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(57) ABSTRACT 

Preparations are disclosed containing the 3R-3‘R stereoiso 
mer of zeaxanthin as a sole detectable isomer, packaged for 
oral ingestion by humans as a therapeutic drug or nutritional 
supplement. Zeaxanthin is a yellow carotenoid pigment 
found in the macula (in the center of the human retina), 
which helps protect retinal cells against phototoxic damage. 
The pure R-R stereoisomer can be prepared by fermenting 
cells, such as Flavobacterium multivorum (ATCC 55238), 
which do not create any detectable quantity of the undesired 
and potentially toxic S-S or S-R isomers, and which do not 
synthesize any other carotenoids. The R-R isomer can be 
concentrated, in large quantities and at low cost, into a 
viscous oily ?uid containing about 5 to 20% zeaxanthin, by 
means of a simple solvent extraction process. This oily ?uid 
can be mixed with a carrier such as vegetable oil and 
enclosed within a digestible capsule, comparable to a con 
ventional capsule containing Vitamin E. Alternately, a zeax 
anthin ?uid can be added to various types of foods, such as 
margarine, dairy products, syrup, cookie dough, and certain 
types of meat preparations which are not subjected to harsh 
cooking. Additional puri?cation steps can also be used to 
purify zeaxanthin to a granular or powdered state which 
contains nearly pure zeaxanthin. Such processing can be 
used to create formulations such as ingestible tablets, and 
particulate formulations that can be added to soups, salads, 
drinks, or other foods. Preferred stabilizers and anti-oxidants 
are also disclosed herein. When consumed by humans in any 
of these modes, the puri?ed R-R stereoisomer of zeaxanthin 
can help treat and prevent macular degeneration, one of the 
leading causes of blindness and vision loss, especially 
among the elderly. 

33 Claims, 2 Drawing Sheets 
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ZEAXANTHIN FORMULATIONS FOR 
HUMAN INGESTION 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

This invention is in the ?eld of pharmacology, and relates 
to human use of a yelloW pigment called zeaxanthin (ZX) in 
preventing or treating macular degeneration, a disease Which 
damages retinal tissue and causes blindness. 

This application is being simultaneously ?led With a 
related patent application entitled, “Method of Making Pure 
3R-3‘R Stereoisomer of Zeaxanthin for Human Ingestion,” 
Ser. No. 08/551,166. Both of these tWo patent applications 
are assigned to the same assignee (Applied Food 
Biotechnology, Inc. of O’Fallon, M0). The contents of that 
related application are incorporated herein by reference; 
upon issuance of a US patent based upon this current 
application, that related application Will be opened for 
public inspection, if it has not already issued as a US patent. 

In addition to describing methods of manufacturing and 
purifying commercially useful quantities of isomerically 
pure R-R zeaxanthin, that related patent application contains 
a fairly extensive discussion of retinal physiology and 
carotenoid chemistry. Although that Background informa 
tion Will not be repeated herein it its entirety, an overvieW is 
provided in the next four paragraphs, to help introduce and 
explain this invention to those Who have not read the other 
related patent application. 

Brie?y, there is a yelloW region called the macula in the 
central area of the retina, inside the eyeball. The yelloW 
color is caused by tWo carotenoid pigments, lutein and 
zeaxanthin. These carotenoids have a yelloW color because 
they absorb the high-energy radiation of the near-ultraviolet 
and blue light spectrum and re?ect the yelloW/yelloW-orange 
Wavelengths. It is theorized that since these tWo pigments 
absorb Wavelengths in the high-energy spectrum, they may 
help protect retinal cells in the macula against “phototoxic” 
damage caused by short-Wavelength high-energy light radia 
tion. 

Lutein and zeaxanthin are chemically very closely related 
to each other; both have the exact same chemical formulae, 
differing only in their ring stereochemistry and the spatial 
placement of one end ring and the placement of a double 
bond in that end ring, as shoWn in FIG. 1. 

“Macular degeneration” is a medical term that applies to 
any of several disease syndromes Which involve a gradual 
loss or impairment of eyesight due to cell and tissue degen 
eration of the yelloW macular region in the center of the 
retina. Age-related macular degeneration (AMD) is the most 
common form of this type of disease. AMD affects millions 
of Americans over the age of 60, and is the leading cause of 
neW blindness among the elderly. It is characterized and 
usually diagnosed by the presence of elevated levels of tWo 
types of cellular debris Within the retina, called drusen and 
lipofuscin. These types of cellular debris may accumulate to 
abnormal levels for a number of reasons, including: (1) 
retinal cell damage caused by repeated exposure to too much 
light; (2) inherited genetic factors; (3) poor overall health of 
an individual; and (4) insuf?cient quantities of anti-oxidant 
compounds such as vitamins A, C, and E and selenium in a 
person’s diet. Accumulation of drusen occurs Within the 
capillaries and in the Bruck’s membrane, and can impede the 

10 

15 

25 

35 

45 

55 

65 

2 
transport of oxygen and nutrients to the retinal tissues, and 
the removal of metabolic Wastes from the tissues. Accumu 
lations of lipofuscin occurs Within a cellular layer Which 
underlies the photoreceptors and Which is responsible for 
nourishing, replenishing and removing Wastes from these 
highly active visual cells. Accumulation of one or both of 
these types of debris can disrupt the normal metabolic and 
cellular processes Which must occur in order to maintain 
retinal and visual health. 

Although the presence and the apparent or likely protec 
tive role of zeaxanthin in the retina have been recognized for 
more than a decade, no one has previously been able to 
create puri?ed zeaxanthin preparations suitable for human 
consumption, either as drugs for treating macular 
degeneration, or as vitamin/nutritional supplements for 
reducing the risk of macular degeneration later in life. This 
has been a major shortcoming, since there are no other 
effective means for treating or preventing macular degen 
eration; although [3-carotene, vitamin A, and vitamin E have 
generally bene?cial anti-oxidant effects and may slightly 
retard the rate of macular degeneration, they do not rise to 
the level of truly effective treatments. For practical purposes, 
macular degeneration must be regarded as unpreventable, 
unstoppable, and irreversible, and anti-oxidants such as 
[3-carotene, vitamin A, and vitamin E are merely palliative 
measures that can be used to try to sloW doWn the encroach 
ing damage somewhat, since nothing better is available to 
the public. 
The primary (and previously insurmountable) problems 

that have been encountered in prior efforts to create puri?ed 
forms of zeaxanthin for human ingestion include: (1) the 
extremely high level of chemical similarity betWeen zeax 
anthin and other less desirable carotenoids, including lutein 
and [3-carotene, make it extremely dif?cult to separate 
zeaxanthin from lutein and [3-carotene on any commercial 
scale; and, (2)zeaxanthin itself has three different 
stereoisomers, called the 3R-3‘R isomer (Which is desirable, 
and Which is present in retinal cells), the 3S-3‘S isomer 
(Which is undesirable and Which is not believed to exist 
naturally in retinal cells) and the S-R meso isomer. The S-R 
meso isomer is not normally ingested in the human diet, and 
is not present in human blood, but it is sometimes found in 
the retina, apparently as a conversion product that is some 
times created When lutein is chemically altered by high 
energy light Waves. Although hard scienti?c evidence of its 
roles and effects in the retina is not yet available, the S-R 
meso isomer of zeaxanthin is presumably less desirable than 
the naturally occurring R-R isomer. 

It is effectively impossible to separate these three isomers 
of zeaxanthin from each other in commercial quantities; 
therefore, synthetic methods of creating racemic (mixed 
isomer) mixtures of zeaxanthin are effectively useless in 
efforts to create zeaxanthin for human ingestion. In addition, 
although it is theoretically possible to chemically synthesize 
enriched formulations having reduced quantities of the 
undesired S-S and S-R isomers, the necessary chemical 
techniques are extremely dif?cult and expensive, and have 
never been commercialized. 

That completes an overvieW of the scienti?c and medical 
background of this invention: as mentioned above, these 
topics are discussed in more detail in the related patent 
application cited above. 

Prior Art Involving Zeaxanthin Synthesis 

In analyzing the prior art, it must be recognized that 
zeaxanthin has been knoWn for more than a decade to be 
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present in the retina, and scientists have hypothesized for at 
least that long that Zeaxanthin appears to play a bene?cial 
protective role in helping prevent phototoxic damage in the 
retina. HoWever, no one prior to this invention has ever been 
able to synthesiZe the puri?ed R-R stereoisomer of Zeaxan 
thin in any quantities suf?cient for human consumption. This 
failure can be attributed to the extraordinary dif?culties of 
(1) separating Zeaxanthin from other carotenoids, and (2) 
isolating the desired R-R isomer of Zeaxanthin and removing 
the undesirable S-S and S-R isomers. 

Accordingly, As of October 1995, the only Way to pur 
chase Zeaxanthin, either in puri?ed form or in a semi 
concentrated form in Which Zeaxanthin comprises more than 
about 5% of the Weight of the preparation, requires the 
purchase of very small quantities of Zeaxanthin (measured in 
milligrams) from specialty chemical manufacturers such as 
Atomergic Chemicals Corporation (Farmingdale, NY.) or 
Spectrum Chemical Manufacturing Company (Gardena, 
Calif.). The 1995 prices of puri?ed Zeaxanthin from these 
specialty manufacturers, in synthetic racemic mixtures that 
contain large amounts of the undesirable S-S and S-R 
isomers, ranges from about $90 to about $125 per milligram 
(Which translates to about $100,000 per gram). Clearly, 
Zeaxanthin is not a Widely available chemical, and is not 
available to the public except in extremely small trace 
quantities, in mixtures of other carotenoids. 

Prior art items Which describe Zeaxanthin production 
using microbial fermentation include the folloWing: 

(1) Courington and GoodWin 1955, Which is the earliest 
knoWn reference describing the production of Zeaxanthin by 
microbes. The bacteria they described reportedly belonged 
in the genus Flavobacterium; hoWever, as noted beloW, 
microbial classi?cation de?nitions have changed a great deal 
over the past feW decades, and those bacteria probably 
Would not be classi?ed as Flavobacterium under the current 
nomenclature. 

(2) US. Pat. No. 3,891,504 (Schocher and Wiss, 1975, 
assigned to Hoffman LaRoche). This patent described the 
production of Zeaxanthin by microbes from the genus 
Flavobacter, Which Were deposited With the American Type 
Culture Collection and given AT CC numbers 21081 and 
21588. As With the Courington and GoodWin 1955 
microbes, these microbes Would not be classi?ed as Fla 
vobacter today. These cells and their Zeaxanthin pigment 
Were fed to chickens, and caused suitable coloration. 

(3) US. Pat. No. 3,841,967 (Dasek et al, 1974, assigned 
to Nestle). This patent described the production of Zeaxan 
thin by microbes from the genus Flavobacter; some of their 
Work involved the same strain cited in the Hoffman 
LaRoche US. Pat. No. ’504 (21081 and 21588), and they 
also used ATCC strain 11947. This patent, as Well as US. 
Pat. No. 3,951,743 (Shepherd et al, 1976, also assigned to 
Nestle) described certain cell culturing conditions and nutri 
ent media that Would be used to increase the quantity of 
Zeaxanthin produced by the cells being cultured. 

(4) TWo more recent US patents (US. Pat. Nos. 5,308,759 
and 5,427,783, both invented by Gierhart and assigned to 
Applied Food Biotechnology, Inc., the same assignee in this 
current application) describe a strain of bacteria 
(Flavobacterium multivorum) isolated from a Missouri 
WaterWay. These bacteria Were discovered to create Zeax 
anthin Without creating substantial quantities of other caro 
tenoids. This is important, because it makes more Zeaxanthin 
available as a pigment, When fed to poultry or ?sh to give 
their ?esh a darker color. AFB’s Wild-type strain of F. 
multivorum Was deposited With the ATCC, and Was given 
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4 
ATCC accession number 55238. Because these bacteria 
generate a certain type of lipid called sphingolipids, the 
ATCC has provisionally reclassi?ed these bacteria as Sph 
ingobacterium multivorum, Which is the name they are listed 
under in the ATCC’s catalog. HoWever, as of the ?ling date 
of this application, the Sphingobacterium name that appears 
in the ATCC catalog has not yet appeared in either of the 
reference Works Which are Widely recogniZed as the of?cial 
guides to microbial taxonomy: Bergy’s Manual of System 
atic Bacteriology, Which is appended and updated by the 
International Journal of Systematic Bacteriology. 

Gierhart’s US. Pat. No. ’759 claims methods for produc 
ing Zeaxanthin, using AFB’s F. multivorum bacteria. The 
US. Pat. No. ’783 (Which Was a divisional) claims feed 
mixtures that can be given to poultry or ?sh. Both of these 
patents are limited to using Zeaxanthin in poultry or ?sh 
feed; although Zeaxanthin is much more expensive than 
lutein, it is several times more effective (on a per-Weight 
basis) than lutein in imparting color to animal ?esh or 
chicken yolks. Neither of the Gierhart patents says or 
suggests anything about using Zeaxanthin for treating 
humans. 

Various efforts to synthesiZe Zeaxanthin by standard 
chemical means (Without using microbial fermentation) 
have been reported over the past 20 years (e.g., US. Pat. No. 
4,153,615, Saucy 1979). HoWever, non-fermentation pro 
cesses suffer from several disadvantages. They typically 
require numerous reaction steps, and each step has a less 
than-100% yield, so that the ?nal yield of Zeaxanthin at the 
end of the multi-step processing tends to be relatively poor. 
In addition, chemical synthesis tends to yield undesirable 
S-S and S-R stereoisomers of Zeaxanthin, as Well as various 
conversion products such as oxidiZed Zeaxanthin, and Zeax 
anthin molecules Which have lost one or more of the double 
bonds in the straight portion or end rings. 

Recently, Hoffman-LaRoche obtained tWo US patents 
Which relate to the chemical synthesis of the R-R isomer of 
Zeaxanthin; these are US. Pat. Nos. 4,952,716 (Lukac et al 
1990) and 5,227,507 (Lukac et al 1993). These processes 
require the production and puri?cation of three major 
intermediates, With yields of approximately 70 to 85% for 
each intermediate from its precursor. The overall process 
described in the Lukac et al patents apparently requires a 
series of 14 reaction steps, Which take a minimum of 83 
hours (excluding puri?cation), and the synthesis reactions 
yield a mixture of reactants and products. This reaction 
mixture must then be extensively treated to purify the R-R 
isomer of Zeaxanthin. Accordingly, the entire process that 
Would be required for both synthesis and puri?cation using 
this technique Would make production on a commercial 
scale very dif?cult, and extremely expensive. 
TWo types of poultry feed additives may be of interest, 

since they have the highest lutein or Zeaxanthin quantities of 
any commercially available animal feeds. Certain types of 
poultry feed additives prepared from corn gluten contain a 
relatively high percentage of Zeaxanthin (about 15—30%), 
When measured as a percentage of total carotenoids. 
HoWever, the total carotenoid content of these feed additives 
is very loW (only about 100 milligrams of total carotenoids 
per pound of poultry feed). The other type of poultry feed 
additive is prepared from marigold extracts. This additive 
contains roughly 100—200 times as much yelloW pigment 
per pound of additive (i.e., about 10 to 20 grams of lutein 
and Zeaxanthin per pound); hoWever, more than 95% of the 
yelloW pigment in this marigold preparation is lutein, not 
Zeaxanthin. Zeaxanthin comprises only about 2 to 5% of the 
yelloW pigment in this poultry feed additive (Bauernfeind 
1981). 
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As a matter of prior art, it should also be noted many 
health food stores sell carotenoid preparations that are 
labelled as being bene?cial to the eyes and eyesight. That 
labelling claim on carotenoid mixtures may be valid and 
reasonable, since (as noted above) [3-carotene and vitaminA 
are knoWn to be useful and bene?cial in the eyes as general 
anti-oxidants. HoWever, even though at least one commer 
cially available carotenoid mixture that is sold in health food 
stores (the “Beta-Carotene Formula Preparation,” sold by 
General Nutrition Corporation) lists Zeaxanthin as one of the 
carotenoids contained in their carotenoid mixtures, none of 
the commercially available carotenoid mixtures contains 
more than extremely small, trace quantities of Zeaxanthin. 
The great majority of the carotenoids in the carotenoid 
mixtures that are sold in health food stores are other, 
non-Zeaxanthin carotenoids (mainly [3-carotene and vitamin 
A). 

The current positions and publicly stated research goals of 
several government agencies and research consortia are also 
Worth noting. The National Institutes of Health, acting 
through the National Eye Institute (NEI) and the National 
Advisory Eye Council, has issued tWo recent government 
publications Which are directly relevant. These tWo reports 
are “Vision Research: A national Plan 1994—1998,” NIH 
Publication No. 93-3186 (1994; see pages 55—65 in 
particular), Written by the members of the National Advisory 
Eye Council, and “Age related eye disease study,” NIH 
Publication 93-2910 (1993). Both publications, and the 
research projects they describe, focus on [3-carotene rather 
than Zeaxanthin as the compound Which holds the greatest 
apparent promise for treating AMD. To the best of the 
Applicants’ knoWledge and belief after discussing the sub 
ject With of?cials of the NEI, neither the NEI nor any other 
organiZation affiliated With the National Institutes of Health 
is Willing to fund, or has recently funded, any research on 
Zeaxanthin as a potential treatment for AMD. Instead, the 
NIH and various other tax-funded organiZations are allocat 
ing millions of dollars to carry out research on [3-carotene as 
the most promising candidate agent for treating or prevent 
ing AMD. 

Another research group that deserves attention (and Which 
contains various members Who are employed as researchers 
at the NEI) is the Eye Disease Case Control Study Group. 
This group recently published tWo articles entitled, “Anti 
oxidant status and neovascular age-related macular 
degeneration,” Arch. Ophthalmol. 11: 104—109 (1993), and 
“Risk factors for neovascular age-related macular 
degeneration,” Arch. Ophthalmol. 10: 1701—1708 (1992). 
As in the of?cial NIH reports, neither of these articles 
teaches or suggests the use of Zeaxanthin as a drug for 
treating AMD. To the best of the Applicants’ knowledge and 
belief, this consortium also has declined or refused to fund 
any research into Zeaxanthin as a possible agent for treating 
or preventing AMD. 

Accordingly, as of late 1995, there are no available 
sources of concentrated or puri?ed Zeaxanthin for human 
use, either as a drug or as a nutritional supplement. 

One object of this invention is to disclose an economically 
viable method of producing Zeaxanthin pills (such as cap 
sules or coated tablets) Which contain the R-R stereoisomer 
of Zeaxanthin as the sole detectable Zeaxanthin isomer in the 
formulation, and Which are intended and Well-suited for 
human ingestion as a prescription drug or as a nutritional 
supplement, to help treat or prevent macular degeneration. 

Another object of this invention is to disclose food 
preparations such as margarine, dairy products, syrup, 
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6 
cookie dough, meat preparations that Will not be subjected 
to harsh cooking conditions, and other similar foodstuffs, 
Which contain the R-R stereoisomer of Zeaxanthin as the 
sole detectable Zeaxanthin isomer in the formulation, and 
Which are intended for human ingestion, and Which can be 
produced at a reasonable and economically viable cost in 
commercial quantities. 

Another object of this invention is to disclose Zeaxanthin 
preparations that are intended and Well-suited for human 
ingestion as a prescription drug or nutritional supplement, 
Which contain the R-R stereoisomer of Zeaxanthin as the 
sole Zeaxanthin isomer in the formulation, and Which do not 
contain any other carotenoids that Would compete against 
Zeaxanthin for alimentary uptake and Which Would therefore 
reduce the bioavailability of Zeaxanthin if present in a mixed 
carotenoid preparation containing Zeaxanthin and other 
competing carotenoids. 

Another object of this invention is to disclose that Zeax 
anthin preparations produced by fermenting AF B’s strain of 
F. multivorum (ATCC accession number 55238) or its 
descendants are exceptionally Well suited for human inges 
tion as a prescription drug or nutritional supplement, for 
treating or preventing macular degeneration. 

Another object of this invention is to disclose that a 
compound called tertiary butyl hydroquinone, abbreviated 
as TBHQ and also called 2-(1,1-dimethyl)-1,4-benZenediol, 
is an especially good stabiliZing agent in formulations 
containing Zeaxanthin for human ingestion. 

Another object of this invention is to disclose micelle 
formulations containing the R-R isomer of Zeaxanthin, for 
improved bioavailability. 

These and other objects Will become more apparent in the 
following summary and description of the invention. 

SUMMARY OF THE INVENTION 

This invention discloses Zeaxanthin preparations Which 
contain the 3R-3‘R stereoisomer of Zeaxanthin as a sole 
detectable isomer, packaged in a form that is intended and 
suitable for oral ingestion by humans as a therapeutic drug 
or nutritional supplement. Zeaxanthin is a yelloW carotenoid 
pigment found in the macula (in the center of the human 
retina), Which helps protect retinal cells against phototoxic 
damage. The pure R-R stereoisomer can be prepared by 
fermenting cells, such as Flavobacterium multivorum 
(ATCC 55238), Which do not create any detectable quantity 
of the undesirable S-S or S-R isomers, and Which do not 
synthesiZe any other carotenoids. The R-R isomer can be 
concentrated, in large quantities and at loW cost, into a 
viscous oily ?uid containing about 5 to 20% Zeaxanthin, by 
means of a simple solvent extraction process. This oily ?uid 
can be mixed With a carrier such as vegetable oil and 
enclosed Within a digestible capsule, comparable to a con 
ventional capsule containing Vitamin E. Alternately, a Zeax 
anthin ?uid can be added to various types of foods, such as 
margarine, dairy products, syrup, cookie dough, and certain 
types of meat preparations Which are not subjected to harsh 
cooking. Additional puri?cation steps can also be used to 
purify Zeaxanthin to a granular or poWdered state Which 
contains nearly pure Zeaxanthin. Such processing can be 
used to create formulations such as ingestible tablets, and 
particulate formulations that can be added to soups, salads, 
drinks, or other foods. Preferred stabiliZers and anti-oxidants 
are also disclosed herein. When consumed by humans in any 
of these modes, the pure R-R stereoisomer of Zeaxanthin can 
help treat and prevent macular degeneration, one of the 
leading causes of blindness and vision loss, especially 
among the elderly. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a depiction of the chemical structures of three 
closely-related carotenoids (beta-carotene, lutein, and 
Zeaxanthin), showing the fully-conjugated structure of Zeax 
anthin and the numbering system for both end rings. These 
chemical structures are known in the prior art. 

FIG. 2 comprises a flow chart Which describes the primary 
steps in purifying Zeaxanthin generated by microbes that 
synthesiZe a stereoisomerically pure form of 3R-3‘R Zeax 
anthin. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

This invention discloses formulations of Zeaxanthin 
Which are designed and intended for oral ingestion by 
humans as therapeutic drugs or nutritional supplements, and 
Which contain the 3R-3‘R stereoisomer (also referred to as 
the R-R isomer, for convenience) as the sole detectable 
isomer of Zeaxanthin. These formulations can be used to 
treat, retard, or prevent macular degeneration in humans. 
As mentioned above, methods of synthesiZing and puri 

fying the R-R isomer of Zeaxanthin are disclosed in a 
co-?led related application, Ser. No. 08/551,166, the teach 
ings of Which have already been incorporated herein by 
reference. 

To brie?y summariZe some of the main teachings of that 
application, a preferred method of synthesiZing a pure form 
of the R-R isomer of Zeaxanthin involves fermenting bac 
terial cells descended from a strain of Flavobacterium mul 
tivorum bacteria (ATCC number 55238; referred to in the 
ATCC catalog as Sphingobacterium multivorum, although 
that name has not yet appeared in the Bergy’s Manual of 
Systematic Bacteriology or the International Journal of 
Systematic Bacteriology). These cells, and their isolation, 
are described in US. Pat. Nos. 5,308,759 and 5,427,783 
(Gierhart; assigned to Applied Food Biotechnology, Inc., the 
same assignee in this current application). After its discov 
ery and isolation, this bacterial strain Was found to synthe 
siZe Zeaxanthin as a sole or predominant carotenoid; under 
proper fermentation conditions, it synthesiZes virtually no 
substantial quantities of other carotenoids. Therefore, the 
extremely difficult chore of purifying Zeaxanthin by sepa 
rating it from other closely related carotenoids (such as 
lutein or [3-carotene, shoWn in FIG. 1) can be completely 
avoided if this bacterial strain or its descendants are used. 

As described in Example 4, it also has recently been 
determined that this F. multivorum strain synthesiZes the 
R-R isomer of Zeaxanthin as a sole detectable stereoisomer. 
Therefore, the chore of trying to separate the R-R isomer 
from other stereoisomers of Zeaxanthin, Which is effectively 
impossible When commercial quantities are involved, can 
also be completely avoided. 
Example 1, beloW, describes the preferred nutrients and 

methods that can be used to generate large commercial 
quantities of the R-R isomer of Zeaxanthin, by fermenting F. 
multivorum (ATCC 55238). As knoWn to those skilled in the 
art, nutrients and methods Which are used to cultivate 
bacteria in small-scale laboratory tests often become unduly 
expensive and difficult to monitor and control When an effort 
is made to convert them into large-scale commercial fer 
mentation operations. Accordingly, the Applicants have 
invested substantial time and expertise in developing and 
testing nutrients and culture conditions for use With its F. 
multivorum strains Which are less expensive and substan 
tially easier to Work With than the lab-scale fermentations 
disclosed in US. Pat. Nos. 5,308,759 and 5,427,783. 
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8 
By Way of illustration, the best lab-scale nutrient media 

disclosed in US. Pat. Nos. 5,308,759 and 5,427,783 con 
tained corn ?our (a granular poWder that is difficult to Work 
With), amylase and glucoamylase (to help digest the corn 
?our), lipase, and thiamine. During subsequent research to 
develop scale up the fermentations to commercial quantities, 
different culture media Were developed by the Applicants 
Which provide even better yields of Zeaxanthin While requir 
ing no corn ?our, amylase, glucoamylase, lipase, or thia 
mine. The preferred commercial-scale fermentation media 
and methods disclosed in Example 1 can be sealed up to 
virtually any desired volume, and they Will cause the F. 
multivorum strain isolated by the Applicants to generate 
large quantities of R-R Zeaxanthin. Most of the Zeaxanthin 
remains inside the cells and is effectively bound to the cell 
membranes. 
Example 2 discloses methods for adding one or more 

stabiliZing agents, to protect the Zeaxanthin against 
oxidation, decomposition, isomeric rearrangement, and 
other types of degradation as the bacterial cells are killed and 
processed. Various candidate stabiliZing agents have been 
tested by the Applicants, and the best results obtained to date 
have used a combination of four agents: tertiary butyl 
hydroquinone (TBHQ, also called 2-(1,1-dimethyl)-1,4 
benZenediol), ethoxyquin, tocopherol, and ethylene 
diamine-tetraacetate (EDTA). 
Example 3 discloses a series of steps that can be used to 

remove and partially purify the Zeaxanthin from the bacteria. 
These steps can be broken doWn into four main processes: 
(1) killing the bacterial cells, using means such as heat 
(pasteurization); (2) breaking the bacterial cells apart by 
rupturing their cell membranes, to render the Zeaxanthin 
more accessible; (3) removing the Zeaxanthin from the cell 
and nutrient solids, by using a solvent-extraction process; 
and (4) evaporating the solvent, Which leaves behind an oily 
mass that contains partially-puri?ed Zeaxanthin. 
Example 4 describes a method that Was used to purify the 

R-R isomer of Zeaxanthin to about 98% purity, in poWdered 
form. 
Example 5 describes the use of bile salts such as glyco 

cholate salts or taurocholatete salts Which, When homog 
eniZed With Zeaxanthin, create micelles Which may help 
protect the Zeaxanthin from acids in the stomach and also 
greatly enhance biological absorption through the small 
intestine. 

Examples 6 and 7 describe in vivo retinal tests on J apa 
nese quail, Which provide a good animal model for the 
human macula. 

Periodic oral ingestion is the preferred mode of admin 
istering zeaxanthin for retinal protection purposes, using 
ingestion modes such as daily or weekly capsules, or occa 
sional use of zeaxanthin-supplemented food preparations 
such as margarine. “Periodic” ingestion does not require 
regular ingestion at ?xed intervals (such as daily or weekly 
pills), but instead refers to occasional, intermittent ingestion 
which allows a reasonable period of time to elapse between 
dosages, thereby allowing appropriate and gradual deposi 
tion of small quantities ofzeaxanthin in the macular tissue. 
As with any vitamin supplement, a single dosage may be 
bene?cial, but a single dosage will not be as bene?cial over 
a period of years as periodic ingestion of appropriate small 
dosages. Pharmacodynamic studies on carotenoid uptake in 
humans and test animals suggest that daily ingestion is 
preferable to weekly or other sporadic intake, due to “load 
ing” factors that are manifested in blood concentrations. 

This invention also discloses a method of creating zeax 
anthin preparations that contain the R-R isomer of zeaxan 
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thin as a heavily dominant (or sole detectable) carotenoid. 
Unlike most bacterial strains, the E multivorum cells 
described herein do not generate a mixture of carotenoids,‘ 
instead, this bacterial strain generates the R-R isomer of 
zeaxanthin as a sole detectable carotenoid. Since zeaxanthin 
must compete against other carotenoids (including dietary 
carotenoids) for alimentary uptake and tissue deposition, 
this is highly useful for increasing zeaxanthin uptake and 
retinal deposition after oral administration, especially when 
zeaxanthin is being used as a drug to treat diagnosed cases 
of macular degeneration. 

Preferred Forms for Human Ingestion 

The foregoing narrative and Examples 1—3 describe a 
procedure for synthesizing and semi-purifying zeaxanthin to 
a point Which provides a viscous, oily, hydrophobic ?uid 
that contains the R-R isomer of zeaxanthin With little or no 
other carotenoids, and With no signi?cant quantity of the 
undesired S-S or S-R isomers of zeaxanthin. This ?uid, if 
packaged or mixed into forms that are suitable for ingestion 
by humans, can be directly ingested by humans to provide 
a therapeutic or nutritional supply of the R-R isomer of 
zeaxanthin, Without requiring further puri?cation of the R-R 
zeaxanthin to a point of crystallization. 
A variety of suitable modes of packaging for human 

ingestion can be used and provided, so long as any such 
packaging protects the zeaxanthin from oxidation and takes 
proper account of the hydrophobic nature of the zeaxanthin 
containing ?uid. 

One preferred mode of packaging and delivery for human 
ingestion comprises (1) mixing the oily zeaxanthin 
containing ?uid With a suitable hydrophobic ?uid (such as 
vegetable oil) that can serve as a diluent, carrier, and 
anti-oxidant, and (2) emplacing the oily mixture inside a 
closed digestible capsule. Such capsules can be made of 
rigid or stiff material if desired; alternately, they can be made 
of pliable material, as commonly used in capsules contain 
ing vitamin E. If the enclosing capsule is made of material 
Which can Withstand the acidity of the stomach and be 
digested by enzymes after it enters the intestines, the zeax 
anthin can be protected against acidic modi?cation or deg 
radation inside the stomach, and the bioavailability of the 
zeaxanthin can be increased someWhat; hoWever, it is knoWn 
that at least a portion of the zeaxanthin that enters the 
stomach as a constituent of cheWed vegetable mass is able 
to pass through the stomach unharmed, so it is not essential 
to protect zeaxanthin from stomach acidity. Accordingly, 
since effectively unlimited quantities of R-R zeaxanthin can 
be produced using microbial fermentation as described 
herein, the choice of preferred capsule material Will be an 
economic preference rather than a scienti?c imperative. 
An alternate form of packaging for human ingestion can 

utilize tablets rather than capsules, provided that a solid 
binder material is used Which Will hold the tablet together 
after manufacture using suitable pressure. If desired, such 
tablets can be coated With any suitable coating, such as an 
enteric coating Which remains intact until after the tablet 
passes through the stomach and enters the intestines. Zeax 
anthin is believed to be susceptible to degradation at high 
pressures. Accordingly, it is assumed that compressed tablets 
Will be someWhat less preferred than capsules. HoWever, 
various tablet binder materials and coatings are knoWn 
Which can be used to minimize the pressures necessary to 
ensure tablet cohesion, so compressed tablets can be used as 
a mode of ingestion, if desired. 

Other suitable forms of packaging for human ingestion 
can utilize the oily semi-puri?ed zeaxanthin ?uid as an 
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10 
additive in a suitable type of food or food ingredient. 
Zeaxanthin is a yelloW-orange pigment With the same gen 
erally hydrophobic characteristics as vegetable oil, 
shortening, chicken fat, and other carotenoid food colorings 
Which are Widely used, such as [3-carotene. Accordingly, it 
can be added as a nutritious coloring agent to a Wide variety 
of suitable foods, including margarine, dairy products (such 
as butter, cheese, or yogurt), syrup, cookie or broWnie 
dough, baked foods such as broWnies or cookies, soup 
ingredients (either in dried form such as bouillon cubes or 
poWders, or in hydrated form such as in canned soup). If 
used in meat preparations, such preparations preferably 
should be packaged and suited for consumption Without 
heating, such as luncheon meat, or for relatively mild 
microWave-type heating rather than frying or broiling, such 
as hot dogs. 
The foregoing are examples of several conventional forms 

of packaging for human ingestion. Other forms of packaging 
are also feasible, and may be preferred for various uses, or 
by certain consumers. There is a substantial body of pub 
lished articles and patents relating to the formulation and use 
of [3-carotene and other carotenoids as food colorings and 
nutritional additives. Such publications include, for 
example, Klaui et al 1970; Klaui and Bauernfeind 1981; 
Colombo and Gerber 1991, While relevant US patents 
include US. Pat. Nos. 4,522,743 (Horn et al 1985), 5,180, 
747 (Matsuda et al 1993), 5,350,773 (SchWeikert et al 1994), 
and 5,356,636 (Schneider et al 1994). Due to their very close 
chemical similarities and physical properties, any technique, 
additive, stabilizer, or other method for adding [3-carotene or 
lutein to any type of food intended for human ingestion is 
also likely to be directly applicable to the R-R isomer of 
zeaxanthin. This can be evaluated, for any particular type of 
food or method of preparation, using no more than routine 
experimentation. 
Some of the alternate forms of packaging Which can be 

used With R-R isomer of zeaxanthin may involve purifying 
the zeaxanthin to a state Which is more highly puri?ed than 
the type of oily ?uid that can be generated using solvent 
extraction as described in Example 3. For example, an oily 
?uid generated by solvent extraction can be further puri?ed 
by means such as (1) tWo-solvent systems Which use a 
combination of tWo selected solvents; (2) crystallization or 
adsorption on a substrate (such as a Woven ?lter bed) that 
encourages crystallization of zeaxanthin; or (3) other pro 
cessing techniques such as counter-current chromatography. 

If desired, the R-R isomer of zeaxanthin can be puri?ed 
to a point Where it Will crystallize as a pure or almost-pure 
solid, using methods such as described in Colombo and 
Gerber 1991, Which describes crystallization of pure 
[3-carotene. Although this level of puri?cation is very 
expensive, it is technically possible, using knoWn tech 
niques. If a crystallized or other highly puri?ed form of 
zeaxanthin is preferable for a speci?c intended use, its 
suitability for such use in commercial-scale preparations 
Will be a question of economics rather than technical feasi 
bility. 

Zeaxanthin can also be mixed and treated With the various 
ingredients and methods described in US. Pat. No. 5,356, 
636 (Schneider et al 1994) to form a granular formulation 
Which is stabilized and protected against oxidation. Such 
granular zeaxanthin preparations can be packaged and used 
in, for example, ?avoring mixtures that also contain salt or 
other spices for use in ?avoring foods such as soups, salads, 
popcorn, casseroles, etc., baking mixes for use in preparing 
cakes, cookies, broWnies, etc., dried soup mixes, additives 
for milk such as chocolate-?avored poWders, and other 
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granular formulations. As used herein, “granular formula 
tions” includes any pourable composition composed of 
distinct particles less than roughly 0.5 centimeter (1A1 inch) 
in diameter. Examples include ?ne-grained poWders, com 
parable to ?our or cake mix; formulations With intermediate 
siZed grains, comparable to salt or sugar; and large-grained 
formulations, comparable to freeZe-dried instant coffee. 

Biological absorption of granular hydrophobic com 
pounds increases substantially When granular particle siZes 
are kept as small as possible. Therefore, various methods 
that have been developed for microencapsulating fatty 
compounds, and for creating stabiliZed ?ne poWders and 
microscopic “beadlets” containing fatty compounds, Will be 
of particular interest in creating ?ne-grained Zeaxanthin 
poWders and other formulations. Methods and reagents for 
creating very small particles Which are coating by materials 
that help protect the enclosed compound from degradation 
by stomach acid are described in various items of prior art, 
including Klaui and Bauernfeind 1981, Colombo and Gerber 
1991, and US. Pat. Nos. 4,522,743 (Horn et al 1985), and 
5,356,636 (Schneider et al 1994). 

In addition, methods have also been developed for creat 
ing carotenoid-containing “micelles” Which are less than 1 
micron in diameter, using certain types of bile salts (see 
Olson 1994). As described in Example 5, the oily ?uid Which 
contains R-R Zeaxanthin can be mixed With suitable bile 
salts and other salts, and processed in a mechanical 
homogeniZer, to create such micelles. These can then be 
diluted (if desired) to any desired concentration using a 
carrier or diluent ?uid such as vegetable oil, and the mixture 
can be enclosed Within a capsule that Will protect the 
micelles against degradation by stomach acid. Olson 1994 
indicates that this type of micelle formulation can greatly 
increase absorption of carotenoids in the human body. 

Puri?cation techniques for lutein, a closely related and 
chemically similar carotenoid, are disclosed in US. Pat. No. 
5,382,714 (Khachik 1995). This system used a cold ethanol/ 
Waster system in a tWo-solvent extraction system, folloWed 
by lyophiliZation, to purify lutein. US. Pat. No. 4,851,339 
(Hills 1989) also described puri?cation of carotenoids from 
algae. 

Since the quantities of unWanted luteins or other compet 
ing carotenoids generated by the F. multivorum strain 
described herein are very loW, nearly any chemical puri? 
cation technique Which has been developed for lutein or any 
other carotenoid can be carried out on the Zeaxanthin 
mixtures generated by the F. multivorum strain, and it is 
likely to give good results due to the close chemical simi 
larities betWeen Zeaxanthin and other carotenoids. The ef? 
cacy and suitability of any knoWn puri?cation technique 
developed for any carotenoid can be evaluated for Zeaxan 
thin preparations as descried herein, using no more than 
routine experimentation. 

In the opposite direction (i.e., using feWer puri?cation 
steps and stopping short of creating the semi-pure oily liquid 
described in Example 3), it may be possible to add intact F. 
multivorum cells containing Zeaxanthin directly to one or 
more foods intended for human consumption. Numerous 
human foods (including cheese, yogurt, beer, and certain 
types of milk that have had acidophilus bacteria or other 
microbes added) contain intact microbial cells, and there is 
no knoWn pathogenicity associated With the F. multivorum 
cells isolated by Applied Food Biotechnology, Inc. These 
cells are gram-negative bacteria, and do not have the cell 
Wall structures that characteriZe gram-positive bacteria. In 
addition, since they Were isolated from a relatively cold 
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artesian WaterWay, they are adapted to living in cold Water 
and cannot survive or reproduce Well at temperatures inside 
the human body. When fed directly to animals such as 
poultry and ?sh, these cells apparently are Well-suited as 
delivery vehicles for Zeaxanthin; after ingestion, the Zeax 
anthin is released When the cells are digested, absorbed into 
the bloodstream through the intestinal Walls, and deposited 
into various animal tissues at expected and appropriate 
locations. Accordingly, intact F. multivorum cells containing 
the R-R stereoisomer of Zeaxanthin, and Which can be killed 
by a process such as pasteuriZation if desired, may be 
suitable for direct human consumption, if desired, in a 
suitable carrier substance such as yogurt, cheese, milk, or 
beer. 

Alternately, various other types of microbial cells (such as 
certain types of yeast) Which are Well-suited for human 
consumption can be genetically transformed With genes 
Which encode enZymes that Will synthesiZe Zeaxanthin in the 
transformed host cells. Such Zeaxanthin-producing genes 
can be isolated from the F. multivorum cells described 
herein, or from other knoWn microbial sources, such as the 
microbial “crt” genes described in US. Pat. No. 5,429,939 
(MisaWa et al 1995). 

Use of Zeaxanthin as a Drug to Treat Macular 
Degeneration 

As discussed in the Background section, the various 
forms of macular degeneration can be diagnosed by 
ophthalmologists, using specialiZed retinal photography to 
evaluate the amount of soft (Wet) drusen and/or lipofuscin in 
or behind the retina, supplemented by other diagnostic 
techniques knoWn to those skilled in ophthalmology. Such 
tests are most commonly carried out When relatively simple 
eyesight tests indicate a signi?cant loss of peripheral vision. 

If a patient has been diagnosed as suffering from macular 
degeneration, then an ophthalmologist or other physician 
can prescribe administration of the R-R isomer of Zeaxan 
thin to the patient as a drug to treat the condition. As used 
herein, “treatment” of macular degeneration by means of 
administering Zeaxanthin includes any effort intended to 
reduce, prevent, or delay subsequent or additional degen 
eration of the macula. 

The “dry” form of age-related macular degeneration (i.e., 
the form Which does not involve aggressive capillary groWth 
into the retina) is of primary interest herein, since most cases 
of dry AMD are likely to involve an inadequate supply of 
Zeaxanthin (a protective agent) in the macular as one of the 
etiological agents of this class of macular degeneration. 
Indeed, a de?cit of Zeaxanthin in the macula, coupled With 
high levels of exposure to direct sunlight may Well be the 
tWo primary causes of AMD. These may Work in combina 
tion With each other to generate (or greatly aggravate) AMD 
in patients Who are subjected to both causative agents. 

HoWever, even though dry AMD is the type of macular 
degeneration that is of dominant interest herein, it is also 
recogniZed and anticipated that the R-R isomer of Zeaxan 
thin Will also be prescribed and used (or at least tested) as a 
treatment for any and all types of macular degeneration. 

There are tWo major reasons Why Zeaxanthin Will be 
prescribed and used as a potential treatment for other types 
of macular degeneration. First, With the exception of a broad 
claim that carotenoid mixtures (mainly [3-carotene and Vita 
min A) might be generally bene?cial to the eyes and 
eyesight, no other treatments are knoWn to be effective in 
stopping the advancing retinal damage caused by macular 
degeneration, including the Wet form of macular degenera 
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tion caused by aggressive capillary growth into the retina. 
Laser ablation of encroaching capillaries is the best treat 
ment currently known for ?ghting Wet macular degenera 
tion; hoWever, it is not a permanent cure, and it can only 
stave off blindness for a limited time. 

Since no other treatments Which are truly effective in 
stopping macular degeneration are available, then any agent 
that can be used effectively to stop the encroaching damage 
caused by any type of macular degeneration Will (and 
should) be carefully tested and evaluated. Zeaxanthin 
emphatically falls Within the category of a highly promising 
treatment, and it should and Will be tested to see Whether it 
can help reduce, retard or even reverse the damage caused 
by any and all forms of macular degeneration. 
And second, Zeaxanthin acts as a protective agent in the 

retina. It provides a mechanism for safety absorbing and 
handling excess light energy in the blue and near-ultraviolet 
range; in this manner it, prevents “phototoxic” damage to 
retinal cells and photoreceptors. Even if an unrelated etio 
logic agent (such as aggressive capillary groWth) is the 
immediate or initial cause of damage in a patient, any type 
of secondary damaging agent Will cause even more damage 
in a system that is being subjected to high levels of stress and 
disruption. Accordingly, a simple and convenient treatment 
that can help restore or supplement the concentration of a 
protective agent inside a retina Which is under attack is likely 
to help promote and enhance the retina’s ability to sustain its 
natural and proper homeostasis and defend itself against the 
attack. 

Accordingly, this invention discloses a method of increas 
ing the concentration of a natural and bene?cial protective 
agent in the retinas of patients diagnosed as suffering from 
macular degeneration, to help protect and defend the macula 
and to help it sustain its desired homeostasis, regardless of 
the speci?c etiologic agent Which is causing the degenera 
tion in a speci?c patient, and regardless of the particular type 
of macular degeneration Which is occurring in the eyes of a 
speci?c patient. 

Furthermore, as a protective agent, the R-R isomer of 
Zeaxanthin can help provide a bene?cial effect at any stage 
of macular degeneration, provided that total blindness has 
not yet occurred and some portion of the retina remains 
functional. Accordingly, the R-R isomer Zeaxanthin treat 
ment described herein can be used to treat patients suffering 
from early-onset, moderate, or advanced macular degenera 
tion. 

It is not claimed that the R-R isomer Zeaxanthin treatment 
described herein Will offer a “cure” for macular degenera 
tion. This treatment is not expected to reverse retinal damage 
that has already occurred, or to restore damaged retinal 
tissue to a pristine condition. Similarly, it is not expected to 
completely halt the advancing encroachment of macular 
degeneration in all patients, or even in any patients. 
Nevertheless, it still offers a highly useful and bene?cial 
treatment for macular degeneration, in the form of a drug 
that can sloW doWn and retard the encroachment of addi 
tional retinal degeneration. 

To be ejfective as a prescription drug for patients sujfering 
from macular degeneration, a zeaxanthin preparation as 
described herein must have a su?icient amount of the R-R 
isomer of zeaxanthin to rise to the level of a therapeutic 
agent. To achieve this level of therapeutic bene?t, the 
zeaxanthin preparation must contain more than merely trace 
quantities of zeaxanthin, which are present in various mixed 
carotenoid powders sold in health food stores. Formulations 
in capsule, tablet, or powdered form intended for use as a 
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prescription drug should contain the R-R isomer of zeaxan 
thin at a concentration of at least about 2 percent, by weight. 
Expressed as absolute weight rather than a percentage, 
preparations intended for use as a therapeutic drug in 
patients sujfering from macular degeneration preferably 
should contain at least about 3 milligrams of the R-R isomer 
of zeaxanthin, per dosage. Ingestible capsules containing up 
to about 25 milligrams (or any lesser quantity) can be 
created in a highly economical manner; using a single-step 
solvent extraction as described below. Capsules or powders 
containing higher quantities (such as 100 milligrams or 
more) can be created using more extensive zeaxanthin 
puri?cation methods, such as the methods described in 
Example 4. 

Use of Zeaxanthin as a Vitamin or Nutritional 

Supplement 

It is also recogniZed and anticipated by the Applicants that 
the isomerically pure R-R form of Zeaxanthin can (and 
should) be used as a nutritional supplement, in formulations 
comparable to vitamin pills or as an additive in suitable 
foods such as margarine, Which Will be ingested by people 
Who have not been diagnosed as suffering from AMD but 
Who are concerned about protecting their eyesight over the 
long term. 
When ingested for such purposes, appropriate dosages 

must be substantially higher than the trace quantities found 
in powders that are sold in health food stores today, but they 
will be substantially lower than when zeaxanthin is used as 
a therapeutic drug. Although preferred dosages for use as 
vitamin or nutrition supplements or food additives will need 
to be determined through human clinical studies, it is 
anticipated that such dosages are likely to be in the range of 
about 0.5 to 25 milligrams for a dosage to be ingested on a 
daily basis. 

Dietary supplements containing the R-R isomer of Zeax 
anthin (in pills, capsules, poWders, syrups, etc.) are likely to 
be Widely recommended to the interested public by physi 
cians and other health care professionals, and by 
government, educational, insurance, and other organiZations 
and publications interested in public health and in prevent 
ing blindness. 

EXAMPLES 

Example 1 

Commercial-Scale Fermentation 

The nutrient medium that Was preferred by the Applicants 
for lab-scale testing of F. multivorum Was identi?ed as 
nutrient medium E under Example 3 in US. Pat. Nos. 
5,308,759 (Gierhart 1994) and 5,427,783 (Gierhart 1995). 
This lab-scale medium contained several ingredients that 
Were expensive and dif?cult to Work With, and substantial 
Work to create a better commercial-scale nutrient medium 
Was carried out after the initial ?ling date of those applica 
tions. The nutrient media that are currently preferred for 
commercial-scale fermentation have eliminated corn ?our 
and several other ingredients, and contain either high mal 
tose corn syrup of sugar beet molasses at concentrations 
ranging from 1 to 10% W/v, along With corn steep liquor at 
0.5 to 4% W/v; ammonium sulfate heptahydrate at 0.5% W/v; 
sodium chloride at 0.5% W/v; magnesium sulfate heptahy 
drate at 0.1% W/v; sodium acetate at 0.1% W/v; ferrous 
sulfate heptahydrate at 0.001% W/v; yeast extract at 0.2% 
W/v; thiamine-HCl at 0.01% W/v; betWeen 1 and 6% W/v 
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hydrolyzed casein (such as NZ Amine HD, sold by Shef?eld 
Products, Division of Quest International, Norwich, NY); 
and vegetable oil at 1% v/v. 

After these ingredients are mixed together, suf?cient 
NaOH is added to raise the pH to 6.5; by contrast, When the 
nutrient medium Was adjusted to pH 7.5, as described in the 
lab-scale experiments in US. Pat. Nos. 5,308,759 and 
5,427,783, too many solids precipitated out from the corn 
steep liquor. 

The culture medium is sterilized by autoclaving at 121° C. 
for 30 minutes, then it is cooled to 27° C. and inoculated 
With 5 to 10% v/v of a “liquid preculture” containing a strain 
of F. multivorum Which produces the R-R isomer of zeax 
anthin Without producing S-S or S-R isomers of zeaxanthin, 
and Without producing any other carotenoids in signi?cant 
quantities. 

The cells used to prepare a liquid preculture are main 
tained on a slant tube of plate count agar. These slant 
cultures are inoculated With clonal colonies of F. multivorum 
descended from the strain deposited by the Applicants With 
the ATCC, and given AT CC accession number 55238. After 
incubation for 48 hours at 28° C., stock slants are refriger 
ated at 4° C. until use as inoculum for liquid media. Viable 
cells can also be frozen using conventional freezers, dry ice, 
or liquid nitrogen, for prolonged storage. 
A liquid preculture is prepared using cells taken from an 

agar slant to inoculate 30 mL of liquid media prepared as 
described above, contained in a 300 mL baf?ed ?ask. The 
groWth conditions are 28° C. at pH 7.2 to 7.6, aerated by 
agitation at 250 RPM and cultivated for 24 hours. After an 
initial 24 hour incubation, the cells contained in one or more 
30 mL preculture ?asks are used to inoculate a ten-fold 
greater quantity of nutrient medium in a suitably sized 
fermentation vessel. The cells are then incubated for 48 to 72 
hours at 28° C. The pH is maintained betWeen 6.80 and 7.20 
using NaOH and/or phosphoric acid. The dissolved oxygen 
level is kept at 30 to 40% of saturation by bubbling ?ltered 
air through the vessel at a rate of 1 volume of air per one 
volume of liquid per minute While agitating the vessel at 400 
to 1000 RPM. Tests using periodic sampling and high 
performance liquid chromatography have indicated that 
maximum quantities of zeaxanthin Will usually be produced 
Within about 72 hours When the cells are fermented under 
these conditions. 

Example 2 

Addition of Stabilizing Agents 

Zeaxanthin produced by the fermentation processes of 
Example 1 needs to be stabilized in order to facilitate 
subsequent puri?cation and formulation, and to ensure 
purity. Stabilizing compounds can be added to the F. mul 
tivorum cells (or to a cellular extract containing zeaxanthin) 
at any time during a preparation or puri?cation process; in 
general, one or more initial stabilizers should be added to the 
cells While they are still in the fermentation vessel. 

Various candidate stabilizers have been tested by the 
Applicants. The best results obtained to date have used a 
combination of stabilizing agents, Which are mixed together 
in a small quantity of a suitable solvent (such as about 2 
milliliters of ethanol for a 20 liter fermentation vessel) 
before being added to the cells. The preferred stabilizer 
mixture contains tertiary butyl hydroquinone (abbreviated as 
TBHQ; also called 2-(1,1-dimethyl)-1,4-benzenediol) at a 
quantity Which Will generate a ?nal concentration ranging 
from about 250 pig/L up to about 50 mg/L after being mixed 
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With the cells; ethoxyquin at a post-mixing concentration 
ranging from about 250 pig/L to about 250 pig/L; 
ot-tocopherol at a concentration ranging from about 250 
pig/L to about 250 mg/L; and EDTA (ethylene diamine tetra 
acetic acid) at a concentration ranging from about 500 pig/L 
to about 500 mg/L. Suitable concentrations can vary Widely, 
and Will depend on various factors such as subsequent 
puri?cation steps and the intended mode of packaging and 
ingestion. Preferred concentrations for single-pass THF 
extraction folloWed by mixing With vegetable oil and Water 
tight encapsulation in a vitamin-type pill are about 25 to 50 
mg/L for TBHQ; 250 to 500 pig/L for ethoxyquin, 250 to 500 
pig/L for ot-tocopherol; and 500 to 1000 pig/L for EDTA. 

After the stabilizing compounds are added, the cell cul 
ture is pasteurized by heating to 55 ° C. for 25 to 50 minutes. 
This kills the bacterial cells Without damaging the zeaxan 
thin they have produced. The culture is then cooled to room 
temperature, and the zeaxanthin-containing cells and other 
solids present in the culture broth are separated from the 
liquid phase by means of a cross-?oW micro?ltration system 
Which increases the cells/solids concentration from an initial 
value of about 10 to 15%, to a ?ltered concentration of about 
60 to 80%, by volume. This procedure results in a cell paste, 
Which also contains some residual solids from the nutrient 
medium. 

For zeaxanthin preparations that are fed to Japanese quail 
for retinal testing, as described in Examples 6 and 7, the cell 
paste is frozen to —70° C., then dried by lyophilization at 25° 
C. at full vacuum, to create a dried biomass containing about 
1 to 10% zeaxanthin by Weight. In past tests, the quantity of 
zeaxanthin in each batch Was individually measured, and 
batches having different concentrations Were combined and 
mixed together to ensure consistent concentrations for the 
Japanese quail tests. To create zeaxanthin preparations for 
human ingestion, solvent extraction is used to generate a 
viscous oily ?uid as described in Example 3. 

Example 3 

Semi-Puri?cation into an Oily Liquid 

After a cell paste has been created as described in 
Example 2, it can be treated in any of a variety of Ways. As 
mentioned in the Description of the Preferred Embodiments, 
the cell membranes can be disrupted if desired, to break 
open the cells and render the zeaxanthin more accessible, by 
means such as sonication (high-frequency sound Waves), 
high pressure, or grinding, keeping the temperature of the 
cells beloW about 30° C. to prevent oxidation. HoWever, this 
step has not been necessary When tetrahydrofuran (THF) is 
used in a solvent extraction step, since THF is quite effective 
in disrupting the cell membranes Without mechanical assis 
tance. Stirring has not been necessary When THF is used in 
lab-scale operation; hoWever it is likely that stirring during 
the solvent mixing step Would probably be bene?cial in 
commercial-scale operations. 

In tests done to date, THF extraction involved mixing 
about 8 to 20 volumes of puri?ed ?ltered THF With a volume 
of cell paste containing 60—80% solids, at a temperature 
beloW 25° C., for a period of 2 to 24 hours. The THF 
aggressively attacks the cells, creating a liquid fraction With 
What is, in essence, a suspension of ?occulent solids in the 
liquid. The majority of the THF is removed by decanting, 
Which can folloW centrifugation at up to 20,000 gravities for 
several minutes. The THF that remains after decanting can 
be evaporated at room temperature under full vacuum, to 
leave behind a viscous oily mass Which usually contains 
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about 10% Zeaxanthin by Weight. Zeaxanthin content in the 
oily ?uid has ranged from about 5 to 20% Zeaxanthin, When 
cell pastes containing 1 to 3% Zeaxanthin are treated by THF 
extraction in a single-pass operation. 

Example 4 

Preparation of Highly Puri?ed Zeaxanthin in Dry 
PoWdered Form, With 100% Pure R-R Isomer 

A highly puri?ed Zeaxanthin preparation in dry poWdered 
form Was created by processing the THF-extracted oily ?uid 
described in Example 3 by means of liquid chromatography, 
as folloWs. The oily ZX-containing liquid Was dissolved in 
hexane, and then passed through a chromatography column 
containing neutral alumina poWder. TWo column-volumes of 
hexane Were used to Wash the column, to remove carotenoid 
impurities such as [3-carotene and lycopene, as Well as lipids 
and other contaminants. A mixture of hexanezacetone at 
80:20 Was then passed through the column, to release the 
Zeaxanthin. The dissolved Zeaxanthin Which emerged Was 
collected and dried under vacuum. Chromatographic analy 
sis of the fresh preparation indicated that it Was at least 98% 
pure Zeaxanthin; only trace quantities of any impurities Were 
detectable. 

After roughly six months of storage in a relatively unpro 
tected state (usually under normal refrigeration With mod 
erately frequent removal; Without containing any anti 
oxidants, and Without taking any precautions to prevent 
contact by atmospheric oxygen), a sample of the Zeaxanthin 
preparation Was sent for stereoisomeric analysis to Prof. 
John Landrum (co-author of the Bone, Landrum, et al 
papers) at Florida International University in Miami. His 
analysis, using chiral column chromatography With dicar 
bamate derivatiZation, indicated that the six-month-old 
unprotected preparation contained 92% Zeaxanthin. The 
impurities appeared to be mainly keto-carotenoids Which 
pre-eluted before the Zeaxanthin; keto-carotenoids have an 
extra oxygen atom attached someWhere to a carotenoid, and 
they are common by-products that arise When carotenoids 
are stored Without being protected against oxidation. 

Prof. Landrum’s chiral analysis indicated that 100% of 
the Zeaxanthin in the preparation Was the desired R-R 
isomer. There Were no detectable quantities of the undesired 
5-5 or S-R isomers of Zeaxanthin. 

It is recogniZed that chromatography puri?cation as 
described above, although entirely feasible and highly 
effective, is not ideally suited to preparing highly puri?ed 
Zeaxanthin to commercial quantities. An alternate method 
that Was developed to purify lutein, described in Us. Pat. 
No. 5,382,714 (Khachik 1995; also see Khachik et al 1991), 
Which uses a cold ethanol-Water mixture in a tWo-solvent 
extraction system, folloWed by lyophiliZation, offers a good 
candidate for evaluation for commercial preparation. 

Example 5 

Formation of Absorption Enhancers 

Zeaxanthin-containing “micelles” Which are less than 1 
micron in diameter, and Which contain only the desired R-R 
isomer of Zeaxanthin, can be obtained from either the 
solvent extract of biomass or the oily ?uid described in 
Example 3, by using certain types of bile salts, as described 
in Olson 1994. An oily ?uid Which contains R-R Zeaxanthin 
can be mixed With a suitable bile salt, such as the phosphate 
salts of glyco- or taurocholate sold by Marcor Development 
Company of Hackensack, NJ. or by use of gall bladder 
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extracts containing mixtures of bile salts such as that sold by 
SalZman Corporation of Davenport, IoWa. This bile material 
can be mixed With either the solvent extract or oily mass and 
With certain other salts including sodium chloride, calcium 
chloride or potassium chloride. This mixture is then pro 
cessed in a mechanical homogeniZer Which contains mixing 
devices such as rotating blades, at a rotation speed and for 
a duration Which can be optimiZed by routine 
experimentation, by analyZing the micelle siZe ranges cre 
ated by various combinations of blade siZes and shapes, 
rotation speed, and duration. The resulting micelles are dried 
free of solvent, if necessary, then diluted to any desired 
concentration using a carrier or diluent ?uid such as veg 
etable oil. This mixture can then be enclosed Within a 
capsule or other device that Will aid in sWalloWing and help 
protect the resultant micelles against degradation by stom 
ach acid. 

Similarly, other emulsi?ers and lipids can be utiliZed to 
form emulsions With small particle siZes. Nonionic deter 
gents such as TWeens and Spans can be utiliZed as per Olson 
1994, as Well as speci?cally lipid materials such as phos 
pholipids and sphingolipids, Which Would form lipid 
vesicles of small (less than 1 micron) siZe. 

Example 6 

Tests of Zeaxanthin on Japanese Quail, Using 
Different Dietary Groups 

All tests involving Japanese quail are being carried out at 
the Schepens Eye Research Institute of Harvard Medical 
School (Boston, Mass.), under a contract With Applied Food 
Biotechnology, Inc. All treatment or control groups contain 
statistically signi?cant numbers of birds. In most cases, 
control population groups are the same siZe as treatment 

population groups. 
All carotenoid-de?cient bird feeds are obtained from 

Purina Mills (St. Louis Mo.). These bird feeds are sold for 
experimental use only, and are obtained by using grain (such 
as milo seeds) that is naturally devoid of carotenoids. 

All Zeaxanthin preparations Which are fed to the Japanese 
quail are in the form of dried biomass from F. multivorum 
cells that are fermented, stabiliZed With the agents described 
in Example 2, pasteuriZed to kill the cells, and dried using 
spray-drying. All of these preparative steps are carried out 
by Applied Food Biotechnology, Inc., at its facilities in 
O’Fallon, Mo. 

All test animals Will be hatched from carotenoid-de?cient 
eggs. These are created by feeding a parental generation 
(designated as P1 birds) With only carotenoid-de?cient feed 
after the birds reach maturity. Their eggs are broken open 
and analyZed for carotenoids until the eggs become 
carotenoid-de?cient. Eggs Which are subsequently laid by 
these carotenoid-de?cient parental birds Will be used to 
hatch all test and control birds. 
The test and control birds are divided into four major 

groups, Which receive different diets. These groups are 
designated as the C+ group, the C— group, the BC+ group, 
and the ZX+ group, depending on Which carotenoids they 
receive in their diets. 

Birds in the C+ group are fed a standard commercial diet 
Which contains several carotenoids; this diet also contains 
synthetic alpha-tocopherol (Vitamin E) as an additive. Reti 
nal tissue from birds Which received this standard C+ diet 
has been analyZed to determine average baseline concentra 
tions of a number of speci?c carotenoids and vitamins of 
interest, including Zeaxanthin, lutein, [3-carotene, vitamin A, 
and vitamin E. The baseline values for these birds are in 
Table 1. 
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Birds in the C- diet group are fed a diet Which is 
essentially devoid of all carotenoids, as described above. 
However, this diet contains all other essential nutrients, and 
it contains synthetic vitamins A and E as additives. 

Birds in the BC+ group receive a diet Which is devoid of 
all other carotenoids, but Which contains [3-carotene as an 
additive. This Will alloW a direct comparison of [3-carotene 
and ZeaXanthin in protecting the retina. 

Birds in the ZX+ group receive a diet Which is devoid of 
all other carotenoids but Which contains dried biomass 
containing the R-R isomer of ZeaXanthin, from AFB’s F. 
multivorum cells. There Will be tWo different dosages of 
ZeaXanthin fed to these birds; one ZX+ group Will receive a 
relatively small quantity of ZeaXanthin, averaging 5 mg of 
ZeaXanthin per kilogram of feed. Since Japanese quail eat 
about 25 to 35 grams of food per day, this translates to about 
125 to 175 micrograms of ZeaXanthin per bird per day in the 
loW dosage group. The ZX+ group Will be fed a ten-fold 
higher quantity, averaging 1.25 to 1.75 milligrams of ZeaX 
anthin per bird per day. These tWo different dosage levels 

TABLE 1 

Concentration 
(ng per mg) 

Results: Compound Identi?ed retina) 

Retinal Extract of ZeaXanthin 4.7 
Japanese Quail Lutein 4.0 
(Commix coturnix alpha-Tocopherol 15.6 
japonicum) gamma-Tocopherol 5.0 
All birds Were fed Retinol (Vit. A) 5.8 
a standard CanthaXanthin 1.7 
commercial diet alpha-Cryptoxanthin 1.4 
Which contained 
signi?cant 
quantities of [5 
Carotene. 

No [5-Carotene Was 
detected in these 
retinas. 

Will alloW a quantitative dose-and-effect relationship to be 
evaluated, to correlate the quantity of ZeaXanthin ingested to 
various indicators of retinal damage. All birds Which receive 
ZeaXanthin Will be in the C- diet group, so they Will not be 
receiving any other carotenoids. 

All birds Will be raised and kept in normal brooding 
cages. EXcept as noted beloW, they Will be kept under normal 
broad-spectrum lighting of about 200 luX intensity, 14 hours 
on and 10 hours off each day. 
Some of the test birds Will be subjected to high-intensity 

light at 12,000 luX for a single period, Which initially Will 
range from 2 to 8 hours for several initial groups of trial 
birds. This high-intensity eXposure is eXpected generate a 
level of retinal damage that Will be severe in carotenoid 
de?cient birds While being less severe in carotenoid-normal 
birds. If initial tests indicate that the level of damage is either 
too loW or too high to be optimal for analytical purposes, the 
eXposure period Will be lengthened or shortened accord 
ingly. The light bulbs Will be behind cooling devices, to 
ensure that ambient temperatures do not affect the outcome. 
Birds Will be sacri?ced at various times over a 7 day period 
after eXposure to the high-intensity lights. In addition, in 
each of the diet and treatment groups, various birds Will be 
sacri?ced at stages Which alloW evaluation of the effects of 
diets and treatments as a function of aging. 

All retinas from sacri?ced birds Will be analyZed quanti 
tatively for lutein, ZeaXanthin, and other carotenoids, for 
vitamins A and E, and for drusen and lipofuscin deposits as 
indicators of macular degeneration. 
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Based on numerous animal tests that have been reported 

in the scienti?c literature, and based upon What is knoWn 
about hoW carotenoids function in the retina, there is every 
reason to believe and anticipate that Japanese quail Which 
are fed C- diets (i.e., carotenoid-de?cient diets) Will display 
the folloWing symptoms in their retinas: (1) they Will 
develop substantially higher levels of drusen and lipofuscin 
than birds that receive C+ diets containing carotenoids; (2) 
they Will be more susceptible to light-induced retinal dam 
age than birds that receive a C+ diet; and (3) the eXtent of 
the damage caused by high-intensity light eXposure Will be 
more severe in C- birds than in C+ birds. These aspects of 
the bird tests, Which involve other carotenoids rather than 
ZeaXanthin, Will con?rm What has already been established 
many times before in tests involving other types of animals, 
and they Will establish numerical values for Japanese quail, 
Which Will render the ZeaXanthin data more useful and 
meaningful. 
The results form the ZeaXanthin tests on these birds are 

0 eXpected to shoW the folloWing: 
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1. ZeaXanthin Which has been synthesiZed by F. multi 
vorum is digested in a normal manner, crosses the intestinal 
barrier, and enters the bloodstream after being fed to the 
birds. 

2. ZeaXanthin Which has been synthesiZed by F. multi 
vorum is taken up by yelloW-pigmented retinal cells in the 
birds’ eyes, in suf?cient quantities to help protect retinal 
tissue against phototoXic damage. 

3. ZeaXanthin is substantially more potent and effective 
then either [3-carotene or vitamin E in protecting the pig 
mented portion of the retina against light-induced damage, 
as evidenced by the higher potency of ZeaXanthin in pre 
venting or reducing the quantities of drusen and/or lipofus 
cin in the retinas of test animals eXposed for prolonged 
periods to high intensity blue light. 

4. Although any predictions about retinal aging processes 
in small animals that live for only about 1 to 4 years must 
be quali?ed, ZeaXanthin is eXpected to be able to reduce 
drusen and/or lipofuscin accumulation in the retinas of test 
animals that have not been subjected to abnormal amounts 
of light, but Which have aged to a one-year time frame, 
Which in Japanese quail has been shoWn to be sufficient for 
demonstrating age-related accumulations of drusen and lipo 
fuscin. 

5. There is likely to be a direct dose-response relationship 
betWeen the quantity of ZeaXanthin Which is fed to the birds, 
and the amount of protection provided to the retinal tissue. 

EXample 7 

Effects of ZeaXanthin on Mature Birds That Were 
Previously Deprived of Carotenoids 

A group of Japanese quail Which have been hatched from 
carotenoid-de?cient eggs (as described above) Will be raised 
to maturity on a diet devoid of carotenoids. After they reach 
middle age (at approximately 24 Weeks), their diets Will be 
supplemented With ZeaXanthin from F. multivorum dried 
biomass, for periods ranging from 1/2 day to 7 days, to 
generate dose-response data. These birds Will then be 
divided into different treatment groups. Some groups Will be 
eXposed to high-intensity light as described above, While 
other groups in control populations Will be kept in regular 
loW-intensity lighting. The birds Will then be sacri?ced and 
their retinal tissue Will be eXamined for carotenoids, 
vitamins, and drusen and lipofuscin deposits, to evaluate the 
levels of protection provided by an ZeaXanthin Which has 
entered their retinas. 
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This series of tests Will help determine tWo things: (1) 
Whether Zeaxanthin supplements are capable of protecting 
retinal tissue, even if the nutritional supplementation is not 
commenced until after the animals have passed through the 
infant and juvenile stages and have reached maturity; and (2) 
the effects of Zeaxanthin dosage on protection levels. It is 
expected that Zeaxanthin supplements Will be capable of 
helping to protect retinal tissue against phototoxic damage 
and age-related macular degeneration, even if the nutritional 
supplementation is not commenced until after the animals 
have reached maturity. 

Thus, there has been shoWn and described a neW and 
useful means for creating Zeaxanthin preparations for human 
ingestion, containing the R-R stereoisomer of Zeaxanthin as 
a sole isomer and a sole carotenoid, to prevent, treat, or 
otherWise reduce the damage and loss of eyesight caused by 
macular degeneration. Although this invention has been 
exempli?ed for purposes of illustration and description by 
reference to certain speci?c embodiments, it Will be apparent 
to those skilled in the art that various modi?cations, 
alterations, and equivalents of the illustrated examples are 
possible. Any such changes Which derive directly from the 
teachings herein, and Which do not depart from the spirit and 
scope of the invention, are deemed to be covered by this 
invention. 
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We claim: 
1. A composition of matter comprising a digestible Water 

tight capsule and a ?uid contained therein, Wherein the 
capsule and ?uid are siZed and designed for oral ingestion by 
a human and are pharmacologically acceptable, Wherein the 
?uid contains a 3R-3‘R stereoisomer of Zeaxanthin, Wherein 
the 3R-3‘R stereoisomer of Zeaxanthin constitutes at least 
about 90 percent of all Zeaxanthin in the ?uid While S-S and 
S-R stereoisomers constitute less than about 10 percent of all 
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Zeaxanthin in the ?uid, and wherein the capsule contains at 
least about 3 milligrams of the 3R-3‘R stereoisomer of 
Zeaxanthin. 

2. The composition of claim 1 Wherein the ?uid contains 
no detectable quantity of 5-5 and R-S stereoisomers of 
Zeaxanthin, and Wherein the 3R-3‘R stereoisomer of Zeax 
anthin is present as a sole detectable stereoisomer of Zeax 
anthin. 

3. The composition of claim 1 Wherein the capsule 
contains at least about 10 milligrams of the 3R-3‘R stereoi 
somer of Zeaxanthin. 

4. The composition of claim 1 Wherein the 3R-3‘R stere 
oisomer of Zeaxanthin constitutes at least about 90 percent 
by Weight of total carotenoids in the ?uid, and Wherein other 
carotenoids Which might compete against Zeaxanthin for 
alimentary uptake or tissue deposition after ingestion con 
stitute less than about 10 percent, by Weight, of total 
carotenoids in the drug formulation. 

5. The composition of claim 1 Wherein the 3R-3‘R stere 
oisomer of Zeaxanthin is synthesiZed by a method Which 
comprises the step of culturing, under conditions Which 
promote Zeaxanthin biosynthesis, bacterial cells descended 
from a strain of Flavobacterium multivorum Which has been 
given AT CC accession number 55238. 

6. The composition of claim 1 Wherein the 3R-3‘R stere 
oisomer of Zeaxanthin is synthesiZed by culturing, under 
conditions Which promote Zeaxanthin biosynthesis, cells 
Which have been genetically engineered to contain at least 
one Zeaxanthin-synthesis gene containing a DNA sequence 
obtained from cells descended from a strain of Flavobacte 
rium multivorum Which has been given ATCC accession 
number 55238. 

7. The composition of claim 1 Wherein the 3R-3‘R stere 
oisomer of Zeaxanthin is enclosed Within micelles that Were 
created using a bile salt. 

8. A composition of matter comprising a tablet designed 
for oral ingestion by a human, Wherein the tablet contains: 

a. a 3R-3‘R stereoisomer of Zeaxanthin, and 
b. a compressible binder material Which is compatible 

With Zeaxanthin and Which causes a mixture of Zeax 
anthin and the binder material to retain its shape after 
compression under suitable pressure, 

and Wherein the tablet is pharmacologically acceptable 
and siZed for oral ingestion by a human, and Wherein 
the 3R-3‘R stereoisomer of Zeaxanthin constitutes at 
least about 90 percent of all Zeaxanthin in the tablet 
While 5-5 and S-R stereoisomers constitute less than 
about 10 percent of all Zeaxanthin in the tablet, and 
Wherein the [capsule] tablet contains at least about 3 
milligrams of the 3R-3‘R stereoisomer of Zeaxanthin. 

9. The composition of matter of claim 8, Wherein the 
tablet is enclosed Within a digestible coating layer that helps 
protect the Zeaxanthin against oxidation. 

10. Acomposition of matter comprising a formulation that 
is intended for oral ingestion by humans, Wherein the 
formulation contains: 

a. a nutritionally acceptable and tasteful food substance 
for human consumption as a carrier for Zeaxanthin, and 

b. a 3R-3‘R stereoisomer of Zeaxanthin Which has been 
added to the food substance as a nutritional additive, in 
a quantity sufficient to provide a concentration of at 
least about 1% Zeaxanthin by Weight, Wherein the 
3R-3‘R stereoisomer of Zeaxanthin constitutes at least 
about 90 percent of all Zeaxanthin in the food substance 
While 5-5 and S-R stereoisomers constitute less than 
about 10 percent of all Zeaxanthin in the food sub 
stance. 
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11. The composition of matter of claim 10 Wherein the 

food substance is selected from the group consisting of 
margarine, dairy products, syrup, baked foodstuffs, cookie 
dough, broWnie batter, meat preparations, and soup ingre 
dients. 

12. The composition of matter of claim 10 Wherein the 
Zeaxanthin is microencapsulated and is enclosed Within a 
protective coating that reduces degradation of the Zeaxanthin 
by stomach acid. 

13. The composition of matter of claim 10 Wherein the 
food substance comprises a granula formulation. 

14. The composition of matter of claim 13 Wherein the 
granular formulation is selected from the group consisting of 
salt-containing ?avoring mixtures, spice-containing ?avor 
ing mixtures, soup additives, baking mixes, and ?avored 
additives for milk. 

15. The composition of matter of claim 13 Wherein the 
Zeaxanthin in the granular formulation is enclosed Within a 
protective coating that reduces degradation of the Zeaxanthin 
by stomach acid. 

16. The composition of matter of claim 10 Wherein the 
foodstuff is selected from the group consisting of cheese, 
yogurt, milk, and beer. 

17. A composition of matter comprising a digestible 
Watertight capsule and a ?uid contained therein, Wherein the 
capsule and ?uid are siZed and designed for oral ingestion by 
a human and are pharmacologically acceptable, Wherein the 
?uid contains a 3R-3‘R stereoisomer of Zeaxanthin, Wherein 
the 3R-3‘R stereoisomer of Zeaxanthin constitutes at least 
about 90 percent of all Zeaxanthin in the ?uid While 5-5 and 
S-R stereoisomers constitute less than about 10 percent of all 
Zeaxanthin in the ?uid, and Wherein at least a portion of the 
Zeaxanthin in the capsule is created by a step comprising 
fermentation of cells Which synthesiZe Zeaxanthin. 

18. A composition of matter comprising a tablet designed 
for oral ingestion by a human, Wherein the tablet contains: 

a. a 3R-3‘R stereoisomer of Zeaxanthin, and 
b. a compressible binder material Which is compatible 

With Zeaxanthin and Which causes a mixture of Zeax 
anthin and the binder material to retain its shape after 
compression under suitable pressure, 

and Wherein the tablet is pharmacologically acceptable 
and siZed for oral ingestion by a human, and Wherein 
the 3R-3‘R stereoisomer of Zeaxanthin constitutes at 
least about 90 percent of all Zeaxanthin in the tablet 
While 5-5 and S-R stereoisomers constitute less than 
about 10 percent of all Zeaxanthin in the tablet, and 
Wherein at least a portion of the Zeaxanthin in the 
[capsule] tablet is created by a step comprising fer 
mentation of cells Which synthesiZe Zeaxanthin. 

19. A composition of matter comprising a digestible 
watertight capsule and a ?uid contained therein, wherein the 
capsule and ?uid are sized and designed for oral ingestion 
by a human and are pharmacologically acceptable, wherein 
the ?uid contains a 3R-3’R stereoisomer of zeaxanthin, 
wherein the 3R-3 ’R stereoisomer of zeaxanthin constitutes at 
least about 90 percent of all zeaxanthin in the ?uid while S -S 
and S-R stereoisomers constitute less than about 10 percent 
of all zeaxanthin in the ?uid, and wherein the capsule 
contains a su?cicient quantity of the 3R-3’R stereoisomer of 
zeaxanthin to treat or retard macular degeneration when 
used as a drug by patients su?rering from macular degen 
eration. 

20. The composition of matter of claim 19, wherein the 
capsule contains the 3R-3’R stereoisomer of zeaxanthin at a 
concentration of at least about 2 percent, by weight. 

21. The composition of matter of claim 19, wherein the 
capsule contains at least about 3 milligrams of the 3R-3’R 
stereoisomer of zeaxanthin. 
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22. A composition of matter comprising a digestible 
watertight capsule and a ?uid contained therein, wherein the 
capsule and ?uid are sized and designed for oral ingestion 
by a human and are pharmacologically acceptable, wherein 
the ?uid contains a 3R-3’R stereoisomer of zeaxanthin, 
where the 3R-3’R stereoisomer of zeaxanthin constitutes at 
least about 90 percent of all zeaxanthin in the ?uid while S -S 
and S-R stereoisomers constitute less than about 10 percent 
of all zeaxanthin in the ?uid, and wherein the capsule 
contains a su?cicient quantity of the 3R-3’R stereoisomer of 
zeaxanthin to reduce long-term risk of macular degenera 
tion in humans. 

23. The composition of matter of claim 19, wherein the 
capsule contains a quantity of the 3R-3’R stereoisomer of 
zeaxanthin in a range of about 0.5 to 25 milligrams. 

24. A nutritional supplement, comprising a 3R-3’R stere 
oisomer of zeaxanthin in a digestible capsule or tablet 
designed and sized for human ingestion, wherein the 3R-3’R 
stereoisomer of zeaxanthin constitutes at least about 90 
percent of all zeaxanthin while S-S and S-R stereoisomers 
constitute less than about 10 percent of all zeaxanthin, and 
wherein the 3R-3 ’R stereoisomer of zeaxanthin constitutes at 
least about 90 percent of total carotenoids in the capsule or 
tablet, and wherein other carotenoids which might compete 
against zeaxanthin for alimentary uptake or tissue deposi 
tion after ingestion constitute less than about 10 percent, by 
weight, of total carotenoids in the capsule or tablet, and 
wherein the capsule or tablet contains a su?icient quantity 
of the 3R-3’R stereoisomer of zeaxanthin to reduce long 
term risk of macular degeneration when such capsules or 
tablets are taken daily by humans. 

25. A nutritional supplement, comprising a 3R-3’R stere 
oisomer of zeaxanthin in a digestible capsule or tablet 
designed and sized for human ingestion, wherein the 3R-3’R 
stereoisomer of zeaxanthin constitutes at least about 90 
percent of all zeaxanthin while S-S and S-R stereoisomers 
constitute less than about 10 percent of all zeaxanthin, and 
wherein the 3R-3 ’R stereoisomer of zeaxanthin constitutes at 
least about 90 percent of total carotenoids in the capsule or 
tablet, and wherein other carotenoids which might compete 
against zeaxanthin for alimentary uptake or tissue deposi 
tion after ingestion constitute less than about 10 percent, by 
weight, of total carotenoids in the capsule or tablet, and 
wherein the capsule or tablet contains at least about 0.5 
milligrams of the 3R-3’R stereoisomer of zeaxanthin. 

26. A nutritional supplement, comprising a 3R-3’R stere 
oisomer of zeaxanthin in a digestible capsule or tablet 
designed and sized for human ingestion, wherein the capsule 
or tablet contains a 3R-3’R stereoisomer of zeaxanthin, 
wherein the 3R-3 ’R stereoisomer of zeaxanthin constitutes at 
least about 90 percent of all zeaxanthin in the capsule or 
tablet while S-S and S-R stereoisomers constitute less than 
about 10 percent of all zeaxanthin, and wherein the capsule 
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or tablet contains a su?icient quantity of the 3R-3’R stere 
oisomer of zeaxanthin to cause deposition of detectable 
quantities of additional zeaxanthin in retinal tissue if one 
capsule or tablet is ingested daily. 

27. The composition of matter of claim 26, wherein the 
3R-3 ’R stereoisomer of zeaxanthin constitutes at least about 
90 percent of all carotenoids in the capsule or tablet. 

28. A nutritional supplement, comprising a 3R-3’R stere 
oisomer of zeaxanthin in a digestible capsule or tablet 
designed and sized for human ingestion, wherein the 3R-3’R 
stereoisomer of zeaxanthin constitutes at least about 90 
percent of all zeaxanthin while S-S and S-R stereoisomers 
constitute less than about 10 percent of all zeaxanthin, and 
wherein the 3R-3 ’R stereoisomer of zeaxanthin constitutes at 
least about 90 percent of total carotenoids in the capsule or 
tablet, and wherein other carotenoids constitute less than 
about 10 percent, by weight, of total carotenoids in the 
capsule or tablet. 

29. The nutritional supplement of claim 28, wherein the 
capsule or tablet contains at least about 0.5 milligrams of 
the 3R-3’R stereoisomer of zeaxanthin. 

30. A nutritional supplement, comprising a 3R-3’R stere 
oisomer of zeaxanthin in a digestible capsule or tablet 
designed and sized for human ingestion, wherein the 3R-3’R 
stereoisomer of zeaxanthin constitutes at least about 90 
percent of all zeaxanthin while S-S and S-R stereoisomers 
constitute less than about 10 percent of all zeaxanthin, and 
wherein the capsule or tablet contains at least about 0.5 
milligrams of the 3R-3’R stereoisomer of zeaxanthin. 

31. A nutritional supplement, comprising a 3R-3’R stere 
oisomer of zeaxanthin in a digestible capsule or tablet 
designed and sized for human ingestion, wherein the 3R-3’R 
stereoisomer of zeaxanthin constitutes at least about 90 
percent of all zeaxanthin while S-S and S-R stereoisomers 
constitute less than about 10 percent of all zeaxanthin. 

32. The nutritional supplement of claim 31, wherein the 
capsule or tablet contains at least about 0.5 milligrams of 
the 3R-3’R stereoisomer of zeaxanthin. 

33. A nutritional supplement, comprising a 3R-3’R stere 
oisomer of zeaxanthin in a digestible capsule or tablet 
designed and sized for human ingestion, wherein the capsule 
or tablet contains a 3R-3’R stereoisomer of zeaxanthin, 
wherein the 3R-3 ’R stereoisomer of zeaxanthin constitutes at 
least about 90 percent of all zeaxanthin in the capsule or 
tablet while S-S and S-R stereoisomers constitute less than 
about 10 percent of all zeaxanthin, and wherein the capsule 
or tablet contains a su?icient quantity of the 3R-3’R stere 
oisomer of zeaxanthin to cause a detectable increase in 
zeaxanthin concentration in retinal tissue if one capsule or 
tablet is ingested daily. 
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2, lines 2-3, “Accumulations” should be -- Accumulation - 

3, line 11, “As” should be -- as - 

8, line 11, “sealed” should be -- scaled - 

10, line 37, “With R-R” should be -- With the R-R - 
11, line 16, “coating” should be -- coated - 
11, line 53, “descried” should be -- described - 

12, line 48, “the macular” should be -- the macula - 
12, line 51, “sunlight may” should be -- sunlight, may - 
13, line 16, “safety” should be -- safely - 
13, line 48, “isomer Zeaxanthin” should be -- isomer of Zeaxanthin - 
14, line 61, “sugar of syrup” should be -- sugar or syrup - 
16, line 2, the second “250 ug/L” should be -- 250 mg/L - 
16, line 28, “lyophilization at 25°C” should be -- lyophilization at -25°C - 
20, line 19, “results form” should be -- results from - 
20, line 30, “then” should be -- than - 

20, line 66, “an” should be -- any - 
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INVENTOR(S) : Kevin M. Garnett et al. 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

Col. 23 line 18 in claim 4, “the drug formulation” has no antecedent, and should read 
-- the ?uid - 

Col. 24 line 10 in claim 13, “granula” should read -- granular - 

Signed and Sealed this 
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