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2OH-FBM: 2-hydroxy felbamate

2-PP: 2-phenylpropenal

ALP: alkaline phosphatase

ALT: alanine aminotransferase

AST: aspartate aminotransferase

CBMA: 3-carbamoyl-2-phenylpropionaldehyde

CCMF: 4-hydroxy-5-phenyltetrahydro-1,3-oxazin-2-one

CES: carboxylesterase

CPPA: 3-carbamoyl-2-phenylpropionic acid

CYP: cytochrome P450

ESI: electrospray ionization

FBM: felbamate

FDA: US Food and Drug Administration

GSH: glutathione (reduced form)

GSSG: glutathione (oxidized form)

HPLC: high-performance liquid chromatography

ICH: Interational Council for Harmonisation of Technical Requirements for

Pharmaceuticals for Human Use

IDT: idiosyncratic drug toxicity

LC-MS: liquid chromatography-tandem mass spectrometry

LC-UV/MS: liquid chromatography-tandem mass spectrometry coupled with UV detector

MALDI: matrix assisted laser desorption/ionization

MCF: monocarbamate felbamate

MCF-gluc: glucuronide of MCF

[M + H]+: proton adduct

[M + K]+: potassium ion adduct

MSI: mass spectrometry imaging

MW: molecular weight



iv

MW175: felbamate metabolite with molecular weight of 175

MW295: felbamate metabolite with molecular weight of 295

MW439: felbamate metabolite with molecular weight of 439

MW441: felbamate metabolite with molecular weight of 441

MW455: felbamate metabolite with molecular weight of 455

m/z: mass-to-charge ratio

Nac-acid: N-acethylcystein conjugated metabolite of 2-PP

Nac-OH: N-acethylcystein conjugated metabolite of 2-PP

NADPH: nicotinamide adenine dinucleotide phosphate

PXB-mice: chimeric mice with humanized liver

pOH-FBM: p-hydroxy felbamate

SCID: severe combined immunodeficiency disease

SULT: sulfotransferase

SD: standard deviation

uPA: urokinase-type plasminogen activator

UGT: uridine 5’-diphospho-glucuronosyl transferase

UV: ultraviolet
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1

1

1990

2000 Kola et al. 2004

Kola et al. 2004

2008 US Food and Drug Administration FDA

Metabolites in Safety Testing MIST 2009 EU

Interational Council for Harmonisation of Technical Requirements for 

Pharmaceuticals for Human Use ICH M3(R2) Nonclinical Safety Studies for 

the Conduct of Human Clinical Trials and Marketing Authorization for Pharmaceuticals ICH 

M3(R2)

10%
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felbamate FBM 1993 FDA

Felbatol® United States Prescribing 

Information: felbatol® FBM Fig. 1 FBM

FBM

Kaufman et al. 1997

black box warning FBM

United States Prescribing Information: felbatol®

2

idiosyncratic drug toxicity; IDT

Ikeda 2015 IDT

3

FFig. 11.. CChhemical structure of felbamate.  
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3 2006 Fig. 2

IDT

Park et al. 1998

Nakayama et al.

2009

IDT halothane

Halothane 10000 100000 1

Park et al. 2005 cytochrome P450 CYP

2E1 trifluoroacetyl chloride

Park et al. 2005 Satoh et al. 1985 Walgren et al. 2005

troglitazone

3 Walgren et al. 2005

Troglitazone

Kassahun et al. 2001 Smith 2003

Tettey et al. 2001

Reactive metabolite
(Chemical structure, Dose, 

PK, etc.)

Genetic polymorphism
(Enzyme, Receptor, 

Transporter, etc.)

Lifestyle
(Food, Obesity, 

Alcohol, Smoking, etc.)

Drug factors

Genetic factors Environment factors

Fig. 22. TThree factors of IDT   
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FBM

IDT FBM

FBM

FBM
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I FBM

1

FBM [14C] FBM [14C]FBM

FBM FBM 2-hydroxy felbamate 2OH-FBM

p-hydroxy felbamate pOH-FBM FBM

monocarbamate felbamate MCF MCF 3-carbamoyl-2-

phenylpropionic acid CPPA 4 Adusumalli et at. 1993 Yang et

al. 1991 FBM

FBM MCF

CPPA 3-carbamoyl-2-

phenylpropionaldehyde CBMA Thompson et al. 1996

CBMA 2-phenylpropenal

2-PP Thompson et al. 1996

cyclophosphamide acrolein

Dieckhaus et al.

2002 Thompson 1996 FBM 2-PP FBM in vitro

2-PP 2-PP

acrolein 4-hydroxynonenal

2-PP glutathione GSH

GSH Dieckhaus et al. 2001

FBM 2-PP
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[14C]FBM in vitro

FBM Fig. 3

FBM 2OH-

FBM pOH-FBM MCF Fig.

3 2-PP MCF

FBM 2OH-FBM pOH-FBM

MCF

FBM

in vitro
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FFig. 33.. Postulated metabolic pathway of FBM  

((Dieckhaus et al., 2001, 2002;;  KKapetanovic et al., 2002)  
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2

I-2-i

FBM Sigma-Aldrich Xenotech

CYP

CYP1A1 CYP1A2 CYP2A6 CYP2B6 CYP2C8 CYP2C9 CYP2C19 CYP2D6 CYP2E1

CYP2J2 CYP3A4 CYP3A5

carboxylesterase CES CES1b CES1c CES2 CORNING

NADPH-regenerating system reagents BD Biosciences

high-performance liquid chromatography

HPLC

I-2-ii FBM
 

1 mg/mL NADPH

PBS pH 7.4 FBM 10 1 mol/L 37°C

0 10 30 60 90 120

4°C 3000 rpm 10

HPLC Agilent 1290 Infinity Agilent Technologies

Orbitrap Orbitrap Velos Pro Thermo Fisher Scientific

liquid chromatography-tandem mass spectrometry LC-

MS positive ion mode FBM OH-FBM

MCF ACQUITY UPLC BEH 18 m, 2.1 × 100 mm

Waters Q 1000 1 v/v A

1000 1 v/v B 0 min

3 min B 5% 3 min 12 min 5% 70%
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12 min 15 min 70%

I-2-iii CYP CES
 

CYP 100 pmol/mL CES

1 mg/mL NADPH PBS pH

7.4 FBM 1 mol/L 37°C 120 120

4°C 3000 rpm

10 HPLC Agilent 1290 

Infinity Agilent Technologies Orbitrap Orbitrap Velos Pro Thermo Fisher 

Scientific LC-MS positive ion mode FBM

ACQUITY UPLC BEH 18 m, 2.1 × 100 mm Waters

Q 1000 1 v/v A 1000 1

v/v B 0 min 3 min B

5% 3 min 12 min 5% 70% 12 min 15 min

70%

I-2-iv

CYP CES I-2-iii

Dunnett p 0.05
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3

I-3-i FBM

FBM 1 mol/L NADPH 0 10 30 60 90

120 FBM

Fig. 4

120

FBM

FBM 1 mol/L NADPH 120

OH-

FBM Fig. 5 MCF

Fig.

5

FFig. 44.. TTime course of iinn vitro  mmetabolism of FBM in human liver microsmes.  

FFBM were incubated with human liver microsomes in the presence of NADPH 

ffor 0, 10, 30, 60, 90 and 120 min. Amount of FBM were monitored by LC-MS. 

Data represent the mean ± SD (n=3). 
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FFig. 55.. IIn vitro  mmetabolism of FBM in human, rat and mouse liver microsomes with NADPH.  

FFBM were incubated with human (upper column), rat (middle column) and mouse (lower column) 

lliver microsomes in the presence of NADPH for 120 min. Formation of OH-FBM and MCF were 

monitored by LC-MS. N.D.: Not detected 

OH-FBM

MCF

N.D.
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NADPH

OH-FBM

Fig. 6 MCF

Fig. 6

FFig. 66.. IIn vitro  mmetabolism of FBM in human, rat and mouse liver microsomes without NADPH.  

FFBM were incubated with human (upper column), rat (middle column) and mouse (lower column) 

lliver microsomes in the absence of NADPH for 120 min. Formation of OH-FBM and MCF were 

mmonitored by LC-MMS. N.D.: Not detected 

N.D.

N.D.

N.D.

MCF
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FBM NADPH

OH-FBM MCF LC-MS Table 1

OH-

FBM NADPH

3 Table 1 A OH-FBM NADPH

MCF NADPH

Table 1 B NADPH

MCF

NADPH NADPH MCF

Table 1 A B

Biological
materials Species Cofactor MS Peak Area of

OH FBM

Peak Area Ratio of
OH-FBM

(Animal/Human)

MS Peak Area of
MCF

Peak Area Ratio of
MCF

(Animal/Human)

Liver
microsomes

Human NADPH 119691 1 4843 1

Rat NADPH 329660 2.75 N.D. -

Mouse NADPH 338606 2.83 5909 1.22

FFBM were incubated with human, rat and mouse liver microsomes in the presence (A) or 

aabsence (B) of NADPH for 120 min. Formation of OH-FBM and MCF were monitored by LC-

MS. N.D.: Not detected 

Biological
materials Species Cofactor MS Peak Area of

OH FBM

Peak Area Ratio of
OH-FBM

(Animal/Human)

MS Peak Area of
MCF

Peak Area Ratio of
MCF

(Animal/Human)

Liver
microsomes

Human - N.D. - 6937 1

Rat - N.D. - 3895 0.56

Mouse - N.D. - 7316 1.05

(A)  

 

(B)  

 

Table 1.. Comparison of MS peak area of OH--FBM and MCF in human, rat and mouse liver 

microsomes with or without NADPH. 
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FBM NADPH

CYP NADPH

CES

NADPH MCF

2-PP MCF
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I-3-ii CYP CES
 

FBM

CYP CES

FBM 10 mol/L CYP

120 FBM CYP2C8 CYP2C9 CYP2E1

Fig. 7

FBM CES

120 FBM CES1c

Fig. 8

FFig. 77.. IIn vitro  mmetabolism of FBM in recombinant human CYP expressing microsomes.   

FFBM were incubated with human CYP1A1, CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9,, 

CYP2C19, CYP2D6, CYP2E1, CYP2J2, CYP3A4 and CYP3A5 expressing microsomes for 

120 min. Remaining amount of FBM were measured by LC-MS. Data represent the mean ± 

SSD ((n=3). *p<0.05 vs control microsomes. 
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FBM CYP2C8 CYP2C9 CYP2E1

CES1c

FFig. 88.. IIn vitro  mmetabolism of FBM in recombinant human CCES  eexpressing microsomes.   

FFBM were incubated with human CES1b, CES1c and CES2 expressing microsomes for 120 min.  

Remaining amount of FBM were measured by LC-MS. Data represent the mean ± SD (n=3). 

**p<0.05 vs control microsomes. 
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4

CYP CES

FBM

OH-FBM NADPH

NADPH Fig. 5 Fig. 

6 MCF NADPH

Fig. 6 FBM NADPH

CYP NADPH CES

MCF NADPH

NADPH Table 1

2-PP data not shown 2-PP Fig.4

2-PP

Dieckhaus et al. 2001 Thompson et al. 1996 in vitro 2-PP

NADPH MCF

FBM

MCF 2-PP

MCF NADPH

NADPH Fig. 5

FBM
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CYP CES 120

FBM CYP2C8 CYP2C9 CYP2E1 CES1c

Fig. 7 Fig. 8 FBM CYP2C8

CYP2C9 CYP2E1 CES1c

CES1c 2-PP CYP2C8 CYP2C9 CYP2E1

2-PP

CYP CES

Glue 1997 CYP FBM

CYP3A4 2E1 FBM

CYP2E1 CYP3A4

CYP CYP

CYP2C

Cyp2c Cyp2c

Martignoni et al. 2006 CYP2C

OH-FBM Table 1

CES1 1 CES2

Di 2019

CES1c MCF

FBM CES

CES Di 2019

CES 67-77% Taketani 

et al. 2007 Hosokawa 2008 FBM CES
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CYP2C9 tolbutamide phenytoin warfarin

Goldstein

2001 CES Di 2019

FBM 2-PP CYP2C8 CYP2C9

CYP2E1 CYP2C9 CES1c

FBM 2-PP CYP2C8 CYP2C9 CYP2E1

CYP2C9 FBM
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II FBM

1

in vitro

1 50-69% 2

47%

Dalvie et al. 2008

FBM Fig. 3 2-PP 1 2

in

vitro FBM

PXB

De Serres et al. 2011 Inoue et al. 2009 Kamimura et al. 2010

Yamazaki et al. 2010

PXB urokinase type plasminogen activator uPA

uPA

severe combined immnodefiviency disease SCID

uPA/SCID

Tateno at al. 2015 Fig. 9 PXB

80% Tateno at al. 2015
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PXB CYP uridine 5’-diphospho-

glucuronosyl transferase UGT sulfotransferase SULT non-CYP

Katoh et al. 2004 2005

Katoh and Yokoi 2007 Kitamura et al. 2008 Nishimura et al. 2005 Ohtsuki et al. 2014

PXB

Kakuni 2012 IDT

troglitazone PXB ALT AST

PXB

PXB

FBM Fig. 3 2-PP

GSH

PXB FBM

Human
Hepatocytes

Chimeric mice with 
humanized liver

uPA/SCID Mouse

Liver injury
Immunodeficiency

Transplantation

Fig. 99. PProduction of chimeric mice with humanized liver (PXB-mmice). 
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mass spectrometry imaging MSI Nishidate et al.

2019 MSI

Fig. 10

MSI m/z

MSI

Sugiura et al. 2010 Takai et al 2015

Goto et al. 2014

Kawashima et al. 2013 Shimma et al. 2007 pirfenidone

Sun et al 2016

FFig. 110.. OOvervviiew of MALDI--MMSI.  

Laser

Liver section on slide glass

Ionization

MALDI-MSI
(Visualization of drug and 
endogenous molecules)
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PXB FBM

MSI FBM
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2

II-2-i

FBM Sigma-Aldrich AK Scientifics 2,5-dihydroxybenzoic acid 

DHB HPLC

II-2-ii

PXB Tateno 2015 cDNA-

uPAwild/+/SCID BD195 BD Biosciences

7.0 mg/mL

PXB

II-2-iii PXB FBM

FBM 0.5% 600 mg/10 mL/kg PXB

2 n=3 PBS pH 7.4

20% 20%

n=3 1

4°C 3000 rpm 10

HPLC Agilent 1290 Infinity

Agilent Technologies UV Orbitrap Orbitrap Velos Pro Thermo 

Fisher Scientific liquid 

chromatography-tandem mass spectrometry coupled with UV detector LC-UV/MS
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210nm positive ion mode FBM

MS/MS CAPCELL PAK 

C18 AQ m 3 × 250 mm Q 1000 1

v/v A 1000 1 v/v B

0 min 10 min B 0% 10 min 95 min

0% 95% 95 min 100 min 100%

FBM [M + H]+ m/z Table 2

II-2-iv MSI GSH

FBM 0.5% 600 mg/10 mL/kg PXB

24 CRYO 

STAR NX70 Thermo Fisher Scientific 1 m

matrix assisted laser desorption/ionization MALDI

DHB 0.1% 50%

MSI

Solarix XR Bruker Daltonics FBM FBM

Analytes Ion mode m/z
FBM

Positive

239.10263
CBMA 194.08117
CCMF 194.08117

2OH-FBM 255.09755
pOH-FBM 255.09755

MCF 196.09682
MW441 442.16425
CPPA 210.07608

MCF-gluc 372.12891
Nac-OH 298.11076
Nac-acid 312.09002

TTable  22..  LList  oof mm/z  uused in metabolite profiling study.  
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flexImaging Bruker Daltonics MSI

[M + K]+ m/z Table 3

II-2-v FBM

II-2-iv FBM PXB

FUJI DRI-CHEM analyzer alanine aminotransferase

ALT aspartate aminotransferase AST alkaline phosphatase ALP

II-2-vi

FBM II-2-v t

Analytes Ion mode m/z
FBM

Positive

277.0585
2-pp 171.0207

Atropic acid 187.0156
MW175 214.0265
CPPA 248.0320

Oxazine-dione 230.0214
CBMA 232.0370
CCMF 232.0370

2OH-FBM 293.0534
pOH-FBM 293.0534

MCF 234.0527
MW295 334.0510

MCF-gluc 410.0848
MW439 478.1045
Nac-OH 336.0666
Nac-acid 350.0459
MW441 480.1201

GSH 346.0470
GSSG 651.1151

Ophthalmic acid 328.0905

TTable  33..  LList  oof mm/z  uused in MSI.  
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p 0.05
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3

II-3-i PXB FBM

FBM PXB LC-UV/MS FBM

FBM UV FBM OH-

FBM CBMA CCMF MCF Nac-OH Fig. 11 A

MW441 CPPA MCF-gluc Nac-acid

Fig. 11 B

 

 

 

((AA))UUV CChromatogram
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Dosed 

Control 

Dosed 

Control 

CBMA or CCMF 

(m/z = 194.08117) 

(BB) EExtracted Ion Chromatogram 

2OH-FBM or 

pOH FBM 

(m/z = 255.09755) 

Dosed 

Control 

FBM 

(m/z = 239.10263)
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Dosed 

Control 

MCF 

(m/z = 196.09682) 

Control 

Dosed MW441 

(m/z = 442.16425) 

CPPA 

(m/z = 210.07608) 

Dosed 

Control 



31

MCF-gluc 

(m/z = 372.12891) 

Dosed 

Control 

Nac-OH 

(m/z = 298.11076) 

Dosed 

Control 

Nac-acid 

(m/z = 312.09002) 

Dosed 

Control 

FFig. 11.  UUV  ((A)  aand extracted ion chromatograms ((B) oof plasma ffrom PXB--mmice.    

FFBM were orally administered to PXB-mice at 600 mg/kg and plasma samples were colledted 

2 h after administration. Trace: detected only by MS. 
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FBM PXB LC-UV/MS UV

FBM Fig. 12 A

FBM CBMA CCMF OH-FBM MCF MW441 CPPA

Fig. 12 B

 

 

 

 

Dosed

Control

2OH-FBM or pOH-FBM
(trace)

CBMA or CCMF
(trace)

MCF
(trace)

MW441 
(trace)

CPPA 
(trace)

FBM

FBM 

(m/z = 239.10263) 

Dosed 

Control 

(BB) EExtracted Ion Chromatogram 

(AA)UUV Chromatogram  
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CBMA or CCMF 

(m/z = 194.08117) 
Dosed 

Control 

2OH-FBM or 

p-OH FBM 

(m/z = 255.09755) 

Dosed 

Control 

MCF 

(m/z = 196.09682) 

Control 

Dosed 
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FBM PXB LC-UV/MS

FBM Table 4

MW441 

(m/z = 442.16425) 

Control 

Dosed 

CPPA 

(m/z = 210.07608) 

Dosed 

Control 

FFig. 12.  UUV  ((A)  aand extracted ion chromatograms ((B) oof lliver homogenete from PXB--mmice.    

FFBM were orally administered to PXB-mice at 600 mg/kg and liver samples were colledted 

2 h after administration. Trace: detected only by MS. 
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FBM PXB UV

FBM 2%

MS

Table 4

PXB OH-FBM FBM

MCF FBM

CBMA CCMF CPPA MCF-gluc MCF

Fig. 3 MW441 MCF 2-PP

GSH Nac-OH Nac-acid GSH

N- Fig. 3

FBM PXB PXB FBM

MCF 2-PP GSH

CBMA
or

CCMF

CBMA
or

CCMF

2OH-FBM
or

pOH-FBM

2OH-FBM
or

pOH-FBM
MCF MW441 CPPA FBM MCF-

gluc Nac-OH Nac-
acid

UV Peak 
Area 329052 161698 596233 1789046 1538782 Trace Trace 118625182 Trace 2115013 Trace

% of FBM 0.28 0.14 0.50 1.51 1.30 - - 100 - 1.78 -

CBMA
or

CCMF

CBMA
or

CCMF

2OH-FBM
or

pOH-FBM

2OH-FBM
or

pOH-FBM
MCF MW441 CPPA FBM MCF-

gluc Nac-OH Nac-
acid

UV Peak 
Area Trace Trace Trace Trace Trace Trace Trace N.D. N.D. N.D.

% of FBM - - - - - - - 100 - - -

((AA))  PPlasma  

((BB))  LLiver  

FFBM were oorally administered to PXB--mmice at 600 mg/kg and pllaasma (A) and liver (B) samples 

wwere colledted  22 h after administration. Trace: detected only by MS..  NN.D.: not deteted.  

 

TTable 4.. CComparison of UV peak area of FBM and its metabolites.   
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II-3-ii MSI GSH

II-3-i FBM PXB 2-PP

GSH FBM

PXB FBM GSH

FBM PXB MSI FBM GSH

FBM GSH Fig. 13

FBM

Dosed

Dosed

Control

Blank
(slide glass)

GSH

FFig. 13.  VVisualization of FBM  aand GSH  oon liver sections from PPXB--mmice.    

FFBM were orally administered to PXB-mice at 600 mg/kg and liver samples were colledted 

24 h after administration. Distribution of FBM and GSH were analyzed by MSI. 
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FBM FBM

FBM GSSG GSH

GSH GSH

MSI

Fig. 14

Dosed

Dosed

Control

Blank
(slide glass)

2-PP (N.D.)

Atropic acid (N.D.)

MW175 (N.D.)

Oxazine-dione (N.D.)CPPA (N.D.)

CBMA or CCMF (N.D.)

MCF (N.D.)

OH-FBM (N.D.)

MW295 (N.D.)

MCF-gluc (N.D.) MW439 (N.D.)
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Nac-OH (N.D.) Nac-acid (N.D.)

MW441(N.D.)

Ophthalmic acid (N.D.) 

GSSG (N.D.)

FFig. 14.  VVisualization of FBM  mmetabolites, GSSG and ophthalmic acid on  lliver sections from 

PPXB-mice.  

FBM were orally administered to PXB-mice at 600 mg/kg and liver samples were colledted 24 h 

aafter administration. Distribution of FBM metabolites, GSSG and ophthalmic acid were 

analyzed bby MSI.  N.D.: not detected.  
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II-3-iii FBM
 

II-3-ii FBM PXB FBM

ALT AST ALP

Fig. 15

Control FBM
0

50

100

150

200

250

ALT

U
/L

Control FBM
0

100

200

300

400

500

AST
U

/L

Control FBM
0

200

400

600

800

ALP

U
/L

Fig. 15.  Plasma ALT, AST and ALP llevels after administration of FBM.  

FBM were orally administered to PXB-mice at 600 mg/kg and plasma samples were 

colledted 24 h after administration. Data represent the mean ± SD (n=3). 
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4

PXB FBM

FBM

PXB FBM

10 Fig. 11 7

Fig.12 FBM OH-FBM

MCF MCF CBMA

CCMF CPPA MCF-gluc 2-PP GSH MW441

GSH N- Nac-OH

Nac-acid

PXB

PXB

De Serres et al. 2011 Inoue et al. 2009 Kamimura et al. 2010 Yamazaki et al.

2010 FBM 2OH-FBM pOH-FBM

10% Nac-OH Nac-acid 6.3%

OH-FBM pOH-FBM 62% Nac-OH Nac-acid 1.1%

Dieckhaus et al. 2000

OH-FBM pOH-FBM FBM 2.01% Nac-OH Nac-acid FBM

1.78% Table 4 A PXB

FBM

PXB in vivo 2-PP
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Fig. 11 Fig. 12 2-PP GSH

2-PP Dieckhaus et al. 2001 Thompson

et al. 1996 2-PP GSH

MSI FBM PXB GSH

Fig. 13 FBM 2-PP

GSH

FBM FBM GSSG

Fig. 14 MSI MALDI

LC-MS electrospray 

ionization, ESI PXB

LC-UV/MS FBM

Table 4

MSI FBM

GSH 2-PP

GSH GSSG

GSSG

FBM PXB GSH 2-PP

FBM

GSH

PXB MSI FBM
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GSH

GSH

PXB

PXB

Sanoh 2017 PXB

amiodarone MSI

PXB FBM

GSH

FBM ALT AST ALP

Fig. 15 McGee 1998 FBM

3000-5000 mg/kg

FBM 300-600 mg/kg ALT AST ALP

Kakuni 2012 IDT

troglitazone PXB 1000 mg/kg 14 23

ALT AST

PXB IDT

FBM ALT AST ALP

PXB FBM

McGee 1998
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FBM

IDT Park et al.

2005 Satoh et al. 1985 Walgren et al. 2005 PXB

FBM PXB

FBM

IDT 3
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in vitro PXB FBM

CYP CES FBM CYP2C8

CYP2C9 CYP2E1 CES1c  

CES1c 2-PP CYP2C8

CYP2C9 CYP2E1 2-PP

Fig. 16

 

FBM PXB 2-PP GSH

FBM GSH

FBM 2-PP

GSH FBM Fig. 

16  

 

PXB GSH

PXB

 

 

FBM

FBM  
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FFig. 1166.  PPostulated mechanisms of reactive metabolite formation and hhepatotoxicity by FBM.  
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