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Expert Systems
Definition A A
a! LINRBINI Y AY KAOK | NBFaAaZ2YAY3I 02N AY TS
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Such rules may be a combination of two types: factual and heuristic, and these are, in the
part (but not exclusively), nenumerical

An Example A Visit to the Doctor:

Symptoms D . é Inferences A
(Factual Knowledge): 1agnosis (Heuristic Knowledge):
Runny Nose A GLGQa 5S0OSYo]S
Sore Throat Common f20 2F Ad]
Headache . Cold )
Congestion G, 2dzQNBE GKS |+
4SSy GKra s
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G! LINPINIY AY SKAOK | NBFaz2yAy3a 62N Ay TS
I LJILJX €Ay 3 NMHzZ Sa FNRY | (1y2¢ftSR3IAS o6l asS Ay
Goals

1. Generation of all reasonable Phase | and Phase |l metabolites

2. Organisation of metabolites into a metabolic tree (simulation of metabolic profile)

3. ldentification of potentially reactive, adduébrming metabolites

4. Assessment of likelihoods of formation of metabolites and pathways

5. Likelihoods of formation of metabolites and pathways under different biological conditic

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

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

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

CH, CH,OH
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R1 . R4
R1 = aromatic carbon
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R1=H, F, CH3, NHR3

R2 =H, F, NHR4, CH2R5, CONHR6
R3,R4,R6=H, C

R5 = any atom
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R7=H.F
R8 =H. F, CH2R9, NHR10, OR11
R9,R10,R11=H, C
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R12 = O, S (as part of a five membered aromatic ring)
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fl“ R13 R43 =H, F, CH2R 14, NHR15, OR16
o R14, R15,R16 = H, C
A’A‘A A’A‘A
I | N | |(_
ZATLAS ZATHAY
o AN
R17 R18 R17 O R18 R17,R18=H,F
A,A\A A,A\A
TOIC — D101
/A\ /A\. /A\ +-A\
R19 N~ TR20 R197 TN TR20
cl)‘ R19, R20 = O, S (as part of a five membered aromatic ring)
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Knowledge Base Biotransformation dictionary
Collection of generalised reactions (simple or complex):

6! YAYS hEARSA TNEY SWNIyAS NBE A RSy STANE Y

O R1. _R2 ?_
HBC\N,CH3 y C—Ill+—CH “‘“rxll” — R1—N-R2
| —_— 3 | 3 R3 R3
CH,R1 CH,R1

R1-R3 = aliphatic carbon (no extra heteroatom attachments allowed)
R1 = hydrogen or carbon can not be -CH,N(CH,),

Nitrogen atom cannot be in a ring
H.C CH (Ij_
3N~ 3 N i
ITI - H3C I}I CH3 R4 R5 C|)
R1 R1 “‘“rxll’ — R4—I\|l+— R5
R1 = aromatic carbon R6 R6
R4 = aromatic carbon

R5, R6 = aliphatic carbon (no extra heteroatom attachments allowed)
can not be ArN(CH,),

Nitrogen atom cannot be in a ring
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Knowledge Base Rules expressing likelihood of biotransformation under different conditic

The Need for Prioritisation
THE COMBINATORIAL DATA EXPLOSION
Numbers of metabolites being generated in &2ep sequences if
each parent metabolite generates a further 20 child metaboliteq.
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Knowledge Base Rules expressing likelihood of biotransformation under different conditic
Absolute Reasoning

Influenced by

Mammalian Drug Metabolism In Silico
Strategies for Increasing Specificity of Prediction

Frequency of occurrence
Yields

Scope of applicability
Physicochemistry: lipophilicity/molecular weight

EquivocaDoubted

Probable

,,,,,,,,

only the very most likely
metabolites are

generated

more speculative
metabolites are
generated

all possible metabolites are

generated
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Knowledge Base Rules expressing likelihood of biotransformation under different conditic

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

Number of Examples
_—
para-
Hydroxylation 1 Ry

.

R4
. e
ortho- — > OH . _

Hydroxylation

S

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

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

I

N-Demethylation wMethyl amines and related compounds

Dealkylatic wBranched and nofbranched alkyl amines

Oxidative ringopening
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Knowledge Base Rules expressing likelihood of biotransformation under different conditic

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

COOL. OO0 GO SO0

NH

Sulphoridazine  FIRST PredictiorSECOND PredictioRnHIRD Predictionl!ne
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Knowledge Base Rules expressing likelihood of biotransformation under different conditic

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

M HO
< C s
OH
N
HO
Q/N °
MeO \

Mianserin Me Naltrexone

Venflaxazine

| CN

MeO N OMe
:@A/ Verapamil
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Biotransformation Analysis for 18 Compounds
METHOD:
ALsolrie REIFISOrrirtg: EQUIVOCAL
esrzivve RegFsor?/irnng.: OFF

Irrrs Gerreratfion Biotransformations Only

~

Compound Observed Predicted Unconfirmed Positive Congruent False Negative
p Biotransformations Biotransformations Biotransformatuions Biotransformations Biotransformations
Plausible Equivocal Probable Plausible Equivocal
CP-122,721 4 25 2 4 15 1 1 2
Reparixin 4 8 0 3 2 0 2 1
Imrecoxib 1 11 0 8 2 1 0 0
Tramadol 6 14 0 3 5 4 1 1
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Biotransformation Analysis for 18 Compounds

O Probable
O Plausible

O Equivocal

UNCONFIRMED CONFIRMED
POSITIVE POSITIVE
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Biotransformation Analysis for 18 Compounds
lUnconfirmed Positive
200
lConcordant
lFaIse Negative
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SMALL UNOBSERVABLE FRAGMENTS
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INTERMEDIATE METABOLITES
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MULTIPLE BIOTRANSFORMATION PATHWAYS
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EXPERIMENTAL LIMITATIONS

Pathway Characterisation
Metabolite Characterisation

Mass Balance Analysis
Assay Type, Cross Referencing and Extrapolation
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Analysis of
Unconfirmed Positive
Biotransformations
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Biotransformation 70
Benzylic Hydroxylation
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Analysis of
Unconfirmed Positive
Biotransformations
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