Available online www.jocpr.com

Journal of Chemical and Phar maceutical Resear ch, 2012, 4(12):5076-5080

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRCS5

A theoretical investigation of cytotoxic activity of halogenated
monoter penoids from plocamium cartilagineum

Bhaskar Bagchi', Abhik Chatterjee', Pranab Ghosh? and Asim Kumar Bothra®’
Cheminformatics Bioinformatics Lab, Department of Chemistry, Raiganj College (University

College) P.O.-Raigan;j, Dist. - Uttar Dinajpur, India
Department of Chemistry, University of North Bengal, India

ABSTRACT

The molecular geometry of nine halogenated monoterpenoids from the red alga plocamium cartilagineum in the
ground state has been calculated by B3LYP/6-31G*. Furoplocamioid C (1), pre furoplocamioid (2), pirene (3) and
compound 5 had selective effect against cancer cells versus CHO cells. The gap energy of compounds 1, 2, 3, and 5
ranges from 5.6 to 6.1 and is lower than that of the compounds 4, 6, 7 and 8.Thus the gap energy plays an important
role towards sel ective activity. The stereochemical features of the compounds also play an important role to activity.
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INTRODUCTION

Marin algae reported to have wide applicationshsag antibacterial, antiviral, insecticidal anditamor activities
[1-3]. Nine halogenated monoterpenoids furoplocéini€ (1), pre furoplocamioid (2), pirene (3), anket
cyclohexanes (4-9), including mertensene (7) aralavene (8), ( Figure 1) were isolated from the adgh
plocamium cartilagineum have shown notable cyta@ditivity [4]. The cytotoxic effects of these comumds have
been evaluated on the tumor cell lines CT26 (mucwmlon adenocarcinoma), SW480 (human colon
adenocarcinoma), HelLa (human cervical adenocar@ahamd SkMel28 (human malignant melanoma) with isdve
multidrug resistance mechanism against the mammalia tumor cell line CHO (Chinese hamster ovaals)
[5].In this work, we have provided an explanatidrih@ cytotoxic activity of the studied moleculesing electronic
properties such as the highest occupied moleculzitab (HOMO) energies, lowest unoccupied molecuddrital
(LUMO) energies, LUMO-HOMO energy gap, dipole morhand stereo chemical structure.
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Figure 1: Chemical structuresof furoplocamioid C (1), prefuroplocamioid (2), pirene (3), cyclohexanes (4-9), including mertensene (7),
and violacene (8).

EXPERIMENTAL SECTION

The structures of the molecules (Fig. 1) under stigation were constructed using ACD/ChemSketchsioa

12.01 [6]. All quantum chemical calculations wererfprmed with the PC Gamess (Firefly) [7]. As Déynsi
functional theory (DFT) is a cost-effective genguadcedure for studying physical properties of thaecules [8,
9], the ground-state geometries and electronic gatgs of the studied molecules have been detedmime
DFT/B3LYP calculation and the basis set 6-31G* wsasd.

RESULTSAND DISCUSSION
The minimal inhibitory concentration (MIC) of théudied compounds which produce a cytotoxic effatttioe
different cell lines along with their molecular enic properties are summarized in table 1 amit thptimized

geometry structures are illustrated in Figure 2.

Table 1: Minimal inhibitory concentration (M 1C) and selected molecular electronic properties of the studied compounds

Number  MIGcio)UM  MICcre) M MICswago) UM E(';‘@"O) E‘:’vo) AEgap eV Dipole (D) Total energies (harjree

1 126 63 126 -7.0668 -0.9415 6.1253 4.89 -6603.7885
2 132 66 66 -6.479  -0.8626 5.6164 3.99 -6528.5601
3 262 262 131 -6.9307 -0.9225 6.0082 4.94 -6528.583
4 3.3 6.52 3.3 -6.9389  -0.283 6.6559 2.19 -176%451

5 23 181 57 -6.7321  -0.6585 6.0736 2.98 -2230.2748
6 362 362 362 -7.0341 -0.2503 6.7838 0.8 -2230.2751
7 39 78 78 -7.1158 -0.7293 6.3865 1.54 -4341.8244
8 141 141 141 -6.9961 -0.6694 6.3267 4.95 -480B.404

9 63 125 125 -6.9743 -0.8735 6.1008 4.83 -6912.9557

Compounds 1, 2, 3 and 5 had selective activityregjaiancer cells versus CHO cells. Compounds 13andibited
selective cytotoxicity to CT26 and SW480 cell linesspectively, with MIC values of 63 pM and 131 uM.
Compound 2 produced a selective cytotoxic effect @26 and SW480 cells with MIC value of 66 uM.
Interestingly, compound 5 was the most active adidbited cytotoxicity against SW480 cell lines withC value

of 5.70 uM [5].
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Figure 2: Optimized structures of studied molecules obtained by B3LY P/6-31G* level.

The energies of HOMO and LUMO of the inhibitor malé&e are important. A high energy HOMO means weakly
held electrons while a low energy LUMO indicatesnare stable orbital for electrons. A molecule wdtthigh
HOMO may act as a donor while with a low LUMO may as an acceptor. TheEg,, provides a measure for the
stability of the formed complex on the metal suefathus the complex stability increases with desirgpthe value

of AEgap. Compounds 1, 2, 3, and 5 have lower valugEg], (ranges from 5.6 to 6.1) compared to the compounds
4, 6, 7 and 8. A cross correlation matrix (Tableb2jween electronic descriptors and the MIC (SWAg&0)es
demonstratedEgy,, is positively correlated with MiGwagoy But Eromo) Equmo), and dipole moment are weakly
correlated with MIGswagg). Thus the stereo chemical features of these compoatmb play an important role
towards activity.

Table 2: Correlation matrix of M1 Cswaso) and the electronic descriptorsfor the studied compounds

MIGwaso) Bomo) FLuvo) AEgap dipole(D)
MIC (swaso) 1.000 -0.389 0.279 0.423 -0.235
EHowmo) -0.389 1.000 -0.176 -0.689 0.168
Equmo) 0.279 0176 1.000 083 79D
AEgap 0.423 -0.689 0.835 1.000 -0.668
dipole(D) -0.235 0816 -0.779 .0.668 1.000

Compound 6 is a diastereomer of 5 though the cxicity of 6 is lower than 5. This is due to highpgenergy (6.78
eV) and low dipole moment (0.80 D) of the moleculecompound 6, the resultant bond moment of theard -
CH=CHCI groups at one side of the molecule is ia tipposite direction to the resultant moment ofttixe —ClI
groups on the other side. Hence, the bond momeme#sly cancelled out. Again the LUMO energy of the
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compound 6 is high compared to the other. Thesdtresggest that 6 should be a lesser charge awcaptl hence
less potent than other studied compounds. This@sam agreement with the experimental results.

Compounds 1, 2, 3 and 5 had selective activityresjadancer cells versus CHO cells. Their seleatietoxic
activity depends mainly on the gap energy and tin@s chemical features of these compounds.
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