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Abstract: 
Small-molecule compounds approved for use as drugs may be “repurposed” for new indications and studied to determine the mechanisms of their beneficial and adverse effects. A comprehensive collection of all small-molecule drugs approved for human use would be invaluable for systematic repurposing across human diseases, particularly for rare and neglected diseases, for which the cost and time required for development of a new chemical entity are often prohibitive. Previous efforts to build such a comprehensive collection have been limited by the complexities, redundancies, and semantic inconsistencies of drug naming within and among regulatory agencies worldwide; a lack of clear conceptualization of what constitutes a drug; and a lack of access to physical samples. We report here the creation of a definitive, complete, and nonredundant list of all approved molecular entities as a freely available electronic resource and a physical collection of small molecules amenable to high-throughput screening.

Introduction

The sequencing of the human genome and subsequent translational efforts have brought about unprecedented opportunities for the rapid application of new biological knowledge to improve human health.  While diagnostic applications of genomic information have been relatively straightforward to develop, advances in therapy have been slower, due in part to the time (10-15 years) and expense (~$1B) of new drug development (1).  
New chemical entities (NCEs) are the focus of most drug development efforts, in part because of the need for novel composition of matter intellectual property to recoup the cost of drug research and development.  However, the propensity of drugs to act on more than one target, or to act on their intended target in an unanticipated system, has long been noted to occur with regularity in clinical medicine, manifesting as either additional therapeutic uses for a drug, or adverse events.  With the recent difficulties of the biopharmaceutical industry in developing NCEs, and the focus on drug safety, more attention has been placed on drugs already approved for clinical use.  Nowhere has this attention been greater than in rare and neglected diseases, where the expected return on investment makes NCE development particularly challenging.
Rare diseases are defined by the U.S. Orphan Drug Act as those with <200,000 prevalence in the U.S.; while rare diseases are frequently neglected in drug development due to their low prevalence, the term “neglected” diseases generally refers to tropical diseases that may be highly prevalent but occur in developing nations unable to afford treatments (2).  There are over 6000 rare and neglected diseases, of which fewer than 300 have any therapy currently available (http://rarediseases.info.nih.gov/).  As a result, particular interest has arisen in finding drugs for rare and neglected diseases in the current pharmacopeia, by finding new therapeutic indications for already approved drugs – a process frequently referred to as “repurposing”.
A drug must be demonstrated to be reasonably safe and effective in the treatment of a disease or condition in order to receive regulatory approval (http://www.fda.gov/Drugs/; http://www.ema.europa.eu/). However, when used in larger populations, many drugs are subsequently discovered to have clinical utility or toxicity not appreciated at the time of approval.  This can result in expansion of a drug’s clinical use to new indications (pregabalin) 
 ADDIN EN.CITE 
(3-5)
 or withdrawal (fenfluramine) 
 ADDIN EN.CITE 
(6, 7)
 of marketing authorization.  Extension of the clinical use of a drug to a new indication has historically occurred via serendipitous clinical observation (e.g., sildenafil for erectile dysfunction), but more recently has occurred via logical connection of a disease’s pathophysiology to a drug’s target (e.g., losartan for Marfan syndrome, thalidomide for multiple myeloma) 
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(8-10)
.  These effects may be the result of the interaction of the drug on its intended target in a different organ (e.g., sildenafil) (11) or to the action of the drug on a different target (so-called “off-target” effects), and may be beneficial (e.g., imatinib action on c-kit) 
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 or harmful (e.g., cisapride action on hERG) (13). Thalidomide 
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(9, 10)
 was originally introduced in the late 1950s as a sedative drug and an effective antiemetic used widely to treat morning sickness. It was withdrawn later on due to teratogenicity and neuropathy. Recently there has been growing interests in thalidomide because it has been found effective against leprosy and multiple myeloma through inhibition of tumor necrosis factor alpha and angiogenesis. The US FDA approved the use of thalidomide for the treatment of lesions associated with Erythema Nodosum Leprosum (ENL) in 1998 and granted accelerated approval in 2006 for thalidomide in combination with dexamethasone for the treatment of newly diagnosed multiple myeloma (MM) patients. Studies are currently underway to determine the effect of thalidomide on arachnoiditis and several other types of cancers. 
An alternative approach to repurposing, which does not require a priori knowledge of disease or drug mechanism, is screening drugs for activity in cell-based models of disease (e.g., ceftriaxone in ALS 
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, astemizole in malaria (15)).  These anecdotal successes raise the possibility that a substantial percentage of rare and neglected diseases (RND) might be treatable with drugs in the current pharmacopeia.  Biopharmaceutical companies understandably have been less enthusiastic about testing their drugs for these indications, since if they are still covered by patents any adverse events in RND patients could adversely affect revenue, and if they are generic, the new RND indication would provide little financial return.  Academic investigators or disease foundations may be interested in pursuing this approach, but frequently lack the infrastructure and expertise to do so, and even when successful the data are generally not aggregated with other assays or made public, preventing use of the data by others or cross-assay comparisons that would likely reveal important relationships among diseases and targets. 
The NIH Chemical Genomics Center (NCGC) is a national resource for translation of the genome into biological insights and new therapeutics, particularly for rare and neglected diseases 
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(16, 17)
.  The NCGC collaborates with disease and target experts worldwide to develop chemical probes for novel biological and therapeutic systems, utilizing its assay development, quantitative high-throughput screening, informatics, and medicinal chemistry platforms (17).  As part of its chemical genomics program aimed at understanding the features of small molecules that are important for biological activity, the NCGC has assembled a large and diverse collection of bioactive compounds.  While most such compounds have been shown to be active only in cell-free, cell-based, or animal model systems, a small percentage have been tested in, or approved for, use in humans and animals.  These latter compounds, for which we reserve the termed “drugs”, make up the class of bioactive small molecules useful for repurposing applications.  A comprehensive understanding of the activities of all drugs in the pharmacopeia would facilitate the greatest possible application of known drugs across the full spectrum of human diseases, and help explain or predict their toxicities.

 In order to enable this systematic drug mechanism and repurposing effort, we desired to identify and then acquire the complete, non-redundant collection of small molecule drugs approved for human or veterinary use by regulatory agencies worldwide. However, upon initiating this effort, it rapidly became evident that neither such a complete non-redundant list of drugs, nor such a physical collection of them, existed.  Several attempts have been made to do so 
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(18-22)
, but upon scrutiny all turned out to be incomplete and/or mixed approved drugs with bioactive compounds not approved for use in humans.  We therefore resolved to assemble a definitive collection, and since this need only be done once and would be an enormous resource for the research and clinical communities, we resolved to make the information available through our website, and the collection available to collaborators who wish to bring their projects to the NCGC.  This report describes our success in creating the NCGC Pharmaceutical Collection (NPC), a definitive collection of drugs registered or approved for use in humans or animals, as both an Informatics and a Screening Resource, and delineates our approach to profiling the activity of this collection across a broad array of human pathways and diseases.  This ongoing project will benefit the medical, systems biology, and toxicology communities, via the NPC Informatics Resource browser (Figure 1) we describe here, available at http://tripod.nih.gov/npc/, and via the NCGC’s collaborative screening programs.  Data on the activities of these drugs generated through screening of the NPC Screening Resource will be made publicly available through PubChem (23), with links provided on the NPC Informatics Resource browser.
What is a “drug”?
Approval of a drug for human use is assumed to be an unambiguous event, so when we embarked on this comprehensive drug collection project, we were surprised to find that estimates of the number of approved drugs in the literature vary widely 
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(15, 19, 24)
.  The US Food and Drug Administration (FDA) does not maintain a single list of drugs that they have approved; instead, there are several such listings, each with its own particular legal origin, intent, and limitations. The United States Pharmacopeia-National Formulary (USP-NF), which is published by the non-governmental organization United States Pharmacopeia, is cited by the Federal Food, Drug, and Cosmetic Act of 1938 as the official compendium of the United States, but is incomplete (25). The FDA publishes several official lists of its own including: the Orange Book, the National Drug Code (NDC), the Drugs@FDA webpage, the Over-the-Counter (OTC) listings from the Office of Nonprescription Products, and its Substance Registration System’s Unique Ingredient Identifier (UNII) 
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(26)
. An August 2006 Department of Health and Human Services, Office of Inspector General audit of the NDC found that over 14,000 drug products were missing from official government registries and that over 34,000 listed products were no longer being marketed (27). FDA has acknowledged these informatics shortcomings and has recently introduced an initiative to correct this issue (28, 29), but that work has not yet been completed. Several others have also attempted to generate a precise listing of FDA approved drugs 
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.  Comparing these resources, we discovered that none of these lists fully concur with one another, likely due to varying definitions of the term “drug”, the complexity of the regulatory process, and the complexity of FDA’s own publications.  Research, medical, marketing, and lay communities use the word “drug” quite differently, and it is only in precisely defining the term did the number and identity of all substances to be included in our comprehensive collection become clear. 
For the purpose of pharmacologic, mechanistic, and repurposing studies, the term “drug” refers to a molecular entity (ME)(36) that interacts with one or more molecular targets and effects a change in biological state.  These may be small molecules, proteins, antibodies, or other substances such as siRNAs or aptamers.  This term unambiguously denotes a unique molecule with a known structure. 
The term “Active Pharmaceutical Ingredient” (API) refers to the molecule in physical form, and is more specific since different esters or salt forms of the same ME are designated as different APIs (e.g., paroxetine mesylate, paroxetine hydrochloride).  Though different APIs of the same ME may exhibit distinct ADMET (absorption, distribution, metabolism, excretion, and toxicity) properties in vivo, this distinction is rarely relevant for in vitro and in silico studies, so the NCGC Pharmaceutical Collection contains only one API for each ME.  
Next on the scale of lexical specificity (Figure 2) is the term ”Drug” as it is used by FDA, which is a name approved for marketing that defines an API, or set of APIs, used.   Thus, a given API may be found in multiple drugs (e.g., ibuprofen, Motrin, Advil, Nuprin).   This term includes drugs requiring a prescription and those that do not (OTC, or “over-the-counter”), and those covered by current market exclusivity (“brand”) and those that are not (“generic”), and may be small molecules, proteins, antibodies, or other substances or groups of substances.  Also included in the category FDA (and other regulatory agencies) terms “Drugs” are substances or extracts without a defined molecular structure and products that are used for supportive or diagnostic purposes but are not intended to be used as specific modifiers of a particular disease or condition. These include thousands of allergenic extracts, commonly used intravenous fluids such as lactated Ringer’s solution and D5W (5% Dextrose in Water), oxygen, and purified air.  

Finally, the most inclusive term for what FDA regulates is “Drug Product”.  Most Drugs are marketed in a wide variety of dosages, forms (e.g., oral, intravenous, intramuscular), combinations, and packages, and each of these is referred to as a “Drug Product” by FDA.  

These definitions make clear why there has been such confusion about what a “Drug” is and how many there are, and make possible the building of a truly comprehensive and non-redundant list and collection.  What the lay public refers to as a “Drug” is more properly termed a “Drug Product”.  In mechanistic research parlance, however, “Drug” refers to a Molecular Entity, or an API when the physical substance is being considered.  
The example of Tylenol® illustrates the importance of these distinctions to properly classifying and counting drugs.  N-(4-hydroxyphenyl)ethanamide, known as “acetaminophen” in the U.S., is the active pharmaceutical ingredient (API) in the common analgesic and antipyretic medicine Tylenol®.  However, this API is also marketed under many other brand names, each registered as a separate Drug by the FDA.  These include Aceta, Actimin, Anacin-3, Apacet, Aspirin Free Anacin, Atasol, Banesin, Crocin, Dapa, Dolo, Datril Extra-Strength, DayQuil, Depon & Depon Maximum, Feverall, Few Drops, Fibi, Fibi plus, Genapap, Genebs, Lekadol, Liquiprin, Lupocet, Neopap, Ny-Quil, Oraphen-PD, Panado, Panadol, Paralen, Phenaphen, Plicet, Redutemp, Snaplets-FR, Suppap, Tamen, Tapanol, Tempra, Valorin and Xcel. Each brand name also comes in different forms, such as tablet, capsule, liquid suspension, suppository, intravenous, and intramuscular form, and doses, and each of these is listed as a separate “Drug Product”. Outside the U.S., this API is known not as acetaminophen, but as paracetamol, and each paracetamol-containing product is also listed separately in regulatory databases.  Thus worldwide, there are hundreds of different “Drugs” and “Drug Products” that appear separately in drug databases, but all are composed of or contain the same ME/API, N-(4-hydroxyphenyl)ethanamide. This circumstance exists for many APIs, essentially none of which is marketed under only one name in only one dose, form, or combination. 
How many drugs are there? - Compiling complete and non-redundant lists of Drug Products, Drugs, APIs, and Molecular Entities 
Assembling a comprehensive enumeration
Using the definitions above, each category was enumerated using data first from the FDA, then from regulatory agencies outside the US.  In this step, inclusion and completeness was the goal, with redundancy to be eliminated later (see following section).  Lists of drug names approved for human use were obtained from the FDA official publications including the Orange Book, the National Drug Code (NDC), the Drugs@FDA webpage, the Over-the-Counter (OTC) listings from the Office of Nonprescription Products, and its Substance Registration System’s Unique Ingredient Identifier (UNII). After assigning structures and Chemical Abstracts Service (CAS) numbers to these names wherever applicable and removing duplicate entries, we found that FDA has over 100,000 Drug Products registered.  These Drug Products have in them over 10,000 Drugs.  However, this latter number, though formally correct, is misleading since the majority of these 10,000 are different brands of the same API, different APIs of the same ME, or chemically undefined substances (e.g. allergenic extracts) (Supplementary Table 1).
We considered the possibility that additional Drugs might exist that are not listed by the FDA, if they were in use prior to the relevant statutes took effect in 1938 (37). We could find no evidence of such additional drugs, and FDA considers such drugs unlikely (38).  FDA has made efforts to evaluate drugs in use prior to 1938, and has taken proactive steps to exclude them from the market if the science was found lacking, as was the case with ethyl nitrite (“sweet spirit of nitre”) (39, 40). 

Two categories of compounds not currently approved for human use were then added to this enumeration due to their potential for human application: veterinary products listed in the Green Book, and drugs previously approved for human use but subsequently withdrawn from the market.  Ivermectin is a broad-spectrum antiparasitic that was first approved for veterinary use, and subsequently repurposed for treatment of human helminthic diseases, particularly onchocerciasis (41). Thalidomide is a prominent example of a previously withdrawn drug being repurposed for another indication and re-approved (10). Drug withdrawal may occur either because FDA or another regulatory agency withdraws marketing approval (42, 43), or because the manufacturer voluntarily ceases production (e.g., mesoridazine); in the latter case, the drug may remain listed in regulatory publications. Several resources that list and monitor drug withdrawals 
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 were included in the NPC. However, the designation “withdrawn” is not unambiguous, since drugs are frequently withdrawn for one indication while remaining approved for others, or withdrawn in one country/market but while remaining on the market in others. The veterinary drugs and drugs withdrawn for certain indications are labeled as such in the NPC browser (http://tripod.nih.gov/npc/).
Drugs are frequently approved in other countries but not approved by the U.S. FDA; we wished to capture these Drugs for the NPC as well.  We therefore performed analogous definition of terms, enumeration of categories, and definition of structures for Drugs approved by regulatory agencies in other countries (Table 1).  We obtained listings from the Dictionary of Medicines and Devices published by the U.K. National Health Service Information Authority (NHS), Health Canada’s (HC) Drug Products Database, the European Medicines Agency (EMEA), and an English translation of the Japanese Pharmacopeia, Fourteenth Edition.   
While currently approved, or previously approved, drugs may be those most amenable to repurposing, compounds that have been registered for human testing but not necessarily approved by any regulatory agency, represent potentially attractive starting points for further testing and/or medicinal chemistry optimization, so were also included in the NPC.  This category includes unapproved Drugs registered by the US Drug Enforcement Agency (DEA), compounds listed in the World Health Organization (WHO) International Nonproprietary Names (INN) and United States Adopted Names (USAN) registries, and compounds listed on the US tariff schedule (Table 1(b)). These listings include Drugs which have an approved Investigational New Drug (IND) application with the FDA or analogous approval by regulatory agencies outside the U.S., and those that are being tested or have been tested in clinical trials in humans.  Importantly, inclusion in any of these latter registries does not indicate that the drug has in fact been tested in humans, much less the stage of testing (e.g., Phase I, II, III).  The latter information is impossible to determine systematically since it is generally not disclosed by the company doing the trials; ClinicalTrials.gov, for instance, requires prospective registration of the trial but does not standardize disclosure of the API(s) being tested.  While not immediately useful in repurposing applications, these USAN/INN drugs may be considered partially developed drugs and therefore require less effort to achieve regulatory approval than compounds in preclinical stages of drug development.  Detailed information on the number of drug records obtained from each source can be found in Supplementary Table S1.
Generating a non-redundant list of molecular entities 
Having produced an aggregate enumeration that was complete, we then devised a process to eliminate redundancy to arrive at a list that was non-redundant – i.e., in which each ME was represented only once.  There are multiple mechanisms by which a single molecular entity may be listed more than once in drug listings, including by simple duplication within or between countries, or by listing of MEs as distinct APIs, Drugs, or Drug Products. Since this redundancy is the source of much of the confusion in the literature about how many MEs exist, this process of redundancy elimination is described here in some detail. 

Different regulatory agencies often assign different names for the same API (e.g., paracetamol/acetaminophen), do not adhere to standard ways of listing active ingredients (e.g., terazosin, terazosin hydrochloride, and terazosin hydrochloride anhydrous are all used to refer to the same API); idiosyncratic and inconsistent naming made synonym identification difficult. Several heuristics were created to reliably eliminate redundancy.  Since the only completely unambiguous identifier was chemical structure, but the regulatory agencies did not supply structural information, APIs were matched to chemical structures via names, synonyms, and/or CAS numbers. Structures were primarily derived from ChemIDPlus’s PubChem deposited substances (50), Prous’ PubChem deposited substances (search for "Prous Science Drugs of the Future"[SourceName] under PubChem Substances) (23), FDAMDD (51), commercial supplier catalog structures, SciFinder searches, or ChemOffice’s name-to-structure utility (52) if an IUPAC name was available, and were manually checked against existing literature including drug labels (53). CAS identifiers are included in the Japanese Pharmacopeia, and were also obtained from ChemIDPlus via PubChem, and manually from SciFinder. We relied on SciFinder to find the correct mapping from name to CAS and to structure once an inconsistency was identified. As a structure source, commercial supplier catalogs (Supplementary Tables S3 and S4) were found to be less reliable (i.e., more error prone) than ChemIDPlus and FDAMDD. An initial scan identified 1770 inconsistencies (different structures having the same name) from 12,800 vendor record indicating an error rate of approximately 14%. Based on the incorrect structures identified during the manual curation process, ChemIDPlus, of which we curated 12,300 records linked to approved drugs, appeared to be a reliable source for structures with an estimated error rate of 1.3% (155 errors found) and FDAMDD, with 990 of its 1,217 structures curated, was of similar quality with an error rate of 2.0% (20 errors found).
Many compound structures included salt and solvent. Common salts were removed, and remaining mixtures separated into component MEs, utilizing automated software followed by manual curation to verify the results. As structure representations of heavy metal containing compounds are frequently problematic, a special set of heuristics were applied to these drugs, where any fragment without a carbon or nitrogen and with less than 6 atoms was removed, and the rest of the molecule treated as one molecular entity. Structures were then canonicalized to facilitate molecular entity matching using the IUPAC International Chemical Identifier or InChI hash key (54) and a NCGC software package for structure standardization (http://tripod.nih.gov/?p=61) (55). To accomplish this, API records were first merged by canonical molecular entities, then by CAS number, and finally by names and synonyms. Each unique Molecular Entity was assigned a unique ID. If more than one unique ID shared the same CAS numbers or name, an alert flag was added indicating a potential error in the structure, name or CAS. Manual curation was then performed to correct such mistakes (Supplementary Table 2). Since a unique ID was assigned to each unique molecular entity, mixtures (i.e., drugs made up of multiple molecular entities) had more than one unique ID assigned.
Comparison to previous estimates of drug numbers

The NPC is the most comprehensive and accurate exposition to date of molecular entities registered or approved for human or veterinary use worldwide.  There have been many previous efforts at compiling drug lists, but upon examination it was evident that all have suffered from substantial overcounting, undercounting, and/or misclassification.  Much of the confusion derives from different definitions of what a “drug” is, the redundancy of drug name listings, the often opaque nature of regulatory agency databases, and lack of connection of drug names to unambiguous chemical identifiers such as structures or SMILES.  In addition, the term “approved” has previously been used in different ways.  A compound may be “approved” for listing in a database (such as the INN), “approved” for use in experimental settings only (as indicated by IND approval by FDA), “approved” by one or more regulatory agencies for specific clinical uses and marketing, or may have been previously “approved” but subsequently withdrawn from the market.  Compounds in all of these categories have been included in previous listings of “approved” drugs, though only a fraction can actually be used in medical practice. In the NPC, “approved” means that marketing and use in medical practice, for the prevention or treatment of one or more disease indications, is currently allowed by one or more regulatory agencies worldwide. 

These ambiguities, and the lack of methodological detail in many previous estimates of drug listings, make comparison to our results difficult.  Previous estimates of the number of “FDA-approved” drugs for screening have ranged from 1382 (56) to 6534 (31) and of approved drugs worldwide up to 9990 (19).  Scrutiny of these databases revealed undercounting of approved drugs, misdesignation of tested drugs as approved, and inclusion of the same ME more than once due to naming ambiguities.  Finally, some reports have incorrectly indicated that compound listing in the USAN or INN indicates either entry into Phase II clinical trials or approval for regulatory use outside the U.S., greatly inflating the reported number of “approved” drugs available for repurposing.   USAN/INN listing in fact only indicates registration by a sponsor of intention to file for human use at some point, but not approval for any such use (57). 

How many “drugs” are there?

This rigorous process of definition, enumeration, and redundancy elimination allowed us to arrive at definitive numbers of MEs, APIs, Drugs, and Drug Products, approved for human and/or veterinary use, in the US and/or other countries; these are summarized in Figure 2 and listed in detail in Supplementary Table S1.  Since for scientific purposes the term “drug” is most properly used to describe MEs, the most accurate answer to the question, “How many drugs are there?” is in reality “How many approved molecular entities are there?”  The answer to this question is that 2356 MEs are approved for human use by the US FDA, and 3936 MEs are approved for human use in major markets worldwide including the US.  These will be the richest source for repurposing applications, since they are already approved for human use and thus approval of new indications will be most straightforward.
When molecular entities approved for veterinary use are included, the numbers of MEs increase to 2508 FDA, and 4034 worldwide.  Finally, there are 4935 unique molecular entities included in the USAN, INN, US Tariff schedule, WHO, DEA, KEGG drugs and FDAMDD database listings of compounds registered for experimental human use but not approved by any regulatory agency for marketing (Supplementary Table 1). While not immediately useable for human applications, these MEs would provide a “jump start” to new drug approvals, so are of interest and importance as well.  Taken together, the 4034 unique worldwide approved MEs and 4935 unique worldwide registered MEs sum to a total unique 8969 molecular entities which are represent the universe of compounds for repurposing, advanced drug development, and chemical genomics. 
The NPC Informatics Resource
From these listings, we created the NPC Informatics Resource, available at http://tripod.nih.gov/npc/.  The NPC Informatics Resource lists all drug MEs and APIs, whether they are suitable for laboratory-based screening or not, and enables informatics-based rational repurposing and chemical genomics applications.  All APIs corresponding to these MEs are also included.   Currently, the NPC Informatics Resource numbers 2508 FDA approved MEs and 4034 worldwide approved MEs.  Including the 4935 unique MEs from the USAN and INN registries, the NPC Informatics Resource contains 8969 unique MEs.  Information will be periodically updated as curation proceeds, new MEs are added as they are registered or approved, and errors are found.  This process will benefit enormously from community feedback, and we users to utilize the error report mechanism on the site (http://tripod.nih.gov/npc/). Database updates with new records and error fixes will be released periodically with distinct database version numbers. 
The NPC Screening Resource
Laboratory-based high-throughput screening (HTS) places certain constraints on the types of molecules that can be tested; therefore, a subset of the NPC Informatics Resource, termed the NPC Screening Resource, was created for HTS applications.  The NPC Screening Resource excludes large molecules (e.g., proteins, antibodies, >1500 MW), as well as small molecule that are insoluble in DMSO, unstable at room temperature, have less than 16 atoms, or have no carbon or nitrogen atoms. Since different salt forms of the same ME behave similarly in in vitro assays, only one API corresponding to each ME was included. The APIs suitable and not suitable for HTS are labeled accordingly in the NPC Informatics Resource (http://tripod.nih.gov/npc/).  The NPC Screening Resource listing numbers 2750 worldwide approved MEs (including 1817 FDA approved MEs) and 4881 USAN/INN MEs, for a total of 7631 MEs (see http://tripod.nih.gov/npc/ and Supplementary Table S1).
Acquisition of all approved drugs

Acquisition of physical samples of the 2750 worldwide approved ME/APIs on the NPC Screening Resource list was surprisingly challenging, principally because chemical vendors generally list their inventory by structure, IUPAC name, or CAS number, and none of this information is routinely available from the regulatory agencies. Therefore, we used intermediary data sources to individually connect ME/APIs with vendor entries (Figure 3).  In addition, different vendors frequently represented a given ME with different structures, so software was written to detect discrepancies and resolve them automatically whenever possible.  When resolving ambiguities, ChemIDPlus (http://chem.sis.nlm.nih.gov/chemidplus) was particularly accurate and useful. 
Compound acquisition was prioritized by approval status, ease of acquisition, and cost. Currently approved drugs were assigned a higher priority for acquisition than investigational drugs, and drugs registered in the U.S. were assigned a higher priority than drugs registered in other countries. Drugs were procured from commercial bioactive compound collections (e.g. LOPAC) and bulk chemical suppliers (e.g. Sigma) first, from which large numbers of compounds were available at relatively low cost, with structures provided for all compounds. Procurement aggregators such as ChemNavigator and specialty chemical vendors (Supplementary Table S4) that generally supply compounds at higher costs were utilized next. If no commercial supplier could be found for a drug, the drug product was obtained from pharmacies and the API purified. For compounds not available commercially, drugs were custom synthesized either by NCGC chemists or via outsourcing; cost for custom synthesis depended on structural complexity and number of synthetic steps, and ranged from $1,000 to $40,000 for 100 mg of compound.
The current acquisition status of the NPC Screening Resource is summarized in Table 2. The majority (64%) of the NPC Screening Resource approved drugs, totaling 1767 compounds, were obtained from major suppliers, including Sigma-Aldrich (St. Louis, MO), Tocris Bioscience (Ellisville, Missouri), MicroSource Discovery Systems (Gaylordsville, CT), Enzo Life Sciences International, Inc. (Formerly BIOMOL International, L.P., Plymouth Meeting, PA), Prestwick Chemical (Illkirch, France), the United States Pharmacopeia (USP), the National Institute on Drug Abuse (NIDA), and and the National Cancer Institute (NCI) (Supplementary Table 3). Controlled substances were mainly procured from the NIDA and Sigma, after licensing of the NCGC by the U.S. Drug Enforcement Administration (DEA). These suppliers were willing to provide compounds in 96-well plate or 96-tube rack formats, making them also the easiest to prepare for screening. Approximately 15% of the collection (404 compounds) were sourced as individual compounds from over 70 smaller chemical suppliers (Supplementary Table 4), either directly from the supplier or through procurement aggregators such as ChemNavigator (San Diego, CA).  This was a time-intensive process, requiring the iterative manual compilation of a master list of compound names and structures.  Continual changes in vendor offerings led us to create a custom structure comparison tool (MolOverlap v1.0), which compares SD files from all vendors to a master list of structures, and outputs a text file of matching structures to be obtained; this tool is freely available at http://tripod.nih.gov/moloverlap/.  This allowed us to rapidly, accurately, and ongoingly extract updated catalog items and procure them for the collection. APIs not commercially available were sourced as drugs from pharmacies and purified.  Approximately 21% of the collection (579 compounds) were not available from any vendor, so required custom synthesis, either by NCGC chemists or via contract synthesis. As of this publication, syntheses have completed for 220 of these compounds; synthesis of the remaining 359 will be completed over the next six months.
Acquisition of compounds registered but not approved for human use

Of the 4881 MEs identified as appropriate for inclusion in the NPC Screening Resource that are registered only by the World Health Organization (WHO) International Nonproprietary Names (INN), and the United States Adopted Names (USAN), or compounds listed on the US tariff schedule, only a small proportion are available commercially.  Currently 928 (19%) of these compounds have been procured or synthesized.  Approximately 20% of the remaining MEs are obtainable from chemical vendors, and the remaining 60%, totaling nearly 3000 compounds, will require synthesis at the NCGC or via contract synthesis (Table 2). Given the cost and time required for custom synthesis, we expect the expansion of the NPC Screening Resource to include all registered MEs will be a long-term effort, but a critically important one.  When considering starting points for chemical optimization for a new drug, these 3000 compounds may be considered advanced leads with likely attractive activity, physicochemical, and ADME properties, which may therefore allow considerable time saving compared to leads generated from conventional HTS of diversity collections.
Recently, we have begun actively procuring or synthesizing drugs approved in countries other than the US, UK, Europe, Canada and Japan, and active metabolites of approved drugs.   The building of the NPC Informatics and Screening resources will be ongoing, and as new compounds are added to regulatory databases, and physical samples are obtained, the Informatics and Screening Resource pages will be updated on our website.  For immediate use by the community, we have listed all compounds in the NPC Informatics and Screening Resources by regulatory agency and supplier in Figure 4 and Table S4, and at the NPC website, http://tripod.nih.gov/npc/.   
QC of the Screening Resource
Ensuring the correct identity and purity of compounds in screening collections is a critical aspect of drawing reliable conclusions from HTS data (58).  This is particularly critical for the NPC, since the data generated on these compounds may be used to advance new clinical applications and draw conclusions about the universe of targets affected by clinically approved drugs, and will be made publically available.  Therefore though we have received suppliers’ Certificates of Analysis, each sample has also been subjected to independent QC at the NCGC to ensure identity and >90% purity by LC/MS.  Three types of detectors are used for the analysis.  The primary analytical technique for assessing compound identity is mass spectrometry.  Identification is based on the expected nominal mass being detected.  The primary technique for assessing analytical purity is an Evaporative Light Scattering Detection (ELSD).  The secondary technique for accessing compound purity is UV absorbance at a wavelength of 220 nanometers.  UV detection becomes important for samples which give a poor response to the ELSD (58).
Applications
The NCGC Pharmaceutical Collection Screening Resource has thus far been screened against over 200 assays of targets, pathways, and cellular phenotypes (Figure 5).  All screening of the NPC is done using the NCGC’s Quantitative High Throughput Screening (qHTS) paradigm, wherein every drug is screened at 6 or more concentrations over 4-5 orders of magnitude in the primary screen (59).  The percentage of NPC compounds with activity in the assays screened so far averages 4.2% (hits classified according to (59)), above the average rate of 1.8% in assays across the NCGC’s larger screening collection (principally the Molecular Libraries Small Molecule Repository (MLSMR)), consistent with the notion that “bioactive” chemical structures frequently have multiple activities that may not be predictable a priori.  Importantly, the assays against which the NPC has been screened have a wide diversity of formats and readouts, eliminating the possibility of this high hit rate being due to an assay platform artifact 
 ADDIN EN.CITE 
(60, 61)
. Though beyond the purview of this paper, the individual and aggregate assay screening data generated using the  NPC will be of great interest for repurposing and chemical genomics, and will be published (e.g., 
 ADDIN EN.CITE 
(62)
 and (63)) and made publicly available via the NPC Browser (http://tripod.nih.gov/npc/) and PubChem (23).
The NPC is currently being utilized for three principal purposes: drug repurposing for the treatment of rare and neglected diseases; defining the universe of pathway activities of known drugs for improved toxicological understanding, modeling and prediction; and defining characteristics of small molecule compounds that confer biological activity.  

Repurposing
Expansion of a drug’s use to diseases other than that for which it was originally intended is commonly referred to as “repurposing”.  While many individual examples exist of successful repurposing, only recently has the concept of large-scale, even comprehensive, examination of the disease applications of clinically used drugs been considered 
 ADDIN EN.CITE 
(19, 20)
.  In order to be maximally reliable and useful, the collection being screened must be truly comprehensive, the screening paradigm must minimize false positives and false negatives, confirmatory testing should be done, and the data should be made publically available.  The substantial infrastructure and diverse disease expertise required for such an effort has until now prevented comprehensive repurposing from being implemented.  The NPC, in the context of the collaborative mission of the NCGC and the NIH Therapeutics for Rare and Neglected Diseases (TRND) program (64) makes this comprehensive approach to drug repurposing feasible, and the enormous unmet medical need – over 6000 rare and neglected diseases currently have no treatment – makes it urgent.  Such repurposing will not only provide the possibility of rapid therapeutic advances, but also obviate the need for NME development, a long and expensive process.  Ultimately, application of the NPC to a large number of diseases will help determine the proportion of human diseases are amelioratable by a drug in the current pharmacopeia; this question has both theoretical and practical importance, informing questions of common disease mechanisms and helping determine the scope of the problem of therapeutic development of the thousands of diseases currently without treatment.  

Virtual screening of the NPC Informatics Resource can be performed by any investigator worldwide with an internet connection, and we encourage researchers worldwide to do so.  To enable the research community and build the knowledge base of drug activities, we encourage researchers to inform us of their successes (and failures) using the Resource, and contribute their results to PubChem.  Laboratory-based screening of the NPC Screening Resource is done at the NCGC via collaboration with any researcher who has a disease-relevant assay.  The screening requirements for the NPC are much less demanding than a typical HTS campaign given the small number of compounds (3,500, compared to >350,000 for a typical HTS); in our experience the assays that produce results most directly applicable to clinical applications utilize primary patient cells.  We encourage any researcher to contact us with their interest.  Given the expense of building and maintaining the NPC Screening Resource, we cannot send copies of the collection to collaborators (100 screens can be performed at the NCGC with the amount of compound required to send to one collaborator), but we routinely have collaborators bring their assays to the NCGC, or send them to us, for collaborative screening.  A solicitation for development and screening of rare/neglected disease assays for repurposing applications will be released by the TRND program shortly (http://trnd.nih.gov).  For those researchers who prefer to reproduce all or part of the NPC Screening Resource in their own laboratories, information on suppliers of all compounds can be found in Table S4 and on our website at http://tripod.nih.gov/npc/.
Toxicology
While unanticipated biological activities of known drugs may be therapeutically beneficial for repurposing, those activities may also be responsible for unanticipated toxicological effects of drugs.  Drug toxicity is one the major reason for failure of new drug development programs (65), and approved drugs are regularly removed from the market because of adverse effects; frequently, the mechanism by which the toxicity occurs is not known.  To improve the reliability and mechanistic understanding of toxicity of chemicals, the NPC will be screened across a very broad range of pathways and cellular phenotypes relevant to toxicity as part of the Tox21 program, a collaboration between the NCGC, the National Toxicology Program, the US Environmental Protection Agency, and the US Food and Drug Administration (66).  
Chemical Genomics
Ultimately, improvements in the efficiency of drug development and application to disease will rely on improved understanding, and therefore predictability, of the general principles by which small molecules interact with their biological targets.  This long-term goal will be greatly advanced by the broad and rigorous profiling to which the NPC will be subjected.  All data generated by the NPC will be placed into the NCGC’s publically available relational browser (NPC browser v2.0.0) (67) that will allow relationships between targets, pathways, diseases, and drugs to be queried in a user-defined fashion.  This browser is currently available at http://tripod.nih.gov/npc/, and improvements will be made regularly in data richness and analysis capabilities.
A National Collaborative Resource

The creation of the NCGC Pharmaceutical Collection as a definitive informatics and screening resource is an important milestone, but is only the first step in its utilization for repurposing and chemical genomics.  We hope that the enumeration of all drugs registered and/or approved for human and veterinary use, and the creation of laboratory resource for their screening, will allow effort to turn to the more important questions of the Resources’ scientific and medical applications.   The NPC will only achieve its potential as a community resource, since the scientific and medical problems to which it can be applied will require the full breadth of target, pathway, and disease expertise.  The NPC is intended as a collaborative instrument, and we encourage researchers to utilize the NPC interactively via our website, and via screening projects.  All NCGC programs are partnerships, and the Center currently has over 200 collaborations with investigators worldwide.
Having provided what to our knowledge is a definitive listing of drugs intended or approved for human use, we hope that the chemical genomics and drug development communities will utilize the NPC to realize the full potential of these drugs for human health, addressing the many devastating and untreatable diseases for which therapeutics are so urgently needed.
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Table 1. 

a) Data sources for approved drugs
	Data Source
	URL
	Country
	Agency
	Type

	Approved Drug Products (Orange Book)
	http://www.fda.gov/cder/ob/
	USA
	FDA
	Human

	FDA Office of Nonprescription Products (OTC Ingredient List)
	http://www.fda.gov/Cder/Offices/OTC/Ingredient_List_A-C.pdf
	USA
	FDA
	Human

	FDA National Drug Code Directory (NDC)
	http://www.fda.gov/cder/ndc/
	USA
	FDA
	Human

	Drugs@FDA
	http://www.accessdata.fda.gov/scripts/cder/drugsatfda/
	USA
	FDA
	Human

	Approved Animal Drug Products (Green Book)
	http://www.fda.gov/cvm/greenbook.html
	USA
	FDA
	Vet

	Dictionary of Medicines and Devices
	http://www.dmd.nhs.uk/
	UK
	NHS
	Human

	EPARs for authorised medical products for human use
	http://www.emea.europa.eu/htms/human/epar/a.htm
	EU
	EMEA
	Human

	Human medicines - Orphan medicinal products
	http://www.emea.europa.eu/htms/human/orphans/opinions.htm
	EU
	EMEA
	Human

	EPARs for authorised medical products veterinary use
	http://www.emea.europa.eu/htms/vet/epar/eparintro.htm
	EU
	EMEA
	Vet

	Therapeutic Products Directorate
	http://www.hc-sc.gc.ca/dhp-mps/prodpharma/databasdon/
	Canada
	HC
	Human

	The Japanese Pharmacopeia, Fourteenth Edition
	http://jpdb.nihs.go.jp/jp14e/monographs2.html
	Japan
	NHI
	Human

	The Japanese Pharmacopeia, Supplement I
	http://jpdb.nihs.go.jp/jp14supp1e/
	Japan
	NHI
	Human

	The Japanese Pharmacopeia, Supplement II
	http://jpdb.nihs.go.jp/jp14supp2e/
	Japan
	NHI
	Human

	The Japanese Pharmacopeia, Name Database
	http://moldb.nihs.go.jp/jp/index.html
	Japan
	NHI
	Human


b) Sources for other bioactive compounds tested in human
	Data Source
	URL
	Country
	Agency

	DEA Drug Scheduling
	http://www.usdoj.gov/dea/pubs/scheduling.html
	USA
	DEA

	World Health Organization International Nonproprietary Names (INN)
	http://www.who.int/medicines/publications/druginformation/innlists/en/index.html
	WHO

	United States Adopted Names (USAN)
	http://www.ama-assn.org/ama/pub/about-ama/our-people/coalitions-consortiums/united-states-adopted-names-council/adopted-names.shtml
	USA
	AMA/USP/APhA

	Harmonized Tariff Schedule of the United States
	http://hotdocs.usitc.gov/docs/tata/hts/bychapter/0600PHARMAPPX.pdf
	USA
	U.S. ITC

	FDAMDD: FDA Maximum (Recommended) Daily Dose
	http://www.epa.gov/ncct/dsstox/sdf_fdamdd.html
	USA
	

	KEGG Drug
	http://www.genome.jp/kegg/drug/
	Japan/USA/Europe


Table 2. Procurement status of NPC. 
	Drug Source
	In current collection
	Procurement/synthesis in process
	Total

	US FDA*
	1635
	182
	1817

	UK/EU/Canada/Japan*
	756
	177
	933

	Total Approved*
	2391
	359
	2750

	Testing Only
	928
	3953
	4881

	Total
	3319
	4312
	7631


* These counts include approved veterinary drugs.

Figure legends

Figure 1. The NPC database browser (http://tripod.nih.gov/npc/) provides users with a graphical interface to explore drugs by a number of attributes including, but not limited to, name, structure, approval status, indication and target information. Complex queries implementing concurrent searches by multiple attributes are also available.

Figure 2. Drug: What’s in a name? Definitions of the terms drug product, drug, API and ME and the numbers associated with each term. Record counts include veterinary drugs. Numbers of substances approved only for human use are shown in parentheses.
Figure 3. Workflow for the NPC library construction process. This process is convoluted by the high prevalence of mistakes in the data sources. Octylmethoxycinnamate is shown as a semantic web diagram as an example. In the diagram, each node represents one entry from a data source. Lines represent identity relationships between source nodes, matching either on 1) name 2) CAS or 3) chemical structure. The line in red represents a spurious synonym linkage (Escalol 506) between padimate A and octinoxate.
Figure 4. The composition of NPC by a) regulatory agency, b) supplier type and c) sample cost. If a drug is listed by more than one regulatory agency, it is counted only once following the approval status priority rank: 1. US FDA, 2. UK/Canada/EU/Japan, 3. investigational.
Figure 5. Activities of the NPC screened against approximately 200 assays of targets, pathways, and cellular phenotypes. The heat map, where each row represents a drug and each column an assay, is colored by the drug activity observed  (type of concentration response curve produced) such that activation is colored red, inhibition blue, inactive white, and missing data is colored grey. A darker shade of red or blue indicates more conclusive activity (significant concentration response). 
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Table S1. Drug counts by regulatory agency/authority (see Table 1 for detailed information on data sources).
	Data Source
	Drug Products
	Drugs
	APIs
	Polymers/allergenic extracts/undefined mixtures
	Total unique MEsa
	Inorganic salts/solvents/gases/metals
	Biologics (large proteins/peptides)
	HTS amenable MEsb

	Drugs@FDA (US FDA)
	27232
	6021
	1948
	165
	1585
	88
	178
	1319

	Approved Drug Products (US FDA Orange Book)
	25221
	5715
	1843
	150
	1511
	85
	108
	1318

	FDA Office of Nonprescription Products (US FDA OTC Ingredient List)
	N/A
	N/A
	1336
	609
	479
	149
	28
	302

	FDA National Drug Code Directory (US FDA NDC)
	66794
	23276*
	3797
	1571
	1787
	151
	296
	1340

	Approved Animal Drug Products (US FDA Green Book)
	N/A
	417
	468
	59
	367
	12
	18
	337

	Dictionary of Medicines and Devices (UK NHS)
	32161
	11611
	2320*
	444
	1263
	98
	165
	1000

	EPARs for authorised medical products for human use and Human medicines - Orphan medicinal products (EU EMEA human)
	N/A
	298
	312
	46
	279
	6
	90
	183

	EPARs for authorised medical products veterinary use (EU EMEA vet)
	N/A
	44
	49
	11
	22
	0
	1
	21

	Therapeutic Products Directorate (Health Canada)
	21377
	18505*
	4065*
	1399
	1274
	150
	144
	980

	The Japanese Pharmacopeia (Japan NHI)
	N/A
	N/A
	2707
	402
	1943
	56
	157
	1730

	World Health Organization International Nonproprietary Names (INN)
	N/A
	N/A
	7316
	476
	6655
	32
	181
	6442

	United States Adopted Names (USAN)
	N/A
	N/A
	988
	224
	663
	18
	37
	608

	Harmonized Tariff Schedule of the United States
	N/A
	N/A
	7794
	982
	6605
	32
	135
	6438

	WHO Model List of Essential Medicines
	N/A
	N/A
	453
	225
	223
	7
	6
	210

	KEGG Drug
	N/A
	N/A
	6532
	564
	2909
	59
	128
	2722

	FDAMDD: FDA Maximum (Recommended) Daily Dose
	N/A
	N/A
	1198
	13
	1168
	3
	2
	1163

	DEA Drug Scheduling
	N/A
	N/A
	517
	52
	230
	2
	0
	228

	
	
	
	
	
	
	
	
	

	US FDA Human
	>100,000
	>10,000
	5206
	2108
	2356
	309
	362
	1685

	US FDA
	>100,000
	>10,000
	5445
	2147
	2508
	319
	372
	1817

	Total Approved Human
	N/A
	>25,000
	9524
	3857
	3936
	512
	756
	2668

	Total Approved
	N/A
	>25,000
	9700
	3895
	4034
	519
	765
	2750

	Total
	N/A
	N/A
	27329
	5682
	8969
	531
	807
	7631


aME stands for molecular entity. This column lists the number of MEs from each source with a defined structure.
bThe number of MEs amenable for HTS. This the set of MEs for which we are obtaining physical samples. The numbers are derived by excluding the inorganic salts and solvents and the biologics from the total number of MEs.
*Names are not normalized appropriately in reference source to give an accurate estimate for this category. Numbers provided likely overestimate unique records in category.

Table S2. Example mistakes found in data sources

	Source
	Name
	CAS
	Source Structure
	Correct Structure

	ChemIDplus
	Cefroxadine
	51762-05-1
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	ChemIDplus
	Indenolol
	30190-87-5
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	ChemIDplus
	Noxythioline
	15599-39-0
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	ChemIDplus
	Econazole
	27220-47-9
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	FDAMDD
	Cloxazolam
	24166-13-0
	
[image: image14.emf]Cl

H

N

O

N

O

Cl


	
[image: image15.emf]Cl

H

N

O

N

O

Cl



	FDAMDD
	Biperiden
	514-65-8
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	FDAMDD
	Butropium bromide
	29025-14-7
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	FDAMDD
	Fentiazac
	18046-21-4
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	ChemIDplus
	Esorubicine
	63521-85-7
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	FDAMDD
	Carbazochrome
	69-81-8
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	Leadscope
	Bretazenil
	84379-13-5
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	Leadscope
	Muscarine
	300-54-9
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	NINDS
	Dobutamine
	34368-04-2
	
[image: image30.emf]H

N

OH

HO

OH


	
[image: image31.emf]OH N

H

HO

HO



	NINDS
	Ellagic acid
	476-66-4
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Table S3. Suppliers of known bioactive collections

	Data Source
	URL

	NIH/NINDS Bioactives Collection
	http://iccb.med.harvard.edu/screening/compound_libraries/bioactives_ninds.htm

	Sigma-Aldrich
	http://www.sigmaaldrich.com/catalog/search/AdvancedSearchPage

	Microsource Spectrum US Drug Collection
	http://www.msdiscovery.com/download/usdrug.xls

	Biomol International, LP
	http://www.biomol.com/Online_Catalog/Online_Catalog/30/

	Tocris Bioscience
	http://www.tocris.com/browse.php

	Prestwick Chemical
	http://www.prestwickchemical.com/index.php?pa=26

	U.S. Pharmacopeia (USP)
	http://store.usp.org/OA_HTML/usp2_ibeCCtpSctDspRte.jsp?section=10042&minisite=10020

	NIDA
	http://www.nida.nih.gov/drugpages.html

	NCI
	http://dtp.nci.nih.gov/branches/dscb/repo_specific.html


Table S4. List of compound suppliers
	Supplier Name
	Supplier Type

	Alfa Aesar
	Bulk Chemicals

	Asinex Ltd.
	Bulk Chemicals

	CalBioChem
	Bulk Chemicals

	ChemBridge Corporation
	Bulk Chemicals

	ChemDiv, Inc
	Bulk Chemicals

	Enamine
	Bulk Chemicals

	Innovapharm Ltd.
	Bulk Chemicals

	InterBioScreen Ltd.
	Bulk Chemicals

	Maybridge
	Bulk Chemicals

	SigmaAldrich - ALDRICH
	Bulk Chemicals

	SigmaAldrich - FLUKA
	Bulk Chemicals

	SigmaAldrich - RIEDEL
	Bulk Chemicals

	SigmaAldrich - SALOR
	Bulk Chemicals

	SigmaAldrich - SIGMA
	Bulk Chemicals

	SigmaAldrich - Sigma DiscoveryCPR
	Bulk Chemicals

	Specs
	Bulk Chemicals

	Tocris Bioscience
	Bulk Chemicals

	American Custom Chemicals Corporation
	Custom Synthesis

	APAC Pharmaceutical, LLC
	Custom Synthesis

	Florida Center for Heterocyclic Compounds
	Custom Synthesis

	GVK Biosciences
	Custom Synthesis

	NIH Center for Chemical Genomics
	Custom Synthesis

	Pharmaron
	Custom Synthesis

	University of Pittsburgh UPCMLD
	Custom Synthesis

	Henry Schein
	Pharmacies

	National Instititue on Drug Abuse
	Pharmacies

	United States Pharmacopeial Convention, Inc.
	Pharmacies

	Walter Reed
	Pharmacies

	Ambinter
	Screening Libraries

	BIOMOL
	Screening Libraries

	Microsource
	Screening Libraries

	Prestwick
	Screening Libraries

	SigmaAldrich - LOPAC
	Screening Libraries

	Tim Tec, Inc
	Screening Libraries

	Toronto Research Chemicals
	Specialty Chemicals

	Advanced Technology & Industrial Co., Ltd
	Specialty Chemicals

	AKos Consulting and Solutions GmbH
	Specialty Chemicals

	Apin
	Specialty Chemicals

	Apollo Scientific Ltd
	Specialty Chemicals

	ART-CHEM GmbH
	Specialty Chemicals

	ASDI Inc.
	Specialty Chemicals

	Aurora Fine Chemicals
	Specialty Chemicals

	Beta Pharma Inc
	Specialty Chemicals

	BioAustralis
	Specialty Chemicals

	Bionet Research (Owned by Key Organics)
	Specialty Chemicals

	BIOTREND Chemicals AG
	Specialty Chemicals

	Bosche Scientific, LLC
	Specialty Chemicals

	Chemical Block Ltd.
	Specialty Chemicals

	Chemos
	Specialty Chemicals

	ChemPacific Corp.
	Specialty Chemicals

	ChemSampCo
	Specialty Chemicals

	CHESS
	Specialty Chemicals

	CiVentiChem
	Specialty Chemicals

	Epsilon Chimie
	Specialty Chemicals

	HuskerChem
	Specialty Chemicals

	INDOFINE Chemical Company, Inc
	Specialty Chemicals

	Kemprotec Limited
	Specialty Chemicals

	Labotest
	Specialty Chemicals

	LKT Laboratories, Inc
	Specialty Chemicals

	Matrix Scientific
	Specialty Chemicals

	MDD World Molecules
	Specialty Chemicals

	Menai Organics
	Specialty Chemicals

	Molecular Diversity Preservation Intl.
	Specialty Chemicals

	National Cancer Institute
	Specialty Chemicals

	Oakwood Producst, Inc.
	Specialty Chemicals

	Peakdale Molecular Ltd
	Specialty Chemicals

	Pharmeks LTD.
	Specialty Chemicals

	PolyPeptide Group (formerly NeoSystem SA)
	Specialty Chemicals

	Scientific Exchange
	Specialty Chemicals

	Selleck
	Specialty Chemicals

	Sequoia Research Product LTD
	Specialty Chemicals

	SynphaBase AG
	Specialty Chemicals

	Tripos
	Specialty Chemicals

	Tyger Scientific, Inc
	Specialty Chemicals

	Vitas-M Laboratory Ltd.
	Specialty Chemicals
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