthaxanthin in the retina also causcd a decreased adap-
tation (o the dark.

Investigators have unsuccessfully sought an antioxidant
to counteract the adverse affects of singlet oxygen and free
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radical species on the central nervous sysiem in general and
the eye in panicular. The investigators have swdied the
antjoxidant capabilities of several compounds, including
various carotenoids. Even though the carotencids are sirong
antioxidants, investigators have failed to find paricular
carotenoids among the 600 naturally-occurring carotenoids
that cffectively 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 central nervous system or eye disease or
injury and/or retard the progression of a degenerative dis-
ease of the central nervous system or eye.

Various publications are directed to eye diseases and
injuries, such as age-related macular degencration, causes of
the damage resulting from the diseases or injuries, and
attempts 10 prevent or treat such diseases and injuries, The
publications, which discuss varions antioxidants, including
the carotencids and other antioxidams like «-tocopherol,
include:

M. O. M. Tso, “Experiments on Visual Cells by Nature
and Man: In Scarch of Treatmenl for Photoreceptor Degen-
eration™, Mnvestigarive Ophthalmology and Visual Science,
30(12), pp. 2421-2454 (December, 1989);

1

W. Schalch, “Carotenoids in the Retina—A Review of 4

Their Possible Role in Preventing or Limiting Damage
Caused by Light and Oxygen”, Free Radicals and Aging, 1.

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

.. M. Q. M. Tso, “Pathogenetic Factors of Aging Macular

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

M. Mathews-Roth, “Recent Progress in the Medical
Applications of Carotenoids”, Pre and Appl. Chem., 63(1),
pp. 147156 (1991); .

W, Miki, “Biological Functions and Activitics of Animal
Carptenoids”, Pure and Appl. Chem., 63(1), pp. 141-146
(1991);

M. Mathews-Roth, “Carotenoids and Cancer Prevention-
Experimental and Epidemiological Studics”, Pure and Appl.
Chem., 57(35), pp. 717-722 (1985);

M. Mathews-Roth, “Porphyrin Photosensitization and
Cearotenoid Protection in Mice; In Vitro and In Vivo Snud-
ics”, Photochemistry and Photobiology, 40(1), pp. 63-67
(1984);

P. DiMascio et al., “Carotenoids, Tocopherols and Thiols
as Biclogical Singlet Molecular Oxygen Quenchers”, Bio-
chemical Society Transactions, 18, pp. 1054-1056 (1990);

T. Hiramitsu et al., “Preventative Effect of Antioxidants
on Lipid Peroxidation in the Refina”, Ophthabmic Res., 23,
pp. 196-203 (1991);

K. Kirschfeld, “Carotenoid Pigments: Their Possible Role
in Protecting Against Photooxidation in Eyes and Pholore-
ceptor Cells™, Proc. R. Soc. Lond., B216, pp. 71-85 (1982);

D. Yu et al,, “Amelioration of Retinal Photic Injury by
Beta-Carotene™, ARVO Abstracts Invest. Ophthalmol. Vis.
Sci, 28 (Suppl), p. 7, (1987);

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

N. L. Krinsky et al, “Interaction of Oxygen and Oxy-
radicals With Carotenoids™, J. Natl. Cancer Inst,, 69(1), pp.
205-210 (1982).

In general, the above-identified publications support the
hypothesis that singlet oxygen and free radical species are
significant contributors to central nervous sysiem, and par-
ticulurly eye, injury and disease. For example, it has reponed

6
that consumption of an antioxidant, such as ascorbic acid
{Vitamin C), a-tocophero! (Vitamin E) or B-carotene, can
decrease the prevalence of age-retated macular degenera-
tion.

The sbove-identified publications also demonsirated that
several carolenoids, including astaxanthin, are sirong anti-
oxidants comparcd to P-carotene, ascorbic acid and other
widcly used antioxidants. The publications also relate that
(1) only particular carotenoids selectively cross the blood-
retina) brain barrier, and that (2) certain carolenoids other
than zeaxanthin and lutein thet cross the blood-retinal brain
barrier cause adverse affects.

In general, the above-identified publications teach that
astaxanthin is a more cfficciive antioxidant than carotenoids
such as zeaxanthin, lutein, tunaxanthin, canthexanthin and
B-carotenc, and than o-tocopherol, For example, the in vitro
and in vivo studies disclosed in the Kyrashige et al. publi-
calion with respec! to astaxanthin demonstrated that the
mean effective concentration of astaxanthin which inhibits
lipid peroxidation was 500 1imes lower than that of &-toco-
pherol, Similarly, the Miki publication discloses that, in
vitro, astaxanthin exhibils a strong quenching effect against
singlet oxygen and a strong scavenging effect against free
radical species.

Investigators have theorized tha free radical-mediated
reactions arc involved in the pathogenesis of degenerative
diseases, such as Alzheimer's disease, Parkinson’s discase
and age.related macular degeneration, ischemic/reperfusion
damage and traumatic injury of the brain, spinal cord and
reting, as well as in inflammatory processes of the body, and
particularly the eye. This thcory has been advanced by
Investigators examining the eifectivencss of various antioxi-
dants. in amcliorating these diseases, For example, methyl-
prednisolone, which at high doses is a sirong Jipid peroxi-
dation inhibitor, has been recommended clinically for use in
raumatic injury of the spinal cord.

To date, investigative efforts have been directed to pre-
veating discascs and injury because the resulting free radi-
cal-induced damage is not effectively treatable. Therefore, a
need exists for a method not only to preveal or retard, but
also 1p ameliorate, degenerative and traumatic diseases and
injurics to the central nervous system, and particularly the
cye. The present invention is dirccted to such methods.

SUMMARY OF THE INVENTION

The present invention is directed to methods of treating
individuals suffering from central nervous system injury or
disease. More panicularly, the presem invention is directed
to methods of treating individuals suffering from an cye
injury or discase, and 10 methods of relarding a degenerative
disease of the eye.

The method comprises administering a therapeutically-
cflective amount of astaxanthin to an individual 1o retard a
degenerative discase, or to amelforate damage 10 the central
nervous system caused by a discase or an injury. In panicu-
lar, the meihod compriscs administering 2 therapeutically-
effective amount of astaxanthin 10 an individual to benefi-
ciate the vision of an individual suffering from eye damage
causcd by disease or injury. The astaxanthin can be admin-
istered parenterally, orally or topically.

The method is used to treat free radical-induced cye
damage, light-induced eye damage, photoreceptor cell dam-
age, ganglion cell damage, damage to meurons of inuer
relinal layers, and age-related macular degeneralion. The
present method also amcliorates neuronal damage to the
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retina, whercin the neuronal damage is a result of photic
injury, or ischemic, inflammatory or degencrative insuit.

One aspect of the present invention is to administer about
S to about 500 mi)ligrams (mg) of astaxanthin, and prefer-
sbly about 10 to sbout 200 mg, per kilogram (kg) of body
weight per dose, 10 retard a degenerative disease of the
central necvous sysiem or Lhe eye, or 1o ameliorate damage
resulting from an injury or a disease of the central nervous
system or the eye. ‘

Another aspect of the present invention is W provide a
method of treating an inflammatary disease of the eye by
administering a therapeutically-effective amount of astax-
anthin 1o an individual.

Another aspect of the present Invention is to treat diseases
and injurics to the central nervous system by administering
3 therapewtically-effective amount of astaxanthin 10 an indi-
vidual. The method is used to treat diseases and injuries
effecting the brain, eye and spinal cord, such as injury
caused by spinal cord trauma or by a stroke or neurodegen-
erative discases.

These and other novel features and aspects of the present
invention will become apparent from the following dctaited
description of the preferred cmbodlmlsukenmoonjunc-
tion with the figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a bar graph showing the thickness of the ONL.
(outer nuclear layer) of the retina in micrometers {(m) afier
light-induced receptor degeneration, and comparing the reti-
nas of conirol animals to the retinas of animals treated with .
astaxanthin given ly both for the retina as.a whole
{average) and for cach of the four quadrants of the retina;

FIG. 2 is a bar graph showing the thickness of the inner
retinal layer (IRL) in micrometers comparing the retinas of
control animals to the retinas of animals after ischemic insult
treated with astaxanthin;

FIG. 3 is a plot of shodopsin level vs. time afier photic
injury comparing the retinas of animals treated orally with
astaxanthin to the retinas of control animnals; and

FIG. 4 is a plot of ONL thickness vs. time afier photic
fnjury comparing the setinas of animals treated crally with
astaxanthin to the retinas of control animals.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Certain discases and injuries 10 the centra) nervous sys.
tem, and particularly the eyes, presently are untreatable.
Neuronal degeneration of the central nervous sysiem or the
eye can resuit from photic injury, ischemic or intraccular
pressure-related insult, e.8., an occlusion or a strake, or from
a rauma, e.g., trauma to the spinal cord. The damage also
can result from injury to the photoreceptor cells, to the
ganglion cells in the retina of the eye or 1o neurons in the
inner retinal Jayers of the eye, or from age-related macular
degeneration.

It has been theorized that the damage from such discases
and injuries can be attributed to increased generation, or
decreased removal, of singlet oxygen and free radical spe-
cies. Therefore, because antioxidants are known to quench
singlet oxygen and to scavenge for free radical specics, and
because antioxidants are known to exis) in bumans, inves-
ligators have soupht e@eclive antioxidanis lo scavenge free
radicals, and thereby reduce the free radical-induccd damage

&5

causcd 10 the central nervous system, and especially to the
cye, by disease and injury.

Numecrous antioxidants have been investigated, such as
for example, ascorbic acid, a-tocophero! and B-carotene,
Some investigators have focused on the carotenoids, e.g.,
B-carotene, becausc over 600 carotenocids ace known, are
naturally occurring (and therefore are abundant), and are
swrong sntioxidants, Also, with respect to the cyes, two
carotenoids, zeaxanthin, and lutein, which are sirong anti-
oxidants, are found in the photoreceptor cells of the retina,
However, although human plasma includes about ten caro-
tenoids, only these two carolenoids are able 1o effectively
cross the blood-retinal brain barrier and concentraie in the
macula of the eye. Beta-carotens, the most abundant luman
plasma carotenoid, has a very limited ability to cross the
blocd-retinal brain barrier.

The ability of & carotenoid o pass the blood-retinal brain
barrier is important because carotenoids are not synihesized
by the human body. The only source of carotenoids for
humans is dietary intake. Furthermore, humans have a very
limited ability 10 modify carotenoids. Therefore, the caro~
twondsmmulaemvmmgmtnmeimwdrm
Accordingly, if a particular carotenoid is unable to cross the
blood-retinal brain barrier, the carotenoid cannot accumulate
in the retina and scrve as an antioxidant.

Furthermore, carctenoids that are nol normal constituents
of human plasma, but have an ability to cross the blood-
retina! brain barricr, have demonstrated adverse affects on
the retina. Canthaxanthin which is intentionatly ingested to
provide an anificial suntan has accumulated in the retina in '
the form of erysials and has temporarily affected eyc adap-
tation 10 the dack. In addition, B-carotenc has a limited
ability lo cross the blood-retinal brain barrier. ‘

Therefore, even though the carotenoids are known as
sirong antioxidanis and are present in abundam supply, the

carolenoids have not been used for the treatment of central -~ -

nervous sysiem damage, or eye damage, caused by disease
or injury. The carotenoids investigated (o date either could
nol effectively cross the blood-retinal barrier (i.e., P-caro-
tene) or adversely affected the eye (i.e., canthaxanthin,

In accordance with an important feature of the present
invention, astaxanthin, which is a naturally-occurying com-
pound and is a potent antioxidant, is used in a method 10
ameliorale and retard, or prevent, cell damage in an indi-
vidual suffering from a degenerative, inflammatory or trau-
matic disease or injury to the central nervaus sysiem, and
particularly 10 the eye. In accordance with another important
feature of the present invention, the administration of a
therapeutically-effective amount of astaxanthin 10 an indi.
vidual prevents, retards and/or ameliorates frec radical-
induced damage resulling from disease or injury, such as a
trauma. For example, damage 10 a reting can result from
either photic injury, meusodegencrative discase or an
jschemic insult followed by reperfusion. With respect to
damage from pholic injury, astaxanthin decreases the loss of
phetoreceptor cells. With respect to damage from ischemic
insult, astaxanthin ameliorates the loss of ganglion cells and
the inner layers of the retinal neuronal network.

In general, the carotenoids are terpenoid compounds
which arc widely-distributed in nature, and which sclec-
tively absorb light. About 600 carotenoids have been iso-
lated and identified from varlous vegewable and animal
sources. Animals cannot synthesize carotenoids de novo, but
rely upon plant sporces. Therefore, animals rely on djctary
intake for carotenoids. Animals however can modify caro-
tenoids. The ability 10 modify carotenoids is vesy limited in
humans.
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Caroenoids are classified into twa major groups: () the
carotenes, which are hydrocarbons, and (2) the xantho-
phylls, which include oxygen in addition 10 casbon and
hydrogen. The xanthophylls can be considered oxidation
products of the carolenes, and are prepared by the insertion
of oxygen into carotenes and subsequent rearrangements.
The most common carolenoid is the carotenc, B-carotene.
Thc following illustrates the chemical struciure of various
carotenoids:

HO o

The chemical structures of the five above carotenoids
jllustrate that minor changes in chemical structure greatly
affect the properties of the carotenoid, such as the ability of
the carotenoid to cross the blood-retinal brain barrics and the
ability of the carotenoid to act as en amtioxidant. For
example, f-carotene is the most abundant carotenoid in
human plasma, but typically is not found in the retina. Small
amounts of -carotene are found in the retina if f-carolene
is adminisiered in high dases intraperiloneally or oraily.
These results indicate that B-carotene bes great difficulty in
crossing the bloed-retinal brain barrier. In conrast, zeaxan-
thin and lutcin, both of which are very similar in structure to
B-carotens, are concentrated in the retina even though zcax-
anthin and lutein arc present in only minor amounts in
heman plasma.

With respect to an ability to act as an antioxidant, the
caratenoids differ greatly with respect to an ability to quench
singlet oxygen and scavenge for frce radicals. The above.
identified DiMascio publication rcported the following abil-
ity of carotenoids to queach singlet oxygen:

10 radical

1%

10

The above-identified Miki publication reported the follow-
ing ability of carotencids to scavenge for free radica] spe-
cies:

astaxanthimzenxanthinocanthaxanthimloteinof-carutencha-1000-
pheral.

Therefore minor structural differences affect the ability of a

carolenoid to act as an antioxidant in general, and more

pasticularly to act as a singlet oxygen quencher or 2 free
radical scavenger.

Canthaxanthin, which is a strong antioxidant and which
has a stucture similar (0 zeaxanthin and lulein, has the
ability 10 cross the blood-retinal brain barrier. However,
canthaxanthin accumulates in the retina 1o form crystals.,
Astaxanthin also has a structure similar to canthaxanthin,
zeaxanthin and Jutein. Astaxanthin also is 2 stronger anti-
oxidant than canthaxanthin, zeaxanthin and lutein, Surpris-
ingly, astaxanthin, which is not present in humen plasma,
was found 10 have the ability 1o cross the blood-retinat brain
barvier (unlike f-carotcne), but does not form erystals in the
retina and does not otheswise adversely affect the eye (unlike
canthaxanthin).

Astaxanthin, or 3,3-dikydroxy-f,B-carotenc-4,4'-dions,
is an abundant, naturally-occurring compound. Astaxanthin
is the major pigment of crustaceans, and is the most widely
distributed xanthaphyll in the animal kingdom.

Astaxgnthin is 2 lipid-soluble pigment pnmmﬂymedfm
pigmenting cultured fish, like salmon, which must ingest
astaxanthin 0 yield consumer-accepieble pink-colored
salmon muscle. Astaxambin also is an sntioxidant which is

about 100 to about 1000 times more ciféctive than a-toco-

'[‘!uprlmesource of astaxanthin is shells of crustaceans,

like krill, Astaxanthin also is available synthetically, Either

s

‘the naturally-occurring or the synthetic astaxsnthin can be
:used in the composition and method of the present invention,

In panicular, astaxanthin is presently available in three
forms: (1) natural astaxanthin extracted from krill, available
from Itano Refrigerated Food Co., Tokushima, Japan; (2)
synthetic astaxanthin availsble from hano Refrigerated
Food Co.; and (3) astaxanthin extracted from Phaffia
Rhodozyma yeast, available from Universat Food Co., Mil-
waukee, Wis, However, astaxanthin in any available form
would be used in the method of the present invention, In the
following experiments, the astaxanthin extracted from krill
was used as reccived. The synthetic astaxanthin first was
mixed with soy bean oil before use, The yeast-based astax-
anthin was extracted with acetone to enrich the astaxanthin
conlent. The astaxanthin-rich extract then was mixcd with
30y bean oil beforc use.

As previously stated, the retinal pigment epithelium pro-
tects the retina by providing a blood-retina) bmin barrier.
The barrier excludes plasma constituents that arc polentially
harmful (o the retina. As also previously stated, the blood-
retinal brain barrier only permits luicin and zeaxanthin to
enter the retina, and cxcludes other carotenoids present in
human scrum, including B-carotene which is the most abun-
dant carotenoid in human serum. Therefore, an experiment
was performed 1o determine whether astaxanthin, which is
not a component of human plasma, has the ability to cross
the blood-retina) brain barrier.

To determine whether astaxanthin has the ability to cross
the bloed-retinal brain barrier and concentrate in the retina
of a mammal, an astaxanthin solution was prepared by
suspending 0.15 g (grams) of AST-5000, an astaxanthin
extracted from krill and available from llno Refrigerated
Food Co., in 1.0 mL (milliliters) of a 1.0% by weight
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agucous solution of TWEEN-80 (polyoxyethylen¢ sorbitan
monooleate, available from Sigma Chemical Co., St. Louis
Mo.). The resulting astaxanthin solution (1.5 mL) was
injected intraperitoncally into six {6) rats. After euthanizing
the rats, the retinas were cxamined for the presence of 5
astaxanthin. After six consecutive intraperitoneal injections
of astaxanthin at twelve hour intervals and at a dose of about
37.5 mg/kg of body weight provided an average concentra-
tion of astaxanthin in the retina of about 0.17 pg/mg (micro-

grams per milligram) wet tissue 6 hours after the last 1o

injection.

Astaxanthin is not 2 naturally-occurring constituent in the
retina. Therefore, the presence of such a significant amount
of astaxanthin in the retina illustrates the ability of astax-

anthin to readily cross the blood-retinal brain barxier into the 15

retina.
The ability of astaxanthin to amelioraic cye damage
caused by photic injury was demonstrated as follows:
Light-induced photorcceptor degeneration was conducted

according to the protocol reporied in Z. Li et al., Current Eye 20

Res., 10, pp. 133-44 (1991), incorporated bercin by refer-
ence. Briefly, seven 35 10 40-day old male albino Lewis mts
(Harlan, Indianapolis, Ind.) were fed a normal diet and
placed on a iwelve hour cycle of light (uniform illuminance

of 53.8 lux) and darkness for 14 days. Pour rats then were 25

administered four intraperitoneal injections of a suspension
of 0.15 g of AST-5000 (astaxanthin) in 1.0 mL of aqucous

1.0% TWEEN-80. The dose of each injection was 37.5 mg
astaxanthin/kg of body weight per injection. The injections

were administered at 12 hour inicrvals starting at 24 howrs 30

before light exposure. Three control rats were injected with
1.0 mL of aii aqueous 1.0% TWEEN-80 solution. All seven
rats were exposed o 180-200 ft-candle (1800 to 2000 lux),

green-filtered fluorescent light (490-S80' nm) (Plexiglass

'No 2092, Polycast technology, Stamford, Conn.) for 24 35

hours after one day of total dark adapiation. All seven rats
were kept In the dark for a (wo-day recovery period, then
euthanized with an overdose of pentobarbital, Both eyes of
cach rat were enucleated for hlstopalhologtc and morpho-

metric swudies. 4

The cnucleated eyes of each rat were fixed in a 0.IM
phosphate-buffered 4% formaldehyde and 1% glutamide-
hyde solution (by weight). The anterior segment of each cye
was remaved, and the posterior segment was divided into the

superior (S), nasal (N), inferior (1), and temporal (T) quad- 45

rants. Tissue samples from each quadrant then were osmi-
cated (i.e., treated with osmic acid), dehydrated in a graded
serics of alcohols, and embedded in an epoxy resin, Mor-
phologic and morphometric studics were performed on | pm

(micrometer) sections stained with Malilory's azure H-me- 50

thylene blue.

A quantitative determination of photoreceptor cell degen-
cration was made by measuring the thickness of the outcr
nuclear layer (ONL) of the retina by a masked observer, as

described in J. Michon ct al., Invest. Ophthalmol. Vis. Sci,, 35

32, pp. 280-84 (1991), incorporated herein by reference.
‘The measurements were made with an image processing
system wherein the stained retinal sections were projected
onto a digitizing pad coupled lo a microcomputer. The

measurements were made (rom the posterior pole to the ora 60

serrata on two sections.

The bar graphs of FIG. 1 summarize the results of the
photic injury test. From FIG. 1, for each quadrant and for the
retina as whole, the ONL thickness of the retina was greater

for rats receiving the astaxanthin injection. The astaxanthin 65

therefore protected the photoreceptors in each of the four
cye quadrants, and in the whole eye as well. For example,

12

the ONL for the whole eye of rats receiving the astaxanthin
was about 42 pm thick. The ONL of the wholc eye of the
control rats was about 32 um thick. For comparison, in the
sbsence of a photic injury, the ONL of a normal eye is about
45 um thick, FIG, 1 therefore shows that the administration
of astaxanthin provides significant protection to photorecep-
tor cells from photic injury.

The ability of astaxanthin to amelioraie injury to neurons
afier retinal ischemic insult and subsequent reperfusion was
demonstrated as follows:

‘Two 45 to 50-day ald male albino Lewis rats (Harlan,
Indianapolis, Ind) were adminisiered three intraperitoneal
injections of a suspension of 0.15 g of AST-5000 (astaxan-
thin) in 1.0 mL of 1.0% aqueous TWEEN-80 (i.e., a dose
37.5 mg/kgfinjection). Two other albino rals were injecled
with 1.0 mlL solution of 1,0% aqueous TWEEN-80 as a
control, The injections were administered a1 12 hour inter-
vals starting at 24 hours before retinal ischemic insult. Two
additional rats were used as untreated controls.

Four rats were anesthetized with an intraperitoneal injec-
tion of chloral hydrats (400 mg/kg). Then, bilateral ischemic
insult was induced by elevating intssocular pressure (I0F)
through an infusion cannula w0 the anterior chamber. The
IOP was maintained at 110 mm {milimeter) Hg for 60
minutes. Then, the cannulas were removed, and reperfusion
of ocular vessels was established by fundug examination, All
four rals were euthanized 7 days afler reperfusion with an
gverdoes of pentobarbital. Both eyes of each rat were
cnuclea:edmdﬁxedmao.luphosphmbusumdl%
glutaraldebyde and 4% formaldehyde solution (by weight).

ARer the anterior segment of cach eye was removed, the
posmiorscgmemofeacbﬁudcuudmedeyemdmded
into the superior (S), temporsl (T), inferior (T) and nasat (N)

quadrants. A strip from each quadrant was sampled, pro- .

cessed and embedded in epoxy resin, Morphologic and
evaluations were performed on 1 pm sections
stained with methylene blue, The degree of ischemic insult
was cvaluated by measuring the average thickness (IRT)
between the internal imiting membrane (EILM) to the inter-
face of the outer plexiform Jayer (OPL) and the outer nuclear
layer (ONL). The measurements were taken on the projected
image of the stained retinal sections with the aid of image
processing, Measnrements from all quadrants of the retina
werc averaged to obtain a mean value (ot IRT per eye.

‘The bar graph of FIG. 2 summarizes the results of the
ischemic insult test. From FIG. 2, it is obscrved that the
aversge IRT of the retinae of rats treated wilh astaxanthin
was grealer than the IRT of the control rats, seven days after
retina) ischemic tosult.

The IRT for rats treated with astaxanthin was about 70
pm. The IRT for the control rats was about 62 pm. for
comparison, the normal IRT for a rat that was not subjected
to retinal ischemic insult was 120 pm. The astaxanthin-
treated rets, having an IRT about {0 um thicker than the
untreated rais, demonstrated that astaxanthin provided sta-
tistically-significant protection to the ganglion cells end
other neuronsl elemems of the inner retina from ischemic
insult.

In additicn to lests using astaxanthin oblzined by the
extraction of krill, tests also were performed using aslaxan.
thin extrected from Phaffia Rhodozyma. The astaxanthin was
extracted using a modification of the procedure disclosed by
E. A. Johnson et al., App. Environ. Microbiol,, 35, pp.
1155-59 (1978), incorporated hercin by reference. One
hundred grams of dried Phaffia Rhodozyma powder (Uni-
versal Food Co., Milwauvkee, Wis.) was mixed and ground
with 200 ml water containing 70 mg of butylated hydroxy-
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toluene (BHT). The slurry was extracted by adding 2 L of
acetone containing 0.7 gram BHT. The resulting mixture
was stirred al room temperature for one hour, then centri-
fuged at 3,110 g for 10 minutes, The supcratant iquid was
separated from the solid material, then evaporated with a
rotary evaporator. The residue then was extracted again with
11, acetone using the same procedure as the first extraclion,
The residue of the acetone extractions then was dissolved in
100 ml acetonc containing 35 mg of BHT. The resulting
suspension was air dried and stored at —20° C. until use. The
astaxanthin content of the extract was about 10% by weight
(by high pressure liquid chromatography).

Photic injury was induced in 35 to 40 day-old malc albino
Lewis rats (Harlan, Indianapolis, Ind.) fed a normal diet, The
rais were subjected to a 12-hour eycle of light (uniform
illuminance of 53.8 lux) and darkress for 14 days. The
animals then were given a daily oral feeding of either: (1) the
extracled astaxanthin in 1.0 mL of soy bean oil at a dose of
80 mg astaxanthin/kg/day or (2) 1.0 mL of soy bean oil as
a control, stating ninc days before light exposure and
continuing for eleven days. A group of eightecn rats was fed
the extracted astaxanthin, and a second group of anothes
cighteen rats was fed the soy bean of] control. All thirty-six
rats were exposed to 180~200 f-candle (1800 to 2000 lux)
green filtered fluorescent light (490-580 nm) (Plexiglass No.
2092, Polycast lechnology, Stamford, Conn.} for 24 hours
afier one day of total dark adapiation. All thirty-six rats were
kept in the dark for a 6 hour, 6 day, or 13 day recovery
periods, then euthanized with an overdosc of pentobarbital,
One cye of cach rat was enucleated for histopathologic and
morphometric studies. The sécond eye of each rat was used
for biochemical evaluation of rhodopsin levels,

Mefma.uneemwlemedeyeofudlmwﬁudm
0.1M phosphate-bioffered 4% formaldehyde and 1% glut-
" ‘araldehydc solution’ (by weight). The. amerior segment of
eachcyewasremoved,mdﬂtposmiorse was
divided into the superior (S), nasal (N), inferior (J), and
temnporal {T) quadrants. Tissue samples from cach quadrant
then were osmicated, dehydrated in a graded scrics of
alcohols, and embedded in an epoxy resin. Morphologic and
morphometric studies were performed on § pm sections
stained with Mallory's azure 11-methylene blue.

A quantitative determination of photoreceptor cell injury
was made by measuring the thickness of the outer nuclear
layer (ONL) of the retina by a masked observer, as described
in the Michaon et al. publication incorporated herein by
reference. The measurements were made with sn image
processing system wherein stained retinal sections were
projected onto 2 digitizing pad coupled to a microcomputer.
The measurements were made from the posterior pole to the
ora sermala o two sections per quadrant.

The sccond cmucleated cyc of each rat was used to
estimats the retinal thodopsin levels in accordance with the
published method in Z. Li et al., Current Eye Res., 10, pp.
13344 (1991), incorporated herein by reference. Rhodopsin
is a light-scositive protein found in the rods of the retina in
the eye. A decrease in thodopsin pigment level is indicative
of photic injury to the eye. A retina that has not been
subjected 10 photic injury has a rhodopsin level of about 2
to about 2.25 nmol (nanomoles) per eye.

FIG. 3 summarizes the results of this photic injucy test.
The plots in FIG. 3 show that the rhodopsin level in the
retinas of control rats continues to fall for six days following
the photic injury, then the rhodopsin leve! riscs. The rhodop-
sin Jevel of control rats is about 0.75 nmol six hours after
photic injury, drops 10 about 0.5 nmol six days after photic
injury, then improves to about ¢.8-0.85 nmol thirtecn dnys
after photic injury.

5
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In contrast, the astaxanthin-treated rats had a rhodopsin
leve! of about 1.15~1.2 nmol six hours after photic injury. In
addition, the rhodopsin level did not decrease over the next
six days, but increased 1o about 1.25 nmol then remained
essenially constant through day thirteen after photic injury.

‘Therefore, astaxanthin not only protected the photorecep-
tor cells from photic injury (i.c., greater level of rhodopsin
six hours afier photic injury) but also amelioraled the effects
of the photic injury because rhodopsin levels did not [all for
a pericd of six days after the photic injury, but increased.

A similar test was performed wherein P-carotene was
injected into rats, and rhodopsin levels in the retinae of the
euthanized rats were determined, Rats were given four
intesperitoncal injections of P-carotene at a dosc of 35
kg/mg. A control group of rats also was used. After exposure
10 continuous green-filiered fiuorescent light with an inten-
sity of 220-250 foot-candles for 24 hours, the rhodopsin
level was measured as an indication of photic injury. The
p-carotene-treated rats had thodopsin levels of 1.18, 0.20,
and 0.55 nmol, six hours, six days and thirteen days,
respectively, afier photic injury. The resulls show that astax-
anthin is more cffective than B-carotene. It is hypothesized,
but not relicd upon herein, that these comparative resuits
between astaxanthin and PB-carotene is atribuled to the
antioxidant propesties of astaxanthin and the ability of
astaxanthin 10 cross. the blood-retinal barrier.

The tests using f-carotene show that six. hours after light
injury there was considerable loss of photoreceptor suclei in
both the control and trcated rais. Six to fourteen days afier
light exposure there was a difference between the control
animals and the treated animals, with the treated animals
being less affected. The treated rats demonstrated better
prescrvation of the photorceeptor nuclei and retinal pigment
cpithelium in all quadrants. Beta-carotene thescfore amclio-
raled photic injury in sat retina. However, fi-carotenc has
dificulty crossing the blood-retinal brain barrier. Astaxan-
thin both crosses the blood-retinal brain barvier more casily
than B-carotene, and has not demonstrated a teadency to
form crystals in the retina.

FIG. 4 also summarizes the vesults of the ebove-described
photic injury test, FIG. 4 includes plots of the average
thickness of the ONL over a period of thirteen days after the
phetic injury. Rais fed astaxanthin bad photic damage ame-
liorated compared to the control rats. The rats fed astaxan-
thin did not exhibit as large a decrease in ONL six days afier
photic injury, and exhibited a greater ONL, by about 5 yum,
thirteen days after photic injury, The tests illustrated in
FIGS. 3 and 4 also show that astaxanthin can be adminis-
tered orally, as well as intraperiloneally to ameliorate cye
damage.

The in vivo 1est resuls iflustrated in FIGS. 1-4 show the
ability of astaxanihin 10 protect neurons and neurcnal ele-
ments of the inner and outer retina from photoreceptor cell
degeneration in the retina and from ischemic and intraocular
pressure-related injury to neurons of the inner Jayers of
retina, The tests have shown that astaxanthin can protect or
rescue neurons and other cell types, and that astaxanthin is
an cffective therapeutic agent to ameliorate photoreceptor
degeneration and ischemic damage to neurons of the retina.
In addition, astaxanthin has a protective effect on the central
nervous sysiem in general, especially damage to the brain
and spinal cord causcd by free radicals.

The above tesis show that the administeation of a thera-
peutically-effective amount of astaxanthin to an individual
prevents, retards and/or ameliorales damage to the central
nervous system, and especially Lo the eye, resulting from
discase or injury. The astaxanthin is administered to the
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individual in doses of about 5 to about 500 mg (milligram)
astaxanthin per kilogram (kg) of body weight. Preferably,
the astaxanthin dose is abour 10 10 about 200 mg astaxanthin
per kg of body weight, and to achieve the full advantage of
the present invention, the astaxanthin dose is 2bout 25 t0
about 150 mg astaxanthin’kg of body weight. The optimal
astaxanthin dosc 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 ceatra) rervous system dam-
age, and the route of administration (i.e., oral, topical or
parenterally), The astaxanthin doscs can be administered
daily or in accordance with a regimen determined by a
person skilled in the ant, with the length of treaiment
depending upon the severity and nature of the injury to the
central nervous sysiem.

The astaxanthin can be administered to an individual
parenterally, orally or topically. When administered orally,
the astexanthin can be, for example, in the form of & liquid
preparation, a ablet or as a componeat of food. When
applied topically, the astaxanthin can be, for cxample, in the
form of an eye drop composition for direct application to the

eyes.
The administration of astaxanthin to an individual suffer-
ingﬁommcyeinjmywdtmmd: as frec radical-
induced injury, beneficiates the vision of the individual by
rescuing further photoreceptor cells from damage destruc-
tion. The free radical-induced damage can be anributed to
light-induced injury or to injury resulting from an lschemic
insult and subsequent reperfusion or neurodegenerative dis-
cases. The administration of astaxanthin also helps prevent
and retard photic injury in addnnon m amehommg photic

injury.

ceptor cell damage that is fight induced, and ameliorates
ganglion cell damage that is induced by ischemic insult and
subsequent reperfusion. The administration of astaxanthin
also retards the progress of ve cyc diseases and
beneficiates the vision of individuals sulfering from a degen-
ceative eye disease, such as age-related macular degenera-

‘The administration of astaxanthin also provides a method
of treating ischemic retinal diseases, such as diabetic retin-
opathy, cystoid macular edema, ceniral retinal arterial occlu-
sion, central retinal venous occlusion and glaucoma. In
addition, astaxanthin administration is useful in treating
inflammatory discases of the cye such as retinitis, uveits,
fritis, keratitis and scleritis whereln free radicals are pro-
duced in abundance, These ischemic retinal diseases and
inflammatory discases of the eye are free radical related.
‘Therelore, the antioxidant properties of astaxanthin, coupled
with the ability of astaxanthin to cross the blood-retinal
brain barrier, lack of toxicity of astaxanthin, and the lack of
adverse side effects associated with astaxanthin, make astax-
anthin a useful compound to treat or prevent such free
radical-related diseases.

Because astaxanthin is a highly-effective antioxidant and
ameliorates free radical-induced eye damage, the adminis-
tration of astaxanthin also provides a method of treating free
radical-induced disease or injury to the central norvous
system in general. For example, a therapeutically-effective
amount of astaxanthin can be administered 1o stroke victims
to ameliorate the ischemic insult-related injury attributed to
the stroke. Astaxanthin also can be administered o indi-
viduals suffering from 2 traumatic injury to the spinal cond
which leads to [ree radical-induced damage.

Investigators have long searched for effective antioxi-
dants that can ameliorate neuronal damage. A suitable anti-

15

3

‘The adminisiration of astaxanthin anicliorates’ photore-
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oxidant must have the ability to cross the blood-retinal brain
barrier, and must have a low toxicity, Of the several anti-
oxidants tesied 10 date, the antioxidant either could not
effectively pass the blood-retinal brain barrier (e.g., p-caro-
tene) or arc toxic or exhibited adverse side effects (c.g.,
canthaxanthin}. Astaxanthin is a natral, noatoxic product,
and to datc has not been shown to be toxic or exhibit adverse
side effects cven after the administration of large doses of
astaxaathin for prolonged time periods. For-:ample.am
anthin has not demonstrated the disadvantageouns side effects
of closely-structurally related canthaxanthin and

with respect to forming crystals in the retina or decreasing
adaptation 10 the dark.

Because no effective and nontoxic compound has been
found for preserving neurons from various types of injury or
disease, these is no established medical treatment for dis-
cases such as age-related macular degencration. The only
active therapy is administration of B-carotene and ascorbic
acid, However, ﬁ-umene cannot cffectively cross the
blood-retinal brain barrier. Ascorbic acid is naturally present
in the retina. Surprisingly, astaxanthin is a strong antioxidant
and can cifectively cross the blood-retinal brain barrier to
serve in the weatment for age-related macular degeneration.
The finding that the administration of astaxanthin also
protects photoreceptors from degencration also provides a
method of treating diseases and injuries to the central
nervous sysicm which heretofore have been unavailable.

Obviously, may modifications and variations of the inven-
tion as hereinbefore sct forth can be made without departing
from the spirit and scope thereof and therefore only such
limitations should be imposed as are indicated by the
appended claims.

We claim:

1, A method of treating an individual suffering from
relinal damage or retinal disease, said method comprising
administering a thérapeutically effective amount of astax-
anthin 10 the individoal to improve the vision of the indi-
vidual.

2. The method of claim 1 wherein the astaxanthin is
administered parenterally.

3. The method of claim 1 wherein the astaxanthin is
administered orally.

4. The method of claim 1 wherein the astaxanthin is
administered topically directly to the eye.

- §, The method of claim 1 wherein the asiaxanthin is
adminisiercd in the amount of aboul § to about 500 milli-
grams per kilogram of body weight.

6. The method of claim I whesein the astaxanthin is
administceed in the amount of about 10 to about 200
milligrams per kilogram of body weight.

7. The method of claim 1 wherein the astaxanthin is
administered in the amount of sbout 25 to shout 150
milligrams per kilogram of body weight.

8. The method of claim 1 wherein the rctinal damage
comprises free mdical-induced retinal damage,

9, The method of claim 1 wherein the retinal damage
compriscs light-induced retinal damage.

lo.nemhodofclaimlwhuunﬂwmnaldmge

mpriscs photoreceptor cell retinal damage or damage to
monsofimureﬁmlhym

11. The method of claim 1 wherein the retinal damage
compriscs ganglion cell retinal damage.

12. The method of claim 1 wherein the retinal damage
comprises age-related macular degeneration.

13. A method of treating an individual comprising admin-
istering a therapentically effective amount of astaxanthin to
the individual to protect neurons in a retina of the indjvidual
from free-radical induced retinal injury.



Case 5:12-cv-00366-WTH-TBS Document 1

Filed 06/29/12 Page 28 of 29 PagelD 28

5,527,533

17

14. A method of weating an individual suffering from
neuronal damage 1o a reling comprising administering a
therapeutically-effcetive amount of astaxanthin to the indi-
vidual to improve the condition of the relina.

15, The method of claim 14 wherein the ncuronal damage
comprises photic injury 10 the retina, ischemic insuls 10 the
retina, or intraccular pressure-related insult (o the retina,

16. A mcthod of treating an individua! sufiering from
age-related macular degencration comprising administering
a therapeutically-effective amount of astaxanthin 1o the
individua) to retard the progress of age-related macular

degeneration.

17. A method of treating an individual suffering from 2n
ischemic or intraocular pressure-related disease of a setina
comprising administering 2 therapeutically-cffective amount
of astaxanthin to the individual to improve the condivion of
the retina and to prevent further damage to the retina.

18. The method of claim 17 wherein the ischemic retinal
disease is selecied from the group consisting of diabelic
retinopathy, cystoid macular edems, central retinal anerial
occlusion, central retinal venous occlusion, and glancoma.

19. A method of treating an individual suffering from an

“inflammatory disease of a retina comprising administering a
therapeutically cffective amount of astaxanthin to the indi-

15

18
disease is sclecled (rom the group consisting of retinitis,
uveils, iritis, keratitis, and scleritis,

21. A method of treating an individual suffering from a
free radical-induced injury to a central nervous system, said
method comprising adminisicring a therapeutically-cfective
amount of astaxanthin 1o the individual to improve the
condition of the central nervous system.

22, The meihod of claim 21 wherein the central nervous
system comprises a brain, a spinal cord and a rotina.

23. The method of claim 22 wherein the free radical-
induced injury comprises & traumatic injury or an ischemic

injury.

24. The method of claim 23 wherein the ischemic injusy
compriscs a stroke,

25. The method of claim 23 wherein the traumatic injury
comprises a spinal cord injury.

26. A method of treating an individual suffering from a
degenerative retinal discase, said method comprising admin-
istering a therapeutically effective amount of astaxanthia to
the individual 10 retard the of the disease.

27. A meihod of tresting an individual suffering from a
degenerative central nervous sysiem discase of a brain or
spinal cord, said method compeising administering a thera-
pentically effective amount of astaxanthin to the jgdividual

vidual to improve the condition of the relina and to prevent 25 (o retard the progress of the discase,

_ forther damage to the retina,

20, The method of claim 19 wherein the inflammatory -

3 * % % %
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