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Abbreviations: 

ACN, acetonitrile; AUC, area under the plasma concentration-time curve; CL, clearance; 

CLPO, oral clearance, Cmax, maximum plasma concentration; CPM, radioactivity counts per 

minute; CYP, cytochrome P450; CXCR3,  chemokine (C-X-C motif) receptor 3; cDNA, 

complementary DNA; DDI, drug-drug interaction; DMSO, dimethyl sulfoxide; EDTA, 

ethylenediaminetetraacetic acid; fm, the fraction of drug metabolized via designated 

pathway; GSH, glutathione; HLM, human liver microsome; IC50, half-maximal inhibitory 

concentration; IS, internal standard; Iu, unbound inhibitor at enzyme active site; Ki, inhibitor 

concentration at half-maximal inhibition; KI, inhibitor concentration at half maximal 

inactivation rate; kinact, maximum inactivation rate constant; kdeg, enzyme degradation rate 

constant; Kobs, inactivation rate constant; LC, liquid chromatography; MBI, mechanism 

based inhibition; LC-MS/MS, liquid chromatography tandem mass spectrometry; LSC, 

liquid scintillation counting, m/z, mass to charge ratio; NADPH, reduced nicotinamide 

adenine dinucleotide phosphate; QD, once daily; Tmax, time to maximum plasma 

concentration; T1/2, half-life  

   

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on December 16, 2008 as DOI: 10.1124/dmd.108.021931

 at A
SPE

T
 Journals on M

ay 17, 2023
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


DMD #21931 

 4

Abstract 

AMG 487 is a potent and selective orally bioavailable CXCR3 antagonist which displays 

dose- and time-dependent pharmacokinetics in human subjects following multiple oral 

dosing.  While AMG 487 exhibited linear pharmacokinetics on both Days 1 and 7 at the 25 

mg dose, dose and time-dependent kinetics were evident at the two higher doses.  Non-

linear kinetics were more pronounced following multiple dosing.  AUC(0-24h) increased  96-

fold with a 10-fold increase in dose on Day 7 compared to 33-fold increase in AUC(0-24h) on 

Day 1. These changes were correlated with time-and dose-dependent decreases in the 

metabolite to parent plasma concentrations, suggesting that these changes result from a 

decrease in the oral CL of AMG 487 (e.g., intestinal/hepatic first-pass metabolism and 

systemic CL).   The biotransformation of AMG 487 is dependent on CYP 3A, and results in 

the formation of two primary metabolites; a pyridyl N-oxide AMG 487 (M1) and O-

deethylated AMG 487 (M2).  One of these metabolites, M2, undergoes further metabolism 

by CYP 3A.  M2 has also been demonstrated to inhibit CYP 3A in a competitive (Ki - 0.75 

µM) manner, as well as via mechanism-based inhibition (unbound KI – 1.4 µM, Kinact – 

0.041 min-1).  Data from this study implicate M2 mediated CYP 3A MBI as the proximal 

cause for the time-dependent pharmacokinetics of AMG 487.  However, the sequential 

metabolism of M2, non-linear AMG 487 pharmacokinetics, and the inability to accurately 

determine the role of intestinal AMG 487 metabolism complicates the correlation between 

M2 plasma concentrations and the time-dependent AMG 487 pharmacokinetic changes.   
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Introduction 

 

AMG 487 [(R)-N-{1-[3-(4-ethoxy-phenyl)-4-oxo-3,4-dihydro-pyrido[2,3-d]pyrimidin-2-yl]-

ethyl}-N-pyridin-3-yl-methyl-2-(4-trifluoromethoxy-phenyl)-acetamide] (Figure 1) is a potent 

and selective orally bioavailable CXCR3 antagonist (Johnson et al., 2007).  Clinical testing 

of AMG 487 revealed dose- and time-dependent pharmacokinetic changes that were 

characterized by greater than anticipated increases in AMG 487 concentrations during 

multiple ascending dose studies (unpublished data).  These results were not anticipated 

based on single dose experiments that demonstrated near proportional increases in AMG 

487 AUC and Cmax with doses ranging between 25 and 1100 mg (Floren et al., 2003).  

Moreover, mean terminal half-lives, ranging from 7.9 to 14 hours which were independent 

of dose (unpublished data), suggested minimal accumulation following once daily dosing.      

 

Assuming linear pharmacokinetics, the rate and extent of accumulation at steady-state can 

be readily predicted based on the half-life measured following a single dose and the 

frequency of dosing (Rowland and Tozer, 1995).  Deviations from linearity upon multiple 

dosing can be caused by time-dependent decreases in CL resulting from mechanism-

based inhibition (MBI) or the formation of inhibitory metabolites.  For example, metabolites 

formed following the administration of itraconazole are believed to contribute significantly to 

drug-drug interactions (DDI) and time-dependent pharmacokinetic changes observed with 

this compound following multiple dosing (Isoherranen et al, 2004, Templeton et al., 2007).  

Similarly, propranalol, verapamil and diltiazem all show greater than anticipated increases 

in oral exposure following multiple dosing, and also form metabolites that are sequentially 
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metabolized, resulting in MBI (Wood et al, 1978, Narimatsu et al., 2001, Rowland et al., 

1994, Wang et al., 2004, Shand et al., 1981, Hoglund and Nilsson, 1988, Zhao et al. 2007, 

and Sutton et al., 1997).  These examples demonstrate that inhibitory metabolites 

(competitive and MBI) can result in the decrease of parent drug CL, and consequently, 

pronounced time-dependent pharmacokinetic alterations.   

   

In the case of AMG 487, additional clinical and in vitro mechanistic studies were 

undertaken to investigate the mechanism underlying the time-dependent pharmacokinetics.  

We report clinical results demonstrating dose- and time-dependent decreases in the oral 

clearance (CLPO) of AMG 487 after multiple dosing.  Data are also presented which show 

that the decrease in CYP 3A metabolism likely results from MBI by an AMG 487 metabolite.   
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Methods  

Materials:  AMG 487 clinical supplies were provided by IRIX Pharmaceuticals Inc. 

(Greenville, SC).  AMG 487, 1015317 (M1), 1014561 (M2), 1089451 (M3) and [2H6] AMG 

487 were synthesized by the Medicinal Chemistry Department at Amgen Inc. [14C] AMG 

487 and [3H] M2 were prepared by Moravek Biochemicals Inc. (Brea, CA).  Pooled human 

liver microsomes and Supersomes® (CYP’s 1A2, 2C9, 2C19, 2D6, 3A4 and 3A5) were 

purchased from BD Gentest (Woburn, MA).   Cryopreserved pooled human hepatocytes 

were obtained from In Vitro Technologies (Baltimore, MD).  All solvents were supplied by 

Burdick & Jackson (Muskegon, MI).  NADPH was purchased from Calbiochem (San Diego, 

CA).  All other chemicals and reagents were obtained from Sigma-Aldrich (St. Louis, MO).  

Protein assays were conducted using a BCA kit obtained from Pierce Biotechnology Inc. 

(Rockford, IL). 

 

Clinical Study:  A total of 9 healthy Caucasian male volunteers were enrolled into a 

randomized, double-blind, multiple-dose, two period cross-over study.  The average age 

and weight of the subjects was 29.7 ± 4.6 years [range 23-37 years] and 76.7 ± 9.83 kg 

[range 61.4 – 95.0 kg], respectively.  Inclusion criteria consisted of a normal physical 

examination, electrocardiogram, clinical chemistry and hematology panel, urine analysis, 

and negative tests for drugs of abuse and serology (hepatitis B and C and HIV).   Prior to 

the study subjects refrained from consuming products containing grapefruit (14 days prior), 

nicotine (6 months prior), caffeine and xanthine containing products (24 h prior), 

prescription and non-prescription drugs (7 days or 5 half-lives) and dietary supplements (7 
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days).  Subjects enrolled in this study were either naïve (n=3) or had not received AMG 487 

within 120 days prior to the start of this study (n=6).    

 

The subjects were randomized into two cohorts.  Subjects in cohort 1 received dosages of 

25 mg/day for 7 days followed by 100 mg/day for 7 days (n=4), while subjects in cohort 2 

(n=5) received 250 mg/day for 7 days followed by 25 mg/day for an additional 7 days.  

Subjects in cohort 1 were initially intended to receive 250 mg/day for 7 days; however, due 

to the high degree of accumulation of AMG 487 observed in cohort 2, the dosage was 

decreased to 100 mg/day.  Each period was separated by a washout period of at least 7 

days. 

 

Subjects were fasted overnight (at least 10 h) preceding each dose.  Water was available 

ad libitum until 1 h prior to and 2 h following dosing.  Food was available approximately 4 h 

following dose administration on Days 1 and 7.  On Days 2-6 breakfast was available 2 h 

after test article administration.  Subjects were given an oral dose (25 mL) of AMG 487 

formulated as a solution in 5% ethanol, 45% polyethylene glycol-400 and 50% propylene 

glycol.  Immediately after dosing subjects received a 25 mL rinse (50% polyethylene glycol-

400 and 50% propylene glycol) followed by 50 mL of water. 

 

Blood samples (3 mL) for pharmacokinetic analysis were collected on Days 1 and 7.  

Samples were collected pre-dose and at 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 12, 18 and 24 h 

post dose.  Following the last dose (Day 7), additional samples were collected 48 and 72 h 
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post-dose.  Additionally, pre-dose samples were collected on Days 3, 4, 5 and 6.  Plasma 

was harvested (EDTA anticoagulant) and stored frozen at -20°C until analysis. 

 

Bioanalytical:  AMG 487 and M1 concentrations from clinical samples were measured using 

a fully validated LC-MS/MS method.  Samples (0.1 mL) containing internal standard ([2H6] 

AMG 487) were loaded onto conditioned Oasis MCX cartridges (Waters Crop., Milford, 

MA), then washed with 0.1% (% V/V) aqueous acetic acid followed by methanol.  The 

analytes were eluted using 0.7 mL of 95:5 (% V/V) ACN: aqueous ammonium hydroxide.  

The eluted samples were evaporated to dryness, reconstituted with 0.3% aqueous acetic 

acid: ACN (80:20 V/V) then subjected to LC-MS/MS analysis.  The LC system consisted of 

a CTC HTS-PAL autosampler (Leap Technologies, Carrboro, NC), and a BAS PM-92 pump 

with a LC-26B on-line degasser (BASi, West Lafayette, IN).  Separation of the analytes was 

achieved using isocratic elution (0.3 mL/min mobile phase: 40% ACN :60% water for 5 min) 

and a YMC ODS-AM 50 X 2.1 mm 5 μ column heated to 40°C (Waters Crop., Milford, MA).  

The retention times of AMG 487, [2H6] AMG 487, and M1 were 4.0, 4.1 and 3.0 min, 

respectively.  Analytes were detected using a PE Sciex API 3000 with an electrospray 

source (Applied Biosystems, Foster City, CA) run in the positive ion mode.  The mass 

transitions monitored were m/z 604 → 268, m/z 610 → 268, and m/z 620 → 268 for AMG 

487, [2H6] AMG 487, and M1, respectively.  The limit of quantification for the method was 1 

ng/mL.           

 

A second method utilizing protein precipitation was used to measure AMG 487, M1, M2 

and M3 for all other experiments.  Briefly, ACN (0.3 mL) containing internal standard was 
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added to samples (0.1 mL).  Following mixing and centrifugation, the supernatant was 

transferred to a 96-well plate and analyzed using LC-MS/MS.   The LC system consisted of 

Shimadzu LC-10adVP pumps (Shimadzu Scientific Instruments, Columbia, MD) and a CTC 

PAL autosampler.  Separation of the analytes was achieved using a linear gradient with a 

mobile phase flow rate of 0.5 mL/min (mobile phase A – aqueous 0.1% formic acid and 

mobile phase B - ACN containing 0.1% formic acid), and a Luna 5 μ, C18 column with 

dimensions of 30 x 3 mm (Phenomenex Inc, Torrance, CA).  The initial mobile phase 

composition (95% A and 5% B) was held for 0.5 min, increased in a linear manner over 1.5 

min to the final composition (2% A and 98% B), held for an additional 1.2 min and finally re-

equilibrated at initial conditions for 1.2 min.  Under these conditions AMG 487, M1, M2 and 

M3 eluted at 1.80, 1.87, 1.66 and 1.72 min, respectively.  Analytes were detected using a 

PE Sciex API 3000 mass spectrometer with an electrospray source run in the positive 

mode.  The mass transitions monitored for AMG 487, M1, M2 and M3 were m/z 604 → 

268, m/z 620 → 268, m/z 576→ 240, and m/z 592→240, respectively.   The lower 

quantitation limit was 0.3 ng/mL.   

 

AMG 487 in vitro metabolism:  Incubations were conducted with 1 μM [14C] AMG 487 

(specific activity 50 mCi/mmol) in pooled human liver microsomes (HLM) (1 mg/mL) or 

cryopreserved pooled human hepatocytes (1 million cells/mL).  Microsomal incubations 

(n=3) were conducted with and without NADPH for 0, 15, 30 and 60 min at 37°C.  

Hepatocyte incubations (n=3) were carried out for 0, 15, 30, 60, 120 and 240 min at 37°C.  

Reactions were stopped with 3 volumes of 3% formic acid in ACN and centrifuged.  The 

resulting supernatants were evaporated to dryness and reconstituted (2:1 water to 
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methanol).  The resulting samples were subjected to LC (Agilent 1100, Palo Alto, CA) with 

flow-through radiochemical (Model 3 Beta-Ram, IN/US Systems, Inc. Tampa, FL) and 

MS/MS analysis (PE Sciex 4000 QTRAP MS/MS).  Separation of the analytes was 

achieved on a Capcell AQ C18 250 X 2.6 mm 3 μ column using a 60 minute linear gradient 

(10% A and 90% B → 90% A and 10% B, where mobile phase A is 0.1% formic acid in 

ACN and mobile phase B is 0.1% formic acid in water).  Metabolite identification was 

confirmed by comparison to authentic standards of M1, M2 and M3.    

 
CYP Reaction Phenotyping:  To identify the P450 isoforms involved in AMG 487, M1 and 

M2 metabolism, human cDNA expressed CYP 1A2, 2C9, 2C19, 2D6, 3A4 and 3A5 

isoforms co-expressed with B5 were used for reaction phenotyping studies.  AMG 487, M1 

and M2 (1 and 10 μM) were incubated with 4 pmol CYP 2C19, 10 pmol CYP 1A2, 2C9, 

2D6, 3A4 and CYP 3A5 isoforms in 0.1 M phosphate buffer (pH 7.4) and 1 mM NADPH at 

37°C (total volume 0.3 mL).  At 0, 15, 30 and 60 min, reactions were terminated with one 

volume of ACN containing IS and analyzed (LC-MS/MS).  To confirm the role of CYP 3A in 

the metabolism of AMG 487 and M2, studies were conducted with AMG 487 and M2 (0.1, 1 

and 10 μM) in HLMs (0.5 mg/mL) with and without 1 μM ketoconazole.  Seven and one-half 

minutes after the addition of (1 mM) NADPH, the  incubations were stopped with ACN and 

analyzed using LC-MS/MS (incubation time was based on linearity data - not shown).  

Formation of M1 and M2 were used for AMG 487 phenotyping while monitoring M2 

disappearance was used for M2 phenotyping.    

 
Sequential Metabolism of AMG 487, M1 and M2:  The sequential metabolism of the AMG 

487 metabolites (M1 and M2) were determined using HLMs.  Briefly, 0.1 μM of each test 
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article was incubated with 0.5 mg/mL HLMs at 37°C.  At 0, 5, 10, 15, 20 and 30 min 

following the addition of NADPH (1 mM), aliquots were removed, mixed with ACN 

(containing IS) to stop the reaction, centrifuged and subjected to LC-MS/MS analysis. 

 

In Vitro Reaction Kinetics:  Kinetic constants (Km and Vmax) for AMG 487 metabolism were 

determined in HLM.  AMG 487, at concentrations ranging from 0.33 to 42.5 μM, was 

incubated with HLM (0.5 mg/mL) containing 1mM NADPH for 7.5 minutes (based on 

linearity data – not shown).  Incubations were conducted in triplicate.  The reactions were 

stopped with the addition of an equal volume of ACN (containing IS).  Samples were then 

subjected to LC-MS/MS analysis as described above.  The reaction velocity for the 

formation of primary metabolites, M1 and M2, was fit to equation 1 using WinNonLin 

Professional (Version 3.2A, Pharsight, Mountain View, CA).  A two enzyme model was 

used due to the biphasic nature of the velocity curve (Korzekwa et al, 1998)   

 

Equation 1:     ][*
][
][*

2

2max

1

1max S
K

V

SK

SV

mm

+
+

=υ  

 

Competitive CYP Inhibition:  The inhibitory potential of AMG 487, M1, M2 and M3 (0 to 30 

μM) were assessed in HLM using marker substrates for CYP’s 2C9, 2D6 and 3A4 

(diclofenac 5 μM, bufuralol 8 μM, and  testosterone 50 μM).  The HLM protein content (0.1 

to 0.25 mg/mL) and incubation time were such that no more than 10% of the substrate was 

depleted, and product formation was linear with time.  Reactions, conducted in 0.1 M 

phosphate buffer (pH 7.4) at 37oC, were initiated with NADPH (1 mM).  After 10 min the 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on December 16, 2008 as DOI: 10.1124/dmd.108.021931

 at A
SPE

T
 Journals on M

ay 17, 2023
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


DMD #21931 

 13

reactions were terminated by the addition of one volume of ACN containing the internal 

standard.  Following mixing and centrifugation, the supernatants were analyzed by LC-

MS/MS.  Data was analyzed using Graph Pad Prism (Version 5; La Jolla, CA).  The 

resulting IC50 values were adjusted for microsomal protein binding and are presented as 

unbound IC50’s.  The competitive inhibition of CYP3A4 mediated by M2 was further 

characterized by determining the Ki. Seven M2 concentrations (0.05 to 50 μM; unbound) 

were evaluated at 6 different midazolam concentrations (ranging from 0.5 Km to 2 Km; 1 to 

10 μM) in pooled HLM (0.1 mg/mL).  After five minutes of incubation, the reaction was 

stopped with the addition of an equal volume of ACN containing internal standard 

(deuterated 1-OH midazolam).    Concentrations of 1-OH midazolam were measured using 

LC-MS/MS.  The Ki was determined using a Dixon plot of the reciprocal of 1-OH midazolam 

formation vs. the reciprocal of M2 concentration.  Under these conditions the ketoconazole 

Ki was determined to be 50 nM.   

 

 
Time-Dependent CYP Inhibition:  Time-dependent CYP 3A inhibition induced by AMG 487, 

M1, M2, or M3 (10 μM) was measured in HLM (1.0 mg/mL) during a 30 min incubation at 

37oC in the presence of 1 mM NADPH.  At selected time points (0, 5, 10, 15 and 30 min), 

aliquots of the primary incubation mixture were diluted (1:10) into to a secondary incubation 

containing 200 μM testosterone, 1 mM NADPH and 0.1 M phosphate buffer (pH 7.4).  The 

secondary CYP3A marker reaction was terminated with the addition of ACN containing a 

deuterated internal standard.  The samples were centrifuged and 6-β-hydroxytestosterone 

formation was monitored by LC-MS/MS.  An internal compound (1910434) served as the 

positive control (Wong et al. 2007).   
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The inactivation kinetics of M2 towards CYP 3A were determined in HLM (1 mg/mL) by 

measuring the time- and M2 concentration-dependent loss of CYP 3A activity.  Primary 

incubations were carried out for 0, 3, 5 and 10 min at M2 concentrations ranging from 0.09 

to 30 μM (unbound).  Aliquots were removed at these time points and added to a 

secondary reaction to measure residual CYP 3A activity following a 1:10 dilution as 

described above.  The inactivation rate constants (kobs) at each M2 concentration were 

calculated from the slope of the log-linear plot of the remaining CYP 3A activity vs. 

preincubation time.  Kinetic constants (KI and kinact) were determined by non-linear 

regression (equation 2) using WinNonLin Professional (Version 3.2A, Pharsight, Mountain 

View, CA) utilizing unbound inhibitor concentrations.  Kinetic constants, kinact and KI, 

represent the maximal inactivation rate and the KI is the concentration of inhibitor at 50% 

kinact, respectively. 

Equation 2:     [I]K
[I]*k

k
I

inact
obs +

=  

 
Reversibility Experiment:  The reversibility of M2 CYP 3A inhibition was assessed using 

dialysis.  Pooled HLM (1 mg/mL) were incubated with DMSO (control), 20 μM M2, 10 μM 

troleandomycin and 10 μM raloxifene in the presence of 1 mM NADPH for a total of 30 min 

at 37°C.   Following the incubation, the reaction mixtures were transferred to Slide-a-Lyzer® 

dialysis cassettes (10,000 MW cut-off; Pierce, Rockford, IL).  Samples were dialyzed 

against 2 L of 0.1 M phosphate (pH 7.4) buffer for approximately 22 h.  The buffer was 

changed once during the dialysis at approximately 6 h.  Pre-and post-dialysis CYP 3A 
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activity (normalized to protein concentration) was measured by LC-MS/MS following a 10-

fold dilution.   

   

Covalent microsomal binding of [3H] M2:  Covalent binding was determined as described by 

Day et al. (2005) with minor modifications.  Briefly, [3H]M2 (20 µM) or the positive control 

([14C]naphthalene, 20 µM) were incubated with HLM (1 mg/mL) in the presence and 

absence of NADPH (1 mM), and in the presence of NADPH (1 mM) plus GSH (10 mM) for 

1 h at 37oC.  After quenching (acetone) the precipitated protein, trapped on a glass fiber 

filter mat, was washed with acetone:water (80:20 V/V) followed by methanol:water (80:20 

V/V) using a Brandel cell harvester (Gaithersburg, MD, USA).  After washing and 

solubilization (1N potassium hydroxide for 1 h at 95oC), bound radioactivity was measured 

using liquid scintillation counting (LSC) with a TriCarb 2800TR Liquid Scintillation Analyzer 

with internal quench correction (PerkinElmer Life and Analytical Sciences, Shelton, CT, 

USA).  Covalent binding was normalized to protein concentration. 

 
 
Plasma/microsomal protein binding:  Unbound AMG 487, M1, M2 and M3 in plasma and 

HLMs were measured using ultracentrifugation (Nakai et al, 2004).  Test articles were 

spiked into blank human plasma at concentrations ranging from 200 to 1000 ng/mL and 

into HLM (0.1, 0.25, 0.5 and 1 mg/mL final protein in the absence of NADPH) at 1000 

ng/mL.  Following incubation for 15 min at 37°C, samples were centrifuged for 24 h at 

522,000 x g using an Optima TLX Ultracentrifuge and a TLA120.2 rotor (Beckman Coulter, 

Fullerton, CA).  Aliquots of the supernatant were analyzed by LC-MS/MS.   
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Calculations:   Non-parametric pharmacokinetic parameters, Cmax, Tmax, AUC(0-24h) and T1/2, 

were calculated using WinNonlin Professional (Version 3.2A).  AUC(0-24h) values on Days 1 

and 7 were calculated using the linear trapezoidal method.  CLPO was calculated as the 

ratio of Dose over the Day 7 AUC(0-24h). The terminal elimination half-life was measured 

only on Day 7 and only at the 25 mg dose level (under linear conditions) using regression 

of the terminal log-linear portion of the plasma concentration-time profile.   

The predicted magnitude of inhibition (i.e., the ratio of the AUC in the presence of inhibition 

[AUCi] to the AUC in the absence of inhibition [AUC]) associated with M2 was calculated as 

shown in equation 3, where the inhibitor concentration at the enzyme active site [Iu] was 

based on the unbound M2 Cmax plasma levels (Brown et al, 2006). 

 

Equation 3:      fm)(1

Ki
][I

1

fm
1

AUC

AUC

u

PO

POi,

−+
+

=
 

 

The term fm represents the fraction of the CL mediated by the affected pathway.  An fm 

value of 0.9 was assumed based on pre-clinical data (i.e., fraction of AMG 487 that 

undergoes oxidative metabolism in the rat; unpublished data).   

 

The predicted magnitude of time-dependent CYP inhibition associated with M2 was 

calculated as shown in equation 4 (Wang et al., 2004). 
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Equation 4:  
fm)(1

])[I(K*k
][I*k

1

fm
1

AUC

AUC

uuI,deg

uinact

PO

POi,

−+

+
+

=
 

 

A Kdeg value (i.e., degradation rate of CYP 3A4) of 0.00016 min-1 was used for all 

calculations.   

 

The predicted maximal unbound hepatic inlet concentrations (Cmax,u,inlet) during the 

absorptive phase for AMG 487 have been approximated by the sum of the unbound 

systemic Cmax along with an estimate of the unbound portal concentration during the 

absorptive phase as described previously (Obach et al, 2007).   

 

Equation 5:     ⎟
⎠

⎞
⎜
⎝

⎛+=
Qh

fa*ka*Dose
*fuCC umax,inletu,max,  

 

Calculations were conducted using equation 5, assuming essentially complete absorption 

(i.e., fa = 1), and using the absorption rate constants determined by compartmental 

pharmacokinetic analysis (Ka = 1 to 4 h-1; unpublished data).  
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Results  

Once daily (QD) oral dosing of 25 mg AMG 487 resulted in minimal accumulation 

consistent with the half-life (9.7 ± 4.0 h; Table 1) and the dosing frequency, that is, Day 1 to 

7 AUC(0-24h) and Cmax ratios were 1.7 ± 0.83 and 1.2 ± 0.65, respectively.  Similar to 

previous clinical data (Floren et al, 2003), plasma M1 levels exceeded parent 

concentrations by 3- to 4-fold following either a single dose or repeated dosing of AMG 487 

at the 25 mg dose level (Table 2 and Figure 2).  Steady-state appears to have been 

achieved by Day 2 based on AMG 487 and M1 trough concentrations (Figure 3).    

 

On Day 1 increases in AMG 487 Cmax and AUC(0-24h) appeared proportional with dose 

between 25 and 100 mg, but increased in a greater than dose proportional fashion between 

100 and 250 mg (i.e., a 7-fold increase in AUC(0-24h) for a 2.5-fold increase in dose; Table 

1).  Plasma M1 concentrations consistently exceeded those of AMG 487 regardless of 

dosage, although there was a trend for a decrease in the metabolite to parent concentration 

ratio at the 250 mg dose (Figure 2 and Table 2).  Mean Day 1 M1 to AMG 487 AUC(0-24h) 

ratios were 4.4 ± 2.7, 4.0 ± 2.2, and 2.1 ± 0.51 following single 25, 100 and 250 mg AMG 

487 doses (Table 2), respectively.  These data demonstrate that linear kinetics are 

maintained up to 100 mg after a single dose.  The greater than proportional increase in 

exposure is suggestive of a decrease in the CLPO of AMG 487 at the 250 mg dose.  The 

corresponding decrease in the metabolite to parent plasma concentrations implicates a 

decrease in intrinsic clearance of AMG 487 rather than an increase in the fraction of the 

dose absorbed.             
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QD dosing of either 100 or 250 mg AMG 487 resulted in markedly increased Cmax and 

AUC(0-24h) values on Day 7 relative to Day 1 (Table 1 and Figure 2).  Non-linearity was more 

pronounced on Day 7 compared to Day 1.  That is, AMG 487 AUC(0-24h) increased in a 

greater than proportional fashion between all doses (i.e., a 12- and 8-fold increases in AUC  

were observed for a 4- and 2.5-fold increases in dose).  These changes suggest an 

approximate 12-fold reduction in the CLPO of AMG 487 between the 25 and 250 mg 

dosages following multiple dosing.  Trough concentrations of both AMG 487 and M1 

showed progressive increases in all subjects given either 100 or 250 mg AMG 487, 

demonstrating that steady-state had not yet been achieved by Day 7 (Figure 3).  The 

pharmacokinetic changes observed for AMG 487 were also associated with decreases in 

the metabolite (M1) to parent plasma concentration ratios (Figure 2 and Table 2).  The 

decrease in the metabolite to parent ratio was predominantly the result of increases in AMG 

487 levels since M1 AUC values increased only modestly from Day 1 to 7 (i.e., 1.5-fold) 

(Table 1).  Overall these data suggest both a dose and time-dependent reduction in the 

intrinsic CL of AMG 487 following multiple dosing.   

 

To determine the mechanism responsible for these clinical observations, a series of in vitro 

studies were undertaken to understand the biotransformation of AMG 487 and the inhibitory 

properties of its metabolites.  Metabolism of [14C] AMG 487 was assessed in pooled human 

cryopreserved hepatocytes and HLMs.  Metabolites detected were a pyridyl N-oxide (M1), 

O-deethylated AMG 487 (M2), a pyridyl N-oxide O-deethylated AMG 487 (M3) and a 

glucuronide conjugate of M2 (hepatocytes only) (Figure 4).  M2 and M3 were also observed 
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in human plasma at concentrations that were at least an order of magnitude lower than 

those of AMG 487 and M1 (Table 3).      

 

Incubation of AMG 487 with recombinant human CYP isoforms demonstrated that only 

CYP 3A4 and 3A5 could mediate the metabolism of AMG 487, resulting in the formation of 

M1, M2 and M3 (data not shown).  A chemical inhibition study confirmed the primary role of 

CYP 3A in AMG 487 biotransformation; the presence of 1 μM ketoconazole abolished 

formation of M1, M2 and M3 in HLMs (Figure 5).  Preliminary data also demonstrated that 

AMG 487 is neither a substrate for FMO1 and 3 nor for aldehyde oxidase (Data not shown).   

 

Investigation of sequential metabolism of M1 and M2 showed that M1 was essentially 

stable in HLMs while M2 was rapidly metabolized (Figure 6).  This data suggests that, once 

formed, M2 undergoes rapid sequential metabolism.  Data from incubations with cDNA 

expressed CYP 3A4 demonstrated the rapid decay of M2, with the formation of only small 

amounts of M3 (Figure 6).  None of the other CYP isoforms tested were capable of 

metabolizing M2.  Moreover, M2 disappearance was inhibited in the presence of 

ketoconazole, further supporting the key role of CYP 3A in M2 biotransformation.  The 

consumption of M1 could not be detected in any of the recombinant CYP microsomes 

tested (Data not shown).  Collectively, these data demonstrate that CYP 3A is responsible 

for AMG 487 and M2 biotransformation, while M1 undergoes only limited biotransformation 

in HLM. 
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The parameters for the reaction kinetics of AMG 487 in HLM were determined by fitting a 

two enzyme model to the velocity data for the formation of both M1 and M2 (Figure 7).  The 

Km1 and Vmax1 and the Vmax2/Km2 for M1 formation were 0.8 μM, 0.055 nmol/min/mg 

protein, and 0.0011 mL/min/mg protein, and for M2 formation were 0.6 μM, 0.010 

nmol/min/mg protein and 0.0002 mL/min/mg protein, respectively.  The Km values were 

adjusted for non-specific microsomal binding (fu 0.35; Table 4).  Since metabolites of M2 

are unknown, the loss of  M2 generated via the biotransformation of AMG 487 could not be 

accounted for during the determination of kinetic parameters.  This could have led to an 

overestimation of Km and an underestimation of Vmax.  This may explain why the Km value 

determined from M2 formation is marginally lower than the Km based on M1 formation.   

 

The time- and dose-dependent PK changes observed in this study prompted the testing of 

the inhibitory properties of AMG 487 and its metabolites (M1, M2 and M3) for CYP 2C9, 

2D6 and CYP 3A.  AMG 487 and M2 were shown to be moderate reversible inhibitors of 

only CYP 3A and 2C9; unbound IC50 values for CYP 3A inhibition were 4.0 ± 0.60 and 1.4 ± 

0.33 μM for AMG 487 and M2, respectively.  AMG 487 and M2 showed more potent 

inhibition towards CYP 2C9 with unbound IC50 values of 0.4 ± 0.08 and 0.7 ± 0.3 μM, 

respectively.  The inhibitory potency of M1 and M3 towards these isoforms was low (i.e., 

IC50 values > 10 μM).  CYP 2D6 was not inhibited by either AMG 487 or its key metabolites.  

The competitive Ki value for M2 was 0.75 μM.  An assessment of time-dependent inhibition 

(TDI) showed that only M2 inhibited CYP 3A (Figure 8).  No time-dependent CYP 3A4 

inhibition was observed with AMG 487, M1 and M3.  The kinetic constants (KI and kinact) for 

M2 mediated CYP 3A inactivation in HLM were 1.4 μM and 0.041 min-1, respectively 
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(values were calculated using unbound M2 concentration).  The time-dependent loss of 

CYP 3A activity caused by M2 was irreversible since enzyme activity was not recovered 

upon dialysis (Figure 9).  Interestingly, CYP 3A activity continued to decay during the 

course of the 24 hour dialysis experiment.  At the end of 24 h, only 10% of the control 

activity remained compared to approximately 60% at the initiation of dialysis.  As expected, 

dialysis did not reverse the inhibition by the positive control, raloxifene (Baer et al, 2007), 

while it restored the majority of activity for troleandomycin (Ma et al., 2000).   

 

Bioactivation was explored as a potential mechanism for the irreversible inhibition of CYP 

3A caused by M2.  Incubations of [3H] M2 with HLM demonstrated NADPH-dependent 

covalent binding of the radiolabel to microsomal protein.  Covalent binding was 220 ± 73 

pmol/mg protein in incubations containing NADPH, as compared to 6.9 ± 4.2 pmol/mg 

protein in the absence of NADPH.  The addition of GSH only partially mitigated the covalent 

binding (i.e., from 220 to 90 ± 18 pmol/mg protein).    

 

The extent of plasma protein binding for AMG 487, M1, M2 and M3 was independent of 

concentration between 200 and 2000 ng/mL. Mean unbound fractions for AMG 487, M1, 

M2 and M3 in human plasma were 0.016 ± 0.004, 0.088 ± 0.014, 0.042 ± 0.002 and 0.18 ± 

0.012, respectively (n=4).  The unbound fraction for AMG 487, M1, M2 and M3 in HLMs 

was considerably lower than in plasma (Table 4).  The unbound fraction was also 

dependent on protein concentration for AMG 487, M1 and M2, but not for M3.   

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on December 16, 2008 as DOI: 10.1124/dmd.108.021931

 at A
SPE

T
 Journals on M

ay 17, 2023
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


DMD #21931 

 23

Discussion                                                                                                                                            

 

Marked dose- and time-dependent pharmacokinetic alterations were observed following 

QD oral administration of 100 and 250 mg AMG 487 for 7 days (Figure 2 and Table 1).  

Time-dependent kinetics were characterized by an increase in the magnitude of non-

linearity following multiple dosing (i.e., a 96-fold increase AUC(0-24h) for a 10-fold increase in 

dose) compared to Day 1 (i.e., 33-fold increase in AUC(0-24h) for a 10-fold increase in dose).  

A strong correlation between these pharmacokinetic changes and a decrease in the 

metabolite to parent plasma concentration ratios (Table 2) suggests that reductions in the 

CLPO of AMG 487 were mediated by a decrease in the intrinsic clearance, rather than 

alterations in absorption.   

 

Quantitative data describing the elimination pathways for AMG 487 in humans are not 

available; however, available data shows AMG 487 elimination is highly dependent on non-

renal pathways (i.e., <0.5% of an oral dose was detected in urine following administration of 

AMG 487 to humans) (Floren et al., 2003).  These observations are consistent with 

preclinical data that demonstrated that AMG 487 elimination is largely mediated by 

biotransformation in pre-clinical species (i.e., the fraction metabolized in rat is ~90%; 

unpublished data).  AMG 487 is readily metabolized in HLM and human hepatocytes 

generating essentially three metabolites (M1, M2 and M3), with M1 and M2 being the 

primary metabolites (Figures 1 and 4).  These primary metabolites appear to be generated 

exclusively by CYP 3A (Figure 5).  Collectively these data suggest that AMG 487 CL in 
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humans is likely mediated by biotransformation, and that CYP 3A is the predominant 

enzyme responsible for its metabolism.   

 

The time- and dose-dependent reductions in AMG 487 CLPO are likely mediated by 

saturable metabolism and/or the formation of inhibitory metabolites.   The non-linearity 

observed on Day 1 could arise in part from saturable metabolism; however, unbound Cmax 

levels (i.e., 0.026 – 0.007 μM) at the high dose are well below the unbound Km values 

(0.24 μM).  Given the rapid oral absorption of AMG 487 (Figure 2), it is possible that 

intestinal and/or hepatic concentrations transiently exceed systemic levels during the 

absorptive phase resulting in the observed non-linearity.  Predicted unbound hepatic inlet 

AMG 487 concentrations (Cmax,u,inlet; 0.1 – 0.4 μM) following a 250 mg dose, which 

approach the Km of AMG 487 in HLMs, support this possibility.   However, given the 

transient nature of high inlet concentrations, it is unlikely that this is the sole factor leading 

to the time-dependent changes observed in this study.  Unfortunately, limitations of this 

study prevent the calculation of Day 1 AUC(0-infinity) and thus prevent the definitive 

identification of the root cause of the time-dependency.  Conceivably the more pronounced 

non-linearity on Day 7 vs. Day 1 could have resulted from the inability to fully characterize 

the Day 1 plasma concentration-time profile (i.e., underestimation of AUC(o-∞)).  However, 

this is unlikely since results of a previous single dose pharmacokinetic study show that the 

CLPO following a 250 mg dose (90 L/h) is similar to the estimated Day 1 value  (77 L/h) from 

this study (i.e., using Day 1 AUC(0-24h)) (Floren et al, 2003).  Furthermore, that study 

demonstrated that the contribution of the AUC beyond 24 hours to the total AUC was less 

than 13% (unpublished data).   
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An alternate explanation for the time-dependent pharmacokinetics is the formation of 

inhibitory metabolites which lead to a decreased in the CLPO of AMG 487.  Of the AMG 487 

metabolites tested, only M2 demonstrated competitive and time-dependent inhibition of 

CYP 3A.  The TDI appears to be the result of MBI since it required NADPH and was 

irreversible (Figure 8).  In addition, incubation of [3H] M2 with HLM resulted in NADPH-

dependent covalent adduction to microsomal protein, suggesting that the mechanism of 

inhibition may involve the formation of a reactive intermediate.  The chemical specie(s) 

responsible for the MBI of CYP 3A are under investigation.  Regardless of the mechanism, 

these data clearly show that M2 can inhibit a major biotransformation pathway for AMG 487 

and thus result in the observed time-dependent pharmacokinetics.  This hypothesis is 

consistent with several literature reports demonstrating the association between inhibitory 

metabolites and time- and dose-dependent pharmacokinetic alterations.  Propranolol 

(Wood et al., 1978,  Rowland et al., 1994, Narimatsu et al., 2001), verapamil (Shand et al., 

1981, Freedman et al., 1981, Ma et al., 2000, Wang et al., 2004) and diltiazem (Hoglund 

and Nilsson, 1988, Ma et al., 2000, Rowland-Yeo and Yeo, 2001) all form metabolites 

capable of MBI, and exhibit time-dependent increases in exposure following multiple 

dosing.     

 

While in vitro data suggests that inhibition of CYP 3A by M2 is the most probable cause for 

the time-dependent pharmacokinetics, the hypothesis has to be considered in the context 

of the low plasma exposures of this metabolite (Table 3).  To specifically address this 

question, in vitro-in vivo extrapolations were conducted to determine the magnitude of 
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competitive and time-dependent inhibition associated with plasma M2 levels. Conceptually, 

time-dependent reductions in parent drug CL resulting from inhibitory metabolites could be 

predicted in a manner analogous to predicting DDIs resulting from co-administered 

competitive and mechanism-based inhibitors (Brown, 2006, Mayhew et al., 2000 and Ito et 

al., 2003).  A key parameter employed in these models is the inhibitor concentration at the 

enzyme active site (Iu) (Brown, 2006 and Mayhew et al, 2000).  Since these concentrations 

cannot be directly measured, surrogates based on plasma levels are often used.  

Retrospective analysis has shown that Cmax or average plasma concentrations have been 

successfully used in predicting the magnitude of DDIs resulting from co-administered 

inhibitors (Brown et al, 2006, Galetin et al, 2006, Venkatakrishnan and Obach, 2007).   

 

Using unbound M2 Cmax values, in vitro-in vivo extrapolations would predict only limited 

CYP 3A inhibition based on competitive inhibition and MBI.   No competitive interaction 

would be predicted, while only a modest interaction would be expected for MBI (AUCi/AUC 

= 1.3).  This analysis further demonstrates that for any given concentration of M2, MBI 

would result in a larger interaction than competitive inhibition.  For example, to achieve the 

necessary reduction in the CLPO solely based on competitive inhibition, M2 Iu 

concentrations would have to be ~4000-fold greater than the observed Cmax levels.  A 

similar analysis using the model for MBI suggests that M2 Iu concentrations 26-fold greater 

than the observed Cmax levels could explain the reduction in the CLPO.  Despite the greater 

inhibitory potency of MBI, plasma concentrations of M2 are still much lower than would be 

required to account for the decrease in CLPO.  A complication associated with using plasma 

metabolite concentrations as a surrogate for Iu, particularly if the metabolite is prone to 
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sequential metabolism, is that Iu will likely be underestimated (Houston, 1982).  This is likely 

the case for M2, since this metabolite undergoes rapid metabolism (Figure 6).  If the rate of 

M2 sequential metabolism exceeds diffusion out of the hepatocyte, then a significant 

portion of M2 could be rapidly metabolized prior reaching the systemic circulation.  This 

would result in a discrepancy between plasma metabolite concentrations and M2 Iu levels.  

Thus, despite the low plasma levels of M2, it is still conceivable that hepatic M2 levels may 

achieve concentrations high enough to result in the observed interaction. 

 

While saturable AMG 487 metabolism is unlikely to be the proximal cause of the observed 

time-dependent pharmacokinetics, elevated AMG 487 concentrations (i.e., exceeding or 

approaching the in vivo Km) resulting from the inhibition of the CLPO could further increase 

the magnitude of these changes.  Thus, both TDI along with non-linear kinetics likely 

contribute to the increased Day 7 exposures.  Additionally, the in vitro-in vivo extrapolations 

did not account for intestinal metabolism.  Intestinal metabolism mediated by CYP 3A has 

been shown to contribute to the first-pass metabolism of several drugs (Zhang and Benet, 

2001, Lown et al, 1994).  Since AMG 487 biotransformation is mediated almost exclusively 

by CYP 3A, it is possible that MBI of intestinal CYP 3A contributed to the time-dependent 

pharmacokinetics of AMG 487.  Recently it has been suggested that MBI of intestinal CYP 

3A contributes significantly to the DDIs for buspirone and midazolam (Venkatakrishnan and 

Obach, 2007).   If AMG 487 were subject to intestinal as well as hepatic first-pass 

metabolism, the time-dependent pharmacokinetic changes could be explained by more 

modest levels of inhibition of CYP 3A in each organ.  Unfortunately, the extent to which the 

non-linearity and intestinal first-pass impact the magnitude of the time-dependent 
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pharmacokinetics of AMG 487 is unknown.  The available data suggests that inhibition of 

CYP 3A by M2, despite the low plasma concentrations, is the proximal cause for these 

observations.  This study also highlights the complexities associated with predicting the role 

of inhibitory metabolites in DDIs and time-dependent pharmacokinetics.       

 

In summary, multiple oral dosing of AMG 487 resulted in time- and dose-dependent 

pharmacokinetic changes as a consequence of a decreased CLPO.  The most probable 

explanation for the time-dependent decrease in the CLPO is M2 mediated MBI of CYP 3A.  

The sequential metabolism of M2, non-linear AMG 487 pharmacokinetics, and the inability 

to accurately determine the role of intestinal AMG 487 metabolism complicates the 

understanding of the relationship between M2-mediated MBI and the effects on AMG 487 

pharmacokinetics.  
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Footnotes: 

 

This work was presented in part at the 14th North American meeting of the International 

Society for the Study of Xenobiotics.  October 22-26, 2006 Rio Grande, Puerto Rico.
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 Figure Legends: 

 

Figure 1:  Chemical structures of AMG 487 and metabolites M1 (pyridyl N-oxide AMG 

487), M2 (O-deethyl AMG 487) and M3 (O-deethyl pyridyl N-oxide AMG 487) 

 

Figure 2:   Mean(± SD) Day 1 and 7 plasma concentration-time profiles of AMG 487 

(Panel A) and M1 (Panel B) following once daily oral administration of 25, 100 

and 250 mg AMG 487 to healthy male human subjects. 

 

Figure 3:   Mean (± SD) trough plasma concentrations of AMG 487 (panel A) and M1 

(panel B) following once daily oral administration of 25 mg, 100 mg and 250 

mg AMG 487.  

 

Figure 4:   Radiochromatograms following 60 minute HLM (Panel A) and pooled human 

hepatocyte (Panel B) incubations of 1 μM [14C] AMG 487. 

 

Figure 5:   Ketoconazole (1 μM) abolishes CYP 3A formation of M1 (panel A) and M2 

(panel B) from AMG 487 (0.1, 1 and 10 μM) in pooled HLM.  Ketoconazole 

blocks the disappearance of M2 in pooled HLM (panel C).   Experiments were 

conducted in triplicate. 
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Figure 6: Disappearance of AMG 487, M1 and M2 during incubations with HLM (Panel 

A).  Biotransformation of M1 (Panel B) and M2 (Panel C) in the presence of 

recombinant human CYP 3A4.   

 

Figure 7: Enzyme kinetics of AMG 487.  Formation of M1 (Upper Panel) and formation 

of M2 (Lower Panel).    

 

Figure 8:   Time-dependent CYP 3A4 inhibition:  Loss of CYP 3A4 activity following pre-

incubation with 10 μM AMG 487, M1, M2 and M3 in pooled human liver 

microsomes (Panel A).  Log-linear decrease in CYP 3A activity by M2 in 

HLMs (Panel B) and a plot of Kobs vs. unbound M2 concentration for the 

determination of KI and kinact (inset). 

 

Figure 9:  Lack of recovery of CYP 3A activity of M2 inhibited HLM following 22 hour of 

dialysis.  Controls raloxifene (Ralox) and troleandomycin (TAO) were used to 

demonstrate the lack of recovery of a covalent inhibitor and the reversibility of 

a MI complex.  CYP 3A activity in control microsomes was 3220 ± 19 and 

2010 ± 94 pmol/min/mg protein pre- and post-dialysis (n=3). 
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Table 1:   Mean (± SD) [Range] Day 1 and 7 pharmacokinetic parameters for AMG 487 and M1 following once daily 

oral administration of 25 mg, 100 mg and 250 mg AMG 487 for 7 days.   

 

AMG 487 

Day 1 Day 7 

 AUC(0-24h)  
(μM*h) 

Cmax  
(μM ) 

AUC(0-24h)  
(μM*h) 

Cmax  
(μM ) 

CLPO 
(L/h) 

T1/2 

(h) 

251 
(n=8) 

0.18 ± 0.14 
[0.054 – 0.42] 

0.048 ± 0.030 
[0.018 – 0.10] 

0.28 ± 0.24 
[0.074 – 0.79] 

0.052 ± 0.039 
[0.017 – 0.13] 

257 ± 182 9.7 ± 4.0 
[3.2 – 16] 

100  
(n=4) 

0.74 ± 0.32 
[0.30 – 1.0] 

0.21 ± 0.092 
[0.08-0.28] 

3.3 ± 2.6 
[1.1 – 6.6] 

0.43 ± 0.23 
[0.15 – 0.71] 

83.0 ± 61.9 --2 

250  
(n=5) 

5.0 ± 2.6 
[2.7 – 8.9] 

0.97 ± 0.47 
[0.45 – 1.6] 

27 ± 19 
[11 – 39] 

2.8 ± 1.3 
[1.8 – 5.0] 

21.6 ± 12.0  --2 

M1 

Day 1 Day 7 

 AUC(0-24h)  
(μM*h) 

Cmax  
(μM ) 

AUC(0-24h)  
(μM*h) 

Cmax  
(μM ) 

 

 

T1/2 

(h) 

25  
(n=8) 

0.49 ± 0.13 
[0.27 – 0.62] 

0.13 ± 0.039 
[0.084 – 0.22] 

0.52 ± 0.12 
[0.32 – 0.69] 

0.11 ± 0.025 
[0.075 – 0.15] 

9.0 ± 3.3 
[3.8 – 13] 

100  
(n=4) 

2.4 ± 0.26 
[2.1 – 2.6] 

0.68 ± 0.14 
[0.50 – 0.82] 

3.6 ± 0.51 
[3.1 – 4.3] 

0.62 ± 0.13 
[0.50 – 0.81] 

--2 

250  
(n=5) 

9.3 ± 2.5 
[6.4 – 13] 

1.8 ± 0.72 
[1.0 – 3.0] 

15 ± 2.6 
[11 – 17] 

1.3 ± 0.20 
[1.0 – 1.5] 

--2 

1One subject declined to participate in the 25 mg cross-over leg 
2Half-life not calculated due to non-linear pharmacokinetics 
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Table 2:   M1 to parent AUC ratios on Days 1 and 7 following daily oral dosing with 

AMG 487 25, 100 and 250 mg for 7 days. 

 

M1 to AMG 487 AUC(0-24h) ratio 

 Day 1 Day 7 

25 (n=9) 4.4 ± 2.7 

[1.5 – 9.5] 

3.0 ± 1.8 
[0.9 – 6.6] 

100 (n=4) 4.0 ± 2.2 

[2.2 – 7.2] 

1.7 ± 1.1 

[0.67 – 3.0] 

250 (n=5) 2.1 ± 0.51 

[1.2 – 2.5] 

0.73 ± 0.34 
[0.30 – 1.3] 

 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on December 16, 2008 as DOI: 10.1124/dmd.108.021931

 at A
SPE

T
 Journals on M

ay 17, 2023
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


DMD #21931 
 

 40

Table 3: Mean Day 1 and 7 plasma concentrations (μM) of AMG 487, M1, M2 and M3 

following daily oral dosing of 25, 100 and 250 mg AMG 487 for 7 days to 

healthy human male subjects. 

 

  Plasma Concentrations (μM ) 

Treatment Time 
(h) AMG 487 M1 M2 M3 

 

 

 

 

25 mg QD 
(n=8) 

Day 1 

1 0.038 ± 0.033 0.10 ± 0.063 0.006 ± 0.004 0.003 ± 0.002 
2 0.027 ± 0.018 0.085 ± 0.026 0.006 ± 0.002 0.003 ± 0.002 
4 0.013 ± 0.008 0.042 ± 0.018  0.005 ± 0.002 0.002 ± 0.001 
24 0.001 ± 0.0021 0.002 ± 0.0022 0.004 ± 0.002 0.001 ± 0.0013 

Day 7 

1 0.038 ± 0.022 0.079 ± 0.034 0.004 ± 0.001 0.010 ± 0.020 
2 0.043 ± 0.042 0.092 ± 0.021 0.004 ± 0.002 0.007 ± 0.012 
4 0.022 ± 0.020 0.056 ± 0.019 0.003 ± 0.002 0.005 ± 0.010 
24 0.004 ± 0.0044 0.003 ± 0.001 0.002 ± 0.001 0.003 ± 0.006 

 

 

 

 

100 mg 
QD (n=4) 

Day 1 

1 0.22 ± 0.091 0.63 ± 0.14 0.020 ± 0.003 0.019 ± 0.010 
2 0.12 ± 0.056 0.47 ± 0.069 0.011 ± 0.001 0.019 ± 0.003 
4 0.056 ± 0.025 0.24 ± 0.024 0.006 ± 0.001 0.008 ± 0.002 

24 0.007 ± 0.004 0.009 ± 0.002 0.005 ± 0.002 0.002 ± 0.0019 

Day 7 

1 0.38 ± 0.22 0.55 ± 0.19 0.015 ± 0.002 0.013 ± 0.0096 
2 0.32 ± 0.20 0.48 ± 0.034 0.011 ± 0.002 0.014 ± 0.0074 
4 0.23 ± 0.16 0.37 ± 0.14 0.008 ± 0.002 0.007 ± 0.003 

24 0.053 ± 0.055 0.035 ± 0.023 0.003 ± 0.001 0.002 ± 0.001 
 

 

 

 

250 mg 
QD 

(n=5) 

Day 1 

1 0.86 ± 0.56 1.5 ± 0.89 0.037 ± 0.023 0.035 ± 0.017 
2 0.73 ± 0.33 1.4 ± 0.35 0.033 ±  0.015 0.024 ± 0.0092 
4 0.56 ± 0.30 1.1 ± 0.24 0.021 ± 0.007 0.011 ± 0.003 

24 0.028 ± 0.011 0.035 ± 0.005 0.003 ± 0.001 0.002 ± 0.001 

Day 7 

1 2.7 ± 1.3 1.3 ± 0.21 0.012 ± 0.007 0.046 ± 0.025 
2 2.2 ± 1.0 0.95 ± 0.24 0.010 ± 0.005 0.032 ± 0.019 
4 1.7 ± 0.83 1.0 ± 0.18 0.010 ± 0.006 0.025 ± 0.019 

24 0.50 ± 0.60 0.24 ± 0.16 0.004 ± 0.001 0.006 ± 0.004 
1
n=3; 

2
n=6; 

3
n=7; 

4
n=5 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on December 16, 2008 as DOI: 10.1124/dmd.108.021931

 at A
SPE

T
 Journals on M

ay 17, 2023
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


DMD #21931 
 

 41

 
Table 4:  AMG 487, M1, M2 and M3 unbound fractions in human liver microsomes (HLM) 

at various protein concentrations.   

 

HLM Protein 

(mg/mL) 

Mean (± SD) Fraction Unbound (n=4) 

 AMG 487 M1 M2 M3 

0.1 0.56 ± 0.065 0.78 ± 0.085 0.55 ± 0.054 0.60 ± 0.14 

0.25 0.42 ± 0.079 0.66 ± 0.056 0.41 ± 0.036 0.62 ± 0.053 

0.5 0.35 ± 0.063 0.58 ± 0.069 0.45 ± 0.032 0.72 ± 0.13 

1.0 0.26 ± 0.036 0.48 ± 0.033 0.39 ± 0.004 0.61 ± 0.18 
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