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ABSTRACT

A topological index is a numeric quantity that iathematically derived in a direct and unambiguowanmer from

the structural graph of a molecule. Topologicalit®s contain valuable structural information asdrrnced by the
success of their widespread application in QSAR @8PR studies. In this paper we study the relatignsf

Wiener Index, First and second Zagreb indices lierdnti cancer activity of some marine pyridoacraalkaloids.

The values of all the three indices for each of @é@eanalogs comprising the dataset were computad, itis

compared with the biological activity of the repamitanticancer activity. Accuracy of prediction aufd to be
approximately 95% based upon Wiener, First and Beé&agreb topological indices.
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INTRODUCTION

Drugs and other chemical compounds are often mddedevarious polygonal shapes, paths, trees, getph&ach
vertex in the polygonal path or tree representatam of the molecule, and covalent bonds betweemstare
represented by edges between the correspondirigegerThis polygonal shape derived from a chengoatpound

is often called its molecular graph. As the geognefrproteins play an important role in determinthg function of
the protein[2], topological properties of the mallee graphs of chemical compounds are to be cdeetlto their
chemical properties. In recent years a large nunalbgopological indices have been reported andzetl for
chemical documentation, isomer discrimination, gtofl molecular complexity, chirality, similarity/similarity,
QSAR/QSPR, drug design and database selection,ojgtaaization, rational combinatorial library designd for
deriving multilinear regression models [21]. Thasgdude Wiener index [1], Balaban index [5], Hoadwndex [3],
molecular connectivity indices [4] and eccentricigectivity index [12,15]. Use of topological ind&@ structure-
activity relationship studies seems to play an irtgo@t role in situations where biological activisy determined
predominantly by topological architecture of molecistructure, i.e., where simple connectivity agorighboring
atoms, without considering the chemical nature wimaor nature of chemical bonding, may be the major
determinant of biological activity of a moleculed]1 Wiener number or Wiener index, W, is the fisported and
used topological index in chemistry. It was invehte 1940s. Wiener index is a useful topologicalex in the
structure-property relationship because it is asueaof the compactness of a molecule in termssoftructural
characteristics, such as branching and cyclicity.[lt is defined as the sum of the distances betwall the pairs of
vertices of a molecular graph. The Wiener index [54also one of the oldest molecular graph badadtsire
descriptors. The Wiener number W(G) originated fritia work of H.Wiener as a topological index todstuhe
relation between molecular structure and physindl@emical properties of certain hydrocarbon campis.

In natural sources, plants, animals and microoggasihave been the main source of biologically irggamolecules.
Ocean has been considered as the main source @finesdand during the past two decades thousandsmpounds
and their metabolites with several different typebological activity such as antimicrobial, amiflammatory,
antimalarial, antioxidant, anti HIV[19,20,26] andtigancer activity have been isolated from maririeroorganisms
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[16,21,24]. But till date only few anticancer drugisch as citarabine vidarabine etc have been cocmiigrdeveloped
from marine compounds while several others aresatiy in different stages of clinical trials. OVEBBO0OO compounds
have been isolated from marine source and apprégi;md50 compounds are cytotoxic against the diffetumor
cells [13,22]. Some of the prominent anticancer poamds which are in different stages of clinicél# include
aplidine, ecteinascidin-734 (Yondelis), bryostatin-squalamine, dolastatin- 10, ILX651, and KRN700Q0
galactosylceramide). Pyridoacridines are highlyoaotd marine natural products having polycyclic npla
heteroaromatic - pyrido acridine systeml) [2]. They are probably the largest class amongmaaalkaloids and
are almost universally isolated from sponges, &mid as well as from a mollusc and a coelenteraig. [
Pyridoacridine alkaloids show significant biolodicactivityprimarily cytotoxicity and certain speif biological
propertiesviz. fungicidaland bactericidal properties, inhibitiohtopoisomerase Il, anti HIV[23], intercalationdNA

property,Ca+2 releasing activity, production of reactive oxygspecies[6-9]. These activities depends upon the
substitution pattern of the basic structure of ggacridine, therefore many synthetic analogues halg®
beensynthesized keeping the basic skeleton of ggeiddine in mind. The synthesis of these analogures their
biological activity evaluation revealed that in rho§the cases cytotoxicity of the analogues hgzraved compared

to the parent molecule. Pyridoacridines[25] candlvided into tetracyclic, pentacyclic, hexacyclieptacyclic and
octacyclic alkaloids. In this paper we study tékationship of Wiener Index, First and second 2agndices with the
anti cancer activity of some marine pyridoacridaticaloids and anti-cancer activity of the molecides predicted.

MATERIALS AND METHODS

The Wiener index is a distance-based graph invanmsed as one of the structure descriptors for igtiad
physicochemical properties of organic compoundihe Wiener index W (G) of a graph G is definethassum of

1 n n
the half of the distances between every pair dfogs of G. W( G) = EZZ d( Y, \{)
i=1j=1

where d (;,v;) is the number of edges in a shortest path comugttte vertices; andy,

The Zagreb group indexes of a grapllenoted byM, (G) (first Zagreb index) andVl ,(G) (second Zagreb index)
are defined as

M,(G) =) D} @
M()=YDD, (@

@.5)
where DJ. stands for the degree of a vertexThe sum in (1) is over all vertices Gf
while the sum in (2) is over all edges®f

HO L

I=

CHO
Figure 1: Molecular structure of Tetracyclic alkaloids

Figure 1 above displays the molecular structur&eifacyclic alkaloids and Figure 2 represents théenular graph
of Tetra cyclic alkaloids as a chemical compound.

In this graph, total number of vertices is isontocpto the graph G. We calculate the Wiener indethe graph in
Figure 2 as
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Figure 2: Molecular graph representing the chemicbcompound Tetracyclic alkaloids
The Wiener IndexV(G) =701.

N
The First Zagreb IndeM,(G) = z Dj2 =116
e
The Second Zagreb IndéM ,(G) = z DD, =145

iiCE(G)

3. Model development

A data set comprising 60 compounds containing yididine alkaloids was used for the investigatibstructure-
activity relationship. From the above Table 1, Tegeneracy of the compounds can be calculatecuimper of
compounds having same value divided by total nurobeompounds with same number of vertices.

Table 1: Comparison of degeneracy of Wiener Indexirst and second Zagreb indices for all possible stctures with three and four
vertices containing only one nitrogen as heteroatom

w M1 M2

For three vertices

Minimum value 3 6 4
Maximum value 4 12 12
Ratio 1:1.333| 2 3
Degeneracy 1/3 1/3 | 1/3
For four vertices
Minimum value 6 10 8
Maximum value 10 36 54
Ratio 1:1.67 | 3.6 | 6.75
Degeneracy 6/11 6/11 | 6/11

Table 2 Basic structures of pyridoacridine alkalads

H. ®
OH /
N
H
R
| (Compounds 1-9) Il (Compounds 10-18)
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Il (Compounds 19-23)

NT
<N
S H
N
R
V (Compounds 31-38) VI (Compounds 39-50)
NN
v
OTH /
S N R
H 1
Rz

VIl (Compounds 51-60)

The basic structure of the compounds has beenmiezs@ Table 2 and various substituent describetiable 3.
The data set comprising of both active and inactivelogs. The values of Wiener Index, First anco8éZagreb
indices were calculated and suitable model devel@fier identification of active range by maximinatof moving
average with respect to active analogs. Subseguerdkch analog was assigned a biological activiijngi the
proposed model, which was then compared with therted anti-cancer activity.

RESULTS AND DISCUSSION

By using graph theoretic invariants as descriptess,utilize a set of well-understood mathematicaperties to
describe more complex physico-chemical and biokidiehavior of molecules. Such an approach is reiffefrom
the traditional QSAR methodology, where one emplsgkected simpler physico-chemical properties tedjot
biological activities of molecules.
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Table 3 Relationship of anti-cancer activity of Maine Pyridoacridine alkaloids with Wiener Index (W), and First (M) and Second (M)

Zagreb Indices

No | Compound| Functional group (R) Index values Anti-Cancer activity
Basic Assigned Reporteq
Structure w M | My [ W] M | My
R
1 | CH.CHs 1694 | 150 | 166 | + + + +
2 | CH;- CH,. CH,. CHs 2397 | 154 | 170 | - + + -
3 | Cyclopentane 2901 | 170 | 190 | - - + -
4 | CHs 1513 | 146 | 162 | + + + +
5 | Nitrobenzene 3441|180 | 201 | - - - -
6 | Methoxyphenyl 3441 | 180 | 201 | - - - -
7 | Benzaldehyde 3387 | 180 | 201 | - - - -
8 | H 1513 | 146 | 162 | + + + +
9 | Cl 1513 | 146 | 162 | + + + +
10 Il CHO 701 | 116 | 145 | + + + +
11 Il CeHsCHs 1253 | 148 | 182 | + + + +
12 Il H3C-CH,-CH,-Cs Hs 1589 | 156 | 190 | + + + -
OH
|
13 Il H3C-CH-CHx-NH; 1382 | 134 | 165 | + + + +
14 Il NO, 807 | 116 | 145 | + + + +
15 Il NMe, 815 | 126 | 157 | + + + +
16 Il H2C(CHs)-CH2-CH(CHs)(PhOH) 2802 | 181 | 213 | - - - -
17 Il Butane 1236 | 128 | 158 | + + + +
18 Il OHC-CH,-CH(COOH)(Ph(OCH)(CH)) 2555 | 174 | 208 | - - - -
19 n H 973 | 136 | 175 | + + + +
20 n NO, 973 | 136 | 175 | + + + +
21 i NH, 973 | 136 | 175 | + + + +
22 11} Benzaldehyde 2255 | 174 | 179 | - - + -
23 i CH;- CH,. CH,. CHs 1448 | 148 | 145 | + + + -
24 v Br 987 | 136 | 172 | + + + +
25 v Cyclopentane 1594 | 155 | 202 | + + - -
26 v Nitrobenzene 2257 | 174 | 214 | - - - -
27 v Methoxyphenyl 2257 | 174 | 214 | - - - -
28 v Benzoic acid 2257 | 174 | 214 | - - - -
29 v NH, 987 | 136 | 172 | + + + +
30 v NMe; 987 | 136 | 172 | + + + +
31 \Y NH; 996 | 131 | 169 | + + + +
32 \ Nitrobenzene 2359 | 169 | 212 | - - - -
33 \Y NHCOCH 1145 | 135 | 173 | + + + +
34 \Y NHCOCH; 1145 | 135 | 173 | + + + +
35 \ Methoxyphenyl 2359 | 169 | 212 | - - - -
36 \% Benzoic acid 2359 | 169 | 212 | - - - -
37 \Y NHCOCHCHs 1295 139 | 177 | + + + +
38 \ NHCOCHCH(CHs), 1740 | 147 | 186 | + + + +
R R2

39 \ NHCOCH; ethyl 2328 | 136 | 165 | - + +

40 \ H GBOC(CH)CH CH; CH;COCHC(CH). 2218 | 156 | 191 | + + - +
41 \ NHCOCH; 3106 | 168 | 201 | - - - -
42 \ Fluorophenyl 2B8-CH,-CH; 2871 | 174 | 211 | - - - -
43 \ Methoxyphenyl HC=CH-CH=GH 2871 | 178 | 215 | - - - -
44 VI Eyhoxyphenyl O¢H 2382 | 170 | 219 | - - - -
45 \ Nitrophenyl 2l 2620 | 170 | 204 | - - + -
46 \ OH GEIOCHC(CH). 2218 | 156 | 187 | + + - +
47 \ 2,6 dimethyl phenyl NO 2485 | 171 | 214 | - - - -
48 VI 3-Bromo,6-methoxyphenyl COOH 2670 | 172 | 207 | - - - -
49 \ 2-pyridyl CHO 2379 | 160 | 195 | - - + -
50 \ OMe GBOC(CH)CH CHs 2218 | 156 | 191 | + + + +
51 Wl Br NHCOMe 1370 | 150 | 190 | + + + +
52 Vil H NHCOMe 1370 | 150 | 190 | + + + +
53 Vil H NHCOCH 1514 | 154 | 194 | + + - +
54 Wl Fluorophenyl 8-CH-CH; 3639 | 196 | 243 | - - - -
55 Vil Methoxyphenyl HC=CH-CH=GH 3951 | 200 | 249 | - - - -
56 Vil Eyhoxyphenyl O¢H 3045 | 188 | 235 | - - + -
57 Wl H NMe, 1370 | 150 | 190 | + + - +
58 Vil Nitrophenyl D 3768 | 192 | 239 | - - + -
59 Vil H N(O)NMe, 1370 | 150 | 190 | + + - +
60 VIl 3-Bromo,6-methoxyphenyl COOH 3400 | 194 | 243 | - - -
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In the present study, the relationship of Wienately First and Zagreb Indices with the anti-carmetivity of
marine pyridoacridine alkaloids has been investiga

Analysis of the data in Table 3 reveals the follogvinformation:

* With respect to the Wiener index, out of the t@dlcompounds, 32 compounds are active and 28 camdgare
inactive. The active range had Wiener index valuga®-2218. As many as 29 out of 32 compounds éndttive
range were active with regard to anti-cancer agtiof reported value. The overall accuracy of pcédn was found

to be 90.625% with regard to the anti-cancer agtivi

* With respect to the First Zagreb index, out of thé&al 60 compounds, 34 compounds are active and 26
compounds are inactive. The active range had Eagteb index value between 116-156. As many asuf®f34
compounds in the active range were active with nega anti-cancer activity. The overall accuracypoédiction
was found to be 85% with regard to the anti-caactivity.

» With respect of the Second Zagreb index, out of ttal 60 compounds, 35 compounds are active and 25
compounds are inactive. The active range had Eagteb index value between 156-194. As many asu2®fo35
compounds in the active range were active with néga anti-cancer activity. The overall accuracypoédiction
was found to be 82% with regard to the anti-caacéwity.

* High predictability of the models derived from Wenindex as well as First and second Zagreb indiees
provide valuable leads for development of Marineignacridine alkaloids of anti-cancer agents. Moo high
discriminating power amalgamated with low degengrafcWiener index offers a vast potential for itseuin the
structure activity/property studies.
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