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METHODS AND COMPOSITIONS FOR MODIFIED RELEASE OF NUTRITIONAL
SI]PPLEMENTS

FIELD OF THE INVENTION

The present invention relates in general to the field of modified-release of nutritional supplements,

and more particularly, to compositions, formulations and methods for providing nutritional

supplementation that more closely resembles that of food during digestion.

BACKGROTIND OF THE INVENTION

without limiting the scope of the invention, its background is described in connection with

antioxidant sensor technology and methods for detection.

Biological systems have developed antioxidant systems to combat the effects of radicals and other

pro-oxidative species. An antioxidant is any substance that significantly delays or prevents oxidation

of an oxidizable substrate when present at low concentrations compared to that of the oxidizable

substrate. There are enzymes that are antioxidants, such as superoxide dismutase and catalase, which

are coded for by many organisms. Substances such as vitamin C and plant phenols are antioxidants

introduced through the diet into biological systems. It has been proposed that naturally occurring

levels of these substances are not adequately produced in the body or ingested in the normal diet.

The normal diet often does not provide enough antioxidants because it is deficient in fruits and

vegetables and/or the fruits and vegetables that are in the diet are depleted of theìr antioxidants due to

modem-day processing. The normal diet could be improved, however, today's lifestyles and poor

composition of westem foods, make supplementation the most practical way to deliver the anti-

oxidants required by the body. To supplement the normal diet, it is necessary to determine the

antioxidant capacities ofthe components included in the supplements.

chinese Pâtent Application No. cN1586272 filed by Liu Kuicheng, is directed to a natural plant

component coated urea slow releasing composition, its preparation and method ofuse. The natural

plant composition is prepared with materials including red sugar, elm and its bark, starch, haw

kemel, honeysuckle, isatis leaf, cordate houttu),rria, dandelion, sodium sulfate, trisodium phosphate,

urea, trace elements and vitamins, and under low temperature and high pressure conditions for use as

a feed additive for ruminants to raise milk yields by over 10%.

Another patent application is WO 03099040, filed by Piergiorgio, et al., refers to a dietary

supplement containing all of the natural components of wine, except for the volatile ones, in

particular ethanol. Said dietary supplement is suitable for oral administration and contains

antioxidant complexes present ín wine vinasses combined with one or more bioavailability
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I  METHODS AND COMPOSITIONS FOR MODIFIED RELEASE OF
NUTRITIONAL SUPPLEMENTS  FIELD OF THE INVENTION The
present invention relates in general to the field of modified-release of
nutritional supplements,  5 and more particularly, to compositions,
formulations and methods for providing nutritional  supplementation that
more closely resembles that of food during digestion. BACKGROUND OF
THE INVENTION Without limiting the scope of the invention, its
background is described in connection with  antioxidant sensor technology
and methods for detection. 10 Biological systems have developed
antioxidant systems to combat the effects of radicals and other
pro-oxidative species. An antioxidant is any substance that significantly
delays or prevents oxidation  of an oxidizable substrate when present at
low concentrations compared to that of the oxidizable  substrate. There
are enzymes that are antioxidants, such as superoxide dismutase and
catalase, which  are coded for by many organisms. Substances such as
vitamin C and plant phenols are antioxidants 15 introduced through the
diet into biological systems. It has been proposed that naturally occurring
levels of these substances are not adequately produced in the body or
ingested in the normal diet.  The normal diet often does not provide
enough antioxidants because it is deficient in fruits and  vegetables and/or
the fruits and vegetables that are in the diet are depleted of their
antioxidants due to  modem-day processing. The normal diet could be
improved, however, today's lifestyles and poor 20 composition of western
foods, make supplementation the most practical way to deliver the anti-
oxidants required by the body. To supplement the normal diet, it is
necessary to determine the  antioxidant capacities of the components
included in the supplements. Chinese Patent Application No. CN1586272
filed by Liu Kuicheng, is directed to a natural plant  component coated
urea slow releasing composition, its preparation and method of use. The
natural  25 plant composition is prepared with materials including red
sugar, elm and its bark, starch, haw kernel, honeysuckle, isatis leaf,
cordate houttuynia, dandelion, sodium sulfate, trisodium phosphate,  urea,
trace elements and vitamins, and under low temperature and high
pressure conditions for use as  a feed additive for ruminants to raise milk
yields by over 10%. Another patent application is WO 03099040, filed by
Piergiorgio, et al., refers to a dietary  30 supplement containing all of the
natural components of wine, except for the volatile ones, in  particular
ethanol. Said dietary supplement is suitable for oral administration and
contains  antioxidant complexes present in wine vinasses combined with
one or more bioavailability la  promoters. A preferred embodiment of the
invention consists in a dietary supplement provided as  
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promotets. A preferred embodiment of the invention consists in a dietary supplement provided as

solid or liquid formulation allowing for avoidance of wine consumption while maintaining all of the

beneficial compon€nts, in particula¡ the antioúdant ones'

SU\4MARY OF TIIE INVENTION

The preseût inventioa includes compositions, methods and formulations for the modified-release of

nutritionally effective amou¡ts of, e.g-, anti-oxidants, vitamits, saccharides, minerals, amino acids,

nucleic acids, mixtures and combinâtions thereof, wberein the supPlement is compressed at a

pressure greater than 100 psi in the presence of long-chain polysaccharides. It was found that using

identical conditions: capsule, weights, etc., using iudicator uutrients, e.g., an anli-oxidant, the present

invention allowed fo¡ the dissolution over time of the nutrient when compressed with long-chain

solid or liquid formulation allowing for avoidance of wine consumption
while maintaining all of the  beneficial components, in particular the
antioxidant ones. SUMMARY OF THE INVENTION 5 The present
invention includes compositions, methods and formulations for the
modified-release of  nutritionally effective amounts of, e.g., anti-oxidants,
vitamins, saccharides, minerals, amino acids,  nucleic acids, mixtures and
combinations thereof, wherein the supplement is compressed at a
pressure greater than 100 psi in the presence of long-chain
polysaccharides. It was found that using  identical conditions: capsule,
weights, etc., using indicator nutrients, e.g., an anti-oxidant, the present
10 invention allowed for the dissolution over time of the nutrient when
compressed with long-chain 2  polysaccharides. Examples of long-chain
polysaccharides, which may also be part of the nutritional
supplementation regimen, may have monomer subunits having length of,
e.g., 2 to about 50,000  saccharide monomers and may be compressed
from about 100, 500, 1000, 2000 or even 10,000 psi or  greater. Unlike
the majority of nutritional supplements in use today, which are released
immediately, 5 the present invention permits for a more natural release of
the one or more anti-oxidants, vitamins,  minerals, amino acids, nucleic
acids, saccharides, mixtures and combinations thereof. Unlike food  stuffs,
the present invention can be used to supplement specific deficiencies in
essential nutrients in a  manner that is both scientific, but also more
natural. The supplement may be placed inside a capsule, a vegetable
capsule or a hard gelatin capsule. When  10 compressed at a higher
pressure, e.g., greater than 5,000 psi, it was found that over 85% of the
nutritional supplements are released from about 1 to about 8 hours and in
other formulations of over  85% of the nutritional supplements are
released from about 2 to about 6 hours. The long-chain  polysaccharides
many include monomers selected from galactose, galactosamine,
glucosamine,  glucose, mannose, acetylated-mannose,
N-acetylneuraminic acid, fucose, N-acetylgalactosamine, N 15
acetylglucosamine, arabinose, arabinogalactan, galacturonic acid,
glucuronic acid, iduronic acid,  xylose and mixtures or combinations
thereof. The supplement may be compressed by roller  compaction at a
pressure about 2,000 to 10,000; 5,000 to 10,000; or greater than 10,000
psi. The one  or more long-chain polysaccharides may have about 0.1 to
about 75 weight percent of, e.g.,  galactose, galactosamine, glucosamine,
glucose, mannose, acetylated-mannose, N-acetylneuraminic 20 acid,
fucose, N-acetylgalactosamine, N-acetylglncosamine, arabinose,
arabinogalactan, galacturonic  acid, glucuronic acid, iduronic acid, xylose
and mixtures or combinations thereof. The supplement may include one
or more long-chain polysaccharides selected from galactose,  glucose,
mannose, N-acetylneuraminic acid, fucose, N-acetylgalactosamine,
N-acetylglucosamine  and xylose, from, e.g., isolated and purified gum
tragacanth, guar gum, grain flour, rice flour, sugar 25 cane, beet sugar,
potato, milk, agar, algin, locust bean gum, psyllium, karaya gum, seed
gums, Larch  
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polysaccharides. Examples of long-chain polysaccharides, which may also be part of the nuhitional

supplementation regimen, may have monomer subunits having length o{ e'g',z1o about 50'000

saccharide monomers and may be compressed from about 100, 500, 1000, 2000 or even 10,000 psi or

greater. unlike tle majority ofnutritioûal supplements in use today, which are released immediately,

the present invention permits for a more natu¡al release of the oûe oI mole anti-oxidants, vitanins,

minerals, amino acids, nucleic acids, saccha¡ides, mixtures a¡d combinations thereof. unlike food

stuffs,thepresentilventioncanbeusedtosupplementspecificdeficienciesinessentialnutrientsina

mamer that is both scientific, but also more natural.

Thesupplementmaybeplacedilsideacapsule,avegetablecapsuleorahardgelatincapsule.When

compressed at a higher pressue, e.g., greater than 5,000 psi, it was fourd that over 85To oî tbe

nutritional supplements are released from about 1 to about I hours and il other formulations of over

S5yoortbenutritionalsupplementsarereleasedfromabout2toabout6hours'Thelong-chain

polysaccharides many include monomers selected from galactose, galactosamile' glucosamine'

glucose,mannose,acetylated-mannose,N-acetylneuraminioacidfucose,N-acetylgalactosarnine'N-

acetylglucosemine, arabinose, arabinogalacta4 galacturonic acid, glucuronic acid, iduronic acid'

xylose ancl mìxtu¡es or combinatioûs thereof. The supplement may be compressed by roller

compaction at a pressure aboìrt 2,000 to 10,000; 5,000 to 10,000; or greater tlan 10,000 psi. The one

or more long-chain polysaccharides may have about 0'1 to about 75 weight percent of' e'g''

galactose, galactosamine, glucosamine, glucose, mannose, acetylated-mannose' N-acetyloeuraminic

acidfucose,N-acetylgalactosamine,N-acetylglucosamine,arabinose,arabinogalactan'galachfonic

acid, glucuronic acid, iduronio acid, xylose and mixhÌres or combinations thereof'

The zupplement may include oûe or mofe long-chain polysaccharides selected from galactose,

glucose,rnannose,N-acerylneuraminicacid,fucose,N-acetylgalactosamine,N-acetylglucosamine

and xylose, from, e.g., isolateil and purified gum tragacanth, guar gum, g¡ain flou¡' rice flour' sugar

cale, beet sugar, potato, milk, agar, algin, locust bean gum, psyllium, karaya gum, seed gums' Larch

tree extract, aloe vera extract, gum ghatti, starch, cellulose, degaded cellulose' fructose' high

ftuctose com syrup, pectin, chiti& acaci4 gum arabic, alginic acid. caÍag€enan' dextran' xanthan

gum, chondroitin sulfate, sucrose, acetylated polymarulose, maltose, glucaa, lentinar¡ nannan' levan'

hemicellulose, inuli¡, fructan, lactose a¡d mixtures or combinations thereof' In one specific

example, the long-chain polysaccharides and/or the nuhitionalþ effective amount of one or mote

saccha¡ides includes about 1 to about 10 weigbt percent of each of isolated a:rd purified galactose,

galactosamine, glucosamine, glucose, maor:osq acetylated-mannose, N-acetylneuraminic acid

fi:cose, N-acetylgalactosamine, N-acetylglucosamine, arabinose' arabinogalactaa, galactlronic acid'

glucuronic acid, iduronic acid, xylose and mixtures or combi¡ations thereof'

In another enbodiment of the present invention, the modified-release dietary supplement includes

one or more isolated and purifred tong-chain poiysaccharides selected from isolated and purified gum

tragacanth, guar gun, grain flour, rice flour, sugal cane, beet sugar, potato' milk, agar' a1gi4 locust

tree extract, aloe vera extract, gum ghatti, starch, cellulose, degraded
cellulose, fructose, high  fructose corn syrup, pectin, chitin, acacia, gum
arabic, alginic acid, carrageenan, dextran, xanthan  gum, chondroitin
sulfate, sucrose, acetylated polymannose, maltose, glucan, lentinan,
mannan, levan,  hemicellulose, inulin, fructan, lactose and mixtures or
combinations thereof. In one specific 30 example, the long-chain
polysaccharides and/or the nutritionally effective amount of one or more
saccharides includes about 1 to about 10 weight percent of each of
isolated and purified galactose,  galactosamine, glucosamine, glucose,
mannose, acetylated-mannose, N-acetylneuraminic acid,  fucose,
N-acetylgalactosamine, N-ac etylglucosamine, arabinose,
arabinogalactan, galacturonic acid,  glucuronic acid, iduronic acid, xylose
and mixtures or combinations thereof. 35 In another embodiment of the
present invention, the modified-release dietary supplement includes  one
or more isolated and purified long-chain polysaccharides selected from
isolated and purified gum  tragacanth, guar gum, grain flour, rice flour,
sugar cane, beet sugar, potato, milk, agar, algin, locust 3  bean gum,
psyllium, karaya gum, seed gums, Larch tree extract, aloe vera extract,
gum ghatti, starch,  cellulose, degraded cellulose, fructose, high fructose
com syrup, pectin, chitin, acacia, gum arabic,  alginic acid, carrageenan,
dextran, xanthan gum, chondroitin sulfate, sucrose, acetylated
polymannose, maltose, glucan, lentinan, mannan, levan, hemicellulose,
inulin, fructan, lactose and 5 mixtures or combinations thereof; and one or
more nutritional supplements selected from anti- oxidants, vitamins,
minerals, amino acids, nucleic acids, saccharides, mixtures and
combinations  thereof, wherein the long-chain polysaccharides and the
nutritional supplements are roller compacted  at a pressure greater that
2,000 psi. Another modified-release dietary supplement of the present
invention includes a nutritionally  10 effective amount of one or more
isolated and purified long-chain polysaccharides, one or more  lipophilic
anti-oxidant, and one or more lipophobic anti-oxidant, wherein the
supplement is roller  compacted at a pressure greater that 5,000 psi. The
present invention also includes a method of making a modified-release
dietary supplement by  mixing one or more long-chain polysaccharides
and a nutritionally effective amount of one or more  15 nutritional
supplements selected from anti-oxidants, vitamins, minerals, amino acids,
nucleic acids, saccharides, herbal extracts, mixtures and combinations
thereof, which is compressed at a pressure  greater than 100, 500, 1,000,
2,000, 5,000 or 10,000 psi. The method may be used to make a
modified-release dietary supplement that includes a nutritionally effective
amount of one or more  isolated and purified polysaccharides from gum
tragacanth, guar gum, grain flour, rice flour, sugar 20 cane, beet sugar,
potato, milk, agar, algin, locust bean gum, psyllium, karaya gum, seed
gums, Larch  tree extract, aloe vera extract, gum ghatti, starch, cellulose,
degraded cellulose, fructose, high  fructose com syrup, pectin, chitin,
acacia, gum arabic, alginic acid, carrageenan, dextran, xanthan  
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bean gum, psyllium ,kaøya gam, seed gums, Larch tree extract, aloe vera extract, gum ghatti' starch'

cellulose, deg¡aded. cellulose, fructose, high f¡uctose com synrp, pectin, chiliI, acaÚa, gum arabic'

aþinic acid, carrageena.n" dextr¿n, xanthan gum, chondroitin sulfatg sucrosg acetylated

polymannose, maitose, glucan, lentinan, maman, levan, hemicellulosg inulin, fructan' lactose and

mixtures or combinatio¡s thereof; and one or more nutritíonal supplements selected from anti-

oúdants, vitamins, minerals, arnino acids, nucleic acids, saccharides, mixhrres and combinations

thereof, wherein the long-chain poþaccharitles and the nutritionai supplements are roller compacted

at a pressure greater that 2,000 psi'

Another modified-release dieta¡y supplement of the present invention includes a nutritionally

effective amount of one or more isolated and purified long-chain polysaccharides, one or more

lipophìlic anti-oxitlalt, and one or more lipophobio aûti-oxidânt, wherei¡ the suppiement is roller

compacted at a pressure greater that 5,000 psí'

The present inv€ntion also inciudes a method of making a modified-release dietafy supplem€nt by

mixing one or more long-chain polysaocharides and a nuûitionaliy effective amount ofone or more

nutritional supplements selected from anti-oxida¡ts, vitamins, minerals, amino aoids, nucleic aoids,

saccharides, herbal extracts, mixtures ¿nd combinations thereof, which is compressed at a pfessure

gr€ater thaû 100, 500, 1,000, 2,000, 5,000 or i0,000 psi. The method may be used to make a

modified-release dietary supplement that includes a nutritionaliy effective amount of one o¡ more

isolated and purified polysaccharides ftom gum tragacantb, guar gurl grain flour, rice flour' sugar

ca:rg beet sugar, potato, milk, aga¡, algin, locust bean gum, psyllium, karaya gam, seed gums' Larch

tfee extract, aloe vera extract, gum ghâtti, starch, cellulose, degraded collulose, fructose, higb

fructose com syn¡p, pectin, chitia, acacia, gum arabic, algi¡ic acid, c¿rrageenan' dextra4 xanthan

gum, chondroitin sulfate, sucrose, ac€tylated polymannose, maltose, glucan, ientinan, rnannan' leva:r'

hemicellulose, inuli:q fructan, lactose and mixtures or combinations thereof and one or mofe

nutritional supplements selected ûom anti-oxidants, vitamiûs, ninerals, amìlo acids, nucleic acids,

mixtules and combinations thereof, wherein the polysaccharides and tle nut¡itional supplements are

compressed to a prcssure greater that 2,000 psi.

The present invention also includes antioxidant sensoró and methods that measure directly total

sample oxidation levels âld the effect ofanti-oxidaûts on total sample oxidation state' The invention

also includes compositions and methods that are useful for providing effective amounts of anti-

oxidants !o an individual for optimal health. The apPa.ratus and method disclosed herein detect the

total anti-oxidant capacity of a sample, concuFently and directþ in real{ime. The present inveûtols

recognized that the art Las artificially created two mutually exclusive categories of anti-oxida¡ts

(lipophilic and üpophobic) and has measurecl them separately. Furthermore, the a¡t has also

generally measured the existence of the radicals indirectly, that is, using a detectable repoder

molecule.
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gum, chondroitin sulfate, sucrose, acetylated polymannose, maltose,
glucan, lentinan, mannan, levan,  hemicellulose, inulin, fructan, lactose
and mixtures or combinations thereof and one or more 25 nutritional
supplements selected from anti-oxidants, vitamins, minerals, amino acids,
nucleic acids,  mixtures and combinations thereof, wherein the
polysaccharides and the nutritional supplements are  compressed to a
pressure greater that 2,000 psi. The present invention also includes
antioxidant sensors and methods that measure directly total  sample
oxidation levels and the effect of anti-oxidants on total sample oxidation
state. The invention  30 also includes compositions and methods that are
useful for providing effective amounts of anti oxidants to an individual for
optimal health. The apparatus and method disclosed herein detect the
total anti-oxidant capacity of a sample, concurrently and directly in
real-time. The present inventors  recognized that the art has artificially
created two mutually exclusive categories of anti-oxidants  (lipophilic and
lipophobic) and has measured them separately. Furthermore, the art has
also 35 generally measured the existence of the radicals indirectly, that is,
using a detectable reporter  molecule. 4  The present invention
overcomes the limitations in prior art detectors and methods by using a
rapid,  inexpensive and direct detection system. To address these
limitations, the present inventors  developed the Oxygen Radical
Absorbance Capacity-Oxygen (ORAC(o)) apparatus and method
disclosed herein. Using the ORAC(o) apparatus, the present inventors
were able to measure, for the 5 first time, the effect of both the effect of
both lipophilic and lipophobic anti-oxidants on dissolved  oxygen levels,
concurrently and in real-time. Using the ORAC(o) assay, the inventors
were also able  to develop a synergistic anti-oxidant composition, which
may be used alone or in combination with  one or more anti-oxidant
potentiators. More particularly, the present invention includes an
apparatus for detecting directly the antioxidant  10 activity of both
lipophilic and lipophobic anti-oxidants that includes a dissolved oxygen
sensor in  fluid communication with a sample and an oxygen radical
sensitive molecule in a  solvent/water/surfactant mixture; wherein the
oxygen radical sensitive sensor concurrently detects  both lipophilic and
lipophobic anti-oxidants in the solvent/water/surfactant mixture. The
oxygen  radical sensitive molecule may be molecules that will react with
oxygen, e.g., molecules with 15 conjugated double bonds; or Nitrogen or
Sulfur containing compounds. Examples of oxygen radical  sensitive
molecule, e.g., fluorescein, (3-Phycoerythrin ((3-PE),
glutathione-S-transferase, linoleic acid  or combinations thereof. The
oxygen radical level is determined directly using a dissolved oxygen
meter or sensor in a solvent/water/surfactant mixture. The level of
dissolved oxygen may be  determined using an oxygen sensor, e.g., an
electrochemical, a chemiluminescent, a surface plasmon 20 resonance,
an infrared, a capacitance coupled, a dye-coupled fiber optic or a
hyperspectral oxygen  
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The present invention overcomes the limitations in prior art detectors anil methods by using a rapid,

inexpeusíve ald direct detection system. To add¡ess tå.ese limitations, the present inventors

developed the Oxygen Radical Absorbance Capacity-Oxy1en (ORAC(o)) appafatus and method

disclosed herein. Using the ORAC(o) apparatus, the present inventors were able to measure, for the

first time, the effect of both the effect of both lipophilic and lipophobic anti-oxidants on dissolved

oxygen levels, concurrently and in real-time. using the oRAC(o) assa¡ the inventors were also able

to develop a synergistic aati-oxidant composition, which may be used alone or in combination with

one or more anti-oxjdant potentiators.

More particularþ, the present invention hcludes arr apparatus for detecting directly the aßtioxidant

activity of both lipophiJic antl iipophobic anti-oxidants that includes a dissolved oxygen sensor in

fluid communication with a sample and aû oxygen radical sensitive molecule in a

solvent/water/su¡factant mixture; wherein the oxygen radical sensitive sensor concurrently detects

both lipophilic and lipophobic anti-oxidants in the solvenlwater/surfactant mixture. The oxyg€t

radical sensitive molecule may be molecules that ì ill feact with oxygen, e.g-, molecules with

conjugated double bonds; or Nitrogen or Sulfirr contairing compounds. Examples of oxygen radical

sensitive molecule, e.g., fluorescein, B-Phycoerythrin (B-PE), glutathione-s-transferase, Li¡oleic acid

or combinations thereof. The oxygen radical level is determined directly using a dissolved oxygen

meter ot serso¡ in a solvenVwater/su¡factant mixtuJ:e. The level of dissolved oxygen may be

detemriled using an oxygen seruior, e.g., an eleotrochemical, a chemiluminescent, a surface plasmon

resonance, an infrared, a capacitance coupled, a dye-coupled .fiber optic or a hyperspectral oxygen

sensor. TTe dissolved oxygen meter or sensor may be placed in-lile for high-tbroughput analysis,

may be a single sample detector and/or be adapted for office or evon home use. The solvent may be

an organic solvent, e.g., acetone. The surfactant may be a detergent, e.g', a non-ionic deüergent such

as Tween-2O. The solvent in the solvenywater/surfactant mixtue is generâlly at least about 10 to 90

perc€nt in volume of the solvenlwater/su¡factant mixturg e.g., 33%o. The wate¡ in ttre

solvenlwater/surfactant mixtu¡e is generally at least about 10 to 90 percent in volume of the

solvenvwater/surfactant mixture, e,g., 33 to 67%o. The surfactaft (oI detergent) in the

solvent/water/surfactant mixhx.e is at least about 0.1 to 10 pelcent i¡r volume of the

solvenVwater/surfactant mixture aûd may be stored dissolved in water. In one specific exâmple, the

solvenVwater/surfacta¡t ratio is about 1 :1 : 1.

The appamtus may further include one ol more processors, e.g., a computer that mây: control the

detectof, captu¡e data, store data, perform calculations based on the data and/or a database of
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sensor. The dissolved oxygen meter or sensor may be placed in-line for
high-throughput analysis,  may be a single sample detector and/or be
adapted for office or even home use. The solvent may be  an organic
solvent, e.g., acetone. The surfactant may be a detergent, e.g., a
non-ionic detergent such  as Tween-20. The solvent in the
solvent/water/surfactant mixture is generally at least about 10 to 90 25
percent in volume of the solvent/water/surfactant mixture, e.g., 33%. The
water in the  solvent/water/surfactant mixture is generally at least about 10
to 90 percent in volume of the  solvent/water/surfactant mixture, e.g., 33 to
67%. The surfactant (or detergent) in the  solvent/water/surfactant mixture
is at least about 0.1 to 10 percent in volume of the
solvent/water/surfactant mixture and may be stored dissolved in water. In
one specific example, the  30 solvent/water/surfactant ratio is about 1:1:1.
The apparatus may further include one or more processors, e.g., a
computer that may: control the  detector, capture data, store data, perform
calculations based on the data and/or a database of 5  information, and/or
display the data or summaries of the data in the form of tables, graphs,
charts and  the like. The processor/computer may also be connected and
even control a fluidic system that is in  fluid communication with the
oxygen sensor and the solvent/water/ detergent mixture. The present
invention measures an area under the curve that relates the relative
disappearance of oxygen that 5 results from the activity of the sample
being tested for anti-oxidant capacity to the relative  disappearance of
oxygen observed as a result of the activity of a known standard. Using the
present  invention, and the methods described herein, the level of
dissolved oxygen is measured directly in the  solution that include both
lipophilic and lipophobic anti-oxidants, concurrently. An examples of the
formula for calculating the AUC may be: AUCSMP-AUCBLNx  AUC
x-AUCBUVK X 1000 (mg/gr) X [TRLX (mol/ml)]  ORAC(o) [SMP (mg/ml)]
10 wherein AUCSMP is the area under the curve value of the sample;
wherein AUCBWK is the area under the curve value of the blank;  wherein
AUCrRtx is the area under the curve value for Trolox(r); and  wherein
SMP is the sample. 15 The present invention also includes a method of
determining directly the anti-oxidant activity  including the steps of.
determining the dissolved oxygen level in a test solution dissolved in a
solvent/water/surfactant mixture in the presence of one or more
anti-oxidants and an oxygen radical  target, wherein both aqueous and
lipid soluble anti-oxidant activity is measured with an oxygen  
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information, anrvor display the data or summa¡ies ofthe data in the form of tabies, graphs, chads and

tle like. The processor/computer may also be connected and even control a fluidic systen that is in

fluid communication with the oxygen sensor and the solvenlwater/ detergent nixtì¡re' The plesent

invention measures an a¡e¿ under tle curve that relates the relative disappearance of oxygen that

results fron the activity of the sample being tested for anti-oxidant capacity to tÏe relative

disappeara:rce of oxygen observed as a re$ t of the activity of a known standård' Using the present

invention, and the methods described herein, the level of dissolved oxygen is measured directly i]l the

solution that inclucle both lipophilic and þophobic anti-oxida¡ts, concurrently. An examples of the

forrrula for calculatiag the AUC may be:

AUCsvp-AUCewr

AUCï¡c<-AUCgLNT
X 1000 (mglsr) X ITRLX (PmoUml)]

ORAC(o)-
tsMP (ne/ml)l

wherein AUCs* is the are¿ under the curve value ofthe sarnple;

wherein AUCa^ç is the area under tle curve value of tle blank;

wherein AUCßrx is the area under the curve value for Trolox@; and

wherein SMP is the samPle.

Thepresentinventionalsoincludesamethodofdeterminingdaectlytheantí.oxidantactivity

inciudingthestepsof:determinfugthedissolvedoxygenlevelinatestsolutiondissolvedina

solvenlwater/surfactaDt mixture in the presence of one or more antioxidants and an oxygen radical

target, wherein both aqueous and lipid soluble anti-oxidant activity is measured with an oxygon

detector. The dissolved oxygen radical level may be determined using an oxygen detectol, e.9.,

electroohemical, chemilumi¡escent, surface plasmon resonance, caPacitance coupled, a dye-coupled

fiberopticorahyperspectraloxygensensor.Theauti-oxidantactivitymaybemeasuredatabout3T

degrees Centigrade. Examples of ¡adical intiators include, e'g', 2,2'-azobisl2-(5-methyl-2-

imirlazolin-2-y1)propaneldihydrochloride , 2,2' az-obís (2-amidinopropane)dihydrochloride (AAPH),

2,l-azobis(2-amlduropropane)[2-(N-steary1)amidinopropane] dihydrocbloride (SA-t)' 2'2'-aza(Z'Q-

imidiazolin-2-yl)-propane)-[2-[2-(4-n-octyl)imidazolin-2-yl]-propanel dihydrocbloride (c-8)' 2'2'-

azobis(4-methoxy-2,4dimethylvaleronitrile) (MeO-AMVN), 2,2'-azobis(2,4-dimethylvaleronitrile)

(AM\f¡|, azo-bis-isobutylnitrile, 2,Z'-aznbis (2-methylproprionate) (DAMP)' and 2'2'-azsbis-(2'

amidinopropane), salts, mixtures or equivalents thereof' The deüector may even be disposable'

The present invention also inclutles a clieta¡y supplement that includes any isolated and purified

tipophobio anti-oxiclant a.nd any isolated and pufified lipophilic anti-oxidant, wherein the lipophobic

and tìe lipopbjlic antioxidants combined have a dissolved oxygen value of greater than 6,000 pMol
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detector. The dissolved oxygen radical level may be determined using an
oxygen detector, e.g., 20 electrochemical, chemiluminescent, surface
plasmon resonance, capacitance coupled, a dye-coupled  fiber optic or a
hyperspectral oxygen sensor. The anti-oxidant activity may be measured
at about 37  degrees Centigrade. Examples of radical intiators include,
e.g., 2,2'-azobis[2-(5-methyl-2- imidazolin-2-yl)propane]dihydrochloride,
2,2' azobis (2-amidinopropane)dihydrochloride (AAPH),
2,2'-azobis(2-amidinopropane)[2-(N-stearyl)amidinopropane]
dihydrochloride (SA-1), 2,2'-azo(2-(2 25
imidiazolin-2-yl)-propane)-[2-[2-(4-n-octyi)imidazolin-2-y1]-propane]
dihydrochloride (C-8), 2,2'- azobis(4-methoxy-2,4-dimethylvaleronitrile)
(MeO-AMVN), 2,2'-azobis(),4-dimethylvaleronitrile)  (AMVN),
azo-bis-isobutylnitrile, 2,2'-azobis (2-methylproprionate) (DAMP), and
2,2'-azobis-(2- amidinopropane), salts, mixtures or equivalents thereof.
The detector may even be disposable. The present invention also
includes a dietary supplement that includes any isolated and purified  30
lipophobic anti-oxidant and any isolated and purified lipophilic anti-oxidant,
wherein the lipophobic  and the lipophilic antioxidants combined have a
dissolved oxygen value of greater than 6,000 jsMol 6  Trolox(r)
Equivalents (TE)/gram. The skilled will recognize that the value may also
be expressed as  liquid equivalents, e.g., 6,000 RMol Trolox(r)
Equivalents (TE)/milliliter. The lipophobic and the  lipophilic anti-oxidant
are time-released and may include one or more vitamin E selected from
alpha,  beta, delta, epsilon, gamma, zeta, eta, xil, xi2, and sigma
tocopherols, and alpha, beta, delta and 5 gamma tocotrienols, analogs
thereof, pharmaceutically acceptable salts thereof, and combinations
thereof. Examples of lipophilic anti-oxidants include quercetin, kaempferol,
myricetin, apigenin and  derivates, analogs, pharmaceutically acceptable
salts thereof, and combinations thereof. The dietary supplement that
includes any isolated and purified lipophobic anti-oxidant and any  isolated
and purified lipophilic anti-oxidant, may also include two or more essential
saccharide, e.g.,  10 galactose, galactosamine, glucosamine, glucose,
mannose, acetylated-mannose, N-acetylneuraminic acid, fucose,
N-acetylgalactosamine, N-acetylglucosamine and/or xylose. In one
embodiment, the  supplement also includes source of vitamin C, e.g., a
plant source with a high level of natural,  bioavailable vitamin C such as
an Australian bush plum (Tenninalia ferdinandiana). In another  specific
embodiment, the Vitamin C is a potentiator of anti-oxidant activity from a
plant source of 15 vitamin C such as wild-Australian bush plum
(Terminalia ferdinandiana), which has a higher  percentage of Vitamin C
than farm grown bush plum. The supplement may also include one or
more  pro-biotics, e.g., Lactobacillus sp. and Bifulobacterium sp. The
supplement may be compressed to  provide a generally oxygen
impermeable surface, e.g., a roller-compressed particle, a capsule, a
tablet, a mini-tab, a caplet, an effervescent tablet or combinations thereof.
20 As a point of comparison with the ORAC(o) apparatus and method
described hereinabove, the  isolated and purified lipophilic and lipophobic
anti-oxidants, will have an anti-oxidant ORAC(fl-lipo)  
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Trolox@ Equivalents (TE)/gram. The skilled wül re cognize thal t}le talue may also be expressed as

iiquitl equivalents, e.g., 6,000 ¡rMol Trolox@ Equivalents (TE)/milliliter. The Iipophobic and the

lipophilic anti-oxidant are time{eleased and may include o¿e or more vitami¡ E selected from alph4

beta, delta, epsilon, gamm4 zeta, ela, xil, xA, afrd sigma tocopherols, aad aþha, beta, delta and

ganma tocoFienois, aaalogs thereof, pharmaceutioaliy acceptable salts thereof, and combinatíons

thereof. Examples of þophíIic a¡ti-oxidants i¡clude quercetin, kaempferol, myricefin, apigenil and

d.erivates, analogs, pharmaceutically acceptable salts thereof, and combinations thereof.

The dietary supplement that includes any isolated and purified lipophobic anti-oxídant and any

isolated and purifred lipophilic a.nti-oxidaut, may also include two or more essential saccharide, e.g.,

galactose, galactosamine, glucosamìne, glucose, mar:nose, acet¡dated-malaose, N-acetylneuramidc

acid fucose, N-acetylgalactosamine, N-acetylglucos¡mine and/or xylose. In one €mbodiEent, the

supplement also includes source of vitamia c, e.g., a piant soufce witlt a high level of natural,

bioavailable vitzmin c such as an Australian bush plum (Temtinalin fetdirtandiana)' I¡ another

specific embodiment, the Vitamin C is a potentiator of atti-oxidant activity from a plant source of

vjtaminCsuchaswild.Australia¡bushphlm(Tentinalinferdinandiana)'whichhasahigher

percentage of Vitamin C than farm grown bush plurn. The supplement may also include one or more

pro-biotics, e-g., Lactobacillus sp. uÅ BiJìdobacterium sp. T\e supplement may be compressed to

provide a generally oxygen impermeable surface, e.g., a roller-compressed particle, a capsule' a

tablet, a mini-tab, a caPlet, an effervescent tablet or combinations thereof'

As a poht of comparison with the oRAC(o) apparatus and method described hereinabove, the

isolated and purified lipophilíc and lipophobic anti-oxidants, will have an anti-oxidant oRAC(flJipo)

value greater thal 7000 p,Mol T¡olox@ Equivalents (TE)/gram. The present invention was used in au

open label study to measuIe the change in anti-oxidant levels in each individual taking an anti-

oxidant/gþonutrient blend that included the anti-oxidants of the present invention i¡ their diets.

ffien provided to a patient, the lipophobic and the lipophilic antioxida¡ts provided an average

increase of over 13%o as measured by ORAC(p-PE) from the cumulative patient population's average

baseline antioxidant level. The present invention also includes a number of conpositions. The

compositions disclosed herein a¡e based on the recognition that dietary supplements available

currently fail to combine lipophilic and lipophobic antí-oúdants with messurable activities above

those expected from the individual components. using the appafatus and method of the present

invention, the pfesent inventofs were able to develop synergistic combinations of not only lipophilic

and üpophobic anti-oxidants, but also add potentiators ofthe anti-oxidant activity'

Flavonoids like quercetin have recently been shown to inc¡ease the transcription ofthe heavy subunit

of the rateJimiting enzyme in glutathione synthesis, gamma-glutâmylcysteine s)'nthetase, tbrough the

gene's antioxidant responsive elements. The increased transcription is subsequentþ translated in

inc¡eased. intracellula¡ levels of reduceil (active) glutathione in tissue cuiture cells. Quercetin is a

major component of red wine, grape ski.n, and onions. Studies of quercetin from ¡ed wìne' $âpo

35

value greater than 7000 ItMol Trolox(r) Equivalents (TE)/gram. The
present invention was used in an  open label study to measure the
change in anti-oxidant levels in each individual taking an anti-
oxidant/glyconutrient blend that included the anti-oxidants of the present
invention in their diets. 25 When provided to a patient, the lipophobic and
the lipophilic antioxidants provided an average  increase of over 13% as
measured by ORAC(3-PE) from the cumulative patient population's
average  baseline antioxidant level. The present invention also includes a
number of compositions. The  compositions disclosed herein are based
on the recognition that dietary supplements available  currently fail to
combine lipophilic and lipophobic anti-oxidants with measurable activities
above 30 those expected from the individual components. Using the
apparatus and method of the present  invention, the present inventors
were able to develop synergistic combinations of not only lipophilic  and
lipophobic anti-oxidants, but also add potentiators of the anti-oxidant
activity. Flavonoids like quercetin have recently been shown to increase
the transcription of the heavy subunit  of the rate-limiting enzyme in
glutathione synthesis, gamma-glutamylcysteine synthetase, through the
35 gene's antioxidant responsive elements. The increased transcription is
subsequently translated in increased intracellular levels of reduced
(active) glutathione in tissue culture cells. Quercetin is a  major
component of red wine, grape skin, and onions. Studies of quercetin from
red wine, grape 7  skin, and onions suggest beneficial effects upon health.
Querectin has been shown to be well  absorbed by humans. One study
showed that all ingested quercetin was metabolized two hours  following a
meal (European Research on Functional Effects of Dietary Antioxidants,
September 25- 28, 2002, Cambridge, UK). Upon finding substantially
decreased LDL oxidation in subjects 5 consuming moderate amounts of
red wine, researchers asserted that the protective effects could very  likely
be attributed to the activity of quercetin and its metabolites. Quercetin has
also been shown to  enhance the stability of erythrocytes. The present
inventors recognized that due to the numerous and diverse factors
influencing oxidative  stress, anti-oxidant supplementation would need to
be tailored to an individual's need and chemistry.  10 Furthermore, it was
recognized that a combination of tocopherols was required to meet the
differing needs of individuals. The combination of tocopherols is
necessary because some antioxidants are  "selected" by the body. For
example, the predominant form of vitamin E in the North American diet  is
gamma-tocopherol, which is commonly found in vegetable oils as well as
products derived form  soybeans and corn. However, the body
predominantly retains alpha-tocopherol. A specific method, 15 leaning on
alpha-tocopherol transfer protein has been found to regulate the
concentration of alpha- tocopherol in the body. Unlike anti-oxidant
compositions in the prior art, the present invention uses  mixed
tocopherols to provide the body with many forms of vitamin E, allowing for
the selection,  retention and use of the optimal amounts of each form.
Furthermore, the synergistic combination of  
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skin, and onions suggest beneficial effects upon health' Quercetin has been shoivn to be !ve11

absorbedbyhumans.onestudyshowedthatallingestedquercetinwasmetabolizedtwohours

followingameal@uropeanRese¿rchonFunctionalEffectsofDietaryAntioxidants'September25-

28,zÌOl,Cambriclge,UK).UponfintlingsubstantiallydecreasedLDLoxidationiflsubjects

consuming úoderate amounts of reil wine, researohers asserted that the protective effects could very

likely be attributed to the aotivity of quercetin and its metabolites' Quelcetin has also been shown to

erhance the stability of er''tbrocfes

The present inventors recognized that due to the numerous and diverse factors influencing oxidative

stress, anti-oxidant supplementation would need to be tailored to an individual's need and chemistry'

Furthermore, it was recognized that a combination of tocopherols was required to meet the differing

needs of individuals. The combfumtion of tocopherols is necessary because some antioxidants are

..selected,,bythebody.Forexample,thepredomirrantformofvit¿minEintheNorthAmeric¿¡diet

is gammatocopherol, which is commonly found in vegetable oils as well as products derived form

soybeans and com. I{owever, the body predominantly retains âlpha-tocopherol' A specific method

leaningonalpha-tocopheroltransferproæinhasbeenfoundtoregrrlatetheconcentrationofalpha-

tocopherol in the body. Unlike anti-oxidant oomposiiions in the prior aí' the present ilvention uses

mixedtocopherolstoprovidethebodywithmanyformsofvitaminE'allowingfortheselection'

¡etention and use of the optimal amounts of e¿ch form. Furthermore, the synergistic combination of

quercetinandmixedtocopherolsprovidesthebodywitlrawidearrayofantioxidantnutrientsoptimal

seleotion, which may differ based upon an individual's needs'

Thepresentinventorssoughttomaxiøjzefiúhertheactivityofthesynergisticquercetinandmixed

tocophefolcombinationbyaddingcompoüntlsthathelppotentiatetheactivityofthesea¡ti-oxidants.

onesuchpotentiâtorisVit¿minC.VítamilChassignificarrtantioxidaatactivityathibutedtoítas

well as several non-antioxitlant nllhitive functions. Many attribute pro-oxidalt properties to vitamin

C, especially in the presence of transition metals' The pro-oxidant properties of viømin C may not

be entirely destructive. Howeve¡ other resea¡chets assert that they found that vit'miñ C behaves as

an antioxidan! even in the presence of rr¡bound netals. other potentiators of a:rti-oxidant activity

include natur¿I extfacts, such as grape seed extract and gre€n tea exhact- In one study, green tea

exhibited potent antimutagenic activity in vitro and inhibited the development of caroinogen-induced

preneoplastic lesions in the rat colon. Green tea also significaltly i¡hibited the formation of

intestinal poþs. Therefore, the present inventors combined not only a synergistic oombination of

purifiedandisolatedanti-oxidaltsfromnaturalsoufces,suchasquercetilandnixedtocopherols,but

further adiled potentiators that increased the detectable anti-oxidant activity of thes€ agents.

More particularl¡ the compositions a dietary supplement that inciudes a nuhitionally effective

amount of two or more essential saccharides; an isolated and purified lipophobic oxygen-radical

quencher; and an isolated and purified þophilic oxygen-radical quencher' wherein the lipophobic

and the lipophilio oxygen-radical quenchers combined have an oxygen-radioal quencher value of

35

quercetin and mixed tocopherols provides the body with a wide array of
antioxidant nutrients optimal  20 selection, which may differ based upon
an individual's needs. The present inventors sought to maximize further
the activity of the synergistic quercetin and mixed  tocopherol combination
by adding compounds that help potentiate the activity of these
anti-oxidants.  One such potentiator is Vitamin C. Vitamin C has
significant antioxidant activity attributed to it as  well as several
non-antioxidant nutritive functions. Many attribute pro-oxidant properties
to vitamin 25 C, especially in the presence of transition metals. The
pro-oxidant properties of vitamin C may not  be entirely destructive.
However, other researchers assert that they found that vitamin C behaves
as  an antioxidant, even in the presence of unbound metals. Other
potentiators of anti-oxidant activity  include natural extracts, such as grape
seed extract and green tea extract. In one study, green tea  exhibited
potent antimutagenic activity in vitro and inhibited the development of
carcinogen-induced 30 preneoplastic lesions in the rat colon. Green tea
also significantly inhibited the formation of  intestinal polyps. Therefore,
the present inventors combined not only a synergistic combination of
purified and isolated anti-oxidants from natural sources, such as quercetin
and mixed tocopherols, but  further added potentiators that increased the
detectable anti-oxidant activity of these agents. More particularly, the
compositions a dietary supplement that includes a nutritionally effective
35 amount of two or more essential saccharides; an isolated and purified
lipophobic oxygen-radical  quencher; and an isolated and purified
lipophilic oxygen-radical quencher, wherein the lipophobic  and the
lipophilic oxygen-radical quenchers combined have an oxygen-radical
quencher value of 8  greater than 6,000 gMol Trolox(r) Equivalents
(TE)/gram. In one assay, the lipophobic and the  lipophilic oxygen-radical
quencher when provided to a patient provide an average increase of over
13% as measured by ORAC(fl-lipo) from the patient population's baseline
antioxidant level. The  lipophobic and the lipophilic oxygen-radical
quencher are packaged for extended-release, and may 5 include one or
more of the following vitamin E molecules: alpha, beta, delta, epsilon,
gamma, zeta,  eta, xil, xi2, and sigma tocopherols, and alpha, beta, delta
and gamma tocotrienols, analogs thereof,  pharmaceutically acceptable
salts thereof, and combinations thereof. The lipophilic oxygen-radical
quencher may include one or more of the following: flavonols, quercetin,
kaempferol, myricetin,  apigenin and derivates, analogs, pharmaceutically
acceptable salts thereof, and combinations thereof. 10 The supplement
may further include two or more saccharides selected from the group
consisting of  galactose, glucose, mannose, N-acetylneuraminic acid,
fucose, N-acetylgalactosamine, N- acetylglucosamine and xylose,
derivates, analogs, pharmaceutically acceptable salts thereof, and
combinations thereof. BRIEF DESCRIPTION OF THE DRAWINGS 15 For
a more complete understanding of the features and advantages of the
present invention, reference  
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greater th¿n 6,000 pMoI Trolox@ Equivalents (TE)/gram ln one assav' the lipophobic and the

lipophilic oxyget-radicaL quencher when provid€d to a patient plovide an average i¡crease of over

13oloasmeasuredbyoRAc(flJipo)fromthepatierrtpopulation'sbaselineantioxidantlevel.The

lipophobic and tle lipophilic oxygen-radical quencher are packaged fo¡ extended-release' and may

include one or more of the following vitamìn E molecules: alph4 beta, delta, epsilon, gamma' zeta'

eta,rtI,xL,andsigmatocopherols,andalpha,beta,deltaa¡dgammatocotrienols'analogsthereof'

pharmaceutically acceptable salts thereot and combhations thereof' The lipopbilic oxygen-radical

quencher may include o¡.e or more of ihe followiag: flavonols, quercetin, kaempferol, myricetin'

apigenin a:rd derivates, analogs, pharmaceutically acceptable salts thereof' and combinatio¡s thereof

The supplement may firrther inciude two or more saccharides selected from the group consisting of

galaotose, glucose, mannose, N-acetylneuraminic acid fucose' N-acetylgalactosa:nine' N-

acetylglucosamhe and xylose, derivates, alalogs, pharmaceutically acceptable salts thereof' and

combinations thereof.

BRIEF DESCRIPTION OF TI{E DRAWINGS

Foramorecompleteunderstandingofthefeaturesandadvantagesofthepresentinvention,reference

is now made to the detailed description of tho invention along with the accompanþg figures and in

which:

FIG. 1 depictions an ORAC(o) direot anti-oxidant apParatus;

FIG. 2 is a flowchart of the ORAC(o) method of the present i¡vention;

FIG. 3 are two graphs that compare the blÚk solution in an oRAC(o) þercent orygen) with the

ORAC(fl) (fluorescenoe) measuremeûts using AAPH an initiator' Trolox@ as the stâldard and

linoleic acid or fluorescein, respectiveþ as the oxygen radical targets;

FIG. 4 are two graphs that compare the antloxidant standa¡d Trolox@ in an ORAC(o) (percent

oxygen) with the ORAC(fl) (fluorescence) measurements using AAPH an initiator' Trolox@ as the

standard and linoleic acid or fluorescein, respectively as the oxygen ¡adical targets;

FlG.5aretwographsthatcomparetheblanksolution,thestandartlandthesample'inanORAC(o)

(percent oxygÐ with the ORAC(fl) (fluorescence) measurements ushg AAPH âs an iûitiator'

T¡olox@ as tle standard a¡cl li¡oleic acict or fluorescein, respectiveþ as the oxygen radical targets;

FIG. 6 is a graph that shows an antioxidant effect of the combination of quercetin (Q) at 5 ¡rgiml and

mixed tocoplrerols (MT) at 5 pglml as compared to each ingredient separately at a concenhation of

1 0 ¡.uglmI- as measured by the ORAC(o) meihod of the present i¡vention;

FIG. 7 is a graph that shows an antioxidant effect ofthe combination ofquercetin (Q) at 5 pgllnl and

mixed tocopherols (MT) ai 5 ¡rglmI-' and Trolox@ as a co¡hol measured by the ORAC(o) nethod of

the present invention;

15
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is now made to the detailed description of the invention along with the
accompanying figures and in  which: FIG. 1 depictions an ORAC(o) direct
anti-oxidant apparatus; FIG. 2 is a flowchart of the ORAC(o) method of
the present invention; 20 FIG. 3 are two graphs that compare the blank
solution in an ORAC(o) (percent oxygen) with the  ORAC(fl)
(fluorescence) measurements using AAPH an initiator, Trolox(r) as the
standard and  linoleic acid or fluorescein, respectively as the oxygen
radical targets; FIG. 4 are two graphs that compare the anti-oxidant
standard Trolox(r) in an ORAC(o) (percent  oxygen) with the ORAC(fl)
(fluorescence) measurements using AAPH an initiator, Trolox(r) as the  25
standard and linoleic acid or fluorescein, respectively as the oxygen
radical targets; FIG. 5 are two graphs that compare the blank solution, the
standard and the sample, in an ORAC(o)  (percent oxygen) with the
ORAC(fl) (fluorescence) measurements using AAPH as an initiator,
Trolox(r) as the standard and linoleic acid or fluorescein, respectively as
the oxygen radical targets;  FIG. 6 is a graph that shows an antioxidant
effect of the combination of quercetin (Q) at 5 pg/mL and 30 mixed
tocopherols (MT) at 5 g/ml, as compared to each ingredient separately at
a concentration of  10 gg/mL as measured by the ORAC(o) method of the
present invention; FIG. 7 is a graph that shows an antioxidant effect of the
combination of quercetin (Q) at 5 g/mL and  mixed tocopherols (MT) at 5
gg/mL, and Trolox(r) as a control measured by the ORAC(o) method of
the present invention; 9  FIG. 8 is a graph of the Area Under the Curve
(AUC) results from titrated ratio of quercetin and  mixed tocopherols using
the ORAC(o) method to measure antioxidant capacity; FIG. 9 is another
graph of AUC results from titrated ratio of quercetin and mixed
tocopherols using  the ORAC(o) method to measure antioxidant capacity
that demonstrated the expected results (line)  5 and the extent of synergy
detected above the line as compared to the expected results from titration
of  the quercetin and mixed tocopherols; FIG. 10 is a graph that shows the
results from ORAC(o) assays for varying ratios of grape skin  extract and
green tea extract in the presence of.49.18% quercetin, 32.79% mixed
tocopherols, and  1.64% bush plum. The optimal ratio of grape skin
extract to green tea extract is 60/40 to 80/20; 10 FIG. 11 is a graph that
shows ORAC(fl) results of the combination of quercetin (Q) at 5 sg/mL
and  mixed tocopherols (MT) at 5 g/mL as compared to each ingredient
separately at a concentration of  10 g/ml,. FIG. 12 is a graph of an
ORAC(fl) assay measuring a titration of quercetin versus a-tocopherol
dissolved in acetone:water; 15 FIG. 13 is a graph of an ORAC(fl) assay
measuring the anti-oxidant activity measured for a fixed  
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FlG.SisagraphoftheAreaUndertheCurve(AUC)resultsfromtitratedratioofquercetinând

rrixed tocopherois using the ORAC(o) method to measure antioxidant capacity;

FIG. 9 is another graph of AUC fesults from titr¿ted ratio of quercetin and mixed tocopherols usi¡g

theoRAC(o)methodtomeasu¡eantioxidantca1acilythatdemonstatedtheexpectedresults(líne)

5 and the extent of synergy detected above the line as compared to the exp€cted results from titration of

the quercetin and mixed tocopherols;

FIG. 10 is a graph that shows the results from ORAC(o) assays for varying ratios of grape skin

extracta¡dgfeeÎÍeaextfactinthepresenceof.4g'!8%quercetin,32.79o/omixedtocopherols,and

1.64%bushplum.Theoptimalratioofgrapeskinextracttogleenteaexhactis60/40to80/20;

l0FIG.llisagraphthatshowsoRAC(fl)resultsofthecombinationofquercetin(Q)at5pg/mlând

mixedtocopherols(MT)at5pg/mlascomparedtoeacliingredientsepafatelyataconcenhationof

l0 þelßI'-

FIG.12isagraphofanoRAC(fl)assaymeasuringatitmtionofquercetinversusc-tocopherol

dissolved in acetone: wator;

15FIG.13isagraphofanoRAC(fl)assaymeasurirrgtheanti-oxidantaotivitymeasuredfo¡afixed

ratio ofquercetin:c-tocopherol ratio dissolved in a solvent:water:detergent mixture;

FIG.14isagmphofa:roRAC(fi)assaymeasuringtheanti-oxidantactivitymeasuredforafixed

ratio of quercetin;a-tocopherol ratio dissolved in two different rations of solvent:water to d€tergent

mixtures;

20 FIG. 15 is a graph showing the oRAC(o) values obtained with different ratios of quercetin aad

mixed tocopherols;

FIG. 16 is a graph showing the ORAC(o) values for different ration of grape seed extract and green

tea extract;

FIG. 17 is a graph that shows the oRAC(o) values of the combinatiou of the maximum

25 quercetin:mixed tocopherol and the grape seed extrâct and grcen tea extract ratios;

FIG. 18 shows the tb¡ee modules selected for initial investigation; and

FIGS. 19 a¡d 20 a¡e graphs that show the ¡elative rele¿se profiles of quercetin by HPLC and t-IVA/is'

resPectivelY.

DETAILED DESCRIPTION OF THE INVENTION

30 Whüe the making and usir:g of various enbodíments of the present i$'ention are discussed in detaü

belo% it should be appreciated that the present inventon provides many applicable inventive

conceptsthatcanbeembodiedinawidevarietyofspecificcontexts.Thespecificembodiments

ratio of quercetin:a-tocopherol ratio dissolved in a solvent:water:detergent
mixture; FIG. 14 is a graph of an ORAC(fl) assay measuring the
anti-oxidant activity measured for a fixed  ratio of quercetin:a-tocopherol
ratio dissolved in two different rations of solvent:water to detergent
mixtures; 20 FIG. 15 is a graph showing the ORAC(o) values obtained
with different ratios of quercetin and  mixed tocopherols; FIG. 16 is a
graph showing the ORAC(o) values for different ration of grape seed
extract and green  tea extract; FIG. 17 is a graph that shows the ORAC(o)
values of the combination of the maximum  25 quercetin:mixed tocopherol
and the grape seed extract and green tea extract ratios; FIG. 18 shows
the three modules selected for initial investigation; and FIGS. 19 and 20
are graphs that show the relative release profiles of quercetin by HPLC
and UV/Vis,  respectively. DETAILED DESCRIPTION OF THE
INVENTION 30 While the making and using of various embodiments of
the present invention are discussed in detail  below, it should be
appreciated that the present invention provides many applicable inventive
concepts that can be embodied in a wide variety of specific contexts. The
specific embodiments 10  discussed herein are merely illustrative of
specific ways to make and use the invention and do not  delimit the scope
of the invention. To facilitate the understanding of this invention, a number
of terms are defined below. Terms  defined herein have meanings as
commonly understood by a person of ordinary skill in the areas  5 relevant
to the present invention. Terms such as "a", "an" and "the" are not
intended to refer to only a singular entity, but include the general class of
which a specific example may be used for  illustration. The terminology
herein is used to describe specific embodiments of the invention, but  their
usage does not delimit the invention, except as outlined in the claims. The
present invention is based, in part, on the recognition that the art has
artificially created two  10 mutually exclusive categories of anti-oxidants
and has measured them separately. Furthermore, the  art has also
generally measured the existence of the radicals indirectly, that is, using a
reporter  molecule. The present invention provides an apparatus and
method that not only detects the total  anti-oxidant capacity of a sample,
concurrently, but does so directly. As used herein, the term "essential
saccharides," is used to define the monosaccharides commonly  15 found
in the oligosaccharide chains of cellular glycoproteins and which may not
be readily available  through diet or biochemical manufacture in the
human body (see, e.g., Harper's Biochemistry  (Murray et al., 1996)(listing
eight) and Principles of Biochemistry, Vol II (Zubay, et at., 1995)(listing  
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díscussed herein are merely illustrative of specific .trays to make and use the invention and do not

delimit the scope ofthe invention'

To facilitate ihe understatrdíng of thís invention, a number of ter¡ns are defired below Terms

defllletl herei¡ have meanings as commonly understood by a person of ordinary skill in the areas

relevant to the present invention. Terms suclr as "a'" 'an- and "the" are not intended to refer to only

a singular entity, but include the general class of which a specific example may be used for

illustration. The terminology herein is used to describe specific embodiments of the invention, but

their usage does not delimit the invention, except as outlined in the claims'

The present i¡vention is based, in part, on ttre recognition that the aft has artificiatly created two

mutually exclusive categories of anti-oxidants and has measured them separately. Furthermore, the

art has also generally measured the existence of the radicals indirectly, that is, using a repofter

molecule. The present invention provides an apparatus and method that not only detects the total

antí-oxidant capacþ of a sample, concurrentl¡ but does so directly'

As used herein, the term .bssential saccharides," is used to defi¡e the monosacchatides comnonly

founclint}eoligosaccha¡i<lechaimofcellulargþoproteinsandwhichmaynotbereadilyavailable

through díet or bioohemical manufacture in the human body (see, e.g., Harper's Biochemistry

(Murray et al., lggO0isting eight) and Principles of Biochemistrv, Vol tr (Zttbay' et al'' 1995)(listirg

eleved. !!¡hile over 200 monosacoha¡ides have been found in nature, ltrese eleven a¡e believed to be

important tou/at¿l maintaildng good health in mammals: galactose, glucose' mannose' N-

acetylneuraminic acid, fucose, N-acetylgalactosaming N-acetylglucosamine' xylose' iduroaic acid'

a¡abinose and glucuronic acid. The present invention includes saccharides such as galactose;

glucose; mamose; fi:cose; xylose; ârabinose; arabilogalactan; acetylated mannose; rhamnose;

glucuronic acid; galacturonio acid; iduronic acid; glucosamine; galactosamine; N-acetyl neuraminic

aoitl; N-acetyl gaiactosamine antl N-acetyl glucosamiae, which may be provided as a nutritional

dietary supplement in underivatize4 derivatizeù monomeric' oligomeric, polymeric The structures

ofthese carbohytlrates are well-known (see, e.g., Stryer's Bioohemistry (Stryer' 1995) and the Merck

Index, I 2th Ediiion, 1 996), as are tåose that are bonded such tlat they are digestible by humans and

other mammals. In one specific example, the saccharides include four, five, six, seven, eight, nir¡

ten, eleven, twelve or more saccharides selected ftom monomeric, oligomeric or poll'meric form

seleoted from fucose; rharnnoSe; arabilose; glucosarrine; galaotose; glucose; xylose; mannose;

acetylatetl mannose; galacturonic acid; and glucuronic acid'

For examplg tha dietary supplement of the present invention may be províded in extended or

modified reiease form and include, e.g., a weig'lrt percent of betwe€n abouÍ 0'1-l 7o fircose; 0'1-1 %

rharnose; 0.1-20 o/o atabinose; O.l2O % glucosamine; 1-50 % galactose;0-20% glucose; 0-5%

xylose; 0-5% mannose; O.l-z)yo acetylated ma:rnose; 0-5olo galachrronic acid; and 0-5% glucuronic

acid.

35

eleven). While over 200 monosaccharides have been found in nature,
these eleven are believed to be  important toward maintaining good health
in mammals: galactose, glucose, mannose, N 20 acetylneumminic acid,
fucose, N-acetylgalactosamine, N-acetylglucosamine, xylose, iduronic
acid,  arabinose and glucuronic acid. The present invention includes
saccharides such as galactose;  glucose; mannose; fucose; xylose;
arabinose; arabinogalactan; acetylated mannose; rhamnose;  glucuronic
acid; galacturonic acid; iduronic acid; glucosamine; galactosamine;
N-acetyl neuraminic  acid; N-acetyl galactosamine and N-acetyl
glucosamine, which may be provided as a nutritional 25 dietary
supplement in underivatized, derivatized, monomeric, oligomeric,
polymeric The structures  of these carbohydrates are well-known (see,
e.g., Stryer's Biochemistry (Stryer, 1995) and the Merck  Index, 12th
Edition, 1996), as are those that are bonded such that they are digestible
by humans and  other mammals. In one specific example, the saccharides
include four, five, six, seven, eight, nin,  ten, eleven, twelve or more
saccharides selected from monomeric, oligomeric or polymeric form 30
selected from fucose; rhamnose; arabinose; glucosamine; galactose;
glucose; xylose; mannose;  acetylated mannose; galacturonic acid; and
glucuronic acid. For example, the dietary supplement of the present
invention may be provided in extended or  modified release form and
include, e.g., a weight percent of between about: 0.1-1 % fucose; 0.1-1 %
rhamnose; 0.1-20 % arabinose; 0.1-20 % glucosamine; 1-50 % galactose;
0-20% glucose; 0-5% 35 xylose; 0-5% mannose; 0.1-20% acetylated
mannose; 0-5% galacturonic acid; and 0-5% glucuronic  acid. 11  As used
herein the terms, "long-chain saccharides" and "long-chain
polysaccharides" are used to  describe those chains of saccharides that
have two or more saccharides that are capable of intrachain  hydrogen
binding. For example, in U.S. Patent No. 4,735,935, relevant portions
incorporated herein  by reference, teaches the methods of isolation of
long-chain polysaccharides from Aloe vera, in 5 which the precipitated,
lyophilized long-chain polysaccarides have from 2 to about 50,000
monomers  per chain. The long-chain polysaccharides can be isolated
from a variety of plant and animal  sources, as taught and disclosed
herein. Isolating and purifying the long-chain polysaccharides of the
present invention, and even isolating specific chain lengths or
combinations thereof may be obtained  by, e.g., hydrolyzing the
long-chain polysaccharides, bulk isolation of specific lengths of longchain
10 polysaccharides, polymerizing longer long-chain polysaccharides,
selecting combinations of shorter  and longer long-chain polysaccharides,
separating the long-chain polysaccharides by, e.g.,  electroporation,
FPLC, HPLC, size-exclusion, size-exclusion chromatography,
precipitation and the  like. As used herein, the term "modified release" is
used herein is used to describe a release profile to  15 effect delivery of a
nutritionally effective amount of a nutrient over an extended period of time,
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As used herein üre terms, "long-chain saccharides" and "long-chain ¡r,oþaccharides" are used to

describe those chai¡s of saccha¡ides that have two or more sacoharides that a¡e capable of intrachain

hydrogen binding. For example, in u.S. Patent No. 4,735,935, relevant portions incoçorated herein

by reference, teaches the methods of isolation of long-cþain polysaccharides from Aloe vera, in

which the precipitated lyophilized long-chain polysaccarides have from 2 to about 50,000 monomers

per chain. The long-chain poþaccharides can be isolated fiom a variety of plant and animai

sources, as taught and discloserl horein. Isolatíng aad purifyi:rg tJre long-chain polysaccharides ofthe

present invention, and even isolating specific chain iengfhs o¡ combinations thereof may be obtáiaed

by, e.g., hydrolyzing the long-chain polysaccliarides' bulk isolation of specific lengths of longchain

polysaccharides, polymerizing longer long-chain polysaccharides, selectiag combinations of shorter

antl longer long-chain polysaccharides, separating the long-chain polysaccharides by, eE'

eleckoporatio¡, FPLC, HpLC, size-exclusion, size-exclusion cfuomatography, pecipitation a]ld the

like.

As used herein, the term "modified release" is used herein is used to desoribe a release profile to

effect deLivery of a nuiritionally effective amount of a nutrient ovel an extended period of time,

defined herein as being about 60 minutes and about 2, 4, 6, 8 or more hours using the formulation of

the pfesent invention. Modified release may also be defined functionally as the release of over 80 to

90 percent (7o) of the nutrient afte¡ about 60 minutes and about 2, 4, 6 or even 8 hours Modifted

release may also be evaluated by making the nutrient available to the patient or subject regardless of

uptake, as some actives may never be absorbed by the animal. Va¡ious modifred release dosage

forms may be desigaed reacfily by one of skill in art as disclosed herein to achieve delivery to both

the small and large intestines, to only the small intestiD.e, or to only the large intestine, dependir:g

upon the choice ofooating materials and/ol coating thiclaless. Exanples ofmodifications that can be

made to the long-chain polysaccharides include, e.g., changing the types or conposition of

saccha¡ides in the long-chain polysaccharides, chemically modifling (organically or chemically) the

side chains of the saccha¡ides (e.g., acetylation), hydroiyzing the long-chain polysaccharides, sizing

the long-chain poþaccharides, polymerizing longer long-chain polysacoharides, selecting

combinations of shorter and longer long-chain polysaccharides, separating the long-chain

polysaccharides by, e.g., electroporation, FPLC, ltplc, size-exclusion, size-exclusion

cbromatography, precipitation atrd the líke. Exlended release fo¡¡nulations may be prepared and

delivered so that release is accomplished at some generally predictable location in the lolvef intestinal

tract more distal to that which would have been accomplished if the¡e had been no modified release

alterations.

The present invention may be used alone or in combination with one or more method, tecbniques,

mechanical, chemical and other motlification, encapsulation, packagíng and the like for delaying the

release of the nutrient, e.g., a capsule, a gel cap or eveû a coating' Examples of capsules include

animal, vegetable, polymeric, mixtures and conrbinations thereof. The coatilg (typq thicioress, etc)
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defined herein as being about 60 minutes and about 2, 4, 6, 8 or more
hours using the formulation of  the present invention, Modified release
may also be defined functionally as the release of over 80 to  90 percent
(%) of the nutrient after about 60 minutes and about 2, 4, 6 or even 8
hours. Modified  release may also be evaluated by making the nutrient
available to the patient or subject regardless of 20 uptake, as some
actives may never be absorbed by the animal. Various modified release
dosage  forms may be designed readily by one of skill in art as disclosed
herein to achieve delivery to both  the small and large intestines, to only
the small intestine, or to only the large intestine, depending  upon the
choice of coating materials and/or coating thickness. Examples of
modifications that can be  made to the long-chain polysaccharides
include, e.g., changing the types or composition of 25 saccharides in the
long-chain polysaccharides, chemically modifying (organically or
chemically) the  side chains of the saccharides (e.g., acetylation),
hydrolyzing the long-chain polysaccharides, sizing  the long-chain
polysaccharides, polymerizing longer long-chain polysaccharides,
selecting  combinations of shorter and longer long-chain polysaccharides,
separating the long-chain  polysaccharides by, e.g., electroporation,
FPLC, HPLC, size-exclusion, size-exclusion 30 chromatography,
precipitation and the like. Extended release formulations may be prepared
and  delivered so that release is accomplished at some generally
predictable location in the lower intestinal  tract more distal to that which
would have been accomplished if there had been no modified release
alterations. The present invention may be used alone or in combination
with one or more method, techniques,  35 mechanical, chemical and other
modification, encapsulation, packaging and the like for delaying the
release of the nutrient, e.g., a capsule, a gel cap or even a coating.
Examples of capsules include  animal, vegetable, polymeric, mixtures and
combinations thereof. The coating (type, thickness, etc) 12  may be
applied to a sufficient thickness such that part or the entire coating does
not dissolve in the  gastrointestinal fluids at pH below about 5, but does
dissolve at pH about 5 and above. As used herein the term "nutritionally
effective amount" is used to define the amount that will  provide a
beneficial nutritional effect or response in a mammal. For example, as
nutritional response  5 to vitamin- and mineral-containing dietary
supplements varies from mammal to mammal, it should be understood
that nutritionally effective amounts of the vitamins and minerals will vary,
respectively. Likewise, the lack of an essential amino acid, vitamin-C, iron,
iodine, vitamins,  minerals, carbohydrates, lipids and the like are known to
affect physiological and cellular functions.  A nutritionally effective amount
of the anti-oxidants, saccharides, vitamins, minerals and other 10
compositions disclosed herein are nutritionally effective when they
preserve and/or elevate the levels  of these critical nutrients in the diet of,
e.g., a human that seeks to maintain or augment their diet for  these
nutritional supplements. Thus, while one mammal may require a particular
profile of  
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may be applied to a sufñcient thiclar.ess such t¡at part or the enti¡e coating does not dissolve i¡ the

gastrointestinal fluids at pH below about 5, but does dissolve at pH about 5 and above'

As used herein the term "nutritionally effective amount'' is used to define flte amount that will

provide a beneficiai nutritional effect or response in a mammal. For example, as nutritional response

to vitamin- and mineral-containing dietary supplemeûts varies from marnmal to nammal, it should

be understood that nutritionally effective amounts of the vitamins and minerals will vary,

rospectively. Likewise, the lack of an essential amino acid, vit¡min-C, iron, iodine, vitamins,

minerals, carbohydrates, þids and the like are known to affect physioiogical and cellular functions'

A nutritionally effective amount of tle aûtloxidants, saccharides, vitâmins, minerals and other

compositions disclosed he¡ein are nutritionally effective when they preserve and/or elevate the levels

ofthese critic¿l nutrients in the diet of, e.g., a lrlman that seeks to maint¿in or augment their diet for

these nutritional supplements. Thus, while one mammal may require a particular profile of

saccharides, vitamins and minerals present in defined amounts, another marnmal may require the

same particular profile of saccharides, vitamins and minerals present in diffe¡ent defined amounts

As used herein, the "antioxidanf' refers to any moleoule that delays or prevents the oúdation of an

oxidizable target molecule. Antioxidants act by: scavenging biologically important reactive free

radicals o¡ other reactive oxygen species (e.g-, Oz-, HzOz, HOCI, ferryl, peroxyl, peroxynitrite, and

alkoxyl); preventing oxygen radical formation; or cata$ically converting the free radical or other

reactive oxygen speoies to a less reactive species. Antioxìdants are generally divided i¡to two

classes: (1) lipid (lipophilic or hydrophobic) antioxidants; and (2) aqueous (lipophobic or

hydrophilic) antioxidants. Examples of lipid antioxidants include' but are not limited to, carotenoids

(e.g., lutein, zeaxanthin, B-cryptoxanthin, lycopene, ü-carotene, and p-carotene), which are located in

the core lipid compartment, and tocopherols (e.g., vitamin E, a-tocopherol, y-tooopherol, and ð-

tocopherol), which are located in the interface of the lipid compartment, and retinoids (e.g., vit¡min

A" retinol, and retinyl palnitate) and fai-soluble polyphenols, e.g., quercetin. Examples of aqueous

antioúda¡ts ilclude, but are not limited to, ascorbic acid and its oxidized form, "dehydroascorbic

acid,,'uric acid and its oxidized form "altantoin " bilirubin, albumin and vitamin C and water-soluble

polyphenols such as catechins, which have high affiaity to the phospholipid membranes, isoflavones

and procyanidins.

A commonly used method for detecting the relative levels of oxygen radicals and anti-oxídant

capacity is the oxygen Radical Absorbance capacity (ORAC) assay. In lalown oRAC-tyPe assays,

the antloxidant value is measured indirectþ by measuring the effect of an oxygen radical on, e.g., a

fluoresoent or other detectable molecule, that may of may not be a good targot for oxidation by the

particular oxygen radical. Generally, when antioxidants a¡e added to a test sample, a detectable

decrease in the amount ofa ftee radical, such as superoxidq o¡ a non-radical reactive oxygen species,

such as hydrogen peroxid.e, may be seen in ttre sample, compared with a sample untreated with the

antioxidalrt (i.e., controt sample). However, these indirect methods monitor the change in aatioxidant
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saccharides, vitamins and minerals present in defined amounts, another
mammal may require the  same particular profile of saccharides, vitamins
and minerals present in different defined amounts. 15 As used herein, the
"antioxidant" refers to any molecule that delays or prevents the oxidation
of an  oxidizable target molecule. Antioxidants act by: scavenging
biologically important reactive free  radicals or other reactive oxygen
species (e.g., OZ , H202, HOCI, ferryl, peroxyl, peroxynitrite, and
alkoxyl); preventing oxygen radical formation; or catalytically converting
the free radical or other  reactive oxygen species to a less reactive
species. Antioxidants are generally divided into two 20 classes: (1) lipid
(lipophilic or hydrophobic) antioxidants; and (2) aqueous (lipophobic or
hydrophilic) antioxidants. Examples of lipid antioxidants include, but are
not limited to, carotenoids  (e.g., lutein, zeaxanthin, (i-cryptoxanthin,
lycopene, a-carotene, and (3-carotene), which are located in  the core
lipid compartment, and tocopherols (e.g., vitamin E, a-tocopherol,
y-tocopherol, and S- tocopherol), which are located in the interface of the
lipid compartment, and retinoids (e.g., vitamin 25 A, retinol, and retinyl
palmitate) and fat-soluble polyphenols, e.g., quercetin. Examples of
aqueous  antioxidants include, but are not limited to, ascorbic acid and its
oxidized form, "dehydroascorbic  acid," uric acid and its oxidized form
"allantoin," bilirubin, albumin and vitamin C and water-soluble
polyphenols such as catechins, which have high affinity to the
phospholipid membranes, isoflavones  and procyanidins. 30 A commonly
used method for detecting the relative levels of oxygen radicals and
anti-oxidant  capacity is the Oxygen Radical Absorbance Capacity (ORAL)
assay. In known ORAC-type assays,  the anti-oxidant value is measured
indirectly by measuring the effect of an oxygen radical on, e.g., a
fluorescent or other detectable molecule, that may of may not be a good
target for oxidation by the  particular oxygen radical. Generally, when
antioxidants are added to a test sample, a detectable 35 decrease in the
amount of a free radical, such as superoxide, or a non-radical reactive
oxygen species,  such as hydrogen peroxide, may be seen in the sample,
compared with a sample untreated with the  antioxidant (i.e., control
sample). However, these indirect methods monitor the change in
antioxidant 13  status via an intermediary (e.g., fluorescein,
0-phytoerythrin (3-PE), etc.) measured with the  assumption that the effect
of the radical on the intermediary is a true reflection of the relative level of
oxidants and anti-oxidants. Controls for these assays are known
concentrations of oxygen radical  generators and known antioxidants that
are measured and used as standards for the samples. 5 As used herein,
the term "free radical" refers to. molecules containing at least one
unpaired electron.  Most molecules contain even numbers of electrons,
and their covalent bonds normally include shared  electron pairs.
Cleavage of such bonds produces two separate free radicals, each with
an unpaired  electron (in addition to any paired electrons). Free radicals
may be electrically charged or neutral,  are highly reactive and usually
short-lived. Free radicals combine with one another or with atoms 
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status via an intermediary (e.g., fluorescein, p-phytoerythrin (Þ-PE), etc.) measured with the

assumption that the effect of the ¡adical on the i:rtennediary is a true reflection of the relative level of

oxidants and anti-oxidaûts. Controls for these assays are koown concentr¿tions of oxygen radical

generators and known antioxidants that âfe me¿$fred and used as standards for thc sa¡rples.

As used herein, ttre term "free radical" refers to molecules containing at least one unpaired elechon'

Most molecules contain even mrmbers of elechons, and their covalent bonds normally include shared

electron pairs. cleavage of such bonds produces two separate free radicals, each with an unpaired

elechon (iû addition to any paired electrons). Free radicais may be electrically charged or neutral,

are highly reactive and usually short-lived. Free radicals combfure with one another or with atoms

that have unpâired electrons. I| reactions with intact molecules, fiee radicals try to complete theil

own electronic shucture, generating new radicals, which go on to react with other molecules creating

a ohain reaction. Free racücal chain reactions are particularþ important in decomposition of

subst¿nces at high temperatures and in polymerizatioû. In the body, oxidized free radicals are

responsible for rlamage tissues. Heat, ultraviolet light, and íonizing radiation all generate free

radicals. F¡ee radicals are generated as a seconda4¡ effect of oxidative metabolism. An excess of

free radicals cao overwhelm the natuml protective enz¡¡¡nes such as superoxide dismutase, catalasg

and peroxidase. Free r¿dicals such as hydrogen peroxide (ll2o), bytlroxyl radical (Ho), singlet

oxygen (tO), superoxide anion radical (Or), nitric oxide radical (NO), peroxyl radical (ROO)'

pero4,niirite (ONOO) can be in either the lipid or aqueous compartments. A-ntioxidant nut¡ients

(e.g., vitamins C and E, selenium, poiyphenols) may reduce these effects'

As used herei¡, the plrase ..lipid compafhnent'' refefs to compounds that have cyclio or aoyclic [ong-

chain aliphatic hydrocarbons and thei¡ derivatives, slrch as fatty acids, alcohols, amines' amino

alcohols and aldehydes. For example' common lipids inolude fatty acids, fats, phospholipids'

steroids, eicosanoids, waxes and fat-seluþls vi1¡mins. Some þids may be generally classified into

two groups, the simple lipids and the complex lipids, e.g., triglycerides or fats and oils, fatty acid

esters of glycerol, waxes, fatþr acid esters of long-ohain alcohols and steroids such as cholesterol ald

ergosterol. Complex lipids inclutle, e.g', phosphatides or phospholipids þhosphorous containing

lipids), glycolipids (carbohydrate containing lipids), and sphingolipids (sphingosine cootaining

lipids).

As used herein, the term "lipid" includes fats or fat-like substances. The temt is descrþtive rather

than a ohemical name such as protein or carbohydrate. Lipids include true fats (i'e', esters of fatty

acids and glycerol), þoitls (i.e., phospholipids, cerebrosides, waxes) and sterols (i'e ' cholesterol'

ergostrol). Lipids can be a tâfget of oxidaiion through mechanisnrs, such as autoxidation. As used

herein, the tenn "fatty acid" refers to a grouP of, e'g', negatively oharged, generally linear

hydrocarbon chaim. The hydrocarbon chains of fatty acids vary in lengfh and oxidation states'

Generally, fatty acids have a negatively charged portion (e.g., at the carboxyl end)' and â "tail"

portion, which determines the water solubility and amphipathic chafacteristics of the fatty acitl For

35

10 that have unpaired electrons. In reactions with intact molecules, free
radicals try to complete their  own electronic structure, generating new
radicals, which go on to react with other molecules creating  a chain
reaction. Free radical chain reactions are particularly important in
decomposition of  substances at high temperatures and in polymerization.
In the body, oxidized free radicals are  responsible for damage tissues.
Heat, ultraviolet light, and ionizing radiation all generate free 15 radicals.
Free radicals are generated as a secondary effect of oxidative
metabolism. An excess of  free radicals can overwhelm the natural
protective enzymes such as superoxide dismutase, catalase,  and
peroxidase. Free radicals such as hydrogen peroxide (H202), hydroxyl
radical (HO-), singlet  oxygen ('02), superoxide anion radical (0'2"), nitric
oxide radical (NO), peroxyl radical (ROO'),  peroxynitrite (ONOO) can be
in either the lipid or aqueous compartments. Antioxidant nutrients  20
(e.g., vitamins C and E, selenium, polyphenols) may reduce these effects.
As used herein, the phrase "lipid compartment" refers to compounds that
have cyclic or acyclic long- chain aliphatic hydrocarbons and their
derivatives, such as fatty acids, alcohols, amines, amino  alcohols and
aldehydes. For example, common lipids include fatty acids, fats,
phospholipids,  steroids, eicosanoids, waxes and fat-soluble vitamins.
Some lipids may be generally classified into 25 two groups, the simple
lipids and the complex lipids, e.g., triglycerides or fats and oils, fatty acid
esters of glycerol, waxes, fatty acid esters of long-chain alcohols and
steroids such as cholesterol and  ergosterol. Complex lipids include, e.g.,
phosphatides or phospholipids (phosphorous containing  lipids),
glycolipids (carbohydrate containing lipids), and sphingolipids
(sphingosine containing  lipids). 30 As used herein, the term "lipid"
includes fats or fat-like substances. The temp is descriptive rather  than a
chemical name such as protein or carbohydrate. Lipids include true fats
(i.e., esters of fatty  acids and glycerol), lipoids (i.e., phospholipids,
cerebrosides, waxes) and sterols (i.e., cholesterol,  ergostrol). Lipids can
be a target of oxidation through mechanisms, such as autoxidation. As
used  herein, the teen "fatty acid" refers to a group of, e.g., negatively
charged, generally linear 35 hydrocarbon chains. The hydrocarbon chains
of fatty acids vary in length and oxidation states.  Generally, fatty acids
have a negatively charged portion (e.g., at the carboxyl end), and a "tail"
portion, which determines the water solubility and amphipathic
characteristics of the fatty acid. For 14  example, fatty acids are
components of the phospholipids that include biological membranes, as
fats,  which are used to store energy inside cells, or for transporting fat in
the bloodstream. As used herein,  the term "phospholipid" refers to any of
the class of esters of phosphoric acid that include at least one  of the
following side-groups: a fatty acid, an alcohol and a nitrogenous base. 5
As used herein, the term "fat" or "fats" refers to any of the glyceryl esters
of fatty acids, e.g., the  monoacylglycerol, diacylglycerol and
triacylglycerol forms of fatty acids. Triglycerides refer to  



15

14

example, fatty acids are components ofthe phosphoþids that include biological membranes, as fats,

which a¡e used to store energy inside cells, or for transpoling fat in the bloodstream. As used herein,

the term .,phospholipid,' refers to any of the class ofesters ofphosphoric acid that include at least one

ofthe following side-groups: a fatty acid, an alcohol and a nitrogenous base'

As used herein, the term ..faf, or "fats" refers to any of the glyceryl esters of fatty acids, e.g-, the

monoacylglycerol, tliacylgþerol a:rd triacylglycerol forms of fatty acids. Triglycerides refer to

those mole¡ules that are neutrally charged and entirely hydrophobic, i.e., reduced molecules'

Monoacylglycerides and diaoylglyoerides a¡e metabolic inteÍnediates in phospholipid synthesis,

while trigiycerides form the fat molecules that a¡e used to stofe chemical energy in a water free,

oonpaot slate. As used herein, the term "fat-soluble vitamins" refers to, e.g., common fat-soluble

vitamins irclude vitamin (A) (retinol), vitânin D (e.g., vitamin D3 (cholecalciferol)), vitanin E,

Vit¿min K a¡d the like.

As used herein, the phrase "lipid antioxidant activitf'or "lipid antioxidant capaoity" are used

hterchaageably and refer to the measurement of antioxidant ability arising ftom the lipid

comparünent of a sample. As used herein, the phrase "aqueous antioxidant activity" or "aqueous

antioxidant capacily" are used interchangeably and refer to tIe measur€ment of antioxidant ability

arising fiom the aqueous compartment of a sample. As used herein, the phrase "total antioxidant

actiVity', or .,total antioxidant capacþ" are used interchangeably and refer to the measurement of

antioxidatt ability arising from both the lipid and aqueous portions of a sample'

As used herein, the phrase "aqueous compartmenf' refers the portion of a fluid sarnple that does not

interact with the lipid compartment. The aqueous compartment includes biologic fluid samples such

as blood plasrn, serum, feces, cerebral spinal fluid am:riotic fluid, interstitial fluid, lymphatic fluid

and synovial fluirl. For example, the aqueous compaftnent of a fluid sample such as serum may

include not only ihe liquid portion that iemains after blood has been allowed to clot and is

centrifuged to remove the blood cells and clotting elements, but also otler conpounds such as:

proteins, e.g., albumin and globulins; antibotlies; eDzymes; small amouûts of nutritive organic

materials, such as ami¡o acids and glucose; inorganic substances such as sodium, chloride, sulfates,

phosphates, calcium, potassiurn' bica¡bonate, magnesium' iodine, zinc, and iron; small amounts of

waste products, such as urea, wic acid xanthine, creatinine, creatine, bile pigrr.ents and ammonia;

and trace amounts of gases such as oxygen and carbon dioxide. The fluid sample may also be a non-

biological saurple, for example, chemical formulations, synthetic compositions, or food products ald

cosmetic products.

As used herein, the tenn "sample" refe¡s to a liquid or fluid biological sample, or a solid biological

sample in which fiee raclicals can be generated using a free radical generatol, (e.g., a lipophilic free

radical. generator or an hydrophilic ftee radical generator) and can be detected using the (oRAC(o)

d.etector and method ofthe present invention. Biological samples include, e.g., blood' plasma, serum,
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those molecules that are neutrally charged and entirely hydrophobic, i.e.,
reduced molecules.  Monoacylglycerides and diacylglycerides are
metabolic intermediates in phospholipid synthesis,  while triglycerides
form the fat molecules that are used to store chemical energy in a water
free, 10 compact state. As used herein, the term "fat-soluble vitamins"
refers to, e.g., common fat-soluble  vitamins include vitamin (A) (retinol),
Vitamin D (e.g., vitamin D3 (cholecalciferol)), Vitamin E,  Vitamin K and
the like. As used herein, the phrase "lipid antioxidant activity" or "lipid
antioxidant capacity" are used  interchangeably and refer to the
measurement of antioxidant ability arising from the lipid  15 compartment
of a sample. As used herein, the phrase "aqueous antioxidant activity" or
"aqueous antioxidant capacity" are used interchangeably and refer to the
measurement of antioxidant ability  arising from the aqueous compartment
of a sample. As used herein, the phrase "total antioxidant  activity" or
"total antioxidant capacity" are used interchangeably and refer to the
measurement of  antioxidant ability arising from both the lipid and
aqueous portions of a sample. 20 As used herein, the phrase "aqueous
compartment" refers the portion of a fluid sample that does not  interact
with the lipid compartment. The aqueous compartment includes biologic
fluid samples such  as blood, plasma, serum, feces, cerebral spinal fluid,
amniotic fluid, interstitial fluid, lymphatic fluid  and synovial fluid. For
example, the aqueous compartment of a fluid sample such as serum may
include not only the liquid portion that remains after blood has been
allowed to clot and is 25 centrifuged to remove the blood cells and clotting
elements, but also other compounds such as:  proteins, e.g., albumin and
globulins; antibodies; enzymes; small amounts of nutritive organic
materials, such as amino acids and glucose; inorganic substances such
as sodium, chloride, sulfates,  phosphates, calcium, potassium,
bicarbonate, magnesium, iodine, zinc, and iron; small amounts of  waste
products, such as urea, uric acid, xanthine, creatinine, creatine, bile
pigments and ammonia; 30 and trace amounts of gases such as oxygen
and carbon dioxide. The fluid sample may also be a non- biological
sample, for example, chemical formulations, synthetic compositions, or
food products and  cosmetic products. As used herein, the term "sample"
refers to a liquid or fluid biological sample, or a solid biological  sample in
which free radicals can be generated using a free radical generator, (e.g.,
a lipophilic free  35 radical generator or an hydrophilic free radical
generator) and can be detected using the (ORAC(o)) detector and method
of the present invention. Biological samples include, e.g., blood, plasma,
serum, 15  cerebral spinal fluid, urine, amniotic fluid, interstital fluid, and
synovial fluid. Solid biological  samples include, e.g., a tissue, cells, tissue
culture, fixed cells, cell supernatants, or even portions (or  extracts) of
tissue or cell matter. The term sample also includes non-biological
samples such as a  chemical solution, synthetic composition, and food. As
used herein, the terms "relative ORAC(o)" 
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cerebral spinal flui4 urine, amniotic ftuid interstital fluid, and synovial fluid. solid biological

samples iûclude, e.g., a tissue, cells, tissue culhire, fixed cells, cel.l supematants, or even podions (or

extracÐ of tissue or cell matter. The term sample also i¡ciudes non-biological sampies such as a

chemical solution, synthetic composition, and food. As used herein, dle ferms "relative ORAC(o)"

and "ORAC(o)" refer to the same value, which is measured by equivalence to micro-moles of

Trolox@ per gram or milliliter. A negative value oRAC(o) reflects less radical quenching activity

than obtained with a bla¡k which índicates that a composition is a pro-oxidant, i.e., an agent tìat

promotes oxidatior¡ rather than acting as an antioxidant.

As used herein, the phrases "radioal generator" or "radical initiator" afe used interohangeably and

refer to an agent, compound or molecule that produces free radicals. The radical generator is capable

of producing f¡ee radicals at a measured level, for example, at a level at which antioxidants oI

oxiclizable indicators can inter¿ct with the free radicals to produce a measurable or detectable ouþut-

Examples of ¡adioal g€nerators include, e.g., azn radlcal.generâtors, which a¡e compouuds that

produce a flux of ûee radicals at a knowû constant rate. Examples of azo radical generators include,

e.g., 2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile) (MeO-AMVN), 2,2'-azobis(2'4-

dimethylvaleronitrile) (AMVN), azo-bis-isobutylnitrile, 2,Z''azobrs (2-methylproprionat€) (DAMP),

and 2,2'-azobis-Q,-amidinopropane), 2,2'-azobisÍ2-(5-methyl-2-iroidazoltn-2

yl)propaleldihydrocbloride, iron, ascorbic acid and metal ions.

As used herein, the "sûbjecf'refers to alry living organism. The tenn subject includes, e.g., fish,

rnamm4[5, reptiles, birds, insects a¡d the like. Specific examples include: humans, non-human

primates such as chimpanzees and other apes and monkey species; farm a¡itnals such as cattle,

sheep, pigs, goats and horses; domestic mammals such as dogs and cats; laboratory a.nimals including

rodents such as mice, rats and guinea pigs, and the like. Thê term does not denote a particular age or

sex. Thus, adult aad newborn subjects, as well as fetuses, whether male or female, are iltended to be

covered.

As used herein, the phrase "free radical associated disordel'refers to a pathological condition of

from the production of or exposure to free radicals. As used herein, the term "fiee radical associated

diso¡def includes pathological st¿tes where damage from ûee radicals conhibutes to the patholory

of tùe disease state, or wherein administration of a free r¿dical inhibitor (e.g., desfenioxamine),

scavenger (e.g., tocopherol, glutathione), or catalyst (e.g', SOD, catalase) are shown to produce a

detectablo beneflt by deoreasing symptoms, increasing suwival, or providing other detectable clinical

benefifs in protecting or preverting the pathological state. Examples of f¡ee radical disorders

include, but are not limited to, ischemic reperfirsion injury, inflammatory diseases, systemic lupus

erythematosis, myocardial infarction, stroke, traumatic hemorrhage, spinal cord trauma, Crohn's

diseasq autoimmune diseases (e.g., rheumatoid artlritis, diabetes), cataract formation, age-related

macular degeneration, Alzheimer's disease, uveitis, emphysem4 gastric ulcers, oxygen toxicity,

neoplasi4 undesired cell apoptosis and radiation sickness.

35

5 and "ORAC(o)" refer to the same value, which is measured by
equivalence to micro-moles of  Trolox(r) per gram or milliliter. A negative
value ORAC(o) reflects less radical quenching activity  than obtained with
a blank which indicates that a composition is a pro-oxidant, i.e., an agent
that  promotes oxidation, rather than acting as an antioxidant. As used
herein, the phrases "radical generator" or "radical initiator" are used
interchangeably and  10 refer to an agent, compound or molecule that
produces free radicals. The radical generator is capable  of producing free
radicals at a measured level, for example, at a level at which antioxidants
or  oxidizable indicators can interact with the free radicals to produce a
measurable or detectable output.  Examples of radical generators include,
e.g., azo radical generators, which are compounds that  produce a flux of
free radicals at a known constant rate. Examples of azo radical generators
include, 15 e.g., 2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile)
(MeO-AMVN), 2,2'-azobis(2,4- dimethylvaleronitrile) (AMVN),
azo-bis-isobutylnitrile, 2,2'-azobis (2-methylproprionate) (DAMP),  and
2,2'-azobis-(2-amidinopropane), 2,2'-azobis[2-(5-methyl-2-imidazolin-2
yl)propane]dihydrochloride, iron, ascorbic acid and metal ions. . As used
herein, the "subject" refers to any living organism. The term subject
includes, e.g., fish,  20 mammals, reptiles, birds, insects and the like.
Specific examples include: humans, non-human  primates such as
chimpanzees and other apes and monkey species; farm animals such as
cattle,  sheep, pigs, goats and horses; domestic mammals such as dogs
and cats; laboratory animals including  rodents such as mice, rats and
guinea pigs, and the like. The term does not denote a particular age or
sex. Thus, adult and newborn subjects, as well as fetuses, whether male
or female, are intended to be  25 covered. As used herein, the phrase
"free radical associated disorder" refers to a pathological condition of
from the production of or exposure to free radicals. As used herein, the
term "free radical associated  disorder" includes pathological states where
damage from free radicals contributes to the pathology  of the disease
state, or wherein administration of a free radical inhibitor (e.g.,
desferrioxamine), 30 scavenger (e.g., tocopherol, glutathione), or catalyst
(e.g., SOD, catalase) are shown to produce a  detectable benefit by
decreasing symptoms, increasing survival, or providing other detectable
clinical  benefits in protecting or preventing the pathological state.
Examples of free radical disorders  include, but are not limited to,
ischemic reperfusion injury, inflammatory diseases, systemic lupus
erythematosis, myocardial infarction, stroke, traumatic hemorrhage, spinal
cord trauma, Crohn's 35 disease, autoimmune diseases (e.g., rheumatoid
arthritis, diabetes), cataract formation, age-related  macular degeneration,
Alzheimer's disease, uveitis, emphysema, gastric ulcers, oxygen toxicity,
neoplasia, undesired cell apoptosis and radiation sickness. 16  As used
herein, the term "oxidative stress" refers to the level of damage produced
by oxygen free  
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As used herein, the term "oxidative stress" refers to the level of damage produoed by orygen free

radicals in a subject. The level of damage depends on how fast reactive oxygen species are created

and then inactivated by aútioxidants as wel.l as the location a¡d speed of repair. As used herein, the

term ..deviatiorf, or "deviate" as related to oxidative state and oxidative stress are used

interohangeably and refer to a char:ge in the antioxidant activity of a sample. The change ìn

oxi¿ative state can be an increase, decrease, elevation or depression of antioxidant activity from a

known no¡ma1 value. For example, an increase or decrease of antioxidant activity in the lipid

compartment of a sample, the aqueous compaÍment of a sample, or in both the lipid and aqueous

compartment of the sample.

As used herein, the tenn "pharmaceutioally acceptable salt" of the nutrients is used to describe those

salts that are, within the scope of sound medioal judpent, suitable for use in, on or with the tissues

ofhumans and lower animals without undue toxicity, irritation, allergic response a¡d the like atrd are

commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptâble salts are well-known

in the art (see e.g., S. M. Berge, et al., J. Pharmaceutical Sciences, 1977, relevaat portions

incorporatetl herein by reference). Suitable salts may be preparcd during the fi¡ral isolation and

purification of the compounds of fhe invention or sep¿¡fately by reâctfug a free base fi.nction with a

suitable organic acid. Representative acid addition salts inolude, but are not limited to acet¿te,

adipate, alginate, cihate, asParüate, benzoate, benzene sulfonate, bisulfate, butyrate, camphorate,

camphor sulfonate, digluconatg gycerophosphate, hemisulfate, heptanoate, hexanoate, fumarate,

hydrochloride, hydrobromide, hydroiodide, 2-hydfoxyethansulfonate (isothionate), lactate, maleate,

methane sulfonate, nícotinate, 2-naphthalene sulfonate, oxalate, palmitoate, pectinate, persulfate, 3-

phenylpropionate, picrate, pívalate, propionate, succinate , tütúe, tbiocyaîatq phosphate, glutamate,

bicarbonate, p-toluene sulfonate and undecanoate. Examples of basic nitrogen-containing grouPs

that ¿re used as quaternizing agents include: lowe¡ alkyl halides (methyl, ethyl, propyl, and butyl

chlorides, bromides and iodides); dialkyl sulfates (dimethyl, diethyl, dibutyl and diamyl sulfates);

long-chain hatides (decyl, lauryl, myristl and stearyl chlorides, bromides and iodides); arylaþl

halides (benzyt and phenethyl bromides) and tle like. Examples of acids that may be employed to

form pharrnaceutically acceptable acid addition salts include inorganic acids, e.g., hydrochloric acid

hydrobromic acid, sulphuric acirt and phosphoric acid and such organic acids as oxalic acid, maleic

acid, sucoinic acid and cihic acid. Basic addition salts can also be prepared in sihr during the fiaal

isolation and purifrcation of aati-oxidant compounds disclosed herein with a suitable base such as the

hydroxide, carbonate o¡ bica¡bonate of a pharmaceutically acceptable met¿l cation or with ammonia

or an organic primary, secondary or tertiary amine. Pharmaceutically acceptable salts include, but

are ¡ot limited to, cations based on alkali metals or alkaline ea¡th metals such as liihium, sodium,

potassium, oalcium, rnagnesium and ah:minum salts and tle like and nontoxic quatemary ammonia

and amine cations including amm.onium, tetramethylemmonium, tehaethylammonium,

methylammonium, dinethylrmmonium, trimethylammoniirm, trieihylammonium, diethylammonium,

radicals in a subject. The level of damage depends on how fast reactive
oxygen species are created  and then inactivated by antioxidants as well
as the location and speed of repair. As used herein, the  term "deviation"
or "deviate" as related to oxidative state and oxidative stress are used 5
interchangeably and refer to a change in the antioxidant activity of a
sample. The change in  oxidative state can be an increase, decrease,
elevation or depression of antioxidant activity from a  known normal value.
For example, an increase or decrease of antioxidant activity in the lipid
compartment of a sample, the aqueous compartment of a sample, or in
both the lipid and aqueous  compartment of the sample. 10 As used
herein, the tern "pharmaceutically acceptable salt" of the nutrients is used
to describe those  salts that are, within the scope of sound medical
judgment, suitable for use in, on or with the tissues  of humans and lower
animals without undue toxicity, irritation, allergic response and the like and
are  commensurate with a reasonable benefit/risk ratio. Pharmaceutically
acceptable salts are well-known  in the art (see e.g., S. M. Berge, et al., 3.
Pharmaceutical Sciences, 1977, relevant portions 15 incorporated herein
by reference). Suitable salts may be prepared during the final isolation
and  purification of the compounds of the invention or separately by
reacting a free base function with a  suitable organic acid. Representative
acid addition salts include, but are not limited to acetate,  adipate,
alginate, citrate, aspartate, benzoate, benzene sulfonate, bisulfate,
butyrate, camphorate,  camphor sulfonate, digluconate,
glycerophosphate, hemisulfate, heptanoate, hexanoate, fumarate, 20
hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethansulfonate
(isothionate), lactate, maleate,  methane sulfonate, nicotinate,
2-naphthalene sulfonate, oxalate, palmitoate, pectinate, persulfate, 3-
phenylpropionate, picrate, pivalate, propionate, succinate, tartrate,
thiocyanate, phosphate, glutamate,  bicarbonate, p-toluene sulfonate and
undecanoate. Examples of basic nitrogen-containing groups  that are
used as quaternizing agents include: lower alkyl halides (methyl, ethyl,
propyl, and butyl 25 chlorides, bromides and iodides); dialkyl sulfates
(dimethyl, diethyl, dibutyl and diamyl sulfates);  long-chain halides (decyl,
lauryl, myristyl and stearyl chlorides, bromides and iodides); arylallcyl
halides (benzyl and phenethyl bromides) and the like. Examples of acids
that may be employed to  form pharmaceutically acceptable acid addition
salts include inorganic acids, e.g., hydrochloric acid,  hydrobromic acid,
sulphuric acid and phosphoric acid and such organic acids as oxalic acid,
maleic 30 acid, succinic acid and citric acid. Basic addition salts can also
be prepared in situ during the final  isolation and purification of
anti-oxidant compounds disclosed herein with a suitable base such as the
hydroxide, carbonate or bicarbonate of a pharmaceutically acceptable
metal cation or with ammonia  or an organic primary, secondary or tertiary
amine. Pharmaceutically acceptable salts include, but  are not limited to,
cations based on alkali metals or alkaline earth metals such as lithium,
sodium, 35 potassium, calcium, magnesium and aluminum salts and the
like and nontoxic quaternary ammonia  and amine cations including
ammonium, tetramethylammonium, tetraethylammonium,  
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and ethylammonium among others. other representativ e organic amines useful for the formation of

base addition salts include ethylenediamine, ethanolamine, diethanolamine, píperidine, piperazine

and tie like.

As used herein, the term ,'potentiate" refers to one or more agent that act direciþ or indirectþ to

increase or enÏa¡ce the activþ of the lipophobic aad/or þophilic antí-oxida¡ts of the present

invention. one suoh potentiator is vit¡min c, which may act to reactivate o¡ fecycle the âûti-

oxidants and may itselfhave significant antioxidant activity. The pro-oxidant properties of vitamin c

have been observed in the presence of transition metals. other potentiators of alti-oxidant activity

include natural 
.extracts, 

such as grape seed extract ard greøn tea extract. In one shrdy, green tea

exhíbited potent antimutagenic activity in vit¡o and inhibited the development of carcinogen-i:rduced

preneoplastio lesions in tle animal model. As such, the potentiator enhace or may even synergize

with the purifred and isolated anti-oxidants from natural sources, such as quercetin and mixed

tocopherols.

As used hereir¡ the terms "glyconutritional" or "glyconutrienf' refer to complex carbohydfates or

saccha¡ides or simple sugars that are synthesized in nature and are necessary for the biochenical

synthesis of various classes of communication and sigrral molecules that may be free in inte¡stitial

cellular fluids, active in cell to cell communication (i.e., cytokines, growth factors, etc), or constitute

the molecular configuration oomprising foci of highly specific molecular activity ofcell memblanes

(i.e., receptor sites, ìon-transport channels, antigenic identification, and the like)'

As used herein, the tenns ..phytonutritional,, or ..phytonutrienf, refer to nafurally syntlresized

molecules found only in plants that are produced to protect the plant's cells. Phlonuhients primarily

have antioxidant, free-radical scavenger and vital micronutrient activity- These molecules, supplied

tbfough di€t¿¡y supplementation, are found in mature plant tissues, and are most concentraüed in seed

coats aûd fruiting tissues surround.ing the seed. In mammalian tissues, these molecules, when

supplied il the diet, are active in optir¡izirg the biochemistry, imnunology and physiolory in the

cellula¡ micro-envi¡onment.

As used herein, the terms .,plant exhacf'ancl "herbal extraof'are used interchangeably to refer to

phytochemicais that are produced in pla:rt tissues and that can be extracted by \ryater' polar' or

petfoleum solvents, and that have some degree of beneficial health or therapeutic activity. Most

herbal agents can be toxic, eÀpecially when concentrated, but afe generally safe when utilized in their

more traditional manner in teas and poultices as a "folk medioinal for the treaûnent of disease and

promotion of good health." As used hercin, the term "herbal body-toning agenf' refers to substances

that have been obsewed by the inventors to reduce and reverse elastic tissue and coliagen fiber

damage caused by aglng or sundamage as evidenced by a restoration of skin turgor and elasticity

which effectively reduces or eliminates wrinkles, sagging, hyperpigmentation and reversal of other

undesirable elements of lost cosmetic appearance'
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methylammonium, dimethylammonium, trimethylammonium,
triethylammonium, diethylammonium, 17  and ethylammonium among
others. Other representative organic amines useful for the formation of
base addition salts include ethylenediamine, ethanolamine,
diethanolamine, piperidine, piperazine  and the like. As used herein, the
term "potentiate" refers to one or more agent that act directly or indirectly
to  5 increase or enhance the activity of the lipophobic and/or lipophilic
anti-oxidants of the present  invention. One such potentiator is Vitamin C,
which may act to reactivate or recycle the anti- oxidants and may itself
have significant antioxidant activity. The pro-oxidant properties of vitamin
C  have been observed in the presence of transition metals. Other
potentiators of anti-oxidant activity  include natural extracts, such as grape
seed extract and green tea extract. In one study, green tea 10 exhibited
potent antimutagenic activity in vitro and inhibited the development of
carcinogen-induced  preneoplastic lesions in the animal model. As such,
the potentiator enhace or may even synergize  with the purified and
isolated anti-oxidants from natural sources, such as quercetin and mixed
tocopherols. As used herein, the terms "glyconutritional" or "glyconutrient"
refer to complex carbohydrates or  15 saccharides or simple sugars that
are synthesized in nature and are necessary for the biochemical
synthesis of various classes of communication and signal molecules that
may be free in interstitial  cellular fluids, active in cell to cell
communication (i.e., cytokines, growth factors, etc.), or constitute  the
molecular configuration comprising foci of highly specific molecular activity
of cell membranes  (i.e., receptor sites, ion-transport channels, antigenic
identification, and the like). 20 As used herein, the terms "phytonutritional"
or "phytonutrient" refer to naturally synthesized  molecules found only in
plants that are produced to protect the plant's cells. Phytonutrients
primarily  have antioxidant, free-radical scavenger and vital micronutrient
activity. These molecules, supplied  through dietary supplementation, are
found in mature plant tissues, and are most concentrated in seed  coats
and fruiting tissues surrounding the seed. In mammalian tissues, these
molecules, when 25 supplied in the diet, are active in optimizing the
biochemistry, immunology and physiology in the  cellular
micro-environment. As used herein, the terms "plant extract" and "herbal
extract" are used interchangeably to refer to  phytochemicals that are
produced in plant tissues and that can be extracted by water, polar, or
petroleum solvents, and that have some degree of beneficial health or
therapeutic activity. Most 30 herbal agents can be toxic, especially when
concentrated, but are generally safe when utilized in their  more traditional
manner in teas and poultices as a "folk medicinal for the treatment of
disease and  promotion of good health." As used herein, the term "herbal
body-toning agent" refers to substances  that have been observed by the
inventors to reduce and reverse elastic tissue and collagen fiber  
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The carbohydrates inciuded il tle dietary supplement of the invention are availabie from a wide

variety of natural aûtl synthetic sources such as sb¡ubs, trees, plants, yeasts, fungi, moids' gums'

resins, starch and cellulose derivatives and narural mucil sources. Specificaliy, some of the nah¡ral

sources ínclude: (a) shrub of tlee exudates which contaí¡ acacia, karay4 tfagacãîíll., or ghatti; (b)

marine gums which i¡clude agar, alg:+ oÍ catÍageenarLi (c) seed gums which include guar' locust

bean, or psyllium; (d) plant extracts which cotrtåin pectins or acetylated pol¡mannose; (e) starch and

cellulosederivativessuchashetastarch,carboxymethylce]lulose,etþlcellulose,hydroxlpropyl

methylcellulose, methylcellulose, oxidized ceilulose; and microbial gums which contain dextrans'

xanthan.However,itshouldberecognìzedthattheoompositionoftheinventionisnotintendedto

be limited by the soruce from which the respective carbohydrates are obtaìled'

The saccha¡ides of the i¡vention can be found in nâtüe as mono-' oligo- and/or polysaccharides'

Thus, the compositions of the invention can contain the sacoharides i¡ their monomeric, oligomeric

and/or polymeric forms. Fo¡ a list ofknown natufal sources for the saccha¡ides and their uses, please

¡efer to U.S. Patent Application No. US2003072770, relevarit portions incorporated hereil by

reference.

As used herein, the term "carbohydrate" is used interchangeably with the terms "saccharide"'

'þoþaccharide," "oligosaccharide" and "sugar" the definitions of which are well knou'n to those

skilledintheaf|ofcarbohydratechemistry.Althoughthecompositionsoftheinventiona¡ei¡tended

to include at l€âst two ot more essential saccharides, it should be noted that the saccha¡ides can be in

the form ofmono-, oligo- and/or polysaccharides, e g', a composition containing gurn tragacanth and

guar gum will be considered as containing galacturonic acid' sialic acid' marurose and gâlactose'

Therefore, by controlling the amount of particular gums in a given dietary supplement' one can

control the amount of the respective saccharides in the dietary supplement'

Asusedherein'theterm..amixtureofatleasttwoformsofvitamirrE',isusedtodescribeamixture

of at least tlvo forms of tocopherol seiected frorr aþha, beta, delta, epsilon, gaßm?, zeta' etâ' xíl'

xil and sigma tocopherols, ald alph4 beta, delta aad gamma tocotrienols' and combimtions or

derivatives thereof. In one embodimett, "a mixture of at least two forms of vitamin B' is a mixture

ofatleasttwoformsoftocopherolselectetlûomalph4beta'delta,andgammatocopherol'In

another embodiment, 
..a mixture of at least two forms of vitamin E' is a mixture of alph4 beta, delta

and gamma tocopherol. "A mixture of at least two forms of vitamin E' may be obtained fiom

VïIAECAPS,SA,Spain,fromHenkelCorporation;orfromCognisCorporation(Kankakee'IL)'for

example. covTIOL@ F-350M is commercially available from cognis and contains natural source

alpha-tocopherolwithmixedtocopheroiswhiohareobtahedÊomediblevegetableoils'The

particularmixtureoftocopherolsincludedintheantioxidantcompositionofthepresentinventionis

determiÁed by running aû ORAC(o) antioxidant determination'
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damage caused by aging or sun-damage as evidenced by a restoration of
skin turgor and elasticity 35 which effectively reduces or eliminates
wrinldes, sagging, hyperpigmentation and reversal of other  undesirable
elements of lost cosmetic appearance. 13  The carbohydrates included in
the dietary supplement of the invention are available from a wide  variety
of natural and synthetic sources such as shrubs, trees, plants, yeasts,
fungi, molds, gums,  resins, starch and cellulose derivatives and natural
mucin sources. Specifically, some of the natural  sources include: (a)
shrub or tree exudates which contain acacia, karaya, tragacanth, or ghatti;
(b) 5 marine gums which include agar, algin, or carrageenan; (c) seed
gums which include guar, locust  bean, or psyllium; (d) plant extracts
which contain pectins or acetylated polymannose; (c) starch and  cellulose
derivatives such as hetastarch, carboxymethylcellulose, ethylcellulose,
hydroxypropyl  methylcellulose, methylcellulose, oxidized cellulose; and
microbial gums which contain dextrans,  xanthan. However, it should be
recognized that the composition of the invention is not intended to  10 be
limited by the source from which the respective carbohydrates are
obtained. The saccharides of the invention can be found in nature as
mono-, oligo- and/or polysaccharides.  Thus, the compositions of the
invention can contain the saccharides in their monomeric, oligomeric
and/or polymeric forms. For a list of known natural sources for the
saccharides and their uses, please  refer to U.S. Patent Application No.
US2003072770, relevant portions incorporated herein by  15 reference.
As used herein, the term "carbohydrate" is used interchangeably with the
terms "saccharide,"  "polysaccharide," "oligosaccharide" and "sugar" the
definitions of which are well known to those  skilled in the art of
carbohydrate chemistry. Although the compositions of the invention are
intended  to include at least two or more essential saccharides, it should
be noted that the saccharides can be in 20 the form of mono-, oligo-
and/or polysaccharides, e.g., a composition containing gum tragacanth
and  guar gum will be considered as containing galacturonic acid, sialic
acid, mannose and galactose.  Therefore, by controlling the amount of
particular gums in a given dietary supplement, one can  control the
amount of the respective saccharides in the dietary supplement. As used
herein, the term "a mixture of at least two forms of vitamin E" is used to
describe a mixture  25 of at least two forms of tocopherol selected from
alpha, beta, delta, epsilon, gamma, zeta, eta, xil,  xi2, and sigma
tocopherols, and alpha, beta, delta and gamma tocotrienols, and
combinations or  derivatives thereof. In one embodiment, "a mixture of at
least two forms of vitamin E" is a mixture  of at least two forms of
tocopherol selected from alpha, beta, delta, and gamma tocopherol. In
another embodiment, "a mixture of at least two forms of vitamin E" is a
mixture of alpha, beta, delta, 30 and gamma tocopherol. "A mixture of at
least two forms of vitamin E" may be obtained from  VITAECAPS, SA,
Spain, from Henkel Corporation; or from Cognis Corporation (Kankakee,
IL), for  
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salts or derivatives of tocopherols include pharmaceutioally acceptable salts such as acetate, sulfat€,

$rccinate, nicotinate, allopha:rate, phosphate, quilone, or halogenated derivatives; esters;

stereoisomers; and the like. The invention encompasses the Ùse of vitamin E derivatives in which

substihrtions, additions, and other alterations have been made in tle 6-ch¡omanol ring and/or side

chai!, with the proviso that the derivativés maintaín a¡tioxidant activity of a vitanitr E. For

exanrple, tocopherols and their derivatives can vary by the number and position of alþl groups'

double bonds and other substituents and variations on the ring and side ohail' A¡ "alkyl" is a cyclic,

branched or straight chain chemical group containing orly carbon and hydrogen, such as nethyl'

butl,andoctyl.Allrylgroupscanbeeitherunsubstitutedorsubstitutedwithoneormore

substih:ents, e.g., halogen, alkoxy, acyloxy, amiao, hydroxyl, mercapto, carbox¡ or benzyl' Alþ1

groups can be saturaterl or unsâturated at one or several positions' Typicatly alkyl groups will

comprise 1 to 8 carbons, I to 6, or I to 4 carbon atofis. Additional tocopherols can be constructed by

conjugation to the dng strucfijfe or side chain of various other moieties, such as those containing

oxygen, nitrogen, sulñtr an<Vor phosphorus. Tocopherol derivatives can also be made by modiffing

the lengttr ofthe side chain ûom that found in proøtypical tocopherols such as alpha-, beta-, delta-

a:rd gamma{ocopherol. Tocopherols can also vary in stereochemistxy ånd sahrratíon of bonds in the

ring structure and side chain.

Additional tocopherol derivatives, including prodrugs, can be made by conjugation of sugars or other

moieties to the side chain or ring structure. Mixed tocopherols ilctude without limitation mixtures of

stereoisomers of a single tocopherol (e.g., +antl - stereoisomer-s of alphatocopherol; (+Ð indicates a

racemic mlxture) or mixtures of stnrchrally distinct tocopherols (e.g., alpha- plus gamma-

tocopherol).

Although the present i:rvention includes the above cited eleven essential saccharides, it should be

noted that other saccharides, nutritional compounds or biologically active or inert compounds may be

includerl in tle díetary supplemed of tle invention. such other nutitional compounds include any

one or more of phytonutrients, dioscorea complex, plant extracts, horbal extracts' plant parts' lrerbal

components,vitaminsorminerals.Thesenutritionalcompoundscanbeaddedtothedietary

supplement of the invention, or they can be provitled sepa¡ately to a marnmal being administered the

d.ietarysupplement.Forexarnple,apersonreceivingtheglyconutrient-containingdosagefonnoftlre

invention can also receive a phytonutrieDt in either the same or a separate dosage form. Inert

compounds can include flavors, fillers, lubricants, buffers, gels, binders, excipients' carriers and/or

other such compounds that facilit¿te the formulation or administration of the inventive dietary

supplement' All of the glyconutrient containing dietary supplement oorrrpositions of the invention,

even those containing adclitional compounds, agents or other substances, can be obtained difecily

ftom Marmatech, Inc. (Coppell, Tex.)'

The pfesent invention includes a¡ âppafatus and method for di¡ectly and concurrently measuring the

oxygen radical absorytion capacity (ORAC) of a composition ihat includes both hydrophobic and-/or

35

example. COVITOL(r) F-350M is commercially available from Cognis and
contains natural source  alpha-tocopherol with mixed tocopherols which
are obtained from edible vegetable oils. The  particular mixture of
tocopherols included in the antioxidant composition of the present
invention is  35 determined by running an ORAC(o) antioxidant
determination. 19  Salts or derivatives of tocopherols include
pharmaceutically acceptable salts such as acetate, sulfate,  succinate,
nicotinate, allophanate, phosphate, quinone, or halogenated derivatives;
esters;  stereoisomers; and the like. The invention encompasses the use
of vitamin E derivatives in which  substitutions, additions, and other
alterations have been made in the 6-chromanol ring and/or side 5 chain,
with the proviso that the derivatives maintain antioxidant activity of a
vitamin E. For  example, tocopherols and their derivatives can vary by the
number and position of alkyl groups,  double bonds and other substituents
and variations on the ring and side chain. An "alkyl" is a cyclic,  branched
or straight chain chemical group containing only carbon and hydrogen,
such as methyl,  butyl, and octyl. Alkyl groups can be either unsubstituted
or substituted with one or more 10 substituents, e.g., halogen, alkoxy,
acyloxy, amino, hydroxyl, mercapto, carboxy, or benzyl. Alkyl  groups can
be saturated or unsaturated at one or several positions. Typically alkyl
groups will  comprise 1 to 8 carbons, I to 6, or 1 to 4 carbon atoms.
Additional tocopherols can be constructed by  conjugation to the ring
structure or side chain of various other moieties, such as those containing
oxygen, nitrogen, sulfur and/or phosphorus. Tocopherol derivatives can
also be made by modifying 15 the length of the side chain from that found
in prototypical tocopherols such as alpha-, beta-, delta- and
gamma-tocopherol. Tocopherols can also vary in stereochemistry and
saturation of bonds in the  ring structure and side chain. Additional
tocopherol derivatives, including prodrugs, can be made by conjugation of
sugars or other  moieties to the side chain or ring structure. Mixed
tocopherols include without limitation mixtures of  20 stereoisomers of a
single tocopherol (e.g., +and - stereoisomers of alpha-tocopherol; (+/-)
indicates a racemic mixture) or mixtures of structurally distinct tocopherols
(e.g., alpha- plus gamma- tocopherol). Although the present invention
includes the above cited eleven essential saccharides, it should be  noted
that other saccharides, nutritional compounds or biologically active or inert
compounds may be  25 included in the dietary supplement of the
invention. Such other nutritional compounds include any one or more of
phytonutrients, dioscorea complex, plant extracts, herbal extracts, plant
parts, herbal  components, vitamins or minerals. These nutritional
compounds can be added to the dietary  supplement of the invention, or
they can be provided separately to a mammal being administered the
dietary supplement. For example, a person receiving the
glyconutrient-containing dosage form of the 30 invention can also receive
a phytonutrient in either the same or a separate dosage form. Inert  
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hydrophilio antioxidants. The term "ORAC(o)" is used since the assay measures the abilíty of

antioxidants to quench radicals by directly tracking tJre disappearancæ of oxygen in an oxygen radical

absorption capacity assay the directly measures oxygen content in a sample (ORAC(o)). Current

industry standard assays such as ORAC(fl) and ORAC(B-PE), üleasure antioxidant capacity by

indirectty measuri:rg degradation of fluorescent emissions of a fluorescent compound (fluorescein or

p-phycoerythrin) upon exposure to oxygen radicals. These assays work well with hydrophilic

antioxidants, but have li¡nited effectiveness in measuring hydrophobic antioxidants or mixtu¡es of

hydrophobic and hydrophilic antioxidants. Furthermore, unlike the known oRAC(fl) and oRAC(p-

PE) systems, the oRAC(o) disciosed herein is suitable for s'i'nFlification and manufacturing as a

disposable sensor. The system is robust enough to even permit the manufactue of an office and even

a home system for immediate evaluation of oxidative capacity of a user from biological samples.

oRAC(o) Apparatus. FIG. 1 is a depiction of an oRAC(o) direct anti-oxidant apparatus 10. The

apparatus 10 has, as depicted, three basic components: a dctector system 12, a fluidics system 14 and

a dat¿ processor system 1 6, which may be intercotrnected to provide data caphrre, fluidic and sample

confol and data processing. The detector system 12 has an oxygen sensor 18, which is in fluid

commutrications with the fluidic system 14 via one or more co¡duits 20. Fluid flowing tlrough the

one or more conduits 20 is controlled using one or mo¡e valves 22, which may be manually

controlled and/or under tho control oftåe data processor system 16. In operation, a sample 24 enters

ttre fluidic system and is directed into the detector 18, and after data capture is delivered to waste

storage 26. The fluidics system 14 may also i¡clude one or more solutions 28 that directed into

transit i¡rough the fluidic system 14 by pumps, by vacuum or by pressure, e'g', pressurized ilert gas'

The solutions 28 in tJre fluidics system 14 will generally be premixed oI equilihated as for use with

the present invention may generally include: water, a solvent, a detergent or water:detorgent mix, an

oxygen radical gereratot, an oxidation target, etc., and may be mixed at mixing chamber 30 prior to

delivery to the oxygen detection chamber 34. The choice of fluidics system will depend on the extent

of automatization desired or chosen" as will be known to those of skill in the art. The sample 24 may

be pre-mixed with the same solution that is used to calibrate the oxygen sensor 18 or may even be

pre-mixed at the mixiag chanber 30.

Examples of oxygen detectors 18 for use with the present invention will include any dissolved

oxygen sensor tlat is able to detect dissolved orygen in the presence of a solvent, water atd a

deiergent. Examples of dissolved oxygen sensors include, e.g., elechochemical, chemiluminescent,

surface plasmon resonance, infrared, capacitance coupied dye-coupled fiber optio or even

hyperspectral oxygen sensors. In one specific example, the dissoived oxygen sensor is an YSI

53004 biological oxygen sensor (YSl USA), a SPREBTA sensor (Texas Instruments), a PASCO

ps2108 (Pasco, USA), and the like. I-n one example, the dissolved oxygen sensor has the following

specifrcations: Range of: 0-20 mgl-f-; Accuracy: *10% of full scale; Resolution: 0'01 mg/L;

Maximum Sample Rate: 20 sps; Defautt Sample Rate: 2 sps; Response: 98% in 60 seconds;

l5

20

30

35

compounds can include flavors, fillers, lubricants, buffers, gels, binders,
excipients, carriers and/or  other such compounds that facilitate the
formulation or administration of the inventive dietary  supplement. All of
the glyconutrient containing dietary supplement compositions of the
invention,  even those containing additional compounds, agents or other
substances, can be obtained directly  35 from Mannatech, Inc. (Coppell,
Tex.). The present invention includes an apparatus and method for
directly and concurrently measuring the  oxygen radical absorption
capacity (ORAL) of a composition that includes both hydrophobic and/or
20  hydrophilic antioxidants. The term "ORAC(o)" is used since the assay
measures the ability of  antioxidants to quench radicals by directly tracking
the disappearance of oxygen in an oxygen radical  absorption capacity
assay the directly measures oxygen content in a sample (ORAC(o)).
Current  industry standard assays such as ORAC(fl) and ORAC((3-PE),
measure antioxidant capacity by 5 indirectly measuring degradation of
fluorescent emissions of a fluorescent compound (fluorescein or
(3-phycoerythrin) upon exposure to oxygen radicals. These assays work
well with hydrophilic  antioxidants, but have limited effectiveness in
measuring hydrophobic antioxidants or mixtures of  hydrophobic and
hydrophilic antioxidants. Furthermore, unlike the known ORAC(fl) and
ORAC((3- PE) systems, the ORAC(o) disclosed herein is suitable for
simplification and manufacturing as a 10 disposable sensor. The system
is robust enough to even permit the manufacture of an office and even  a
home system for immediate evaluation of oxidative capacity of a user from
biological samples.  ORAC(o) Apparatus. FIG. 1 is a depiction of an
ORAC(o) direct anti-oxidant apparatus 10. The  apparatus 10 has, as
depicted, three basic components: a detector system 12, a fluidics system
14 and  a data processor system 16, which may be interconnected to
provide data capture, fluidic and sample 15 control and data processing.
The detector system 12 has an oxygen sensor 18, which is in fluid
communications with the fluidic system 14 via one or more conduits 20.
Fluid flowing through the  one or more conduits 20 is controlled using one
or more valves 22, which may be manually  controlled and/or under the
control of the data processor system 16. In operation, a sample 24 enters
the fluidic system and is directed into the detector 18, and after data
capture is delivered to waste 20 storage 26. The fluidics system 14 may
also include one or more solutions 28 that directed into  transit through the
fluidic system 14 by pumps, by vacuum or by pressure, e.g., pressurized
inert gas.  The solutions 28 in the fluidics system 14 will generally be
premixed or equilibrated, as for use with  the present invention may
generally include: water, a solvent, a detergent or water:detergent mix, an
oxygen radical generator, an oxidation target, etc., and may be mixed at
mixing chamber 30 prior to 25 delivery to the oxygen detection chamber
34. The choice of fluidics system will depend on the extent  of
automatization desired or chosen, as will be known to those of skill in the
art. The sample 24 may  be pre-mixed with the same solution that is used
to calibrate the oxygen sensor 18 or may even be  
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Temperatue Range: 0-50"C; Temperature Compensation: 1040"C; Cathode: Platinum; Alode:

AflAgCl;Membrane: I ml silicor¡ and may be used in conjunction with the softwa¡e provided by the

marufacturer, e.g., Dissolved Oxygen EZ (Pasco, USA). The system may also include pH, ORP,

conductivity or turbidity sensors in fluid commutrication with the fluidics system

In operation, the oRAC(o) system disclosed herein may be used as follows: a user collects a sample

and dissolves ii in or with a oRAC(o) solvent kit (dry or üquid). An oRAC(o) sensor, e.g., ahand-

held surface plasmon resonance oxygen sensor (seq e.g., Texas Instruments SPREETA sensor) is

exposed to one or more calibration standards and then exposed to the user sample. The oxygen

senior is co¡¡ected to a processor that evaluates the output fiom the detector surface ou the sensor

and provides the user with a read-out. The read-out may be displayed on a screen, printed and/or

transmitted to a processof, memory and tlre like. The user sample may be a urine, saliva, tears,

mucus secretions, sweat, biood (or btood products), tissue, feces or other biological samples

suspected of having oxygen radicals. In one example, tle sample is one or more breaths (one or

more inhalations andlor exhalations) that are colleoted by a respirator, e.g., a closed respirator. The

values detected by the sensor may even be saved in mernory (volatile, semi-permanent or permânent)

for futu¡e reference or for comparison to past or future values to evaluate the oxidative state of the

usef.

The basic components of the ORAC(o) assay for aniioxidant activity of the present invention take

ad.vantage of existireg ORAClike methods and are therefore easily adaptable for use in labo¡atories

Ïr,ithout the need for extensive training, if any. Briefly, the ORAC(o) uses an oxygen sensor, for

example a blood plasma oxygen sensor or a dissolvable oxygen sensor to measure pro-oxidant

activity, e.g., by measuring directly the relative activities of one or more oxygen radical generating

molecules in the sample solution and a oxidative quencher (a:rti-oxidant) as standards. It must be

noted that cert¿i¡. agents, e.g., reducing or volatile agents, can iead to the absorption or production of

oxygen in solution in tha absence of a radical source, e.g. AAPII, can affect th€ amount of oxygen in

the solution. UsiD.g the present invention the skilted artisan can differentiate radical quenohing and

non-radical quenching activities of sanples by, e.g., evaluating the behavior of the sar:nple in solution

before the addition of the free radical initiator. It shor¡Id be noted that both the radical quenching and

non-radical quenching activities of the samples teste4 as determined by use of the present inventioD,

rclate to oxidative state. The relative activities of tle oxygen radical generator and the oxygen

radical quencher may be titrated and/or measured over time as with the indirect methods ORAC(fl)'

ORAC(fllipo), ORAC(P-PE) and the like.

Figure 2 is a flowchart 50 that summarizes the basic steps of the method of the present invention. In

step 52, the dissolvable oxygen probe is equilibrated and/or calibrated in the presence of the

solvent:water:detergent mixhre a¡d a baseline measured- In one examples the

solvent:water:detergetrt is an acetone:water:Tween-20 mixtu¡e at a 1:1:1 ratio. In step 54, a baseline

<tetermination of anti-oxida¡t activity serves as the positive conbol a¡d baseline for comparison of
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pre-mixed at the mixing chamber 30. Examples of oxygen detectors 18 for
use with the present invention will include any dissolved  30 oxygen
sensor that is able to detect dissolved oxygen in the presence of a
solvent, water and a  detergent. Examples of dissolved oxygen sensors
include, e.g, electrochemical, chemiluminescent,  surface plasmon
resonance, infrared, capacitance coupled, dye-coupled fiber optic or even
hyperspectral oxygen sensors. In one specific example, the dissolved
oxygen sensor is an YSI  5300A biological oxygen sensor (YSI, USA), a
SPREETA sensor (Texas Instruments), a PASCO 35 PS2108 (Pasco,
USA), and the like. In one example, the dissolved oxygen sensor has the
following  specifications: Range of. 0-20 mg/L; Accuracy: 10% of full
scale; Resolution: 0.01 mg/L;  Maximum Sample Rate: 20 sps; Default
Sample Rate: 2 sps; Response: 98% in 60 seconds; 21  Temperature
Range: 0-50C; Temperature Compensation: 10-40C; Cathode: Platinum;
Anode:  Ag/AgCl; Membrane: 1 ml silicon, and may be used in conjunction
with the software provided by the  manufacturer, e.g., Dissolved Oxygen
EZ (Pasco, USA). The system may also include pH, O1W,  conductivity or
turbidity sensors in fluid communication with the fluidics system 5 In
operation, the ORAC(o) system disclosed herein may be used as follows:
a user collects a sample  and dissolves it in or with a ORAC(o) solvent kit
(dry or liquid). An ORAC(o) sensor, e.g., a hand- held surface plasmon
resonance oxygen sensor (see, e.g., Texas Instruments SPREETA
sensor) is  exposed to one or more calibration standards and then
exposed to the user sample. The oxygen  sensor is connected to a
processor that evaluates the output from the detector surface on the
sensor 10 and provides the user with a read-out. The read-out may be
displayed on a screen, printed and/or  transmitted to a processor, memory
and the like. The user sample may be a urine, saliva, tears,  mucus
secretions, sweat, blood (or blood products), tissue, feces or other
biological samples  suspected of having oxygen radicals. In one example,
the sample is one or more breaths (one or  more inhalations and/or
exhalations) that are collected by a respirator, e.g., a closed respirator.
The 15 values detected by the sensor may even be saved in memory
(volatile, semi-permanent or permanent)  for future reference or for
comparison to past or future values to evaluate the oxidative state of the
user. The basic components of the ORAC(o) assay for antioxidant activity
of the present invention take  advantage of existing ORAC-like methods
and are therefore easily adaptable for use in laboratories  20 without the
need for extensive training, if any. Briefly, the ORAC(o) uses an oxygen
sensor, for example a blood plasma oxygen sensor or a dissolvable
oxygen sensor to measure pro-oxidant  activity, e.g., by measuring
directly the relative activities of one or more oxygen radical generating
molecules in the sample solution and a oxidative quencher (anti-oxidant)
as standards. It must be  noted that certain agents, e.g., reducing or
volatile agents, can lead to the absorption or production of 
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anti-oxidani activity using, e.g., Trolox@ as the anti-oxidant. one advantage of Trolox@ and related

molecules is that these Vitamin E derivatives are more stable ftom lot to lot, have less lot variation

antl are synthetig thereby providing a reliable concentration of anti-oxidant activity' The mixture in

step 54 is mixed, in stop 56, with an oxygen f^dical !ãget, e.g., linoleic acid prior to the addition of

the oxygen radical generator in step 58' The assay is allo\ryed to run and, ia step 60, the area under

the curve (AUC) is calculated by measuring the disappearance of dissolved oxygen over time, and

the value for the sample stored ln series or parallel, a sample is dissolved in the

solvent:watef:detergent nrixture (step 66) followed by the addition of the oxygen radical talget ìn step

68. Gene¡ally, it is common to use the sarne t¡re of oxygen mdical target in steps 56 and 68, and the

same t5lpe of oxygen radical generator in stePs 58 and 70- In step 72, Íl;e AUC for the sample is

detecte4 and tÏe vâlue for the sample stored. Now that the standard and the sample AUC have been

determined, the values are normalized by subtracting ths AUC for the blank' The nonnaiized

stantlard and sample AUC values ¿¡e then used to compare and calculate tf.e level of anti-oxidant

activity in the sample.

The following discussion is used to heþ illustrate the ilvention and should not be used limit its

scope. The detergent Tween 20 may aid in the dispersion of linoleic acid. Li:roleic acid provides

double bonds across which oxygen can be absorbed. T¡olox@ is a synthetic antioúdant used as an

intemal standard. The values obtained from all samples are related back to those of Trolox@. The

oxygen radical generating molecule: 2,2, azobts (2-amidinopropane)dihydrochloride (AAPH reacts)

with oxygon to create carbon-centered radicals. The radicals generated by AAPH cause the oxidation

of liuoleic aoid. As a fesult of the oxidation of linoleic acid, linoleic acid's double bonds become

ketones, bonding with oxygen molecules in the carbon-centered radical. The orygen probe takes

measurements of the rate at which the oxygen is boing removed from the reaction chamber due to the

oxidation of linoieic acld. The azo radical may react directly with linoleic acid causing the

fo¡rnation of a linoleic acid radical. The linoieic acid radical then reacts with the oxygen present in

the reaction chamber to form a ketone. Through either propose.d mechanism, oxygen is consumed

due to the oxidation of linoleic acid. The antioxidant slows the consumption of orygen in the

reaction chamber by deterring the oxidation of línoleic acid. The calculation of the area under the

cu¡ve for dissolved oxygen versus time plot lelds a measure ofthe sample's antioúdant capacity as

demonstmted by its ability to slow the oxidation of linoleic acid.

The oxygen radical generators. Azo-radical genentors are present in the ORAC(o) assay of the

present invention at a known concentratiOn tO generate radicals for mea$n.ements of antioxidant

activity. Azo initiators include, for example, 2,2'-aznbis[2-(5-methyl-2-imidazolin-2-

yl)propaneldilrydro chtoride, 2,2) azobis (2-amidinopropane)dihydrochloride (AAPII), 2,2''az'obis(2'

amidinopropare)[2-(N-siearyI)amidinopropane] dihydrocbtoride (sA-l), 2,2',-azo(2-(2-imidiazollt-2-

yl)-propane)-[2-[2-(4-n-octyl);.ldazolin-2-yl]-propane] dihydrochloride (c-8)' 2,2'.azobis(+

methoxy-2,4-dim.ethylvaleronitrile) (Meo-AMVN), 2,2'-azobis(2,4-dimethylvaleronitrile) (AM\ai),
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25 oxygen in solution in the absence of a radical source, e.g. AAPH, can
affect the amount of oxygen in  the solution. Using the present invention
the skilled artisan can differentiate radical quenching and  non-radical
quenching activities of samples by, e.g., evaluating the behavior of the
sample in solution  before the addition of the free radical initiator. It should
be noted that both the radical quenching and  non-radical quenching
activities of the samples tested, as determined by use of the present
invention, 30 relate to oxidative state. The relative activities of the oxygen
radical generator and the oxygen  radical quencher may be titrated and/or
measured over time as with the indirect methods ORAC(fl),
ORAC(fl-lipo), ORAC((3-PE) and the like. Figure 2 is a flowchart 50 that
summarizes the basic steps of the method of the present invention. In
step 52, the dissolvable oxygen probe is equilibrated and/or calibrated in
the presence of the  35 solvent:water:detergent mixture and a baseline
measured. In one examples the solvent:water:detergent is an
acetone:water:Tween-20 mixture at a 1:1:1 ratio. In step 54, a baseline
determination of anti-oxidant activity serves as the positive control and
baseline for comparison of 22  anti-oxidant activity using, e.g., Trolox(r) as
the'anti-oxidant. One advantage of Trolox(r) and related  molecules is that
these Vitamin E derivatives are more stable from lot to lot, have less lot
variation  and are synthetic, thereby providing a reliable concentration of
anti-oxidant activity. The mixture in  step 54 is mixed, in step 56, with an
oxygen radical target, e.g., linoleic acid prior to the addition of 5 the
oxygen radical generator in step 58. The assay is allowed to run and, in
step 60, the area under  the curve (AUC) is calculated by measuring the
disappearance of dissolved oxygen over time, and  the value for the
sample stored. In series or parallel, a sample is dissolved in the
solvent:water:detergent mixture (step 66) followed by the addition of the
oxygen radical target in step  68. Generally, it is common to use the same
type of oxygen radical target in steps 56 and 68, and the 10 same type of
oxygen radical generator in steps 58 and 70. In step 72, the AUC for the
sample is  detected, and the value for the sample stored. Now that the
standard and the sample AUC have been  determined, the values are
normalized by subtracting the AUC for the blank. The normalized
standard and sample AUC values are then used to compare and calculate
the level of anti-oxidant  activity in the sample. 15 The following
discussion is used to help illustrate the invention and should not be used
limit its  scope. The detergent Tween 20 may aid in the dispersion of
linoleic acid. Linoleic acid provides  double bonds across which oxygen
can be absorbed. Trolox(r) is a synthetic antioxidant used as an  internal
standard. The values obtained from all samples are related back to those
of Trolox(r). The  oxygen radical generating molecule: 2,2' azobis
(2-amidinopropane)dihydrochloride (AAPH reacts) 20 with oxygen to
create carbon-centered radicals. The radicals generated by AAPH cause
the oxidation  of linoleic acid. As a result of the oxidation of linoleic acid,
linoleic acid's double bonds become  
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azo-bis-isobutyfnitrile , 2,Z'-azobis (2-methylproprionatQ @AMP)' and 2'2'-azobis-(2-

amidinopropane).

For example, the radicat generatof 2,2' azobis (2-amidinopropane) dihytlrochloride (AAPII)

decomposes into molecular nitrogen and two cafbon radica.ls. The ca¡bon radicals combine to

producestableproductsorreaciwithmolecularoxygentogiveperoxylradicals.Thehalflifeof

AAPHisaboutlT5hours(3Tocatneutralp[I).Therefore,therateoff¡eemdicalgenerationis

essentiallycoDstantduringthefustseveralhou¡sinsolution.AAPHisusedisoftenusedforlipid

peroxidationinaqueousdispenionsoffattyacids,asÑcb;itcanbeusedaloneo¡incombination

with a lipohilic aad/or a lipophobic radical generator. The solvent system disclosed herein allows for

useofeitlrerorbothlipohilicand/oralipophobicradicalgeneratorsastheapparatusmeasulestotal

oxygen in the sample.

SolventSystem.ThesolventSystemfortheoRAC(o)isâthlee-pa¡tsystemthatincludesasolvent,

an aqueous phase and a detergent. For example, the solvent may be an organic solvent selected ûom

alcohols, arniaes, esters, glycol ethers, glycols, terpenes and'/or mixtures thereof' The organic solvent

system is formulated to be tess than about 50%, a¡ound 30 or 33 percent, Iess than 20olo and in some

cases less than i0olo of solvent components.

In one embodinent tÏe solvent is acetone, which may be from about I 0 and 90 percent voyvol of the

ORAC(o) solvent system, the aqueous portion from about 10 and 90 percent voVvol ofthe ORAC(o)

solventsystemandthedetergentfrom0.00lfag0o/oofthesolventsystem'Forexample'the

oRAC(o)solventSystemmaybeone-thirdwater,one-thirddetergent(..one-third''So[Yent),andthe

sample at a concentration ol e.g-, I mg/ml. Dilutions are then made using tÏe saüe solvent' The

detergent may be a nonionic detergent such as TIWEEN@, (i e', TWEEN@2O)' BRIJ@' or

TRITON@; a zwitterioric detergent such as CIIAPS@; a cationic detergeût; or an anionic detergent

such as cholate, deoxycholate, so<lium dodecylsulfate, or TWEEN@-8O; or a surfactant' The ratio of

water to acetone to detetgent lr]ay be from about 5% to 90%:o tn 90% to 5%ú fespectively. Unlike the

oRAC(fl), which uses a two component system that uses of one-half acetone and one-halfwater, the

detergeûts of the ORAC(o) solvent system perrrit a direct measurement of oxygen from the total

sample. One variant is the ORAC(fllipo) that uses a rândomly methylat€d þ-cyclodextrin'

UsesfortheoRAc(o)Assay:TheoF.AC(o)assaymaybeusedtomeasurethetotalantioxida¡t

activity ofbiological sa.mples, for the evaluation of components for the nutritional supplements of the

present invention and even for testing aad evaluating competitol and/or the final dietary supplement

of tåe present invention. For use il the evaluation of biologicai sampies, these may be, e.g.' seruIìI

lipid-soluble serum ftaction, water-soluble serum fiaction, urine, tipid-soluble urine fiaction, water-

soluble urine fraction, LDL ûaction, tissue homogenates, quality control of antioxida-nt supplements,

food protlucts, or presewatives, development of new antioxidad supplements' development of new

food products, new preservatives, ol new antioxidant therapies, quality control of food manufachrring
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ketones, bonding with oxygen molecules in the carbon-centered radical.
The oxygen probe takes  measurements of the rate at which the oxygen is
being removed from the reaction chamber due to the  oxidation of linoleic
acid. The azo radical may react directly with linoleic acid, causing the 25
formation of a linoleic acid radical. The linoleic acid radical then reacts
with the oxygen present in  the reaction chamber to form a ketone.
Through either proposed mechanism, oxygen is consumed  due to the
oxidation of linoleic acid. The antioxidant slows the consumption of
oxygen in the  reaction chamber by deterring the oxidation of linoleic acid.
The calculation of the area under the  curve for dissolved oxygen versus
time plot yields a measure of the sample's antioxidant capacity as  30
demonstrated by its ability to slow the oxidation of linoleic acid. The
oxygen radical generators. Azo-radical generators are present in the
ORAC(o) assay of the  present invention at a known concentration to
generate radicals for measurements of antioxidant  activity. Azo initiators
include, for example, 2,2'-azobis[2-(5-methyl-2-imidazolin-2-
yl)propane]dihydrochloride, 2,2' azobis
(2-amidinopropane)dihydrochloride (AAPH), 2,2'-azobis(2 35
amidinopropane)[2-(N-stearyl)amidinopropane] dihydrochloride (SA-1),
2,2'-azo(2-(2-imidiazolin-2-
yl)-propane)-[2-[2-(4-n-octyl)imidazolin-2-yl]-propane] dihydrochloride
(C-8), 2,2'-azobis(4- methoxy-2,4-dimethylvaleronitrile) (MeO-AMVN),
2,2'-azobis(2,4-dimethylvaleronitrile) (AMVN), 23  azo-bis-isobutylnitrile,
2,2'-azobis (2-methylproprionate) (DAMP), and 2,2'-azobis-(2-
amidinopropane). For example, the radical generator 2,2' azobis
(2-amidinopropane) dihydrochloride (AAPH)  decomposes into molecular
nitrogen and two carbon radicals. The carbon radicals combine to  5
produce stable products or react with molecular oxygen to give peroxyl
radicals. The half life of AAPH is about 175 hours (37 C at neutral pH).
Therefore, the rate of free radical generation is  essentially constant
during the first several hours in solution. AAPH is used is often used for
lipid  peroxidation in aqueous dispersions of fatty acids, as such, it can be
used alone or in combination  with a lipohilic and/or a lipophobic radical
generator. The solvent system disclosed herein allows for 10 use of either
or both lipohilic and/or a lipophobic radical generators as the apparatus
measures total  oxygen in the sample. Solvent System. The solvent
system for the ORAC(o) is a three-part system that includes a solvent,  an
aqueous phase and a detergent. For example, the solvent may be an
organic solvent selected from  alcohols, amines, esters, glycol ethers,
glycols, terpenes and/or mixtures thereof. The organic solvent 15 system
is formulated to be less than about 50%, around 30 or 33 percent, less
than 20% and in some  cases less than 10% of solvent components. In
one embodiment the solvent is acetone, which may be from about 10 and
90 percent vol/vol of the  ORAC(o) solvent system, the aqueous portion
from about 10 and 90 percent vol/vol of the ORAC(o)  
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and pfocessing, assessíng aniioxidad activity of plants, or monitoring the antioxidafìt activity of

cosÉetic products, for examPle'

BXAMPLE 1: Comparison of A.ntioxidant Activity Using ORAC(fl) and ORAC(o) Assays'

Ingfedients for an antioúdant comPosition were anaTyzed for antioxida:rt activity üsing a prior art

oxygen radical absorption capacity method that measwes fluorescence (ORAC(fl)' and usiag the

method of the present invention that measures dissolved oxygen (ORAC(o))' The antioxidant

activity of a product is its ability to protect the system from damage caused by peroxyl radicals'

Prior Árt lv{ethotl of ìvleasuring Antioxidalt Acdvity for Comparison' For the ORAC(fl) assay, the

method of Ou ¿¡ øt (ou , 8., Hampsch-Wooclill, M. ald Prior, R.L., l Agric. Food Clrcnl' 2001' 49'

46lg-4626'l was fotlowed. Differences from the ou procedure as published included the speed ofthe

orbital shaker (Oq 400 rpm; herein, 280 rpm), and the centrifuge speed (Ou, 14'000 rpm' 15 min;

hereiru 3200 rpm, 15 min a:rd the length of the assay (Or¡ 30 mi¡; herei¡, 100 mi¡)' Fluorescei'n'

sodium salt, was obtained from Aldrich (Milwaukee, WI)' For the Ou method, a standard amount of

fluoresceín is added to an antioxidant product being tested, and the begiming level of fluorescence is

measured. A free radical initiator is added, and the time and degree of disappearance of fluorescence

a¡e measured.. Trolox@, ÇHydtoxy-2.,5,7,8-tetramethylchroman-2-carboxylic 'Acid' is a cell-

permeable, water-soluble derivative of vitamin E with potent antioxidad properties' Trolox@

prevettsperoxynitrite_mediatedoxirlativest¡essandapoptosisinratthymocytesandisasyrthetic

antioxidant rlat is consistent from lot-to-lot and is used as the standard and run for comparison with

eachsample.Ablank(coDt¡ol)usedincalculationsoftheoRAC(o)valueforeachsamplesmaybe

included in each run- Fluorescence vs. time is plotted The blank (control) is subtracted from every

curve. The net a¡ea unde¡ the curve of the a¡tioúdant is compared to the net a¡ea r¡nder the cu¡ve of

Trolox@. The larger the net area under ttre curve, the great the attioxidant capacity ofthe molecules

in the sample. Al1 ORAC(fl) anaþes were performed on a COBAS FARA tr centrifugal analyzer

@oche Diagnostic Systen Inc-, Branchburg, NJ; exoitation wavelength = 493 nm and emission filter

= 515 run). Results are given as micromoles ofTrolox@ equivalents per grarn of sample.

Metüod of Measuring Artioxidant Activity. In operation, the ORAC(o) assay of the present

inventionwasusedtoevaluateantioxidantcompositions,combinations¿ndthelikeofsolutions

against a target molecule (linoleic acid) with oxygen present at equilibrium with the ai¡' A free

radical initiator is adcled and the time it takes for orygen to disappear is measured, yielding the rate

ofdisappearance.Trolox@isusedastlrestanda¡4andablankisrunasacontrol.Amouutof

dissolved oxygen vs. time is plotted allowing direct comparison of net areas under the curve. A

detailed method is as follows: Buffers (K2IIPO4 (F.W. i74.2), NaII2PO4 (FW 120.0)) were

obtaiûed from Sigma (st. Louis, Mo). Linoleic acid 99%, Trolox@ (6-hydroxy-2,5,7,8-

tetramethylcbroman-2-carboxylio acid) g7%, T\ryEEN@ 20, and 2'2'-azobis (2-

methylpropionamidine) dihydrocbloride 97% (AAPH)' were obtained from Alil¡ich (Milwaukee'
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solvent system and the detergent from 0.001 to 90% of the solvent
system. For example, the 20 ORAC(o) solvent system may be one-third
water, one-third detergent ("one-third" solvent), and the  sample at a
concentration of, e.g., I mg/mL. Dilutions are then made using the same
solvent. The  detergent may be a nonionic detergent such as TWEEN(r),
(i.e., TWEEN(r)20), BRIM, or  TRITON(r); a zwitterionic detergent such as
CHAPS(r); a cationic detergent; or an anionic detergent  such as cholate,
deoxycholate, sodium dodecylsulfate, or TWEEN(r)-80; or a surfactant.
The ratio of 25 water to acetone to detergent may be from about 5% to
90% to 90% to 5%, respectively. Unlike the  ORAC(fl), which uses a two
component system that uses of one-half acetone and one-half water, the
detergents of the ORAC(o) solvent system permit a direct measurement
of oxygen from the total  sample. One variant is the ORAC(fl-lipo) that
uses a randomly methylated (3-cyclodextrin. Uses for the ORAC(o)
Assay: The ORAC(o) assay may be used to measure the total antioxidant
30 activity of biological samples, for the evaluation of components for the
nutritional supplements of the  present invention and even for testing and
evaluating competitor and/or the final dietary supplement  of the present
invention. For use in the evaluation of biological samples, these may be,
e.g., serum,  lipid-soluble serum fraction, water-soluble serum fraction,
urine, lipid-soluble urine fraction, water- soluble urine fraction, LDL
fraction, tissue homogenates, quality control of antioxidant supplements,
35 food products, or preservatives, development of new antioxidant
supplements, development of new  food products, new preservatives, or
new antioxidant therapies, quality control of food manufacturing 24  and
processing, assessing antioxidant activity of plants, or monitoring the
antioxidant activity of  cosmetic products, for example. EXAMPLE 1:
Comparison of Antioxidant Activity Using ORAC(fl) and ORAC(o) Assays.
Ingredients for an antioxidant composition were analyzed for antioxidant
activity using a prior art  5 oxygen radical absorption capacity method that
measures fluorescence (ORAC(fl)), and using the method of the present
invention that measures dissolved oxygen (ORAC(o)). The antioxidant
activity of a product is its ability to protect the system from damage
caused by peroxyl radicals. Prior Art Method of Measuring Antioxidant
Activity for Comparison. For the ORAC(fl) assay, the  method of On et at
(Ou, B., Hampsch-Woodill, M. and Prior, R.L., J. Agric. Food Chem. 2001,
49,  10 4619-4626) was followed. Differences from the On procedure as
published included the speed of the orbital shaker (Ou, 400 rpm; herein,
280 rpm), and the centrifuge speed (Ou, 14,000 rpm, 15 min;  herein,
3200 rpm, 15 min and the length of the assay (Ou, 30 min; herein, 100
min). Fluorescein,  sodium salt, was obtained from Aldrich (Milwaukee,
WI). For the On method, a standard amount of  fluorescein is added to an
antioxidant product being tested, and the beginning level of fluorescence
is 15 measured. A free radical initiator is added, and the time and degree
of disappearance of fluorescence  are measured. Trolox(r),
6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic Acid, is a cell- 
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WÐ. HPLC grade acetone was obtaired from Fisher (Ilampton, NÐ' A YSI 53004 biological

oxygen meter was obtained ftom YSI (Yellow Springs, Ohio) and used according to the

manufacturer's specifi cations.

oRAC(o)Method.Thefotlowiagstocksolutíonswereused'Pfepafationofphosphatebuffer(75

mM,pH7.4);750mMKzHPO4(F.W.174'2);Weigh65'339into500mLofvolumetricflask'and

add tllÐO to the mark. Concentration is ?50 mM' Store 750 mM KzHPO¡ stock solution ín a

Iefrigerâtor(2to8"C)equþetlwithacalilrrateclthermometer.Talgettemperatureis4oc.T50fÑ[

NaI{zPo¡(Fw120.0);Weigh45.00gilto500mLofvolrrmehícflask,andadddH20tothemark.

concenkation is 750 mM. store 750mM NaHzPO¿ stock solution in a refrigerator (2 to 8"C)

equippedwithacaliblatedthermometer.Talgettemperatureis4"C.Mix40mlofT50mMKzHPo¡

stock solution aú.d loml of 750mM NaHzPOa stock solution (4 to i ratio). Tbis will yield 50 mL of

ORAC stock solution buffer. Sto¡e stock solution in a refrigerator (2 to 8'C) equipped with a

calibratedthe¡]aometer.Targettempelahneis4"C.DilutemixtuIewithdll20(1:9)tomake

working solution of ORAC buffer' and measure pH' It should be 7 '4' Keep covered at room

t€mperature until ready to use.

TweenPreparation.Weighoutl0gofTween20,andadtlg0gofdeionizedwater.Cove¡andstir

the mixtu¡e ovemight. Tween stock solution keeps for one week KeeP on countertop'

Solvent Preparation. Mrix 25 mL of acetone, 25 ml of deionized water, a¡d 25 mL of Tween 20'

use this solvent to prepare samples. Before a run is performed: the probe should be inspected for

damage paying particular attention to the membrane, replace if needed' Probes should be stored with

the tips ia deionized water. only one probe and one reaction chamber should be used for this assay.

Run a blark and Trolox@ (at l0 pglml or 0-03995 ¡rmoVnl) every 8 hours' Satples are to be run at

aconcentrationofl0pg/rnl.ThesampleconcenüationandTrolox@concentrationshouldbetlre

same.

The dilutions are preparetl by weighing out I mg of sample antl adding 1 mi of solvent to perfonn thè

initial extraction. shake for one hour, place 0.5 ml of the initial extraction solution in a glass

sci¡iillation vial, and then add 4.5 ml of soiven! making the first dilution. Vortex the fiIst dilution

for about 30 seconds. Its coßcentration is 0.1 mglml or 100 ppm' Take 0'5 ml of the first dilution'

put it into another glass scintillation vial, and then add 4.5 mI of solwnt, vortex for about 30 seconds,

to yield a concenhation of 0.01 mg/ml or 10 ppm. Take 0.5 ml of the vial mnple and put it into

another glass sci¡tillation vial, and then add 4.5 ml of solvent, vortex for about 30 seconds, to yield a

concenhation of0.01 mgfurlor 10ppm. The viats are placed in a 4o c reftigerator. Ina37o Cwater

bath allow linoleic acid to thaw, and prepa¡e linoleic acid solution (with minimal light) by addi:tg

0.18 mL Tween stock solutior, 0.18 mL buffer, and 0.44mL deionized water to 70.8 mg linoleic acid.

Keep solution tube wrapped in foil. Make linoleic acitl solution fresh every 8 hours. To prepare the

oxygen ¡a<lical generator, weigh 67.8mg of AAPH, and dissolve in 0'9 ÐL buffer' Keep AAPH
35

permeable, water-soluble derivative of vitamin E with potent antioxidant
properties. Trolox(r)  prevents peroxynitrite-mediated oxidative stress and
apoptosis in rat thymocytes and is a synthetic  antioxidant that is
consistent from lot-to-lot and is used as the standard and run for
comparison with 20 each sample. A blank (control) used in calculations of
the ORAC(o) value for each samples may be  included in each run.
Fluorescence vs. time is plotted. The blank (control) is subtracted from
every  curve. The net area under the curve of the antioxidant is compared
to the net area under the curve of  Trolox(r). The larger the net area under
the curve, the great the antioxidant capacity of the molecules  in the
sample. All ORAC(fl) analyses were performed on a COBAS FARA II
centrifugal analyzer 25 (Roche Diagnostic System Inc., Branchburg, NJ;
excitation wavelength = 493 rim and emission filter  = 515 ma). Results
are given as micromoles of Trolox(r) equivalents per gram of sample.
Method of Measuring Antioxidant Activity. In operation, the ORAC(o)
assay of the present  invention was used to evaluate antioxidant
compositions, combinations and the like of solutions  against a target
molecule (linoleic acid) with oxygen present at equilibrium with the air. A
free 30 radical initiator is added and the time it takes for oxygen to
disappear is measured, yielding the rate  of disappearance. Trolox(r) is
used as the standard, and a blank is run as a control. Amount of
dissolved oxygen vs. time is plotted allowing direct comparison of net
areas under the curve. A  detailed method is as follows: Buffers (K2HP04
(F.W. 174.2), NaH2PO4 (FW 120.0)) were  obtained from Sigma (St.
Louis, MO). Linoleic acid 99%, Trolox(r) (6-hydroxy-2,5,7,8 35
tetramethylchroman-2-carboxylic acid) 97%, TWEEN(r) 20, and
2,2'-azobis (2- methylpropionamidine) dihydrochloride 97% (AAPH), were
obtained from Aldrich (Milwaukee, 25  WI). HPLC grade acetone was
obtained from Fisher (Hampton, NH). A YSI 5300A biological  oxygen
meter was obtained from YSI (Yellow Springs, Ohio) and used according
to the  manufacturer's specifications. ORAC(o) Method. The following
stock solutions were used. Preparation of phosphate buffer (75  5 mM, pH
7.4); 750 mM K2HPO4 (F.W. 174.2); Weigh 65.33g into 500mL of
volumetric flask, and  add dH20 to the mark. Concentration is 750 mM.
Store 750 mM K2HPO4 stock solution in a  refrigerator (2 to 8C) equipped
with a calibrated thermometer. Target temperature is 4C. 750mM
NaH2PO4 (FW 120.0); Weigh 45.00 g into 500 mL of volumetric flask, and
add dH20 to the mark.  Concentration is 750 mM. Store 750mM
NaH2PO4 stock solution in a refrigerator (2 to 8C) 10 equipped with a
calibrated thermometer. Target temperature is 4C. Mix 4oml of 750 mM
K2HPO4  stock solution and 10ml of 750mM NaH2PO4 stock solution (4
to 1 ratio). This will yield 50 nil, of  ORAC stock solution buffer. Store
stock solution in a refrigerator (2 to 8C) equipped with a  calibrated
thermometer. Target temperature is 4C. Dilute mixture with dH20 (1:9) to
make  working solution of ORAC buffer, and measure pH. It should be
7.4. Keep covered at room  



10

26

refrígerated, it may be used for up to eight hours. shake for t hour. The Trolox@ solution should be

kept refrigeEted at all times. To begin measuring anti-oxidant activity, add l -86 mL of buffer into

each reaotion coût ainer, 2.36tnf . water, to the scintillatioD vials al 37' C and ailow tfuee minutes of

stirring whlle the reaction matrix comes to temperahre. Add 0.284 mL of the sample, and place the

prcbe tip into the vessel without touchiag the reaction solution, and allow one minute of stining. Tlie

measu¡ements are best taken in a líght-tight environment'

Following data capture, remove the probe from the chamber, add 0.357mL each of liloleic acid

solution, and replace the end of the probe into the chamber immediately. Add 0.357n1 of AAPH

solution, and place the probe into the solution tube carefully but quickly so that no bubbles a¡e left in

tÍe rcaction area, and no solution is in the overfiow ridge on the probe case' Next, place probe into

the solution âBtl take a reading. Capture data aûd calculate anti-oxidant activity'

Samples were prepa¡ed at a concentration of lmg/ml in "one-third solvenf'(also referred to as the

oRAc(o)solventsystem).A..one-third,,solventisequalpafsofwater,acetone,andasolutionof

TWEEN@26 diluted 1:9 with water. Sanples were shaken for t hour at room temperature on an

orbital shaker at 280 rpm. The sample solution was ready for analysis after further dilution

(generally to i0 pglml) with'bne-third" solvent. "one-third" solvent was also used as the blank.

The oRAC(o) assay was ca¡ried out using the YSI 5300A biotogical oxygen meter. Linoleic acid

was prepared by adding 0.18 mr.of75 nM phosphate buffer (pH 7'a)' 0'lSnl of 10 weight percent

TWEEN,Io29 stock solution, and 0.44 rnl- of deionized water to 70.8 mg linoleic acid. AAPH was

preparedbyadding0.gmLofbufferto6T.SmgofAAPH.I¡thefinalreactionvolume(5'218mL)'

li¡oleio acid (21.59 mM) was used as the target of free radical attack, and AAPH (19.00 mM) was

used as a peroxyl radical generator. Trolox@ (at 10 ¡rg/ml) was used as a standard. Readings were

taken every second until a zero readine was obsewed. 
,

The formula for calculating the ORAC(o) value (Oxygen Radical Absorbance Capacity oxygen

specific electrode) is:

l5
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AUC5yp--AUCsLNK
X i000 (mg/gr) X [TRLX (¡rmol/ml)]

ÄUCnur-AUC¡r¡lr

oRAClo)-
ISMP(mglnt)l

Altemativel¡ the oRAC(o) may be calculated in milliüters when evaluating a liquid formula. This

caloulation yields a quântity ktown as micromoles of Trolox@ equivalents per gram of sample' A

negative value ORÀC(o) reflects less radical quenching activity than obtained with a bla¡k which

30 intlicates that a compositio¡. is a pto-oxidant, i.e., an agent that promotes oxidation, Éther than acting

as atr a¡tioxidant. An assumption of the ORAC(o) assay is that oxygen is not behg absorbed or

15 temperature until ready to use. Tween Preparation. Weigh out IOg of
Tween 20, and add 90 g of deionized water. Cover and stir  the mixture
overnight. Tween stock solution keeps for one week. Keep on countertop.
Solvent Preparation. Mix 25 mL of acetone, 25 mL of deionized water, and
25 mL of Tween 20.  Use this solvent to prepare samples. Before a run is
performed: the probe should be inspected for  20 damage paying
particular attention to the membrane, replace if needed. Probes should be
stored with the tips in deionized water. Only one probe and one reaction
chamber should be used for this assay.  Run a blank and Trolox(r) (at 10
g/ml or 0.03995 mol/ml) every 8 hours. Samples are to be run at  a
concentration of 10 g/ml. The sample concentration and Trolox(r)
concentration should be the  same. 25 The dilutions are prepared by
weighing out 1 mg of sample and adding 1 ml of solvent to perform the
initial extraction. Shake for one hour, place 0.5 ml of the initial extraction
solution in a glass  scintillation vial, and then add 4.5 ml of solvent,
making the first dilution. Vortex the first dilution  for about 30 seconds. Its
concentration is 0.1 mg/ml or 100 ppm. Take 0.5 ml of the first dilution,
put it into another glass scintillation vial, and then add 4.5 ml of solvent,
vortex for about 30 seconds, 30 to yield a concentration of 0.01 mg/ml or
10 ppm. Take 0.5 ml of the vial sample and put it into  another glass
scintillation vial, and then add 4.5 ml of solvent, vortex for about 30
seconds, to yield a  concentration of 0.01 mg/ml or 10 ppm. The vials are
placed in a 4 C refrigerator. In a 37 C water  bath allow linoleic acid to
thaw, and prepare linoleic acid solution (with minimal light) by adding
0.18 mL Tween stock solution, 0.18 mL buffer, and 0.44mL deionized
water to 70.8 mg linoleic acid. 35 Keep solution tube wrapped in foil. Make
linoleic acid solution fresh every 8 hours. To prepare the  oxygen radical
generator, weigh 67.8mg of AAPH, and dissolve in 0.9 mL buffer. Keep
AAPH 26  refrigerated, it may be used for up to eight hours. Shake for 1
hour. The Trolox(r) solution should be  kept refrigerated at all times. To
begin measuring anti-oxidant activity, add 1.86 ml, of buffer into  each
reaction container, 2.36mL water, to the scintillation vials at 37 C and
allow three minutes of  stirring while the reaction matrix comes to
temperature. Add 0.284 mL of the sample, and place the 5 probe tip into
the vessel without touching the reaction solution, and allow one minute of
stirring. The  measurements are best taken in a light-tight environment.
Following data capture, remove the probe from the chamber, add
0.357mL each of linoleic acid  solution, and replace the end of the probe
into the chamber immediately. Add 0.357m1 of AAPH  solution, and place
the probe into the solution tube carefully but quickly so that no bubbles
are left in 10 the reaction area, and no solution is in the overflow ridge on
the probe case. Next, place probe into  the solution and take a reading.
Capture data and calculate anti-oxidant activity. Samples were prepared
at a concentration of lmg/mL in "one-third solvent" (also referred to as the
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released by the sample, however, any effect in the oxygen level of the sample can be evaluated a¡d

used to compensate into the calculated ¿¡ti-oxídant value'

comparison of oRAC(o) and oRAC(fl) Assay Parameters. The advantages of the oRAC(o) as

compared to the oRAC(fl) were measured in a direct vs. i¡di¡ect measurement of antioxidant

potential. The oRAC(fl) is a¡ indirect oxygen radical detection method because it relies on the

assumption that the fluorescein (target moleoule) is the only fluorescent conponent being measured.

However, many antioúdant compounds fluoresce naturâlly (e'g , blueberries); and combinations of

these compounds from radical-radical reactions fluoresce also- Fluorescence from tÏe sample,

therefore, can skew the results of a.o assay based on fluorescence The ORAC(o) method' on the

other hand, is a di¡eot measurement of oxygon uptake, that is, a direct measurement of the

disappearance of oxygen into free radicals. This method of neasurement of antioxidant capacity is

not depeudent upon whether the oxygen is attached to u/ater- or þid-soluble components. A

comparison of the assay parameters of the oRAC(fl) and the oRAC(o) methods ís provided in Table

1.

Tabte I: Comparison of Assay Parameters for ORAC(fl) and ORAC(o)'

one distinct advantage ofthe present invention is that the user does not need to leam new techniques

or purchase equipment to itrcorporate the present aPpaEtus a¡d method into tirei¡ laboratory

environment. For example, when measuring sample satuation, the present invention uses many of

the same buffers, conditions, extraction aad/or separation steps as in the well-established indirect

úeasurement system developed by, e-g', Ou, et al. Ou, et al.' prepared samples in acetotre/water

Ässav Parameter l)uring Assay oRAC(n) ORAC(o)
?'f o (1 37"C

AAPH concentration I .28 x 1 0'' M in phosPhate 19.00 nl]vl ia phosphate buttêr

Tafget molecule concentration fluorescein, 43.8 nM in
phosphate buffer

21.59 mM linoleic aci{ m
mixture of 10% TWEBN@ 20,

buffer ard water (. 1 8 mI, . I 8

ml,- .44 mL\

Sample concentratron initially at 500 mg in 20 mI,
supematants diluted to 10

¡ ø/mL with buffer

I mg/ml- initially, diluted to
l0pglmL

Saúple solvent acetondwater, 50/50 v/v
dilutions in phosphate bufFer

w ater I ac,etorlel I 0Yo bY weight
TWEEN@ 20, v/v/v ('one-th ird"
soivent)
¡lihtions in "one-third" solvent

Buffer for assav, concettratiotr ?5 mM ohosnhate. trH 7.4 75 mM ohosohate, oH 7.4

Final assay volume 400 ul 5.218 mL

B'lmk lcottrol) buffer "one-third" solvent

Standard 62.5 pM Trolox@ in buffer Trolox@ at 10 pglml, (38.755
rrMì in "one-third" solvent

Method of measuring anti-oxidant
capacity ofthe samPle

fluorescein yields a decrease

in fluorescence as it is
oxidized by radicals,

antioxidant protects and
¡lelavs decrease

oxygen is taken uP bY the radical
initiator, and by linoleic acid
carbon radicals; antioxidant
protects and decreases oxygen

ORAC(o) solvent system). A "one-third" solvent is equal parts of water,
acetone, and a solution of  TWEEN(r)20 diluted 1:9 with water. Samples
were shaken for 1 hour at room temperature on an 15 orbital shaker at
280 rpm. The sample solution was ready for analysis after further dilution
(generally to 10 g/ml,) with "one-third" solvent. "One-third" solvent was
also used as the blank.  The ORAC(o) assay was carried out using the
YSI 5300A biological oxygen meter. Linoleic acid  was prepared by adding
0.18 mL of 75 mM phosphate buffer (pH 7.4), 0.18mL of 10 weight
percent  TWEEN(r)20 stock solution, and 0.44 mL of deionized water to
70.8 mg linoleic acid. AAPH was 20 prepared by adding 0.9 mL of buffer
to 67.8 mg of AAPH. In the final reaction volume (5.218 mL),  linoleic acid
(21.59 mM) was used as the target of free radical attack, and AAPH
(19.00 mM) was  used as a peroxyl radical generator. Trolox(r) (at 10
gg/mL) was used as a standard. Readings were  taken every second until
a zero reading was observed. The formula for calculating the ORAC(o)
value (Oxygen Radical Absorbance Capacity oxygen  25 specific
electrode) is: AUCSMP-AUCBLNK X 1000 (mg/gr) X [TRLX (gmol/mI)]
AUCTRLr-AUCsLNK ORAC(o) [SMP (mg/ml)] Alternatively, the ORAC(o)
may be calculated in milliliters when evaluating a liquid formula. This
calculation yields a quantityknown as micromoles of Trolox(r) equivalents
per gram of sample. A  negative value ORAC(o) reflects less radical
quenching activity than obtained with a blank which 30 indicates that a
composition is a pro-oxidant, i.e., an agent that promotes oxidation, rather
than acting  as an antioxidant. An assumption of the ORAC(o) assay is
that oxygen is not being absorbed or 27  released by the sample,
however, any effect in the oxygen level of the sample can be evaluated
and  used to compensate into the calculated anti-oxidant value.
Comparison of ORAC(o) and ORAC(fl) Assay Parameters. The
advantages of the ORAC(o) as  compared to the ORAC(fl) were
measured in a direct vs. indirect measurement of antioxidant  5 potential.
The ORAC(fl) is an indirect oxygen radical detection method because it
relies on the assumption that the fluorescein (target molecule) is the only
fluorescent component being measured.  However, many antioxidant
compounds fluoresce naturally (e.g., blueberries); and combinations of
these compounds from radical-radical reactions fluoresce also.
Fluorescence from the sample,  therefore, can skew the results of an
assay based on fluorescence. The ORAC(o) method, on the 10 other
hand, is a direct measurement of oxygen uptake, that is, a direct
measurement of the  disappearance of oxygen into free radicals. This
method of measurement of antioxidant capacity is  not dependent upon
whether the oxygen is attached to water- or lipid-soluble components. A  
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(50:50, v/v) at a concentration of 500 mg in 20 mf-, rotatecl them on a rotar¡¡ shaker at 400 rpm for 1

hour, centrifuged them at 14,000 rpm for 15 minutes, and diluted them with 75 mM potâssium

phosphate buffer at pHT.4 (On,et 41., Deveiopment and Validation of Oxygen Radicai Absorbance

Capacity Assay for Lipopbfic Antioxidants Usirg Randomly Methylated-p-Cyclodextrir as the

Solubility Enhancer, J. Agríc. Foocl Chem. 2OO2' 50,1815-1821)' The present inventors found that

muchofatestsampiewouldnotgointosolutionundertheouconditions(oRAC(fl)conditions),the

more soluble components displace the less soluble components' Consequently' only that portion of

the sample that was solubilized under the oRAC(fl) conditions was included in the oRAC(fl) sample

anri measurement. Tnerefore, a $rpernalant solution made according to the ORAC(fl) method fo¡

analysis is unlikeiy to be representative of the total anti-oxidant activity of the actual sample. si:rce a

solutionofasampleintheoRAC(fl)bufferdoesnotalwaysreflectthecontentsofthesanlpl€,

results can be skewed using the ORAC(fl)

Theproblemwithsampledissolutionwasrecognizedandalackofcontributionofmixedtocopherols

to an antioxidant m€a$lrement car¡ied out on a mixture of quercetin and mixed tocopherols when

using the ORAC(Ð was observed. As shown ìn FIG' 7, using the ORAC(o) system' it was found

that the antioxidant effect of the conbination of quercetin at 5 pglml- and mixed tocopherols at 5

pglml as compared to each ingredient separately at 70 þglmI-' In contrast' the indirect ORAC(fl)

systern shows no further effect from the same combination beyond the value for quercetin alone (see

FIG. I 1 ). Lack of activity ûom such a combination with mixed tocopherols and saturation problems

a¡eabsentfromtheoRAc(o)methodsi¡rcetheconcentrationofsampleismorediluteandsincethe

solvent for the sample contaiß acetone, water, aûd a detergent for solubilizing all components of a

sample. presence of TWEEN@2o in tÏe solvent for the sample accounted for detection of activity

from mixed tocopherols. As a control for Trolox@ activity, FIG. 7 shows the quercetin at 5 pglml,

and mixed tocopherols aI 5 pglnl- as compared to each ingredient separ¿tely at 10 pglml but also

includes the Trolox@ control and demonstrates the ability of ORAC(o) to detect the level of oxygen

radicals remaining in the sarnple over time.

The oRAC(o) provides a sigaificant savings as compared to the more expensive oRAC(fi)

þutornated circa $250,000; non-automated circa $50,000)' In contrast, the oRAC(o) apparat¡rs

disclosed herein takes advantage of off-the-shelf oxygen sensol systems that may be easily

rniniaturized and/of automated that may be developed for sale to doctors offrces and even home use

at a fraction of the costs of large fluorimeter detection systems. Vaiidation, as conducted by the

Association of official Analytical chemists (AOAC) guidelines for single laboratory validation,

provided results in Tables 2, 3, and 4.

1

2
3

2.5DavTrialfor

comparison of the assay parameters of the ORAC(fl) and the ORAC(o)
methods is provided in Table  1. 15 Table 1: Comparison of Assay
Parameters for ORAC(fl) and ORAC(o). Assay Parameter During Assay
ORAC(fl) ORAC(o)  Temperature 37  C 37  C AAPH concentration 1.28 x
10. M in phosphate 19.00 mM in phosphate buffer  buffer Target molecule
concentration fluorescein, 43.8 nM in 21.59 mM linoleic acid, in
phosphate buffer mixture of 10% TWEEN(r) 20,  buffer and water (.18 mL,
.18  mL,.44 mL) Sample concentration initially at 500 mg in 20 mL, I
mg/mL initially, diluted to  supernatants diluted to 10 l Oltg/mL jiglml, with
buffer Sample solvent acetone/water, 50/50 v/v water/acetone/10% by
weight  dilutions in phosphate buffer TWEEN(r) 20, v/v/v ("one-third"
solvent)  dilutions in "one-third" solvent Buffer for assay, concentration 75
mM phosphate, pH 7.4 75 mM phosphate, pH 7.4  Final assay volume
400 1 5.218 mL Blank (control) buffer "one-third" solvent Standard 62.5 M
Trolox(r) in buffer Trolox(r) at 10 gg/mL (38.755  M in "one-third" solvent
Method of measuring anti-oxidant fluorescein yields a decrease oxygen is
taken up by the radical  capacity of the sample in fluorescence as it is
initiator, and by linoleic acid oxidized by radicals, carbon radicals;
antioxidant  antioxidant protects and protects and decreases oxygen
delays decrease uptake One distinct advantage of the present invention is
that the user does not need to learn new techniques  or purchase
equipment to incorporate the present apparatus and method into their
laboratory  environment. For example, when measuring sample
saturation, the present invention uses many of  the same buffers,
conditions, extraction and/or separation steps as in the well-established
indirect 20 measurement system developed by, e.g., On, et al. On, et al.,
prepared samples in acetone/water 28  (50:50, v/v) at a concentration of
500 mg in 20 mL, rotated them on a rotary shaker at 400 rpm for 1  
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Dav 4
Oay S iZd anatyst¡
5 Day Mean
Standard Deviation
Relative Standard Deviation

17129
zL3 .124092629655
203 .7 10389068730
l0 .&9840914s64
5.23VD

ï
The values for each day a.;e afl àvetage of 3 runs of the quercetin saniple at a concenhation of

l}¡tg/ûI-.TheHORRATvalueistheratiobetweenobservedRSD¡valuesandtheRSD¡values

pretlicteclbytheHorwitzequationknowntothoseofskilliltheart,andisregardedasanindication

of the acceptability of a method with respect to its precision. In a single laboratory performance

stud¡ a series of HoRRAT ratios between 0.5 and 2.0 indicate acceptable precision of a method.

The HoRRAT value for the 5-rtay trial is 1.98. A determination of the analytical range as a lilear

range is provided in Table 3.

Linear integrity appea¡s to decli.ne as the sample concentr¿tion nears 1000 pgÁriI-' With the

deteÉúnation of the analytical range as a linear range, the value of the area under the cuwe of

variable concentrations up to 500 pglml- is determined' Tabie 4 provides results for precision of

siagle-day results.

Trial for
A¡ea

Run 1

Run 2
Run 3

?:07 .36940298507 5
198.181 i8466899
205.035211267606
201 .586572438162
202.1r0714285774
202.8s66171291O9
3.s05016471434
1.73%

Run 4
Rua 5
5 Run Mean
Standa¡d Deviation
Relative Standard Deviation

The single day precision trial involvetl 5 separate runs of the quercetin sample at a concenhation of

10pg/rrl-. The HORRAT value of Table 4 for the ORAC (o) method is 0'65448' The ORAC(o)

assay was usecl to optimize ratios of the ingredients il an antioxidaût composition as set forth in

Example 2. One embodiment of the composition has weight ratios of quercetin' 49' I 8%; mixed

tocopherols, 32.7g\o; grape skin extract, 9.84Vo; gleeß' tea extract, 6'56%; úd bush plum' 1'64%

gave an antioxidant value using the ORAC(o) of 17,254 micromoles Trolox@ equivalents per grarn'

The same composition gave atr attioxidant value usiry the ORAC(fl) of 5,281 micromoles Trolox@

equivalents per gram. These data demonstrate that the ORAC(o) and ORAC(fI) methods of

Table

Sample
1

10
100

124.s67114093960
209.388111888112
693.6r 1111111111
2327 .96518987 343

T--28335*+312.16; È:0.9231 for I -1000 plot
y = 4.3353x+ 176.66;* : 0-9967 for 0-500 plot

20

hour, centrifuged them at 14,000 rpm for 15 minutes, and diluted them
with 75 mIvl potassium  phosphate buffer at pH 7.4 (Ou, et al.,
Development and Validation of Oxygen Radical Absorbance  Capacity
Assay for Lipophilic Antioxidants Using Randomly
Methylated-p-Cyclodextrin as the 5 Solubility Enhancer, J. Agric. Food
Chem. 2002, 50, 1815-1821). The present inventors found that  much of a
test sample would not go into solution under the Ou conditions (ORAC(fl)
conditions), the  more soluble components displace the less soluble
components. Consequently, only that portion of  the sample that was
solubilized under the ORAC(fl) conditions was included in the ORAC(fl)
sample  and measurement. Therefore, a supernatant solution made
according to the ORAC(fl) method for 10 analysis is unlikely to be
representative of the total anti-oxidant activity of the actual sample. Since
a  solution of a sample in the ORAC(fl) buffer does not always reflect the
contents of the sample,  results can be skewed using the ORAC(fl). The
problem with sample dissolution was recognized and a lack of contribution
of mixed tocopherols  to an antioxidant measurement carried out on a
mixture of quercetin and mixed tocopherols when  15 using the ORAC(fl)
was observed. As shown in FIG. 7, using the ORAC(o) system, it was
found that the antioxidant effect of the combination of quercetin at 5
gg/mL and mixed tocopherols at 5  g/mL as compared to each ingredient
separately at 10 p.g/mL. In contrast, the indirect ORAC(fl)  system shows
no further effect from the same combination beyond the value for
quercetin alone (see  FIG. 11). Lack of activity from such a combination
with mixed tocopherols and saturation problems 20 are absent from the
ORAC(o) method since the concentration of sample is more dilute and
since the  solvent for the sample contains acetone, water, and a detergent
for solubilizing all components of a  sample. Presence of TWEEN020 in
the solvent for the sample accounted for detection of activity  from mixed
tocopherols. As a control for Trolox(r) activity, FIG. 7 shows the quercetin
at 5 sg/mL  and mixed tocopherols at 5 g/mL as compared to each
ingredient separately at 10 lug/mL but also 25 includes the Trolox(r)
control and demonstrates the ability of ORAC(o) to detect the level of
oxygen  radicals remaining in the sample over time. The ORAC(o)
provides a significant savings as compared to the more expensive
ORAC(fl)  (automated circa $250,000; non-automated circa $50,000). In
contrast, the ORAC(o) apparatus  disclosed herein takes advantage of
off-the-shelf oxygen sensor systems that may be easily 30 miniaturized
and/or automated that may be developed for sale to doctors offices and
even home use  at a fraction of the costs of large fluorimeter detection
systems. Validation, as conducted by the  Association of Official Analytical
Chemists (AOAC) guidelines for single laboratory validation,  provided
results in Tables 2, 3, and 4. Table 2. 5 Day Trial for Precision
(Repeatability) Area Under Curve (AUC)  Day 1 202.655447939563 
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measuring antioxidant actívity diffff in the results obtained due to tle limitations of the indilect

ORAC(fl) method.

EXAMPLE 2: A Synergistic Antioxidant Composition

According to the dietary supplement of the present invention, five ilgredients were combined into an

antioxidant composition, each of which is prominent in tho diet of longJived peoples ftom regions

a¡ound the worlcl. The present inventors selected ingredients bas€d on a complehensive search ofthe

diets in areas known for longevity. The present inventors recognized that the diets in these regions

were rich in flavonols and tocopherols. It was further recognized by the inventors that certain natufal

compounds interact favofably with molecules that leactívate their antloxidant activiiy, e.g., vitamin

c. In fact, extensivo research supports the role of vitamin c in the regeneration of, e.g., c-tocopherol

@izz-omo and MÙna¡ Textbook of Natural Medicine, lggg, 2"d Ed. New Yorh churchill

Livingston).

Based on tlis research, the inventors combined isolated and purified exhacts from natural a¡d other

sources that include high percentages of bioavailable conpouads ftom the various regions of long-

lived peoples into one formulation. In one example of the present invention' tle following basic

ingredients were selected: flavonols, mixed tocopherols, glape skin extmct, green tea extftct' or bush

plum are prominent in the diet of peoples of the Andean village of vilcabamba in Ecuadot the land

of Huza il the Karako¡am Range in Kashmir, or in Abkhazia in the Georgian stzte of the formel

usSR, for examplg as cited in Leaf A., Launois J. "A Scientist visits some of the world's oldest

Peop|e,'' Nørional Geographíc. 1973 Jarruary; ofthe Italian island of Sardirria (Koenig R. ..Sardinia's

Mysterious Male Methuselahs,',ScÞnce. Z}Ol,Maxch 76), and of Australia'

The compositions of the present invention demonshated a synergistic antioxidânt activity. Not

wantilg to be bound by theory, the various ingredients of the antioxida¡t compositior have activity

for proiecting intracellular cytosol, cellular membrales, and extracellular fluid such that the body is

protected thfoughout. The bush plum conrponent is high, for example, in natufal vitamin c content,

which can get into the cell, is hydrophilic, and is available for protecting the cytosol; the grape skin

extract and gfeen tea exhact are hydropbilic, oa¡not enter the cell and a¡e available for pmtecting

extracellulat fluid; and mixed tocopherols are lipophilic, and together with flavonols (e.g., quercetin),

which are both hydrophilic antl lipophilic, protect membranes. Fu¡thermore, any fiber that is

included in the diet, or even in the dietary supplement itself, may provide adequate vehicle for

elimination.

components of the Synergistic Antioúdant composition. with the availability of the oRAC(o)

apparatus and the methods of the present invention, the present inventors were able to measure the

total antioxidant activity of combination of botl lipophilic and lipophobic atrti-oxidants and other

agents that aid in poteûtiating the anti-oxidant activity of these agents, e g , vitamin-C and the like'

Using the ORAC(o) system, an antioxidant composition having synergistic activity was developed

15
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Day 2 212.901122995373  Day 3 187.01466464995 29  Day 4
202.856617129109  Day 5 (2nd Analyst) 213.124092629655  5 Day Mean
203.710389068730  Standard Deviation 10.649840914564  Relative
Standard Deviation 5.23% HORRAT 1.981060606061  The values for
each day are an average of 3 runs of the quercetin sample at a
concentration of  l0gg/mL. The HORRAT value is the ratio between
observed RSDR values and the RSDR values  predicted by the Horwitz
equation known to those of skill in the art, and is regarded as an indication
of the acceptability of a method with respect to its precision. In a single
laboratory performance 5 study, a series of HORRAT ratios between 0.5
and 2.0 indicate acceptable precision of a method.  The HORRAT value
for the 5-day trial is 1.98. A determination of the analytical range as a
linear  range is provided in Table 3. Table 3. Determination of Analytical
Range Sample (gg/ml) Area Under Curve  1 124.567114093960  10
209.388111888112  100 693.611111111111  500 2327.96518987343
1000 2870.09540636041  y = 2.8335x + 332.16; R = 0.9231 for 1-1000
plot 10 y = 4.3353x + 176.66; R2 = 0.9967 for 0-500 plot Linear integrity
appears to decline as the sample concentration nears 1000 g/mL. With
the  determination of the analytical range as a linear range, the value of
the area under the curve of  variable concentrations up to 500 gg/mL is
determined. Table 4 provides results for precision of  single-day results.
15 Table 4. Single Day Trial for Precision (Repeatability) Area under curve
Run 1 207.369402985075  Run 2 198.18118466899  Run 3
205.035211267606  Run 4 201.586572438162  
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that includes flavonoids, e.g., quercetin, a mixhtre ofat least trro forms of vitamin Q and optionally,

grape skin extract, green hea ertÍacl and Ausiralian bush plum The synergism is particularly

observed in a weight ratio of quercetin to the mixture of vitamin E forms of 40/60 to 90/70y0. One

embodiment of the composition includes the following weight ratios: querceti4 49.18Yo; rnxed

tocopherols,32.79Vo;grapesk:nextact,g.84yo;greeÐ'feaextract,6'56%o;andbushplwn''1'64%o

FIG. 6 is a graph tllat shows the results of an ORAC(o) assay comparing quercetil' mixed

tocoplrcrols, and mixturo of tocopherols and quercetin and the synthetic anti-oxidant standa¡d:

Trolox@ (Hoffinan-La Roche).

Flavonoids such as Quercetin. The flavonoid of the composition can be a flavone' a flavonol' an

isoflavone, an isoflavonol, an analogue thereof, a pharmaceuticalÌy acceptable salt thereof, ot a

mixture thereof. Examples of a flavonol ilclude querceti:r, kaempferol, and rnyricetin. The

particular flavonoid or flavonoid analogue or salt included in the composition is determined by

running an oRAC(o) antioxidant determination. An activity withìn 80olo percent of that of quercetin

is contemplated to provide au analogue. Reference to a flavonoid, in particular, quercetin, also is

intended to refer to the aglycone or a glycoside thereof where the sugar is arabinose, rharrrose,

galactose or glucose, for example. The rharnnose glycoside of qìrercetin is llÌown as rutil of

quercehiq and the rhamnose glycoside of myricetin is known as myricitril Alalogues of quercetin

include those compounds which comprise a substituting group other than a¡ -OH group at one or

moreofthepositiotts3,5,T,3',and4'.othersubstitutinggroupsinolude:aþllessthan5carbon

atoms, acetyl, sulphyl or malonyl. Fol analogues of quercetin, only one or two of the positions are

substituted with anything other ihan -OH groups.

Flavonoids such as quercetin are readily synthesized i¡t yilro. However, flavonoids (including

quercetin) are present aad may be isolated and purifred from, e.g., naturally occurring foodstuffs, in

particular, fruits and vegetables, such as apples, pears, grapes, onions, red wing bell peppers' red

currants, black curants, lemons, chenies, cranberries, gooseberries, tomatoes' olives' radishes'

koblrabi, horseradish, potatoes, and asparagus. Quercetin may be obtained from Pharmline (Florida'

NÐ.

Bush Plum; The Aushalian bu sh phsm (Tenninnlia ferdinandiana) contains about 5olo vitamin c and

a variety of ingredients as demonstrated by an HPLC chromatogram (data not shown)' These

iÍgredients a¡e believed to include flavones and flavonoids The HPLC cbromatogram is ûom a

reverse phase c1s column using a stepped gradient of 0.1% trifluoroacetic acid and 100% methanol,

at a flow rate of lml/min using a sample of methanol and water-extracted bush plum powder. The

conditions were developed to separate flavonoids and to separate vitamin c. The absorbance was

measured at 245 nm.

pulp and skin of a bush plum are removed from the seed. of the fruit and made into a slurry in water'

The slurry is freeze-dried and glound. For antioxidant compositio$ herei& the fteeze-dried material
35

Run 5 202.110714285714  5 Run Mean 202.856617129109  Standard
Deviation 3.505016471434  Relative Standard Deviation 1.73% HORRAT
0.654480870834  The single day precision trial involved 5 separate runs
of the quercetin sample at a concentration of  10g/mL. The HORRAT
value of Table 4 for the ORAC (o) method is 0.65448. The ORAC(o)
assay was used to optimize ratios of the ingredients in an antioxidant
composition as set forth in  Example 2. One embodiment of the
composition has weight ratios of quercetin, 49.18%; mixed 20
tocopherols, 32.79%; grape skin extract, 9.84%; green tea extract, 6.56%;
and bush plum, 1.64%  gave an antioxidant value using the ORAC(o) of
17,254 micromoles Trolox(r) equivalents per gram.  The same
composition gave an antioxidant value using the ORAC(fl) of 5,281
micromoles Trolox(r)  equivalents per gram. These data demonstrate that
the ORAC(o) and ORAC(fl) methods of 30  measuring antioxidant activity
differ in the results obtained due to the limitations of the indirect  ORAC(fl)
method. EXAMPLE 2: A Synergistic Antioxidant Composition. According
to the dietary supplement of the present invention, five ingredients were
combined into an  5 antioxidant composition, each of which is prominent
in the diet of long-lived peoples from regions  around the world. The
present inventors selected ingredients based on a comprehensive search
of the  diets in areas known for longevity. The present inventors
recognized that the diets in these regions  were rich in flavonols and
tocopherols. It was further recognized by the inventors that certain natural
compounds interact favorably with molecules that reactivate their
anti-oxidant activity, e.g., vitamin 10 C. In fact, extensive research
supports the role of Vitamin C in the regeneration of, e.g., a-tocopherol
(Pizzorno and Murray, Textbook of Natural Medicine, 1999, 2"d Ed. New
York, Churchill  Livingston). Based on this research, the inventors
combined isolated and purified extracts from natural and other  sources
that include high percentages of bioavailable compounds from the various
regions of long- 15 lived peoples into one formulation. In one example of
the present invention, the following basic ingredients were selected:
flavonols, mixed tocopherols, grape skin extract, green tea extract, or
bush  plum are prominent in the diet of peoples of the Andean village of
Vilcabamba in Ecuador, the land  of Huza in the Karakoram Range in
Kashmir, or in Abkhazia in the Georgian State of the former  USSR, for
example, as cited in Leaf A., Launois J. "A Scientist Visits Some of the
World's Oldest 20 People," National Geographic. 1973 January; of the
Italian island of Sardinia (Koenig R. "Sardinia's  Mysterious Male
Methuselahs," Science. 2001, March 16), and of Australia. 
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ís weighed in the desired amount. Bush plum is present in the composition of the present invention

in an amount of fro m}vo to 87 .9Yo, or in another embodiment , abotst 2Yoby weight.

Grape skin extract. Grape skin extract is made from grape skins, and contairs 30-82% polyphenois

and rnay be obtained from Poþhenolics, Madera, CA; Hunal Kinglong, Bio-Resource Co. Ltd

Changsha Economic Deveþment Zone, China; or fron Pharmline, Florid4 NY'

Green tea extract. Green tea extract is an extract from the Iezves oT Canzellia slzensls, contaias 35-

95%poþhenols,aûdmaybeobtainedfromAmaxNutraSourcelnc',Eugene,OR;BlueCalifor¡ja'

Rancho Santa Margarita, CA; or from PL Thomas & Co , Morristown, N'J'

other Ingredients. The antioxidant compositions of tle present invention may include one or more'

non-toxic, pharmaceutically acceptable ca¡¡ie¡ such as lactose, starcl¡ sucrose' glucose' methyl

cellulose, magnesium steaËte, dic¿lcium phosphate, calcium sulfate, nandtol, sorbitol' cyclodextrin'

cyclodextril derivatives, or the like. Using these one or more carriers capsule or tablets may be

easily formulated and can be made easy to swallow or chew. Tablets may contain suitable cariers,

binders, lubricants, diluents, disint€$atiûg agents, coloring agents, flavoring agents' flow-i:iducing

agents, or melting agents. A tablet may be made by compressìon or noldilg, optionally with one or

mo¡e additional irgredients. Compressed tablets may be prepared by compressilg the active

ingedient in a free flowing form (e.g., powde'r, granules) optionally mixed with a binder (e'g''

gelatin, hydroxypropyl¡nethylceltulose), lubricant, inert diluent, preservative' disintegrant (e'g'

sodium starch glycolate, cross-linked carboxlmethyl cellulose) surface-active or dispersing agent.

Suitabie binders include starch, gelatin, natural sugars such as glucose or beta-lactose' com

sweeteners, natural and synthetio guns such as acacia, tragacant¡, or sodium alginate'

carborymethylcellulose, poiyethylene glycol, waxes, or the like Lubricants used in these dosage

forms include sodiun oleate, sodium stearate, magnesium stearate, sodium berzoate, sodium acetate,

sodium cbloride, or the like. Disintegrators includq for example, süarch, methyl cellulose' agar'

bentonite, xantha¡ gum, or the like. Molded tablets may be made by molding in a suitable machine a

mixture of the powdered active ingredied moistened \¡/ith an inef liquid diluent'

CapsulesortabletsmayoptionallybecoatedorscoredaÍ.dmaybeformulatedsoastoprovideslow-

or controlled-rele¿se of the adioxidant composition. Timed-release compositions for controlled

release of agents generally contain agent particles mixed with or coated with a material that is

fesìstant to euteric degradation or disintegration for a selected period of time. Release of the agent

may occur by leecfiing, erosion, nrpture, diffusion or simila¡ actions'

Carriers may promote antioxidant stability as well as providing time ¡elease' A mixture of plani

carbohydrates termed AMBROTOSE@ Phyto Formula may be combined with t¡e antioxidant

composition. such a combi¡ation extends the shelf life of the antioxidant composition and provides

for a time release fo¡m. AMBROTOSE@ Phyto Formula contains, in a weight/weight ratio of about

3}ll)lz}/lgtl, gum Arabic(acacia), xanthan gum, gum tragaca¡th, gum ghatti' (which nay be

25
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The compositions of the present invention demonstrated a synergistic
antioxidant activity. Not  wanting to be bound by theory, the various
ingredients of the antioxidant composition have activity  for protecting
intracellular cytosol, cellular membranes, and extracellular fluid such that
the body is 25 protected throughout. The bush plum component is high,
for example, in natural vitamin C content,  which can get into the cell, is
hydrophilic, and is available for protecting the cytosol; the grape skin
extract and green tea extract are hydrophilic, cannot enter the cell and are
available for protecting  extracellular fluid; and mixed tocopherols are
lipophilic, and together with flavonols (e.g., quercetin),  which are both
hydrophilic and lipophilic, protect membranes. Furthermore, any fiber that
is 30 included in the diet, or even in the dietary supplement itself, may
provide adequate vehicle for  elimination. Components of the Synergistic
Antioxidant Composition. With the availability of the ORAC(o)  apparatus
and the methods of the present invention, the present inventors were able
to measure the  total antioxidant activity of combination of both lipophilic
and lipophobic anti-oxidants and other 35 agents that aid in potentiating
the anti-oxidant activity of these agents, e.g., vitamin-C and the like.
Using the ORAC(o) system, an antioxidant composition having synergistic
activity was developed 31  that includes flavonoids, e.g., quercetin, a
mixture of at least two forms of vitamin E, and optionally,  grape skin
extract, green tea extract and Australian bush plum. The synergism is
particularly  observed in a weight ratio of quercetin to the mixture of
vitamin E forms of 40/60 to 90/10%. One  embodiment of the composition
includes the following weight ratios: quercetin, 49.18%; mixed 5
tocopherols, 32.79%; grape skin extract, 9.84%; green tea extract, 6.56%;
and bush plum, 1.64%.  FIG. 6 is a graph that shows the results of an
ORAC(o) assay comparing quercetin, mixed  tocopherols, and mixture of
tocopherols and quercetin and the synthetic anti-oxidant standard:
Trolox(r) (Hoffman-La Roche). Flavonoids such as Quercetin. The
flavonoid of the composition can be a flavone, a flavonol, an  10
isoflavone, an isoflavonol, an analogue thereof, a pharmaceutically
acceptable salt thereof, or a  mixture thereof. Examples of a flavonol
include quercetin, kaempferol, and myricetin. The  particular flavonoid or
flavonoid analogue or salt included in the composition is determined by
running an ORAC(o) antioxidant determination. An activity within 80%
percent of that of quercetin  is contemplated to provide an analogue.
Reference to a flavonoid, in particular, quercetin, also is 15 intended to
refer to the aglycone or a glycoside thereof where the sugar is arabinose,
rhamnose,  galactose or glucose, for example. The rhamnose glycoside of
quercetin is known as rutin or  quercetrin, and the rhamnose glycoside of
myricetin is known as myricitin. Analogues of quercetin  include those
compounds which comprise a substituting group other than an -OH group
at one or  more of the positions 3, 5, 7, 3', and 4'. Other substituting
groups include: alkyl less than 5 carbon 
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obtained from TicGum) and an aloe vera ge1 extract (e'g', i¡rre¡ leaf gel' Canington Labs' kving' TX'

MANAPOLo powder or similar product). The AMBROTOSE@ Phfo Formula is blended with the

artioxidanfcompositionofthepresentinventioninaweightratiool2:ltol:2'Inanothe¡
embodiment, AMBROTOSEÚì phlo Formula is blended with the antioxidaût composition in a

weight ratio of 2: 1 .

Capzules or tablets may contain further plant components in weight percentages less than about 0'1oó

to g0% depending on the specific formulation. In the case of carriers, the ca¡riers themselves will

generally have no effect on the nutritional signifrcance to tle composition' however' these carriers

may have a significant in the timing, looation and release profile of the release of the nutritionally

effective amounts of the present invention. For example, one oÍ mofe of the anti-oxidants of the

present invention may be released in one or more boluses so as to sPike the anti-oxidant levels as

detecletl ir, e.g., blood or urine, in a series of release events' In another embodiment' the aûti-

oxitlants rnay be released somewhat evenly, or may even be provided as a gradient with spikes in

bloodoru¡ineleve]s.Infact,thepresentinventionmayevenincludereleaseofthelipophobicand

th€ lipophilic anti-oxida.nts at different times and or locations during digestion' For exanple' one

anti-oxidaat may be provided in an effervescent carrier for inmediate release, while a different anti-

oxidant is provitled for release b¡ e.g., stomach acid or in the intestinâl hact'

Formulation Processes. A process of formulating a roller compaoted antioxidant composition

comprises blending AMBROTOSE@ Phyto Fomtula with the antioxidant composition set folth

herein. The resultant blend is trdnsferred to a roller compactor and compacted between rollers to

formacompact.ThepressureimpartedontheblendenÏancesthephysicaladhesionbetweenthe

ingredients. The compact is subsequently milled to fomr a granulation' A granulation is then formed

into the desireil dosage form, such as capsules or t¿blets. In one example, a Fitzpatrick chilsonator

Modei 4LX10D roller compaotor may be used with rolls that are notched across the face and

perpendiculartotherotation'havingafixedforceofl0ton,andaFitzrnillsoreenofabout0.093.

The roller compaction device rnay have variable rotation speed force application' and gap width

capabilities, for exanple, a Gerteis Polygran dry rolter compactor system (Gerteis' Germany)' The

roller compactor functions by uniformly applyíng pressure on a blend by passing the blend between

two counter-rotatíng rollers. The pressure imparted on the blend by the rollers compresses the blend

into a compact, such as a sheet or ribbor¡ which is typica[y mitted to produce granules'

Alternatively, granulation rnay be achieved by slugging, milling or sieving as may be required'

Granules having a #20-80 rresh are selected'

Alongerslrelflifeofthefollercompactedcombinationoftheantioxidantcompositionv.¡ith

AMBROTOSE,{Ù phyto Formula is believed due tO the ¡eduction in the amount of surface area of the

antioxülant composition exposetl to oxygen. The roller compacted combination also eliminates the

need for excipient flllers in the capsule or tablet-making process' Additional benefits of a

combination of AMBROTOSE@ Ph¡o Formula with the antioxidant composition set forth herei¡

35

20 atoms, acetyl, sulphyl, or malonyl. For analogues of quercetin, only
one or two of the positions are  substituted with anything other than -OH
groups. Flavonoids such as quercetin are readily synthesized in vitro.
However, flavonoids (including  quercetin) are present and may be
isolated and purified from, e.g., naturally occurring foodstuffs, in
particular, fruits and vegetables, such as apples, pears, grapes, onions,
red wine, bell peppers, red 25 currants, black currants, lemons, cherries,
cranberries, gooseberries, tomatoes, olives, radishes,  kohlrabi,
horseradish, potatoes, and asparagus. Quercetin may be obtained from
Pharmline (Florida,  Imo. Bush Plum: The Australian bush plum
(Terminalia ferdinandiana) contains about 5% vitamin C and  a variety of
ingredients as demonstrated by an HPLC chromatogram (data not
shown). These  30 ingredients are believed to include flavones and
flavonoids. The HPLC chromatogram is from a reverse phase C18 column
using a stepped gradient of 0.1% trifluoroacetic acid and 100% methanol,
at a flow rate of lmL/min using a sample of methanol and water-extracted
bush plum powder. The  conditions were developed to separate
flavonoids and to separate vitamin C. The absorbance was  measured at
245 nm. 35 Pulp and skin of a bush plum are removed from the seed of
the fruit and made into a slurry in water.  The slurry is freeze-dried and
ground. For antioxidant compositions hereby the freeze-dried material 32
is weighed in the desired amount. Bush plum is present in the composition
of the present invention  in an amount of from 0% to 87.9%, or in another
embodiment, about 2% by weight. Grape skin extract. Grape skin extract
is made from grape skins, and contains 30-82% polyphenols  and may be
obtained from Polyphenolics, Madera, CA; Hunan Kinglong, Bio-Resource
Co. Ltd,  5 Changsha Economic Development Zone, China; or from
Pharmline, Florida, NY. Green tea extract. Green tea extract is an extract
from the leaves of Camellia sinensis, contains 35- 95% polyphenols, and
may be obtained from Amax NutraSource Inc., Eugene, OR; Blue
California,  Rancho Santa Margarita, CA; or from PL Thomas & Co.,
Morristown, N.J. Other Ingredients. The antioxidant compositions of the
present invention may include one or more,  10 non-toxic,
pharmaceutically acceptable carrier such as lactose, starch, sucrose,
glucose, methyl  cellulose, magnesium stearate, dicalcium phosphate,
calcium sulfate, mannitol, sorbitol, cyclodextrin,  cyclodextrin derivatives,
or the like. Using these one or more carriers capsule or tablets may be
easily formulated and can be made easy to swallow or chew. Tablets may
contain suitable carriers,  binders, lubricants, diluents, disintegrating
agents, coloring agents, flavoring agents, flow-inducing 15 agents, or
melting agents. A tablet may be made by compression or molding,
optionally with one or  more additional ingredients. Compressed tablets
may be prepared by compressing the active  ingredient in a free flowing
form (e.g., powder, granules) optionally mixed with a binder (e.g.,  
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include: provision of non-soluble fiber r¡r'hich may serve as a sink for unpaíred electrons in the gut,

and provision of monosaccharides for correct structu¡e of cellula¡ gþoforms responsible for cell-

mediated co¡¡munication in repaír ofcells damaged by free radicals'

Dosage.Usefuldosageformulationsfo¡adminístrationofthecompositionsofthepresentinvention

includecapsulesortabletsof100,200,300,400,500,ó00,700,800,900or1000mgofantioxidant

composition. In one embodiment, no frllers, carriers, or stabilizers afe added to the conposition' In

anothe¡ embodiment, AMBROTOSE@ Phyto Formula is biended with the antioxida.nt composition of

the present ínvention in a weight ratio (,12|7, |:l,or 1:2. In another embotliment, AMBROTOSE@

Ph}4oFoÍnulaisblendedwiththeantioxidantcompositioninaweightrulioofZ..l.Inanothe¡

embodiment, a capsule or tablet provides 500 mg of aatioxidant composition blended with

AMBROTOSE@ ph],to Formula- For this embodiment, tu'o tablets or capsules may be taken per day-

Appropdate coatings may be applied to increase palatability or delay absorption'

FIG. 8 and FIG. 9, show the net area under the curve (AUC) results for varyi:rg ratios of quercetin

andmixedtocopherolsusingtheoRAc(o)m€thodtomeasureantioxidattcapacity.Thetotai

concentration of sample (Q + MT) is 10 ¡rglml for each percentage assayed' For exanple' at 0%o

quercetin, the concentration of r¡ixed tocopherols is 10 ¡rglml, ând there is no quercetin in the

sample. At l0olo quercetin, the sampie has I ¡rglml of quercetin and 9 ¡rg1ml of mixed tocopherols'

At 20olo quercetil, the sample has 2 y$mL of quercetin and 8 ¡rglrnl- of mixed tocopherols' The

synergy is readily observed between 40 and 100% quercetin, and most readily obse¡ved from 40 to

90% quercetin. The straight line represents the additive effect, í'e', at 10% quercetin' the line

representsthesumofg0%oftheactivityofmixedtocopherolsaloneandl0%oftheactivityof

quercetin alone. A synergistic effect is found above this line'

Theprinaryatti.oxidantingredientsofthecompositionofthePresentinvention(flavonoids,as

represented by quercetin, and a mixture of at least two forrns of vitamin E) comprise from l2'lVo to

L00vo,30o/o to 85%, or in another embodiment, about 82% by weight of the frve iagredieûts. In one

embodiment, the amount of quercetin is 49.18olo, and the amount of vitemin E fo¡ms is 32'79o/o of lhe

total weigbt ofthe five ingredients.

The secondary iagredients (or potentiators) of the composition of the present invention (8¡ape ski'''

extract, green tea €xtract, and bush plum) comprise from 0% to 87 '9%,15Vofo70%' or about 18oó by

weight of the five ingredients. As shown in FIG. 10, the optimal ratio of $ape skin extract and green

tea extr¿ct was determinetl in the presence of 49-tBVo quercetin, 32'79To mtxed tocopherols' and

1.64%bushplum.Theoptimalratioofgrapeskinextracttogleenteaexhactis60/40!o80/20.I¡

one embodiment, the grape skin extraci is 9.84% and the green tea extract 1s 6'56 Vo of the total

weight of the antioxidant composition. Bush plum (Tenninatia ferdirnndiana) is provided as an

ing¡edient of the composition in an amount fion between about 0olo to 87 '9%' or in another
35

gelatin, hydroxypropylmethylcellulose), lubricant, inert diluent,
preservative, disintegrant (e.g.,  sodium starch glycolate, cross-linked
carboxymethyl cellulose) surface-active or dispersing agent. 20 Suitable
binders include starch, gelatin, natural sugars such as glucose or
beta-lactose, corn  sweeteners, natural and synthetic gums such as
acacia, tragacanth, or sodium alginate,  carboxymethylcellulose,
polyethylene.glycol, waxes, or the like. Lubricants used in these dosage
forms include sodium oleate, sodium stearate, magnesium stearate,
sodium benzoate, sodium acetate,  sodium chloride, or the like.
Disintegrators include, for example, starch, methyl cellulose, agar, 25
bentonite, xanthan gum, or the like. Molded tablets may be made by
molding in a suitable machine a  mixture of the powdered active ingredient
moistened with an inert liquid diluent. Capsules or tablets may optionally
be coated or scored and may be formulated so as to provide slow- or
controlled-release of the antioxidant composition. Timed-release
compositions for controlled  release of agents generally contain agent
particles mixed with or coated with a material that is 30 resistant to enteric
degradation or disintegration for a selected period of time. Release of the
agent  may occur by leeching, erosion, rupture, diffusion or similar
actions. Carriers may promote antioxidant stability as well as providing
time release. A mixture of plant  carbohydrates termed AMBROTOSE(r)
Phyto Formula may be combined with the antioxidant  composition. Such
a combination extends the shelf life of the antioxidant composition and
provides 35 for a time release form. AMBROTOSE(r) Phyto Formula
contains, in a weight/weight ratio of about  30/30/20/19/1, gum
Arabic(acacia), xanthan gum, gum tragacanth, gum ghatti, (which may be
33  obtained from TicGum) and an aloe vera gel extract (e.g., inner leaf
gel, Carrington Labs, Irving, TX,  MANAPOL(r) powder or similar product).
The AMBROTOSE(r) Phyto Formula is blended with the  antioxidant
composition of the present invention in a weight ratio of 2:1 to 1:2. In
another  embodiment, AMBROTOSE(r) Phyto Formula is blended with the
antioxidant composition in a  5 weight ratio of 2:1. Capsules or tablets
may contain further plant components in weight percentages less than
about 0.1%  to 90% depending on the specific formulation. In the case of
carriers, the carriers themselves will  generally have no effect on the
nutritional significance to the composition, however, these carriers  may
have a significant in the timing, location and release profile of the release
of the nutritionally 10 effective amounts of the present invention. For
example, one or more of the anti-oxidants of the  present invention may
be released in one or more boluses so as to spike the anti-oxidant levels
as  detected in, e.g., blood or urine, in a series of release events. In
another embodiment, the anti- oxidants may be released somewhat
evenly, or may even be provided as a gradient with spikes in  blood or
urine levels. In fact, the present invention may even include release of the
lipophobic and 15 the lipophilic anti-oxidants at different times and or
locations during digestion. For example, one  
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embodiment of aboú Zyo. In the embodiment of FIIG' 10, the bush plum is 1'64 Yo of tbe

composition.

The oRAC(o) assay shoïf.¡s that an antioxid¿nt blend having the following weight ratios: quercetin,

49.l8ko; mixedtocopherols, 32.79/o; gnpe skin extract, g'84yo; greettea extact' 6'56%0; and bush

p\tm,1-64Yohas anantioxidant âctivity oî 17,254 mictomoles Trolox@ equivalents per gram'

Stability of AMBROTOSE AO@. AMBROTOSE AO@, a blend of AMBROTOSE@ (Mamatech'

USA) and the antioxidant formulation of the present invention at a 2:1 weight ratio' has been shown

to maintain its activity under accelerated stability conditions (40"C at 75Vo relafive humidit¡)

equating to a shelf-life ofroughly six months.

Validation of the ORAC(o) assay as compared to the ORAC(fl) assay' FIG' 11 is a graph of

ORAC(fl) results that shown no contuibution to AO activity by atocopherol when mixed at different

¡atios with quercetin. The graph shows a linear increase in AUC that is directly proportional to

increase in quercetin concentration in the ORAC(fl) assay in the standard âcetone:water solution'

ThelackofcontributiontoAoactivítymaybeduetothefailu¡eoftheo-tocopheroltodissolvein

acetone:wator.

FtGs.12Aand12Ba¡egrapbsofoRAc(fllipo)resultsusingmixedtocopherolaldtherelative

AUC results using the solvenlwater/detergent solution to dissolve the sample and detect both

lipohilic and lipophobic anti-oxidant capaoþ. In FIG. 11 (above) it was shown that no statistically

significant activity could be deteoted for a-tocopherol using the standard ORAC(fl) method for

detecting AO contribution of lipophilic AOs. As shown iu FIG' 124' the ORAC(fljípo) AUC for a-

tocopherol was compared between the published ORAC(fl-lipo) method (acetone:water) and an

acetone:watet:Tween-20 antl a large increase in the AUC of the ORAC(fllipo) assay was detectetl

FIG. l2B demonstrates that there is no synergy detected usirig the k¡rowa ORAC(flJipo) method

when combining quercetin and mixed-tocopherols as the rcsults follow a straìght line through the

abscissa, wlúch indicates lack of synergy using this assay'

obtahingthesercsultswithknownassaysarenotsurpúsingbasedonasearchoftheiiterahrreand

themethodsrecomnendedtherein.Currentstandardsfortheevaluationofsocalled"High.oRAC

Foods" (see, e.g., www.a¡s.usda.eov) indicate that tle standard is to measure the anti-oxidant

potential of lipophilic apart and separate from lipophobic anti-oxiilants' The present invention

eliminates the neecl fo¡ this dichotomy, a dichotomy that likely results in the disconnect researchers

have observed when relating test-tube OR,{C values to the effect orl serum ORAC values' When

measuring the anti-oxidant effects in serum as compared to an ORAC (fi) evaluation, the Agricuitural

Research Service of the USDA found that, e'g', spinach scored lower than strawberries in the test-

tube ORAC assay, but spinach had a greater effect on serum ORAC values than strawberries' Using

the present invention and the compositions describeci herein' the present invento¡s have remedied the

disconnect by developing a system tlat ailows interaction among antioxidani with varying
35

anti-oxidant may be provided in an effervescent carrier for immediate
release, while a different anti- oxidant is provided for release by, e.g.,
stomach acid or in the intestinal tract. Formulation Processes. A process
of formulating a roller compacted antioxidant composition  comprises
blending AMBROTOSE(r) Phyto Formula with the antioxidant composition
set forth  20 herein. The resultant blend is transferred to a roller
compactor and compacted between rollers to form a compact. The
pressure imparted on the blend enhances the physical adhesion between
the  ingredients. The compact is subsequently milled to form a
granulation. A granulation is then formed  into the desired dosage form,
such as capsules or tablets. In one example, a Fitzpatrick Chilsonator
Model 4LX1OD roller compactor may be used with rolls that are notched
across the face and 25 perpendicular to the rotation, having a fixed force
of 10 ton, and a Fitzmill screen of about 0.093.  The roller compaction
device may have variable rotation speed, force application, and gap width
capabilities, for example, a Gerteis Polygran dry roller compactor system
(Gerteis, Germany). The  roller compactor functions by uniformly applying
pressure on a blend by passing the blend between  two counter-rotating
rollers. The pressure imparted on the blend by the rollers compresses the
blend 30 into a compact, such as a sheet or ribbon, which is typically
milled to produce granules.  Alternatively, granulation may be achieved by
slugging, milling or sieving as may be required.  Granules having a #20-80
mesh are selected. A longer shelf life of the roller compacted combination
of the antioxidant composition with  AMBROTOSE(r) Phyto Formula is
believed due to the reduction in the amount of surface area of the  35
antioxidant composition exposed to oxygen. The roller compacted
combination also eliminates the need for excipient fillers in the capsule or
tablet-making process. Additional benefits of a  combination of
AMBROTOSE(r) Phyto Formula with the antioxidant composition set forth
herein 34  include: provision of non-soluble fiber which may serve as a
sink for unpaired electrons in the gut,  and provision of monosaccharides
for correct structure of cellular glycoforms responsible for cell- mediated
communication in repair of cells damaged by free radicals. Dosage.
Useful dosage formulations for administration of the compositions of the
present invention  5 include capsules or tablets of 100, 200, 300, 400,
500, 600, 700, 800, 900 or 1000 mg of antioxidant  composition. In one
embodiment, no fillers, carriers, or stabilizers are added to the
composition. In  another embodiment, AMBROTOSE'" Phyto Formula is
blended with the antioxidant composition of  the present invention in a
weight ratio of 2:1, 1:1, or 1:2. In another embodiment, AMBROTOSE(r)
Phyto Formula is blended with the antioxidant composition in a weight
ratio of 2:1. In another 10 embodiment, a capsule or tablet provides 500
mg of antioxidant composition blended with  AMBROTOSE(r) Phyto
Formula. For this embodiment, two tablets or capsules may be taken per
day.  Appropriate coatings may be applied to increase palatability or delay
absorption. 
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solubilities, which better refl€cts the activity of antioxidants within the human body' The indirect

oRAC(fl) andlor ORAC (flJipo) methods fail to measufe total anti-oxidant activity and fail to detect

the synergístic effects of certai¡ foods.

FIG. 13 is a graph of oRAC(fl) AUc results using o-tocopherol with a variation in the amount of-

detergent used to show its effept on AUC measurements' In this assay, the one third solvent was

usedi¡itsfullonethifdainamixturervithasmalleramountofTween-20.FIG.14isagraphof

an ORAC(fl) assay measuring the anti-oxidant activity measured for a fixed ratio of quercetin:a-

tocopherôl ratio dissolved i¡ two different r¿tions of solvent:water to detergent mixtures. The results

inFIG.13andFIG'14,showtåatthedetefgent(Tween-20)didaccountforincreaseinAUCand

therefore shows that detection of ORAC(fl) activity is increased as compared to the standa¡d

acetone:r ater mixture.

EXAMPLE 3. ORAC(o) Detection ofAlti-oxidant Synergy and Potentiation'

To show that the oRAc(o) assay was able to detect both lipopbìlic and þophobic anti-oxidant

activtty, a series of sh¡díes were conducted to show the effect of specific conbinations of tr¡rown

concentratioEs of lipophilic and lipophobic anti-oxidant and tle potentiation of the same with the

addition of, e.g., grape seed extract and grcen tea extraot as compared to gmpe seed extract a[d green

tea exhact alone. FIG. 15 is a graph showhg the oRAC(o) values obtained with different ratíos of

quercetin and mixed tocopherols- FIG. 16 is a graph showing the ORAC(o) values for different

ration of grape seed extract (GES) and green tea extract (GTE)' After the deten¡ination of the

maximum ratio for antloxidalt activity for GSE and GTE, the two were combined with the

optimized ratio for quercetin aad mixed tocopherols. FIG' 17 is a graph that shows the ORAC(o)

values of the combination of fhe maximun quercetin:mixed tocopherol and the grape seed extract

and gfeen tea extÉct ratios. It was found that the combined quercetin ard mixed tocopherols, GSE,

GTE maximized the aati-oxidant potential of the supplement'

25EXAMPLE4:Antioxida¡tEffectofAMBROTOSEAo@inaSmallNumberofHealthy
Individuals, Open Labet Shrdy, Non-Placebo controlled'

Alantioxidantisdefinedasatrysubstancethatcandelayorprcventtheoxidationofbiological

$tbsfates. Diets rich in fruits ancl vegetables that contain a¡tioxidaûts have been associated with

decreased incidence of patlological conditions thought to ¡esult f¡om oxidative shess. However,

supplementation with isolated antioxidant compounds has often proven ineffective in improving

health, in some cases, and dangerous i¡ others.t3'a It has been suggested that the antioxidant benefits

of a high intake of fruits and vegetabl€s may not result exclusively ftom single antioxidants but rather

from a concerted action of a oombination of different antioxida¡ts present in these foods'5'6 This

focus oa single antioúdants is a possible explanation as to why scieûtists lìave yet to duPlicate the

protective effects ofan antioxidant-rich diet using nutritional supplementation 
T
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FIG. 8 and FIG. 9, show the net area under the curve (AUC) results for
varying ratios of quercetin  and mixed tocopherols using the ORAC(o)
method to measure antioxidant capacity. The total  15 concentration of
sample (Q + MT) is 10 pg/mL for each percentage assayed. For example,
at 0% quercetin, the concentration of mixed tocopherols is 10 g/mL, and
there is no quereetin in the  sample. At 10% quercetin, the sample has 1
pg/mL of quercetin and 9 M/mL of mixed tocopherols.  At 20% quercetin,
the sample has 2 g/mL of quercetin and 8 p.g/mL of mixed tocopherols.
The  synergy is readily observed between 40 and 100% quercetin, and
most readily observed from 40 to 20 90% quercetin. The straight line
represents the additive effect, i.e., at 10% quercetin, the line  represents
the sum of 90% of the activity of mixed tocopherols alone and 10% of the
activity of  quercetin alone. A synergistic effect is found above this line.
The primary anti-oxidant ingredients of the composition of the present
invention (flavonoids, as  represented by quercetin, and a mixture of at
least two forms of vitamin E) comprise from 12.1% to  25 100%, 30% to
85%, or in another embodiment, about 82% by weight of the five
ingredients. In one embodiment, the amount of quercetin is 49.18%, and
the amount of vitamin E forms is 32.79% of the  total weight of the five
ingredients. The secondary ingredients (or potentiators) of the
composition of the present invention (grape skin  extract, green tea
extract, and bush plum) comprise from 0% to 87.9%, 15% to 70%, or
about 18% by  30 weight of the five ingredients. As shown in FIG. 10, the
optimal ratio of grape skin extract and green tea extract was determined in
the presence of 49.18% quercetin, 32.79% mixed tocopherols, and
1.64% bush plum. The optimal ratio of grape skin extract to green tea
extract is 60/40 to 80/20. In  one embodiment, the grape skin extract is
9.84% and the green tea extract is 6.56 % of the total  weight of the
antioxidant composition. Bush plum (Terminalia ferdinandiana) is provided
as an 35 ingredient of the composition in an amount from between about
0% to 87.9%, or in another 35  embodiment of about 2%. In the
embodiment of FIG. 10, the bush plum is 1.64 % of the  composition. The
ORAC(o) assay shows that an antioxidant blend having the following
weight ratios: quercetin,  49.18%; mixed tocopherols, 32.79%; grape skin
extract, 9.84%; green tea extract, 6.56%; and bush  5 plum, 1.64% has an
antioxidant activity of 17,254 micromoles Trolox(r) equivalents per gram.
Stability of AMBROTOSE AO(r). AMBROTOSE AO(r), a blend of
AMBROTOSE(r) (Mannatech,  USA) and the antioxidant formulation of
the present invention at a 2:1 weight ratio, has been shown  to maintain its
activity under accelerated stability conditions (40C at 75% relative
humidity)  equating to a shelf-life of roughly six months. 10 Validation of
the ORAC(o) assay as compared to the ORAC(fl) assay. FIG. 11 is a
graph of  ORAC(fl) results that shown no contribution to AO activity by
a-tocopherol when mixed at different  
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Recent studies have suggested tlat glyconutritional (GN) supplements, nutritional supplements

proyitling sugafs that support cellular com¡¡unication ald immune fi:nctior¡ have antioxidani

properties both itt vitto aI¡d ilt vivo. Rat liver cells grotrr ín culture medium containing GN

supplements showed higher levels of reduced glutathione relative to controls, thereby demonstmting

increased antioxidant protection.8

A pilot clinical study demonstrated a reduction in biomarkers of oxidative stress a¡d an increase in

biomarkers of oxidative defense in people consuming GN supplements. Significant increases were

observed in totat iron-binding capacity and folic aci4 and a sígnificant dec¡ease was observed il

copper/cemloplasmin ratio within 76 days following the daily addition of2 gr GN supplement to the

normal diet. Trends were also observed wbich suggested a decrease in serum alkenals, homocysteing

8-hydroxydeoxyguanosine (8-oHdG) and total cholesterol, and an íncrease in oxygen radical

absorbance capacity (ORACÞ-pÐ.e

Recent studies have demonstrated that a wide range of nutrients (some k¡own, others not yet

identifred) account for tlæ antioxidant activity of fruits and vegetables.lo't 
I'12'13'r4 Some of the known

beneficial antioxidatrts include poþhenols, and vitamins c and E.6 certail foods and beverages,

including grapes (and r€d wine), green tea, and the Australian bush plum (Tetminølia ferdinandiøna),

contain relativeþ high levels of such antioxidants.4l5't6 Tbis study meåsufed the a¡tioxidant

protection provided by a novel nutritional sùpplement that combined a GN supplement \",¡ith a bleld

derived from green tea, grapes, mixed tocopherols, quercetin and the Australiaa bush plum'

Methods: Blood samples we¡e collected by cover-Teh Inc., Dallas, TX. All blood and urine

samples were analyzed by Genox corporatior¡ Baltimore, MD, and all statistical alalyses were

perforrned by Decision A¡alyst, A¡Iinglon, TX.

A nurnber of methods for testi¡g the adioxidant potential of samples have been published. I 7 The test

used in this stualy was the measurement of v/hole serum oRACp-rr. This method uses p-

phycoerythrin, a fluo¡escent probe, to determine the a¡tioxidant scav€tging capacity of serum

sa.úples, specificâlly against peroxyl radicals, when compared to a known standard, Trolox@. The

resr¡lts are expressed in micrornoles Trolox F.quivalents (IE) pü glam.rs Other standardized

analltical techniques used in the study were the measurement of urine lipid hytlroperoxides and

alkenals, which relate indirectþ to the amount of free radical damage to lipids, and urine 8-oHdG,

which relates indirectty to DNA damage.'e2o¿l

The antioxidant nutritional supplement used il this study, Ambrotose AO@, was developed using an

itt viüo evaluation of ingredients: quercetin, mixed tocophelois, grape exhact, gleen tea extract, the

Austr¿lian plum. The in vitro aîtioxldaf]t values of each ingredient were detemined using the

standafd oRAcn methoal (which uses a different fluo¡escent probe, fluorescein). The a¡tioxidant

values of the ingredient mixtures ìvere determined using a newly developed method that measu.res

dissolved oxygen dhectly, the ORAC.. Silce lipid- and Ìsater-soluble âdioxidaûts work in concert ,)t

15

25
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ratios with quercetin. The graph shows a linear increase in AUC that is
directly proportional to  increase in quercetin concentration in the
ORAC(fl) assay in the standard acetone:water solution.  The lack of
contribution to AO activity may be due to the failure of the a-tocopherol to
dissolve in  15 acetone:water. FIGS. 12A and 12B are graphs of
ORAC(fl-lipo) results using mixed-tocopherol and the relative  AUC results
using the solvent/water/detergent solution to dissolve the sample and
detect both  lipohilic and lipophobic anti-oxidant capacity. In FIG. I1
(above) it was shown that no statistically  significant activity could be
detected for a-tocopherol using the standard ORAC(fl) method for 20
detecting AO contribution of lipophilic AOs. As shown in FIG. 12A, the
ORAC(fl-lipo) AUC for a- tocopherol was compared between the
published ORAC(fl-lipo) method (acetone:water) and an
acetone:water:Tween-20 and a large increase in the AUC of the
ORAC(fl-lipo) assay was detected.  FIG. 12B demonstrates that there is
no synergy detected using the known ORAC(fl-lipo) method  when
combining quercetin and mixed-tocopherols as the results follow a straight
line through the  25 abscissa, which indicates lack of synergy using this
assay. Obtaining these results with known assays are not surprising
based on a search of the literature and  the methods recommended
therein. Current standards for the evaluation of so called "High-ORAC
Foods" (see, e.g., www.ars.usda.g y) indicate that the standard is to
measure the anti-oxidant  potential of lipophilic apart and separate from
lipophobic anti-oxidants. The present invention 30 eliminates the need for
this dichotomy, a dichotomy that likely results in the disconnect
researchers  have observed when relating test-tube ORAC values to the
effect on serum ORAC values. When  measuring the anti-oxidant effects
in serum as compared to an ORAC (fl) evaluation, the Agricultural
Research Service of the USDA found that, e.g., spinach scored lower than
strawberries in the test- tube ORAC assay, but spinach had a greater
effect on serum ORAC values than strawberries. Using 35 the present
invention and the compositions described herein, the present inventors
have remedied the  disconnect by developing a system that allows
interaction among antioxidant with varying 36  solubilities, which better
reflects the activity of antioxidants within the human body. The indirect
ORAC(fl) and/or ORAC (fl-lipo) methods fail to measure total anti-oxidant
activity and fail to detect  the synergistic effects of certain foods. FIG. 13 is
a graph of ORAC(fl) AUC results using a-tocopherol with a variation in the
amount of  5 detergent used to show its effect on AUC measurements. In
this assay, the one third solvent was  used in its full one third and in a
mixture with a smaller amount of Tween-20. FIG. 14 is a graph of  an
ORAC(fl) assay measuring the anti-oxidant activity measured for a fixed
ratio of quercetin:a- tocopheroi ratio dissolved in two different rations of
solvent:water to detergent mixtures. The results  in FIG. 13 and FIG. 14,
show that the detergent (Tween-20) did account for increase in AUC and 
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viva, the ORACo, which simultaleously measures the contribufions and inte¡actions of lipid- and

water-soluble compou:rdd, is an improvement over fluorescence-based methods (ORAC¡, ORAC¡-¡¡I.

antt oRACB-re). These methods, at best, measure tle activities of lipid- or water-soluble compounds

alone. ORACo therefore provides a more acflrrate determi¡ation of the total fu vih'o arltioxidant

activity of a blend of both water- and lipid-soluble ingredients. The water and lipid-soluble

ingredients were com.bhed a¡d evaluated with the ORAC" to establish maximal synergy and the

optimal in vitro OF'AC. value of the blend.

The subsequent blencl was roller-compacted with Ambrotose@ complex at a tatio ol 1:2 to create

Ambrotose AO@. Many of the natural gums ìn Ambrotose@ have been used to control the release of

compounds providing a sìrstained delivery. This shrdy was designed to determine +f,rc in vivo

antioxiilant activity, using sta¡dafdized tests, of diffefent amounts of Ambrotose AO@ as determined

directly by serum oRACp.re and indirectly by urine lipid hydroperoxide, alkenal and 8-oHdG

a¡alyses. Prior and Cao recently suggested that a battery oftests, rather t¡.an any one single test, is

necessary because some pathological conditions, such as tenal failure, can alter any one test quite

unrelated to oxidative stress'2z

Informed consent was obtained ftom all psrticipants. Twelve healthy male and female adult

volunteers taking tro nutritional supplements or any drug that would interfere with the study were

e¡folled. The study subjects, fow males and eight females ages 22-61, conzumed increasing amounts

of tle antioxida¡t supplement. To evaluate oRACp-re varíability over time and to test the

reproducibility of the laboratory results, a blood and uri¡e sanple was collected from an additional

subject who was taking no supplenents. During the stBdy, p¿rticipants continued their normal pre-

study daily routines and diets. Table 5 provides information about the stìIdy subjects.

5. Châracteristics of Euman Yolunteers

Subject Gender .A.ge Tobacco User

1

3

4

5

6

7

8

9

l0
t1

F33
M4l
F34
F6i
844
M22
F36
M23
F38
F56
F53

Yes

No

No
Yes

Yes

No

No
No

Yes

No

No
Yest2M31

The twelve study sìrbjects had moming fasting serum ORACp-r,e and urine analyses performed after

an initial washout period of2 weeks on no supplements and at the end of2 weeks on each increasing

20

10 therefore shows that detection of ORAC(fl) activity is increased as
compared to the standard  acetone:water mixture. EXAMPLE 3. ORAC(o)
Detection of Anti-oxidant Synergy and Potentiation. To show that the
ORAC(o) assay was able to detect both lipophilic and lipophobic
anti-oxidant  activity, a series of studies were conducted to show the effect
of specific combinations of known  15 concentrations of lipophilic and
lipophobic anti-oxidant and the potentiation of the same with the addition
of, e.g., grape seed extract and green tea extract as compared to grape
seed extract and green  tea extract alone. FIG. 15 is a graph showing the
ORAC(o) values obtained with different ratios of  quercetin and mixed
tocopherols. FIG. 16 is a graph showing the ORAC(o) values for different
ration of grape seed extract (GES) and green tea extract (GTE). After the
determination of the 20 maximum ratio for anti-oxidant activity for GSE
and GTE, the two were combined with the  optimized ratio for quercetin
and mixed tocopherols. FIG. 17 is a graph that shows the ORAC(o)
values of the combination of the maximum quercetin:mixed tocopherol
and the grape seed extract  and green tea extract ratios. It was found that
the combined quercetin and mixed tocopherols, GSE,  GTE maximized
the anti-oxidant potential of the supplement. 25 EXAMPLE 4: Antioxidant
Effect of AMBROTOSE AO(r) in a Small Number of Healthy  Individuals,
Open Label Study, Non-Placebo controlled. An antioxidant is defined as
any substance that can delay or prevent the oxidation of biological
substrates. Diets rich in fruits and vegetables that contain antioxidants
have been associated with  decreased incidence of pathological
conditions thought to result from oxidative stress. However, 30
supplementation with isolated antioxidant compounds has often proven
ineffective in improving  health, in some cases, and dangerous in others.
"3'4It has been suggested that the antioxidant benefits  of a high intake of
fruits and vegetables may not result exclusively from single antioxidants
but rather  from a concerted action of a combination of different
antioxidants present in these foods. '6 This  focus on single antioxidants is
a possible explanation as to why scientists have yet to duplicate the  35
protective effects of an antioxidant-rich diet using nutritional
supplementation.7 37  Recent studies have suggested that
glyconutritional (GN) supplements, nutritional supplements  providing
sugars that support cellular communication and immune function, have
antioxidant  properties both in vitro and in vivo. Rat liver cells grown in
culture medium containing GN  supplements showed higher levels of
reduced glutathione relative to controls, thereby demonstrating  5
increased antioxidant protection.8 A pilot clinical study demonstrated a
reduction in biomarkers of oxidative stress and an increase in  biomarkers
of oxidative defense in people consuming GN supplements. Significant
increases were  observed in total iron-binding capacity and folic acid, and
a significant decrease was observed in  
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amount of the antioxidant suppiement. The amounts used were 500 mg (1 capsule) each day for the

first 14 days of supplement use @eriod 1), 1.0g (2 capsules) each day for the second'l4day period

(Period 2), and 1.5 g (3 capsules) each day during the third i4-day period @eriod 3). Additionally, a

blood and urine sample ftom the individual not consuming supplements was aaalyzed in triplicate to

test the precision of the analyses. Blood and urine sarnples were collected by the independent

phlebotomist, inmediately packed in dry ice and transpofted to a local hospital laboratory for

preparation. Prepared serum and urine samples were then shipped in dry ice overnight to Genox for

independent analysis per the Genox protocol.23 All samples were then stored at Genox in dry ice, and

ORACp-ee aud urirre lfreásuremenls Were a1i done at the same time at the conclusion of the sh¡dy to

minimize any aaalytical reagent variability.

Results: ORAC Values and Peroent Change from Baseline Data' The ORAC¡'ee values and

percentage chalge ftom baseline for the t\a'elve particþauts taking Ambrotose AO@ are given in

Table 6. Baseline is after ttre 2-week washout; ?eriod 1 after 2 weeks ol1 500 mg, Period 2 after 2

weeks on 1.0 g and Period 3 after 2 weeks on 1.5 g. Serum vial labels of some Period 2 samples

became detached during shippi:rg to Genox. ORACp-re values could only be specifrcally assigned to

tfuee of the study pafiicipants for tlis period and not for the rest of the study pafticipants or the

additional non-Jtudy individual.

statistical Analysis ofRaw ORAC Data. A fepeated-m€asures ANOVA was oonducted to determine

ifthere was a difference among the Baseline, Period l, Period 2, and Period 3 raw oRAC data. There

were significant differences among the time periods overall FQ,U): 4'02, p = '020)"I}:re Post hoc

analyses revealed. that Pe¡iod 2 was signifrcantly different from Baseline (t{24) = -3.47, p = .002).

Period 1 was significantþ different from Perioct 2 (t(24) = -2'77,p= '}ll)'Period 2 was sigrificantly

different from Peri od3 (tQ4) = 2.87, p = '009)' The mean for each time period is shorv¡ in Table 7'

15

Table 6. ORACppo Values

copper/ceruloplasmin ratio within 76 days following the daily addition of 2
gr GN supplement to the 10 normal diet. Trends were also observed
which suggested a decrease in serum alkenals, homocysteine,
8-hydroxydeoxyguanosine (8-OHdG) and total cholesterol, and an
increase in oxygen radical  absorbance capacity (ORACp_PE).9 Recent
studies have demonstrated that a wide range of nutrients (some known,
others not yet  identified) account for the antioxidant activity of fruits and
vegetables. 10,11,12'13'14 Some of the known  15 beneficial antioxidants
include polyphenols, and vitamins C and E.6 Certain foods and
beverages, including grapes (and red wine), green tea, and the Australian
bush plum (Terminaliaferdinandiana),  contain relatively high levels of
such antioxidants.6.15a6 This study measured the antioxidant  protection
provided by a novel nutritional supplement that combined a GN
supplement with a blend  derived from green tea, grapes, mixed
tocopherols, quercetin and the Australian bush plum. 20 Methods: Blood
samples were collected by Cover-Tek, Inc., Dallas, TX. All blood and urine
samples were analyzed by Genox Corporation, Baltimore, MD, and all
statistical analyses were  performed by Decision Analyst, Arlington, TX. A
number of methods for testing the antioxidant potential of samples have
been published.17 The test  used in this study was the measurement of
whole serum ORACp_PE. This method uses (i- 25 phycoerythrin, a
fluorescent probe, to determine the antioxidant scavenging capacity of
serum samples, specifically against peroxyl radicals, when compared to a
known standard, Trolox(r). The  results are expressed in micromoles
Trolox Equivalents (TE) per gram." Other standardized  analytical
techniques used in the study were the measurement of urine lipid
hydroperoxides and  alkenals, which relate indirectly to the amount of free
radical damage to lipids, and urine 8-OHdG,  30 which relates indirectly to
DNA damage.79'20'21 The antioxidant nutritional supplement used in this
study, Ambrotose AO(r), was developed using an  in vitro evaluation of
ingredients: quercetin, mixed tocopherols, grape extract, green tea
extract, the  Australian plum. The in vitro antioxidant values of each
ingredient were determined using the  standard ORACfl method (which
uses a different fluorescent probe, fluorescein). The antioxidant 35 values
of the ingredient mixtures were determined using a newly developed
method that measures  dissolved oxygen directly, the ORACQ. Since
lipid- and water-soluble antioxidants work in concert in 38  vivo, the
ORACO, which simultaneously measures the contributions and
interactions of lipid- and  water-soluble compounds, is an improvement
over fluorescence-based methods (ORACfl, ORACfl_lipa  and
ORACp.pE) These methods, at best, measure the activities of lipid- or
water-soluble compounds  alone. ORACO therefore provides a more
accurate determination of the total in vitro antioxidant 5 activity of a blend
of both water- and lipid-soluble ingredients. The water and lipid-soluble
ingredients were combined and evaluated with the ORACO to establish
maximal synergy and the  



Table 7. Mean ORACbeta-PE Values for Eâch Time Period

Bâseline

Period I
Period 2

Period 3

Time Period Number of Subjecfs

4279.s

4898.3

7376.5

4814.6

Mean OR.{C Score

847 .9

3466.6

1053.1

12

L2

3

T2

l0

statistical Analysis ofPercent change from Baseline ORAC Data. In contlast to the ¡aw data used in

the analysis reported above (Table 6), this analysis examined diffe¡ences among the time periods

expressed as percent change from baseline. A repeated-measures ANOVA was conducted to assess

differences among the pelcent change from Baseline ofPeriod 1, Period 2, and Period 3 oRAC data.

The omnibus test yieldeil no significance overall cF(2,13) :0.71, p = 0'510). Additionally, tíe post

hoc analyses revealed no sigÊificalt differences alÎoûg the periods' The mean for each time period

is shown in Table 8.

T¿ble 8. ORÄCbeta-PE Percent Change from Baseline by Time Period

Time Period Number of Subjects Mean of Percent Change ORA'C Score +

Period 1 12 19 'lo/o 18'

Period2 3 37'4o/o 90 3Y'

Period 3 12 14.3% 79'0%

The average lipid hydroperoxide, total alkenal and 8-oIIdG values a¡e sumrnarized in Table 9. They

are cor¡ected for urine concentration variabilþ by dividing by urine creatinine as measured at tÏe

same time on the same samPle.

AirQuality.Aifqualityisknowntoaffectievelsofoxidativestless.Increasingconcentrationsof

coÛmonpollutants,suchasozoneandnitrogendioxide'decreaseairquality.Thisleadstoâgreater

potential for the generation of RoS.za ë . A summary of the average u.S. Envj¡onmental Protection

Agency@PA)airqualþindexesforeachtwo.weekperiodíntheDaliasÆodWorth(DFW)area'

wherethesubjectslived,isgiveninTable6.TheEPAusescolorcodesfora¡eaai¡qualitymaps:

Green: "Good" (0 - 79 parts per billion þpbl ozone), Yellow: "Moderate" (80 - 99 ppb)' Orange:

"unlrealrlry for sensitive Groups,' (100 - i24 ppb), Red: "unhealthy" (125 - 149 ppb) and Purpie:

"Very Unhealthy" (greater than i50 ppb). A numerical value for each daily EPA map of the shrdy

area was calculated by assigning numbers to the colors: Green: 1, Yellow: 2' Orange: 3' Red: 4 and

Purple: 5 and esiimatilg the mrmerical average for each day based on the a¡ea of each color on the

l5

9. Average Urine Biomarkers for Each 2 Week Time Period

Numberof Eydroperoúde/creatinine AlkenaVcreatinine

Period S¡¡bjects pl\f{mg/dt) pM(mg/dl)
8-OHdG/creatinine

(mg/nl)/(ng/dl)
0.0724

0.0861

0.0740

0.1025

Baseline t2 0.0920 0.076t

?eriod 1 t2 0.0808 0.0808

Period2 LZ 0.0782 0'0835

Period 3 12 0.0764 0.0806

20

optimal it, vitro ORACQ value of the blend. The subsequent blend was
roller-compacted with Ambrotose(r) complex at a ratio of 1:2 to create
Ambrotose AO(r). Many of the natural gums in Ambrotose(r) have been
used to control the release of  10 compounds providing a sustained
delivery. This study was designed to determine the in vivo antioxidant
activity, using standardized tests, of different amounts of Ambrotose AO(r)
as determined  directly by serum ORACp.PE and indirectly by urine lipid
hydroperoxide, alkenal and 8-OHdG  analyses. Prior and Cao recently
suggested that a battery of tests, rather than any one single test, is
necessary because some pathological conditions, such as renal failure,
can alter any one test quite  15 unrelated to oxidative stress 22 Informed
consent was obtained from all participants. Twelve healthy male and
female adult  volunteers taking no nutritional supplements or any drug that
would interfere with the study were  enrolled. The study subjects, four
males and eight females ages 22-61, consumed increasing amounts  of
the antioxidant supplement. To evaluate ORACp_p5 variability over time
and to test the 20 reproducibility of the laboratory results, a blood and
urine sample was collected from an additional  subject who was taking no
supplements. During the study, participants continued their normal pre-
study daily routines and diets. Table 5 provides information about the
study subjects. Table 5. Characteristics of Human Volunteers  Subject
Gender Age Tobacco User I F 33 Yes  2 M 41 No  3 F 34 No  4 F 61 Yes
5 F 44 Yes  6 M 22 No  7 F 36 No  8 M 23 No  9 F 38 Yes  10 F 56 No  11
F 53 No  12 M 31 Yes The twelve study subjects had morning fasting
serum ORACp.PE and urine analyses performed after  an initial washout
period of 2 weeks on no supplements and at the end of 2 weeks on each
increasing 39  amount of the antioxidant supplement. The amounts used
were 500 mg (I capsule) each day for the  first 14 days of supplement use
(Period 1), Log (2 capsules) each day for the second 14-day period  
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publishedEPAmaps.Thedailynumericalvalueswelethenaveragedforeachtwo-weekperiod

the study (Table i0).

tO. ,+,u"rag" nFW EPA Air Quality Index for Each Time Period

Period lAverage EPA Air Quality Index

1.0 (rarge 1.0J.0)

lPeriod i 1.0 (range 1.0-1.1)

lÞeri"d, - I.4 (rar.ee 1.0-2.

3

Allowing for the uncertaiaty in assigning values to the study participants in Period 2 as outüned

above, the lowest possible average oRACp-rr for the 12 study participants was calculated. Assurning

that tlie lowest 9 values from the serum samples whose labels could not be identified belonged to the

participants and combining them with the 3 loown values yields the lowest possible average and thus

the most conservative estimate of cha:rge from baseline' The 9 lowest ORACpl 5 valrtsæ were' 4'727 9 '

5233.9,5104.3,45gg.g,5699-9,5364-8,3987.3,41i9'7afLò4584'9'Whencombinedwiththe3

known Perioct 2 values fiom Table 5, this gave an average ORACp-pr value of 5467'70 for the 12

study participants in Period 2- This is 27.8olo above the bas eline avetage of 4279 '49 '

Discussion. Studies have shown that the consumption of diets rich in fiuits and vegetables is

p¡otective agai:rst oidative stress. 
t J6'27 Dietary guidelines advocate the daily consumption of 2-4

servings of fruit and 3-5 servings of vegetables'z8 Despite this knowledge and these

recommendations, very few individuals in the u.s. consume the recommended daily alrounts. In a

U.S.DepafhentofAgriculture(USDA)sponsoredclinicalstud¡researclrersfoundthatincreased

consumption of fruits and vegetables, specificaily from the usual five to an experimental ten servhgs

a day, significantly inoreased serum ORACp-re values bY up to aPproximately 13% after two weeks T

In tl€ curent shrdy, the increase in average serum ORAC¡'re values using each amount of

supplementwere:19.1%with500ng37.4Vowithl'Og,andl4'3%owirtrl'sgThesedatasuggest

that the optimal amount that results in the greatest rise i:r serum ORACP-PE over baseli¡e il healthy

people is 1.0 g. The consewative e sÍitaate of a 27 'ïVo percent increase with i '0 g Ambrotose AO@ is

mo¡e than twice that the published 13% reporte'd individuals consuming five additional ftuits and

vegetables dailY.

The u¡ine lipitl hydroperoxide./creatinine values decreased wittr increasi:rg suppl€ment use' The

dec¡ease for each amount was l2.1Vo with 500 mg, l5'0c/|o with 1'0 g, añ 17 '0% with 1 5 g'

suggesting that Fotection from lipid damage inoreased with increasing amounts of supplement over

the range studied. It is unciear why the lipid hytlroperoxide data do not conelate exactly with the

oRACp,r,r values. Serum ORACp.rr is a measu¡e of the antioxidant protection of the blood in regard

to its ability to quench free radicals at the time of the measurement' Urine lipid hyclroperoxides are a

marker of lipid oxidative damage at some time in the past. The temporai relationship between tlìe

actual lipid clamage and the appearance of lipid hyd¡operoxides in the u¡ine is not well definecl It

of
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(Period 2), and 1.5 g (3 capsules) each day during the third 14-day period
(Period 3). Additionally, a  blood and urine sample from the individual not
consuming supplements was analyzed in triplicate to 5 test the precision
of the analyses. Blood and urine samples were collected by the
independent  phlebotomist, immediately packed in dry ice and transported
to a local hospital laboratory for  preparation. Prepared serum and urine
samples were then shipped in dry ice overnight to Genox for  independent
analysis per the Genox protocol 2i All samples were then stored at Genox
in dry ice, and  ORACp_pE and urine measurements were all done at the
same time at the conclusion of the study to  10 minimize any analytical
reagent variability. Results: ORAC Values and Percent Change from
Baseline Data. The ORACp_pE values and  percentage change from
baseline for the twelve participants taking Ambrotose AOO are given in
Table 6. Baseline is after the 2-week washout, Period 1 after 2 weeks on
500 mg, Period 2 after 2  weeks on 1.0 g and Period 3 after 2 weeks on
1.5 g. Serum vial labels of some Period 2 samples 15 became detached
during shipping to Genox. ORACp.pE values could only be specifically
assigned to  three of the study participants for this period and not for the
rest of the study participants or the  additional non-study individual. Table
6.ORACp.pE Values  and Percent Change from Baseline ORAL % Chan
a from Baseline  Subject Baseline Period 1 Period 2* Period 3 Period I
Period 2 Period 3  1 3300.3 5709.4 3117.8 73.0% -5.5%  2 3754.5 4618.6
6731.8 6189.0 23.0% 79.3% 64.8%  3 3695.0 3867.9 3995.7 4.7% 8.1%
-31.6%  4 3954.3 3199.1 2703.8 -19.1% 5 3107.3 32952 4476.2 6.0%
44.1%  6 3313.0 5073.8 3156.6 53.1% -4.7%  7 3785.5 5069.9 4390.4
33.9% 16.0%  8 3341.2 4207.7 4003.2 25.9% 19.8%  9 7568.9 6053.2
8977.6 7734.1 -20.0% 18.6% 2.2%  10 4271.8 6132.5 6765.0 43.6%
58.4%  11 5619.2 6527.0 6420.0 6844.3 16.2% 14.3% 21.8%  12 5642.9
5025.4 4398.7 -10.9% -22.0% Statistical Analysis of Raw ORAC Data. A
repeated-measures ANOVA was conducted to determine  if there was a
difference among the Baseline, Period 1, Period 2, and Period 3 raw
ORAC data. There  20 were significant differences among the time
periods overall (F(3,24) = 4.02, p = .020). The post hoc 
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may well be that these temporal differences account, i]1 paft, for this va¡iance. In addition to urine

lipid hydroperoxicles, u¡i¡e 8-oHdG and alkenals were also measured at eåch time period. No

sig¡ificant differences, nor trends were observed. This again may relate to the temporal relationship

between actual lipid and DNA damage and the appearance of the bioma¡kers in the ud¡e.

participalts in the study lived ia the DFW area. The published EPA daily air quality assessments for

DFW were averaged for each 2-week period. Air quality was getting worse over the course of the

study. This would normally be expected to increase oxidative stress by increasíng ROS and hence

increasilg bioma¡kers of oxi¿ative damage, such as lipid hydroperoxides.2e On ihe contrary,

increased protection was evident as me¿sured by increased serum oRAC values. In addition, a

domward trend in urine lipid hydroperoxide values and the stability of urjne 8-oHdG and alkenals

provides evidence of decreased oxidative damage. Taken together, these data suggest that the

adioxidant effects afforded by the supplement could have been greater than the effects that Ìvere

actually measured.

Conclusions. White it is recommended that individuals consume Êuits and vegetables according to

pubtished guidolines, the realify is that the vast majority will not' These prelimi"ary data suggest that

a nutritional supplement containing optinal antioxidant ingredients that presorve antioxida¡t activity

in tåe finished product inoreases antioxidant protection in healthy individuals as neasured by serum

oRACg_rr and decreasos lipid oxidative damage as measured by urine lipid hydroperoxides. The

protection in healthy people as demonstrated by the increase in serum ORAC¡-re over baseli¡e after

two weeks was greater using 500 mg, 1.0 g and 1.5 g of Ambrotose AO@ than that documented in

published data witlr the addition of frve Èuits aad vegetables to the diet for tw o weeks (19 .1%, 37 .4%io

aú.14.3%ovs.1.3þ.

As shown herein, antioúdant supplements were exanineil using four measures of oxidative stress in

healthy people and an increase in serum oRACp-ra was found. ffiile the optimal ra¡ge among

healthy subjects as suggested by ORACp-re values was 1 g per day, resea¡ch has shorvn that

indivitluals with low serum oRAC values rnay benefit from high-dose antioxidant supplementation 
30

Hence, those who suffer from inc¡eased oxidative shess or otherwise stressed individuals may benefit

from larger doses-

while the oRAC" was used in the antioxidant blend formulation, an independent labolatory used an

established method, the ORACp-re, ta analyzc human clinical trial plasma samples. 1,z viyo

assessment of antioxidant effectiveness of the Ambrotose AO@ produci did not rely on the use of the

oRAC. method. These data demonstrate that the present antioxidant supplement increases

antioxidant protection in consumers as measured by serum ORAC(B-PE) and decreases lipid

oxidative damage as aeasured by urine lipid hydroperoddes.

Exampte 5. Polysacoharide mate¡ial as a time releasing ageni for bioactive molecules when roller

compaction with or above 10,000psi is irnplemented. The present ilventors recognized that certain
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analyses revealed that Period 2 was significantly different from Baseline
(t(24) = -3.47, p = .002).  Period 1 was significantly different from Period 2
(t(24) = -2.77, p =,01 1). Period 2 was significantly  different from Period 3
(t(24) = 2.87, p = .009). The mean for each time period is shown in Table
7. 40  Table 7. Mean ORACbeta-PE Values for Each Time Period Time
Period Number of Subjects Mean ORAC Score  Baseline 12 4279.5 847.9
Period 1 12 4898.3 699.1  Period 2 3 7376.5 3466.6  Period 3 12 4814.6
1053.1 Statistical Analysis of Percent Change from Baseline ORAC Data.
In contrast to the raw data used in  the analysis reported above (Table 6),
this analysis examined differences among the time periods  expressed as
percent change from baseline. A repeated-measures ANOVA was
conducted to assess  differences among the percent change from
Baseline of Period 1, Period 2, and Period 3 ORAC data. 5 The omnibus
test yielded no significance overall (F(2,13) = 0.71, p = 0.510).
Additionally, the post  hoc analyses revealed no significant differences
among the periods. The mean for each time period  is shown in Table 8.
Table 8.ORACbeta-PE Percent Change from Baseline by Time Period
Time Period Number of Subjects Mean of Percent Change ORAC Score f
Period 1 12 19.1% 18.1%  Period 2 3 37.4% 90.3% LPeriod 3 12 14.3%
19.0% The average lipid hydroperoxide, total alkenal and 8-OHdG values
are summarized in Table 9. They  are corrected for urine concentration
variability by dividing by urine creatinine as measured at the  10 same
time on the same sample. Table 9. Average Urine Biomarkers for Each 2
Week Time Period Time Number of Hydroperoxide/creatinine
Alkenal/creatinine 8-OHdG/creatinine  Period Subjects pM/(mg/dl)
M/(mg/dl) (mglml)/(mg/dl)  Baseline 12 0.0920 0.0761 0.0724  Period 1 12
0.0808 0.0808 0.0861  Period 2 12 0.0782 0.0835 0.0740  Period 3 12
0.0764 0.0806 0.1025 Air Quality. Air quality is known to affect levels of
oxidative stress. Increasing concentrations of  common pollutants, such
as ozone and nitrogen dioxide, decrease air quality. This leads to a
greater  potential for the generation of ROS24,u . A summary of the
average U.S. Environmental Protection  
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formulations and methods developed to study the disintegration of its fomulations that Ùse, e'g.,

Ambrotose Ao@, failetl to felease as expscted, i.e., immediate release of the components, e.g., the

anti-oxidatìt quercetin. The study began with the use of well-knowa, formal analytical tecbniques

used to process all ofthe examples shown here. The method contains two levels of detail because ít

was initially designed to be fi¡lly quaûtitative, ald measure the anti-oxidant quercetin as the analyte.

Initially, visual interpretations of components other than quercetin indicated ¿n unexpected release

profile, i.e., the dissolution contlitions under which the comparisons were made we¡e identical but the

actual ¡esults were not.

Figure 18 shows the th¡ee modules selected for initial investigation, Four separate samples were

testetl in three steps for: quercetin, grape ski4 and two other products (anti-oxidant Formula A and

anti-oxidant Formula B). Note thaf the "Controlled dissolution" step was the same for all examples.

Briefl¡ the dissolution based methods for Ambrotose AO@ modified release substantiation included

HPLC and IIV-Vis using quercetin as the marker. Furthermore, visual observations of the

formr ations were consistent with tle HPLC and IJV/Vis observations'

The cuffent specificâtio¡s for dietary supplement release qualiftcation in many countries includes

provisions for the complete disiûtegration of tablet or capsule product forrns in al apparatus that

roughly simulates the physicat conditions of tlre gut. These conditions apply to both United States

pha:macopoeia (usP) and British Pharmacopoeia @P) based speci.fications- Disinte$ation testing

is best described as simulating the supplement material's physicat availability to interâct \¡¡ith the

digestive system. The conclitions under which a component is introduced into the body influences

the speed and efficiency of its availability. The speed and efficiency of nutrient availability may be

described as an ..availability curve." A narrow ¿¡d intense curve could be representative of an

intravenoìls shot for example, while fibrous bound nutrients such as those found in foodstuff that

have to be digested before they become available would have a broader curye due to more gradual

reiease. Depending on the desi¡ed behavior, a distúbìttiot model can be developed using both fast-

acting as well as tine-releasiag carrier media.

The dissolution profiles of active agents in a sustained-release liquid formulation of the present

inveûtiotr were tested using, e.g., a standard low pH or a water dissolution proûle assays. Brieflf the

roller compacted Ambrotose@ was tested for percent telease by dissolution in a 37 degree celsius

water bath in one liter of deionized water into which 5.0 grams ofpotassium ol oride was dissolved

with padrlles tÏat mix the sample at 150 revolutions per minute @PMs). A 5 milliliter test sample of

the liquid fonnulation, neai or titratetl, is added to the bath using a syrìnge (which may be washed in

the waterlKCl mix). Aliquots of 2 ml rnay be sampled at, e.g., 0'5, 1' 3 and 8 hours' Altematively'

the dissolution profile may be tested by dissolving the dosage forms using a Distek Model 21008

dissolution battr configured as usF Apparatus tr þaddles). The paddle rotation was set at 50 rpm.

The dissolution medium may be, e.g., 900 ml ofpH 6'8 phosphate buffer at 37oC'
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Agency (EPA) air quality indexes for each two-week period in the
Dallas/Fort Worth (DFW) area, 15 where the subjects lived, is given in
Table 6. The EPA uses color codes for area air quality maps:  Green:
"Good" (0 - 79 parts per billion [ppb] ozone), Yellow: "Moderate" (80 - 99
ppb), Orange:  "Unhealthy for Sensitive Groups" (100 - 124 ppb), Red:
"Unhealthy"(125 - 149 ppb) and Purple:  "Very Unhealthy" (greater than
150 ppb). A numerical value for each daily EPA map of the study  area
was calculated by assigning numbers to the colors: Green: 1, Yellow: 2,
Orange: 3, Red: 4 and 20 Purple: 5 and estimating the numerical average
for each day based on the area of each color on the 41  published EPA
maps. The daily numerical values were then averaged for each two-week
period of  the study (Table 10). Table 10. Average DFW EPA Air Quality
Index for Each Time Period  'Time Period Average EPA Air Quality Index
Baseline 11.0 (range 1.0-1.0)  jPeriod 1 1.0 (range 1.0-1.1)  Period 2 1.4
(range 1.0-2.5)  Period 3 1.8 (range 1.0-2.5) Allowing for the uncertainty in
assigning values to the study participants in Period 2 as outlined  above,
the lowest possible average ORACp_pn for the 12 study participants was
calculated. Assuming  5 that the lowest 9 values from the serum samples
whose labels could not be identified belonged to the participants and
combining them with the 3 known values yields the lowest possible
average and thus  the most conservative estimate of change from
baseline. The 9 lowest ORACp-pE values were, 4727.9,  5233.9, 5104.3,
4599.9, 5699.9, 5364.8, 3987.3, 4179.7 and 4584.9. When combined with
the 3  known Period 2 values from Table 5, this gave an average
ORACp-pE value of 5467.70 for the 12  10 study participants in Period 2.
This is 27.8% above the baseline average of 4279.49. Discussion. Studies
have shown that the consumption of diets rich in fruits and vegetables is
protective against oxidative stress. 7 2627 Dietary guidelines advocate the
daily consumption of 2-4  servings of fruit and 3-5 servings of
vegetables.28 Despite this knowledge and these  recommendations, very
few individuals in the U.S. consume the recommended daily amounts. In a
15 U.S. Department of Agriculture (USDA) sponsored clinical study,
researchers found that increased  consumption of fruits and vegetables,
specifically from the usual five to an experimental ten servings  a day,
significantly increased serum ORACp_PE values by up to approximately
13% after two weeks.7  In the current study, the increase in average
serum ORACp-pE values using each amount of  supplement were: 19.1%
with 500 mg, 37.4% with 1.0 g, and 14.3% with 1.5 g. These data suggest
20 that the optimal amount that results in the greatest rise in serum
ORACp-pE over baseline in healthy  people is 1.0 g. The conservative
estimate of a 27.8% percent increase with 1.0 g Ambrotose AO(r) is  
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Unfortunately,thecu.rentacceptedapproachtodisintegrationtesting,whichfollowstheUSPandBP

guided specifications of total visual disintegration within thirty minutes, is deficient in accurately

assessing the availability of supplements with more gradual curves which take longer to become

accessible to the gut. The Ambrotose AO@ capsule was designed specifically for sustained release

and gradual availability, and does not completeþ disintegrate within ¡¡s thfuty minute window' This

should not be seen as a failure of Ambrotose AO@ to become available in the allotted runtime, rather

a bias in the curlent method towartl fast-acti¡g components. The USP and BP disintegration

requirements indirectly force a relatively narrow availability. In some applications tlis is unwanted

or poiertially io;ic iiepea.lilg on tire corrporrcnl ínvolved Provided is a simpie method using

dissolution, LIV-vis, and HPIr tecbnologies to show the desiretl extended release activities of

Ambrotose AO@. The prime goal is to qualifu the lfV-Vis alone as sufficient in rneasuring this

activity, witå. tle more involved HPLC -"¡t6¿ simFly used to cor¡elate with the IJV-Vis

perfomrance.

Methods. Quercetin was chosen as the anaiyte in this method òre to its high ItV-Vis activity at

377nm, relativaly high composition percentage in Ambrotose AO@' and well-behaved

cbromatography. A stan<l¿rd material of tle same quercetiu stock used il the formulation of

Ambrotose AO@ was used to provide a reference curve within the concentration range expected from

thedissolutiontest.ItshouldbenotedthatanAustmlianlotofManrratechAmbrotoseAo@was

used in this sùldy as the initial charge was to justifr that formulations failu¡e of TGA administered

disintegration tests per the BP.

The dissolution conditions were modeled after both USP and BP for similar assays. One exception is

t¡at a higher than average rotation speed for the dissolution apparatus was chosen to keep the

analysis time reasonable while still n¿ia{aining sound fesrdts. Dual measurement techniques were

utilized to conelate the results although ìn practice a si.ngle method may be chosen, and the simpler

IJV-Vis method alone would be ideal. Observations of tho failed 30 milute disintegration test were

performed on the same test samples. Next, the availability curve of Ambrotose AO@ based on a

quercetin ma¡ker was plottetl over 0.5, 7, 2,3, 4 and 8 hours within a specifred dissolution

conditions. This simple and coDsistent method ca¡ be repeated by any properly-equipped laboratory,

anrl could be tra¡slated ùrto a quality assu¡ance environment *t 0"1*ts ¡esting if necessary'

Equipment'Dissolutionsystem:AHansondissolutionsystemsRS-Pluswasutilizedforthis

method. It was run using the usP apparatus iype tr þaddle) con-figuration with the paddle depths

calibmted to the given specifications. The dissolution medi4 based on similar assays, !tras 800 ¡nl of

deionized (d.i.) water (18+ Mohm) per basket, a bath temperature of 37'C, and paddle speed of 200

rpm. For the sampling a 1ml pipette is neecled along with 12 x 75mn glass test tubes (or equivalent),

and methanol for dilutions in preparation of analysis in the inskuments. The dfution of the samples,

which is specified in the procedure, places the maximum quercetin concentration in the test bath

within an optimal range for analysis on both the uV-Vís and HPLC'
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more than twice that the published 13% reported individuals consuming
five additional fruits and  vegetables daily. The urine lipid
hydroperoxide/creatinine values decreased with increasing supplement
use. The  25 decrease for each amount was 12.1% with 500 mg, 15.0%
with 1.0 g, and 17.0% with 1.5 g,  suggesting that protection from lipid
damage increased with increasing amounts of supplement over  the range
studied. It is unclear why the lipid hydroperoxide data do not correlate
exactly with the  ORACp.ps values. Serum ORACp_pE is a measure of
the antioxidant protection of the blood in regard  to its ability to quench
free radicals at the time of the measurement. Urine lipid hydroperoxides
are a 30 marker of lipid oxidative damage at some time in the past. The
temporal relationship between the  actual lipid damage and the
appearance of lipid hydroperoxides in the urine is not well defined. It 42
may well be that these temporal differences account, in part, for this
variance. In addition to urine  lipid hydroperoxides, urine 8-OHdG and
alkenals were also measured at each time period. No  significant
differences, nor trends were observed. This again may relate to the
temporal relationship  between actual lipid and DNA damage and the
appearance of the biomarkers in the urine. 5 Participants in the study lived
in the DFW area. The published EPA daily air quality assessments for
DFW were averaged for each 2-week period. Air quality was getting worse
over the course of the  study. This would normally be expected to
increase oxidative stress by increasing ROS and hence  increasing
biomarkers of oxidative damage, such as lipid hydroperoxides 29 On the
contrary,  increased protection was evident as measured by increased
serum ORAC values. In addition, a 10 downward trend in urine lipid
hydroperoxide values and the stability of urine 8-OHdG and alkenals
provides evidence of decreased oxidative damage. Taken together, these
data suggest that the  antioxidant effects afforded by the supplement
could have been greater than the effects that were  actually measured.
Conclusions. While it is recommended that individuals consume fruits and
vegetables according to  15 published guidelines, the reality is that the
vast majority will not. These preliminary data suggest that  a nutritional
supplement containing optimal antioxidant ingredients that preserve
antioxidant activity  in the finished product increases antioxidant protection
in healthy individuals as measured by serum  ORACp_pE and decreases
lipid oxidative damage as measured by urine lipid hydroperoxides. The
protection in healthy people as demonstrated by the increase in serum
ORACp.pE over baseline after 20 two weeks was greater using 500 mg,
1.0 g and 1.5 g of Ambrotose AO(r) than that documented in  published
data with the addition of five fruits and vegetables to the diet for two
weeks (19.1%, 37.4%  and 14.3% vs. 13%). As shown herein, antioxidant
supplements were examined using four measures of oxidative stress in
healthy people and an increase in serum ORACp_ps was found. While
the optimal range among  



10

15

45

IfV-Vis spectrophotometer: A (JV-Vis spectrophotometer (Cary 50 Bio, Variaa), aiong with a quadz

glass cuvette w€re used for measu¡ements. Single wavelength readings were taken at 377un. .f'he

safre qnarlz cuvette ï¡as usecl fo¡ all readings, and the instfument was zeroed using the inifial To

samples from each dissolution test bath respectiveþ. Úr preparation of the IJV-vis readings, the

system \ras checked for the ability to maiûtain a consistent zero as well as readi:rgs at the desi¡ed

377nrn.

I{PLC system. A Shimadzu LC-w bnary pump IIPLC system was used for measureÍlents. The

detector utilizecl was a shimadzu PDA sPD-M1OA monitored at 377 nm'xtth a 6.25 Hz scanning

¡ate. The column used was a phenomenex Hydro RP, 4.6,r,i x lsdmm, with 5um particle size. The

column a¡d PDA flow cell were maintaif.ed at a temperature of 30oc. Injections of 20ul were made

for ali samples and standards. All samples antl standa¡ds were passed tbrough a 0.20uM cA filter

(W.hatmaû) prior to injection on the FIPLC. Integrations were automated for consistent peak

generation. The shimadzu w 7.2 version softwa¡e package was used to control the HPLC as weil as

integrations. Following ís the g¡adient prograra used in the analysis' Solvent A was 0'1% fo¡¡nic

acid in deionized (d.i.) water, and solvent B was 0'1% formic acid in nethanol' All solvents were

degassed prior to system equilibration, and the total runtime for the analysis was 30 minutes'

Quercetin peaks oan be expected to elute around 14.8 minutes given these conditions'

Table 11. Gradient program for Quercetin HPLC system

Minutes Y" Concentrâtion B

0.00 50

5.00 50

20.00 70

20.01 85

22.O0 85

22.O1 50

30.00 50

standards and samples. A range of stancla¡ds for both uv-vis and HPLC were created using serial

dilutions of Phar¡nli¡e quercetin HD (lot# 152560). Standards were given a coûcentration ra¡ge

correlating to a single dissoived Ambrotose AO@ capsule in an 800m1 volume of di water (-0-

100ppn). AII samples were obtained from the same bottle of AUS Ambrotose AO@ (lot#

N04081226) which was accepted for release providini an acceptable test lot. Both the standards and

test samples were processed in a¡ identical mannef being first dissolved in d.i. water, then bei"g

sampled as desc¡ibed in the procedure and diluted l:3 with methanol prior to analysis on tle

respective inshuments.

Á.fter the conditions of tle dissolution system have stabilized, the Ambrotose Ao@ capsules are

addedoneperbath.Itissuggestedtorunaminimumoft¡reebathstogetallaccuratefepresentation

of the dissolution activity- The moment the capsules are introduced into the bath becomes time Tq
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25 healthy subjects as suggested by ORACp_pE values was 1 g per day,
research has shown that individuals with low serum ORAC values may
benefit from high-dose antioxidant supplementation.3o  Hence, those who
suffer from increased oxidative stress or otherwise stressed individuals
may benefit  from larger doses. While the ORACO was used in the
antioxidant blend formulation, an independent laboratory used an  30
established method, the ORACp_pE, to analyze human clinical trial
plasma samples. In vivo  assessment of antioxidant effectiveness of the
Ambrotose AO(r) product did not rely on the use of the  ORACO method.
These data demonstrate that the present antioxidant supplement
increases  antioxidant protection in consumers as measured by serum
ORAC((3-PE) and decreases lipid  oxidative damage as measured by
urine lipid hydroperoxides. 35 Example 5. Polysaccharide material as a
time releasing agent for bioactive molecules when roller  compaction with
or above 10,000psi is implemented. The present inventors recognized that
certain 43  formulations and methods developed to study the
disintegration of its formulations that use, e.g.,  Ambrotose AO(r), failed to
release as expected, i.e., immediate release of the components, e.g., the
anti-oxidant quercetin. The study began with the use of well-known, formal
analytical techniques  used to process all of the examples shown here.
The method contains two levels of detail because it 5 was initially
designed to be fully quantitative, and measure the anti-oxidant quercetin
as the analyte.  Initially, visual interpretations of components other than
quercetin indicated an unexpected release  profile, i.e., the dissolution
conditions under which the comparisons were made were identical but the
actual results were not. Figure 18 shows the three modules selected for
initial investigation. Four separate samples were  10 tested in three steps
for: quereetin, grape skin, and two other products (anti-oxidant Formula A
and  anti-oxidant Formula B). Note that the "Controlled dissolution" step
was the same for all examples.  Briefly, the dissolution based methods for
Ambrotose AU(r) modified release substantiation included  HPLC and
UV-Vis using quercetin as the marker. Furthermore, visual observations of
the  formulations were consistent with the HPLC and UV/Vis observations.
15 The current specifications for dietary supplement release qualification
in many countries includes  provisions for the complete disintegration of
tablet or capsule product forms in an apparatus that  roughly simulates the
physical conditions of the gut. These conditions apply to both United
States  Pharmacopoeia (USP) and British Pharmacopoeia (BP) based
specifications. Disintegration testing  is best described as simulating the
supplement material's physical availability to interact with the 20 digestive
system. The conditions under which a component is introduced into the
body influences  the speed and efficiency of its availability. The speed and
efficiency of nutrient availability may be  described as an "availability
curve." A narrow and intense curve could be representative of an  
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and all readings for the quercetin availability curve afe measured relative to this initial T¡ reading'

samples are then taken at half-hour ìntervals and at a volume of I ml. In addition a lm1 volume of

d.i.waterisreplacedintlrebathafte¡samplingtomaintaintlecontrolledvolume.A:linitíalsample

is taken for T0 as soon as capsules are introduced into the bath' Samples then continue to be taken up

to 4-6 hours frorn T¡ until it is appareni that dissoiution of the capsule is compiete. once all samples

have been taken they a¡e then diluted 1:3 with methanoi a¡d shaken in thea tubes to ready them for

analysis. For the quercetin standard a 100ppm solution is made i¡ d.i. water, and serial dilutions a¡e

getrerated from that stock. The sta:rda¡d dilutions are then sampled at lml volumes a¡d diluted 1:3

with methanoi and sliaket it ihe saure f¿shiol as the samples to ready tha¡ for analysis' A

minimurû of five serial dilution points is taken with th€ standald over the anticipated raage of the

quercetin concetrtration.

The photometer is zeroed using the quartz ouvette (the same which is used for all readiags) fi1led

wiih T6 from the sample bath being measured' or 750lo methanol in d.i. waær in the case of standa¡d

curve measufements. The quartz cuvette is rirsed with a volume of d-i. water to remove any residual

quercetin between readings. The endpoint of the dissolution is defi¡ed as the point in time in which

an increase in IJV-vis activity of the sample is no longer detected after two consecutive readings

(one hour time). This .þlateau" mafks the point of frrll quercetin dissolution fiom the oapsule. If

during the IIV-Vis readings there is a rogue valuo due to a particle blooking tb.e light source path etc',

a Q test is used to disregard the reading and have it taken again. It is appafent when this occurs as

the reading remai_n, norrnally, father constant. A rninimum of tlrree readings is taken per sample to

get an acceptable average. After {JV-Vis measurements have been taken, the samples are filtered and

run individuaþ on the IIPLC coflditions given for comparison. Data from both instruments is then

correlated along with the response from the standard cu¡ve to show the gfadually increasing response

ftom the Ambrotose AO@ samPles.

Resìits. Alt¡ough the inskumentation may be differen! a surnmary of the data generated from this

stucly is included for reference. It helps to understand the expected behavior ofthe Ambrotose AO@

dissolution under the given experimentai conditions. Below is a table, and graph, summarizing the

correlation between the UV-Vis absorbance response and sc¿led HPLC area under curve vetsus time

for the quercetin standard dilutions- The range shown is ftom 0-200% of expected quercetin activity

ftom Ambrotose AO@. Averages for three sepa:ate ruls of the experimeût are given, and the runs

shou'n were performed on the same date.
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intravenous shot for example, while fibrous bound nutrients such as those
found in foodstuff that  have to be digested before they become available
would have a broader curve due to more gradual 25 release. Depending
on the desired behavior, a distribution model can be developed using both
fast- acting as well as time-releasing carrier media. The dissolution
profiles of active agents in a sustained-release liquid formulation of the
present  invention were tested using, e.g., a standard low pH or a water
dissolution profile assays. Briefly, the  roller compacted Ambrotose(r) was
tested for percent release by dissolution in a 37 degree Celsius 30 water
bath in one liter of deionized water into which 5.0 grams of potassium
chloride was dissolved  with paddles that mix the sample at 150
revolutions per minute (RPMs). A 5 milliliter test sample of  the liquid
formulation, neat or titrated, is added to the bath using a syringe (which
may be washed in  the water/KC1 mix). Aliquots of 2 ml may be sampled
at, e.g., 0.5, 1, 3 and 8 hours. Alternatively,  the dissolution profile may be
tested by dissolving the dosage forms using a Distek Model 2100B 35
dissolution bath configured as USF Apparatus U (paddles). The paddle
rotation was set at 50 rpm.  The dissolution medium may be, e.g., 900 ml
of pH 6.8 phosphate buffer at 37C. 44  Unfortunately, the current
accepted approach to disintegration testing, which follows the USP and
BP  guided specifications of total visual disintegration within thirty minutes,
is deficient in accurately  assessing the availability of supplements with
more gradual curves which take longer to become  accessible to the gut.
The Ambrotose AO(r) capsule was designed specifically for sustained
release 5 and gradual availability, and does not completely disintegrate
within the thirty minute window. This  should not be seen as a failure of
Ambrotose AO(r) to become available in the allotted runtime, rather  a
bias in the current method toward fast-acting components. The USP and
BP disintegration  requirements indirectly force a relatively narrow
availability. In some applications this is unwanted  or potentially toxic
depending on the component involved. Provided is a simple method using
10 dissolution, UV-Vis, and HPLC technologies to show the desired
extended release activities of  Ambrotose AO(r). The prime goal is to
qualify the UV-Vis alone as sufficient in measuring this  activity, with the
more involved HPLC method simply used to correlate with the UV-Vis
performance. Methods. Quercetin was chosen as the analyte in this
method due to its high UV-Vis activity at  15 377mn, relatively high
composition percentage in Ambrotose AO(r), and well-behaved
chromatography. A standard material of the same quercetin stock used in
the formulation of  Ambrotose AO(r) was used to provide a reference
curve within the concentration range expected from  the dissolution test. It
should be noted that an Australian lot of Mannatech Ambrotose AO(r) was
used in this study as the initial charge was to justify that formulations
failure of TGA administered  20 disintegration tests per the BP. 
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Tahlê It rru-vis and EPLC correlation table of standard

IIVlVis - HPLC correlation of ÄO stock quercetin as standard Pharmline
quercetitr dihydrate HD (847o quercetin)

7o Conc. ofAO actual UV-Vis (abs)

quercetin max DDm 377nm
l2.50%o 3.13 PPm 0.0819

25.00o/o 6.25 PPm 0.1628

50.00o/o 12.50PPm 0 3924

100.00% 25.00PPm 0.8283
50.00ppm 1.6170

EPLC (aucì auc scâIed to m¿tch
377nm abs (auc / 1700000)
t194t2
284334
673170

13936s7
2775937

0.0820
0 -1673
0.3960
0.8198

The conelation of values ùom the standard proved encouragiag based on the low variations seen

between the two instruments. In additíon the quercetin response was found to be linear through the

entire range of possibie concentrations expected from the Amblotose Ao@ dissolution tests. Table

13 shows a similar comparison given the correlation of cuwes betwe€n that of IJV-Vis absorbance

and scaled HPLC area under cr¡¡ve versus time for each sample. As can be seen, a similarly low

deviation is found between ihe two instruments. This suggests confidence that the simpler lrv-vis

nrethod can be run standalone as a qua¡titatiYe tool to úeasure the total qrercetin time lelease from

Ambrotose AO@ capsules'

t0 .r'ôhrô r? rTr/-wi¡ qn¡l EPf,C correlafion trble of samOles

The cuwe of the samples shows the gradual and consistent incfeâse is the rosponse conelating with

quercetin dissolution. This response can be seen equally for both instrunents without any majol

deviations. Repeated trials have shown this increåse to extend out on averâge to 4 hours given the

dissolutio¡ conditions. Further repetitions can be performed with different lots of samples to

gererate even more cor¡elations. The results shown in Tables 12 and 13, arc plotted i:r the graphs

shown in Figures 19 and 20, respectively. The pellets were held at 10,000 psi for a ninimum of 120

seconds before being reground with a mortar and pestle and re-capsulated for the dissolution test'

Discussíon. During dissolution studies as measured by absorbance over time curve, the Ambrotose

AO@ has inøeased activity up to 240 minutes beyond the initial reading. what is shown is the

gradual and consistent disintegration of the Ambrotose Ao@ capsule into the solution, whereby it

can be interpreted as a gradual availability i]l the gut. It must also be Boted that visual dishtegration

alone from the compact tablet or capsule form is not the completion point for total dissolution' Some

15

IMVis - IIPLC correlation of Ämbrotose AO@ samples

30 min
60 nútr
90 min
120 min
150 min
180 min
210 min
240 min

Averase Uv-vis (abs)

0.0337
0.1820
0.2937
o.3623
0.4539
0.5269
0.5864
o,6283

Sc¿led EPLC (auc)

0.0470
0.1592
0.2766
0.4072
0.4362
0.5284
0.54s8
o.6274

Raw EPIÆ (auc)

79838
270s56
4'lol76
681963
747491
898248
927924

20

The dissolution conditions were modeled after both USP and BP for
similar assays. One exception is  that a higher than average rotation
speed for the dissolution apparatus was chosen to keep the  analysis time
reasonable while still maintaining sound results. Dual measurement
techniques were  utilized to correlate the results although in practice a
single method may be chosen, and the simpler 25 UV-Vis method alone
would be ideal. Observations of the failed 30 minute disintegration test
were  performed on the same test samples. Next, the availability curve of
Ambrotose AO(r) based on a  quercetin marker was plotted over 0.5, 1, 2,
3, 4 and 8 hours within a specified dissolution  conditions. This simple and
consistent method can be repeated by any properly-equipped laboratory,
and could be translated into a quality assurance environment for release
testing if necessary. 30 Equipment. Dissolution system: A Hanson
dissolution system SR8-Plus was utilized for this  method. It was run using
the USP apparatus type II (paddle) configuration with the paddle depths
calibrated to the given specifications. The dissolution media, based on
similar assays, was 800 ml of  deionized (d.i.) water (18+ Mohm) per
basket, a bath temperature of 37C, and paddle speed of 200  rpm. For the
sampling a lml pipette is needed along with 12 x 75mm glass test tubes
(or equivalent), 35 and methanol for dilutions in preparation of analysis in
the instruments. The dilution of the samples,  which is specified in the
procedure, places the maximum quercetin concentration in the test bath
within an optimal range for analysis on both the UV-Vis and HPLC. 45
UV-Vis spectrophotometer: A UV-Vis spectrophotometer (Cary 50 Bio,
Varian), along with a quartz  glass cuvette were used for measurements.
Single wavelength readings were taken at 377mn. The  same quartz
cuvette was used for all readings, and the instrument was zeroed using
the initial To  samples from each dissolution test bath respectively. In
preparation of the UV-Vis readings, the 5 system was checked for the
ability to maintain a consistent zero as well as readings at the desired
377mn. HPLC system. A Shimadzu LC-VP binary pump HPLC system
was used for measurements. The  detector utilized was a Shimadzu PDA
SPD-M10A monitored at 377 urn with a 6.25 Hz scanning  rate. The
column used was a Phenomenex Hydro RP, 4.6mm x 150mm, with 5um
particle size. The 10 column and PDA flow cell were maintained at a
temperature of 30C. Injections of 20u1 were made  for all samples and
standards. All samples and standards were passed through a 0 2OuM CA
filter  (Whatman) prior to injection on the HPLC. Integrations were
automated for consistent peak  generation. The Shimadzu VP 7.2 version
software package was used to control the HPLC as well as  integrations.
Following is the gradient program used in the analysis. Solvent A was
0.1% formic 15 acid in deionized (d.i.) water, and solvent B was 0.1%
formic acid in methanol. All solvents were  degassed prior to system
equilibration, and the total runtime for the analysis was 30 minutes.
Quercetin peaks can be expected to elute around 14.8 minutes given
these conditions. 
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of the micro-encapsulated materials may still be dispersed in solution binding tle quercetin which in

tum causes it to not yet be readily available.

A visual analysis of the shrdy confirmed that at approximately T6s a good portion of the capsule

material has separated from the bulk capsule, and yet the availabiiity response curve continues to

inorease. This method can be used as a justification of the failed USP and BP disinte$ation methods

by the capsules and a means to measure modified release of dietary supplements. specifical1y these

results were generated in support of the modified release claíms of Ambrotose Ao@(Australia), and

has the potential to be extended to other dietary supplement tablet or capsule modified release. The

method also gives confidence in a simple lrv-vis measurement to carry simila¡ results to that of the

more involvetl IIPrc. Quality control specifications can be built around this fact based on a minimal

quercetin response relative to the given max measured at specified time intervals. The sampling rate

for these types ofresults can be reduced once sufficient exanrples continue to support the results.

Þure quercetin was mixed I
15

.*Pure 
iuercetin mixed 1:2 with silica gel anì encapsulated(veqetåb1e)'

'.*Ambiotose-quercetin mix pressed to 1 0,000 psi, reg¡ound and encapsulated (vegetable).

?o.e þp" rtin otract * ed 1:2 with Ambrotose@.
*Þure-gråpe 

skin extract mixed 1:2 with silica gel and encapsulated (vegetable)'

20
* e-fr?.ìã.r- g*pe skin extract mix pressea tõ 1O,OOO psi, reground and encapsulated (vegetable).

Þure Formula A was :2 with
.þure 

Formula A rnixed 1:2 with sític¿ gel and encapsulated (vegetabþ'
.-;g-f.oto."_¡ror.rrla A Mix then pressed to 10,000 psi, reground and encapsulated (vegetable).

25 7. Anti-Oxidant

Þu¡eÞu¡e Formula B was mixed l:2 with Ambrotose(g.
'?ure Fo¡mula B mixed 1:2 with silica gel and encapsulated (vegetabþ
*.;Ambrotose-Form.la B Mix then pressed to 10,000 psi, reground and encapsulated (vegetabþ.

Therefore, usiag identical conditions: capsule, weights, etc., quercetin dissolution were tested over

30timeagainstanAmbrotoseAo@capsulethatwasemptied'andrefilled(toensurethatthecapsule

compaction \¡/as the same for all sarnples), witha capsule ofthe same composition with tle exception

ofbeing non-roller compacted. The rolier compacted Ambrotose AO@ had a 4x - 8x increase il time

to reach Q** (ihe maximum quercetin dissolution)' Anbrotose@ in a loose form was ¡elease

Table 11. Gradient program for Quercetin HPLC system  Minutes %
Concentration B  0.00 50  5.00 50  20.00 70  20.01 85  22.00 85  22.01 50
30.00 50 Standards and Samples. A range of standards for both UV-Vis
and HPLC were created using serial  20 dilutions of Pharmline quercetin
HD (lot# 152560). Standards were given a concentration range
correlating to a single dissolved Ambrotose AO(r) capsule in an 800m1
volume of d.i. water (-0- 100ppm). All samples were obtained from the
same bottle of AUS Ambrotose AO(r) (lot#  N04081226) which was
accepted for release providing an acceptable test lot. Both the standards
and  test samples were processed in an identical manner being first
dissolved in d.i. water, then being 25 sampled as described in the
procedure and diluted 1:3 with methanol prior to analysis on the
respective instruments. After the conditions of the dissolution system have
stabilized, the Ambrotose AO(r) capsules are  added one per bath. It is
suggested to run a minimum of three baths to get an accurate
representation  of the dissolution activity. The moment the capsules are
introduced into the bath becomes time To, 46  and all readings for the
quercetin availability curve are measured relative to this initial To reading.
Samples are then taken at half-hour intervals and at a volume of 1 ml. In
addition a lml volume of  d.i. water is replaced in the bath after sampling to
maintain the controlled volume. An initial sample  is taken for To as soon
as capsules are introduced into the bath. Samples then continue to be
taken up 5 to 4-6 hours from To until it is apparent that dissolution of the
capsule is complete. Once all samples  have been taken they are then
diluted 1:3 with methanol and shaken in their tubes to ready them for
analysis. For the quercetin standard a 100ppm solution is made in d.i.
water, and serial dilutions are  generated from that stock. The standard
dilutions are then sampled at lml volumes and diluted 1:3  with methanol
and shaken in the same fashion as the samples to ready them for
analysis. A 10 minimum of five serial dilution points is taken with the
standard over the anticipated range of the  quercetin concentration. The
photometer is zeroed using the quartz cuvette (the same which is used for
all readings) filled  with To from the sample bath being measured, or 75%
methanol in d.i. water in the case of standard  curve measurements. The
quartz cuvette is rinsed with a volume of d.i. water to remove any residual 
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immediately. A visual comparison shows the roller compacted capsule maintained its form well past

the poini ofbreakdown ofthe non roller compacted version' Without wíshiûg to be bound by theory'

it is possible that the long-chain polymers of Amb¡otose@ may be aoting like chai¡rs and the

quercetin (or any other active bio-molecule for that matter) "Ieaolres" out at a cotrtrolled rate. As

such, the long-chain polysaccharides, e.g., chaiÍs of from 2 to about 50,000 saccharide monomers

may be compressed from between about 100, 500, 1000, 2000 or even 10,000 psi with one or more

nutritionally effective amounts: anti-oxidants, vitamins, minerals, amino acids, nucleic acids'

saccha¡ides, mixhrres and combinations ihereof.

It will be understood that particular embodiments desc¡ibed herein are shown by way of illustration

and not as limitations of the invention. The principal features of this invention can be employed in

various embodiments without departing from the scope of the invention. Those skilled in the art will

recognize, or be able to ascertain using no more thatr rcutine experimentation, numerous equivalents

to the specifrc procedures described herein. Such equivaients are conside¡ed to be rryíthin the scope

ofthis i¡.vention and are covered by the ciaims.

All publications and patent applications mentioned in the specification are indic¿tive of the level of

skill of those skilied i¡ the art to which this invention pertaias. All publications and patent

applications are herein incorpor¿ted by feference to the same exteût as if each i¡dividual publication

or patent application was specificaliy and individually indicated to b€ incorpolated by reference'

All of the compositions and./or methods disclosed and clai¡ned herein can be ürade and executed

without undue experimentation in light of the present disclosure. while the compositions and

methods of this inventíon have been described in terms ofpreferred embodiments, it will be apparent

to those of skill in the ¿rt that variations may be applied to the compositions and/or methods and in

the steps or in the sequence of stops of the method described helei]l without departing from the

concept, spirit and scope of the invention. More specifically, it will be aPparent that certain âgents

which a¡e both chemically and physiologically relateil may be substituted for the agents described

herein whle the same or similar results would bs achieved. All such simila¡ substitutes ald

modifìcations appa¡ent to those skilled iu the a¡t a¡e deemed to be within the spirit' scope and

concept ofthe invention as defiled by the appended claims'
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15 quercetin between readings. The endpoint of the dissolution is defined
as the point in time in which  an increase in UV-Vis activity of the sample
is no longer detected after two consecutive readings  (one hour time). This
"plateau" marks the point of full quercetin dissolution from the capsule. If
during the UV-Vis readings there is a rogue value due to a particle
blocking the light source path etc.,  a Q test is used to disregard the
reading and have it taken again. It is apparent when this occurs as 20 the
reading remain, normally, rather constant. A minimum of three readings is
taken per sample to  get an acceptable average. After UV-Vis
measurements have been taken, the samples are filtered and  run
individually on the HPLC conditions given for comparison. Data from both
instruments is then  correlated along with the response from the standard
curve to show the gradually increasing response  from the Ambrotose
AO(r) samples. 25 Results. Although the instrumentation may be different,
a summary of the data generated from this  study is included for
reference. It helps to understand the expected behavior of the Ambrotose
AO(r)  dissolution under the given experimental conditions. Below is a
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expected quercetin activity 30 from Ambrotose AO(r). Averages for three
separate runs of the experiment are given, and the runs  shown were
performed on the same date. 47  Table 12. UV-Vis and HPLC correlation
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200.00% 50.00 ppm 1.6170 2775937 1.6329 The correlation of values
from the standard proved encouraging based on the low variations seen
between the two instruments. In addition the quercetin response was
found to be linear through the  entire range of possible concentrations
expected from the Ambrotose AO(c) dissolution tests. Table 5 13 shows a
similar comparison given the correlation of curves between that of UV-Vis
absorbance  and scaled HPLC area under curve versus time for each
sample. As can be seen, a similarly low  deviation is found between the
two instruments. This suggests confidence that the simpler UV-Vis
method can be run standalone as a quantitative tool to measure the total
quercetin time release from  
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Ambrotose AO(r) capsules. 10 Table 13. UV-Vis and HPLC correlation
table of samples UV/Vis - HPLC correlation of Ambrotose AO(r) samples
Average UV-Vis (abs) Scaled HPLC (auc) Raw HPLC (auc)  30 min
0.0337 0.0470 79838 60 min 0.1820 0.1592 270556  90 min 0.2937
0.2766 470176  120 min 0.3623 0.4012 681963  150 min 0.4539 0.4362
741491  180 min 0.5269 0.5284 898248  210 min 0.5864 0.5458 927924
240 min 0.6283 0.6274 1066522 The curve of the samples shows the
gradual and consistent increase is the response correlating with  quercetin
dissolution. This response can be seen equally for both instruments
without any major  deviations. Repeated trials have shown this increase to
extend out on average to 4 hours given the  dissolution conditions. Further
repetitions can be performed with different lots of samples to 15 generate
even more correlations. The results shown in Tables 12 and 13, are
plotted in the graphs  shown in Figures 19 and 20, respectively. The
pellets were held at 10,000 psi for a minimum of 120  seconds before
being reground with a mortar and pestle and re-capsulated for the
dissolution test.  Discussion. During dissolution studies as measured by
absorbance over time curve, the Ambrotose  AO(c) has increased activity
up to 240 minutes beyond the initial reading. What is shown is the 20
gradual and consistent disintegration of the Ambrotose AO(r) capsule into
the solution, whereby it  can be interpreted as a gradual availability in the
gut. It must also be noted that visual disintegration  alone from the
compact tablet or capsule form is not the completion point for total
dissolution. Some 48  of the micro-encapsulated materials may still be
dispersed in solution binding the quercetin which in  turn causes it to not
yet be readily available. A visual analysis of the study confirmed that at
approximately Teo a good portion of the capsule  material has separated
from the bulk capsule, and yet the availability response curve continues to
5 increase. This method can be used as a justification of the failed USP
and BP disintegration methods by the capsules and a means to measure
modified release of dietary supplements. Specifically these  results were
generated in support of the modified release claims of Ambrotose
AO(r)(Australia), and  has the potential to be extended to other dietary
supplement tablet or capsule modified release. The  method also gives
confidence in a simple UV-Vis measurement to carry similar results to that
of the 10 more involved BPLC. Quality control specifications can be built
around this fact based on a minimal  
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quercetin response relative to the given max measured at specified time
intervals. The sampling rate  for these types of results can be reduced
once sufficient examples continue to support the results. Table 14.
QUERCETIN dissolution test Time AO Quercetin* Silica Quercetin** AO
Quercetin Tablet***  0 min ++iF -  60 min ++i+ ++++ +  'Pure quercetin
was mixed 1:2 with Ambrotose(r). 15 "Pure quercetin mixed 1:2 with silica
gel and encapsulated (vegetable).  :*Pure mix pressed to 10,000 psi,
reground and encapsulated (vegetable).  Table 15. GRAPE SKIN Time
AO Grape Seed* Silica Grape Seed** AO Grape Seed Tablet***  0 min
+++F -  60 min +H+ -la++ -1+  *Pure grape skin extract was mixed 1:2
with Ambrotose(r). "Pure grape skin extract mixed 1:2 with silica gel and
encapsulated (vegetable). 20 Ambrotose- grape skin extract mix pressed
to 10,000 psi, reground and encapsulated (vegetable).  Table 16.
Anti-Oxidant Formula A Time AO and Formula A* Silica Formula A** AO
Formula A Tablet***  0 min 60 min -F+H- +++F ++  "Pure Formula A was
mixed 1:2 with Ambrotose(r). "Pure Formula A mixed 1:2 with silica gel
and encapsulated (vegetable). "'Ambrotose-Formula A Mix then pressed
to 10,000 psi, reground and encapsulated (vegetable).  25 Table 17.
Anti-Oxidant Formula B Time AO and Formula B* Silica Formula B** AO
Formula B Tablet***  0 min +++F -  60 min -H  "Pure Formula B was
mixed 1:2 with Ambrotose(r). "Pure Formula B mixed 1:2 with silica gel
and encapsulated (vegetable). '""Ambrotose-Formula B Mix then pressed
to 10,000 psi, reground and encapsulated (vegetable).  Therefore, using
identical conditions: capsule, weights, etc., quercetin dissolution were
tested over  30 time against an Ambrotose AO(r) capsule that was
emptied and refilled (to ensure that the capsule compaction was the same
for all samples), with a capsule of the same composition with the
exception  of being non-roller compacted. The roller compacted
Ambrotose AO(r) had a 4x - 8x increase in time  
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What is claimed is:

1. A modified-release dietary supplement for a human comprising:

one or more isolated and purified long-chain polysaccharides and one or more nutritional

supplements selected from anti-oxidants, vitamins, saccharides, minerals, amino acids,

nucleic acids, mixtures and combinations thereof, wherein the supplement is compressed at a

pressure greater than 689 kitoPascals, the one or more long-chain polysaccharides comprise

from about 2 to 50,000 monomers and from 0.1 to about 75 weight percent ofeach of

galactose; glucose; mannose; fucose; xylose; arabinose; arabinogalactan; acetylated

mannose; rhamnose; glucuronic acid; galacturonic acid; iduronic acid; glucosamine;

galactosamine; N-acetyl neuraminic acid; N-acetyl galactosamine and N-acetyl glucosamine

and mixtures or combinations thereof.

2. The supplement ofclaim 1, wherein the supplement is placed inside a capsule, a

vegetable capsule or a hard gelatin capsule.

3. The supplement ofclaim 1, wherein about 85% ofthe nutritional supplements are

released from about 1 to about 8 hours.

4. The supplement ofclaim 1, wherein about 85% ofthe nutritional supplements are

released from about 2 to about 6 hours.

5. The supplement of claim 1, wherein the supplement comprises one or more

excipients.

6. The supplement of claim 1, wherein the long-chain polysaccharides comprise

monomers selected from the group consisting of galactose; glucose; mannose; fucose;

xylose; arabinose; arabinogalactan; acetylated mannose; rhamnose; glucuronic acid;

galacturonic acid; iduronic acid; glucosamine; galactosamine; N-acetyl neuraminic acid; N-

acetyl galactosamine and N-acetyl glucosamine and mixtures or combinations thereof.

7. The supplement ofclaim 1, wherein the supplement is compressed by roller

compaction at a pressue about 13,789 to 68,947 kiloPascais.

8. The supplement ofclaim 1, wherein the supplement is compressed at a pressure

about 5,000 to 68,947 kiloPascals.

g. The supplement of claim 1, wherein the supplement is compressed at a pressure

greater than 68,947 kiloPascals.

l5

20

25

30

to reach Q1 (the maximum quercetin dissolution). Ambrotose(r) in a loose
form was release 49  immediately. A visual comparison shows the roller
compacted capsule maintained its form well past  the point of breakdown
of the non roller compacted version. Without wishing to be bound by
theory,  it is possible that the long-chain polymers of Ambrotose(r) may be
acting like chains and the  quercetin (or any other active bio-molecule for
that matter) "leaches" out at a controlled rate. As 5 such, the long-chain
polysaccharides, e.g., chains of from 2 to about 50,000 saccharide
monomers  may be compressed from between about 100, 500, 1000,
2000 or even 10,000 psi with one or more  nutritionally effective amounts:
anti-oxidants, vitamins, minerals, amino acids, nucleic acids,  saccharides,
mixtures and combinations thereof. It will be understood that particular
embodiments described herein are shown by way of illustration  10 and
not as limitations of the invention. The principal features of this invention
can be employed in  various embodiments without departing from the
scope of the invention. Those skilled in the art will  recognize, or be able
to ascertain using no more than routine experimentation, numerous
equivalents  to the specific procedures described herein. Such equivalents
are considered to be within the scope  of this invention and are covered
by the claims. 15 All publications and patent applications mentioned in the
specification are indicative of the level of  skill of those skilled in the art to
which this invention pertains. All publications and patent  applications are
herein incorporated by reference to the same extent as if each individual
publication  or patent application was specifically and individually
indicated to be incorporated by reference. All of the compositions and/or
methods disclosed and claimed herein can be made and executed  20
without undue experimentation in light of the present disclosure. While the
compositions and  methods of this invention have been described in terms
of preferred embodiments, it will be apparent  to those of skill in the art
that variations may be applied to the compositions and/or methods and in
the steps or in the sequence of steps of the method described herein
without departing from the  concept, spirit and scope of the invention.
More specifically, it will be apparent that certain agents 25 which are both
chemically and physiologically related may be substituted for the agents
described  herein while the same or similar results would be achieved. All
such similar substitutes and  modifications apparent to those skilled in the
art are deemed to be within the spirit, scope and  concept of the invention
as defined by the appended claims. REFERENCES  30 1. Koepke CM, Le
L, McAnalley S, et al. Results of clinical trials with antioxidants: a review.
GlycoScience &Nutrition (Official Publication of GlycoScience corn: The
Nutrition Science Site).  2003;4(3): 1-7. 2. Ochi HI Cheng RZ, Kantha SS,
et al. The JaICA-genox oxidative stress profile--an overview on  
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10. The supplement ofclaim 1, wherein the one or more long-chain polysaccharides are

isolated and purified gum tragacanth, guar gum, grain flour, rice flour, sugar cane, beet

sugar, potato, milk, agar, algin, locust bean gum, psyllium, karaya gum, seed gums, Larch

tree extract, aloe vera extract, gum ghatti, starch, cellulose, degraded cellulose, fructose, high

fructose com syrup, pectin, chitin, acacia, gum arabic, alginic acid, carrageenan, dextran,

xanthan gum, chondroitin sulfate, sucrose, acetylated polymannose, maltose, glucan,

lentinan, mannan, levan, hemicellulose, inulin, fructan, lactose, and mixtures or

combinations thereof.

1 1 . The supplement of claim 1, wherein the one or more long-chain polysaccharides

comprises from about 1 to about 60 weight percent ofeach of galactose; glucose; mannose;

fucose; xylose; arabinose; arabinogalactan; acetylated mannose; rhamnose; glucuronic acid;

galacturonic acid; iduronic acid; glucosamine; galactosamine; N-acetyl neuraminic acid; N-

acetyl galactosamine and N-acetyl glucosamine and mixtures or combinations thereof.

12. The supplement ofclaim 1, wherein the antioxidants comprise an lipophobic oxygen-

radical quencher and an isolated and purified lipophilic oxygen-radical quencher, wherein

the lipophobic and the lipophilic oxygen-radical quenchers combined have an oxygen-radical

quencher value of greater than 6,000 ¡rMol Trolox Equivalents (TE)/gram.

13. The supplement ofclaim 1, wherein the lipophobic oxygen-radical quencher is

selected from the group consisting ofone or more vitamin E selected from the group

consisting of alpha, beta, delta, epsilon, gamma, zeta, eTa, xil, xi2, arld sigma tocopherols,

and alpha, beta, deita and gamma tocotrienols, analogs thereof, pharmaceutically acceptable

salts thereof, and combinations thereof.

14. The supplement ofclaim 1, wherein the lipophilic oxygen-radical quencher is

selected from the group consisting of flavonols, quercetin, kaempferol, myricetin, apigenin

and derivatives, analogs, pharmaceutically acceptable salts thereof, and combinations

thereof.

15. The supplement ofclaim 1, comprising one or more long-chain polysaccharides

selected from the group consisting ofgum tragacanth, guar gum, grain flour, rice flour, sugar

cane, beet sugar, potato, milk, agar, algin, locust bean gum, psyllium, karaya gum, seed

gums, Larch tree extract, aloe vera extact, gum ghatti, starch, cellulose, degraded cellulose,

fiuctose, high fructose com syrup, pectin, chitin, acacia, gum arabic, alginic acid,

carageenan, dextran, xanthan gum, chondroitin sulfate, sucrose, acetylated polymannose,

t5
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the profiling technique in the oxidative stress assessment and
management. Biofactors. 2000;13(1- 35 4):195-203. 50  3. Vivekananthan
DP, Penn MS, Sapp SKI et al. Use of antioxidant vitamins for the
prevention of  cardiovascular disease: meta-analysis of randomised trials.
Lancet. 2003;361(9374):2017-2023. 4. Morris CD, Carson S. Routine
vitamin supplementation to prevent cardiovascular disease: a  summary of
the evidence for the U.S. Preventive Services Task Force. Ann Intern
Med.  5 2003;139(l):56-70. 5. Boileau TW, Liao Z, Kim S, et al. Prostate
carcinogenesis in N-methyl-N-nitrosourea (NMU)- testosterone-treated
rats fed tomato powder, lycopene, or energy-restricted diets. JNatl Cancer
Inst.  2003;95(21):1578-1586. 6. Ramberg J, Le L, Vennum E, et al. Why
are natural source dietary supplements best? A review  10 based on the
vitamin C literature. GlycoScience & Nutrition (Official Publication of
GlycoScience  corn: The Nutrition Science Site). 2003;4(4):1-8. 7. Cao GI
Booth SL, Sadowski JA, et at. Increases in human plasma antioxidant
capacity after  consumption of controlled diets high in fruit and vegetables.
Am J Clin Nutr. 1998;68(5):1081-1087.  8. Barhoumi R, Burghardt RG,
Busbee DL, et al. Enhancement of glutathione levels and protection 15
from chemically initiated glutathione depletion in rat liver cells by
glyconutritionals. Proc Fisher last  Med Res. 1997;1(1):12-16. 9. Goux
WJ, Boyd S, Tone CM, et al. Effect of glyconutritionals on oxidative stress
in human  subjects: a pilot study. GlycoScience & Nutrition (Official
Publication of GlycoScience corn: The  Nutrition Science Site). 2001;
2(12): 1-10. 20 10. Leonard SS, Cutler Dl Ding MI, et al., Antioxidant
properties of fruit and vegetable juices: more  to the story than ascorbic
acid. Ann Clin Lab Sci. 2002;32(2):193-200. 11. Rice-Evans CAI Miller NJ.
Antioxidant activities of flavonoids as bioactive components of food.
Biochem Soo Trans. 1996;24(3):790-795. 12. Gil MI, Ferreres F,
Toinas-Barberan FA. Effect of postharvest storage and processing on the
25 antioxidant constituents (flavonoids and vitamin C) of fresh-cut
spinach. J Agric Food Chem.  1999;47(6):2213-2217. 13. Kurilich AC,
Jeffery EH, Juvik JA, et al. Antioxidant capacity of different broccoli
(Brassica  oleracea) genotypes using the oxygen radical absorbance
capacity (ORAC) assay. J Agric Food  Chem. 2002;50(18):5053-5057. 30
14. Wang SY, Zheng W, Galletta GJ. Cultural system affects fruit quality
and antioxidant capacity in  strawberries. J Agric Food Chem. 2002;
50(22):6534-6542. 15. Brand JC, Cherikoff V, Lee A, et al. An outstanding
food source of vitamin C. Lancet.  
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maltose, glucan, lentinan, m¿ìnna¡, levan, hemicellulose, inulin, fructan, lactose a¡d mixtures

or combinations thereof; and

one or more nutritional supplements selected from anti-oxidants, vitamins, minerals, amino

acids, nucleic acids, saccharides, mixtures and combinations thereof

5 wherein the long-chain polysaccharides and the nutritional suppiements are roller compacted

at a pressure greater that 13,789 kiloPascals.

16. The supplement ofclaim 1, comprising about 0'1 to about 75 weight percent ofa

nutritionally effective amount of six or more saccharides in monomeric, oligomeric or

polymeric form selected from fucose; rhamnose; arabinose; glucosamine; galactose; glucose;

10 xylose; mannose; acetylated mannose; galacturonic acid; and glucuronic acid.

17 . The suppiement of claim 1 , wherein the one or more nutritionai supplements

comprises from about 1 to about 10 weight percent ofeach of fucose; rhamnose; arabinose;

glucosamine; galactose; glucose; xylose; mannose; acetylated mannose; galacturonic acid;

and glucuronic acid.

l5 18. The supplement ofclaim 1, wherein the antioxida¡ts comprise an isolated and

purified lipophobic oxygen-radicai quencher and an isolated and purihed lipophilic oxygen-

radical quencher, wherein the lipophobic and the lipophilic oxygen-ladical quenchers

combined have an oxygen-radical quencher value of greater tha¡ 6,000 ¡rMol Trolox

Equivalents (TE)/gram.

20 19. The supplement ofclaim 1, wherein the lipophiiic oxygen-radical quencher is

selected from the group consisting offlavonols, quercetin, kaempferol, myricetin, apigenin

and derivatives, analogs, pharmaceutically acceptable salts thereof, and combinations

thereof.

20. The supplement ofclaim 1, wherein the long-chain polysaccharides comprise from

25 about 200 to 50,000 monomers.

2I. The supplement ofclaim 1, wherein the long-chain polysaccharides comprise from

about 2,000 to 50,000 monomers.

22. The supplement ofclaim 1, wherein the lipophobic and the lipophilic oxygen-radical

quencher when provided to a patient provide a¡ increase ofover 130% as measured by

30 ORAC(P-PE) from the patient's baseline antioxidant levei'

1982;2(8303):873. 51  16. Ramberg J. Green Tea. GlycoScience &
Nutrition (Official Publication of GlycoScience com:  The Nutrition Science
Site). 2003;4(5):1-9. 17. McAnalley S, Koepke C, Lam L, et al. In vitro
methods for testing antioxidant potential: a  review. GlycoScience &
Nutrition (Official Publication of GlycoScience com: The Nutrition Science
5 Site). 2003;4(2): 1-9. 18. Cao GI Alessio HM, Cutler RG. Oxygen-radical
absorbance capacity assay for antioxidants [see  comments]. Free Radic
Biol Med. 1993;14(3):303-311. 19. Esterbauer HI Jurgen GI
Quehenberger 0, et al. Autooxidation of human low density  lipoprotein:
loss of polyunsaturated fatty acids and vitamin E and generation of
aldehydes. J Lipid  10 Res. 1987;28(5):495-509. 20. Ohishi N, Ohkawa HI
Miike A, et al. A new assay method for lipid peroxides using a methylene
blue derivative. Biochem Int. 1985;10(2):205-211. 21. Shigenaga MK,
Ames BN. Assays for 8-hydroxy-2'-deoxyguanosine: a biomarker of in
vivo  oxidative DNA damage. Free Radic Biol Med. 1991;10(3-4):211-216.
15 22. Prior RL, Cao G. In vivo total antioxidant capacity: Comparison of
different analytical methods.  Free Radic Biol Med 1999;
27((11/12)):1173-1181. 23. Genox Corporation. Oxygen Radical
Absorption Capacity Assay for measuring antioxidant  activity. October
2001. 24. Rahman I, MacNee W. Role of oxidants/antioxidants in
smoking-induced lung diseases. Free  20 Radic Biol Med 1996;
21(5):669-681. 25. Cross CE, van der Vliet A, ONeill CAI et al. Reactive
oxygen species and the lung. Lancet.  1994;344(8927):930-933. 26.
Steinmetz KA, Potter JL). Vegetables, fruit, and cancer prevention: a
review. Am. Diet Assoc.  1996;96(10):1027-109. 25 27. Byers TI Guerrero
N. Epidemiologic evidence for vitamin C and vitamin E in cancer
prevention.  Am J ClinNutr 1995;62(6 Suppl):1385S-1392s. 28. Nutrition
and Your Health: Dietary Guidelines for Americans. Home and Garden
Bulletin No.  232, USDA and USDHHS: 1995. 29. Halliwell B, Gutteridge
JMC. Free Radicals in Biology and Medicine. 3rd Edition. New York:  30
Oxford University Press, 2000. 30. Schmidt MC, Askew EW, Roberts DE,
et al. Oxidative stress in humans training in a cold,  moderate altitude
environment and their response to a phytochemical antioxidant
supplement.  Wilderness Environ Med. 2002;13(2):94-105. 
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23. The supplement ofclaim 1, wherein the lipophobic and the lipophilic oxygen-radical

quencher comprise about 1 and 30 percent by weight ofthe supplement.

24. A method of making a modified-release dietary supplement comprising the steps of:

mixing one or more long-chain polysaccharides and a nutritionally effective amount ofone

5 or more nutritional supplements selected from a¡ti-oxidants, vitamins, minerals, amino

acids, nucleic acids, saccharides, herbal extracts, mixtures and combinations thereof, and

compressing the supplement at a pressure greater than 13,789 kiloPascals.

25. The method of claim 24, wherein the supplement is placed inside an extemal capsule,

a vegetable capsule or a hard geiatin capsule.

l0 26. The method of claim24, wherein about 85% of the nutritional supplements are

released f¡om about 1 to about 8 hours.

27. The method ofclaim24, wherein about 85% ofthe nutritional supplements are

released from about 2 to about 6 hours.

28. The method of claim 24, wherein the supplement further comprises one ot more

l5 excipients.

29. The method ofclaim 24, wherein the long-chain polysaccharides are selected from 1

to about 60 weight percent of each of galactose; glucose; mannose; fucose; xylose;

arabinose; ambinogalactan; acetylated mannose; rhamnose; glucuronic acid; galacturonic

acid; iduronic acid; glucosamine; galactosamine; N-acetyl neuraminic acid; N-acetyl

20 galactosamine and N-acetyl glucosamine and mixtures or combinations thereof.

30. The method of clum24, wherein the supplement is compressed at a pressure about

13,789 to 68,947 kiloPasca"ls.

31. The method of claim 24, wherein the supplement is compressed at a pressure about

5,000 to 34,473 fo 68,947 kiloPascals .

25 32. The method ofciaim 24, wherein the supplement is compressed at a pressure of

greater than 68,947 kiloPascals.

33. The method of claim 24, wherein the compression is by roller compaction.

34. The method of claiim 24, wherein the one or more long-chain polysaccharides

comprises from about 0.1 to about 75 weight percent ofeach ofisolated and purified

30 galactose, giucose, mannose, N-acetylneuraminic acid, fucose, N-acetylgalactosamine, N-

acetylglucosamine and xylose.

52  What is claimed is: 1. A modified-release dietary supplement for a
human comprising: one or more isolated and purified long-chain
polysaccharides and one or more nutritional  supplements selected from
anti-oxidants, vitamins, saccharides, minerals, amino acids, 5 nucleic
acids, mixtures and combinations thereof, wherein the supplement is
compressed at a  pressure greater than 689 kiloPascals, the one or more
long-chain polysaccharides comprise  from about 2 to 50,000 monomers
and from 0.1 to about 75 weight percent of each of  galactose; glucose;
mannose; fucose; xylose; arabinose; arabinogalactan; acetylated
mannose; rhamnose; glucuronic acid; galacturonic acid; iduronic acid;
glucosamine; 10 galactosamine; N-acetyl neuraminic acid; N-acetyl
galactosamine and N-acetyl glucosamine  and mixtures or combinations
thereof. 2. The supplement of claim 1, wherein the supplement is placed
inside a capsule, a  vegetable capsule or a hard gelatin capsule. 3. The
supplement of claim 1, wherein about 85% of the nutritional supplements
are  15 released from about 1 to about 8 hours. 4. The supplement of
claim 1, wherein about 85% of the nutritional supplements are  released
from about 2 to about 6 hours. 5. The supplement of claim 1, wherein the
supplement comprises one or more  excipients. 20 6. The supplement of
claim 1, wherein the long-chain polysaccharides comprise  monomers
selected from the group consisting of galactose; glucose; mannose;
fucose;  xylose; arabinose; arabinogalactan; acetylated mannose;
rhamnose; glucuronic acid;  galacturonic acid; iduronic acid; glucosamine;
galactosamine; N-acetyl neuraminic acid; N- acetyl galactosamine and
N-acetyl glucosamine and mixtures or combinations thereof. 25 7. The
supplement of claim 1, wherein the supplement is compressed by roller
compaction at a pressure about 13,789 to 68,947 kiloPascals. 8. The
supplement of claim 1, wherein the supplement is compressed at a
pressure  about 5,000 to 68,947 kiloPascals. 9. The supplement of claim
1, wherein the supplement is compressed at a pressure  30 greater than
68,947 kiloPascals. 53  10. The supplement of claim 1, wherein the one or
more long-chain polysaccharides are  isolated and purified gum
tragacanth, guar gum, grain flour, rice flour, sugar cane, beet  sugar,
potato, milk, agar, algin, locust bean gum, psyllium, karaya gum, seed
gums, Larch  
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35. The method of claim 24, wherein the one or more long-chain polysaccharides are

selected from gum tragacanth, guar gum, grain flour, rice flour, sugar cane, beet sugar,

potato, milk, agar, algin, locust bean gum, psyllium, karaya gum, seed gums, Larch tree

extract, aloe vera exffact, gum ghatti, starch, cellulose, degraded cellulose, fructose, high

fructose com syrup, pectin, chitin, acacia, gum arabic, alginic acid, carrageenan, dextral,

xanthan gum, chondroitin sulfate, sucrose, acetylated polymamose, maltose, glucan,

lentinan, m¿ìnnan, levan, hemicellulose, inulin, fructan lactose, mixtures and combinations

thereof.

36. The method ofclaim 24, wherein the lipophobic oxygen-radical quencher is selected

from the group consisting ofone or more vitamin E selected from the group consisting of

alph4 beta, delta, epsilon, gamma, zeTa, eÍa, xil, x12, and sigma tocopherols, and alpha, beta,

delta and gamma tocotrienols, analogs thereof, pharmaceutically acceptable salts thereof,

and combinations thereof.

37. The method of claim 24, wherein the lipophilic oxygen-radical quencher is selected

from the group consisting of flavonols, quercetin, kaempferol, myricetin, apigenin and

derivatives, alalogs, pharmaceutically acceptable salts thereof, and combinations thereof.

15

tree extract, aloe vera extract, gum ghatti, starch, cellulose, degraded
cellulose, fructose, high 5 fructose corn syrup, pectin, chitin, acacia, gum
arabic, alginic acid, carrageenan, dextran,  xanthan gum, chondroitin
sulfate, sucrose, acetylated polymannose, maltose, glucan,  lentinan,
mannan, levan, hemicellulose, inulin, fructan, lactose, and mixtures or
combinations thereof. 11. The supplement of claim 1, wherein the one or
more long-chain polysaccharides 10 comprises from about 1 to about 60
weight percent of each of galactose; glucose; mannose;  fucose; xylose;
arabinose; arabinogalactan; acetylated mannose; rhamnose; glucuronic
acid;  galacturonic acid; iduronic acid; glucosamine; galactosamine;
N-acetyl neuraminic acid; N- acetyl galactosamine and N-acetyl
glucosamine and mixtures or combinations thereof. 12. The supplement of
claim 1, wherein the antioxidants comprise an lipophobic oxygen- 15
radical quencher and an isolated and purified lipophilic oxygen-radical
quencher, wherein  the lipophobic and the lipophilic oxygen-radical
quenchers combined have an oxygen-radical  quencher value of greater
than 6,000 pMol Trolox Equivalents (TE)/gram. 13. The supplement of
claim 1, wherein the lipophobic oxygen-radical quencher is  selected from
the group consisting of one or more vitamin E selected from the group 20
consisting of alpha, beta, delta, epsilon, gamma, zeta, eta, xil, xi2, and
sigma tocopherols,  and alpha, beta, delta and gamma tocotrienols,
analogs thereof, pharmaceutically acceptable  salts thereof, and
combinations thereof. 14. The supplement of claim 1, wherein the
lipophilic oxygen-radical quencher is  selected from the group consisting
of flavonols, quercetin, kaempferol, myricetin, apigenin  25 and
derivatives, analogs, pharmaceutically acceptable salts thereof, and
combinations  thereof. 15. The supplement of claim 1, comprising one or
more long-chain polysaccharides  selected from the group consisting of
gum tragacanth, guar gum, grain flour, rice flour, sugar  cane, beet sugar,
potato, milk, agar, algin, locust bean gum, psyllium, karaya gum, seed 30
gums, Larch tree extract, aloe vera extract, gum ghatti, starch, cellulose,
degraded cellulose,  fructose, high fructose corn syrup, pectin, chitin,
acacia, gum arabic, alginic acid,  carrageenan, dextran, xanthan gum,
chondroitin sulfate, sucrose, acetylated polymannose, 54  maltose,
glucan, lentinan, mannan, levan, hemicellulose, inulin, fructan, lactose
and mixtures  or combinations thereof; and one or more nutritional
supplements selected from anti-oxidants, vitamins, minerals, amino
acids, nucleic acids, saccharides, mixtures and combinations thereof, 5
wherein the long-chain polysaccharides and the nutritional supplements
are roller compacted  
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at a pressure greater that 13,789 kiloPascals. 16. The supplement of
claim 1, comprising about 0.1 to about 75 weight percent of a  nutritionally
effective amount of six or more saccharides in monomeric, oligomeric or
polymeric form selected from fucose; rhamnose; arabinose; glucosamine;
galactose; glucose; 10 xylose; mannose; acetylated mannose;
galacturonic acid; and glucuronic acid. 17. The supplement of claim 1,
wherein the one or more nutritional supplements  comprises from about 1
to about 10 weight percent of each of fucose; rhamnose; arabinose;
glucosamine; galactose; glucose; xylose; mannose; acetylated mannose;
galacturonic acid;  and glucuronic acid. 15 18. The supplement of claim 1,
wherein the antioxidants comprise an isolated and  purified lipophobic
oxygen-radical quencher and an isolated and purified lipophilic oxygen-
radical quencher, wherein the lipophobic and the lipophilic oxygen-radical
quenchers  combined have an oxygen-radical quencher value of greater
than 6,000 .jMol Trolox  Equivalents (TE)/gram. 20 19. The supplement of
claim 1, wherein the lipophilic oxygen-radical quencher is  selected from
the group consisting of flavonols, quercetin, kaempferol, myricetin,
apigenin  and derivatives, analogs, pharmaceutically acceptable salts
thereof, and combinations  thereof. 20. The supplement of claim 1,
wherein the long-chain polysaccharides comprise from  25 about 200 to
50,000 monomers. 21. The supplement of claim 1, wherein the long-chain
polysaccharides comprise from  about 2,000 to 50,000 monomers. 22.
The supplement of claim 1, wherein the lipophobic and the lipophilic
oxygen-radical  quencher when provided to a patient provide an increase
of over 13% as measured by 30 ORAC(3-PE) from the patient's baseline
antioxidant level. 55  23. The supplement of claim 1, wherein the
lipophobic and the lipophilic oxygen-radical  quencher comprise about 1
and 30 percent by weight of the supplement. 24. A method of making a
modified-release dietary supplement comprising the steps of:  mixing one
or more long-chain polysaccharides and a nutritionally effective amount of
one  5 or more nutritional supplements selected from anti-oxidants,
vitamins, minerals, amino acids, nucleic acids, saccharides, herbal
extracts, mixtures and combinations thereof, and  compressing the
supplement at a pressure greater than 13,789 kiloPascals. 25. The
method of claim 24, wherein the supplement is placed inside an external
capsule,  a vegetable capsule or a hard gelatin capsule. 
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10 26. The method of claim 24, wherein about 85% of the nutritional
supplements are  released from about 1 to about 8 hours. 27. The method
of claim 24, wherein about 85% of the nutritional supplements are
released from about 2 to about 6 hours. 28. The method of claim 24,
wherein the supplement further comprises one or more  15 excipients. 29.
The method of claim 24, wherein the long-chain polysaccharides are
selected from 1  to about 60 weight percent of each of galactose; glucose;
mannose; fucose; xylose;  arabinose; arabinogalactan; acetylated
mannose; rhamnose; glucuronic acid; galacturonic  acid; iduronic acid;
glucosamine; galactosamine; N-acetyl neuraminic acid; N-acetyl 20
galactosamine and N-acetyl glucosamine and mixtures or combinations
thereof. 30. The method of claim 24, wherein the supplement is
compressed at a pressure about  13,789 to 68,947 kiloPascals. 31. The
method of claim 24, wherein the supplement is compressed at a pressure
about  5,000 to 34,473 to 68,947 kiloPascals . 25 32. The method of claim
24, wherein the supplement is compressed at a pressure of  greater than
68,947 kiloPascals. 33. The method of claim 24, wherein the compression
is by roller compaction.  34. The method of claim 24, wherein the one or
more long-chain polysaccharides  comprises from about 0.1 to about 75
weight percent of each of isolated and purified 30 galactose, glucose,
mannose, N-acetylneuraminic acid, fucose, N-acetylgalactosamine, N-
acetylglucosamine and xylose. 56  35. The method of claim 24, wherein
the one or more long-chain polysaccharides are  selected from gum
tragacanth, guar gum, grain flour, rice flour, sugar cane, beet sugar,
potato, milk, agar, algin, locust bean gum, psyllium, karaya gum, seed
gums, Larch tree  extract, aloe vera extract, gum ghatti, starch, cellulose,
degraded cellulose, fructose, high 5 fructose corn syrup, pectin, chitin,
acacia, gum arabic, alginic acid, carrageenan, dextran,  xanthan gum,
chondroitin sulfate, sucrose, acetylated polymannose, maltose, glucan,
lentinan, mannan, levan, hemicellulose, inulin, fructan lactose, mixtures
and combinations  thereof. 36. The method of claim 24, wherein the
lipophobic oxygen-radical quencher is selected  10 from the group
consisting of one or more vitamin E selected from the group consisting of
alpha, beta, delta, epsilon, gamma, zeta, eta, xi 1, xi2, and sigma
tocopherols, and alpha, beta,  delta and gamma tocotrienols, analogs
thereof, pharmaceutically acceptable salts thereof,  



3/13

ORACo

Initiaúor: ÀÅPE
Standard: Trolox
Target Molecule: Linoleic Aciil

Þo
>.xo
{)
c)
L
é)
å

Time

ORAC¡

Initiator:
Staûdard:
TargetMolecule: Flourescein

AÁPE
frolox

c)
e¡
()
CJ
u)
é)
lio

f4

TÍme

rig. s

and combinations thereof. 37. The method of claim 24, wherein the
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