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José A. Yunesa, Angelo A. Cardosob, Rosendo A. Yunesc, Rogério Corrêad,
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The present study describes the cytotoxic properties of a series of 15 cyclic imides observed
against different endothelial cells and K562 leukemic cells. Initially, eight structurally unre-
lated compounds were evaluated against cultured bone marrow endothelial cells (BMEC)
and human umbilical vein endothelial cells (HUVEC). Only two imides showed cytotoxic
activity at 10 μm. In continuation of our screening, eight compounds, structurally related to
the compound with the higher cytotoxic activity, were assayed against endothelial cells and
the K562 leukemic cell line. All of these new compounds except two exhibited cytotoxic
and antiproliferative activities at concentrations below 10 μm against BMEC and HUVEC,
respectively. The K562 leukemia cell line was only affected by concentrations of 100 μm.
Preliminary SAR analysis indicated that the cytotoxic activity of these compounds was re-
lated to the presence of a planar imide ring directly bound to an aromatic ring.
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Introduction

Cyclic imides belong to an important class of
compounds due to their variety of biological prop-
erties (Hargreaves et al., 1970; Cechinel-Filho et
al., 2003). Our research group has focused the at-
tention on these compounds since the discovery of
phyllanthimide, an alkaloid present in low concen-
tration in the active aerial parts of Phyllanthus sel-
lowianus (Tempesta et al., 1988). Using this com-
pound as a model, we have synthesized a great
number of compounds belonging to the different
sub-classes of cyclic imides, including maleimides,
succinimides, glutarimides, naphthalimides, and
analyzed their different kinds of biological proper-
ties, such as antispasmodic, antibacterial, antifun-
gal, and analgesic or antinociceptive effects (Ce-
chinel-Filho and Yunes, 1998; Cechinel-Filho et al.,
2003; Campos-Buzzi et al., 2003).

Extending our research program related to the
biological properties of cyclic imides, we have now
evaluated some of them regarding their potential
use as antiangiogenic therapeutic agents. Cyclic
imides are analogues of thalidomide, a compound
known for its teratogenic effects, which has lately
been shown to inhibit angiogenesis in experimen-
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tal models (Stephens et al., 2000). The antiangio-
genic and immunomodulatory properties of thali-
domide have led to its evaluation in several clinical
studies for the treatment of cancer (Fine et al.,
2000; Singhal et al., 2000; Hwu et al., 2003). The
second generation of thalidomide analogues with
more potent antiangiogenic activities has been de-
signed (Dredge et al., 2002).

The mechanism of action of thalidomide and its
imide analogues is not completely understood.
The antitumoural effect of thalidomide and its an-
alogues may be mediated by direct inhibition of
cancer cell survival and proliferation or by modu-
lating the tumour microenvironment, for example,
by inhibiting angiogenesis or enhancing the antitu-
moural immune system (Melchert and List, 2007).

Leukemia is associated with increased angio-
genesis in the bone marrow (Aguayo et al., 2000),
which is suspected to promote leukemia cell sur-
vival (Scappaticci et al., 2001; Iversen et al., 2002;
Noren-Nystrom et al., 2003). In this study we
sought to characterize the cytotoxic activity of sev-
eral synthetic cyclic imides against endothelial
cells and leukemia.
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Material and Methods

General chemical procedures

Solvents and reagents were purchased from
Sigma Chemical Co. (St. Louis, MO, USA) and
Aldrich (Steinheim, Germany), and were purified
in the usual manner. Melting points were deter-
mined with a Microquimica AP-300 apparatus
(Florianópolis, SC, Brazil) and were uncorrected.
IR spectra were recorded with a Perkin Elmer
720 spectrometer (Perkin-Elmer, Norwalk, CT,
USA) on KBr disks. The 13C and 1H NMR spectra
were recorded on a Bruker 200 MHz instrument
(Bruker, Karlsruhe, Germany). Elemental analy-
ses were determined using a Perkin Elmer 2400
instrument. Percentages of C and H were in agree-
ment with the product formula (within ð 0.4% of
theoretical values). Compounds were dissolved
in deuterated solvents from commercial sources
(Sigma Chemical Co.) with tetramethylsilane
(TMS) as the internal standard. Compounds were
purified by recrystallization with the appropriate
solvent or by column chromatography on SiO2

(Merck, Darmstadt, Germany)

Synthesis of imides

Cyclic imides studied were obtained as previ-
ously described by our research group with yields
ranging from 40 to 98%. 4-Aminoantipyrine deri-
vatives 1 and 2 were synthesized as previously de-
scribed (Cechinel-Filho et al., 1998; Campos et al.,
2002). N-Phenyl and N-arylalkylmaleimides 3Ð6,
8Ð11 were obtained by the reaction of maleic an-
hydride with substituted anilines or appropriate al-
kyl anilines in diethyl ether and dehydration of
the corresponding maleamic acid (similar to 12)
by treatment with hot acetic anhydride/sodium ac-
etate or acetic acid under reflux, as previously de-
scribed (Cechinel-Filho et al., 1994, 1996). N-Phe-
nyldichloromaleimide (7) was obtained by the
reaction of dichloromaleic anhydride and aniline
under reflux for 2 h with acetic acid (Andricopulo
et al., 1998). Glutarimide derivative 13 was ob-
tained according to Stiz and co-workers (2000),
whereas tetrahydrophthalimide (14) and the acid
analogue 15 were synthesized by reaction of cis-
1,2,3,6-tetrahydrophthalic anhydride with appro-
priate amines (Costa et al., 2007).

Cell isolation and culture

Bone marrow endothelial cells (BMEC) were
isolated from donor bone marrow samples using

CD105 microbeads (Miltenyi Biotech, Auburn,
CA, USA) according to the manufacturer’s speci-
fications. The CD105 positive cells were cultured
in EGM2-MV medium (Cambrex BioScience,
Walkersville, MD, USA) at 37 ∞C in 5% CO2. Cells
with 2 to 5 passages were used in the experiments.
Human umbilical vein endothelial cells (HUVEC)
were obtained from Cambrex BioScience and cul-
tured in EGM2-MV medium. K562 cells were ob-
tained from the American Type Culture Collection
(Manassas, VA, USA) and cultured in RPMI 1640
medium (Invitrogen, Carlsbad, CA, USA) supple-
mented with 10% fetal bovine serum (FBS).

MTS assay

For the cytotoxic assay thalidomide and various
imide analogues were dissolved in DMSO to ob-
tain a stock solution of 100 mm. Further dilutions
were made in culture medium (RPMI 1640 supple-
mented with 5% FBS) immediately before use.
K562 cells were plated at 25,000 cells/well in
RPMI 1640 medium supplemented with 10%
FBS. Cultured BMEC or HUVEC were trypsi-
nized and 3,000 cells/well were plated in 96-well
plates with 100 μL EGM2-MV medium. After
overnight incubation, 25 μL of serial imide dilu-
tions were added to each well, in triplicate, at final
concentrations of 1, 10, and 100 μm. DMSO used
as a vehicle was included as control at the final
content of 0.1%. At definite incubation times, cell
number and viability were measured by adding
25 μL of MTS reagent (Promega). After 1 h (for
K562 cells) or 3 h (for BMEC and HUVEC) of
incubation at 37 ∞C and 5% CO2, the absorbance
was measured at 490 nm and the cell number was
calculated by comparison with a standard curve.

Results and Discussion

The activities of several cyclic imides (Fig. 1)
belonging to different sub-classes were assayed
against proliferation and survival of primary cul-
tured endothelial cells by using the MTS colori-
metric assay (Promega). As shown in Fig. 2, only
compounds 1 and 6 showed any effect against the
cells tested. At 10 μm compound 6 showed a signif-
icant inhibition of cell proliferation, whereas at
100 μm there was a strong cytotoxic effect. Prolif-
erative inhibition was more prominent against
bone marrow endothelial cells (BMEC) in com-
parison to human umbilical vein endothelial cells
(HUVEC). Although these are preliminary re-
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Fig. 1. Chemical structures of the cyclic imides studied.

sults, which must be interpreted with caution, such
a “cell-specific” effect seems convenient to inhibit
the marrow microenvironment while preserving
the cardiovascular system. Compound 1 seemed to
be less active than compound 6, and again, it was
more deleterious against BMEC than HUVEC.

Thalidomide, used here for the purpose of com-
parison, showed no activity in our in vitro assays
(Fig. 2). It is well known that thalidomide has
modest or negligible activity in most of the in vitro
assays, compared to highly potent effects in vivo.
This is consistent with the notion that thalidomide
activity depends on some form of metabolic acti-
vation of the compound (Bauer et al., 1998). Some
of the cyclic imides included in our study may as
well require some form of metabolic activation.

It is important to mention that both more inter-
esting compounds, 1 and 6, previously exhibited

biological effects which may support, at least par-
tially, the findings described here. Compound 1 ex-
erted antibacterial activity against Staphylococcus
aureus, S. epidermides and Escherichia coli and
both caused a drastic effect on the viability of peri-
toneal macrophages and B16-F10 melanoma cells,
and caused strong inhibition of oxygen consump-
tion (Prado et al., 2004). On the other hand, com-
pound 6 also exhibited antifungal actions against
Candida albicans, Microsporum canis and Penicil-
lium sp. (Lima et al., 1999).

In continuation of our screening work, other
compounds structurally related to compound 6
were assayed against endothelial cells and the
K562 leukemic cell line. As shown in Fig. 3, all of
them, except for compound 4 exhibited cytotoxic
and antiproliferative activities at concentrations
below 10 μm for BMEC and HUVEC, respectively.
The K562 leukemia cell line was only affected by
100 μm. Compound 4 also showed some cytotoxic
activity against BMEC and HUVEC, but concen-
trations required were around 100 μm and had no
effect against K562 cells.

Important insights into the relation between
biological activity and molecular structure are ob-
tained from a preliminary SAR analysis. It is clear
that the imidic and the aromatic rings must be di-
rectly bound, since any separation of methylene
groups gives inactive compounds (compound 6
compared with compounds 8Ð11). The imide ring
should be planar that is with a double bond; the
lack of this planarity gives inactive compounds
(compare 6 with 13 and 14). Finally, the substitu-
tion in the imide ring with chlorine atoms gives
inactive compounds (compare 6 with 7).

In conclusion, we were able to identify a series
of cyclic imide compounds with putative antiangi-
ogenic/antileukemic activities. Cytotoxic activity
was related to a planar imidic ring directly bound
to an aromatic ring.
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Fig. 2. Cytotoxic activity of eight different imides on the in vitro proliferation and survival of both bone marrow
and umbilical vein endothelial cells. Imides were assayed against BMEC (primary bone marrow endothelial cells)
and HUVEC (primary human umbilical vein endothelial cells). The number of viable cells was determined after
60 h of cultivation by the MTS colorimetric assay. The effect of thalidomide was included for comparison. Bars
represent mean ð SD of cell viability relative to that obtained in culture medium alone. The experiment consisted
of three measurements (three independent wells). Three different imide concentrations were assayed: 1, 10, and
100 μm. C, controls; 1, 2, 6, 7, 12Ð15, imides 1, 2, 6, 7, 12Ð15; Thal, thalidomide. For imide structures see Fig. 1. The
control grey bar corresponds to EGM2-MV culture medium. The control white bar corresponds to EGM2-MV
culture medium with 0.1% DMSO.
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Fig. 3. Cytotoxic activity of eight different imides on the in vitro proliferation and survival of endothelial cells and
the K562 leukemic cell line. Imides were assayed against three different cultured cells: (A) BMEC (primary bone
marrow endothelial cells); (B) HUVEC (primary human umbilical vein endothelial cells); (C) K562, a cell line
derived from chronic myeloid leukemia in blastic crisis. The number of viable cells was determined, after 24 h and
48 h of cultivation, by the MTS colorimetric assay. Each point represents the mean ð SD of the number of cells
from three independent wells. *, control (EGM2-MV medium with 0.1% DMSO); �, 1 μm; Δ,10 μm; �, 100 μm of
imides 3Ð6, 8Ð11. For imide structures see Fig. 1.
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