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Å The aim of the talk is that to report the basic activities necessary for a full understanding of the human drug metabolism

Å I will provide some basics concepts of metabolism and the respective modelling which can be applied for the different kind ofstudies

Å In addition, I will try to contextualize the talk using the experience which I have gained during my educational period
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DRUG 

CANDIDATE
METABOLISM

Metabolites mavbe toxic for different 

organs in the body

Inactive towards biological target

More active than substrate towards 

biological target => PRODRUG

Metabolism Key -Concepts

Interaction with other xenobitics(DDI)

Decreased drug bioavailability 

Decreased therapeutic effect
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Drug metabolism study in a pharmaceutical company context

and PK

Late discovery  
stage

Quantitative approach 
with a limited in vivo 

transferability

Semi-quantitative 
metabolism 

determination

Early drug 
development 

Pre-clinical 
development

Quantitative  
approach for pre-
clinical evaluation

Aldehyde Oxidase

Modelling & exp. data

Topic of my activity UGT2B10 OoC
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Aldehyde Oxidase (AOX) 

üPresent in several organisms (animals, vegetables, fungus and bacteriaé)

üMainly present in animal cytosol liver

ü A Molybdo-flavoprotein 

üHomodimeric enzyme with 3 domains

üUses O2 as final electron acceptor 

ü There is a wide intra and interspecific variability

C. Coelho et al. Nature Chemical Biology11, 779ð783, 2015

Crystalized AOX structure 

Garattini& TeraoExpert Opin. Drug Discov. 8, 641-654, 2013

Prydeet al.  J. Med. Chem.53, 8441ï8460, 2010
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AOX- promoted reactions

Aldehyde oxidation

Aza-aromatic oxidation

Amide hydrolysis

[1] Prydeet al.  J. Med. Chem.53, 8441ð8460, 2010

[2] Sodhiet al. Drug Metab. Dispos. 43, 908ð915, 2015

My work was focused on these reactions because:

- Several drugs contained aza-aromatic scaffolds

- There are about 35% of molecules with amide 

functionality in DrugBank
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Compound 
Synthesis

External 
DBs

In vitro 
assays with 

HLC 

LC-MS/MS 

analysis

Chromatogram

analysis

Software 

development

Many activities for one purpose

New potential substrates Analytical part

Resultes

analysis

Model

validation

How we can describe the molecular structure of a drug in silico ?

And metabolite detection 

(+16 m/z) for the oxidation
Semi-quantitative

Peak Area

60 min

Drug/Enzyme affinity 

+

Reactivity0

Metabolism

Enzymatic reaction

Aim : Purely in silico prediction of AOX substrate. Is the compound AOX substrate?
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Molecular description

- Molecular structure
(SMILES, SDFé) Query in SMARTS

Database with 10 000 

molecules 

- Global description

Database with 10 000 

molecules 

Application : Filter out compounds 

having a desired functional group

Application : Estimation of logP, logD

From the total hydrophobic/hydrophilic domain

All ketones 

LogPRanking

[#6][CX3](=O)[#6]

ADME predictor software
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Molecular description

Application of the global molecular description in drug Metabolism

Does the global description of the molecule work to study target-molecule affinity? VolSurf

logPcannot discriminate substrate and non-substrate of h-AOX

Repaglanide

MIFs

Using the pure molecular description they seem to be 
quite different (e.g. no common functional group)

They have several common interactions

In medicinal chemistry these models are mostly base on Molecular mechanics

Application of classical mechanics to molecular systems 

Repaglinide

Molecule X

Local interactions with the target make a huge differenceMolecular Similarity (Example)

Solid MIFs -> Repaglanide

Wireframe MIFs -> Molecule X

Molecule Y
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Molecular description

Application of the global molecular description in drug Metabolism

Does the global description of the molecule work to study target-

molecule affinity?
VolSurf

logPcannot discriminate substrate and non-substrate of h-AOX

Repaglanide

MIFs

Using the pure molecular description they seem to be 
quite different (e.g. no common functional group)

They do not have common interactions
In medicinal chemistry these models are mostly base on Molecular mechanics

Application of classical mechanics to molecular systems 

Repaglinide

Molecule X

Local interactions with the target make a huge differenceMolecular Similarity (Example)

Solid MIFs -> Repaglanide

Wireframe MIFs -> Molecule Y

Molecule Y
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Molecular description

Grid Method

Chem. Soc. Rev., 2008,37, 441-450

Hydrophobic

Hydrogen bond donor

Hydrogen bond acceptor

Shape

The molecule into the box is flexible 

(conformations are considered)

Molecular 

Interaction Fields 

(MIFs)Same approach can be performed for large molecules as protein

All points in the grid are used for 

mapping the molecule

Ὁ Ὁ Ὁ
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Modified scheme from Drug Discovery Today: Technologies: Vol. 10, No. 1 2013

Focus on enzymatic reaction

It can be approximated using ab initio methods in 

non-redundant chemical fragments. 

Ri is the reactivity of the atom i-th

in the appropriate reaction mechanism

pKa influences both reactivity and ligand-

target affinity

h-AOX

Enzyme 

quadruplets

Enzyme-

substrate

Similarity
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Data mining

Correct exposition

Wrong exposition

Analysis  results: SoM exposition

MoCo

Experimental substrate

Experimental non substrate

Reactive SoM

Same principle of docking but 

the information are collapsed 

in 4 high informative points 

(pharmachoporicpoints)Reactive Site of Metabolism (SoM)

Proc Natl Acad Sci U S A 2017 Apr 18;114(16):E3178-E3187

MoCo



This function is considered to be an approximation of the free energy of the process including substrate-

enzymeinteractionwhereexposure(E)and reactivity(R) are opportunelyweighted(we and wr, respectively).

Outcome of the project: AOX metabolism prediction model

Software development

J. Med. Chem., 61, 360Ń371, 2018

AOX METABOLISM OXIDATIONa HYDROLYSISb

% good prediction 88 98

aDatabase of 535 compounds
bDatabase of 173

Internal Model Validation



and PK

Late discovery  

stage

Quantitative approach 

with a limited in vivo 

transferability

Semi-quantitative 

substrate 

determination

Early drug 

development 

Late pre-clinical 

development

Quantitative  

approach for pre-

clinical evaluation

Aldehyde Oxidase

Modelling & exp. data

Topic of my activity UGT2B10 OoC

Drug metabolism study in a pharmaceutical company context
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