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Understanding IDTUnderstanding IDT

• IDT causes life-threatening toxic events (even death) in 
patients

• IDT can not be easily predicted from non-clinical 
toxicity studies

• Often only appears in post-marketing with low 
frequency ( 1/100 - 1/100,000 ) 

• Leads to “Black Box Warnings”, or drug withdrawal.
• Ticlopidine (Hepatotoxicity, TPP) 
• Troglitazone (Hepatotoxicity)
• Tienilic acid (Hepatotoxicity)
• Aminopyrine  (Agranulocytosis)

• Mechanisms of IDT are not fully understood
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Mechanism is Unclear butMechanism is Unclear but……

Reactive metabolite and its covalent binding to 
cellular macromolecules

• Many drugs associated with IDT are known to form 
reactive metabolites to bind to proteins covalently

Exposure of the drug
• The occurrence of IDT is rare with drugs given at a 

daily dose of 10 mg or less

Host –specific genetic, environment, and/or disease 
factors

• IDT does not occur in most patients
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In order to clarify the correlation 
between amount of CB, daily dosage 
and risk of IDT, we performed the 
covalent binding study using 42 drugs 
with several safety profiles

ObjectiveObjective
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Covalent Binding Categorized by the Covalent Binding Categorized by the 
Safety ProfileSafety Profile

Rat liver in vivoHepatocyteHLM
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•C.B. in three systems could not distinguish the 
safety categories

Nakayama et. al., Drug Metab Dispos. (2009)
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Daily Dose Categorized by the Safety Daily Dose Categorized by the Safety 
ProfileProfile

Daily dose could not distinguish the safety categories 
clearly
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Correlation of Daily Dose and Covalent Correlation of Daily Dose and Covalent 
Binding Categorized by the Safety ProfileBinding Categorized by the Safety Profile

Both covalent binding and daily dose are related to the 
occurrence of IDT independently.
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Zone Classification SystemZone Classification System
Categorization of Safety Profile by the amount Categorization of Safety Profile by the amount 
of Covalent binding and daily dosageof Covalent binding and daily dosage
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log(CB) = β0 /β2 -β0/β1 x log(dose)

From the results of ordinal logistic 
regression analysis

Almost all drugs were located in zones corresponding to 
their respective classified safety categories. 

Logit: log(p/1-p)
p = 0.5
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Screening method for the detection of RMs Screening method for the detection of RMs 

HitHit--toto--LeadLead Lead Lead 
OptimizationOptimization

CandidateCandidate
SelectionSelection

Trapping Assay
○: High throughput, structural elucidation 
×: Can not detect all RMs

Time dependent CYP inhibition Assay
○:High throughput DDI risk assessment
×: Can not detect all RMs

Covalent Binding 
Assay

○: Directly detected to 
the binding to 
macromolecule
×: Low throughput, 
necessity of labeled 
compounds

Qualitative trapping assay using agents such as glutathione 
(GSH) is often performed in the early stages of drug 
discovery
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Fate of the Reactive Metabolites and Fate of the Reactive Metabolites and 
Detecting SystemDetecting System

DrugCYP

ES complex

CYP

CYP

Product

CYP

RMs GSH

SGGSH
Adduct

Proteins

Proteins

Covalent Binding

Irreversible CYP inhibition
(Mechanism-based inhibition)

CYP

Covalent binding 
assay

TDI / MBI assay

GSH trapping assay

We hypothesized that TDI assays could be 
complementary to trapping methods.
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In order to clarify the importance of TDI 
assays in detection of RMs, we investigated 
the relationships between the formation 
rate of [35S]GS adducts, the enzyme 
inactivation rate in the TDI assay, and the 
extent of CB in HLMs

ObjectiveObjective
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Correlation between [Correlation between [3535S] GSH Adduct S] GSH Adduct 
and Amount of Covalent  Bindingand Amount of Covalent  Binding

Four compounds with high level of CB did not show 
detectable GS adduct peaks

the trapping methods alone cannot replace the CB 
assay
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r = 0.50 (p  = 0.0008)

r is the Spearman rank correlation coefficient.

Nakayama et. al., Drug Metab Dispos. (2011)
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Correlation between Enzyme Inactivation Correlation between Enzyme Inactivation 
raterate and Amount of Covalent  Bindingand Amount of Covalent  Binding
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Enzyme Inactivation rate=

[ inactivation％] x [ CYP contents]
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*(CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 3A4)

Σ* ( )

r is the Spearman rank correlation coefficient.

Four compounds that the GSH trapping assay failed to 
detect were inactivators of the enzyme in the TDI assay
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Correlation between RMs intrinsic Correlation between RMs intrinsic 
clearanceclearance and covalent bindingand covalent binding

Correlation of Clint, RMs to CB was better than that of GS adduct
A combination of the GSH trapping and TDI assays is an 
effective method for detecting compounds with the potential 
of highly reactive metabolites
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r is the Spearman rank correlation coefficient.

To combine parameters from 
the two assays
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IntroductionIntroduction

Presentation Name | CONFIDENTIAL

IDTIDT

Black BoxBlack Box

Reactive metabolites Covalent Binding

Tox & gene expression profile

Rat liver

CB & daily dosage

Covalent binding study
TG-GATEs

http://wwwtgp.nibio.go.jp/
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Selected Gene Probe Sets Categorized by Selected Gene Probe Sets Categorized by 
the Functionthe Function

A total of 65 genes showed statistically significant correlation between the 
expression level and CB level, and 16 genes were selected as CB-
associated genes based on their biological functions
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Ingenuity Pathway Analysis of Genes Related to 
Formation of CB

Following the CB formation….
•Adaptive response was occurred
•HNF4a and NFkB would be candidate key factors
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Summary

• We established a zone classification system using 
covalent binding in human hepatocytes and a daily 
dose for the risk assessment of IDT.

• We demonstrated that a combination of the 
[35S]GSH trapping and TDI assays is an effective 
method for detecting compounds potentially 
capable of generating highly reactive metabolites in 
the early stages of drug discovery.

• We estimated the molecular response against RM 
and CB formation by correlation analysis between 
the formation of the CB and TGx data.



24

AcknowledgmentAcknowledgment

• Y. Ohno
• H. Yamada
• T. Urushidani
• Y. Morikawa

Daiichi Sankyo Co., Ltd.
• O. Okazaki
• T. Izumi
• N. Okudaira
• D. Asano
• K. Itokawa
• S. Inoue
• Y. Imamura
• T. Karibe
• A. Kurihara
• Y. Kobayashi
• R. Sawamura
• T. Shiiki
• D. Sugiyama
• T. Nishiya

• K. Suzuki
• H. Takakusa
• T. Deguchi
• D. Nakai
• Y. Nagai
• R. Nakagomi
• C. Makino
• H. Yukinaga
• Y. Yoshigae
• A. Watanabe
• K. Watanabe
• N. Watanabe
• R. Atsumi
• T. Matsuyama

• K. Shiosakai
• K. Honda
• N. Suzuki
• H. Masumoto
• K. Igeta
• M. Iwasaki
• Y. Suzuki
• K. Sudo
• Y. Miyaji
• Y. Metsugi
• K. Fujimoto
• N. Kiyosawa
• K. Ito

Toxicogenomics 
Project in Japan



25Presentation Name | CONFIDENTIAL


