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Figure 3A

Figure 3B
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FIGURE 5A
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FIGURE 6
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FIGURE 7A
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METHOD FOR PREVENTING ULCERATION
OR IRRITATION OF MUCOSA

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 10/669,094, filed Sep. 22, 2003 now U.S. Pat. No.
7,074,438, which is a divisional of U.S. patent application
Ser. No. 10/004,103, filed Oct. 30, 2001 now U.S. Pat. No.
6,685,971, which claims priority to U.S. Provisional Appli-
cation No. 60/301,961, filed Jun. 28, 2001, which applica-
tions are herein incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to methods and composi-
tions for oral delivery of nutrients and/or pharmaceuticals,
particularly for tissue repair and regeneration of the body,
and more particularly to methods and compositions for
protecting the mucosal tissue from damages caused by
irritants and for promoting repair and regeneration of dam-
aged or dysfunctional mucosal tissue in the gastrointestinal
tract, especially for the treatment of gastrointestinal disor-
ders such as gastritis, peptic ulcer, reflux esophagitis, dys-
pepsia, and gastric cancer, and the restoration of the physi-
ological structure and function to the mucosal tissue.

2. Description of Related Art

Mucosal tissues (also termed mucosa) are membranes that
line body cavities such mouth, nose, eyelids and sexual
organs, and canals such as alimentary canals (e.g., the
gastrointestinal (GI) tract) and the respiratory tract. Since
mucosa is exposed to the external air, it secrets mucus to
moisten and protect itself from adversary effects of envi-
ronmental elements.

Mucosa is primarily comprised of epithelial cells that are
attached to the basement membrane. Unlike the mucosal
tissue of the inner surface of the eyelids, the epithelial cells
which line the inside of the stomach are exposed to much
harsher conditions, e.g., acid (i.e., hydrochloric acid), some-
times alcohol, enzymes (e.g., pepsin) for digesting food, and
waste generated therefrom. Mucous secretion essentially
protects the cells on the inside of the stomach and duodenum
from damage by acid or enzymes, for example by presenting
bicarbonate to neutralize some of the effects of acid on the
stomach’s inner lining, and inhibitors to block the enzymatic
activity. Once the mucous secretions of the epithelial cells
stop, the inner lining of the stomach or duodenum would
eventually be eroded by the combined action of acid and
enzymes, leading to ulcer.

Modem medical research has identified many factors
attributable to the formation of various gastrointestinal dis-
eases, such as acute gastritis, chronic superficial gastritis,
atrophic gastritis, antral gastritis, senile gastritis, bile-regur-
gitational gastritis, esophagitis, gastroduodenal ulcer, indi-
gestion, gastric neurosis, constipation, as well as various
consequent conditions including gastric hyperacidity,
hypochlorhydria, flatulency, gastrointestinal discomfort
after meals, gastric discomfort after drinking, and gastric
discomfort due to fasting. The factors include: (1) drinking,
smoking, medication as well as other factors that destroy the
barrier of gastric mucous membrane by directly damaging
gastric mucous membrane or stimulating gastric acid secre-
tion; (2) infection of all kinds of microorganism and their
toxins causing the damage of gastrointestinal mucous mem-
brane; (3) immunity factors: weakened immunologic func-
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tion causing a decrease in the content of secretory IgA in
gastrointestinal fluid that impairs the body discharging of
bacteria and toxin, further damaging the gastrointestinal
mucous membrane; (4) the regurgitation of duodenum
which removes mucus on the surface of the gastric mucous
membrane, thereby destroying the barrier of gastric mucous
membrane; (5) chronic gastritis, leading to gastric ulcer; (6)
constipation, which causes or contributes to gastrointestinal
diseases; and (7) damage of intestinal wall nerves’ structure
due to intestinal diseases thereby resulting in constipation,
etc.

The physiological mechanisms of mucosal injury in gas-
tritis and peptic ulcer diseases are thought to be an imbal-
ance of aggressive factors, such as acid production or
pepsin, and defensive factors, such as mucus production,
bicarbinate, and blood flow. Erosive gastritis usually is
associated with serious illness or with various drugs. Stress,
ethanol, bile, and nonsteroidal anti-inflammatory drugs dis-
rupt the gastric mucosal barrier, making it vulnerable to
normal gastric secretions. Infection with Helicobacter
pylori, a short, spiral-shaped, microaerophilic gram-nega-
tive bacillus, is widely believed to be the leading cause of
peptic ulcer diseases. H. pylori colonize the deep layers of
the mucosal gel that coats the gastric mucosa and presum-
ably disrupt its protective properties. H. pylori is thought to
infect virtually all patients with chronic active gastritis.

Various medications have been developed to treat above
described conditions associated with damaged or malfunc-
tional mucosal tissues in the GI tract. One approach is to
neutralize gastric acid by using antacids to relieve symptoms
of gastritis. For example, aluminum and magnesium hydrox-
ide MAALUX® and MYLANTA®) neutralize gastric acid-
ity, resulting in increase in pH in the stomach and duodenal
bulb. Aluminum ions inhibit smooth muscle contraction,
thus inhibiting gastric emptying. Aluminum and magnesium
antacid mixtures are used to avoid bowel function changes.

Another approach is to use H2-receptor antagonists to
inhibit the action of histamine on the parietal cell, which
inhibits acid secretion. Examples of H2-receptor antagonists
include cimetidine (TAGAMET®), nizatidine (AXID®),
ranitidine hydrochloride (ZANTAC®) lansoprazole (PRE-
VACID®), and rabeprazole (ACIPHEX®). Cimitidine
inhibits histamine at H2 receptors of the gastric parietal
cells, resulting in reduced gastric acid secretion, gastric
volume, and reduced hydrogen concentrations. Nizatidine
competitively inhibits histamine at H2 receptors of gastric
parietal cells, also resulting reduced gastric acid secretion,
gastric volume, and reduced hydrogen concentrations. Lan-
soprazole decreases gastric acid secretion by inhibiting the
parietal cell H*/K* ATP pump, and is to relieve symptoms of
active duodenal ulcers and erosive esophagitis. Rabeprazole
also decreases gastric acid secretion by inhibiting the pari-
etal cell H/K* ATP pump, and is used for short-term
treatment and symptomatic relief of gastritis, and for the
treatment of active duodenal ulcers, and all grades of erosive
esophagitis.

These anti-acids or anti-ulcer drugs, although capable of
alleviating the symptoms temporarily, have not been shown
to be very effective in complete curing of ulcer and in
preventing recurrence. After the treatment, mucosa may be
repaired but the physiological structure and function of the
mucosa have not been restored. In addition, long-term usage
of these drugs at high dosages could have various side
effects such as constipation, diarrhea, nausea and vomiting,
abdominal discomfort and pain, and other adverse reactions
in central nervous, cardiovascular, and hepatic systems.
Thus, there exits a need for developing innovative compo-
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sitions and methods for preventing damages to mucosa and
for treating the mucosa in the GI tract using strategies
different from those in the existing art.

SUMMARY OF THE INVENTION

Compositions and methods are provided for repairing and
promoting regeneration of mucosa in the GI tract in order to
restore physiological structure and function to the damaged
or dysfunctional mucosa, to enhance the body’s ability to
absorb nutrients, to achieve healthy and balanced metabo-
lism, and ultimately to promote the general health of the
whole body. It should be noted that the compositions may be
adapted for use in the treatment of dysfunctional mucosa of
other organs, such as nasal, lung, anal, vaginal, aural, eye,
and oral mucosa, as well as for tissue repair and regeneration
of other organs such as heart, liver, pancreas, kidney, and
lung.

In one embodiment, a composition suitable for oral
administration is provided for promoting mucosal cell
growth in the GI tract. The composition is in an oral dosage
form and comprises: an edible oil homogenized with an
edible wax at a concentration ranging from 0.5% to 50% by
weight and a sterol compound at a concentration of at least
0.1% by weight.

The concentration of the sterol compound preferably
ranges from about 0.5% to 20% by weight, more preferably
about 1% to 10% by weight, and most preferably about 2%
to 6% by weight.

The concentration of the edible wax preferably ranges
from about 3% to 30% by weight, more preferably about 5%
to 20% by weight, and most preferably about 6% to 10% by
weight.

The edible wax may be any natural or synthetic wax
suitable for oral administration to a human. Examples of
edible wax include, but are not limited to, beeswax, castor-
wax, glycowax, and carnaubawax. In a preferred embodi-
ment, the edible wax is beeswax.

The edible oil may be any natural or synthetic oil suitable
for oral administration to a human. Examples of natural oil
include, but are not limited to corn oil, wheat germ oil, soy
bean oil, rice bran oil, rapeseed oil, sesame oil, fish oil and
other vegetable and animal oils. In a preferred embodiment,
the edible oil is sesame oil.

The composition may further comprise propolis at a
concentration ranging from about 0.1% to 30% by weight,
more preferably from about 1% to 20% by weight, and most
preferably from about 5% to 10% by weight.

The composition preferably contains minimum amount of
water, more preferably containing less than 0.5% of water by
weight, and most preferably containing less than 0.1% water
by weight.

For oral administration, the inventive composition can be
formulated readily by combining with pharmaceutically
acceptable carriers that are well known in the art. Such
carriers enable the compounds to be formulated as tablets,
pills, dragees, capsules, emulsions, gels, syrups, slurries,
suspensions and the like, for oral ingestion by a patient to be
treated.

In a preferred embodiment, the inventive composition is
contained in capsules. Capsules suitable for oral adminis-
tration include push-fit capsules made of gelatin, as well as
soft, sealed capsules made of gelatin and a plasticizer, such
as glycerol or sorbitol. More preferably, the inventive com-
position is contained in soft capsules. The inventive com-
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position may be dissolved or suspended in suitable liquids,
such as fatty oils or liquid polyethylene glycols. In addition,
stabilizers may be added.

In another embodiment, a composition suitable for oral
administration as a pharmaceutical or nutraceutical is pro-
vided. The composition comprises: an active ingredient; and
an edible oil homogenized with an edible wax at a concen-
tration ranging from 3% to 30% by weight, wherein the
edible wax forms microcrystals which are dispersed sub-
stantially uniformly in the edible oil at ambient temperature.
The size of the microcrystal is preferably between 0.1-100
um, more preferably 5—70 pum, and most preferably 10-50
um in length. The form of the microcrystals may vary
depending on the concentration and temperature. At ambient
temperature, the microcrystal may adopt a single, needle-
like crystal form and/or form a microcrystal complex by
aggregating with each other.

The composition may further comprise a sterol compound
at a concentration ranging from 0.1% to 20% by weight,
more preferably about 1% to 10% by weight, and most
preferably about 2% to 6% by weight.

The active ingredient may be any drug for treating dis-
eases or to promote general health, such as drugs in the class
of 1) gastrointestinal agents; 2) antibiotics; 3) antiviral
agents; 4) antifungal agents 5) antineoplastic agents; 6)
analgesics; 7) tranquilizers; 8) narcotic antagonists; 9) anti-
depressants; 10) antihistamines; 11) antimigraine; 12) car-
diovascular drugs; 13) calcium channel blockers; 14) appe-
tite suppressant; 15) contraceptive agents; 16)
corticosteroids; 17) local anaesthetics; 18) diuretics; 19)
antihypertensive agents; 20) steroids; 21) prostaglandins;
22) anti-inflammatory drugs; 23) antithrombotic agents; 24)
cardiac glycosides; 25) antiparkinsonism; 26) chemical
dependency drugs; 27) acidic drugs such as salicylates (e.g.,
aspirin); and 28) peptides.

According to any of the above embodiments, the sterol
compound may be an animal sterol or a plant sterol (also
called phytosterol). Examples of animal sterol include cho-
lesterol and all natural or synthesized, isomeric forms and
derivatives thereof. Preferably, the sterol compound is
selected from the group consisting of stigmasterol, campes-
terol, p-sitosterol, chalinosterol, clionasterol, brassicasterol,
a-spinasterol, dancosterol, desmosterol, poriferasterol, and
all natural or synthesized, isomeric forms and derivatives
thereof. More preferably, the sterol compound is a combi-
nation of stigmasterol, -sitosterol,and campesterol, collec-
tively referred to herein as “sitosterol”.

It is to be understood that modifications to the sterol
compound i.e. to include side chains also fall within the
purview of this invention. It is also to be understood that this
invention is not limited to any particular combination of
sterols forming a composition.

According to any of the above embodiments, the inven-
tive composition may further comprise baicalin, preferably
at a concentration ranging from about 0.01 to 5% by weight,
more preferably about 0.1 to 2% by weight, and most
preferably about 0.1% to 1% by weight.

According to any of the above embodiments, the inven-
tive composition may further comprise an extract of huang-
qin (Radix Scutellariae) in aqueous solution, organic solvent
such as oil and alcohol, or in a combination of water and
organic solvent. Preferably, the edible oil in the composition
is an extract of huangqin in the amount of 1-50% by weight
in the oil. Preferably, the root of huanggin is used and may
be obtained from the plant selected from one or more
members of the group of Scutellaria viscidula Bge, Scutel-
laria amoena C. H. Wright, Scutellaria rehderiana Diels,
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Scutellaria ikonnikovii Juz, Scutellaria likiangensis Diels
and Scutellaria hypericifolia Levl of Labiatae Family.

According to any of the above embodiments, the inven-
tive composition may further comprise obaculactone, pref-
erably at a concentration ranging from about 0.01 to 5% by
weight, more preferably about 0.1 to 2% by weight, and
most preferably about 0.1% to 1% by weight.

According to any of the above embodiments, the inven-
tive composition may further comprise an extract of dry
huangbai (Phellodendron amurense Rupr), in aqueous solu-
tion, organic solvent such as oil and alcohol, or in a
combination of water and organic solvent. Preferably, the
edible oil in the composition is an extract of huangbai in the
amount of 1-50% by weight in the oil. Preferably, the bark
of huangbai is used and may be obtained from the plant
selected from one or more members of the group of Phel-
lodendron chinense Schneid, Plellodendron chinense Scheid
var. glabriusculum Schneid, Phellodendron chinense
Schneid var. omeiense Huang, Phellodendron Schneid var.
yunnanense Huang and Phellodendron chinense Schneid
var. falcutum Huang.

According to any of the above embodiments, the inven-
tive composition may further comprise obabenine, prefer-
ably at a concentration ranging from about 0.001% to 2% by
weight, more preferably about 0.002% to 0.5% by weight,
and most preferably about 0.003% to 0.1% by weight.

According to any of the above embodiments, the inven-
tive composition may further comprise an extract of huan-
glian (coptis chinensis Franch), in aqueous solution, organic
solvent such as oil and alcohol, or in a combination of water
and organic solvent. Preferably, the edible oil in the com-
position is an extract of huanglian in the amount of 1-50%
by weight in the oil. Root of huanglian is preferably used.
Huanglian may be selected from one or more members of
the group of Coptis deltoidea C.Y. Cheng et Hsiao, Coptis
omeiensis (Chen) C. Y. Cheng, and Coptis teetoides C. Y.
Cheng of Ranunculaceae Family.

According to any of the above embodiments, the inven-
tive composition may further comprise berberine, preferably
at a concentration ranging from about 0.001% to 2% by
weight, more preferably about 0.002% to 0.5% by weight,
and most preferably about 0.003% to 0.1% by weight.

According to any of the above embodiments, the inven-
tive composition may further comprise narcotoline, prefer-
ably at a concentration ranging from about 0.001% to 2% by
weight, more preferably about 0.002% to 0.5% by weight,
and most preferably about 0.003% to 0.1% by weight.

According to any of the above embodiments, the inven-
tive composition may further comprise an extract of puppy
capsule (Papaver somniferam L1.), in aqueous solution,
organic solvent such as oil and alcohol, or in a combination
of water and organic solvent. Preferably, the edible oil in the
composition is an extract of puppy capsule in the amount of
1-20% by weight in the oil.

According to any of the above embodiments, the inven-
tive composition may further comprise an extract of huang-
qin, huangbai and huanglian in aqueous solution, organic
solvent such as oil and alcohol, or in a combination of water
and organic solvent. Preferably, the edible oil in the com-
position is an extract of a combination of huangqin, huang-
bai and huanglian, the total amount of the combination being
1-50% by weight in the oil.

According to any of the above embodiments, the inven-
tive composition may further comprise an extract of huang-
qin, huangbai, huanglian, and poppy capsule in aqueous
solution, organic solvent such as oil and alcohol, or in a
combination of water and organic solvent. Preferably, the
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edible oil in the composition is an extract of a combination
of huangqin, huangbai, huanglian and poppy capsule, the
total amount of the combination being 1-50% by weight in
the oil.

According to any of the above embodiments, the inven-
tive composition may further comprise various amino acids,
preferably all 18 natural amino acids, for providing nutrition
support to cell growth. The amino acids may be chemically
synthesized or obtained from natural sources.

According to any of the above embodiments, the inven-
tive composition may further comprise an extract of earth-
worms in aqueous solution, organic solvent such as oil and
alcohol, or in a combination of water and organic solvent.
Preferably, the edible oil in the composition is an extract of
earthworms that is in the amount of 1-50% by weight in the
oil.

According to any of the above embodiments, the inven-
tive composition may further comprise an extract of huang-
qin, huangbai, huanglian, poppy capsule, and earthworms in
aqueous solution, organic solvent such as oil and alcohol, or
in a combination of water and organic solvent. Preferably,
the edible oil in the composition is an extract of a combi-
nation of huangqin, huangbai, huanglian, poppy capsule,
and earthworms, the total amount of the combination being
1-50% by weight in the oil.

In another aspect, the present invention provides methods
for protecting and repairing mucosa, presumably by pro-
moting the growth of regenerative mucosal cells. By using
these methods, physiological structure and function of the
damaged or dysfunctional mucosa may be restored to
enhance the body’s ability to absorb nutrients, which, in
turn, can improve the body’s general health and strength the
immune system to fight diseases.

In an embodiment, a method is provided for preventing
ulceration or irritation of mucosa in the gastrointestinal tract
of a host. The method comprises: The method comprises:
orally administering to the host a composition comprising an
edible oil homogenized with an edible wax at a concentra-
tion ranging from 0.5% to 50% by weight and a sterol
compound at a concentration of at least 0.1% by weight.

According to this embodiment, the host is preferably a
human. As a prophylaxis, the composition may be admin-
istered to the host prior to consumption of alcohol, spicy
food or other irritants to the stomach. Alternatively, the
composition may be administered to the host post consump-
tion of these irritants to the stomach.

In yet another embodiment, a method of treating a host
having a gastrointestinal disorder. The method comprises:
orally administering to a host having a gastrointestinal
disorder a composition comprising an edible oil homog-
enized with an edible wax at a concentration ranging from
0.5% to 50% by weight and a sterol compound at a con-
centration of at least 0.1% by weight.

According to this embodiment, the host is preferably a
human. The composition may be used as a pharmaceutical,
a nutraceutical or a health food with or without a physician’s
prescription. The dosing regimen may vary depending on the
severity of the condition of the host. The composition is
preferably administered in an amount of 0.5-10 g per day,
more preferably 2-8 g per day, and most preferably 3-6 g
per day. For example, if the composition is supplied as 0.5
g soft gel capsules, 1-10 capsules may be administered
twice a day.

Examples of the gastrointestinal disorder include, but are
not limited to, gastrointestinal diseases, such as acute gas-
tritis, chronic superficial gastritis, atrophic gastritis, antral
gastritis, senile gastritis, bile-regurgitational gastritis, esoph-
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agitis, gastroduodenal ulcer, indigestion, gastric neurosis,
constipation, as well as various consequent conditions
including gastric hyperacidity, hypochlorhydria, flatulency,
gastrointestinal discomfort after meals, gastric discomfort
after drinking, and gastric discomfort due to fasting.

In yet another embodiment, a method is provided for
treating a patient having a gastrointestinal cancer. The
method comprises: orally administering to a patient having
a gastrointestinal cancer a composition comprising an edible
oil homogenized with an edible wax at a concentration
ranging from 0.5% to 50% by weight and a sterol compound
at a concentration of at least 0.1% by weight.

The gastrointestinal (GI) cancer can be an upper or lower
GI cancer. Examples of the upper GI cancer include, but are
not limited to, 1) esophagus cancer; 2) stomach cancer; 3)
pancreas cancer; 4) liver cancer; and 5) cancer of bile ducts.
Examples of the lower GI cancer include, but are not limited
to, cancers of the large bowel such as colorectal carcinoma,
primary lymphomas, melanoma, and sarcoma of the large
bowel.

Also optionally, the inventive composition may be deliv-
ered using a sustained-release system, such as semiperme-
able matrices of solid hydrophobic polymers containing the
therapeutic agent. Various types of sustained-release mate-
rials have been established and are well known by those
skilled in the art. Sustained-release capsules may, depending
on their chemical nature, release the inventive compositions
for a few weeks up to over 100 days.

In yet another embodiment, a method is provided for
manufacturing a composition for delivering active ingredi-
ents to a mucosal tissue in vivo. The method comprises:
heating an edible wax at a temperature above its melting
point; heating an edible oil at a temperature above the
melting point of the edible wax; mixing the melted wax with
the oil at a weight ratio ranging from 3:97 to 20:80; and
homogenizing the mixture of the wax and oil.

According to this embodiment, the method may further
comprise: adding the root of Radix Scutellaria to the edible
oil at a weight ratio ranging from 1:99 to 10:90 and heating
the mixture at a temperature above the melting point of the
edible wax.

According to this embodiment, the method may further
comprise: adding the homogenized mixture of the wax and
oil into a gel capsule. The gel capsule may be a hard or a soft
gel capsule.

The edible wax is preferably beeswax with a melting
point of 70-80° C. and the edible oil is sesame oil.

The mixture of the wax and oil may be homogenized on
a homogenizer, preferably at a speed of 6000-10000 rpm at
35-45° C. for 15-20 min. Alternatively, The mixture of the
wax and oil may be homogenized on a colloid mill.

In yet another embodiment, a method is provided for
manufacturing a composition for protecting or treating dam-
aged mocosal tissue in vivo. The method comprises: heating
a mixture of sesame oil and huangqin at a weight ratio
between 70:30 and 98:2 at a temperature between 80-180°
C. for 10-120 min; filtering the mixture to obtain a sesame
oil filtrate; cooling the sesame oil filtrate to between 70-90°
C.; adding beeswax to the sesame oil filtrate at a weight ratio
between 3:93-10:90; heating the mixture of beeswax and the
sesame oil filtrate with stirring at a temperature between
80-180° C. for 10-60 min; and homogenizing the mixture of
beeswax and the sesame oil filtrate.

In yet another embodiment, a method is provided for
manufacturing a composition for protecting or treating dam-
aged mocosal tissue in vivo. The method comprises: heating
a mixture of sesame oil and a combination of dry huangqin,
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huangbai, huanglian, poppy capsule and earthworm at a
temperature between 80-180° C. for 10—120 min, the weight
ratio between the sesame oil and the combination being
between 70:30 and 98:2; filtering the mixture to obtain a
sesame oil filtrate; cooling the sesame oil filtrate to between
70-90° C.; adding beeswax to the sesame oil filtrate at a
weight ratio between 3:93-10:90; heating the mixture of
beeswax and the sesame oil filtrate with stirring at a tem-
perature between 80-180° C. for 10-60 min; and homog-
enizing the mixture of the mixture of beeswax and the
sesame oil filtrate.

According to any of the above the method for manufac-
turing the composition, homogenizing the mixture of bees-
wax and the sesame oil filtrate may include homogenizing
the mixture until particles or microcrystals of beeswax are
substantially uniformly dispersed in the oil at ambient
temperature.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 illustrates the fundamental principle of adult tissue
repair and organ regeneration according to the present
invention.

FIG. 2 depicts specific techniques used for cultivating
adult regenerative stem cells and for promoting physiologi-
cal tissue repair and functional organ regeneration.

FIG. 3A shows the stomach of a rat suffered from severe
ulcer after ingesting anhydrous alcohol.

FIG. 3B shows the stomach of a rat that suffered from
severe ulcer after ingesting anhydrous alcohol and was
treated with the content of GI Capsules daily at 0.8 g/Kg for
3 weeks.

FIG. 4A shows a model for a pigeonhole structure adopted
by beeswax when mixed sesame oil without homogeniza-
tion.

FIG. 4B shows an eletrograph of beeswax when mixed
sesame oil without homogenization.

FIG. 5A shows a micrograph of beeswax when homog-
enized with sesame oil, showing single, needle-like micro-
crystals of beeswax.

FIG. 5B shows a micrograph of beeswax when homog-
enized with sesame oil, showing microcrystal complexes of
beeswax.

FIG. 6 depicts a manufacturing process for one embodi-
ment of the inventive composition.

FIGS. 7A-H shows micrographs of the culture of mouse
intestinal tissue on day 24, 30, 38, 42, 50, 85, 90, and 97 of
culturing, respectively. The left panel is the control group;
and the right panel the treatment group.

FIGS. 8A-H shows micrographs of the culture of mouse
intestinal tissue on day 24, 30, 38, 42, 50, 70, 85, and 90 of
culturing, respectively. The left panel is the control group;
and the right panel the treatment group.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides innovative methods and
compositions for physiological repair and functional regen-
eration of mucosal tissues of the body, in particular, mucosa
in the gastrointestinal (GI) tract. The groundbreaking inno-
vation is multi-facet in both the conceptual and practical
aspects, with a primary focus on the techniques for tissue
repair and organ regeneration through induction and propa-
gation of regenerative stem cells in situ and in vivo.

As shown in the EXAMPLE section, the inventor dem-
onstrated experimentally that the inventive composition was
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able to sustain and stimulate strong growth of mucosal cells
in vitro and to promote physiological healing of gastric ulcer
in animal models. The inventor believes that the inventive
composition can effectively repair the damaged mucosa by
providing regenerative conditions in the GI tract, especially
in the stomach. Upon administration to the GI tract, the
inventive composition is mixed with mucus of the stomach
and adheres to the mucosa to form a protective membrane.
Such an artificial membrane protects the mucosa from
further irritation of acid, alcohol, food and other material
contained in the stomach. Under these conditions active
ingredients in the composition are slowly released to the site
to activate the regenerative stem cells there to promote fast
repair of the mucosa. Since the inventive composition pro-
vides a condition favorable for regeneration in situ and in
vivo, the mucosa can be repaired and/or regenerated with a
restoration of its physiological structure and function. As
shown in FIG. 3B, the inventive composition successfully
cured gastric ulcer in animal models whereas the rats in the
control group without the treatment still suffer severe gastric
ulcer (FIG. 3A). Further, owing to its unique dosage form
the inventive composition may also effectively inhibit the
toxicity of the bacteria H. pylori by changing its morphol-
ogy. With the regeneration of a healthy GI tract, the ulcerous
conditions that are favorable for the habitation of H. pylori
are destroyed, thereby indirectly inhibiting the growth of the
bacteria. In addition, with the restoration of normal physi-
ological structure and function to the damaged or dysfunc-
tional mucosa, the body’s ability to absorb nutrients is
enhanced, which, in turn, leads to a healthy and balanced
metabolism and general health of the whole body.

Departing from the traditional approaches for treating
disorders in the GI tract by neutralizing acid or by inhibiting
histamine H2-receptor with a single agent (e.g., ranitidine),
the present invention discloses a completely different
approach under the guidance of the following fundamental
principle.

1. The Fundamental Principle of Adult Tissue Repair and
Organ Regeneration

The present invention reveals the fundamental principle
of adult tissue repair and regeneration in vivo and in situ,
which is illustrated in FIG. 1.

1) The Principle in General

In general, an adult, fully developed body has the ability
to repair its damaged tissue and regenerate its organ in situ
if the regenerative environment is provided. As illustrated in
FIG. 1, in response to wound or other kinds of injury
residual viable cells in the damaged organ can be activated
and convert themselves into adult stem cells (ASCs), the
counterpart of which are embryonic stem cells. Such induc-
tion of adult stem cells makes it possible that a large amount
and a wide variety of cells needed for organ regeneration
may be provided by these stem cells.

However, these nascent stem cells are quite fragile and are
prone to death caused by cytotoxic effects exerted by various
environmental elements, and by uncontrolled cellular
responses to injury. As illustrated in FIG. 1, under suitable
culturing conditions provided by the inventive compositions
these adult stem cells proliferate and develop into various
multipotent tissue stem cells by following the directions
which are already genetically programmed at the embryonic
development stages. Generation of such a multiple func-
tional tissue stem cell assures ample supply of various types
of cells that are needed for forming a physiologically
functional tissue.
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Still referring to FIG. 1, under optimum culturing condi-
tions provided by the inventive compositions these tissue
stem cells proliferate and differentiate into specific types of
cells for particular kinds of tissues. Specific types of differ-
entiated cells associate with each other through tissue-
specific cell adhesion and form a nascent tissue. Such a
mode of tissue-specific cell association is collectively
referred to herein as “cell conjunction”. The newly regen-
erated tissues then assemble into a nascent organ by forming
organ-specific tissue-tissue junctions, mimicking the tissue
assembly process in a developing fetus. Such a mode of
organ specific tissue association in an adult is collectively
referred to herein as “tissue constitution”.

Finally, the nascent tissues within the reconstituted organ
develop and mature into individual, functional tissues with
physiologically balanced cell types and numbers under the
regulation of the inventive composition. Meanwhile, these
tissues undergo further remodeling through communications
of'tissues within the network of the live organ and eventually
form a fully functional, mature organ (FIG. 1).

By following the above-described regenerative pathways,
damaged or lost tissues can be repaired to regain their
physiological structure and function. As demonstrated in the
EXAMPLE section using rats as a model, ulcerous gastric
tissue could be repaired with the inventive methodology.

The inventor believes that by in situ cultivation of regen-
erative stem cells within a live body under an optimum
developmental condition, the damaged organ can be regen-
erated with a complete restoration of its physiological struc-
tures and functions. This regeneration process takes place
spontaneously within the body under the regulation of both
endogenous and exogenous materials provided in the present
invention. Ultimately, successful organ regeneration
depends on physiologically proper tissue-specific multi-cell
adhesion, organic-specific multi-tissue assembly, and
homeostatically balanced and immunologically compatible
coexistence of multi-organs within a live body.

2) Redefinition of “Stem Cells”

Based on this fundamental principle and its successful
application in organ regeneration in the clinic, the meaning
of a stem cell is redefined in the present invention.

A classic definition of a stem cell is that a stem cell should
have the following properties: 1) It is not itself terminally
differentiated, i.e., not at the end of a pathway of diffentia-
tion; 2) It can divide without limit or at least for the life time
of'the animal; and 3) When it divides, each daughter cell can
either remain a stem cell, or embark on a course leading
irreversibly to terminal differentiation. In Molecular Biology
of the Cell, Alberts et al., eds, 3" ed. (1994), pp. 1155-1156,
Garland Publishing Inc., New York and London.

According to this definition, stem cells isolated from
human tissue, such as the embryonic stem cells isolated from
the inner cell mass of human blastocysts, are still stem cells
even if they are completely isolated from a live human body
and reside in culture medium in vitro. These so-called stem
cells, although capable of divide without limit and differ-
entiate into cells of various tissue types, have not been
shown to be able to regenerate a fully functional human
organ, not even mentioning a live human in vitro.

To avoid confusion with the stem cells termed under the
classic definition, the stem cell according to the present
invention is termed as a “regenerative stem cell”. This
regenerative cell has the following characteristics: 1) it
resides in a live body; 2) it is under the physiological control
and regulation of the body; 3) it co-exists with the tissues
and organs of the body, 4) it is capable of continuous cell
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division within the live body; 5) it is capable of repairing
tissues, regenerating organs, and restoring physiological
structures and functions to the regenerated organs.

3) Spontaneous Regeneration in the Body

The human body has considerable capacity for regenera-
tion. Tissues with high rates of cell turnover, such as blood
and epithelia, are regenerated continually through out life.
Other Tissues, such as liver, bone, muscle, blood vessels,
and adrenal cortex regenerate in response to injure. The liver
regenerates by compensatory hyperplasia, whereas other
tissues regenerate by the activation of reserve stem or
progenitor cells perhaps by augmenting the regeneration of
mesenchymally-derived tissues, or within the regenerating
tissue. For example, hematopoietic cells such as T cells, B
cells, neurotrophil, and erythrocytes are regenerated from
hematopoietic stem cells in the bone marrow. Finger tips
will regenerate if amputated distal to the terminal phalangeal
joint. However, neither bone nor muscle will regenerate
across a gap, and other organs as skin, pancreas, heart, and
spinal cord respond to injury by the formation of scar tissue.

The distinct, novel approach disclosed in the present
invention focuses on harnessing the body’s inherent ability
to repair and regenerate itself. Under optimum physiological
conditions, such as bathing in the warm, sterile amniotic
fluid, a fetus could heal its wound spontaneously without
scar and loss of function. Unfortunately, a fully developed
human is exposed to a completely different, more hostile
environment. Under the influence of both endogenous and
exogenous conditions, spontaneous adult wound healing and
organ generation go through somewhat different pathways
and end up with scars and dysfunction of organs. This
spontaneous healing process is totally passive, uncontrolled
by therapeutic interventions by embarking on a course of
chaotic cell proliferation and differentiation and reconstitu-
tion of regenerated tissues. In addition, mucosa of the GI
system, which is constantly exposed to harsh, acidic envi-
ronment, once damaged, may not be able to repair itself
without therapeutic intervention.

4) Methodology Developed in Application of the Principle
The present invention provides methods and composi-
tions to actively control the whole process of tissue repair
and organ regeneration. During this process, cells, the small-
est unit of life, are stimulated, propagate, differentiate,
integrate with each other to physiologically repair the dam-
aged tissues or to regenerate the tissue destroyed in various
courses, such as trauma and diseases. These nascent tissues
then conjoin together to form a fully functional organ.

To achieve this result in an adult, specific, active human
intervention is needed. The general guidance for this inter-
vention revealed in the present invention is that 1) for
injured or damaged tissues, the viable cells in the remaining
tissues should be preserved to a maximum extent; 2)
necrotic cells or tissues should be removed as early as
possible; 3) the regenerative cells should be activated and
propagated in an environment mimicking the their own
native physiological conditions; and 4) regulators for cell
growth and differentiation are administered to the regener-
ating organ to direct proper, physiological repair of tissues.

Specifically, the methodology of the present invention
covers the following eight techniques as illustrated by a
block diagram in FIG. 2:

a) Activation and Regulation of Adult Stem Cells (ASCs)
Multipotent adult stem cells are produced in vivo and in

situ by a) activating dormant tissue stem cells such as

epithelial stem cells putatively residing in the bulge of a hair

20

25

30

35

40

45

50

55

60

65

12

follicle, and or b) inducing dedifferentiation of fully dedit-
ferentiated cells and converting them into ASCs.

b) Culture of ASCs in vivo and in situ

The fragile, nascent ASCs are cultured in a physiologi-
cally moist environment to allow rapid growth and direc-
tionally differentiation;

¢) Discharge or Exudation of Liquefied Necrotic Tissues

Necrotic tissues of the mucosa are removed by adhering
to the inventive composition and exudate from the wound
automatically, thus greatly reducing the risk of physical or
chemical injury to residual viable tissue;

d) Tissue Culturing in vivo and in situ in an Exogenous
Culture Medium

ASCs and their differentiated cells are cultured in an
exogenous culture medium provided by the present inven-
tion to allow rapid cell growth, integration and migration to
physiologically repair the damaged tissue or regenerate lost
tissue;

e) Inhibition of Toxicity of Bacteria by a Non-bactericidal
Mode of Action

Toxicity of bacteria infecting the wound are inhibited not
by topically applying antibiotics to kill the bacterial cells,
rather by allowing a bacterial cell to replicate genetically
and change its morphology under a condition provided by an
inventive composition, leading to reduced production of
toxin; and thus greatly reduce inflammation caused by the
body’s immune response to bacterial toxin.

) Creation of Physiologically Moist and Neutral Environ-
ment for Mucosa Regeneration

By adhering to the mucosa in the stomach, for example,
the inventive composition provides a moist and yet less
acidic environment favorable for the growth of regenerative
epithelial stem cells for the repair of ulcerous mucosa.

g) Micro-isolation of Wound from Exterior Environment

Oral administration of an inventive composition to the GI
tract results in formation of an artificial membrane by
adhering to the mucosa. This membrane isolates the dam-
aged mucosa from the exterior harsh environment and yet
allows slow, sustained release of active ingredient and
nutrients to the tissues beneath. As a result, mucosa and its
underlying tissues can be regenerated, which, in turn, leads
to restoration of normal functions of the organs in the GI
tract, such as nutrient uptake and metabolism.

h) Supply of Oxygen and Nutrition Required for Regenera-
tion

Various nutrients such as a full spectrum of natural amino
acids, polysaccharides, fatty acids and phosphates are sup-
plied exogenously. Oxygen required for cell growth can
permeate through this membrane to reach the tissues
beneath. Meanwhile, bacteria and other environmental con-
taminates are separated from the tissues undergoing repair
and regeneration.

5) Comparison of the Present Methodology with Other
Approaches in the Art

Clinical approaches current available to replace failing
organs and tissues are organ transplantation and implanta-
tion of bionic device. The major drawbacks to organ trans-
plantation are donor shortages and immunosuppressive side
effects. The drawback to the approach of implantation of
bionic device is the inability to manufacture artificial mate-
rials that duplicate the durability, strength, form, function,
and biocompatibility of natural tissues.
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At the experimental stage, regenerative medicine emerged
in the last decade of the 20” century has been focussed on
implementation of two major strategies: transplantation of
cells to form a new tissue in the transplant site and implan-
tation of bioartificial tissues constructed in vitro.

Transplantation of cells involves ex vivo culturing and
propagation of stem cells and then transplant them or their
differentiated products to the site where the damaged organ
resides. Although progress in biology has made it possible
for apply the cell transplantation in the clinic, multiple
practical limitations still exist and the clinical results are not
physiological or cosmetically satisfactory. One of the limi-
tations associated with this approach is the difficulties with
identification and isolation of multipotent stem cells from
various tissues. Although pluriopotent human embryonic
stem cell (ESC) lines have been cultured recently, direc-
tional differentiation of the ESCs remains a mystery.

Results obtained from experimental animals, although
encouraging, still cannot translate functionally into human
therapy confidently. For example, mouse neuronal and glial
cells derived from neural stem cells in vitro, and cardiomyo-
cytes derived from ESCs in vitro, integrate into the sur-
rounding tissue when injected into an adult brain and heart,
respectively. Multipotent human neural stem cells injected
into the developing brain of mouse embryos migrate
throughout the brain and differentiate site-specifically.

For successful organ regeneration using stem cells cul-
tured in vitro, major obstacles lies in its way. Stem cells
cultured in vitro must be directed to differentiate into site-
specific phenotypes once they are transplanted into the
lesion site. Complete deciphering of the signal needed for
this process is required to guide the design of the in vitro
tissue culturing conditions. Experimental data obtained by
others in the art show that although multipotent human
mesenchymal, mouse neural stem cells, and mouse embry-
onic stem cells can be grown in vitro through the addition of
leukemia inhibitory factor (LIF) to the culture medium,
mouse ESCs differentiate randomly in vitro and in vivo.
Progress in the art has made it possible to induce differen-
tiation of mouse ESCs into multipotent glial cell precursors
in vitro and to transplant them into the brain of myelin-
deficient fetal rats. However, question remains unanswered
as to whether these multipotent stem cells harvested from
specific tissues or differentiated from ESCs in vitro will
make site-specific tissue when transplanted to injured adult
tissues.

Immuno-rejection of the transplant is another major prob-
lem associated with cell transplantation. While autogeneic
cells can be used in some instances (e.g., mesenchymal stem
cells from bone marrow), most transplanted cells will be
allogeneic. Attempts have been made to use genetic modi-
fication and cell biological strategies to promote host toler-
ance of allogeneic or xenogeneic transplants, such as fusing
diploid somatic cells to an enucleated human or other
mammalian egg and using the resultant blastocyst to make
the stem cells. Such approaches trigger bioethical concerns,
a problem even harder to solve.

Implantation of bioartificial tissues constructed in vitro
also faces a few obstacles. For example, it remains a major
challenge to synthesize scaffolding material for bionic
implants that have the requisite topography, surface prop-
erties, and growth and differentiative signals to facilitate cell
migration, adhesion, proliferation and differentiation, as
well as being moldable into the shape of various tissues and
organs. Examples of artificial biomaterials currently being
used or tested include various ceramics, polyurethane elas-
tomers, polyesters, polyanhydrides, and polyphosphazenes.
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These materials provide mechanical support, migration
channels, and adhesive surfaces for cells.

Against this technological background briefly summa-
rized above, the present invention provides an innovative
methodology for adult tissue repair and organ regeneration.
In sharp contrast to the popular approach of in vitro stem cell
cultivation taken by most artisans in the field, the method-
ology is focused on the activation and cultivation of adult
stem cells in vivo and in situ. By harnessing the body’s
inherent ability to repair and regenerate itself, the method-
ology has developed to provide optimum conditions for the
body’s spontaneous regeneration, a regenerative environ-
ment mimicking that needed for healthy fetal development.
Inventive compositions are provided to activate dormant
stem cells to proliferate or to induce conversion of adult
tissue cells into regenerative stem cells, and to maintain
active proliferation and directional differentiation of these
stem cells into all cells needed for regeneration in vivo and
in situ. Novel formulation of the active ingredients also
facilitates a physiologically moist, nutritious, homeostati-
cally balanced environment to ensure repair and regenera-
tion of tissues and organs with complete restoration of their
physiological structures and functions.

2. Regenerative Medicine for the GI Tract

Under the guidance of the fundamental principle and the
methodology elucidated above, a wide variety of applica-
tions in the field of cell biology and in the practice of
medicine can be envisioned. In particular, compositions are
developed as pharmaceuticals or nutraceuticals for main-
taining normal functions or repairing damaged mucosa and
other tissues in the GI tract.

Supported by strong evidence collected in experimental
models in vitro and in vivo, the inventor believes that tissue
cells in any organ of a human body can be activated to
produce regenerative stem cells in response to signals of
tissue repair, e.g., wounds and ulcer, as long as proper
regenerative conditions are provided. Unlike scarless wound
healing in a fetus at its early gestation stage, physiological
tissue repair and functional organ regeneration in a fully
developed adult is achievable only by providing an exoge-
neous culture media in vivo and in situ to stimulate and
maintain rapid proliferation and directional differentiation of
the adult stem cells and to ensure proper assembly of various
tissues organ-specifically without substantial loss in their
structures and functions.

The inventor believes that although difficult to be labeled
and isolated, multipotent, adult stems cells (ASCs) can be
produced in vivo and in situ by activating dormant tissue
stem cells and/or by inducing conversion of adult tissue cells
into ASCs (FIG. 1). This belief is supported by recent
advances in stem cell research and by the experimental and
clinical data generated in the application of the fundamental
principle elucidated in the present invention.

ASCs have been discovered recently in the liver, pan-
creas, and central nervous system. Mesenchymal stem cells
have been isolated from the bone marrow, and there is some
evidence that similar cells may even reside in the connective
tissue compartments of tissues throughout the body. The
locations of ASCs have been searched extensively and
speculated by others to be residing in specific niches.
Regardless of the precise locations of various ACS, the
methods and compositions provided by the present inven-
tion can be used to activate ACSs in the body to repair
damaged tissues and to regenerate dysfunctional organ in
situ and in vivo. It is envisioned that this innovative meth-
odology can be used for restoring the physiological structure
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and function of any tissue and any organ of the body of a
mammal, preferably a human. The following section lays
out the applications in the prevention and treatment of
disorders in the GI tract.

In one aspect, the methodology of the present invention
can be used to activate or induce regenerative stem cells in
tissues in the GI tract so as to repair diseased or damaged
mucosa of the organs in the tract.

In the lining of the small intestine, cells are arranged as a
single-layered epithelium. This epithelium covers the sur-
faces of the villi that project into the lumen of the gut.
Mucus-secreting goblet cells are interspersed among the
adsorptive brush-border cells in the epithelium. The epithe-
lium also lines the crypts that descend into the underlying
connective tissue. It has been found that each crypt is
composed of about 250 epithelial cells among which epi-
thelial stem cells are included. These multipotent stem cells
are located near or at the base of each crypt. Loefller et al.
(1993) J. Theor. Biol. 160:471-491. The intestinal epithelial
stem cells response to mesenchymal cues for survive and
differentiation. Normally, these cells are slowly recycling,
much like the hair follicle stem cells. Some of them are
converted to rapidly but transiently proliferating cells that
move to the midsegment and subsequently differentiate into
either the absorptive brush-border entercytes, mucus-secret-
ing goblet cells, or enteroendocrine cells of the villi. To
maintain homeostasis, the differentiated cells then die and
are shed from the villi into the lumen of the gut.

As the body ages, the growth potential of intestinal
epithelial stem cells is weakened; and it becomes more
difficult to activate the stem cells. As a result, the ability of
the intestine to maintain a healthy uptake of nutrients is
compromised, leading to malnutrition, which, in turn, has-
tens aging.

To stop this vicious cycle, the present invention provides
compositions and methods that can be used to enhance
nutrient uptake of a mammal, especially a human. As
described in detail in the below section of “Formulation and
Routes of Administration for Tissue Repair and Organ
Regeneration”, the inventive compositions are highly adhe-
sive to mucosa and can be used to deliver various nutrients
and/or active ingredient(s) to stimulate ASCs for tissue
repair and regeneration. When delivered orally, the compo-
sition adheres to the mucosa in the GI tract and protects the
mucosa from irritation caused by consumption of alcohol,
spicy food, etc. As demonstrated in the section of “Example”
below, an embodiment of the inventive composition that was
formulated with extract of natural products falls within the
category of “generally regarded as safe”. Thus, the inventive
compositions can be used as nutrient supplements or nutra-
ceuticals for a healthy person to protect the mucosa and
prevent the onset of various disorders associated with dam-
aged or weakened mucosa. Further, owing to the unique
dosage form of the inventive composition, the active ingre-
dients for stimulating regeneration of the body can be
delivered in a sustained-release manner to provide constant
and adequate nutrients to support and stimulate the growth
of mucosal and other types of tissue cells in situ and in vivo.
In addition, with rejuvenation of the aged tissue cells in the
GI tract which leads to a better uptake of nutrients from food
and other sources, in physiological functions of other tissues
and organs of the body can also be improved through the
transport of the nutrients by the blood stream.

In a related aspect, the inventive composition of the
present invention can also be used for treating digestive
disorders in a human patient. Digestive disorders may be a
condition of a human as a result of disorders of and damage
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to the organs of the digestive tract or the alimentary canal,
including the mouth, esophagus, stomach, and large and
small intestine. Disorders of the digestive tract include
peptic ulcer diseases, inflammatory bowel diseases and other
insults.

One of the common causes of the disorder in the GI tract
is bacterial infections caused by Helicobacter pylori (H.
pylori). Infection of H. pylori leads to active, chronic
gastritis and frequently to associated syndromes such as
duodenal ulcer, gastric ulcer, gastric cancer, MALT lym-
phoma, or Menetrier’s syndrome. Eradication or inhibition
of H. pylori should reduce the recurrence of duodenal and
gastric ulcers.

Long-standing gastritis associated with H. pylori infection
is often associated with the expression of intestinal-like
features in the gastric mucosa. This condition, referred to as
intestinal metaplasia (IM), may signal an increased risk of
gastric cancer, is the second leading cause of cancer related
death world-wide.

The etiology of IM is unclear; it could represent a
mutational adaptation or defense against H. pylori infection.
It has been speculated that the metaplastic mucosa may
produce mucus or other substances that create an environ-
ment that is hostile to H. pylori. Thus, widespread treatment
of H. pylori should reduce the incidence of gastric carci-
noma.

The inventor believes that the inventive composition can
effectively repair the damaged mucosa by providing regen-
erative condition in the GI tract, especially in the stomach.
Upon administration to the GI tract, the inventive compo-
sition is mixed with mucus of the stomach and forms a
protective membrane containing mucin, separating the
mucosa from further irritation of acid, alcohol, food and
other materials contained in the stomach. Under these con-
ditions the sterol compound and other optional active ingre-
dients in the composition are released to the site and activate
the regenerative stem cells there to promote fast healing of
the mucosa. As shown in FIG. 3B the inventive composition
successfully cured gastric ulcer in animal models. Further,
the inventive composition may also effectively inhibit the
toxicity of the bacteria H. pylori by changing its morphol-
ogy. With the regeneration of a healthy GI tract, the ulcerous
conditions that are favorable for the habitation of H. pylori
are destroyed, thereby indirectly inhibiting the growth of the
bacteria.

The methods and composition of the present invention
can be used in the treatment of H. pylori infection and
conditions associated with H. pylori infection (e.g., ulcers,
gastric carcinoma, non-ulcer dyspepsia, gastritis, and esoph-
ageal lesions associated with gastro-esophageal reflux dis-
ease). The inventive composition is useful for treatment of
these conditions because of its generally protective effect on
the gastrointestinal (GI) tract. In addition, it promotes the
maintenance of mucosal integrity.

The inventive composition of the present invention can be
used to inhibit adhesion to or colonization of the mucosa by
H. pylori. It may also be used promote healing of tissues
damaged by conditions associated with H. pylori infection.
In this regard, it is presumed that addition of the inventive
composition to wounded monolayers of confluent intestinal
epithelial cells activates epithelial stem cells in the crypts
and increases the rate of epithelial cell migration into the
wound.

Just as the inventive composition can be used to protect
other parts of the gastro-intestinal tract or alimentary canal,
such as the intestine, it can be used to protect the mouth and
esophagus from damage caused by radiation therapy or
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chemotherapy. Radiation and systemic administration of
anticancer drugs have cytotoxic effects on fast proliferative
cells such as lymphocytes, mucosal cells and hair cells,
leading to myelosuppression, mucositis, and alopecia,
respectively. These side effects of anticancer therapy not
only significantly lower the patient’s quality of life but also
cause a lot of pain and suffering in the patient and his/her
family. In particular, damages to the mucosa result in a poor
uptake of nutrients which are needed for boosting the body’s
immune system to fight the cancer. Thus, by using the
inventive composition of the present invention, the damaged
mucosa may be repaired and its physiological functions be
restored, thereby indirectly inhibiting the growth and
metastasis of cancer.

In yet another aspect, the methodology and inventive
compositions of the present invention may be used for
treating or preventing hyperproliferative diseases or pre-
cancerous conditions affecting epithelial cells of the internal
organs, such as organs in the gastrointestinal (GI) tract.
Administration of the inventive composition orally may
restore the homeostatic balance of these organs by reestab-
lishing the cell-cell cross-talk between the precancerous
cells with the healthy cells of the host.

Cancer is generally viewed as the result of disrupted intra-
and intercellular homeostatic regulation. Once the homeo-
static balance is lost and malignant transformation has
occurred, microenvironment factors such as degradation of
matrix components and host-tumor interactions are essential
for survival and growth of the malignant cells.

By using the inventive compositions and methods, the
homestatic balance of tissues may be restored without loss
of physiological functions. As demonstrated in the below
section of “Example”, the ability of the inventive composi-
tion to promote growth of intestinal and gastric cells to form
tissues in vitro indicates that the inventive composition
likely is able to regulate intercellular communication and
promote cell-cell interactions by stimulating cross-talk
mediated by various cell membrane proteins such as con-
nexins and cadherins. This results in a coordinated regula-
tion of cell growth, differentiation, apoptosis and migration.

The inventive composition may assert its function of
restoring tissue homestatic balance through promoting the
formation of gap junctions between precancerous or cancer
cells and the host cells. Gap junctions are a unique type of
intercellular junction found in most animal cell types. Two
adjacent cells interact with each other through the cell
membrane proteins, connexins, which form the gap junction.
Six identical connexins from a connexon; two connexons
join across the intercellular gap to form a continuous aque-
ous channel connecting the two cells. Each gap junction is
a cluster of homogeneous intramembrane particles associ-
ated with the cytoplasmic fracture face of the plasma mem-
brane. Each intramembrane particle corresponds to a con-
nexon. Gap junctions permit the intercellular passage of
small molecules and have been implicated in diverse bio-
logical processes, such as development, cellular metabolism,
and cellular growth control.

The majority of connexins are modified posttranslation-
ally by phosphorylation, primarily on serine amino acids.
Connexins are targeted by numerous protein kinases, of
which some have been identified: protein kinase C, mitogen-
activated protein kinase, and the v-Src tyrosine protein
kinase. Phosphorylation has been implicated in the regula-
tion of a broad variety of connexin processes, such as the
trafficking, assembly/disassembly, degradation, as well as
the gating of gap junction channels.
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In addition, another cell membrane protein cadherin also
plays important role in cell-cell adhesion and migration. It
has been found that cadherin-mediated cell-cell adhesion is
perturbed in protein tyrosine kinase (PTK)-transformed
cells. While cadherins themselves appear to be poor PTK
substrates, their cytoplasmic binding partners, the Arm
catenins, are excellent PTK substrates and therefore good
candidates for mediating PTK-induced changes in cadherin
behavior. For example, beta-catenin binds to the cytoplasmic
region of classical cadherins and function to modulate
adhesion and/or bridge cadherins to the actin cytoskeleton.

It is likely that the inventive composition activates these
kinases which then phosphorylate connexins and the cellular
binding partners of cadherins such as catenins. Through
proper phosphorylation of these proteins associated with
cell-cell adhesion, the communication channels between the
tumor cells and the host cells are restored. With the resto-
ration of tumor-host connection, the tumor cells are sub-
jected to the regulation of the host. Under the regulation of
the host, the tumor cells may be induce to undergo apoptosis
(programmed cell death) or differentiate to become non-
tumorigenic. Thus, the homeostatic balance of the tissue is
restored to prevent or inhibit malignancy of tumors.

In a particular aspect, the methodology of the present
invention is used for treating cancer in the upper and lower
GI tract. Examples of upper GI cancer include, but are not
limited to, 1) esophagus cancer caused by excessive alcohol
use, lye ingestion, achalasia, cigarette smoking, exposure to
nitroamine, Barrett’s mucosa, tylosis, mycotoxin, infection
with transforming viruses such as human pappiloma virus
(HPV), herpes simplex virus (HSV), cytomegalovirus
(CMV) and Epson-Barr virus (EBV), Plummer Vinson Syn-
drome; 2) stomach cancer caused by achlorhydria, Helico-
bacter pylori infection, previous gastrectomy, and Billroth 11
procedure; 3) pancreas cancer caused by cigarette smoking,
exposure to beta-naphthylamine, benzidine, and chronic
pancreatis; 4) liver cancer caused by hepatitis B virus,
chronic liver diseases such as chronic active hepatitis and
cirrhosis, exposure to mycotoxin, ionizing radiation, steroid
hormones and arsenic; and 5) cancer of bile ducts caused by
sclerosing cholangitis, parasitic infections and steroid hor-
mones. Examples of lower GI cancer includes cancers of the
large bowel such as colorectal carcinoma, primary lympho-
mas, melanoma, 