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Synthesis and structure evaluation of a novel cantharimide
and its cytotoxicity on SK-Hep-1 hepatoma cells
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Abstract—A remarkable control of the potency of cantharimide is described based on the electronic properties of functional group
and it exhibits a relatively less toxic effect to the non-malignant hematological disorder bone marrow cells.

© 2006 Elsevier Ltd. All rights reserved.

Cantharidin, exo,exo0-2,3-dimethyl-7-oxobicyclo[2.2.1]
heptane-2,3-dicarboxylic acid anhydride, is an active
ingredient isolated from the Chinese blister beetles
Mylabris phalerata or M. cichorii." The dried bodies of
these beetles are sold in China and have been used by
Chinese as a natural remedy for the past 2000 years.
Cantharidin has been reported to be active against var-
ious human cancers,' in particular to hepatocarcinoma;
however, its severe renal toxicity limits the development
as chemotherapeutic agents.?> Although numerous phys-
iological and biochemical studies were made in order to
find the cause of growth inhibition and cell death, the
critical molecular mechanism of action and pathways
remain unclear.

Synthetic norcantharidin (the demethylated cantharidin
analogue)®? and cantharimide (the anhydride oxygen
atom replaced by nitrogen atom) derivatives illustrate
their clinical potential as a result of similar growth inhi-

Keywords: Cantharimide; 2-Aminobenzothiazole; Neoplasm.
*Corresponding authors. Tel.: +852 3400 8727; fax: +852 2364
9932; e-mail addresses: bccotang@inet.polyu.edu.hk; beachan@
inet.polyu.edu.hk

0960-894X/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/j.bmcl.2006.12.039

bition activity as cantharidin having a strong suppres-
sion of renal and gastrointestinal toxicity? (Fig. 1).

2-Aminobenzothiazole derivatives have long been rec-
ongnized as therapeutic active skeletons which are useful
for making antitumor agents,'!> neurotransmission
blocker,'®® calmodulin(CaM) antagonists,'® and neu-
roprotective agents,?%?! and other biological activities.??
For example, 2-(4-aminophenyl)benzothiazoles (Fig. 2)
represent a novel class of potent and selective antitumor
agents.'®!'13 Our earlier reports demonstrated that
cantharimide analogues bearing 2-aminobenzothiazole
moiety were effective to minimize the original cytotoxic-
ity whilst maintaining potency toward cancer cell lines
in vitro.?>24
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Figure 1. Cantharidin and its derivatives.
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where R! = H, F;
R2=H, Me, CI, Bror |

Figure 2. 2-(4-Aminophenyl)benzothiazole and its derivatives.

Based on the principal chemical structure of canthari-
din, we have synthesized a number of its family ana-
logues and named as CAN series. After obtaining a
family of cantharidin analogues, we further screened
its possible cytotoxic activity using a hepatocellular car-
cinoma cell line SK-Hep-1. Two of those synthetic sam-
ples were selected and screened to show a significant
cytotoxic response on hepatoma cell line according to
their striking differences in electronic properties and
their potencies, which were comparable to that of
cantharidin.

In this paper, we report the first synthesis of canthari-
mide 3a (CANO036) and a known 3b (CAN037)!? derived
from cantharidin (CAUTION, avoid skin contact and
inhalation) and 2-aminobenzothiazole derivatives, using
the standard ‘one-pot’ condensation reaction, enabling
the multiple-parallel synthesis of cantharimide libraries
(Scheme 1). Thus, condensation of the 2-aminobenzo-
thiazole with cantharidin 1 in the presence of toluene:tri-
ethylamine mixture (3:1) gave the corresponding imide
in moderate to high yield. The 2-aminobenzothiazole
derivatives are either commerically avaliable or pre-
pared following a standard protocol from aniline.”” In
addition, we report the effect of two cantharimides 3a
and 3b on the growth of a hepatoma cell line SK-Hep-
1 in vitro using a standard MTS ([3-(4,5-dimethylthia-
zol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2 H-tetrazolium)) assay.

We studied the possible cytotoxic activity of cantharidin
analogues by means of MTS assay. As shown in
Figure 3, 3a (i.e., CANO036) showed a comparable
MTSs, activity (50% of MTS reduction ability by the
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Scheme 1. Condensation of anhydride with 2-aminobenzothiazole
derivatives.
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Figure 3. MTS activities of 3a (CANO036) and 3b (CANO037) on SK-
Hep-1 cell after 48 h. Results are shown as means * standard deriva-
tion from triplicate tests. It is a representative result from three
independent experiments and similar results obtained.

chemical treated cell as compared with control, 3—-6 pg/
mL) as cantharidin (MTSsq = 6.25-12.5 pg/mL) and cis-
platinum on SK-Hep-1 hepatocellular carcinoma cell
line (MTSsy = 6.25-12.5 ng/mL).?* In contrast, 3b bear-
ing methyl group illustrated a weaker activity against
cancer cell line (MTS5y = 12.5-25 pg/mL). This is the
first important characteristic of the cantharidin-mimics
that its relative reactivity toward anticancer activity
may be controlled by the introduction of electron with-
drawing group at 6-position. In fact, the magnitude of
this effect was found to be approximately four times
stronger on SK-Hep-1. According to our preceding
studies on 6-OCF; analogue, a similar observation was
found in which a direct relationship between electron
withdrawing group and cytotoxic potency provides a
general trend of finding the most potent analogues in
the cantharimide series.?> Apoptotic feature including
cell shrinkage could readily be observed in SK-Hep-1
cell after incubating with CANO036. Similar morpholog-
ical change could also be identified in other human solid
tumor cell lines including the LNCaP prostate carci-
noma and the MCF-7 breast cancer cells (Fig. 4).

In order to confirm that apoptosis was induced in the
majority of SK-Hep-1 -cells after treating with
CANO036 and CANO037, we measured their caspase 3
and TUNEL activities. As shown in Figure 5, both of
caspase 3 and TUNEL activities were significantly ele-
vated, especially when the concentration of both com-
pounds was at 25 ug/mL. Since caspase 3 is the central
machinery for apoptosis while DNA fragmentation is
the main description for programmed cell death, we
believed that apoptotic pathway was recruited.

Since bone marrow suppression and gastrointestinal and
urinary tract toxicity are still important side effects of
cantharidin, we further tested their toxicity on non-ma-
lignant hematological disorder bone marrow (Fig. 6).
Morphologically, both CAN036 and CANO037 showed
cytotoxic action on SK-Hep-1 cells by inducing loss of
colony formation potential and cell shrinkage after
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Figure 4. Morphological change of SK-Hep-1, LNCaP, and MCF-7 cancer cells (A, B, and C) incubated with 0.1% DMSO as control; (D, E, and F)

incubated with 25 pg/mL (0.1% DMSO) of 3a (CAN036) for 48 h.
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Figure 5. Caspase 3 and TUNEL activity assays to study the possible
apoptotic potential of both 3a (CAN036) and 3b (CANO037), respec-
tively.”” For both assays, results are shown as means * standard
derivation from triplicate tests. It is a representative result from three
independent experiments and similar results obtained.

48-h of incubation. However, bone marrow samples
were found to be less sensitive to CANO37 that was
consistent to our expectation. Although the CANO036
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Figure 6. MTS activity of CAN036 and CAN037 on non-malignant
hematological disorder bone marrow after 48 h. Results are shown as
means * standard derivation from triplicate tests.

exhibits a relatively high toxicity to normal bone mar-
row sample, the MTSs, shows a 2- to 4-fold less sensitiv-
ity than cantharidin. In other words, the results of our
study of the comparative cytotoxic properties of the
electron withdrawing group at 6-position alongside the
corresponding electron donating analogue showed that
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CANO036 exhibits the most potent cytotoxic activity with
a high selectivity to tumor cells. This fundamental rela-
tionship should prove its usefulness in the design of new
analogues possessing further enhanced properties. A
similar dose-dependent relationship of cantharidin and
CANO037 on SK-Hep-1 was also observed.

Here we demonstrate that CAN036 could induce cyto-
toxicity on SK-Hep-1 hepatoma cell in a dose-dependent
manner. However, investigation for the mechanism of a
potential drug including the understanding of its signal
transduction pathway is considered to be clinically sig-
nificant.?® In addition to caspase 3 activation, our preli-
minary data suggest that cell cycle arrest is involved.
This may also explain why the non-malignant hemato-
logical disorder bone marrow sample was less sensitive
to the cytotoxic response of CANO036 since in the bone
marrow sample, there would be fewer stem cells which
are being actively involved in cell cycle when compared
with those of the cancer stem cell even the generation
time of bone marrow cells was comparable to that of
cancer cells.

In conclusion, CANO036 was first synthesized to show
antitumor effect as a cantharidin-mimic and it showed
a dose-dependent inhibition of tumor cell proliferation
over the range from 3 to 6 pg/mL. Lack of selectivity
is one of the limitations of antitumor drugs and it is a
common misunderstanding of some researchers seeking
only the most potent drug without consideration for the
toxicity of non-malignant cells. The inherent resistance
of tumor cells remains another critical problem of treat-
ing malignancy. Thus, the development of new antitu-
mor agents relies on the balance between their
cytotoxicity on the cancer and non-malignant cells. In
terms of MTS activity, our initial SAR studies demon-
strated that the introduction of electron withdrawing
group of 2-aminobenzothiazole at 6-position was well
designed to enhance the cytotoxicity to cancer cells while
reducing the non-malignant cell toxicity and it would be
a beneficial effect of molecularly targeted chemotherapy.
The facile one-step coupling of cantharidin with 2-amin-
obenzothiazole for the synthesis of small molecule inhib-
itors opens a new regimen for the treatment for cancers
of varying etiologies.
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