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Abstract: Matrix metalloproteinases-2 and -9 (MMP-2/-9) are key tissue remodeling enzymes that have
multiple overlapping activities critical for wound healing and tumor progression. In search of new anti-tumor
agents, indole-oxadiazole containing butanamides (1-5) were evaluated with B16F10 mouse melanoma cells
in this study. The results showed that compounds 1, 2 and 3 inhibited the cell proliferation in a considerable
manner at concentrations ranging from 0-44 ?M. The possible migration inhibitory effects of these melanoma
cells were further evaluated through gelatinolytic activity of MMP-2 and MMP-9 secreted from B16F10 cells
and it was inferred that compounds 1, 2 and 3 affected the expression and activity of these enzymes in a dose
dependent manner while compound 1 can be regarded as promising anti-tumor agent.
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1. Introduction

H eterocycles are common structural units in marketed drugs and in medicinal chemistry targets in the
drug discovery process. They can serve as useful tools to manipulate lipophilicity, polarity, and

hydrogen bonding capacity of molecules, which may lead to improved pharmacological, pharmacokinetic,
toxicological, and physicochemical properties of drug candidates and ultimately drugs [1].

The chemistry and pharmacology of indole have been of great interest to medicinal chemists because
indole derivatives possessed various biological activities, such as anti-inflammatory [2], antibacterial [3],
antimicrobial [4], antifungal [5], antihypertensive [6] and anticonvulsant [7] activities.

The heterocyclic system which contains 1,3,4-oxadiazole nucleus have a rich synthetic history and they
are characterized by a wide range of methods of synthesis. 1,3,4-Oxadiazole scaffold, is a vital pharmacophore
that displays various pharmaceutical properties [8,9]. Antihypertensive nesapidil, antibiotic furamizole
antiretroviral raltegravir, and anticancer agent zibotentan are very few among the marketed drugs that
incorporate a 1,3,4-oxadiazole moiety [10].

The significance indole and bisindole-based 1,3,4-oxadiazole heterocycles are also attracting interest due
to their wide range of bioactivities, notably as anticancer agents [11,12].

Matrix metalloproteinases (MMPs) are zymogens that are secreted in an inactive pro-form and rapidly
proteolytically activated at their site of action. They contain an active site carrying a zinc ion (Zn2+). On
the basis of some in vitro assays, these enzymes have been reported to cleave a broad range of extracellular
matrix (ECM) molecules, however, the evidences of mice lacking specific MMPs [13–16] and sophisticated
mass spectrometry analyses of MMP substrates [17], have exposed that digestion of ECM molecules is
not their foremost function in vivo. Instead, several MMPs selectively cleave cytokines, chemokines, cell
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surface receptors as well as ECM receptors, and are evolving as decisive fine tuners of cell function in tissue
homeostasis and in various pathologies, in particular inflammation [13–15].

There are 23 different human MMPs classified according to their ability to cleave ECM molecules in in
vitro assays. The best studied MMPs are the gelatinases, MMP-2 and MMP-9, so-called as they can cleave
gelatin, the individual alpha chains of denatured collagen type I [16].

Based on their ability to cleave gelatin, several in vitro assays have been established that permit detection
of MMP-2/ MMP-9 activity in tissue extracts (gelatin gel zymography) or on tissue sections (in situ gel
zymography). However, distinguishing between these two gelatinases remains difficult, mainly due to the
absence of specific antibodies or tools that recognize activated MMP-2 or MMP-9 [14].

Based upon the aforementioned multifarious biological activities of indole and oxadiazole containing
molecules, the present study on bi-heterocyclic hybrids was carried out to envisage their anti-proliferative and
migratory inhibiting potential of melanoma cells.

2. Experimental

2.1. Synthesis of indole-oxadiazole containing butanamides (1-5)

We have previously reported the synthesis and structural characterization of studied indole-oxadiazole
containing butanamides, 1-5[17]. Those earlier synthesized samples were subjected to current study.

2.2. Cancer cell lines and reagents

The B16F10 melanoma cell line was purchased from KCLB (Korean Cell Line Bank, Seoul,
Korea). Penicillin, streptomycin, gelatin, Coomassie blue R-250 and 3-(4,5-Dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) were obtained from Sigma (St. Louis, MO, USA). Dulbecco’s modified
Eagle’s medium (DMEM) was obtained from Gibco (Grand Island, NY, USA). FBS was from Tissue Culture
Biologicals (Long Beach, CA, USA)[18].

2.3. Cell culture

B16F10 cells were cultured in DMEM medium supplemented with 10% het inactivated FBS, penicillin (50
units/ml) and streptomycin (50µg/ml), in a humidified atmosphere of 5% CO2 and 95% air at 37oC. The cells
were plated at an appropriate density according to each experimental scale [19].

2.4. Cell viability

The effect of bi-heterocyclic butanamides (1-5) on the viability of B16F10 cells was measured using the
MTT assay. Cells were seeded into 96-well plates (0.5 × 105 cells/well in 100 µl medium) and cultured for 24h.
The cells were then treated with 1-5 concentration gradient (0, 5.5, 11, 22 or 44 µM) for 24h. After incubation,
cells were washed with 1X PBS. Thereafter, the medium was replaced by fresh medium (200 µl) containing
0.5 mg/ml MTT, and the mixture was incubated for 4h at 37oC. After 3h of incubation, the MTT formazan
was dissolved in 100 µl solubilization buffer (10% SDS, 0.01 N HCl). The optical absorbance was measured at
570nm by using a microplate reader [19].

2.5. Wound healing assay

Wound healing assay was used to assess cell migration of B16F10 cell lines upon treatments. Briefly,
B16F10 cells were seeded 2 × 105/well cells into 35mm culture dish. After the cells reached 90% confluence, a
scratch was made in the cells with a 10 µl pipette tip and washed by 1xPBS and incubated with reagents for 24h.
The migration distance of cells was then captured and the images were quantitatively analyzed using ImageJ
software (National Institutes of Health, Bethesda, MD, USA). The wound area percentage was calculated as
the wound area from 24h vs. the wound area from 0h in each group [18].

2.6. Gelatin zymography analysis

To measure enzymatic activity of MMP-2 and 9 as the key enzymes in the cell invasion and metastasis,
gelatin zymography were examined. Briefly, Cells (2 × 105 cells/ml) were seeded in 35mm cell culture dish.
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After overnight incubation, B16F10 cells were treated with compounds 1-5 for 24h. At the end of incubation
periods, upper medium was centrifuged at 400g for 5 min. Then, 30 µl of supernatant aliquots of culture
medium from each concentration was mixed with 10 µl of loading buffer 4x (62.5 mM Tris, 4% SDS, 25%
glycerol, 0.01% bromophenol blue, PH 6.8). Samples were then loaded on to 7.5% acrylamide gels containing
0.1% gelatin as a substrate and the electrophoresis. After electrophoresis, gels were washed with 2.5% Triton
X-100 and then incubated in incubation buffer (10 mM CaCl2, 150 mM NaCl, and 50 mM Tris-HCl, PH 8.0) for
overnight at 37oC. Then gel was stained with 0.5% Coomassie brilliant blue R-250 in 10% acetic acid and 50%
methanol [18].

2.7. Statistical analysis

Values are presented as a mean of three different experiments standard deviation (SD). Differences
between the calculated means of the each individual group were determined by one-way ANOVA. Any
difference was considered statistically significant at P < 0.05.

2.8. Computational methodology

2.8.1. Retrieval of matrix metalloproteinase-2 and 9 in Maestro

The MMP-2 and MMP-9 protein structure were retrieved from Protein Data Bank (PDB) (www.rcsb.org)
having PDBIDs ICK7 and 1L6J, respectively. The MMP-2 and MMP-9 structures were prepared using the
"Protein Preparation Wizard" workflow in Schrödinger Suite. Bond orders were assigned and hydrogen atoms
were added to the protein. The water molecules were removed from proteins structures. The structure was
then minimized to reach the converged root mean square deviation (RMSD) of 0.30 Å with the OPLS2005 force
field. The prepared structures were employed for further grid and docking analysis.

2.8.2. Grid generation and molecular docking

For grid generation preparation, the active site of the enzymes is defined from the co-crystallized ligands
from Protein Data Bank and literature data[20–22]. The grid was generated by specify the particular residues
which are involve in the active region of target proteins separately for both MMP-2 and MMP-9, respectively.
Furthermore, docking experiment was performed against synthesized compound 1 against both receptor
molecules separately. The synthesized molecule was sketched by 2D sketcher in Maestro interface. The
default docking setup parameters were employed for both ligand-docking experiments [23]. The predicted
binding energies (docking scores) and conformational positions of ligands within active region of protein
were also performed using Glide experiment. Throughout the docking simulations, both partial flexibility and
full flexibility around the active site residues are performed by Glide/SP/XP and induced fit docking (IFD)
approaches [24,25]. The 3D and 2D graphical images of both best scored docking complexes were retrieved
using Maestro.

3. Results and Discussion

3.1. Chemistry

The synthesis of studied bi-heterocyclic butanamides (1-5) was accomplished in multi-steps according to
our reported protocol [17]. The structures of these compounds are shown in Figure 1 and the varying groups
in the molecules have been shaded by contours.

3.2. Biological activities

The effects of butanamides (1-5) on cell viability of B16F10 cells were investigated through MTT assay.
When B16F10 cells were treated with various concentrations (0, 5.5, 11, 22, and 44 µM) of studied compounds
for 48h, the cell proliferation was reduced significantly by the compounds 1-3, however, the compound 4
and 5 exhibited no remarkable differences in absorbance among the control groups (Figure 2). Cell migration
plays important roles in cancer metastasis. Therefore, the migratory effects of these compounds on B16F10
cells were measured. A wound healing migration assay was performed to investigate the inhibition of cell
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Figure 1. Structures of synthetic indole-oxadiazole bearing butanamides (1-5)

Figure 2. The effects of butanamides (1-5) on cell proliferation of B16F10 cells. Cells were treated with different
concentration of these compounds (0, 5.5, 11, 22, and 44 µM) for 48 h. Cell proliferation was measured by the
MTT assay. These data are the results of a typical experiment. *P<0.05, compared with untreated cells

mobility. It was observed that cell migration was significantly reduced in B16F10 cells treated with increasing
concentrations of compound 1. However, compound 2 and 3 were induced cell migration. The percent of
migration was no change in case of 4 and 5, after 48h (Figure 3). Matrix metalloproteinases are important
enzymes that degrade extracellular matrix (ECM) components and play important roles in tumor invasion
and metastasis. In this regard, the inhibitory effects of butanamides (1-5) were investigated on MMP-2 and
MMP-9 enzyme activities through gelatin zymograph assay. From the results, it was rational that MMP-2 and
MMP-9 activity was significantly induced by compounds 2 and 3 at 22 - 44 µM concentration in B16F10. These
results showed that increase in enzymatic activity in a concentration-dependent manner. However, compared
with the control group, compounds 4 and 5 have no effect on said enzymatic activity. Gelatin zymography
showed that in case of compound 1, the bands at 72 kDa representing MMP2 activity and 92 kDa showing
MMP9 activity were reduced. These results indicated that molecule 1 inhibited proliferation, migration and
MMPs, -2 and -9, activity of B16F10 cells (Figure 4).

So, it was hypothesized from our results that compound 1, 2 and 3 inhibited the migration of cells in a
dose dependent manner while the compounds 4 and 5 were not effective contributors. However, the peculiar
activity of compound 1 might be attributed to the presence of symmetrically di-ortho substituted methyl
groups in this molecule.
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Figure 3. Effects of butanamides (1-5) on B16F10 cell migration. Cells treated with different concentration of
these compounds for 48 h. Cell migratory ability was determined by (A) wound-healing assay and (B) migrated
cell numbers, were determined by densitometric measurements with ImageJ. The data represented three similar
experiments

3.3. Computational analysis

3.3.1. MMP-2 and MMP-9 structural assessment

MMP-2 and MMP-9 are metal containing proteins comprises 631 and 425 residues, respectively. The
Ramachandran plots and values showed that both MMP-2 and MMP-9 possessed 92.00 and 92.30% of residues
in favored region, respectively. The Ramachandran graph values showed the good accuracy of phi (φ) and psi
(ψ) angles among the coordinates of receptor and most of residues were plunged in acceptable region. The
general structures of both MMP-2 and MMP-9 are mentioned in Figure 5.

3.4. Molecular docking analysis

3.4.1. Glide energy evaluation of synthesized compounds

Molecular docking approach is best approach to study the binding conformation of ligands within the
active region of target proteins [25–27]. Based on in vivo results, compound 1 was docked against MMP-2
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Figure 4. Effect of butanamides (1-5) on B16F10 cell MMP-2, MMP-9 enzymes activity. MMP-2, MMP-9 activity
was determined using gelatin zymography and relative activities are quantified densitometrically in ImageJ.
These data are the results of a typical experiment. *P<0.05, compared with untreated cells

Figure 5. Protein structures MMP-2 and MMP-9

and MMP-9 separately to predict their best conformational position within active site of target proteins.
The generated docked complexes of both proteins were examined on the basis of glide docking energy
values (kcal/mol) and bonding interaction (hydrogen/hydrophobic) pattern. In MMP-2 and MMP-9 docking
results, it has been anticipated that ligand 1 binds within the active region of target proteins with different
conformational poses and exhibited good docking energy values -8.90 and -6.663 kcal/mol, respectively.

3.4.2. Ligand-Binding analysis of MMP-2 and MMP-9 docked complexes

The stability of compounds against target proteins depends upon their interactive behavior such as
hydrogen and hydrophobic interactions. Figures 6 and 7 showed the binding conformation poses of compound
1 within the active region against target proteins. In MMP-2 docking two hydrogen bonds were at Ile224 and
Lys99 with appropriate binding distances. The nitrogen atom of oxadiazolic moiety in compound 1 formed
a hydrogen bond with Lys99 possessing bond distance of 2.19 Å whereas, amidic nitrogen atom showed
interaction with Ile424 having bond length 2.55 Å. In MMP-9 docking results, couple of hydrogen bonds were
observed with Glu416 and Arg424 with suitable binding length. Again amidic nitrogen atom of compound 1
interacted through hydrogen bonding with Arg424 having bond length 2.53 Å whereas, indolic nitrogen atom
formed hydrogen bond against Glu416 with bond length 1.63 Å. The binding distances were in appropriate
length and enhance the stability of docking complex stability. Literature data also ensured the importance of
these residues in bonding with other MMPs inhibitors which strengthen our docking results [22].
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Figure 6. 3D & 2D binding interaction of compound 1 against MMP-2

Figure 7. 3D & 2D binding interaction of compound 1 against MMP-9

4. Conclusion

Among the investigated indole-oxadiazole containing butanamides (1-5), the compound 1 exhibited
suitable anti-proliferative activity along with possible migratory inhibiting potential for melanoma cells. So,
this hybrid molecule might be utilized as conceivable anti-proliferative and antitumor agent in drug designing
studies.
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