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Abstract—Two different benzimidazole analogues act as multimodal agent, first one as novel non-peptidic CCK-B receptor antag-
onist and similarly as potent anti-fungal agent, designated as [Bz-Im]. These compounds were synthesized and characterized by spec-
troscopic techniques such as FT-IR, NMR, EI-MS and also evaluated for specific radiopharmaceuticals. Preliminary radiolabeling
results with *™Tc and biological evaluation studies showed promising results for further evaluation in vivo. The efficiency of label-
ing was more than 97% and complex was stable for about 12 h at 30 °C in the presence of serum. Both ligands showed binding to
most of the organs, known to express CCK receptors in biodistribution studies. Cholecystokinin (CCK; andCCK,) receptor binding
affinities of these analogues are, ICsp, 0.942 + 0.107 for compound C and 0.665 + 0.211 for compound D in rat pancreatic acini. The
anti-fungal activity has shown inhibitory activity against Aspergillus flavus and Aspergillus niger. These studies have provided a new
template for further development of non-peptidic ligands for diagnostic and therapeutic purposes of diseases related with CCK

receptors as well as anti-microbes.
© 2007 Elsevier Ltd. All rights reserved.

Benzimidazole derivatives are reported to be physiolog-
ically and pharmacologically active and find application
in the treatment of several diseases like epilepsy, diabe-
tes, anti-fertility, etc.'> Recently several researches elu-
cidated that benzimidazole analogues can be suitably
modified by the introduction of different hetero-cyclic
moieties to exhibit a broad spectrum of biological activ-
ities such as potent anti-cancerous and anti-fungal
drugs.’® Keeping this view in our mind, we have mod-
ified benzimidazole analogues in such a way that it
would bring them into preferred orientation. This might
provide a more potent CCK (cholecystokinin)
antagonist.

The importance of CCK has been implicated in various
regulatory functions; as neurotransmitters in the brain
and as regulators of various functions of the gastrointes-
tinal tract, primarily at the level of the stomach, pan-
creas, and gallbladder.” In addition, they can act as
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physiological growth factors in most parts of the gastro-
intestinal tract.’'° Gastrin and CCK possess the same
five amino acids at their COOH terminus which is a bio-
logically active site. Their actions are mediated by two
different receptor types, CCK; and CCK,.'""!? CCK,
receptors are present in the gut mucosa and in the
brain,”-!3!% whereas, CCK; receptors are present in the
gallbladder, pancreas, and brain.”-!>19

The importance of selective CCK antagonist as
potential tools is to visualize malignant tumors.!”-!8
Receptor autoradiography studies have shown that
cholecystokinin CCK-B/gastrin receptors are expressed
not only in more than 90% of medullary thyroid car-
cinomas (MTC)' but also in high percentage of small
cell lung cancer, some ovarian cancer, astrocytomas,
and potentially in a variety of adinocarcinomas, gas-
trointestinal tumors, and colorectal cell lines. In this
work, we have synthesized multimodal analogues of
benzimidazoles [Bz-Im] and its intermediate is synthe-
sized according to previous literatures’® and labeled
with *™Tc¢ to explore binding aspect with CCK recep-
tor. The initial studies have shown good results for
further evaluation.
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All chemicals used in the present study of analytical
grade were purchased from Sigma, and all the details
of materials and methods are given in reference and
short notes part.?! Synthesis of benzimidazole analogue
[Bz-Im] is presented in Scheme 1 for the synthesis of [A—
D]. The first two steps are performed as per,?°* and syn-
thesis and spectral characterization of [C] and [D] are
mentioned as short notes.?

Compounds C and D were evaluated for their ability to
displace ['**I] (BH)-CCKS (sulfated) from isolated rat
pancreatic acini (CCK ) and guinea pig cerebral cortex
membranes (CCK,) according to established proto-
cols.?® Binding affinities expressed as ICs, are reported
in Table 1 along with reference compound 3-ureido-
1,4-benzodiazepine (Merck 1.-365260) and (VL-0494)
without standard errors were obtained from no more

matic digestion of pancreas as previously described by
Makovec et al.?* Drug displacing experiments were car-
ried out by incubating acinar cells, ['*’I]BH-CCK-8
(25pM final concentration), and competitors in
0.5 mL total volume at 37 °C for 30 min, in shaking bath.
At the end of incubation, 1 mL of ice-cold Hepes—Ringer
buffer (10 mM Hepes, 118 mM NaCl, 1.13 mM MgCl,,
1.28mM CaCl,,1% BSA, and 0.2 mg/mL soybean
trypsin inhibitor, pH 7.4) was added and the tubes were
centrifuged for 5 min at 12,500g. The supernatant was
aspirated and the radioactivity associated to the pellet

Table 1. CCK receptor binding data of the target compounds

Complexes (R) Rat pancreatic

acini (CCK),

Guinea pig
brain cortex

than two experiments. ICso (M) (CCK2), ICs0 (WMD)
Ref. (VL-0494) Ph 0.197 £ 0.107 16.40
['**IIBH-CCK-8 receptor binding assay in isolated rat Compound (C)  H 0.942 f 0.141 4.32
pancreatic acinar cells was performed prepared by enzy- Compound (D) OH _ 0.6650.211 2.94
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Scheme 1. Scheme A-D: representative scheme for the synthesis of [A-D].
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measured. The non-specific binding was estimated in the
presence of 1 jjM CCK-8, accounting for 15% of total
binding.

['**I]BH-CCK-8 receptor binding assay was performed
in membranes from guinea pig cerebral cortices, pre-
pared as previously described.?> Protein concentration
was determined by using bovine serum albumin (BSA)
as standard. The binding experiments were performed
in assay buffer containing 10 mM Hepes, 118 mM NaCl,
4.7 mM KCIl, 5.0 mM MgCl,, and 1.0 mM EGTA, pH
6.5, supplemented with 0.2 mg/mL bacitracin. The incu-
bation of membrane suspension with labeled ligand and
inhibitors was carried out in a microtiter 96-well filter
plate (Multiscreen, Millipore Inc., Bedford, MA) with
integral Whatman GF/B membrane filters. Aliquot of
membranes (0.5 mg of ?rotein per mL) was added to
each well, containing ['*’I]BH-CCKS (25 pM), in a final
volume of 250 jjl. The non-specific binding of iodinated
peptide was determined in the presence of 1 pM CCK-8§,
accounting for 20% of total binding. Non-specific bind-
ing of ['IIBH-CCK-8 to membrane filters (blank),
measured in wells containing an equal amount of labeled
ligand, but no membranes, was 0.2% of total radioli-
gand added. After 120 min at 25 °C, the 96-well plate
was placed on the vacuum filtration apparatus (Milli-
pore Inc.).

Radiolabeling of the compounds [Bz-Im] has been done
by taking 100 pl of 0.03 nM solution of the compound
[Bz-Im] dissolved in DMSO in a shielded vial and
60 pul of 1 x 107> M Sncl,. 2H,O (dissolved in 1 mL of
N, purged 10% acetic acid) was added followed by addi-
tion of (<1 h) freshly eluted saline solution of sodium
pertechnetate (NaTcOy) (74 MBq, 100 mL). The pH of
the reaction mixture was adjusted to 6.5 with 0.1 M
NaHCOj; solution and the mixture was shaken to mix
the contents. The vial was allowed to stand for 45 min
at room temp. Labeling of the compound, radiochemi-
cal purity as well as Ry of the *™Tc (Bz-Im) complex
were determined by ITLC-SG strips using 0.9% NaCl
aqueous solution (saline) as developing solvent and
simultaneously in acetone and PAW (pyridine, acetic
acid, and water in 3:5:1.5 ratio).>* Each TLC was cut
in 0.1 cm segments and counts of each segment were ta-
ken. By this appropriate method, the percentage of com-
plex formed between *’™Tc and (Bz-Im) could be
calculated as mentioned in Tables 2 and 3. The compo-
sition stability is mentioned only with compound (D)
which is showing more appropriate results. The scinti-
graphic studies of the *™Tc-labeled [Bz-Im] in presence
and absence of the CCK,the natural agonist, also

Table 2. R; values

Complexes Saline (Ry)  Acetone (Ry) PAW (Ry)
Complex (C) 0 0.6 ND
Complex (D) 0 0.4 ND
Na”"TcO, 1 1 ND
Labeled complex (C) 0.3 0.3 1

Labeled complex (D) 0.1 0.1 1

Table 3. Determination of composition of the compound (Bz-Im) [D]
with the *™Tc

S. No. Molar ratio (Bz-Im *™Tc) % Labeling

1 1:1 98.5

2 0.9:1 87.3

3 0.8:1 79.1

4 0.6:1 64.7

5 0.2:1 24.8

6 0:1 100% reduced
7 1.2:1 98.7

8 1.5:1 98.1

9 2.0:1 97.6

confirm the nature of the labeled compound as CCK
antagonist.

In vitro serum stability assay was performed in fresh
human serum, which was prepared by allowing blood
collected from healthy volunteers to clot for 1h at
37 °C in a humidified incubator maintained at 5% car-
bon dioxide, 95% air. Then the sample was centrifuged
at 400 and the serum was filtered through 0.22 pm syr-
inge filter into sterile plastic culture tubes. The above
freshly prepared technetium radiocomplex was incu-
bated in fresh human serum under physiological condi-
tions, that is, at 30 °C at a concentration of 100 nM/mL,
and then analyzed by ITLC-SG at different time inter-
vals to detect any dissociation of complex. Percentage
of free pertechnetate at a particular time point that
was estimated using saline and acetone as mobile phase
represented percentage dissociation of the complex at
that particular time point in serum.

The other activity analysis such as anti-fungal activity of
compounds was performed by agar plate method?® using
the concentrations of 10, 20, 50, and 100 pg/mL of the
test compounds. In order to perform the anti-fungal
activity assay, 1 mL of each test compound was poured
into a Petri dish having about 20-25 mL of molten po-
tato dextrose agar medium. As the medium solidified,
Petridishes were inoculated separately with the fungal
isolates and kept at 27 °C for seven days. Percent inhibi-
tion in fungal zones was recorded after that. The solu-
tions of the test compounds were prepared in
dimethylsulfoxide (DMSO) and the required concentra-
tions were achieved by diluting the solutions and stir-
ring. Any turbidity if obtained was removed by quick
filtration through fluted filter paper. Anti-fungal activity
data are recorded in Table 4. The control is taken from
amphotericin B.

In general, it has been observed that anti-fungal activity
against Aspergillus flavus is superior to that against
Aspergillus niger except in a few cases. Thus, compound
[C] (Table 4) having R = hydrogen showed compara-
tively better anti-fungal activity against A. niger than
A. flavus at two concentrations out of three concentra-
tions. As well as, compound [D] having R = hydroxyl
was shown the same nature.

Albino mice strain was used for the tissue distribution
studies. Animal handling and experimentation was
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Table 4. Anti-fungal activity data of Novel Benzimidazole derivatives [C, D]

Compound R Concentration (ug/mL) Aspergillus flavus Aspergillus niger
Colony diameter Inhibition (%) Colony diameter Inhibition (%)

[C] H 10 0.8 73.3 1.0 60.3

20 0.6 76.7 0.8 76.8

50 0.5 88.3 0.5 84.6
[D] OH 10 1.2 60.8 0.8 60.7

20 1.1 73.4 0.7 83.2

50 0.7 92.1 0.7 83.6
Control 20 3.0 86.4 2.0 79.9
(amphotericin)

carried out as per the guidelines of the Institutional
Animal Ethics Committee. For biodistribution studies
albino mice strain (A) was used as animal model and
complex of *™Tc-labeled (Bz-Im) was used. An equal
dose of 10 puCi of labeled test compound was injected
in mice through tail vein of each animal. Similarly in
another group of animals CCK-B (1 mg/kg by weight
of animal model) was injected 10 min before injection
of the radiolabeled test compound and biodistribution
was studied under receptor saturation conditions. At
different time intervals mice were sacrificed, blood
was collected, and different tissue and organs were dis-
sected and analyzed as shown in Tables 5 and 6. The
radioactivity was measured in a gamma counter. The
actual amount of radioactivity administered to each
animal was calculated by subtracting the activity left
in the tail from the activity injected. Radioactivity
accumulated in each organ was expressed as percent-
age administered dose per gram of tissue. Total vol-
ume of the blood was calculated as 7% of the body
weight.

Blood kinetics studies. The blood clearance study was
performed in albino New-Zealand rabbits weighing
approximately 2.5-3.0 kg after administration of 30 piCi
of the *™Tc-labeled [Bz-In] in 0.3 mL via the ear vein.
At different time intervals about 0.5 mL blood samples
were withdrawn from the dorsal vein of the other
ear and radioactivity was measured in the gamma
counter. The data from the experiment are expressed
as percentage of administered dose at each time interval
in Figure 1.

The synthesized compound was characterized by IR
(CO near 1600 cm~ !, OH 3200-3600, and aromatic be-
low 900 cm™ '), NMR (aromatic proton in the range of
6-8.5 ppm and hetero functional group via D,O ex-
change), and MASS spectroscopic studies, and also by
the R, values of the relevant **™Tc complexes (R values
in Table 2). Labeling efficiencies were more than 97%
and complex was stable about 12 h at 30 °C. Results
of serum stability studies showed that the metal ion
was intact under physiological conditions and unbound

Table 5. CCK-B receptor expressing organs (at the time intervals of 1, 2, 4, 6, 8 h) for compound [C]

Organs Uptake (% ID/g)
After 1 h After 2h After 4 h After 6 h After 8 h
Stomach 1 2.5 3 7 9.5
Intestine 0.5 0.5 0.2 3 3
Brain 0 0.2 0.45 1 1
Liver 18 25 18 15 15
Spleen 10 15 14 12 11
Kidney 5 7 2 5 5
Blood 3 2 2 0.5 0.5
Heart 1 0.4 0.3 0.3 0.2
Table 6. CCK-B receptor expressing organs (at the time intervals of 1, 2, 4, 6, 8 h) for compound [D]
Organs Uptake (% ID/g)
After 1 h After 2 h After 4 h After 6 h After 8 h

Stomach 1 2.0 3 7 7.5
Intestine 0.5 0.5 0.2 1 1
Brain 0 0.2 0.45 1 1
Liver 16 23 14 15 15
Spleen 10 15 17 16 16
Kidney 5.5 6.0 3 4.5 4.5
Blood 25 2 2 2.5 2.5
Heart 0.8 0.5 0.2 0.1 0.2
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Figure 1. Blood kinetics study in rabbit.

radioactivity was less than 0.5% in 8 h. Complex forma-
tion between *™Tc and benzimidazole analogues was
determined by using ITLC method. Various molar ra-
tios were taken and ITLC was run simultaneously in
two different solvent systems to determine the labeling.
The data show more than 97% of labeling as the increas-
ing ratio of (Bz-Im) is more than one, but in a very slight
manner (Table 3). So 1:1 complex ratio was appropriate.
The intactness of this compound is due to the fact that
mTc molecules might occupy rest of the valency of
the "™ Tc left.
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Biodistribution studies were performed by injecting
radiolabeled compound, intravenously as a function of
time, differentiating those tissues which are known or ex-
pected to express CCK receptors, organs involved in
blood pool and excretion of the ligand. Higher uptake
was found in liver, spleen, and stomach but retention
was longer in stomach (Tables 5 and 6). Very low activ-
ity was found in brain probably due to inability of cross-
ing the blood-brain barrier. The rapid blood clearance
was also evident from the blood kinetics study.

The result of pretreatment studies of **™Tc-labeled [Bz-
Im] shows that blocking with 1 mg/kg of CCKj, 15 min
before the injection of radiocomplex, reduced the accu-
mulation in stomach, whereas the activity in the intes-
tine was reduced Figures 2 and 3. There was increased
accumulation of activity in liver, but reduction in case
of rest of the organs studied.

Thus, the benzimidazole ring structure fused to pyri-
dine ring might provide lead for new type of
compounds having CCK-B receptor affinity. Some
non-specific uptake in other tissues can be overcome
by changing the basic skeleton by different R groups.
The therapeutic potential of these complexes can be
further extended by applying these in different animal
models and cell lines.
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Figure 3. Pretreatment studies of *™Tc-labeled compound [D].
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