
JPET	#238022	

S1 
	

Dual Inhibition of Bruton’s Tyrosine Kinase and Phosphoinositide-3-Kinase 
p110δ as a Therapeutic Approach to Treat Non-Hodgkin’s B cell 
Malignancies 
 
Jennifer Alfaro1, Felipe Pérez de Arce, Sebastián Belmar, Glenda Fuentealba, 
Patricio Avila, Gonzalo Ureta, Camila Flores, Claudia Acuña, Luz Delgado, Diana 
Gaete, Brahmam Pujala, Anup Barde, Anjan K. Nayak, TVR Upendra, Dhananjay 
Patel, Shailender Chauhan, Vijay K. Sharma, Stacy Kanno, Ramona G. Almirez, 
David T. Hung, Sarvajit Chakravarty, Roopa Rai, Sebastián Bernales, Kevin P. 
Quinn, Son M. Pham, Emma McCullagh1 
 

Translational Research Group, Fundación Ciencia y Vida (J.A., F.P., S.B., G.F., P.A., G.U., C.F., C.A., L.D., D.A.)  
Biological Sciences Department, Facultad de Ciencias Biológicas, Universidad Andrés Bello (F.P., S.B.) 
Chemistry Group, Integral BioSciences, Pvt. Ltd. (B.P., A.B., A.K.N, TVR.U., D.P, S.C., V.K.S.) 
Discovery Research, Medivation, Inc. now Pfizer (S.K., R.G.A, D.T.H., S.C., R.R., S.B., K.P.Q., S.M.P., E.M.) 

 

Journal of Pharmacology and Experimental Therapeutics 

 

SUPPLEMENTARY INFORMATION 

 

Table of Contents Page 

Supplementary Figure 1 S2 

Supplementary Figure 2 S4 

General Synthesis Information S6 

Literature Preparations S7 

Preparation of MDVN1001 S7 

Preparation of MDVN1002 S12 

Pharmacokinetic Analysis S17 

 

 

  



JPET	#238022	

S2 
	

 
 

 

	 	

Veh
icle

+ anti-IgM

1 μM
MD
VN
10
01

MD
VN
10
02

MD
VN
10
03

co
mbo

 M
DVN

pAKT

AKT

ERK

pERK

Supplementary Figure 1

-



JPET	#238022	

S3 
	

Supplementary Figure 1: BTK and PI3Kδ inhibitor compounds differentially inhibit the phosphorylation 

of downstream signaling molecules ATK and ERK. Ramos cell were pretreated with 1 µM of the 

indicated compounds or DMSO (vehicle and -) for 30 min. All samples except for the vehicle control 

were treated with α-IgM (1.3 µg/ml) for 5 min to activate BCR signaling. Levels of pAKT and pERK 1/2 

and the corresponding total proteins were determined by western blot. Combo is equimolar (1 µM) 

treatment of ibrutinib and idelalisib and combo MDVN is equimolar (1 µM) treatment of MDVN1001 

and MDVN1002. 
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Supplementary Figure 2: Combination treatment of MDVN1001 and MDVN1002 on cell viability of 

DOHH-2 cells. DOHH-2 cells were treated with MDVN1001 or MDVN1002 or equimolar 

concentrations of both compounds for 72 h. Cell viability was measured as described in the Materials and 

Methods. The IC50 was calculated from the curve fitted to the data points by non-linear regression using 

GraphPad Prism. 
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General Synthesis Information 

 1H NMR spectra and 13C NMR spectra were recorded on a Varian 400 MHz spectrometer. 

Spectra are referenced to residual chloroform (δ 7.26, 1H), DMSO (δ 2.54, 1H) or methanol (δ 3.34, 1H) 

unless otherwise noted. Chemical shifts are reported in ppm (δ); multiplicities are indicated by s (singlet), 

d (doublet), t (triplet), q (quartet), quint (quintet), sext (sextet), m (multiplet) and br (broad). Coupling 

constants, J, are reported in Hertz. Silica gel chromatography was performed using a Teledyne Isco 

CombiFlash® Rf+ instrument using Hi-Purit Silica Flash Cartridges (National Chromatography Inco) or 

RediSep Rf Gold C18 Cartridges (Teledyne Isco). Analytical HPLC was performed on a Waters 

ACQUITY UPLC with a photodiode array detector using and a Waters ACQUITY BEH Shield RPC18 

(2.1 × 50 mm, 1.7 µm) column. Analytical LCMS was performed on a Waters ACQUITY UPLC with a 

Waters 3100 mass detector. Chiral HPLC was performed on a Waters Alliance e2695 with a photodiode 

array detector using Daicel Chiralpak® AD-H, Chiralpak® IA, Chiralpak® IB, Chiralpak® IC, Chiralcel® 

OD-H or Chiralcel® OJ-H columns. Optical rotations were obtained on a Jasco P-2000 digital polarimeter 

and are reported as [α]D
T temperature (T), concentration (c = g/100 mL) and solvent. Commercially 

available reagents and solvents were used as received unless otherwise indicated. 

 

Literature Preparations 

 The following compounds were prepared by literature methods: 5-bromo-2,3-dihydro-1H-inden-

2-ol (I)[Ref: Goeksu et al. Tetrahedron, 61(28), 6801-6807; 2005], 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-

4-amine (V)[Ref: Rai et al. PCT Application WO2015/058084 A1, 2015], 1-(5-amino-2,3-dihydro-1H-

inden-2-yl)-3-(8-fluoro-3,4-dihydro-2H-benzo[b][1,4]oxazin-6-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine 

(MDVN1003).1 
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General Scheme for the Preparation of MDVN1001 

 
 

Preparation of tert-butyl 4-(2-hydroxy-2,3-dihydro-1H-inden-5-yl)piperidine-1-carboxylate (III) 

 
Step 1. To a stirred solution of I (1 g, 4.72 mmol) in DMF (14 mL) was added II (2.17 g, 7.03 mmol, 1.5 

eq), Pd(PPh3)4 (380 mg, 0.33 mmol, 0.07 eq) and Na2CO3 (1.5 g, 14.2 mmol, 3 eq) as a solution in water 

(14 mL). The reaction was heat to 95 °C and stirred for 2 h. Upon completion, the mixture was extracted 

with EtOAc (200 mL × 3). The combined organic layers were washed with water (30 mL × 3), dried over 

anhydrous Na2SO4, filtered and concentrated in vacuo to afford tert-butyl 4-(2-hydroxy-2,3-dihydro-1H-
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inden-5-yl)-3,6-dihydropyridine-1(2H)-carboxylate (900 mg, 60%). The material was used without 

further purification. 

Analytical data 

LC-MS 315 [M+H]+ 

 

Step 2. A round-bottom flask was charged with tert-butyl 4-(2-hydroxy-2,3-dihydro-1H-inden-5-yl)-3,6-

dihydropyridine-1(2H)-carboxylate (900 mg, 2.86 mmol), Pd/C (10 wt. %, 200 mg) and MeOH (50 mL).  

The flask was then charged with H2 gas (1 atm). The reaction mixture was allowed to stir overnight at 

room temperature. Upon completion, the contents were filtered through a bed of Celite® and washed with 

MeOH (30 mL × 3). Residual Pd/C was carefully quenched with aqueous HCl. The supernatant was then 

concentrated in vacuo to afford III (900 mg, 99%) which was used without further purification. 

Analytical data 
1H NMR (400 MHz, CD3OD) δ 7.71-7.58 (m, 2H), 7.58-7.51 (m, 1H), 4.60 (s, 1H), 4.19 (d, J = 

13.2 Hz, 2H), 3.16-3.06 (m, 2H), 2.91-2.77 (m, 4H), 2.70-2.60 (m, 1H), 1.78 (d, J = 12.7 

Hz, 2H), 1.58 (d, J = 3.9 Hz, 2H), 1.51-1.41 (m, 9H). 
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Preparation of tert-butyl 4-(2-((methylsulfonyl)oxy)-2,3-dihydro-1H-inden-5-yl)piperidine-1-

carboxylate (IV) 

 
 

Step 3. To a solution of III (900 mg, 2.84 mmol) in CH2Cl2 (30 mL) was added Et3N (1.43 g, 14.2 mmol, 

5 eq). The mixture was cooled to 0 °C and methanesulfonyl chloride (638 mg, 5.68 mmol, 2 eq) was 

slowly added dropwise. The mixture was warmed to room temperature and allowed to stir for 2 h. Upon 

completion the reaction mixture was extracted with EtOAc (200 mL × 3). The combined organic layers 

were washed with water (100 mL × 3) followed by brine (30 mL × 2). The organic layer was dried over 

anhydrous Na2SO4, filtered and concentrated in vacuo to afford IV (1.1 g, 98%) which was used without 

further purification. 

Analytical data 
1H NMR (400 MHz, CD3OD) δ 7.66 (d, J = 7.0 Hz, 1H), 7.69 (d, J = 7.4 Hz, 1H), 7.48 (d, J = 7.8 

Hz, 1H), 5.52 (br s, 1H), 3.33 (d, J = 4.7 Hz, 2H), 3.24 (br s, 2H), 3.15 (m, 2H), (3.03 (d, 

J = 2.0 Hz, 3H), 2.79 (br s, 2H), 2.70-2.59 (m, 1H), 1.80 (d, J = 12.9 Hz, 2H), 1.67-1.59 

(m, 2H), 1.50-1.44 (m, 9H). 
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Preparation of tert-butyl 4-(2-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yl)-2,3-dihydro-1H-

inden-5-yl)piperidine-1-carboxylate (VI) 

 
Step 4. Cs2CO3 (1 g, 3.08 mmol, 2 eq) was added to a suspension of V (400 mg, 1.54 mmol) in DMF (10 

mL). The reaction mixture was allowed to stir for 45 min at room temperature. Intermediate IV (1.1 g, 

2.77 mmol, 1.8 eq) and tetrabutylammonium iodide (104 mg, 0.31 mmol, 0.2 eq) were then added.  The 

mixture was then heated to 95 °C and allowed to stir for 3 h. Upon completion, the mixture was allowed 

to cool and water (50 mL) was added. The resulting precipitate was collected by vacuum filtration. The 

filter cake was carefully washed with cold water (40 mL × 2) followed by cold n-pentane (40 mL × 3). 

The solids were dried under reduced pressure to afford VI (350 mg, 41%) which was used without further 

purification. 

Analytical data 

LC-MS 561[M+H]+ 

 

Preparation of 3-(8-fluoro-3,4-dihydro-2H-benzo[b][1,4]oxazin-6-yl)-1-(5-(piperidin-4-yl)-2,3-

dihydro-1H-inden-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (MDVN1001) 
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Step 5. A reaction vessel was charged with VI (350 mg, 0.625 mmol) and DMF (5 mL). To this was 

added VII (261 mg, 0.938 mmol, 1.5 eq), Pd(PPh3)4 (58 mg, 0.05 mmol, 0.08 eq) and Na2CO3 (199 mg, 

1.88 mmol, 3 eq) as a solution in water (5 mL). The reaction mixture was heated to 90 °C with stirring 

and allowed to progress for 3 h. Upon completion, the reaction was quenched with ice cold water (30 

mL).  The resulting precipitate was collected by vacuum filtration. The filter cake was washed with cold 

water (40 mL × 3) and cold n-pentane (30 mL × 3). The solids were dried under reduced pressure to 

afford a crude product which was purified by reversed-phase SiO2 chromatography (55% CH3CN in 10 

mM NH4OAc). The enantiomers were then separated by chiral preparative HPLC to afford tert-butyl 4-

(2-(4-amino-3-(8-fluoro-3,4-dihydro-2H-benzo [b][1,4] oxazin-6-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)-

2,3-dihydro-1H-inden-5-yl)piperidine-1-carboxylate (12 mg, 3%) as a single enantiomer. 

Analytical data 

LC-MS 586 [M+H]+ 

 

Step 6. To a reaction vessel containing tert-butyl 4-(2-(4-amino-3-(8-fluoro-3,4-dihydro-2H-

benzo[b][1,4]oxazin-6-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)-2,3-dihydro-1H-inden-5-yl)piperidine-1-

carboxylate (12 mg, 0.02 mmol) was added ethanolic HCl (4 mL) and the resulting mixture was allowed 

to stir overnight at room temperature. Upon completion, the reaction mixture was concentrated and 

lyophilized to afford MDVN1001 as a single enantiomer and hydrochloride salt (6 mg, 57%). 

Analytical data 

LC-MS 486 [M+H]+ 
1H NMR (400 MHz, CD3OD) δ 8.33 (s, 1H), 7.29 (d, J = 7.8 Hz, 1H), 7.26-7.13 (m, 3H), 6.44 (d, J 

= 6.1 Hz, 2H), 5.76 (d, J = 6.2 Hz, 1H), 4.25 (t, J = 4.3 Hz, 2H), 3.63-3.46 (m, 6H), 3.39 

(dd, J = 25.4, 5.1 Hz, 6H), 3.14 (s, 2H), 2.92 (s, 1H), 2.09 (d, J = 14.2 Hz, 2H), 1.93 (t, J 

= 12.9 Hz, 2H). 
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General Scheme for the Preparation of MDVN1002 

 
 

Preparation of 1-(5-amino-2,3-dihydro-1H-inden-2-yl)-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-

amine (IX) 

 
Step 1. Cs2CO3 (3.49 g, 10.7 mmol, 2 eq) was added to a stirred suspension of V (1.4 g, 5.36 mmol) in 

DMF (15 mL) at room temperature. The reaction mixture was allowed to stir for 45 min at room 

temperature. Intermediate VIII (1.82 g, 8.04 mmol, 1.5 eq) and tetrabutylammonium iodide (396 mg, 

0.107 mmol, 0.02 eq) were then added. The mixture was then heated to 75 °C and allowed to stir for 90 

min. Upon completion, the mixture was allowed to cool and water (30 mL) was added. The resulting 

precipitate was collected by vacuum filtration.  The filter cake was triturated with hexane (10 mL × 2). 

The solids were dried under reduced pressure to afford IX (1.7 g, 81%) which was used without further 

purification. 

Analytical data 

LC-MS 393 [M+H]+ 
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Preparation of 1-(5-amino-2,3-dihydro-1H-inden-2-yl)-3-(3-fluoro-4-isopropoxyphenyl)-1H-

pyrazolo[3,4-d]pyrimidin-4-amine (MDVN1002) 

 
Step 2. A reaction vessel was charged with IX (200 mg, 0.51 mmol) and DMF (3 mL).  To this was 

added X (152 mg, 0.77 mmol, 1.5 eq), Pd(PPh3)4 (41 mg, 0.036 mmol, 0.07 eq) and Na2CO3 (162 mg, 

1.53 mmol, 3 eq) as a solution in water (3 mL). The reaction mixture was heated to 85 °C with stirring 

and allowed to progress overnight. Upon completion, the reaction was quenched with ice cold water (50 

mL).  The resulting precipitate was collected by vacuum filtration. The filter cake was washed with cold 

water (30 mL × 2) and cold n-pentane (40 mL × 2). The solids were dried under reduced pressure to 

afford a crude product which was purified by reversed-phase SiO2 chromatography (55-60% CH3CN in 

10 mM NH4OAc) to afford MDVN1002 as a single enantiomer (90 mg, 42%). 

Analytical data 

LC-MS 419 [M+H]+ 
1H NMR (400 MHz, CD3OD) δ 8.25 (s, 1H), 7.85 (s, 1H), 7.46–7.37 (m, 2H), 7.23 (t, J = 8.6 Hz, 

1H), 6.99 (d, J = 8.0 Hz, 1H), 6.69–6.58 (m, 1H), 5.69 (q, J = 8.3 Hz, 1H), 4.79 (s, 1H), 

4.69 (p, J = 6.1 Hz, 1H), 3.50 (ddd, J = 30.0, 15.5, 8.2 Hz, 2H), 3.35 (d, J = 5.7 Hz, 1H), 

1.38 (d, J = 6.1 Hz, 6H). 
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General Scheme for the Preparation of Intermediate VIII 

 
 

Preparation of 5-nitro-2,3-dihydro-1H-inden-2-ol (XII) 

	

Step 1. To the stirred solution of XI (50 g, 0.282 mol) in MeOH (2 L) was added NaBH4 (21.5 g, 0.565 

mol, 2 eq) at 0 °C portion wise. The reaction mixture was allowed to stir at 0 °C for 1 h. The reaction was 

monitored by TLC. Upon completion, the reaction mixture was concentrated under reduced pressure. The 

residue was treated with CH2Cl2, filtered and washed with additional CH2Cl2. The filtrate was 

concentrated in vacuo to afford XII (43 g, 85%) as light brown solid.  The material was used without 

further purification. 

Analytical data 

LC-MS 180 [M+H]+ 
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Preparation of 5-nitro-2,3-dihydro-1H-inden-2-yl methanesulfonate (XIII) 

	

Step 2. To the stirred solution of XII (81 g, 0.45 mol) in CH2Cl2 (2.5 L) was added Et3N (206 g, 2.00 

mol, 4.4 eq) at 0 °C followed by the slow addition of methanesulfonyl chloride (104 g, 0.91 mol, 2 eq). 

The reaction was allowed to stir at 0 °C for 1.5 h. Upon completion, the reaction mixture was diluted with 

water and extracted with CH2Cl2. The organic layer was washed with brine, dried over anhydrous 

Na2SO4, filtered and concentrated in vacuo. The crude material was recrystallized with a mixture of 

CH2Cl2 and MTBE to afford XIII (92 g, 79%) as an off-white solid. 

Analytical data 

LC-MS 258 [M+H]+ 

 

Preparation of (-)-5-amino-2,3-dihydro-1H-inden-2-yl methanesulfonate hydrochloride (VIII) 

	

Step 3. To the stirred solution of XIII (46 g, 0.179 mol) in MeOH (2 L) was added Raney-Ni (46 g, wet). 

The resulting reaction mixture was stirred for 3 h under H2 (30 psi). The reaction mixture was filtered and 

the filter cake was washed with MeOH. The filtrate was concentrated in vacuo and treated with MTBE to 

afford (±)-5-amino-2,3-dihydro-1H-inden-2-yl methanesulfonate (28 g, 68%) as an off-white solid. The 

enantiomers were separated by chiral HPLC. The freebase was then diluted with CH2Cl2 and purged with 

HCl (g) at 0 °C for 3 h. The precipitate was filtered and washed with CH2Cl2 and MTBE to give VIII as a 

single enantiomer and hydrochloride salt. Peak 1HCl salt (batch 1, 10.8 g, 97.4% ee and batch 2 14.2 g, 

98.9%ee) and peak 2 HCl salt (batch 1, 9.4 g, 97.7% ee and batch 2, 15.6 g, 98.4%ee) as an off-white 

solid. 

Analytical data 

LC-MS 228 [M+H]+ 
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1H NMR (400 MHz, DMSO-d6) δ 10.40 (br s, 2H), 7.39 (d, J = 8.0 Hz, 1H), 7.31 (s, 1H), 7.26–

7.19 (m, 1H), 5.50 (m, 1H), 3.36 (m, 2H), 3.22 (s, 3H), 3.14 (m, 2H). 
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Pharmacokinetic Analysis 

 

Intravenous and Oral Pharmacokinetics in Mice. Female BALB/c mice (age, 10–12 weeks; 18–20 g 

b.wt.) were used in the study. Food and water were given ad libitum. MDVN1003 was administered 

intravenously, via the tail vein, at a dose of 2 mg/kg as a solution (1 mg/ml) in 20% DMSO, 40% PEG200 

and 40% water at a dose volume of 2 ml/kg. The oral dose, 10 mg/kg, was administered by gavage at a 

dose volume of 10 ml/kg in 0.5% methylcellulose at a concentration of 1 mg/ml. At defined time points 

(5, 15 min, 30 min, and 1, 2, 4, 8, and 24 h after dose), groups of three mice per time point were sacrificed 

by an overdose of CO2, and blood was collected by cardiac puncture and placed in tubes containing 

K2EDTA as the anticoagulant. Plasma was obtained by centrifuging the blood samples at 800g for 10 min 

and storing at -60 to -80°C until analysis. 

Intravenous and Oral Pharmacokinetics in Rats. Male Sprague-Dawley rats (age, 7–9 weeks; 250–300 

g b.wt.) were used in the study. Three rats were used for the intravenous and oral studies each, in a 

parallel design. One day before the study, the jugular vein was cannulated in all the rats to be used. Rats 

were fasted overnight before dosing and fed 4 h after dose. Water was given ad libitum. MDVN1003 (2 

mg/kg) was administered intravenously as a bolus dose through the jugular vein, at a dose volume of 1 

ml/kg (2 mg/ml) in saline. The oral dose (5 mg/kg) was administered by gavage at a dose volume of 5 

mL/kg as a 1 mg/ml suspension in 0.5% methylcellulose in water. From each rat, serial blood samples 

(≈0.2 ml per sample) were drawn at 5 (IV only), 15, 30, and at 1, 2, 4, 6, 8, 12 and 24 h after dose and 

placed in tubes containing K2EDTA as the anticoagulant. Plasma was obtained by centrifuging the blood 

samples at 1000g for 10 min and storing at -60 to 80°C until analysis. 

Intravenous and Oral Pharmacokinetics in Dogs. Six male beagle dogs (age, 1–2 years; 9–11 kg b.wt.) 

were used in the study. Three dogs were used in the intravenous and oral studies each, in a parallel design. 

The dogs were fasted overnight before dose and fed 4 h after dose in the oral study. Water was given ad 

libitum. The intravenous dose (1 mg/kg) was given as a bolus (1 ml/kg) in 20% DMSO, 40% PEG200 
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and 40% water at a concentration of 1 mg/ml. The oral dose (3 mg/kg) was administered by gavage at a 

dose volume of 5 ml/kg as a suspension (0.6 mg/ml) in 0.5% methylcellulose in water. At defined time 

points (3 (IV only), 5 (IV only), 15, and 30 min and 1, 2, 4, 8, 12, 24, 26 and 48 h after dose), serial blood 

samples (≈1 ml) were collected from either the cephalic or jugular vein via a butterfly catheter and placed 

into a chilled polypropylene tube with K2EDTA as the anticoagulant. Samples were centrifuged at 4°C at 

a speed of 1000g for 10 min, and plasma was harvested and stored at -60 to -80°C until analysis. 

Sample Analysis. Plasma samples from mouse, rat, and dog (10-30 µL) were precipitated with of 

acetonitrile (200 µL) containing internal standard (warfarin) in a 96-well plate, vortexed for 5 min, and 

then centrifuged at 1500g for 10 min in a refrigerated centrifuge (Sorvall Legend X1R centrifuge, Thermo 

Scientific) at 4°C.  Supernatants (100 µL) were transferred to a new 96-well plate containing 100 µL of 

0.1% formic acid in each well. The plate was vortexed for approximately 10 minutes and then aliquots 

were injected for LC/MS/MS analysis. Sample analysis was carried out AB/MDS Sciex API 4000 

LC/MS/MS System (Framingham, MA) interfaced with Shimadzu SIL-20AC HT autosampler and 

Prominence CBM-20A pumps (Kyoto, Japan). The mobile phase consisted of 0.1% formic acid in water 

(A) and 0.1% formic acid in acetonitrile (B). A ballistic gradient (5% B for 0.5 min then increased to 95% 

B in 1.5 min and hold for 1 min, then return to 5% B) was used to elute the analyte and internal standard  

with a Waters Atlantis T3 (3 µ, 2.1 x 50 mm, Milford, MA) at a flow rate of 0.6 ml/min.  The ion-optics 

were optimize with Analyst software (v1.6) and MDVN1003 was analyzed with multiple reaction 

monitoring experiment with the Q1 to Q3 transitions masses of m/z 418.1 – m/z 287.1, respectively.  The 

internal standard, warfarin, was monitored with m/z 309.0 – m/z 163.0.  The assay was linear between 1 

and 5000 nM (dog plasma: lower limit of quantitation, 1 nM) and between 2.0 and 1000 nM (mouse and 

rat plasma: lower limit of quantitation, 2 and 3 nM, respectively). Criteria for accuracy and precision were 

met.  
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Pharmacokinetic Analysis. Noncompartmental PK parameters such as the total volume of distribution 

(Vd), systemic clearance (CL), elimination half-life (t1/2), area under the plasma concentration-time curve 

up to the last nonzero concentration (AUC0-t), area under the plasma concentration-time curve from time 0 

to infinity (AUC0-∞), the time of maximum concentration in plasma (tmax), and the maximum concentration 

in plasma (Cmax) were estimated Phoenix WinNonlin version 6.4 (Pharsight Corp, St Louis, MO). The 

terminal elimination rate constant was estimated from the terminal linear part of the log-linear plot (a 

minimum of three points on the linear phase). The linear trapezoidal method was used to compute the 

AUC. For rats and dogs, PK parameters were estimated in individual animals and averaged. For mice, the 

PK parameters were estimated using the mean concentration data. The absolute oral bioavailability, F 

(%), was calculated from, the dose normalized ratio of oral AUC to IV AUC. 
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