
Mammalian Drug Metabolism In Silico
Strategies for Increasing Specificity of Prediction

Mammalian Drug Metabolism In Silico
Strategies for Increasing Specificity of Prediction

Anthony Long 
Lhasa Limited

22 - 23 Blenheim Terrace, Woodhouse Lane, Leeds, LS2 9HD
Direct Tel: +44 (0)113 394 6045   Fax: +44 (0)113 394 6099

Email: tony.long@lhasalimited.org Web: www.lhasalimited.org



Mammalian Drug Metabolism In Silico
Strategies for Increasing Specificity of Prediction

Diagnosis

Expert Systems

Definition
ά! ǇǊƻƎǊŀƳ ƛƴ ǿƘƛŎƘ ŀ ǊŜŀǎƻƴƛƴƎ όƻǊ ƛƴŦŜǊŜƴŎŜύ ŜƴƎƛƴŜ ǎƻƭǾŜǎ ǇǊƻōƭŜƳǎ όƻǊ ƳŀƪŜǎ ǇǊŜŘƛŎǘƛƻƴǎύ ōȅ 
ŀǇǇƭȅƛƴƎ ǊǳƭŜǎ ŦǊƻƳ ŀ ƪƴƻǿƭŜŘƎŜ ōŀǎŜ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǎƛƴƎƭŜ ƻǊ ƳǳƭǘƛǇƭŜ ǉǳŜǊƛŜǎ όƻǊ ƘȅǇƻǘƘŜǎŜǎύέ

Such rules may be a combination of two types: factual and heuristic, and these are, in the main 
part (but not exclusively), non-numerical.

An Example - A Visit to the Doctor:

Symptoms
(Factual Knowledge):

Runny Nose
Sore Throat
Headache
Congestion

Inferences
(Heuristic Knowledge):

άLǘΩǎ 5ŜŎŜƳōŜǊ ŀƴŘ ǘƘŜǊŜΩǎ ŀ
ƭƻǘ ƻŦ ƛǘ ŀōƻǳǘέ

ά¸ƻǳΩǊŜ ǘƘŜ нтǘƘ ŎŀǎŜ LΩǾŜ
ǎŜŜƴ ǘƘƛǎ ƳƻǊƴƛƴƎ Ηέ

A
Common

Cold
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ά! ǇǊƻƎǊŀƳ ƛƴ ǿƘƛŎƘ ŀ ǊŜŀǎƻƴƛƴƎ όƻǊ ƛƴŦŜǊŜƴŎŜύ ŜƴƎƛƴŜ ǎƻƭǾŜǎ ǇǊƻōƭŜƳǎ όƻǊ ƳŀƪŜǎ ǇǊŜŘƛŎǘƛƻƴǎύ ōȅ 
ŀǇǇƭȅƛƴƎ ǊǳƭŜǎ ŦǊƻƳ ŀ ƪƴƻǿƭŜŘƎŜ ōŀǎŜ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǎƛƴƎƭŜ ƻǊ ƳǳƭǘƛǇƭŜ ǉǳŜǊƛŜǎ όƻǊ ƘȅǇƻǘƘŜǎŜǎύέ

Goals:

1. Generation of all reasonable Phase I and Phase II metabolites
2. Organisation of metabolites into a metabolic tree (simulation of metabolic profile)
3. Identification of potentially reactive, adduct-forming metabolites
4. Assessment of likelihoods of formation of metabolites and pathways
5. Likelihoods of formation of metabolites and pathways under different biological conditions

Inference Engine: Graphical user interface, chemistry engine, etc.

Knowledge Base: Biotransformation dictionary
Rules expressing likelihood of biotransformation under different conditions

Query: A drawn chemical structure
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Knowledge Base: Biotransformation dictionary
Collection of generalised reactions (simple or complex):

άb-hȄƛŘŀǘƛƻƴ ŀǘ !ǊƻƳŀǘƛŎ bƛǘǊƻƎŜƴέ

R1 = aromatic carbon

άIȅŘǊƻȄȅƭŀǘƛƻƴ ŀǘ .ŜƴȊȅƭƛŎ aŜǘƘȅƭέ
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Knowledge Base: Biotransformation dictionary
Collection of generalised reactions (simple or complex):

ά!ƳƛƴŜ hȄƛŘŜǎ ŦǊƻƳ ¢ŜǊǘƛŀǊȅ !ƳƛƴŜǎέά!ƳƛƴŜ hȄƛŘŜǎ ŦǊƻƳ ¢ŜǊǘƛŀǊȅ !ƳƛƴŜǎέ
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PROBABLE PLAUSIBLE EQUIVOCAL DOUBTED IMPROBABLE
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PROBABLE PLAUSIBLE EQUIVOCAL DOUBTED IMPROBABLE

Each application of the biotransformation may be supported by:
Comments

Mechanism (enzymology)
Scope and diversity (Structure-Metabolism Relationships)
Species difference/similarities

References
Books, reviews, articles

Example Reactions
With biodata from primary literature 
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1

20

400

Knowledge Base: Rules expressing likelihood of biotransformation under different conditions

The Need for Prioritisation:
THE COMBINATORIAL DATA EXPLOSION

Numbers of metabolites being generated in 12-step sequences if
each parent metabolite generates a further 20 child metabolites.

1

20

400

8,000

160,000

3,200,000

64,000,000

1,280,000,000

25,600,000,000

512,000,000,000

10,240,000,000,000

204,800,000,000,000

4,096,000,000,000,000



Absolute Reasoning
Influenced by: Frequency of occurrence

Yields
Scope of applicability
Physicochemistry: lipophilicity/molecular weight

ProbablePlausibleEquivocalDoubtedImprobable
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Knowledge Base: Rules expressing likelihood of biotransformation under different conditions
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Knowledge Base: Rules expressing likelihood of biotransformation under different conditions

Number of Examples

Relative Reasoning
Expresses:  Preferences for a single activating biophore (REGIOSELECTIVITY)

para-
Hydroxylation

ortho-
Hydroxylation

meta-
Hydroxylation
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Knowledge Base: Rules expressing likelihood of biotransformation under different conditions

Relative Reasoning
Expresses:  Preferences for a similar functional groups (CHEMOSELECTIVITY)

ωMethyl amines and related compoundsN-Demethylation

ωBranched and non-branched alkyl aminesN-Dealkylation

ωAlicyclic aminesOxidative ring-opening
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Knowledge Base: Rules expressing likelihood of biotransformation under different conditions

Relative Reasoning
Expresses:  Preferences for a similar functional groups (CHEMOSELECTIVITY)

Sulphoridazine FIRST Prediction THIRD PredictionSECOND Prediction
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Knowledge Base: Rules expressing likelihood of biotransformation under different conditions

Relative Reasoning
Expresses:  Preferences for a similar functional groups (CHEMOSELECTIVITY)

Venflaxazine
Mianserin Naltrexone

Verapamil
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Biotransformation Analysis for 18 Compounds
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Probable

Plausible

Equivocal

49%

46%

5%

30%

50%

20%

UNCONFIRMED CONFIRMED
POSITIVE  POSITIVE

Biotransformation Analysis for 18 Compounds
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Biotransformation Analysis for 18 Compounds
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Unconfirmed Positive : Confirmed Positive = 3 : 1
Confirmed Positive : False Negative = 22 : 1

Unconfirmed Positive

Concordant

False Negative
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The ñacceptanceò of UNCONFIRMED POSITIVE Predictions (I)
SMALL UNOBSERVABLE  FRAGMENTS
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The ñacceptanceò of UNCONFIRMED POSITIVE Predictions (II)
INTERMEDIATE METABOLITES
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The ñacceptanceò of UNCONFIRMED POSITIVE Predictions (III)
MULTIPLE BIOTRANSFORMATION PATHWAYS

- [ ]



Mammalian Drug Metabolism In Silico
Strategies for Increasing Specificity of Prediction

The ñacceptanceò of UNCONFIRMED POSITIVE Predictions (IV)
EXPERIMENTAL LIMITATIONS

Pathway Characterisation
Metabolite Characterisation

Mass Balance Analysis
Assay Type, Cross Referencing and Extrapolation
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Analysis of
Unconfirmed Positive

Biotransformations



Mammalian Drug Metabolism In Silico
Strategies for Increasing Specificity of Prediction

Analysis of
Unconfirmed Positive

Biotransformations

Biotransformation 70
Benzylic Hydroxylation


