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cllb/a VALENSA INTERNATIONAL; )

and THE BOARD OF TRUSTEES 01-‘ )

THE UNIVERSITY OF ILLINOIS, ) _ _

) 6:1‘:-c\r—3L¢c.-0C— /0 I/$3
Plaintiffs, ) Civil Action No.

J

vs. ) 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 ofthe University of Illinois allege the following as their complaint:

THE PARTIES

1. Plaintiff U.S. Nutraceuticals, LLC, dba Valensa. lntemational (“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 ofits efforts to market

astaxanthin, as well as patent rights covering certain uses ofastaxanthin.

3. PlaintiffThe Board ofTrustees of the University of Illinois (“University of

Illinois”) 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 University of Illinois 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 ofblevada.

with a principal place ofbusiness at 73-4460 Queen Kaahumanu Highway, Suite 102.,

=I(ailtia-‘I’-fona‘; Hawaii, 96740.

" -6.73 5* "Upon information and belief, Defendant Nutrex Hawaii, Inc. (“Nutrex’.’), is a

corporation formed under the laws ofthe State of Hawaii with a principal place ofbusiness 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 rebranci the products as their own

and/or incorporate Cyanotech-brand astaxanthin in their own retail dosage farm products.
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8." Upon information and belief‘, Nutrex is a wholly-owned subsidiary andlor

division of Cyanotech, and there is nearly complete overlap in the directors and executives of

Nutrex with those ofCyanotech. For example, Mr. Brent Baily serves as President and Chief

2 ‘Exeeuti*ve"0fiicer- ofboth entities, and. he also serves on-the Cyanotech Board ofDirectors.

~ ° a ‘Mr.’ Geraldcysewski serves as Executive Vice President and ChiefScientific Officer for

¥botl1'- companies, serves on the Board of Directors for Cyanotech, and has been identified as a _

' ‘ " " *1 95 ‘-founder" "of both companies. Mr. Cysewski also previously served. as Cyanoteclfs Chief _

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

it 3 ' 57' "~l-‘inance and Administration, Treasurer, and Secretary for_ both entities, and ‘her predecessor, , ; =2 ._

' ?’---*- " i?’>~’Ms:€Dé_ai'tfia’Spooner, also possessed those same positions with both entities. Mr. Glen , . —. ,_ . , .

- "-' 5 —-'.ia‘r‘t‘s'er3i‘»§'erves as the -Vice President of Operations -forboth entities. -Mr; Robert Capel_lis_erves _. ___. --. - _ ,

as Vice President Sales and-Market-‘ing for both entities. Similarly, the Medical Director of ; ._ . _ -. ._ .- 3

.- - f » 5:‘: '1 - Cyantittééli, Dr.’- Robert Corish, helped develop the formulationfor the products sold undena -__ -5 _ . » -

“ 'Nutre:t label‘, and has been-identified as the Medical Director ofNutrex as well.

9. Upon information and belief, Nutrex and Cyanotech operate from the exact

' same oflices, 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 Haematococcuspluviahs, 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
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inforrnation‘ofNutrex, and do not provide any financial information specific to Cyanotech

' and exclusiye ofNutrex.

l 1.’ Upon information and belief, Cyanotech formed Nutrex for the sole purposes

' " " “ " bfnnirketing retail products designed by Cyanotech, for the exclusive benefit-ofCyanotech. . . .

"?':':Déspf€;iie"fori‘r:ting Nutrex-Hawaii; Cyanotech has referred to-Nutrex Hawaii-branded-retail’. » g _

L = “‘pi-’oi1uct§ is its own.

" 1"" 12. ‘ Upon information-and belief: Cyanotech has-ignored the separate‘ corporate

“‘ ‘V " iiiufi-ex, and has treated‘Nutrex and its employees and resources as though.i_t'was the

i ' ‘A :“""'1“"' " ""‘;:;“"“ To?-‘blutrex. For all intents and purposes, the two purported entities have operated-as a -

“ ii’ 52"" all actionswundertaken by Nutrex arefor -the excl-usivebenefit of, in active A .

I I"; " 3” """"g"”'.“.'T': -under-thecontrol "a'nd'direction of.‘CY&notech. - =

l - :._2 . .:.-i::i : . _. ‘ . ._ _ - ~ JURISDICTION

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

‘ -‘ re1hting"to patents, 35 U-’.S.C. §§ 211, 281-285.

i 14.‘ This Court has subject matter jurisdiction under 28 U.S.C. §§ 1331, 1332, and

‘l 338(a).

15. This Court has personal jurisdiction over Defendants by virtue of their

substantial, continuous, and systematic contacts with the State ofFlorida, and their knowing

and .pl.ll'pOS‘BfI.li distribution, marketing, offers to sell. and sales ofastaxanthin products used

to‘ infringe the Tso patent at issue in the State ofFlorida. This Court also has personal

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

501391641 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 _

‘ ' -~ —‘ "mark‘eting'-‘efforts of their distributors and-customers. -Defendants have marketed their, _ .

*‘ products through retail chains such as Whole Foods (16 stores in Florida), Walgreens (1f1_3_

stores in Florida), GNC, Amazon.com, The Vitamin Shoppe (60 stores in Florida), Swanson

s ' 1 Health ‘Products, 4all Vitamins, and Purel-lealingFoods.com for sale on the lntemetto ,. .- _ , .

'3 ‘=1 -‘custorners-‘lo‘cat'e‘d in Florida, and, upon informationand belief‘, in brick-and-mortar stores, _

== " " f:i”*‘¥ ‘lécatediin-':tl1e"State of Florida. Defendants have-also placed advertisements fortheir . .

‘astaxanthin-‘products; in publications distributed tltroughoutthe country, including Florida, _, _. __ .. p .- _ , ,-

1'45=?i‘siteli"hsi%6le=:'Foods. Magazine. Defendants-ha've alsosold astaxanthin beadlets, tabl_ets,__ Z. ,_,

andlor oleoresin to numerous companies with the knowle_d'ge‘and_expectation that tltpse ,, __ A. __ _ p . . _ .

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 exampIe,.larrow 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 -

1- 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 Cyanotechfs Director of Sales, and while living and working out of _

‘ ‘ '--* = -=Fioiida;=Mr. Ketchel developed formula prototypes, wrote marketing materials for « -

‘ Defendants" MD Formulas Hawaii” astaxanthin products, and also managed a team of25

salesrepresentatives working the East Coast, including Florida, in support of those products. _ .

- 1" 1 ‘-4 = =-Ea‘ch"of*»Dr. Corish, Dr. Smith, and Mr. Ketchel. were responsible for the design and

' - ‘E’ “- ' development of Defendants’ MD Forrnulas.HawaiiTM products, which, uponinforrnation and. :

1 "‘» ‘?"‘~'1*’»'*v"-4"-'5-'~*‘ béliefiithey did while living in Florida. The MD-Fonnulasifiproducts are some ofthe .--.

‘--"=“"i ' ’-“'?-' i ipiiotit1i':i§‘tiiat=are the subject ofallegations set forth in thisvcomplaint. -

‘ ~ "-" "-W 3“ ‘*“*‘l5'i'i Cyanotech has also engaged. in substantial business in Florida with Vaiensa;

' ‘*" >-?“= ='inE&liidiii‘g"%‘Cyanotech.’s engagement of ‘V-alensa to-.;extr'act~Cyanotech’s biomass at--V;ale,n=sa’s. __

' ='for and on behalfof Cyanotech. Cyanotech =l'tas-also engaged, and is engaging, in *-

.=' ‘ busi-nessrin Florida through sales ofHaematacoccuspluvialis biomass (from which

' = ‘astaxanthin is extracted) to Valensa.

I8. Venue in this District is proper under 28 U.S.C. § l400(b) and 28 U.S.C. §

1391.

THE TSO PATENT

- I9. ' 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 0. M. Tso. The Tso patent duly and legally issued to Plaintiff

601391641 6
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' University of Illinois, as assignee of the inventor, Dr. Tso. A copy ofthe Tso patent is

attached to this Complaint as EXHIBIT A.

' 20. The Tso patent relates to methods ofadministering 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 andlor degenerative central

’ " nervous system disease. On numerous occasions, Defendants have publicly acknowledged

‘i ‘that Dr’.'-’I"so-‘was the person responsible for the groundbreaking discovery that astaxanthin

' ' —‘=-‘offered these benefits, and that these discoveriesare the subject ofthe Tso patent.

21. Vaiensa is an exclusive licensee ofthe Tso ptent, with. the exclusive right to

- ' '-"i':‘=‘--" ¥ma'fl"<'et?dietary supplement astaxanthin productsunder the Tso patent; 2 - .' .

" 9 ‘Ti -22=.v"'»-'3' -‘Valensa has satisfied the notice provisions oi‘-35 U.S.C. §-287. I - - ~ -

COUNT I: PATENTINFRINGEMENT

“ 23. Defendants have infringed the Tso patent by manufacturing, ofi-‘ering for sale,

selling, and/or importing astaxanthin products with the specific intent and suggestion that

users ofthose 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 ofperforming the methods claimed in the Tso patent include, but are not

necessarily limited to, Defendants’ MD Formulas” line ofastaxanthin products, including

BioAstin Supreme'"“', E.yeAstin"’M, 0megaAstin"'“, JointAstinTM, DermaAstin'““, and

CardioAstinTM products (all of which contain BioAstin Hawaiian Astaxanthin'"‘), as well as

601391841 7
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Defendants’ BioAstin° gelcaps, beadlets, and CO2 extracts (collectively “Defendants’

Astaxanthin Products”).

24. Defendants expressly suggest the use ofDefendants’ 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

A following:

“BioAstin° Hawaiian Astaxanthin — to support eye health."

“BioAstin° is clinically validated to support eye health in a variety of ways.”

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

“BioAstin Hawaiian Astaxanthin provides moreprotection from damaging effects

of free radical or oxidative stress, helping 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 ortidative balance

which leads to improvements in many health conditions)’ _ ,
- “EyeAstin"’M supports healthy vision and enhances normal eye firnction. It helps

reduce eye fatigue and strain from reading or long .-hours spent on the computer.”

0 “_EyeAstin"M is the world's most comprehensive eye health formula.”
1 o “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, Cyanotcch’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 ofan 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 Illinois 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. Cor-ish also indicated that

Defendants‘ Astaxanthin Productscan be used to prevent dementia and strokes. Defendants

have made similarrepresentations and instructions in online marketing presentations,

including interviews Dr. Mercola conducted of Mr. Brent Baily and Dr. Corish (see, e.g.,

httpzl/www.youtuhe.eorn/watch?v=W5Si-gPWFBo, and

http:Ilwww.youtube.co.rnlwatch?v=wNla9cvlitwZRU). 2

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:

0 “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.”

0 “Animal cell culture studies have also indicated that astaxanthin can protect skin

from the damaging effects of ultraviolet radiation, ameliorate age-related macular

degeneration . . ."

0 “BioAstin Natural Astaxanthin has demonstrated effectiveness in clinical research

in several areas closely associated with aging, cardiovascular health, eye and

so1391s41 9
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brain health, as well as an anti-inflammatory for conditions such as rheumatoid

arthritis, carpal turmel syndrome, tendonitis and joint soreness due to exercise.”

0 “Unlike beta-carotene, astaxanthin is able to readily cross the blood-brain barrier

and protect the retina against photo oxidation and loss ofphotoreceptor 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 ofthe retina as well

as those ofthe brain and spinal cord, from damage caused by free radicals (US

Patent 5.527,533).”

0 “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 ii-om 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,

l996)" ' =

0 “Dr. Mark Tso of the Wilmer Eye Institute at Johns Hopkins University has aptly

demonstrated thatastaxanthin 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 ofthe 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 ofthe 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-tenn

protection."

0 “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 floutcd Va|ensa’s pleas, and continued to

instruct their customers to infringe the Tso patent.

29. Defendants knew, andlor were willfully blind to the fact that, their instructions

for, and advertised uses of, Defendants’ Astaxanthin Products resulted in direct infringement

ofthe 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 andlor 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 ofthe Tso patent, and the subject matter covered

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

601391641 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. Plaintifis have been and continue to be irreparably harmed and monetariiy

damaged by Defendants’ willfiul 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

WI-IEREFORE, 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 ofU.S.

Patent No. 5,527,533 was willfiul;

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

0. Such other and firrther relief that this Court may deem just and equitable.

DEMAND FOR JURY TRIAL

Plaintiffs hereby demand a trial byjury ofall issues so triable.

R spectfullys 
ames V. Etscom

Florida Bar No. 7051 I l

BAKER & HOSTETLER LLP

P.O. Box 112

Orlando, Florida 32802-0] 12

Telephone: 407-649-4000
Facsimile: 407-841-0168

jetscorn@bakerlaw.com

 

And

Todd 8. Werner (MN Reg. No. 0330l9X)
CARLSON CASPBRS

225 South Sixth Street, Suite 4200

Minneapolis, MN 55402

Telephone: (612) 436.9600

Facsimile: (612) 436.9605

twemer@ecvl.com
Counselfor Plainti S US Nutraceuticals LLC d/b/a
Valensa International and BoardofTrustees offlte

University ofIllinois
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Mzn-[op or [m'm]u)[,\'G AND ‘lire combination ofcontinuous ttndfor ctrive exposure
AMELIORATING CENTRAL NERVOUS to light. and the relatively high wmmmlon of omen tn

so-51-EM AND EYE DAMAGE the eye. generates singlet oxygen _and other free radical
species. Singlet oxygen and free radical specter also car: he

5 generated by enzymatic processes intlcpcrttlutt from light
FIELD OF THE mpg”-"ON exposure. '11:: free radtcal species and singlet oxygen are

‘fire present invention relates to a method ofrctarditt; and
ameliorating central nervous system and eye diseases. More
particularly, the present invention is directed to methods of
treating central nervous system and eye insult resulting from
disease or injury. such as age-rrelsted rnrteulsr degeneration.
pltotic injury. photoreceptor cell or ganglion cell damage.
traumatic injury. iscltetrtic insttlbrclated diseases and
irtilamrnatoty rliseascs.'t'he method comprisesadrninisterittg
a tltcrspcutieally-eflective amount of astartantltirt to an indi-
vidual. either orally. topically or parerttcrslly, to ameliorate
damage caused by the disease or injury or to retard the
progress of n degenerative disease.

BACKGROUND OF THE lNVEl\"l'lON

Many diseases and injuries of the oerttrslncwotts system
presently are not treatable. These diseases and injuries are
unrreatablo because. unlike many pctiphual or-gansthatcut
he removed in vrholcorin part.or trartsplanteththeceutral
nervous system has very limited regeneration capability and
armor be totally excised without death. The eye is an
ertratsion of the brain. and therefore a part or the central
nervous system. Accordingly. in thecaseol‘an eye injury or
dlscasc.l.c.. arctinal injtnyordiscase,lltedscasesateoftcrt
without treatntettt and the eye eannotbetrartsplattted. Eye
diseases and injuries that presently are untretttable include
retinal plrotic injury. retinal isclterttin-irtducotl eye injury.
age-related tnacular degeneration. and other eye diseases
and injuries that ateinduccdby frceradical species.

lthasbecrthypothesircdtlratsutajorertuscofthcsc
unrreutable central nervous system diseases and injuries is
the generation and presence ofsinglet oxygen and other free
radical species. Singlet oxygen and free radical species can
bepeneratcdby acorttbirtzt1onofllghtandoxygerr.or
during repcrfusion alter art isehcmie insult.

The eye is subjected to continuous light exposure because
the primary purpose of tlieeyc is light perception. Thrn-efore.
some urttrcalable diseases and injuries to tire eye result lion!

thecontinuousertposureof the eye to light. coupled witlttltc
ltrgltly-oxygenated environment in the eye.

'i'hc process cl’ light perception is initiated in the photo-
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25

30

35

40

45

receptor cells. The photoreceptor cells are a constituent or’ ,9
thcoutcrtteuronal layeroltberetina,tvhichisacontportent
of the central nervous system. The photoreceptor cells me
well ahcltcrcdirtthecenteroltlteeye.undaroprotocted
strrtetrtrally by the sclcra. nourished by the itighly-vnsctt|a.r-
iced uvcaatrdsalcpuardcdby tltcblootl-relinalltarrierofthc
retinal pigment epitbelitun.

The primary function of the photoreceptor cells is to
convcn light into a physio-chemical signal (transduction)
and to transmit this signal to the other neurons (ttarrsrnis-
sion). During the transduction and transmission processes.
tlteroetaboliertcrivitles ol‘thescncuronssrer:hangeddra-
tnaticslly. Even though tlte photoreceptor cells are securely
protected in the interior of the eye, these cells are readily
accessible to llytt 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.

55

reactive entities that can oxidize polyunsaturated fatty acids.
‘the retina contains the highest concentration of polyunsatu-
rated fatty acids of any tissue in tltc huotsn body. and
peroxidstlon of the polyunsaturated fatty acids in cell mem-
branes ofthc retina by hydrortyl radicals (Olflor superoxide
(0,) ratficals can propagate additional free radical species.
1'hescfrecradicslspcelcscatrlcadtoftmetionaIirupairrttent
ofthe cell membranes and cause temporary or penrtsnent
dautagctorerinal tissue. lthasbertutlteorizcdthatthc
generation of singlet oxygen and free radical species there-
fore underlies the pathogenesis of light-induced retlnopathy
and post-ischernic rellow injury (i.e.. free radical generation
during tepetfusion alter an ischcruie insult). In addition. a
deficiency in removing these species can also eortuibttte to
variutrs diseases of the eye and the central nervous system.

A urnbcr ofnantrai mechanisms protect the photorecep-
tor eells from light injury. For example. the ocular media.
including the cornea. aqueous. tests. and vitreous. filter roost
of the light in the ultraviolet region. However. after cataract
extraction or other surgical iltterverttilln. some of these
protective barriers are removed or dlsturlted, whereby the
photoreceptor cells are more susceptible to damage by
radlarttettcrpy.'l'hepbotoreceptorccllsalsoposaesaother
forms of protection from pltutie irtiury. for ertatnple. the
presence of rtrttioxidartt mmpounds w counteract the free
radical species perrerstcdbylight.Aswt'llbederttonstrsted
hereafter. sntiortidsrtts. which quench autllor scavenge slu-
glet oxygen, hydrogen peroxide. superortidc and radical
species. help rrtirtirnlae injury to the photoreceptor cells. in
addltion.rheltutnartcyclrasancxcessivcnurnbcrofplto-
toreccptor cells such that only desuuetion of a sigrutit
mother ofphotoreceptor cells adversely afleeu visual func-
tion.

Even though several protective tnechanisrns arcptesentin
thceyealeadingcauseorblindocssinutevnhedsuresis
age-related photoreceptor degeneration. Clinically. pltotore-'
ccptor degeneration. as seen in age-related mscular degen-
eration. is causally related to excessive ertposurts to blue
light. The causes ofago-related tnrcultudegencrstion. which
ischaraetctizcdby aloss ofpltotoreceptorneurortsrcsultirtg
in decrcascdvision. srebeing investigated. Epidemiological
studies indicate that ape-related photoreceptor degeneration.
or age-related maculnr degeneration. is caused by several
factors includins 88!. Sex. family history. color of the iris.
nttoitlonsl deficiency. irttntnrtologic disorders. cardiovascu-
lsr-attdpitatory diandpreesistingeyc diseases.
Advancing age is the most signilleartt factor. Recently. it has
been dcrrtoosuuted that aging eyes have a rlecreued amount
ofearotennlrts. Clinical and laboratory studies indicate that
plrotic injury is accuse of age-related macular degeneration
because ofthe cumulative client ofrcpnted rrtild plrotic
insult which leads to a gradual loss or photoreceptor cells.

Age-related rnaculur degeneration is an irreversible blind-
ing disease of the retina. Unlike cataract wherein vision can
be restored by replacing the diseased lens. age-related mucu-
lardegcrterationcatrrtotttctteatedttyrepluittgthediseased
retinabecsusethe tctirtsisaeompooentoftheeenu-al
nervous system. 'l'Itctel'orc. because no treatment {or this
disease exists once the photoreceptor: are destroyed, pe-
venriort is the only way to confront age-related ttucular
degeneration. Presently. prevention of age-related maottlar
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degeneration resides in limiting or prevailing light and
oxygen-induced (i.c.. free radical-induced) damage to the
retina because the retina is the only organ that is continu-

ously exposed to high levels of light in a highly-oxygenatedenvironment.

In addition to photic injury, eye injury and disease can
result from singlet oxygen and free radical species generated
during reperfusion shot an iseltentie insult. lscltesnic insult
to retinal ganglion cells and to neurons ofthe 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 ischentically insults
the eye. i.e.. deprives the eye of oxygen and nutrition.

The damage to tlte retinal ganglion cells has been atuiIt-
uted to iscltentia. and subsequt rcpertitsion during widen
freeradicalsate generated. Dtuingrcpcr!usion,thercotty-
gestation or tissue after an lscltctnlc insult results in a
relatively high concentration ofoxygen ilotving through
efieeted tissue. which contributes to free radical formation.
lschetnie insult and repcrfusion accompanied by free radical
generation also is a tnajor oontriltutor to central nervous
system damage. such as damage caused by a stroke.

The pathogenesis ofpltotit: injury. ofage-related rnaoular
degeneration. oiisrthentiafreperfttsion datrutge. of traumatic
injury and of inflatrtmatlons of the eye and central nervous
system have been attributed to singlet oxygen and free
radical generation. and subsequent free radical-irtitiatetl
reactions. Investigators therefore studied the role of antioxi-
dants in preventing or ameliorating these diseases and
irtiuries ofthe central nervous system In general. and the eye
in particular.

For example. ascorhate was investigated in an agent to
treat minai pltotic injury. Aaeorltate is a reducing agent
whichispresentlntlteretinainaltighconeentrntion. Studies
indicatedthatascotbateintltetetinatanactasaaantioxi

danrandisortitliaetilsyfrce Ittdicnlspccicsgetterateddttting
excessive light exposure.

Administration oiascorbate reduced the loss ofrhodopsin
after photic exposure. thereby suggesting that ascot-hare
oflererl protection against retinal photic injury. Adectease in
rhodopsin levels is an indicator of photie eye injury. The
protectiveeil'octol'ascorttateisdose-depettdcrtt.andasoor-
hate was etrective when administered before light ettpostne.
Mnrphontetric studies of the nuclei l¢Il‘lfl'ilill3
in the retina alter light exposure showed that rats given
ascorbate supplements had substantially less retinal damage.
Morphologically. rats with asoorbate supplements also
showed better preservation oi‘ refusal pigment cpitltelitun.

'i1teabovestudieslerltntlteltypotltesistltatascorl:ate
mitigates retinal pltotic injury because of its anliottidant
prnperties.tvltichareattrihutedtoitsredorr
Ascorhate is aseavcrtytrofsupctoxideradicals and ltydroxy
radicals and also quencher singlet oxygen and reduces
hydrogen peroxide. all ofwhich are fottttcd in retinal pltotic
injury. This hypothesis accounts tor the presence of high
levels of naturally-occurring eseorhate in a normal retina.

'l."herel'ore. antioxidants which inhibit free radical fortun-

tion. or which quench singlet oxygen and scavenge for free
radical species. can decrease lipid peroxidation and amelio-
rate photic injury and iseltarrtialreperfusion injury in the
central nervous system, and particularly in the retina. Anti-
oxidants originally were investigated because they are
known constituents of human tissue. However. antioxidants
that are not naturally occurring in huntan tissue also were
tested. in particular. in addition to aseorlante. antioxidants
such as 2.6-di-tert-htttylphenol. 7-otyaanol. ct-tocopltctol.

10

4

ntannitol. reduced glutathione. and various carotenoids have
been studied for an ability to quench singlet oxygen and
scavenge£teetadicalspccies.'1'hcseandotherantlortidants
are efieetive quencher: and scavengers for singlet oxygen
antlfreeradicals.Inpattieular.titecatotenoids.aacIassot‘
compounds, are very elfective singlet oxygen quenehers and
free radical scavengers. However. individual carotenoids
diflerintlteirabilirytoquettch singletottygenandscavenge
forfreeradiealspecics.

The carotenoids are naturally-occurring compounds that
have anliortidastl proputies. Tits carotenoids are common
cornpounds manufactured by plants oranituals.artdeontrt'b-
utegt'catiytotltccclnringot'plntsandanintals.AttttnIlJet'
ot'aninutls.includingntattttnals.meunal:letosyntltcsizc
carotenoidsdenovoandaceorrlinglyrelyttpondietto
provide carotcnoir! requirements. Msnunals also have a
limited ahilitytontodilycatotanoitls.Antantntaleancan-
vettfl-carotcrtctovitatninA.l!uttnnstothercarotettaidsare
depnsilerlin ntntttrnalinntisstsinunchartged forrn.

Withrespectto humans. about ten csrotenoids sreiouad
inhurnanserurn.'l'ltentajort:Irt1IertoitislnlttunanserurnIre
B-carotene. ts-carotene. ctyptoxanlhin. lycopene andlutcin.
Small amounts ofaeaxanthin. phytolluene.andphytneneare
found in lntrnan organs. However. of the ten catotenoids
foundinltuntansentnt.oniytwo.zca:tanthinartdlutein.are

found in the lturnan retina. Zeaaanthin is the predominant
carotenoitiintltentaculaattdiseortcctttratedintltacotte
cells in thecertteroftlte retina. i.e.. the mantle. Lutein is
locrttedittthepetipheralr'etinaintiterodcclls.'l'ltercfore.
tlteeyepreferentiallyassltm'lstesacatrantltinoverluteinin
the rttatatia and also selectively concentrates aeartrtttltln.
whieh is a more eliective singlet oxygen scavenger than
lutcin.intirecentercfthaeye. lthasheerttheorizedthat
zeaxanthinaadluteioareconcentratcdintlterctiaaltceause

ot'theiraln‘lity toqueuch singlet oxygat and scavenge free
radicalsartdtherehylitnitorpreventphoticdamagetotlte
retina.

Therefoteonlytwooftltc ahouttcncatotenoidspresetttin
human sertntt are fottttd in the retina. Beta-carotene and
lywllcne. the two most alrttndant carotenoids in human
sernrtucitherhavenotheendetectedorhavehdaicclcd
onlyinrninoratnoatntsiutherctina.Ben-carotcneisrela-
Iivelyituteoessibletntheretinahecanaeflvcaroteneisuttalrle
tocrosstltehlood-retinalhrainharrietroitlteretirtalpigntent
cpithcliutn e.lfectively.As will heeaplalneditt detail here-
inaner, snail amounts of Ii-carotene have been found to
erossl.hcI'tIood-totinnlhrainbarrier.

llIl:oisknownlIIalln01Im'cIlIllelIllid.¢IlllitixaIllli1illu
canctnsstltebrioorl-rctiuallrrainbattierandreaclttheretitn.

Caarhasantlrin.liiteallearotertoitls.isapigtnesttattdcan
discolorthesltin. Canthaxastthinptovidesashinoolorthat
approximates a suntan. and accordingly has been used by
lnttttanstogenerateananiiicialsnntan.liawever.aaunde-
sirahlesideefiectiaindivtduai‘stltatingcstedcantltattantltin
atltighdcsesioraneatestrledtitnewastltefottnationof
crystalline eantltarrantltitt depositsirt theinnerlnyersof the
retina.1'herefore.thchlood-retinalbrairthmricrofthe

retinal pigment epithelium permits only pmicular caro-
tel1oidsloctttes'lhnt'elinn.'l'ltr:carolellaitlsotIserlhm
aealtartlhinanrlittteintitatdoermtrlltetetinaeauseadverse

efiects. such as the formation of crystalline deposits by
eauthaxanthitt.tvltiehntaytalteseveralyeaIsIndissoIve.
Canthaxantltinintltcrctinaalsneattscdadectcascdltlajr
tatiorttothedarlt.

investigators have unsuecessfuliy sought an antioxidant
tocounteracttheadverseallecnofsingletoxygertandbee
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radicaispeeiesontltccertttalnervoussystetningeneraland
theeyeinpatticolar.'I‘hcinvestigatorshsvestudiedtbc

pahilities of several compounds. includingantioxidant ca

various carotenoids. Even though the carotcnoirls are strong
antioxidants. investigators have failed to find panienlu 5
carotetteids among the 600 nsttttally-occurring carotenoids
that eficctlvely quench singlet oxygen and scavenge for free
radical species. that are capable ofcrosslng the blood-retinal
brain barrier. that do not exhibit the adverse alfccls of

csntltaxanthin after crossing the hlood—retinal brain barrier. ,0
andtltstameliorateocntralncrvottssystemoreyediseaseor
injury anrilor retard the progressiortof adegeoetatlve dis-
caseoftltecentralnet-vorts systcrnar-eye.

publications are directed to eye diseases and
tn1tn1es.suchasage-relatcdtnacolardegenetatiortmattsesof
tltedstnagetesoltingfrotttthediscasesorinjtstics.and"
attempts to prcventortreatstteltdiscascs attdirtjrn-ies.‘l‘l:e
publications. which discuss various antioxidants. including
the eat-otenoids and other antioxidants like ot-toeopheroi.
include:

M.0.M.1'so."Expet-itnetttsonifisoaicellshyliature
and Man: In Search ol'Troetrnent for Pltotoreccptor Degen-
eration". Invenigarive Oplrrhalntolegy and lit-teal Science.
30(l2). Pp. 2421-2454 (December. I989):

W. Schalch. “Csroteooids in llte Retina—A Review of :5
Their Possible Role in Preventing or Limiting Damage
Caused by Light and Oxyguf'. I-‘rec RadticcisrtndAgirrg. I.
Entcril. et al. (ed). Birlrhattser Verlag. pp. 280-298 (1991): .

.. M. O. M. ‘I30. “Pathogetie Factors of Aging Macttlar
Degeneration”. Ophthalmology; 92(5). pp. 628-635_(l9B5):v,3tt.

M. Matltcws-Roth. "Recent Progress in the Medical
Applications ofCarctcnoids". Pure atttuppl. Chem. 63(1).
pp. m.-156 (1991)-.

W. Mild. “Biological Functions and Activities ofAnimal
Carotenoids”. Pure and App]. Chem. cam. pp. 141-145 » 3-"
(1991):

M. Mathews-Roth. "carotenolds and Cancer Prevention-
Expulnterttal and Epidemiological Studies". Prue amhtppl.

Chem. 57(5). pp. 111-122 (1985): 4,
M. Mathews-Roth. “Porphyrist Pltotosettsitiaation and

CatotenoidProrection in Mice; in VitroandInVivoSntd-
ies". Pltaroclternirrry and Phatobioiogjt 40(1). 99. 63-67
(1934):

P. DiMIscio ct ai.. “Carotenoids. Tbcoplterols and Thiols -15
as Biological Singlet Molecttlm Oxygen Qttcnclrcts". Bio-
chenticai Society ‘fiurtsaetions. 13. pp. 1054-1056 (mo):

1'. Hirarnitsu et al.. "Preventative Eifccl of Antioxidants
on Lipid Pcmxidatiott in the Retina". Opltrltnbttic Res. 23.
pp. 196-203 (I991): 50

K. Kirseltfcld. "Cat-otcnoid Plgnn-.ttts:'l1teirPossiltle Role
in Protecting Against Photooxidation in Eyes and Planters-
ceptor Cells". Pm; R. Soc. Land. 8216. pp. 71-85 (1982);

D.Yitetel.."Amcliosationol‘Rctinal Pitoticlrtiuryby 5,
Beta-Cuotcne". ARVO Abstracts Invest. Opluiroimol. Wr.
Sci. 28 (Suppl-J. P- 7. (1987):

M. Kutulttge et al.. "lrtltibition of Oxidalive Injury of
Biological Membranes by Astttxanthin“. Plrysiol Chan.
Phys. and Mad. NMR. 22. pp. 27--33 (I990): and 59

N. I. Krirtslry ct al., "interaction of Oxygen and Oxy-
radica.la_Wil.lt Carotcttoids". J. Natl. Cancerlnse. 69(1). pp.
205-210 (1982).

In general. the above-identified pttltlicatiotts support the
hypothcsistltaIs'ngletoxygenandfreetadicalspceiesate es
sigrtilioant contributors to cattral nervous system. and par-
ticularly eye, injury and disease. Forexample. it has reported

6

that consumption of an antioxidant. such as ascorbic acid
(Vitamin C). ix-locopheml (Vitamin E) or B-carotene. can
decrease the prevalence of age-related tnacular degenera-
lion.

'l1tc shove-identified publications also dcrnonslrated that
several carotcnoitls. including astnxanthin. are strong anti-
oxidants compared to B-mrotene. ascorbic acid and other
widely used antioxidants. The publications also relate that
(I) ortly particular earotenoids selectively cro tlte blood-
retr'nallttIinbasriet'.nndl|tol(2)cet1aincarolertoidsother
thanaeaxanlhinandltttelntltatcross thcblooddcdnal brain
barrier cause adverse slicers.

in general. the above-identified publications teach that
astsxanlltin is a more efiectivc antioxidant than carotenoids
such as zesxanthin. ltttctn. tttaasanthin. catttltaxrnthln and
ii-carotcoeandthants-tocopherol.!’orexentple. Iheinvitro
andin vivo shtdiesdisolosed in thcKo!:sltigeetal.pttbli-
cstlonurithrcspecttonstaxantltindcrttonstr-rtedthatthc
mean etieetive concentration oi’ astaxsntltin which inhibits

lipid pefoxidltlon was 500 times lower than that ot’u-toco-
pltcrol. Similarly. the Mild publication discloses that. in
vitro. astaxanthin exhibits a strong quenching efiect against
singlet oxygen and a strong scavenging clfect against free
radical species.

investigators have theorized that free radical-mediated
reactions are involved in the pathogenesis of degenerative
diseases. such as Alzheimer's disease. Psrlrinsorfs disease
and age-related rnacular degeneration. ischetnicftcperfosiort
dar_rtageandtratunaticinjuryoflhehrain.spinaleordand
rert'ns'.s_swell nsinintlatnmatotyproecsscsofthehody. and
.partict:larlytltceyc.1'ltistitont'yheshecnadvanoedby
investigators examining the elfectivcness ofvarious antioxi-
dsntsin ameliorating these diseases. For example. methyl-
prednlsolonc. which at high doses is a strong lipid peroxi-
dadonirtltibitotthatbcen reootnntendedclinlcally forttse in
ltautrtstie injury of the spinal cord.

1b dare. investigative elforts have been directed to pre-
venting diseases and lnjtrryhecattsetltercst.tltingtreeradt-
cal-induced damage is not cdecdvely tteltable. Therefore. a
needexistst'oratnetltodnotonlytoptcvcntortcrard.l:ut
also-toameliorate. degeneratlvesndnattmatiedicsand
injttriestothceentral ncrvoossystctltandpudcnlady the
eye. 'Ihc present invliort is directed to such tnetltods.

SUMMARY OF THE INVENTION

Thcprcaernittvcntionisdiroctcdtomethodsofhcaling
individuals suflcring fr-otneernralncrvottssystent injttryor
disease. More portiet.Iinrly.thepresentinvctttionisdirected
tometltodsoftreatlngindividttalsntficrlngfintnancyc
injury or disease. and to methods otretardlng a degenerative
discaseoftlte eye.

The method corrtpriscs adrninistening I titetapettlica|ly-
clfcctivearnmtntofastaxartthhttoanindividttaltoretarda

degeneruiveriiscueormsnteliontedamagewdteoeno-n
ncrvoussysterneausedbysdisesseoraniojury.lnperticu-
lar. the method comprises administering a therapeutically-
efl'ectivc amount of astaxanthin to an individual to benefi-

ciatethevisionofanindividnalsufictingfiotneyedarnagc
causedhydiscaseorinjtuy.11teestaxartthincartbeedrnin-
{steed parenterally. orally orropieally.

The method is used to treat free tadicalvindttccd eye
damage. light-induced eye dartuge. photoreoeptorecll dam-
age. genglion cell damage. damage to neurons of inner
retinal layers. and age-related ntseular degeneration. The
present method also ameliorates neuronal damage to the
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redngwhueinureocurooaldarnaseis arosult oiphotie
injury. or icchemie. inflammatory or degenerative insult.

Oneaspect otthe present invention is toadmintsterabotrt
5 to about 500 milligrams (mg) of sstnxartthin, and prefer-
ably about to to about 200 mg. per kilogram (kg) of body
weightperdose.toretertiadegerteratit-ediseaseoithe
central rtervoussystcm or thecye. or toarnelioratcdatnage
resulting itoorartinjtoyoradiseaseortheceotrainuvous

system or the eye. _
Another aspect of the present invention is to provide a

nrethodoftreatinganirtflarnntatotydiseaseoftlieeycby
a therapeutically-eticetive amount or satan-

arttlurt‘ to an individual.

Another-aspectofthepreseotlnveeticnistotreatdiseascs
attdinjuriesto thecerttralnervoussystemhyadtnirtisttaing
a therapeutically-elrective amount ofastsxsntlrio to an indi-
virlual.'l‘hernerhortisusedtoueatdisessesaodinjuries
elfccti_IIsthchtIiIt.¢yeaodsplnalctml.strehasirtiury
causcdbyspinaleordtrattmaorhy astrolteorrteurodegeu-
erative diseases.

theseaudourer-oovetfeaotres andtupectsoitlteprexeru
inventionwill becooteapparetttfiomthefollowingdetailed
description of the preferred embodiments taken in con]
tion with the figures.

BRIEF DESCRIPHON OF-11-IE DRAWINGS

FlG.lisabargraphshowinsthctltickrtessot'tlteONl.
(otttex'Ittn:learlayer)oftherctittain
light-induced receptor degeneration. and comparing dieteti-
oicontrot anirnalstotlteruinas-otaniotalsueatedvritti.

astartaothiagiveopatentet-allybothfortlteretinaasa
(average)aerHor.eaehoftltciottrquadrantrofthctetioa:

FIG. lit a bargraplt shoaringvthethielotesa oftheinuer
retinal layer'aRl.)inmictometcrseontpariogtheretioasof
corttroiattitnaistotherctinasofanitttalaaiwisclteruicinsult

FIG. 3 is a plot or rhodopsin level vs. time alter pltotie
injurycomptuirtg tlteretinasofonimals treatedorallywith
astaxantlrintotheretioasofeortttol aairnalstand

FlG.4 is aplotofofllsthicltoess vs. timcanerphotic
injurycontpariogtheretirnasoranimalstreatedorallywith
astaxanthintotheretinasofcontrolaaimals.

DH'AlLED DESCRIPITON OF THE
PREFERRED EMBODIMENIS

Certaiediscasesandinjuriestotheectttraluervotts5ys-
teru.Indpartieularlylheeyes.preeentIyaretuttreatable.
Neuronal degeneration of tire antral nervous system or the
eyecanvresuit frootphotic injnor. iscltenticoriuttloctalar
pressure-related insult. e.g.. an occlusion orastrolee. orirorn
arrmnIa.e.g..tr-attrnatotltespind cord.'l'|tedasnagca!ao
cantesultfroruirtjurytotltepltotoreceptoroells.tothe
ganglion cellsintlteretinaoftheeyeortmtettronsittllte
looerretinailayersoftheeye.orftonsago-related nraculnr
degeneration.

Ithasbcentlteoriecdthatthedatnascfrorosuehdiscaaes
andinjuriescanbeattributedtoincreascdgenes-ation.or
deereasedrernoval.ofsingletoxygeaandl'reeradieaispe-
eies. Therefore. because snrioxirhnts are lrnown to quench
slngletoxygenandtoscavengeforfteendical species.and
becattaeuntioxidarnsareh1owntoeaistioluIroans,inves-
tigators have sought elective antioxidants to scavenge free
radicals. and thereby reduce the free radical-induceddamage
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caused to the central nervous system. and especially to the
eye. by disease and lrtiury.

Numerous antioxidants have been investigated. such as
for example. ascorbic acid. rt-tocopherol and Ii-carotene.
some investigators have {cursed on the earoteoolds. t-.g..
B-caroteste.beaureover600cat'otcooids ateltrtown,are
ttaturally occurring (and thetefom are alnmdmt). and are
strong antioxidants. Also. with respect to the eyes. two
corotertoids. zeaxanthin. and tutein. which are strong enti-
o1tldattts.a.re found in then cells oftheretitttt.
However. although Iutntan plestna includes about ten caro-
tcnoids. only these two carotenolds are able to clfeetively
etesstlusblood-retinal braiobarrleranrlconeeruratcinthe

maeuta of the eye. Beta-carotene. the mostalturtdant human
plasma earotenoid. has a very
blood-retinal brain barrier.

Theahilityofacarotenoid to pass theblood-retinal brain
barrlerisirnoortantbecousecarotcnoltis arenotsynthesiacd
bytheturrnanbody.'l'ltconlyaotuceofcarotenoidsi'or
huotaosisdietaryintalre. Furthennm'e.ltomanshateavery
limited ability to modify caroteooids. 'I'herei'ore. the carp-
teooidsaceutnttlateiavariorssoraansintheingestcdform.
Accordingly. ifapartieularcarotertoidistmabletocrusstlte
blood-retinalbraiobarrlenthecarotenoirlcannotacearoulate
in the retina and save as an arttioxidartt.

Furtltcrrnore. carotettoids that are not normal constituent
of human plasma. but have an ability to cross the blood-
retinal brain barrier. have demonstrated adverse aliceta on

the retina. Canthattanthiu which is intentionally ingested to
provideanartifieia|suntanltasacotsmulatedintheretioa‘in'
Ihefornttma-ystalsandltastctnporatily Ifi’ccted.eyeadap-
tatlontotltedarlr.!nadditiou,B-caroteoehasalitnitcdV'
abilitytecrosstlteblood-retiaalbrainbrurier.

Therefore. even thoughthe caroteooids ateknown as
strong antioxidants artdarepresrattinahundantsoppl’y.tlte
earotenoidshavenotbccouscdforlherteuuueotofcentral ' “ -' -v V
rtervoussysternda.nta3e.oreyedarrta:c.causcdlsydisease
or-iniury.‘l'hccaroteooids' ' totlateeithu-could
not eflcctively uossthe blood-retinal barrier (i.e..l3'-earo-
tene)oredveraely elected the eye(i.e..eaothaaantltin.

lnaeeordaneewithaolmportantreanueofrhepresent
inveution.astaxaathiu.wltiettisanaurrally-occurringcortt-
poundandisapotcntantioxidanhlsusediuarnethodto
arneliorateandretanhorprevent. celldarnageioanindb
vldual sulfcsing frornadegcnesativefirt outnu-
rnaticdiseaseorirtiurytotlteceotralnetvousaystcrn.and
panicuiartytotheqelnaccordaocewithanotherimponant
i'eatttreol'Ihopresetttioverttiot1.theadroinistratiortofa
therapeutically-ell'ective arnount of astaxaolhin to an indi-
vidual prevents. retards audios ameliorates free radical-
iodrtceddamagetesuttiegfrootdlseaseorittiumsuchasa -
traurna.Forexarnple.datnagetoaretinacanresuItl'rotn
either photio injury. tteurodegettctative disease or an
iaclterniciosultl'oilowedbyreperfusioo.\Vithrcspectto
darnagefromplrotieiatitlrxastaxantltindecreasestheiossot
photoreceptorceiis.Witltrespcettodatuagel‘rotttiscttentic
ittsululstaaanthinarnelioretesthelossorgartglioncellsmtd
titeiruterlayersoftltcrednainetnooalnetwotlr.

In general. the caroteooids are terpenoid coorpourtds
which are widely-distributed in torture. and which selec-
tivelyabsorlslighLAboul6meaIotenoidahavcbeeniso-
Iaredandidentified from variousvegetableaodattimal
sources.Animals caunotsynthesiee earrneooids do now. but
rely upon plantsotuees.1‘heret'ore. animals relyondietary
intal:eferearotenoir!s.Aniaralshowevereanntodii'ycaro-
teooids.'11teabiIitytornodifycarotenoidsisverylimitedin
humans.

limited ability to nose the
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Cnrotenoida are classified into two rnaior groups: (I) the
carotenes. which are hydrocarbons. and (2) tltc anothe-
phylls. which include oxygen in addition to carbon and

hytltosen. The xanthopbylls can be considered oxidation
producLsofthecarotcnes.andarepreparedhytlteinsertion 5
of oxygen into carotene: and subsequent rearrangements.
Ihemostcomntoncarotenoitiistbecarotene. B-carotene.
The following illustrates the chemical atructttte of various
earntenoids: .

x x x x x

lvcarolene

OH

x xxx x

H0 20
Zeuanthn

OH

x x xxx

 

‘lite chemical suucturea of the live above carotenoida 45

illustrate that minor changes in chemical structure greatly
afiectthc properties ofthecarotenoldmucltaatllcabllltyof
theelrolenoltitoerost tlteblood-retinalbrainbanierandthe

abilityortlrccarotenoirltoactasanarrtioxidantfior
ample. H-carotene is tlte most nhttntlnttt earotenoid in 5“
huntattplasnmbuttypically isnotfoundintlteretinasmall
arnmmtsoffl-catotatenretotuadinthcruinaifli-earmene
is administered in high dosa intraperitoneally or orally.
Ibnereauluirttlicatetltntb-carotenebasgreatditiieulryin
crossing the blood-retinal brain barrier. in contrast. ecaxan- 55
thinantl lutcirubothofwbichareverysimitarinauttetureto
B-carotene. are concentrated in the retina even though econ-
artthin and luteln are present in only minor amounts in
human plasma.

Witltrespecttoanahilitytoaetuanantioaidantdhe
earotenoida rlilier greatly with respect to an ability to quench
singlet oxygen and scavenge for thee radlala. ‘the above-
identitied Dimaseto publication reported the following abil-

ity of earoteuoids to quench singlet ottygm: 6
 Mmwm

phenol.

10

The above-identified Mild publication reported the follow-

ing ability of catotcnoitls to scavenge for free radical spe-etes:

wmfl lfi 
plant

'l'herefor-erninorstrucnu-at dilcreneea aflecttheabilityofa
cart:t_tenoidtonctasanantioxidantin3eneral.Indmore
particularly to not as a singlet oxygen quencher or a free
radical scavenger.

Canthaxanthitt. which is a strong antioxidant and which
hasaatrucnueaintilartozeaxantltinandIuIcln.hnstbe
ability to cross the blood-retinal brain barrier: However,
canthattanthinaccumttlntcslntherctintttofonncryatala.
Aataxanthln also has a stntcture similar to cutthaxanthin,
acaxanthinatttlIutein.AstaxanthinalsoisasImngeranti-
oxithnt tlnn eanthaxonthin. zeaxartutln and iutein. Surpris-
ingly. asuotanthin. which is not present in human plasma.
was ibuntltohavetheability toerossthebtoorl-tetinalbrain
barriertuniiltell-carotrnte).hutrloeanott'or.nt erystalsinthe
retinaand does not otherwise adversely aflect tlrceye (unlike
eaothaxanthin).

Astaxanthln. or 3.3‘-oihydroxyolifi-carotene-4.4‘-tiiorte.
is an ahtnttlant. naturally-occurring eornpottntl. Astaxantltin
is-thetnajorplgmcttt oferuataceana. andisthe tltoatwiricly
distributed xantltophyll in the animal kingdom. '

_Al|aIfl|li|inlIIlipid-Iollblepigmempflllllilylfletllilr
ptgmenting cultured fish. like saltnon-. whtchntust ingest
astaxantltin to yield consunter-acceptable pink-colored
‘salnronrnuscle.As'tananthin alsoisan annioxidantwhicltis

about ltlilto about lomtintesntore eifectivethana-toeo-A.. _ Al I _ _ d V.

* ofastarrrtnthinis aheil: ofcntstaeeans.
like ltrill. Aslaxanlhin also is available -synthetically. Either

‘-the naturally-oeeuningor the synthetic aatatranthln eanbe
»:l.Il¢d1lIlh¢¢UmpD8itionanrl methndof the present invention.

lnpartilar. aatuanthin is presently available in three
forms: (1) natural astaatanthin extracted from Irrill. available
from ltano Refrigerated Food Co.. 'tbhtshima. Japan: (21
synthetic astaxantitin available front ltnnn Refrigerated
Food Co.: and (3) astaxanthin extracted from Phnfia
RlradaQertoycI$l.nvailablcfion1UrtiversdFoodCo..Mil-_
waultee. Ma. However. astattanthin in any available fornt
wouldbeusetllnthernetltodoftheprcseruinvetttion.lntI:e
following experiments. tb aatnnnthin extracted from krill
was uaetlaarect:ivett.'i'ltt-.ayntItcI:'cttsta:tantlti.tt that was
rttixedwlthsoybeanoilbefore ure.'i'heyeast-bascdaatax-
aotirin wasexuaeted with acetone tomriehtlteaatattanthin
content. The astartantltin-rich extract then was mixed with

soy bean oil before use.
As previously stated. the retinal pignmrt epithelium pro-

tect: the retina by providing a blood-retinal brain barriu.
Thebarrier excludes plasma constituents that arcpotentially
lnruIfuitotlteretina.Asalaopreviotrslystatetl.theblood-
rctinalheainhatrierottlypennitslulcinandaeartantltinto
cntertheretina.atulexc1udea othereatotenoidspresentin
hutnnnserunnincluding |3-carotenewItiehiathemoaabun-
dant carntrntoid in human act-urn. . an experiment
war perforated to determine whether astaxanthin. which is
not a component of human plaarna. has the ability to cross
the blood-retinal brain barrier.

Todeterntlnewbetherlataxanthinhastbenbilirytoctoas
tlteblood-retinalbrainbartierandootteernrateintherctina

ot'antarnrna1.enastaaaoIhinaoitttionwaspteparedby
suspending 0.15 3 (grams) ot'AS'|'-5000. an astaxanthin
extracted from in-ill anti available from ltnno Refrigerated
Food Co., in 1.0 IIIL (milliliters) of a |.0% by weight
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aqueous solution ofTWEEN-80 (polyoxyetltylene sntbitatt
rrtonoole-ate, available from Sigma Chemical Co., st. Louis
Mo.). ’l'he resulting estattartthin solution (I .5 mL) was
injected irttrsperitottoally into six (6) rats. After etttitenleirtg
thctats.theretlnas were essntinedforthcpresenceof 5
astsxar:tlan.' Alter six consecutive intraperitooeal injections
ofttstasanthin attweiveltourintervnls sndat adore ofnbuut

315 rnglirg ofbody weight provided an average concentra-
uonofutuanthininutereunaofshoutul? pglrtt¢(nticro-
gr-antsperntillip'Im)wcttie6hoursa:ihertItelastto
injection.

AswtantltinisnotanatttraIly~ocettrringconst1tttentirtthe
retina.Therefore.tltepresenoeofsucltsstgniflcantstttount
ofasmtsnthinintlteretinaillustrstestheabllityoinstatt-
antltirt to readily cross the blond-retinal braittbarrier into the is
retina.

The ability of astaatanthln to ameliorate eye damage
caused by photic injury was dentonstrated as follows:

Ligltt-induced photoreceptor degeneration was conducted
accnrt.h‘rtgtntIteptotocolreponedinz.LietaI..CttnzntEye 10
Res, I0. PP- 133-44 (1990. incorporated herein by refer-
ence. Briefly. seven 35 to 40-day old male albino Leon’: rats
(Harlan. Indianapolis. ind.) were fed a normal din and
placed on a twelve ltottr cycle of light (uniform illtttninanoe
of53.8 luau) and'dttrltness.t‘or 14 days; Fo_ttrrats then were as

four innsperitonctrl of a suspension
of 0.15 g ot‘.A$'l'-5000 (ttsturstttltlnll-1' {.0 ml. oraquoous
Lott TWEEN-80. The dose or _eat:l_I lttjeotion was 37.5 mg
astaxarttltinlkg or body wctgtu pet; injection. The injections
wereadtalnistercdstl2ltourit:tesvnls—sta_ningst2Mtouts so
l:eforeIightcttposute.11treeeorttroIrat.sttt_ereittjeeted with
1.0 ml. ofall_ aqtlootts 1.0% TWEEN-80 solution. All seven
rats were exposed to _l80-20.0 R-catt_dlo_(1_8IlJ to 2000 lux).

green-littered tluoreseent light (490758lI tun) (Plexiglas:

ltottrsafleronedayoftotaldarltsdnptation.Allsevertnts
tvetelteptIntttedark.I'oratvto—dayrecoveryperiod,then
etttltutizod with attoverrlose of pentobatbital. Bntheyesol’
each rat were enuelctttcd for histopntitologic and morpho-
rttetrie studies. 40

'l'lteertoeleatedeycIol'ent:ltratttterefixeditta0.lM
phospltatobttlrercd 4% formaldehyde and 1% glutaralde
ltyde solutiontby vteigitt).'l'Itoattterior segmuttotench eye
wasrentoved.attdthepostetlorsegtnenttvttsdividedlntotlte
superior (5). nasal (N). Inferior (I). and temporal (1') quad- 45
rants.‘I'issttcsatnplesfrooIescltqttath'antthenweteos1tti-
cotcd (i.e..treated with ostnie acid). tiehydntcdinagrsdcd
ser-iesot‘aloobols.attdent’oedtledinartepnttyresin.Mor-
pbologicsndntct-photnettiestudiesweteperformedonltnn
(ntietotneterj sections stained with Ma1tory's uure lI-rne- so
tltylene blue.

A quantitative detertttittstion of photoreceptor cell degen-
erntionvttesotaliebylnensutiltgtltetlticltrtessoftlteouter
nuelesrlaycr(ONL) oftlteretinuby stnssltedobserver-.as
described in J. Michon ct IL. Invest. Ophthabtal. Vii‘. Sci» 55
32. pp. 280-,“ (1990. incorporated herein by reference.
The tneasttretnents were rnttde with on irnttge processing
system wherein the stained retlnttl sections were projected
onto a digitizing pad coupled to n rniesoootnputer. The
measuretrtertts were made from the posterior pole to the on so
serrataonttvo sections.

'i‘hebary-aphs ofFlG.1 summarize theresults ofthe
pltoticinjtu-ytesLi’rotnI=1G.l.foreaehqttadtnntattdfortlte
tetinsaswhole,IheONl.tltieltnessoftheretinawasgreater
for rats receiving the asraattntltirt The astuattthin as
theretbreprotectedlltepltototeeeptorsineacltoftltefottr
eyequadtants.anrlinthevtholeeyessvtelI.Foreratnpte.

"No. 2092. Polycast tccltrtology; Stamford. Conn.) for 24 35
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tlteONLl'or the whole eye ofrats receiving tltcnstaxantltitt
vtasabout42tuntltid:.11toONLol'tltewholeeyeotthe
m1t|l01I'lLIVlasIh0ttl32|mIlhi:I'.Fott:om]lIl'iS0n,iIIllIfl
ehsenceoisphndcillilirntlteoflbofanorntsleyeisahout
45runtltick.FIG.1tltcreforeshowsIitattlteadrninistrstinn
ofnstaxantltin provides significant protection to photorecep-
Ioroellsfromphoticirtjury.

‘Iltettbllity of astosarttltirt to nttteliorale injutytonenrons
after-tetlnallscltetnieinsttltandsttbsequentreperlitsionvns
demonsttatcdas follows:

'I‘uo45tnS0-dayoldntslealbinnLettrisrats(I-lat-Ian.
Indianapolis. Ind.) were nthninistered three intraperitonesl
injections orssuspension ofO.l$ gofIts'i'-$000(utaxan-
thin) in 1.0 ntl..of1.0% aqneotts’l'WEEN-80 (Le. a dose
37.5 tngrkglinjeer.lon).'I'Ivootlternlbittorats vvereinjecled
with 1.0 tnLsolutiott of 1.0% aqueous TWEEN-80 as a
controL The injections weteadminlatered at 12 houritttesh
valsstartingat24hoursbeforeretinalischetnicinsnlL1ltvo
additionatratswereusedssurttretttedconttols.

Four-rats were anesthetized with an intraperitonettl injec-
tionol'cltloralitydrIte(4illntgIlt;).Then.bilateralisehentie
insttltwasittdtseedbyelevstirtgintrnot1rlarpresatre(I0P)
through an itdtnion cannula to the anterior chamber. The
IOP was tnaintairted It 110 mm itttlllitneter) Hg for 60
nthrutes.1'hen.thetaswer-erernovcdmttdxepertnsion
ol‘cettlarvesselsvvasestablisbcdbyfttrtduseatanrination.AIl _
iottrratstttereeutltnnl;ced7daysatlerreptn'fusionwithan
overtloesofpentoharbital.Botlteyesor’ueltntwt:re
enucleatedtntdfixeditta0.lMphosphsIebuEerttndt%
glutarnldebydeartdaflia tormaldeltotdesohttionibyvreigittj.

Attertheanteriorsegrnentofeacheyewasrernoved.tlt_e—
postetiorsegntentofeachtlxedenueleatedeyetttasdlvided
itttotlteruperior(S).ternporal('i‘).ini'erior(l)sndnssal(N)
quadrants. A strip from each _
eessed and embedded in epoxy resin. and
tnotphotnetricevaluationsweteperforrttedortlprr't'seetionr
staittcdwitltntethyltnteb1ue.Titedegreeol'isclteotieinsol_t
we evaluated by the average thielrrtess mm
between the internal limiting tnernhme (RM) to the inter-
faneoftlteoutet-plexifottnl¢¥cr(0Pl-Jnnddteouterntrtrlear
layer(0NL).1'henteasurernenuvvetetrltenonthcpro_ieetcd
intageoftttestainedrotinalsectiotuvtitlttltesidofintage
proeesslnglttlessnrentetustro nil quadrants oftheretins
weren toohtninanteartvaluel'orlRTpereye.

'l'hebnrgraphofFlG.2susnutatieesdteraultsoi'tlte
iscltetnieittsttlttest.Frotn FIG. zltisobservedtltattlte
averagelltroftheretinreorratstrentedwithestartanthin
was thanthelRl‘oltltecontrolrats.sevendayssttet-
retinelischentieinsult.

'l'helRrt‘orratsuestodwitltastaxsnthinwasabont70

pm.‘l'helR'rt'nrtltecontroirItsvvasaboutti2pnt.l'ot
corrtpIrisun.thenorntaIlRTtoratatthnttvasnntsttbjected
torelinallsohernioinsultwu I2opnr.1'heast:atauthirt-
treatedrsts,ltavingnlR1'ebnut lflttmllfidterthanthe
untreated rots. dernortsttated that astaxantltin provided sta-
tistically-signitieant protection In tlte ganglion cells end
other neuronal elements ofthe lnrtcrretitts from iselteotic
Insult.

In edition to tests using astattatttltin obtained by the
extraction oi'kriIl.testsnlso wereperfonned using astoun-
tltinextracted[tornP!tqfinRltodozynta.TlteastI:uttltiItwas
eauactedusittgarnudiliestlonoftltetrtoeedttredisclosedby
t=.A.Jotuuonetat..Attr. Envt'rrtrr.Mr'r.-robt'oL. 3s.pp.
H53-59 (I978), incorporated herein by reference. one
Itundrerlgtantsofdrietlrltqgiaithodogynta potvder(Uni-
versa|FoodCo..Milvraukee.Wis.)wasmixcdandgrottttd
vtitlt200rnlvtatercontttinin310ntsofhutyIatedhydrotty-

qusdnntttvassanrpled,.pro- ..
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tolttetscflli-l'l).'I'ltesltttry wasextraetedbyaddingzhof
scctcne containing 0.1 gram BHT. The resulting mixture
was stinetl strootntentperatureforooe hour. theneenttl-
fuged at 3,110 3 for 10 minutes. The supernatant liquid was
separated from the solid material. then evaporated with a
rotaryetraporatotfllteresiduetltenwuexuaeted again with
llacetoncusinstltentne asthclirstextraction.
The residue of the acetone extractions then was dissolved in
lot} to! acetone containing 35 mg of lil-i'l‘. The resulting

suspension was nirdriedartd stor'etlrtt—20°C. until ust-..'l'lte
urartantltin content of the extract was about toss by weight
(by ltiglt pressure liquid clnornatograptty).

Pltotie injury was induced in 35 to 40 day-old tnale albino
l.ctvlsrats (Harlan. Indianapolis. Ind.) fed a normal diet. The
rats were subjected to s I2-ltour cycle of light (uniform
illutni of 53.8 lux) and darltness for 14 days. The
attintalstttenwereglvert adaily oral feeding ofeltlter: (l)tlte
crursetedastartantltinin l.0ntl..ofsoybeanoilstsdoseol'
80 mg astrutantltlnlkglday or (2) 1.0 mi. ofsoy bean oil as
a control. starting nine days before light antiexposure
continuing for eleven days.Agrotlpofelgltteettrats\vas ted to
tlteextrsctednsta:tantlrin.artdaseeondgroupot'artotlter
eighteen rats was fed the soybean oil control. All thirty-six
ratswere exposcrltn 130-2003!-candle (l8U0to20ll0lux)
‘green filtered fluorescent light (490-580nrll) (Plcfiglass No.
2092. Polycast teclnrology. Statrtfortl. Court.) for ztlltours
al’tcroncdayoftotaldarltsdaptation.A|ltblny4sixrnIswere
lteptintltedarlr for.a6ltor_Ir.6day.or lildayreoovery
paiods. then euthanized with nnovcrdoae of pcntobarbital.
Otteeyeofesehratwasernteleatcdforldstopatltologieattd

tnorpltornctric suttli'es:'l'lre seeondeyc ol'eaehra't'wssused so
or blocltetrtlcal evaluation" or mdapstn levels.

1'beret'ore. orteett_ttelc_oted'eyeof'_eacltratvraslirtedin
nttt pbnspltatc-b't'tfleretl, 4tt(remtanty_tt_e and lit glut-

" araldeltytlc 'ttte‘..an:ertor_se:Ih¢nt or
each eye was and posterior segntettt was
divided into the superior (S), nasal inferior (I). and
lentporal('I'}quadrants.1issuesantplcsfromcnr:bquadrattt
thentveteosntlcated.dettydratedlnsgrsdedscrlesol'
alooltoluartdetnbedderlinanepottyresin. Morplrologicand
nun-pltomtric studies were
stained with Mallory‘: azure ll-ntetltylene blue.

Aquantitstive determination of photoreceptor cell iniury
rvasmadelryrrteaturing the tttickoessoitlte outernuelear
|ayer(ONL) oftlrerctinaby atnaslted cbservutasdescribod
lrttbemidtnnetslpubliestioninoorporawohereinby
rel'erence.1'bcrnea.suretrtentswert:rnarlcwitbnnintsge
processing system wherein stained rctinsl sections rum
projected onto a digitizing pod coupled to a rnlerocontputer.
Tlrenreesutententswerentadefront tltcpostcriorpoletotlte
ore sonata on two sections per quadrant.

Tbesccondenucleatedeyeofeaelrrattvasusedto
estimate tberetinal rlrodopsin levels in accortlartce with the
published method in Z. Li et nl.. Current Eye Res. 10. pp.
133-44 (I991). incorporated bereinby ret'erence.Rbodopsin
is s light-sensitive protein found in the rods of the retina in
the eye. A decrease in rltodopsln pigment level is
ofplIoticirtjutytotlteeye.Aretinathetltasnotbeen
subjected in phone injury has a rhodopsirt level of about 2
to about 2.25 rtrttol (nanometer) per eye.

FIG. 3 surnrnarl the results of this pttotie injury test.
‘I'beplotsinFlG.3sttowtltattlte tevelintltc
retina ofcontrol rats continues to fall for six days following
tltcphoticiniury.therttlterhodopsinlcvelrlscs.1lterltodop-
sin level of control rats is about 0.75 nrrtol six hours afta

pltoticinjur-y,dropstoaboutll.5ntnolsi:tdaysallerpltotie
injury. then improves to shout 0.3-0.85 nrrtol thirteen days
alter ptrotie inlury.

25

purer-ntedonlrunseotlottsao

45
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In contrast. the astaxanrlrin-ueaed rats had a '

level ofabout 1.15-|.2ntnolsitt lroursafierpltotlc injury.ln
additiorutherhodopsinleveldldnotdecreaseoverthenest
sixdttys.butincrease¢ltoabout1.2Srurtoltltcnremained
essentially constant through day thirteen after pltotie injury.

1lrerefore,astaaarnhinnctortlyprcteetedtltcphotoreeep-
torcells frotnpltotic injury (i.e.. sresterlevel ofrbodopsin
slit ltotrrs alter pbotic lltiluyl but also ameliorated the elect:
oftltephotlc irtjurybccsuserltotlopsinlevelsdirlnot fall for
apet-iotlofstxdaysnltertltep!toticlrtiIny.burincreascd.

Asirnilar-test vraspsriornted wherein ll-carotenewas
irtjeetedintoralaandrbodopsilevelsintheretirueoftbe
thsnizednrswerndettununedknswuegivar four
lntrttpcritoncal injections of ll-carotene at a dose of 35
ltyntykcontrolgroupofratsalsovrasused.M’terexposute
toeontinuousgreen-liltererlnnorescetttliglttwitltaninten-
sity of 220-250 foot-candles for 24 hours. the rhotlopsin
lcvelwaanteastnedasnnindienlionofpltotlci.ttjtn'y.'Iltc
B-carotene-treated rats hadthodopslntcvets of 1.18. 0.20.
antl0.55 ntno|.sixlroIIrS.sixdaysandtltirtcendsys.
respectlvely.allerphotieinjtny.11tcresulIs sltowtlrst arias-
atttltinismoreeifectlvetltanfl-carotene.Itlsbypotbesired..
but not relied upon herein, that these cotnparatlve.resttlt.s
between utaxantltin and B-cuotcne is attributed to the
antioxidant properties of astaxartlltin and the ability-of
astasantltintocross-tbeblood-retinal barrier.

Tltctestsuslngp-earnrenesltovrIltatsi:t.lrourrafterligl:t
injury there was considerable loss of photoreceptor nuclei in
trothtlteeetttrotattducstedrsts.sixtotounecndays_stter
liglnexponnethcrewuadilfuutcebemeattheconnol
aninnls_artdtbetreatedanintala.\vitbtlte—treasedatrintals
lreirtzless sll'eeted.Tlretreatcdratsden:onstratedbettcr
prescrvationoftltephotoreceptttrnuelartdretinalpigtuem
epititcliurninall Beta-earotenethcruforeantelb
ratedpherleiojurylrtratretins.tlowever.'B-carotene-ltas
dilliculty crossing llteblond-retirtaibrsinbarricr. Astaxark
tltinhotbcrossertltelrlood-retinalbralnbortiertnoreeasily
than 5-carotene. and has not demonstrated s tendency to
fornterystalsintlterettna.

FlG.4a|sosurrtrnarizestlteresultsoftbeabove-described

pltolie injury lest. FIG. 4 includes plots of the average
tltlclteessoitheONLoveraperlodoftltirtecndsysaftertlte
photicinjuty.Ratsfcdsstanantlrinltadpltotlcdama3eatne-
lioratedcotnparedtotIrecontrolrats.'t'|tetatsfcdastaxan-
tltindidnotettlu‘bitaslargeadeereaseinONLsixdaysalter
|'.IItolicilti|lI1.lt1ld ertltibitetla greater ONL. by abotttfi urn.
thlrIecndayaafterpItoticinjury.’Iltetestsll1usu'atedln
FlGS.:land4 also sltovatltatasta:tant1dneutbesdatinis-

teredorally.Is\vellasinttapet'itnrtcallytoarneliorateeye
damage.

Tbein vivotestrcsults illustratedinFI(lS.1-tsbewthe

abilltyofsrtaxarttltintoproteetneurortsartdnetuurtalele-
nrentsofrlteinnerandouterrctittaftunrphototoceptorecll

onintheretittaarttlfmtnisehentinsndlruraocttlnr

pressure-related injury to neurons of the inner layers of
rctina.’l'ltetestsltsvesl:otvntltatamrtantltineanprotector
rescueneoronsanttotbct-cellty|tes.anrltbatarts:rantItinls
an elfeetive tlternpeutic agent to arnelioratc photoreceptor
rkgcnetationandisclrerrticdarnagetonearonsoftltenttina.
Irtaddition,astaxantltlnltasaprotectiveelfectontltecertnal
nervous system in general. especially damage to the brain
artdsplnaleorrlcausctlbyfreerarlicals.

'l'ltcabovetestssttovrtlrsttlteadtnlnistrationofttthera-

peutically-efieetive arnountorastatrantlrln to an individual
preverttgtetardsandlorarnelioratesdsntsgetotlteeerttral
nervous system. and especially to the eye. resulting from
disease or injury. Tire astasantltln is administered to the
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individual in doses nfebcut 5 to about 500 mg (ntilligrrtrn)
asuutanthln pct‘ kilogram (kg) of body weighL Preferably.
theastaxanthindoseisabouttotosboutzoontgastaxantlrtn
perk: ofbody weight. and to achieve the iirll advantage of
thepresentinvcntion.tlteastaxartthindoseisabout25to 9
about 150 mg nstutantbinnrg of body welglrtflrbe optimal
astartnrttltindosecanbetietcrrninedbyapcrsonsltillcdinthe
art afterconsidcring [actors such as the diseaseorirtiury to
he txeetctl. the severity of the central nervous system dam-
age. and the route of nrlrninistration (i.e.. oral, topical or to
parentctally). The estartantltin doses can be Idtttirtistcred
daily orirraccorrlanccrritltaregirncttticterrnirtetlbya
personskilledintlrelthwiththelertgtltoflreatmcnt
dependingupontlreseveriryartdnattneoftlreinjrrrytutlte
central nervous system. rs

'l'heasrartanthincanbeadntinisteredtoartlndivldual

parenterally. malty or topically. When adntlrtisteretl orally.
tlreastarrantltincanho,forexantple.inthcfortnofallquid

' .ntablet orasacornponentoffootlwhen
ttpplicdtopically.theastaxandrincanhe.forc.xample.inthe no
for-ntofaneyedropcoutpositionfordirectapplicationtolhc
eyes.

‘me arlrninistration of astaxnnthin to an individual suli'er-

io;i'rornaneye-injtrryo'rdiseaac.strclrasirecradical-
induced irtittry. bettellcietes the visiortof the individual by ‘as
resetting further photoreceptor cells from damage destruc-
tion. The free radical-induced damage can bea'ttributed'to
llglrt-irrdoced injury or to injury resulting treat an lschcntic
insult and subsettuent reperltnion or neurodegeurat'ive'dis-
eases.1headrnini"strationoFastarrandrihalsohelpsprevent so
and reread photici '_t.I‘ty in addition to arnolior-sting" plrotic

-The adnrinistratiott of estarrnnthin‘ a.o'telr'oratcs'photore- '
ccptor cell ‘damage not is‘ ligbtinducdd.ud-
ganglion cell damage on is induced by" iselternic instill and as
subsequent repeflusion. Tire administretionof a'staxanthirI_
also retards the progress of are eye diseases and
beneliciates the vision ofindividuals suffering from a degen-
erative eye disease. such as age-related rnacular degenera-

Tbe administration orestrutarthin also provides a method
of treating ischcntic retinal discs. such as diabetic retin-
oparhy. cysroid rnaculrredcrna. central retinal arterial occlu-
sion. central retinal venous occlusion and glaucoma. in
addition. asraxantlrin administration is usetitl in treating -ts
intlanttrtatorydiseaaoscftlre eye strchasretinitls, trveltis.
iriti.r.keratitis and scieritis wherein free radicals are pro-
ducedinabundmoe.'l‘heseisehenricretinaldiseasesartd

inflarnrnatorydiseueaoitheeyearefreeradicalrelated.
‘Therefore. the antioxidurt properties ofutaxarttltin. coupled so
with the ability of Istattanlhin to cross the blood-retinal
brain barrier. lack of toxicity of astaxarttltin. and the lack of
arlvcrsesideefl'cctIossoclatedIrvithnstaxantlritt.tttalteIstax-

antlrinausefulcornpottrrrltotreatorpretrentsueh free
radical-related diseases. 55

Because astaxaruhin is a higltly-ciiectivc antioxidant and
ameliorates free eye damage. the adminis-
tration ofastaatantltin also provides a rnetlrod oftreafirtg free
radical-induced disease or injury to the central nervous
system in general. For ertalnple. a therapeutically-etfoctive so
arnonntofastaxnrttltincanbcadrrtlnlsteredtostroltevicti

to anrelioratethc isclrcnrie irnult-related injury attributed to
tlteetrolte.AstartantltinalsocanItenrlntirristeredtointli-

viduals nrtferiogfromatraurnaticinjurytotltcspinalconl
ttrlticlrleadstoirceratlinl-ittdtrccrldantage. as

investigators have long searched for efiective antioxi-
drmts that can ameliorate neuronal damage. A suitable anti-
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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-

ortidattta tested to date. the antioxidant either could not
eifectively pass the btocd-retinal brarn barrier (c.g.. B-cart»
tene)oran:toxreorexhibrted adverse stdeeifeets (e.g..
canrhrutantltin). Aalaxantltin is a natural. nontoxic product.
andtodatehnsnotbeenshowntobetoztic orexhibitadverse

sidcelicctscvcrrafiertlteadrninislrationoflargedosesof
aataxatttlrin for prolonged time periods. Forample. ulnar-
urthinhasnordernonstratedthedi ssideeifecrs

of closely-structurally related cantlraxanthin and B-carotene
withreapcettoforrningcryatalsintheretinaordecreasing
adaptation to the darlr.

Because no efiective and nontoxic has been

forrndrurpresenrtngnernoasfrornvarimtstypesofinjuryor
disease. titcrcianoestablislterl rncdicalt.'t'eatIItenti'ordis-
eases such as age-related rnacular ‘on. The only
activetlrerapy ls adrninistrattonoffl-carotcrteaorlascorbic
acid. Howcvflfr carntot eflectiveiy cross the
blood-redrtalbrahtbarrieeteseorbicacidisnanrrallypreseot
intlteretina.Srtrprisin5ly.astaxanthinisastrunguttioaldant
andcanclfectivelycrossdteblood-retinalbrainbarrierto
serve in the treatment for age-related rnacttlardegeneretiort.
Tire finding lllll. tlre adrniniarration oi’ astartarrthin also
protects photoreceptor: from degeneration also provides a
rnethorloftretttingdiandinjuricstotheoetttral
nervous system which lteretoiore have been unavailable.

Obviously.my rnodilieations andvariariorrs oi the inven-
tionaslrercirtbeioresctforthcanbenradewitltoutrleparting
frontthcapiritandscopetlrcreol'andtherci'oreonlysuch
lirnitariunsslrouldheirnporerlasareindicatcdbythe
appended claims. '

1.Arnethodot’treatinganindividuaieuil'crln;l'rorrt
retinaldarnageorretinaldiseaseuaidroethodcomprlsing
atlntiniatericga ' ' lyeil'ectiveantonntot’astu-
anthintorheindividualtoinrprovethcvisiortoi'tlreirttli-
vldual.

3.’I'hentetlrodol‘clainr lwlrereintltcastartantlrinia

adrrrinisteredprtrertteraliy.
3.1'hetnethodot‘claint1wbereintlteasta.nnthinia

adrninistererlornlly.
4.1'hetItetltodoi'clairn I wltcreitttlteastuantltinis

adrnirristered topically directlytotheeyc.
‘5.1‘bernethodofclairn1wherer'rttheastaxanthinis

adn1iaisterctlinthearnottrttofabout5toabout50ilntilli-

grarnsperkilograrnofbody weight.
6.Tlrcntethodofe1aira!wltcrekttiteasta:tartthinls

adnrinistcrcdintlrearnountofabout 10toabout200

utilligrarnspcrkilogrant oflaodyvleigltt.
1. The method of claim 1 wherein the astaaanthin is

adnriniateredinlheatrrotnttofaboutzstoabout 150

rrdlligtamsperldlogramofbody weight.
8.‘!'hcrnetltodol'clairnlvrhcreintherctirtaldarna3e

comprises free radical-induced retinal damage.
9.'l1ternctltodol'claint1whcreintltcretintt1dartta5e

comprises liglttvindueed retinal dantagc.
1ll.'l1ten:etltodoi'claior!wltereintltcretina|datnage

comprises ccilretinal dantageordarnaaeto
rtetrrensoiinncrretinailayers.

l1.'l'irerncthodoi'elu'm1wbcreinthetetineldarnage
comprises ganglion cell retinal damage.

12.Thentethodofclaint1whereinthcretinaldarnage
contpriscsageorelatednracnlardcgcrtcration.

13.Anretlrodoftreatin;aoinditridualcorrtprisingadnrin-
istuingatlrerapettticaliy rflcctlvearnotmtofastaxarttldnto
theindividualtopmtectnetrronsinaretinaoftheindividttal
frorn free-radical induced retinal iniury.
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14. A method of treating an individual sun‘cn'ng front
neuronal dsntage to a xetina comprising administering a
therapeutically-ctrective mount of astaxanthin to the indi-
vidual to improve tlte condition of the retina.

15.'I'hemethedofcIaim14whcreintltcneuroaaldrtmage 5
comprises pbotic injury to the retina. ischemic insult to the
retina. or intraoculur pressure-related insult to the retina.

16. A method of treating an individual sulferittg front
age-related rneettiar degeneration comprising edtttinistering
a tlterapeutieaily-ed'eettve amount of astaxantitin to the to
individual to retard the progress of use-related nncuiar
degettertttiort.

11. A method of treating an individual suliering liom rm
iseheutie or intrsoeular pressure-related disease oi‘ a retina
comprising stlterapeutically-en‘eetive arttnttnt ts
ofastaxantitintotheindividuaitoimptovetltecortditionof
titctetiunndtopreventfurtherdatnagetotheretina.

18.'i'hernethodofeIaim 17 whueintheischentie retinal

diseaseisseiectcd frorntltcgrnupeonsistingofdiabetic
ret1nopatity.eystoidntacttInredetnn.centralretinalarteriai 10
oeelusion.central retinal venousocehtsionandglaucoms.

19.Antetitodol'treatin;enindividuai sufleringfroman
' inflammatory disease of a retina comprising adrnittisterin; a
therapeutically efeetive amount of astaxarttitin to the indi-
vidual to improve

_ iitrtlterdamsgetetise retina. »
en. The or claim 19 wherein the inlltttrtntatcry -

18

disease is selected from the group consisting of retinitis.
uveitis. ititis. lteratitis. and seleritis.

2l.An'tct|tndoi'ucati:tg ttnindividual sttfering front a
freeradicai-induced injury to acentrni nervous system. said
method comprising administering a therapeutically-c.d'cctive
atnnuattofastartanthintotlteindividuaitoimprovethe
condition of the central nervous system.

zrttaentetltedofelaim 11 whereintltecetttrainctvous

systcntcornprises abrain. aspinal cordandsretina.
23.‘i'ltemetltodofciaim 22whereirttltefreetadicd-

induced injury eompri a trattmetic injury or an ischetnir:
injury.

24.11:: method ofcluint 23 wherein the iseiternie injury
comprises astmlte.

25. The ntetltod of claim 2.3 wherein the traumatic injury
comprises a spinal cord ittjttry.

16.An1etitcdoi'rreatin3 anirtdividuai sttfleting frotna
degenerative retinal disease. said method comprising admin-
isteringatiterapeuticaliyeffectiveamountoiastaxanthintc
tlieindividualtorcurdtheprogresaoftltedisease.

21.Ameti:odoi‘treatingaoindividuai suifering fronta
degenerative central nervous system disease of a brain or
spinalcorthsaidtnethodcontpsising admittisteringatlterr
pcttlicaiiy eifeetivc amount of sstaxutthin In the individual

theconditionofthcretirtusndtoprevcnt 25 toretanlthepragress oftltediscase.
Qfliii
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