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Abstract: Gliomas are the most common and devastating tumors of the central nervous system (CNS).
Many pieces of evidence point out the relevance of natural compounds for cancer therapy and
prevention, including chalcones. In the present study, eight synthetic quinoxaline-derived chalcones,
structurally based on the selective PI3Kgamma inhibitor AS605240, were evaluated for anti-
proliferative activity and viability inhibition using glioma cell lines from human and rat origin (U-138
MG and C6, respectively), at different time-periods of incubation and concentrations. The results
revealed that four chalcones (compounds 1, 6, 7 and 8), which present methoxy groups at A-ring,
displayed higher efficacies and potencies, being able to inhibit either cell proliferation or viability, in a
time- and concentration-dependent manner, with an efficacy that was greater than that seen for the
positive control compound AS605240. Flow cytometry analysis demonstrated that incubation of C6
cells with compound 6 led to G1 phase arrest, likely indicating an interference with apoptosis.
Furthermore, compound 6 was able to visibly inhibit AKT activation, allied to the stimulation of ERK
MAP-kinase. The chalcones tested herein, especially those displaying a methoxy substituent, might well
represent promising molecules for the adjuvant treatment of glioma progression.
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Graphical Abstract

Chalcones derived from quinoxaline-6-carbaldehyde, structurally based on the
selective PI3Ky inhibitor AS605240, were assayed in glioma cell lines from human and
rat origin (U-138 MG and C6, respectively), and compound 6 presented the best activity

(2.64 uM for U-138 MG cells and 1.35 uM for C6 cells).
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Highlights

» Synthetic chalcones, based on the PI3Ky inhibitor AS605240 were evaluated;
* The anti-proliferative activity was assessed on two glioma cell lines;
* Four of the tested chalcones displayed higher efficacies and potencies;

e Chalcone 6 led to G1 phase arrest, AKT inhibition and ERK 1/2 activation.
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Abstract

Gliomas are the most common and devastating tumors of the central nervous system
(CNS). Many pieces of evidence point out the relevance of natural compounds for cancer
therapy and prevention, including chalcones. In the present study, eight synthetic quinoxaline-
derived chalcones, structurally based on the selective PI3Ky inhibitor AS605240, were
evaluated for anti-proliferative activity and viability inhibition using glioma cell lines from
human and rat origin (U-138 MG and C6, respectively), at different time-periods of
incubation and concentrations. The results revealed that four chalcones (compounds 1, 6, 7
and 8), which present methoxy groups at A-ring, displayed higher efficacies and potencies,
being able to inhibit either cell proliferation or viability, in a time- and concentration-
dependent manner, with an efficacy that was greater than that seen for the positive control
compound AS605240. Flow cytometry analysis demonstrated that incubation of C6 cells with
compound 6 led to G1 phase arrest, likely indicating an interference with apoptosis.
Furthermore, compound 6 was able to visibly inhibit AKT activation, allied to the stimulation
of ERK MAP-kinase. The chalcones tested herein, especially those displaying a methoxy
substituent, might well represent promising molecules for the adjuvant treatment of glioma

progression.

Keywords: synthesis, quinoxaline, chalcones, anti-cancer activity, anti-proliferative, glioma

cells



1. Introduction

Gliomas comprise several types of primary brain tumors, accounting for
approximately 50% of all neoplasms of the central nervous system (CNS) [1-3]. Glioblastoma
multiforme (GBM) is the most common, aggressive and deadly malignant glioma in adults [4-
6]. This kind of brain tumor is characterized by marked cell proliferation and invasiveness
with a rapid progression, presenting a high grade of recurrence [2,7-9]. Therefore, the
prognosis for the patients with these tumors is poor. The mean survival is around one year
[8,10,11] and few patients survive beyond five years [12]. Treatment options for patients with
GBM are very limited, or in most situations they are ineffective. Despite the increasing
advances in radiotherapy, chemotherapy, and surgical techniques, the survival rate for these
patients remains low [13]. Therefore, there is an urgent need for novel and effective therapies
for treating these tumors. In this regard, molecules based on natural products represent very
interesting therapeutic alternatives.

Extensive research over the past decades has identified numerous dietary and botanical
natural compounds with clear anti-cancer effects. They might also present synergistic
beneficial effects when used in combination with known chemotherapeutic drugs [14,15].
Previous studies have shown that the simple chemical structure and the uncomplicated
process of synthesis make plant-derived polyphenols an attractive scaffold for the
development of new compounds [16,17].

Chalcones are a group of natural precursors of flavonoid and isoflavonoids synthesis
in high plants [18-21], and they are cancer preventive components found in human diet rich in
fruits and vegetables [20, 22]. Concerning the chemical structural level, these compounds are
open-chained molecules, in which the two aromatic rings are joined by a three-carbon a,f3-
unsaturated carbonyl system (1,3-diphenyl-2-propen-1-one) [16, 23, 24]. Several studies have
shown that chalcones display a wide variety of biological and pharmacological proprieties
that include anti-proliferative and anti-cancer activities [25-27]. Clinical trials have shown
that these compounds reach reasonable plasma concentrations, they are not associated to
marked toxicity [28] and flavonoids and their derivatives are able to cross the brain blood
barrier [29, 30].

A large number of chemical structures have been tested, and it was reported that
hydroxy-derivatives of chalcones display marked anti-proliferative effects on cancer cells.
These groups are likely necessary for the inhibitory effects of glutathione S-transferase, what
is associated to cancer cell sensitization for chemotherapy agents [15, 31]. Other chemical

modifications of chalcones have been investigated, such as hydrogenation and bromination



across the carbon-carbon double bond, but they failed in potentiate the anti-tumor effects of
chalcones [16]. Recently, it was demonstrated that quinoxaline derivatives display a broad
spectrum of biological activities. Of relevance, some of these compounds have been described
as potential candidates for the treatment of cancer and disorders associated with angiogenesis
[32].

The phosphatidylinositol 3-kinase (PI3K)/Akt pathway is implicated in a variety of
cellular processes including cell growth, proliferation, and survival, which is frequently
deregulated in cancer, including glioma [33, 34, 35]. The alteration of this pathway through
mutation of its coding genes increases the activation status of the signaling and can thus lead
to cellular transformation [33] and cancer development [36]. Given the frequency of
deregulated PI3K signaling, the modulation of this pathway might have therapeutic potential
in glioma and other cancer types. AS605240 [5-(quinoxalin-6-ylmethylene)thiazolidine-2,4-
dione] is a low-toxicity and selective inhibitor of the PI3Ky isoform, which is able to suppress
inflammation in different experimental models [37], and further studies are currently testing
its effects on tumor cells [38], considering the involvement of this signaling pathway in
cancer development. Then, in the present study, we have examined the in vitro effects of eight
novel synthetic quinoxaline-derived chalcones, structurally based on the selective PI3Ky
inhibitor AS605240 (Figure 1), on viability, proliferation, cell cycle, and signaling pathways,
by using human U-138 MG and rat C6 glioma cell lineages.

ERK1 and ERK2 are members from the family of MAP-kinases (mitogen-activated
protein Kinases), and are activated by various growth factors, inducing the transition from the
quiescent state into the cell cycle. ERK signaling pathways are also involved in cell
proliferation, differentiation, actin cytoskeleton reorganization, and cell migration. Moreover,
ERKSs are also involved in the stress response and cell death [39-42]. Therefore, this is another

relevant signaling pathway to be investigated in cancer research.

INSERT FIGURE 1

2. Chemistry
The quinoxaline-6-carbaldehyde (12) was synthesized from 3,4-diaminobenzoic acid
(9) as previously described [43] and presented in Figure 2, with yield of 80%. Eight chalcones
(1-8) were prepared by aldolic condensation between quinoxaline-6-carbaldehyde (12) and

corresponding acetophenones, in methanol and KOH 50% w/v, under magnetic agitation and



room temperature. The novel chalcones were obtained with yields between 41% and 93%, and
the structures were confirmed by chemical identification data: *H NMR, *C NMR, IR and
elementary analysis. *H NMR spectra revealed that all structures were geometrically pure and
configured E (Jpg-np = ~16.0 Hz).

INSERT FIGURE 2

3. Biological results and discussion

As a first approach, we performed a screening using both U-138 MG and C6 glioma
cell lines, in order to assess the inhibitory effects of the chalcones. This was carried out
following 48 h of incubation, at concentrations between 0.1 and 10 pg/mL. All tested
chalcones produced a significant decrease of C6 rat glioma cell line viability, at 5 pg/mL
(Table 1). The estimated ICsq values (accompanied by the confidence interval) for the rat cells
ranged from 2.66 (2.09 — 3.38) pg/ml to 9.19 (8.93 — 9.48) pg/ml. Concerning the U-138MG
glioma cells, with exception of the compound 5, all other compounds produced a significant
inhibition of cell viability at 5 pug/mL. However, for the human cell line, it was not possible to
calculate the ICs values, as the calculated percentages of inhibition did not exceed 50 %
(Table 1). As demonstrated in the present study for the tested chalcones, Zamin et al. (2009)
also showed that rat C6 and human U138 glioma cell lines displayed a different sensitivity to
the treatment with the compounds resveratrol and quercetin, two well-studied natural

polyphenols [29].
INSERT TABLE 1

From this experimental set, it was possible to observe that four of tested chalcones
(compounds 1, 6, 7 and 8) displayed higher efficacies and potencies. This is especially notable
if we compare with the low inhibitory rates obtained for reference chemotherapy drugs, such
as cisplatin and doxorubicin [44]. Of note, these four chalcones present a similar chemical
structure, having methoxy groups in the ring A. In fact, previous studies demonstrated that the
activity of chalcones is largely dependent on the presence and position of the substituted
groups added in both rings A and B. It has been reported that dimethoxylation and
trimethoxylation are highly beneficial for the anticancer activity [17, 45-47]. In our studies,

chalcone 6, dimethoxylated in positions 2 and 5 at A-ring, displays the best activity.



As a next step, we assayed the compounds 1, 6, 7 and 8 in concentrations ranging
from 0.1 to 10 pg/mL, at different periods of incubation (24, 48 and 72 h), by using a
hemocytometer. Cell counting assay revealed marked inhibitory effects on the proliferation of
either human or rat cell lines (Table 2). For this assay, the estimated 1Csp values ranged from
2.29 (2.03 — 2.58) pg/ml to 2.67 (2.55 — 2.80) pug/mL, indicating a high potency for these
compounds (Table 2). Of high interest, the chemotherapy drug doxorubicin, incubated during
48 h, at 2-pg/mL concentration, produced an inhibition of 27 £ 3 % and 31 = 4 %, in C6 and
U-138 MG, cells, respectively (results not shown).

INSERT TABLE 2

The concentration-dependent effects of compounds 1, 6, 7 and 8, at both the MTT and
the cell counting assays are depicted in the Figures 3 to 6. From these figures, it is possible to
observe that compounds 1, 6, 7 and 8 presented anti-tumor-like effects in concentrations as
low as 0.1 to 0.5 pg/mL. Furthermore, it is feasible to observe that maximal inhibitions for
these four chalcones were observed between 48 h and 72 h of treatment, whereas the
compounds 1, 6, 7 and 8 failed to significantly alter cell viability and proliferation when
incubated for 24 h. This assembly of results revealed a concentration-related profile of
inhibition for the tested chalcones on either the cell viability or proliferation. In addition, the
effects of these four chalcones were found to be time-dependent, being maximal between 48

and 72 h following in vitro treatment.

INSERT FIGURES 3, 4,5 and 6

AS605240 is a well-characterized selective PI3Ky inhibitor, which blocks human
recombinant PI3Ky in an ATP-competitive manner, displaying marked anti-inflammatory
effects in several animal disease models [37, 48]. The chalcones derived from quinoxaline-6-
carbaldehyde analyzed in this work are structurally based on this selective PI3Ky inhibitor.
Therefore, some experiments were conducted with the aim of comparing the effects of
quinoxaline-derived chalcones to those displayed by AS605240. The glioma cells were
treated with AS605240 at the concentrations of 100 nM, 10 uM and 30 uM [37], during 48 h,
and subsequently evaluated in the MTT and cell counting assays. The results show that
AS605240 failed to significantly affect C6 and U-138 MG cell viability and proliferation at

the concentration of 100 nM, whereas this compound visibly reduced these parameters at 10



and 30 uM (Figure 7). The percentages of inhibition for the concentration of 30 uM were
35+2% and 73+4% for C6; and 10+£3% and 10+0.2% for U-138 MG, considering the viability
and the proliferation, correspondingly (Figure 8). It is worth mentioning that the concentration
of 5 pg/ml of the compound 6 (which corresponds to 16 uM) displayed inhibitions of 507 %
for C6 viability and 85+8 % for C6 proliferation; and 36+1 % for U-138 MG viability and
87+4 % for proliferation of this cell line. This series of results suggest a greater efficacy to
compound 6, in comparison to the reference compound AS605240, especially concerning the
cell lineage U-138 MG.

INSERT FIGURES 7 and 8

Previous literature data demonstrated that natural and synthetic chalcones are able to
induce cell cycle arrest and apoptosis in different cancer cell lines [17, 26]. To examine the
possible mechanisms responsible for the inhibitory effects displayed by the quinoxaline-
derived chalcones in our study, we have used flow cytometry analysis. For this purpose, we
have selected the compound 6, which presented the more favorable profile in our experiments.
The results demonstrate that incubation of compound 6 caused an accumulation of cells in
sub-G1/G1 phases in C6 cells at 6 and 12 h (results not shown). When assessed after 24 h of
incubation, 6 (2.5 pg/ml) visibly increased the cell population of the sub-G1/G1 phases from
57.9 to 66.4, when compared with the control group (Figure 8). It is feasible to suggest that
part of the decrease in glioma cell viability caused by 6 is likely associated with cell cycle
arrest at the G1 phase.

INSERT FIGURE 8

It has been demonstrated that alterations of the PI3K/Akt activation might lead to
cellular transformation [33] and cancer development [46]. In tumor cells, PI3K plays an
important role in tumor initiation, growth and proliferation. Inhibition of PI3K may thus have
the potential to inhibit formation of secondary-site metastases [49-52]. To examine the
possible modulation of PI3Ky, we performed flow cytometry experiments with compound 6
and the selective PI3Ky inhibitor AS605240, as the positive control drug. As expected, both
the compound 6 and AS605240 were able to reduce AKT activation, according to assessment
at 15 and 30 min. Of note, differently from AS605240, the compound 6 led to increased
activation of ERK 1/2 MAP-kinase, indicating additional mechanisms of action for this



compound (Figure 9). Nevertheless, we can infer that inhibition of PI3K signaling may be
related with the reduction of cell proliferation observed in our previous results and can be one
of the mechanisms involved in the anti-tumor actions of chalcone 6. Furthermore, the ability
of compound 6 in positively modulating ERK 1/2 activation might possibly accounts for cell
death, likely by inducing apoptosis. In fact, previous studies suggest that apoptosis might be
induced by the disruption of MAP-kinase signal transduction. The duration and intensity of
ERK activation appear to be important in determining the cell fate (growth, survival or
apoptosis), indicating that ERK may have a dual role in the regulation of cell survival and
death [53, 54]. According to Werlen and col. (2003), depending on the affinity of the ligand,
the ERK pathway is activated before p38 and JNK, resulting in cell apoptosis [55]. In support
of this, our results showed that compound 6 led to marked ERK 1/2 activation, which was

accompanied by increased granulosity of the cells (data not shown).

INSERT FIGURE 9

It is obviously necessary to investigate the ability of these chalcones to cross the
blood-brain barrier, as cerebral sites need to be reached. Of interest, previous studies have
shown that flavonoids and their derivatives were able to cross this barrier [29, 30]. Further in
vitro and in vivo studies should be performed for verify this matter. Thus, the synthetic
quinoxaline-derived compounds 1, 6, 7 and 8 might well represent promising molecules for

the adjuvant treatment of glioma progression.

4. Conclusions

The present results show for the first time the activity of synthetic quinoxaline-derived
chalcones in two different glioma cell lines. These results clearly suggest that compounds 1,
6, 7 and 8 might represent promising molecules for the treatment of glioma progression,
although the in vivo efficacy of these chalcones remains to be confirmed in future studies.
Nevertheless, these chalcones might represent potential useful alternatives for treating
gliomas, even when used alone or in combination with currently available chemotherapy

agents.

5. Materials and Methods

5.1. Preparation of the compounds



All reagents used were obtained commercially (Sigma—Aldrich), except the
quinoxaline-6-carbaldehyde, which was obtained as previously described [43] by
condensation between 3,4-diaminobenzoic acid (9) and glyoxal at reflux with ethanol and
acetic acid, generating the quinoxalinecarboxylic acid (10) with yield of 25%. Compound 10
was then reduced to its primary alcohol (11) with LiAIH, in THF, which was after oxidized to
aldehyde (12) with pyridine-chlorochromate in dichloromethane (Figure 2), with yield of
80%. The novel chalcones (1-8) were prepared by magnetic stirring with acetophenone (1
mmol), methanol (30 ml), KOH 50% w/v (5 ml) and quinoxaline-6-carbaldehyde (12) (1
mmol), at room temperature for 24 h. Distilled water and chloridric acid 10% were added in
the reaction for total precipitation of the compounds. The compounds were then obtained by
vacuum filtration and later recrystallized in dichloromethane/hexane. The purified chalcones

were obtained with yields between 41% and 93%.

5.2. Physico-chemical data of the compounds

The structures were identified using melting points (m.p.), infrared spectroscopy (IR),
'H and °C nuclear magnetic resonance spectroscopy (NMR) and elementary analysis.
Melting points were determined with a Microguimica MGAPF-301 apparatus and are
uncorrected. IR spectra were recorded with an Abb Bomen FTLA 2000 spectrometer on KBr
disks. Elementary analyses were obtained with a CHNS EA 1110. Percentages of C and H
were in agreement with the product formula (within 0.4% of theoretical values to C). NMR
(*H and *C NMR) were recorded on Varian Oxford AS-400 (400 MHz), using
tetramethylsilane as internal standard. *H NMR spectra revealed that all the structures were

geometrically pure and configured E (Juo.up = ~16.0 Hz).

(2E)-1-(4-methoxyphenyl)-3-(quinoxalin-6-yl)prop-2-en-1-one (1). Cream solid, m.p. 160-
161°C; 'H NMR (CDCls) & 3.92 (s, 3H, OCHs), 7.02 (d, 2H, J = 8.0 Hz, H3’, H5"), 7.76 (d,
1H, J = 16.0 Hz, Ha), 8.00 (d, 1H, J = 16.0 Hz, HP), 8.09 (m, 1H, H3), 8.10 (d, 2H, J = 8.0
Hz, H2’, H6), 8.16 (d, 1H, J = 8.0 Hz, H4), 8.33 (s, 1H, H1), 8.88 (dd, 2H, J = 8.0/1.0 Hz,
H6, H7). *C NMR (CDCls) § 55.34 (OCH3), 114.15 (C3°, C5°), 124.76 (Ca), 128.82 (C1°),
130.20 (C3), 130.75 (C1), 131.17 (C2’, C6°, C4), 137.24 (C2), 141.71 (CB, C4a), 144.02
(C8a), 146.28 (C6), 146.53 (C7), 164.04 (C4), 187.27 (C=0). IR vma/cm™ 1654 (C=0),
1599 (C=C), 1259, 1017 (C-O), 3447 (C-N), 1504, 1416, 1367, 1223, 1181, 817, 610 (Ar)



10

(KBr). Anal. Calcd for CigH14N20,: C 74.47, H 4.86, N 9.65. Found: C 74.65, H 4.94, N
10.73. Yield: 68%.

(2E)-1-(1,3-benzodioxol-5-yl)-3-(quinoxalin-6-yl)prop-2-en-1-one (2). Yellow solid, m.p.
225-226°C; *H NMR (DMSO-ds) & 6.16 (s, 2H, -OCH,0-), 7.09 (d, 1H, J = 8.0 Hz, H5’),
7.70 (s, 1H, H2), 7.91 (d, 1H, J = 8.0 Hz, H6"), 7.92 (d, 1H, J = 16.0 Hz, Ha), 8.12 (d, 1H, J
= 8.0 Hz, H3), 8.14 (d, 1H, J = 16.0 Hz, HP), 8.43 (d, 1H, J = 8.0 Hz, H4), 8.53 (s, 1H, H1),
8.95 (d, 2H, J = 8.0 Hz, H6, H7). *C NMR (DMSO-dg) & 102.85 (-OCH,0-), 108.71 (C2"),
108.93 (C5’), 125.25 (Ca), 126.16 (C6’), 129.89 (C3), 130.26 (C1), 131.26 (C4), 132.74
(C1°), 137.34 (C2), 142.60 (CP), 143.13 (C4a), 143.84 (C8a), 146.95 (C6), 147.16 (C7),
148.78 (C37), 152.50 (C4°), 187.56 (C=0). IR vmadcm™ 1651 (C=0), 1595 (C=C), 1255,
1034 (C-0), 3440 (C-N), 3048, 2909, 1496, 1444, 1367, 1314, 1114, 969, 925, 793, 651 (Ar)
(KBr). Anal. Calcd for CygH12N,03: C 71.05, H 3.97, N 9.21. Found: C 71.76, H 4.04, N
10.94. Yield: 88%.

(2E)-1-(4-bromophenyl)-3-(quinoxalin-6-yl)prop-2-en-1-one (3). Cream solid, m.p. 131-
132°C; 'H NMR (CDCl3) & 7.69 (dd, 2H, J = 8.0/1.0 Hz, H3’, H5"), 7.70 (d, 1H, J = 16.0 Hz,
Ho), 7.95 (d, 2H, J = 8.0 Hz, H2’, H6), 8.02 (d, 1H, J = 16.0 Hz, HB), 8.08 (m, 1H, H3),
8.17 (d, 1H, J = 8.0 Hz, H4), 8.34 (s, 1H, H1), 8.89 (dd, 2H, J = 8.0/1.0 Hz, H6, H7). *3C
NMR (CDCls) & 124.35 (Cov), 128.82 (C3), 129.46 (C4’), 130.27 (C2’, C6), 130.73 (C3’,
C5%), 131.17 (C1), 132.03 (C1°), 132.18 (C4), 137.14 (C2), 143.15 (CB, C4a), 144.14 (C8a),
146.46 (C6), 146.62 (C7), 188.31 (C=0). IR vmad/cm™ 1656 (C=0), 1589 (C=C), 1279, 1026
(C-0), 3447 (C-N), 1070 (C-Br), 3000, 1493, 1393, 1370, 1218, 1179, 1000, 866, 820, 516
(Ar) (KBr). Anal. Calcd for C17H1:BrN,O: C 60.20, H 3.27, N 8.26. Found: C 59.79, H 3.24,
N 8.91. Yield: 72%.

(2E)-1-phenyl-3-(quinoxalin-6-yl)-2-propen-1-one (4). Cream solid, m.p. 158-159°C; 'H
NMR (CDCl3) 8 7.60 (t, 2H, J = 8.0 Hz, H3’, H5"), 7.69 (t, 1H, J = 8.0 Hz, H4"), 8.03 (d, 1H,
J=16.0 Hz, Ha), 8.14 (d, 1H, J = 8.0 Hz, H10), 8.16 (d, 1H, J = 16.0 Hz, HB), 8.24 (d, 2H, J
= 8.0 Hz, H2’, H6"), 8.40 (dd, 1H, J = 8.0/1.0 Hz, H9"), 8.48 (s, 1H, H2), 8.95 (dd, 2H, J =
8.0/1.0 Hz, H5, H6). **C NMR (CDCl3) & 124.77 (Cov), 128.81 (C3’, C5°), 128.97 (C2’, C6,
C10), 130.25 (C2), 131.01 (C9), 133.28 (C4°), 137.05 (C1’), 138.22 (C1), 142.57 (CB, C8),
143.34 (C3), 146.37 (C6), 146.56 (C5), 189.12 (C=0). IR vma/cm™ 1656 (C=0), 1601 (C=C),



11

1279, 1018 (C-0), 3421 (C-N), 3053, 1497, 1440, 1367, 1308, 1216, 984, 864, 828, 770, 692,
659 (Ar) (KBr). Anal. Calcd for C;17H12N,0: C 78.44, H 4.65, N 10.76. Found: C 81.01, H
4.69, N 13.65. Yield: 41%.

(2E)-1-(4-nitrophenyl)-3-(quinoxalin-6-yl)prop-2-en-1-one (5). Ocher solid, m.p. 235-
236°C; *H NMR (CDCls) & 7.67 (d, 1H, J = 16.0 Hz, Ha), 8.02 (s, 1H, H1), 8.06 (d, 1H, J =
8.0 Hz, H3), 8.17 (d, 1H, J = 8.0 Hz, H4), 8.19 (d, 2H, J = 8.0 Hz, H2’, H6"), 8.36 (d, 2H, J =
8.0 Hz, H3’, H5%), 8.37 (d, 1H, J = 16.0 Hz, H), 8.88 (d, 2H, J = 8.0 Hz, H6, H7). *C NMR
(CDCl5) & 123.80 (Ca), 124.24 (C3’°, C5°), 128.54 (C3), 129.75 (C2°, C6’), 130.71 (C1),
131.37 (C4), 136.20 (C2), 140.32 (C4a), 143.32 (C8a), 145.08 (C1°, CB), 146.23 (C6), 147.08
(C7), 153.96 (C4), 188.72 (C=0). IR vmad/cm™ 1661 (C=0), 1588 (C=C), 1281, 1030 (C-O),
3418 (C-N), 1516, 1348, 847 (NO,), 3107, 1315, 1215, 1105, 985, 826, 755, 706, 515 (Ar)
(KBr). Anal. Calcd for C17H17N303: C 66.88, H 3.63, N 13.76. Found: C 65.63, H 3.36, N
13.08. Yield: 77%.

(2E)-1-(2,5-dimethoxyphenyl)-3-(quinoxalin-6-yl)prop-2-en-1-one (6). Yellow solid, m.p.
142-144°C; *H NMR (CDCl3) & 3.83 (s, 3H, OCHs), 3.91 (s, 3H, OCH3), 6.98 (d, 1H, J = 8.0
Hz, H3), 7.08 (d, 1H, J = 8.0 Hz, H4’), 7.27 (s, 1H, H6), 7.68 (d, 1H, J = 16.0 Hz, Ha), 7.86
(d, 1H, J = 16.0 Hz, HP), 8.03 (dd, 1H, J = 8.0/1.0 Hz, H3), 8.13 (d, 1H, J = 8.0 Hz, H4), 8.28
(s, 1H, H1), 8.87 (dd, 2H, J = 8.0/1.0 Hz, H6, H7). **C NMR (CDCl3) & 56.11 (OCH3), 56.72
(OCHj3), 113.60 (C3°), 114.69 (C6’), 120.19 (C4’), 128.92 (Car), 129.57 (C3), 129.36 (C1’),
130.32 (C1), 130.42 (C4), 137.32 (C2), 141.09 (CB, C4a), 143.40 (C8a), 145.64 (C6), 145.93
(C7), 153.15 (C5°), 153.93 (C2°), 191.83 (C=0). IR vmadcm™ 1659 (C=0), 1588 (C=C),
1276, 1027 (C-0), 3444 (C-N), 3042, 2929, 2832, 1497, 1456, 1407, 1367, 1323, 1222, 1159,
977, 861, 818, 713 (Ar) (KBr). Anal. Calcd for C1gH16N203: C 71.24, H 5.03, N 8.74. Found:
C 70.56, H 4.41, N 8.60. Yield: 56%.

(2E)-1-(3,4-dimethoxyphenyl)-3-(quinoxalin-6-yl)prop-2-en-1-one (7). Yellow solid, m.p.
143-144°C; *H NMR (CDCls) & 4.00 (s, 6H, OCHs), 6.97 (d, 1H, J = 8.0 Hz, H5’), 7.67 (s,
1H, H2’), 7.74 (dd, 1H, J = 8.0/1.0 Hz, H6"), 7.77 (d, 1H, J = 16.0 Hz, Ha), 8.01 (d, 1H, J =
16.0 Hz, HP), 8.09 (dd, 1H, J = 8.0/1.0 Hz, H3), 8.16 (d, 1H, J = 8.0 Hz, H4), 8.34 (s, 1H,
H1), 8.88 (dd, 2H, J = 8.0/1.0 Hz, H6, H76). *C NMR (CDCls) §56.11 (OCHs), 56.17
(OCHj3), 110.03 (C57), 110.75 (C2°), 123.24 (C6), 124.19 (Ca), 128.64 (C3), 130.18 (C1,



12

Cl, C4), 136.88 (C2), 142.10 (CB), 143.18 (C4a), 143.90 (C8a), 145.52 (C6), 145.80 (C7),
149.40 (C3%), 153.60 (C4’), 187.24 (C=0). IR vma/cm™ 1654 (C=0), 1581 (C=C), 1281,
1022 (C-0), 3487 (C-N), 1518, 1453, 1419, 1358, 1316, 1161, 984, 918, 776, 718, 636 (Ar)
(KBr). Anal. Calcd for C19H16N20O3: C 71.24, H 5.03, N 8.74. Found: C 70.98, H 4.33, N 8.11.
Yield: 51%.

(2E)-1-(2,4-dimethoxyphenyl)-3-(quinoxalin-6-yl)prop-2-en-1-one (8). Cream solid, m.p.
119-120°C; 'H NMR (CDCls) & 3.90 (s, 3H, OCHs), 3.96 (s, 3H, OCH3), 6.53 (s, 1H, H3"),
6.60 (dd, 1H, J = 8.0/1.0 Hz, H5’), 7.77 (d, 1H, J = 16.0 Hz, Ha), 7.84 (d, 1H, J = 8.0 Hz,
H6’), 7.88 (d, 1H, J = 16.0 Hz, HP), 8.04 (dd, 1H, J = 8.0/1.0 Hz, H3), 8.12 (d, 1H, J = 8.0
Hz, H4), 8.28 (s, 1H, H1), 8.86 (dd, 2H, J = 8.0/1.0 Hz, H6, H7). *C NMR (CDCls) & 55.62
(OCHj), 55.85 (OCHs), 98.62 (C3°), 105.45 (C1°), 109.77 (C5°), 128.84 (Ca), 129.77 (C3),
129.85 (C1), 130.01 (C4), 133.23 (C6’), 137.46 (C2), 139.84 (CB), 143.21 (C4a), 143.75
(C8a), 145.28 (C6), 145.65 (C7), 160.69 (C2°), 164.63 (C4’), 189.71 (C=0). IR vma/cm™
1651 (C=0), 1609 (C=C), 1274, 1026 (C-O), 3447 (C-N), 2967, 1500, 1473, 1422, 1367,
1323, 1214, 1128, 974, 865, 821, 632 (Ar) (KBr). Anal. Calcd for C19H16N203: C 71.24, H
5.03, N 8.74. Found: C 70.80, H 4.77, N 8.29. Yield: 93%.

5.3. Pharmacology

5.3.1. General cell culture procedures

U-138 MG human and C6 rat GBM cell lines were obtained from the American Type
Culture Collection (ATCC, Rockville, Maryland, USA). The cells were grown in culture
flasks in Dulbecco’s Modified Eagle’s medium (DMEM), supplemented with 15% and 5%
fetal bovine serum (FBS), for U138-MG and C6 lines, respectively. Culture cells were
maintained at 37 °C, a minimum relative humidity of 95%, at atmosphere of 5% CO,, and

were allowed to reach confluence.

5.3.2. Cell viability assay

Glioma cell lines were seeded at 1 x 103 cells/well in DMEM/5% FBS for C6 line, or
DMEM/15% FBS for U-138 MG in 96-well plates. They were then exposed to increasing
concentrations (0.1, 0.5, 1, 5 and 10 pg/ml) of the eight quinoxaline-derived chlacones, for 24

h, 48 h or 72 h. Parallel control experiments were carried out with the addition of 5% and
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15% FBS (cell viability control) or DMSO (vehicle control, 0.01%), in the absence of
chalcones. The glioma cell lines were also treated with the PI3Ky inhibitor, AS605240, at the
concentrations of 100 nM, 10 uM and 30 pM, for 48 h.

Cell viability was evaluated by 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay [56]. This assay measures the activity of cellular dehidrogenases
(mainly from mitochondria) and, indirectly, the cell viability, even of the spontaneously
detached cells in the culture medium. The method is based on the reduction of a tetrazolium
bromide salt (MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]). It
provides a quantitative measure of the number of metabolically viable cells. The results were

expressed as the percentage of cell viability in relation to the control.

5.3.3. Cell counting

U 138 MG and C6 cells were seeded at 1 x 10* and 5 x 103 cells/well, respectively, in
appropriate medium. Both lineages were seeded in 24-well plates and allowed to grow for 24
h. The medium was changed prior to treatment with the different chalcones (0.1, 0.5, 1, 5 and
10 ug/ml) and also with AS605240 (100 nM, 10 uM and 30 uM). After 48 h of treatment the
medium was removed, the cells were washed with calcium- and magnesium-free phosphate-
buffered saline (CMF), and 200 ul of 0.5% trypsin/EDTA solution (Gibco, BRL) was added

to detach the cells. After that, the cells were counted in a Neubauer chamber.

5.3.4. Cell cycle analysis

The effects of compound 6 on C6 cell cycle phase distribution was assessed using
flow cytometry. The cells (3 x 10° cells per well) were cultured in triplicate in 6-well plates.
After 6, 12 or 24 h of incubation, the cells were treated with vehicle (0.1% DMSO) or
compound 6 (2.5 pg/ml). Cells were harvested, fixed with 70% ethanol and stained with PSSI
solution (Triton, RNAse, Propidium lodide and PBS). Data acquisition and analysis were
performed on flow cytometer (Guava EasyCyte 8HT Flow Cytometry System, Millipore
Corporation, MA, USA), and data from 10,000 cells were collected for each data file. Cell

cycle analysis was performed with CellQuest software (Becton Dickinson, Canada, Inc.).

5.3.5. PI3K and ERK 1/2 MAP-kinase analysis

C6 rat glioma cells (2 x 10° cells per well) were plated in 6-well plates, with 5% FBS
DMEM medium and allowed to grow for 24 h. The cells remained incubated for more 24 h
with DMEM 0.5%, to stop the cell cycle. Cells were treated with the compound 6 (5 pg/ml),
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AS605240 (30 uM), or vehicle (0.1 % DMSO), in the presence of FBS 5 % (used to induce
protein activation). After 15 min and 30 min of incubation, the cells were detached with 0.5%
trypsin/EDTA solution (Gibco, BRL), and then incubated with Phosflow Fix Buffer (BD) for
10 min, and permeabilizated with Phosflow Perm Buffer Il (BD). The antibodies for AKT
and ERK 1/2 were incubated during 30 min. Data acquisition and analysis was performed on
flow cytometer (Facscanto) and FlowJo 7.6.3software.

5.3.6. Statistical analysis

The percentage of inhibition is presented as mean * standard error mean. The
estimated ICsy values are provided as the geometric means accompanied by the 95%
confidence limit. Data were analyzed by one-way analysis of variance (ANOVA), followed
by Tukey’s or Bonferroni’s tests, depending on the experimental protocol, using the software
GraphPad Prism® 4.02. P values less than 0.05 (P<0.05) were considered as indicative of

significance.

Acknowledgments

This work was supported by grants from Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico (CNPq) and Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES), Brasil. T.R.M. is a post-graduate student in Medicine and Health Sciences
supported by the Institution (PROBOLSAS Program/PUCRS). The authors thank Mr. Juliano
Soares by his excellent technical assistance.

References

[1] M. Preusser, C. Haberler, J.A. Hainfellner, Wien. Med. Wochenschr. 156 (2006) 332-337.
[2] L.T. Yin, Y.J. Fu, Q.L. Xu, J. Yang, Z.L. Liu, A.H. Liang, X. Fan, et al., Biochem,
Biophys. Res. Commun. 362 (2007) 225-229.

[3] G.P. Dunn, I.F. Dunn, W.T. Curry, Cancer Immun. 7 (2007) 12-28.

[4] R.P. Nagarajan, J.F. Costello, Semin. Cancer Biol. 19 (2009) 188-197.

[5] O.0. Kanu, B. Hughes, C. Di, N. Lin, J. Fu, D.D. Bigner, H. Yan, C. Adamson, Clin.
Med. Oncol. 3 (2009) 39-52.

[6] I.H. Robins, S. Chang, N. Butowski, M. Mehta, Curr. Oncol. Rep. 9 (2007) 66-70.

[7] S.A. Goldust, G.M. Turner, J.F. Goren, M.L. Gruber, Hosp. Phys. 39 (2008) 9-22.

[8] G.V. Koukourakis, V. Kouloulias, G. Zacharias, C. Papadimitriou, P. Pantelakos, G.
Maravelis, A. Fotineas, et al., Molecules 14 (2009) 1561-1577.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Preusser%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Haberler%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hainfellner%20JA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Wien%20Med%20Wochenschr.');
javascript:AL_get(this,%20'jour',%20'Biochem%20Biophys%20Res%20Commun.');
javascript:AL_get(this,%20'jour',%20'Biochem%20Biophys%20Res%20Commun.');

15

[9] R. Stupp, M.E. Hegi, M.J. van den Bent, W.P. Mason, M. Weller, R.O. Mirimanoff, G.
Cairncross, Oncologist. 11( 2006) 165-180.

[10] E. Braganhol, L.L. Zamin, A.D. Canedo, F. Horn, A.S.K. Tamajusuku, M.R. Wink, C.
Salbego, et al. Anticancer Drugs 17 (2006) 663-671.

[11] B.P. de la Fuente, J. Dalmau, M. Rosenfeld, Neurol. 22 (2007) 159-169.

[12] J.J. Vredenburgh, A. Desjardins, D.A. Reardon, H.S. Friedman, Neuro Oncol. 11 (2009)
80-91.

[13] M.J. Van den Bent, M. E. Hegi, R. Stupp, Eur. J. Can. 42 (2006) 582-588.

[14] A.R. Amin, O. Kucuk, F.R. Khuri, D.M. Shin, J. Clin. Oncol. 27( 2009) 2712-2725.

[15] L. Bonfili, V. Cecarini, M. Amicil, M. Cuccioloni, M. Angeletti, J.N. Keller, A.M.
Eleuteri, FEBS J. 275 (2008) 5512-5526.

[16] R. Romagnoli, P.G. Baraldi, M.D. Carrion, C.L. Cara, O.C. Lopez, D. Preti, M.
Tolomeo, et al. Bioorg. Med. Chem. 16 (2008) 5367-5376.

[17] M.L. Go, X. Wu, X.L. Liu, Curr. Med. Chem. 12 (2005) 483-499.

[18] K.H. Shen, J.K. Chang, Y.L. Hsu, P.L. Kuo, Basic Clin. Pharmacol. Toxicol. 101 (2007)
254-261.

[19] A. Kamal, G. Ramakrishna, P. Raju, A. Viswanath, M.J. Ramaiah, G. Balakishan, M.
Pal-Bhadra, Biiorg. Med. Chem. Lett. 20 (2010) 4865-48609.

[20] C. Lou, M. Wang, G. Yang, H. Cai, F. Zhao, H. Yang, L. Tong, et al., Toxicol. in Vitro
23 (2009) 906-910.

[21] J. Mojzis, L. Varinska, G. Mojzisova, |. Kostova, L. Mirossay, Pharmacol. Res. 57
(2008) 259-265.

[22] A. Sharma, B. Chakravarti, M.P. Gupt, J.A. Siddiqui, R. Konwar, R.P. Tripathi, Bio.
Med. Chem. 18 (2010) 4711-4720.

[23] T. Sasayama, K. Tanaka, K. Mizukawa, A. Kawamura, T. Kondoh, K. Hosoda, E.
Kohmura, J. Neurooncol. 58 (2007) 123-132.

[24] M. Reddy, C. Su, W. Chiou, Y. Liu, R. Chen, K. Bastow, C. Lee, Bioorg. Med. Chem.
16 (2008) 7358-7370.

[25] A. Boumendjel, X. Ronot, J. Boutonnat, Curr. Drugs Targets.10 (2009) 363-371.

[26] M. Pilatova, L. Varinska, P. Perjesi, M. Sarissky, L. Mirossay, P. Solar, A. Ostro, J.
Mojzis, Toxicol. in vitro 24 (2010) 1347-1355.

[27] J.H. Cheng, C.F. Hung, S.C. Yang, J.P. Wang, S.J. Won, C.N. Lin, Bioorg. Med. Chem.
16 (2008) 7270-7276.

[28] D.I. Batovska, I.T. Todorova, Curr. Clin. Pharmaco. 5 (2010) 1-29.


http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DVarinska,%2520Lenka%26authorID%3D23987151300%26md5%3D04ce499aceadad08b6db644c8c33b075&_acct=C000037882&_version=1&_userid=687353&md5=27ff75a67f1ed4b9c9e1096b4a20cdf4
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DPerjesi,%2520Pal%26authorID%3D6701454744%26md5%3D8804473d4e0cd68c52575b46e19526c0&_acct=C000037882&_version=1&_userid=687353&md5=6e9f68ffbde636bb8ba6dc932e303d03
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DSarissky,%2520Marek%26authorID%3D22948750400%26md5%3Dd9c8895a898bb9cc19645b081d6c38d1&_acct=C000037882&_version=1&_userid=687353&md5=a0fb2ea3304b4a6a3398df4c441933d5
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DMirossay,%2520Ladislav%26authorID%3D7003769543%26md5%3D8b3778b34842b82606204ba7e78630ba&_acct=C000037882&_version=1&_userid=687353&md5=fb2669649fb6d0ceaf0d36a4a61b97cc
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DSolar,%2520Peter%26authorID%3D36846840400%26md5%3D0edc1523ec3cf7d6fb94778ee05a1e9c&_acct=C000037882&_version=1&_userid=687353&md5=d8106b82f99227738b63d38d27fd886a
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DOstro,%2520Alexander%26authorID%3D8397881000%26md5%3D3da4904a1da18ea9773e2b5154535212&_acct=C000037882&_version=1&_userid=687353&md5=77c980a9d24cdd8b19257bb141159e89
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DMojzis,%2520Jan%26authorID%3D7003337322%26md5%3Dedad03f8650779e93fdf92c87aeddee0&_acct=C000037882&_version=1&_userid=687353&md5=ee717567d0f94a27ce7722f23250c424
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DMojzis,%2520Jan%26authorID%3D7003337322%26md5%3Dedad03f8650779e93fdf92c87aeddee0&_acct=C000037882&_version=1&_userid=687353&md5=ee717567d0f94a27ce7722f23250c424
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Batovska%20DI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Todorova%20IT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract

16

[29] L.L. Zamin, E.C. Filippi-Chiela, P. Dillenburg-Pilla, F.Horn, C. Salbego, G. Lenz.
Cancer Sci. 100 (2009)1655-1662.

[30] K.A. Youdim, M.Z. Qaiser, D.J. Begley, C.A. Rice-Evans, N.J. Abbott. Free Radic Biol
Med, 36 (2004) 592-604.

[31] O. Sabzevari, G. Galati, M. Moridani, A. Siraki, P. Brien, Chem. Biol. Interact. 148
(2004) 57-67.

[32] P. Corona, A. Carta, M. Loriga, G. Vitale, G. Paglietti, Eur. J. Med. Chem. 2009, 44,
1579-1591.

[33] C.A. Castaneda, H.C. Funes, H. L. Gomes, E.M. Ciruelos, Cancer Metastasis Rev. 29
(2010) 751-759.

[34] S. Guillard, P.A. Clarke, R. te Poele, Z. Mohri, L. Bjerke, M. Valenti, F. Raynaud, S.A.
Accles, P. Workmann, Cell Cycle 8 (2009) 443-453.

[35] B.H. Jiang, L.Z. Liu, Biochim Biophys Acta 1784 (2008) 150-158.

[36] J.A. Engelman, Nat Rev Cancer. 9 (2009) 550-562.

[37] X. Wei, J. Han, Z.Z. Chen, B.W. Qi, G.C. Wang, Y.H. Ma, H. Zheng, Y.F. Luo, Y.Q.
Wei, L.J. Chen, Biochem. Biophys. Res. Commun. 397 (2010) 311-317.

[38] V. Spitezenberg, C. Konig, S. Ulm, R. Marone, L. Ropke, J.P. Miller, M. Grin, R.
Bauer, I. Rubio, M.P. Wymann, A. Voigt, R. Wetzker, J. Cancer Res. Clin. Oncol. 136 (2010)
1881-1890.

[39] G.L. Johnson,R. Lapadat, Science, 298 (2002), G. Werlen, B. Hausmann, D. Naeher, E.
Palmer, Science 299 (2003) 1859-1863.

[40] T. Wada, J.M. Penninger, Oncogene 23 (2004) 2838-2849.

[41] K.b. Reddy, S.M. Nabha, N. Atanaskova, Cancer Metastasis Re., 22 (2003) 395-403.
[42] A. Carnero. A.C. Blanco, O. Renenr, W. Link, J.F. Leal. Curr. Cancer Drug Targets, 8
(2008) 187-98.

[43] C. Perez-Melero, A.B.S. Maya, B. Del Rey, R. Pelaez, E. Caballero, M. Medarde,
Bioorg. Med. Chem. Lett. 14 (2004) 3771-3774.

[44] J. Wolff, T. Trilling, G. M6lenkamp, R. Egeler, H. Jirgens, J. Cancer Res. Clin. Oncol.
125 (1999) 481-486.

[45] S. Ducki, D. Rennison, M. Woo, A. Kendall, J.F.D. Chabert, A.T. McGown, N.J.
Lawrence, Bioorg. Med. Chem. 17 (2009), 7698-7710.

[46] J. Loa, P. Chow, K. Zhang Cancer Chemother. Pharmacol. 63 (2009) 1007-1016.

[47] S. Ducki, IDrugs 10 (2007) 42-46.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zamin%20LL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Filippi-Chiela%20EC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dillenburg-Pilla%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horn%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salbego%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lenz%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/19496785
javascript:AL_get(this,%20'jour',%20'Cancer%20Metastasis%20Rev.');
http://www.ncbi.nlm.nih.gov/pubmed?term=Engelman%20JA%3A%20Targeting%20PI3K%20signalling%20in%20cancer%3A
http://pubget.com/search?q=latest%3ABiochemical+and+Biophysical+Research+Communications&from=20510675

17

[48] M. Camps, T. Ruckle, H. Ji, V. Ardissone, F. Rintelen, J. Shaw, C. Ferrandi, C. Chabert,
C. Gillieron, B. Francon, T. Martin, D. Gretener, D. Perrin, D. Leroy, P.A. Vitte, E. Hirsch,
M.P. Wymann, R. Cirillo, M.K. Schwartz, C. Rommel, Nature Med. 11 (2005) 936-943.

[49] T.L. Yuan, L.C. Cantley, Oncogene 27 (2008) 5497-5510.

[50] Samuels Y, Ericson K, Curr. Opin. Oncol. 18 (2006) 77-82.

[51] L.C. Cantley, Science 296 (2002) 1655-1657

[52] M. Osaki, M. Oshimura, H. Ito, Apoptosis 9 (2004)667-676.

[53] Y.N. Chen, C.C. Cheng, J.C. Chen, W. Tsauer, S.L. Hsu, Br J Pharmacol. 140 (2003)
461-470.

[54] P.Y. Yang, M.F. Chen, Y.H. Kao, D.N. Hu, F.R. Chang, Y.C. Wu, Toxicol in vitro. 25
(2011) 699-707.

[55] G. Werlen, B. Hausmann, D. Naeher, E. Palmer, Science 299 (2003) 1859-1863.

[56] T.J. Mosmann, J. Immunol. Methods 65 (1983), 55.


http://www.ncbi.nlm.nih.gov/pubmed/15505410
http://www.ncbi.nlm.nih.gov/pubmed/12970086##

18

Legends to Figures

Figure 1. PI3Ky inhibitor AS605240 (a) and chalcones proposed in this research (b).

Figure 2. Synthesis of compounds. (i) glyoxal, acetic acid, CH3CH,OH, reflux; (ii) LiAIH,,
THEF; (ii1) CCP, dichloromethane; (iv) corresponding acetophenones, CH30OH, KOH 50% w/v,

magnetic stirring, 24h, r.t.

Figure 3. Effects of ccompound 1 on glioma cell viability and proliferation. The viability of
rat glioma cells C6 (A) and human glioma cells U-138 MG (B) were assessed by MTT assay.
Cell viability is provided as the percentage of control group viability. Proliferation of C6 (C)
and U-138 MG (D) cells was assessed by cell counting in a hemocytometer. Each column
represents the mean of 3 independent experiments performed in triplicate and the lines
indicate the standard error means. Data were analyzed by oneway ANOVA, followed by
multiple comparisons post-hoc test (Tukey test). *Significantly different from the control
group *(P<0.05); ** (P<0.01).

Figure 4. Effects of compound 6 on glioma cell viability and proliferation. The viability of rat
glioma cells C6 (A) and human glioma cells U-138 MG (B) were assessed by MTT assay.
Cell viability is provided as the percentage of control group viability. Proliferation of C6 (C)
and U-138 MG (D) cells was asssseed by cell counting in a hemocytometer. Each column
represents the mean of 3 independent experiments performed in triplicate and the lines
indicate the standard error means. Data were analyzed by oneway ANOVA, followed by
multiple comparisons post-hoc test (Tukey test). *Significantly different from the control
group *(P<0.05); ** (P<0.01).

Figure 5. Effects of compound 7 on glioma cell viability and proliferation. The viability of rat
glioma cells C6 (A) and human glioma cells U-138 MG (B) were assessed by MTT assay.
Cell viability is provided as the percentage of control group viability. Proliferation of C6 (C)
and U-138 MG (D) cells was assessed by cell counting in a hemocytometer. Each column
represents the mean of 3 independent experiments performed in triplicate and the lines
indicate the standard error means. Data were analyzed by oneway ANOVA, followed by
multiple comparisons post-hoc test (Tukey test). *Significantly different from the control
group *(P<0.05); ** (P<0.01).
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Figure 6. Effects of compound 8 on glioma cell viability and proliferation. The viability of rat
glioma cells C6 (A) and human glioma cells U-138 MG (B) were assessed by MTT assay.
Cell viability is provided as the percentage of control group viability. Proliferation of C6 (C)
and U-138 MG (D) cells was assessed by cell counting in a hemocytometer. Each column
represents the mean of 3 independent experiments performed in triplicate and the lines
indicate the standard error means. Data were analyzed by oneway ANOVA, followed by
multiple comparisons post-hoc test (Tukey test). *Significantly different from the control
group *(P<0.05); ** (P<0.01).

Figure 7. Effects of AS605240 on glioma cell viability and proliferation. The viability of rat
glioma cells C6 (A) and human glioma cells U-138 MG (B) were assessed by MTT assay.
Cell viability is provided as the percentage of control group viability. Proliferation of C6 (C)
and U-138 MG (D) cells was assessed by cell counting in a hemocytometer. Each column
represents the mean of 3 independent experiments performed in triplicate and the lines
indicate the standard error means. Data were analyzed by oneway ANOVA, followed by
multiple comparisons post-hoc test (Tukey test). *Significantly different from the control
group *(P<0.05); ** (P<0.01).

Figure 8. Effect of compound 6 treatment on cell cycle distribution. C6 cells were treated for
6, 12 and 24 h with dimethylsulfoxide (control) or chalcone 6 (2.5 pg/mL), collected, fixed,
stained with PSSI solution and subjected to flow cytometry cell cycle analysis. Values are the
relative number of cells in the sub-G1/G1, S and G2/M phases of cell cycle. Each column
represents the mean of 6 independent experiments performed in triplicate and the lines
indicate the standard error means. Data were analyzed by oneway ANOVA, followed by
Bonferroni’s post-hoc test. *Significantly different from the control group *(P<0.05); **
(P<0.01).

Figure 9. Effects of compound 6 (5 pg/ml, red line) and AS605240 (30 uM, black line) on
AKT (A and B) and ERK 1/2 MAP-kinase (C and D) activation, following addition of cell
culture medium supplemented with 5% FBS. Cells were treated with compound 6 (5 pg/ml)
or AS605240 (30 uM) during 15 (A and C) and 30 min (B and D). The antibodies for AKT

and ERK 1/2 were incubated during 30 min and the cells were subjected to flow cytometry
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cell cycle analysis. The gray line represents the negative control, and the dotted line indicates
the positive control with 5% FBS plus DMSO 0.01%.
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Table 1. Effects of quinoxaline-derived chalcones on the viability of rat and human glioma

cell lines, according to assessment by MTT assay.

Glioma Cell Line

Rat C6 Human U-138 MG
Chalcones | Imax (%)? ICso (Hg/ml)® Imax (%)? 1C50 (ug/ml)®

1 53+3 4.42 (4.03 — 4.84) 34+3 -
2 55+5 8.39 (7.66 — 9.20) 15+5 -
3 56 + 6 9.19 (8.93 — 9.48) 16 +5 -
4 60 +6 4.63 (3.40 — 6.30) 21+7 -
5 26+6 - 9+2 -
6 50 + 7 2.66 (2.09 — 3.38) 36+1 -
7 51+ 7 4.16 (3.51—4.93) 33+3 -
8 52+ 7 4.60 (4.07 — 5.20) 42 +2 -

*The maximal percentages of inhibition were calculated at the concentration of 5 pg/ml.

*The compounds were tested at concentrations ranging between 1 and 10 pg/ml.
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Table 2. Effects of quinoxaline-derived chalcones 1, 6, 7 and 8 on the proliferation of rat and
human glioma cell lines, as assessed by cell counting in a hemocytometer.

Glioma Cell Line
Rat C6 Human U-138 MG
Chalcones | Imax (%) ICso (Hg/ml)® Imax (%)? IC50 (ug/ml)°
1 90+4 2.19 (1.85 - 2.59) 84 +2 2.67 (2.55 - 2.80)
6 85+8 1.35(1.10 - 1.65) 87+4 2.64 (2.46 — 2.84)
7 82+6 1.00 (0.21 - 4.65) 84+3 2.29 (2.03 - 2.58)
8 677 1.53 (1.21— 1.95) 86 + 3 2.48 (2.17 - 2.79)

*The maximal percentages of inhibition were calculated at the concentration of 5 pg/ml.

*The compounds were tested at concentrations ranging between 1 and 10 pg/ml.
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