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RO4383596, an orally active KDR, FGFR, and PDGFR
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Abstract—(±)-1-(anti-3-Hydroxy-cyclopentyl)-3-(4-methoxy-phenyl)-7-phenylamino-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-
2-one (RO4383596) is a potent and selective inhibitor of the pro-angiogenic receptor tyrosine kinases KDR, FGFR, and
PDGFR. This agent has an excellent pharmacokinetic profile and is highly efficacious in rodent models of angiogenesis upon
oral administration.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

The growth and metastasis of a great number of malig-
nant tumors is highly dependent on their ability to in-
duce the formation of a vasculature that can supply
them with blood and nutrients (angiogenesis).1,2 Since
this realization, in the 1970s,3 there has been an intense
pursuit for agents that can inhibit this process for the
treatment of cancer. As of this writing, there were over
150 clinical trials, registered with the US FDA, evalua-
ting drugs that can interrupt cancer-induced angiogene-
sis via various mechanisms.4 Particular emphasis has
been placed on the development of anti-angiogenic, or-
ally administered, small molecules that act through the
inhibition of receptor tyrosine kinases (RTKs) directly
involved in pro-angiogenic signaling cascades.5,6 Focus
was initially placed on the synthesis of molecules that
were selective for individual pro-angiogenic RTKs.
However, emerging preclinical data appear to suggest
that the targeting of multiple pro-angiogenic RTKs
may confer better therapeutic outcomes than the selec-
tive targeting of only one such kinase.7 In this paper,
we describe the synthesis and biological evaluation of
RO4383596, an orally bioavailable small molecule
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ATP-competitive inhibitor of three key angiogenesis-in-
volved RTKs, the KDR, FGFR, and PDGFR.
2. Chemistry

RO4383596 (6, Scheme 1) is a racemic pyrimidopyrimi-
done and a member of a series that we reported on
recently.8

Its synthesis started with the commercially available
pyrimidine 1. This pyrimidine was first reacted with
Scheme 1. Reagents and conditions: (a) dioxane, 1 equiv of 2, 2 equiv

Et3N reflux; (b) THF, 3.2 equiv LiAlH4, rt; (c) CH2Cl2, 10 equiv MnO2

(62% yield for three steps); (d) toluene, 1 equiv p-methoxy-aniline, cat.

TsOH, reflux; (e) THF, 3 equiv LiAlH4, rt; (f) CH2Cl2, 3 equiv Et3N,

1.1 equiv COCl2 20% in toluene (57% yield for three steps); (g) THF,

2.1 equiv of mCPBA, rt; (h) aniline, 100–110 �C; (i) 25% TFA in

CH2Cl2, 0 �C (73% yield for three steps).
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Figure 1. Inhibition of KDR autophosphorylation and inhibition of

phosphorylation/activation of the downstream effector kinases Erk1/2

and AKT in RO4383596-treated human umbilical vein endothelial

cells (HUVECs).
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the known racemic TBS-protected aminocyclopentanol
29 in refluxing dioxane to afford ester 3. After a reduc-
tion with LiAlH4 and a subsequent oxidation with
MnO2, ester 3 was transformed to the corresponding
methylthio-aminopyrimidine aldehyde 4. This aldehyde
intermediate was then condensed with p-anisidine to
yield the corresponding p-anisidine-imine that, in turn,
after a reduction with LiAlH4 and a cyclization with
phosgene was converted to methylthio-pyrimidopyrimi-
done 5. From pyrimidone 5, RO4383596 was accessed in
three steps. First, 5 was treated with mCPBA. This treat-
ment was then followed by heating at 90 �C in neat ani-
line to afford the respective O-TBS-protected
RO4383596 intermediate. The deprotection of that com-
pound to RO4383596 was effected by a treatment with
25% TFA in CH2Cl2.
Table 2. Inhibition of cellular proliferation by RO4383596

Cell line IC50 (nM)a

HUVECb 68

HUVECc 150

RKO 2300

MDA-MB-435 4200

a IC50 values determined by a single experiment run in duplicate.
b Proliferation promoted by VEGF.
c Proliferation promoted by bFGF.
3. Biological results

3.1. Kinase selectivity and cellular potency

RO4383596 is a potent and selective inhibitor of KDR,
FGFR, and PDGFR.10 In a panel of 12 kinases,
RO4383596 potently inhibited those three kinases with
low double digit nanomolar potency. It was between
10- and 3000-fold less potent against the other kinases
of that panel (Table 1).

In cellular assays, RO4383596 potently and selectively
inhibited the proliferation of endothelial cells that was
driven by either VEGF or bFGF. Western blot analysis
of VEGF-stimulated human umbilical cord endothelial
cells (HUVECs) treated with RO4383596 showed a
dose-dependent inhibition of KDR autophosphoryla-
tion along with dose-dependent inhibition of phosphor-
ylation/activation of the downstream effector kinases
Erk1/2 and AKT (Fig. 1). Also, as shown in Table 2,
RO4383596 potently inhibited endothelial cell prolifera-
tion driven by either bFGF or VEGF but did not inhibit
to any appreciable extent the proliferation of RKO or
MDA-MB-435 cancer cells. RKO and MDA-MB-435
cancer cell proliferation, unlike endothelial cell prolifer-
ation, is not dependent on the signaling cascades that
KDR, FGFR or PDGFR are involved in.
Table 1. Kinase selectivity profile of RO4383596

Kinase IC50 (nM)a

KDR 44

FGFR 29

PDGFR 33

EGFR 310

Fyn 322

EphB3 1,090

Erk2 3,040

SGK >125,000

AKT >125,000

PKCa >125,000

PKCd >125,000

CDK1 >125,000

a IC50 values determined by a single experiment run in duplicate.
The inactivity of RO4383596 against the RKO and
MDA-MB-435 cells along with the inhibition of
activation of downstream effector kinases in
RO4383596-treated endothelial cells suggests that the
antiproliferative effects seen with the HUVEC cell line
are mechanism-based and not due to RO4383596 acting
as a cytotoxic agent.

3.2. Rodent pharmacokinetics

The potency and selectivity in vitro of RO4383596 was
accompanied by a very good overall pharmacokinetic
profile.

Testing in athymic nude mice and Wistar rats revealed
that, in both species, RO4383596 has good clearance
parameters (Table 3). That was coupled with a high oral
bioavailability and plasma exposure (Table 4). In addi-
tion, as shown in Table 5, this agent exhibits a linear
pharmacokinetic profile. Plasma analysis of C57/BL6
mice treated orally twice a day for 5 days with 25, 50
and 100 mg/kg of RO4383596 revealed that there was
a dose proportional increase in the observed AUC be-
tween these three individual doses.11
Table 3. Mean pharmacokinetic parameters after iv administration of

RO4383596 in rodents

Species Cl

(mL/min/kg)

AUC

(ng h/mL)

Vdss

(L/kg)

t1/2
(h)

Nude micea 15.1 11,058 1.9 3

Wistar ratsb 23.1 4,014 5.3 6

a Single dose, 10 mg/kg.
b Single dose, 5 mg/kg.



Figure 3. In vivo inhibition of bFGF-induced angiogenesis by

RO4383596.

Table 5. Mean pharmacokinetic parameters after twice a day for 5

days po administration of RO4383596 in C57/BL6 female mice

PK parameter Dose (mg/kg)

25 50 100

AUC (ng h/mL) 29,980 75,519 150,275

AUC/dose (ng h/mL/mg/kg) 1,199 1,510 1,458

Cmax (ng/mL) 12,000 28,4000 47,700

Tmax (h) 0.5 0.5 0.5

Table 4. Mean pharmacokinetic parameters after a single 50 mg/kg po

administration of RO4383596 in rodents

Species Cmax (ng/mL) AUC (ng h/mL) Tmax (h) F (%)

Nude mice 16,462 51,278 0.25 93

Wistar rats 7,180 26,476 5.3 65
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3.3. In vivo efficacy

The ability of RO4383596 to inhibit angiogenesis in vivo
was evaluated in a mouse corneal pocket assay.12

VEGF- or bFGF-impregnated pellets were implanted in
the corneas of C57/BL6 mice. This implantation was fol-
lowed by a twice a day oral administration of
RO4383596 at three separate doses of 25, 50 and
100 mg/kg. Mice that had corneal angiogenesis induced
by VEGF were treated with RO4383596 for 7 days.
Mice that had corneal neovascularization induced by
bFGF were treated with RO4383596 for 5 days. At
the end of the treatment periods the area of angiogenesis
in the eyes of mice was quantitated.

In the VEGF-induced model of neovascularization, oral
administration of RO4383596 at 25 mg/kg twice a day
led to an 81% inhibition of corneal angiogenesis while
at 100 mg/kg that inhibition was essentially complete
(Fig. 2).

The results with the cohort of mice that had corneal
angiogenesis induced by bFGF were equally good
(Fig. 3).
Figure 2. In vivo inhibition of VEGF-induced angiogenesis by

RO4383596.
In that model, twice a day oral administration of
RO4383596 at 25 mg/kg led to a 72% inhibition of
corneal angiogenesis while at 100 mg/kg the inhibition
was at 97% relative to that of formulation vehicle
treated animals (2% Klucel LF, 0.1% Tween 80 in
H2O).
4. Conclusion

In conclusion, RO4383596 is a pyrimidopyrimidone
inhibitor of key receptor tyrosine kinases involved in tu-
mor angiogenesis, namely KDR, FGFR, and PDGFR.
In rodents, this agent had high plasma exposure and
bioavailability upon oral administration. In vivo it was
efficacious at doses as low as 25 mg/kg.
5. Experimental

High resolution mass spectra under EI conditions
were obtained with a VG AutoSpec Magnetic Sector
spectrometer. Under ES conditions, mass spectra were
obtained with a Bruker FTMS (4.7 T) spectrometer
while under FAB conditions mass spectra were ob-
tained with a VG 70E Magnetic Sector spectrometer.
All high resolution mass spectra were obtained at res-
olution of 10,000 at 5% valley. 1H NMR spectra were
taken with a 300 MHz Varian Mercury or a 400 MHz
Varian Unity Spectrometer. Infrared spectra were ta-
ken with a Perkin-Elmer Custom GX diffuse reflec-
tance Fourier transform (DRIFTS) spectrometer
using KBr or CHCl3 and the spectra were ratioed
against a blank spectrum of KBr or CHCl3, respec-
tively. Thin layer chromatography (TLC) was per-
formed on pre-coated silica gel 60 F-254 glass
supported plates 0.25 mm thick. Column chromato
graphy was performed with silica gel 60 (230–400
mesh). Anhydrous solvents were obtained commer-
cially and were used without further drying. Com-
pounds used in in vivo experiments were analytically
pure as judged by HPLC.
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5.1. (±)-4-[anti-3-(tert-Butyl-dimethyl-silanyloxy)-cyclo-
pentylamino]-2-methylsulfanyl-pyrimidine-5-carboxylic
acid ethyl ester (3)

A solution of ethyl-4-chloro-2-(methylthio)pyrimidine-5-
carboxylate (900 mg, 3.87 mmol) in dioxane (50 mL) was
treated with aminocyclopentanol 29 (840 mg, 3.87 mmol)
and Et3N (1.10 mL, 7.74 mmol). The solution was heated
at reflux for 30 min and then partitioned between EtOAc
and H2O. The organic layer was dried over Na2SO4, fil-
tered and concentrated. The residue was chromato-
graphed on a silica gel column with a 0–20% EtOAc in
hexanes gradient to afford 3 as a colorless viscous oil
(1.5 g, 94%). IR (CHCl3) 3347, 2957, 2930, 2857, 1681,
1574, 1480, 1430, 1384, 1256, 1160 cm�1. 1H NMR
(300 MHz, CDCl3) d 0.01 (s, 6H), 0.83 (s, 9H), 1.32 (t,
3H, J = 7.2 Hz), 1.39–1.64 (br m, 3H), 1.94 (m, 1H);
2.08 (m, 1H); 2.26 (apparent sextet, 1H, J = 7.2 Hz),
2.48 (s, 3H), 4.25 (q, 2H, J = 7.2 Hz), 4.32 (m, 1H), 4.67
(apparent sextet, 1H, J = 7.5 Hz), 8.18 (d, 1H,
J = 5.1 Hz), 8.55 (s, 1H).HRMS(ES+) forC19H33N3O3S-
Si (M+H+): Calcd 412.2085. Found 412.2088.

5.2. (±)-4-[anti-3-(tert-Butyl-dimethyl-silanyloxy)-cyclo-
pentylamino]-2-methylsulfanyl-pyrimidine-5-carbaldehyde
(4)

A solution of 3 (1.5 g, 3.64 mmol) in THF (80 mL) was
treated at 0 �C with solid LiAlH4 (440 mg, 11.61 mmol,
added in portions). The reaction mixture was allowed
to slowly warm to room temperature and after stirring
overnight the reaction mixture was poured slowly into a
vigorously stirred biphasic mixture of EtOAc and aque-
ous saturated Roshell�s salt solution. The organic layer
was collected, dried over Na2SO4, filtered and concen-
trated to the corresponding benzyl alcohol that was iso-
lated as an off-white solid. 1H NMR (300 MHz, CDCl3)
d 0.01 (s, 6H), 0.83 (s, 9H), 1.38 (m, 1H), 1.61 (m, 2H),
1.95 (m, 1H); 2.10 (m, 1H), 2.27 (m, 1H), 2.43 (s, 3H),
4.33 (m, 1H), 4.43 (s, 2H), 4.62 (apparent sextet, 1H,
J = 7.3 Hz), 5.87 (d, 6.6 Hz), 7.56 (s, 1H). This intermedi-
ate was then dissolved in CH2Cl2 (80 mL). The resulting
solution was treated with MnO2 (3.36 g, 38.70 mmol)
and after stirring overnight was filtered. The solids were
washed with approximately 30 mL of THF. The com-
bined organic layer was concentrated and the residue
was chromatographed on a silica gel column with a 0–
50% Et2O in hexanes gradient to afford aldehyde 4 as a
viscous colorless oil (888 mg, 66%). IR (CHCl3) 3316,
2957, 2931, 2857, 1663, 1584, 1374, 1255 cm�1. 1H
NMR (300 MHz, CDCl3) d 0.01 (s, 6H), 0.84 (s, 9H),
1.47 (m, 1H), 1.63 (m, 2H), 1.96 (m, 1H), 2.10 (m, 1H),
2.30 (m, 1H), 2.51 (s, 3H), 4.34 (m, 1H), 4.74 (apparent
sextet, 1H, J = 7.5 Hz), 8.25 (s, 1H), 8.60 (m, 1H), 9.63
(s, 1H). HRMS (ES+) for C17H29N3O2SSi (M+H+):
Calcd 368.1823. Found 368.1826.

5.3. (±)-1-[anti-3-(tert-Butyl-dimethyl-silanyloxy)-cyclo-
pentyl]-3-(4-methoxy-phenyl)-7-methylsulfanyl-3,4-dihy-
dro-1H-pyrimido[4,5-d]pyrimidin-2-one (5)

A solution of pyrimidine aldehyde 4 (700 mg,
1.90 mmol) in benzene was treated with p-anisidine
(230 mg, 1.90 mmol) and a catalytic amount of TsOH
(50 mg). The mixture was refluxed in a Dean–Stark
apparatus for 6 h then cooled and partitioned between
EtOAc and aqueous saturated K2CO3. The organic
layer was collected, dried over Na2SO4, filtered and con-
centrated to afford the corresponding imine intermedi-
ate. 1H NMR (300 MHz, CDCl3) d 0.01 (s, 6H), 0.84
(s, 9H), 1.45–1.76 (m, 3H), 1.96 (m, 1H), 2.12 (m, 1H),
2.30 (m, 1H), 2.51 (s, 3H), 3.78 (s, 3H), 4.36 (m, 1H),
4.69 (apparent sextet, 1H, J = 6.9 Hz), 6.87 (d, 2H,
J = 8.7 Hz), 7.11 (d, 2H, J = 8.7 Hz), 8.05 (s, 1H), 8.32
(s, 1H), 9.87 (d, 1H, J = 6.3 Hz). Without delay this
imine intermediate was dissolved in anhydrous THF
(60 mL) and to this solution was added, in portions at
0 �C, LiAlH4 (216 mg, 5.70 mmol). The mixture was al-
lowed to slowly warm up to room temperature and after
overnight stirring it was poured slowly into a vigorously
stirred biphasic mixture of EtOAc and aqueous satu-
rated solution of Roshell�s salt. The organic layer was
collected, dried over Na2SO4, filtered, concentrated
and the residue was chromatographed on a normal
phase HPLC with a 0–50% Et2O in hexanes gradient
to afford the corresponding benzyl amine intermediate
as a foamy off-white solid (574 mg, 64% in two steps).
1H NMR (300 MHz, CDCl3) d 0.03 (s, 6H), 0.84 (s,
9H), 1.33 (m, 1H), 1.53 (m, 2H), 1.88 (m, 1H), 2.06
(m, 1H), 2.24 (m, 1H), 2.49 (s, 3H), 3.74 (s, 3H), 3.99
(s, 2H), 4.27 (m, 1H), 4.60 (apparent sextet, 1H,
J = 7.2 Hz), 6.10 (br d, 1H, J = 5.7 Hz), 6.68 (d, 2H,
J = 8.7 Hz), 6.79 (d, 2H, J = 8.7 Hz), 7.82 (s, 1H). The
pyrimidine-benzyl amine from the above reduction step
was dissolved in CH2Cl2 (100 mL). There followed addi-
tion of Et3N (500 lL, 660 mg, 6.52 mmol), and then at
0 �C dropwise addition of a solution of 20% phosgene
in toluene (640 lL, 1.31 mmol). The mixture was stirred
at 0 �C for 30 min, at room temperature for 1 h and then
partitioned between EtOAc and water. The organic
layer was dried over Na2SO4, filtered and concentrated
and the residue was chromatographed on silica gel col-
umn with a 0–60% Et2O in hexanes gradient to afford
pyrimidopyrimidone 5 as a white foamy solid (543 mg,
89%; overall 57%). IR (CHCl3) 3012, 2931, 2956, 2856,
1684, 1590, 1566, 1512, 1462, 1428, 1362, 1250 cm�1.
1H NMR (300 MHz, CDCl3) d 0.03 (s, 6H), 0.86 (s,
9H), 1.61 (m, 1H), 1.84 (m, 1H), 2.02–2.25 (m, 3H),
2.36 (ddd, 1H, J = 14.4, 9.0, 6.0 Hz), 2.54 (s, 3H), 3.78
(s, 3H), 4.49 (br m, 1H), 4.59 (dd, 2H, J = 14.1,
18.6 Hz), 5.56 (apparent p, 1H, J = 8.7 Hz), 6.91 (d,
2H, J = 8.7 Hz), 7.19 (d, 2H, J = 8.7 Hz), 8.05 (s, 1H).
HRMS (ES+) for C25H36N4O3SSi (M+H+): Calcd
501.2350. Found 501.2353.

5.4. (±)-1-(anti-3-Hydroxy-cyclopentyl)-3-(4-methoxy-
phenyl)-7-phenylamino-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidin-2-one (6)

A solution of methylthio-pyrimidopyrimidine 5 (500 mg,
0.99 mmol) in THF (50 mL) was treated at room tem-
perature with mCPBA 75% (483 mg, 2.10 mmol) for
2 h. The reaction mixture was then partitioned between
EtOAc and aqueous saturated Na2CO3. The organic
layer was dried over Na2SO4, filtered, concentrated
and the residue was dissolved in aniline (5 mL). This
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solution was then heated in a 100–110 �C oil bath for 9 h
and then directly applied to a silica gel column. The col-
umn was eluted with a 0–30% Et2O in toluene gradient
to afford the intermediate O-TBS-protected analog of
RO4383596 (420 mg, 77%). 1H NMR (300 MHz,
CDCl3) d 0.01 (s, 6H), 0.84 (s, 9H), 1.54 (br m, 1H),
1.83 (m, 1H), 2.08 (m, 3H), 2.39 (m, 1H), 3.77 (s, 3H),
4.44 (br m, 1H), 4.53 (s, 2H), 5.46 (apparent p, 1H,
J = 8.7 Hz), 6.87 (d, 2H, J = 8.7 Hz), 7.03 (distorted t,
1H, J = 7.5 Hz), 7.17 (d, 2H, J = 8.7 Hz), 7.31 (apparent
t, 2H, J = 7.5 Hz), 7.53 (d, 2H, J = 7.5 Hz), 7.91 (s, 1H).
This O-TBS-protected analog was, without delay, dis-
solved at 0 �C in a 25% TFA in CH2Cl2 solution
(10 mL) that also contained a small volume of H2O
(400 lL). After stirring for 30 min the reaction mixture
was partitioned between EtOAc and aqueous saturated
Na2CO3. The organic layer was dried over Na2SO4, con-
centrated and the residue was chromatographed on a sil-
ica gel column with a 0–100% EtOAc in hexanes to
0–30% THF in EtOAc gradient system. After a precipi-
tation out of CH2Cl2 with excess of pentane RO4383596
was isolated as a white amorphous powder (309 mg,
95%; overall 73%). IR (CHCl3) 3413, 2940, 1673, 1598,
1582, 1512, 1447, 1410, 1248 cm�1. 1H NMR
(400 MHz, DMSO-d6) d 1.41 (br m, 1H), 1.67 (m,
1H), 1.93 (m, 3H), 2.23 (m, 1H), 3.66 (s, 3H), 4.20 (br
s, 1H), 4.37 (d, 1H, J = 3.3 Hz), 4.50 (s, 2H), 5.38 (m,
1H), 6.85 (m, 3H), 7.17 (m, 4H), 7.62 (d, 2H,
J = 7.8 Hz), 8.04 (s, 1H), 9.36 (s, 1H). HRMS (ES+)
for C24H25N5O3 (M+H+): Calcd 432.2030. Found
432.2036.

5.5. Kinase assays

KDR, FGFR, PDGFR, and EGFR kinase assays were
conducted using homogeneous time resolved fluores-
cence (HTRF) assays. The KDR reactions contained
1 lM KDR substrate (Biotin-EEEEYFELVAKKKK),
1 nM activated KDR (recombinant human EE-tagged
intracellular domain), dilutions of test compound (final
reaction [DMSO] 1%) in kinase buffer (100 mM
HEPES, pH 7.4, 1 mM DTT, 0.1 mM Na2VO4,
25 mM MgCl2, 0.02% BSA, and ATP at the Km of
0.3 mM). FGFR reactions contained 1.0 nM activated
human recombinant GST-tagged intracellular domain
(ICD), 1 lM substrate (Biotin-EEEEYFELV), test
compound in 100 mM HEPES, 1 mM DTT, 0.4 mM
MgCl2, 0.4 mM MnCl2, 50 mM NaCl, 1% DMSO,
10 lM ATP (Km = 8.5 lM for FGFR), 0.1 mM
Na2VO4, and 0.02% BSA. PDGFR and EGFR assays
included human recombinant His-tagged ICD of
PDGFR and recombinant human ICD of EGFR.
For PDGFR and EGFR the substrate peptide used
was Biotin-EEEEYFELV. ATP concentrations for
these assays were at the Km for each enzyme (2.3 lM
for PDGFR and 0.5 lM for EGFR). CDK1/cyclin B,
Erk2, AKT, PKCa, PKCd, and Fyn assays were con-
ducted using an assay based on immobilized metal as-
say for phosphochemicals (IMAP). This is a
homogeneous FP-based technology (Molecular Devic-
es) that enables quantitation of kinase activity via pref-
erential binding of phosphorylated fluorescent peptide
substrates to immobilized metal beads. Reactions were
carried out at ATP concentrations of three times the
Km.
5.6. Endothelial cell proliferation assay

Human umbilical vein endothelial cells (HUVECs,
Clonetics cat. #CC-2519) were cultured according to
the manufacturer�s protocol. Cell passages 2–6 were
used to determine VEGF- or bFGF-stimulated prolif-
eration. Subconfluent cultures were serum starved for
24 h, followed by the addition of test compound. After
2 h incubation with drug, 20 ng/mL VEGF (R&D Sys-
tems, cat. #293-VE) or 5 ng/mL bFGF (purified, re-
combinant) were added. DNA synthesis was
evaluated using BrdU incorporation (Roche Biochemi-
cals, cat. #1-647-229). After 20 h of incubation with
compound, BrdU labeling reagent was added. Four
hours later, incorporated label was quantitated using
a peroxidase-conjugated BrdU antibody and colorimet-
ric detection.
5.7. Tumor cell tetrazolium dye proliferation assay

Exponentially growing tumor cells were plated in
96-well microtitre plates and incubated overnight at
37 �C prior to compound addition. Proliferation was as-
sessed by measurement of formazan formation from 3-
(4,5-dimethylthiazole-2-yl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) (Sigma) during a 2.5 h incubation 6
days after initial plating.
5.8. Immunoblotting

HUVECs (Clonetics cat. #CC-2519), passages 2–4
were grown according to the manufacturer�s protocol
to 70% confluency, were serum starved (EBM-2 plus
1.0% HI-FBS) for 18 h. Test compound was added
1 h prior to VEGF stimulation (50 ng/mL rhVEGF,
R&D Systems cat. #293-VE). Cells were washed and
lysed (in modified RIPA buffer) on ice for 5 min after
addition of growth factor. Lysates were subjected to
centrifugation (14,000g) and pellets were discarded.
Protein concentration was determined using the Bio-
Rad protein assay reagent. Twenty milligrams of total
soluble protein was loaded per lane onto Novex 4–20%
gradient gels, proteins were resolved by electrophoresis
(according to Novex protocol), transferred to nitrocel-
lulose membranes, immunoblotted, and specific bind-
ing detected using ECL. Antibodies, vendors are as
follows: rabbit anti-PhosphoKDR Receptor 2 (Cell
Signaling, cat. #2474); Mouse anti-KDR (IC) IgG
(Upstate Biotechnology, Inc., cat. #05-554); rabbit
anti-phosphoErk1/2 (Cell Signaling, cat. #9101); rabbit
anti-phosphoAKT (Ser473) (Cell Signaling, cat.
#9271); rabbit anti-AKT (Cell Signaling, cat. #9272);
rabbit anti-Erk1/2 (Upstate Biotechnology, Inc., cat.
#06182); mouse anti-b actin (Sigma, cat. #A-5316);
HRP: goat anti-rabbit IgG (Cell Signaling cat.
#7074); and HRP-goat anti-mouse IgG (Cell Signaling
cat. #7076). Actin controls (not shown) were used to
normalize protein loading.
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5.9. Corneal pocket assay

The test compound was evaluated for anti-angiogenic
activity in bFGF- and VEGF-driven corneal neovascu-
larization assays in female C57/BL6 mice (5–7 weeks
old). Pellets impregnated with bFGF or VEGF were im-
planted and treatment was initiated the same day. In the
bFGF assay, animals were dosed orally for 5 days. In the
VEGF assay animals were dosed for 7 days prior to quan-
titation of the area of vascularization. All animals were
dosed twice a day for the duration of the experiment.

5.10. C57/BL6 chronic-dose pharmacokinetics

Test compound was administrated orally twice a day for
5 days, to C57/BL6 mice at a dose level of 25, 50, and
100 mg/kg. The test compound used in this investigation
was provided in suspension in 2% Klucel LF and 0.1%
Tween 80 in water. Constant dosing volumes of
0.2 mL per dose were used. In each dose group, six mice
were divided into two subgroups throughout the
experiment. The same subgroup of three animals was
used for every other time point. Blood samples were
collected via retro-orbital bleed at 0, 1, 4, and 8 h
post-dose. Collection tubes contained EDTA as antico-
agulant. After centrifugation, plasma was removed and
stored frozen at �70 �C until analysis.

5.11. Athymic nude mouse single-dose pharmacokinetics

A single dose of test compound was administered to
athymic nude mice intravenously at a dose level of
10 mg/kg, or orally at a dose level of 50 mg/kg. The test
compound used for intravenous administration was for-
mulated in 2% DMA, 10% PEG400, and 88% of 40%
HPBCD in water, while the oral formulation was in
2% Klucel LF and 0.1% Tween 80 in water. The dosing
volume used was 0.2 mL for both iv and oral dosing.
Blood samples were collected from the retro-orbital sinus
or via terminal cardiac puncture at 1, 5, 15, and 30 min,
and 1, 2, 4, 8, 16, and 24 h post-dose after iv dosing and
5, 15, and 30 min, and 1, 2, 4, 8, 16, and 24 h post-dose
after oral dosing. Collection tubes contained EDTA as
anticoagulant. After centrifugation, plasma was re-
moved and stored frozen at �70 �C until analysis.

5.12. Wistar rat single-dose pharmacokinetics

A 5 mg/kg single dose of test compound was adminis-
tered to Wistar rats intravenously via a femoral arterial
catheter. Compound was also dosed orally at 50 mg/kg.
The test compound used for intravenous administration
was formulated in 2% DMA, 10% PEG400, and 88% of
40% HPBCD in water, while the oral formulation was
2% Klucel LF and 0.1% Tween 80 in water. The dosing
volume was at 5 mL/kg orally and 2.5 mL/kg iv. Blood
samples were collected via an implanted jugular catheter
at 1, 7, 15, and 30 min, and 1, 3, 6, 12 and 24 h post-dose
after iv dosing and 5, 15, and 30 min, and 1, 3, 6, 12, 24
and 48 h post-dose after oral dosing. Collection tubes
contained EDTA as anticoagulant. After centrifugation,
plasma was removed and stored frozen at �70 �C until
analysis.
5.13. Analytical method for measurement of levels of test
compound in rodent plasma

A specific LC-MS/MS assay was used for this study to
detect the test compound in plasma samples from mice
and rats. Fifty microliters of samples was extracted by
precipitation of plasma proteins with acetonitrile. The
supernatant was diluted with water before injecting onto
a C18 (Zorbax� SB-C18 5 lm 2.1 · 50 mm) LC column
connected to an LC/MS/MS system. Standard and QC
samples were injected together with study samples. Re-
sults of back-calculated standards and QC samples
met our non-GLP acceptance criteria. All concentra-
tions were interpolated from calibration curves, which
ranged from 1 to 2000 ng/mL using an internally vali-
dated Watson laboratory information system (LIMS)
software program (version 6.3.0.01a).

5.14. Single- and chronic-dose pharmacokinetic analysis

All pharmacokinetic (PK) parameters were calculated
using Watson LIMS (v 6.3.0.01a). For each dose group
of mice, the mean plasma concentrations for each time
point were obtained for three mice. The chronic-dose
PK parameters were estimated from the mean plasma
concentration data. Sampling times are reported as
nominal time. The limit of detection was 1–1000 ng/
mL and samples with concentrations reported below
the level of quantitation were disregarded. Parameters
reported are the maximum plasma concentration (Cmax),
time to reach the maximum plasma concentration Tmax,
and area under the plasma concentration–time curve
from 0 to the last sampling time point (AUC0–8h). The
observed Cmax and Tmax were taken directly from the
mean plasma concentration–time profiles. AUC was cal-
culated using the linear trapezoidal rule. In addition, PK
parameters were estimated in mice and rats. Composite
PK parameters were estimated for mice, while individual
PK parameters were estimated for rat and averaged to
report the means. Clearance (Cl) and volume of distri-
bution at steady state (Vdss), and half-life (t1/2) were esti-
mated by non-compartmental analysis. AUC0–1 was
calculated by non-compartmental analysis and extrapo-
lated to infinity using the apparent elimination rate con-
stant kz, with extrapolation from the calculated
concentration at the last time point. Oral bioavailability
was estimated as a ratio of dose-normalized oral AUC
to iv AUC.
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