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TREATMENT OF CANCER WITH 
GLUTAMINE 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10/633,402, filed Aug. 1, 2003, which 
claimed priority from U.S. provisional application 60/400, 
446, filed Aug. 1, 2002, the contents of all of these applica 
tions are specifically incorporated by reference herein in their 
entirety. 

BACKGROUND OF THE INVENTION 

0002 Absorption of biomolecules, such as amino acids 
and proteins, is critical to cellular function. About 75 percent 
of the Solids in the mammalian body are proteins, including 
enzymes, polypeptides Such as cytokines, nucleoproteins, 
transport proteins, and structural proteins. The principal func 
tional constituents of these proteins, amino acids, polypep 
tides and isolated amino acids, are also important for cellular 
metabolic functions. The amino acid glutamine, for example, 
serves important functions in metabolism, including trans 
port of carbon and nitrogen between tissues. It is a precursor 
for hepatic and renal gluconeogenesis, as well as urea Syn 
thesis in the liver and ammonia production in the kidney. A 
number of cell types, particularly the cells of the intestinal 
mucosa, also utilize large amounts of glutamine as their major 
source of respiratory fuel. 
0003. The effectiveness of amino acid supplementation 
for treatment of a variety of physiologic disorders has been 
demonstrated. D-serine Supplementation, for example, aug 
ments the beneficial effects of antipsychotics for the treat 
ment of schizophrenia. (Tsai, G., et al., Biol. Psychiatry 
(1998) 44(11): 1081-1089.) L-tryptophan or 5-hydroxytryp 
tophan Supplementation has been shown to improve symp 
toms of depression, anxiety, insomnia and pain in patients 
with fibromyalgia. (Juhl, J. H., Ahern. Med. Rev. (1998)3(5): 
367-375.) Dietary supplementation with 8 essential and 9 
nonessential amino acids provided improved health, tone, and 
mood in dialysis patients, in whom protein malnutrition is a 
common problem. (Mastroiacovo, P., et al., Clin. Ther. (1993) 
15(4): 698-704.) Nutritional supplementation with aspartic 
acid has been Suggested for the treatment of Canavan disease, 
a rare recessive autosomal genetic disorder generally result 
ing in death within several years of onset. (Baslow, M. H., et 
al., J. Mol. Neurosci. (1997)9(2): 109-125.) L-lysine has also 
been demonstrated to have therapeutic use for lesions asso 
ciated with herpes simplex virus type 1 (HSV-1). (Ayala, E. 
And D. Krokorian, J. Med. Virol. (1989) 28(1): 16-20.) 
0004 Glutamine supplementation has been shown to pro 
vide numerous benefits, including stimulation of certain cells 
of the immune system and general promotion of cellular 
growth. Depletion of glutamine results in atrophy of epithe 
lial tissue, with associated bacterial translocation. Clinical 
Supplementation of glutamine reduces epithelial atrophy and 
accelerates recovery. 
0005 Dietary glutamine supplementation has been pro 
posed for the treatment of patients recovering from Surgery or 
Suffering from sepsis, inflammation, burns, or trauma. Topi 
cal administration, usually in the form of a “Swish and Swal 
low solution for oral use to repair the damaged epithelial 
tissue of mouth or esophageal Sores, can be effective in many 
patients who have undergone bone marrow transplantation or 
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chemotherapy. (Skubitz, et al., J. Lab. Clin. Med. (1996) 
127(2): 223-8: Anderson, et al., Bone Marrow Transplant 
(1998) 22(4): 339-44.) 
0006 Glutamine supplementation can be beneficial for 
cancer therapy for both its direct and indirect results. 
Glutamine Supplementation has been shown to increase glu 
tathione release from the gut in Fisher-344 rats. (Cao, Y., et 
al., J. Parenter. Enteral Nutr. (1998) 22(4): 224-227.) When 
given in conjunction with either radiation or chemotherapy, 
glutamine has been demonstrated to increase selectivity of 
either therapy for tumor cells. (Klimberg, V. and J. McClellan, 
Am. J. Surg. (1996) 172(5): 418-424.) In one study, tumor 
growth in rats receiving glutamine, either by gavage or as a 
food additive, decreased by 40% within three weeks. (Fahr, 
M., et al., J. Parenter. Enteral Nutr. (1994) 18(6): 471-476.) 
In a separate study, tumor Volume loss in rats receiving meth 
otrexate was nearly doubled when glutamine was added to the 
diet. (Klimberg, V., et al., J. Parenter. Enteral Nutr. (1992) 16 
(6 Suppl): 83S-87S.) Decreased tumor growth in glutamine 
Supplemented rats has been correlated with greater natural 
killer cell activity, presumably due to glutathione-mediated 
suppression of prostaglandin E2 (PGE2) synthesis. (Klim 
berg, V., et al., J. Surg. Res. (1996) 63(1): 293-297.) 
0007 Formulations for the administration of amino acids, 
particularly glutamine, are described in U.S. provisional 
patent application No. 60/134,442 filed May 17, 1999 and 
incorporated by reference herein. 
0008. The effectiveness of amino acid supplementation 
has been limited in some individuals due to aging or disease. 
Effective supplementation with certain amino acids is further 
limited to varying degrees by the low aqueous solubility and 
limited cellular uptake of Some amino acids. Glutamine, for 
example, exhibits a low solubility in water (48 g/l at 30 EC, 26 
g/l at 18 EC, 18 g/l at 0 EC: The Merck Index, 12th Edition) 
and a low chemical stability in aqueous solution (11 days at 
22-24 EC). (Cardona, P., Nutr Hosp. (1998) 13(1): 8-20.). 
0009 Transport of small molecules into various cell types 

is controlled by alternate transport systems, making it more 
difficult to devise methods for increasing cellular uptake into 
particular cell types. Despite the need for methods to enhance 
the uptake of amino acids and other Small molecules, methods 
for increasing initial direct absorption of amino acids, pep 
tides and other compounds into cells such as epithelial cells, 
the type of cells initially responsible for initial uptake of many 
bioactive compounds, has not been described. 
0010. Therefore, a continuing need exists for methods to 
increase cellular uptake of bioactive compounds into mam 
malian cells. 
0011 Cryptosporidium parvum is a leading cause of per 
sistent diarrhea in developing countries. It is particularly 
problematic in AIDS patients, the elderly, and the very young, 
in whom it can cause a life-threatening diarrhea. Therefore, 
there is a continuing need for methods to treat cryptosporidi 
OS1S. 

0012 Wounds, injuries, and infections of the skin, such as 
abrasions, burns, ulcers, herpetic lesions, and insect stings, 
are common, painful, and often disfiguring. Therefore, a need 
exists for methods to promote healing of skin and associated 
tissues damaged by wounds, injuries, and infections of the 
skin. 

0013 Cancer is the second leading killer in the United 
States. There is a need for methods to prevent and treat can 
cers in general and particular types of cancer, Such as breast 
CaCC. 
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0014. The primary tools for treatment of cancer are radia 
tion therapy and chemotherapy. However, these tools are 
often unable to halt or reverse the progression of cancer. 
Furthermore, both chemotherapy and radiation have side 
effects that limit the quality of life for cancer patients and 
often require curtailing treatment. 
0015 Therefore, a continuing need exists for methods to 

treat cancer, to enhance the effectiveness of current treat 
ments for cancer, to prevent recurrence and metastasis of 
cancer, and to alleviate the side-effects of chemotherapy and 
radiation therapy. 

SUMMARY 

0016. The invention provides methods of treating or pre 
venting various conditions, particularly cancer and condi 
tions associated with cancer treatment, by administration of 
glutamine. For instance, one embodiment of the invention 
provides a method of preventing metastatis in a mammal 
afflicted with cancer. Such as a human cancer patient, involv 
ing administering an effective amount of glutamine. Other 
embodiments of the invention provide a method of preventing 
recurrence of cancer and a method of inhibiting the onset of 
cancer in a mammal involving administering an effective 
amount of glutamine. Another embodiment of the invention 
provides a method of protecting non-mucosal tissue Such as 
skin or breast tissue against damage from radiation therapy or 
chemotherapy by administering glutamine. Another embodi 
ment of the invention provides a method of reducing or pre 
venting pain arising from a non-mucosal tissue by adminis 
tering glutamine. Another embodiment of the invention 
provides a method of promoting healing of skin damaged by 
wound, injury, or infection involving administering 
glutamine. Another embodiment of the invention provides a 
method of treating an infection Such as a Cryptosporidium 
infection (cryptosporidiosis) in a mammal by administering 
glutamine. 
0017. It has unexpectedly also been found that the effec 
tiveness of glutamine in these applications can be enhanced 
by the coadministration of an effective amount of a carbohy 
drate. Such as a saccharide. For example, another embodi 
ment of the invention provides a method of enhancing the 
effectiveness of chemotherapy and/or radiation therapy of a 
mammal afflicted with cancer by administering glutamine in 
combination with an effective amount of carbohydrate. 
0018. Another embodiment of the invention provides a 
method of increasing the therapeutic index of chemotherapy 
and/or radiation therapy by administering to a mammalian 
Subject afflicted with cancer a composition comprising (a) 
glutamine or a pharmaceutically acceptable salt thereof in an 
amount effective to increase glutathione concentration in at 
least one normal tissue and decrease glutathione concentra 
tion in tumor tissue, thereby reducing the susceptibility of the 
normal tissue and increasing the Susceptibility of the tumor 
tissue to killing by the chemotherapy and/or radiation 
therapy, and (b) carbohydrate in an amount effective to 
increase the absorption of glutamine by the Subject. 
0019. Another embodiment of the invention provides a 
method of promoting apoptosis of cancer cells by adminis 
tering to a mammalian Subject a composition containing 
glutamine and at least one carbohydrate in an amount effec 
tive to increase the absorption of glutamine by the Subject. 
0020 Several proteins are known to promote or inhibit 
cancer cell proliferation, or alternatively apoptosis (pro 
grammed cell death). The inventors have discovered that 
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administration of glutamine increases the levels of pro-apo 
ptotic proteins such as Bad, Bax, p21, and caspase-3, and 
decreases the levels of proteins that are anti-apoptotic or 
promote cancer cell proliferation, such as Bcl-2, IGF-1, IGF 
1R, and Akt. Accordingly, certain embodiments of the inven 
tion provide methods of increasing the protein levels, gene 
expression, or enzyme activity of Bad, Bax, or p21 by admin 
istering to a mammalian Subject a composition comprising (a) 
glutamine or a pharmaceutically acceptable salt thereof and 
(b) carbohydrate in an amount effective to increase the 
absorption of glutamine by the Subject. Likewise, certain 
embodiments of the invention provide methods of decreasing 
the protein levels or gene expression of IGF-1, IGF-1R, or Akt 
by administering to a mammalian Subject a composition com 
prising (a) glutamine or a pharmaceutically acceptable salt 
thereof and (b) carbohydrate in an amount effective to 
increase the absorption of glutamine by the Subject. 
0021. The invention provides a composition and a method 
for increasing cellular uptake of bioactive agents, particularly 
those compounds termed “small molecules, and more par 
ticularly glutamine into the cells of mammalian tissue. The 
composition is a solution, dispersion, or Suspension compris 
ing an aqueous vehicle and an effective amount of glutamine, 
in combination with an amount of carbohydrate effective to 
achieve increased transport (absorption) of the glutamine into 
the target cells in vivo or in vitro. The transport (absorption) 
is increased over the amount that would enter the cells under 
physiological conditions, i.e., under homeostatic conditions, 
when the cells are contacted with the glutamine dissolved or 
Suspended in water or in a physiological salt Solution. Pref 
erably, the transport (absorption) is increased by a factor of at 
least about 100-2000 times that which is obtainable by 
employing an up-to Saturated aqueous solution of the active 
agent. The mechanism by which carbohydrate enhances 
uptake of Small molecules into mammalian cells in vitro or in 
Vivo is unknown. 
0022. The carbohydrate carrier can comprise a monosac 
charide. Such as glucose, a disaccharide. Such as Sucrose, or a 
combination of monosaccharides and disaccharides. The car 
bohydrate carrier can also comprise a Sugar alcohol Such as 
mannitol, sorbitol or xylitol. The carbohydrate carrier can 
also comprise a polysaccharide Such as high fructose corn 
syrup or corn syrup Solids, wherein the corn syrup or corn 
syrup Solids, hydrous or anhydrous, constitute a solution 
phase for the active agent(s). The carrier can be combined 
with water, or with a mixture of water with pharmaceutically 
acceptable alkanols, alkylene glycols or polyols such as glyc 
erol, to form a solution. Preferably the organic solvents con 
stitute a minor proportion of the aqueous phase, preferably if 
5-10 vol-96. 

0023 The solution can be a true solution or a flowable 
“solid solution.” It can be administered by a variety of means 
for the administration of liquids, including toothpaste, chew 
ing gum, hard or softgelatin capsules, suppositories, enemas, 
mouthwashes, or other liquid dosage forms such as topically 
applied lotions, or drinks, such as a shake. 
0024 Administration of the composition of the invention 
can provide treatment for a variety of physiologic disorders 
ameliorated by enhancement of absorption of bioactive 
agents into damaged or intact tissues, especially disorders 
affecting the endothelial cells and fibroblasts of epithelial 
tissue. Such physiologic disorders involving damaged tissue, 
include, for example, lesions of the oral, esophageal, and/or 
gastrointestinal mucosa following radiation or chemotherapy 
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in patients treated for cancer or in whom bone marrow trans 
plantis performed, gastric and peptic ulcers, burns, major and 
minor trauma wounds, viral lesions, inflammatory bowel dis 
order, Crohn's disease, Soren’s syndrome, Xerostoma, and 
cryptosporidiosis. 
0025 Pharmaceutical dosage compositions are also pro 
vided, consisting of either bulk-packaged or individually 
packaged pre-mixed dry or liquid formulations of a therapeu 
tically effective dose of an amino acid Such as glutamine in 
admixture with an amount of carbohydrate carrier effective to 
achieve increased absorption of the amino acid into epithelial 
cells. Kits can also be provided comprising, separately pack 
aged in one container, dry formulation(s) and pre-measured 
aqueous vehicle(s). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 and FIG. 2 are graphs illustrating the 
increased amino acid uptake achieved using a composition 
and method of the invention. The amino acid glutamine was 
administered to CaCo cells in combination with an effective 
amount of carbohydrate carrier (7:1 ratio of carbohydrate 
carrier to amino acid) (Aesgen-14), with amino acid admin 
istered as a Saturated solution without additional components 
(L-Glut Sat Sol) as a control. As indicated by the figure legend 
and the graph, intracellular glutamine concentration was 
increased significantly in cells treated with a combination of 
amino acid and carbohydrate carrier, as compared to that 
achieved by glutamine administration alone. Incubation time 
in seconds is indicated on the X axis, with cellular glutamine 
uptake on the Y axis. 
0027 FIG. 3 depicts the relative effect of vehicle on 
L-glutamine cellular uptake. 
0028 FIG. 4 depicts the relative effect of vehicle on gly 
cylsarcosine cellular uptake. 
0029 FIG.5 depicts the relative effect of vehicle on L-as 
paragine cellular uptake. 
0030 FIG. 6 depicts the relative effect of vehicle on acy 
clovir cellular uptake. 
0031 FIG. 7 depicts the relative effect of vehicle on 
L-glutamine cellular uptake (from half saturation). 
0032 FIG. 8 depicts the CaCo-2 permeability of 
L-glutamine. 
0033 FIG.9 depicts the CaCo-2 permeability of glycyl 
sarcosine. 
0034 FIG. 10 depicts the CaCo-2 permeability of L-as 
paragine. 
0035 FIG. 11 depicts the CaCo-2 permeability of acyclo 
V1. 

0036 FIG. 12 depicts the CaCo-2 permeability of 
L-glutamine (from half saturation). 
0037 FIG. 13 depicts the effect of Aesgen-14 on 
L-glutamine uptake into human fibroblasts (right boxes) vs. 
saturated L-glutamine (left boxes). 
0038 FIG. 14 depicts the effect of Aesgen-14 on 
L-glutamine uptake into human umbilical and endothelial 
cells. 
0039 FIG. 15 shows the gut glutamine flux (panel A) and 
gut glutathione flux (panel B) of rats treated with DMBA+ 
GLN (AES-14), DMBA+freeamine, oil--GLN (AES-14), and 
oil-freeamine. 
0040 FIG.16 shows the serum IGF-1 concentration in rats 
1-11 weeks after gavage with sesame oil, treated following 
the oil gavage with oral AES-14 (GLN), isonitrogenous free 
amine (FA), or water. 
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0041 FIG.17 shows the serum IGF-1 concentration in rats 
1-11 weeks after gavage with DMBA in sesame oil, treated 
following the DMBA gavage with oral AES-14 (GLN), isoni 
trogenous freeamine (FA), or water. 
0042 FIG. 18 shows the effect of GLN (AES-14) supple 
mentation on the tumor levels of GSH (panel A) and GSSG 
(panel B) in experimental DMBA-induced breast cancer. 
Measurements were performed in triplicate. The results are 
expressed as nmol/mg protein with standard error bars 
shown. 
0043 FIG. 19 shows the effect of GLN (AES-14) supple 
mentation on caspase-3 enzymatic activity of DMBA-in 
duced mammary gland tumors. The results are expressed as 
Absorbance at 405 nm with standard error bars shown. Mea 
Surements were performed in triplicate. 
0044 FIG. 20 shows the effect of GLN (AES-14) supple 
mentation on mRNA expression of Bcl-2, Bax, caspase-3 and 
p21 in mammary tumors of rats treated with DMBA as estab 
lished by relative RT-PCR. The results are expressed as arbi 
trary units with standard error bars shown. A representative 
(n=5) inverted agarose gel picture is presented under each 
column. 
004.5 FIG. 21 shows inhibition of IGF-1 protein expres 
sion in non-tumorous breast tissue by GLN (AES-14) supple 
mentation in the DMBA breast cancer model. 
0046 FIG. 22 shows the effect of dietary GLN (AES-14) 
on protein expression of IGF-1R in experimental DMBA 
induced breast cancer. 
0047 FIG. 23 shows the inhibitory effect of dietary GLN 
(AES-14) supplementation on Akt protein expression in 
experimental breast cancer of rats. 
0048 FIG. 24 shows the reduction of Bcl-2 protein 
expression in non-tumorous tissue samples from rats with 
experimental DMBA-induced breast cancer. 
0049 FIG. 25 shows the effect of GLN supplementation 
on Bad protein expression in the DMBA-induced breast can 
cer model. 
0050 FIG. 26 shows the effect of ingesting DMBA on 
glutathione (GSH) transport measured in rat jejunal basolat 
eral membrane vesicles. 
0051 FIG. 27 shows the portal blood glutathione (GSH) 
concentration of rats 1 week after ingesting BMDA or sesame 
oil (control). 
0052 FIG. 28 shows the effect of ingesting DMBA on the 
concentration of glutathione (GSH) in ratgut mucosa. 
0053 FIG. 29 shows the gamma-glutamyl transpeptidase 
(GT) activity of mucosal tissues of rats fed sesame oil and the 
mucosal and tumor tissues of rats gavaged with DMBA. 
0054 FIG. 30 shows the gamma-glutamylcysteine syth 
etase activity of mucosal tissues of rats fed sesame oil and the 
mucosal and tumor tissues of rats gavaged with DMBA. 
0055 FIG. 31 shows the natural killer cell activity of NK 
cells sampled from rats 1-11 weeks after gavage with DMBA 
in sesame oil or sesame oil control (oil) and orally adminis 
tered during the study period following the gavage AES-14 
(GLN), freeamine (FA), or water. 

DETAILED DESCRIPTION OF THE INVENTION 

0056. The inventors have discovered a composition that 
increases the cellular uptake of bioactive agents into mam 
malian cells in vitro or in vivo. Using the composition and 
method of the invention, increased gastrointestinal epithelial 
cell uptake of the amino acid glutamine by a factor of about 
150x or more within ten seconds after administration has 
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been demonstrated. The present invention also provides a 
method for treating patients Suffering from a number of 
pathophysiological conditions, using the composition to 
increase cellular uptake of bioactive agents in therapeutic 
amountS. 

0057. As used herein, the term “bioactive agent” refers to 
a molecule that exerts a therapeutic or nutritive effect on a 
mammal following absorption of an effective amount of the 
molecule by the target cells. 
0058 As used herein, the term “effective amount refers to 
an amount that causes a detectable biological change in a 
target cell population, and preferably an amount that accom 
plishes atherapeutic effect, i.e., reduces at least one symptom 
of a pathology or disease afflicting the mammal. 
0059. As used herein, “amino acid' includes, for example, 
alanine, arginine, aspartic acid, asparagine, cysteine, 
glutamic acid, glutamine, glycine, histidine, isoleucine, leu 
cine, lysine, methionine, phenylalanine, proline, serine, 
threonine, tryptophan, tyrosine, Valine, citrulline, g-ami 
nobutyric acid, hydroxyproline, and ornithine, as well as 
dipeptides such as glutamylglutamate and tripeptides such as 
glutathione. (See Remington's Pharmaceutical Sciences 
(19th ed.) at pages 389-392.) The composition and method 
are particularly useful, however, for increasing absorption of 
those amino acids which exhibit limited aqueous solubility 
and/or poor cellular uptake, Such as glutamine. Limited aque 
ous solubility, as used herein, is defined as a solubility of less 
than about 5 grams amino acid in 100 ml water at 22-25 EC. 
0060. As used herein, the term "glutamine” includes 
glutamine (glutamic acid 5-amide) and hydrolyzable deriva 
tives of glutamine, such as esters and/or amides of glutamine 
(e.g., short peptides), with a molecular weight Smaller than 
about 1000, preferably smaller than about 500, that yield 
glutamine in the body of a mammal. Pharmaceutically 
acceptable salts of glutamine can also be employed in the 
present methods, including the acid addition salts of amines, 
Such as hydrochlorides, acetates, tartrates, citrates, and the 
like, and carboxylate salts, such as sodium and potassium 
salts. The weight of glutamine or weight ratio of glutamine to 
other components, in the context of a salt or hydrolyzable 
derivative of glutamine, refers to the weight of the glutamine 
portion of a hydrolyzable glutamine derivative, or the weight 
of the glutamine portion of a salt of glutamine. For instance, 
since the formula weight of sodium glutamine is 168 and the 
formula weight of glutamine is 146, a composition containing 
1 gram of sodium glutamine would be considered to contain 
0.87 grams of glutamine. 
0061 The present solutions can also enhance the in vitro 
or in vivo cellular absorption of a wide variety of bioactive 
agents, preferably in therapeutic amounts, particularly of the 
entities generally referred to as “small molecules.” 
0062. As used herein, the term “small molecule' includes 
single molecular entities such as amino acids, Steroids, cytok 
ines, hormones, hormonal regulators, enzymes, vitamins and 
the like that generally have a molecular weight of less than 30 
kD, preferably less than 25 kD, most preferably less than 10 
kD, i.e., a molecular weight of it 5000 daltons. 
0063 As used herein, the term "oligopeptide' is a peptide 
comprised of 2 to 20 amino acids. 
0064. As used herein, the term “therapeutic index' refers 

to the ratio of killing of cancer cells to killing of normal or 
non-target cells by chemotherapy or radiation therapy. 
0065. As used herein, “natural killer cell activity” refers to 
the cell killing activity of natural killer cells. This can be 
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measured, for instance, in a cytotoxicity assay Such as that 
described in Example 10 below. 
0.066 Enhanced absorption of bioactive agents into the 
skin or intact mucosal tissue of the gut can also be used to 
administer bioactive agents having an effect on organs or 
tissues remote from the site of administration. 
0067 “Carbohydrate.” as used herein, includes those sug 
ars known as monosaccharides and disaccharides, polyols, 
hydroxy analogs or Sugar alcohols, such as, for example, 
Xylitol, Sorbitol, and mannitol, and their polymers, such as 
dextrins, high fructose corn Syrup, and corn syrup Solids. It is 
well known in the art that certain mono- and disaccharides 
form Sugar alcohols, or hydroxy analogs. Certain of these 
hydroxy analogs, particularly Sorbitol and Xylitol, have 
proven to provide the benefit of a sugar taste without the 
cariogenic properties of the mono- and disaccharides from 
which they are derived. 
0068. The mechanism by which carbohydrate enhances 
uptake of Small molecules into mammalian cells in vitro or in 
Vivo is unknown. In some embodiments, there will be a major 
proportion by weight of carbohydrate in the final composi 
tion, e.g., greater than 80-90 weight percent. In some cases 
the composition can be essentially free of added water, i.e., 
can be a “solid solution, the carbohydrate acting as a “sol 
vent for the active ingredient. Such “solid solutions' can be 
flowable, semisolid or even solid. The ratio of carbohydrate to 
active agent can be about 0.5:1 to about 50:1. It can be, for 
instance, approximately 1.5:1 w/w to 20:1 w/w in a dry prepa 
ration, and greater than 4:1 W/V in final aqueous solution, 
preferably 4:1 w/v to 15:1 w/v most preferably greater than 
7:1 w/v, achieved either by constitution of the preparation 
with aqueous solvent or by delivery into the aqueous envi 
ronment of the extracellular fluids Surrounding the target 
tissue. 
0069. “Cell as used herein, includes any cell that can be 
contacted by the present composition in accord with the 
present method. Such as epithelial cells, endothelial cells, skin 
cells, fibroblasts or neuronal cells. More specifically, cells in 
which the composition and method of the present invention 
have been demonstrated to increase absorption of the amino 
acid glutamine are gastrointestinal epithelial cells, including 
cells of the mouth, throat, esophagus, stomach, intestines, 
colon and rectum, endothelial cells and fibroblasts. 
0070 "Constitution with aqueous solvent,” as used herein, 
includes constitution with water, physiological salt solutions 
or buffers, fruit juice or other liquid which contains a high 
percentage of water, or with extracellular fluids Surrounding 
the tissue to which the composition is applied, such as saliva, 
mucous, gastric fluids, spinal fluid, and the like. 

STATEMENTS OF THE INVENTION 

0071. One embodiment of the invention provides a 
method of preventing metastasis in a mammalian Subject 
afflicted with cancer, the method comprising administering to 
the Subject a composition comprising a therapeutically effec 
tive amount of glutamine or a pharmaceutically acceptable 
salt thereof. The composition may also include carbohydrate 
in an amount effective to increase the absorption of glutamine 
by the subject. 
0072 Another embodiment of the invention provides a 
method of preventing recurrence of cancer comprising orally 
administering to a mammalian Subject in remission from 
cancer or undergoing anti-cancertherapy a composition com 
prising a therapeutically effective amount of glutamine or a 
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pharmaceutically acceptable salt thereof. The composition 
may also include carbohydrate in an amount effective to 
increase the absorption of glutamine by the Subject. 
0073. Another embodiment of the invention provides a 
method of inhibiting the onset of cancer in a mammalian 
Subject at risk of developing cancer comprising administering 
to the Subject a composition comprising a therapeutically 
effective amount of glutamine or a pharmaceutically accept 
able salt thereof and carbohydrate in an amount effective to 
increase the absorption of glutamine by the subject. Prefer 
ably the administration is oral. 
0074 Another embodiment of the invention provides a 
method of protecting non-mucosal tissue against damage 
from radiation therapy, the method comprising: administer 
ing to a mammalian Subject afflicted with cancer and treated 
with radiation therapy a composition comprising a therapeu 
tically effective amount of glutamine or a pharmaceutically 
acceptable Salt thereof, that protects the non-mucosal tissue 
against damage from the radiation therapy. The composition 
may also include carbohydrate in an amount effective to 
increase the absorption of glutamine by the Subject. 
0075. This method can allow the subject to be treated with 
a higher dose of radiation and/or treated with radiation for a 
longer time. 
0076. The non-mucosal tissue can be breast tissue or asso 
ciated upper body tissue. 
0077. The composition can prevent increased breast den 
sity or lessens the severity of increased breast density caused 
by radiation therapy. The composition can also prevent edema 
or lessens the severity of edema, for instance edema of breast 
tissue. 

0078 
007.9 The composition can protect the appearance of the 
non-mucosal tissue. 

0080. Another embodiment of the invention provides a 
method of protecting skin against damage from chemo 
therapy, the method comprising: administering to a mamma 
lian subject afflicted with cancer and treated with chemo 
therapy a composition comprising a therapeutically effective 
amount of glutamine or a pharmaceutically acceptable salt 
thereof, that protects the skin against damage from the che 
motherapy. The composition may also include carbohydrate 
in an amount effective to increase the absorption of glutamine 
by the subject. 
0081. Another embodiment of the invention provides a 
method of protecting breast tissue against damage from che 
motherapy, the method comprising: administering to a mam 
malian subject afflicted with cancer and treated with chemo 
therapy a composition comprising a therapeutically effective 
amount of glutamine or a pharmaceutically acceptable salt 
thereof, that protects the breast tissue against damage from 
the chemotherapy. The composition may also include carbo 

The non-mucosal tissue protected can also be skin. 

hydrate in an amount effective to increase the absorption of 
glutamine by the Subject. 
0082 Another embodiment of the invention provides a 
method of reducing or preventing pain arising from a non 
mucosal tissue, the method comprising: administering to a 
mammalian subject afflicted with cancer and treated with 
chemotherapy and/or radiation therapy a composition com 
prising a therapeutically effective amount of glutamine or a 
pharmaceutically acceptable salt thereof, that reduces or pre 
vents pain in the non-mucosal tissue arising from the treat 
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ment. The composition may also include carbohydrate in an 
amount effective to increase the absorption of glutamine by 
the subject. 
I0083. The composition can allow the subject to be treated 
with a higher dose of radiation and/or treated with radiation 
for a longer time. If the subject is treated with chemotherapy, 
the composition can allow the subject to be treated with a 
higher dose of a chemotherapeutic agent and/or treated with 
the chemotherapeutic agent for a longer time. 
I0084. The composition can allows the reduction or elimi 
nation of the need for further pain control for the subject for 
pain caused by chemotherapy and/or radiation therapy. 
0085. The non-mucosal tissue can be, for instance breast 
tissue or skin. 
I0086. Another embodiment of the invention provides a 
method of protecting skin of a mammal against radiation 
injury, the method comprising administering to a mammal 
prior to exposure to radiation, a composition comprising an 
effective amount of glutamine or a pharmaceutically accept 
able salt thereof. The composition may also include carbohy 
drate in an amount effective to increase the absorption of 
glutamine by the Subject. The composition can be adminis 
tered topically or internally. The radiation injury can be, for 
instance, caused by Sun exposure (Sunburn), or by artificial 
radiation exposure, as by therapeutic irradiation caused by 
internal or external sources. 
I0087 Another embodiment of the invention provides a 
method of promoting healing of skin damaged by wound, 
injury, or infection comprising: administering to a mamma 
lian Subject a composition comprisingatherapeutically effec 
tive amount of glutamine or a pharmaceutically acceptable 
salt thereof. So as to promote healing of non-mucosal tissue 
damaged by wound, injury, or infection of the skin. The 
composition may also include carbohydrate in an amount 
effective to increase the absorption of glutamine by the sub 
ject. 
I0088. The non-mucosal tissue can be epithelial tissue 
(e.g., skin). 
I0089. The composition can be administered topically or 
internally. The composition can be a solid, gel, paste, or 
syrup. 
0090 The tissue can be tissue damaged by a wound, such 
as an abrasion or laceration. The tissue can be tissue damaged 
by injury, such as a burn, Sunburn, radiation injury, ulcer (e.g., 
a decubitus ulcer), or insect bite or sting. The tissue can be 
tissue damaged by bacterial, fungal or viral infection (e.g., a 
herpetic lesion). 
0091 Another embodiment of the invention provides a 
method of treating cryptosporidiosis in a mammalian Subject, 
the method comprising administering to the Subject a com 
position comprising a therapeutically effective amount of 
glutamine or a pharmaceutically acceptable salt thereof. The 
composition may also include carbohydrate in an amount 
effective to increase the absorption of glutamine by the sub 
ject. 
0092 Another embodiment of the invention provides a 
method of enhancing the effectiveness of chemotherapy and/ 
or radiation therapy, comprising: administering to a mamma 
lian subject treated for cancer with chemotherapy and/or 
radiation therapy atherapeutically effective amount of a com 
position comprising glutamine or a pharmaceutically accept 
able salt thereof and at least one carbohydrate in an amount 
effective to increase the absorption of glutamine by the sub 
ject. 
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0093. Another embodiment of the invention provides a 
method of increasing the therapeutic index of chemotherapy 
and/or radiation therapy comprising: administering to a mam 
malian Subject treated for cancer with chemotherapy and/or 
radiation therapy a composition comprising (a) glutamine or 
a pharmaceutically acceptable salt thereofinanamount effec 
tive to increase glutathione concentration in at least one nor 
mal tissue and decrease glutathione concentration in tumor 
tissue, thereby reducing the susceptibility of the normal tissue 
and increasing the Susceptibility of the tumor tissue to killing 
by the chemotherapy and/or radiation therapy, and (b) at least 
one carbohydrate in an amount effective to increase the 
absorption of glutamine by the Subject. 
0094. Another embodiment of the invention provides a 
method of promoting apoptosis of cancer cells comprising: 
administering to a mammalian Subject afflicted with cancer a 
therapeutically effective amount of a composition comprising 
glutamine or a pharmaceutically acceptable salt thereof and at 
least one carbohydrate in an amount effective to increase the 
absorption of glutamine by the Subject. 
0095 Certain embodiments of the invention provide 
methods of increasing the protein levels, gene expression, or 
enzyme activity of Bad, Bax, or p21 in cells or tissue (e.g., 
breast tissue or serum) by administering to a mammalian 
Subject a composition comprising (a) glutamine or a pharma 
ceutically acceptable salt thereof and (b) carbohydrate in an 
amount effective to increase the absorption of glutamine by 
the subject. 
0096. Other embodiments of the invention provide meth 
ods of decreasing the protein levels or gene expression of 
IGF-1, IGF-1R, or Akt in cells or tissue (e.g., breast tissue or 
serum) by administering to a mammalian Subject a composi 
tion comprising (a) glutamine or a pharmaceutically accept 
able salt thereof and (b) carbohydrate in an amount effective 
to increase the absorption of glutamine by the Subject. 
0097. These increases or decreases of protein levels, gene 
expression, or enzyme activity can occur in cancer cells. Such 
as breast cancer cells, in non-cancerous cells, or in extracel 
lular tissue Such as serum. 

0098. Another embodiment of the invention provides a 
method of enhancing natural killer cell activity in a mamma 
lian Subject comprising: administering to the Subject a com 
position comprising (a) glutamine or a pharmaceutically 
acceptable salt thereof in an amount effective to increase 
natural killer cell activity in the subject and (b) carbohydrate 
in an amount effective to increase the absorption of glutamine 
by the Subject. The Subject can, for instance, be a cancer or 
HIV patient. 
0099. In the methods of the invention, the amount of 
glutamine administered to the mammalian Subject can be, for 
instance, at least 0.5 mg/day/kg body mass of the Subject or 
0.2 to 3.0 g/day/kg body mass. 
0100 Including carbohydrate in the glutamine composi 
tions enhances the absorption of glutamine by mammalian 
cells, thus allowing the administration of lower amounts of 
glutamine. Thus, in particular embodiments of the methods of 
the invention, the amount of glutamine administered to the 
subject is less than 0.5, less than 0.2, less than 0.1, or less than 
0.05 g/day/kg body mass of the subject. 
0101. In particular embodiments of the invention, the car 
bohydrate comprises one or more monosaccharides or disac 
charides. In other embodiments, the carbohydrate comprises 
a Sugar alcohol. 
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0102. In particular embodiments, the weight ratio of total 
carbohydrate to glutamine in the composition is 0.5:1 to 50:1. 
0103) In particular embodiments, the weight ratio of total 
carbohydrate to glutamine is at least 4:1 in an aqueous solu 
tion, either after preparation with an aqueous solvent or after 
delivery in an aqueous environment of the mammalian Sub 
ject. 
0104. In particular embodiments, the composition com 
prises no more than 5 naturally occurring amino acids other 
than glutamine, no more than 3 naturally occurring amino 
acids other than glutamine, or no naturally occurring amino 
acids other than glutamine. 
0105. The mammalian subject can be a human. 
0106 When administered in association with radiation 
therapy, the compositions of the invention can be adminis 
tered after, while, or before administering the radiation 
therapy. Likewise, when administered in association with 
chemotherapy, the compositions of the invention can be 
administered after, while, or before administering the chemo 
therapy. 
0107 The compositions of the invention can also be 
administered after or before surgically treating the subject for 
CaCC. 

0108. The compositions of the invention can also be 
administered before, after, or while treating the subject with 
an anti-cancer biological agent. Examples of biological 
agents include proteins such as monoclonal antibodies, 
enzymes, or certain hormones; interferon; cells such as mac 
rophages; or non-protein hormones. 
0.109 Another embodiment of the invention is the use of 
glutamine to prepare a medicament effective to prevent 
metastasis in a mammalian Subject afflicted with cancer. 
0110. Another embodiment of the invention is the use of 
glutamine to prepare a medicament effective to prevent recur 
rence of cancer, comprising: preparing a medicament com 
prising glutamine or a pharmaceutically acceptable salt 
thereof, wherein oral administration of the medicament to a 
mammalian Subject in remission from cancer or undergoing 
anti-cancer therapy is effective to prevent recurrence of can 
cer in the subject. 
0111. Another embodiment of the invention is the use of 
glutamine and at least one carbohydrate to prepare a medica 
ment effective to prevent the onset of cancer in a mammalian 
Subject at risk of developing cancer, comprising: preparing a 
medicament comprising glutamine or a pharmaceutically 
acceptable salt thereof and at least one carbohydrate, wherein 
the medicament is effective at a lower dose of glutamine to 
prevent the onset of cancer in the mammalian Subject by 
administration than an otherwise identical medicament lack 
ing carbohydrate. 
0112 Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable salt thereof to 
prepare a medicament effective to protect non-mucosal tissue 
against damage from radiation therapy. 
0113 Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable salt thereof to 
prepare a medicament effective to protect skin of a mamma 
lian subject afflicted with cancer and treated with chemo 
therapy against damage from chemotherapy. 
0114. Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable salt thereof to 
prepare a medicament effective to protect breast tissue of a 
mammalian subject afflicted with cancer and treated with 
chemotherapy against damage from the chemotherapy. 
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0115. Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable salt thereof to 
prepare a medicament effective to prevent pain arising from a 
non-mucosal tissue in a mammalian Subject afflicted with 
cancer and treated with chemotherapy and/or radiation 
therapy. 
0116. Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable salt thereof to 
prepare a medicament effective to protect skin of a mammal 
against radiation injury. 
0117. Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable salt thereof to 
prepare a medicament effective to promote healing of skin 
damaged by wound, injury, or infection comprising: prepar 
ing a medicament comprising glutamine or a pharmaceuti 
cally acceptable salt thereof, wherein the medicament is 
effective to promote healing in a mammalian Subject of non 
mucosal tissue damaged by wound, injury, or infection of the 
skin. 

0118. Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable salt thereof to 
prepare a medicament effective to treat cryptosporidiosis in a 
mammalian Subject. 
0119) Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable salt and at least 
one carbohydrate to prepare a medicament effective to 
enhance the effectiveness of chemotherapy and/or radiation 
therapy, comprising: preparing a medicament comprising 
glutamine or a pharmaceutically acceptable salt thereofandat 
least one carbohydrate, wherein the medicament is effective 
at a lower dose of glutamine to enhance the effectiveness of 
chemotherapy and/or radiation therapy than an otherwise 
identical medicament lacking carbohydrate. 
0120 Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable salt thereof and at 
least one carbohydrate to prepare a medicament effective to 
increase the therapeutic index of chemotherapy and/or radia 
tion therapy, comprising: preparing a medicament compris 
ing glutamine or a pharmaceutically acceptable salt thereof 
and at least one carbohydrate, wherein the medicament is 
effective to increase glutathione concentration in at least one 
normal tissue and decrease glutathione concentration in 
tumor tissue, thereby reducing the susceptibility of the nor 
mal tissue and increasing the Susceptibility of the tumor tissue 
to killing by the chemotherapy and/or radiation therapy, 
wherein the medicament is effective at a lower dose of 
glutamine to increase glutathione concentration in the at least 
one normal tissue and decrease glutathione concentration in 
the tumor tissue than anotherwise identical medicament lack 
ing carbohydrate. 
0121 Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable salt thereof and at 
least one carbohydrate to prepare a medicament effective to 
promote apoptosis of cancer cells in a mammalian Subject, 
comprising: preparing a medicament comprising glutamine 
or a pharmaceutically acceptable salt thereof and at least one 
carbohydrate, wherein the medicament is effective at a lower 
dose of glutamine to promote apoptosis of the cancer cells 
than an otherwise identical medicament lacking carbohy 
drate. 

0122 Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable salt thereof and at 
least one carbohydrate to prepare a medicament effective to 
increase Bad protein in cells of a mammalian Subject, com 
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prising: preparing a medicament comprising glutamine or a 
pharmaceutically acceptable salt thereof and at least one car 
bohydrate, wherein the medicament is effective at a lower 
dose of glutamine to increase the amount of Bad protein in the 
cells of the subject than an otherwise identical medicament 
lacking carbohydrate. 
(0123. Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable Salt thereofandat 
least one carbohydrate to prepare a medicament effective to 
increase Bax protein in cells of a mammalian Subject, com 
prising: preparing a medicament comprising glutamine or a 
pharmaceutically acceptable salt thereof and at least one car 
bohydrate, wherein the medicament is effective at a lower 
dose of glutamine to increase the amount of Bax protein in the 
cells of the subject than an otherwise identical medicament 
lacking carbohydrate. 
0.124. Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable Salt thereofandat 
least one carbohydrate to prepare a medicament effective to 
increase p21 protein in cells of a mammalian Subject, com 
prising: preparing a medicament comprising glutamine or a 
pharmaceutically acceptable salt thereof and at least one car 
bohydrate, wherein the medicament is effective at a lower 
dose of glutamine to increase the amount of p21 protein in the 
cells of the subject than an otherwise identical medicament 
lacking carbohydrate. 
0.125. Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable Salt thereofandat 
least one carbohydrate to prepare a medicament effective to 
increase the amount and/or activity of caspase-3 protein in 
cells of a mammalian Subject, comprising: preparing a medi 
cament comprising glutamine or a pharmaceutically accept 
able salt thereof and at least one carbohydrate, wherein the 
medicament is effective at a lower dose of glutamine to 
increase the amount and/or activity of the caspase-3 protein in 
the cells of the subject than an otherwise identical medica 
ment lacking carbohydrate. 
0.126 Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable Salt thereofandat 
least one carbohydrate to prepare a medicament effective to 
decrease Bcl-2 protein in cells of a mammalian Subject, com 
prising: preparing a medicament comprising glutamine or a 
pharmaceutically acceptable salt thereof and at least one car 
bohydrate, wherein the medicament is effective at a lower 
dose of glutamine to decrease the amount of Bcl-2 protein in 
the cells of the subject than an otherwise identical medica 
ment lacking carbohydrate. 
0127. Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable Salt thereofandat 
least one carbohydrate to prepare a medicament effective to 
decrease IGF-1 protein in cells of a mammalian Subject, 
comprising: preparing a medicament comprising glutamine 
or a pharmaceutically acceptable salt thereof and at least one 
carbohydrate, wherein the medicament is effective at a lower 
dose of glutamine to decrease the amount of IGF-1 protein in 
the cells of the subject than an otherwise identical medica 
ment lacking carbohydrate. 
0128. Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable Salt thereofandat 
least one carbohydrate to prepare a medicament effective to 
decrease IGF-1R protein in cells of a mammalian subject, 
comprising: preparing a medicament comprising glutamine 
or a pharmaceutically acceptable salt thereof and at least one 
carbohydrate, wherein the medicament is effective at a lower 
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dose of glutamine to decrease the amount of IGF-1R protein 
in the cells of the subject than an otherwise identical medica 
ment lacking carbohydrate. 
0129. Another embodiment of the invention is the use of 
glutamine or a pharmaceutically acceptable salt thereof and at 
least one carbohydrate to prepare a medicament effective to 
decrease Akt protein in cells of a mammalian Subject, com 
prising: preparing a medicament comprising glutamine or a 
pharmaceutically acceptable salt thereof and at least one car 
bohydrate, wherein the medicament is effective at a lower 
dose of glutamine to decrease the amount of Akt protein in the 
cells of the subject than an otherwise identical medicament 
lacking carbohydrate. 

Formulation of a Composition for Increasing Solubility and 
Absorption of an Amino Acid 

0130. In accord with the present invention, at least one 
bioactive agent is combined with a carbohydrate in the pres 
ence of water, so as to form an aqueous Solution. The carbo 
hydrate can be, e.g., a monosaccharide, including, for 
example, allose, altrose, arabinose, dihydroxyacetone, eryth 
rose, erythrulose, fructose, galactose, glucose, glyceralde 
hyde, gulose, lyxose, idose, mannose, psicose, ribose, ribu 
lose, Sorbitol, tagatose, threose, Xylose, Xylulose, and their 
respective hydroxy analogs, such as Sorbitol from Sorbose, 
mannitol from mannose, and Xylitol from Xylose. Alterna 
tively, the carbohydrate can be a disaccharide, Such as mal 
tose or Sucrose, or both, or their polymers, such as dextrins, 
maltodextrins, and high fructose corn syrup products. The 
carbohydrate carrier can also be composed of any combina 
tion of monosaccharides, disaccharides, or both, or of other 
carbohydrates. For many applications, the hydroxy analog of 
the Sugar is preferable, particularly where a noncariogenic 
Sugar is needed. Examples of hydroxy analogs include the 
Sugar alcohols, Xylitol, Sorbitol, and mannitol. 
0131 Carbohydrate concentration, measured as weight/ 
volume, in the solid composition is preferably 20% to 99%. 
At a certain concentration, the carbohydrate will complex and 
reduce the amount of free water available as a solute for the 
active agent, so that the transport of the active agent into the 
target cell is significantly increased. 
0132 A preferred embodiment of the composition pro 
vides a mixture of solids including about 5-50% w/w 
glutamine (most preferably L-glutamine), about 15-50% w/w 
carbohydrate carriers, including a disaccharide (most prefer 
ably Sucrose), a Sugar alcohol or polyol (most preferably 
sorbitol), and glycerin, an effective amount of buffer, or buff 
ering compound (most preferably anhydrous monobasic 
sodium phosphate), about 1-5% w/w modified cellulose 
(most preferably Avicel(R) Cellulose Gel), with the remainder 
optionally comprising stabilizers and emulsifying agents 
(Xanthan gum, carrageenan), preservatives (methylparaben, 
potassium Sorbate), a defoamant (simethicone), and flavor 
ing. 
0133. A more preferred embodiment provides approxi 
mately 5-15% w/w glutamine, 30-50% w/w carbohydrate 
carriers, including a disaccharide (most preferably Sucrose), a 
Sugar alcohol or polyol (most preferably Sorbitol), and glyc 
erin, with the remainder of dry solids comprising an effective 
amount of a buffer, or buffering compound (most preferably 
anhydrous monobasic sodium phosphate), modified cellulose 
(most preferably Avicel(R) Cellulose Gel), and optionally 
comprising stabilizers and emulsifiers (Xanthan gum, carrag 
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eenan), preservatives (methylparaben, potassium Sorbate), 
defoamants (simethicone), and flavoring. 
I0134. A preferred liquid composition provides 5-25% w/v. 
L-glutamine, 20-40% w/v carbohydrate carrier, including a 
disaccharide, a Sugar alcohol, and glycerin, 5-10% w/v citric 
acid, and an effective amount of buffer (preferably 0.4–0.8% 
Sodium phosphate), and the remainder water or alcohol-wa 
ter, with optional stabilizers, preservatives, emulsifiers and 
flavorings. 
0.135 Use of a carbohydrate carrier in the composition can 
increase the cellular absorption of the amino acid by at least 
ten times over direct administration of the amino acid in 
water. For example, a preferred aqueous composition of 38% 
w/v L-glutamine, 30% w/v sucrose, and 2.8% w/v sorbitol 
produced a 360-fold increase in glutamine uptake by CaCo 
cells (an epithelial mucosa cell line) over that obtained by use 
of an aqueous glutamine solution alone. 
0.136 Excipients can also be added to the composition, 
provided that the necessary concentration of carbohydrate 
carrier is maintained. These can include a Sweetener/solvent, 
Such as glycerin; emulsifying and stabilizing agents, such as 
cellulose gel (for example, Avicel(R) Microcrystalline Cellu 
lose Gel (FMC Corp., Philadelphia, Pa.)), xanthan gum or 
carrageenan; preservatives and stabilizers, such as citric acid, 
and methylparaben; a defoamant/base ingredient, such as 
simethicone; flavoring, or other ingredients which improve 
the stability and administration of the composition. 

Delivery of an Increased Concentration of an Active Agent 
0.137 The invention provides a method of delivery of 
increased concentrations of active agent to target cells in vivo 
or in vitro by a number of alternate routes. For example, the 
active agent can be mixed with a carbohydrate and water, and 
optionally gelling or thickening agents. The mixture can be 
administered as a solution, gel, or Suspension. Where desired, 
undissolved materials can be removed by allowing the mix 
ture to stand to allow undissolved particles to settle out, or can 
be centrifuged to isolate the Supernatant. The Supernatant 
Solution can then be parenterally, or orally applied to target 
tissue, as by intravenous injection of infusion. 
0.138 Glutamine and the compositions of the invention 
can be formulated as pharmaceutical compositions and 
administered to a mammalian host, such as a human patient in 
a variety of forms adapted to the chosen route of administra 
tion, e.g., parenterally (e.g., intravesously, topically, or enter 
ally), or orally. It can also be administered by intramuscular, 
topical or Subcutaneous routes, or by direct administration to 
the gastrointestinal tract, e.g., by enema or Suppository. Pref 
erably it is administered orally. 
0.139. Application of the preparation can include, but is not 
limited to, topical administration by Swabbing directly on a 
wound resulting from, for example, burn, trauma, or viral 
infection, e.g., in ointment, gel or liquid form, including 
administration by transdermal patches. In a preferred 
embodiment, the compositions of the invention are adminis 
tered orally. The preparation can be applied to oral, nasal, and 
esophageal lesions by oral rinse, a gel, or an ingestible drink. 
For either oral rinse or ingestible drink, the carbohydrate 
carrier can be chosen from among a number of monosaccha 
rides, disaccharides, or a combination of both, or from their 
polymers, such as dextrins, maltodextrins, and high fructose 
corn syrup products. Preferred carbohydrate carriers include 
Sucrose, Sorbitol and high fructose corn Syrup products. 
Either a suspension or a drink can be provided as a dry 
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mixture of carbohydrate carrier and an effective amount of 
amino acid, for reconstitution with water, juice, or other liq 
uid. Bulk packaging of the dry mixture or packets containing 
single applications can be provided to a patient, health care 
provider, or any individual for whom the delivery of an 
increased concentration of active agent is desired. Before 
administration, the preparation can be constituted with water, 
juice, or other liquid to provide for easy administration and 
increase the absorption of glutamine into the epithelial tissue. 
Premixed liquid bulk or unit dosage forms can also be 
employed. 
0140. Application of the composition having a relatively 
low concentration of free water can also be accomplished by 
providing a lozenge or a form of candy or other medicated 
confection, Such as a common lollipop, which utilizes a Suit 
able carbohydrate carrier, Such as Sucrose or Sorbitol, and a 
gelling or thickening agent, as needed. Chewing gum can also 
be used to deliver the carbohydrate carrier, such as sucrose, 
Xylitol, Sorbitol, or corn syrup Solids, and amino acid. In a 
preferred form, the chewing gum can incorporate a central 
pocket of flavored syrup, composed of the appropriate mix 
ture of carbohydrate carrier, such as Xylose, Sorbitol, or 
Sucrose, and an effective amount of the amino acid. Formu 
lations for preparation of chewing gum with a soft core por 
tion are described in U.S. Pat. No. 4.352,823 (Cherukuri, et 
al., Oct. 5, 1982) and U.S. Pat. No. 4.352,825 (Cherukuri, et 
al., Oct. 5, 1982). Alternatively, a solid solution of a biologi 
cally active agent can be used in the preparation of chewing 
gum, lozenges, or a candy form such as a lollipop. Such solid 
Solutions can be formed from comelts, coprecipitates, or by 
mechanical activation of the carbohydrate carrier and the 
biologically active agent. The candy or gum is placed in the 
mouth, where the Surrounding fluids dissolve it. In this aque 
ous environment, the carbohydrate can proved the carrier to 
facilitate absorption of the glutamine into the epithelial cells 
of the oral cavity, the esophagus, and the stomach. 
0141. A toothpaste can also be formed to incorporate a 
carbohydrate carrier and active agent. Microencapsulation of 
ingredients in toothpaste compositions has been described in 
U.S. Pat. No. 4,348,378 (Kosti, Sep. 7, 1982), U.S. Pat. No. 
4,071,614 (Grimm, Jan. 31, 1978), and U.S. Pat. No. 3,957, 
964 (Grimm, May 18, 1976), which describe the addition of 
encapsulated flavorings and anti-plaque ingredients to stan 
dard toothpaste preparations. 
0142. The composition of the present invention can also be 
delivered by suppository to epithelial tissues of the colon and 
rectum. Methods of preparation of Suppository formulations 
are known in the art. One such method has been described in 
U.S. Pat. No. 4,439,194 (Harwood, et al., Mar. 27, 1984), 
which describes a water and drug delivery system for Sup 
pository use. An enema preparation can also be formed of a 
carbohydrate carrier and an amino acid, incorporating a Suf 
ficient amount of water to form an aqueous solution. A Solid 
Solution of the biologically active agent in the carbohydrate 
carrier can also be administered in a Suppository or enema, 
drawing the aqueous component from the colon or rectum. 
0143. When delivery to the stomach is preferred, a filled 
capsule can be used. One such method has been described in 
U.S. Pat. No. 5,569,466 (Tanner, et al., Oct. 29, 1996), which 
describes the preparation of fill compositions for soft elastic 
gelatin capsules. Enteric coated capsules or tablets, or enteric 
coated microparticles can be employed to deliver the compo 
sitions to the upper or lower intestines. 

Jun. 17, 2010 

0144. The composition can be delivered in ice cream for 
mulations, as well as frozen confections such as the common 
popsicle. Frozen formulations can be especially effective for 
the treatment of oral and esophageal ulcers, since they can 
combine, for example, both the beneficial effects of 
glutamine, as well as the soothing effects of the cold mixture. 
0145 Glutamine and the compositions of the invention 
may also be administered intravenously or intraperitoneally 
by infusion or injection. Solutions of the active compound or 
its salts can be prepared in water, optionally mixed with a 
nontoxic Surfactant. Dispersions can also be prepared in glyc 
erol, liquid polyethylene glycols, triacetin, and mixtures 
thereof and in oils. Under ordinary conditions of storage and 
use, these preparations contain a preservative to prevent the 
growth of microorganisms. 
0146 The pharmaceutical dosage forms suitable for injec 
tion or infusion can include sterile aqueous solutions or dis 
persions or sterile powders comprising the active ingredient 
which are adapted for the extemporaneous preparation of 
sterile injectable or infusible solutions or dispersions, option 
ally encapsulated in liposomes. In all cases, the ultimate 
dosage form should be sterile, fluid and stable under the 
conditions of manufacture and storage. The liquid carrier or 
vehicle can be a solvent or liquid dispersion medium com 
prising, for example, water, ethanol, a polyol (for example, 
glycerol, propylene glycol, liquid polyethylene glycols, and 
the like), vegetable oils, nontoxic glyceryl esters, and Suitable 
mixtures thereof. The proper fluidity can be maintained, for 
example, by the formation of liposomes, by the maintenance 
of the required particle size in the case of dispersions or by the 
use of surfactants. The prevention of the action of microor 
ganisms can be brought about by various antibacterial and 
antifungal agents, for example, parabens, chlorobutanol, phe 
nol, Sorbic acid, thimerosal, and the like. In many cases, it will 
be preferable to include isotonic agents, for example, Sugars, 
buffers or sodium chloride. Prolonged absorption of the 
injectable compositions can be brought about by the use in the 
compositions of agents delaying absorption, for example, 
aluminum monostearate and gelatin. 
0147 Sterile injectable solutions are prepared by incorpo 
rating the active compound in the required amount in the 
appropriate solvent with various of the other ingredients enu 
merated above, as required, followed by filter sterilization. In 
the case of sterile powders for the preparation of sterile inject 
able solutions, the preferred methods of preparation are 
vacuum drying and the freeze drying techniques, which yield 
a powder of the active ingredient plus any additional desired 
ingredient present in the previously sterile-filtered solutions. 
0.148. For topical administration, the compositions of the 
invention may be applied in pure form, i.e., when they are 
liquids. However, it will generally be desirable to administer 
them to the skin as compositions or formulations, in combi 
nation with a dermatologically acceptable carrier, which may 
be a solid or a liquid. 
0149 Useful solid carriers include finely divided solids 
Such as talc, clay, microcrystalline cellulose, silica, alumina 
and the like. Useful liquid carriers include water, alcohols or 
glycols or water-alcohol/glycol blends, in which the present 
compounds can be dissolved or dispersed at effective levels, 
optionally with the aid of non-toxic Surfactants. Adjuvants 
Such as fragrances and additional antimicrobial agents can be 
added to optimize the properties for a given use. The resultant 
liquid compositions can be applied from absorbent pads, used 
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to impregnate bandages and other dressings, or sprayed onto 
the affected area using pump-type or aerosol sprayers. 
0150. Thickeners such as synthetic polymers, fatty acids, 
fatty acid salts and esters, fatty alcohols, modified celluloses 
or modified mineral materials can also be employed with 
liquid carriers to form spreadable pastes, gels, ointments, 
Soaps, and the like, for application directly to the skin of the 
USC. 

0151 Examples of useful dermatological compositions 
which can be used to deliver the glutamine to the skin are 
known to the art; for example, see Jacquet et al. (U.S. Pat. No. 
4,608.392), Geria (U.S. Pat. No. 4,992.478), Smith et al. 
(U.S. Pat. No. 4,559,157) and Wortzman (U.S. Pat. No. 4,820, 
508). Glutamine and the compositions of the invention can 
also be adapted for topical administration to the eye. An 
opthalmologically acceptable vehicle Such as an aqueous 
vehicle, a gel or an ointment is employed. Such vehicles can 
be buffered to about pH 5-6 and can also contain preserva 
tives, thickeners and solubilizing agents as needed. Prefer 
ably, the compositions are formulated as eye drops. Exem 
plary liquid eye drop compositions contain 0.1% sodium 
hyaluronate (average molecular weight 1,800,000) or 0.1% 
Polysorbate 80 by weight to volume in water. The liquid 
compositions also may contain buffers, isotonic salts, and 
preservatives such as EDTA and thimerisol. 
0152 Ophthalmic aqueous compositions of the invention 
have ophthalmically compatible pH and osmolality. Prefer 
ably these compositions incorporate means to inhibit micro 
bial growth, for example through preparation and packaging 
under Sterile conditions and/or through inclusion of an anti 
microbially effective amount of an ophthalmically acceptable 
preservative. 
0153. In a preferred embodiment, the composition is an in 
situ gellable aqueous composition, more preferably an in situ 
gellable aqueous solution. Such a composition comprises a 
gelling agent in a concentration effective to promote gelling 
upon contact with the eye or with lacrimal fluid in the exterior 
of the eye. Suitable gelling agents non-restrictively include 
thermosetting polymers such as tetra-substituted ethylene 
diamine block copolymers of ethylene oxide and propylene 
oxide (e.g., poloxamine 1307); polycarbophil; and polysac 
charides such as gellan, carrageenan (e.g., kappa-carrageenan 
and iota-carrageenan), chitosan and alginate gums. 
0154 The term “in situ gellable herein is to be under 
stood as embracing not only liquids of low viscosity that form 
gels upon contact with the eye or with lacrimal fluid in the 
exterior of the eye, but also more viscous liquids such as 
semi-fluid and thixotropic gels that exhibit substantially 
increased viscosity or gel stiffness upon administration to the 
eye. Indeed, it can be advantageous to formulate a composi 
tion of the invention as a gel, to minimize loss of the compo 
sition immediately upon administration, as a result for 
example of lacrimation caused by reflex blinking. Although it 
is preferred that such a composition exhibit further increase in 
Viscosity or gel stiffness upon administration, this is notabso 
lutely required if the initial gel is sufficiently resistant to 
dissipation by lacrimal drainage to provide the effective resi 
dence time specified herein. 
0155 The compositions of the invention can also be 
administered to the eye by an ophthalmic delivery device. For 
instance, the compositions may be applied to a contact lens 
before the lens is placed in the eye, or after the contact lens is 
in the eye. 
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0156. In any of these preparations, glutamine has a stable 
shelf-life and can be provided to the patient well inadvance of 
the time of administration. The preparations can be stored in 
the clinic or the patient's home for administration as needed. 
0157 Pharmaceutically acceptable salts may be obtained 
using standard procedures well known in the art, for example 
by reacting a sufficiently basic compound Such as an amine 
with a Suitable acid affording a physiologically acceptable 
anion. Alkali metal (for example, Sodium, potassium or 
lithium) or alkaline earth metal (for example calcium) salts of 
carboxylic acids can also be made. 

Method for Treating Mammalian Subjects by Enhancing 
Amino Acid Absorption 

0158. The composition of the present invention, and its 
various methods of delivery, can be used in a method for 
treating a variety of mammalian, especially human, physi 
ologic disorders. The method is most effective for treatment 
of disorders involving epithelial tissue, particularly gas 
trointestinal epithelium (including oropharynx, esophagus, 
stomach, intestines and colon). 
0159. The method provides the previously described com 
position, a combination of therapeutically effective dosage of 
a selected amino acid, or a combination of amino acids, with 
an effective amount of carbohydrate carrier(s) which increase 
(s) aqueous solubility and cellular absorption of the amino 
acid or amino acids for administration to the epithelial tissue 
of the patient. 
0160 The invention is particularly useful for delivery of 
therapeutic levels of amino acids which exhibit limited aque 
ous solubility, Such as the dietary amino acids tryptophan, 
tyrosine, glutamine, aspartic acid, asparagine, glutamic acid, 
histidine, isoleucine, leucine, methionine, and phenylalanine. 
Both D- and L-amino acids, as well as amino acids such as 
citrulline, g-aminobutyric acid, hydroxyproline, and orni 
thine, for example, can be delivered by the method to increase 
cellular absorption. 
0.161 Carbohydrate carriers useful for the composition 
administered in the method of the invention can be chosen 
from among the Sugars, either monosaccharide or disaccha 
ride, including, for example, D-allose, D-altrose, D-arabi 
nose, D-erythrose, D-erythrulose, D-fructose, D-galactose, 
D-glucose, D-glyceraldehyde, D-glulose, D-lyxose, D-idose, 
D-mannose, D-psicose, D-ribose, D-ribulose, D-Sorbose, 
D-tagatose, D-talose, D-threose, D-xylose, D-xylulose, mal 
tose, lactose, and Sucrose. In some patients or physiological 
conditions, as, for example, when it is important to choose a 
carbohydrate carrier which will not promote tooth decay or 
cause a Sudden increase in blood glucose levels, it may be 
preferable to choose a polyol, or Sugar alcohol. Such as, for 
example, Sorbitol, erythritol, maltitol, mannitol, or xylitol. 
0162 For children, particularly, a sugar alcohol may be a 
preferable carrier, and can produce added benefit beyond the 
desired therapeutic effect on the target tissue. For example, 
Xylitol reduces the growth of Streptococcus pneumoniae and 
has been shown to have a preventive effect against acute otitis 
media when incorporated into chewing gum for children. 
(Uhari, M., et al., Brit. Med. J. (1996) 313(7066): 1180 
1184.) Use of xylitol as a carbohydrate carrier for glutamine 
in a chewing gum formulation used to treat damaged oral or 
esophageal epithelial tissue after chemotherapy or bone mar 
row transplant can, therefore, also provide a protective benefit 
against a pathogenic organism. 
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0163 The method comprises identification of physiologic 
disorders for which amino acid Supplementation is indicated. 
More particularly, it provides a method for delivering 
increased intracellular amino acid supplementation to 
patients who exhibit symptoms of a physiologic disorder for 
which amino acid supplementation may be of therapeutic 
value. Numerous physiologic disorders, or diseases, have 
been linked, for example, to defective amino acid metabolism 
or defective absorption. In many situations, it is desirable to 
deliver large intracellular concentrations of an amino acid. In 
most situations, it is also preferable to do so by administering 
a limited dose of the selected amino acid or amino acids. This 
has not previously been possible, however, since many amino 
acids exhibit limited aqueous solubility and intracellular 
absorption—and must therefore be administered in large 
doses to achieve a desired effect. Physiological conditions for 
which amino acids Supplementation has been indicated, and 
for which the method of the present invention is therefore 
beneficial for increasing intracellular delivery of amino acid 
Supplements, are described below. These examples are not 
intended to limit the use of the method described herein, but 
are presented as examples of the wide variety of physiologic 
disorders for which the method of the present invention will 
be useful. 
Enhancing Amino Acid Absorption for the Treatment of Chil 
dren and Adults with Short Bowel Syndrome 
0164. Short bowel syndrome is associated with surgical 
resection of the large intestine, and results in decreased Sur 
face area for absorption. The tissue of the bowel is often 
irritated, with accompanying symptoms Such as cramping 
and diarrhea. An amino-acid-based complete infant formula 
has been demonstrated to be effective in improving feeding 
tolerance, eliminating the need for parenteral nutrition, and 
improving intestinal function in children with severe short 
bowel syndrome. (Bines, J., et al., J. Pediatr. Gastroenterol. 
Nutr. (1998) 26(2): 123-128.) The present invention provides 
a method for increasing absorption of amino acids, particu 
larly those amino acids which exhibit limited aqueous solu 
bility and cellular uptake (e.g., tryptophan, tyrosine, 
glutamine, aspartic acid, asparagine, glutamic acid, histidine, 
isoleucine, leucine, methionine, and phenylalanine), in both 
children and adults with short bowel syndrome. When used 
for the treatment of patients with short bowel syndrome, the 
combination of therapeutically effective concentrations of 
amino acids and an effective amount of carbohydrate carrier 
provides increased levels of cellular uptake of amino acids 
into the intestinal epithelium, thereby providing a greater 
benefit to the patient and decreasing the amounts of amino 
acids that must be administered in order to achieve satisfac 
tory therapeutic levels. 
0.165. The combination of amino acids and carbohydrate 
carrier can be administered by a variety of pharmaceutically 
acceptable routes, including tablets, caplets, or capsules 
coated for delivery to the intestines or colon, as well as enema 
Solutions or Suspensions. Therapeutic dosages can be deter 
mined by the patient's physician, taking into consideration 
the age, size, and nutritional status of the patient. 

Enhancing Amino Acid Absorption in Dialysis Patients 
0166 Dialysis patients commonly exhibit malnutrition. 
However, supplementation with a mixture of 8 essential and 9 
nonessential amino acids has been shown to improve both 
health and mood of dialysis patients. (Mastroiacovo, P., et al., 
Clin. Ther. (1993) 15(4): 698-704.) In the method of the 
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present invention, a combination of amino acids, in therapeu 
tically effective amounts, is combined with an effective 
amount of a carbohydrate carrier to enhance solubility and 
cellular uptake of the amino acids, thereby increasing the 
therapeutic effect of amino acid Supplementation and 
decreasing the dosage of amino acid required to achieve 
therapeutic effect. 
0.167 A preferred mode of administration for dialysis 
patients is an enteric coated capsule, caplet, tablet, or coated 
bead containing a therapeutically effective amount of each of 
a variety of amino acids in combination with an effective 
amount of a carbohydrate carrier, Such as Sucrose or a polyol 
such as xylitol or sorbitol. For administration to diabetic 
patients, the preferred carbohydrate carrier is a polyol. 

Enhanced Absorption of Glutamine for the Treatment of 
Wounds 

0168 Glutamine is precursor for the synthesis of nucle 
otides. It is both an activator of protein synthesis, and an 
inhibitor of protein degradation. It is an activator of glycogen 
synthesis, as well as a metabolic Substrate for rapidly dividing 
cells. It is also an energy source for epithelial cells. Treatment 
of wounds, whether superficial or non-superficial, with the 
composition described for enhancing amino acid absorption, 
increases the absorption of glutamine into epithelial tissues, 
promoting more rapid wound healing. In addition to promot 
ing wound healing by increasing glutamine absorption, how 
ever, the method provides a treatment which protects the 
wound from infection with pathogenic organisms. Filling 
infected wounds with Sugar has been a practice for centuries. 
Honey has long been known to have antibacterial properties, 
due, in part, to the hypertonic Sugar concentration. (Basson, 
N. et al., J. Dent. Assoc. S. Afr. (1994)49(7): 339-341; Jeddar, 
A., et al., S. Aft: Med. J. (1985) 67(7): 257-258; Willix, D., et 
al., J. Appl. Bacteriol. (1992) 73(5): 388-394.) 
0169. A combination of sugar and povidone-iodine has 
been effective in promoting rapid healing, reducing bacterial 
contamination, and filling of defects with granulation tissue 
when used to treat patients for wounds, burns, and ulcers. 
(Knutson, R., et al., South Med.J. (1981)74(11: 1329-1335.) 
However, while adding to the antibacterial properties of the 
hypertonic Sugar environment, povidone-iodine kills white 
blood cells. 
0170 Combining glutamine with a carbohydrate carrier, 
therefore, provides a dual benefit for wound care: the 
increased glutamine absorbed by the epithelial cells provides 
an energy source for the epithelial cells, promoting cell divi 
sion and healing, while also providing an energy source for 
the white blood cells needed to protect the underlying tissues 
from bacterial invasion, and the carbohydrate carrier protects 
the surface of the wound from bacterial contamination by 
providing an environment in which the high osmotic pressure 
and low water availability prevents microbial growth. 
0171 For wound care, the combination of a therapeuti 
cally effective amount of glutamine and a carbohydrate car 
rier, preferably Sucrose or honey, is applied topically as a 
semi-solid formulation of a high concentration of Sugar 
mixed with water and glutamine. Alternately, the combina 
tion is provided as a thick syrup for topical application to the 
affected area. Another alternative method of application is to 
provide the formulation as a solid to be applied to the wound 
area, drawing its aqueous fraction from the wound environ 
ment. Such a preparation, if provided in powdered or crystal 
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line form, can be easily placed in a first-aid kit or other 
emergency care kit for wound treatment. 
0172. The combination can be especially effective for the 
treatment of burns, where the primary goals of treatment are 
protection of the tissue from infection and rapid regeneration 
of new tissue. 

Enhancing Glutamine Absorption for the Treatment of 
Mucositis and Stomatitis 

0173 Mucositis is an inflammatory reaction, character 
ized by burn-like lesions or ulcerative lesions of the epithelial 
tissue of the gastrointestinal tract from mouth to anus. It may 
result from exposure to either ionizing radiation or chemo 
therapeutic agents. Stomatitis is any inflammatory reaction 
affecting the oral mucosa, with or without accompanying 
ulceration. Mucositis, particularly, is often further compli 
cated by infection of the ulcerative tissue. 
0.174 Studies have previously shown that oral application 
of glutamine Solutions can improve the symptoms accompa 
nying mucositis in some bone marrow transplant patients and 
chemotherapy patients. (Skubitz, K., and P. Anderson, J. Lab. 
Clin. Med. (1996) 127(2): 223-228; Anderson, P., et al., Bone 
Marrow Transplant (1998) 22(4): 339-344; Anderson, P., et 
al., Cancer (1998) 83 (7): 1433-1439; U.S. Pat. No. 5,545,668 
(Skubitz, et al., Aug. 13, 1996); and U.S. Pat. No. 5,438,075 
(Skubitz, et al., Aug. 1, 1995.) Using the composition and 
methoddescribed herein, increased and effective intracellular 
glutamine concentrations can be delivered to epithelial tis 
sues of the gastrointestinal system for the treatment of 
mucositis or stomatitis without increasing the absolute 
glutamine dosage. 
0.175. In the method of the invention, the composition can 
be provided, for example, as a mouthwash, Swish and Swal 
low preparation, lozenge, or hard candy for treatment of oral 
ulcerations. For esophageal ulcers, a drink, including a Sug 
ared drink, a milkshake, or a frozen slurry can be used. Bio 
degradable inserts can also be used to treat the mouth and 
throat. Children, as well as adults, with mucositis or stoma 
titis can be treated using any of these preparations, but may 
prefer a preparation of carbohydrate, glutamine, and flavor 
ings delivered as a popsicle or in combination with sherbet, an 
ice, or ice cream. These methods of delivery provide the 
added benefit of soothing cold on the ulcerative tissue. A 
chewing gum preparation, preferably a chewing gum with a 
semi-solid or liquid center, can also be used for the treatment 
of oral and esophageal ulcers. 
0176 For gastric ulcer therapy, tablets, caplets, capsules, 
or coated beads containing the carbohydrate? glutamine com 
position can be administered. For intestinal ulcerations, 
coated tablets, caplets, capsules, or coated beads can be 
administered for either enteric or colonic delivery. Methods 
for providing enteric coatings or coatings for colonic delivery 
are known in the art and have been described previously 
herein. 

Enhancement of Glutamine Absorption for the Treatment of 
Cryptosporidiosis 

0177 Cryptosporidium parvum is a leading cause of per 
sistent diarrhea in developing countries. Due to its resistance 
to chlorine, it has also become a threat in some United States 
water Supplies. Cryptosporidiosis is particularly problematic 
in AIDS patients, the elderly, and the very young, in whom it 
causes a severe, life-threatening diarrhea. Cryptosporidium 
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parvum infects the intestinal tissue, but does not infect 
beyond the most superficial surface of the intestinal epithe 
lium. In a piglet model, approximately two-thirds of the intes 
tinal villus Surface area was damaged during Cryptosporidia 
infection. In the remaining epithelial tissue, increased 
glutamine metabolism is associated with a sodium-hydrogen 
exchange coupled to a chloride transport mechanism. 
Because of its direct association with the chloride transport 
mechanism, glutamine can be particularly therapeutic for 
repair of tissue damaged by Cryptosporidium infection. 
(Guerrant, R., Emerging Infectious Diseases (1997) 3(1): 
51-57.) Infected tissue has lost much of the absorptive surface 
area, however, and the method of the present invention, by 
treating the patient with the composition of carbohydrate 
carrier and a therapeutic dose of glutamine, enhances 
glutamine uptake in the remaining cells to compensate for the 
decreased absorptive Surface area. 
0.178 The composition can be administered using a coated 
capsule, tablet, or caplet for intestinal delivery. Alternately, 
the composition can be infused or administered as an enema 
Solution to coat the intestinal lining with the glutamine?car 
bohydrate carrier and enhance glutamine absorption into the 
remaining intestinal epithelial cells. 
0.179 The method can also be useful as a factor in disease 
prevention, since glutamine is known to provide a primary 
energy source for white blood cells, which migrate among the 
cells of the intestinal lining and are responsible for destruc 
tion of pathogenic organisms such as C. parvum. Enhance 
ment of glutamine absorption into the epithelial and white 
blood cells by the method of the present invention therefore 
provides a method for improving the immune response while 
maintaining the structural integrity of the epithelial lining of 
the intestine. For patients at risk for Cryptosporidium infec 
tion, enteric-coated capsules can be administered to maintain 
epithelial cell integrity and improve the immune response. 

Enhancement of Glutamine Absorption to Improve Post-Sur 
gical Wound Healing in the Gastrointestinal Tract 
0180. Following surgical resection within the oral cavity, 
the intestine, or bowel, epithelial tissue damage can be treated 
by the method of the present invention to increase tissue 
integrity and promote wound healing. Following oral Surgery, 
a Swish and Swallow preparation, mouthwash, lozenge, 
candy, or chewing gum preparation containing the composi 
tion of the present invention can be provided to the patient to 
allow easy administration of a therapeutically effective dose 
of glutamine in combination with a carbohydrate carrier. Par 
ticularly in patients who have undergone oral Surgery, non 
cariogenic carbohydrate carriers are preferred. Such Sugar 
carriers include, for example, maltitol, lactitol, Sorbitol, and 
xylitol. The most preferable polyol carbohydrate carrier for 
incorporation into the composition is xylitol. 
0181. Following intestinal surgery, the composition can be 
administered in the form of a coated tablet, caplet, capsule, or 
coated bead. The tablet, caplet, capsule, or coated bead can be 
coated with an organic solvent, such as, for example, cellu 
lose acetate phthalate, cellulose acetate trimellitate, cellulose 
acetate Succinate, hydroxypropyl methyl cellulose phthalate, 
hydroxypropyl methyl cellulose acetate Succinate, and car 
boxy methyl ethyl cellulose, for enteric delivery. A tablet, 
caplet, or capsule can be coated with an acrylic-based resin to 
dissolve at higher pH (pH 7) to provide delivery to the distal 
ileum and colon. Alternatively, delivery of the glutamine/ 
carbohydrate carrier composition can be provided in the form 
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of a Suppository, using a base Such as cocoa butter or other 
glyceride, or as a rectal tablet without a conventional Supposi 
tory base. Such compositions for Suppository use have been 
described by Mizuno, et al., in U.S. Pat. No. 4.462.984, and 
Harwood, et al., in U.S. Pat. No. 4,439,194. 
0182 For treatment of diabetic patients, xylitol is the pre 
ferred carbohydrate carrier, as sorbitol is not absorbed in the 
intestine and could cause added intestinal discomfort. 
0183 Enhancement of Glutamine Absorption for Treat 
ment of Low Birth Weight Infants 
0184 Neu, et al., have reported that very-low-birth-weight 
neonates who receive enteral glutamine Supplementation 
have an increased survival rate. (J. Pediatrics, (1997) 131(5): 
691-699.) The method of the present invention provides 
increased therapeutic intracellular glutamine dosages with 
decreased actual glutamine administration. In low-birth 
weight neonates, particularly, achievement of the desired 
effect with smaller doses of nutrient can be essential. 
0185. For delivery of the composition, an enteral feeding 
tube is preferred. Any one of a number of carbohydrate car 
riers can be chosen, although Sucrose and high fructose corn 
syrup are preferred. The therapeutic dosage of glutamine can 
be determined by the individual physician, using standard 
means of dosage calculation, bearing in mind that glutamine 
absorption is enhanced by combination with the carbohydrate 
carrier to levels of at least ten times higher than that achieved 
by administration of glutamine alone. Excipients can be 
added to the feeding formula, including flavorings and stabi 
lizers. Added nutrients can also be included, including Vita 
mins, amino acids, and recommended nutrients such as lacto 
ferrin. 

Enhancement of Glutamine Absorption to Treat Dermato 
logical Lesions of Viral and Bacterial Origin 
0186. A number of viral illnesses can be recognized by 
epithelial lesions. Among these are, for example, herpetic 
lesions around the mouth, the lesions associated with impe 
tigo, and the painful lesions known as shingles, characteristic 
of varicella-Zoster virus. The method of the present invention 
can be used to treat Such lesions by topically applying the 
glutamine/carbohydrate carrier composition to the affected 
area. The glutamine component of the composition aids in 
healing by providing energy to the epithelial cells, while the 
Sugar provides antibacterial properties to protect the damaged 
or infected tissue from further infection. 
0187. For topical application, a lotion or cream is pre 
ferred, incorporating glutamine, a carbohydrate carrier, and 
excipients such as stabilizing agents, gelling agents, or thick 
ening agents. 
Enhancement of Glutamine Absorption to Treat Patients 
Infected with Human Immunodeficiency Virus 
0188 Gastrointestinal lymphoid tissue harbors more than 
90% of the total lymphocytes in the body. Studies have shown 
that the gastrointestinal epithelium contains a large popula 
tion of CD34" CD4-progenitors. (Mattapallil, J., et al., J. 
Virol. (1999) 73(5): 4518-4523.) The gastrointestinal tract 
has also been demonstrated to be a major site of CD4 T cell 
depletion and viral replication in simian immunodeficiency 
virus infection. Other studies have shown that glutamine 
enhances production of T lymphocyte-derived cytokines. 
(Yaqoob, P. and P. Calder, Cytokine (1998) 10(10): 790-794.) 
Enhancing glutamine absorption into the intestinal mucosa 
by the method of the present invention therefore can provide 
a therapeutic benefit to HIV-infected patients, particularly 
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those patients who are in the early stages of infection. 
Enhancement of the cytokine response to the viral infection 
can contribute to viral destruction by the immune system at 
the site of significant viral replication. 
0189 The glutamine/carbohydrate carrier composition 
can be administered in the form of an enteric-coated tablet, 
caplet, capsule, or coated bead. Suitable Sugar carriers will 
preferably include, for example, Sucrose, glucose, high fruc 
tose corn syrup, and Xylitol. 
0.190 Daily administration of recommended dietary levels 
of glutamine is preferred, since administration of this quantity 
of glutamine by the method of the present invention can result 
in an increased delivery of glutamine to the intestinal epithe 
lium by a factor of, for example, 10-30x. Therefore, admin 
istration of more moderate amounts can produce an even 
greater intracellular concentration of glutamine than has been 
previously been achieved by administration of higher dosages 
of glutamine alone. 

Enhancement of Glutamine Absorption for Cancer Therapy 
0191) Glutamine supplementation increases selectivity of 
both radiation therapy and chemotherapy for tumor cells. 
Glutamine Supplementation decreases tumor growth, and in 
combination with chemotherapy or radiation therapy, 
enhances the decrease in tumor Volume. It is also shown 
herein that glutamine Supplementation enhances natural 
killer cell activity. 
0.192 Glutamine supplementation enhances tolerance to 
chemotherapeutic agents and to radiation therapy. It is 
believed that this is accomplished by providing normal cells 
with an energy source and a means to accomplish cellular 
repair, 
0193 The composition and method of the present inven 
tion provide increased glutamine absorption into gastrointes 
tinal epithelial cells. Once absorbed into these cells, more 
glutamine is made available to circulate to other tissues of the 
body. Enhancement of absorption of glutamine also provides 
a means to increase glutathione production in the intestine. 
Cancer therapy can therefore consist of, or be enhanced by, 
daily administration of glutamine in admixture with an 
amount of carbohydrate carrier, Such as, for example, 
Sucrose, glucose, Xylose, Xylitol, high fructose corn syrup or 
corn Syrup Solids effective to increase glutamine absorption 
into the gastrointestinal epithelium. The composition and 
method can be used for both human and Veterinary cancer 
therapy. 
0194 Daily doses of glutamine will be determined by the 
individual patient's physician, taking into consideration fac 
tors which are known by those of skill in the art to affect 
dosage calculation, such as, for example, body size and age. 
Recommended daily doses of glutamine for cancer therapy 
are preferably at least at the maximum dietary intake of 3-4 
grams per day, although lower doses can be administered, 
since the composition and method of the present invention 
increase glutamine absorption by at least a factor often, and 
more preferably, 100. 

Other Uses for a Method for Increased Amino Acid Absorp 
tion 

0.195 Although the method for treating physiological dis 
orders in patients has been described primarily in terms of 
administration of glutamine, the invention is not intended to 
be limited to a method of administering enhanced levels of 
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glutamine alone. For example, D-serine has been demon 
strated to be therapeutic for the treatment of schizophrenia 
when administered in conjunction with antipsychotic medi 
cations. (Tsai, G., et al., Biol. Psychiatry (1998) 44(11): 
1081-1089.) Enhanced absorption of D-serine into the intes 
tinal epithelia after oral administration, can, therefore, pro 
vide a method for increasing available D-serine for systemic 
circulation. Canavan disease, an autosomal genetic disorder, 
is proposed to benefit from Supplementation of dietary aspar 
tic acid. (Baslow, M. And T. Resnik, J. Mol. Neurosci. (1997) 
9(2): 109-125.) Early detection of the disease, therefore, can 
be accompanied by aspartic acid Supplementation by the 
method of the present invention to enhance uptake of aspartic 
acid, an amino acid with an aqueous solubility of only 0.778 
g/100 g at 25 EC, to protect against the progressive degen 
eration of the brain which is characteristic of the disease. 

0196. These are only two examples of a number of physi 
ologic conditions which can be therapeutically treated using 
enhanced amino acid absorption provided by the method of 
the present invention. As amino acids are identified as having 
therapeutic value, dietary Supplementation can be further 
enhanced by providing the amino acid Supplement in combi 
nation with a carbohydrate carrier as described by the method 
of the invention. 

Veterinary Use for Enhanced Amino Acid Absorption into 
Epithelial Cells 
(0197) The early-weaned pig develops intestinal atrophy, 
and glutamine Supplementation has been proposed to prevent 
intestinal epithelial damage and provide a benefit in Swine 
production. (Wu, et al., J. Nutr. (1996) 126 (10): 2578-84.) 
The composition and method of the present invention can be 
used to enhance amino acid absorption into those epithelial 
tissue cells, thereby decreasing costs associated with amino 
acid Supplementation. The composition and method are also 
useful for veterinary treatment of dogs and other mammals in 
whom chemotherapy has been initiated. For example, doxo 
rubicin, associated with gastrointestinal ulcers in human che 
motherapy patients, is the recommended treatment for a num 
ber of other mammalian cancers, including canine 
hemangiosarcoma. The composition and method of the 
present invention provide enhanced amino acid absorption 
into the damaged epithelium of the mammalian Subject, as 
well as increasing systemically available amino acid by 
increasing absorption into the gastrointestinal epithelium. 
(0198 The invention will now be illustrated by the follow 
ing non-limiting examples. 

Example 1 

Evaluation of Cellular Uptake of Glutamine in Com 
bination with Sucrose and Sorbitol 

0199 The composition of the present invention has been 
shown to improve solubility and cellular absorption of an 
amino acid, glutamine, into human gastrointestinal epithelial 
cells, as illustrated in the following example. 
0200) 1. Materials and Methods 
0201 Distilled, deionized water (107 ml) was added to 
207 grams of a mixture of Sucrose, Sorbitol, and glutamine 
with excipients (Aesgen-14) as listed in Table 1. 
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TABLE 1 

Aesgen-14 (AES-14) 

L-glutamine 240.0 Kg 57.94 w8%* 50.00% w/v * 
Sucrose 1440 Kg 34.77 w 9%. 30.00% w/v 
Crystalline Sorbitol 13.44 Kg 3.24 w% 2.80% Wiv 
Glycerin 14.0 Kg 2.92 w % 2.52% Wiv 
Sodium Phosphate 2.6 Kg 0.63 w% 0.54% Wiv 
Monobasic (Anhydrous) 
Avicel Cellulose Gel Type 874.0 g O.18 wo 0.17% Wiv 
CL-611 
Citric Acid (Anhydrous) 280.0 g O.O7 w 9/o 0.06% Wiv 
Xanthan Gum 230.0 g O.OS wo 0.04% Wiv 
Carrageenan 230.0 g O.OS wo 0.04% Wiv 
Artificial Flavor 230.0 g O.OS wo 0.04% Wiv 
Methylparaben 207.0 g O.04 wo 0.04% Wiv 
Potassium Sorbate Powder 180.0 g O.04 wo 0.04% Wiv 
30% Simethicone Emulsion 115.0 g O.O2 wo 0.02% Wiv 

*Weight percents are expressed as percent of total weight of dry ingredients 
for reconstitution with water in a 240 ml bottle. 
*Weight volume percents are expressed as percent of total volume in aque 
ous mixture. 

0202 As a control, 200 milliliters of distilled, deionized 
water was added to 50 grams of L-glutamine (Ajinomoto, 
Raleigh N.C.) and mixed by agitation. Both samples were 
allowed to stand for 1 day at room temperature. The Superna 
tant was decanted from the residue and used for the cellular 
uptake determination. 
0203. On Day 1, cells from a human gastrointestinal epi 
thelial cell line (CaCo) were plated at a density of 0.5x10 
cells per well in a 6-well tissue culture dish. On Day 2, culture 
media was replaced with either normal growth medium or 
medium deficient in L-glutamine. 
0204. On Day 3, cells cultured in both normal growth 
medium (“normal') and L-glutamine deficient growth 
medium (“starved') were evaluated for comparison of 
glutamine uptake using the Aesgen-14 solution in parallel 
with the L-glutamine Solution, according to the following 
protocol: Two milliliters of test material (either Aesgen-14 or 
L-glutamine solution) was added to the appropriate wells, 
then incubated at 37 EC. At time points 0, 10, 20, 40, and 60 
seconds the test material was aspirated and the cells washed 
three times (3x) with chilled (4EC) phosphate buffered saline 
(PBS), followed by the addition of 1.0 ml of perchloric acid. 
Cells were harvested by Scraping, then aspiration by pipet 
into a 1.7 ml tube. 

0205 The harvested cells were sonicated for 10 seconds, 
and 500:1 of sonicated cells were transferred into a 1.7 ml 
tube. The perchloric acid was neutralized by the addition of 
130:1 of 2M KHCO, and the resulting mixture was frozen 
overnight at -80 EC. 
0206. Upon thawing, the sample was centrifuged for 10 
minutes at 14,000 rpm and the supernatants were transferred 
to new 1.7 ml tubes and frozen at -80 EC. The resulting 
clarified samples were thawed and diluted 1:3 with deionized 
water. Fifty microliters were withdrawn, added to 10 micro 
liters complete o-phthaldialdehyde (Sigma P-0532), and 
mixed by agitation. After incubation for two minutes at room 
temperature, a 20:1 sample was injected on a Hypersil R. C18 
Elite 5: m HPLC columnusing 70:30 acetonitrile:water as the 
mobile phase. Glutamine levels, measured as: g/ml, were 
detected at 340 nm. 



US 2010/01521.30 A1 

0207 2. Results 
0208 Results are shown in Table 2 as: g/ml mean cellular 
glutamine uptake: 

TABLE 2 

Incubation Time (Seconds) O 10 2O 40 60 

Normal cells + Aesgen 14 1.OO 1568.5S 900.6O 1185.88 1765.13 
Normal cells + 3.53 10.30 2.48 3.23 4.85 
L-glutamine 
Starved cells + Aesgen 14 O.OO 613.10 672.93 1213.40 1053.85 
Starved cells + L-glutamine 1.33 1.43 1.49 2.23 49.96 

0209. As summarized above, glutamine uptake is signifi 
cantly increased in both normal cells (363x) and in starved 
cells (21x) in cells treated with Aesgen-14 as compared to 
cells treated with aqueous L-glutamine alone. 

Example 2 

Effect of AES-14 on Drug Uptake and Permeability 

0210. The cellular uptake and permeability-enhancing 
effect of a Sucrose-containing vehicle on five model drugs 
(Saturated solutions of L-glutamine, L-asparagine, glycylsar 
cosine, and acyclovir, and a half-saturated Solution of 
L-glutamine) across Caco-2 cell monolayers were measured 
in this experiment. Uptake and permeability of each com 
pound was measured in the apical-to-basolateral direction, 
with and without vehicle. 

Methods 

0211 Materials. Two amino acids (L-glutamine, L-aspar 
agine), a dipeptide (glycylsarcosine), and a therapeutic agent 
(acyclovir) with low permeability were studied. Each com 
pound was tritiated. C-mannitol was used as an evaluation 
of monolayer/cell integrity (i.e. as a low uptake?permeability 
marker). 
0212. Uptake and Permeability Assessments. Compound 
cellular uptake into and permeability across Caco-2 mono 
layers was measured. Caco-2 monolayers were grown using a 
recently developed, rapid culture system, that requires 4 days 
rather than 21 days. Lentz et al., (2000), Int. J. Pharm., 
200(1): 41-51. 
0213 Uptake and permeability studies were conducted in 
duplicate at 37 EC and 50 oscillations per min across Caco-2 
monolayers in either (a) blank AES-14 (i.e., AES-14 without 
L-glutamine) or (b) Hank's balanced salt solution (HBSS) 
containing 10 mM HEPES buffer (solution pH=6.8). HBSS 
was used when no pharmaceutical vehicle was present for 
each of the four compounds. Blank AES-14 was the matrix 
for L-asparagine, glycylsarcosine, acyclovir, and "half-satu 
ration' L-glutamine studies when a vehicle effect is consid 
ered. AES-14, which contains L-glutamine, was studied for 
L-glutamine. Monolayer integrity was monitored using C 
mannitol permeability. Mannitol uptake was also studied. 
0214 Uptake and permeability studies were conducted 
using TranSwell Rinserts in the apical to basolateral direction, 
at intervals of 10 sec., 60 sec., and 5 min. Donor solution 
included a nine Saturated systems (except half strength 
L-glutamine) were the source solutions for the uptake?perme 
ability studies. Saturated solutions were obtained by utilizing 
5.4 g L-glutamine/100 ml, 1 g L-asparagine/10 ml, 2 g gly 
cylsarcosine? 10 ml, and 16 mg acyclovir/10 ml system con 

Jun. 17, 2010 

centrations (Kristol, (1999), J. Pharm. Sci., 88: 109-110), 
wherein excess Solid solute was present to assure saturation: 
0215 Saturated solution of L-glutamine in HBSS (5.4 
g/100 ml) 
0216 Saturated solution of L-asparagine in HBSS (1 g/10 
ml) 
0217 Saturated solution of glycylsarcosine in HBSS (2 
g/10 ml) 
0218 Saturated solution of acyclovir (16 mg/10 ml) in 
HBSS AES-14 
0219 Saturated solution of L-asparagine in blank AES-14 
(1 g/10 ml) 
0220 Saturated solution of glycylsarcosine in blank AES 
14 (16 mg/10 ml) 
0221) 2.3 g/100 ml L-glutamine in blank AES-14 (i.e. 
half-saturated L-glutamine) 
0222 C-mannitol and H-drugs were quantified by liq 
uid Scintillation counting. For uptake studies, at designated 
time points (10 Sec, 60 sec, and 5 min), the donor Solution was 
aspirated off. The cell monolayer was washed twice with ice 
cold HBSS to remove any residual binding and then dissolved 
in 1 ml of the cell solubilizing agent, Solvable(R). The cell 
lysate (0.5 ml) was added to 5 ml scintillation cocktail 
(EconosafeR) and counted on liquid Scintillation counter 
(Beckman LS5801, Columbia, Md.). For permeability stud 
ies, 0.5 ml of received solution was added to 5 ml scintillation 
cocktail (EconosafeR) and counted on liquid Scintillation 
COunter. 

0223 Since saturated solutions of unknown concentration 
of drugs were used, absolute uptake could not be calculated. 
Hence, the vehicle effect on uptake is considered below 
(FIGS. 3-7) in terms of the relative drug uptake into cell 
monolayer from vehicle VS non-vehicle (i.e., ratio of uptake, 
after normalized for slight differences in radiolabel tracer). 
0224 Permeability (3) in each experiment was calculated 
(FIGS. 8-12) using eq 1: 

P dM €-dt 

As Ca 

where P is permeability, dM/dt is rate of drug mass accumu 
lation (i.e., radioactivity) in receiver compartment, A is area, 
and C is donor drug concentration (i.e., radioactivity). Polli 
et al., (1998), Pharm. Res., 15: 47-52. Permeability is an 
absolute measure (units of cm/Sec or velocity) and can be 
determined even though the absolute drug concentrations 
were not known. 

Results 

0225. Uptake. In FIGS. 3-7, the relative effect of vehicle 
on L-glutamine, glycylsarcosine, L-asparagine, acyclovir, 
and L-glutamine (half-strength) uptake into cells is shown. If 
uptake (normalized for slight differences in donor radiolabel) 
were identical from each vehicle and HBSS, the relative 
uptake would be 1.0. For all four drugs and half-strength 
L-glutamine, the relative uptake exceeded 1.0. In FIGS. 3-6, 
for L-glutamine, L-asparagine, glycylsarcosine, and acyclo 
vir, vehicle enhanced cellular druguptake about four-fold. To 
perhaps a lesser extent, vehicle enhanced half-strength 
L-glutamine (FIG. 7). 
0226. In Table 2 below, vehicle had no effect on mannitol 
relative uptake. These mannitol studies, which were per 
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formed simultaneously with those in FIG. 3-7, indicated the 
vehicle effect differentiates mannitol from the other com 
pounds, in terms of uptake enhancement. Thus, the uptake of 
the saccharides per se is apparently not increased, and the 
term “biologically active agent can be read to exclude the 
saccharides present in the Solution, dispersion, or gel. 

TABLE 2 

Relative Effect of Vehicle on Mannitol Cellular Uptake 

L-glutamine 
Glycyl- (half 

L-glutamine sarcosine L-argine Acyclovir strength) 
Time (sec) study study study study study 

5 O.S2 O.83 1.65 1.24 1.2O 
60 O.8O 1.51 O.77 O.85 0.57 

300 O.63 1.06 O43 O43 O.30 

0227 Permeability. In FIGS. 8-12, the relative effect of 
Aesgen-14 vehicle on L-glutamine, glycylsarcosine, L-aspar 
agine, acyclovir, and L-glutamine (half-strength) permeabil 
ity is shown. Unlike the uptake data presented above, which 
shows the relative vehicle effect on uptake (i.e., the ratio of 
uptake with vehicle vs. without vehicle), permeability is an 
absolute measurement, and is calculated for each formulation 
(no vehicle and with vehicle). Since two-fold variation in 
permeability is within typical experimental variation, these 
results indicate that vehicle had no effect on permeability. 
Similarly, vehicle had no effect on mannitol permeability 
(Table 3). 
0228. In FIG. 13 the effect of Aesgen-14 vehicle on 
L-glutamine uptake into human fibroblasts (right boxes) vs. 
uptake of saturated L-glutamine (left boxes) is shown. FIG. 
14 depicts the effect of vehicle on L-glutamine absorption 
into human endothelial cells. On the chart, the effect of satu 
rated L-glutamine alone was not visible. 
0229. It should be noted that 5 minutes represents a very 
brief time frame for traditional Caco-2 permeability studies. 
It is unlikely that steady-state is achieved after 5 minutes, 
reducing the probability of observing any possible vehicle 
effect. 

Summary 

0230 L-glutamine, L-asparagine, glycylsarcosine, and 
acyclovir represent two amino acids, a peptide, and an anti 
viral agent, each with poor passive membrane penetration 
properties under normal physiological conditions. Hence, 
enhancement of their cellular uptake and membrane perme 
ability is advantageous, from a drug delivery perspective. For 
saturated Solutions of L-glutamine, L-asparagine, glycylsar 
cosine, and acyclovir, AES-14 vehicle enhanced their cellular 
drug uptake about four-fold. This enhancement of drug 
uptake into cells occurred immediately (i.e., <1 min), and 
was Sustained over the time period studies (5 min.). To per 
haps a lesser extent, vehicle enhanced half-saturated 
L-glutamine. Vehicle had no effect to mannitol uptake. 
Regarding permeability over a very brief 5 minute period, 
vehicle had no effect for any compound. 
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TABLE 3 

Caco-2 Permeability of Mannitol 

Mannitol Permeability Mannitol Permeability 
Study without Vehicle (cm/sec) with Vehicle (cm/sec.) 

L-glutamine 3.80 x 109 9.16 x 107 
Glycylsarcosine Below LOQ 1.48 x 10 
L-asparigine 3.80 x 10 9.48 x 107 
Acyclovir 1.14 x 10 1.46 x 10 
L-glutamine (half- 1.49 x 10 Below LOQ 
strength) 

Example 3 
Oral AES-14 Restores Gut Glutathione Production 

Disrupted by DMBA 

0231. Introduction: The mechanism by which oral 
glutamine (GLN) prevents DMBA-induced breast cancer is 
unknown. While GLN triples the negative extraction of gut 
glutathione (GSH) in rats, 7,12-dimethylbenzalanthracene 
(DMBA) significantly disrupts it. Actual gut GSH flux has not 
been reported. We hypothesized that the gut is a producer of 
GSH, DMBA blocks gut GSH production, and supplemental 
oral GLN antagonizes this effect. 
0232 Methods: 80 Sprague-Dawley rats were randomized 
to 4 groups (n=20/group): DMBA+GLN, DMBA+FA, OIL-- 
GLN, OIL+FA. Rats (age 50 days) were gavaged with a 
1-time dose of 20 mg DMBA or oil. Rats were gavaged with 
AES-14 (1 gm GLN/kg/day) or an isonitrogenous amount of 
Freamine (FA) from 1 week before till sacrifice at 1 week 
after DMBA (greatest effect on gut GSH extraction). Arterial 
and portal blood was taken for GLN and GSH levels, and 
blood flow measured using 14-C-PAH. Gut GLN and GSH 
fluxes (uptake or production) were calculated. 
0233 Results: DMBA abrogated the normal GSH produc 
tion (negative flux) in OIL+FA while not affecting GLN 
metabolism (FIG. 15). GLN maintained GSH production in 
DMBA+GLN (FIG. 15). 
0234 Conclusions: Oral administration of AES-14 
restores to normal GSH production in DMBA-treated ani 
mals suggesting one of the mechanism(s) by which GLN 
prevents breast cancer in this model. Unchanged uptake of 
GLN in the DMBA-treated animals may indicate a block in 
GSH transport rather than actual intracellular production. 

Example 4 

Oral AES-14 Protects Breast Tissue Against Radia 
tion Injury 

0235. The cosmetic result after breast conservation 
therapy (BCT) is limited, in part, by radiation injury to the 
skin and Surrounding tissue. In preclinical studies, glutamine 
(GLN) has been shown to significantly reduce both acute and 
chronic radiation injury to the small bowel possibly through 
upregulation of glutathione (GSH) metabolism. Oral admin 
istration of AES-14 to provide GLN doubles normal intrac 
ellular breast GSH without increasing GSH in breast tumor 
tissue. We therefore hypothesized that GLN may safely pre 
vent radiation injury to normal breast tissue in BCT patients. 
0236. This theory was tested in two parts. First, biopsies 
from human breast tumors before and after 3 days of oral 
AES-14 indicated no significant change in intracellular tumor 
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GSH. A Phase III pilot study in which 17 patients were 
randomized to oral AES-14 (30gm GLN/day, approximately 
0.5gm GLN/kg/day) or placebo from one week prior until 
one week after radiation therapy (5,000 cGy) was performed. 
Patients were followed weekly for 7 weeks and every 3 
months for 2 years for acute and chronic radiation injury 
using the RTOG scales, skin biopsy at 0 and 7 weeks, GLN 
and GSH levels, US, mammogram density, lymphedema, 
quality of life and performance status. 
0237. The RTOG acute radiation morbidity scoring crite 
ria for skin ranges from 0 (no change) to 4 (necrosis). A score 
of 2 (moist desquamation) was considered failure of treat 
ment. Patients receiving oral AES-14 scored an average of 
0.9.0.2, SEM compared to 1.4+0.2 in the placebo group. All 
patients in the placebo group reached a score of 2 or greater 
during the first 7 weeks. Two of 8 placebo patients required 
radiation therapy delay. Another patient scored 3 of 4 but did 
not delay radiation. Only 4 of 9 patients in the AES-14 group 
scored a high of 2, none a 3 (p=0.03 AES-14 vs. placebo, 
Fisher Exact). At 12 months, 4 of 8 patients in the placebo 
group complained of pain for which 3 required narcotics, 6 of 
8 had significant edema and 4 of 8 marked increased density 
and firmness of the radiated breast. In the AES-14 group 2 of 
nine complained of mild pain not requiring narcotics, none 
had edema and one patient had minimal increased density of 
the breast (p=0.01, AES-14 vs. placebo, Fisher Exact). At 2 
year follow-up, 2 placebo had local recurrence and none in the 
GLN group. Cosmetic scores averaged excellent (9.2+0.6) in 
the AES-14 group versus fair to good (7.3+1.0) in the placebo 
group. 

0238. The results of this pilot study suggest that oral GLN 
supplementation is a safe and effective way to reduce both 
acute and chronic radiation morbidity to the breast and may 
improve cosmesis. 

Example 5 

Effect of Glutamine (AES-14) Supplementation on 
Serum IGF-1 Levels 

0239 Higher insulin-like growth factor-1 (IGF-1) levels 
are correlated with higher rates of cellular proliferation in the 
breast in vitro and in vivo (Ma, J. et al., JNCI 91:620, 1999; 
Hinkinson, S. E., et al., Lancet 351:1393, 1998). We hypoth 
esized that the inhibition of tumor growth seen with oral 
glutamine may be secondary to lowering of serum IFG-1 
levels. This is based on the knowledge that one mechanism of 
elimination of IGF-1 is through IGF-1 complexing with GSH. 
Increased levels of GSH to the liver would accelerate this 
elimination. 

0240 Methods: 
0241 One-hundred-ninety-two female Sprague-Dawley 
rats age 50 days were randomized to gavage with 1 gm/kg/day 
Gln in a 3% aqueous Solution, isonitrogenous freeamine (a 
mixture of essential and non-essential amino acids, FA), or 
water, pair-fed with a defined diet of TD96163 chow, and 
gavaged with 100 mg/kg DMBA in sesame oil vs. control oil 
gavage at time 0. The 100 mg/kg dose of DMBA and the same 
timing was used in the remaining experiments to promote 
100% tumorigenesis in the control groups. Rats from each 
group (n=48) were sacrificed at weeks 1, 2, 4, and 11. Arterial 
Gln, serum IGF-1 levels, and tumor growth were measured 
over time. Serum IGF-1 levels were measured using DSL 
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2900 Rat Radioimmunoassay Kit (Diagnostic Systems Labo 
ratories, Inc., Texas) following the manufacturer's instruc 
tions. 
0242. Results: 
0243 Oral Gln as AES-14 significantly raised arterial Glin 
and GSH levels (~10%, data not shown) while lowering 
IGF-1 serum levels (-10-30%) (FIGS. 16 and 17). The lower 
IGF-1 levels were sustained over time in the presence or 
absence of DMBA. Supplemental oral Glin again significantly 
reduced the carcinogenesis of DMBA (100 mg/kg) in this rat 
model by 50% vs. DMBA+FA and DMBA+HO, p<0.05. 
This compares with a 80 to 90% reduction using 80 mg/kg 
DMBA. The decrement in IGF-1 levels and decreased tumor 
growth in the Gln groups is similar to that seen with tamox 
ifen in this model (Jordan, V C. Reviews on Endoc. Rel. 
Cancer (October Suppl) 49-55, 1978). 

Example 6 

Glutamine Supplementation Inhibits Tumor Devel 
opment in 7,12-dimethylbenzalanthracene-Induced 
Breast Cancer Through Enhancement of Apoptosis 

0244 Introduction: 
0245. Despite the fact that GLN stimulates tumor cell 
growth in vitro, GLN Supplementation significantly reduces 
tumor growth in vivo and enhances tumor kill with both 
radiation and chemotherapy (Klimberg et al., JPEN, 16: 
1606-09 (1992), Farret al., JPEN, 18:471-76 (1994), Rouse 
et al., Ann. Surg., 221: 420-26 (1995) and). It has been pos 
tulated that the inhibitory effect of GLN on tumor growth 
occurs by stimulation of glutathione (GSH) production (Feng 
et al., Surg. Forum, XLVII: 524-526 (1996)). GSH is the most 
abundant natural antioxidant and plays a central role in the 
body's defense against infection, free radicals and carcino 
gens (Larsson et al., In: The Metabolic and Molecular Basis 
of Inherited Disease (Eds. Scriver CF, Beaudet A L, Sly WS 
& Vallee D), McGraw Hill, New York 8th edition p. 2205 
2216 (2001)). Recent studies however, have established that 
GSH levels are elevated in breast, colon, ovary and lung 
cancer tissues as compared with normal tissue. The elevated 
tumor GSH levels were associated with increased resistance 
to chemotherapy (Schnelldorferet al., Cancer, 89: 1440-1447 
(2000)). Therefore, selective depletion of tumor GSH could 
inhibit tumor growth and presents a new promising strategy in 
cancer prevention. 
0246. It is now generally accepted that inhibition of apo 
ptosis plays a role in the carcinogenic process. Functional 
studies have determined that the elevated expression of anti 
apoptotic Bcl-2 family members (Bcl-2, Bcl-X, Mcl-1, A1) 
or dimished expression of proapoptotic Bcl-2 family mem 
bers (Bad, Bax, Bid, Bik, Bak, Bcl-X) can inhibit the mito 
chondrial pathway (Kaufmann et al., BioEssays, 22:1007 
1017 (2000) and Reed, J. Cell Biol., 124: 1-6 (1994)). A 
positive correlation between the levels of GSH and Bcl-2 has 
been suggested (Voehringer, Free Radic. Biol. Med., 27: 945 
950 (1999) and Hall, Eur J of Clin. Investig., 29:238-245 
(1999)). It has been established for example, that Bcl-2 over 
expression in the mitochondrial outer membrane inhibited the 
formation of reactive oxygen species in cells exposed to a 
number of apoptotic triggers (Hockenbery et al. Cell, 75: 
241-251 (1993)). DMBA is a polycyclic aromatic hydrocar 
bon, metabolized in the organism through an oxidation to 
produce a diol-epoxide, which forms DNA adducts (Dipple et 
al., Chem.-Biol. Interactions, 20:17-26 (1978) and Wei, Med. 
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Hypth., 39:267 (1992)). A single dose of DMBA to pubertal 
rats induces mammary carcinomas of ductal origin in 100% 
of the animals approximately 11 weeks after the DMBA 
application (Huggins et al., Nature, 189: 204-207 (1961)). We 
have previously shown that the DMBA-induced breast cancer 
in rats was associated with a significant inhibition of GSH 
production, causing GSH depletion (Cao et al., J. Surg. Res., 
100:135-140 (2001) GLN supplementation however, signifi 
cantly diminished tumor growth and restored the decreased 
GSH levels in blood, breast tissue and gut mucosa (Klimberg 
et al., Am. J. Surg., 172:418-424 (1996)). Based on those 
results we hypothesized that GLN stimulates apoptosis in the 
cancer cells through their GSH depletion. Therefore, here the 
effect of GLN on the levels of GSH and enzyme activity of 
caspase-3 in tumor cells, as well as the gene expression of 
caspase-3, Bcl-2, Bax and p21 in tumors using relative RT 
PCR was studied. 

0247 Materials and Methods: 
0248 Experimental animals and treatment. Time-dated 
pubertal female Sprague-Dawley rats (Harlan Sprague-Daw 
ley, Indianapolis, Ind.) less than 50 days old and weighing 
approximately 150 g were used. All studies were approved by 
the Animal Care and Use Committee at the Central Arkansas 
Veterans Healthcare System. The rats were maintained in 
standard cages in the animal care facility and were subjected 
to a 12-hour dark/light cycle. During the study period, the rats 
were pair-fed a predefined diet of chow (TD 96163) and were 
given water ad libitum. At age of 50 days old, the rats were 
randomized into 2 experimental groups and received a single 
dose of 100 mg/kg DMBA in sesame oil as a vehicle. All the 
animals were gavaged once a day with either a GLN (1 g/kg/ 
day) suspension formulation (AES-14) (n=16) or water 
(n=16) for the duration of the entire experiment. The animals 
were examined weekly for tumor development and their body 
weights were recorded. The animals were sacrificed 11 weeks 
after the DMBA application, and tumor number, volume and 
weight were recorded. Tumor Volumes were calculated using 
a standard formula: width xlengthx0.52 (Ingber et al., Phys. 
Rev., 42:7057 (1990)), and expressed as cubic centimeters. 
Ten tumors from each experimental group were used in the 
present Example. Tissue samples were collected, immedi 
ately frozen in dry ice and kept at -80°C. until used. 
0249 GSH measurement. GSH and GSSG contents in the 
tumors were measured via a standard enzymatic recycling 
method, as described by Tietze (Ann. Biochem., 27:502-522 
(1969)) and modified by Anderson (In: Glutathione, Vol. 1, 
Dophin D (ed). New York: John Wiley & Sons, pg. 340-365). 
Briefly, 0.5g tissue were homogenized with 2.5 ml 5% 5-sul 
fosalicylic acid, the protein content was measured and the 
samples were centrifuged at 5000xg, 5° C. for 15 minutes. 
Tenul of the supernatant were added to 1 ml of reaction mix 
(0.2 mM reduced nicotineamide adenine dinucleotide phos 
phate, 0.6 mM 5,5-dithio-bis-2-nitrobenzoic acid and 1.33 
units GSH reductase) and the absorbance was measured at 
412 nm. To determine GSH disulfide (GSSG) content, 0.5 ml 
of the Supernatant was mixed with 10 ul 2-vinyl pyridine and 
60 ultriethanolamine in order to remove GSH via the method 
of Griffith (Anal. Biochem., 106:207-212), then measured 
according to the above procedures. The data were normalized 
by milligram of protein and expressed as nM/mg protein. 
0250 Caspase-3 Assay. The enzymatic activity of the 
caspase-3 in the tumorous tissues was measured by a 
Caspase-3 Colorimetric Assay (R&D System, Minneapolis, 
Minn.). Briefly, 100 lug tissue extract were mixed with 50 ul 
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reaction buffer and 5 ulcaspase-3 substrate DEVD, conju 
gated to chromophore p-nitroanaline (pNA), and incubated at 
37°C. for 1 hour. The intensity of the color reaction due to the 
release of p-nitroanilide was measured spectrophotometri 
cally at 405 nm. Blank reading was subtracted from each 
sample reading before calculation. Data are expressed as 
absorbance (OD) at 405 nm. 
0251 RNA extraction and detection of gene products by 
relative RT-PCR. Total RNA was isolated by RNeasy Mini 
Kit (Qiagen, Chatsworth, Calif.). RNA (1 lug) was reverse 
transcribed using Ready-To-Go You-Prime First-Strand 
Beads (Amersham Pharmacia Biotech Inc, Piscataway, N.J.) 
and oligo (dT) (Promega, Madison, Wis.). First-strand cDNA 
(3 ul) was used as a template for the subsequent PCR-ampli 
fication with the following primers: caspase-3, forward, 5' 
CGATGCAGCTAACCTCAGAGA (SEQID NO:1), reverse, 
5' CCTTCCGGTTAACACGAGTGA (SEQ ID NO:2); p21, 
forward: 5' GATCCTGGTGATGTCCGACCT (SEQ ID 
NO:3), reverse: 5' GGAACTTTGACTTCGCCACTGA 
(SEQ ID NO:4). Bax- and Bcl-2 were examined using Rat 
Bax Dual-PCR Kit and Rat Bcl-2 Dual-PCR Kit (Maxim 
Biotech, Inc, San Francisco, Calif.). The PCR was performed 
in a total of 25ul with Taq PCR Master mix purchased from 
Qiagen (Chatsworth, Calif.) and 0.20 pmol of each primer for 
the amplification of caspase-3 and p21 or as Suggested by the 
manufacturer for Bax and Bcl-2. Thirty-five cycles of reac 
tion at 94°C. (60 sec) and the appropriate annealing tempera 
ture (90 sec), followed by 10 min at 72°C. were carried out in 
Perkin-Elmer 2400 thermal cycler. The amount of each of the 
transcripts was quantified by concurrently amplifying the 18S 
ribosomal unit as an internal control (Ambion, Austin, Tex.). 
Amplified cDNA was subjected to electrophoresis in 1.5% 
agarose gels containing 100 ng/ml ethidium bromide. At the 
completion of electrophoresis, gels were viewed and photo 
graphed under UV light. The amount of each transcript was 
calculated relative to the levels of 18S rRNA amplified from 
the same sample in the same tube. 
0252) Densitometry. The area and density of the bands 
resulted from RT-PCR were measured using Scion Image 
Program for IBM (Scion Corporation). The ratio of the sig 
nals of each target gene and 18S rRNA was calculated indi 
vidually. The results were expressed as relative arbitrary units 
and were analyzed statistically. 
0253 Statistical Analysis. Comparisons between the 
groups were performed by a one-way analysis of ANOVA 
using statistical software StatView for Windows, version 4.5. 
All data was expressed as meant-Standard Error (SE). Results 
with P-0.05 were considered statistically significant. 
0254 Results: 
0255 Carcinogenicity of DMBA. There was no signifi 
cant difference in the mean body weight of the animals from 
both groups at the beginning of the study or at the sacrifice. 
All the rats gained weight during the study period of 11 
weeks. Fifty percent of the rats in the GLN-supplemented 
group did not have tumors at the end of the study. Most of the 
animals in this group had a single tumor, two rats had 3 tumors 
each. In the group that received water instead of GLN, 100% 
of the rats developed breast tumors and 6 of the animals had 
3 and 4 tumors each. The total number of tumors in the 
experimental group fed with GLN was 12, versus 26 in the 
group fed with water. The weight of the tumors in the GLN 
treated group varied between 0.6 and 6 g, with an average 
tumor weight of 3.8 g. versus 0.07 to 19.7g, with an average 
weight of 3.9 g in the water-treated group. 
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0256 Supplemental GLN decreases the levels of tumor 
GSH. The decrease in the levels of the reduced glutathione 
was 22% (mean values-ESE. 18.00+3.713 vs. 22.980+3.535), 
P<0.05 (P=0.4) (FIG. 18 panel A). More than a 40% decrease 
in the levels of oxidized glutathione in the tumors was estab 
lished as a result of GLN supplementation (mean values of 
GSSG concentration in ng/ug protein-SE, 1.188+0.171 in the 
GLN-treated group versus 0.703+0.131 in the tumors from 
the group received water, P-0.05) (FIG. 18 panel B). 
0257 Effect of GLN supplementation on caspase-3 
enzyme activity. The caspase-3 enzyme activity was found to 
be significantly increased in the tumorous tissue from animals 
treated with GLN (mean values-SE, 0.283+0.183 vs. 
0.140+0.035 in optical density units at 405 nm, P-0.05) (FIG. 
19). 
0258 GLN down-regulated Bcl-2 and up-regulated Bax, 
caspase-3 and p21. The results from the gene expression 
analysis obtained by means of relative RT-PCR and quantita 
tive densitometric analysis are presented on FIG. 20. GLN 
supplementation resulted in 34% inhibition of Bcl-2 in the 
tumors collected from animals that received GLN in compari 
son with the animals that were gavaged with water (mean 
values+SE, 1265+88 vs 1893+130, in arbitary units, P-0.05). 
At the same time GLN enriched diet resulted in 27% increase 
in the expression of Bax (mean values-SE, 1371+79 vs 
1150+41, in arbitrary units, P-0.05): 23% in the expression of 
caspase-3 (mean values-SE, 2579+213 vs 1989-141, in arbi 
trary units, P-0.05); and 24% in the expression of p21 (mean 
values-SE, 2851+177 vs 2167+161, in arbitrary units, P-0. 
05). 
0259 Discussion 
0260 The main focus of this Example was on the effect of 
GLN on tumor cell levels of GSH and activation of apoptosis. 
The results have established that GLN supplementation 
resulted in a 20% decrease of GSH and 41% decrease in 
GSSG. Most importantly, the decrease in tumor GSH corre 
lated with almost a 50% increase in the enzyme activity of 
caspase-3. The increased caspase-3 activity was associated 
with up-regulation of caspase-3 and Bax gene expression as 
shown by relative RT-PCR analysis. GLN down-regulated the 
main anti-apoptotic protein Bcl-2 by 34% in the cancer cells. 
In addition, up-regulation of p21, an inhibitor of cyclin-de 
pendent kinases, known to control cell proliferation, was 
demonstrated. 
0261 The importance of GSH depletion in promoting 
apoptosis has been demonstrated in several in vitro models 
(Bojes et al., Biochem J., 325:315-319 (1997), Ho, et al., Mol. 
Carcinog., 19:101-113 (1997), and Rothet al., Nutrition, 18: 
217-221 (2002)). Changes in the GSH levels have been found 
to affect apoptosis by regulating the expression of the Bcl-2 
family of proteins (Bojes et al., Biochem J., 325:315-319 
(1997) and Voehringer, Free Radic. Biol. Med., 27:945-950 
(1999). It has also been suggested that GSH depletion is 
necessary and Sufficient to induce cytochrome c release, 
which is the key event in the apoptotic mitochondrial signal 
ing pathway. The mitochondrial alterations associated with 
apoptosis involve opening of the channels and release of 
cytochrome c into the cytosol, which is thought to cause 
translocation of Some of the pro-apoptotic members of the 
Bcl-2 family from cytosol to the mitochondria and results in 
activation of apoptosis (Coppola et al., Biochem. Soc. Trans., 
28:56-61 (2000)). Obrador et al. (Free Radic. Biol. Med., 
3:642-650 (2001) reported that GLN-enriched diet activated 
the apoptotic cell death through a change in the glutathione 
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redox status within tumor mitochondria. GLN is not tradi 
tionally thought of as a rate-limiting Substrate for the synthe 
sis of GSH, although GLN enhances GSH synthesis in normal 
cells and not in tumor cells. In the present Example, decreased 
levels of GSH and GSSG in the tumor tissue samples col 
lected from rats fed with GLN (18 ng/mg protein after GLN 
vs. 23 ng/mg protein without GLN) were found. The effect of 
GLN on the levels of GSSG was more impressive more than 
40% decrease in the tumors. However, the strong reduction of 
GSSG which correlated with the increase caspase-3 activity 
in our experimental model is not consistent with the Sugges 
tion that increased levels of GSSG stimulate apoptosis (Celli 
et al., Am. J. Physiol., 275:G749-G757 (1998)). 
0262. A number of studies have shown that GLN supple 
mentation is beneficial in Surgery, wound healing, trauma, 
AIDS, and prevention of complications associated with che 
motherapy, radiation and bone marrow transplant (Labow et 
al., World Journal of Surgery, 24: 1503-1513. (2000) and 
Karinch et al., Journal of Nutrition, 131: 2535S-2577S 
(2001)). Several clinical trials have pointed out the impor 
tance of GLN in various clinical conditions (Piccirillo et al., 
Hematologica, 88:192-200 (2003)), but the molecular 
mechanisms that lie behind those beneficial effects of GLN 
are still not clear. In vitro studies established that GLN dep 
rivation caused rapid elevation in the expression of growth 
arrest- and DNA damage-inducible genes (GADD45 and 
GADD153) in several human breast cell lines (Abcouwer et 
al., J. Biol. Chem., 274:28645-28651 (1999)). We have found 
that in DMBA-induced breast cancer GLN supplementation 
resulted in down-regulation of phosphatidylinositol-3 kinase 
(PI-3K)/Akt signaling pathway in the tumor Surrounding nor 
mal tissue (Example 7). 
0263. In our experimental model of breast cancer, a single 
dose of DMBA to pubertal rats induces mammary carcinomas 
of ductal origin that mimics Some aspects of human breast 
cancer and is a Suitable model for studying the process of 
tumorigenesis. Oral GLN Supplementation significantly 
inhibited tumor development and reversed the depressed 
GSH levels. The present results indicate that GLN supple 
mentation significantly enhances the apoptosis of cancer cells 
possibly through GSH depletion. Increased gene expression 
of p21 Suggests also the involvement cell cycle regulatory 
proteins. This result is consistent with established relation 
between GSH and the control of cell cycle checkpoints (Gan 
sauge et la., Cell Growth Differ, 9: 611-617 (1998)). 
0264. Altogether, the results from this Example suggest 
that GLN Supplementation stimulates apoptosis in cancer 
cells in vivo possibly through reduction of GSH and modu 
lation of gene expression of pro-apoptotic and anti-apoptotic 
members of the Bcl-2 family of proteins, and cell-cycle regu 
latory protein p21. These results provide a basis for further 
studies to clarify the exact molecular mechanisms of action of 
GLN in cancer in order to obtaininformation about its clinical 
application. 
0265 Conclusions: 
0266 The present Example established that GLN supple 
mentation significantly reduces GSH levels in tumors. Since 
it is believed that there is a strong correlation between intra 
cellular GSH levels and Bcl-2 mediated apoptosis, the effects 
of GLN-induced modulation of GSH on the involvement of 
apoptotic pathways in DMBA-induced breast cancer of 
female Sprague-Dawley rats were examined. Eleven weeks 
after the DMBA application 50% of the animals that received 
GLN during the entire experiment were free of tumors. A 
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significant decrease in GSH levels and an increase in 
caspase-3 activity in the tumor cells from animals that 
received GLN. In addition, this Example established that 
GLN Supplementation resulted in up-regulation of caspase-3, 
bax and p21 gene expression and down-regulation of Bcl-2 
expression. Overall, these results suggest that GLN Supple 
mentation is a critical regulator of GSH synthesis in the 
organism under catabolic stress and inhibits DMBA-induced 
carcinogenesis in mammary glands through stimulation of 
apoptosis. 

Example 7 

Oral Glutamine Supplementation Inhibits PI-3K/Akt 
Signaling in Experimental Breast Cancer 

0267 Introduction 
0268 7,12-dimethylbenzalanthracene (DMBA) admin 
istration to pubertal rats causes breast tumors and inhibits 
glutathione (GSH) production. It is known that oral glutamine 
(GLN) supplementation significantly reduces tumor develop 
ment. The present Example was designed to investigate the 
involvement of the IGF-1-activated phosphatidylinositol-3 
kinase (PI-3K)/Akt apoptotic signaling pathway. 
0269. The hypothesis behind this Example was that the 
down-regulated IGF-1 would affect apoptotic cell signaling 
in the mammary gland tissue. The present Example estab 
lishes that dietary GLN supplementation significantly altered 
the protein expression of the members of PI-3K/Akt signaling 
cascade in the target tissue, promoting the process of apop 
tosis. 
0270. Materials and Methods 
0271 Experimental Animals and Treatment 
0272. A total of 40 time-dated pubertal female Sprague 
Dawley rats (Harlan Sprague-Dawley, Indianapolis, Ind.) less 
than 50 days old and weighing approximately 150 g were 
used. All studies were approved by the Animal Care and Use 
Committee at the Central Arkansas Veterans Healthcare Sys 
tem. The rats were maintained in standard cages in the animal 
care facility and were subjected to a 12-hour dark/light cycle. 
During the study period, the rats were pair-fed a predefined 
diet of chow (TD 961.63) and were given water ad libitum. At 
age of 50 days old, the rats were randomized into the follow 
ing 4 groups (n=16): DMBA+GLN, DMBA+water, Oil-- 
GLN and Oil--water and received a single dose of 100 mg/kg 
DMBA in sesame oil as a vehicle or sesame oil alone. All the 
animals were gavaged once a day with either a GLN (1 g/kg/ 
day) suspension formulation (AES-14) or water for the dura 
tion of the entire experiment. The animals were examined 
weekly for tumor development and their body weights were 
recorded. The animals were sacrificed 11 weeks after the 
DMBA application; tumor number, volume and weight were 
recorded. Tumors and breasts were collected and immedi 
ately frozen in dry ice. Tissue samples were stored at -80°C. 
until used. Samples from tumors were fixed in 10% buffered 
formalin, embedded in paraffin, stained with Hematoxylin 
and Eosin stain, and examined microscopically for morpho 
logical changes. 
0273 Protein Extracts 
0274 Protein extracts were prepared from mammary 
gland tissue (frozen at -80° C.) by homogenization in the 
following lyses buffer: 10 mM Tris HCl, pH 7.6/5 mM EDTA/ 
50mMNaC1/30 mMNaPO/50 mMNaF/200uMNaVO/ 
1% Triton-X 100 and 1 tablet/50 ml buffer of Protease Inhibi 
tor Cocktail Tablets (Roche Diagnostics GmbH, Mannheim, 
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Germany). Homogenates were incubated at 4°C. overnight 
on an orbital shaker and centrifuged at 14,000 rpm at 4°C. for 
30 min. The protein concentrations of the supernatants were 
measured using the Bio-Rad Protein Assay (Bio-Rad Labo 
ratories, Hercules, Calif.). 
(0275 SDS-PAGE and Immunoblotting 
0276 Forty micrograms of protein from each sample were 
fractionated on 10% polyacrylamide gels and transferred 
onto PVDF membrane using a Mini vertical Gel System 
(Thermo EC, Holbrook, N.Y.) (Sambrook et al., Molecular 
Cloning: A Laboratory Manual. 2" edition, Cold Spring Har 
bor. The Laboratory Press, 1987). Membranes were stained in 
0.2% Ponso S after the transfer in order to control the equal 
loading of proteins. Following blocking with 5% non-fat milk 
in TBS-T buffer (100 mM Tris, pH 7.5; 150 mM NaCl; 0.1% 
Tween 20) buffer for 1 hr at room temperature, the mem 
branes were incubated overnight at 4°C. (or 2 hr at room 
temperature) in primary antibody, diluted in 5% milk or 5% 
BSA and in HRP-labeled secondary antibody for 1 hour at RT. 
The equal protein loading was verified by re-probing the 
membranes with anti-B actin antibody. Proteins were visual 
ized using the ECL detection system (Amersham BioSci., 
Piscataway, N.J.). The following primary antibodies were 
used as recommended by the manufacturers: anti-IGF-1, anti 
Bcl-2 and anti-factin (Santa Cruz Biotech., Inc., Santa Cruz, 
Calif.), anti IGF-1R, anti-Akt, and anti-Bad (Cell Signaling 
Technology, Beverly, Mass.). The secondary antibodies 
(HRP labeled anti-rabbit, anti-mouse and anti-goat) were 
purchased from Santa Cruz Biotech, Inc. 
(0277 Densitometry 
0278. The area and density of the bands resulted from 
Western blotting were measured using Scion Image Program 
for IBM (Scion Corporation, Maryland, USA). The results, 
expressed in integrated density units/1000 were analyzed sta 
tistically. 
(0279 Statistical Analysis 
0280 Data was expressed as meant-SE. Comparisons 
between the groups were performed by one-way analysis of 
ANOVA using statistical software StatView for Windows, 
version 4.5. Results with P-0.05 were considered statistically 
significant. 
(0281 Results 
0282. There was no significant difference in the mean 
body weight among groups at the beginning of the study or at 
the sacrifice. All the rats gained weight during the study 
period of 11 weeks. Fifty percent of the rats in the GLN 
Supplemented group did not have tumors at the end of the 
study. Six of the animals in this group developed a single 
tumor and two had 3 tumors each. In the group that received 
water instead of glutamine, 100% of the rats developed breast 
tumors and 6 of the animals had 3 and 4 tumors each. The total 
number of tumors in the experimental group fed with GLN 
was 12, versus 26 in the group fed with water. The weight of 
the tumors in the GLN treated group varied between 0.6 and 
6g, with an average tumor weight of 3.8 g. versus 0.07 to 19.7 
g, with an average weight of 3.9 g in the water-treated group. 
The histological study of the tumors established that all of the 
tumors in both groups were malignant adenocarcinoma, as 
had been reported previously in the breast cancer model 
(Russo et al., Lab. Invest., 57: 112-137 (1987) and Fukunishi, 
Acta Path. Jap., 18: 51-72 (1968)). 
0283. The protein expression of IGF-1, its receptor IGF 
1R, Akt, Bad and Bcl-2 by Western blot analysis in homoge 
nates from non-tumorous and tumorous breast tissue extracts 
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was determined. To establish more precisely the effect of 
GLNsupplementation on the expression of the above proteins 
within the DMBA+GLN group, their levels in animals bear 
ing tumors (DMBA+GLN, tumors) and animals which did 
not developed tumors (DMBA+GLN, no tumors) were com 
pared. 
0284 IGF-1. The results showed that GLN supplementa 
tion significantly down-regulated the expression of insulin 
like growth factor-1 (IGF-1) in the DMBA-treated group in 
comparison with DMBA+water group (FIG. 21). More than 8 
times lower levels of IGF-1 were found in the DMBA+GLN 
with-tumors group in comparison with DMBA+water group 
(meant-SE, 238+82 vs. 1990+563 in integrated density units, 
P=0.008). No IGF-1 expression in the animals without 
tumors in the DMBA+GLN group was found. Reduction in 
the IGF-1 expression was also established in the control 
group, which received GLN, in comparison with the group 
that was fed with water (mean+SE, 1078+368 vs. 2836+1044 
in integrated density units), although Pfor the interaction was 
not statistically significant P=0.1). No IGF-1 expression was 
detected in the tumorous tissue. 

0285 IGF-1R. GLN supplementation resulted in 2-fold 
reduction of IGF-1 receptor (IGF-1R) protein expression in 
breast tissue in the DMBA+GLN group in comparison with 
the expression in the group that received DMBA+water. 
There was no difference in the protein levels of IGF-1R in the 
breast tissue extracts from tumor-bearing rats treated with 
DMBA+GLN and rats without tumors from the same group 
(meantSE, 141+12 vs. 142-32 in integrated density units) 
(FIG. 22). The differences in the expression in both groups 
treated with DMBA+GLN versus the DMBA+water group 
(meant-SE, 296+67) were statistically significant (P<0.05). 
GLN caused a statistically significant increase in the level of 
IGF-1R in the breast tissue of the control group versus the 
group gavaged with water (meant-SE, 674+150 vs. 368-34 in 
integrated density units, P=0.006). Tumorous tissues 
(meant-SE, 188+62) showed a statistically significant 
decrease in the levels of IGF-1R in comparison with the 
Oil--GLN and Oil--water groups (tumors vs. Oil--GLN, P=0. 
03: tumors vs. Oil-water, P=0.02). The differences in the 
IGF-1R levels in the tumorous and non-tumorous tissues 
from the DMBA+GLN and DMBA+water groups were not 
statistically significant. 
0286 Akt. The protein expression of Akt was also signifi 
cantly affected in the DMBA+GLN group (FIG. 23). GLN 
Supplementation caused an almost 8-fold reduction of Akt 
expression (Akt protein levels) in the DMBA+GLN-without 
tumors group, compared with the expression in DMBA+ 
water group (meaniSE, 1649+425 vs. 191+17, P-0.05) and 
more than 7-fold in DMBA+GLN-with tumors (meant-SE, 
258+46). An approximately 2-fold increase in the Akt levels 
in GLN-supplemented control group versus the water group 
(meant-SE, 2243+288 vs 1253-291 in integrated density 
units, P=0.03) was found. Tumorous tissue samples showed a 
statistically significant reduction in Akt levels as compared 
with the Akt expression in the other groups (meant-SE, 
229+46 in integrated density units, P-0.05). 
0287. Bcl-2. Bcl-2 protein expression was approximately 
20 times lower in the DMBA+GLN-without-tumors group 
than in the DMBA+water group (meant-SE. 63-7.3 vs 
1253+214 in integrated density units, P=0.03) (FIG. 24). 
Eight-fold reduction of Bcl-2 was found in the DMBA+GLN 
with-tumors group (meant-SE, 184.07+50) vs. DMBA+wa 
ter. In the control groups, Bcl-2 levels were higher in the 
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GLN-fed animals compared with the group that received 
water alone, but this was not statistically significant 
(meant-SE, 757+147 vs. 429-102 in integrated density units, 
P=0.09). Tumors showed lower Bcl-2 levels than breast tissue 
of the DMBA+water group and the control groups, but higher 
than breast tissue of animals in the DMBA+GLN group 
(meant-SE, 331+86.8 in integrated density units). 
0288 Bad. GLN supplementation resulted in up-regula 
tion of Bad protein expression in the DMBA+GLN-without 
tumors group versus the DMBA+water group (meant-SE, 
863+122 vs. 565+114, P=0.01) (FIG. 25). The levels of Bad 
in the DMBA+GLN-without-tumors animals were higher 
also in comparison with levels of DMBA+GLN-with-tumors 
animals (meaniSE, 376+116) (P<0.05). There were no sta 
tistically significant differences in Bad expression in the con 
trol groups (meaniSE, 266+57 for Oil--GLN, 308+55 for 
Oil--water). Tumorous tissue (meant-SE, 221+33 in inte 
grated density units) did not show significant alterations in 
Bad expression compared to the control groups. 
0289 Discussion 
0290. In an experimental model of breast cancer, known as 
Huggins model, a single dose of DMBA to pubertal rats 
induces mammary carcinomas of ductal origin in 100% of the 
animals approximately 11 weeks after the DMBA application 
(Russo et al., Lab. Invest., 57: 112-137 (1987)). DMBA (a 
polylycyclic aromatic hydrocarbon) is metabolized through 
an oxidation to produce a diol-epoxide, which binds to DNA, 
creating point mutations (Fukunishi, Acta Path. Jap., 18: 
51-72 (1968)). The results of Example 3 showed that oral 
GLN supplementation significantly reduced DMBA-induced 
tumor development and stimulated the depressed gut glu 
tathione (GSH) synthesis that results from tumor growth. 
GLN is also associated with up-regulation of the decreased 
NK cell activity and decreased levels of IGF-1 and TGF-beta 
in the circulation (Farret al., JPEN, 18(6): 471-476 (1994), 
Feng et al., Surg. Forum, XLVII: 524-526 (1996), and Cao et 
al., J Surg. Res., 100: 135-140 (2001)). Although the mecha 
nisms which underlie these effects of dietary GLN are not 
known, the involvement of apoptotic signaling system(s) 
might be suggested. The present results show that dietary 
GLN significantly down-regulated the protein expression of 
IGF-1, its receptor IGF-1R and the Akt apoptotic signaling 
pathway in the mammary gland tissue. The most impressive 
effect of GLN was the strong up-regulation of the pro-apop 
totic protein Bad in the animals that did not develop tumors as 
a result of DMBA treatment compared to tumor bearing ani 
mals from the same group. The elevated tissue levels of Bad 
indicate stimulation of apoptosis as a counter-effect to the 
DMBA-induced tumorigenesis, resulting in the inhibition of 
tumor development. 
0291. It has been postulated that the inhibitory effect of 
GLN on tumor growth occurs by stimulation of glutathione 
(GSH) production (Farret al., JPEN, 18(6): 471-476 (1994)). 
GSH is the most abundant antioxidant in the cell and plays a 
crucial role in the detoxification of carcinogenic Xenobiotics 
thereby preventing DNA adduct formation (Karinch et al., 
Journal of Nutrition, 131: 2535S-2577S (2001)). In cells, 
glutathione exists normally in its reduced (thiol) form (GSH) 
and in minor amounts (<10%) as glutathione disulfide 
(GSSG) (Abcouwer et al., J. of Biol. Chem., 274: 28645 
28651 (1999)). Its protective action is based on oxidation of 
the thiol group of its cysteine residue, resulting in the forma 
tion of GSSG; which in turn, is catalytically reduced back to 
GSH by glutathione reductase. GSH depletion is necessary 
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and Sufficient to induce cytochrome c release, which is the 
key event in the apoptotic mitochondrial signaling pathway. 
The mitochondrial alterations associated with apoptosis 
involve opening of the channels and release of cytochrome c 
into the cytosol, which seems to cause translocation of some 
of the pro-apoptotic members of the Bcl-2 family from cyto 
Sol to the mitochondria and results in activation of apoptosis 
(Larsson et al., 8 edin. New York: McGray Hill, 2001). 
0292. The present study established that GLN supplemen 
tation modulated the apoptotic-related proteins Bcl-2 and 
Bax. 

0293 Conclusions: 
0294 GLN supplementation resulted in significant 
decrease in the levels of IGF-1, IGF-1R, Akt and Bcl-2 in 
non-tumorous samples. At the same time, the levels of pro 
apoptotic protein Bad were significantly elevated. The 
samples collected from tumor tissues showed lower levels of 
IGF-1, Akt, Bcl-2, Bad and IGF-1R in comparison with non 
tumorous. GLN supplementation inhibited the PI-3K/Akt 
pathway that is thought to be important in increasing cell 
Survival during tumorigenesis. These results are in agreement 
with our hypothesis that GLN counteracts the effects of 
DMBA and blocks carcinogenesis in vivo. 

Example 8 

Effect of DMBA on Glutathione Transport 
0295 Introduction: Oral intake of 7,12-dimethylbenza 
anthracene (DMBA) causes mammary carcinomas in experi 
mental rats and is associated with a depressed gut glutathione 
(GSH) production and a marked decrease in the portal glu 
tathione levels. We therefore hypothesized that DMBA 
causes inhibition in the GSH transport across jejunal basolat 
eral membrane and thus reduces GSH exflux. In order to 
prove this hypothesis, GSH transport through the jejunal 
basolateral membrane vesicle was examined. 
0296 Methods: The transport of GSH in the jejunal baso 
lateral membrane vesicles (BLMV) was investigated in Spra 
gue-Dawley rats treated with a single dose of 100 mg/kg 
DMBA (n=15) or sesame oil (n=15) as controls. The animals 
were pair-fed pre-defined chow and were given water ad 
libitum. All rats were sacrificed one week after the DMBA 
administration. Jejunal basolateral membrane vesicles 
(BLMV) were prepared using Percoll Colloidal PVP coated 
silica differential centrifugation technique. All steps were 
carried out at 2-4°C. Jejunal mucosal Scraping was homog 
enized in isolation buffer containing 180 mM sucrose/2 mM 
Tris being adjusted to pH 7.40 by 2 mM Hepes using a 
Polytron homogenizer (Brinkman, Rexdale, ON), at setting 2 
to 6 then 6 to 2, over 55 seconds. The homogenate was 
centrifuges for 10 minutes at 1000 g. The supernatant was 
filtered through four layers gauze and recollected. The super 
natant containing basolateral membrane material then was 
centrifuged 15 minutes at 22,000 g. The loosely packed upper 
portion of pellet was washed out carefully, aspirated and 
suspended to 12 ml in isolation buffer. 1.4 ml Percoll was 
added and stirred lightly for 20 minutes. This suspension was 
centrifuged 35 minutes at 42,000 g. Two bands were formed. 
The top 2.4 ml of the gradient containing basolateral mem 
brane was recollected and diluted with washing buffer, which 
is composed of 60 mMKCL/60 mM sucrose/2 mM Tris being 
adjusted to pH 7.40 with 2 mM Hepes. Again, this suspension 
was centrifuged for 90 minutes at 60,000 g. The membrane 
fraction was carefully washed out from the top of Percoll 
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pellet with washing buffer. This final suspension was titrated 
to a protein concentration 12-15ug/ul with washing buffer for 
further investigation. Protein concentration was determined 
by the Bio-Rad protein assay (Bio-Rad Laboratories, Her 
cules, Calif.). 
(0297. The uptake of HIGlutathione was measured by a 
rapid mixing/filtration technique. 40 ul of radioactive uptake 
buffer was placed at the bottom of a 12x75 mm Borosilicate 
Glass Culture Tube (Fisher scientific). To initiate the binding 
reaction, 20 ul of membrane vesicles was added and vibrated 
rapidly for 8 seconds controlled by a timer (Gralab Instru 
ments, Centerville, Ohio). At the end of 8 seconds, 1 ml stop 
buffer containing 150 mM. NaCl/10 mM Hepes/10 mM Tris 
was added. All of Solution was aspirated out and discharged 
onto a filter in an uptake? vacuum apparatus. Another 9 ml cold 
stop buffer washed the filter membrane through. The filter 
membranes extracting the basolateral membrane vesicles was 
removed and placed in Scintillation vials. Three ml AquaSol 
(Packard BioScience, Meriden, Conn.) was added to the vials 
and the vials were kept at room temperature for 16 hours until 
the filter membrane was dissolved. All vials were counted 
with liquid scintillation system LS1801 (Beckman coulter, 
Fullerton, Calif.). 
0298 Results: The results showed that DMBA caused 
inhibition of GSH uptake in the jejunal basolateral membrane 
vesicles, which demonstrated that the Na" dependent amino 
acid transporter system, defined as System ASC/B (Bode, B 
P (2001).J. Nutrition 131: 2539S-2542S) was inhibited by 
DMBA administration. The rate of total GSH uptake by 
BLMV in the DMBA group (FIG. 26) was decreased by 42% 
in comparison with the control group. The portal blood GSH 
concentration (FIG. 27) was decreased by 34% and the gut 
mucosa GSH (FIG. 28) was increased two-fold. 
0299 Conclusions: Both GSH transport and portal GSH 
concentration in rats gavaged with DMBA were significantly 
decreased (p<0.05, unpaired t-test). One of the mechanism(s) 
by which DMBA decreases gut GSH release and induces 
carcinogenesis might be through the significant depression of 
GSH efflux due to an inhibition of the GSH transport system. 
Decreased gut GSH efflux and portal GSH levels enhances 
the development of DNA adduct in liver that result in carcino 
genesis. GLN has been shown to overcome the depression of 
GSH efflux probably through this transport mechanism. 

Example 9 

Effect of Glutamine (AES-14) on the Enzyme Activ 
ity in the Gamma-Glutamyl Cycle 

(0300 Oral glutamine (GLN) (AES-14) was found to 
diminish tumor development in the 7.12-Dimethybenzaan 
thracene (DMBA)-induced breast cancer model. This was 
associated with a significant increase of glutathione (GSH) 
levels in the normal host tissues and a decrease in GSH level 
in tumors. In the gamma-glutamyl cycle involving GSH syn 
thesis, there are two key enzymes: Y-glutamyl transpeptidase 
(GT), which transports amino acids to provide substrates for 
GSH synthesis and Y-glutamylcysteine synthetase (GCS), 
which is the rate-limiting enzyme in GSH synthesis. We 
hypothesized that oral GLN would differentially affect these 
enzymes in order to restore host GSH and deplete tumor 
GSH 

0301 Methods: Female Sprague-Dawley rats were ran 
domized into six groups: DMBA+GLN, DMBA+FA, 
DMBA+HO, Oil--GLN, Oil--FA, Oil--HO. At age of 50 
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days, rats received a single dose of 100 mg/kg DMBA or 
sesame oil and were randomly gavaged with GLN (AES-14) 
(1 gm/kg/day) or isonitrogenous amount of Freamine (FA) or 
water (H2O) by gavage starting 1 week before the dosing of 
DMBA until sacrifice. The jejunum mucosa and tumor tissues 
were collected and assayed for GT and GCS activity. GT 
activity was determined using the method of Wahlefeld and 
Bergmeyer (Wahlefeld A. W. Bergmeyer H U: Routine 
method. In Bergmeyer H U Bergmeyer J. Graf31M eds. 
Methods of enzymatic analysis, 3" edition, vol III, Verlag 
Chemie, Weinheim, Deerfield beach, Fla. 1983, p. 352). 
Briefly, 0.1 g tissue was homogenized in 5 volumes of 
homogenizing buffer (100 mM Tris/HCl, 150 mM sodium 
chloride, 0.1% v/v tritonX-100, PH-8) using PowderGen 125 
homogenizer. The homogenate was added to a mixture of 
enzyme Substrates (2.9 mM L-y-glutamyl-3-carboxy-4-ni 
troanilide; pH 7-7.5 and 100 mM Tris/glycylglycine, pH 
8.25). The increase in the absorption was monitored continu 
ously at 405 nm for 3 min. The protein concentration was 
determined by BioRad protein assay. 
0302) The GT activity was calculated using the following 
formula: 

GT Activity (Uf Ratex TV x 1000 ctivity (Ufmg protein) = exSW x LPx PC 

0303. Where: Rate-Change in absorbance per minute at 
405 nm (AABS/min) 

0304 TV=Total reaction mixture volume (ml) 
(0305 SV=Sample volume (ml) 
0306 LP-Lightpath (10 mm in this case) 
0307 PC=Protein concentration (mg protein/l) 
(0308 e=Millimolar absorptivity of cana at 405 (0.951 
AABS/mmol/1/mm in this case) 

0309 1000–Converts units millimole to units micro 
mole 

0310. One unit of GT activity was defined as that 
amount of enzyme that would catalyze the formation of 
one micromole of 3-carboxy-4-nitroaniline (cana) per 
minute under the conditions of the assay procedure. 

0311 GCS activity was measured using the methods of 
Sekura and Meister (Sekura, R., et al. (1977).J. Biol. Chem. 
252:2599) and Taussky and Shorr (Taussky, H. H., et al. 
(1953).J. Biol. Chem. 202:675) The tissue (0.1 g) was homog 
enized in a homogenizing Solution (150 mM potassium chlo 
ride, 5 mM 2-mercaptoethanol, and 1 mM magnesium chlo 
ride) at a ratio of 1:5 (w/v). Ten ul of the homogenate were 
added to 0.5 ml of a reaction mixture, containing 10 mM 
sodium L-glutamate, 10 mM L-O-aminobutyrate, 20 mM 
magnesium chloride, 5 mM sodium ATP, 2 mM sodium 
EDTA, 100 mM pH 8.2 Tris/HCl buffer, and 10 ug bovine 
serum albuminand incubated for 30 minat37°C. in a shaking 
water bath. The reaction was terminated by adding 0.5 ml of 
10% trichloroacetic acid. The mixture was centrifuged at 
1500 RPM, 4° C. for 10 min and 100 ul of the supernatant 
were added to 0.5 ml 12.6% trichloroacetic acid, and a 0.4 ml 
Fe-reagent (10% ammonium molybdate, 5% ferrous sulfate 
in 1 ON sulfuric acid) and the optical density was measured at 
720 nm. A standard curve was used to determine the concen 
tration of inorganic phosphate. The protein concentration of 
each sample was measured by BioRad protein assay. The 
enzyme Y-GCS activity was calculated as following formula: 
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ABSRXN - ABSBL 
GCS activity= Slobex PC ope 

0312. Where, 
0313 ABS, the absorbance of sample after reaction 
at 720 nm. 

0314 ABS, the absorbance of control at 720 nm 
0315 Slope=the slope of the standard curve 
0316 PC-the protein concentration of sample homoge 
nate 

0317. The enzyme GCS activity was expressed as 
microgram inorganic phosphate formed per milligram 
protein. 

0318 Results: Oral GLN significantly increased host tis 
Sue GT and GCS activity but inhibited tumor tissue GT and 
GCS activity (FIGS. 29 and 30). 
0319 Conclusions: Oral GLN stimulates GSH synthesis 
in the host through up-regulation of the enzyme activity of GT 
and GCS. At the same time, GLN causes a decrease in the 
tumor GSH synthesis through reducing the enzyme activity of 
these key enzymes. The reduction of tumor GSH makes can 
cer cells more Susceptible to radiation and chemotherapy 
while the increase in host GSH makes the patient less suscep 
tible to the normal tissue damage. This differential effect 
results in a widened therapeutic window and possible 
increased host Survival. 

Example 10 

Effect of Glutamine Supplementation on Natural 
Killer Cell Cytotoxicity Over Time 

0320 We hypothesized that glutamine may act to prevent 
DMBA-induced cancer by reversing the previously reported 
DMBA-induced depression of natural killer (NK) cell cyto 
toxicity. 
0321 Methods: 
0322 Rats were treated as in Example 5. 
0323 NK cell cytotoxicity was measured as follows: 
Aseptically removed spleens were minced using a sterile 
Scalpel, and lymphocytes were teased from the splenic cap 
sule with warm RPMI 1640 (Gibco BRL, Life Technologies 
Inc., Grand Island, N.Y.). The resulting cells were poured into 
50 ml conical tubes, which were filled with ammonium chlo 
ride (0.83%) (Sigma Chemical Co., St. Louis, Mo.) to lyse the 
red cells. The cell solution was then centrifuged for 10 min 
utes at 1000 rpm. The supernatant was decanted, and the cell 
pellet was vortexed with RPMI (no GLN) and centrifuged 
again. Next, the cells were resuspended in approximately 10 
ml of RPMI containing 10% fetal bovine serum (FBS) (Gibco 
BRL, Life Technologies Inc., Grand Island, N.Y.) supple 
mented with 1% GLN. This cell suspension was placed in 
Petridishes and incubated in 6% CO, at 37°C. for 30 minutes. 
After incubation to assure adherence of the monocytes, the 
nonadherentlymphocytes were counted (1:1 with crystal vio 
let stain). Approximately 7x10 total cells from each spleen 
were incubated for 3 days in RPMI containing 10% FBS and 
recombinant human IL-2 (500 U/ml). This cell suspension 
was used for determination of NK cell cytotoxicity by a 
four-hour 51-Chromium release assay with the NK cell-sen 
sitive mouse tumor cell line, YAC-1. The NK cytotoxicity is 
expressed in lytic units (LU). LU is defined as the number of 
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effector cells per 10° mediating 20% target cell lysis. The 
calculation of the NK activity is expressed as the following 
equation: 

Percent specific lysis(%) = 

Experimental release - Spontaneous release 
x 100 

Maximum release - Spontaneous release 

0324 Results: 
0325 NK cell activity was lower in the DMBA group only 
at week 1 and week 11 (FIG. 31). At week 2 there was a 
significant unexplained elevation of NK cell cytotoxicity in 
the DMBA group over that of non-DMBA controls. Oral Glin 
fully reversed the late but not the early depression of NK cell 
activity. However, oral Glin partially reversed the DMBA 
induced depression of NK cell activity at 1 week as well. 
0326. The invention is described with reference to various 
specific and preferred embodiments and techniques. How 
ever, it should be understood that many variations and modi 
fications may be made while remaining within its scope. 
0327 All referenced publications, patents and patent 
documents are hereby incorporated by reference, as though 
individually incorporated by reference. 

SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS: 4 

<210s, SEQ ID NO 1 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Rattus norvegicus 

<4 OOs, SEQUENCE: 1 

cgatgcagct aacct cagag a 

<210s, SEQ ID NO 2 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Rattus norvegicus 

<4 OOs, SEQUENCE: 2 

CCtt Coggitt alacacgagtg a 

<210s, SEQ ID NO 3 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Rattus norvegicus 

<4 OOs, SEQUENCE: 3 

gatcCtggtg atgtc.cgacc t 

<210s, SEQ ID NO 4 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Rattus norvegicus 

<4 OOs, SEQUENCE: 4 

ggaactittga citt cqc cact ga 
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1-37. (canceled) 
38. A method of enhancing the effectiveness of chemo 

therapy and/or radiation therapy, comprising: 
administering to a mammalian Subject treated for cancer 

with chemotherapy and/or radiation therapy a therapeu 
tically effective amount of a composition comprising 
glutamine or a pharmaceutically acceptable salt thereof 
and carbohydrate in an amount effective to increase the 
absorption of glutamine by the Subject. 

39. A method of increasing the therapeutic index of che 
motherapy and/or radiation therapy comprising: 

administering to a mammalian Subject treated for cancer 
with chemotherapy and/or radiation therapy a composi 
tion comprising (a) glutamine or a pharmaceutically 
acceptable salt thereof in an amount effective to increase 
glutathione concentration in at least one normal tissue 
and decrease glutathione concentration in tumor tissue, 
thereby reducing the susceptibility of the normal tissue 
and increasing the Susceptibility of the tumor tissue to 
killing by the chemotherapy and/or radiation therapy, 
and (b) carbohydrate in an amount effective to increase 
the absorption of glutamine by the Subject. 

40. The method of claim 39 wherein the tumor tissue is 
breast cancer tissue. 

41-43. (canceled) 
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44. The method of claim 38 or 39 wherein the amount of 
glutamine administered is at least 0.5 mg per day per kg body 
mass of the Subject. 

45. The method of claim 44 wherein the amount of 
glutamine administered is 0.2 g to 3.0 g per day per kg body 
mass of the Subject. 

46. The method of claim 38 or 39 wherein the amount, of 
glutamine administered to the Subject is less than 0.5g per kg 
per day. 

47. The method of claim 38 or 39 wherein the amount of 
glutamine administered to the Subject is less than 0.1 g per kg 
per day. 

48. The method of claim38 or 39 wherein the carbohydrate 
comprises one or more monosaccharides or disaccharides. 

49. The method of claim38 or 39 wherein the carbohydrate 
comprises a Sugar alcohol. 

50. The method of claim 38 or 39 wherein the weight ratio 
of total carbohydrate to glutamine in the composition is 0.5:1 
to 50:1 

51. The method of claim 38 or 39 wherein the weight ratio 
of total carbohydrate to glutamine is at least 4:1 in an aqueous 
Solution, either after preparation with an aqueous solvent or 
after delivery in an aqueous environment of the mammalian 
Subject. 
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52. The method of claim 38 or 39 wherein the composition 
comprises no more than 5 naturally occurring amino acids 
other than glutamine. 

53. The method of claim 52 wherein the composition com 
prises no naturally occurring amino acids other than 
glutamine. 

54. The method of claim 38 or 39 wherein the composition 
is administered orally. 

55. The method of claim 38 or 39 wherein the mammalian 
Subject is a human. 

56. The method of claim 38 or 39 wherein the composition 
is administered after or while administering radiation therapy 
to the subject. 

57. The method of claim 38 or 39 wherein the composition 
is administered before administering radiation therapy to the 
Subject. 

58. The method of claim 38 or 39 wherein the composition 
is administered after or while administering chemotherapy to 
the subject. 

59-60. (canceled) 


