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ABSTRACT

Objective: Cancer is one of the major causes of death worldwide irrespective of the sex. The aim of the study was to design, synthesize, and
identification of novel anti-proliferative agents that can potently target cancer.

Methods: We are reporting the synthesis of the new series of N-substituted 2-(2-butyl-4-chloro-1H-imidazole-5-yl)-1H-benzo[d]imidazole derivatives
and evaluated for their anti-tumor activity against HeLa cell lines. We identified the lead compound in the series and tested its anti-proliferative and

anti-angiogenic properties against Ehrlich ascites tumor (EAT) bearing mice.

Results: We identified 2-(2-butyl-4-chloro-1-heptyl-1H-imidazol-5yl)-1H-benzo[d]imidazole as a lead compound with the inhibitory concentration
50% of 25.3 pM. The lead compound significantly decreases the angiogenesis in peritoneum of EAT bearing mice.

Conclusion: Our results clearly demonstrate that benzimidazoles suppress the cell proliferation, peritoneal angiogenesis, and ascites volume.
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INTRODUCTION

Cancer is the leading cause of mortality in developed countries and
second cause in developing countries [1]. Cancer is characterized by cell
proliferation independent of growth factor regulation with apoptotic
resistance and enhanced angiogenesis which leads to the disruption of
homeostatic condition thereby to tumorigenesis [2]. Several types of
cancers are known which can affect different organs including brain,
liver, lungs, kidney, bone, breast, and ovaries [3]. One of the striking
features of the most solid tumors is increased angiogenesis which is
essential for tumor expansion and associated with the poor prognosis
of cancer [4,5]. Targeting proliferation and angiogenesis is the good
approach in developing anticancer drugs.

Benzimidazoles are the multifaceted compounds with broad range of
pharmacological propertieswhichincludesanti-tumor[6], topoisomerase
inhibitors [7], anti-hypertensive [8], anti-parasitic [9], proton pump
inhibitors [10], anti-viral [11], anti-inflammatory [12], antifungal [13],
anti-diabetic[14],anti-oxidant[15],anti-coagulant[16], psychoactive[17],
and anti-allergic activities [18]. Benzimidazole derivatives have been
studied extensively and reported to be very potent cytotoxic agents
against different cancer cell lines [19]. Our previous report on the
synthesis and cytotoxic evaluation of novel 2-(4-(2,2,2-trifluoroethoxy)-
3-methylpyridin-2-ylthio)-1H-benzo[d]imidazole derivatives is
clear indication of the anti-proliferative effect of benzimidazole
derivatives [20]. Previously, we also reported the pro-apoptotic and anti-
angiogenic properties of imidazoles and curcumin derivatives in ehrlich
ascites tumor (EAT) cells, respectively [21,22]. In the present report, as
the continuation of our research on designing the benzimidazoles as
antitumor agents, we synthesized new benzimidazole derivatives and
evaluated for their cytotoxic effect against HeLa cells. In addition, we
identified the lead compound in the newly synthesized molecules and
investigated its anti-tumor activity using EAT cells in vivo.

METHODS

The melting points were determined on selaco melting point apparatus
and were uncorrected. Infrared (IR) spectra were recorded on

Shimadzu Fourier transform-IR model 8300 spectrophotometer. 'H
nuclear magnetic resonance (*H NMR) spectra were recorded on an
NMR spectrometer operating at 400 MHz using tetramethylsilane as
internal standard. Mass spectra were recorded using electron spray
ionization mass spectrometry. The C, H, and N analysis were performed
using CE-400 CHN analyzer. Reactions were monitored by thin-layer
chromatography (TLC) using pre-coated sheets of silica gel G/UV-
254 of 0.25 mm thickness (Merck 60F254) using ultraviolet light for
visualization. Human cervical cancer line HeLa was obtained from
National Centre for Cell Science, Pune. All the in vivo experiments are
approved by Institutional Animal Ethical committee, Manasagangotri,
Mysore.

Chemicals used
All chemicals were obtained from Sigma-Aldrich, Fluka, and Merck
Chemicals.

Synthesis

General procedure for the synthesis of N-substituted 2-(2-butyl-4-
chloro-1H-imidazole-5-carbaldehyde derivatives (6)

To a solution of 2-(2-butyl-4-chloro-1H-imidazole-5-carbaldehyde
4 (10 mmol) and tetrabutyl ammonium bromide (1 mmol) in benzene
(20 mL), a solution of 20% NaOH (25 mL) was added at 0°C followed by
the addition of alkyl\benzyl halide 5 (12 mmol). The reaction mixture
was stirred vigorously at room temperature for 6-10 hrs, and the
reaction was monitored by TLC. After the completion of the reaction,
aqueous phase was separated and the organic phase was washed
with water (20 mL) and brine (20 mL), dried over anhydrous sodium
sulfate and concentrated to give crude products which were purified
by column chromatography over silica gel using hexane-EtOAc (6:4)
mixture as eluent.

General procedure for the synthesis of N-substituted 2-(2-butyl-
4-chloro-1H-imidazole-5-yl)-1H-benzo[d]imidazole derivatives 8

To a solution of N-substituted imidazole carbaldehyde derivatives
6 (1 mmol) and 1, 2-phenylenediamine 7 (1 mmol) in the mixture of
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ethyl acetate (4 mL) and dimethyl sulfoxide (2mL), T3P (1 mmol, 50%
solution in ethyl acetate) was added at 0°C and the resulting reaction
mixture was stirred at room temperature for 1-2 hrs under nitrogen
atmosphere. The reaction was monitored by TLC. After completion
of the reaction, the mixture was diluted with water (20 mL) and
neutralized with 10% NaHCO, solution. The product was extracted with
ethyl acetate (20 mL), and the organic phase was washed with water
(15 mL) and brine solution (15 mL). The organic phase was dried to
afford the crude product, which was purified on silica gel using ethyl
acetate and hexane to get pure N-substituted 2-(2-butyl-4-chloro-1H-
imidazole-5-yl)-1H-benzo[d]imidazole derivatives.

2-(2-butyl-4-chloro-1-methyl-1H-imidazol-5yl)-1H-benzo[d]
imidazole (8a)

Yield 88%; mp 128-130°C; IR (KBr)/cm 3025, 2850, 1617, 1560, 1450,
1256; 'H NMR (CDCL,, 400MHz) 8 ppm: 0.97 (t, 3H, j=8.0Hz, -CH,), 1.45
(m, 2H,-CH,), 1.77 (m, 2H, -CH,), 2.74 (t, 2H, J=8.0Hz, -CH,), 4.13 (s, 3H,
N-CH,), 7.29 (m, 3H,/=4.0Hz, Ar-H), 7.50 (s, 1H, Ar-H), 7.76 (s, 1H, N-H);
C NMR (CDCl,, 100MHz) § ppm: 150.6, 143.0, 142.5, 128.3, 123.4,
122.5, 119.4, 117.6, 110.6, 33.5, 29.4, 26.9, 22.4, 13.7; MS (ESI): m/z
289 (M+1); Anal. Calcd for C, ;H .CIN,: C, 62.39; H, 5.93; N, 19.40. Found:

157717

C,63.21; H, 5.99; N, 19.52.

2-(2-butyl-4-chloro-1-ethyl-1H-imidazol-5yl)-1H-benzo[d]
imidazole (8b)

Yield 85%; mp 136-138°C; IR (KBr)/cm 3015, 2874, 1611, 1558, 1452,
1250; 'H NMR (CDCl,, 400 MHz) § ppm: 0.98 (t, 3H, /=4.8Hz, -CH,), 1.49
(m, 5H, -CH,, CH3), 1.81 (m, 2H, -CH,), 2.74 (t, 2H, J=8.0Hz, -CH,), 4.73,
(g, 2H, J=8.0Hz, N-CH,), 7.29 (m, 3H, Ar-H), 7.51 (d, 1H, J=4.0Hz, Ar-H),
7.76 (s, 1H, N-H); *C NMR (CDCl,, 100 MHz) § ppm:149.9, 143.2, 142.2,
132.6, 128.5, 123.3, 122.4, 119.5, 116.5, 110.5, 40.9, 29.9, 29.6, 26.7,
22.5,16.0, 13.7; MS (ESI): m/z 303 (M+1); Anal. Calcd for C, H,,CIN,: C,

167719

63.46; H, 6.32; N, 18.50. Found: C, 63.91; H, 6.99; N, 18.59.

2-(1,2-dibutyl-4-chloro-1H-imidazol-5yl)-1H-benzo[d]imidazole
(89

Yield 88%; mp 78-80°C; IR (KBr)cm™ 3002, 2789, 1609, 1553, 1451,
1249; 'H NMR (CDCL,, 400MHz) 8 ppm: 0.95 (m, 6H, -CH,), 1.38 (m,
4H, -CH,), 1.46 (m, 4H, -CH,), 2.72 (t, 2H, J=8.0Hz, -CH,), 4.64 (t, 2H,
J=8.0Hz, -CH,), 7.26 (m, 2H, Ar-H), 7.39 (m, 2H, Ar-H), 7.74 (s, 1H, N-H);
C NMR (CDCl,, 100MHz) § ppm: 150.2, 143.2, 142.3, 132.7, 128.5,
123.3,122.4,119.5,116.8, 110.6, 45.6, 32.7, 29.9, 26.8, 22.5, 19.8, 13.8,
13.6; MS (ESI): m/z 331 (M+1); Anal. Calcd for CH,,CIN,: C, 65.34; H,

187723

7.01; N, 16.93. Found: C, 65.30; H, 7.31; N, 16.90.

2-(2-butyl-4-chloro-1-heptyl-1H-imidazol-5yl)-1H-benzo[d]
imidazole (8d)

Yield 80%; mp 143-145°C; IR (KBr)/cm 3056, 2865, 1623, 1569, 1461,
1262; 'H NMR (CDCL,, 400 MHz) § ppm: 0.87 (m, 6H, -CH,), 1.31 (m,
10H, -CH,), 1.42 (m, 4H, -CH,)) 2.72 (t, 2H, J=8.0Hz, -CH,), 3.52 (t, 2H,
J=8.0Hz, -CH,), 7.28 (m, 4H, Ar-H), 9.82 (s, 1H, N-H); '3C NMR (CDCL,,
100 MHz) & ppm: 154.3, 149.1, 143.6, 142.6, 124.5, 123.5, 115.6, 44.8,
32.1, 31.6, 30.9, 28.9, 26.7, 25.9, 22.9, 21.3, 14.5, 13.7; MS (ESI): m/z
373 (M+1); Anal. Calcd for C, H,,CIN,: C, 67.63; H, 7.84; N, 15.02. Found:
C,67.93; H,7.89; N, 15.97.

2-(2-butyl-4-chloro-1-(3-methylbenzyl)-1H-imidazol-5yl)-1H-
benzo[d]imidazole (8e)

Yield 78%; mp 136-138°C; IR (KBr)/cm 3033, 2853, 1619, 1566, 1453,
1269; 'H NMR (CDCL, 400 MHz) 8 ppm: 0.87 (t, 3H, J=8.0Hz, -CH,),
1.35 (m, 2H, -CH,), 1.65 (m, 2H, -CH,), 2.31 (s, 3H, Ar-H,), 2.62 (t, 2H,
J=4.0Hz,-CH,), 5.51 (s, 2H, -N-CH,), 6.81 (m, 4H, Ar-H), 7.13 (m, 4H, Ar-H),
9.76 (s, 1H, N-H); *C NMR (CDCL,, 100 MHz) § ppm: 155.8, 149.1, 142.8,
142.1,139.4, 136.2, 131.8, 129.6, 126.1, 125.7, 123.9, 123.7, 116.3, 48.9,
31.8,26.5,23.6,13.9; MS (ESI): m/z 379 (M+1); Anal. Calcd for C,,H, CIN,:
C,69.74; H, 6.12; N, 14.79. Found: C, 69.85; H, 6.19; N, 14.85.
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2-(2-butyl-4-chloro-1-(3-methoxybenzyl)-1H-imidazol-5yl)-1H-
benzo[d]imidazole (8f)

Yield 81%; mp 105-107°C; IR (KBr)/cm 3014, 2844, 1609, 1554, 1432,
1241; 'H NMR (CDCL,, 400 MHz) 8 ppm: 0.90 (t, 3H, j=4.0 Hz, -CH,), 1.39
(m, 2H, -CH,), 1.69 (m, 2H, -CH,), 2.64 (t, 2H, ]=8.0 Hz, -CH,), 3.93 (s,
3H,-0CH, ), 6.04 (s, 2H, -N-CH,), 6.95 (m, 2H, Ar-H), 7.06 (s, 1H, Ar-H),
7.28 (q, 3H, J]=8.0Hz, Ar-H), 7.51 (m, 2H, Ar-H), 9.88 (s, 1H, N-H); *C
NMR (CDCl,, 100 MHz) 6 ppm: 161.6, 155.8, 148.0, 142.6, 141.1, 138.2,
129.8, 124.5, 123.5, 120.3, 115.3, 114.2, 112.9, 55.8, 48.5, 31.9, 25.6,
23.9, 13.9; MS (ESI): m/z 395 (M+1); Anal. Calcd for C,,H,,CIN,0: C,

227723

66.91; H, 5.87; N, 14.19. Found: C, 66.95; H, 5.89; N, 14.20.

2-(2-butyl-4-chloro-1-(4-chlorobenzyl)-1H-imidazol-5yl)-1H-
benzo[d]imidazole (8g)

Yield 75%; mp 110-112°C; IR (KBr)/cm 3013, 2843, 1606, 1551, 1431,
1245; 'H NMR (CDCL,, 400 MHz) 8 ppm: 0.89 (t, 3H, /=8.0 Hz, -CH,), 1.34
(m, 2H, -CH,), 1.70 (m, 2H, -CH,), 2.83 (t, 2H, J=8.0 Hz, -CH,), 5.85 (s,
2H, N-CH,), 7.16 (m, 5H, Ar-H), 7.26 (d, 2H, J=4.0 Hz, Ar-H), 7.53 (m,
2H, Ar-H); *C NMR (CDCL,, 100 MHz) 8 ppm: 155.8, 148.2,414.9, 141.2,
138.4,135.2,131.1,129.1,125.9, 125.5, 124.1, 123.6, 115.3,47.2, 30.9,
25.9,23.6, 14.3; MS (ESI): m/z 401 (M+2); Anal. Calcd for C, H, CLN,: C,

217720

63.16; H, 5.05; N, 14.03. Found: C, 63.26; H, 5.12; N, 14.21.

2-(2-butyl-4-chloro-1-(3,4-dichlorobenzyl)-1H-imidazol-5yl)-
1H-benzo[d]imidazole (8h)

Yield 62%; mp 125-127°C; IR (KBr)/cm 3012, 2798, 1613, 1539, 1453,
1245; 'H NMR (CDCL,, 400 MHz) 8 ppm: 0.91 (t, 3H, /=8.0 Hz, -CH,), 1.36
(m, 2H, -CH,), 1.73 (m, 2H, -CH,), 2.63 (t, 2H, /=8.0 Hz,-CH,), 5.92 (s, 2H,
N-CH,), 7.21 (m, 3H, Ar-H), 7.32 (s, 1H, Ar-H), 7.43 (m, 3H, Ar-H); 1*C
NMR (CDCl,, 100 MHz) 6 ppm: 154.9, 149.3, 141.9, 140.6, 136.2, 131.9,
130.9,129.6,127.9,124.5,123.9,116.3,47.8, 30.9, 26.8, 23.4, 13.5; MS
(ESD: m/z 433 (M*); Anal. Calcd for C, H ,CLN,: C, 58.15; H, 4.42; N,
12.92. Found: C, 58.19; H, 4.46; N, 12.98.

2-(2-butyl-4-chloro-1-(4-fluorobenzyl)-1H-imidazol-5yl)-1H-
benzo[d]imidazole (8i)

Yield 79%; mp 94-96°C; IR (KBr)/cm 3009, 2823, 1602, 1555, 1427,
1232; 'H NMR (CDCL,, 400 MHz) § ppm: 0.89 (t, 3H, J=8.0 Hz, -CH,),
1.35 (m, 2H, -CH,), 1.68 (m, 2H, -CH,), 2.63 (t, 2H, J=8.0 Hz, -CH,), 6.03
(s, 2H, N-CH,), 6.96 (q, 2H, ]=4.0Hz, Ar-H), 7.06 (q, 2H, J=4.0 Hz, Ar-H),
7.26 (d, 2H, J]=4.0 Hz, Ar-H), 7.48 (s, 2H, Ar-H), 9.86 (s, 1H, N-H); 3C
NMR (CDCl,, 100 MHz) & ppm: 160.2, 154.3, 149.1, 142.1, 141.2, 133.2,
128.3,124.6, 123.3, 116.1, 115.6, 48.3, 31.2, 26.2, 22.5, 13.8; MS (ESI):
m/z 383 (M+1); Anal. Calcd for C,,H, FCIN,: C, 65.88; H, 5.27; N, 14.63.

217720

Found: C, 65.89; H, 5.31; N, 14.68.

2-(1-benzyl-2
imidazole (8j)
Yield 81%; mp 109-111°C; IR (KBr)/cm 3018, 1642, 1563, 1476, 1265;
'H NMR (CDCl,, 400 MHz) & ppm: 0.90 (t, 3H, j=4.0 Hz, -CH,), 1.35 (m,
2H, -CH,), 1.68 (m, 2H, -CH,), 2.63 (t, 2H, J=8.0 Hz, -CH,), 6.10 (s, 2H,
N-CH,), 6.96 (q, 2H, ]=4.0 Hz, Ar-H), 7.06 (q, 3H, ]=4.0 Hz, Ar-H), 7.27 (d,
2H, J=4.0 Hz, Ar-H), 7.50 (s, 2H, Ar-H), 9.90 (s, 1H, N-H); *C NMR (CDCI,,
100 MHz) 6 ppm: 153.6, 149.3,142.0, 141.6, 136.1, 128.4, 128.1, 126.5,
124.6, 123.5, 116.6, 49.6, 31.6, 26.1, 23.0, 14.7; MS (ESI): m/z 365
(M+1); Anal. Calcd for C, H FC1N4: C,69.13; H, 5.80; N, 15.36. Found: C,

217720

69.23; H, 5.87; N, 15.76.

butyl-4-chloro-1H-imidazol-5yl)-1H-benzo[d]

Pharmacology

In vitro cytotoxicity assay

HelLa cells were cultured in Dulbecco’s Modified Eagle Medium containing
x1 antibiotic-antimycotic solution with 10% fetal bovine serum. The
cytotoxic effect of newly synthesized compounds against HeLa was
determined by the MTT dye uptake method as described previously [23,24].
Briefly, the cells (2.5 x 10*/ml) were incubated in triplicate in a 96-
well plate in the presence or absence of different concentrations of our
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compounds in a final volume of 0.2 mL for indicated time intervals at 37°C.
Thereafter, 20 pl MTT solution (5 mg/ml in phosphate buffered saline)
was added to each well. After a 2 hrs incubation at 37°C, 0.1 ml lysis buffer
(20% sodium dodecyl sulfate, 50% dimethyl-formamide) was added;
incubation was continued overnight at 37°C; and then the optical density
at 570 nm was measured by varioskan plate reader.

In vivo tumor model studies

6-8 weeks old inbred Swiss albino mice of either sex were used for
establishing EAT model intra-peritoneally for further experiments.
Animals were obtained and maintained in the animal house, Department
of Zoology, Manasagangotri, Mysore, India.

Analysis of body weight and collection of ascites fluid

Experimental animals were injected with 5 x 10° viable EAT cells
intraperitoneally. Weights of the animals were recorded daily up to
10 day to analyze the tumor growth. Animals showed the significant
increase in the body weight as the time prolongs. To investigate the in
vivo efficacy of compound 8d, we injected 100 mg/kg body weight of
8d into the peritoneum of the EAT bearing mice daily from the 6th day
of transplantation. The animals were sacrificed on 10% day, and ascites
fluid was collected by making a small incision in the abdomen.

Isolation of EAT cells

EAT cells were isolated from ascites fluid as described
previously [25]. Briefly, total ascites fluid collected from the sacrificed
animal is centrifuged at 3000 rpm for 10 minutes. EAT cell was obtained
as a pellet, and it was used for further analysis. Ascites fluid volume is
measured after the separation of tumor cells.

Trypan blue dye exclusion assay

We evaluated the effect of 8d on cell viability. Isolated EAT cells were
treated with 8d for 8 hrs. Cell viability was evaluated using 0.4% trypan
blue and cells which have up taken the dye are considered to be dead.

Peritoneal angiogenesis

The sacrificed animal was cut open at the abdomen, and inner lining
of the peritoneal cavity was analyzed to determine the effect of our
compound on angiogenesis. Peritoneal cavity of control and compound
treated mice were photographed.

RESULTS AND DISCUSSION

Chemistry

The requisite key intermediate 4 was prepared according to the
earlier reported protocol (Scheme 1) [26]. On passing dry hydrogen
chloride gas to a solution of valeronitrile 1 in methanol at 0°C, methyl
pentanimidate hydrochloride was obtained, which upon neutralization
with aqueous sodium hydroxide furnished methyl pentaimidate 2. This
was converted into the key intermediate 2-butyl-4-choro-1H-imidazole-
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5-carbaldehyde 4 by reacting with Vilsmeier reagent in the presence
glycine. Later, N-alkylation/benzylation of the key intermediate using
various alkyl/benzyl halides furnished corresponding N-substituted
2-(2-butyl-4-choro-1H-imidazole-5-carbaldehyde) derivatives 6 a-j.
Finally, all N-substituted 2-(2-butyl-4-chloro-1H-imidazol-5-yl)1H-
benzo[d]imidazole derivatives 8a-i were prepared by oxidative-cyclo
condensation of 6a-i with 1,2-phenylenediamine 7 in the presence of
T3P. The structures of all the synthesized compounds were confirmed
by spectral and microanalytical analysis. All the final compounds
showed characteristic triplet between 0.8 and 0.9 ppm for methyl
protons, two multiplets and one triplet between 1.3 and 2.8 ppm for
methylene protons and a singlet around 9.0 ppm for N-H proton. The
structures and yields of the synthesized compounds are summarized
in Table 1.

Pharmacology

8d induces its cytotoxic effect in time and dose dependent manner
in HeLa cells

We investigated the anti-proliferative effect of newly synthesized
benzimidazoles on HeLa cellsusing MTT assay. Among them, 8d proved to
be very potent compound with the inhibitory concentration 50% (IC,) of
25.3 uM compared to other derivatives (Table 1). Compounds 8e, 8h and
8i are also found to be good cytotoxic agents with IC,;30.2 uM, 31.9 uM
and 30 pM respectively. All remaining compounds had no significant
activity. Sorafenib was used as a positive control which showed the IC_;
of 4.1 pM. Thus, benzimidazoles with short chain alkyl groups (8a-c) are
less effective than one with higher alkyl group (8d). On the other hand,
benzimidazoles with benzyl groups bearing a methyl, chloro and fluro at
3-,3,4- and 4- positions (8e, 8h and 8i) showed good activity. It should be

Table 1: Summary of the newly synthesized benzimidazole

derivatives
S.no. RX5 R (6) 8 Yield (%) IC,, (nM)£SD
1 Mel Me 8a 88 >50
2 EtBr Et 8b 85 >50
3 CH,(CH,),CH,Br CH,(CH,),CH, 8c 88 >50
4 CH,(CH,),CH,Br CH,(CH,),CH, 8d 80 25.3+4.18
5 3-MeC,H,CH,Br 3-MeCH,CH, 8e 78 30.2+2.27
6 3-MeOCH,CH,Br 3-MeOC.H,CH, 8f 81 >50
7 4-CICH,CH,Br  4-CICH,CH, 8g 75 >50
8 3,4-Cl,C,H,CH,Br 3,4-Cl,C,H,CH, 8h 62 31.9+4.77
9 4-FC,H,CH,Br 4-FC,H,CH, 8i 79 30.0+£5.12
10  CH,CH,Br C,H.CH, 8j 81 >50
11 Sorafenib 4.1+x0.9

SD: Standard deviation, IC,: Inhibitory concentration 50%
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/\/\CN —_— /\/\n/
NH

1 2

H,N~ > COOH Cl
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11 0 H
4
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H
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Scheme 1: Reagents and reaction conditions: (i) CH,0H/HCI gas; aq. NaOH; (ii) POCl,/DMF/100°C; (iii) TBAB, 20% NaOH, C.H

(iv) T3P,

6" 6"

EtOAc/DMSO, 0°C-RT

311



Roopashree et al.

noted that potencies of N-benzyl derivatives are comparatively less than
N-alkyl derivatives.

Furthermore, we tested 8d on HeLa cells at indicated dose and time
points and found a substantial decrease in viable cells (Fig. 1). We
identified 8d as potent molecule to take further for in vivo studies.

8d suppresses peritoneal angiogenesis in EAT bearing mice
Studies have shown that tumor expansion by uncontrolled cell
proliferation and metastasis are entangled with angiogenesis [27].
Therefore, suppression of angiogenesis is a direct indication of
increased prognosis. We evaluated whether 8d could down-regulate
neovasculature in the peritoneal cavity of EAT bearing mice. Fig. 2
clearly shows that 8d notably suppress the angiogenesis.

8d significantly decrease ascites volume, cell number and body
weight

We further analyzed the effect of 8d on ascites volume and cell
number in the intraperitoneal tumor of drug-treated and control
mice. We observed a significant decrease in the body weight after
the administration of 8d (Fig. 3). Based on this observation, we
quantified the ascites volume and cells. Results obtained confirmed
the decrease of ascites fluid (Fig. 4) and cell count (Fig. 5). This
concludes that our lead molecule possess very good anticancer
property.

200
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Fig. 1: 8d suppresses proliferation of HeLa cells in time and dose
dependent manner

8d Treated

Control

Fig. 2: 8d suppresses peritoneal angiogenesis in Ehrlich ascites
tumor-bearing mice

AsianJPharmClinRes, Vol 7, Issue 5,2014,309-313

CONCLUSION

Benzimidazoles are known for making favorable interaction with
multiple targets and thereby contributing to the development of several
potential therapeutic agents. The plausible explanation for multiple
targeting by benzimidazoles is due to its close structural relation with
the purine nucleotide. Especially, with respect to the antitumor activity
of these heterocycles makes them a good pharmacophore. In the
current study, we evaluated and proved the cytotoxic effect of different
benzimidazole derivatives both in vitro and in vivo. We found that the
benzimidazole with higher alkyl group (heptyl) showed the highest
activity. Although, few N-benzyl derivatives are active, their potencies
are slightly less than their N-alkyl counterparts. In brief, compound
8d proved to be a potent cytotoxic agent against HeLa cells and good
anti-tumor and anti-angiogenic agent in vivo. Further, small molecular
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Fig. 3: Effect of compound 8d on body weight of tumor-bearing
mice

i
(4]
1

-
o
1

Ascites volume (ml)
(4]

0-

Control 8d
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Fig. 5: 8d substantially reduce viable cells

variations in the structure of 8d may result in the improved efficacy as
an anti-cancer agent.
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