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Heparin Structure

Pharmaceutical‐grade heparin is 
derived from mucosal tissues of 
slaughtered meat animals such as 
porcine (pig) intestines or bovine 
(cattle) lungs.
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Heparins vary in their species of 
origin and by the number, identity 
of sugar cores, their dispersity, and 
degree of sulfation.





Substance identification in 
regulatory practice

• Repeated substance requests inefficient

• Educate stakeholders on defining elements

• Assignment of unique identifiers 

• Identifiers coordinate regulatory activity



Prospect for a global substance database

• Enable global pharmacovigilence

• Global marketplace for ingredients requires a 
global system to monitor the supply chains

• Establish a consortium of regulators 

• Distribute to both regulators and companies

• Common System and Common Content results 
in a Better System and Better Content



What is a Substance?

‐ ARISTOTLE (Metaphysics)...the generally
recognizable substances... are the sensible
substances, and sensible substances all have
matter..., and in another sense the formula or
form..., and thirdly the complex of matter and
form, which alone is generated and destroyed,
and is, without qualification, capable of separate
existence



What is a Substance?

Early Chemists
describe the first
DIRT MOLECULE
(The Far Side by Gary

Larson)



Is the Material (Ingredient)
a Substance?

Material

Multiple Sources

Single Source

Substance

Source Materials
React Chemically

Source Materials Do
Not React Chemically

Each Source
Material is
Substance

Reaction
Product is
Substance



Substances
• Five groups of elements are used to describe single

substances
- Monodisperse

• Chemicals
• Proteins
• Nucleic Acids

- Polydisperse
• Polymers (polysaccharides and synthetic polymers)
• Structurally Diverse Substances

• Mixtures are comprised of combinations of single
substances and source where relevant



Monodisperse, Polydisperse or
Mixture Substance Type?
Substance Polymer

Substance

Multiple Repeating
Molecular Entities

Numerous/Unknown StructurallyMultiple Molecular Entities

Single Molecular Entity

Monodisperse

Molecular Entities
Diverse

Substance
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Which Monodisperse
Substance Type?

Monodisperse
Substance

Protein
Substance

Structure Based on
Linear Sequence of Amino Acids

Structure Based on
Linear Sequence of Nucleotides Nucleic Acid

Substance

Structurable Molecule
with Defined Formula

Chemical
Substance



Guiding Principles
• Limited Ambiguity

- Uniqueness
- Identity
- Internal Consistency
- Completeness

• Confidentiality
- Single code to track an ingredient throughout the
product lifecycle
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• SMEs passionate about the project

• Scope was large
 Pieces of a solution available
 Expert opinion needed

• Open development was possibility
 Many open source components available
 Commercial pieces

• No firm commitments of resources





NCATS goals for FDA collaboration

• ‘Battle-test’ in-house software platform for use in 
regulator production setting

• Publish public regulatory data
 ‘gold standard’ for the definitions of drug substances



The Global Ingredient Archival System provides a common 
identifier for all of the substances used in medicinal products, 
utilizing a consistent definition of substances globally, including 
active substances under clinical investigation, consistent with 
the ISO 11238 standard.

http://tripod.nih.gov/ginas



Working Collaboratively



Software Implementation Goals
• Self-contained and modular

 Run entirely on a desktop or access remotely
 Freely distributable, predominantly Open Source

• Well-defined data access application programming interface (API)
 GInAS or third-party clients / internal business processes

• Fine-gained security model
 Access control for every piece of information
 Audit trail of all data fields

• Configurable “business rules”, e.g. standardizing structures
• All data is referenced; primary sources should be retained (e.g., 

PDF’s, MS spectra, images)
• System will be distributed with a large set of public domain data 

and updated periodically



Stakeholders
• All GInAS participants comply 

with ISO 11238 for Substance 
Identification

• Each Regulatory Authority can 
maintain its own Substance 
Registration (minimum impact to 
its regulatory process)

• Regulatory Authorities can 
establish agreements with each 
other for substance registration 
& maintenance if they choose

• GInAS provides a source of public 
data to stakeholders



How we are doing it

• Analyze the standard



How we are doing it

• Analyze the standard
• Analyze the data

FDA SRS 
XML

FDA SRS 
Chemical 
Structures

FDA SRS 
AUX Data

External 
Data



How we are doing it

• Analyze the standard
• Analyze the data
• Process and model

FDA SRS 
XML

FDA SRS 
Chemical 
Structures

FDA SRS 
AUX Data

External 
Data



FDA SRS Data

Processing

Transformation

Standardization

Validation

External Data

Seed Data

Data Model 
JSON Schema 

Backend Software

REST API

Persistence

Procedures

Layout

Utility Functions

Registration Forms



JSON Schema (v1)

• Allows exchange and representation of:
 Chemicals 

 (uses connection table format, among other things)

 Proteins
 Nucleic Acids
 Mixtures
 Structurally Diverse
 Polymers
 Group 1 Specified Substances
 “Concepts”



ginas/GSRS v1  

• Using JSON schema, JPA, lucene indexes, and 
NCATS cheminformatics & bioinformatics tools

• Web front end for registration, searching, browsing
• REST API for all major requests and actions
• Completely free and distributable
• Being used to replace legacy FDA SRS system this 

year
• Coming soon!



Where we are now 

Browse all substances in seed data

http://tripod.nih.gov/ginas/app



Where we are now 

Quick filtering to entities of interest (“racemic INN‐named 
chemical substances with EVMPD codes”) 

http://tripod.nih.gov/ginas/app



Where we are now 

Full substance views for substance class

http://tripod.nih.gov/ginas/app



Where we are now 

Advanced searching

http://tripod.nih.gov/ginas/app



Where we are now 

Registration and Validation

http://tripod.nih.gov/ginas/app



Where we are now 

Batch import of records

http://tripod.nih.gov/ginas/app



Where we are going

• Public release, with seed data
• Support for higher group specified substance levels
• Support for more complex supporting information

 Specific glyco-forms on protein glycosylation
 Markush-like “non-specified substances”

• Support for simple transformations to other 
emerging formats (e.g. HELM)
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