
DESCRIPTION MATERIALS AND METHODS FOR IMPROVING GASTROINTESTINAL FUNCTION
5CROSS-REFERENCE TO RELATED APPLICATIONS       This application claims the
priority benefit of U.S. Provisional Application Serial No. 61/386,317,
filed September 24, 2010, and U.S. Provisional Application Serial No.
61/431,629 filed January 11, 2011, which are incorporated herein by
reference in their entireties. 10 GOVERNMENT SUPPORT       This invention
was made with government support under Grant No. RC2-AI-087580 awarded by
the National Institutes of Health (NIH). The government has certain rights
in this invention. 15 BACKGROUND OF INVENTION       Radiation, a common
therapy for malignancies in the abdomen and pelvis, can cause severe damage
to the lining of the gastrointestinal (GI) tract, which is composed of
rapidly dividing intestinal epithelial cells. Toxic effects of radiation on
the gastrointestinal system  20 cause symptoms such as nausea, vomiting,
diarrhea, electrolyte imbalance and dehydration, and adversely affect
patient recovery in the course of cancer therapy. Even at low doses, a
continuous loss of the villous and brush border of the small bowel is
observed within days after irradiation. While crypt cells can rapidly
repopulate the region following mild to moderate doses of (irradiation) IR,
they became lost at a logarithmic rate after irradiation at 25high doses.
Irradiation is particularly destructive to the villous epithelium, where
nutrient and electrolyte absorption occurs. The villous epithelium
undergoes a continuous cellular loss and regeneration process, in which a
constant supply of immature enterocytes, originating from progenitor cells
located within the lower poles of the crypts of Lieberkuhn, migrate out of
the  30 proliferative compartment at the base of the crypt to the top of
the villous. During their short lifespan, these enterocytes gradually
mature along the crypt-villous axis into villous cells. Radiation therapy
to the abdomen and pelvis region destroys not only the existing villous
cells,  but also enterocytes from which new villous cells form, and thus,
can deplete almost the entire villous epithelium even at moderate doses.
Due to the increasing use of high total radiation doses and cytotoxic
agents, radiotherapy has been complicated by its acute GI toxicity. Damage
to the GI tract not only results in malabsorption and loss of nutrients and
fluids, but also disrupts intestinal barrier function. The leaky gut allows
for easy entry of pathogens across the mucosal barrier, causing
inflammation, bacteremia and endotoxemia. For instance, acute radiation
enteritis, diarrhea and abdominal pain can develop within days post
irradiation even at doses as low as 5-12 Gy (a conventional fractionated
course of radiation uses 1.8-2 Gy per fraction), although GI toxicity
usually occurs 10  at higher doses. Chronic radiation enteritis can develop
between 18 months and 6 years after radiotherapy, while it may develop even
15 years later27-29.        Treatment options for radiation enteritis are
limited. Conventional treatment regimes include the administration of
antidiarrheals to prevent fluid loss, smectite as an adsorbant of bile
salts, opioids to relieve stomach or rectal pain, and steroids to relieve
inflammation. Clinical 15  trials have also investigated the efficacy of L.
acidophilus, smectite or sucralfate for diarrhea prophylaxis, but only a
moderate reduction of acute GI symptoms was achieved 3.        A common
approach in the therapy of radiation enteritis is using total parenteral
nutrition (TPN) to provide intestinal rest. However, whether parenteral
nutrition satisfies the nutritional needs of patients, or actually has
therapeutic effects on radiation enteritis remains to 



20 be determined. Although TPN may correct nutrition imbalance in certain
patients, severe radiation enteritis may still develop37. TPN also causes
intestinal atrophy, usually within 48 hours of administration. TPN also
weakens mechanical and immunological barriers38.       The exact biological
mechanisms that lead to mucosal atrophy during TPN, which have not been
well established, are believed to involve both local nutrient-sensing cell
signals39 and 25 humoral signals, such as gut hormones4(1'41. TPN has been
shown to induce a rapid (<8 h) decrease in intestinal blood flow, which
precedes vinous atrophy and the suppression of protein synthesis at 24 h,
and cell proliferation and survival at 48 1142. In contrast, oral feeding
rapidly increases intestinal blood flow in neonatal and mature
animals43'44. Similarly, in neonatal piglets, enteral feeding almost
immediately (within 1-3 hours) increases portal blood flow (PBF) up to
3050% above values in food-deprived piglets 45. Thus, as shown in various
studies, enteral feeding is far superior to parenteral feeding 7'8.  3
Currently, there is a lack of nutritional therapy that can effectively
alleviate radiation enteritis. Although early studies suggested that
elemental or specific exclusion diets may be beneficial in selected
cases231-32, the efficacy of this approach has not been subsequently
confirmed. The current dietary therapy merely offers a means of nutritional
support to malnourished patients with chronic radiation enteritis.
Animal studies demonstrate that glutamine protects both upper and lower GI
tract mucosa from injury caused by chemotherapy or radiation therapy
(RT)33-35. However, clinical trials fail to show that oral glutamine
feeding can prevent or alleviate acute diarrhea in patients who have
received pelvic radiation therapy 36. Thus, a need exists for the 10
development of improved feeding compositions for treatment of
irradiation-induced Cl injury. As will be clear from the disclosures that
follow, these and other benefits are provided by the subject invention.
BRIEF SUMMARY 15The subject invention provides therapeutic compositions and
methods for improving small intestine function. The subject composition is
useful for the treatment or amelioration of gastrointestinal injury
associated with the loss of small intestine epithelial cells, particularly
in the villous region and the brush border, and/or for the treatment or
amelioration of diseases or conditions associated with the alteration of
absorptive capacity in the small intestine. 20  Advantageously, the subject
therapeutic composition can be tailored to the misbalanced absorptive state
of the gastrointestinal system caused by the loss of small intestine
epithelial cells and the alteration of transport protein function in the
small intestine. In a preferred embodiment, the subject composition is
formulated for oral administration. In one embodiment, the therapeutic
composition comprises, consisting essentially of, or 25  consisting of, one
or more free amino acids selected from lysine, glycine, threonine, valine,
tyrosine, aspartic acid, isoleucine, tryptophan, asparagine, and serine;
and optionally, therapeutically acceptable carriers, electrolytes,
vitamins, buffering agents, and flavoring agents. The therapeutic
composition is administered via an enteral route. In one embodiment, the
total osmolarity of the composition is from about 230 mosm to 280 mosm, or
preferably, about 250 to 30260 mosm. In one embodiment, the composition has
a pH from about 7.1 to 7.9, preferably, about 7.4.  4       In a specific
embodiment, the composition of the subject invention does not comprise
glucose, glutamine, methionine, and/or lactose. 



Also provided are methods for treatment or amelioration of diseases or
symptoms associated with the loss of small intestine epithelial cells,
particularly in the villous region  5 and brush border, and diseases or
symptoms associated with the alteration of transport protein function in
the small intestine epithelium. The method comprises administering, via an
enteral route, to a subject in need of such treatment, an effective amount
of the composition of the subject invention. Preferably, the subject
composition is administered orally and reaches the intestine of the
subject. 10The subject invention also provides methods for preparing the
therapeutic composition, and for screening for nutrients or electrolytes
for inclusion into the subject therapeutic/dietary composition, by
selecting nutrients or electrolytes that retain or acquire considerable
absorptive capacity following the destruction of small intestine epithelial
cells. These methods can be adapted for use in individual patients, thereby
facilitating the 15development of compositions and methods specifically
designed to meet the needs of an individual patient. BRIEF DESCRIPTION OF
DRAWINGS Figure 1 shows effect of irradiation (IR) on net anion secretion
(A) and conductance  20 (B). (A). 12 Gy IR tissues were studied on day 1, 3
and 4. Maximal increase in 'Sc was seen on day 2. Arrow represents the time
point when forskolin was added. (B). Effect of increased doses of IR on net
anion secretion. All the tissues were studied on day 6 and n = 12. The
results showed an IR dose-dependent increase in conductance. Figure 2 shows
change in Ty, with increasing dose of irradiation. All the values are  25
derived from n = 24 tissues. Experiments were performed on day 4
post-irradiation in regular Ringer solution on both sides of the chamber
with a total osmolarity of 296 mosm. Histopathology sections showed minimal
villous and crypt damage at 3 Gy, and extensive villous and crypt damage at
7 Gy as compared to 0 Gy. Figure 3A shows change in /" in mice epithelial
cells over time following irradiation at  30 3 Gy. Values represent mean
S.E.M. n=6 tissues. Maximal increase in 'Sc was seen on 6th day following
irradiation. No significant difference was seen between 5th, 6th and 7th
days. With time > 7 days post-irradiation, there was a slight decrease in
J. as compared to that of day 5, 6  5 or 7. 1" values of day 5, 6, and 7
were similar. Figure 3B shows ion transport of a small intestine epithelial
cell. Figure 3C shows the effect of bumetanide on basal and cAMPstimulated
I in non-irradiated and 3-Gy irradiated tissues. Figure 3D shows the
contribution of HCO3- in net anion secretion. This was determined by
replacing Cl" in Ringer  5 solution with equimolar amounts of isethionate.
Forskolin stimulated an increase in 11" in 0 Ely (*. p< 0.02) but not in 3
Gy tissues. Figure 3E shows effect of bath Na+ on IICO3- secretion. All of
the results shown in Figure 3 are from n = 6 tissues. Error bars represent
SEM. Figure 4A shows changes in plasma endotoxin level following IR. Plasma
endotoxin  10 levels were measured on day 6, post-IR. Figure 4B shows
changes in permeability ratio of Ci & Na+ plotted against changes in
membrane voltage (Dilution potential). Irradiation at 7 Gy causes a
complete loss of selectivity.  Figure 5 shows that irradiation increases
levels or inflammatory mediators, including TNFot and MIP-Ct 15Figure 6
shows changes in HCO3- secretion due to irradiation and immunostaining for 



I-ICO3" secretory machinery. (A) shows effects of irradiation on bath Na+
on HCO3" secretion. Experiments were perfolined in A) in Cl-containing
solutions with 140 mM Nat or B) CE containing solutions without Na+.
Tissues were stimulated with forskolin. HCO3" secretion was compared to
that of between 0 Gy and 3Gy irradiated mice. Significantly higher bath
Nat- 20 dependent HCO3- secretion was observed in 0 Gy as compared to 3 Gy
irradiated mice (p < 0.001). Results are derived from n = 6 tissues. Error
bars represent S.E.M. (B-E) show immunostaining of jejunum tissues of mice
received 0 Gy and 3 Ely irradiation, using NBCel a/b antibody. Figure 7
shows IR dose-dependent changes in glucose transport and kinetics. (A)
shows  25 that irradiation resulted in a dose-dependent decrease in
glucose-stimulated Na+ 'Sc measured in Ussing chamber. (B) shows decreased
SGLT1 affinity for glucose as irradiation doses increased.       Figure 8
shows that irradiation reduced glucose-stimulated current in a
dose-dependent manner starting from irradiation at 1 Ely. Irradiation at 7
Gy almost completely inactivated glucose transport. 30Figure 9A displays
short-circuit current, showing saturated kinetics with increase in glucose
concentration. Particularly, glucose transport is saturated at a
concentration of 4mM. Figure 9B shows irradiation dose-dependent increase
in K," values. The maximal increase in K,r,  6 was observed at 7 Gy. This
indicates that irradiation caused decreased affinity of SGLT-1 to glucose.
Figure 10 shows that Vmax decreased as irradiation doses increased. The
minimal decrease in Vma, was observed at 7 Gy. This indicates that
irradiation causes a reduction of 5functional SGLT-1 for glucose transport.
Figure 11 shows changes in Km over time post irradiation. Km increased
immediately after irradiation and returned to normal (control values)
approximately 14 days post irradiation. Figures 12A and B show results of
murine survival studies after 9-Gy and 15.6-Gy  10 irradiation. Death of
glucose-treated mice occur starting on days 5 and 7, while control mice did
not die until 10 days after irradiation. On day 20, 30% of the control mice
were alive, whereas none of the glucose-treated mice survived on day 20.
Figure 13 shows Western blot analysis of SGLT-1 protein levels in
whole-cell lysates. The results showed that irradiation increased SGLT-1
expression. 15Figure 14 shows Western blot analysis of SGLT-1 protein
levels in brush-border membrane vesicles of jejunum tissues. Irradiation
increased SGLT-1 protein levels in a dose-dependent manner. No SGLT-1
protein was detected in colonic tissues.       Figure 15 shows that
irradiation caused a dose-dependent increase in glutaminestimul ated 'Sc.
20Figure 16 shows that irradiation caused a dose-dependent decrease in
lysine- 



stimulated       Figures 17A and B show mice survival rate following lysine
(A) or glucose (B) therapy after IR. Lysine administration resulted in
increased survival, whereas glucose administration resulted in decreased
survival. 25Figure 18 shows Western blot analyses for various transport
proteins. Western blot analysis showing NKCC1 (A), CFTR (C) and NBCel-A/B
(B) protein levels in jejunum of mice. From left to right, the lanes
represent 0, 1, 3, 5 and 7 Gy. Irradiation increased NKCC1 protein levels
from 1-5 Gy and such increase decreased at 7 Gy (A). NBCel-AJB protein
levels significantly decreased following irradiation. MR (C) protein levels
in jejunum tissues  30 significantly increased following irradiation at 3
Gy as compared to 0 Gy. Jejunum had the highest NBCe I-A/11 protein levels
compared to that in duodenum, ileum or colon (D). Tissues were harvested
for western blot on day 6 post-irradiation.  7       Figures 19A and B are
schematic models for cAMP-stimulated (A) and irradiation-induced (B) anion
secretion.         Figure 20 shows injury to small intestine mucosa in mice
treated with 5-fluorouracil (5-FU) (Fig. 20A) and cisplatin (Fig. 20B). (A)
shows change in isc in 5-FU-injected mice. 5(B) shows change in ./sc in
cisplatin-injected mice.       Figure 21 shows that the administration of
with the therapeutic composition of the subject invention improves small
intestine function of mice that have received 5-FU. DETAILED DISCLOSURE
10The subject invention provides therapeutic compositions and methods for
improving small intestine function. The composition is formulated for
enteral administration. The compositions and methods of the subject
invention are particularly useful for the treatment or amelioration of
gastrointestinal injury associated with the loss of small intestine
epithelial cells, particularly in the villous region and brush border,
and/or for the treatment of diseases or  15 conditions associated with the
alteration of transport protein function in the small intestine epithelium.
Advantageously, the subject therapeutic composition is tailored to the
misbalanced absorptive state of the gastrointestinal system caused by the
loss of small intestine epithelial cells, particularly, in the small
intestine villous region and brush border, as well as the  20 alteration of
transport protein function. Particularly, the subject invention can improve
small intestine mucosal healing, restore small intestine function, enhance
fluid retention, prevent or alleviate small intestine atrophy, and/or
restore or enhance small intestine barrier function of a patient having
injury to the small intestine mucosa. In one embodiment, the therapeutic
composition comprises, consists essentially of, or  25 consists of one or
more free amino acids selected from lysine, glycine, threonine, valine,
tyrosine, aspartic acid, isoleucine, tryptophan, asparagine, and seri= and
optionally, therapeutically acceptable carriers, electrolytes, vitamins,
buffering agents, and flavoring agents. The therapeutic composition is
administered via an enteral route. In one embodiment, the total osmolarity
of the composition is from about 230 mosm to 280 mosm, or preferably, is
about 250 30 to 260 mosm. In one embodiment, the composition has a pH from
about 4.0 to 8.5, preferably 5.0 to 8.2, more preferably 6.0 to 8.0, more
preferably, 7.1 to 7.9, and most preferably, about 7.4.  



8       In a specific embodiment, the composition of the subject invention
does not comprise glucose, glutamine, methionine, and/or lactose.
Also provided are methods for the treatment or amelioration of diseases or
conditions associated with the loss of small intestine epithelial cells,
particularly in the villous region 5  and brush border, and diseases or
conditions associated with the alteration of transport protein function in
the small intestine epithelium. The method comprises administering via an
enteral route, to a subject in need of such treatment, an effective amount
of the composition of the subject invention. The subject invention is
based, at least in part, on the discovery that enteral feeding to 10
subjects with only the nutrients that retain or acquire sufficient
absorptive capacity following injury to the small intestine mucosa improves
mueosal healing, restores small intestine function, enhances fluid
retention, and alleviates an array of associated disease symptoms
including, but not limited to, malabsorption, diarrhea, nausea, vomiting,
electrolyte imbalance, and dehydration. 15In accordance with the subject
invention, it has been determined that, following radiation and
chemotherapy, an alteration in transport protein function is observed with
respect to, for example, glucose, glutamine, and lysine, and electrolytes
such as Nat, HCO3, and cr. In addition, radiation causes increased net
anion secretion. The alterations of nutrient and electrolyte absorptive
capacity occur immediately after radiation and 20  chemotherapy, but it is
possible for the absorptive capacity to recover towards normal (about 8-14
days post-irradiation in mice models).       Specifically, radiation causes
an irradiation dose-dependent decrease in glucose absorption due to the
reduced affinity of the sodium-dependent glucose transport system (SGI,T- I
) to glucose. Functional studies on glucose-stimulation showed that
radiation caused 25  a dose-dependent decrease in glucose-transport
activity and decreased affinity of SGLT-1 for glucose.       It is known
that the presence of unabsorbed nutrients or solutes in the intestinal
lumen can lead to osmotic diarrhea. In accordance with the subject
invention, oral feeding of an irradiated subject with glucose and/or
glutamine has been found to cause osmotic diarrhea 30  and reduced
survival, while oral feeding of each, or a combination of, amino acids
selected from lysine, glycine, threonine, valine, tyrosine, aspartic acid,
isoleucine, tryptophan, asparagine, and/or serine, prolongs survival.  9
Therapeutic Composition for Improving Small Intestine Function        In
one aspect, the subject invention provides therapeutic compositions for
improving small intestine function. In one embodiment, the therapeutic
composition comprises, consisting essentially of, or consisting of, one or
more free amino acids selected from lysine,  5 glycine, threonine, valine,
tyrosine, aspartic acid, isoleucine, tryptophan, asparagine, and serine;
and optionally, therapeutically acceptable carriers, electrolytes,
vitamins, buffering agents, and flavoring agents. The therapeutic
composition is administered via an enteral route. Preferably, the
composition is slightly alkaline and is hypotonic when compared to the  10
osmotic pressure of small intestine epithelial cells (such as villous cells
and crypt cells of the small intestine). Preferably, the subject
composition comprises water. Preferably, the composition is formulated as
an oral rehydration drink for improving small intestine function that is
undermined due to the loss of, or injury to, villous epithelial cells. In
one embodiment, the total osmolarity of the composition is from about 230
mosm to 



15 280 mosm, or any value therebetween. Preferably, the total osmolarity is
from about 250 to 260 mosm. In another embodiment, the composition has a
total osmolarity that is any value lower than 280 mosm.          In one
embodiment, the composition has a pH from about 7.1 to 7.9, or any value
therebetween. Preferably, the composition has a pH from about 7.3 to 7.5,
more preferably,  20 about 7.4.       In certain embodiments, each free
amino acid can be present at a concentration from 4 mM to 40 mM, or any
value therebetween, wherein the total osmolarity of the composition is from
about 230 mosm to 280 mosm. Alternatively, if the amino acid concentration
is calculated based on mg/1, each free amino acid can be present at a
concentration from 300 mg/1 to 8000  25 mg/L, or any value therebetween,
wherein the total osmolarity of the composition is from about 240 mosm to
280 mosm.       In certain specific embodiments, the therapeutic
composition comprises one or more free amino acids present at their
respective concentrations as follows: lysine at a concentration of about
730 to 6575 mg/1, or any value therebetween; aspartic acid at a
concentration of about 532  30 to 4792 mg/1, or any value therebetween;
glycine at a concentration of about 300 to 2703 mg/1, or any value
therebetween; isoleucinc at a concentration of about 525 to 4722 mg/I, or
any value therebetween; threonine at a concentration of about 476 to 4288
mg/1, or any value  10 therebetween; tyrosine at a concentration of about
725 to 6523 mg/1, or any value therebetween; valine at a concentration of
about 469 to 4217 mg/1, or any value therebetween; tryptophan at a
concentration of about 817 to 7352 mg/1, or any value therebetween;
asparagine at a concentration of about 528 to 4756 mg/1, or any value
therebetween; and/or serine at a  5 concentration of about 420 to 3784
mg/1, or any value therebetween; whereint the total osmolarity of the
composition is from about 240 mosm to 280 mosm.        In one embodiment,
the subject invention provides a drink comprising the following
constituents lysine (11-21 mosm), aspartic acid (3-13 mosm), glycine (19-29
mosm), isoleucine (19-29 mosm), threonine (19-29 mosm), tyrosine (0.5 - 5
mosm), valine (19-29 mosm),  10 tryptophan (5-20 mosm), asparagine (3-13
mosm), and serine (3-8 mosm), or a subset of these ingredients.       In
one specific embodiment, the composition comprises lysine, g ycine,
threonine, valine, and tyrosine in a form of free amino acids. In a further
specific embodiment, the composition comprises lysine, glycine, threonine,
valine, tyrosine, aspartic acid, isoleucine, 15tryptophan, asparagine, and
serine in a form of free amino acids.       In a further embodiment, the
composition comprises one or more dipeptides that are made of the same or
different amino acids selected from lysine, glycine, threonine, valine,
tyrosine, aspartic acid, isoleucine, tryptophan, asparagine, or serine.
In one embodiment, the composition does not contain glutamine and/or
methionine; and  20 any di-, oligo-, or polypeptides or proteins that can
be hydrolyzed into glutamine and/or methionirte.       In an alternative
embodiment, the composition may comprise free amino acid glutamine, and,
optionally, one or more glutamine-containing dipeptides, wherein the total
concentration of the free amino acid glutamine and the glutamine-containing
dipeptide(s) is less than 300 mg/1, or  25 any concentrations lower than
300 mg/1, such as 100 mg/1, 50 mg/I, 10 mg/1, 5 mg/I, 1 mg/I, 0.5 mg/1, or
0.01 mg/l.       In another alternative embodiment, the therapeutic
composition may comprise free amino acid methionine, and, optionally, one
or more methionine-containing dipeptides, wherein the total concentration
of the free amino acid methionine and the methionine-containing
30dipeptide(s) is less than 300 mg/I, or any concentrations lower than 300
mg/1, such as 100 mg/I, 50 mg/1, 10 mg/1, 5 mg/1, 1 mg/1. 0.5 mg/1, or 0.01
mg/1. 



11       In one embodiment, the therapeutic composition does not contain
any saccharides, including any mono-, di-, oligo-, polysaccharides, and
carbohydrates. In one specific embodiment, the therapeutic composition does
not contain glucose, and/or any di-, oligo, polysaccharides, and
carbohydrates that can be hydrolyzed into glucose. In a specific
embodiment, the composition does not contain lactose. In another specific
embodiment, the therapeutic composition does not contain fructose and/or
galactose, and/or any di-, oligo, polysaccharides, and carbohydrates that
can be hydrolyzed into fructose and/or galactose.       In an alternative
embodiment, the therapeutic composition may comprise monosaccharide
glucose, and, optionally, one or more glucose-containing disaccharides
other 10  than lactose, wherein the total concentration of the
monosaccharide glucose and the glucose-containing disaccharide(s) is less
than 3 g/1, or any concentrations lower than 3 g/l, such as 1 g/1, 500
mg/1, 300 mg/1, 100 mg/1, 50 mg/1, 10 mg/I, 5 mg/1. 1 mg/1, 0.5 mg/1, or
0.01 mg/1.       In certain embodiments, the therapeutic composition
comprises one or more electrolytes selected from, for example, Nat; K+;
IICO3-; CO32-; Ca2+; b2+; Fe2; C1-; phosphate ions, such 15  as H2PO4-,
HPO42-, and PO43-; zinc; iodine; copper; iron; selenium; chromium; and
molybdenum. In an alternative embodiment, the composition does not contain
HCO3- or CO32-. In another alternative embodiment, the composition
comprises HCO3- and CO32- at a total concentration of less than 5 mg/I, or
concentrations lower than 5 mg/l. In a further embodiment, the therapeutic
composition comprises one or more vitamins 20  including, but not limited
to, vitamin A, vitamin C, vitamin D (e.g., vitamin D1, D2, D3, D4- and/or
D5), vitamin E, vitamin B1 (thiamine), vitamin 132 (e g., riboflavin),
vitamin B3 (e.g., niacin or niacinamide), vitamin B5 (pantothenic acid),
vitamin B6 (pyridoxine), vitamin B7 (biotin), vitamin B9 (e.g., folate or
folic acid), vitamin B12 (cobalamin), and vitamin K (e.g., vitamin K1, K2,
K3, K4, and K5), and choline. 25In certain embodiments, the composition
does not contain one or more of the ingredients selected from oligo-,
polysaccharides, and carbohydrates; oligo-, or polypeptides or proteins;
lipids; small-, medium-, and/or long-chain fatty acids; and/or food
containing one or more above-mentioned nutrients. In one embodiment,
phosphate ions, such as H2PO4-, HPO42-, and PO43-, are used to 30  buffer
the composition of the subject invention. In one embodiment, the
therapeutic composition uses LICO3- or CO32- as a buffer. In another
embodiment, the therapeutic composition does not use HCO or C042- as
buffer.  12        The term "consisting essentially of," as used herein,
limits the scope of the ingredients and steps to the specified materials or
steps and those that do not materially affect the basic and novel
characteristic(s) of the present invention, i.e., compositions and methods
for treatment of injury to small intestine epithelium, particularly in the
villous region and brush border. For  5 instance, by using "consisting
essentially of," the therapeutic composition does not contain any
unspecified ingredients including, but not limited to, free amino acids,
di-, oligo-, or polypeptides or proteins; and mono-, di-, oligo-,
polysaccharides, and carbohydrates that have a direct beneficial or adverse
therapeutic effect on treatment of injury to small intestine epithelium,
particularly in the villous region and brush border. Also, by using the
term  10 "consisting essentially of," the compositing may comprise
substances that do not have therapeutic effects on the treatment of injury
to small intestine epithelium; such ingredients include carriers,
excipients, adjuvants, flavoring agents, etc that do not affect the health
or function of the injured small intestine epithelium, particularly in the
villous region and brush border. 15The term "oligopeptide," as used herein,
refers to a peptide consisting of three to twenty amino acids. The term
"oligosaccharides," as used herein, refers to a saccharide consisting of
three to twenty monosaccharides.        In one embodiment, the composition
of the subject invention comprises nutrients (such as free amino acids)
and/or electrolytes that retain or acquire improved absorptive capacity in
a 



20 subject having injury to small intestine epithelial cells, when compared
to the absorptive capacity of normal controls who do not have injury to
small intestine epithelial cells (such as villous cells, crypt cells,
enterocytes, and intestinal projenitor cells).        In a further
embodiment, the composition of the subject invention does not contain
nutrients (such as amino acids) and/or electrolytes that are not absorbed,
or have reduced  25 absorption, in a subject having injury to small
intestine epithelial cells, when compared to the absorptive capacity of
nomial controls who do not have injury to small intestine epithelial cells
(such as villous cells, crypt cells, enterocytes, and intestinal projenitor
cells). Advantageously, the compositions of the subject invention
facilitate easy absorption of nutrients by the intestine to reduce undue
energy expenditure, thereby providing intestinal rest in the immediate time
30period after mucosa' injury. Treatment Method for Improving Small
Intestine Function  13       Another aspect of the subject invention
provides methods for treatment or amelioration of diseases or conditions
associated with the loss of, or injury to, small intestine epithelial
cells, particularly in the villous region and brush border. In one
embodiment, the loss of, or injury to, small intestine epithelial cells
results in altered absorptive capacity for  5 nutrients, electrolytes,
and/or fluids. Advantageously, to patients with the loss of, or injury to,
small intestine epithelial cells, particularly to patients with small
intestine villous atrophy, the subject invention improves small intestine
mucosa' healing; improves small intestine function; enhances absorption of
nutrients and fluid retention in the small intestine; prevents or
alleviates small intestine atrophy; alleviates abdominal pain; prevents
and/or treats  10 diarrhea; restores or enhances small intestine harrier
function; and/or reduces small intestine mucosal inflammation bacteremia
and/or endotoxemia.       Accordingly, the subject invention is
particularly beneficial for improving gastrointestinal health of subjects
that receive cytotoxic chemotherapeutic agents, pelvic or abdominal
radiation, proton therapy, and abdominal surgery; subjects that suffer from
15 infection or autoimmune diseases associated with acute or chronic
inflammation in the small intestine; subjects that are routinely, or
accidentally exposed to radiation, such as for example, astronauts and
pilots who are routinely exposed to space radiation, and subjects exposed
to radiation due to nuclear accident, acts of war, or terrorism. In one
embodiment, the method comprises administering, via an enteral route, to a
20 patient or subject in need of such treatment, an effective amount of a
composition of the invention. The composition can be administered to a
patient or subject immediately before, during, and/or after injury to small
intestine epithelial cells, and can be administered once or multiple times
each day. The term "subject" or "patient," as used herein, describes an
organism, including  25 mammals such as primates, to which treatment with
the compositions according to the present invention can be provided.
Mammalian species that can benefit from the disclosed methods of treatment
include, but are not limited to, apes, chimpanzees, orangutans. humans,
monkeys; domesticated animals such as dogs, cats; live stocks such as
horses, cattle, pigs, sheep, goats, chickens; and animals such as mice,
rats, guinea pigs, and hamsters.  30 In one specific embodiment, a subject
in need of treatment is a patient with injury to small intestine mucosal
epithelial cells, including the mucosa layer of duodenum, jejunum, and
ileum. Particularly, a subject in need of treatment is a patient with
injury to the villous  14 region and brush border of the small intestine.
For instance, the subject in need of treatment has vinous atrophy (e.g.,
partial or complete wasting away of the villous region and brush border);
has at least a 5% (such as at least 10%, 20%, 30%, or 50%) reduction in
villous cells in the small intestine; has lost at least 5% (such as at
least 10%, 20%, 30%, or 50%) villous  5 height when compared to normal; has
a loss of function of one or more transporters in the villous region and
brush border of the small intestine, wherein the transporters include, but
are not limited to, the SGLT-1 transporter, the AE2 transporter, the NHE I
transporter, and the NBCe 1 -A/B transporter, wherein the loss of
transporter function is at least 5% (such as at least 10%, 20%, 30%, or
50%); and/or has a change in absorptive capacity of one or more 



10 nutrients in the small intestine, wherein the nutrients are selected
from isoleucine, leucine, lysine, methionine, phenylalanine, threonine,
tryptophan, valine, histidine, tyrosine, alanine, arginine, glutamine,
aspartic acid, aspartate, cysteinc, glycine, proline, serine, asparagine,
glucose, fructose, and/or lactose, wherein the change in absorptive
capacity is at least 5% (such as at least I 0A, 20%, 30%, or 50%).
15Changes in absorptive capacity of the small bowel can be determined by,
for example, using an Ussing Chamber, as illustrated in the Materials and
Methods section herein. For example, the changes in absorptive state can be
determined by, for example, measuring a combination of indices including,
for example, K,,,, Vmax, and I. Injury to the villous and other regions of
the small intestine can be determined by, for example, examination of
biopsy 20samples of small intestine mucosa.       Diseases and therapeutic
procedures that cause injury to small intestine mucosal epithelial cells,
such as small intestine villous cells, can be readily determined by a
skilled clinician. As is known in the medical profession, patients with
certain diseases, such as inflammatory bowel disease (TBD), ulcerative
colitis, duodenal ulcers, and Crohn's disease,  25 suffer from chronic
destruction of the small intestine mucosa. Radiation, chemo-, and proton
therapy also cause injury to small intestine cells.       The term
"treatment" or any grammatical variation thereof (e.g., treat, treating,
and treatment etc.), as used herein, includes but is not limited to,
alleviating a symptom of a disease or condition; and/or reducing,
suppressing, inhibiting, lessening, or affecting the 30progression,
severity, and/or scope of a disease or condition.       The term
"amelioration" or any grammatical variation thereof (e.g., ameliorate,
ameliorating, and amelioration etc.), as used herein, includes, but is not
limited to, delaying  15 the onset, or reducing the severity of a disease
or condition (e.g., diarrhea, bacteremia and/or endotoxemia). Amelioration,
as used herein, does not require the complete absence of symptoms.
The term "effective amount," as used herein, refers to an amount that is
capable of  5 treating or ameliorating a disease or condition or otherwise
capable of producing an intended therapeutic effect.        In one specific
embodiment, the subject invention provides a method for promoting
intestinal health of a subject with injury to small intestine epithelial
cells, wherein said method comprises: identifying a subject with injury to
small intestine epithelial cells, or who  10 is about to be inflicted with
such an injury, and is in need of treatment or amelioration, and
administering, via an enteral route, to the subject, an effective amount of
a composition comprising, consisting essentially of or consisting of one or
more free amino acids selected from lysine, glycine, threonine, valine,
tyrosine, aspartic acid, isoleucine, tryptophan, asparagine, and serine;
water; and optionally, therapeutically acceptable carriers, electrolytes,
15 vitamins, buffering agents, and flavoring agents, wherein the
composition has a total osmolarity from 240 to 280 mosm and a pH of about
7.1 to 7.9.        In one embodiment, one or more of the following
nutrients are not administered, via an enteral route, to a subject with (or
about to have) injury to small intestine epithelial cells, wherein the
nutrients are selected from glutamine, methionine, and any di-, oligo-, or
20 polypeptides or proteins that can be hydrolyzed into glutamine and/or
methionine; glucose and any di-, oligo, polysaccharides, and carbohydrates
that can be hydrolyzed to glucose; and/or food that, upon digestion,
requires absorption of any of the above-mentioned nutrients in the small
intestine. In a further embodiment, for a subject with (or about to have)
injury to small intestine  25 epithelial cells, none of the following
nutrients are administered via an enteral route, wherein the nutrients are
selected from saccharides, lipids, fatty acids, and/or food that, upon
digestion, requires absorption of any of the above-mentioned nutrients in
the small intestine. For patients that are exposed to radiation, or receive
radiation, chemo-, and proton therapy, injury to small intestine epithelial
cells typically lasts for at least 3, 7, 14, 21, 30 days, or any 30period
between 1-30 days. 



In a further embodiment, after any period between 1-30 days (such as after
3, 7, 14, 21, 30 days) since the subject is exposed to radiation, or
receives radiation, chemo-, and/or  16 proton therapy, one or more of the
following nutrients are administered via an enteral route for enhancing
mucosal healing, wherein the nutrients are selected from: glutamine,
methionine, and any di-, oligo-, or polypeptides or proteins that can be
hydrolyzed into glutamine and/or methionine; glucose and any di-, oligo,
polysaccharides, and carbohydrates  5 that can be hydrolyzed to glucose;
and/or food that, upon digestion, requires absorption of any of the
above-mentioned nutrients in the small intestine.       In a specific
embodiment, the subject composition is administered orally and reaches the
small intestine of the subject. Optionally, the method further comprises
administering, via a parenteral route, required nutrients and electrolytes
that are not administered in 10sufficient amounts via the enteral route.
In one embodiment, the subject invention is not used to provide significant
amounts or all of the essential nutrition to a subject, but is to improve
small intestine mucosal healing, restore small intestine function, enhance
fluid retention, prevent or alleviate small intestine villous atrophy,
prevent and/or treat diarrhea, and/or restore or enhance intestinal barrier
15 function. In a specific embodiment, the composition of the drink is also
based on improvement in the barrier function. Barrier function can be
determined using multiple techniques including: a) an increase in
conductance measurements on tissues mounted in a Ussing chamber, b)
dilution potential used to measure relative permeability of Cl and Na
(PC1/PNa) (only intact and functional barrier can maintain ion selectivity;
when the barrier  20 function is lost, the ion selective ratio is close to
one), and c) measuring plasma endotoxin levels. When mucosal barrier
function is lost the commensal gut bacteria can find their way into the
systemic circulation, resulting is raised plasma endotoxin levels.
Endotoxin levels can be measured in a patient's blood sample. Plasma
endotoxin levels can also be used as an index to measure improvement with
treatment. 25The compositions of the subject invention can be used in the
treatment or amelioration of any diseases or conditions associated with the
loss, destruction, or reduction of small intestine epithelial cells,
particularly the loss, destruction, or reduction in function or number of
villous cells, enterocytes, and/or intestinal progenitor cells of the small
intestine. The subject invention is particularly useful for the treatment
or amelioration of any diseases  30 or conditions associated with the loss,
inactivation, or functional alteration of transport proteins in the small
intestine epithelial cells, particularly transport proteins in the villous
cells of the small intestine.  17       In one embodiment, the compositions
and methods of the subject invention can be used in the treatment or
amelioration of a disease or condition arising from, or associated with, a
reduced affinity of sodium-dependent glucose transport system (SGLT-1) to
glucose; a loss or reduced activity of NI-I2-terminal electrogenic
Na+-HCO3(-) cotransporter (NBCel - 5A/B); a loss or reduced activity of
apical CI-HCO3- exchange transporter (AE1); and/or an increased level or
activity of CFTR and/or NKCC-1 transporter systems.       In a specifically
preferred embodiment, the compositions and methods of the subject invention
can be used in the treatment or amelioration of injury to the small
intestine caused by radiation. In a specific embodiment, the subject
invention can be used in the treatment or  10 amelioration of injury to the
small intestine caused by radiation therapy, particularly pelvic and
abdominal radiation therapy. In a specific embodiment, the radiation
therapy is for cancer treatment.       In addition, the subject invention
can be used in the treatment or amelioration of injury to the small
intestine caused by routine radiation exposure, such as exposure to space 



15 radiation in astronauts and pilots; radiation exposure, such as by a
radioactive weapon and accidental nuclear release. Specifically, the
subject invention can be used to treat or ameliorate acute and/or chronic
radiation enteritis.       In certain specific embodiments, the
compositions and methods of the subject invention can be used in the
treatment or amelioration of injury to the small intestine, wherein 20the
patient received radiation at 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, or 20 Gy. In another embodiment, the subject
received radiation at a dose higher than 20 Gy.       Additionally, the
subject invention can be used in the treatment or amelioration of injury to
the small intestine caused by chemotherapeutic agents including, but not
limited to, cisplatin, 5-fluorouracil (5-FU), hydroxyurea, etoposide,
arabinoside, 6-mercaptopurine, 6- 25thioguanine, fludarabine, methothexate,
steroids, and/or a combination thereof.       In addition, the subject
invention can be used in the treatment or amelioration of injury to the
small intestine caused by proton therapy.       In certain embodiments, the
subject invention can be used in the treatment or amelioration of diseases
involving injury to the small intestine including, but not limited to,
30inflammatory bowel disease (IBD), ulcerative colitis, duodenal ulcers,
Crohn's disease, and/or coeliac disease (also known as celiac disease). The
subject invention can be used in  18 the treatment or amelioration of
injury to the small intestine due to pathogenic infection, such as viral,
bacterial, fungal or other microbial infection.       In one specific
embodiment, the subject invention can be used in the treatment or
amelioration of small intestine vinous atrophy, i.e., partial or complete
wasting away of the  5 villous region and brush border, as well as diseases
and conditions that arise from, associated with, and/or are caused by small
intestinal villous atrophy.       In certain embodiments, the subject
invention can be used in the treatment or amelioration of focal villous
atrophy and/or diffuse villous atrophy; hyperplastic villous atrophy and/or
hypoplastic villous atrophy; and/or villous atrophy with and without
mucosal 10inflammation.       In certain embodiments, the subject invention
can be used in the treatment or amelioration of hyperplastic villous
atrophy (with crypt hyperplasia) and associated diseases and conditions
including, but not limited to, coeliac disease (with gluten-sensitive
enteropathy); chronic trauma; small bowell transplantion; urinary ileal
conduits; intestinal  15 mucosal inflammation; intestinal ulcers;
intestinal anastomosis; glucagonoma; extensive small bowel resections;
primary ileal villous atrophy; microscopic colitis atrophy; intestinal
microvillous atrophy; and mitochondrial cytopathy (mitochondrial
respiratory chain anomaly).       In certain embodiments, the subject
invention can be used in the treatment or amelioration of hypoplastic
villous atrophy (without crypt hyperplasia) and associated  20 diseases and
conditions including, but not limited to, malignancy; paneth cell
deficiency; hypopituitarism; coeliac disease unresponsive to gluten-free
diet; tropical sprue; radiation-associated ischemia; drug-induced villous
atrophy, such as villous atrophy induced by neomycin and azathioprin. 



In certain embodiments, the subject invention can be used in the treatment
or  25 amelioration of villous atrophy with mucosal inflammation as well as
associated diseases and conditions including, but not limited to, coeliac
disease; severe alimentary intolerance; congenital Crohn disease; autoimm
tine enteropathy; enterocolitis; and immunodeficiency syndromes. In certain
embodiments, the subject invention can be used in the treatment or  30
amelioration of villous atrophy that are caused by diseases including, but
not limited to, hepatitis; intestinal cancer; intestinal lymphoma; type 1
diabetes; allergy; eosinophillic gastroenteritis; viral gastroenteritis;
and autoimmune enteropathy.  19       In certain embodiments, the subject
invention can be used in the treatment or amelioration of villous atrophy
associated with coeliac disease in the small bowel, including but not
limited to, Marsh type 3a villous atrophy (> 40 intraepithelial lymphocytes
per 100 enterocytes; mild villous atrophy), Marsh type 3b villous atrophy
(> 40 intraepithelial lymphocytes per 100 enterocytes; marked villous
atrophy), Marsh type 3c villous atrophy (> 40 intraepithelial lymphocytes
per 100 enterocytes; villous region absent o almost absent), (based on
modified Marsh classification of coeliac disease and intestinal villous
atrophy).       The subject invention can also be used to treat or
ameliorate symptoms associated with injury to the small intestine
including, but not limited to, malabsorption, diarrhea, 10nausea, vomiting,
electrolyte imbalance, malabsorption, and dehydration. Preparation of
Therapeutic Composition for Improving Small Intestine Function       In
another aspect, a method for preparing the therapeutic composition of the
invention is provided. In one embodiment, the method comprises preparing a
composition for promoting intestinal health of a subject with the loss of,
or injury to, small intestine epithelial cells, wherein the composition
comprises, consists essentially of, or consists of an effective amount of
one or more ingredients, wherein the ingredients are absorbed by the small
intestine of a subject with a loss of, or injury to, small intestine
epithelial cells, wherein the composition has a total osmolarity from 230
mosm to 280 mosm, or any value therebetween 20 (preferably about 250 mosm
to 260 mosm), wherein the composition has a pH of about 7.1 to 7.9, or any
value therebetween (preferably about 7.4), and wherein the composition is
formulated for enteral administration.          In one embodiment, the
ingredients are selected from free amino acids, dipeptides,
monosaccharides, disaccharides, or a combination thereof, and, optionally,
electrolytes, 25 vitamins, flavoring agents, and/or carriers.       In one
embodiment, the subject invention provides methods for screening for
nutrients or electrolytes for inclusion into the subject therapeutic
composition, by selecting nutrients or electrolytes that retain or acquire
absorptive capacity following the destruction of small intestine epithelial
cells in the villous and crypt regions. 30The subject screening methods can
be used for determining therapeutic nutrients and/or electrolytes that can
be used in the treatment or amelioration of diseases or conditions
associated with the loss, destruction, or reduction of small intestine
epithelial cells,  20 particularly the loss, destruction, or reduction of
villous cells, enterocytes, and/or intestinal progenitor cells. In specific
embodiments, the methods can be used to design compositions and methods to
meet the needs of a specific patient or group of patients. In a specific
embodiment, the subject composition is useful for the treatment or
amelioration of injury to 5small intestine following radiation, chemo-,
proton therapy, or due to acute or chronic 



inflammation in the small intestine. In one embodiment, the subject
screening method comprises:       a) contacting small intestine epithelial
tissue having injury in the mucosa with a candidate nutrient or
electrolyte; 10b) determining a level of the ability of the small intestine
epithelial tissue for absorbing said nutrient or electrolyte;          c)
comparing said level to a predetermined level (such as in normal tissues);
and          d) selecting the candidate nutrient or electrolyte if the
absorptive ability of the candidate nutrient or electrolyte is at least,
for example, 50%, 60%, 70%, 80%, or 90% of the 15predetermined level. In
one embodiment, the subject screening method comprises:        a)
administering, via an enteral route, a candidate nutrient or electrolyte to
a subject with injury to the small intestine mocusa;        b) determining
a level of intestinal absorptive capacity of said nutrient or electrolyte;
20c) comparing said level to a predetermined level (such as in normal
subjects); and       d) selecting the candidate nutrient or electrolyte if
the absorptive level of the candidate nutrient or electrolyte is at least,
for example, 50%, 60%, 70%, 80%, or 90% of the predetermined level.
The level of absorptive capacity can be determined based on a combination
of indices 25including, for example, Km, Vm", and 'Sc.       The
predetermined reference value can be established by a person skilled in the
art. For instance, the predetermined reference value can be established by
measuring the levels of the absorptive capacity of said nutrient or
electrolyte in normal small intestine epithelial tissues that do not have
injury to the mucosa (such as villous cells, crypt cells, enterocytes,
30and intestinal progenitor cells). For another instance, the predetermined
reference value can be established by measuring the levels of the
intestinal absorptive capacity of said nutrient or  21 electrolyte in a
normal population who do not have injury to small intestine epithelial
cells (such as villous cells, crypt cells, enterocytes, and intestinal
projenitor cells). 



In another embodiment, the subject screening method comprises:
a) determining function of small intestine tissue having injury in the
mucosa; 5b) contacting candidate nutrient or electrolyte with the small
intestine tissue;        c) determining the function of the small intestine
tissue after the small intestine tissue is contacted with the candidate
nutrient or electrolyte; and        d) selecting the candidate nutrient or
electrolyte if said candidate nutrient or electrolyte improves small
intestine function. 10In another embodiment, the subject screening method
comprises:        a) determining small intestine function of a subject with
injury to small intestine mucosa;        b) administering, via an enteral
route, a candidate nutrient or elecrtolyte to the subject;             c)
determining the small intestine function of the subject after the candidate
nutrient is 15administered; and        d) selecting the candidate nutrient
or electrolyte if said candidate nutrient or electrolyte improves small
intestine function.       In certain embodiments, small intestine function
is improved if the administration of the candidate nutrient or electrolyte
decreases paracellular permeability, enhances small  20 intestine barrier
function. Also, small intestine function is improved if the enteral
administration of the candidate nutrient or electrolyte prevents or treats
diarrhea, and/or prolongs survival.          In certain embodiments, the
nutrient and electrolyte that improves small intestine function of a
subject with injury to small intestine mucosa can be selected using the
methods 25as illustrated in the Examples, specifically, Examples 15-17.
Suitable candidate electrolytes include, for example, Nat, Kf, HCO3-, Ci,
Mg, Fe and/or Zn2I .       Suitable candidate nutrients include essential
and non-essential amino acids selected from, for example, isoleucine,
leucine, lysine, methionine, phenylalanine, threonine, tryptophan,
30valine, histidine, tyrosine, selenocysteine, alanine, arginine,
aspartate, cystein, glycine, proline, serine asparagine, and pyrrolysine.
Suitable candidate nutrients may also include fatty acids,  22 



saccharides (e.g., monosaccharides, di-saccharides, and oligosaccharides),
eletrolytes, and vitamins.       Candidate nutrients may also include
non-natural amino acids, such as for example, ornithine, citrulline,
hydroxyproline, homoserine, phenylglycine, taurine, iodotyrosine, 2,4-  5
diaminobutyric acid, a-amino isobutyric acid, 4-aminobutyric acid, 2-amino
butyric acid, y-amino butyric acid, E-amino hexanoic acid, 6-amino hexanoic
acid, 2-amino isobutyric acid, 3-amino propionic acid, norleucine,
norvaline, sarcosine, homocitrulline, cysteic acid, "Ibutylglyeine,
T-butylalanine, phenylglycine, cyclohexylalanine, and {3-alanine. In a
further embodiment, the selection of nutrients and electrolytes also
depends on, at  10 least in part, the IR dosages received by the subject,
radiation sources, the body part being irradiated, and/or the time that has
elapsed after radiation; the type of chemotherapeutic agents, the dosage,
and/or the time that has elapsed after chemotherapy; and the dosages of
proton therapy received by the subject, and/or the time that has elapsed
after proton therapy. The subject screening assays can be performed
utilizing a combination of techniques  15 well known in the art, including
but not limited to, Ussing chamber studies, cytology, immunohistochemistry,
Western blots, enzyme-linked immunosorbent assay (ELISA), polymerase chain
reaction (PCR), ion flux experiments, immunoprecipitation,
immunofluorescence, radioimmunoassay, and immunocytochemistry.
Specifically, the ingredients can be chosen based on their ability to be
absorbed by the  20 small bowel mucosa of the patient, as determined by
in-situ or isolated bowel preparations, using technologies such as Ussing
Chambers to measure the absorptive capacity of the small intestine for such
ingredient. Formulations and Administration 25The subject invention
provides for therapeutic or pharmaceutical compositions comprising a
therapeutically effective amount of the subject composition and,
optionally, a pharmaceutically acceptable carrier. Such phainiaceutical
carriers can be sterile liquids, such as water. The therapeutic composition
can also comprise excipients, adjuvants, flavoring agents, etc that do not
affect the health or function of the injured small intestine epithelium,
particularly 30in the villous region and brush border. In an embodiment,
the therapeutic composition and all ingredients contained therein are
sterile.  23       The term "carrier" refers to a diluent, adjuvant,
excipient, or vehicle with which the compound is administered. Examples of
suitable pharmaceutical carriers are described in "Remington's
Pharmaceutical Sciences- by E. W. Martin. Such compositions contain a
therapeutically effective amount of the therapeutic composition, together
with a suitable  5 amount of carrier so as to provide the form for proper
administration to the patient. The formulation should suit the enteral mode
of administration.       The invention also provides a pharmaceutical pack
or kit comprising one or more containers filled with one or more of the
ingredients, e.g., compound, carrier, or the pharmaceutical compositions of
the invention. 10In one embodiment, the pharmaceutical pack or kit further
comprises instructions for administration, for example, with respect to
effective therapeutic doses, and/or the timing of administration with
reference to, for example, the elapse time from the exposure to radiation,
chemotherapy, or proton therapy. In one embodiment, the therapeutic dose of
the composition is determined based on the extent of injury to the small
intestine mucosa. For 



15 instance, with regard to subjects that receive, or are about to receive
radiation, the therapeutic dose of the composition is determined based on
radiation sources, the body part being irradiated, and/or the time that has
elapsed after radiation. With regard to subjects that receive, or are about
to receive chemotherapy, the therapeutic dose of the composition is
determined based on the type of chemotherapeutic agents, the dosage of
chemotherapeutic  20 agent, and/or the time that has elapsed after
chemotherapy. With regard to subjects that receive, or are about to receive
proton therapy, the therapeutic dose of the composition is determined based
on the dosages of proton therapy received by the subject, and/or the time
that has elapsed after proton therapy. 25MATERIALS AND METHODS Experimental
animals       To study active HCO3- secretion, 8-week-old, non-irradiated
and irradiated, male BALB/c mice were obtained from the National Cancer
Institute. Mice were randomly divided into groups, and abdomens were
irradiated according to the gastrointestinal acute 30radiation syndrome (GI
ARS) model with a Shepherd Mark-I, using a 137Cs source delivering
y-irradiation at 1.84 Gy/min. Radiation was given as a single fraction. The
GI ARS model  24 will achieve maximum radiation damage to intestinal
tissues, and mimics intestinal injury during radiation therapy of pelvic or
abdominal tumors.       Changes in short circuit current (/,), both as a
function of time following radiation and with increasing doses of
radiation, were examined to determine the earliest time and the 5minimum
radiation dose required to produce significant changes in I. These studies
were approved by the University of Rochester Animal Care and Use Committee.
Ian flux studies Following exsanguinations, jejuna' segment was obtained by
excluding the distal 12  10 cm of small intestine adjacent to the caecum.
This segment was washed and flushed in ice-cold Ringer's solution before
the mucosa was stripped from the underlying muscular layers (Zhang, Ameen
et al. 2007). The mucosa was mounted between the 2 halves of an Ussingtype
Lucite chamber with an area of 0.30 cm2 (P2304, Physiologic instruments,
San Diego, CA 92128 USA), and electrical parameters were recorded using a
voltage / current clamp  15 device (VCC MC-8, Physiologic instruments, San
Diego, CA 92128 USA) (Vidyasagar et al. 2005; Vidyasagar et al. 2004; Zhang
et al. 2007; Vidyasagar and Ramakrishna 2002). Intestinal preparations were
bathed bilaterally in a regular Ringer's solution (Table 1), containing 8
mM of glutamine and gassed with a mixture of 95% oxygen (02) and 5% carbon
dioxide (C07). 20  25 Table 1. Compositions of solutions 



Ionic composition Regular ringer HCO3- free Na+ free solution C1- -free
solution HCO3- free (UB) HCO3-- & CI-- free (UB) Na+ 140 140  140 140 



140 CL 119.8 119.8 119.8 - 119.8  K+ 5.2 5.2 5.2 5.2 5.2 5.2 HCO3- 25 - 25
25  



- HPO4- 2.4 2.4 2.4 2.4   H2PO4 0.4 0.4 0.4 0.4  - Ca2+ mg2+ s042- 1.2 1.2
- 



1.2 1.2 1.2 1.2 - 1.2 1.2 1.2 1.2 1.2 2.4 1.2 1.2 2.4 Gluconate   -  - - 



Cyclamide    1.2 0.4 5.2 Isethionate  25 - 115 25 140 NMDG - - 140 - -  



HEPES -   - 0.1 0.1  Note: Values are in mM. Ionic solutions were used for
ion-substitution experiments. pH of all solutions were at 7.4. H2SO4 was
used to adjust the pH to 7.4 in CI-free solution, and in all others, HO was
used. Abbreviations: UB. unbuffered solution Measurement of HC'03- movement
A Bi-burette TIM 856 (Radiometer Analytical SAS, Villeurbanne, France) was
used to measure HCO3- secretion in stripped jejunal sheets (Vidyasagar et
al. 2005; Vidyasagar et al. 2004; Zhang et al. 2007). Automated pumps
maintained a constant pH for lumina'  5 solution through the addition of
0.01 ul of 0.025 M sulfuric acid (H2SO4). Standard-to-stat pH calibration
was established by adding a known quantity of H2SO4 to a weak buffering
solution, which contains an increasing concentration of HCO3- to produce a
linear titration curve. Jejunal tissues were exposed to a buffered solution
on the bath side (serosal side),  10 while the luminal side was exposed to
an HCO3- free, low-buffered solution (0.1-mM HEPES
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) buffer, pH 7.4). The
HCO3- secretion was equivalent to the amount of acid added to the luminal
solution to maintain the pH at 7.4 (or the stat pH). All experiments were
performed under voltage-clamp conditions. HCO3-- free solution was gassed
with 100% 02 and HCO3--containing solution was gassed with 95%  26 02 and
5% CO2. The HCO3- secretion was expressed as ueq  hcm-2 (Vidyasagar et al.
2005; Vidyasagar et al. 2004; Zhang et al. 2007).        After the tissue
was mounted, FICO3- secretions were initially present in the absence of
bath HCO3-, but rapidly fell towards 0 within 20-30 minutes. If bath IICO3-
was not present  5 during the titration, the 11CO3- secretion remained
close to 0. Presence of HCO3- in the bath solution resulted in a rapid
increase in FICO3- secretions, which remained constant for at least 2 hours
(Vidyasagar et al. 2005; Vidyasagar el al. 2004; Zhang et al. 2007). When
inhibitors were added to the mucosal solution, the pH was adjusted and
allowed to equilibrate for 30 minutes, until a steady rate of HCO3"
secretion was observed. When the inhibitor was added 10to the bath side,
the tissue was also equilibrated for 30 minutes to achieve a steady rate of



HCO3" secretion (see Table 3).        All experiments were performed during
the initial 1-hour steady-state period. 1 tissue from each animal was used
for each experiment; only 1 experimental condition was studied with each
tissue sample. All experiments were repeated for at least 4 times. 15
Immunohistochemistry        Frozen tissue slices from both non-irradiated
and irradiated mice were immunofluorescence-stained using an anti-NBCe 1
-A/B antibody (Bevensee, Schmitt et al. 2000). NBCel -A/B is a polyclonal
antibody raised against the carboxy terminus, common to 20 both sodium
bicarbonate cotransporters (NBCel -A and NBCel-B). The immunostaining
procedure was done on day 6 post-irradiation. Isolated tissues were washed
in ice-cold regular Ringer's solution, embedded in frozen-section embedding
medium, and placed in liquid nitrogen; 6-um sections were made in cryostat.
25Western blot studies       Jejunal lysates were prepared from mucosal
scrapings of non-irradiated and irradiated mice. Tissues were analyzed for
NKCC1(Santa Cruz CA, USA). NBCel-A/B (Mark Daniel Parker, Case Western
Reserve University Medical School, Cleveland, OH), and cystic fibrosis
transmembrane conductance regulator (CFTR) (Santa Cruz CA, USA) protein
30expression by Western blots (Bevensee et al. 2000).       Mucosal
scrapings were lysed in a triacylglycerol hydrolase buffer containing 25-mM
HEPES; 10% glycerol; and 1% Triton X-100 (polyethylene glycol p-(1,1,3,3-
27 tetramethylbuty1)-phenyl ether) containing a protease inhibitor mixture
with (10-mM iodoacetamide, 1-mM phenylmethylsulphonyl fluoride, and
2-ug.m1-1 leupeptin) at pH 7.4 (All chemicals were obtained from
Sigma-Aldrich Co., USA unless otherwise stated). The protein concentration
was determined using the Bradford assay. Equivalent loads of proteins  5
from irradiated and non-irradiated samples were analyzed using sodium
dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE). NKCC1,
NBCel-A/B, and CFTR proteins were detected using affinity-purified
polyclonal antibodies. Statistics 10Results are presented as mean  standard
error of mean. Statistical analysis was performed in 2 steps: 1) overall
difference was tested using analysis of variance (ANOVA) (or its
non-parametric equivalent Kruskal-Wallis); and 2) Bonferroni-adjusted
P-values were computed for all pair-wise comparisons. 15EXAMPLES
Following are examples which illustrate procedures for practicing the
invention. These examples should not be construed as limiting. All
percentages are by weight and all solvent mixture proportions are by volume
unless otherwise noted. 20 EXAMPLE 1 - IRRADIATION INCREASES NET ANION
SECRETION        This Example shows that irradiation increases net anion
secretion, and causes greater loss of villous epithelial cells as compared
to crypt cells. Specifically, small intestine epithelial tissues were
obtained from mice that received 12 Gy irradiation and anion secretion was
examined using Ussing chamber studies. Transepithelial Isc, an indicator of
anion secretion, was 



25measured on day 1, 2, 3, and 4.       As shown in Figure 1A, maximal
increase in transepithelial 'Sc was observed at 48 hr post irradiation, as
compared to non-IR exposed tissues and 1R-exposed tissues 24 and 72 hrs
post irradiation (Fig 1A). This significant increase in 'Sc at the end of
48 hrs indicates that irradiation disrupts the fine balance between
absorption and secretion. In comparison, 4, 30recorded at the end of 48 hrs
and 72 hrs is lower than that of non-1R mice tissues.       Histopathology
sections also showed a greater loss of villous epithelial cells as compared
to crypt cells due to irradiation. While histopathology sections taken
before 48 hrs showed  28 minimal villous damage and little or no crypt cell
damage, histopathology sections taken on day 3 and 4 showed extensive
damage in crypt and villous cells. Particularly, villous cells became
almost completely depleted after day 3. The loss of crypt cells was also
observed, as evidenced by a failure to stimulate anion secretion in
response to a secretory stimulus at 72 and 96 hr post  5 IR (Fig. 1A). At
high doses or IR, there are insufficient crypt stem cells, which mature and
differentiate to form villous epithelial cells.       Figure 1B shows that
irradiation increased transepithelial conductance (Fig 1B). Transepithelial
conductance (S), a composite of transcellular and paracellular conductance,
was measured by Ussing chamber experiments. 10Based on Ohms law 1/S = R,
the increase in transepithelial conductance indicates a reduction in
transepithelial resistance (TER or R). Mice small intestine has
low-epithelial resistance. The electrical resistance of the paracellular
route is much lower than that of the transcellular resistance65-67. The
paracellular route and the transcellular route are in parallel as shown by
1/TER-(1/Rtranscel I u I ar)+( 1 /Rparace I lulu), hence, the measured TER
largely reflects 15paracellular resistance. EXAMPLE 2 - IRRADIATION CAUSES
A DOSE-DEPENDENT INCREASE IN SHORT CIRCUIT CURRENT (/sc) This Example
reveals that irradiation causes a dose-dependent increase in short circuit
20 current, indicating increased electrogenic anion secretion. Briefly,
mice that received 0, 1, 3, 5, 7, 9 or 12 Ely irradiation were sacrificed
on day 4. Figure 2 showed significant increase in 'Sc in mice tissues
irradiated at 3, 5 & 7 Gy, as compared to that of those irradiated at 0 and
1 Gy (.*.p< 0.001). Compared to mice irradiated at 3, 5 and 7 Gy, decreased
'Sc was observed in mice tissues irradiated at 9 & 12 Gy (**p< 0.01, Fig.
2). Irradiation at between 1 and 3 Gy resulted in the 25highest increase in
is,. and minimal histopathological changes.       In addition, irradiation
causes changes in J. over time. Of mice sacrificed on 0, 1, 2, 3, 4, 5, 6
or 7 days, the highest increase in J was observed on day 5 and 6 post-IR
(Fig. 3A). To determine the maximal increase in /" as a function of time,
mice were irradiated at 3 Gy and sacrificed on 0, 1, 2, 3, 4, 5, 6, 7, 9,
11, and 14 days to record electrical parameters. Kruskal- 30Wallis (P <
0.001). Post-hoc analysis showed the maximal increase in I" on day 6 post-
irradiation.  29 



As shown in Figure 3A, 'Sc recorded on post-irradiation days 1 and 2 showed
little statistical differences. However, /" recorded on time >2 days
post-irradiation showed significant differences when compared to day 0
(.*.P <0.01). Among 'Sc recorded on days 4, 5, 6, and 7, little significant
difference was observed. 'Sc recorded on days 9 and 10 post-irradiation  5
was also not significantly different from that recorded on day 7
post-irradiation (*P = Ns). Although/cc showed a significant decrease
beyond day 6, it continued to stay at an elevated level on day 14 and even
2 years post-irradiation in mice who received IR at 3-Gy (4.8  0.5 1eq.11-
1.cm-2). Figure 3A shows that maximal increase in Is, occurred on day 6 in
mice irradiated at 3 Gy. 10The observed increase in /". post irradiation is
largely due to a net increase in electrogenic anion secretion. There are
three possible mechanisms for /". increase: 1) increased electrogenic anion
secretion (e.g., Ci and /or HCO3-); 2) increased electrogenic Na'
absorption; or 3) increased electrogenic IC absorption. It is unlikely that
irradiation causes increased electrogenie Na+ absorptive process in mouse
small intestine. In addition, as irradiation causes  15 diarrhea, which
results in KT loss and not K" absorption, the increase in /" cannot be due
to increased K+ absorption. EXAMPLE 3- DECREASE IN NA AND CL" ABSORPTION
This Example shows that irradiation decreases Naf and CI absorption. As
shown in  20 Table 2, Ussing chamber flux studies using 22Na-substitution
revealed that there is a net absorption of Na' in non-IR (0 Gy) mice (Table
2), as the mucosal to serosal flux (J,,$) outperforms serosa to mucosa flux
(Ism). Irradiation decreases Jms in a dose-dependent manner, and results in
decreased net Na' absorption (JNetNa). ism far exceeds ,/", at doses 7 and
9 Gy, causing net secretion. In addition, mice stool samples became loose
or poorly formed at high  25 dose irradiation, further evidencing decreased
absorption and increased secretion of electrolytes. Similarly, net a
absorption also decreased as IR doses increased. Net CI- secretion was
observed at 9 Gy. Decrease in Ci absorption was due to decrease in ,imsCr.
Table 2 Unidirectional and net flux of Na+ and Cl- N- Net - - mr- Na Fiux
1I  G 1   t.y  Jms 
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60 2   ,  r. 6: -0,4  u.2  -9270.3 0'929.00  30 EXAMPLE 4 - IRRADIATION
CAUSES INCREASED PARACELLULAR PERMEABILITY       This Example shows that
irradiation results in the loss of small intestine lining mucosa, leading
to impaired small intestine barrier function. This increased small
intestine permeability  5 gives intestinal comensal bacteria, peptides and
toxins easier access to systemic compartments, thereby causing endotoxemia.
As shown in Figure 4A, irradiation increases plasma endotoxin levels as
measured by the tachypleus amebocyte lysate kit.       Irradiation also
increased cr & Na (PC1/PNa) permeability, as indicated by the changes of
dilution potential determined in Ussing chamber studies. The use of
dilution potential as the  10 indicator of membrane permeability is based
on the below principles. Specifically, an intact semi-permeable membrane,
such as small intestine mucosa, maintains the electrochemical potential
gradient artificially generated by bathing mucosal and serosal side
solutions with different ionic strength. A leaky membrane that allows easy
diffiision across the membrane, however, has diminished membrane
electrochemical potential. Thus, the higher the  15 permeability across the
membrane, the lower the potential gradient is. A freely permeable membrane
has a relative permeability of CI and Na+ (PC1/PNa) at 1, which indicates a
complete loss of selectivity.       In non-IR mice, the membrane
selectivity is preserved and Na is more permeable than CF across the
membrane. Irradiation decreased membrane dilution potential. Particularly,
Na+  20 and CF became equally permeable across the membrane at 7 Gy,
indicating a significant loss of selectivity (Fig. 4B). The increase in
electrolyte permeability due to irradiation is consistent with the increase
in plasma endotoxin levels shown in Fig. 4A. Monitoring changes in membrane
permeability can be used as a sensitive tool to monitor improvement in
mucosal barrier function by the subject oral radiation diet. 25 EXAMPLE 5 -
INCREASE IN LEVELS OF INFLAMMATORY MEDIATORS DUE TO IRRADIATION 



Levels of inflammatory mediators in IR-exposed and non-IR exposed mice were
measured using LUMINEX multiplex bead array techniques. As shown in Figure
5, irradiation 30increased the production of IL1-0, TNT-a and MIP-a (Fig.
5).  31 EXAMPLE 6 - DECREASED IN ANION SECRETION DUE TO IRRADIATION IS
NKCC1-DEPENDENT AND CFIR-DEPENDENT       This Example shows that anion
secretion under irradiation is NKCC1-dependent and CFTR-dependent. To
deteimine the contribution of NKCC1 to basal I, 100uM bumetanidc  5
(Sigma-Aldrich Co., USA) was added to the bath solution. Figure 3C showed a
bumetanideinhibitable current in irradiated tissues (5.5  0.5
lieq.lii.crn-2 vs. 0.6  0.1 peq.111.cm-2), but not in 0-Gy mice (1.6  0.2
peq.h-l.cm-2 vs. 0.9  0.1 .ieq.111.cm-2). In addition, cAMPstimulation
caused an increase in 'Sc in both 0-Gy (1.6  0.2 ueq.Ii1.cm-2 vs. 6.9  0.6
ttect.li I P <0.001) and 3-Gy irradiated mice (5.5  0.5 vteq.111.cm-2 vs.
7.3  0.5 t.ieg.h-l.cm-2, 10P < 0.05).       In addition, forskolin
(Sigma-Aldrich Co., USA)-stimulated /, was abated by bumetanide in 3 Gy
(7.3 + 0.5 ueq.111.cm-2 vs. 0.4  0.1 ueq.111.cm-2), but not in 0 Gy (6.9
0.6 peq.111.cm-2 vs. 1.3 = 0.2 p.eq.111.cm-2). This indicates greater
NKCC1-independent anion secretion without irradiation (P < 0.05). 15The
results also showed that anion secretion under irradiation is
CFTR-dependent. To determine whether the bumetanide-insensitive portion of
1,, occurs via an apical membrane anion channel, a non-specific anion
channel blocker, 5-nitro-2-(3-phenylpropylamino)- benzoic acid
(Sigma-Aldrich Co., USA) (10 p.M NPPB), and a specific cystic fibrosis
transmembrane conductance regulator (CFTR) blocker (100 p.M glibenclamide,
Sigma-  20 Aldrich Co., USA) were applied. Bumetanide-insensitive 'Sc in
0-Gy mice was abolished by mucosal addition of a non-specific anion channel
blocker (NPPB) (0.1  0.01 ueq.h-l.cm-2) and glibenclamide (0.1  0.01
iteci.h-1.cm-2). This indicates that anion secretion occurs via an anion
channel or CFTR (Fig. 3B). 25 EXAMPLE 7- DECREASE IN HCO3- SECRETION DUE TO
IRRADIATION       Infective diarrhea, such as cholera, results in the loss
of HCO3--rich fluid in stool and leads to metabolic acidosis. This Example
shows that, in contrast to infective diarrhea, IR induced increased CF
secretion and decreased HCO3- secretion. To determine the contribution of
CF to net anion secretion, a blocker for cr uptake into  30 the cell
(Na-K-2C1 cotransport blocker) was employed. Addition of 10p.M bumetanide
abolished almost all of the /" associated with IR, suggesting that
IR-induced anion secretion is primarily due to increased cr secretion and
such increase is NKCC I-dependent (Figs. 3A-C).  32           stat
experiments confirmed that IR reduced HCO3- secretion (Table 3). IICO3-
secretion was abolished when Na+ in the serosal bathing solution (bath) was
replaced with an impermeable cation NIV1DG, indicating that transport of
HCO3- into the cell at basolateral membrane is bath Na+ dependent. Similar
experiments were repeated in 5 Gy. day 6 post IR mice. In the presence of
bath Nat, HCO3" secretion was significantly lower.       Immunolluorescence
staining of frozen tissue slices obtained from both non-TR and IR mice was
performed using NBCela/b antibodies (Figs. 613-E). NBCc la/b
antibody-specific staining showed that NBCc la/b was expressed in the
villous epithelial cells, but not in the crypt cells. Immunostaining of
tissues from IR mice showed that NBCela/b antibodies 10 were not recognized
either in the villous or in the crypt. Tissues from mice irradiated with 3
Gy (IR) failed to express NBCel-A/B-specific staining pattern either in the
villous or in the crypt. Decreased HCO3- secretory function at high doses
of IR is due to the loss of villous epithelial cells. Monitoring changes in
Na and HCO3- secretion can be a sensitive tool to monitor improvement of
mucosal barrier function by the subject oral radiation diet. 



15 HCO3- secretion under irradiation is NKCCI-independent       To
determine if HCO3- contributed to anion secretion, experiments were
performed in the absence of bath CT. An increase in Isc. secondary to
irradiation or forskolin-stimulation was considered to be contributed by
1-1CO3-. The results showed that HCO3- secretion under 20 irradiation is
not bath CL-dependent; therefore, under irradiation, FICO3- secretion does
not involve the cr-Bc03 exchange transporter (AE1) in the apical membrane.
In C1--free solution, basal (1.0  0.2 ueq.11-1.cm-2 vs 0.3  0.1
l_teq.11-1.cm-2; P = ns) and forskolinstimulated (1.7 + 0.2 tteq.11-1.cni2
vs. 0.3  0.1 P <0.001) Is, was lower in 3-Gy irradiated mice (Fig. 3D).
Forskolin-stimulated hc. was higher in 0 Gy than in 3 Gy (P < 250.001),
indicating a decrease in HCO3- secretion due to irradiation.       To
ascertain if NKCC1 mediated HCO3- movement under basal and
forskolinstimulated conditions, bumetanide was added to the bath side of
tissues equilibrated in CL-free solution on both sides. The results showed
that bumetanide did not inhibit basal and forskolin-stimulated increase in
/sc.; this lack of inhibition indicates a NKCC1-independent 30mechanism for
FICO3- uptake at the basolateral membrane.  33 HCO3- secretion under
irradiation is lumen CT-independent       Direct measurement of HCO3"
secretion in irradiated mice showed reduced FICO3- secretion compared to
non-irradiated mice (0.8  0.2 tteq.111.c - vs. 6.7  0.2 ueq.11-1.cm-2).
HCO3- secretion in irradiated mice was unaltered by removal of lumen Cl-
(Table 3). The 5mucosa] addition of NPPB (0.2  0.01 ueq.11-1.cm-2) and
glibenclamide (0.11  0.1 i_teq.11- 1- .cm 2), but not DIDS, ended HCO3-
secretion in irradiated mice. This indicates that FICO3- secretion is
mediated by an anion channel (CFTR channel), not via Cr-HCO3- exchange
(Fig. 19B). In comparison, HCO3- secretion in non-irradiated mice is both
lumen CL-dependent  10 and CF-independent. Transepithelial electrical
measurements indicated electrogenic HCO3- secretion; however, this does not
indicate whether HCO3- secretion was channel-mediated and/or via
electroneutral CF-HCO3- exchange.       pH-stat experiments were performed
in the absence of lumen Cl- to study C1--HCO3- exchange in non-irradiated
mice. In a lumen CF-free solution, FICO3- secretions were lower  15 (4.5
0.1 tieq.11-1.cm-2, P <0.01). This indicates that basal HCO3- secretion in
non-irradiated mice is partly lumen CL-dependent and partly CF-independent
(Table 3). The addition of 100 1.tM 4,4-diisothiocyano-2,2'-stilbene
disulfonic acid (DIDS) (Sigma-Aldrich Co., USA) partially inhibited HCO3-
secretion (P < 0.001), and such inhibition was similar to that observed
with lumen Cl- removal. 20 Forskolin Stimulated lumen C1--independent HCO3"
secretion 



For 0-Gy mice, addition of forskolin to the bath solution showed
significant increases in basal HCO3- secretion (P < 0.001) that was not
altered by lumen CF removal (8.4  0.4 pieq.111.cm-2 vs. 8.7  0.4
ueq.h-l.cm-2; n = 6). NPPB abolished forskolin-stimulated HCO3- 25secretion
(0.2  0.01 p.eq.111.cm-2; n = 6); this indicated a role for an anion
channel in cAMP- stimulated HCO3- secretion. cAMP-stimulated HCO3-
secretion is NKCC1-independent To determine if cAMP-stimulated HCO3-
secretion required an apical CFTR channel,  30 glibenclamide was added to
the luminal side. Glibenclamide inhibited (0.1  0.1 ueq.11-1.cm-2) HCO3-
secretion (Table 3 and Fig. 19A), indicating that cAMP not only inhibits
the basal CrHCO3- exchange component of the net HCO3- secretion, but also
induces an apical anion  34 channel-mediated IICO3- secretion. Forskolin
stimulation in irradiated mice showed little increase compared to basal
HCO3- secretion (0.6  0.2 [teq.111.cm-2 vs. 0.78  0.2 tieq.h-l.cm2). This
also indicates a lumen CI-independent HCO3" secretion or the inhibition of
C1-- I ICO3- exchange. 5Transepithelial electrical measurements showed that
decrease in FICO3- movement was also NKCC1-independent. HCO3- secretion,
which was minimal in irradiated mice under both basal and
forskolin-stimulated conditions, was unaffected by the addition of
bumetanide (Table 3). Similarly, in non-irradiated mice, bumetanide did not
alter forskolin-stimulated HCO3- secretion, indicating that the
cAMP-stimulated HCO3- secretion is NKCC1- 10independent (8.4  0.4 peq.111.
em-2 vs. 8.6  0.4 p.eq.11-1.cm-2) (Table 3 and Fig. 3B). 11CO3- secretion
is bath C1-independent       Transport processes requiring bath CF for
basolateral HCO3- uptake are shown in Figure 3B. The results showed that
bumetanide did not alter the cAMP-stimulated HCO3-  15 secretion. This
indicated that C1--HCO3- exchange (AE2) transporter is inhibited under
irradiation. Removal of bath Cl- can also inhibit NKCC1 and AE2-linked
HCO3" uptake (Table 3). Removal of CF from the bath solution did not alter
HCO3- secretion (6.7  0.3 -1 1..teq.h-1.cm-2 vs. 7.1  0.6 i.ieq.h .cm-2 ).
20 HCO3- secretion is bath Nat dependent       Transport processes for the
Na' -coupled, basolateral, FICO3- entry are shown in Figure 3B. Figures 3C
and 3D indicated that NKCC1 does not affect HCO3- secretion. Addition of
1mM 3-methylsulphony1-4-piperidinobenzoyl, guanidine hydrochloride (H0E694)
to the bath side eliminated HCO3- uptake via NHE1 coupled to CF-HCO3-  25
exchange. Counillon, Scholz et al. (1993) also described that 1 mM
3-methylsulphony1-4- piperidinobenzoyl, guanidine hydrochloride (H0E694)
could inhibit Na+-1-1+ exchange (NHE1).       H0E694 did not inhibit
cAMP-stimulated HCO3- secretion (8.4  0.4 ueq.h-1.cm-2 vs. 7.2  0.9
l.teq.h-1 . cm-2). Replacing bath Na+ with N-methyl-D-glucamine (NMDG)
abolished 



30forskolin-stimulated IICO3- secretion (8.4  0.4 ueq.h-lcm-2 vs. 0.3  0.01
ttcq.11-1em-2) in non-irradiated mice, which indicates a Nar - coupled
HCO3- cotransport (NBC) (Fig. 3E).  35 Table 3. HCO3- secretion measured in
the jejunum of non-irradiated (0 Gy) and irradiated (3 Gy) mice. Lumen
solution Cl- containing CI--free 100 tM DIDS 100 uM . ghbenclamide 0 Gy 3
Gy 0 Gy + forskolin 3 Gy + forskolin 0 Gy + bumetanide 3 Gy + 



bumetanide 6.7  0.3 0.8  0.2* 8.4 0.4 0.6  0.2 8.6  0.4 0.8  0.14* 4.5
0.11 0.6 + 0. rns 8.7 0.4 0.9  0.2 8.4  0.4 0.8 + 0.1 4.4  0.1:.- 0.9
0.2*ns - - 7.7  0.4 0.7  0.12' 0.5  0.1 0.1  0.1 ' 0.1  0.1 -  0.5  0.1 0.2
OA'  Note: Values represent mean  SEM n = 6 tissues. *p <0.001, comparison
between 0 Gy and 3 Gy group. T p <0.001 comparison between presence groups.
In bumetanide experiments in non-irradiated mice, the tissues were treated
with 10 mM forskolin. 



Abbreviations: ns, no significance between the groups;
4,4-diisothiocyano-2,2'-stilbene disulfonic acid, DIDS       For active
HCO; secretion at the apical membrane, there is a need for its basolateral
uptake. Four known exchange mechanisms directly or indirectly involved with
HC01-  5 movement at the basolateral membrane are: 1) Na+-K---2C1-
co-transport (Na'--1(-2HCO3-) as a possible transporter of HCO3-; 2) Cl-
uptaken into the cell via NKCC1 is recycled via basolateral cr-Hco,-
exchange (AE2), resulting in net HCO3- uptake at the basolateral membrane;
3) Na.---1-1 exchange extruding protons into intercellular space, resulting
in decreased intracellular HCO3- concentration, which then stimulates
apical electroneutral C1--  10 IICO3- exchange; and 4) Na coupled HCO3-
cotransport. These transporters may function as electroneutral or
electrogenic, depending on the number of HCO3- molecules transported per
molecule of Na'- (Fig. 3B).       In non-irradiated mice, HCO-;- uptake
occurs via a Na---coupled HCO3- cotransporter (NBCe I -A/B) located at the
basolateral surface. Apical exit occurs via an electroneutral C1  15 /HC0i-
exchange that is coupled to a Na exchange and via CFTR (electrogenic anion
secretion). An increase in intracellular cAMP, achieved by the addition of
forskolin, results in increased Cl- and HCO3- secretion with simultaneous
inhibition of electroneutral NaT and  36 Ci absorption (Nat-11 exchange
coupled to CI- HCO3- exchange). CL uptake occurs via NKCC1, and HCO3-
uptake occurs via NBCe 1 -A/B; both Cr and HCO3- exit via CFTR at the
apical surface. In accordance with the subject invention, it has been
discovered that irradiation  5 inhibits electroneutral Nat and Ci
absorption. Irradiation also inhibits NBCe 1 -A/B, and such inhibition
results in decreasing HCO3- uptake at the basolateral membrane and finally
its exit at the apical membrane. Thus, irradiation results in electrogenic
Ci secretion with selective inhibition of both electroneutral and
electrogenic HCO3- secretion (Fig. 19B). Irradiation caused increased
NKCC-1 protein expression and decreased NBCel-A/B  10 expression in the
small intestine epithelium tissues. Irradiation also inhibits the apical
CIHCO3- exchange transporter (AE1). HCO3-secretion in radiation diarrhea is
Natdependent, but lumen a- independent and NKCC-1-independent. Ci transport
under irradiation involves the basolateral NKCC-1 transporter, instead of a
C1--IICO3- exchange transporter (AE1). As shown in Figure 19B, irradiation
also alters electrolyte (such as HCO3- and Cl)  15 transport in the
gastrointestinal tract. Irradiated mice exhibited primarily CL secretion,
and minimal I-ICO3- secretion. It is postulated that minimal HCO3-
secretion due to irradiation is caused by the inhibition of FICO3-
absorption. In contrast, there is active C1 as well as HCO3- secretion in
secrctagogue-induced diarrhea. 20 EXAMPLE 8 - IRRADIATION CAUSES REDUCED
GLUCOSE ABSORPTION       This Example shows that in IR-induced enteritis,
there is a dose-dependent decrease in glucose absorption. In addition, the
presence of unabsorbed glucose in the gut lumen can lead to osmotic
diarrhea, further deteriorating the diarrheal conditions associated with
IR. Figure 7A shows that irradiation causes a dose-dependent decrease in I.
Figure 7B shows that irradiation 25increases Km in glucose transport in a
dose-dependent manner.       SGLT1 is a versatile transporter. SGLT1
maintains its function in infective diarrhea, such as cholera. The
preservation of SGLT1 function in infective diarrhea has been used in oral
rehydration therapy for Nat absorption.          To investigate SGLT-1
function and its effect on glucose absorption following 30irradiation,
small intestine mucosa of Swiss mice was obtained on day 6 after IR
exposure at 



0, 1, 3, 5, or 7 Gy. Glucose-stimulated short-circuit current (Isc) was
measured in an Ussing  37 chamber to study the SGLT1 transport function.
Survival studies were carried out in 9-Gy TBI and 15.6-sub-TBI mice.
Specifically, 8-week-old Balb/c mice obtained from the National Institutes
of Health (NEI) were subject to 137Cs sub-total body irradiation (Sub-TB
I)(one leg was protected  5 from irradiation) and total-body irradiation
(TBI).       In animal survival studies, mice were separated into 2 groups:
9-Gy TBI and 15.6-Gy Sub-TBI. Control mice were treated with normal saline;
others were treated with 5% glucose. Gavage was used during the experiment,
and treatments were given on the first 5 days after irradiation and every
other day until 10 days after irradiation. 10A Multichannel Voltage/Current
Clamp (Physiological Instruments, San Diego, CA) was employed in the Ussing
chamber study. Mice jejunal sections, which were used for the mounting,
were bathed in modified-regular Ringer's solution, and gassed with 95% 02 &
5% CO2 to measure short I. All mice were sacrificed 6 days after
irradiation. To investigate SGLT-1 kinetics, the substrate (glucose)
concentration started at 0.05 15 mM and ended at 10 mM. Glucose was added
at a rate starting from 0.05 mM and progressed to 0.1 mM, 0.5 mM, and 1 mM.
The results were analyzed with Origin 8 software (OriginLab Corp.,
Northhampton, MA). 'Sc was plotted into the Y-axis, and glucose
concentration was plotted into the X-axis. The curve was fitted into Hill's
equation. To prepare Jejunal whole-cell lysates, mucosal scrapings of
normal and irradiated  70 mice were lysed in triacylglycerol hydrolase
buffer containing 25-mM HEPES, 10% glycerol, 1% Triton X-100, and a
protease inhibitor mixture (10 mM iodoactamide, 1 mM phenylrnethylsulphonyl
fluoride, and 2 lig m1-1 leupeptin, pH 7.4).       To prepare brush-border
membrane vesicle lysates, mucosal scrapings of normal and irradiated mice
were homogenized in a 2-mM Tris-HC1 (pH 7,1) / 50-mM KCI / 1M PMSF 25
solution. The samples were spun down with a centrifuge at 8000 RPM and
again at 13,000 RPM, respectively, and were then homogenized again with a
turberculin syringe (27G needle) and TEFLON homogenizer. The samples were
then centrifuged at 4,000 RPM and again at 15,000 RPM. The sample was
resuspended with a protease inhibitor mixture (10 mM iodoactamide, 1 mM
phenylmethylsulphonyl fluoride, and 2 ug m1-1 leupeptin, pH 7.4) that
30contained regular Ringer's solution.       Both protein concentrations of
jejunal whole-cell lysates and brush-border membrane vesicles were analyzed
for SGLT-1 protein by Western blots. Equivalent loads of protein  38 from
irradiated and control samples were analyzed by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE). Proteins were transferred
onto polyvinylidene fluoride (PVDF) membranes, and SGLT-1 proteins were
detected using affinity-purified polyclonal antibodies. 5The results, as
shown in Figures 8-14, demonstrate that: 1) irradiation reduces
glucose-stimulated 1s, in a dose-dependent manner; 2) Km values for glucose
were (mM) 0.38  0.04, 0.49  0.06, 1.76  0.16, 1.91  0.3. 2.32  0.4 in 0, 1,
3, 5, and 7 Gy, respectively; 3) Vm" values for glucose were 387.4 16.2,
306.6  16.4, 273.2  14.9, 212.9  9.14, 188.1 + 9.12 in 0, 1, 3, 5, and 7
Gy, respectively; 4) Km and Vm" values returned to normal levels 



10 approximately 14 days after IR; 5) withholding glucose intake for the
first 10 days after irradiation increased survival; 6) Western blot
analysis of the SGLT-1 brush-border membrane showed increased SGLT-1
protein levels as IR doses increased.       The increase in SGLT-1 Km
indicates a decrease in SCiLT-1 affinity for glucose due to irradiation.
The decrease in Vmax indicates the loss of villous epithelial cells due to
irradiation,  15 as is also evidenced by the histopathological
examinations. The increase in protein levels in mice tissues treated with
IR, as shown in Western blot analysis, indicates that SGLT1 transporters
are expressed but non-functional.       The results also demonstrate oral
glucose feeding results in malabsorption of glucose and electrolytes, which
leads to osmotic diarrhea and, thus, increases IR-induced GI toxicity.  20
In contrast, withholding glucose from oral feeding for first 14 days after
IR prevents or mitigates symptoms of diarrhea and increases overall
survival. EXAMPLE 9 - IRRADIATION CAUSES REDUCED GLUTAMINE TRANSPORT
Although glutamine is a non-essential amino acid, it is the primary
nutrient of the  25 ernerocytes, and is present in high concentrations in
plasma (26%) and in skeletal muscle (75%). Glutamine levels decrease in
post-operative, trauma, or critical patients as the body's demand for
glutamine increases. Thus, glutamine has been considered as important in
the normal functioning of the digestive, renal, immune and neuronal
systems.          This Example shows that irradiation causes a
dose-dependent decrease in glutamine 30transport into the cells. At M > 7
Gy, glutamine becomes largely present in the gut lumen, thereby leading to
osmotic diarrhea. Saturation kinetics of glutamine transporter showed an IR
WO 2012/040707PCT/US2011/053265 39 dose-dependent increase in Km (Fig. 15),
suggesting decreased affinity of glutamine transporters for glutamine.
EXAMPLE 10 - IRRADIATION CAUSES A DOSE-DEPENDENT INCREASE IN LYSINE 5
TRANSPORT       Addition of lysine to the small intestine lumen side causes
an increase in /". suggesting electrogenic transport of lysine (Fig. 16).
Tissues from non-IR mice showed a Km of 1.16 + 0.04 mM, while 3 Gy IR
tissues had a Km of 0.27 + 0.01 mM. Unlike glucose and glutamine, the
results showed that irradiation increased lysine-transporter affinity for
lysine and, thus, increased 10lysine absorption. EXAMPLE 11 - EFFECT OF
ORAL LYSINE FEEDING ON SURVIVAL OF MICE       This Example shows that
withholding non-absorbed nutrients from oral feeding while selectively
feeding absorbed nutrients prevents or mitigates diarrhea and increases
survival after 15irradiation. 



In the first series of experiments, glucose (10 mM i/m for 5 days and then
every alternate day) was orally administered to IR mice. The results show
that glucose administration decreased overall survival (Fig. 17B). In
comparison, lysine (20 mg/mice/day) was orally administered to IR mice for
5 days and thereafter every other day as gastric lavage. Mice treated 20
with lysine showed increased survival when compared to control groups (Fig.
17A). Thus, reducing or limiting oral intake of non-absorbed nutrients such
as glucose with increased oral intake of absorbed nutrients such as lysine
can prolong survival in irradiated patients.       EXAMPLE 12 -- CHANGES IN
ION TRANSPORT PROTEIN EXPRESSION LEVELS DUE 25 TO IRRADIATION This Example
illustrates changes in transport protein expression levels due to
irradiation.       Specifically, tissues were harvested for Western blot on
day 6 post-irradiation. Western blot of ileal tissues, as shown in Figure
18, revealed that irradiation from 1-5 Gy resulted in increased NKCC1
protein levels; while such increase in NKCC1 expression decreased in
tissues 30received 7 Gy IR, as compared to tissues received 1-5 Gy IR (A).
NBCe I-A/F3 protein levels significantly decreased following irradiation,
even at a dose as low as 1 Ely (B). CFTR protein levels in jejunum tissues
significantly increased  40 following 3 Gy irradiation, as compared to 0 Gy
jejunum tissues (C). NBCe 1 -A/B specific antibodies showed increased
expression levels in the jejunum compared to the duodenum, ileum, and colon
in non-irradiated mice (D). Jejunum tissues had the highest NBCel-A/B
protein levels, as compared to that in duodenum, ileum or colon (D). The
changes in levels  5 of transport protein correspond to the observed
functional changes following IR. The expression pattern of the transport
proteins post-irradiation, as compared to that of non-IR tissues, can be
used to monitor the effectiveness of the oral radiation diet.      EXAMPLE
13 - CHANGES IN NUTRIENT AND ELECTROLYTE ABSORPTIVE 10 CAPACITY IN MICE
WITH INJURY TO SMALL INTESTINE MUCOSA       A similar pattern of
alterations in small intestine absorptive capacity is observed in C57BL/6
mice treated with radiation, chemotherapy, and suffering from inflammation
in the small intestine. The radiation model is constructed as described in
Examples 1-12. In a chemotherapy model, all mice are injected with a single
dose of 5-FU or  15 cisplatin. In some mice, three days after the first
injection, a second dose of 5-FU or cisplatin is injected. Following each
injection, transepithelial /se, an indicator of net anion secretion, is
measured using an Ussing chamber, at time points as indicated in Figure 20.
For each measurement, a minimum of 32 tissues is examined. The results show
that there is a significant increase in net anion secretion on day 3 in  20
mice injected with a single dose of cisplatin (Fig. 20B) or 5-FU (Fig.
20A). Also, mice injected with a second dose of the chemotherapeutic agent
exhibit a significantly higher increase in net anion secretion than that of
mice receiving a single dose.       In a Crohia's disease model, mice arc
injected with anti-CD3 mAb (acute inflammatory model to mimic conditions of
Crohn's disease). There is also a significant increase in net anion  25
secretion (determined based on paracellular conductance) and paracellular
permeability of the small intestine. Also, alterations in nutrient and
electrolyte absorptive capacity are observed.       The alterations of
absorptive capacity of nutrients are determined using disease models with
injury to small intestine mucosa, i.e., the radiation model, chemotherapy
model, and the Crohn's disease model. Specifically, a candidate nutrient is
orally administered to  30 control mice and mice that received irradiation,
chemotherapy, and anti-CD3 mAb, respectively. In addition, compositions
containing various combinations of the candidate nutrients arc orally
administered. 



41       The candidate nutrients are selected from lysine, histidine,
valine, leucine, phenylalanine, cysteine, tyrosine, arginine, isoleucine,
threonine, glycine, alanine, methionine, tryptophan, proline, serine,
asparagine, glutamine, aspartic acid, glutamic acid, and glucose. 5To
determine the absorptive capacity of each nutrient, bioelectric
measurements are performed using an Ussing chamber. The measurements
include: a) the sodium coupled-amino acid current (1-sc) and changes in
conductance, b) changes in saturation kinetics of each nutrient and changes
in the /sc following the administration of each nutrient; and c) the
electrolyte absorption studies using isotope flux studies in the presence
and absence of the  10 specific candidate nutrient. The results show that,
in the radiation model, chemotherapy model, and the Crohn's disease model,
there is a similar pattern of alterations in absorptive capacity for all
amino acids investigated and glucose. Specifically, the results show that
the oral administration of each of the following amino acids selected from
lysine, glycine, threonine, valine, tyrosine, aspartic acid, isoleucine,
tryptophan, asparagine, and serine  15 improve small intestine healing,
reduces paracellular conductance (thereby improving small intestine mucosal
barrier mechanism), increases absorption of electrolytes, and/or improves
survival in animals. The results also show that the oral administration of
glucose and/or glutamine impairs small intestine mucosa barrier, and has
adverse effects on survival of mice in the radiation model, chemotherapy
model, and the Crohn's disease model. 20 Example 14 - IMPROVEMENT OF SMALL
INTESTINE FUNCTION N MICE THAT HAVE RECEIVED CHEMOTHERAPY       This
Example shows that the therapeutic composition of the subject invention
improves small intestine healing of mice that have received chemotherapy.
Of all  25 chemotherapy drugs studied, 5-FU shows maximum toxicity to small
intestine. Therefore, 5- FU is used to characterize the alterations of
electrolyte and nutrient transport in the chemotherapy model.       NIH
Swiss mice were injected with 5-FU. Five or six days after injection, The
intestinal tissues from the mice were isolated and studied in an Ussing
chamber, exposing to either Ringer  30 solutions or the therapeutic
composition of the subject invention. The therapeutic composition contains
lysine, glycine, threoninc, valine, tyrosine, aspartic acid, isoleucine,
tryptophan, asparagine, and senile; water; and therapeutically acceptable
carriers, electrolytes, and buffering  42 agents. The therapeutic
composition is slightly alkaline (pH 7.4). The therapeutic composition does
not contain glucose, glutamine, or methionine.       The results show that
the therapeutic composition significantly improves small intestine function
of mice that have received 5-FU. Specifically, the therapeutic composition
5significantly reduces the pathological increase in transepithelial /sc
(Fig. 21A) and transepithelial conductance in the small intestine of the
5-FU injected mice. EXAMPLE 15 - DETERMINATION OF CHANGES IN GI FUNCTION
DUE TO IRRADIATION 10The major GI function includes absorption of
nutrients, electrolytes and water, and such 



absorption occurs in well-differentiated and mature villous epithelial
cells. 80% of the fluid and electrolyte absorption occurs in the small
intestine. As illustrated herein, IR results in selective loss of villous
and/ or crypt depending on the IR dose, and thereby leads to decreased
absorption of Nat, CF and nutrients. This Example illustrates experimental
designs for determining 15alterations in GI function caused by various
dosages over time IR. Methods       C57BL/6 mice (8 weeks old, male) from
NCI are used. Physical observations, cytology, immunohistochemistry,
Western analysis, plasma surrogate markers, and functional studies are  20
determined as specific indices for IR-induced GI toxicity. Mice were
randomly divided into groups and the abdomen irradiated with a Shepherd
Mark-I using a Cs source delivering IR at 1.84 Gy/min dose rate to the
abdomen. Mice are subject to IR at 0, 1, 3, 5, 7 and 9 Gy. Changes in
glucose and amino acid transport are examined on day 0, 1, 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 25 and 30 with 10 mice in each group. Plasma samples
are collected before harvesting the 25tissue. Ileum and jejunum tissues are
harvested for histopathology, Western blot, imrnunohistochemistry and
Ussing chamber studies (subjected to separate evaluation). A) Determination
of Functional Alterations in Electrolytes (Na+, CF & HCO3) This Example
illustrates experimental designs for determining the alteration in
transport  30 protein function associated with electrolyte absorption
following IR. The alterations in electrolyte transport function are then
correlated to plasma markers, cytology, and physical observations such as
daily activity, body weight, stool formation and fecal occult blood.  43
Cytology examinations are performed using crypt assay, H&E staining, BrdIJ
staining, immunohistochemistry and Western blot analysis.       First,
transepithelial flux of Na' and Cr is examined in an Ussing chamber to
evaluate electrolyte absorption after IR. Mice are sacrificed, and the
changes in the basal ion transport in the non-IR mice and mice treated with
IR at various doses are examined. Na+ and Cr absorption is electroneutral
in regular epithelium.       In this Example, isotope (22Na and 36C1)
substitution studies are performed to determine the basal Na+ and cr
movement. Briefly, 22Na and 36C1 are added either to the mucosal or to the
serosal side. 0.5 ml samples are collected from the cold side at the end of
every 30 minutes. 10 Unidirectional fluxes are calculated using standard
formula, and expressed as umo1.11-1.cm-2. Net flux (J,N,,,,) is calculated
as the difference between J," and ,Is", fluxes across tissue pairs.
Experiments are performed under short-circuit conditions.       In
addition, pH stat techniques are used to measure changes in HCO3-
secretion. As illustrated herein, IR decreased FICO3- secretion in jejunum.
HCO3" secretion is critical for acid 15 base balance and acid
neutralization in the upper segments of gut72-74. These experiments suggest
the possible mechanism of HCO3- secretion and indicate 1) lumen
Cl-dependent HCO3- secretion and 2) lumen Cr-independent HCO3- secretion in
normal mice and in irradiated mice. Bicarbonate secretion is expressed as
follows: 20Total blcaronate secretion pepthicr.)2) = (02-D1) x 0.025 x  2 x
60 x where D2 and D1 are the difference between the total acid added
between two time points, 0.025 



represents the normality of the acid added, 2 the valency of 1+SO4 and 60
represents the time in minutes to finally express secretion per hour. 1.13
represents the surface area of the tissue used 25in the Ussing chamber and
t time. HCO3- secretion studied using pH stat technique will complement
transepithelial Na+ and Cr flux measurements.       Ion flux experiments,
pH stat studies, and trans-epithelial electrical measurements can elucidate
the transport process in the non-IR and IR mice. 30B) Determination of
Functional Alterations in Nutrient Absorption due to Irradiation
Intestinal malabsorption of nutrients affects nutritional status following
IR. As illustrated herein, selective absorption of nutrients occurs
following IR. The presence of unabsorbed  44 nutrients in the gut leads to
osmotic diarrhea, which Further complicates injury caused by irradiation.
This Example illustrates the experimental design for determining the
nutrients that are absorbed from the intestine after IR. Easily-absorbed
nutrients can be included into the therapeutic/dietary composition of the
5subject invention to examine the effect of various IR doses on glucose
absorption over time.       Specifically, changes in glucose transport are
determined in Ussing chambers following IR. The time required for glucose
transport proteins to return to their normal function (non-1R levels) is
also investigated. The formulation (ORD) is derived according to the
ability of the mice to tolerate oral glucose. Glucose is withheld from the
oral supportive regimen until glucose 10transport begins to improve.
In addition, changes in amino acid (a.a) transport following IR are
examined. Electrogenic amino acid transport can be detected in an Ussing
chamber as the net charge movement that occurs when the amino acid is
transported. There is no charge movement associated with electroneutral a.a
and, therefore, these transports are studied in brush border  15 membrane
vesicle studies (BBMV). Both electrogenic and electroneutral a.a are
studied in BBMV for comparison between different experimental methods.
Specifically, the four major types of amino acid transport system are
studied by testing the uptake of representative amino acids L-leucine
(neutral amino acid), L-proline WINO acid), L-glutamic acid (acidic amino
acid), and L-cysteine (sulfurate amino acid) in brush-border 20 membrane
vesicles (BBMV) from non-IR and IR mice. Changes in eiectrogenic a.a
transport due to IR       Amino acids are broadly classified into neutral,
cationic and anionic as their transport characteristics are largely based
on charge (Table 4). Electrogenic a.a transport can occur via  25 Bl+
(neutral and cationic a.a) or VAG. Na-coupled and Na-independent a.a
transport are determined by experiments in the presence and absence of
lumen Nat In addition, electroneutral a.a transport is studied in BBMV
using 14C labeled amino acids. 



WO 2012/040707PCT/US2011/053265 45 Table 4 Amino acid transport system in
the brush-border membrane of the small intestine  Transport system
Molecular identity Alternate identity Substrates Dependence on Na
Involvement of other ions  nil SLC6A19 Neval a.a 



Yes No  ATP SLC6A14 Ba4 Neutral as,arc a a Yes CI  b"--..AT SLC7A9 Neutral
a,a!'or , a 1 ,.,,,"..,,, cystic e No Na  rsg SLC3A1 Na trirsprt ft,nction
of its own, it inluences the kinetic 



parameters of tne nrsport func6on of PAT PAT PAT', SLC21A.6 NeL;
:,a!s(.),.ca.n ala:',- e and pco:i:-.a) No   E.AAT3 SLC1A1 Anionic a.a
asArtate, utsmatei  1  Preparation of BBNIV to study a.a transport and
Western blot          BBMVs are isolated using the magnesium precipitation
method75. The total protein content of BBMVs is determined using the
Bradford method76. Vesicles are stored in liquid N2 15or at -80 C.
Assessment of amino acid uptake by BBMVS       Amino acid uptake by BBMVs
is performed at 25C using the rapid filtration technique described by
Hopfer et al.75 with slight modifications. BBMV suspensions (5 1,i1) are
added to 20 the incubation medium (45 vil) containing 1 mmo1/1 of unlabeled
amino acid, 25 ttCi/m1 of radiolabeled substrate L4U-14C]leucine,
L4U-14C]proline, L4U-14C]glutamic acid, or L[3 5S]cysteine, 100 mmo1/1
NaSCN or KSCN, 100 mmo1/1 mannitol, 0.1 mmo1/1 MgSO4 and 10 mrno1/1 HEPES
(pH 7.4). The time courses of the uptake of amino acids are measured in the
presence of Na' gradient (using medium containing NaSCN) and in the absence
ofNa+ gradient 25 (medium containing KSCN). At specific time intervals, the
uptake process is ended by adding 5 ml of ice-cold stop solution containing
150 mmo1/1 KSCN and 10 mmo1/1 Tris-HEPES (pH 7.4). The suspension is
immediately poured onto a pre-wetted Millipore filter that is washed three
times with 3 ml of ice-cold stop solution and immersed in 5 ml of
scintillator Hisafe 3 fluid (LKB Products, Bromma, Sweden). The filter is
then counted in a Liquid Scintillation Counter. 



30Nonspecific binding to the filter is previously measured and subtracted
from the total uptake. Results are expressed as picomoles of amino acid
uptake per milligram of protein.  46 C) Determination of Changes in
Paracellular Permeability due to IR        Alterations in paracellular
permeability are determined using the following techniques. i) Dilution
potential; ii) TEER; iii) permeation of large non ionic solutes of
different sizes; FITCconjugated dextran and Rhodamine B
isothionate-Dextran. 5 Changes in dilution potential with mitigation
fallowing IR       Dilution potential measurements are used for determining
the changes in the permeability ratio between the Na+ and CF using the
Nernst equation. The results from these experiments are compared between
non-IR and IR mice groups. The results from paracellular 10  permeability
and plasma endotoxin studies are correlated with the electrophysiology data
and survival data.       Dilution potentials are induced by mucosal
perfusion with Ringer solutions containing various concentrations of Na+
and total osmolarity is adjusted with mannitol to maintain equal osmolarity
between experiments. The contribution of other ions to the conductance is
estimated 15 to be less than 5% and therefore is neglected. The potential
difference across the membrane is measured using AgCl-AgC1 electrodes and a
multimeter (VCC MC8, Physiologic instruments Inc.). Dilution potentials are
corrected for changes in junction potential (usually less than 1 mV). These
experiments permit calculation of chloride and sodium conductance of the
paracellular pathway using the following formula. 20
prr:RT1F7.30.31N10{PnaiNal., + PC1[0]"/PnafNali + Pcl[C11,1 ........ R =
8.314472 (..ifiCirnol); F = 96.48531(Ki/mol);Permeability ration (p) PCU
310(Kelvin  Changes in non-ionic solute permeation through paracellular
spaces following IR       Paracellular permeability to water-soluble,
uncharged solutes of various sizes is studied in small intestine tissues
mounted in an Ussing chamber using FITC-conjugated dextran and Rhodarnine B
isothionate-Dextran (Sigma). These studies allow for the determination of
25paracellular permeability changes due to IR. 



Intercellular barrier formed by tight junctions is highly regulated and is
size and ion-selective. Therefore, this intercellular barrier represents a
semi-permeable diffusion barrier. Experiments are designed to determine the
paracellular permeability to water-soluble, uncharged solutes of various
sizes in ileal or jejunal tissues mounted in Ussing chamber under basal
30conditions in both regular epithelium and epithelium exposed to
radiation.  47       FITC-conjugated dextran and Rhodamine B
isotlaionate-Dextran (Sigma) at a concentration of 3mg/m1 dissolved in
Ringer solution is added to the mucosal side of the Ussing chamber and
maintained at 37C for 60 min. The solution in the basolateral bath solution
is sampled to quantify fluorescently labeled dextran. FITC-Dextran: Exc 485
nm and Em: 544nm 5 and Rhodamine B isothionate-Dextran: Exc 520nm and Em
590nm. Standard curves are obtained from mice ileal or jejunal tissue
mounted in Ussing chamber to check for any change in permeability with
time. These values are then compared with tissues from IR- and non-IR mice.
D) Detemination of irradiation Effects 10Tissues from mice sacrificed for
an Ussing chamber and pH stat studies are used for H&E staining, BrdU,
stool formation, occult blood, body weight, immunohistochemistry and
Western analysis. These results are then compared to functional alterations
in electrolyte, nutrient and paracellular permeability changes in non-IR
and IR mice. 15Pathological analysis by crypt assay, 1-{&E, BrdU staining
a) Crypt assay / microcolony survival assay       Objective curves were
fitted to the data, using a model for cell killing, which assumes that
clonogenic (structure-rescuing') cells in a multicellular structure behave
in accordance with Poisson statistics. It is assumed that the structure
remains intact until, on average, fewer than 20 three cells survive per
structure; that survival of cells is exponential over the range of doses
being analyzed; and that the structure may regrow from one or more
surviving cells. Each epithelial focus is thought to represent survival of
one or more clonogenic stem cell able to give rise to the regenerative
crypt. Mice are sacrificed at 3.5 days after IR for crypt microcolony
assay. This interval is at 25or near the peak amitotic recovery in crypts
after IR. It is used to study the acute effects of IR.       For the
biological response to radiation, Do and D10 values are calculated. Studies
have shown that despite lack of statistically significant differences
between the Do values, the variance about Do greatly depended on the number
of mice and sections per datum point. Decreased values of the coefficient
of variance (-5%) could not be obtained by increasing the 30number of
sections above two and the number of mice above four. Thus, the studies
were designed with 3 sections per mouse and six mice per datum point.  48
b) BrdU staining to detect mitotic activity after IR 



The mice are injected with BrdU (30 mg/kg body weight) and animals are
sacrificed at hours 12, 24, 48 or 72, when the tissues are also harvested
for functional studies. Bra] injections are repeated once every 24 hrs.
when BrdU labeling studies continue beyond 24 hrs  5 after their injection.
After BrdU labeling, paraffin sections from mouse small intestines are
prepared and stained with anti-BrdU antibody (Ab). Cells were scored per
entire crypt and villous unit. At least 60 crypts and corresponding villi
were analyzed per mouse. BrdU-labeled cells were normalized to total cell
number per crypt or villous. The resulting percentage is then plotted
against the induction time. These studies allow for the determination of
the rate at which 10crypt progenitor cells transit into the postmitotic
villous compartment, a direct correlation to the rate of cell division in
the crypt and kinetics of the migrating crypt cells77. Changes in physical
parameters with IR Body weight, stool formation and fecal occult blood are
studied in mice to detect the  15 changes in the nutritional status of the
animals with IR. For daily activity and signs of sickness, all of the mice
are observed once a day for diarrhea, lack of grooming, ruffled hair,
decreased eating and drinking habits, lethargy, etc, and recorded
carefully.       Findings from these studies are compared to plasma
analysis for surrogate markers, pathological observations, Western blots,
immunohistochemistry and functions studies. 20 Western blot analysis for
determining molecular alterations of transport processes involved in
electrolyte and nutrient transport       Changes in activities of the
following transport proteins, which are directly or indirectly involved in
electrolyte and nutrient absorption, are examined. The transport proteins
include  25 CFTR activity (correlating with electrogenic Ci secretion),
NHE3 activity (correlates with Na+ absorption), NBCel-A/B activity in the
villous (correlates with HCO3- secretion), NKCC1 (basolateral uptake to
Na+, K+ and Cl into the cell), SGLT-1 (glucose absorption), 13, B0, b07+,
PAT (proton-couled electrogenic transport system) and X-AG (Table 2). These
studies are compared to functional data in non-IR, IR and after treating
with ORD. 30  49       Frozen sections are made when the animals are
sacrificed for functional studies and for immuno-staining using various
antibodies that are specific to various transporters (CFTR, NHE3, NKCC,
NBCe 1 -A/13, SGLT, B, Bw', b/E, PAT1, and X-AG). In addition, cell surface
marker expression patterns are examined to provide insights for crypt and
villous cell ratio. 5These studies allow for the determination of
alteration in the expression pattern of transporters with IR and ORD
treatment. E) Identification of Surrogate Marker(s) for Radiation Effects
Although there are several studies trying to identify surrogate marker(s)
to determine the  10 radiation dose and time since radiation for
determining the onset of GI toxicity, these studies have been largely
unsuccessful. This Example illustrates experimental designs allowing for
the identification of surrogate marker(s) to predict the onset of GI
toxicity, which may also prove useful in scenarios where multiple organs
are involved. 



Specifically, plasma is collected when the animals are sacrificed for
functional  15 evaluation (Ussing chambers). After exposure to an IR dose
of 0. 1, 3, 5, 7 or 9 Gy, the mice are sacrificed on day 1, 2, 3, 6, or 9.
In order to identify surrogate markers, gut peptides, cytokines, and
cndotoxin are studied. Plasma analysis for endotoxin 20Plasma endotoxin
levels are measured. Changes in plasma endotoxin levels are correlated to
changes in paracellular permeability, plasma gut peptide levels, sickness
and survival rate. Plasma analysis for cytokines 25Changes in plasma
cytokine levels are examined using LUMINEX multiplex bead array technique
in IR and non-IR mice. Plasma analysis for gut peptides       The
gut-specific peptides, including insulin, glucagon, secretin,
choleeystokinin, citrullin, somatostatin, peptide YY, ghrelin, NPY, and
GLP-2, are investigated. All of the gut 30peptide kits were purchased from
Phoenix Pharmaceuticals, Inc. (CA, USA). Experiments are performed
according to manufacture's instruction.  50 Statistical analysis
Functional difference among the normal and IR tissues are compared. The
statistical significance is calculated using the analysis of variance
(ANOVA). The data are compared among the assays. The correlation
coefficient (R) is analyzed to determine the best functional  5 marker. All
statistical analyses are conducted using Version 9.1 of the SAS System for
Windows (Copyright(c) 2002-2003 SAS Institute Inc., Cary, NC, USA.). If
distributional assumptions associated with a particular statistical
procedure are violated, appropriate transfoiniations or non-parametric
alternatives are used. Receiver Operating Characteristic (ROC) curves are
constructed and the areas under the ROC curves (AUCs) are compared among
10 the various functional tests using the non-parametric method of DeLong
et al. (1988). The family-wise Type 1 error rate is controlled at 0.05
using Tukey's method for multiple comparisons. The Pearson correlation
coefficients with associated p-value and 95% confidence interval are
reported. 15 EXAMPLE 16 - DEVELOPMENT OF IDEAL ORAL REGIMENS FOR TREATMENT
OF IR-INDUCED GASTROINTESTINAL INJURY       This Example illustrates
experimental designs for developing oral therapeutic compositions for
treatment or amelioration of radiation-induced GI toxicity. It also
determines the time when the oral rehydration diet (ORD) should start and
how long the composition should  20 be administered after exposure to
various doses of IR. The time for which ORD needs to be administered
depends on the time needed for the Km to return to the basal levels. 



Methods C57BL/6 mice (8 weeks old, male) from NCI are used. To determine
the affinity of the  25 transporter, saturation kinetics is calculated by
using increasing concentration of the respective nutrients. Preliminary
studies have shown that some a.a have increased absorption while some
showed decreased absorption, with changes in Km and Vmax after IR.
Increasing concentration of the a.a are added to ileum or jejunum
(subjected to separate evaluation) elicit an increase in I. Plotting known
concentration of a.a against 'Sc allows for the determination of the
saturation  30 kinetics. Administering the a.a selectively absorbed after
IR via gastric lavage increases mice survival. Km and Vmax for the
nutrients are determined in mice IR with 0, 1, 3, 5, 7 or 9 Gy on 0, 1, 2,
4, 6, 8, 10, 12, 14, 16, 18, 20, 25 and 30 days with 10 mice in each group.
51 A) Determination of Km and V",", of Essential Amino Acids and Glucose
for Development of Ideal Oral Radiation Diet (ORD) As illustrated herein,
irradiation causes changes in transport kinetics of nutrients,  5
indicating altered affinity to respective transporters. The affinity for
the glucose transporter determined using this technique showed significant
decrease and took approximately two weeks to return to the base level. The
presence of unabsorbed glucose or nutrients in the gut lumen is known to
cause diarrhea. K", and Vmax for the nutrients are determined in mice
exposed to different doses of IR and followed up for a period up to 30 day
after IR. These studies are useful  10 for formulating an ORD based on
their absorption pattern with time and radiation dose. In addition, the
nutrients that show increased absorption after IR may be utilized as
alternate sources of energy for the system. The formulation (ORD) will then
be used in survival studies. Changes in Km and Vmax for glucose transport
in Ussing chambers following IR 15Glucose transport is studied.
Specifically, Km and Vma, for glucose are studied. Increasing
concentrations of glucose are added to the lumen side in Ussing chamber
experiments and increase in 'Sc recorded. Glucose is withheld from the oral
supportive regimen until glucose transport begins to improve. The
formulation is based on the ability of the mice to tolerate oral glucose.
20 Changes in Km and Vmaxfitr amino acid (a. a) transport following IR
The kinetic pattern of amino acids based on the IR dose and time followinv,
IR is studied by determining the K," and V"," for each a.a. Kinetic indices
of electrogenic a.a are determined in Ussing chamber setting as described.
Briefly, increasing the concentration of the a.a added to  25 the lumen
solution results in increasing 'Sc response, with saturation at particular
a.a concentration. Km and Vm are calculated from the saturation curve.
Electroneutral a.a are studied using BBMV. Amino acid uptake by BBMV is
performed in the presence of different concentrations of substrate, from
0.025 to 7 mmo1/1, at a fixed transport time of 3 s (19). Each assay is
performed in triplicate using the pool of BBMV  30 (n- 12) from each
experimental group. Maximal velocity (Vmax) is expressed as picomoles of
substrate per mill-Warn of protein in 3 s, and the transporter affinity
constant (Km) is expressed as millimoles per liter.  52 



Optimize the 01W therapy to mitigate GI toxicity and improve survival
It is discovered that lysine at a dose range of 20 mg/mice/day can increase
survival in mice. To optimize the ORD treatment regimen by selecting a
proper administration dose,  5 frequency and interval, the analysis of the
effects of ORD on survival at 7 days, stool formation, occult blood and
body weight is performed. ORD is initiated as early as 3 hours after a
lethal dose of IR (15.6 Gy = 1.2x LDson value) at a dose range determined
from Km values of respective a.a or glucose. The concentration of glucose
or a.a used for gastric lavage is calculated from Km based on recommended
daily amounts currently in use for glucose and  10 essential amino acids in
adult humans. The dose translation from human to mice is based on the Km
factors78. Thus, an inverse relationship exists between the K", and the
daily dose for the nutrients. If IR increased the Km (suggesting decreased
affinity for the transporter), then there is a proportionate decrease in
daily dose for the respective nutrient. Two additional ORDs are formulated
with doses, i.e., 3 times above and below the calculated dose. The best ORD
dosage 15is determined based on the survival studies.       The gastric
lavage is repeated once daily for 7 days. The dose frequency and interval
of ORD gastric lavage are subject to change according to the results of the
survival studies. GI toxicity peaks around day 2-3 after IR and then
gradually recovers by 7 days if the ORD is effective. The mice are observed
daily up to 7 days after IR to monitor their survival.  20 All the mice
receiving regular diet die or are sacrificed (moribund; defined as a
combination of 20% weight loss, failure to groom, reduced activity and
decreased inquisitiveness) within 7 days after IR. If the mice receiving
ORD treatment are protected from IR-induced lethality, then the survival
experiment will be repeated with an additional 10 mice/group with same
treatment to ensure the results are reproducible. The survival data will be
25analyzed by the Fisher's exact test.       The sample size of 10 animals
per group ensures sufficiently high power (>80%) to detect survival
differences between close to 0% for the vehicle group and 60% or higher for
each of the intervention (in a pair-wise comparison carried out at the
adjusted alpha level of 0.017 0.05/3) to ensure an overall alpha level of
5%. In the event that a statistically significant  30 difference is not
observed or only partial mitigation is achieved by the ORD treatment, a new
cycle of regimen optimization will be undertaken as described earlier to
ensure maximal mitigating efficacy against IR-induced lethality. After
selection of an optimal dose. whether  WO 2012/040707PCT/US2011/053265 53
more frequent (twice daily) ()RD gastric lavagc is required is evaluated to
achieve greater radiation mitigation and more rapid crypt recovery.
Determining the DA1F and the window of effectiveness qf ORD for post-IR
therapy  5 Dose modification factor (DMF) is one of the most important
parameters to measure the effectiveness of a radiation mitigator, which is
defined by DitIF = LAT "I LD5c0 where T is ORD treatment group and C
denotes the control group on regular diet51. To determine the efficacy of
ORD treatment in mitigating IR-induced lethality, groups of average 10
C57BL/6 mice (10-20 mice/group varying with IR dose) are treated with
vehicle or ORD using the optimal regimen  10 defined by the previous
experiments. The vehicle-treated mice are exposed to 11 Gy to 13 Gy IR
using 0.5 to 1 Gy increments. The survival of these mice is recorded during
a 7-day observation period after IR. Mice are euthanized at the end of the
observation period or when they become moribund. Small intestine and plasma
are collected after euthanasia. Blood samples are used for 15gut peptide
analysis, while the small intestine tissue specimens are used for
investigating IR- induced intestinal damage. The LD5017 value is a good
indicator of IR-induced GI toxicity.       LD5017 for the vehicle-treated
mice is close to 13 Gy, based on previous observation in our laboratory.
The ORD treated groups are exposed to IR ranging from 14.5 to 16.5 Gy IR
with 0.5 to 1 Gy increments, observed and examined as described above for
vehicle-treated mice. If 



20 substantial numbers of mice in ORD treatment groups survive even after
exposed to 16.5 Gy, higher IR doses are given to mice in a subsequent
study. The LD5017 value is calculated for ORD -treated animals based on
their survival curves and then, the DMF for ORD is calculated. ORDtreated
mice have a DMF for LDson greater than 1.2. To determine how soon the ORD
treatment should be given after IR, five groups of  25 animals are
administered with ORD at 0, 1, 3, 5, 7, 9, 12 and 24 hours post-IR and
followed up with scheduled ORD treatment and observed for 7 days, along
with a positive control (3h postIR treatment) and a negative control
(saline vehicle). Survival of the animals is compared based on survival at
the 7-day time point. In this model, a number of logistic-regression models
(outcome variable dead/alive at 7  30 days) and various time trends in the
eight groups having administered ORD after IR are considered. Both linear
(most likely decreasing survival as treatment delay increases) and
nonlinear (exponential survival decreases) models are considered.  54
Comparisons versus 3h post-IR administration and vehicle are performed in a
pair-wise fashion using the Fisher's exact test. There is a pair-wise
comparison (different timing groups vs. the 3h post-JR. ORD group and vs.
vehicle) and the individual test alpha level will be maintained at 0.005
(z0.05/10). a) Survival rate:       A major index for the treatment effect
of ORD is to determine survival rate. It is recorded twice a day and a
survival curve created. 10b) Daily activity or Signs of sickness       All
of the mice are observed once a day for the signs of sickness, such as
diarrhea, lack of grooming, ruffled hair, decreased eating and drinking
habits, lethargy, etc, and recorded carefully. 15c) Body weight, stool
formation and occult blood       To determine if the ORD could reverse some
of the effects from IR-induced GI toxicity, the colon will be removed and
pictured for stool formation and feces analyzed for occult blood, when
those animals are sacrificed for functional studies as described herein.
These studies allows for determining if the mitigation agents are able to
maintain the integrity of GI mucosa 20and their ftmction that are visible
to the naked eye. d) Immunohistochemistry          Inflammatory cell
infiltration in the lamina propria is analyzed using H&E stained sections
from jejunum or ileum. Care will be taken to determine the distribution
frequency of 25lymphoid follicles.       The optimal dose, starting time
and schedule of ORD for acute GI toxicity are detelmined in a sequence.
Mice are treated with different dose fommlation of ORD after IR exposure.
The optimal dose is determined in logistic regression models by determining
survival over 7 days (yes versus no) as the response variable and dose
level as the explanatory variable. 30Due to the uncertainty of the
dose-response curve, several plausible dose-response models are proposed.
After the model of dose-response is determined, the minimum effective dose
(MED)  



WO 2012/040707PCT/US2011/053265 55 is calculated. Starting Time and optimal
duration of the therapy are answered by equivalence tests using the
estimated mean responses and variance in the ANOVA model.     EXAMPLE 17 -
DETERMINATION OF FUNCTIONAL IMPROVEMENT IN GI 5 FUNCTION       In this
Example, electrophysiology experiments are performed to determine how ORD
helps restore IR-injured gut mucosa to absorb electrolytes and nutrients.
Functional changes are correlated to plasma surrogate marker(s), cytology,
and physical observations such as daily activity, body weight, and stool
formation. Fecal occult blood, cytology such as crypt assay, 10  H&E
staining, BrdU staining, immunohistochemistry and Western blot analysis.
These studies allow for the determination of the protective effects of ORD
on GI function at molecular, cellular and functional level. Methods
C57BL/6 mice (8 weeks old, male) from NCI are used. Functional studies,
physical observations, cytology, immunohistochemistry, Western analysis are
performed and plasma surrogate markers are used as specific indices for
1R-induced GI toxicity. Mice were randomly divided into groups and the
abdomen irradiated with a Shepherd Mark-I using a Cs source delivering IR
at 1.84 Gy/min dose rate. Mice are irradiated with 1, 3, 5, 7 or 9 Gy and
then are 20administered ORD. Mice are treated with ORD. Mice are sacrificed
on day 6 and tissues are used for functional, histopathology, Western blot
and immunohistochemistry. A) Correlation of Effects of ORD with Functional
Improvement in Electrolyte and Nutrient Absorption 25A set of indices are
used to evaluate the treatment effect: 1) the mice are weighted daily and
closely observed for any sickness signs; 2) blood samples and physical
parameters are analyzed when the animals are sacrificed for functional
studies (electrolyte and nutrient absorption), crypt assay,
immunohistochemistry and western blot analysis. Blood samples are used tbr
measuring plasma endotoxin (an index for gut barrier dysfunction),
cytokines, gut 30peptides (insulin, Glucagon, secretin, cholecystokinin,
citrullin, somatostatin, peptide YY, (Iihrelin, NPY and GLP2), citrulline,
glucose and insulin.  56 Determination of transepithelial flux of Na- and a
in Ussing chamber studies       To investigate functional improvement of
ORD, jejunum and ileum sheets (subjected to separate evaluation) obtained
from mice are mounted in Ussing chamber and experiments are performed as
described in Example 15. Nal- and Cf absorption are compared between
non-IR, 5IR and ORD treated mice groups. Determination pf HCO3" secretion
using pH stat techniques 



Experiments are performed as described in Example 15. Restoration of HCO3-
secretion with ORD treatment suggests functional improvement. HCO3-
secretion is compared between 10 non-IR, IR and ORD treated mice groups.
Determination of nutrient absorption in Ussing chamber and vesicle studies
As described in Example 15, glucose, electrogenic a.a and clectroneutral
a.a absorption is determined. Results from these studies are compared
between non-IR, IR and ORD treated 15mice groups. Determination of changes
in paracellular permeability with mitigation following IR       A decrease
in paracellular permeability with ORD treatment suggests improvement in
epithelial integrity. These changes will indicate concomitant improvement
in plasma endotoxin 20level. Correlate effects of ORD with crypt assay, H&E
staining, BrdU stool formation, occult blood, body weight,
immunohistochemistry and Western analysis            The studies will be
similar to that described earlier in Example 15 and the results will be 25
compared between non-IR, IR and ORD treated mice groups. Histopathological
analysis to determine anatomical improvement          Specimens will be
processed for H&E staining and pathological analysis, including the crypt
assay, BrdU staining as described in Example 15. Briefly, the tissues will
be fixed in 30formalin, processed in paraffin blocks and stained with II &
E.  57 Immunohistochemisty to detect changes in the expression pattern of
transport proteins, crypt and villous cell marker       The tissues
harvested will be used for immuno-statining using various antibodies that
are specific to various transporters (NHE3, NBCel-AJB, SGLT, B0/+, b/+, X-
AG)and cell surface 5 markers (Lgr5, EphB2 and EphB3). The method \Nil I be
similar to that described in Example 15. These studies will help determine
the extent of villous and crypt cell formation following treatment with
ORD.      Western blot analysis to study molecular alterations of transport
processes involved in 10electrolyte and nutrient transport       The method
will be similar to that described in Example 15. CFTR activity (correlating
with electrogenic C1 secretion), NHE3 activity (correlates with Na+
absorption), NBCe 1 -A/B activity in the villous (correlates with HCO3-
secretion), SGLT-1, Bw+, bw+ or X-AG will be examined. 15 Correlate eftects
of ORD using plasma analysis of surrogate marker(s) 



Preliminary studies have shown changes in gut peptides following IR in
mice. Changes in surrogate marker levels toward basal levels are examined
and the results will indicate systemic improvement with ORD treatment. 20
Statistical analysis       The mean and standard deviation of the raw data
are calculated and graphical techniques such as bar chart will be applied.
The main approach to comparing these two groups (treatment vs. vehicle)
utilizes mixed effect models (linear or non-linear) based on longitudinal
data. 25       All references, including publications, patent applications
and patents, cited herein are hereby incorporated by reference to the same
extent as if each reference was individually and specifically indicated to
be incorporated by reference and was set forth in its entirety herein. The
terms -a" and "an" and "the" and similar referents as used in the context
of 30describing the invention are to be construed to cover both the
singular and the plural, unless otherwise indicated herein or clearly
contradicted by context.  58        Recitation of ranges of values herein
are merely intended to serve as a shorthand method of referring
individually to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incorporated into
the specification as if it were individually recited herein. Unless
otherwise stated, all exact values provided herein  5 are representative of
corresponding approximate values (e.g., all exact exemplary values provided
with respect to a particular factor or measurement can be considered to
also provide a corresponding approximate measurement, modified by "about,"
where appropriate).        The use of any and all examples, or exemplary
language (e.g., "such as") provided herein, is intended merely to better
illuminate the invention and does not pose a limitation on  10 the scope of
the invention unless otherwise indicated. No language in the specification
should be construed as indicating any element is essential to the practice
of the invention unless as much is explicitly stated.        The
description herein of any aspect or embodiment of the invention using terms
such as "comprising", "having", "including" or "containing" with reference
to an element or  15 elements is intended to provide support for a similar
aspect or embodiment of the invention that "consists or', "consists
essentially of', or "substantially comprises" that particular element or
elements, unless otherwise stated or clearly contradicted by context (e.g.,
a composition described herein as comprising a particular element should be
understood as also describing a composition consisting of that element,
unless otherwise stated or clearly 20contradicted by context).        It
should be understood that the examples and embodiments described herein are
for illustrative purposes only and that various modifications or changes in
light thereof will be suggested to persons skilled in the art and are to be
included within the spirit and purview of this application.  WO
2012/040707PCT/US2011/053265 
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We claim:        1. A sterile therapeutic composition for improving small
intestine health, in particular in the case of villous atrophy, wherein the
composition is formulated for enteral administration and comprises lysine,
glycine, threonine, valine, and tyrosine, as free amino acids; and water;
and wherein the composition has a total osmolarity from 230 mosm to 280
mosm.        2. The therapeutic composition according to claim 1, wherein
the composition does not comprise one or more ingredients selected from
glucose, glutamine, and methionine, or, if these ingredients are present,
glucose is present at a concentration of less than 1g/1, glutamine is
present at a concentration of less than 300 mg/1, and methionine is present
at a concentration of less than 300 mg/l.        3. The therapeutic
composition according to claim 2, further comprising aspartic acid,
isolcucine, tryptophan, asparagine, and/or serine.        4. The
therapeutic composition according to claim 1, wherein the composition does
not comprise glucose, glutamine, or methionine.        5. The composition,
according to claim 1, wherein the composition further comprises
electrolytes, vitamins, minerals, and/or flavoring agents.        6. A
method for treating a subject having villous atrophy, wherein the method
comprises administering to the subject, via enteral administration, a
composition of claim 1.        7. The method according to claim 6, wherein
the subject is a human.        8. The method according to claim 6, wherein
the subject has at least a 10% reduction in total number of small
intestinal epithelial cells in the villous region, when compared to normal.
WO 2012/040707PCT/US2011/053265 64        9. The method according to claim
6, wherein the subject has at least a 10% loss in vinous height in the
small intestine, when compared to normal.        10. The method according
to claim 6, wherein the composition does not comprise one or more
ingredients selected from glucose, glutamine, and methionine, or, if one or
more of these ingredients is present, glucose is present at a concentration
of less than 1g/1, glutamine is present at a concentration of less than 300
mg/1, and methionine is present at a concentration of less than 300 mg/l.
11. The method according to claim 6, wherein the composition further
comprises aspartic acid, isoleucine, tryptophan, asparagine, and/or serine.
12. The method according to claim 6, wherein the composition does not
comprise one or more ingredients selected from glucose, glutamine, or
methionine.        13. The method according to claim 5, wherein the villous
atrophy is caused by disease, radiation, chemotherapy, proton therapy,
abdominal surgery, and/or a cytotoxic agent.        14. The method
according to claim 13, wherein the composition is administered for a period
of 1 to 14 days after the subject receives radiation, chemotherapy, proton
therapy, or a cytotoxic agent.        15. The method according to claim 13,
used to treat radiation enteritis.        16. The method according to claim
13, used to treat small intestine injury caused by chemotherapy or
cytotoxic agents selected from cisplatin, 5-fluorouracil (5-FU),
hydroxyurea, etoposide, arabinoside, 6-mercaptopurine, 6-thioguanine,
fludarabine, methothexate steroids, or a combination thereof.        17.
The method according to claim 13, used to treat inflammatory bowel disease
(TBD), ulcerative colitis, duodenal ulcers, or Crohn's diseases. 



65        18. A method for preparing a sterile therapeutic composition for
promoting intestinal health of a subject having villous atrophy, wherein
said method comprises combining one or more ingredients selected from free
amino acids, dipeptides, monosaccharides, disaccharides, or a combination
thereof,       wherein each ingredient has been determined to retain at
least 50% absorptive capacity in the small intestine of a subject with
villous atrophy, when compared to normal, and       wherein the composition
does not comprise glucose at a concentration of higher than 1 g/1 or
glutamine at a concentration of higher than 300 mg/l.        19. A
composition produced by the method of claim 18.        20. The composition,
according to claim 19, comprising water and having an osmolarity between
230 mosm and 280 mosm.        21. The composition, according to claim 19,
in powder form.        22. A package containing the composition of claim 1,
or powder which, when combined with water, makes a composition of claim 1,
wherein said package further comprises instructions for administering the
composition to a patient who has, or who is expected to develop, villous
atrophy. 






