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• Substances form the essence or basis of every product
• Interactions between substances are responsible for nearly all 

pharmacological activity. 
• Substances are a lynchpin on which to organize regulatory information but 

many regulatory agencies only identify/define them by names or codes 
• Names and codes are not sufficient to manage substance information.
• Regulatory agencies need to be able to define substances scientifically in 

an unambiguous manner
• ISO 11238 provides a framework for defining all substances and related 

regulatory information
• DTS 19844 provides many detailed examples of which data is collected 

according to the standard.

Why ISO 11238 and DTS 19844?
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• Often Ambiguous
– Different meanings in different domains

• Lime
– Different meanings in different 

jurisdictions 
• Amoxicillin

Names
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• Paper or Electronic Paper
• Information not accessible

– Difficult to read
– More difficult for computers to read

• Need for Structured Information

PDF’s and Package Inserts



Approach to Substances

• Substances are defined based on what 
they are not how they are made or used

• Substances are defined independent of 
grade or level of purity



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

Substance Each Source 
Material is 
Substance

Reaction 
Product is 
Substance

Multiple Sources

Single Source

Source Materials
React Chemically

Source Materials Do 
Not React Chemically



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

Monodisperse 
Substance

Mixture 
Substance

Structurally 
Diverse

Substance

Single Molecular Entity

Multiple Molecular Entities

Limited Set
(business rule) of 
Molecular Entities

Numerous/Unknown 
Molecular Entities

Polymer
Substance

Multiple Repeating 
Molecular Entities



Which Monodisperse 
Substance Type?

Structurable Molecule 
with Defined Formula

Structure Based on 
Linear Sequence of Amino Acids

Structure Based on 
Linear Sequence of NucleotidesProtein

Substance
Nucleic Acid
Substance

Monodisperse 
Substance

Chemical 
Substance



Guiding Principles

• Limited Ambiguity
– Uniqueness
– Identity
– Internal Consistency
– Completeness

• Confidentiality
– Single code to track an ingredient throughout the 

product lifecycle



Unique Ingredient Identifier
• The UNII consists of ten alphanumeric 

characters.
• Non-semantic non-chronological identifier
• The first nine alphanumeric characters are 

randomly generated.
• The tenth alphanumeric character is determined 

through a mathematical algorithm, and is 
appended to the first nine.

• 369 = 1014 potential identifiers
• Over 70k public codes



SRS @ NLM
Created for SPL Listing

• http://fdasis.nlm.nih.gov/srs/srs.jsp
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• 0 to many RNs for substances –not an identity 
standard

• CAS has no consistent way to capture 
polydispersity

• CAS RNs are copyrighted

InChI, InChIKey, SMILES, UUID (GUID)?

What About CAS RNs?
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• ICH M5 (2003-2013, Step 2 published 2005)
– ISO IDMP (2005-present, 5 standards published

2012, implementation guides currently being balloted)
• Substances – implemented as GInAS
• Medicinal Products
• Pharmaceutical Products – clinical drugs
• Dosage Forms, Units of Presentation and Routes 

of Administration
• Units of Measure (UCUM)

Data Elements and Standards 
for Drug Dictionaries
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 SPL and UNII developed in US through 
HL7 (2005-present)

 110k+ NDC’s using about 10k UNIIs
 Europe is now trying to catch up

Data Elements and Standards 
for Drug Dictionaries
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DailyMed



DailyMed



Imprecise Ingredient

Imprecise Ingredient

Missing Strength

Color formulation component
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• Data sources can be 
incomplete/ambiguous/contradictory

• To provide a set of substance master data
• To facilitate interoperability

– Richer data facilitates communication
– Data must be useful both to humans and 

systems

Why Aggregate/Curate?



What is the active ingredient in 
Lipitor?
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atorvastatin calcium
methylnaltrexone bromide
levothyroxine sodium
ferric citrate (USAN)
• Multiple established names for the same 

substance
• Missing links

Identity Problems 



Sitagliptin (INN)

INN avoids salts, solvates  AND Clinical Trial codes



Sitagliptin phosphate (USAN)



Sitagliptin hydrochloride 
(no official definition)



Perphenazine hydrochloride 
(no official definition)
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Hypromellose Example
USP 33: Hypromellose is a methyl and hydroxypropyl mixed ether of cellulose. It contains, 

calculated on the dried basis, methoxy (–OCH3: 31.03) and hydroxypropoxy (–
OC3H6OH: 75.09) groups conforming to the limits for the types of Hypromellose 
(hydroxypropyl methylcellulose) set forth in the accompanying table.

Methoxy (percent)  Hydroxypropoxy (percent) 
Substitution Type  Min.  Max.  Min.  Max. 
1828  16.5  20.0  23.0  32.0 
2208  19.0  24.0  4.0  12.0 
2906  27.0  30.0  4.0  7.5 
2910  28.0  30.0  7.0  12.0 

(Polydisperse) Polymers
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Hypromellose Example

USP 33: Labeling—Label it to indicate its 
substitution type and its nominal viscosity 
value in milli‐Pascal per second (mPa∙s).

Hypromellose is the INN and BAN

CAS 9004‐65‐3

(Polydisperse) Polymers
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Hypromellose

3

R1

R2

<POLYMER_TYPE>HOMOPOLYMER
<NUMBER_OF_SRU>1
<ORIENTATION_OF_POLYMERIZATION>HEAD-TAIL
<R_ID>R1
<LIMIT_TYPE>WEIGHT

<AVERAGE>10
<LOW_LIMIT>7
<HIGH_LIMIT>12
<R_ID>R2
<LIMIT_TYPE>WEIGHT
<AVERAGE>29
<LOW_LIMIT>28
<HIGH_LIMIT>30
<TYPE_MW>NUMBER
<MW_AVERAGE>8000
<LOW_LIMIT_MW/>
<HIGH_LIMIT_MW/>

<PHYSICAL_PROPERTY_TYPE>VISCOSITY
<AVERAGE>3
<LOW_LIMIT>2.4
<HIGH_LIMIT>3.6
<UNITS>MPA.S
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Hypromello
HYPROMELLOSE 2910 (3 MPA.S) 0VUT3PMY82
HYPROMELLOSE 2910 (5 MPA.S) R75537T0T4 
HYPROMELLOSE 2910 (6 MPA.S) 0WZ8WG20P6
HYPROMELLOSE 2910 (15 MPA.S) 36SFW2JZ0W
HYPROMELLOSE 2910 (50 MPA.S) 1IVH67816N
HYPROMELLOSE 2910 (4000 MPA.S) RN3152OP35

HYPROMELLOSE 2910 (15000 MPA.S) 288VBX44JC
HYPROMELLOSE 2906 (50 MPA.S) 612E703ZUQ
HYPROMELLOSE 2906 (4000 MPA.S) 5EYA69XGAT
HYPROMELLOSE 2208 (3 MPA.S) 9H4L916OBU
HYPROMELLOSE 2208 (100 MPA.S) B1QE5P712K

HYPROMELLOSE 2208 (4000 MPA.S) 39J80LT57T

HYPROMELLOSE 2208 (15000 MPA.S) Z78RG6M2N2

HYPROMELLOSE 2208 (100000 MPA.S) VM7F0B23ZI



EPA

DHA



Garcinia Cambogia



Medicinal Plants Name Service
http://apps.kew.org/mpns‐portal/



Need for Specified Substance

– Need to tie material to a manufacturer and a process
– Need to tie material to a specific grade
– Need to obtain specification information
– Need to obtain information about processing 
materials

– Need to establish and monitor the supply chain



Specified Substance
– To be implemented with the GInAS Application
– An explicit grouping of elements and concepts  put 
forward in ISO IDMP

• Group‐1 Multiple substance materials (Coatings, Colorants, 
Flavorants); Physical Form; Extracts

• Group‐2 Manufacturer and minimal manufacturing 
information

• Group‐3 Grade of material (USP, EP, technical, standardized 
etc.)

• Group‐4  Detailed manufacturing information, impurities, 
degradents etc.



Why IDMP?
• No other approach can meet the regulatory 
need for substance/ingredient identity codes

• Precise at the molecular level
• Consistent and standardized dataset
• UNIIs are free to use, highly searchable and 
possess internal validation


