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Drug Metabolism and Lead OptimizationDrug Metabolism and Lead Optimization

Drug Metabolism can play a key role in the lead optimization staDrug Metabolism can play a key role in the lead optimization stage of ge of 
drug discoverydrug discovery

Identifying undesirable ADME characteristicsIdentifying undesirable ADME characteristics
Fixing metabolic liability Fixing metabolic liability 
Identifying soft spots in a compoundIdentifying soft spots in a compound

Identification of pharmacologically active metabolitesIdentification of pharmacologically active metabolites
Understanding PKUnderstanding PK--PD & structure activity relationshipsPD & structure activity relationships
May lead to a discovery of new class of agentsMay lead to a discovery of new class of agents
Provide IP protectionProvide IP protection

Identifying factors that may impact drug safetyIdentifying factors that may impact drug safety
Drug Safety Drug Safety –– a primary cause for high rate of attrition in developmenta primary cause for high rate of attrition in development

Identifying Identifying toxicophorestoxicophores –– ‘‘Structural AlertsStructural Alerts’’
Especially the ones that undergo Especially the ones that undergo ‘‘metabolic activationmetabolic activation’’

Identifying metabolites with undesirable pharmacological & Identifying metabolites with undesirable pharmacological & 
toxicological profiletoxicological profile
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Metabolic Activation and Idiosyncratic Adverse Metabolic Activation and Idiosyncratic Adverse 
Drug Reactions (IADR)Drug Reactions (IADR)

DrugDrug Stable MetaboliteStable Metabolite ExcretionExcretion

BIOACTIVATION

Toxic (Reactive) MetaboliteToxic (Reactive) Metabolite

Altered Cellular FunctionAltered Cellular Function

Interact with
macromolecules

Adverse Drug ReactionAdverse Drug Reaction
Cell Death, Immune Response, CarcinogenesisCell Death, Immune Response, Carcinogenesis

DrugDrug Stable MetaboliteStable Metabolite ExcretionExcretion

BIOACTIVATION

Toxic (Reactive) MetaboliteToxic (Reactive) Metabolite

Altered Cellular FunctionAltered Cellular Function

Interact with
macromolecules

Adverse Drug ReactionAdverse Drug Reaction
Cell Death, Immune Response, CarcinogenesisCell Death, Immune Response, Carcinogenesis

It is not easy to predict toxicological risksIt is not easy to predict toxicological risks
Circumstantial evidence linksCircumstantial evidence links metabolic activation to IADRmetabolic activation to IADR

–– No animal modelsNo animal models

One approach adopted by most pharmaceutical industriesOne approach adopted by most pharmaceutical industries
Eliminate the candidateEliminate the candidate’’s potential to undergo metabolic activations potential to undergo metabolic activation

Screen drugs for their ability to form reactive metabolitesScreen drugs for their ability to form reactive metabolites
Avoid chemical functionalities that are susceptible to Avoid chemical functionalities that are susceptible to bioactivationbioactivation

No guarantee that this will make drugs safer but it is worth a tNo guarantee that this will make drugs safer but it is worth a tryry
TALL ORDER BUT AVOIDS RISK!TALL ORDER BUT AVOIDS RISK!

–– Saves $$ Saves $$ 
–– Saves time and effortSaves time and effort
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Methods to Assess Methods to Assess BioactivationBioactivation PotentialPotential

Covalent Binding
to Proteins

Trapping with nucleophiles

Two Methods Commonly Used

Most definitiveMost definitive
Useful in Useful in quantitationquantitation of the of the 
reactive metabolitereactive metabolite
Helps to detect all reactive Helps to detect all reactive 
metabolitesmetabolites
Limited by availability of Limited by availability of 
radiolabelradiolabel

Most popular in a discovery settingMost popular in a discovery setting
NucleophilesNucleophiles used to trap are:used to trap are:

GlutathioneGlutathione
NN--AcetylcysteineAcetylcysteine
Other Other nucleophilesnucleophiles -- cyanidecyanide

Acts as a surrogate marker of Acts as a surrogate marker of 
covalent bindingcovalent binding

Drug (10 Drug (10 –– 50 50 µµMM) + Human Liver Microsomes + GSH) + Human Liver Microsomes + GSH (3 (3 mMmM))

Incubation at 37Incubation at 37ºº C for 1.0 hrC for 1.0 hr

Samples analyzed for GSH adducts using various LCSamples analyzed for GSH adducts using various LC--MS methodsMS methods

NADPH regenerating system (+/NADPH regenerating system (+/--))
General Method UsedGeneral Method Used

Evans D. C. et. al. Evans D. C. et. al. Chem. Res. Chem. Res. ToxicolToxicol. 2004. 2004
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Advantages and Disadvantages of the Advantages and Disadvantages of the BioactivationBioactivation
AssayAssay

CONsCONs
The presence of a GSH The presence of a GSH 
adduct in vitro may not adduct in vitro may not 
translate to toxicitytranslate to toxicity
Only detects reactive Only detects reactive 
metabolites that form GSH metabolites that form GSH 
adductsadducts

Other reactive metabolites such Other reactive metabolites such 
as as aldehydesaldehydes, imines etc. cannot , imines etc. cannot 
be capturedbe captured
Some GSH adducts are Some GSH adducts are 
hydrolyzed readilyhydrolyzed readily

May result in false May result in false 
adducts/positivesadducts/positives
May eliminate potentially May eliminate potentially 
good candidatesgood candidates
MicrosomalMicrosomal assays do not assays do not 
address all metabolic address all metabolic 
pathways for a compound

PROsPROs
Can be used rapidly & easily Can be used rapidly & easily 
in a discovery settingin a discovery setting
SensitiveSensitive
Has a generic endHas a generic end--point point ––
GSH AdductGSH Adduct
Amenable to a 96 wellAmenable to a 96 well--formatformat

pathways for a compound



Deepak Dalvie 6

What does a Positive GSH Adduct Mean?What does a Positive GSH Adduct Mean?

GSH adduct formation  GSH adduct formation  -- Not a kill shotNot a kill shot
Just one type of an alert Just one type of an alert 
A  A  ‘‘FlagFlag’’ that may trigger additional studiesthat may trigger additional studies

In vitro  & in vivoIn vitro  & in vivo
GSH conjugation is a detoxification stepGSH conjugation is a detoxification step
Several other factors need to be weighed inSeveral other factors need to be weighed in

Is it a prototype or a back up?Is it a prototype or a back up?
IndicationIndication
Is the drug being developed for an unmet medical need?Is the drug being developed for an unmet medical need?

–– First in class?First in class?
Dosing regimenDosing regimen

–– Is it a acute dosing or a multiple/chronic dosing drug?Is it a acute dosing or a multiple/chronic dosing drug?
–– Drugs that are used chronically are more prone to Drugs that are used chronically are more prone to IADRsIADRs

Weigh the Benefits versus RisksWeigh the Benefits versus Risks
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Risk AssessmentRisk Assessment
Studies to consider to mitigate the risk in light of a positive Studies to consider to mitigate the risk in light of a positive signalsignal

Assess contribution of other detoxification/metabolic pathwaysAssess contribution of other detoxification/metabolic pathways
Other studies:Other studies:

Assess the formation of reactive metabolites in preclinical specAssess the formation of reactive metabolites in preclinical species ies 
Assess the degree of covalent binding using radiolabel in the Assess the degree of covalent binding using radiolabel in the 
presence of other metabolic pathwayspresence of other metabolic pathways

Predict the dosePredict the dose
Lower the dose Lower the dose 

Lesser amount of the reactive metabolite formed Lesser amount of the reactive metabolite formed 

Lower RiskLower Risk
““It is all about body burden of the RMIt is all about body burden of the RM”

DrugDrug

RMRM

M1M1

M2M2

M3M3

M4M4
DrugDrug

RMRM

M1M1

M2M2

M3M3

M4M4
”
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Minimizing the Minimizing the BioactivationBioactivation Potential of Potential of 
1111--ββ−−HSDHSD--1 Inhibitors1 Inhibitors

Project GoalProject Goal
Develop an Develop an 1111ββHSD1HSD1 (11(11ββ--HHydroxyydroxySSteroid teroid DDehydrogenaseehydrogenase typetype--11) ) 
inhibitor for the treatment of Type II diabetesinhibitor for the treatment of Type II diabetes

Cortisol (F)
Active glucocorticoid

Cortisone (E)
Inactive glucocorticoid

O

O
H3C

H3C OH

O
OH

O

H3C

H3C OH

O
OH

HO

11βHSD-1
NADPH

11βHSD-2
NAD

11 11

Hepatic Hepatic 
GlucoseGlucose

1111ββHSD1HSD1 inhibitor inhibits conversion of cortisone to inhibitor inhibits conversion of cortisone to cortisolcortisol

BackgroundBackground
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Lead Candidate in the Lead Candidate in the 11-βHSD1 Program

Has great physicochemical propertiesHas great physicochemical properties
Good potencyGood potency
Pharmacokinetic AttributesPharmacokinetic Attributes

Low Cl and Low Cl and VdssVdss in preclinical speciesin preclinical species
Long halfLong half--life life ––suitable for QD dosingsuitable for QD dosing

Other AttributesOther Attributes
Not a Not a PgPPgP substrate substrate 
Clearance mechanism: Clearance mechanism: metabolism metabolism 

Primary route Primary route -- oxidativeoxidative
GlucuronidationGlucuronidation (minor)(minor)

Low DDI risk: ICLow DDI risk: IC5050>25 >25 µµM towards major CYPsM towards major CYPs

NHN NH2
SO

O

CN
PFPF--915275915275

Key Issues from a metabolism perspectiveKey Issues from a metabolism perspective
Risk of Risk of bioactivationbioactivation
No Structural Alerts No Structural Alerts –– yet +yet +veve signal in signal in 
RM assayRM assay

Natilie HoseaNatilie Hosea
Sajiv NairSajiv Nair
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Metabolism of PFMetabolism of PF--915275915275

Reactive metabolites trapped as Novel GSH AdductsReactive metabolites trapped as Novel GSH Adducts
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Risk Assessment for PFRisk Assessment for PF--915275915275

Oxidation leading to reactive metabolites Oxidation leading to reactive metabolites –– a primary routea primary route
Preliminary dose prediction 1Preliminary dose prediction 1--50 mg (predicted dose 3050 mg (predicted dose 30--50 mg) 50 mg) 

uncertainties in clearance and uncertainties in clearance and CCeffeff

Recommend
to Stop

Dose (mg/day)Dose (mg/day)

Importance 
of Reactive 
Metabolite 
Pathway to
Clearance

5010

Conduct more 
studies,

Risk/Benefit
GoGo

Go
Conduct more 

studies,
Risk/Benefit

PFPF--915275 915275 

PfizerPfizer’’s Risk Assessment Grids Risk Assessment Grid
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Preliminary Risk Assessment of Reactive Metabolite Preliminary Risk Assessment of Reactive Metabolite 
Formation in LM/NADPH/UDPGAFormation in LM/NADPH/UDPGA

Deepak DalvieDeepak Dalvie
Natilie HoseaNatilie Hosea

S
N
H

O O

N NH2

NC

S
N
H

O O

N NH2
S

N
H

O O

N NH2

HO OH

S
N
H

O O

N NH2

GluO

S
N
H

O O

N NH2

OGlu

S
N
H

O O

N N
Glu

NC

H

M3

M5
PF-00915275

GSH AdductsGSH Adducts

[O]/GSH[O]/GSH

UDPGAUDPGA UDPGAUDPGA

No oxidative metabolitesNo oxidative metabolites
observed in the absence observed in the absence 
of GSH or UDPGAof GSH or UDPGA

Assessment of role of other detoxification pathways Assessment of role of other detoxification pathways 
Not a timeNot a time--dependent inhibitor of dependent inhibitor of CYPsCYPs
[[1414C]C]--PFPF--915275 was synthesized915275 was synthesized

Assessment of covalent binding in vitro and in vivo was initiateAssessment of covalent binding in vitro and in vivo was initiatedd
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Covalent Binding Studies in LM and S9 Using  Covalent Binding Studies in LM and S9 Using  
[[1414C]C]--PFPF--915275915275

Impact of other metabolic Impact of other metabolic 
pathways on covalent bindingpathways on covalent binding

Pathways consideredPathways considered

GlucuronidationGlucuronidation

SulfationSulfation

Ping KangPing Kang
Sue ZhouSue Zhou
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DeDe--risking Factors to Move PFrisking Factors to Move PF--915275 into 915275 into 
DevelopmentDevelopment

Phase II detoxification pathways observed in S9 and in vivo in rPhase II detoxification pathways observed in S9 and in vivo in ratat
In vitro covalent binding reduced to near backgroundIn vitro covalent binding reduced to near background
Very low binding to liver protein in vivo (Very low binding to liver protein in vivo (0.21 0.21 pmolpmol/mg; <0.05% of dose/mg; <0.05% of dose) ) 
No GSH conjugates or related metabolites observed in vivoNo GSH conjugates or related metabolites observed in vivo

Refinement of dose prediction led to low predicted human doseRefinement of dose prediction led to low predicted human dose
Refined Dose =Refined Dose = 0.3 to 3 mg using monkey PK/PD data0.3 to 3 mg using monkey PK/PD data

No toxicity observed in inNo toxicity observed in in--vivo vivo toxtox models including a GSH depleted armmodels including a GSH depleted arm

PFPF--915275915275

RecommendRecommend
to Stopto Stop

Dose (mg/day)Dose (mg/day)

Importance Importance 
of Reactive of Reactive 
Metabolite Metabolite 
Pathway Pathway 
(Clearance) (Clearance) 

5010

Conduct more Conduct more 
studies,studies,

Risk/BenefitRisk/Benefit
GoGoGoGo

GoGo
Conduct more Conduct more 

studies,studies,
Risk/BenefitRisk/Benefit

RecommendRecommend
to Stopto Stop

Dose (mg/day)Dose (mg/day)

Importance Importance 
of Reactive of Reactive 
Metabolite Metabolite 
Pathway Pathway 
(Clearance) (Clearance) 

5010

Conduct more Conduct more 
studies,studies,

Risk/BenefitRisk/Benefit
GoGoGoGo

GoGo
Conduct more Conduct more 

studies,studies,
Risk/BenefitRisk/Benefit
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Biotransformation Profile for Back up to Biotransformation Profile for Back up to 
PFPF--915275915275

Back up Profile = Back up Profile = 
Attributes of the lead compoundAttributes of the lead compound

++
Eliminate the Eliminate the BioactivationBioactivation RiskRisk
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Proposed Mechanism of Proposed Mechanism of 
BioactivationBioactivation of PFof PF--915275915275
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Strategies to Address Reactive MetabolitesStrategies to Address Reactive Metabolites
Chemical modifications to pyridine ringChemical modifications to pyridine ring

Blocking proposed sites of metabolism on pyridine ringBlocking proposed sites of metabolism on pyridine ring
StericSteric hindrancehindrance

Metabolic SwitchingMetabolic Switching
Introduce soft spots that could result in divergence from Introduce soft spots that could result in divergence from 
the the bioactivationbioactivation pathwaypathway
Long halfLong half--lives and low clearance provided an lives and low clearance provided an 
opportunity to introduce new metabolic soft spotsopportunity to introduce new metabolic soft spots

Reactive metabolite assayReactive metabolite assay
Evaluate Evaluate ““intrinsicintrinsic”” bioactivationbioactivation in LM/NADPHin LM/NADPH
Evaluate other detoxification pathways in S9/cofactorsEvaluate other detoxification pathways in S9/cofactors

Blocking

NHN R

R = Me, NH2

Blocking

Steric hindrance

Sajiv NairSajiv Nair
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SAR: Blocking/Steric HindranceSAR: Blocking/Steric Hindrance
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Sajiv NairSajiv Nair
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SAR: Metabolic SwitchingSAR: Metabolic Switching
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Impact of Metabolic Switching on Impact of Metabolic Switching on BioactivationBioactivation

No Adduct FormationNo Adduct Formation
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Candidate Nomination based on the Candidate Nomination based on the 
Mitigation Strategies Mitigation Strategies 

PFPF--36516393651639

NHN
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CN
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Me* NHN
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O
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OH
NHN NH2

SO
O

CN

LEADLEAD
PFPF--915275915275 PFPF--38181363818136

BACK UPBACK UP

Both compounds possessed PK Both compounds possessed PK 
properties similar to PFproperties similar to PF--915275915275
Did not undergo metabolic activationDid not undergo metabolic activation

Manuscript in Preparation for J. Med. Manuscript in Preparation for J. Med. ChemChem
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Some Important Points to Take HomeSome Important Points to Take Home

Addressing reactive metabolites early onAddressing reactive metabolites early on
Reduces attrition at late stages of developmentReduces attrition at late stages of development
Saves $$Saves $$
Saves time & effortsSaves time & efforts

GSH adduct formation  GSH adduct formation  -- Not a kill shotNot a kill shot
Should be used to flag in Lead Development Should be used to flag in Lead Development 
GSH conjugation is a detoxification stepGSH conjugation is a detoxification step
Consider additional studies to deConsider additional studies to de--risk if reactive metabolite is detectedrisk if reactive metabolite is detected

Liver microsomal assays do not address all metabolic pathways foLiver microsomal assays do not address all metabolic pathways for a compoundr a compound
Evaluate other metabolic pathways using suitable coEvaluate other metabolic pathways using suitable co--factors and liver S9factors and liver S9
Early Dose Prediction may be usefulEarly Dose Prediction may be useful

Other factors need to be consideredOther factors need to be considered
PrototypePrototype
IndicationIndication
Dosing regimenDosing regimen
Disposition of the drugDisposition of the drug
Observations from toxicity studiesObservations from toxicity studies

Active involvement of biotransformation experts helps in understActive involvement of biotransformation experts helps in understanding and solving anding and solving 
the reactive metabolite issuethe reactive metabolite issue
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Back upsBack ups
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Steps to Mitigate the Risk of PFSteps to Mitigate the Risk of PF--915275 in Light of a 915275 in Light of a 
Positive Signal in the GSH AssayPositive Signal in the GSH Assay

Work with SS
Conduct in vivo Toxicity studies

Predict the Correct Dose
(If Dose < 10 mg)

Investigate GSH Adduct Formation
in Microsomes, or S9
of rat, dog & monkey

Assess role of other metabolic pathways
(S9 with cofactors, Hepatocytes)

GSH Adducts Detected in LM

CAN

Prioritize Radiolabel

All studies are clean

Helps to select Helps to select 
the appropriatethe appropriate
toxtox speciesspecies
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‘‘Early Discovery ScreeningEarly Discovery Screening’’
Strategy For CAN2Strategy For CAN2

Med  Chem
strategies 

to 
eliminate 

risk

Metabolite ID
GSH ASSAY

Reactive Metabolite-SAR Series
Progresses

Reactive Metabolite

NCE

NONOYESYES


