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ABSTRACT

Purpose: The aim of the present work was to evaluate novel series of 6-substituted benzimidazole-2-
carbamates for antitumor activity.

Method/approach: Evaluation of antitumor activity was carried out in vitro in human malignant cell lines
A549 (lung), SK-MEL-2 (melanoma), COLO 205(colon) and JURKAT (leukemia) by sulforhodamine (SRB)
assay. The test compounds were compared with adriamycin (doxorubicin) as positive control for antitumor
activity.

Findings: Significant activity against cell proliferation was demonstrated by the test compounds in in vitro
cytotoxicity assays.

Application: The findings of the study can be used to develop novel 6-substituted benzimidazole-2-
carbamates as potent antitumor agents.

Social value: As cancer is still a dreaded disease, the present work provides scope for introduction of a new
molecule belonging to benzimidazole class of compounds for treatment of cancer having broad spectrum of
activity and minimal side effects.

Research Value: The series of novel 6-substituted benzimidazole-2-carbamates can be structurally
optimized further to yield a compound with remarkable in vitro and in vivo antitumor properties which can
then be translated in to clinic if found to exhibit minimum toxicity.

Conclusion: It can be concluded that all the compounds tested showed potent in vitro antitumor activity in
celllines tested.
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INTRODUCTION

The rate of mortality due to cancer still remains high
throughout the world. Although the exact cause of
cancer is not known, certain environmental factors may
enhance the risk for tumors. Surgery and/or radio-
therapy are used if the cancer is detected in the early
stages. In the advanced stages, treatment comprises of
combining options such as surgery and chemotherapy. A
large number of chemotherapeutic agents are available
to treat cancer. But these agents are not effective
against all types of tumors. Therefore, the search for
novel chemotherapeutic agents which will selectively
target only tumor cells and those exhibiting broad
spectrum of activity with minimal side effects continues.

Benzimidazoles are of considerable interest as they are
reported in literature to have a wide range of therapeutic
activities.”® The 2-substituted benzimidazoles have
general formula as shown in fig.1 where R,=H, alkyl
group, R,=NHCOOR (where R is aliphatic hydrocarbon
of less than seven C-atoms), R,=H, X, alkyl, alkoxy and
R,=H, X, oxychloro, nitro, methyl or ethyl. They have
been reported to possess antifungal, anthelmintic,
antitumor and vascular damaging properties.’
Oncodazole, a benzimidazole-2-carbamate derivative is

reported to have antifungal, antitumor and anthelmintic
properties. Due to its poor aqueous solubility, it exhibits
poor oral bioavailability and reduced activity against
solid tumors. Several analogs of Oncodazole have been
prepared to improve the antitumor activity and water
solubility.*®
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Fig.1: General Structure of 2-Carbalkoxyamino Benzimi-
dazoles

The cytotoxicity and antitumor activity of substituted
benzimidazole-2-carbamic acids have been attributed to
their ability to bind to tubulin protein and arrest the mitotic
phase of cell division. Microtubules are an attractive
therapeutic target for cancer. Natural agents (vinca
alkaloids, colchicine and podophyllotoxin), semi-
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synthetic (taxotere) and synthetic (oncodazole) bind to
them and interfere with their assembly through distinct
mechanisms.'

The entire series of known antifungal and anthelmintic
benzimidazole-2-carbamic acids have been
investigated for antitumor properties."" Therefore,
using the structures of Oncodazole (fig.2) and methyl-N-
[6-(3,4,5-trimethoxybenzyloxy)imidazo[1,2-b]pyridazin-
2-yl] carbamate as lead molecules (fig. 3), novel 6-
substituted benzimidazole-2-carbamic acid alkyl esters
have been designed (fig. 4) and synthesized as reported
by us earlier." The present work describes the
evaluation of novel 6-substituted benzimidazole-2-
carbamates for in vitro cytotoxicity in various cancer cell
lines.
Methyl-N-[6-(3,4,5-trimethoxybenzyloxy)imidazo[1,2-
b]pyridazin-2-yl] carbamate has 3,4,5-trimethoxy benzyl
oxy group at 6-position and methyl carbamate group at
2-position This compound has been reported to be one
of the most potent cytotoxic agent with broad spectrum
of anticancer activity and also effective against multi-
drug resistant tumors.”"’
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Fig.2: Structure of Oncodazole
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Fig. 3: Structure of Methyl-N-[6-(3,4,5-trimethoxy-
benzyloxy)imidazo [1,2-b]pyridazin-2-yl carbamate
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Fig. 4: Structures of novel 6-substituted benzimidazole-2-
carbamates
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MATERIALS AND METHODS

Pharmacological evaluation

A series of six test compounds (1a-b, 2a-b and 3a-b)
were evaluated for in vitro cytotoxicity in various human
cancer cell lines like A549 (lung), SK-MEL-2
(Melanoma), COLO-205 (Colon) and JURKAT
(leukemia). Adriamycin was used as standard (positive
control) and sulforhodamine B (SRB) assay procedure
was used for the determination.” Solutions of test
compounds and standard were prepared in DMSO and
suitably diluted to give final concentration of 107, 10°, 10"
°® and 10* M. The ability of test compounds to inhibit
proliferation was determined. Cell lines were grown in
RPMI 1640 medium containing 10% fetal bovine serum
and 2mM L-glutamine. Cells were inoculated in to 96
well micro-titer plates in 90 pl and plating densities were
adjusted depending on doubling time of individual cell
lines. The plates were incubated at 37 °C for 24 h prior to
addition of the test compounds. One plate of each cell
line was fixed in situ with trichloroacetic acid (TCA).A10
pl of varying dilutions of both test and standard drugs
were added to the appropriate micro-titer wells
containing 90 pl of medium. After addition, plates were
incubated for 48 h and assay was terminated by the
addition of cold TCA and incubated for 60 min at 4°C.
SRB reagent was added to each of the wells and plates
were incubated for 20 min at R.T. After staining, unbound
dye was recovered and the residual dye was removed
by washing five times with 1 % acetic acid. The plates
were air dried, bound dye was eluted with 10 mM Trizma
base, and the absorbance was read on an Elisa plate
reader at a wavelength of 540 nm.

RESULTS

Table 1 and Table 2 show in vitro cytotoxicity data of test
compounds in various cancer cell lines. Percent growth
is expressed as the ratio of average absorbance of the
test well/average absorbance of the control wells
multiplied by 100 and values reported are average of
three experiments. The GI50 value which is the
concentration of the drug that produces 50% inhibition of
cellsis given in Table 3. Compounds with G150 value of <
10° molar drug concentration are considered to
demonstrate good inhibitory activity.

Table 1: in vitro anticancer activity of synthesized compounds
inA549 (Lung) and COLO-205 (Colon) cancer cell lines.

Compound| % control Growth in Molar Drug Concentration*

A549 COLO-205

107 | 10° 10° 10* | 107 | 10° | 10° | 10*

1a 248 |23.7 | 203 | 144 (126 [ 101| 74 | 58

1b 228|212 | 16.2 | 103 (17.2 | 11.7 | 105 | 9.7

2a 817 [76.8 | 71.9 | 62.1]98.9 | 80.6 | 59.7 |42.8

2b 93.2 [88.1 | 77.3 | 59.3|78.8 | 66.1 | 46.2 |37.2

3a 756 [64.3 | 56.5 | 48.6|87.2 |70.6 | 55.2 |44.9

3b 78.8 [68.3 | 584 | 529|774 | 654 | 52.8 |35.6

Adriamycin| 42.7 | 21.5 | 17.0 29 |58.7 421|192 |11.3
*values are given as average of three experiments.
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Table 2: in vitro anticancer activity of synthesized compounds
in SK-MEL-2 (Melanoma) and Jurkat (Leukemia) cancer cell
lines.

Compound % control Growth in Molar Drug Concentration*

SK-MEL-2 JURKAT
10”7 [ 10° [ 10° [ 10* [ 10" [ 10° | 10° [ 10°
1a 247 | 220 | 191 | 139 | 735 616 | 55.7 | 52.3
1b 314 | 265 [ 171 | 135 | 67.7 | 585 | 55.7 | 51.2
2a 220 [ 116 | 0.8 |-173| 62.8| 2.0 | -12.8 |-29.8

2b -6.4 [-13.0 |-19.8 | -30.4 | -3.0 | -13.5 | -19.7 | -32.6
3a 19.0 | 152 | 65 | -43 | 57.7| 132 | -26 |-11.9
3b 32 | -74 |-112 |-168| -1.8 | -10.5 | -18.3 |-25.6

Adriamycin| 45.7 |-30.3 | -56.7 | -59.0 | 8.2 | -19.6 | -26.8 | -48.9

*values are given as average of three experiments.

TABLE 3: G150 values of the compounds in various cell lines for
in vitro cytotoxicity testing.

Compound GI50
A549 SK-MEL-2 | COLO-205 JURKAT
1a <0.1 <0.1 <0.1 >100
1b <0.1 <0.1 <0.1 >100
2a >100 <0.1 79.0 <0.1
2b >100 <0.1 53.9 <0.1
3a >100 <0.1 72.6 <0.1
3b >100 <0.1 51.6 <0.1
Adriamycin <0.1 <0.1 <0.1 <0.1

DISCUSSION

Compounds 1a and 1b exhibited good activity against
three human malignant tumor cell lines such as A549
(lung), SK-MEL-2 (melanoma) and COLO-205 (colon).
These compounds were inactive against JURKAT
leukemia cell line. The activity was found to be better
than standard adriamycin for compounds 1a and 1b in
cell lines A549 and COLO-205. The GI50 values were
less than 0.1 micro molar drug concentrations for cell
lines A549, SK-MEL-2 and COLO-205. Compounds 2a-
b and 3a-b showed excellent activity against cell lines
SK-MEL-2 and JURKAT leukemia. These compounds
were inactive against A549 (lung) and COLO-205
(colon) cell line. Compounds 2a-b and 3a-b were
effective even at concentrations of 10°M as is evident
from the percent control growth values obtained in these
cell lines. The percent control growth was found to
decrease with increase in concentration for all the test
compounds. The percent control growth for compounds
1a-b was found to be low (5-15%) in cancer cell lines
such as A549, COLO-205 and SK-MEL-2 at 10* uM drug
concentration.

Substitution of groups in novel 6-substituted benz-
imidazole-2-carbamates were investigated with respect
to the position of methoxy groups in side chain aromatic
ring at 6-position. Compounds 1a-b containing 3, 4, 5-
trimethoxy benzyl group exhibited high in vitro cytotoxic
potency in three out of four cell lines tested. However,
even the dimethoxy benzyl group containing
compounds 2a-b and 3a-b exhibited good antitumor
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activity against SK-MEL-2 and JURKAT leukemia cell
proliferation. Thus removal of any one of the methoxy
groups does not abolish antitumor activity. It is possible
to alter the lipophilic and steric effects of the linear alkyl
groups like methyl, ethyl in the carbamate group at 2-
position. The cytotoxic potency of ethyl esters 1b, 2b and
3b were found to be generally better than the
corresponding methyl esters 1a, 2a and 3a.

CONCLUSION

A structure based drug design approach was utilized to
construct novel 6-substituted benzimidazole-2-
carbamates containing essential pharmacophore
features necessary to exhibit antitumor activity. These
molecules were evaluated for cytotoxic effects on tumor
cells. It can be concluded that the compounds exhibit
potent antitumor activity in cell lines tested.
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