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ABSTRACT

Embodiments described herein provide for uses of grape
products, such as Chardonnay grape products and grape seed
flour, for use 1n promoting a healthy liver, promoting healthy

fat content 1n a liver, for treating or preventing NAFLD, and
other embodiments and uses as described herein.
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SAUVIGNON BLANC GRAPE SEED
PRODUCTS FOR NONALCOHOLIC FATTY
LIVER DISEASE

FIELD

[0001] Embodiments described herein provide for uses of
grape products, including, but not limited to Chardonnay
grape products.

BACKGROUND

[0002] Nonalcoholic fatty liver disease (NAFLD) 1s rec-
ognized as a significant public health problem. Prevalence of
NAFLD 1s 20% to 30% of the general population of Western
countries. NAFLD ranges from steatosis (simple fatty liver)
to nonalcoholic steatohepatitis (NASH), a condition that
increases liver-related morbidity and mortality. Excessive
hepatic lipid accumulation, oxidative and endoplasmic
reticulum (ER) stress, and insulin resistance are the major
manifestations of the progression of this disease. Without
being bound to any particular theory, NAFLD can be caused,
for example, by excessive hepatic lipid accumulation fol-
lowed by increased oxidative stress and intlammation results
in liver damage. NAFLD is a continuing problem. Embodi-
ments described herein provide for solutions to these prob-
lems and others.

SUMMARY

[0003] Embodiments disclosed herein provide methods of
treating or preventing non-alcoholic fatty liver disease
(NAFLD) 1n a mammal comprising administering to the
mammal an amount of a grape seed product effective to treat
or prevent NAFLD.

[0004] Embodiments disclosed herein provide methods of
reducing hepatic steatosis 1n a mammal comprising admin-
istering to the mammal an amount of a grape product
cllective to reduce hepatic steatosis.

[0005] Embodiments disclosed herein provide methods of
reducing steatohepatitis 1n a mammal comprising adminis-
tering to the mammal an amount of a grape product eflective
to reduce steatohepatitis.

[0006] Embodiments disclosed herein provide methods of
reducing hepatic fibrosis 1n a mammal comprising admin-
istering to the mammal an amount of a grape product
ellective to reduce hepatic fibrosis.

[0007] Embodiments disclosed herein provide methods of
treating or preventing non-alcoholic steatohepatitis INASH)
in a mammal comprising administering to the mammal an
amount of a grape product eflective to treat or prevent
NASH.

[0008] Embodiments disclosed herein provide methods of
supporting a healthy liver in a mammal comprising admin-
istering to the mammal an amount of a grape product
cllective to support a healthy liver.

[0009] In some embodiments of the methods described
herein, the mammal has been identified as having non-
alcoholic fatty liver disease. In some embodiments, the
grape product reduces the amount of fat deposited in the
liver.

[0010] Embodiments described herein provide pharma-
ceutical compositions comprising a grape product and at
least one additional compound.

[0011] Embodiments disclosed herein provide methods of
modulating the expression of one or more of the genes as
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described herein comprising administering a grape product
to a mammal expressing one or more of the genes.

[0012] In some embodiments, the grape product 1s a grape
seed tlour, whole pomace or a fraction thereof (e.g., fractions
of seed, skin, leaf, stem, and the like), grape extract (e.g.
seed extract, skin extract, and the like), grape skin product
(e.g., skin flower, skin powder, and the like), or any com-
bination thereol, or any extract thereof. In some embodi-
ments, the grape product 1s a Chardonnay product, such as,
but not limited to a Chardonnay grape seed flour.

BRIEF DESCRIPTION OF FIGURES

[0013] FIG. 1. Effect of Chardonnay grape seed flour
(ChrSd) on plasma lipids. Male diet-induced obese mice
(DIO) were fed high-fat (HF) diets containing 5% microc-
rystalline cellulose IMCC, control) or 10% (w/w) ChrSd for
5> weeks, and blood was collected 1n a food-deprived state.
VLDL, very low-density lipoprotein; LDL, low-density
lipoprotein; HDL, high-density lipoprotein. Data are
expressed as means+SE; n=8-10/group. P<t0.05.

[0014] FIGS. 2A and 2B. Panel A. Glucose tolerance 1

obese mice fed a high-fat (HF) diet supplemented with either
5% muicrocrystalline cellulose IMCC, control) or 10% (w/w)
Chardonnay grape seed flour (ChrSd) for 5 weeks. (A)
Glucose tolerance tests (GTT) were performed 1n the fasting
state. Panel B Area under the curve (AUC) values (derived

from A). Data are expressed as meanxSE. n=8-9/group.
P<0.05.

[0015] FIGS. 3A and 3B. Panel A. Insulin tolerance 1n

obese mice fed a high-fat (HF) diet supplemented with either
5% microcrystalline cellulose (IMCC, control) or 10% (w/w)
Chardonnay grape seed tlour (ChrSd) for 5 weeks. (A)
Insulin tolerance tests (ITTs) were performed in the fasting
state. Panel B. Area under the curve (AUC) values (derived
from A). Data are expressed as meanxSE. n=8-9/group.

P<0.05.

DETAILED DESCRIPTION

[0016] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art. Although
methods and materials similar or equivalent to those
described herein can be used i1n the practice or testing,
suitable methods and materials are described herein. All
publications, patent applications, patents, and other refer-
ences mentioned herein are incorporated by reference 1n
their entirety. In the case of contlict, the present specifica-
tion, including definitions, will control. In addition, the
materials, methods, and examples are illustrative only and
not intended to be limiting. Other features and advantages of
the embodiments disclosed herein will be apparent from the
present detailed description and claims.

[0017] The term “salt” or “salts” may refer to any acid
addition salts, including addition salts of free acids or
addition salts of free bases. All of these salts (or other similar
salts) may be prepared by conventional means. All such salts
are acceptable provided that they are non-toxic and do not
substantially interfere with the desired pharmacological
activity.

[0018] The terms “pharmaceutically acceptable” and/or
“therapeutically acceptable” refer to molecular entities and
compositions that are physiologically tolerable and prefer-
ably do not typically produce an allergic or similar untoward
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reaction, such as gastric upset, dizziness and the like, when
administered to a human. In some embodiments, as used
herein, the term “pharmaceutically acceptable” means
approved by a regulatory agency of the Federal or a State
government or listed in the U.S. Pharmacopeia or other
generally recognized pharmacopeia (e.g., Remington’s
Pharmaceutical Sciences, Mack Publishing Co. (A. R.
Gennaro edit. 19835)) for use 1n ammals, and more particu-
larly 1in humans.

[0019] The term “about” or “approximately” means plus
or minus 5%.
[0020] As used herein and 1n the appended claims, the

A B 4 4

singular forms “a”, “an”, and “the” include plural reference
unless the context clearly dictates otherwise.

[0021] As used herein the terms “comprise,” “have,” and
“include” and their conjugates, as used herein, mean
“including but not limited to.” While various compositions,
methods, and devices are described in terms of “comprising’”
vartous components or steps (interpreted as meanmng
“including, but not limited to™”), the compositions, methods,
and devices can also “consist essentially of” or “consist of”
the various components and steps.

[0022] As used herein, the phrase “in need thereof” means
that the animal or mammal has been 1dentified or suspected
as having a need for the particular method or treatment. In
some embodiments, the identification can be by any means
of diagnosis. In any of the methods and treatments described
herein, the animal or mammal can be i1n need thereof. In
some embodiments, the animal or mammal 1s 1n an envi-
ronment or will be traveling to an environment 1n which a
particular disease, disorder, or condition 1s prevalent.

[0023] As used herein, the term “subject,” “individual™ or
“patient,” used interchangeably, means any animal, includ-
ing mammals, such as mice, rats, other rodents, rabbits,
dogs, cats, swine, cattle, sheep, horses, or primates, such as
humans.

[0024] As used herein, the term “animal” includes, but 1s
not limited to, humans and non-human vertebrates such as

wild, domestic, and farm animals.

[0025] As used herein, the phrase “integer from X to Y~
means any integer that includes the endpoints. That 1s, where
a range 1s disclosed, each integer in the range including the
endpoints 1s disclosed. For example, the phrase “integer
from 1 to 5 discloses 1, 2, 3, 4, or 5 as well as the range 1
to J.

[0026] As used herein, the term “mammal’” means a rodent
(1.e., a mouse, a rat, or a guinea pig), a monkey, a cat, a dog,
a cow, a horse, a p1g, or a human. In some embodiments, the
mammal 15 a human.

[0027] As used herein, the terms “treat,” “‘treated,” or
“treating” can refer to therapeutic treatment and/or prophy-
lactic or preventative measures wherein the object 1s to
prevent or slow down (lessen) an undesired physiological
condition, disorder or disease, or obtain beneficial or desired
clinical results. For purposes of the embodiments described
herein, beneficial or desired clinical results include, but are
not limited to, alleviation of symptoms; diminishment of
extent ol condition, disorder or disease; stabilized (1.e., not
worsening) state ol condition, disorder or disease; delay in
onset or slowing of condition, disorder or disease progres-
sion; amelioration of the condition, disorder or disease state
or remission (whether partial or total), whether detectable or
undetectable; an amelioration of at least one measurable
physical parameter, not necessarily discernible by the
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patient; or enhancement or improvement of condition, dis-
order or disease. Treatment can also include eliciting a
clinically significant response without excessive levels of
side eflects. Treatment also includes prolonging survival as
compared to expected survival if not receiving treatment.
[0028] As described herein, grape products, such as Char-
donnay grape products, may be used as a treatment for
non-alcoholic fatty liver disease (NAFLD) and its more
severe form, non-alcoholic steatohepatitis (NASH) 1n
humans. Other embodiments are described herein.

[0029] Embodiments described herein relate to uses of
grape products. In some embodiments, the grape product 1s
a Chardonnay grape product. Other grape products are also
described herein.

[0030] In some embodiments, grape product 1s a grape
seed product. In some embodiments, the seed products
contain the defatted portion of seed (e.g. grape seed), such
as pomace meal, pomace flour, seed meal, or, 1n some
embodiments, seed flour. In some embodiments, the seed
product includes the contents of defatted seeds that are not
extractable by an organic solvent, e.g., are not extractable by
ethanol and/or methanol. In some embodiments, the seed
product 1s prepared from seeds having an epicatechin con-
tent of at least 600 mg of epicatechin per 100 g of seeds or
an epicatechin content of at least 700 mg of epicatechin per
100 g of seeds. In some embodiments, the epicatechin
content ranges from 600-800 mg/100 g of seeds or from
650-800 mg/100 g of seeds.

[0031] As described herein, the grape product can be
whole pomace or a portion thereof, grape skin product,
grape seed product, or any combination thereof, or any
extract thereol. Each of the products or extracts thereof can
be used alone or 1n any combination with one another. The
products or extracts can be derived from Chardonnay grapes,
Cabernet Sauvignon grapes, Pinot Noir grape products,
Sauvignon Blanc grape products, White Riesling grape
products, and the like, or any combination thereof. In some
embodiments, the grape 1s a grape grown 1n a coastal region.

In some embodiments, the grape 1s a grape grown 1n a
Winkler region climate type I, I, III, IV or V.

[0032] For the avoidance of doubt, a grape product 1s not
a whole 1ntact grape, but rather 1s a grape that has been
processed. Examples of grape products are described herein.

[0033] As used herein, “seed meal” 1s ground whole seeds
and “seed flour” 1s ground seed aiter the o1l has been
extracted. Seed flour may be obtained using the “cold press”,
“hot press™ and solvent extraction processes as are known 1n
the art to extract the o1l from seeds yielding defatted seed
flour. The meal or flour can be dried to the desired moisture
content using conventional drying techniques suitable for
drying food products.

[0034] The dried meal or flour can be further ground under
ambient temperature conditions to form seed powder having
free-flowing particles. In some embodiments, the free-tlow-
ing particles can range from a size not exceeding 841
microns (20 mesh) to a size not exceeding 37 microns (400
mesh). In certain embodiments, the size does not exceed 20
mesh, 40 mesh, 60 mesh, 80 mesh, 100 mesh, 200 mesh, 300

mesh, or 400 mesh.

[0035] In some embodiments, seed tlour 1s made by sepa-
rating and drying grape seeds, for example from the pomace
produced aifter grapes are pressed to produce grape juice
(e.g., to make wine). The grape seeds can be “cold-pressed”
to defat them (producing seed o1l as a byproduct). Grape
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seed flours are milled from the press cake after the o1l 1s
expelled. In one embodiment, after juicing the grape the
seed 1s separated from the skins, cleaned, mechanically
defatted, finely milled and sifted to create an 100-80 mesh
(149-177 micron) tlowable powder.

[0036] Seed flour can also be purchased from a variety of
sources. For example, certain types of grape seed flour can
be purchased from Apres Vin (Yakima, Washington),
Botanical O1l Innovations (Spooner, Wisconsin) or Fruits-
mart, Inc. (Grandview, Washington). The seed flour can
sometimes be purchased as an 80 mesh tlowable powder. In
some embodiments, this 1s product 1s further milled and
sifted to produce a flour with a smaller particle size.
[0037] Insome embodiments, skins, stems and leaves (the
remainder of pomace) are removed from the seeds prior to
pressing. Removal of the skins, stems, and leaves allows for
optimal o1l pressing.

[0038] In some embodiments, the grape product 1s whole
grape pomace or a portion thereol including fractions of
seed, skin, leatf, stem, and the like. These fractions can also
be present 1n a mixture of diflerent ratios.

[0039] “‘Seed extract” can be made by solvent extraction
of grape seeds with a suitable solvent, such as ethanol or
methanol. For example, a grape seed extract, such as, but not
limited to Chardonnay seed extract, can be made using a
40% ethanol solution as the extraction solvent. The extrac-
tion process, 1n addition to the extract contaiming the solvent
soluble components, also produces a residue of non-soluble
solids. The seed extract can then be combined with other
grape products described herein or be used alone. Other
extracts of the pomace can also be used. Extracts of skins
can also be used or prepared.

[0040] In addition to the grape seed products disclosed
herein other grape products can also be used in the methods.
The other grape seed products can be used 1n the place of,
or in combination with, the Chardonnay seed products.
Examples of other grape seed products include, but are not
limited to, Syrah grape seed products, Cabernet Sauvignon
grape seed products, Pimot Noir grape seed products, Sau-
vignon Blanc grape seed products, White Riesling grape
seed products, and the like.

[0041] The seed products can be included in a variety of
tood products, such as nutritional beverages (e.g., nutritional
shakes), baked goods (e.g., cookies, brownies, cake, breads,
biscuits, crackers), puddings, confections (1.e., candy), snack
foods (e.g., pretzels), ice cream, frozen confections and
novelties, or non-baked, extruded food products such as
bars, including health or energy bars. The Chardonnay seed
product can also be provided as a nutritional supplement,
either 1n tablet or capsule form, or as a powder for use as a
nutritional food or beverage additive.

[0042] In some embodiments, the seed product can be
blended with other dry food maternials for use in the prepa-
ration ol food products enriched with seed products. Dry
food materials include, for example, dry starch-containing
materials, dry protein-containing materials or combinations
thereol. Suitable starch-containing materials may be derived
from, for example, rice, corn, soybeans, hemp, sunflower,
canola, wheat, oats, rye, potato, or any combination thereof.
Suitable dry protein-containing materials may be derived
from for example, meat, milk, fish or any combination
thereol. For baking applications, the seed product 1s suitable
used 1n an amount ranging from 3% to 15% of the dry food
material (e.g., white or whole wheat flour). The dry food
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may optionally also include additional mgredients such as
vitamins, mineral {fortifiers, salts, colors, flavors, flavor
enhancers or sweeteners.

[0043] Seed products can be incorporated into beverages,
processed meats, frozen desserts, confectionery products,
dairy-type products, sauce compositions, and cereal grain
products. Beverage products include, for example, smooth-
1es, infant formula, fruit juice beverages, yogurt beverages,
collee beverages, beers, dry beverage mixes, tea fusion
beverages, sports beverages, soy liquors, casca seca, soda,
slushes, and frozen beverage mixes. Meat products include,
for example, ground chicken products, water-added ham
products, bologna, hot dogs, franks, chicken patties, chicken
nuggets, beel patties, fish patties, surimi, bacon, luncheon
meat, sandwich fillings, deli meats, meat snacks, meatballs,
jerky, fajitas, bacon bits, injected meats, and bratwurst.
Confectionery products include, for example, chocolates,
mousses, chocolate coatings, yogurt coatings, cocoa, 1rost-
ings, candies, energy bars, and candy bars. Frozen dessert
products include, for example, ice cream, malts, shakes,
popsicles, sorbets, and frozen pudding products. Dairy-type
products include, for example, yogurt, cheese, ice cream,
whipped topping, collee creamer, cream cheese, sour cream,
cottage cheese, butter, mayonnaise, milk-based sauces,
milk-based salad dressings, and cheese curds. Cereal grain
products 1nclude, for example, breads, mullins, bagels, pas-
tries, noodles, cookies, pancakes, watlles, biscuits, semolina,
chups, tortillas, cakes, crackers, breakfast cereals (including
both ready-to-eat and cooked cereals), pretzels, dry bakery
mixes, melba toast, breadsticks, croutons, stulling, energy
bars, doughnuts, cakes, popcorn, taco shells, Iry coatings,
batters, breading, crusts, brownies, pies, pulled soy cakes,
crepes, croissants, flour, and polenta. Sauce compositions
include salad dressings, nut butter spreads (e.g., peanut
butter spreads), marinades, sauces, salsas, jams, cheese
sauces, mayonnaise, tartar sauce, soy humus, dips, fruit
syrups, and maple syrups. Sauce composition may also
include a suspending agent to aid in maintaining the uni-
formity of the composition. Examples of suitable suspend-
ing agents include polysaccharides, such as starch, cellulose
(e.g., microcrystalline cellulose) and carrageenan, and poly-
uronides, such as pectin. Gelatin 1s another example of a
suspending agent which may be used in the beverage
compositions as well. Examples of additional supplemented
tood products prepared using the premixes described herein
include, but are not limited to, tofu, formulated soy essence,
powdered protein supplements, juice mixable protein
supplements, foaming agents, clouding agents, baby foods,
meatless balls, meat analogues, egg products (e.g.,
scrambled eggs), soups, chowders, broth, milk alternatives,
soy-milk products, chili, spice mixes, sprinkles, soy whiz,
salad topping, edible films, edible sticks, chewing gum,
bacon bits, veggie bits, pizza crust barriers, soy pie, no-gas
synthetic beans, soy helper, soy cotton candy, fruit bits,
pizza rolls, mashed potatoes, spun soy protein fiber, soy
roll-ups, extruded snacks, condiments, lotions, iries, gelatin
dessert products, vitamin supplements, nutritional bars, dry

cake, bread or muilin mixes, and microwavable 1nstant dry
mixes.

[0044] In some embodiments, the seed product may be
provided as an energy bar (suitable for consumption during
physical activity) or a meal replacement bar. The energy bar
or meal replacement bar can also contain one or more
vitamin, mineral, food supplement, botanical, or plant or
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herb extracts or ingredients known in the art or used in
energy bars or meal replacement bars, such as a fruit juice
or extract, an herb or herb flavor, natural or artificial flavors,
vitamins, minerals, anti-oxidant containing extracts, coen-
zvme (Q, omega-3 fatty acids, guarana, cafleine, theobro-
mine, maltodextrin, and protein. In some embodiments, the
energy bar or meal replacement bar can have total available
energy levels of carbohydrates/protein/fat of 40/30/30
respectively.

[0045] The energy and meal replacement bars can be
turther supplemented for athletic performance enhancement,
mental energy or cognitive focus enhancement, and/or nutri-
tional benefit. Exemplary supplements include, but are not
limited to Vinpocetine, Vincamine Ginkgo Biloba, L-Argi-
nine, Acetyl-L-Carnitine, Feverfew, DMAE (Dimethylami-
noethanol), DMAE bitartrate, P-chlorophenoxyacetate,
Vitamin B-Complex, Ginseng, 5 HTP (5-Hydroxytrypto-
phan), L-Theanine, Androstenedione, L-Glutamine, L-Tyro-
sine, L-Glycine, L-lysine, Whey Protein, and DHEA (Dehy-
droepiandrosterone), or any combination thereof.

[0046] The seed product or composition can also contain
an amount of one or more additional grape seeds or grape
skin products which 1s/are not the first seed product. In some
embodiments, an amount of the first seed product 1s replaced
in the seed composition with an amount of the second grape
seed or grape skin product. The amount of second grape seed
or grape skin product that will need to be added to the seed
composition to attain the same benefit as a given amount of
seed product can readily be determined by those skilled 1n
the art.

[0047] The seed products prepared according to the meth-
ods described herein can also be used, for example, 1n
pharmaceutical compositions and formulations. The phar-
maceutical compositions can be formulated by standard
techniques using one or more physiologically acceptable
carriers or excipients. In some embodiments, the formula-
tions may contain a bufler and/or a preservative. The com-
pounds and their physiologically acceptable salts and sol-
vates can be formulated for administration by any suitable
route, including via inhalation, topically, nasally, orally,
parenterally (e.g., intravenously, intraperitoneally, intravesi-
cally or intrathecally) or rectally 1in a vehicle comprising one
or more pharmaceutically acceptable carriers, the proportion
of which 1s determined by the solubility and chemical nature
of the peptide, chosen route of administration and standard
biological practice.

[0048] According to some embodiments, pharmaceutical
compositions are provided comprising eflective amounts of
one or more compound(s) made according to the methods
described herein together with, for example, pharmaceuti-
cally acceptable diluents, preservatives, solubilizers, emul-
sifiers, adjuvants and/or other carriers. Such compositions
include diluents of various bufler content (e.g., TRIS or
other amines, carbonates, phosphates, amino acids, for
example, glycinamide hydrochloride (especially in the
physiological pH range), N-glycylglycine, sodium or potas-
stum phosphate (dibasic, tribasic), etc. or TRIS-HCI or
acetate), pH and 1onic strength; additives such as detergents
and solubilizing agents (e.g., surfactants such as Pluronics,
Tween 20, Tween 80 (Polysorbate 80), Cremophor, polyols
such as polyethylene glycol, propylene glycol, etc.), anti-
oxidants (e.g., ascorbic acid, sodium metabisuliite), preser-
vatives (e.g., Thimersol, benzyl alcohol, parabens, etc.) and
bulking substances (e.g., sugars such as sucrose, lactose,
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mannitol, polymers such as polyvinylpyrrolidones or dex-
tran, etc.); and/or incorporation of the material into particu-
late preparations of polymeric compounds such as polylactic
acid, polyglycolic acid, etc. or into liposomes. Hyaluronic
acid may also be used. Such compositions can be employed
to influence the physical state, stability, rate of in vivo
release, and rate of 1 vivo clearance of a compound of the
present mvention. See, e.g., Remington’s Pharmaceutical
Sciences, 18th Ed. (1990, Mack Publishing Co., Easton, Pa.
18042) pages 1435-1712 which are herein incorporated by
reference. The compositions can, for example, be prepared
in liquid form, or can be in dried powder, such as lyophilized
form. Particular methods of administering such composi-
tions are described infra. The compositions can also be
crystallized or precipitated. Examples of methods of crys-
tallizing or precipitating can be found, for example, mn U.S.

Provisional Application No. 61/936,914, filed Feb. 7, 2014,
which 1s hereby incorporated by reference in 1ts entirety.

[0049] Where a buller 1s to be included i1n the formula-
tions, the builer can be selected from the group consisting of
sodium acetate, sodium carbonate, citrate, glycylglycine,
histidine, glycine, lysine, arginin, sodium dihydrogen phos-
phate, disodium hydrogen phosphate, sodium phosphate,
and tris(hydroxymethyl)-aminomethan, or mixtures thereof.
Each one of these specific bullers constitutes an alternative
embodiment. In some embodiments the butfler 1s glycylgly-
cine, sodium dihydrogen phosphate, disodium hydrogen
phosphate, sodium phosphate or mixtures thereof.

[0050] Where a pharmaceutically acceptable preservative
1s to be included in the formulations of the invention, the
preservative 1s selected from the group consisting of phenol,
m-cresol, methyl p-hydroxybenzoate, propyl p-hydroxyben-
zoate, 2-phenoxyethanol, butyl p-hydroxybenzoate, 2-phe-
nylethanol, benzyl alcohol, chlorobutanol, and thiomerosal,
or mixtures thereol. Each one of these specific preservatives
constitutes an alternative embodiment. In some embodi-
ments, the preservative 1s phenol or m-cresol.

[0051] In some embodiments, the preservative 1s present
in a concentration from about 0.1 mg/ml to about 50 mg/ml,
in a concentration from about 0.1 mg/ml to about 25 mg/ml,
or in a concentration from about 0.1 mg/ml to about 10
mg/ml. In some embodiments, the preservative 1s present in
a concentration from about 1 mg/ml to about 50 mg/ml, 1n
a concentration from about 1 mg/ml to about 25 mg/ml, or
in a concentration from about 1 mg/ml to about 10 mg/ml.
[0052] The use of a preservative 1n pharmaceutical com-
positions 1s well-known to the skilled person. For conve-

nience reference 1s made to Remington: The Science and
Practice of Pharmacy, 19th edition, 1995.

[0053] In some embodiments, the formulation may further
comprise a chelating agent where the chelating agent may be
selected from salts of ethylenediaminetetraacetic acid
(EDTA), citric acid, and aspartic acid, and mixtures thereof.
Each one of these specific chelating agents constitutes an
alternative embodiment.

[0054] In some embodiments, the chelating agent 1s pres-
ent 1n a concentration from 0.1 mg/ml to 5 mg/ml, from 0.1
mg/ml to 2 mg/ml, or from 2 mg/ml to 5 mg/ml.

[0055] The use of a chelating agent 1n pharmaceutical
compositions 1s well-known to the skilled person. For con-

venience reference 1s made to Remington: The Science and
Practice of Pharmacy, 19th edition, 1995.

[0056] In some embodiments, the formulation may further
comprise a stabilizer selected from the group of high
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molecular weight polymers or low molecular compounds
where such stabilizers include, but are not limited to, poly-
cthylene glycol (e.g. PEG 33350), polyvinylalcohol (PVA),
polyvinylpyrrolidone, carboxymethylcellulose, diflerent
salts (e.g. sodium chloride), L-glycine, L-histidine, imida-
zole, arginine, lysine, isoleucine, aspartic acid, tryptophan,
threonine and mixtures thereof. Each one of these specific
stabilizers constitutes an alternative embodiment. In some
embodiments, the stabilizer 1s selected from the group
consisting of L-histidine, imidazole and arginine.

[0057] In some embodiments, the high molecular weight
polymer 1s present 1n a concentration from 0.1 mg/ml to 50
mg/ml, from 0.1 mg/ml to 5 mg/ml, from 5 mg/ml to 10
mg/ml, from 10 mg/ml to 20 mg/ml, from 20 mg/ml to 30
mg/ml or from 30 mg/ml to 50 mg/ml.

[0058] In some embodiments, the low molecular weight
compound 1s present 1n a concentration from 0.1 mg/ml to
50 mg/ml, from 0.1 mg/ml to 5 mg/ml, from 5 mg/ml to 10
mg/ml, from 10 mg/ml to 20 mg/ml, from 20 mg/ml to 30
mg/ml, or from 30 mg/ml to 50 mg/ml.

[0059] The use of a stabilizer 1n pharmaceutical compo-
sitions 1s well-known to the skilled person. For convenience

reference 1s made to Remington: The Science and Practice
of Pharmacy, 19th edition, 1995.

[0060] In some embodiments, the formulation may further
comprise a surfactant where a surfactant may be selected
from a detergent, ethoxylated castor oil, polyglycolyzed
glycerides, acetylated monoglycerides, sorbitan fatty acid
esters, poloxamers, such as 188 and 407, polyoxyethylene
sorbitan fatty acid esters, polyoxyethylene derivatives such
as alkylated and alkoxylated derivatives (tweens, e.g.
Tween-20, or Tween-80), monoglycerides or ethoxylated
derivatives thereol, diglycerides or polyoxyethylene deriva-
tives thereol, glycerol, cholic acid or derivatives thereof,
lecithins, alcohols and phospholipids, glycerophospholipids
(lecithins, kephalins, phosphatidyl serine), glyceroglycolip-
1ds (galactopyransoide), sphingophospholipids (sphingomy-
clin), and sphingoglycolipids (ceramides, gangliosides),
DSS (docusate sodium, docusate calcium, docusate potas-
sium, SDS (sodium dodecyl sulfate or sodium lauryl sul-
tate), dipalmitoyl phosphatidic acid, sodium caprylate, bile
acids and salts thereofl and glycine or taurine conjugates,
ursodeoxycholic acid, sodium cholate, sodium deoxycho-
late, sodium taurocholate, sodium glycocholate, N-Hexa-
decyl-N,N-dimethyl-3-ammomnio-1-propanesulionate,
anmonic  (alkyl-aryl-sulphonates) monovalent surfactants,
palmitoyl lysophosphatidyl-L-serine, lysophospholipids
(e.g. 1-acyl-sn-glycero-3-phosphate esters of ethanolamine,
choline, serine or threonine), alkyl, alkoxyl (alkyl ester),
alkoxy (alkyl ether)-derivatives of lysophosphatidyl and
phosphatidylcholines, e.g. lauroyl and myristoyl derivatives
of lysophosphatidylcholine, dipalmitoylphosphatidylcho-
line, and modifications of the polar head group, that is
cholines, ethanolamines, phosphatidic acid, serines, threo-
nines, glycerol, 1nositol, and the positively charged
DODAC, DOTMA, DCP, BISHOP, lysophosphatidylserine
and lysophosphatidylthreonine, zwitterionic surfactants (e.g.
N-alkyl-N,N-dimethylammonio-1-propanesulionates,
3-cholamido-1-propyldimethylammonio-1-propane-
sulfonate, dodecylphosphocholine, myristoyl lysophospha-
tidylcholine, hen egg lysolecithin), cationic surfactants
(quarternary ammonium bases) (e.g. cetyl-trimethylammo-
nium bromide, cetylpyridinium chloride), non-1onic surfac-
tants, polyethyleneoxide/polypropyleneoxide block copoly-
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mers (Pluromics/Tetronics, Triton X-100, Dodecyl [-D-
glucopyranoside) or polymeric surfactants (Tween-40,
Tween-80, Bri1j-35), fusidic acid denvatives—(e.g. sodium
tauro-dihydrofusidate etc.), long-chain fatty acids and salts
thereol C6-C12 (e.g. oleic acid and caprylic acid), acylcar-
nitines and denivatives, Na-acylated derivatives of lysine,
arginine or histidine, or side-chain acylated derivatives of
lysine or arginine, Na-acylated derivatives of dipeptides
comprising any combination of lysine, arginine or histidine
and a neutral or acidic amino acid, No.-acylated derivative of
a tripeptide comprising any combination of a neutral amino
acid and two charged amino acids, or the surfactant may be
selected from the group of imidazoline derivatives, or mix-
tures thereol. Each one of these specific surfactants consti-
tutes an alternative embodiment.

[0061] The use of a surfactant 1n pharmaceutical compo-
sitions 1s well-known to the skilled person. For convemence

reference 1s made to Remington: The Science and Practice
of Pharmacy, 19th edition, 1993.

[0062] In some embodiments, the composition can com-
prises a sweetener, including pharmaceutically acceptable
sweeteners. Examples of pharmaceutically acceptable
sweeteners can mclude at least one 1ntense sweetener such
as saccharin, sodium or calcium saccharin, aspartame, ace-
sulfame potassium, sodium cyclamate, alitame, a dihydro-
chalcone sweetener, monellin, stevioside or sucralose (4,1°,
6'-trichloro-4,1',6'-trideoxygalactosucrose). In SOmMe
embodiments, 1t includes saccharin, sodium or calcium
saccharin, and optionally a bulk sweetener such as sorbitol,
mannitol, fructose, sucrose, maltose, i1somalt, glucose,
hydrogenated glucose syrup, xylitol, caramel or honey.

[0063] Intense sweeteners can also be used, for example,
in low concentrations. For example, 1n the case of sodium
saccharin, the concentration may range from 0.04% to 0.1%
(w/v) based on the total volume of the final formulation, and
can be about 0.06% 1n the low-dosage formulations and
about 0.08% 1n the high-dosage ones. The bulk sweetener
can ellectively be used in larger quantities ranging from

about 10% to about 35% or from about 10% to 15% (w/v).

[0064] The formulations may be prepared by conventional
techniques, e.g. as described 1n Remington’s Pharmaceutical
Sciences, 1985 or in Remington: The Science and Practice
of Pharmacy, 19th edition, 1995, where such conventional
techniques of the pharmaceutical industry involve dissolv-
ing and mixing the ingredients as appropriate to give the
desired end product.

[0065] The compositions and products described herein
can also be administered by any method known 1n the art.
For example, administration may be transdermal, parenteral,
intravenous, 1ntra-arterial, subcutaneous, intramuscular,
intracranial, intraorbital, ophthalmic, intraventricular, intra-
capsular, intraspinal, intracisternal, intraperitoneal, intrac-
erebroventricular, intrathecal, intranasal, aerosol, by sup-
positories, or oral administration. In some embodiments, a
pharmaceutical composition of the compounds prepared
herein can be for administration for injection, or for oral,
pulmonary, nasal, transdermal, ocular administration.

[0066] For oral administration, the composition can be
formulated in unit dosage forms such as capsules or tablets.
The tablets or capsules may be prepared by conventional
methods with pharmaceutically acceptable excipients,
including binding agents, for example, pregelatinised maize
starch, polyvinylpyrrolidone, or hydroxypropyl methylcel-
lulose; fillers, for example, lactose, microcrystalline cellu-
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lose, or calcium hydrogen phosphate; lubricants, {for
example, magnesium stearate, talc, or silica; disintegrants,
for example, potato starch or sodium starch glycolate; or
wetting agents, for example, sodium lauryl sulphate. Tablets
can be coated by methods well known in the art. Liquid
preparations for oral administration can take the form of, for
example, solutions, syrups, or suspensions, or they can be
presented as a dry product for constitution with water or
other suitable vehicle before use. Such liquid preparations
can be prepared by conventional means with pharmaceuti-
cally acceptable additives, for example, suspending agents,
for example, sorbitol syrup, cellulose derivatives, or hydro-
genated edible fats; emulsiiying agents, for example, leci-
thin or acacia; non-aqueous vehicles, for example, almond
oil, oily esters, ethyl alcohol, or fractionated vegetable oils;
and preservatives, for example, methyl or propyl-p-hy-
droxybenzoates or sorbic acid. The preparations can also
contain bufler salts, flavoring, coloring, and/or sweetening
agents as appropriate. If desired, preparations for oral
administration can be suitably formulated to give controlled
release of the active compound. The compounds can also be
prepared with cyclodextrins or other large molecules to
tacilitate oral adsorption.

[0067] For topical administration, the composition can be
formulated 1n a pharmaceutically acceptable vehicle con-
taining 0.1 to 10 percent or 0.5 to 5 percent of the active
compound(s). Such formulations can be in the form of a
cream, lotion, sublingual tablet, aerosols and/or emulsions
and can be included in a transdermal or buccal patch of the
matrix or reservoir type as are conventional 1n the art for this

purpose.
[0068] For parenteral admainistration, the compositions
can be administered by intravenous, subcutaneous, or intra-
muscular injection, 1 compositions with pharmaceutically
acceptable vehicles or carriers. The compositions can be
formulated for parenteral administration by injection, for
example, by bolus 1njection or continuous nfusion. Formu-
lations for injection can be presented 1n unit dosage form, for
example, 1 ampoules or in multi-dose containers, with an
added preservative. The compositions can take such forms
as suspensions, solutions, or emulsions 1n oily or aqueous
vehicles, and can contain formulatory agents, for example,
suspending, stabilizing, and/or dispersing agents. Alterna-
tively, the active ingredient can be in powder form for
constitution with a sutable vehicle, for example, sterile
pyrogen-iree water, before use.

[0069] For administration by injection, the compositions
can be administered 1n solution 1n a sterile aqueous vehicle
which may also contain other solutes such as buflers or
preservatives as well as suflicient quantities of pharmaceu-
tically acceptable salts or of glucose to make the solution
1sotonic. In some embodiments, the pharmaceutical compo-
sitions may be formulated with a pharmaceutically accept-
able carrier to provide sterile solutions or suspensions for
injectable administration. In particular, injectables can be
prepared 1n conventional forms, either as liquid solutions or
suspensions, solid forms suitable for solution or suspensions
in liquid prior to 1njection or as emulsions. Suitable excipi-
ents are, for example, water, saline, dextrose, mannitol,
lactose, lecithin, albumin, sodium glutamate, cysteine
hydrochloride, or the like. In addition, 11 desired, the inject-
able pharmaceutical compositions may contain minor
amounts of nontoxic auxiliary substances, such as wetting
agents, pH buflering agents, and the like. If desired, absorp-
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tion enhancing preparations (e.g., liposomes) may be uti-
lized. Suitable pharmaceutical carriers are described 1n
“Remington’s pharmaceutical Sciences” by E. W. Martin.

[0070] For administration by inhalation, the compositions
may be conveniently delivered in the form of an aerosol
spray presentation from pressurized packs or a nebulizer,
with the use of a suitable propellant, for example, dichlo-
rodifluoromethane, trichlorofluoromethane, dichlorotet-
rafluoroethane, carbon dioxide, or other suitable gas. In the
case ol a pressurized aerosol, the dosage unit can be deter-
mined by providing a valve to deliver a metered amount.
Capsules and cartridges of, for example, gelatin for use 1n an
inhaler or insuillator can be formulated containing a powder
mix of the compound and a suitable powder base, for
example, lactose or starch. For intranasal administration the
compositions of the invention may be used, for example, as
a liquid spray, as a powder or 1n the form of drops.

[0071] The compositions can also be formulated in rectal
compositions, for example, suppositories or retention
enemas, for example, containing conventional suppository
bases, for example, cocoa butter or other glycernides.

[0072] Furthermore, the compositions can be formulated
as a depot preparation. Such long-acting formulations can be
administered by implantation (for example, subcutaneously
or intramuscularly) or by intramuscular injection. Thus, for
example, the compounds can be formulated with suitable
polymeric or hydrophobic maternials (for example as an
emulsion 1n an acceptable o1l) or 1on exchange resins, or as
sparingly soluble derivatives, for example, as a sparingly
soluble salt.

[0073] The compositions can, 1f desired, be presented 1n a
pack or dispenser device that can contain one or more unit
dosage forms containing the active ingredient. The pack can,
for example, comprise metal or plastic foil, for example, a
blister pack. The pack or dispenser device can be accom-
panied by instructions for administration.

[0074] The compositions prepared according to the meth-
ods described herein may be administered to a patient at
cllective doses, including therapeutically effective doses, to
prevent, treat, or control diseases and disorders described
herein. They can also be used to restore or maintain a healthy
liver as described herein. Pharmaceutical compositions may
be administered to a patient 1n an amount suilicient to elicit
an eflective maintenance, protective, restorative, or thera-
peutic response 1n the patient. An amount adequate to
accomplish this 1s defined as “therapeutically eflective
dose.” The dose will be determined by the eflicacy of the
particular composition employed and the condition of the
subject, as well as the body weight or surface area of the area
to be treated. The size of the dose also will be determined by
the existence, nature, and extent of any adverse eflects that
accompany the administration of a particular compound or
vector 1n a particular subject.

[0075] Toxicity and therapeutic etlicacy of such compo-
sitions can be determined by standard pharmaceutical pro-
cedures 1n cell cultures or experimental ammals, for
example, by determiming the LD50 (the dose lethal to 50%
of the population) and the ED50 (the dose therapeutically
ellective 1mn 50% of the population). The dose ratio between
toxic and therapeutic effects 1s the therapeutic index and can
be expressed as the ratio, LD30/ED50. Compositions that
exhibit large therapeutic indices are preferred. While com-
positions that exhibit toxic side eflects can be used, care
should be taken to design a delivery system that targets such
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compounds to the site of affected tissue to minimize poten-
t1al damage to normal cells and, thereby, reduce side effects.

[0076] The data obtained from cell culture assays and
amimal studies can be used to formulate a dosage range for
use 1n humans. The dosage of such compounds lies prefer-
ably within a range of circulating concentrations that include
the ED50 with little or no toxicity. The dosage can vary
within this range depending upon the dosage form employed
and the route of admimstration. For any composition used 1n
the methods described herein, the therapeutically effective
dose can be estimated imitially, for example, from cell
culture assays. A dose can be formulated 1n animal models
to achieve a circulating plasma concentration range that
includes the IC50 (the concentration of the test compound
that achieves a half-maximal inhibition of symptoms) as
determined 1n cell culture. Such information can be used to
more accurately determine useful doses 1n humans. Levels
in plasma can be measured, for example, by high perfor-
mance liquid chromatography (HPLC). In general, the dose
equivalent of a modulator 1s from about 1 ng/kg to 10 mg/kg
for a typical subject or as described elsewhere herein.

[0077] The amount and frequency of administration of the
compositions will be regulated according to the judgment of
the user or attending clinician considering such factors as
age, condition and size of the patient as well as severity of
the symptoms being treated. An ordinarily skilled physician
or vetermmarian can readily determine and prescribe the
ellective amount of the drug required to prevent, counter or
arrest the progress of the condition. In general it 1s contem-
plated that an eflective amount would be from 0.001 mg/kg
to 10 mg/kg body weight, and 1n particular from 0.01 mg/kg
to 1 mg/kg body weight or as otherwise described herein. In
some embodiments, 1t 1s contemplated that an effective
amount would be to continuously infuse by intravenous
administration from 0.01 micrograms/kg body weight/min
to 100 micrograms/kg body weight/min for a period of 12
hours to 14 days. It may be approprniate to administer the
required dose as two, three, four or more sub-doses at
appropriate intervals throughout the day. Said sub-doses
may be formulated as unit dosage forms, for example,
containing 0.01 to 500 mg, and in particular 0.1 mg to 200
mg of the composition per unit dosage form.

[0078] In some embodiments, the pharmaceutical prepa-
ration 1s 1n a unit dosage form. In such form, the preparation
1s subdivided into suitably sized unit doses containing
appropriate quantities of the active component, €.g., an
cllective amount to achieve the desired purpose. The quan-
tity of active compound 1n a unit dose of preparation may be
varied or adjusted from about 0.01 mg to about 1000 mg,
from about 0.01 mg to about 750 mg, from about 0.01 mg
to about 500 mg, or from about 0.01 mg to about 250 mg,
according to the particular application. The actual dosage
employed may be varied depending upon the requirements
ol the patient and the severity of the condition being treated.
Determination of the proper dosage regimen for a particular
situation 1s within the skill of the art. For convenience, the
total dosage may be divided and administered in portions
during the day as required.

[0079] In some embodiment of the methods, the amount of
grape product consumed as a percentage of daily diet 1s at

least 3%, at least 3%, or at least 8% by mass. In some
embodiments, 5-10%, 7%, or 10% of the daily diet by mass
1S consumed.
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[0080] In some embodiments of the methods, the amount
ol grape product consumed as a percentage of daily diet 1s
at least 3%, at least 5%, or at least 8% of total calories
consumed. In some embodiments, 5-10%, 7%, or 10% of the
daily calories are from the grape product.

[0081] In some embodiments of the methods, the grape
product, whole pomace or any portion thereot, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1n an amount
from about 1 mg to about 15,000 mg, from about 1 mg to
about 14,000 mg, about 1 mg to about 13,000 mg, about 1
mg to about 12,000 mg, about 1 mg to about 11,000 mg,
about 1 mg to about 10,000 mg, about 1 mg to about 9,000
mg, about 1 mg to about 8,000 mg, about 1 mg to about
7,000 mg, about 1 mg to about 6,000 mg, about 1 mg to
about 5,000 mg, about 1 mg to about 4,000 mg, about 1 mg
to about 3,000 mg, about 1 mg to about 2,000 mg, about 1
mg 1o about 1,000 mg, about 1 mg to about 900 mg, about
1 mg to about 800 mg, about 1 mg to about 700 mg, about
1 mg to about 600 mg, about 1 mg to about 500 mg, about
1 mg to about 400 mg, about 1 mg to about 300 mg, about
1 mg to about 200 mg, about 1 mg to about 100 mg, about
1 mg to about 75 mg, about 1 mg to about 50 mg, or about
1 mg to about 25 mg.

[0082] In some embodiments of the methods, the grape
product, whole pomace or any portion thereof, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1n an amount
from about 5 mg to about 15,000 mg, from about 5 mg to
about 14,000 mg, about 5 mg to about 13,000 mg, about 5
mg to about 12,000 mg, about 5 mg to about 11,000 mg,
about 5 mg to about 10,000 mg, about 5 mg to about 9,000
mg, about 5 mg to about 8,000 mg, about 5 mg to about
7,000 mg, about 5 mg to about 6,000 mg, about 5 mg to
about 5,000 mg, about 5 mg to about 4,000 mg, about 5 mg
to about 3,000 mg, about 5 mg to about 2,000 mg, about 5
mg to about 1,000 mg, about 5 mg to about 900 mg, about
5> mg to about 800 mg, about 5 mg to about 700 mg, about
5> mg to about 600 mg, about 5 mg to about 500 mg, about
5> mg to about 400 mg, about 5 mg to about 300 mg, about
5> mg to about 200 mg, about 5 mg to about 100 mg, about
5> mg to about 75 mg, about 5 mg to about 50 mg, or about
5> mg to about 25 mg.

[0083] In some embodiments of the methods, the grape
product, whole pomace or any portion thereof, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1n an amount
from about 10 mg to about 15,000 mg, from about 10 mg to
about 14,000 mg, about 10 mg to about 13,000 mg, about 10
mg to about 12,000 mg, about 10 mg to about 11,000 mg,
about 10 mg to about 10,000 mg, about 10 mg to about 9,000
mg, about 10 mg to about 8,000 mg, about 10 mg to about
7,000 mg, about 10 mg to about 6,000 mg, about 10 mg to
about 5,000 mg, about 10 mg to about 4,000 mg, about 10
mg to about 3,000 mg, about 10 mg to about 2,000 mg, about
10 mg to about 1,000 mg, about 10 mg to about 900 mg,
about 10 mg to about 800 mg, about 10 mg to about 700 mg,
pout 10 mg to about 600 mg, about 10 mg to about 500 mg,
bout 10 mg to about 400 mg, about 10 mg to about 300 mg,
pout 10 mg to about 200 mg, about 10 mg to about 100 mg,
pout 10 mg to about 75 mg, about 10 mg to about 50 mg,
or about 10 mg to about 25 mg.

[0084] In some embodiments of the methods, the grape
product, whole pomace or any portion thereof, skin product,
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seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1 an amount
from about 25 mg to about 15,000 mg, {from about 25 mg to
about 14,000 mg, about 25 mg to about 13,000 mg, about 25
mg to about 12,000 mg, about 25 mg to about 11,000 mg,
about 25 mg to about 10,000 mg, about 25 mg to about 9,000
mg, about 25 mg to about 8,000 mg, about 25 mg to about
7,000 mg, about 25 mg to about 6,000 mg, about 25 mg to
about 5,000 mg, about 25 mg to about 4,000 mg, about 25
mg to about 3,000 mg, about 25 mg to about 2,000 mg, about
25 mg to about 1,000 mg, about 25 mg to about 900 mg,
about 25 mg to about 800 mg, about 25 mg to about 700 mg,
about 25 mg to about 600 mg, about 25 mg to about 500 mg,
about 25 mg to about 400 mg, about 25 mg to about 300 mg,
about 25 mg to about 200 mg, about 25 mg to about 100 mg,
about 25 mg to about 75 mg, or about 25 mg to about 50 mg.

[0085] In some embodiments of the methods, the grape
product, whole pomace or any portion thereot, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1 an amount
from about 50 mg to about 15,000 mg, from about 50 mg to
about 14,000 mg, about 50 mg to about 13,000 mg, about 50
mg to about 12,000 mg, about 50 mg to about 11,000 mg,
about 50 mg to about 10,000 mg, about 50 mg to about 9,000
mg, about 50 mg to about 8,000 mg, about 50 mg to about
7,000 mg, about 50 mg to about 6,000 mg, about 50 mg to
about 5,000 mg, about 50 mg to about 4,000 mg, about 50
mg to about 3,000 mg, about 50 mg to about 2,000 mg, about
50 mg to about 1,000 mg, about 50 mg to about 900 mg,
about 50 mg to about 800 mg, about 50 mg to about 700 mg,
about 50 mg to about 600 mg, about 50 mg to about 500 mg,
about 50 mg to about 400 mg, about 50 mg to about 300 mg,
about 50 mg to about 200 mg, about 50 mg to about 100 mg,
or about 50 mg to about 75 mg.

[0086] In some embodiments of the methods, the grape
product, whole pomace or any portion thereof, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1 an amount
from about 75 mg to about 15,000 mg, from about 75 mg to
about 14,000 mg, about 75 mg to about 13,000 mg, about 75
mg to about 12,000 mg, about 75 mg to about 11,000 mg,
about 75 mg to about 10,000 mg, about 75 mg to about 9,000
mg, about 75 mg to about 8,000 mg, about 75 mg to about
7,000 mg, about 75 mg to about 6,000 mg, about 75 mg to
about 5,000 mg, about 75 mg to about 4,000 mg, about 75
mg to about 3,000 mg, about 75 mg to about 2,000 mg, about
75 mg to about 1,000 mg, about 75 mg to about 900 mg,
about 75 mg to about 800 mg, about 75 mg to about 700 mg,
about 75 mg to about 600 mg, about 75 mg to about 500 mg,
about 75 mg to about 400 mg, about 75 mg to about 300 mg,
about 75 mg to about 200 mg, or about 75 mg to about 100
mg.

[0087] In some embodiments of the methods, the grape
product, whole pomace or any portion thereot, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1n an amount
from about 100 mg to about 135,000 mg, from about 100 mg
to about 14,000 mg, about 100 mg to about 13,000 mg, about
100 mg to about 12,000 mg, about 100 mg to about 11,000
mg, about 100 mg to about 10,000 mg, about 100 mg to
about 9,000 mg, about 100 mg to about 8,000 mg, about 100
mg to about 7,000 mg, about 100 mg to about 6,000 mg,
about 100 mg to about 5,000 mg, about 100 mg to about
4,000 mg, about 100 mg to about 3,000 mg, about 100 mg
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to about 2,000 mg, about 100 mg to about 1,000 mg, about
100 mg to about 900 mg, about 100 mg to about 800 mg,
about 100 mg to about 700 mg, about 100 mg to about 600
mg, about 100 mg to about 500 mg, about 100 mg to about
400 mg, about 100 mg to about 300 mg, or about 100 mg to
about 200 mg.

[0088] In some embodiments of the methods, the grape
product, whole pomace or any portion thereof, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1n an amount
from about 200 mg to about 15,000 mg, from about 200 mg
to about 14,000 mg, about 200 mg to about 13,000 mg, about
200 mg to about 12,000 mg, about 200 mg to about 11,000
mg, about 200 mg to about 10,000 mg, about 200 mg to
about 9,000 mg, about 200 mg to about 8,000 mg, about 200
mg to about 7,000 mg, about 200 mg to about 6,000 mg,
about 200 mg to about 5,000 mg, about 200 mg to about
4,000 mg, about 200 mg to about 3,000 mg, about 200 mg
to about 2,000 mg, about 200 mg to about 1,000 mg, about
200 mg to about 900 mg, about 200 mg to about 800 mg,
about 200 mg to about 700 mg, about 200 mg to about 600
mg, about 200 mg to about 500 mg, about 200 mg to about
400 mg, or about 200 mg to about 300 mg.

[0089] In some embodiments of the methods, the grape
product, whole pomace or any portion thereot, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1n an amount
from about 300 mg to about 135,000 mg, from about 300 mg
to about 14,000 mg, about 300 mg to about 13,000 mg, about
300 mg to about 12,000 mg, about 300 mg to about 11,000
mg, about 300 mg to about 10,000 mg, about 300 mg to
about 9,000 mg, about 300 mg to about 8,000 mg, about 300
mg to about 7,000 mg, about 300 mg to about 6,000 mg,
about 300 mg to about 5,000 mg, about 300 mg to about
4,000 mg, about 300 mg to about 3,000 mg, about 300 mg
to about 2,000 mg, about 300 mg to about 1,000 mg, about
300 mg to about 900 mg, about 300 mg to about 800 mg,
about 300 mg to about 700 mg, about 300 mg to about 600

mg, about 300 mg to about 500 mg, or about 300 mg to about
400 mg.

[0090] In some embodiments of the methods, the grape
product, whole pomace or any portion thereof, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1n an amount
from about 400 mg to about 15,000 mg, from about 400 mg
to about 14,000 mg, about 400 mg to about 13,000 mg, about
400 mg to about 12,000 mg, about 400 mg to about 11,000
mg, about 400 mg to about 10,000 mg, about 400 mg to
about 9,000 mg, about 400 mg to about 8,000 mg, about 400
mg to about 7,000 mg, about 400 mg to about 6,000 mg,
about 400 mg to about 5,000 mg, about 400 mg to about
4,000 mg, about 400 mg to about 3,000 mg, about 400 mg
to about 2,000 mg, about 400 mg to about 1,000 mg, about
400 mg to about 900 mg, about 400 mg to about 800 mg,
about 400 mg to about 700 mg, about 400 mg to about 600
mg, about 400 mg to about 500 mg.

[0091] In some embodiments of the methods, the grape
product, whole pomace or any portion thereof, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1n an amount
from about 500 mg to about 15,000 mg, from about 500 mg
to about 14,000 mg, about 500 mg to about 13,000 mg, about
500 mg to about 12,000 mg, about 500 mg to about 11,000

mg, about 500 mg to about 10,000 mg, about 500 mg to
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about 9,000 mg, about 500 mg to about 8,000 mg, about 500
mg to about 7,000 mg, about 500 mg to about 6,000 mg,
about 500 mg to about 5,000 mg, about 500 mg to about
4,000 mg, about 500 mg to about 3,000 mg, about 500 mg
to about 2,000 mg, about 500 mg to about 1,000 mg, about
500 mg to about 900 mg, about 500 mg to about 800 mg,
about 500 mg to about 700 mg, or about 500 mg to about 600
mg.

[0092] In some embodiments of the methods, the grape
product, whole pomace or any portion thereot, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1n an amount
from about 600 mg to about 135,000 mg, from about 600 mg
to about 14,000 mg, about 600 mg to about 13,000 mg, about
600 mg to about 12,000 mg, about 600 mg to about 11,000
mg, about 600 mg to about 10,000 mg, about 600 mg to
about 9,000 mg, about 600 mg to about 8,000 mg, about 600
mg to about 7,000 mg, about 600 mg to about 6,000 mg,
about 600 mg to about 5,000 mg, about 600 mg to about
4,000 mg, about 600 mg to about 3,000 mg, about 600 mg
to about 2,000 mg, about 600 mg to about 1,000 mg, about
600 mg to about 900 mg, about 600 mg to about 800 mg, or
about 600 mg to about 700 mg.

[0093] In some embodiments of the methods, the grape
product, whole pomace or any portion thereot, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1n an amount
from about 700 mg to about 15,000 mg, from about 700 mg
to about 14,000 mg, about 700 mg to about 13,000 mg, about
700 mg to about 12,000 mg, about 700 mg to about 11,000
mg, about 700 mg to about 10,000 mg, about 700 mg to
about 9,000 mg, about 700 mg to about 8,000 mg, about 700
mg to about 7,000 mg, about 700 mg to about 6,000 mg,
about 700 mg to about 5,000 mg, about 700 mg to about
4,000 mg, about 700 mg to about 3,000 mg, about 700 mg
to about 2,000 mg, about 700 mg to about 1,000 mg, about
700 mg to about 900 mg, or about 700 mg to about 800 mg.

[0094] In some embodiments of the methods, the grape
product, whole pomace or any portion thereot, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1n an amount
from about 800 mg to about 15,000 mg, from about 800 mg
to about 14,000 mg, about 800 mg to about 13,000 mg, about
800 mg to about 12,000 mg, about 800 mg to about 11,000
mg, about 800 mg to about 10,000 mg, about 800 mg to
about 9,000 mg, about 800 mg to about 8,000 mg, about 800
mg to about 7,000 mg, about 800 mg to about 6,000 mg,
about 800 mg to about 5,000 mg, about 800 mg to about
4,000 mg, about 800 mg to about 3,000 mg, about 800 mg
to about 2,000 mg, about 800 mg to about 1,000 mg, or
about 800 mg to about 900 mg.

[0095] In some embodiments of the methods, the grape
product, whole pomace or any portion thereot, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1n an amount
from about 900 mg to about 15,000 mg, from about 900 mg
to about 14,000 mg, about 900 mg to about 13,000 mg, about
900 mg to about 12,000 mg, about 900 mg to about 11,000
mg, about 900 mg to about 10,000 mg, about 900 mg to
about 9,000 mg, about 900 mg to about 8,000 mg, about 900
mg to about 7,000 mg, about 900 mg to about 6,000 mg,
about 900 mg to about 5,000 mg, about 900 mg to about
4,000 mg, about 900 mg to about 3,000 mg, about 900 mg
to about 2,000 mg, or about 900 mg to about 1,000 mg.
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[0096] In some embodiments of the methods, the grape
product, whole pomace or any portion thereof, skin product,
seed flour, or seed product, or any extract thereof, or any
combination of the foregoing 1s administered 1n an amount
from about 1,000 mg to about 15,000 mg, {from about 1,000
mg to about 14,000 mg, about 1,000 mg to about 13,000 mg,
about 1,000 mg to about 12,000 mg, about 1,000 mg to about
11,000 mg, about 1,000 mg to about 10,000 mg, about 1,000
mg to about 9,000 mg, about 1,000 mg to about 8,000 mg,
about 1,000 mg to about 7,000 mg, about 1,000 mg to about
6,000 mg, about 1,000 mg to about 5,000 mg, about 1,000
mg to about 4,000 mg, about 1,000 mg to about 3,000 mg,
or about 1,000 mg to about 2,000 mg.

[0097] In some embodiments, the amount of grape prod-
uct, whole pomace or any portion thereot, skin product, seed
flour, or seed product, or any extract thereof, or any com-
bination of the foregoing consumed daily 1s at least, or about
0.1 g, at least, or about, 0.5 g, 1s at least, or about, 1 g, 1s at
least, or about, 2 g, 1s at least, or about, 3 g, 1s at least, or
about, 4 g, 1s at least, or about 5 g, at least, or about, 10 g,
at least, or about, 15 g, at least, or about, 20 g, at least, or
about, 25 g, at least, or about, 30 g, at least, or about, 35 g,
at least, or about, 40 g, or at least, or about, 45 g. In some
embodiments, at least, or about, 50 g of the grape product i1s
consumed daily.

[0098] In some embodiments, the amount of grape prod-
uct, whole pomace or any portion thereof, skin product, seed
flour, or seed product, or any extract thereol, or any com-
bination of the foregoing consumed daily 1s at least 1
tablespoon, at least 2 tablespoons, at least 3 tablespoons, at
least 4 tablespoons, or at least 5 tablespoons.

[0099] In some embodiments, the amount of grape prod-
uct, whole pomace or any portion thereof, skin product, seed
flour, or seed product, or any extract thereof, or any com-
bination of the foregoing consumed daily on a weight:body
weight basis 1s at least 0.2 g/kg, at least 0.5 g/kg, or at least
0.7 g/kg. In some embodiments, at least 1 g of the grape
product per kg of body weight 1s consumed per day.

[0100] Seed flour can be substituted or combined with
whole pomace or any portion thereof, pomace meal, pomace
tflour, skin flour, skin product, seed product, or seed meal, or
any extract of the thereof, or any combination of the
foregoing 1s adminmistered 1n any of the methods or embodi-
ments disclosed herein. The amount of pomace meal, pom-
ace flour, skin flour, seed extract, or seed meal that will need
to be consumed daily to attain the same benefit as a given
amount of seed flour can readily be determined by those
skilled 1n the art and as described herein. For example, 1t 1s
expected that a subject will need to consume about three
times as much skin flour to achieve the same benefit as a
given amount of seed flour.

[0101] Insome embodiments, the grape product 1s taken at
least twice a week, at least 3 times a week, or every other
day. In some embodiments, the grape product 1s incorpo-
rated into the daily diet. In some embodiments, the product
1s administered twice a day, three times a day, or four times
a day.

[0102] The grape product can be taken for an amount of
time suflicient to treat and/or prevent a condition amenable
to treatment and/or prevention by seed product as described
herein. The grape product can be taken for at least one week,
at least 2 weeks, at least 3 weeks, at least one month, at least
2 months, at least 3 months, at least 6 months, at least a year,
or indefinitely.
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[0103] In some embodiments of the methods, a second
grape product which 1s not the first grape product 1s admin-
i1stered to the individual. In some embodiments, the combi-
nation of the first grape product and second grape product
(seed, skin, pomace, and the like) provides a therapeutic
ellect or health benefit which 1s greater than the effect of
administration of first grape product alone.

[0104] Insome embodiments, the amount of the first grape
product and amount of the second grape product or grape
seed, pomace, or skin product are selected so that the effect
achieved 1s at least the same as the effect achieved by a given
amount of the first seed product administered alone.
[0105] In some embodiments, methods of treating or pre-
venting non-alcoholic fatty liver disease (NAFLD) i a
mammal are provided. In some embodiments, the methods
comprise administering to the mammal an amount of grape
product eflective to treat or prevent NAFLD. In some
embodiments, the grape product 1s a grape seed product. In
some embodiments, the grape product 1s a combination or
extract of the different grape products described herein. In
some embodiments, the seed product 1s Chardonnay seed
product. Nonalcoholic fatty liver disease 1s a term used to
describe the accumulation of fat in the liver of people who
drink little or no alcohol. In some embodiments, mammal
consumes no alcohol. In some embodiments, the mammal
has inflammation of the liver. In some embodiments, the
mammal has scarring in the liver. The form of NAFLD with
the scarring can be referred to as nonalcoholic steatohepa-
titis. In some embodiments, the mammal with NAFLD can
also have liver failure. The compositions described herein
can be used to treat or ameliorate any of these conditions.

[0106] In some embodiments, methods of reducing
hepatic steatosis 1n a mammal comprising administering to
the mammal an amount of a grape product eflective to
reduce hepatic steatosis. In some embodiments, the grape
product 1s a Chardonnay grape product.

[0107] In some embodiments, methods of reducing ste-
atohepatitis 1n a mammal comprising administering to the
mammal an amount of a grape product eflective to reduce
steatohepatitis are provided. In some embodiments, the
grape product 1s a Chardonnay grape product. In some
embodiments, the grape product 1s a grape seed product or
extract thereof.

[0108] In some embodiments, methods of reducing
hepatic fibrosis in a mammal are provided. In some embodi-
ments, the methods comprise administering to the mammal
an amount of a grape seed product effective to reduce
hepatic fibrosis. In some embodiments, the grape product 1s
a Chardonnay grape product. In some embodiments, the
grape product 1s a grape seed product or extract thereof.

[0109] In some embodiments, methods of treating or pre-
venting non-alcoholic steatohepatitis (INASH) in a mammal
are provided. In some embodiments, the methods comprise
administering to the mammal an amount of a grape product
ellective to treat or prevent NASH. In some embodiments,
the grape product 1s a Chardonnay grape product. In some
embodiments, the grape product 1s a grape seed product or
extract thereol.

[0110] In some embodiments, methods of supporting a
healthy liver in a mammal are provided. In some embodi-
ments, the method comprises administering to the mammal
an amount of a grape product eflective to support a healthy
liver. In some embodiments, the healthy liver 1s supported
by preserving the normal function of the liver. This can be
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done, for example, by the enhancing or preserving the liver’s
ability to metabolize energy. In some embodiments, this 1s
done by supporting the immune response to protect and/or
support the liver from external insult.

[0111] In some embodiments, methods of controlling
acute stress-induced damage to a liver 1n a subject due to
exposure to environmental toxins and/or consumed products
are provided. In some embodiments, the method comprises
administering to the subject an amount of a grape product as
described herein.

[0112] In some embodiments, methods of modulating
miRNAs 1n a subject’s liver that ameliorate the toxic stress
response 1s provided. In some embodiments, the method
comprises administering to the subject an amount of a grape
product as described herein.

[0113] In some embodiments, methods of increasing the
ability of a liver 1n a subject to regenerate and/or heal are
provided. In some embodiments, the method comprises
administering to the subject an amount of a grape product as
described herein.

[0114] The grape products can also be used to inhibit or
treat oxidative stress. The products can also be used to
maintain a healthy oxidative stress level 1n the mammal. The
methods comprise administering to the mammal an effective
amount of a grape seed product described herein. In some
embodiments, the oxidative stress 1s present 1n the liver. In
some embodiments, the grape seed products can be used to
reduce liver inflammation.

[0115] In some embodiments, methods of reducing or
preventing oxidative stress 1 a mammal’s liver are pro-
vided. In some embodiments, the methods comprise admin-
istering to the mammal an amount of a grape product
ellective to reduce or prevent oxidative stress 1in the mam-
mal’s liver. In some embodiments, the method reduces or
prevents lipid peroxidation in the lhiver.

[0116] In some embodiments, methods of protecting, sup-
porting, enhancing, or maintaining cytochrome P4350 and/or
Phase II enzymatic detoxification system 1n a mammal’s
liver are provided, wherein the methods comprise adminis-
tering to the mammal an amount of a grape product effective
to protect, support, enhance, or maintain cytochrome P450
and/or Phase Il enzymatic detoxification system in the
mammal’s liver.

[0117] In some embodiments, methods of upregulating
expression of genes that control production of detoxification
enzymes 1 a mammal are provided, wherein the methods
comprise administering to the mammal an amount of a grape
product eflective to upregulate expression ol genes that
control production of detoxification enzymes in the mam-
mal. In some embodiments, the gene 1s NRF2.

[0118] In some embodiments, methods of increasing pro-
duction of antioxidants 1n a mammal are provided, wherein
the methods comprise administering to the mammal an
amount of a grape product eflective to increase the produc-
tion of antioxidants in the mammal. In some embodiments,
the antioxidant increased 1s glutathione, superoxide dis-
mutase, or catalase.

[0119] In the various embodiments described herein, the
mammal or subject can be a mammal or a subject 1n need
thereof. In some embodiments, the mammal has been 1den-
tified as having non-alcoholic fatty liver disease or related
conditions, which are described herein. In some embodi-
ments, the grape product reduces the amount of fat deposited
in the liver 1in the mammal.
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[0120] As described herein, the grape seed product can be
a grape seed flour. Accordingly, 1n some embodiments, the
seed flour can also be a Chardonnay seed flour. In some
embodiments, the grape seed product 1s a grape seed extract.
In some embodiments, the extract 1s a Chardonnay seed
extract.

[0121] As described herein, the composition can contain a
grape product and at least one additional compound. In some
embodiments, the compound 1s an antioxidant. In some
embodiments, the at least one additional compound 1s vita-

1

min E, cinnamon, black bear bile, obeticholic acid, 2.4-
dinitrophenol (DNP), DNP-methyl ether (DNPME), an anti-
glycemic compound, or an anti-cholesterol compound. In
some embodiments, the at least one additional compound 1s
vitamin A, vitamin C, a carotenoid, lipoic acid, ubiquinol,
ubiquinone, or glutathione. In some embodiments, the at
least one additional compound 1s a second type of grape seed
product. That 1s, the composition can comprise grape seed
compositions derived from two or more different types of
grapes. The types of grapes can be any type, such as those,
but not limited to, the grapes described herein.

[0122] In some embodiments, the anti-glycemic com-
pound 1s an 1nsulin sensitizer. Examples of mnsulin sensitiz-
ers include, but are not limited to, pioglitazone, metformin,
sulfonylureas, or thiazolidinediones.

[0123] In some embodiments, the anti-cholesterol com-
pound 1s a HMG-CoA reductase imhibitor. These can some-
times be referred to colloquially as “statins.” In some
embodiments, the HMG-CoA reductase inhibitor 1s atorv-
astatin, fluvastatin, lovastatin, pitavastatin, pravastatin, rosu-
vastatin, or simvastatin.

[0124] In some embodiments, the method comprises
administering the grape product and the additional product
concurrently or in series. The products can, therefore, be
administered sequentially or simultaneously. In some
embodiments, the grape product and the at least one addi-
tional compound or composition are combined 1nto the same
formulation or unit dosage form and administered together.
The unit dosage form, as described herein, can be, for
example, a powder, capsule or tablet. In some embodiments,
the different compositions are administered in separate for-
mulations.

[0125] Formulations comprising a grape product and at
least one additional compound or composition are also
provided. In some embodiments, the at least one additional
compound or composition 1s a second type of grape product.
In some embodiments, the composition comprises a grape
product and at least one additional compound. In some
embodiments, 1t 1s an antioxidant. In some embodiments, the
at least one additional compound 1s vitamin E, obeticholic
acid, 2.4-dimitrophenol (DNP), DNP-methyl ether
(DNPME), an anti-glycemic compound, or an anti-choles-
terol compound. In some embodiments, the at least one
additional compound 1s vitamin A, vitamin C, a carotenoid,
lipoic acid, ubigquinol, ubiquinone, or glutathione. In some
embodiments, the at least one additional compound 1s a
methyl donor, such as, but not limited to, s-adenosyl-
methionine, trimethyl glycine, or methionine. In some
embodiments, the at least one additional compound 1s a
metabolic nutrient, such as, but not limited to, a phosphatide,
an essential fatty acid, choline, or a B vitamin. In some
embodiments, the at least one additional compound 1s a
botanical or a botanical extract, such as, but not limited to,
milk thistle, schizandra, burdock dandelion, artichoke, tur-
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meric, celandine, kudzu, chicory, or yellow dock, or any
extract thereof. Examples of the anti-glycemic compound or
an anti-cholesterol compound are described herein. For
example, 1 some embodiments, the anti-glycemic com-
pound 1s an insulin sensitizer. In some embodiments, the
insulin sensitizer 1s pioglitazone, metiformin, thiazolidin-
ediones, or sulfonylureas. In some embodiments, the com-
position comprises an anti-cholesterol compound 1s a HMG-
CoA reductase inhibitor. In some embodiments, the HMG-
CoA reductase 1nhibitor 1s atorvastatin, fluvastatin,
lovastatin, pitavastatin, pravastatin, rosuvastatin, or simvas-
tatin.

[0126] In some embodiments, the composition 1s suitable
for mammal (e.g. human, livestock, husbanded animal, pet)
consumption. In some embodiments, the composition 1is
suitable for cattle, poultry, dogs, cats, and the like. In some
embodiments, the compositions described herein are com-
bined with a probiotic. Therefore, 1n some embodiments, in
the methods described herein, the subject 1s a mammal (e.g.
human, livestock, husbanded animal, pet). In some embodi-
ments, the subject 1s cattle, poultry, dogs, cats, and the like.

[0127] In some embodiments, the compositions described
herein can be used to increase insulin resistance. In some
embodiments, the compositions described herein can be
used to maintain normal (e.g. healthy) insulin resistance. In
some embodiments, the compositions described herein can
be used to maintain a healthy level of hepatic leptin. In some
embodiments, the compositions described herein can be
used to restore hepatic leptin to healthy or normal levels. In
some embodiments, the compositions described herein can
be used to improve, maintain, or restore hepatic leptin
sensitivity 1n a mammal, including a mammal 1 need
thereolf. Accordingly, the compositions can be used to reduce
hepatic steatosis.

[0128] In some embodiments, the compositions can be
used to reduce the liver and/or epididymal adipose tissue
weights by 30-40% as compared to a mammal on a diet
without the grape product (e.g. seed extract or flour). In
some embodiments, the compositions are used to reduce the
hepatic lipid content by about 40-50% 1n a mammal on a
high fat diet as compared to a mammal on a control diet. In
some embodiments, the compositions are used to reduce the
hepatic lipid content in a mammal. The compositions can be
administered according to the various methods described
herein 1n, for example, an amount described herein.

[0129] Embodiments disclosed herein also provide meth-
ods of modulating the expression of one or more of the genes
described herein. In some embodiments, the methods com-
prise administering a grape extract (e.g. seed extract, pom-
ace, or flour) to a mammal expressing one or more of the
genes. In some embodiments, methods of modulating the
expression of a gene 1n a mammal comprising administering
a grape seed extract to the mammal 1n an effective amount
to modulate the expression of the gene are provided. In some
embodiments the gene expression 1s increased. In some
embodiments, the gene expression 1s decreased. In some
embodiments, the mammal 1s a mammal 1n need of modu-
lated gene expression. In some embodiments, the expression
of the gene 1s increased or decreased at least 1.5 fold as
compared to the mammal not administered the grape seed
extract. In some embodiments, the expression of the gene 1s
increased decreased at least 2, 3, 4, 5, or 6 fold. In some
embodiments, the expression of the gene 1s increased or

decreased about 1.5t06,1.5t05,15t04,1.51t03,1.510
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2,2106,2t05,2t04,2t03,31t06,31t05,31t04, 410 6,
4t0 5, Sto 6, or 6 to 7 fold. In some embodiments, the gene
expression 1s modulated according to the amounts shown 1n
the Examples.

[0130] In some embodiments, the gene 1s one or more of
Chi3ll, Cesld, Adralb, Slc13a3, Ntrk2, Cyp2lal, AgpS,

Gcek, Ptkm, Txnl, Ckb, Gcekr, Fenl, Cyp46al, Vidlr, Ppcdc,
Bdh2, Scdl, Acotll, Mixipl (ChREBP), Lcnl3, Prodh,
Gstt3, Mcbr, Tas2r104, Vmnlrl192, Rasl2-9, Cid, Ctse,
Orm2, Rorc, Tlr5, Hnmt, Cyp2bl13, Cyp2d40, Hao2, Gd1il5,
Sptlc3, Mogatl, Plind, Itna9, Asns, Gotl, Atp6v0d2,
Cyp7bl, Cypl7al, Id1l, Avprla, Ocln, Cyp51, Fditl, Hmgcr,
Hsd17b7, Insigl, Lss, Mvd, Mvk, Nsdhl, Sc4mol, Tm7s12,
Apom, Lepr, Pcsk9, Sqle, 1117rb, Acsl3, Agxt, Aldoc, Pgk?2,
TIr13, Hmgcsl, Stard4, Mmp/, and Igibp2. In some
embodiments, the gene 1s 2, 3, 4, or 5 of the preceding list.
In some embodiments, the gene 1s each of the genes of the
preceding list.

[0131] FEmbodiments provided herein also include, but are
not limited to:

[0132] 1. A method of treating or preventing non-
alcoholic fatty liver disease (NAFLD) 1n a mammal
comprising administering to the mammal an amount of
a grape product eflective to treat or prevent NAFLD.

[0133] 2. A method of reducing hepatic steatosis 1n a
mammal comprising administering to the mammal an
amount of a grape product effective to reduce hepatic
steatosis.

[0134] 3. A method of reducing steatohepatitis 1 a
mammal comprising administering to the mammal an
amount of a grape product eflective to reduce steato-
hepatitis.

[0135] 4. A method of reducing hepatic fibrosis n a
mammal comprising administering to the mammal an
amount of a grape product eflective to reduce hepatic
{ibrosis.

[0136] 5. A method of treating or preventing non-
alcoholic steatohepatitis (NASH) 1n a mammal com-
prising administering to the mammal an amount of a
grape product effective to treat or prevent NASH.

[0137] 6. A method of supporting a healthy liver 1n a
mammal comprising administering to the mammal an
amount ol a grape product effective to support a healthy
liver.

[0138] /. The method of embodiment 6, wherein the
mammal has been identified as having non-alcoholic
fatty liver disease.

[0139] 8. A method of reducing or preventing oxidative
stress 1n a mammal’s liver comprising administering to
the mammal an amount of a grape product eflective to
reduce or prevent oxidative stress in the mammal’s
liver.

[0140] 9. The method of embodiment 8, wherein the
method reduces or prevents lipid peroxidation.

[0141] 10. A method of protecting, supporting, enhanc-
ing, or maintaining cytochrome P450 and/or Phase 11
enzymatic detoxification system in a mammal’s liver
comprising administering to the mammal an amount of
a grape product eflective to protect, support, enhance,
or maintain cytochrome P450 and/or Phase II enzy-
matic detoxification system 1n the mammal’s liver.

[0142] 11. A method of upregulating expression of
genes that control production of detoxification enzymes
in a mammal, the method comprising administering to
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the mammal an amount of a grape product effective to
upregulate expression ol genes that control production
of detoxification enzymes in the mammal.

[0143] 12. The method of embodiment 11, wherein the
gene 15 NRE2.

[0144] 13. A method of increasing production of anti-
oxidants 1n a mammal, the method comprising admin-
istering to the mammal an amount of a grape product

cllective to increase the production of antioxidants 1n
the mammal.

[0145] 14. The method of embodiment 13, wherein the
antioxidant 1s glutathione, superoxide dismutase, or
catalase.

[0146] 15. The method of any one of embodiments
1-14, wherein the grape product reduces the amount of
fat deposited 1n the liver.

[0147] 16. The method of any one of embodiments
1-15, wherein the mammal 1s a mammal 1n need thereot

[0148] 17. The method of any one embodiments 1-16,
wherein the grape product 1s whole pomace or a portion
thereol, a grape seed product, a grape skin product, or
any extract thereof, or any combination thereof

[0149] 18. The method of embodiment 17, wherein the
grape seed product 1s grape seed tlour.

[0150] 19. The method of embodiment 17, wherein the

grape product 1s a grape skin extract, grape skin tlour,
or a grape skin powder.

[0151] 20. The method of embodiment 17, wherein the
grape product 1s a pomace extract.

[0152] 21. The method of embodiment 17, wherein the
grape product 1s grape seed extract.

[0153] 22. The method of embodiment 21, wherein the
grape extract 1s a methanol or ethanol extract.

[0154] 23. The method of any one of embodiments
1-22, wherein the grape product 1s administered 1n
cllective amount of about 1 mg to about 15,000 mg.

[0155] 24. The method of any one of embodiments
1-23, wherein the mammal 1s a human, companion
animal, domestic pet, husbanded animal, or livestock.

[0156] 25. The method of any one of embodiments
1-24, wherein the method further comprises at least one
additional compound.

[0157] 26. The method of embodiment 25, wherein the
at least one additional compound 1s an antioxidant, an
anti-cholesterol medication, anti-glycemic compound,
or an 1nsulin sensitizer.

[0158] 27. The method of embodiment 25, wherein the
at least one additional compound 1s vitamin E, vitamin
A, vitamin C, a carotenoid, lipoic acid, ubiquinol,
ubiquinone, or glutathione.

[0159] 28. The pharmaceutical composition of embodi-
ment 25, wherein the at least one additional compound
1s s-adenosyl-methionine, trimethyl glycine, or methio-
nine.

[0160] 29. The pharmaceutical composition of embodi-
ment 25, wherein the at least one additional compound
1s a phosphatide, an essential fatty acid, choline, or a B
vitamin.

[0161] 30. The pharmaceutical composition of embodi-
ment 25, wherein the at least one additional compound
1s a botanical or an extract thereof

[0162] 31. The pharmaceutical composition of embodi-
ment 30, wherein the botanical or an extract thereof, 1s
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milk thistle, schizandra, burdock, dandelion, artichoke,
turmeric, celandine, kudzu, chicory, or yellow dock, or
any extract thereof

[0163] 32. The method of embodiment 26, wherein the
anti-glycemic compound 1s an insulin sensitizer.

[0164] 33. The method of embodiment 32, wherein the
insulin sensitizer 1s pioglitazone, metformin, sulfony-
lureas, or thiazolidinediones.

[0165] 34. The method of embodiment 26, wherein the
anti-cholesterol compound 1s a HMG-CoA reductase
inhibaitor.

[0166] 35. The method of embodiment 34, wherein the
HMG-CoA reductase inhibitor 1s atorvastatin, fluvas-
tatin, lovastatin, pitavastatin, pravastatin, rosuvastatin,
or simvastatin.

[0167] 36. The method of embodiment 25, wherein the
grape product and the additional compound are admin-
istered 1n concurrently or in series.

[0168] 37. The method of embodiment 25, wherein the
grape product and the additional compound are admin-
1stered 1n the same formulation or in different formu-
lations.

[0169] 38. The method of any one of embodiments
1-37, wherein the mammal 1s on a high fat diet.

[0170] 39. The method of any one of embodiments
1-37, where the mammal 1s on a diet comprising 30 to
50% fat by calorie content.

[0171] 40. The method of any one of embodiments
1-39, wherein the grape 1s a Chardonnay grape.

[0172] 41. The method of any one of embodiments
1-39, wherein the grape 1s a Cabernet Sauvignon grape,
a Pinot Noir grape, a Sauvignon Blanc grape, or a
White Riesling grape.

[0173] 42. A pharmaceutical composition comprising a
grape product and at least one additional compound.

[0174] 43. The pharmaceutical composition of embodi-
ment 42, wherein the grape product 1s whole pomace or
a portion thereof, a grape seed product, a grape skin
product, or any combination thereof, or any extract
thereof

[0175] 44. The pharmaceutical composition of embodi-
ment 43, wherein the grape seed product is a grape seed
tlour.

[0176] 45. The pharmaceutical composition of embodi-
ment 43, wherein the grape skin product 1s a grape skin
extract.

[0177] 46. The pharmaceutical composition of any one
of embodiments 42-45, wherein the grape 1s a Char-
donnay grape, Cabernet Sauvignon grape, Pinot Noir
grape, Sauvignon Blanc grape, or a White Riesling
grape product.

[0178] 47. The pharmaceutical composition of embodi-
ment 42, wherein the at least one additional compound
1s an antioxidant.

[0179] 48. The pharmaceutical composition of embodi-
ment 42, wherein the at least one additional compound
1s vitamin E, obeticholic acid, 2,4-dinmitrophenol
(DNP), DNP-methyl ether (DNPME), an anti-glycemic
compound, or an anti-cholesterol compound.

[0180] 49. The pharmaceutical composition of embodi-
ment 42, wherein the at least one additional compound
1s vitamin E, vitamin A, vitamin C, a carotenoid, lipoic
acid, ubiquinol, ubiquinone, or glutathione.
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[0181] 50. The pharmaceutical composition of embodi-
ment 42, wherein the at least one additional compound
1s s-adenosyl-methionine, trimethyl glycine, or methio-
nine.

[0182] 51. The pharmaceutical composition of embodi-
ment 42, wherein the at least one additional compound
1s a phosphatide, an essential fatty acid, choline, or a B
vitamin.

[0183] 52. The pharmaceutical composition of embodi-
ment 42, wherein the at least one additional compound
1s a botanical or an extract thereof

[0184] 53. The pharmaceutical composition of embodi-
ment 52, wherein the botanical or an extract thereof, 1s
milk thistle, schizandra, burdock, dandelion, artichoke,
turmeric, celandine, kudzu, chicory, or yellow dock, or
any extract thereof

[0185] 54. The pharmaceutical composition of embodi-
ment 48, wherein the anti-glycemic compound 1s an
insulin sensitizer.

[0186] 55. The pharmaceutical composition of embodi-
ment 54, wherein the 1nsulin sensitizer 1s pioglitazone,
metiormin, thiazolidinediones, or sulfonylureas.

[0187] 56. The pharmaceutical composition of embodi-
ment 48, wherein the anti-cholesterol compound 1s a
HMG-CoA reductase 1nhibitor.

[0188] 57. The pharmaceutical composition of embodi-
ment 56, wherein the HMG-CoA reductase inhibitor 1s
atorvastatin, fluvastatin, lovastatin, pitavastatin,
pravastatin, rosuvastatin, or simvastatin.

[0189] 58. A method of modulating the expression of
one or more ol the genes i Table 3 comprising
administering a grape product to a mammal expressing
one or more ol the genes.

[0190] 359. The method of embodiment 58, wherein the
gene 1s one or more of Chi311, Cesld, Adralb, Slc13a3,

Ntrk2, Cyp2lal, Agp8, Gck, Pikm, Txnl, Ckb, Gckr

Fenl, Cyp4d6al, VIdlr, Ppcdc, Bdh2, Scdl Acotl],

\/[lx1pl (ChREBP), Lcnl3, Prodh, Gstt3 MCSr

Tas2r104, Vmnlr192, Rasl2- 9 Cid, Ctse, Orm2, Rorc,

Tlr5, Hnmt, Cyp2b13 Cyp2d40, Hao2, Gdil3, Sptlc3

Mogatl, Plind, Itna9, Asns, Gotl, Atp6v0d2, Cyp7bl
Cypl7al, Idl, Avprla Ocln CypSl Fditl, Hmgcr,
Hsd17b7, Insigl, Lss, Mvd, Mvk, Nsdhl, Sc4 mol,
Tm7s12, Apom, Lepr, Pcsk9, Sqle, 1117rb, Acsl3, Agxt,
Aldoc, Pgk2, TIrl13, Hmgcsl, Stard4, Mmp7, and
Igtbp?2.

[0191] 60. The method of embodiment 58, wherein the
grape product 1s a grape seed flour extract.

[0192] 61. The method of embodiment 58, wherein the
grape product 1s a grape seed flour.

[0193] 62. The method of any one of embodiments
58-61, wherein the grape 1s a Chardonnay grape.

[0194] 63. The method of any one of embodiments
58-61, wherein the grape 1s a Cabernet Sauvignon,
Pinot Noir grape, Sauvignon Blanc grape, or a White
Riesling grape.

[0195] The embodiments will not be further described

with reference to the examples, which are non-limiting.

EXAMPLES

Example 1

[0196] Diet-induced (DIO) hamsters were fed a high fat
(HF) diet for 10 weeks. Animals that exhibited low glucose
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tolerance and were 1n the heaviest category were given the
various treatments. Animals were fed diets contaiming par-
tially defatted Chardonnay flavonoid-rich wine grape seed
flour (ChrSd), commercial extracts, or laboratory produced
cthanolic extracts of ChrSd for 10 and 20 weeks, respec-
tively. Hallf were sacrificed and examined for signs of
hepatic dystunction at 10 weeks and the other half examined
after 20 weeks. Animals on treatments benefited. Animals on
ChrSd whole flour treatments showed no signs of ectopic fat
in the liver, whereas those on the HF Control diet showed
extensive fat deposition 1n the liver. Livers of animals under
various treatments weighed significantly less than those on
the HF Control. Blood lipid profiles of animals on various
grape seed treatments showed improved blood lipid profiles.
Accordingly, ChrSd can be used to maintain a healthy blood
lipid profile, such as when the animal 1s subjected to a high
fat diet.

Example 2

[0197] Diet-induced obese (DIO) mice were fed high-fat
(HF) diets containing either partially defatted flavonoid-rich
Chardonnay grape seed flour (ChrSd) or microcrystalline
cellulose (MCC, control) for 5 weeks 1n order to determine
whether ChrSd improved insulin resistance and the patho-
genesis ol hepatic steatosis. The 2-h insulin and glucose
areas under the curves were significantly lowered by ChrSd,
indicating that ChrSd improved insulin sensitivity and glu-
cose metabolism. ChrSd intake also significantly reduced
body weight gain, liver and adipose tissue weights, hepatic
lipid content, and plasma low-density lipoprotein (LDL)-
cholesterol, despite a significant increase in food intake.
Exon microarray analysis of hepatic gene expression
revealed down-regulation of genes related to triglyceride
and ceramide synthesis, immune response, oxidative stress,
and inflammation, and up-regulation of genes related to fatty
acid oxidation, cholesterol, and bile acid synthesis. Expres-
sion ol leptin receptor was up-regulated, suggesting
enhanced hepatic leptin sensitivity. Pathway analysis of the
microarray data revealed that lipid and cholesterol metabo-
lism, and infectious and metabolic disease pathways were
differentially regulated by ChrSd. In conclusion, ChrSd
ameliorated the effects of a HF diet on weight gam insulin
resistance, and progression of hepatic steatosis 1n DIO mice
via modulation of hepatic expression of genes related to
oxidative stress, mnflammation, and lipid and cholesterol
metabolism.

[0198] Animals and Diets. Male C57BL/6]J mice were
housed 1individually in an environmentally controlled room
(20-22 C, 60% relative humidity, 12-h alternating light/dark
cycle). The mice were acclimated and given ad libitum
access to water and mouse chow diet (LabDiet 5015, PMI
International, Redwood, CA, USA) for 1 week prior to
initiation of the experimental diets. Mice were weighed and
randomized 1nto two groups of 30 mice each. Mice were fed
ad libitum with either mouse chow diet or a HF diet
contaiming 17% of energy as protein, 37% as carbohydrate,
and 47% as fat, with 0.1% cholesterol. After 5 weeks, mice
were weighed, and diet-induced obese (DIO) mice were
identified as those having gained significantly more weight
than the chow-fed mice. The DIO mice were then random-
ized 1nto two groups (n=10 each) and fed ad libitum for 5
weeks with HF diets containing either 10% ChrSd (Sonoma-
ceuticals, LLC/WholeVine Products, Santa Rosa, CA) or 5%

microcrystalline cellulose (MCC, control diet; Dyets Inc.,
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Bethlehem, PA) (Table 1). MCC, an insoluble fiber, has little
cllect on sterol metabolism (Horton, 1994 #56). Chardonnay
grape pomace was obtamned from coastal vineyards 1in
Sonoma County, California. Seeds from the 2010 vintage
were dried using heated air (55-70 C) and separated from
skins and stems. The residual press cake was milled to pass
through an 85 mesh sieve, after o1l had been pressed from
the seed. The total flavonoids, total catechins, catechin, and
epicatechin contents of ChrSd were 12,000, 1610, 701, and
732 mg/100 g, respectively. Body weights were recorded
weekly, and food intake was monitored twice per week. The
study protocol, #P-04-02, was approved by the Animal Care
and Use Committee, Western Regional Research Center,

USDA, Albany, CA, USA.

[0199] Plasma and Liver Collection. Mice were feed-
deprived for 12 h and anesthetized with 1soflurane (Phoenix
Pharmaceutical, St. Joseph, MO, USA). Blood was collected
by cardiac puncture with syringes previously rinsed with
potassium EDTA solution (13% w/v). The plasma was
separated after centrifugation at 2,000xg for 30 min at 4 C.
Livers and epididymal adipose tissues were collected,
weighed, and immediately frozen 1n liquid nitrogen for later
analysis. After freeze-drying, the powdered livers were
weighed and mixed with 2 mL of CHCI;/MeOH (2:1),
sonicated for 5 min, and then incubated overnight. The
samples were centrifuged for 10 min at 1000 rpm, and the
supernatant was removed. Another 2 mL of CHCI,/MeOH
was added, sonicated, and allowed to stand everrught to
extract. Solvent was removed from the combined extracts
under nitrogen and the total hepatic total lipid content was
determined gravimetrically.

[0200] Plasma Lipid Analysis. Plasma lipoprotein choles-
terol was determined by size exclusion chromatography.
Brietly, high-performance liquid chromatograpy (HPLC)
was carried out using an Agilent 1100 HPLC chromatograph
with a Superose 6HR HPLC column (Pharmacia LKB
Biotechnology, Piscataway, NJ, USA) consisting of a mix-
ing coil (16135-50 Bodman, Aston, PA, USA) 1n a tempera-
ture-controlled water jacket (Aura Industrials, Staten, NY,
USA). A Hewlett-Packard HPLC pump (79851-A; Agilent
Technologies, Palo Alto, CA, USA) was used to deliver
cholesterol reagent (Roche Diagnostics, Indianapolis, IN,
USA) at a flow rate of 0.2 mL/min. Bovine cholesterol
lipoprotein standards were used to calibrate the signal on the
basis of peak areas.

[0201] Glucose Tolerance Test (G1T) and Insulin Toler-
ance Test (ITT). After a 3-h fast, mice were administrated
glucose mtraperitoneally (2 g/kg body weight), and tail vein
blood glucose levels were determined at O, 15, 30, 60, and
120 min after glucose injection using a OneTouch Ultram-
cter (LifeScan Inc., Wayne, PA). ITT was performed after
mice were administrated insulin intraperitoneally (0.5 U/kg
body weight). Glucose levels were determined 1n tail vein

blood at 0, 30, and 60 min after insulin injection using a
OneTouch Ultrameter (LifeScan Inc.).

[0202] Gene Expression and Exon Microarray Analysis.
Total liver RNA was extracted from three biological repli-
cates within each group using a TRIzolplus RNA purifica-
tion kit (Invitrogen, Life Technologies, Carlsbad, CA, USA).
The total RNA quality was determined using a 2100 Bio-
analyzer mstrument and RNA 6000 Nano LabChip assay
(Agilent Technologies, Palo Alto, CA, USA). Total RNA (10
ug) was then used to synthesize one-cycle cDNA (first-
strand and second-strand c¢DNA synthesis) followed by
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clean-up of double-stranded cDNA, and biotin-labeled
cRNA synthesis. The biotin-labeled cRNA was fragmented
using One-Cycle Target Labeling and Control reagents (Ai-
ftymetrix, Santa Clara, CA, USA). Fragmented cRNA
samples were hybridized to an Aflymetrix GeneChip Mouse
exon 1.0 ST array, an expression and exon splicing array
contaiming 1.2 million probe sets, representing 80000 genes.
The hybridization signals were acquired and analyzed using
the GeneChip Scanner 3000 High-Resolution Scanner (Ai-
fymetrix) and the Aflymetrix GeneChip Operating Software
(GCOS). Analysis of both gene expression and exon alter-
native splicing from the microarray data was performed
using a GeneSpring GX version 11.0 program (Agilent
Technologies, Santa Clara, CA). Gene expression was deter-
mined to be significant when the change was found to be
1.5-fold and above. The splice index was defined as the log
of the ratio of exon-level expression over gene-level expres-
sion. A fold change in splice index value =2 between
treatment and control groups was considered to be differ-
entially spliced. Transcripts with at least one differentially
spliced exon were considered to be diflerentially regulated
splicing.

[0203] Statistical Analysis. All data were expressed as
means+=SE. Analysis of variance (ANOVA) was performed
using the JMP7/ statistical program (SAS Institute, Cary, NC,
USA) to examine the effects of treatment on plasma lipid
levels, body and tissue weights, total energy intake, and feed
clliciency ratio. Significance was defined at P<0.05. Inge-
nuity Pathways Analysis tool (IPA version 8.7, Ingenuity
Systems Inc., Redwood City, CA, USA; http://www.inge-
nuity.com) was used to analyze the exon microarray data
determining biological mechanisms, pathways, and func-
tions from the differentially expressed genes. Right-tailed
Fisher’s exact test was used to calculate the P value. P values
represent the probability that the biological function of each
data set, biological function and disease assigned to a
particular network for each data set, and the association
between the genes in a data set and the corresponding
canonical pathway were explained by chance.

Metabolic Effects.

[0204] ChrSd supplementation of a HF diet for 5 weeks

significantly lowered body weight gain of the DIO mice
despite a significant increase of total energy intake, resulting
in a 72% lower energy efliciency ratio in these mice (Table
2). The ChrSd supplemented diet significantly lowered the
liver and epididymal adipose tissue weights by 38% and
35%, respectively, as compared with mice on the control diet
(Table 2). Total hepatic lipid content was 43% lower 1n DIO
mice fed ChrSd, as compared to control diet (P<0.035) ('Table
2). Dietary ChrSd supplementation significantly lowered
peak blood glucose response at 60 min (P<<0.05) and the area
under the curve (AUC) during a 2-h glucose response (FIGS.
2A and B). ChrSd supplementation also resulted 1n a marked
reduction of mnsulin response at 30 min (P<0.035) and 60 min

(P<0.05) (FIGS. 3A and B).

Microarray Analysis ol Hepatic Gene Expression Profiles

[0205] The comprehensive expression ol hepatic genes 1n
DIO mice fed HF diets supplemented with either 5% MCC
or 10% ChrSd flour was assessed by exon microarray
analysis. A number of genes were diflerentially expressed 1n

mice fed 10% ChrSd, as compared to those fed 5% MCC
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(P<<0.05, fold change =1.5) (Table 3). Among these genes,
some were down-regulated and some were up-regulated.
Table 3 shows the genes diflerentially down- and up-regu-
lated by ChrSd, categorized by biological process. Chiti-
nase-like 1(Chi311; fold change, —1.5), encoding a protein
involved 1n the activation of nuclear factor-kappaB (INF-
KB)-induced kinase activity, involved 1in inflammation and
tissue remodeling, was down-regulated. A gene encoding an
enzyme 1mvolved 1n cortiscosteroid biosynthesis (C21-ste-
roid hormone biosynthesis, cytochrome P4350, family 21,
subfamily a polypeptide 1 (Cyp2lal; fold change, —1.6))
was down-regulated. The expression level of aquaporin 8
(Agp8; fold change, -1.8), encoding a protein related to
canalicular bile acid transport was down-regulated. Genes
encoding proteins mvolved 1 diacylglycerol and tria-
cylglycerol biosynthetic processes (stearoyl-coenzyme A
desaturase 1 [Scdl]; monoacylglycerol O-acyltransferase 1
[Mogatl]) were down-regulated (fold change, -1.6 ifor
both). Expression of odorant binding protein 2ZA (Lcnl3),
involved 1n glucose and lipid metabolism, was down-regu-
lated (fold change, —3.5). Genes mvolved 1n immune system
processes, including complement factor D (Cid; fold
change, -2.4), cathepsin E (Ctse; fold change, —1.7), oroso-
mucoid 2 (Orm2, fold change, —1.7), retinoic acid receptor-
related orphan receptor gamma (Rorc; fold change -1.5),
and toll-like receptor 5 (Tlr5; fold change, -2) were down-
regulated. Serine palmitoyltransierase, long chain base sub-
umt 3 (Sptlc3; fold change, —1.7), which 1s mvolved in
sphingolipid metabolism, was down-regulated. Expression
of a lipid droplet-associated protein involved 1n triglyceride
metabolic process, perilipin 4 (Plin4; fold change, -3.5),
was also down-regulated in mice fed ChrSd, as compared to
mice fed MCC. Interferon alpha 9 (Itna9; fold change, 1.8),
a gene encoding a protein related to host immune defense
response, was up-regulated. The expression of genes encod-
ing cytochrome P450, family 7, subfamily b, polypeptide 1
(Cyp7bl; fold change, 1.6) and cytochrome P450, family 17,
subfamily a, polypeptide 1 (Cypl7al; fold change, 2.3),
related to bile acid metabolism, was up-regulated. Genes
involved 1n cholesterol metabolism, 1including sterol
14-demethylase (Cyp51; fold change, 5.6), 3-hydroxy-3-
methylglutaryl-coenzyme A reductase (Hmgcr; fold change,
2.5), hydroxysteroid (1743) dehydrogenase 7 (Hsd17b7;
fold change, 2.8), imsulin induced gene 1 (Insigl; fold
change, 1.8), sterol-C4-methyl oxidase-like (Sc4 mol; fold
change, 4.5), and leptin receptor (Lepr; fold change, 1.6)
were up-regulated. The expression level of acyl-CoA syn-
thetase long-chain family member 3 (Acsl3), which 1s
involved 1n lfatty acid p-oxidation, was up-regulated.

[0206] Pathway analysis using the IPA System i1dentified
several biological functions and canonical gene pathways
that were differentially regulated by ChrSd supplementation
(Table 4). When grouped by biological function, the expres-
sion levels of genes related to lipid metabolism, hemato-
logical disease, and metabolic disease were significantly
allected by ChrSd supplementation. In terms of canonical
pathways, ChrSd affected the cholesterol biosynthesis super-
pathway and the zymosterol biosynthetic pathway. Net-
works 1nvolving lipid metabolism and infectious disease
were aflected by ChrSd supplementation. Insigl, which
regulates cholesterol concentration, was i1dentified as a
major regulator effects networks (data not shown). Analysis
of exon microarray data using the GeneSpring GX11.0
program resulted in the identification of 84 genes with
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S1>|2.0l 1n the presence of ChrSd supplementation (data not
shown). Further analysis by using RT-PCR needs to be done
to confirm the alternative splicing of these genes.

[0207] In the current study, exon microarray analysis was
used to identity differentially expressed hepatic genes in
DIO mice, to provide novel biological insights into the
cellects of ChrSd supplementation on HF diet-induced
hepatic steatosis. We found that, in addition to aflecting
expression of genes involved 1n cholesterol, bile acid, and
lipid metabolism, dietary ChrSd supplementation signifi-
cantly affected the hepatic expression of genes mvolved 1n
C21-steroid metabolism, immune system processes, inflam-
mation, tissue remodeling, and lipid storage. ChrSd supple-
mentation markedly up-regulated hepatic expression of
genes related to bile acid and cholesterol synthesis
(Cypl7al, Cyp31, Hmgcr, and Insigl), and fatty acid p-oxi-
dation (Acsl3), whereas it signmificantly down-regulated the
expression of genes related to fatty acid biosynthesis (Scdl,
Acotll, and Mlxipl/carbohydrate responsive element-bind-
ing protein [ChREBP]), triacylglycerol biosynthesis (Mo-
gatl), oxidative stress (Growth differentiation factor 15,
Gdfl5), inflammatory and immune processes (Cid, Chi3l1,
Ctse, Orm2, Rorc, and TIr5), ceramide biosynthesis
(Sptlc3), and lipid storage (Plind4). These altered gene
expression profiles 1 hepatic tissue were accompanied by
significant reductions 1n plasma LDL-cholesterol concentra-
tion, liver, adipose, and body weights, feed efliciency ratio,
and 1nsulin resistance, as compared to the MCC supple-
mented control group. Notably, ChrSd supplementation low-
ered the hepatic expression of genes that have a role 1n
obesity including Insig-1, lepR, Neurotrophic tyrosine
kinase, receptor, type 2 (Ntrk2), Melanocortin 5 receptor
(Mc5r), and Matrix metallopeptidase 7 (Mmp7).

[0208] Without being bound by any particular theory, we
hypothesize that supplementation with ChrSd contaiming,
high amounts of flavonoids can up-regulate genes related to
scavenging ol reactive oxygen species (ROS) and free
radicals, and down-regulate genes related to oxidative stress,
inflammation, and fatty acid biosynthesis, leading to
improved HF-induced insulin resistance and NAFLD. The
suggested mechanisms involved 1n the antioxidant activity
of flavonoids are: 1) free radical scavenging and metal
chelating activities; 2) cell-to-cell signaling pathways; and
3) antioxidant enzyme gene expression. The antioxidant
activity of grape seed products has been monitored 1n 1n
vitro. The in vivo biological significance of 1n vitro activity
1s not clear because oligomers and larger flavonoids are
poorly absorbed, while monomers are rapidly metabolized
and cleared from the body. In the present study, expression
of stress responsive genes (Gdi15 and ChREBP) was down-
regulated following ChrSd supplementation. The hepatic
expression of Gdil5, a member of the transforming growth
tactor (TGF) B superfamily, 1s related to hepatic steatosis
under ER stress. Oxidative stress activates ChREBP, which
transcriptionally modulates lipogenic and glycolytic genes,
resulting 1n fatty liver. Taken together, these findings 1ndi-
cated that the flavonoid-rich ChrSd supplement can poten-
tiate antioxidant activity and reduce oxidative stress, result-
ing 1n transcriptional down-regulation of ChREBP and
lipogenic genes (Scdl, Acotll, Mogatl) 1n the liver. Despite
the down-regulation of stress related genes, the canonical
pathway analysis did not identily significant changes 1n the
free radical and ER stress-related signaling pathways in the
livers of DIO mice supplemented with ChrSd. Oxidative
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stress and inflammation are closely interlinked in obesity.
However, whether improved oxidative stress and inflamma-
tion are secondary to or mndependent of reduction 1n hepatic
lipid levels 1s not clear. Additionally, we cannot exclude the
possibility that C57BL/6J mice ted a HF diet (47% of energy
as fat) for 10 weeks may have already passed through the
obesity-related ER stress response and entered the lipogen-
es1s stage. This transition from ER stress to lipogenesis was
shown 1n a previous study of ApoE3L mice on HF diets for
16 weeks; these animals exhibited an early phase hepatic
response to the HF diet that was characterized by changes in
genes linked to the stress pathways, followed by a late phase
involving genes related to lipid accumulation. Likewise, the
present study found few ChrSd-induced changes of genes
related to free radicals and ER-stress response.

[0209] The C57BL/6J mouse has been used extensively to
study hepatic steatosis. This animal model shows more
susceptibility to HF diet-induced fatty liver disease than
BALB/c mice. Genes related to the 26S proteasome and
ubiquitin proteasome system 1 wild type C37BL/6] mice
ted HF diets (40% energy as fat) for 15 weeks were
up-regulated relative to transgenic mice with lowered pro-
teasome activity, resulting 1n obesity and hepatic steatosis.
In contrast, no significant modulation of genes related to
ER-stress and inflammation was observed. In another study,
C57BL/6] mice fed a HF diet (60% of energy as {fat)
developed hepatic steatosis and inflammation after 24
weeks. In the present study, we selected obesity responsive
mice by feeding HF diet for 5 weeks and then selecting DIO
mice for treatment with HF diets supplemented with either
ChrSd or MCC (control) for an additional 5 weeks. The
lower degree of free radical scavenging response may be due
to the shorter duration of the ChrSd supplementation phase
of the study and the lower level of dietary fat, as compared
to previous studies showing an oxidative stress response.

[0210] Flavonoids have been reported to show immuno-
modulatory and anti-inflammatory properties, although most
of these studies have been conducted 1n vitro, with very few
in vivo or human analyses. In humans, the consumption of
600 mg/day grape seed extract for 4 weeks improved
markers of insulin resistance (e.g. blood C-reactive protein
|[CRP] concentration) and imnflammation i type 2 diabetic
patients at high risk for cardiovascular disease. In this study,
ChrSd supplementation down-regulated hepatic expression
of genes related to 1immune and inflammation processes
(Cid, Chi3ll, Ctse, Orm2, Rorc, TIr5). Cid (adipsin) 1s a
serine protease involved as a host response factor in the
removal of foreign antigens and pathogens. The Chi311 gene
1s related to activation of NF-kB-1nduced kinase activity and
inflammation. Ctse 1s an intracellular aspartic proteinase
highly expressed in immune-related cells, such as macro-
phages, and 1ts main role 1s related to macrophage mfiltra-
tion, adipogenesis, and hepatic steatosis. Orm2 1s expressed
in hepatocytes and adipocytes, and secreted into plasma
under metabolic and inflammatory stress as an acute phase
reactant immunomodulator protein. Rorc regulates Th17 cell
differentiation, controlling the production of inflammatory
cytokines. Tlr5 1s predominantly expressed in epithelial cells
of the intestinal mucosa and 1ts expression i liver and
adipose tissue 1s relatively very low. Interestingly, HF diet
has been shown to increase Tlrd expression in mouse
epididymal adipose tissue. It 1s activated by bacterial flagel-
lin proteins and triggers innate immune responses and
NF-kB. Although the biological sigmificance of hepatic Tlr5
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down-regulation 1s unclear, ChrSd supplementation may
reduce the gut bacterial residence-derived intlammatory
response to HF-induced stress. Our previous study sug-
gested that hepatic cholesterol metabolism was influenced
by the composition of intestinal microbiota and by intestinal
fibroblast growth factor (FGF) 15 gene expression 1n ham-
sters following ChrSd supplementation. Collectively, these
findings indicate that ChrSd supplementation may prevent
HF diet-induced inflammation in the liver via down-regu-
lation of hepatic expression of genes related to 1immune/
inflammatory pathways.

[0211] ChrSd supplementation up-regulated hepatic leptin
receptor expression by 1.5-fold, as compared with control.
Leptin, a hormone produced by adipose tissue, regulates
energy intake and expenditure and enhances fatty acid
oxidation in liver and muscle. In DIO mice, down-regulation
of hepatic leptin receptor expression was observed, suggest-
ing that obesity induces hepatic imsensitivity to leptin. Thus,
the ChrSd-associated up-regulation 1 hepatic leptin recep-
tor expression suggested that hepatic leptin sensitivity was
improved by this supplement and this could, 1n part, con-
tribute to reduced hepatic steatosis.

[0212] Several studies have suggested that oxidative stress
may play an important role 1n the development of obesity-
related complications such as isulin resistance and type 2
diabetes. Consumption of red grape extract improved fruc-
tose-induced ER-stress and insulin sensitivity in healthy
overwelght first-degree relatives of type 2 diabetic patients.
Similarly, our study revealed that supplementation with the
flavonoid-rich ChrSd significantly improved insulin sensi-
tivity and glucose metabolism, as shown by the 26% and
19% reductions 1n AUC during 2-h ITT and GTT, respec-
tively, as compared to the control. ChrSd supplementation
also significantly lowered the fasting glucose concentration.
Additionally, this improved insulin sensitivity was paral-
leled by down-regulation of hepatic Gdil5 expression.
GdilS expression has been reported to be induced 1in
response to oxidative stress and intlammation, and 1ts levels
are increased 1n individuals with abdominal obesity, CVD,
and insulin resistance. It has been shown that suppression of
the hepatic expression of genes related to inflammatory and
immune processes was associated with improved liver func-
tion of HF-induced fatty liver. On the other hand, lipid
derivatives such as ceramides are a critical modulator of
cellular stress and their accumulation inhibits mnsulin sig-
naling. It has been shown that flavonoids influence sphin-
golipid metabolism and are able to normalize the elevated
ceramide content of damaged liver cells. These observations
indicated a potential connection between the ChrSd-related
down-regulation of hepatic Sptlc3, a gene related to cer-
amide biosynthesis, and the reduced hepatic lipid content
and mmproved insulin sensitivity reported in the present
study. Therefore, improved insulin resistance and reduced
hepatic lipid content appeared to be mediated by a reduction
in oxidative stress and inflammation 1 DIO mice supple-

mented with ChrSd.

[0213] Glucokinase (Gcek) activation may induce fatty
liver 1n rodents because this enzyme phosphorylates glucose
to produce glucose-6-phosphate; this regulates hepatic glu-
cose disposal and stimulates hepatic lipogenesis. Recent
studies have shown that Gck overexpression in the liver
increases hepatic lipogenesis and circulating lipid concen-
trations. Furthermore, hepatic Gck expression was associ-
ated with hepatic lipogenic gene expression and the lipid
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content of human liver biopsies. ChrSd supplementation
down-regulated hepatic expression of Gck and Gekr (glu-
cokinase regulatory protein) and this may also have con-
tributed to reducing the HF-induced hepatic lipid content.

[0214] In summary, 1t has been demonstrated herein that
flavonoid-rich ChrSd, a byproduct of winemaking,
improved HF-induced hepatic steatosis, plasma lipid pro-
files, and weight gain, as well as 1nsulin resistance. These
improvements were associated with modulation of the
hepatic expression of genes related to bile acid, cholesterol,
and fatty acid metabolism, oxidative stress, inflammation,
and 1immune responses. Analysis of exon microarray data
revealed that pathways mvolved i lipid and cholesterol
metabolism, and infectious and metabolic disease were
differentially regulated by ChrSd. The decreased feed efli-
ciency ratio, and reductions 1n hepatic lipid content, adipose
tissue weight, hepatic ceramide synthesis, and oxidative
stress may have contributed to the observed improvement in
insulin sensitivity. These results indicate that consumption
of flavonoid-rich ChrSd can be beneficial for the prevention
and/or treatment of NAFLD and other metabolic diseases
due to its reduction of oxidative stress and inflammation,
modulation of cholesterol and bile acid synthesis, modula-
tion of lipid metabolism 1n liver, and amelioration of 1nsulin
resistance, as well as promotion of overall liver health.

TABLE 1

Diet Cc-mpmsitiﬂn

Ingredient (g/kg) Con ChrSd
Lard fat 225.0 225.0
Soybean oil 25.0 12.3
Cholesterol 0.8 0.8
MCC 52.6 18.6
Char seed 0 100.0
Caseln 200.0 182.5
Corn starch 145.6 109.8
SUCrose 300.0 300.0
DL methionine 3.0 3.0
Choline bitartrate 3.0 3.0
Mineral mix 35.0 35.0
Vitamin mix 10.0 10.0
Total weight 1000.0 1000.0
Calories’kg 4444 4427

Con (Control diet containing 5% MCC, mucrocrystalline cellulose);
ChrSd contaiming 10% Chardonnay grape seed flour

TABLE 2

Anthropometrics in DIO mice fed MCC and ChrSd for 5 wk!

Con ChrSd
Body weight gain (g) 2.4 + 0.6 -2.0 £ 0.7%
Total energy intake (Kcal) 676.0 £ 13.3 784.1 £ 20.1%*
Feed efliciency ratio (g gain/g feed) 0.18 = 0.00 -0.13 = 0.00%*
Liver weight (g) 1.6 £ 0.2 1.0 £ 0.1%
Epididymal adipose tissue weight (g) 2.0 £0.1 1.3 £0.1%
Hepatic percent total lipid content 22.6 £ 2.2 12.8 £ 0.7%

(g/100 g)

Walues are means + SE, n = 10.
*indicate sigmificant difference at P < 0.05.
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Summary of selected genes showing significant = [1.5]-fold hepatic
modulation in mice fed a HF diet supplemented with ChrSd

Biological Process Gene Fold-
(GO)® Symbol Name Change Gene ID
Down-regulated
Activation of nuclear Chi3ll Chitinase-like 1 -1.5 NM_ 007695
factor-kappaB-
inducing kinase
activity
Acyl-CoA metabolic  Cesld Carboxylesterase 1D -1.6 NM_ 053200
process
Adrenergic receptor Adralb Adrenergic receptor, alpha -1.6  ENSMUSTO0000067258
signaling pathway 1b
Aspartate transport Slcl13a3 Solute carrier family 13 -1.7 ENSMUSTO00000029208
(sodium-dependent
dicarboxylate transporter),
member 3
Brain-derived Ntrk2 Neurotrophic tyrosine -3.4 ENSMUSTO0000079828%
neurotrophic factor kinase, receptor, type 2
receptor signaling
pathway
C21-steroid hormone Cyp2lal Cytochrome P450, family -1.6  ENSMUSTO00000025223
biosynthetic process 21, subfamily a,
polypeptide 1
Canalicular bile acid  Aqgp8 Aquaporin ¥ -1.8  NM_ 007474
transport
Carbohydrate Gcek Glucokinase -3.1 ENSMUSTO00000102920
metabolic process
Carbohydrate Pfkm Phosphofructokinase, -1.6 NM_ 001163487
phosphorylation muscle
Cell redox Txnl Thioredoxin 1 -1.5 NM_ 011660
homeostasis Ckb Creatine kinase, brain -1.7 NM_ 021273
Cellular chloride 1on
homeostasis
Cellular glucose Gekr Glucokinase regulatory -1.8  NM_ 144909
homeostasis protein
Cellular response to Fenl Flap structure specific -2 ENSMUST00000156291
DNA damage endonuclease 1
stimulus
Cholesterol metabolic Cyp46al  Cytochrome P450, family -2.2 NM_ 010010
PIrocess 46, subfamily a,
polypeptide 1
Vidlr Very low density —-1.7  ENSMUSTO00000167487
lipoprotein receptor
Coenzyme A Ppcdc Phosphopantothenoylcysteine -1.5 NM_ 176831
biosynthetic process decarboxylase
Degradation of ketone Bdh?2 3-hydroxybutyrate -1.6 NM_ 001172055
body dehydrogenase, type 2
Fatty acid biosynthetic Scdl Stearoyl-Coenzyme A -1.6 NM_ 009127
process desaturase 1
Fatty acid metabolic  Acotll Acyl-Coenzyme A -2.2 NM_ 025590
Process thioesterase 11
Glucose homeostasis  MlIxipl MLX interacting protein- -1.6 NM_ 021455
(ChREBP) like
Glucose and lipid Lcnl3 Odorant binding protein -3.5 ENSMUSTO0O0000077667
metabolism 2A
Glutamate Prodh Proline dehydrogenase -1.6  ENSMUSTO00000003620
biosynthetic process
Glutathione metabolic  Gstt3 Glutathione S-transferase, -1.7 NM_ 133994
pProcess theta 3
G-protein coupled Mc5r Melanocortin 5 receptor -1.6 NM_ 013596
receptor signaling Tas2r104  Taste receptor, type 2, -1.5 NM_ 207011
pathway member 104
Vmnlrl92 Vomeronasal 1 receptor —2.1 NM_ 145845
192
GTP catabolic process Rasl2-9 RAS-like, family 2, locus -2.2  NM_ 009028

9
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TABLE 3-continued

Summary of selected genes showing significant = [1.5/-fold hepatic
modulation 1n mice fed a HE diet supplemented with ChrSd

Biological Process Gene Fold-
(GO)® Symbol Name Change Gene ID
Immune system process
(Innate immune Cid Complement factor D -2.4 NM_ 013459
response) (adipsin)
(antigen processing Ctse Cathepsin E -1.7 NM_ 007799
and presentation of
exogenous peptide
antigen via MHC
class II)
(Acute phase Orm2 Orosomucoid 2 -1.7 NM_011016
response)
(Regulation of Rorc Retinoic acid receptor- -1.5 NM_ 011281
gamma-delta T cell related orphan receptor
differentiation) gamma
(Defense response Tlr5 Toll-like receptor 5 -2 NM_ 016928
to bacterium)
Methylation Hnmt Histamine N- -1.5 NM_ 080462
methyltransferase
Oxidation-reduction Cyp2bl3  Cytochrome P450, family -3.4 NM_ 007813
PIrocess 2, subfamily b,
polypeptide 1
Cyp2d40  Cytochrome P450, family -1.8  ENSMUSTO00000055721
2, subfamily d,
polypeptide 40
Hao?2 Hydroxyacid oxidase 2 -1.7 NM_019545
Stress-responsive Gdfl5 Growth differentiation 2 ENSMUSTO0O0000003808
cytokine factor 15
Sphingolipid Sptle3 Serine -1.7 ENSMUSTO0O0000110083
metabolic process palmitoyltransierase, long
(Ceramide de novo chain base subunit 3
synthesis)
Triacylglycerol Mogatl Monoacylglycerol O- -1.6 NM_026713
biosynthetic process acyltransferase 1
Triglyceride Plin4 Perilipin 4 -3 NM_ 020568
metabolic process
Up-regulated
Adaptive immune [fna9 Interferon alpha 9 1.8 NM_ 010507
response (host
immune defense)
Asparagine Asns Asparagine synthetase 2.8  ENSMUSTO00000031766
biosynthetic process Gotl Glutamate oxaloacetate 2 NM_ 010324
transaminase 1, soluble
ATP hydrolysis Atp6ov0d2 ATPase, H+ transporting, 2.2  ENSMUSTO00000029900
coupled proton lysosomal VO subunit D2
transport
Bile acid Cyp7bl Cytochrome P450, famuily 1.6 NM_ 007825
biosynthetic process 7, subfamily b,
polypeptide 1
Cypl7al  Cytochrome P450, family 2.5 NM_ 007809
17, subfamily a,
polypeptide 1
Bone morphogenetic  Idl Inhibitor of DNA binding 1.7 NM_ 010495
protein signaling 1
pathway
Calcium-mediated Avprla Arginine vasopressin 2.1 NM_ 016847
signaling receptor 1A
Cell-cell junction Ocln Occludin 1.5 ENSMUSTO0000069756
organization
Cholesterol Cyp3l Sterol 14-demethylase 5.6 NM_ 020010
biosynthetic process Fditl Farnesyl diphosphate 1.9 NM_ 010191
farnesyl transferase 1
Hmgcr 3-Hydroxy-3- 2.5 NM__008255
methylglutaryl-Coenzyme
A reductase
Hsd17b7  Hydroxy steroid (17-beta) 2.8 NM_ 010476
dehydrogenase 7
Insigl Insulin induced gene 1 1.8 NM_ 153526
Lss Lanosterol synthase 2.1  ENSMUSTO00000048678
Mvd Mevalonate (diphospho) 2.3 NR_028354

decarboxylase
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Summary of selected genes showing significant = [1.5/-fold hepatic
modulation 1n mice fed a HE diet supplemented with ChrSd

Biological Process Gene

(GO)® Symbol
Mvk
Nsdhl
Sc4dmol
Tm7si2

Cholesterol efflux Apom

Cholesterol Lepr

metabolic process Pcsk9
Sqle

Cytokine-mediated [117rb

signaling pathway

Fatty acid p- Acsl3

oxidation

Glycine biosynthetic  Agxt

process, by

transamination of

oglyoxylate

Glycolytic process Aldoc
Pgk?

Inflammatory TIrl3

response

Lipid metabolic Hmgcs1

process

Lipid transport Stard4

Proteinaceous Mmp7

extracellular matrix

Regulation of Igtbp?2

insulin-like growth
factor 1 receptor
signaling pathway

Name

Mevalonate kinase
NAD(P) dependent
steroid dehydrogenase-
like

Sterol-C4-methyl oxidase-like
Transmembrane 7
superfamily member 2
Apolipoprotein M

Leptin receptor
Proprotein convertase
subtilisin/kexin type 9
Squalene epoxidase
Interleukin 17 receptor B

Acyl-Coenzyme A
synthetase long-chain
family member 3
Alanine-glyoxylate
aminotransferase

Aldolase C, fructose-
bisphosphate
Phosphoglycerate kinase 2
Toll-like receptor 13

3-Hydroxy-3-
methylglutaryl-Coenzyme
A synthase 1

StAR-related lipid transier
(START) domain
containing 4

Matrix metallopeptidase 7

Insulin-like growth factor
binding protein 2

Fold-

Change Gene ID

2.2
2

4.5
1.7

o)

13.5
1.5

1.9

1.5

2.2

1.6
1.6

2.2

1.9

1.5

2.3

ENSMUST00000043760
NM_ 010941

ENSMUSTO00000034015
NM_ 028454
ENSMUSTO00000025249
NM_ 146146
NM_ 153565

NM_ 009270
NM__ 019583

NM_ 028817

NM_ 016702

ENSMUST00000017534

NM_ 031190
ENSMUST00000040065

NM__ 145942

ENSMUST00000025236

ENSMUSTO0000018767

NM_ 008342

9Genes were classified into biological process categories according to Gene Ontology Consortium ((GO) classification.

TABLE 4

The top 10 biological functions and top 5 canonical and network
pathways of genes significantly modulated by ChrSd

Biological Function

Lipid Metabolism

Small Molecule Biochemistry
Vitamin and Mineral
Metabolism

Molecular Transport

Cell Morphology
Hematological Disease
Metabolic Disease
Neurological Disease
Psychological Disorders
Dermatological Diseases and
Conditions

Canonical Pathway
Superpathway of Cholesterol

Biosynthesis
Cholesterol Biosynthesis I

Cholesterol Biosynthesis II (via

24,25-dihydrolanosterol)

No. of genes

differentially
P value expressed
2.87 x 10719311 x 1072 48
2.87 x 107109-3.23 x 1072 64
2.87 x 10719-2.09 x 1072 21
2.52 x 1077-3.23 x 1072 39
6.92 x 107%-3.11 x 1072 15
548 x 1074-3.12 x 1072 13
548 x 1074-3.11 x 1072 25
6.17 x 107%-3.11 x 1072 35
6.17 x 107%-3.11 x 1077 27
1.14 x 1073-1.05 x 1072 18
P value Ratio®’
1.81 x 10717 12/87 (0.138)
1.53 x 10713 8/40 (0.2)
1.53 x 10712 8/40 (0.2)

TABLE 4-continued

The top 10 biological functions and top 5 canonical and network
pathways of genes significantly modulated by ChrSd

Cholesterol Biosynthesis III (via 1.53 x 10712 8/40 (0.2)
Desmosterol)

Zymosterol Biosynthesis 7.12 x 1071 5/22 (0.227)
Network Pathway Sore®’
Lipid Metabolism, Small Molecule Biochemistry, Vitamin 58
and Mineral Metabolism

Infectious Disease, Organismal Injury and Abnormalities, 36
Renal and Urological Disease

Protein Synthesis, Carbohydrate Metabolism, Lipid Metabolism 36
Lipid Metabolism, Small Molecule Biochemistry, Vitamin and 33
Mineral Metabolism

Behavior, Neurological Disease, Endocrine System 29

Development and Function

The functions and pathways that were most significant to the dataset were 1dentified by
Ingenuity Pathway Analysis (Ingenuity Systems).

“Number of molecules (genes) that met the cut-off criteria, divided by the total number
of molecules within a given pathway.

PYLikelihood of finding the focus molecules 1n a given pathway, expressed as the negative
log of the P value.

[0215] While the embodiments have been depicted and

described by reference to exemplary embodiments, such a
reference does not imply a limitation on the scope, and no
such limitation i1s to be inferred. The embodiments are
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capable of considerable modification, alteration, and equiva-
lents 1n form and function, as will occur to those ordinarily
skilled 1n the pertinent arts having the benefit of this dis-
closure. All references cited herein are hereby incorporated
by reference 1n their entirety and for their intended purpose.

1. A method of treating or preventing non-alcoholic fatty
liver disease (INAFLD), reducing hepatic steatosis, reducing
steatohepatitis, reducing hepatic fibrosis, or preventing non-
alcoholic steatohepatitis (NASH) in a mammal comprising
administering to the mammal an amount of a grape pomace
cllective to reduce, treat, or prevent NAFLD, hepatic ste-
atosis, steatohepatitis, hepatic fibrosis, or NASH.

2-7. (canceled)

8. A method of reducing or preventing oxidative stress or
lipid peroxidation in a mammal’s liver comprising admin-
istering to the mammal an amount of a grape pomace
ellective to reduce or prevent oxidative stress or lipid
peroxidation 1in the mammal’s liver.

9. (canceled)

10. A method of protecting, supporting, enhancing, or
maintaining cytochrome P4350 and/or Phase II enzymatic
detoxification system 1n a mammal’s liver comprising
administering to the mammal an amount of a grape pomace
cllective to protect, support, enhance, or maintain
cytochrome P450 and/or Phase II enzymatic detoxification
system 1n the mammal’s liver.

11-22. (canceled)

23. The method of claim 1, wherein the grape pomace 1s
administered in eflective amount of about 1 mg to about
15,000 mg.

24. The method of claim 1, wherein the mammal 1s a
human, companion animal, domestic pet, husbanded animal,
or livestock.

25. The method of claim 1, wherein the method further
comprises at least one additional compound.

26. The method of claim 25, wherein the at least one
additional compound i1s an antioxidant, an anti-cholesterol
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medication or compound, anti-glycemic compound, obet-
icholic acid, 2,4-dinitrophenol (DNP), DNP-methyl ether
(DNPME), vitamin E, vitamin A, vitamin C, a carotenoid,
lipoic acid, ubiquinol, ubiquinone, glutathione, s-adenosyl-
methionine, trimethyl glycine, methionine, phosphatide, an
essential fatty acid, choline, a B vitamin, a botanical or an
extract thereol, or an insulin sensitizer.

27-30. (canceled)

31. The pharmaceutical composition of claim 26, wherein
the botanical or an extract thereof, 1s milk thistle, schizandra,
burdock, dandelion, artichoke, turmeric, celandine, kudzu,
chicory, or yellow dock, or any extract thereof.

32. The method of claim 26, wherein the anti-glycemic
compound 1s an insulin sensitizer.

33. The method of claim 26, wherein the insulin sensitizer
1s pioglitazone, metiformin, sulfonylureas, or thiazolidin-
ediones.

34. The method of claim 26, wherein the anti-cholesterol
compound 1s a HMG-CoA reductase inhibitor.

35. The method of claim 34, wherein the HMG-CoA
reductase inhibitor 1s atorvastatin, fluvastatin, lovastatin,
pitavastatin, pravastatin, rosuvastatin, or simvastatin.

36. The method of claim 25, wherein the grape pomace
and the additional compound are administered 1n concur-
rently or in series.

37. The method of claim 25, wherein the grape pomace
and the additional compound are administered 1n the same
formulation or 1n different formulations.

38. The method of claim 1, wherein the mammal 1s on a
high fat diet, comprising 30% to 50% fat by calorie content.

39-40. (canceled)

41. The method of claim 1, wherein the grape 1s a
Chardonnay grape, a Cabernet Sauvignon grape, a Pinot
Noir grape, a Sauvignon Blanc grape, or a White Riesling
grape.

42-63. (canceled)
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