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In this study the novel caryophyllene type sesquiterpene lactone (aspfalcolide) has been isolated from
the leaves of Asparagus falcatus (Linn.) and characterized by IR, 1D NMR, 2D NMR, EI-MS, HR—ESI-MS
and X-ray single crystal diffraction analysis. The aspfalcolide crystallizes in the orthorhombic space group
P21212; with a = 6.37360(10), b = 7.6890(2), ¢ = 27.3281(6) A, « = § = v = 90" and Z = 4. One inter-
molecular O—H---O hydrogen bond enforces these natural molecules to form infinite chains through the

crystal. Aspfalcolide was screened for its anti-angiogenic activity in human umbilical vein endothelial
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cells (HUVECs) and the result showed the remarkable inhibitory effect of aspfalcolide on the proliferation
(IC50 1.82 pM), migration and tube formation of HUVECs.

© 2011 Elsevier Masson SAS. All rights reserved.

1. Introduction

Asparagus falcatus (Linn.) is a traditional medicinal scandent
shrub which belongs to the family of Asparagaceae. The plant is
distributed abundantly in South Africa, Swaziland, Mozambique
and some parts of East Asia. The stems and leaves are pounded and
used as a fresh poultice on swellings. This plant has been used in
traditional Chinese medicine for over 2000 years for the treatment
of cancer. The plant has dynamic pharmacological properties such
as antibacterial, anti-inflammatory, antipyretic, antiseptic, anti-
tussive, diuretic, expectorant, nervine, sialagogue, stomachic,
nervous stimulant and tonic. It is taken internally in the treatment
of fevers, debility, sore throats and coughs [1-3].

The effect of A. falcatus extract on acetaminophen-induced liver
injury was investigated in vivo and the results suggest that the
feeding regimen with Asparagus extract inhibited the progression
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of hepatic injury induced by acetaminophen [4]. Previously phy-
toecdysteroids [5] as well as capsoneoxanthin [6] and (9Z)-Cap-
santhin-5,6-epoxide [7] carotenoids have been reported from the
ripe fruits of A. falcatus. In an investigation on carotenoids present
in the fruit of A. falcatus, capsanthin, capsorubin, 5,6-
diepikarpoxanthin, capsanthin-5,6-epoxide, capsochrome, muta-
toxanthin, antheraxanthin, and capsanthone have been isolated [8].
A. falcatus is also a natural source of steroid sapogenins, as sarsa-
sapogenin from its root [9]. 3,5,4-Trihydroxy-6,7-dimethoxy-
flavone (eupalitin) has recently been reported from this plant [10].

Caryophyllene type sesquiterpene lactone has been discovered
from the plant A. falcatus for the first time, though the Aspar-
agaceae family is enriched with terpenes. Plant products rich in
sesquiterpene lactones have been used in traditional medicines
[11]. Several studies showed that sesquiterpene lactones posses
strong inflammatory, anti-tumor and antimicrobial activities
[12—14]. Since then, this class of phytochemicals has attracted the
attention of researchers towards their potential medicinal proper-
ties. Several sesquiterpene lactones such as artemisinins, thapsi-
gargins, parthenolide etc., have demonstrated the ability to inhibit
the angiogenesis in vitro as well as in vivo by inhibiting HUVEC
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proliferation, microvessel formation and proliferation of human
artery endothelial cells, and by suppressing vascular endothelial
growth factor (VEGF) and receptor expression and osteolytic bone
metastasis [15—17]. Biological activities can be affected by three
major chemical properties of sesquiterpene lactones, which
comprise alkylating center reactivity, lipophilicity, and electronic
features. Hartwell and Abbott [18] reported that the a-methylene-
v-lactone moiety of sesquiterpene lactones has direct influence on
their biological activity. This a-methylene-y-lactone moiety reacted
via Michael-type addition with biological nucleophiles such as the
thiol group containing cysteine residues in proteins, which helps in
formation of the stable adducts [19]. Additionally, the unsaturated
carbonyl or ‘-enone’ (0=C—C=CH3) system in lactones enhances
the biological activity of sesquiterpene lactones [20,21]. Several
studies proved that sesquiterpene lactones have an ability to bind
to blood proteins containing sulfhydryl groups [22], and also form
glutathione adducts by interacting with red blood cells, which are
known to contain high glutathione content [23].

The second property of sesquiterpene lactones is their lip-
ophilicity. Generally, higher lipophilicity facilitates the compound
in penetration through the cell membrane, thereby increasing
sesquiterpene lactones bioavailability in vitro. The addition of
a lipophilic moiety showed elevated anti-cancer activity against
Ehrlich ascites carcinoma in vitro and in vivo [20]. Another well-
known property attributed to the structure—bioactivity relation-
ship in sesquiterpene lactones is the contribution of oxygen atoms
and atomic charges present in the molecular surface areas [24].
Altogether, these above mentioned favorable features make
sesquiterpene lactones promising candidates in the drug discovery
research. In this paper we reported the isolation and structure
determination of novel sesquiterpene lactone (aspfalcolide)
(Fig. 1A and B) from the leaves of A. falcatus. Furthermore, we
assessed the possible anti-angiogenic activity of the isolated
compound on the proliferation, migration and tube formation of
HUVECs.

2. Results and discussion
2.1. Chemistry

The compound was obtained as transparent crystals. The
molecular formula was determined as Ci5Hz003 (six degrees of
unsaturation) by analysis of 13C and 'H NMR data in conjugation
with DEPT results (Table 1), and this conclusion was further
confirmed by EI-MS and HR—ESI-MS. The 3C NMR spectrum
displayed 15 carbons, which were assigned by HSQC, HMBC and
DEPT experiments to the resonances of 2 CHs, 5 CH,, 3 CH and 5 Cs.
In the 'H NMR and 3C NMR spectra of the compound, one proton
signal ¢ 6.84 (1H, d, H-5) and four carbon signals [6 171.61 (C-12),
136.01 (C-4), 105.43 (C-6), 147.08 (C-5)], were observed which
suggests the presence of y-hydroxy-a,B-unsaturated y-lactone with
additional substitution at § and v positions. The presence of an a,f3-
unsaturated vy-lactone was further supported by the strong
absorption at 1705 cm™! which must be at 1760 cm, but due to the
presence of strong intermolecular O—H---O=C hydrogen bonding
(Fig. 3), the IR value decreases. The third oxygen atom is present as
an OH group as indicated by the broad band at 3392 cm™ in IR
spectrum and a broad singlet at 8 4.05 in 'H NMR spectrum.
Detailed 2D NMR analysis showed that compound is a car-
yophyllene type sesquiterpene lactone which is composed of
cyclobutane, cyclononene and 2(5H)-furanone cyclic systems. From
the "TH—"H COSY spectrum of aspfalcolide (Fig. 1A), it was possible
to establish the spin systems that enabled identification of the H-1/
H-2, Hy-2/H,-3, H-9/H,-10 and H-1/H-9 (C-3/C-2/C-1, C-9/C-10
and C-1/C-9 units). Based on these data, together with HMBC
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Fig. 1. A. The "H—"H COSY and selective HMBC correlations of aspfalcolide, B. HSQC
and selective NOESY correlations of aspfalcolide.

correlations between H-1/C-2, C-9, C-8; H,-2/C-4, C-3, C-1, C-9, C-5;
H,-3/C-2; H-5/C-3, C-4, C-6, C-7, C-8; H-,-7/C-9, C-8, C-6, C-5; H-9/
C-1, C-8 established a connectivity to form the nine member ring
(C1-C2—-C3—-C4—-C5—C6—C7—C8—C9).

Table 1
Spectroscopic data for aspfalcolide.

Position ~ '3C DEPT 'H HMBC (H—C)

1 56.32 CH 1.50 m 2,89,11,15

20 29.64 CH, 1.55m 1,3,4,59 11, 14,15

B 1.70 m 10

3o 21.86 CH; 230m 2

B 244 m -

4 136.01 C - -

5 147.08 CH 6.84 d (2.0) 3,4,6,7,8,12

6 105.43 C — —

70 49.80 CH, 2.87.d (12.8) 56,8,9,10,13

B 2.50d(12.8) 6,8,9, 10,13

8 146.27 C - -

9 46.85 CH 2.03 m 1, 8,10, 11

100 43.83 CH, 1.58 dd (10.8, 6.2) -

B 1.87dd (108,8.0)  1,11,15

11 32.76 C -

12 171.61 C - -

13 120.44 CH; 5.18 s 1,7,9,10
5.28s 1,7,9,10

14 29.53 CHs 0.99 s 1,2,10,11, 15

15 22.09 CHs 0.98 s 1,2,10, 11, 14

OH — - 4.05 s 5,6,7,12

Coupling constants (Hz) in parentheses.
—: Not detected.
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Fig. 2. ORTEP plot and atom numbering of aspfalcolide.

Furthermore key HMBC correlations between Hy-2/C-11; H-1/C-
11; H-9/C-1, C-10, C-11; H-10/C-1, C-11 established cyclobutane ring
(C-1-C-11-C-10-C-9) fused to nine membered ring at C-1 and C-9.
The geminal location of both the C-15 (6 22.09) and C-14 (6 29.53)
methyl carbons on C-11 was deduced from 3J-HMBC correlation to
each other and %J-HMBC correlation to the same quaternary carbon
(C-11, 6 32.76) (Table 1). The presence of an exomethylene group
was supported by two one proton singlets (6 5.18 and ¢ 5.28) and
two carbon signals (6 146.27 and ¢ 120.44) in 'H and '3C spectra.
The A313 system was assigned on the basis of the 3-HMBC corre-
lation between H,-13/C-9, C-7. The hydroxyl group (6 4.05) posi-
tioned at C-6 (6 105.43) was confirmed by the connectivity between
OH/C-7, C-6, C-5. The key HMBC correlations between H-5/C-12 and
OH/C-12 suggest the five-membered lactone ring system fused at
C-4, C-5 and C-6.

The relative stereochemistry of three stereo centers C-1, C-6 and
C-9 were established as (1R*, 6R*, 9S*) from the NOE interactions
observed in the NOESY spectrum (Fig. 1B). Based on above data
aspfalcolide was elucidated to be as (+)-(1R*, 6R*, 95*)-6-hydroxy-
11,11-dimethyl-8-methylene-bicyclo[7.2.0]-undec-4(5)-en-6(4)-
olide (Fig. 1B).

2.2. Crystal structure determination of aspfalcolide

The crystal structure of the molecular unit of the aspfalcolide
with the atomic numbering scheme used is shown in Fig. 2. The
absolute configuration of it remained unknown after the single
crystal x-ray analysis with CuK,-radiation, due to poor anomalous
scattering effects of the compound. The meaningless absolute
structure parameter value ~0.40 [25] was removed from the data.

Table 2

Selected bond lengths [A] and angles [°] for aspfalcolide.
0(1)—C(6) 1.383(3) C(10)—C(11)—C(1) 88.6(2)
0(3)—C(12) 1.338(3) C(11)—C(10)—C(9) 89.8(2)
0(3)-C(6) 1.471(3) C(10)—C(9)—C(1) 88.11(19)
0(2)—C(12) 1.221(4)
C(4)—C(5) 1.324(4) C(9)—C(1)—C(11)—C(10) 17.3(2)
C(4)-C(12) 1.481(4) C(1)-C(11)—C(10)—C(9) ~17.5(2)
C(3)-C(4) 1.499(4) C(11)—C(10)—C(9)—C(1) 17.5(2)
C(8)—C(13) 1.318(4) C(11)—C(1)—C(9)—C(10) ~17.2(2)
C(5)—C(6) 1.496(4) C(12)—0(3)—C(6)—C(5) 12.1(3)

0(3)—C(6)—C(5)—C(4) ~14.6(3)

C(12)-0(3)—C(6) 108.3(2) C(5)—C(4)—C(12)—0(3) —3.4(3)
C(5)—C(4)—C(12) 107.0(2) C(6)—0(3)—C(12)—C(4) —6.1(3)
C(11)—C(1)—C(9) 88.1(2) C(6)-0(3)—C(12)-0(2) 176.0(2)

Refinements by twinned crystal methods were not successful,
indicating that the crystal is not racemic or (non)merohedral twin.
The selected bond lengths and angles for the isolated compound are
listed in Table 2. Packing diagram with classical O—H---O hydrogen
bonds in the crystal are shown in Fig. 3. This compound is composed
of three condensed cyclic systems: cyclobutane (C1—-C9—-C10—C11),
cyclononene (C1—-C2—C3—C4—C5—C6—C7—C8—C9) and 2(5H)-fur-
anone (C4—C5—C6—03—C12). The angles between carbon atoms in
cyclobutane ring are between 88 and 90° (Table 2). All torsion
angles are close to +17 or —17°. One carbon is out of plane of the rest
three carbons making “puckered” conformation of the cyclobutane
ring (Fig. 2). For example, atom C11 makes a ~24.5° angle with the
plane formed by C1, C9 and C10, a slightly smaller than in free
cyclobutane [26].

The 2(5H)-furanone ring is on the opposite side of the molecule
from cyclobutane ring and the whole tricyclo system forms chair-
like conformation (Figs. 2 and 3). The C6 atom is out of
C4—-C5—-03—C12 plane [with torsion angles of 12.1(3)° for
C12-03—-C6—-C5 and -14.6(3)° for 03—C6—C5—C4] forming
a ~13.3° angle to the plane and a conformation intermediate
between planar and envelope for 2(5H)-furanone ring (Fig. 3,
Table 2). The short C4—C5 and C12—02 bond lengths (Table 3)
prove the double C—C and C—O bonds, respectively. The bonds
03—C12 and 03—C6 in this lactone are different, due to the slight
double bond character of the former, suggesting the deformation of
this five-membered ring although there are no significant differ-
ences in angles in the ring (Table 2). In the flexible central cyclo-
nonene ring, there are only one double C4—C5 bond in the ring and
one, C8—C13, out of the ring. Both of them are almost of the same
length (Table 2) and the ring forms specific conformation (Figs. 2
and 3). All the rest bond lengths and angles in the tricyclo
system are in expected range for single C—C bonds and tetrahedral

Fig. 3. Infinite chain along the a axes in crystal structure of aspfalcolide. Double-dotted lines represent hydrogen bonds.
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Table 3

Selected intermolecular short contacts [A, °] in aspfalcolide.
D-H-A d(D---A)/A <(DHA)/°
0(1)-H(10)---0(2)* 2.800(3) 169(4)
C(13)—H(13B)---0(1)° 3.423(4) 160(4)

Symmetry transformations used to generate equivalent atoms:
*x+1/2, —y+1/2, —z.
b x-1/2, —y+3/2, -z

arrangement around carbon atoms. The presence of one —OH
group in molecular structure (Fig. 1) indicates that the hydrogen
bonds should be present in the crystal and they would take a very
significant role in a packing way. The presence of strong intermo-
lecular 01—H10---02 hydrogen bonds was confirmed (Table 3) and
they were found to connect the molecules as infinite chains along
the a axis (Figs. 3 and 4). These chains are connected to each other
by weak C—H---0 interactions between methylidene protons at C13
and O1 (Table 3).

3. Pharmacology
3.1. Inhibition of VEGF-Induced HUVECs proliferation

In order to evaluate the effect of aspfalcolide on human umbil-
ical vein endothelial cells (HUVECs), an investigation on a series of
angiogenesis related aspects of endothelial cells were conducted.
We first determined whether aspfalcolide inhibited the VEGF-
induced endothelial cell proliferation. The result showed a dose-
dependent inhibition of the endothelial cell proliferation after
48 h by aspfalcolide (Fig. 5). The compound showed significant
inhibition with ICs9 1.82 uM but it failed to show complete inhibi-
tion even at higher concentration (3.2 pM), whereas the reference
standard, suramin exhibited almost complete inhibition of prolif-
eration with ICsg 0.52 pM.

120

100

80 -

60

a0 -

20 -

% inhibition of HUVEC proliferation

0.1 02 04 08 16 32
Concentration of test samples (in M)

—4— Aspfalcolide  —g— Suramin

Fig. 5. The dose-dependent inhibitory effects of aspfalcolide and suramin on VEGF-
induced proliferation of endothelial cells. Data is presented in Mean + S.E. (n = 3).

3.2. Inhibitory effect of aspfalcolide on HUVECs migration

To evaluate the inhibitory effect of aspfalcolide on endothelial
cell migration process, in vitro wound healing assay was con-
ducted. This assay represents an important step in the formation
of new blood vessels and is a straightforward and economical
method to study the cell migration phenomenon [27]. A scratch
wound was created on the monolayer of cells. Aspfalcolide
(1.6 uM) inhibited HUVECs migration drastically by 18.5% after
12 h and 21.9% after 18 h (P < 0.001), whereas, the reference
standard, suramin (0.5 uM) inhibited the migration of endothelial
cells completely (Fig. 6).

Fig. 4. A view along the a axes. Double-dotted lines represent hydrogen bonds.
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3.3. Inhibitory effect of aspfalcolide on tube formation in HUVECs

To determine the effect of aspfalcolide on tube formation property
of HUVECs, endothelial cells tube formation assay was carried out.
Aspfalcolide inhibited the growth factor induced tube formation of
endothelial cells on Matrigel. Fig. 7 depicted the inhibitory effect of
aspfalcolide on tube formation by HUVECs. Endothelial cells formed
tube-like networks (Fig. 7A) within 6 h, which might, in part, reflect
the process of angiogenesis. At a concentration of 1.6 uM (Fig. 7B),
aspfalcolide significantly inhibited the tube formation by reducing
the tube-like structure both in width and in length. Whereas, endo-
thelial cells rounded up and rendered network structures incomplete
and broken in the presence of suramin (Fig. 7C).

4. Experimental
4.1. Physical measurements

Optical rotation was determined on a JASCO DIP-140 polar-
imeter. The melting point was taken on Thermo Fisher digital

0 hour

Vehicle Control

Aspfalcolide (1.6 M)

Suramin (0.5 uM)

melting point apparatus of IA9000 series. IR spectrum was taken
on Shimadzu IR-408 Perkin Elmer 1800 (FTIR). 'H NMR was
recorded on Bruker Avance 400 MHz with TMS as an internal
standard and 100 MHz for 3C NMR. Spectra were recorded in
CDCl3. EI-MS was recorded on JEOL GCmate instrument in ioni-
zation mode. HR-ESI-MS was recorded on a Finnigan TSQ
Quantum Ultra AM Thermo Electron. Open column chromatog-
raphy was performed on silica gel 60 (Merck, 0.04—0.063 mm,
230—400 mesh ASTM) and Sephadex LH-20 (Pharmacia). TLCs
were taken on silica gel plates (silica gel 60 F,54 on aluminum foil,
Merck).

4.2. Plant material

The leaves of A. falcatus were collected from the South Africa and
identified by Mrs. Siti Nurdijati Baharuddin Taxonomist and
lecturer, School of Biological sciences, USM, Malaysia. A sample
voucher specimen of the plant has been submitted at herbarium in
the School of Biological sciences, USM, Malaysia under voucher
specimen No. 11129.

18 hour

12 hour

Fig. 6. Inhibitory effect of aspfalcolide on migration of endothelial cells. Data is presented in Mean + S.E. (n = 3).
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—S

Fig. 7. Anti-angiogenesis ability of aspfalcolide by inhibiting the tube formation in
HUVECs. Growth factors-induced endothelial cells formed tube-like networks, A.
within 6 h after the seeding, which might, in part, reflect the initiation process of
angiogenesis. At a concentration of 1.6 M, B. The aspfalcolide significantly inhibited
the endothelial tube formation by reducing the tube-like structure both in width and
in length. The standard drug suramin absolutely abrogated the tube-like structure in
endothelial cells at a concentration of 0.5 uM, C. Data is presented in Mean + S.E.
(n=3)

4.3. Extraction and isolation

The air dried and crushed leaves (1.0 kg) of the plant species
were thoroughly extracted with chloroform. The extract was
concentrated in rotary evaporator at low pressure and then it was
chromatographed using a silica gel column loaded with petroleum
ether, eluted with a stepwise gradient of light petroleum ether,
light petroleum ether/diethylether (9:1—-1:1), ethyl acetate and
ethyl acetate/methanol (9:1—1:1). The elutants obtained through
petroleum ether/diethylether solvent system (9:1—7:3) yielded
aspfalcolide (500 mg, mp. 191.4 °C). This was further purified
through recrystallization with the aid of chloroform/dry alcohol
(1:1 v/v) to afford the transparent crystals.

4.4. Aspfalcholide

Transparent crystalline solid (500 mg) (mp. 1914 °C);
(]2 + 7.03 (c 1.14, CHCl3); IR (KBr) rmax 3392, 3089, 3067, 2988,
3939, 2879, 2854, 1705, 1647, 1453, 1438, 1402, 1336, 1123, 1062,
962, 960, 914, 868, 766, 739, 728, 669 cm™!; EIMS m/z 249.1955
[M + H]* (2.5%), m/z 2481711 [M]*(12.1%); HR—ESI-MS m/z
249.1416 (small peak) [M + H]" Calc. m/z 249.1491[M + H]" for
Cy5H2103 Composition: C 72.6%, H 8.1%, O 19.3%; m/z 271.1102
[M + Na]* calc. 271.1310 [M + Na]* for C15H003Na; m/z 303.1261
[M + Na + CH3OH|" calc. 303.1572 [M + Na + CH3;OH]*for
C16H2404Na; "H NMR (400 MHz, CDCI3); 13C NMR (100 MHz, CDCl3)
(see Table 1)

4.5. Single crystal analysis

The structural data were collected at 123 + 2 K with a Bru-
ker—Nonius KappaCCD diffractometer equipped with APEXII
detector using graphite monochromatised CuK, radiation
(A=1.54184 A). The COLLECT [28] data collection software was used
and obtained data were processed with DENZO-SMN [29]. The
structures were solved by direct methods, using SIR-2004 [30] and
refined on F?, using SHELXL-97 [31]. The reflections were corrected
for Lorenz polarization effects and multi-scan absorption correction
[32] was applied on the data. The hydrogen atoms (except —OH)
were calculated to their idealized positions with isotropic
temperature factors (1.2 or 1.5 times the C temperature factor) and
refined as riding atoms. Hydrogen atom of —OH group was found
from the electron density maps and fixed to a distance of 0.84 A
from O atom with isotropic temperature factor (1.5 times the O
temperature factor). The figures were drawn with ORTEP-3 [33] and
MERCURY [34]. Other experimental X-ray data are shown in Table 4.

4.6. HUVEC proliferation assay

HUVECs were maintained in ECM containing 5% HIFBS and 1%
PS, 1% ECGS. The cells were seeded in 96-well plates at a density of
2 x 104 cells/well in 100 ul growth media and kept overnight to
facilitate attachment. The cells were exposed to the test samples
(0.01—-3.2 uM) for 48 h [35]. After incubation, the viability of
HUVECs was assessed by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolim bromide) assay [36]. 20 ul of MTT solution
(5 mg/mL in PBS) was added to each well. After 4 h incubation, the
mixed media and MTT solution were carefully discarded and then

Largest diffr. peak and hole/e A—>

Table 4

Crystal data and structure refinement for aspfalcolide.
Formula Ci5H2003
Mg mol~! 24831
System Orthorhombic
Space group/Z P212124/4
alA 6.3724(5)
b/A 7.6888(6)
c/A 27.309(2)
a,By/[° 90
VIA3 1338.0(2)
D/g cm ™3 1.233
F(000) 536
w/cm™! 0.680
f(min—max)/° 5.98—63.32
Collected reflections 5222
Unique reflections [I > 2o(I)] 1269
Rint 0.0585
RIWR2 [I > 206(1)] 0.0424/0.1127
RJ/WR2 (All) 0.0455/0.1151

0.190 and —0.204
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the crystallized dye was solubilized with DMSO. Suramin was used
as the reference standard. The amount of blue dye formed was
determined by measuring the absorbance at 570 nm.

4.7. Migration assay

The assay was carried out according to Liang et al. [27], with
minor modifications. Briefly, HUVECs were plated in 6 well plates.
After the formation of a confluent monolayer, a wound was created
using 200 pl micropipette tip. The free cells were removed by
washing twice with PBS. Aspfalcolide (1.6 pM) and suramin
(0.5 M) were added to the separate wells containing cells within
a fresh media containing 10% calf serum. After 12 and 18 h, the
wounds were photographed and distances between one side of the
scratch and the other were measured using inverted light micro-
scope supplied with Leica Quin computerized imaging system. 10
fields for each concentration were captured and minimum 10
readings of distance for each field were measured.

4.8. VEGF-induced tube formation assay

HUVECs were harvested and seeded in ECM medium (5% HIFBS)
containing VEGF (100 ng/mL) onto 4-well culture plates coated
with 150 pl Matrigel (5 mg/mL). The cells were treated with
aspfalcolide (1.6 uM) and incubated at 37 °C for 24 h. Suramin was
used as a positive control at 0.5 uM in the growth medium. The cells
were imaged under an inverted florescence microscope at low
magnification. The web junctions, defined as intersections of three
or more tubes, were counted in each microscopic field [37]. The
quantitative assessment of tube formation inhibition was achieved
by measuring the area of formed tubes in each field using the Scion
Image analysis program. The percentage of inhibition was repre-
sented as the mean + SEM.
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