
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
20 March 2008 (20.03.2008) PCT WO 2008/033575 A2

(51) International Patent Classification: (74) Agents: HANLEY, Elizabeth, A. et al.; Lahive & Cock-
GOlN 33/50 (2006.01) field, LLP, One Post Office Square, Boston, MA 02109-

2127 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every

PCT/US2007/020213 kind of national protection available): AE, AG, AL, AM,
AT,AU, AZ, BA, BB, BG, BH, BR, BW, BY,BZ, CA, CH,

(22) International Filing Date: CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
17 September 2007 (17.09.2007) ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,

IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
(25) Filing Language: English LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,

MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
(26) Publication Language: English PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,

TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(30) Priority Data: ZM, ZW

60/845,045 15 September 2006 (15.09.2006) US
(84) Designated States (unless otherwise indicated, for every

(71) Applicant (for all designated States except US):
kind of regional protection available): ARIPO (BW, GH,

METABOLON, INC. [US/US]; 800 Capitola Dr., GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

Suite 1, Durham, NC 27713 (US). ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL, PL,

(72) Inventors; and
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,

(75) Inventors/Applicants (for US only): RYALS, John
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[US/US]; 11405 Governors Drive, Chapel Hill, NC 27517
(US). STEVENS, Daniel [US/US]; 332 Sunset Creek Published:
Circle, Chapel Hill, NC 27516 (US). MILBURN, Michael — without international search report and to be republished
[US/US]; 508 Hollowridge Center, Cary, NC 27519 (US). upon receipt of that report

(54) Title: METHODS OF IDENTIFYING BIOCHEMICAL PATHWAYS

(57) Abstract: Methods for metabolomically determining the biological affects of compounds are described.



METHODS OF IDENTIFYTNG BIOCHEMICAL PATHWAYS

Related Applications:

This application claims priority to U.S. Provisional Application No. 60/845,045,

filed on September 15, 2006, the entire contents of which are hereby incorporated herein

by reference.

Background:

Living organisms are autonomous chemical systems which include diverse sets

of small molecules. Small molecules found in living systems include, for example,

sugars, fatty acids, amino acids, nucleotides, and intermediates of metabolic and

signaling pathways. Sugars are a primary source of chemical energy for cells. The cells

break the sugars down through a series of oxidative reactions to small sugar derivatives

and, ultimately, CO2 and H2O . Fatty acids are used for both energy storage and as major

components of cellular membranes. Amino acids are the building blocks of proteins.

Nucleotides are involved in intracellular signaling, energy transfer, and as the monomers

of the information macromolecules, RNA and DNA.

The cellular small molecules are, generally, composed of six elements (C, H, N,

O, P, S). If water is excluded, carbon compounds comprise a large majority of the

cellular small molecules. The cellular small molecules repeatedly use certain distinctive

chemical groups, such as methyl (CH ), carboxyl (COOH) and amino (NH2) groups.

In recent years, scientists have attempted to study cells and living systems

through the cataloging of the entire genome of organisms through genomics, and the

entire proteinome through proteomics. Metabolomics is the study of the small

molecules present in a particular organism or a portion there of. Metabolomics has the

potential to complement proteomics and genomics, as well as make an independent

contribution to the global understanding of systems biology, from individual cells to

entire populations of organisms.

Summary:

Pharmaceutical companies spend millions, if not billions, of dollars developing

what they hope to be, for example, the next blockbuster drug or a new cure for a

previously incurable disease or disorder. The process for developing drugs from initial

screening, to optimizing the structure activity profile, to lead optimization and

validation, and to clinical trials is expensive and time consuming. Unanticipated affects

of pharmaceutical compounds can have serious consequences, such as death for patients

and serious public relations issues and loss of revenue for the pharmaceutical companies.



There is an unmet need for a comprehensive method of evaluating compounds

for both expected (e g , on-target) and unexpected (e g , off-target affects) The current

products on the market are limited to screening only particular pathways and lack

comprehensive screening capablities which detect a plethora of expected and unexpected

affects of the candidate compounds Therefore, there is a great demand for a better way

to detect potential negative or detrimental affects well before the drugs enter the

marketplace The methods of this invention meet this need using a unique combination

of metabolomics and computer technology

Effective and reliable selection of lead candidates early in drug discovery is

currently dependent upon established m vitro models predictive of human on-target and

off-target effects Application of metabolomics to, for example, lysates of drug exposed

cultured cells as well as samples from subjects treated with the drugs provides a novel

and comprehensive analysis of changes in their biochemical profile. This approach

offers a global, unbiased and non-targeted assessment of compound activities across a

wide array of biological pathways Reporting statistically altered metabolites and the

biological pathways they affect (regulated up or down) provides a clear view of the drug

effects Interpretation of these results reveal the biological impact of these changes and,

through comparison, those compounds demonstrating the most appropriate and targeted

activities can be selected for continued development

The invention pertains, at least in part, to methods of using metabolomics to

expedite drug discovery and development The invention, at least in part, provides a

means to select and advance the most selective lead compounds from a series of

chemical candidates based on metabolomic profiles The metabolomic profiles contain

data regarding both expected or intended (e g , on-target) and unexpected or unintended

(e g , off-target) affects of the compound The metabolomic profile of a compound not

only helps a pharmaceutical company to select the best lead compound for their

purposes, but the profile may also facilitate positioning and/or repositioning by

identifying affects which may identify new indications for compound The methods of

the invention can also help companies determine what constitutes an effective amount

(or dose) of a drug and appropriate therapeutic windows for its use

In one embodiment, the invention pertains, at least in part, to a method for

identifying biochemical pathways affected by an agent The method includes obtaining

a small molecule profile of an assay treated with the agent, and comparing the small

molecule profile to a standard small molecule profile, identifying components of the

small molecule profile affected by the agent, and identifying biochemical pathways

associated with said components, thus identifying biochemical pathways affected by the

agent



In another embodiment, the invention also pertains to a method for identifying

biochemical pathways affected by an agent The method includes administering an

agent to a subject, obtaining a post-administration sample from the subject, detecting a

small molecule profile of the post-administration sample, identifying components of said

post-administration small molecule profile affected by the agent, and identifying

biochemical pathways associated with the components

In another embodiment, the invention also pertains to a method for positioning

an agent The methods include obtaining a small molecule profile of a sample from an

assay treated with the agent, comparing the small molecule profile to a standard small

molecule profile; identifying components of the small molecule profile affected by the

agent, identifying biochemical pathways associated with said components, using the

identified biochemical pathways to identify a therapeutic use for the compound, thus

positioning the agent

In one embodiment, the invention also pertains, at least in part, to methods for

determining an advantageous alternate form of an agent The method includes obtaining

a first small molecule profile of a sample from a subject treated with a first alternate of

the agent, obtaining a second small molecule profile of a sample from a second subject

treated with a second alternate form of the agent, comparing the first small molecule

profile to the second small molecule profile, identifying components of the small

molecule profiles affected by the alternate form of the agent; identifying biochemical

pathways associated with the components, and using the identified biochemical

pathways to identify an advantageous alternate form, thus determining an advantageous

alternate form of the agent

In another embodiment, the invention also pertains to a system for the

development of lead compounds The system includes a collection of data that describes

multiple biochemical pathways Each biochemical pathway description identifies

multiple compounds associated with the biochemical pathway The system also includes

a data acquisition apparatus that processes an assay following the addition of an agent to

the assay in order to determine the effect of the agent on the assay The processing of

the assay generates result data indicating a condition of at least one compound in the

assay relative to a control The system additionally includes an analysis facility that

executes on a computing device The analysis facility is used with the collection of data

describing the biochemical pathways to identify at least one biochemical pathway

affected by the indicated condition of the at least one compound In one aspect, the

analysis facility provides a score that allows ranking of agents/compounds In certain

embodiments, no biochemical pathways may be affected by the addition of the agent

For example, when the target is not present in the assay (e g , a cell line), it is possible

that an agent may not affect any of the biochemical pathways in the assay and no



biochemical pathways will be identified

In one embodiment, the invention also pertains to a method of identifying lead

compounds The method includes providing, in a computing device, a collection of data

describing multiple biochemical pathways Each biochemical pathway description

identifies multiple compounds associated with the biochemical pathway The method

also adds an agent to an assay and processes the assay to acquire result data that

indicates the effect of the addition of the agent on the assay The result data indicates a

condition of at least one compound in the assay relative to a control The method also

identifies, using the collection of data describing the biochemical pathways, at least one

biochemical pathway affected by the indicated condition of the at least one compound

In one aspect, a score is provided that allows ranking of agents/compounds

In another embodiment, a method of identifying lead compounds includes the

step of providing, in a computing device, a collection of data describing multiple

biochemical pathways Each biochemical pathway description identifies multiple

compounds associated with the biochemical pathway The method also adds an agent to

an assay and processes the assay to acquire result data indicating the effect of the

addition of the agent on the assay The result data indicates a condition of at least one

compound in the assay relative to a control The method also identifies

programmatically without user assistance, using the collection of data describing the

biochemical pathways, at least one biochemical pathway affected by the indicated

condition of the at least one compound In one aspect, a score is provided that allows

ranking of agents/compounds

Brief Description of the Drawings:

The invention is pointed out with particularity in the appended claims The

advantages of the invention described above, as well as further advantages of the

invention, may be better understood by reference to the following description taken in

conjunction with the accompanying drawings, in which

Figure 1 depicts an environment suitable for practicing an embodiment of the

present invention,

Figure 2 depicts an alternative distributed environment suitable for practicing an

embodiment of the present invention,

Figure 3 is a flowchart of a sequence of steps that may be followed by an

illustrative embodiment of the present invention to identify biochemical pathways

affected by the addition of an agent to an assay,

Figure 4 is an exemplary concise report that may be produced by an embodiment

of the present invention to display metabolite data for biochemical pathways identified

as affected by the addition of an agent to an assay,



Figure 5 shows three bar graphs which show the concentrations of significant

compounds common to three of the drugs tested,

Figure 6 shows a biological pathway illustrating the effect of compounds on

glycerol-3-phosphate biochemistry,

Figure 7 is a graph which shows comparative levels of aspartate for six drugs,

Figure 8 is a graph which shows comparative levels of threonine for six drugs,

Figure 9 is a graph which shows comparative levels of pantothenic acid for six

drugs,

Figure 10 is a graph which shows comparative levels of N-acetyl-galactosamine

for six drugs,

Figure 11 shows four Z-plots which show the effect of three test compounds on

hepatocytes and adipocytes, and

Figures 12A-12I contain other exemplary concise reports which may be

produced by the methods of the invention to display metabolite data for biochemical

pathways identified as affected by the addition of an agent to an assay

Detailed Description:

The invention provides, at least in part, detailed information about an agent's

effects on biochemical processes using advanced metabolomic analyses Comparative

evaluations between agents provide insight into each agent's quantitative and qualitative

specificity Results from concurrent analysis of agents with known side effects and/or

marketed drugs can provide insight into predicting the safety and clinical performance of

the agents

The invention also provides a non-targeted analysis which offers a unique

opportunity to corroborate each agent's putative target activity Based on these data, a

clear selection of the most selective lead compounds for advancement into further stages

of development can be accomplished

In one embodiment, the invention pertains, at least in part, to a method for

identifying biochemical pathways affected by an agent The method includes obtaining

a small molecule profile of a sample from an assay treated with the agent, and

comparing the small molecule profile to a standard small molecule profile, identifying

components of the small molecule profile affected by the agent, and identifying

biochemical pathways associated with said components, thus identifying biochemical

pathways affected by the agent

The term "agent" includes small molecules, candidate drug compounds (e g ,

therapeutic agents, potential anti-infective, antibiotic, antimicrobial, anti-inflammatory,

cytostatic, cytotoxic, antiviral, anesthetic agents, prophylactic compounds, etc ), and

macromolecules (e g antibodies, proteins, peptidomimetic, small peptides, nucleic



acids, polysaccharides, etc ) The term "agent" includes any compound or, in certain

embodiments, combinations of compounds which may be administered to an assay of

the invention to yield a small molecule profile Preferably, the agent is administered to

the assay of the invention in an amount such that it is possible to identify biochemical

pathways affected by the agent The term "agent" may also include toxins and other

substances which may cause an adverse effect The term also includes prodrugs and salt

forms In addition, it may be advantageous to administer the agent in combination with

a pharmaceutically acceptable carrier, especially when administed to a living subject

The term "agent" also includes candidate therapeutic compounds and lead

therapeutic compounds Candidate therapeutic compounds (or "candidate compounds"

include, for example, compounds which are being tested using the methods of the

invention The methods of the invention may be used to identify, for example, both

expected (e g , intended, on-target) and unexpected (e g , unexpected, e g , off-target)

effects of the candidate compounds Expected effects include effects which are related

to or otherwise associated with the therapeutic indication for which the compound was

intended For example, expected effects of a candidate anti-cancer therapeutic may

include, for example, that compound's cytotoxicity towards tumor cells Unexpected

effects may include, for example, systems and pathways which the particular candidate

compound was not designed to treat and may be negative (e g , detrimental) or positive

(e g , therapeutic) For example, negative unexpected effects of a candidate anti-cancer

compound may be, for example, liver damage In certain embodiments, positive

unexpected effects of candidate compounds may indicate other uses for a particular

compound For example, a particular compound which was designed for treating heart

disease may have effects that improve bone density This candidate compound may then

be repositioned to treat osteoporosis in addition to, or, alternatively, to replace heart

disease

The term "lead compounds" include compounds, e g , therapeutic compounds,

selected for their potential to treat, cure, prevent, or otherwise contπbute beneficially to

a particular disease, disorder, or otherwise aid a particular subject The lead compounds

maybe selected from the candidate compounds for many reasons, including, but not

limited to, efficacy (in vivo and/or in vitro), few or less serious negative unexpected

(e g , detrimental off-target) effects, etc

The term "assay" includes both in vitro and in vivo assays Examples of in vitro

assays include cellular assays using cell lines known in the art The cell lines may be

cell lines which have been genetically altered or otherwise selected to mirror particular

disease states or express particular traits Examples of cell lines that can be used in the

methods of the invention include those known in the art For cell based assays, the agent

may be administered to the cells in an amount ranging from about 0 1 fold to about 100



fold, about 0 1 fold to about 50 fold, about 1 fold to about 40 fold, or about 5 fold to

about 20 fold, or about 10 fold the IC50 or EC50 of the agent The agent may be

administered to the cells once, twice, three times, four times, five times or more

Examples of cells which can be used include human hepatocytes (e.g., primary or

preserved), human preadipocytes (e.g., primary or otherwise), HepG2 cells, human

skeletal myocytes, etc. Furthermore, the cells or progenitor cells may also be removed

from particular subjects Other examples of cell lines which may be used in the methods

of the invention include, but are not limited to, monkey kidney CVl line transformed by

SV40 (COS-7, ATCC CRL 1651), human embryonic kidney line (293 or 293 cells

subcloned for growth in suspension culture, Graham el a/., J Gen Virol , 36 59 [1977]),

baby hamster kidney cells (BHK, ATCC CCL 10), Chinese hamster ovary cells/-DHFR

(CHO, Urlaub and Chasin, Proc Natl Acad Sci USA, 77 4216 [1980]), mouse Sertoli

cells (TM4, Mather, Biol Reprod , 23 243-251 [1980]), monkey kidney cells (CVl

ATCC CCL 70), African green monkey kidney cells (VERO-76, ATCC CRL- 1587),

human cervical carcinoma cells (HeLa, ATCC CCL 2), canine kidney cells (MDCK,

ATCC CCL 34), buffalo rat liver cells (BRL 3A, ATCC CRL 1442), human lung cells

(W 138, ATCC CCL 75), human liver cells (Hep G2, HB 8065), mouse mammary tumor

(MMT 060562, ATCC CCL5 1), TRJ cells (Mather et al , Annals N Y Acad Sci ,

383 44-68 [ 1982]), MRC 5 cells, FS4 cells, human hepatoma line (Hep G2), and plant

cell cultures (e g , cell lines derived from monocot (e g , maize, rice, etc ) or dicot (e g ,

tobacco, sunflower, etc ) plant species)

In another embodiment, the term "assay" includes administering the compound

or combination of compounds to a subject such as a plant, animal, yeast, or bacteria

The term "subject" includes both non-genetically modified and genetically modified

organisms In one embodiment, the subject is a rodent (e.g., mouse, rat, guinea pig,

etc.) In another embodiment, the "subject" is a rabbit, goat, cow, pig, sheep, monkey,

gorilla, horse, cat, dog, or, preferably, a human

In certain embodiments, the assay includes administering the agent to a human

during clinical trials of the agent The samples may be obtained from the subject during,

for example, an appropriate phase of clinical trials For example, the samples may be

obtained from the subject during Phase 1 studies (e g., studies relating to the safety of

the agent), Phase 2 studies (e.g., studies related to the safety and efficacy of the agent),

Phase 3 studies (e g., studies related to the efficacy and safety of the agent), or in Phase

4 studies (e.g., in life surveillance)

The human subject may be healthy, suffering from an unrelated disease or

disorder unrelated to the potential therapeutic benefit of the agent, or suffering from a

disease or disorder that is within the intended therapeutic scope of the agent The human

may be male or female, pregnant or non-pregnant, a newborn (under 3 months in age),



an infant (under 1 year in age), a young child (from about 1 to about 10), an adolescent

(about age 10 to about age 19), a young adult (about age 20 to about age 40), middle

aged (about age 40 to about age 60), an older adult (about above age 60), or elderly

(above about age 80).

The term "biochemical pathway" includes those pathways described in Roche

Applied Sciences' "Metabolic Pathway Chart" or other pathways known to be involved

in metabolism of organisms. Examples of biochemical pathways include, but are not

limited to, carbohydrate metabolism (including, but not limited to, glycolysis,

biosynthesis, gluconeogenesis, Kreb's Cycle, Citric Acid Cycle, TCA Cycle, pentose

phosphate pathway, glycogen biosynthesis, galactose pathway, Calvin Cycle,

aminosugars metabolism, butanoate metabolism, pyruvate metabolism, fructose

metabolism, mannose metabolism, inositol phosphate metabolism, propanoate

metabolism, starch and sucrose metabolism, etc.), energy metabolism (e.g., oxidative

phosphorylation, reductive carboxylate cycle, etc.), lipid metabolism (including, but not

limited to, triacylglycerol metabolism, activation of fatty acids, β -oxidation of

polyunsaturated fatty acids, β-oxidation of other fatty acids, α-oxidation pathway, de

novo biosynthesis of fatty acids, cholesterol biosynthesis, bile acid biosynthesis, fatty

acid metabolism, glycerolipid metabolism, glycerophospholipid metabolism,

sphingolipid metabolism, etc.) amino acid metabolism (including, but not limited to,

glutamate reactions, Kreb-Henseleit urea cycle, shikimate pathway, phenylalanine and

tyrosine biosynthesis, tryptophan biosynthesis, metabolism and/or degradation of

particular amino acids (e.g., alanine, aspartate, arginine, proline, glutamate, glycine,

serine, threonine, histadine, cysteine, methionine, phenylalanine, tryptophan, tyrosine,

valine, leucine, or isoleucine metabolism and/or degradation, etc.), biosynthesis of

amino acids (e.g., lysine and tryptophan biosynthesis, etc.), folate biosynthesis, one

carbon pool by folate, pantothenate and CoA biosynthesis, riboflavin metabolism,

thiamine metabolism, vitamin B6 metabolism, β-alanine methabolism, D-glutamine and

D-glutamate metabolism, glutathionine metabolism, cyanoamino acid metabolism, N-

glycan biosynthesis, benzoate degradation, alkaloid biosynthesis, selenoamino acid

metabolism, purine metabolism, pyrimidine metabolism, phosphatidylinositol signaling

system, neuroacive ligand-receptor interaction, energy metabolism (including, but not

limited to, oxidative phosphorylation, ATP synthesis, photosynthesis, methane

metabolism, etc.), phosphogluconate pathway, oxidation-reduction, electron transport,

oxidative phosphorylation, respiratory metabolism (respiration), HMG-CoA reductase

pathway, porphyrin synthesis pathway (heme synthesis), nitrogen metabolism (urea

cycle), nucleotide biosynthesis, DNA replication, transcription, and translation. It also

includes portions of these pathways and individual chemical reactions.



The term "sample" includes preparations from which it is possible to obtain a

small molecule profile representative of the assay The term "sample" includes, for

example, cellular extracts from in vitro assays For in vivo assays, the sample may

include or be derived from a subject's blood, serum, intracellular fluid, cerebrospinal

fluid, saliva, urine, tissue (e.g., muscle tissue, fatty tissue, etc.), skin, hair, aminionic

fluid, etc. The sample may be comprised of any material from the assay from which a

small molecule profile can be determined For in vivo assays, the sample may be from

one particular organism or numerous organisms, e.g., numerous healthy organisms or

numerous organisms having a particular disorder.

The term "small molecules" includes organic and inorganic molecules which are

present in the sample The term does not include large macromolecules, such as large

proteins (e.g., proteins with molecular weights over 1,000, 2,000, 3,000, 4,000, 5,000,

6,000, 7,000, 8,000, 9,000, or 10,000), large nucleic acids (e.g., nucleic acids with

molecular weights of over 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000,

or 10,000), or large polysaccharides (e.g., polysaccharides with a molecular weights of

over 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000, or 10,000) The term

"small molecules" includes signaling molecules and intermediates in the chemical

reactions that transform energy derived from food into usable forms Examples of small

molecules include sugars, fatty acids, amino acids, amino acid derivatives, nucleotides,

derivatives of nucleotides, steroids, vitamins, cofactors, intermediates formed during

biochemical processes, and other small molecules found within the sample The term

also includes non-native substances such as metabolites of the agent administered to the

subject or the agent itself

Other examples of small molecules which may be found in plasma of a subject

include, but are not limited to, 5-oxoproline, 5'-methylthioadenosine, Nl-

methylnicotinamide, 1-methylhistidine, 1,25- dihydroxycholecalciferol, 1,25-

dihydroxyvitamin D, 11-deoxyCortisol, 4-guanidinobutanoate, 17-hydroxyprogesterone,

2-oxoglutarate, 2,5,7,8-tetramethyl-2-( β-carboxyethyl) -6-hydroxychroman (α-CEHC),

2,7,8-trimethyl-2-( β-carboxyethyl)-6-hydroxychroman (γ-CEHC) 2'-deoxyuridine,

24,25-dihydroxycholecalciferol, 24,25-dihydroxyvitamin D, 24S-hydroxycholesterol,

25-hydroxycholecalciferol, 25-hydroxyvitamin D2, 25-hydroxyvitamin D3, 25,26-

dihydroxyvitamin D, 3-hydroxybutyrate, 3-M-tyramine, 3-M-tyramine (sulfate

conjugated), 3-M-tyrosine, 3-M-tyrosine (sulfate conjugated), 3-methylhistidine, 3'-

monoiodothyronine (3'Tl), 3α-hydroxy-5 α-pregnan-20-one (3α,5α-tetrahydro-P)

(allopregnanolone), 3β-hydroxy-5 α-pregnan-20-one (alloepipregnanolone), 3β-hydroxy-

5β-pregnan-20-one (epipregnanolone), 5-hydroxyindoleacetic acid (5HIAA), 5α-

pregnane-3,20-dione (5α-dihydro-P), 5β-pregnane-3,20-dione, acetate, 4-acetominophen

sulfate, acetoacetate, O-acetylcarnitine, N-acetyl-D-glucosamine 6-phosphate, N-



acetylneuraminate, N-acetyl-L-aspartate, 1-acylglycerol, adenine, adenosine, adenosine

phosphates (e g , AMP, ADP, ATP etc ), S-adenosyl-L-methionine, adrenaline, alanine,

aldosterone, α-aminobutyric acid, 2-aminoacridone, L-aspartate, α-glucose, α-

ketoglutarate (2-ketoglutarate), L-aminoadipate, ammonia, androstenedione, arabitol,

arginine, L-arginine, N-(L-arginino) succinate, asparagine, aspartate, L-aspartate, L-

aspartyl-L-phenylalanine, asymmetric dimethylarginine (ADMA), β-galactose, β-

glucose, bestatin, bilirubin, cadaveπne, carnitine, carotene, choline, citrate, citrulline, L-

citrulline, Cortisol, creatine, creatinine, cyanide, cysteine, cystine, cytidine

5'monophosphate, cytidine, D-arabinitol, dehydroepiandrosterone (DHEA),

dehydroepiandrosterone sulfate (DHEA-S), deoxyguanosine, deoxyuridine,

diaminopimelate, diethanolamine, dihydrouracil, dihydroxyphenylacetic acid,

dihydroxyphenylglycol, dihydroxyphenylglycol (sulfate conjugated), 2,2-

dimethylsuccinate, dimethylamine, dopamine, dopamine (sulfate conjugated),

epinephrine, epinephrine (sulfate conjugated), estradiol, estrone, ethanolamine

phosphate, ethylmalonic acid, folic acid, folate, formate, free fatty acids, fructosamine,

D-fructose-1 -phosphate, D-fructose-6-phosphate, β-D-fructose-6-phosphate, fucose,

fumarate, galactitol, GDP-mannose, glucose, α-D-glucose, D-glucono-l ,5-lactone,

glutamate, L-glutamate, glutamine, L-glutamine, γ-L-glutamyl-L-cysteine, γ-L-

glutamyl-L-glutamine, glutathionine, oxidized glutathionine, glycerol, glycyl sarcosine,

glycerol D-phosphate, glycero-3-phosphocholine, glycerate, D-glycerate,

glyceraldehyde, D-glyceraldehyde, glycerate, D-glycerate, glycine, guanosine,

guanosine-5-diphospho-D-mannose, hexadecanoic acid, (9Z)-hexadecanoic acid, HDL

(high density lipoprotein) cholesterol, DL-hexanoyl carnitine, histamine, histidine, L-

histidine, L-histidinol, histidyl-proline diketopiperazine [cyclo(His-Pro)], homocysteine,

homocysteine-thiolactone, homoserine, homovanillic acid (HVA), hydroxyproline, (p-

hydroxyphenyl) lacatate, DL-α-hydroxystearate, hydroxanthine, trans-b-hydromuconate,

hypoxanthine, 3-(4-hydroxyphenyl) pyruvate, 3-hydroxybenzoate, L-β-imidazolelactate,

inosine, inositol 1-phosphate, isobutyrate, isoleucine, L-isoleucine, 2-isopropylmalate,

L-3,4-dihydroxyphenylalanine (DOPA), 2-isopropylmalate, L-3,4-

dihydroxyphenylalanine (sulfate conjugated)(DOPA-S), 3-(4-hydroxyphenyl)pyruvate,

p-hydroxybenzaldehyde, lH-imidazole-4-ethanamine, kynurenine, L-kynurenine,

kynurenic acid, lactate, LDL (low density lipoprotein) cholesterol, lactose, leucine, L-

leucine, lysine, maltose, mannose, D-mannose, D-mannose 6-phosphate, mannitol,

mesaconate, metanephrine, metanephrine (sulfate conjugated), methionine,

methoxyhydroxy-phenylglycol, methoxyhydroxy-phenylglycol (sulfate conjugated),

methylamine, 2-methylhippuric acid, methylmalonic acid, 3-methyl-2-oxobutanoic acid,

myo-inositol, nitrate, nitrite, non-esteπfied fatty acids (NEFA), norepinephrine

(noradrenaline), norepinephrine (sulfate conjugated), norleucine, normetanephrine,



normetanephrine (sulfate conjugated), mesaconate, meso-eryth πtol, Nτ-methylhistamine

(1- methylhistamine), (S)-malate, malonate, D-mannose, D-mannose-6-phosphate,

ornithine, 2-oxoglutarate, palmitate, pantothenate, phenylalanine, L-phenylalanine,

phosphoenol pyruvate, O-phospho-L-serine, octadecanoic acid, (9Z)-octadecanoic acid,

oxalate, 5-oxoproline, orthophosphate, phenylacetylglutamme, picolinamide, 3-

phospho-D-glycerate, 6-phospho-D-gluconate, pregnenolone, progesterone, proline, L-

proline, putrescine, pyroglutamic acid, pyruvate, pyπdoxine, pyridoxamine, ribitol, D-

πbulose-5-phosphate, riboflavin, serine, L-seπne, serotonin (5-HT), sorbitol, D-sorbitol,

sphingosine, succinate, succinic acid, 5-sulfosalicylate, symmetric dimethylarginine

(SDMA), taurine, testosterone, tetradecanoic acid, thiamin, thiamin monophosphate,

threonine, L-threonine, thymidine, thyroxine (T4), total cholesterol, triglycerides,

triiodothyronine (T3), trimethyl amine oxide (TMAO), trimethylamine, tryptophan, L-

tryptophan, tyrosine, L-tyrosine, uracil, urea, uric acid, uridine, uridine-diphosphate-N-

acetylmuraminate, valine, L-valine, vanillylmandelic acid, vitamin A, vitamin B 12,

vitamin B6, vitamin C, vitamin D2, vitamin D3, vitamin E, xanthine, xanthosine,

xyulose, and xylitol Other compounds can also be found using the methods of the

invention Other metabolites are known in the art and can be found in the Human

Metabolome Database (See, for example, http //www redpoll pharmacy ualberta ca

Other examples of small molecules which may be found in the urine of a subject

include, but are not limited to, 1-methyladenosine, 1-methylhistamine, 1-

methylhistidine, 1-methylimidazoleacetic acid, 2-deoxytetronate, 2-hydroxyadipate, 2-

hydroxyglutarate, 2-hydroxyisobutyrate, 2-methylcitrate, 2-methylglutarate, 2-methyl-3-

(3'-3'-carboxymethylpropyl)-l,4-naphthoquinone (5C-aglycone), 2-methyl-3-(5'-

carboxy-3'-methyl-2'-pentenyl)-l ,4-naphthoquinone (7C-aglycone), 2-oxoadipate, 2-

oxoglutarate, 2,4-dichlorophenol, 2,5-furandicarboxylate, 3-deoxytetronate, 3-

hydroxyadipate, 3-D-hydroxybutyrate, 3-hydroxyisobutyrate, 3-hydroxypropionate, 3-

hydroxyisovalerate, 3-hydroxysebacate, 3-hydroxysuberate, 3-hydroxy-2-

methylbutyrate, 3-hydroxy-3-methylglutarate, 3-methoxybenzene-propionate, 3-

methylglutarate, 3-methylhistidine, 3-methyluridine, 3,4-dihydroxycinnamate, 3,4-

dihydroxyphenylacetic acid, 4-deoxytetronate (threo), 4-heptanone, 4-hydroxybenzoate,

4-hydroxycyclohexyl-carboxylate, 4-hydroxymandelate , 4-hydroxy-3-methylbenzoate,

4,6-diamino-5-formamidopyrimidine, 5-deoxyadenosine, 5-hydroxycaproate, 5-

hydroxydopamine, 5-hydroxyindoleacetic acid (5-H1AA), 5-hydroxymethylfuranoate, 5-

methylcytidine, 5-oxoproline, 6- hydroxydopamine, 6-keto-prostaglandin-Fl α, 4-

deoxytetronate (erythro), 8-hydroxy-2'-deoxyguanosine, 17-hydroxycorticosteroids, 17-

ketogenic steroids, acetoacetate, acetone, acetylcarnitine, acylcarnitine, adenosine,

adipate, alanine, α-aminoadipate, α-amino-N-butyrate, α-ketoglutarate, ammonia,

anserine, arginine, arsenic, asparagine, aspartate, azelate, benzenedicarboxylate, β-



alanine, β-aminoisobutyrate, β-aminoisob υtyric acid, betaine, β-hydroxyisovale πc acid,

beta-methylcrotonylglycine, β-ureidoisobuty πc acid, β-ureidopropionic acid, biopyrrins,

biotin, biotin-dl-sulfoxide, bisnorbiotin, bisnorbiotin methyl ketone, biotin sulfone,

carnitine, carnosine, cis-aconitate, citramalate, citrate, citrulline, Cortisol, creatine,

creatinine, cystathionine, cystathionine ketimine, cysteine, cystine, cytidine,

dihydrothymine, dihydro υracil, dihydroxyacetone, dimethylamine, dopamine,

ethanolamine, epinephrine, erythronate, ethylhydracrylate, ethylmalonate, formate, free

Cortisol, fumarate, furoate, γ-aminobutyrate, glucose, glutamate, glutamine, glutarate,

glycerate, glycine, glycine betaine, glycolate, glycolithocholic acid sulfate, guanosine,

hexadecanoate, hippurate, histidine, homocystine, homovanillate, homovanillic acid,

hydroxyproline, imidazoleacetic acid, indoleacetate, indoxyl sulfate, isocitrate,

isoleucine, lactate, Ianthionine ketimine, leucine, lysine, m-cresol, m-

hydroxyphenylhydracrylate, m-tyramine, malate, metanephrine, methionine, methionine

sulfoxide, methylmalonic acid, methylsuccinate, mevalonic acid, N-acetylaspartate, N

π-methylimidazoleacetic acid, N τ-methylimidazoleacetic acid, Nl-methylnicotinamide,

N,N-dimethylglycine, N2,N2-dimethylguanosine, norepinephrine, normetanephrine, o-

cresol, ornithine, oxalate, p-cresol, p-hydroxyphenylacetate, p-hydroxyphenyllactate, p-

hydroxyphenylpyruvate, p-octopamine, p-synephrine, p- tyramine, phenol,

phenylalanine, phosphoethanolamine, phosphoserine, pimelate, porphobilinogen,

proline, proline betaine, prostaglandin (PG) E2, prostaglandin (PG) F2 α, serotonin,

suberate, serine, sarcosine, quinolinate, pyruvate, pyroglutamate, pseudouridine,

succinate, succinic acid, taurine, tiglylglycine, threonate, threonine, thromboxane B2,

thymine, 17-ketosteroids, metanephnnes, trimethylamine, trimethylamine oxide,

tryptophan, tyrosine, uracil, urea, uric acid, undine, valine, vanillic acid, vanillactic

acid,vanillylmandelate, and vanillylmandelic acid (VMA)

The language "small molecule profile" includes an inventory of small molecules

(in tangible form or computer readable form) within a sample from an assay or any

derivative fraction thereof, that is necessary and/or sufficient to provide information to a

user for its intended use within the methods described herein The inventory would

include the quantity and/or type of small molecules present The ordinarily skilled

artisan would know that the information which is necessary and/or sufficient will vary

depending on the intended use of the "small molecule profile " For example, the "small

molecule profile," can be determined using a single technique for an intended use but

may require the use of several different techniques for another intended use depending

on such factors as the disease state involved, the types of small molecules present in a

particular sample, etc. In a further embodiment, the small molecule profile comprises

information regarding at least 10, at least 25, at least 50, at least 100, at least 200, at least

300, at least 500, at least 1000, or at least 2000 small molecules



The small molecule profiles can be obtained using HPLC (Kristal, et al. Anal.

Biochem. 263: 18-25 (1998)), thin layer chromatography (TLC), or electrochemical

separation techniques (see, WO 99/27361, WO 92/13273, U.S. 5,290,420, U.S.

5,284,567, U.S. 5,104,639, U.S. 4,863,873, and U.S. RE32,920). Other techniques for

determining the presence of small molecules or determining the identity of small

molecules of the cell are also included, such as refractive index spectroscopy (RI), Ultra-

Violet spectroscopy (UV), fluorescent analysis, radiochemical analysis, Near-InfraRed

spectroscopy (Near-IR), Nuclear Magnetic Resonance spectroscopy (NMR), Light

Scattering analysis (LS), gas-chromatography-mass spectroscopy (GC-MS), liquid

chromatography, gas chromatography, mass spectrometry, and liquid-chromatography-

mass spectroscopy (LC-MS) and other methods known in the art, alone or in

combination.

These techniques can be used to detect both electrochemically active molecules

as well as electrochemically neutral molecules. The methods of the invention allow for

the detection of compounds present in samples at concentrations as low as about 1 nM.

In one embodiment, the techniques of the invention allow for the detection of at least 10,

at least 25, at least 50, at least 100, at least 200, at least 300, at least 500, at least 1000,

or at least 2000 small molecules species in a sample. The techniques used in the

analysis of the compounds in the sample may be used to detect both electrochemically

active molecules as well as electrochemically neutral molecules. In a further

embodiment, the invention pertains to techniques which detect about 5% or more, about

10% or more, about 15% or more, about 20% or more, about 25% or more, about 30%

or more, about 35% or more, about 40% or more, about 45% or more about 50% or

more, about 60% or more, about 70 % or more, about 75% or more, about 77.5% or

more, about 80% or more, about 82.5% or more, about 85% or more or more of the

small molecules of a sample.

HPLC columns equipped with coulometric array technology can be used to

analyze the samples, separate the compounds, and/or create a small molecule profiles of

the samples. Such HPLC columns have been used extensively in the past for serum,

urine and tissue analysis and are suitable for small molecule analysis (Acworth el al,

300; Beal et a/., J Neurochem. 55, 1327-1339, 1990; Matson et a/., Life Sci. 4 1, 905-908,

1987; Matson et al., Basic, Clinical and Therapeutic Aspects of Alzheimer 's and

Parkinson 's Diseases, vol II, pp. 513-5 16, Plenum, New York 1990, LeWitt el al,

Neurology 42, 2 111-2 117, 1992; Milbury el al. , J . Wildlife Manag. , 1998; Ogawa et al. ,

Neurology 42, 1702- 1706, 1992; Beal et al. , J. Neurol. Sci 108, 80-87, 1992, Matson et

al, Clin. Chem. 30, 1477-1488, 1984; Milbury et al, Coulometric Electrode Array

Detectors for HPLC, pp. 125-141 , VSP International Science Publication, Acworth et

al., Am. Lab 28, 33-38, 1996). HPLC columns equipped with coulometric arrays have



been used for the simultaneous analysis of the majority of low-molecule weight, redox-

active compounds in mitochondria. (Anal. Biochem. 263, 18-25, 1998). Other

techniques which are useful for creating the small molecule profiles include GC-MS and

LC-MS.

In order to create a small molecule profile, a sample is analyzed to determine the

concentration of, for example, several hundred small molecules. Analytical techniques

such as liquid chromatography, gas chromatography, mass spectrometry, GC-MS (gas

chromatography-mass spectrometry) and LC-MS (liquid chromatography-mass

spectrometry) are used to analyze the small molecules Generally, multiple aliquots are

simultaneously, and in parallel, analyzed, and, after appropriate quality control (QC), the

information derived from each analysis is recombined. Every sample may be

characterized according to many, e.g., several thousand, characteristics, which ultimately

may amount to several hundred chemical species of small molecules. The techniques

used are able to identify novel and chemically unnamed compounds as well as known

compounds.

Generally, the data are analyzed using T-tests to identify small molecules (either

known, named compounds or unnamed compounds) present at differential levels in a

definable population or subpopulation (e.g., biological samples exposed to an agent or

formulation of an agent compared to control biological samples or compared to

biological samples exposed to a second agent or formulation of an agent or

concentration of an agent) useful for distinguishing between the definable populations

(e.g., samples exposed to an agent versus controls not exposed to the agent) Other

molecules (either known, named compounds or unnamed compounds) in the definable

population or subpopulation are also identified.

Various peaks identified in the analyses (e.g. GC-MS, LC-MS, MS-MS, etc.),

including those identified as statistically significant, may be subjected to a mass

spectrometry based chemical identification process.

The known compounds may then be mapped to biochemical pathways and the

pathways that are affected are determined. Based upon this analysis the physiological

impact of the agent can be determined. A report may then be generated which may

show the metabolites, pathways and physiological impact of the agent, thus summarizing

the biochemical results.

The term "standard small molecule profile" includes small molecule profiles of

control samples from similar subjects not treated with the agent or samples from the

subjects prior to administeration of the agent. It also includes averaged profiles

generated from the study of similar samples from similar organisms or cell cultures, for

example.



The term "standard small molecule profile" includes profiles derived from

healthy cells or organisms, advantageously from a similar origin as the sample. In one

embodiment, the standard profile is an average of many samples of a certain cell type, a

certain cell line, a certain organism species and/or a certain sample type or biological

fluid (e.g., serum, blood, urine, saliva, CSF, amnionic fluid, etc.). In a further

embodiment, the standard small molecule profile can be an average of the profiles

obtained from numerous sources, e.g., the standard profile may be an average of small

molecule profiles obtained from 2 or more, 10 or more, 20 or more, 50 or more, 100 or

more, 200 or more, 500 or more, 1000 or more subjects.

Furthermore, the language "standard small molecule profile" includes

information regarding the small molecules of the profile that is necessary and/or

sufficient to provide information to a user for its intended use within the methods

described herein. The standard profile would include the quantity and/or type of small

molecules present. The ordinarily skilled artisan would know that the information which

is necessary and/or sufficient will vary depending on the intended use of the "standard

small molecule profile." For example, the "standard small molecule profile," can be

determined using a single technique for an intended use but may require the use of

several different techniques for another intended use depending on such factors as the

types of small molecules present in a particular targeted cellular compartment, the

cellular compartment being assayed per se., etc. Examples of techniques that may be

used have been described above and include, for example, GC-MS, LC-MS, NMR,

HPLC, etc.

The term "identifying" includes both automated and non-automated methods of

identifying components of the sample small molecule profile which are abberant as

compared to the standard small molecule profile. The term "abberrant" includes

compounds which are present in greater or lesser amounts in the sample small molecule

profile than the standard profile. The compound may be in a statistically significant

different amount than in the standard profile.

The term "components" includes those small molecules of the small molecule

profile which are present in abberrant amounts compared to the standard small molecule

profile.

After the components are identified, the identified components are analyzed

using, for example, a database of biochemical pathways to pinpoint the particular

pathways affected by a particular agent. Once the biochemical pathways are identified,

biological effects of modulating these pathways are determined, including, for example,

both expected and unexpected effects.



In another embodiment, the invention also pertains to a method for identifying

biochemical pathways affected by an agent The method includes administering an

agent to a subject, obtaining a post-administration sample from the subject, detecting a

small molecule profile of the post-administration sample, identifying components of said

post-administration small molecule profile affected by the agent, and identifying

biochemical pathways associated with the components

The term "affected" includes any modulation or other change caused by the

agent The term can include both increasing the activity or decreasing the activity of a

biological pathway or portion thereof It includes both upregulation and down

regulation and/or increased or decreased flux through the pathway and/or increased or

decreased levels of metabolites in the pathway

In another embodiment, the invention also pertains to a method for positioning

an agent The methods include obtaining a small molecule profile of a sample from an

assay treated with the agent, comparing the small molecule profile to a standard small

molecule profile, identifying components of the small molecule profile affected by the

agent, identifying biochemical pathways associated with said components, using the

identified biochemical pathways to identify a therapeutic use for the compound, thus

positioning the agent

The term "positioning" includes finding an appropriate therapeutic use for a

compound It includes, for example, minimizing negative, unexpected (e g , adverse,

off-target) effects and maximizing therapeutic effects which may be expected or

unexpected The term "positioning" also includes "repositioning " "Repositioning"

includes methods for finding new therapeutic uses for compounds which had previously

been used for a different therapeutic use

In a further embodiment, the methods of the invention can be used to determine

appropriate therapeutic windows for compounds of the invention The term "therapeutic

windows" includes the period of time during an illness or disease when an agent is most

useful For example, after reviewing the biological pathways affected by an agent it

may be determined that an agent may be most useful to treat the symptoms or the

disease state at the early, mid or late stages of disease development

In one embodiment, the invention also pertains, at least in part, to methods for

determining an advantageous combination of agents The method includes obtaining a

first small molecule profile of a sample from a subject treated with a first combination of

agents, obtaining a second small molecule profile of a sample from a second subject

treated with a second combination of the agents; comparing the first small molecule

profile to the second small molecule profile, identifying components of the small

molecule profiles affected by the combination of the agents, identifying biochemical

pathways associated with the components, and using the identified biochemical



pathways to identify an advantageous combination, thus determining an advantageous

combination of the agents

Examples of combinations of agents include agents which provide additional

therapeutic benefit when administered in combination, such as, compounds which treat a

particular disease or symptoms or agents which prevent metabolism of a drug with the

drug, etc

The term "advantageous combinations" includes combinations which, for

example, are selected to minimize negative unexpected effects of the agents and/or

maximize therapeutic effects of the agents

In one embodiment, the invention also pertains, at least in part, to methods for

determining an advantageous alternate form of an agent The method includes obtaining

a first small molecule profile of a sample from a subject treated with a first alternate of

the agent, obtaining a second small molecule profile of a sample from a second subject

treated with a second alternate form of the agent, comparing the first small molecule

profile to the second small molecule profile, identifying components of the small

molecule profiles affected by the alternate form of the agent, identifying biochemical

pathways associated with the components, and using the identified biochemical

pathways to identify an advantageous alternate form, thus determining an advantageous

alternate form of the agent

The term "alternate form" includes different dosages, prodrugs, formulations

(e , pharmaceutical formulations), pharmaceutical compositions, routes of

administration, salt forms, etc

The term "advantageous alternate forms" includes alternate forms which, for

example, are selected to minimize negative unexpected effects of the agent and/or

maximize therapeutic effects of the agent The advantageous alternate forms may be

selected based on the number of components affected by a particular form of an agent

(e g , the agent which affects the least number of negative unexpected components )

The first and second subjects may be the same or different In a further

embodiment, the methods of the invention further comprise obtaining small molecule

profiles from additional subjects or the same subject treated with the same or different

alternate forms of the agent In a further embodiment, the number of small molecule

profiles, subjects, and alternate forms of the agent are selected such that the results are

statistically significant

In one embodiment, the invention also pertains, at least in part, to methods for

determining an advantageous dose of an agent The method includes obtaining a first

small molecule profile of a sample from a subject treated with a first dose of the agent,

obtaining a second small molecule profile of a sample from a second subject treated with

a second dose of the agent, compaπng the first small molecule profile to the second



small molecule profile, identifying components of the small molecule profiles affected

by the dose of the agent, identifying biochemical pathways associated with the

components; and using the identified biochemical pathways to identify an advantageous

dose, thus determining an advantageous dose of the agent The first and second subjects

may be the same or different

In yet another embodiment, the invention also pertains, at least in part, to

methods for determining an advantageous salt form of an agent The method includes

obtaining a first small molecule profile of a sample from a subject treated with a first salt

form of the agent, obtaining a second small molecule profile of a sample from a second

subject treated with a second salt form of the agent, comparing the first small molecule

profile to the second small molecule profile, identifying components of the small

molecule profiles affected by the salt form of the agent, identifying biochemical

pathways associated with the components, and using the identified biochemical

pathways to identify an advantageous salt form, thus determining an advantageous salt

form of the agent The first and second subjects may be the same or different

Examples of salt forms of agents which can be used in the methods of the

invention include, but are not limited to, hydrobromide, hydrochloride, sulfate, bisulfate,

phosphate, nitrate, acetate, valerate, oleate, palmitate, stearate, laurate, benzoate, lactate,

phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, napthylate, mesylate,

glucoheptonate, lactobionate, laurylsulphonate salts, hydroxide, carbonate, ammonia

salts, organic primary, secondary or tertiary amine salts, lithium, sodium, potassium,

calcium, magnesium, aluminum salts, ethylamine, diethylamine, ethylenediamine,

ethanolamine, diethanolamine, and piperazine

In yet another embodiment, the invention also pertains, at least in part, to

methods for determining an advantageous prodrug form of an agent The methods

include obtaining a first small molecule profile of a sample from a subject treated with a

first prodrug form of the agent, obtaining a second small molecule profile of a sample

from a second subject treated with a second prodrug form of the agent, comparing the

first small molecule profile to the second small molecule profile, identifying components

of the small molecule profiles affected by the prodrug form of the agent, identifying

biochemical pathways associated with the components, and using the identified

biochemical pathways to identify an advantageous prodrug form The first and second

subjects may be the same or different

The term "advantageous prodrug forms" includes prodrugs forms which, for

example, are selected to minimize negative unexpected effects of the agent and/or

maximize therapeutic effects of the agent Examples of types of moieties that can be

used as prodrugs include, but are not limited to, substituted and unsubstituted, branch or

unbranched lower alkyl ester moieties, (e.g., propionoic acid esters), lower alkenyl



esters, di-lower alkyl-amino lower-alkyl esters (e.g., dimethylaminoethyl ester),

acylamino lower alkyl esters (e.g., acetyloxymethyl ester), acyloxy lower alkyl esters

(e.g., pivaloyloxymethyl ester), aryl esters (phenyl ester), aryl-lower alkyl esters (e.g.,

benzyl ester), substituted (e.g., with methyl, halo, or methoxy substituents) aryl and aryl-

lower alkyl esters, amides, lower-alkyl amides, di-lower alkyl amides, and hydroxy

amides

In yet another embodiment, the invention also pertains, at least in part, to

methods for determining an advantageous route of administration of an agent The

methods include obtaining a first small molecule profile of a sample from a first subject

treated with an agent administered using a first route of administration, obtaining a

second small molecule profile of a sample from a second subject treated with the agent

administered using a second route of administration, comparing the first small molecule

profile to the second small molecule profile, identifying components of the small

molecule profiles affected by the route of administration of the agent, identifying

biochemical pathways associated with the components, and using the identified

biochemical pathways to identify an advantageous route of administration The first and

second subjects may be the same or different The agent may be administered in

combination with a pharmaceutically acceptable carrier, advantageously compatible with

the route of administration

Examples of "routes of administration" include but are not limited to oral, nasal,

topical, transdermal, buccal, sublingual, rectal, vaginal and parenteral administration

In another embodiment, the invention also pertains, at least in part, to methods

for determining an advantageous formulation of an agent The methods include

obtaining a first small molecule profile of a sample from a first subject treated with a

first formulation of the agent, obtaining a second small molecule profile of a sample

from a second subject treated with a second formulations of the agent, comparing the

first small molecule profile to the second small molecule profile, identifying components

of the small molecule profiles affected by the formulation of the agent, identifying

biochemical pathways associated with the components, and using the identified

biochemical pathways to identify an advantageous formulation

Examples of "formulations" include, but are not limited to, preparations which

can be used for oral, nasal, topical, transdermal, buccal, sublingual, rectal, vaginal and

parenteral administration In a further embodiment, the formulation is a tablet which

may be administered orally The formulations may advantageously comprise

pharmaceutically acceptable carrier

When administered to a living subject, such as a human, it may be advantageous

to adminster the agent in combination with a pharmaceutically effective carrier The

methods of the invention may also be used to determine the most effective (e.g., fewest



negative unexpected effects, fewest off target effects, most therapeutic effects, most on

target effects, most agent delivered to tissues intended to be treated, e/c.) method of

administering a particular agent to a subject

The phrase "pharmaceutically acceptable carrier" is art recognized and includes a

pharmaceutically acceptable material, composition or vehicle, suitable for administering

an agent to subjects The carriers include liquid or solid filler, diluent, excipient, solvent

or encapsulating material, involved in carrying or transporting the subject agent from

one organ, or portion of the body, to another organ, or portion of the body Each carrier

must be "acceptable" in the sense of being compatible with the other ingredients of the

formulation and not injurious to the subject Some examples of materials which can

serve as pharmaceutically acceptable carriers include sugars, such as lactose, glucose

and sucrose, starches, such as corn starch and potato starch, cellulose, and its

derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose

acetate, powdered tragacanth, malt, gelatin, talc, excipients, such as cocoa butter and

suppository waxes, oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil,

olive oil, corn oil and soybean oil, glycols, such as propylene glycol, polyols, such as

glycerin, sorbitol, mannitol and polyethylene glycol, esters, such as ethyl oleate and

ethyl laurate, agar, buffering agents, such as magnesium hydroxide and aluminum

hydroxide, alginic acid, pyrogen-free water, isotonic saline, Ringer's solution, ethyl

alcohol, phosphate buffer solutions, and other non-toxic compatible substances

employed in pharmaceutical formulations

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and

magnesium stearate, as well as coloring agents, release agents, coating agents,

sweetening, flavoring and perfuming agents, preservatives and antioxidants can also be

present in the compositions

Examples of pharmaceutically acceptable antioxidants include water soluble

antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium

metabisulfite, sodium sulfite and the like, oil-soluble antioxidants, such as ascorbyl

palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,

propyl gallate, α-tocopherol, and the like, and metal chelating agents, such as citric acid,

ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the

like

Formulations include those suitable for oral, nasal, topical, transdermal, buccal,

sublingual, rectal, vaginal and/or parenteral administration The formulations may be

prepared by any methods well known in the art of pharmacy

Methods of preparing these formulations or compositions include the step of

bringing into association a compound of the present invention with the carrier and,

optionally, one or more accessory ingredients In general, the formulations are prepared



by uniformly and intimately bringing into association an agent with liquid carriers, or

finely divided solid carriers, or both, and then, if necessary, shaping the product

Formulations of the invention suitable for oral administration may be in the form

of capsules, cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and

acacia or tragacanth), powders, granules, or as a solution or a suspension in an aqueous

or non-aqueous liquid, or as an oil-in-water or water-in-oil liquid emulsion, or as an

elixir or syrup, or as pastilles (using an inert base, such as gelatin and glycerin, or

sucrose and acacia) and/or as mouth washes and the like, each containing a

predetermined amount of an agent The agents may also be administered as a bolus,

electuary or paste

In solid dosage forms of the invention for oral administration (capsules, tablets,

pills, dragees, powders, granules and the like), the agent is mixed with one or more

pharmaceutically acceptable carriers, such as sodium citrate or dicalcium phosphate,

and/or any of the following fillers or extenders, such as starches, lactose, sucrose,

glucose, mannitol, and/or silicic acid, binders, such as, for example,

carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia,

humectants, such as glycerol, disintegrating agents, such as agar-agar, calcium

carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate,

solution retarding agents, such as paraffin, absorption accelerators, such as quaternary

ammonium compounds, wetting agents, such as, for example, cetyl alcohol and glycerol

monostearate, absorbents, such as kaolin and bentonite clay, lubricants, such a talc,

calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate,

and mixtures thereof, and coloring agents In the case of capsules, tablets and pills, the

pharmaceutical compositions may also comprise buffering agents Solid compositions of

a similar type may also be employed as fillers in soft and hard-filled gelatin capsules

using such excipients as lactose or milk sugars, as well as high molecular weight

polyethylene glycols and the like

A tablet may be made by compression or molding, optionally with one or more

accessory ingredients Compressed tablets may be prepared using binder (for example,

gelatin or hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative,

disintegrant (for example, sodium starch glycolate or cross-linked sodium

carboxymethyl cellulose), surface-active or dispersing agent Molded tablets may be

made by molding in a suitable machine a mixture of the powdered compound moistened

with an inert liquid diluent

The tablets, and other solid dosage forms of the agent, such as dragees, capsules,

pills and granules, may optionally be scored or prepared with coatings and shells, such

as enteric coatings and other coatings well known in the pharmaceutical-formulating art

They may also be formulated so as to provide slow or controlled release of the active



ingredient therein using, for example, hydroxypropylmethyl cellulose in varying

proportions to provide the desired release profile, other polymer matrices, liposomes

and/or microspheres. They may be sterilized by, for example, filtration through a

bacteria-retaining filter, or by incorporating sterilizing agents in the form of sterile solid

compositions which can be dissolved in sterile water, or some other sterile injectable

medium immediately before use. These compositions may also optionally contain

opacifying agents and may be of a composition that they release the active ingredient(s)

only, or preferentially, in a certain portion of the gastrointestinal tract, optionally, in a

delayed manner. Examples of embedding compositions which can be used include

polymeric substances and waxes. The agent can also be in micro-encapsulated form, if

appropriate, with one or more of the above-described excipients.

Liquid dosage forms for oral administration of the agents include

pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups

and elixirs. In addition to the active ingredient, the liquid dosage forms may contain

inert diluent commonly used in the art, such as, for example, water or other solvents,

solubilizing agents and emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl

carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene

glycol, oils (in particular, cottonseed, groundnut, corn, germ, olive, castor and sesame

oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols and fatty acid esters of

sorbitan, and mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such as

wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring,

perfuming and preservative agents.

Suspensions, in addition to the active compounds, may contain suspending

agents as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and

sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-

agar and tragacanth, and mixtures thereof.

Formulations of the pharmaceutical formulations for rectal or vaginal

administration may be presented as a suppository, which may be prepared by mixing one

or more agents with one or more suitable nonirritating excipients or carriers comprising,

for example, cocoa butter, polyethylene glycol, a suppository wax or a salicylate, and

which is solid at room temperature, but liquid at body temperature and, therefore, will

melt in the rectum or vaginal cavity and release the active compound.

Formulations which are suitable for vaginal administration also include

pessaries, tampons, creams, gels, pastes, foams or spray formulations containing such

carriers as are known in the art to be appropriate.



Dosage forms for the topical or transdermal administration of a compound of this

invention include powders, sprays, ointments, pastes, creams, lotions, gels, solutions,

patches and inhalants The active compound may be mixed under sterile conditions with

a pharmaceutically acceptable carrier, and with any preservatives, buffers, or propellants

which may be required

The ointments, pastes, creams and gels may contain, in addition to an agent,

excipients, such as animal and vegetable fats, oils, waxes, paraffins, starch, tragacanth,

cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc and

zinc oxide, or mixtures thereof

Powders and sprays can contain, in addition to an agent, excipients such as

lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and polyamide powder,

or mixtures of these substances Sprays can additionally contain customary propellants,

such as chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons, such as

butane and propane

Transdermal patches have the added advantage of providing controlled delivery

of an agent to the body Such dosage forms can be made by dissolving or dispersing the

compound in the proper medium Absorption enhancers can also be used to increase the

flux of the compound across the skin The rate of such flux can be controlled by either

providing a rate controlling membrane or dispersing the active compound in a polymer

matrix or gel

Ophthalmic formulations, eye ointments, powders, solutions and the like, are

also contemplated as being within the scope of this invention

Pharmaceutical compositions suitable for parenteral administration comp πse one

or more agents (preferably, one agent) in combination with one or more

pharmaceutically acceptable sterile isotonic aqueous or nonaqueous solutions,

dispersions, suspensions or emulsions, or sterile powders which may be reconstituted

into sterile injectable solutions or dispersions just prior to use, which may contain

antioxidants, buffers, bacteπostats, solutes which render the formulation isotonic with

the blood of the intended recipient or suspending or thickening agents

Examples of suitable aqueous and nonaqueous earners which may be employed

include water, ethanol, polyols (such as glycerol, propylene glycol, polyethylene glycol,

and the like), and suitable mixtures thereof, vegetable oils, such as olive oil, and

injectable organic esters, such as ethyl oleate Proper fluidity can be maintained, for

example, by the use of coating materials, such as lecithin, by the maintenance of the

required particle size in the case of dispersions, and by the use of surfactants

These compositions may also contain adjuvants such as preservatives, wetting

agents, emulsifying agents and dispersing agents Prevention of the action of

microorganisms may be ensured by the inclusion of various antibacterial and antifungal



agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the like It may also

be desirable to include isotonic agents, such as sugars, sodium chloride, and the like into

the compositions In addition, prolonged absorption of the injectable pharmaceutical

form may be brought about by the inclusion of agents which delay absorption such as

aluminum monostearate and gelatin

In some cases, in order to prolong the effect of an agent, it may be desirable to

slow the absorption of the agent from subcutaneous or intramuscular injection This

may be accomplished by the use of a liquid suspension of crystalline or amorphous

material having poor water solubility The rate of absorption of the agent then depends

upon its rate of dissolution which, in turn, may depend upon crystal size and crystalline

form Alternatively, delayed absorption of a parenterally-administered agent is

accomplished by dissolving or suspending the agent in an oil vehicle

Injectable depot forms are made by forming microencapsule matrices of the

agents in biodegradable polymers such as polylactide-polyglycohde Depending on the

ratio of drug to polymer, and the nature of the particular polymer employed, the rate of

drug release can be controlled Examples of other biodegradable polymers include

poly(orthoesters) and poly(anhyd πdes) Depot injectable formulations are also prepared

by entrapping the drug in liposomes or microemulsions which are compatible with body

tissue

The preparations described herein may be given orally, parenterally, topically, or

rectally They are of course given by forms suitable for each administration route For

example, they are administered in tablets or capsule form, by injection, inhalation, eye

lotion, ointment, suppository, etc administration by injection, infusion or inhalation,

topical by lotion or ointment, and rectal by suppositories The methods of the invention

can be used to determine the most effective methods of administering the agents and the

most effective methods of formulating the agents to be administered

The phrases "parenteral administration" and "administered parenterally" include

modes of administration other than enteral and topical administration, usually by

injection, and includes, without limitation, intravenous, intramuscular, intraarterial,

intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,

transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid,

intraspinal and intrasternal injection and infusion

The phrases "systemic administration," "administered systemically," "peripheral

administration" and "administered peripherally" include the administration of an agent

other than directly into the central nervous system, such that it enters the patient's system

and, thus, is subject to metabolism and other like processes, for example, subcutaneous

administration



The agents may be administered to subjects by any route of administration,

including orally, nasally, as by, for example, a spray, rectally, intravaginally,

parenterally, intracisternally and topically, as by powders, ointments or drops, including

buccally and sublingually

The invention also includes automated and/or semiautomated methods, computer

programs, and other related mediums for performing the methods of the invention

Figure 1 depicts an environment suitable for practicing an embodiment of the

present invention A computing device 2 holds or enables access to a collection of data

describing biochemical pathways 4 The computing device 2 may be a server,

workstation, laptop, personal computer, PDA or other computing device equipped with

one or more processors and able to execute the analysis facility 6 discussed herein The

collection of data describing biochemical pathways 4 may be stored in a database The

collection of data describing biochemical pathways 4 describes multiple biochemical

pathways with each biochemical pathway description identifying multiple compounds

associated with a particular biochemical pathway The analysis facility 6 is preferably

implemented in software although in an alternate implementation, the logic may be also

be implemented in hardware The analysis facility 6 operates on and analyzes results

data 22 received from a data acquisition apparatus 20 As will be explained further

below, the results data 22 indicates a condition of a compound in an assay 30 that is

being processed by the data acquisition apparatus 20 to which an agent has been added

The assay to which the agent may be added 30 may be an in vitro assay or an in

vivo assay, as described above The data acquisition apparatus 20 processes an assay

following the addition of an agent to the assay in order to determine the effect or non-

effect of the agent on the assay The processing of the assay with the agent by the data

acquisition apparatus 20 may take place using gas chromatography-mass spectrometry

(GC-MS), liquid chromatography, gas chromatography, mass spectrometry, liquid

chromatography-mass spectrometry (LC-MS) or other techniques able to analyze the

effect of the addition of the agent to the assay, as described above The processing of

the assay with the agent 30 by the data acquisition apparatus 20 generates results data 22

that indicates a condition of at least one compound {e.g., a small molecule profile) in the

assay relative to a control (e.g., standard small molecule profile) The indicated

condition may reflect a change in the compound (and associated biochemical

pathway(s))as a result of the addition of the agent 30 to the assay Alternatively, the

indicated condition of the compound may reflect that the compound has not changed as

a result of the addition of the agent 30 to the assay It will be appreciated that the lack of

a change in the compound may represent an expected and/or desired result depending

upon the identity of the agent and assay The results data 22 is provided to the analysis

facility 6 executing on the computing device 2 As will be appreciated, there are a



number of ways in which the results data may be transmitted to the computing device 2

including, but not limited to, the use of a direct or networked connection between the

data acquisition apparatus 20 and the computing device 2 or by saving the results data to

a storage medium such as a compact disc that is then transferred to the computing device

2 For ease of illustration, Figure 1 depicts a direct connection between the data

acquisition apparatus 20 and the computing device 2 over which the results data 22 may

be conveyed Those skilled in the art will recognize that many other configurations are

also possible within the scope of the present invention

The analysis facility 6 uses the results data indicating a condition of one or more

compounds 22 together with the collection of data describing biochemical pathways 4 to

identify one or more biochemical pathways affected by the addition of the agent to the

assay 30 A beneficial aspect of this technique is that it enables the effect of an agent to

be studied on a broad range of biochemical pathways rather than just a narrowly targeted

study as is done with conventional techniques This allows both expected and

unexpected effects of an agent as well as lead candidates to be identified much earlier in

the drug development process As will be appreciated, the identification of lead

candidates or negative effects earlier in the drug development process can result in

substantial monetary and time savings to the entities attempting to identify lead

candidates

In one implementation, the comparison of the results data 22 to the collection of

biochemical pathways 4 in order to identify the affected biochemical pathways is

performed programmatically without any user input In alternate implementations, the

analysis facility 6 prompts a user for parameters for the comparison The parameters

may limit for example, the number of compounds indicated in the results data 22 that are

to be compared with the collection of data descπbing biochemical pathways 4

Alternatively, the parameters solicited from a user by the analysis facility 6 may limit

the amount of the collection of data describing biochemical pathways 4 that is searched

Additional types of user input and parameters that may be solicited from the user by the

analysis facility 6 will occur to those skilled in the art and are considered to be within

the scope of the present invention

As noted above, the analysis facility 6 uses the results data indicating a condition

of one or more compounds 22 together with the collection of data describing

biochemical pathways 4 to identify one or more biochemical pathways affected by the

addition of the agent to the assay 30 A listing of the identified biochemical pathways

42 may be transmitted to, and displayed on, a display device 40 in communication with

the computing device 2 As will be discussed further below, the listing of the identified

biochemical pathways 42 may also list details of changes in metabolites 42 in the

identified biochemical pathways 40 Alternatively, a listing of the identified



biochemical pathways 12 may be stored in storage 10 for later analysis or presentment to

a user For ease of illustration, storage 10 is depicted as being located on the computing

device 2 in Figure 1 It will be appreciated that storage 10 could also be located at other

locations accessible to computing device 2

The analysis facility 6 may also include, or have access to, pre-defined criteria 8

which is used to interpret the meaning of the identified condition of the affected

biochemical pathways In one implementation, the pre-defined criteria may be used to

programmatically provide an interpretation without user input In other

implementations, varying degrees of user input in addition to a programmatic

application of the pre-defined criteria may be used to interpret the meaning of an

identified change in biochemical pathways In still other implementations, the

interpretation may be wholly provided by a user presented with a listing of the identified

biochemical pathways by the analysis facility 6 As discussed further in reference to

Figure 4 below, the interpretation may provide information on the significance of

identified metabolite or small molecule changes in the biochemical pathways The pre¬

defined criteria may be held in a database accessible to the analysis facility 6

Figure 2 depicts an alternative distributed environment suitable for practicing an

embodiment of the present invention A first computing device 102 may be used to

execute an analysis facility 104 The first computing device may communicate over a

network 150 with a second computing device 110 holding a collection of data describing

biochemical pathways 112 The network 150 may be the Internet, a local area network

(LAN), a wide area network (WAN), an intranet, an internet, a wireless network or some

other type of network over which the first computing device 102 and the second

computing device 110 can communicate The analysis facility 104 on the first

computing device 102 may communicate over the network 150 with a data acquisition

apparatus 130 generating results data 132 from the processing of an assay with an agent

140 The analysis facility 104 may store a listing of identified biochemical pathways

124 affected by the addition of the agent to the assay that is obtained by processing the

results data 132 and the collection of data describing biochemical pathways 112 in

storage 122 Storage 122 may be located on a third computing device 120 accessible

over the network 150 It should be recognized that Figure 2 depicts only a single

dist πbuted configuration and many other distπbuted configurations are possible within

the scope of the present invention

Figure 3 is a flowchart of a sequence of steps that may be followed by an

embodiment of the present invention to identify biochemical pathways affected by

alternate forms of the agent The sequence begins by accessing a collection of data

describing biochemical pathways (step 162) An agent is then added to an assay (step

164) and the assay is processed by a data acquisition apparatus to obtain results data



(step 166) as discussed above The results data and the collection of data describing

biochemical pathways is then used by the analysis facility to identify biochemical

pathways affected by the addition of the agent to the assay (step 168) A listing of the

affected biochemical pathways may then be displayed to a user or stored for later

retrieval (step 170) It will be appreciated that in an alternative implementation the

accessing of the collection of data describing biochemical pathways may not take place

until after the addition of the agent to the assay

One beneficial aspect of the present invention is the ability of the analysis facility

to generate a concise report indicating the affects associated with the agent being

studied Figure 4 is an exemplary concise report 200 that may be produced by the

analysis facility to display metabolite data for biochemical pathways identified as

affected by the addition of the agent to an assay The concise report 200 includes a title

202 indicating a compound being studied The concise report also includes a listing of

the biochemical pathways 210 affected by the addition of the agent to an assay

Additional columns 2 12 and 214 corresponding to alternate dosages may also be

provided For example, a column including results for a high dose versus a control 2 12

and a medium dose versus a control 2 14 may be provided The results data in the

columns may list any metabolite changes within the affected biochemical pathways In

one implementation, a visual indicator may be provided for a user to indicate the type of

metabolite change For example, one color may be used to indicate an increase in a

metabolite level for a particular biochemical pathway while a second color may be used

to indicate a decrease in a metabolite level for the particular biochemical pathway

Similarly, other types of visual indicators may be used in place of, or in addition to

color, to convey information to a user The use of a visual indicator is an additional

benefit of the present invention in that it facilitates quick recognition of an overall effect

for an agent For example, if the color red is being used to indicate an increase in

metabolite (or small molecule) levels in biochemical pathways and an agent causes

widespread increases in metabolite levels, a user glancing quickly at the concise report

will be able to quickly ascertain the effect of the agent For cases where there are a lot

of affected biochemical pathways affected by the agent being studied and a

corresponding large amount of information being conveyed in the report, the visual

indicator thus provides an efficient mechanism for conveying information

The concise report 200 may also include a footnote column 216 referencing

portions of an interpretation 220 discussing the meaning of the identified changes in

metabolite levels in the various biochemical pathways The interpretation 220 may be

generated programmatically by the analysis facility, may be supplied manually by a user

looking at the rest of the concise report 200, or may be a hybrid that is produced in part

by the analysis facility and in part by a user



The present invention may be provided as one or more computer-readable

programs embodied on or in one or more mediums The mediums may be a floppy disk,

a hard disk, a compact disc, a digital versatile disc, a flash memory card, a PROM, a

RAM, a ROM, or a magnetic tape In general, the computer-readable programs may be

implemented in any programming language Some examples of languages that can be

used include FORTRAN, C, C++, C#, or JAVA The software programs may be stored

on or in one or more mediums as object code Hardware acceleration may be used and

all or a portion of the code may run on a FPGA or an ASIC The code may run in a

virtualized environment such as in a virtual machine Multiple virtual machines running

the code may be resident on a single processor The code may be run using more than

one processor having two or more cores each

Since certain changes may be made without departing from the scope of the

present invention, it is intended that all matter contained in the above description or

shown in the accompanying drawings be interpreted as illustrative and not in a literal

sense Practitioners of the art will realize that the sequence of steps and architectures

depicted in the figures may be altered without departing from the scope of the present

invention and that the illustrations contained herein are singular examples of a multitude

of possible depictions of the present invention

Exemplification of the Invention:

Example 1. Rosiglitazone Maleate Treatment of Adipocytes

Adiopocyte cells were treated with 0-low-high concentrations of rosiglitazone

maleate (Table 1) Cells were harvested after treatment and submitted to the

metabolomic platform for analysis Following data curation, the results were

statistically analyzed and the compounds that were statistically significantly increased or

decreased in response to rosiglitazone maleate relative to the control cells (i.e. cells

treated with vehicle only) were identified These compounds were mapped to

biochemical pathways as shown in Table 2 and the effects of changes in these

biochemical pathways on the biology of the cell were determined The biological

interpretation of the biochemical profile results is summarized in Table 2 .

Table 1



Table 2





5-oxoprol ιne is generated via oxoprolmase (rate-limiting) in the g-glutamyl cyclei Increased 5-oxoprolιne resulted from
increased g-glu-cys, due to low activity of glutathione synthase Decreased g-glutamy cycle activity could limit transport of AA
against a gradient, affecting AA Ievels2 Increases in various AA is also likely related to increased protein turn over Consistent
with increased generation of AA, urea cycle intermdiates and polyamines were ιncreased3 Typically, rosiglitazone increases
cholesterol in cultured adipocytes by increasing uptake of cholesterol from the media via activation of scavenger receptors (e g
oxidized LDL receptor 1) Cholesterol decreased, and this could be related to a lack of cholesterol provided in the medιa3 The
decrease in glycerol is consistent with rosiglitazone-induced increases in glycerol kιnase4 Typically, rosiglitazone increases fre
fatty acids (FFA) in adipocytes, and these FFA are rapidly stored as triacylglycerols (TAG) Our current system does not detect
intact TAG The increase in G6P, and decrease in 6-phosphogluconate and ribulose 5-P, suggests decreased flux through the
pentose phosphate pathway

Example 2 : A Comparative Metabolomic Analysis of PPAR Activators

In this example, five PPAR activators were tested. These activators were

selective to either PPAR gamma, PPAR delta, and PPAR alpha In addition, five other

PPAR compounds (including troglitazone which was removed from the market because

of liver safety concerns) were compared as well

The cell used in this assay were preadipocyte cells from a 37 year old female

human with a BMl of 23 29 The cells were plated at 1 million per well in 6-well plates

Eight cultures were used for each experimental group The cells were washed with basal

medium ( 1 ml/well) and treated with compounds in 1 ml of basal medium for 3 hours

After treatment, the cells were then washed with PBS ( 1 ml), two times and then

trypsinized with 300 µl for 5 minutes at 37 degrees One ml of PM-I was then added

per well to neutralized the trypsin and the cells were collected in 1 5ml eppendorf tube

The cells were then pelleted by centrifugation (280 x g) and the pellets were washed

with PBS ( 1ml) The cell pellets were then frozen at -80 degrees

The results are summarized in Figures 5-10 and in Tables 3-5 Figure 5 shows

the affect of the drugs on three compounds common to at least three drugs Figure 5A

shows the results for hypoxanthine, Figure 5B shows the results for Isobar 28 (threonine,

etc.) and Figure 5C shows the effects of the compounds on the glycerol phosphate

levels This data is further described in Table 3

Table 3 :

Not to be limited by theory, the levels of glycerol-3-phosphate (G3P) changes

because PPARa and -γ agonists affect transcription of enzymes responsible for its

synthesis (via G3PDH) and conversion to other substrates (via G3PAT & AGPAT)

This process is described in Figure 6

Table 4, below, shows compounds which were identified comparing the small

molecule profiles of the assay treated with Troglitazone with the assay treated with

Cigilitazone Both the small molecule profile are relative to a DMSO control Table 4



shows significant increases in the concentration of aspartate, sn-glycerol-3-phosphate,

hypoxanthine, and o-phosphoethanolamine

Table 5 shows that each of troglitazone, cigilitazone, and GW7647 effected

certain compounds in their respectively small molecule profile differently These

individual changes in small molecule profiles are likely to be the result of their unique

interactions with the assays and the biological pathways For example when troglitazone

is added to the assay, increases in n-hexadecanoic acid (palmitate) and octadecanoic acid

(stearate) are perhaps due to adipogenesis and lipid accumulation Furthermore,

decreases in acetyl N-acetyl ornithine are perhaps due to shunting Orn to Putrescine,

thus resulting in less Orn available for N-Ac Orn production, which is known to be

activated by PPARγ lnosine is a marker of energy depletion and is thus increased by

PPAR agonist which induce mitochondrial uncoupling Furthermore, carnitine

palmitoyl transferase (CPTI) is a PPARa target whose activation contributes to

increased b-oxidation following treatment with GW7647 As β-oxidation is increased,

more carnitine is being utilized to shuffle FA into the mitochondria and hence, levels

decrease In addition, the increase in glycerol with GW7647 is related to PPARα
activation of MAG lipase The results are further summarized in Table 5



Table 5

Figure 7 is a graph which shows the effect of the six compounds on aspartate

levels The levels of aspartate were most increased by Troglitzone Figure 8 is a graph

which shows the effect of the six compounds on threonine levels Figure 9 is a graph

which shows the effect of the six compounds on amounts of pantothenic acid The

levels of pantothenic acid were most increased by Troglitzone Figure 10 is a graph

which shows the effect of the six compounds on N-acetyl-galactosamine The levels of

N-acetyl-galactosamine were most decreased by Ciglitazone

In general, a number of metabolites including the individual fatty acids making

up the total free fatty acid measurement, amino-acids, and amino acid catabolism

metabolites were altered upon drug treatment in line with the mechanism of action for

these drugs However, a number of compounds showed differing levels of what are

potential off-target interactions The data also demonstrates in vitro cell culture results

can be predictive of in vivo effects with an accurate metabolomics analysis

Example 3 : Metabolomic Analysis of Test Compounds

The cell cultures used in this example were performed according to standard

protocols with the cells in 10% FCS Three test compounds (ATV, DRV, and LPV) and

one control (DM SO) were tested at a dosage of 30 µJVl on cultures of HepG2 and

adipocyte cells The adipocytes were human and fully differentiated Table 6 shows the

percent relative standard deviation (RSD) for the control matrix (CMTRX), DMSO,

ATV, DRV, and LPV In the hepatocyte culture, 503 compounds were identified Of

these compounds, 209 compounds were named (42%) In the adipocyte culture, 391

compounds were identified and 173 were named (44%)



Table 6

The number of compounds affected in each culture by each test compound are

shown in Table 7 Compounds which are significantly effected are defined for this

example as compounds with a p<0 0 1

Table 7

The target of the agent is not present in the cell cultures assayed, thus the

changed compounds for each culture represent off-target effects, and therefore, the

number of changed compounds can be used to generate a score that can be used as one

criteria to rank the test compounds Using the hepatocyte cultures, ATV and DRV are

roughly equivalent and LPV is the least desirable Using the adipocyte cultures, DRV is

the most desirable, followed by ATV and LPV.

The data is also shown graphically in the Z-plots shown in Figure 11 The

figures show data for the DMSO control, ATV, DRV, and LPV The conrol data is

illustrated in black circles and clusters around 0 The open circles represent ATV, DRV

and LPV and the plots are labeled as to each compound/DMSO comparison The Z-

plots graphically represent Z-scores The z score for an item, indicates how far and in

what direction, that item deviates from its distribution's mean, expressed in units of its

distribution's standard deviation The mathematics of the z score transformation are

such that if every item in a distribution is converted to its z score, the transformed scores



will necessarily have a mean of zero and a Standard deviation of one The z score

transformation is especially useful when seeking to compare the relative standings of

items from distributions with different means and/or different standard deviations The

zero on the horizontal axis represents the mean and the remaining numbers on the

horizontal axis represent standard deviations (+/-) from the mean Each dot represents

the level of a single compound for an individual sample in the data set A Gaussian

distribution of the data is shown by the fact that 95% of the data points fall within 2

standard deviations (+/-) from the mean In one embodiment, the information from the

z-scores is used to generate scores which may be included in a report ranking the test

compounds, as shown in Figure 4

Figures 12A- 12G shows a sample output for the test compounds It shows which

metabolites in each pathway were modulated by each of the test compounds The values

in the Figures 12A-12G are the ratios of metabolites present in the test compound

cultures as compared to the control Red indicates that the metabolite is elevated relative

to control and green indicates that the metabolite is decreased relative to control The

summary shown in Figures 12H-12I outlines potential biological effects of the test

compounds

EOUΓVALENTS

Those skilled in the art will recognize, or be able to ascertain using no

more than routine experimentation, many equivalents to the specific embodiments and

methods described herein Such equivalents are intended to be encompassed by the

scope of the following claims The entire contents of all references and patents cited

herein are hereby incorporated by reference



CLAIMS

1 A method for identifying biochemical pathways affected by an agent comprising

obtaining a small molecule profile of a sample from an assay treated with said

agent, and

comparing said small molecule profile to a standard small molecule profile,

identifying components of said small molecule profile affected by said agent, and

identifying biochemical pathways associated with said components, thus

identifying biochemical pathways affected by said agent

2 The method of claim 1, wherein said agent is a toxin

3 The method of claim 1, wherein said agent is a therapeutic agent

4 The method of claim 3, wherein said therapeutic agent is a therapeutic agent used

for the treatment of a metabolic, immunological, neurological, oncological, viral, or

other disorder

5 The method of claim 1, wherein said assay comprises administering the agent to

a subject

6 The method of claim 1, wherein said assay comprises administering the agent in

vitro

7 The method of claim I, wherein said small molecule profiles are obtained using

one or more of the following HPLC, TLC, electrochemical analysis, mass spectroscopy,

refractive index spectroscopy (RI), Ultra-Violet spectroscopy (UV), fluorescent analysis,

radiochemical analysis, Near-InfraRed spectroscopy (Near-IR), Nuclear Magnetic

Resonance spectroscopy (NMR), and Light Scattering analysis (LS)

8 A method for identifying biochemical pathways affected by an agent,

comprising

administering an agent to a subject,

obtaining a post-administration sample from said subject,

detecting a small molecule profile of the post-administration sample,

identifying components of said post-administration small molecule profile

affected by said agent, and



identifying biochemical pathways associated with said components, thus

identifying biochemical pathways affected by said agent

9 The method of claim 8, wherein said agent is a therapeutic agent

10 The method of claim 8, wherein said agent is a peptidomimetic, protein, peptide,

nucleic acid, or small molecule

11 A method for positioning an agent comprising

obtaining a small molecule profile of a sample from an assay treated with said

agent,

comparing said small molecule profile to a standard small molecule profile,

identifying components of said small molecule profile affected by said agent,

identifying biochemical pathways associated with said components, and

using the identified biochemical pathways to identify a therapeutic use for the

compound, thus positioning the agent

12 The method of claim 11, wherein said agent is positioned to minimize

unexpected effects of said agent

13 The method of claim 11, wherein said agent is positioned to maximize

therapeutic effects of said agent

14 A system for the development of lead compounds, comprising

a collection of data describing a plurality of biochemical pathways, each

biochemical pathway description identifying a plurality of compounds associated with

the biochemical pathway,

a data acquisition apparatus, the data acquisition apparatus processing an assay

following the addition of an agent to the assay in order to determine the effect of the

agent on the assay, the processing of the assay generating result data indicating a

condition of at least one compound in the assay relative to a control, and

an analysis facility executing on a computing device, the analysis facility used

with the collection of data describing the plurality of biochemical pathways to identify at

least one biochemical pathway affected by the indicated condition of the at least one

compound



15 The system of claim 14 wherein the analysis facility generates a score ranking a

plurality of compounds based on a change in the biochemical pathways affected by the

indicated condition

16 The system of claim 14, wherein the analysis facility is used in identifying at

least one expected effect in the at least one biochemical pathway affected by the

indicated condition of the at least one compound

17 The system of claim 14, wherein the analysis facility is used in identifying at

least one unexpected effect in the at least one biochemical pathway affected by the

indicated condition of the at least one compound

18 The system of claim 17 wherein the unexpected effect is a negative unexpected

effect

19 The system of claim 14, further comprising

a display device, the display device displaying a listing of the at least one

biochemical pathway affected by the indicated condition of the at least one compound

20 The system of claim 19, wherein the listing identifies at least one changed

metabolite in the at least one biochemical pathway affected by the indicated condition of

the at least one compound

2 1 The system of claim 14, wherein the data acquisition apparatus performs at least

one of liquid chromatography, gas chromatography, mass spectrometry, liquid

chromatography-mass spectrometry and gas chromatography-mass spectrometry on the

assay

22 The system of claim 14, wherein the analysis facility is used to interpret a

meaning of a change in the at least one biochemical pathway, the interpretation based on

a pre-defined set of criteria

23 The system of claim 22, wherein the interpretation is displayed to a user

24 The system of claim 22, wherein the interpretation is stored

25 The system of claim 14, wherein the assay is an in vitro assay



26 The system of claim 14, wherein the assay is an m vivo assay

27 The system of claim 14, wherein the collection of data is stored in a database

5 28 A method of identifying lead compounds, comprising

providing, in a computing device, a collection of data describing a plurality of

biochemical pathways, each biochemical pathway description identifying a plurality of

compounds associated with the biochemical pathway,

adding an agent to an assay,

IO processing the assay to acquire result data indicating the effect of the addition of

the agent on the assay, the result data indicating a condition of at least one compound in

the assay relative to a control,

identifying, using the collection of data describing the plurality of biochemical

pathways, at least one biochemical pathway affected by the indicated condition of the at

15 least one compound

29 The method of claim 28, wherein the identification identifies at least one

expected effect in the at least one biochemical pathway affected by the indicated

condition of the at least one compound

0

30 The method of claim 28, wherein the identification identifies at least one

unexpected effect in the at least one biochemical pathway affected by the indicated

condition of the at least one compound

5 3 1 The method of claim 28 wherein the unexpected effect is a negative unexpected

effect

32 The method of claim 29, further comprising.

displaying a listing of the at least one biochemical pathway affected by the

0 indicated condition of the at least one compound

33 The method of claim 29, wherein the listing identifies at least one changed

metabolite in the at least one biochemical pathway affected by the indicated condition of

the at least one compound

5

34 The method of claim 29, wherein the processing further comprises

performing at least one of liquid chromatography, gas chromatography, mass

spectrometry, liquid chromatography-mass spectrometry and gas chromatography-mass



spectrometry on the assay

35 The method of claim 29, further comprising

interpreting a meaning of a change in the at least one biochemical pathway, the

interpretation based on a pre-defined set of criteria

36 The method of claim 35, further comprising

displaying the interpretation to a user

37 The method of claim 35, further comprising

storing the interpretation of the meaning of the change in the at least one

biochemical pathway

38 The method of claim 29, wherein the assay is an in vitro assay

39 The method of claim 29, wherein the assay is an in vivo assay

40 The method of claim 29, wherein the collection of data describing a plurality of

biochemical pathways is stored in a database

4 1. A medium for use with a computing device, the medium holding computer-

executable instructions for identifying lead compounds, the instructions comprising

instructions for providing, in a computing device, a collection of data describing

a plurality of biochemical pathways, each biochemical pathway description identifying a

plurality of compounds associated with the biochemical pathway,

instructions for adding an agent to an assay,

instructions for processing the assay to acquire result data indicating the effect of

the addition of the agent on the assay, the result data indicating a condition of at least

one compound in the assay relative to a control,

instructions for identifying, using the collection of data describing the plurality

of biochemical pathways, at least one biochemical pathway affected by the indicated

condition of the at least one compound

42 The medium of claim 4 1, wherein the identification identifies at least one

expected effect in the at least one biochemical pathway affected by the indicated

condition of the at least one compound



43 The medium of claim 4 1, wherein the identification identifies at least one

unexpected effect in the at least one biochemical pathway affected by the indicated

condition of the at least one compound

44 The medium of claim 4 1 wherein the unexpected effect is a negative unexpected

effect

45 The medium of claim 4 1, wherein said instructions further comprise

instructions for displaying a listing of the at least one biochemical pathway

affected by the indicated condition of the at least one compound

46 The medium of claim 4 1, wherein the listing identifies at least one changed

metabolite in the at least one biochemical pathway affected by the indicated condition of

the at least one compound

47 The medium of claim 4 1, wherein the instructions for processing further

comprise

instructions for performing at least one of liquid chromatography, gas

chromatography, mass spectrometry, liquid chromatography-mass spectrometry and gas

chromatography-mass spectrometry on the assay

48 The medium of claim 41, wherein the instructions further comprise

instructions for interpreting a meaning of a change in the at least one biochemical

pathway, the interpretation based on a pre-defined set of criteria

49 The medium of claim 48 wherein the instructions further comprise

instructions for displaying the interpretation to a user

50 The medium of claim 48, wherein the instructions further comprise

instructions for storing the interpretation of the meaning of the change in the at

least one biochemical pathway

51 The medium of claim 4 1, wherein the assay is an in vitro assay

52 The medium of claim 4 1, wherein the assay is an in vivo assay

53 The medium of claim 4 1, wherein the collection of data describing a plurality of

biochemical pathways is stored in a database



54 A method of identifying lead compounds, comprising

providing, in a computing device, a collection of data describing a plurality of

biochemical pathways, each biochemical pathway description identifying a plurality of

compounds associated with the biochemical pathway,

adding an agent to an assay,

processing the assay to acquire result data indicating the effect of the addition of

the agent on the assay, the result data indicating a condition of at least one compound in

the assay relative to a control,

identifying programmatically without user assistance, using the collection of data

describing the plurality of biochemical pathways, at least one biochemical pathway

affected by the indicated condition of the at least one compound

55 The method of claim 54, further comprising

interpreting programmatically without user assistance a meaning of a change in

the at least one biochemical pathway, the interpretation based on a pre-defined set of

criteria

56 A medium for use with a computing device, the medium holding instructions for

identifying lead compounds, comprising

providing, in a computing device, a collection of data describing a plurality of

biochemical pathways, each biochemical pathway description identifying a plurality of

compounds associated with the biochemical pathway,

adding an agent to an assay,

processing the assay to acquire result data indicating the effect of the addition of

the agent on the assay, the result data indicating a condition of at least one compound in

the assay relative to a control;

identifying programmatically without user assistance, using the collection of data

describing the plurality of biochemical pathways, at least one biochemical pathway

affected by the indicated condition of the at least one compound

57 The medium of claim 56 wherein the instructions further comprise

instructions for interpreting programmatically without user assistance, a meaning

of a change in the at least one biochemical pathway, the interpretation based on a pre-

defined set of criteria



58. A method for determining an advantageous dose of an agent, comprising

obtaining a first small molecule profile of a sample from a subject treated with a

first dose of said agent,

obtaining a second small molecule profile of a sample from a second subject

treated with a second dose of said agent,

comparing said first small molecule profile to said second small molecule

profile,

identifying components of said small molecule profiles affected by the dose of

said agent,

identifying biochemical pathways associated with said components, and

using the identified biochemical pathways to identify an advantageous dose, thus

determining an advantageous dose of said agent

59 The method of of claim 58, wherein said first and second subjects are the same

subject

60 The method of claim 58, wherein said advantageous dose is selected to minimize

off target effects of said agent

6 1 The method of claim 58, wherein said advantageous dose is selected to maximize

on target effects of said agent

62 The method of claim 58, wherein said first and second subjects are human

63 The method of claim 62, additionally comprising obtaining further small

molecule profiles at additional doses of the agent

64 A method for determining an advantageous salt form of an agent, comprising

obtaining a first small molecule profile of a sample from a subject treated with a

first salt form of said agent,

obtaining a second small molecule profile of a sample from a second subject

treated with a second salt form of said agent,

comparing said first small molecule profile to said second small molecule

profile,

identifying components of said small molecule profiles affected by the salt form

of said agent,

identifying biochemical pathways associated with said components, and



using the identified biochemical pathways to identify an advantageous salt form,

thus determining an advantageous salt form of said agent

65 The method of of claim 64, wherein said first and second subjects are the same

subject

66 The method of claim 62, wherein said advantageous salt form is selected to

minimize off target effects of said agent

67 The method of claim 63, wherein said advantageous salt form is selected to

maximize on target effects of said agent

68 The method of claim 64, wherein said first and second subjects are human

69 The method of claim 64, additionally comprising obtaining further small

molecule profiles using one or more additional salt forms of the agent

70 The method of claim 64, wherein said salt forms are pharmaceutically acceptable

salt forms

7 1 The method of claim 70, wherein said pharmaceutically acceptable salt forms are

selected from the group consisting of hydrobromide, hydrochloride, sulfate, b isulfate,

phosphate, nitrate, acetate, valerate, oleate, palmitate, stearate, laurate, benzoate, lactate,

phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, napthylate, mesylate,

glucoheptonate, lactobionate, laurylsulphonate salts, hydroxide, carbonate, ammonia

salts, organic primary, secondary or tertiary amine salts, lithium, sodium, potassium,

calcium, magnesium, aluminum salts, ethylamine, diethylamine, ethylenediamine,

ethanolamine, diethanolamine, and piperazine

72 A method for determining an advantageous prodrug form of an agent,

comprising

obtaining a first small molecule profile of a sample from a subject treated with a

first prodrug form of said agent,

obtaining a second small molecule profile of a sample from a second subject

treated with a second prodrug form of said agent,

comparing said first small molecule profile to said second small molecule

profile,



identifying components of said small molecule profiles affected by the prodrug

form of said agent,

identifying biochemical pathways associated with said components, and

using the identified biochemical pathways to identify an advantageous prodrug

form, thus determining an advantageous prodrug form of said agent

73 The method of of claim 72, wherein said first and second subjects are the same

subject

74 The method of claim 72, wherein said advantageous prodrug form is selected to

minimize off target effects of said agent

75 The method of claim 72, wherein said advantageous prodrug form is selected to

maximize on target effects of said agent

76 The method of claim 72, wherein said first and second subjects are human

77 The method of claim 72, additionally comprising obtaining further small

molecule profiles using one or more additional prodrug forms of the agent

78 A method for determining an advantageous formulation of an agent, comprising

obtaining a first small molecule profile of a sample from a first subject treated

with a first formulation of said agent,

obtaining a second small molecule profile of a sample from a second subject

treated with a second formulations of said agent,

comparing said first small molecule profile to said second small molecule

profile,

identifying components of said small molecule profiles affected by the

formulation of said agent,

identifying biochemical pathways associated with said components, and

using the identified biochemical pathways to identify an advantageous

pharmaceutical formulation, thus determining an advantageous formulation of said

agent

79 The method of of claim 78, wherein said first and second subjects are the same

subject



80 The method of claim 78, wherein said advantageous formulation is selected to

minimize off target effects of said agent

8 1 The method of claim 78, wherein said advantageous formulation is selected to

maximize on target effects of said agent

82 The method of claim 78, wherein said first and second subjects are human

83 The method of claim 78, additionally comprising obtaining further small

molecule profiles using one or more additional formulations of the agent

84 The method of claim 78, wherein said formulations are formulated for oral,

nasal, topical, transdermal, buccal, sublingual, rectal, vaginal or parenteral

administration

85 The method of claim 78, wherein said first and second formulations comprise the

same or different pharmaceutically effective carriers

86 A method for determining an advantageous route of administration of an agent,

comprising

obtaining a first small molecule profile of a sample from a first subject treated

with an agent administered using a first route of administration,

obtaining a second small molecule profile of a sample from a second subject

treated with said agent administered using a second route of administration,

comparing said first small molecule profile to said second small molecule

profile,

identifying components of said small molecule profiles affected by the route of

administration of said agent;

identifying biochemical pathways associated with said components, and

using the identified biochemical pathways to identify an advantageous route of

administration, thus determining an advantageous route of administration of said agent

87 The method of of claim 86, wherein said first and second subjects are the same

subject

88 The method of claim 86, wherein said advantageous route of administration is

selected to minimize off target effects of said agent



89 The method of claim 86, wherein said advantageous route of administration is

selected to maximize on target effects of said agent

90 The method of claim 86, wherein said first and second subjects are human

9 1 The method of claim 86, additionally comprising obtaining further small

molecule profiles using one or more additional routes of administration of the agent

92 The method of claim 86, wherein said routes of administration are selected from

the group consisting of oral, nasal, topical, transdermal, buccal, sublingual, rectal,

vaginal and parenteral administration

93 A method for determining an advantageous therapeutic window of an agent,

comprising

obtaining a first small molecule profile of a sample from a first subject treated

with an agent at a first stage of a disease state,

obtaining a second small molecule profile of a sample from a second subject

treated with said agent at a second stage of a disease state,

comparing said first small molecule profile to said second small molecule

profile,

identifying components of said small molecule profiles affected by the stage of

the disease state at which the agent was administered of administration of said agent,

identifying biochemical pathways associated with said components, and

using the identified biochemical pathways to identify an advantageous

therapeutic window for said agent

94 The method of of claim 93, wherein said first and second subjects are the same

subject

95 The method of claim 93, wherein said advantageous route of administration is

selected to minimize off target effects of said agent

96 The method of claim 93, wherein said advantageous route of administration is

selected to maximize on target effects of said agent

97 The method of claim 93, wherein said first and second subjects are human



98 The method of claim 93, additionally comprising obtaining further small

molecule profiles using one or more additional routes of administration of the agent

99 The method of claim 93, wherein said routes of administration are selected from

the group consisting of oral, nasal, topical, transdermal, buccal, sublingual, rectal,

vaginal and parenteral administration

100 A methods for determining an advantageous alternate form of an agent,

comprising

obtaining a first small molecule profile of a sample from a subject treated with a

first alternate of the agent,

obtaining a second small molecule profile of a sample from a second subject

treated with a second alternate form of the agent,

comparing the first small molecule profile to the second small molecule profile,

identifying components of the small molecule profiles affected by the alternate form of

the agent,

identifying biochemical pathways associated with the components, and using the

identified biochemical pathways to identify an advantageous alternate form, thus

determining an advantageous alternate form of the agent
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