communications in mathematical

@ﬁ@'ﬁ'@h no. 43, March 2001

and in computer chamistry

ISSN 0340-6253 MATCDY (43) 85-98 (2001)

Application of Graph Theory: Relationship of Molecular
Connectivity Index, Wiener’s Index and Eccentric

Connectivity Index with Diuretic Activity

8. Sardana, Hindu College of Pharmacy, Sonipat-131001, India

A.K. Madan*, Faculty of Pharmaceutical Sciences, M.D. Univ., Rohtak-124001, India

* For correspondence, E-mail : madan_ak{@yahoo.com



ABSTRACT

Relationship between topological indices and diuretic activity of sulfamoylbenzoic acid
derivatives has been investigated. Three topological indices — the molecular connectivity
index, an adjacency based topological index, Wiener’s index, a distance based topological
index and the eccentric connectivity index, an adjacency cum distance based topological
index were used for present investigation. The values of the molecular connectivity index,
Wiener's index, and the eccentric connectivity index of each of 68 analogues comprising
the data set were computed and active ranges were identified. Subsequently, a biological
activity was assigned to each analogue involved in the data set which was then compared
with the reported diuretic activity in terms of volume of water excreted per hour.
Accuracy of prediction was found to vary from a minimum of ~82% in case of molecular

connectivity index to a maximum of ~90% in case of the eccentric connectivity index.

Keywords : diuretic activity, eccentric connectivity index, molecular connectivity index,

structure activity relationship, sulfamoylb ic acid, topological indices and Wiener's

index.
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INTRODUCTION

A recent trend in structure-activity relationship (SAR) and pharmaceutical drug design is
the quantitative prediction of physicochemical, biochemical and toxicological properties
of biologically active molecules using topological indices I The objective of all such
studies is to explore the role of connectedness of atoms in the expression of biological
activities of molecules ®. Thus, the molecular structures are translated into characteristic
numerical descriptors known as topological indices, which may then be used in the
development of SAR studies. Although a number of topological indices have been
reported, only a handful of them have been successfully employed in SAR studies. These

7"2, Balaban’s index '*"7, Hosoya’s index '8"9, the Randic’s

include Wiener’s index
molecular connectivity index 2 and the eccentric connectivity index”'.

Diuretics are the drugs which increase the output of urine resulting in an increased
excretion of water and sodium. Diuretics are normally required to remove oedema fluid
which is composed of water and solutes, of which sodium is most important. These drugs
are used in hypertension, congestive heart failure and oedemas associated with other
conditions. Diuretics mainly act at one of the four main sites i.e. the proximal tubule,
ascending limb of Henele’s loop, cortical diluting segment and the distal tubule.
Sulfamoylbenzoic acid derivatives like bumetanide (compound no.67) are loop diuretics
These are the most powerful of all diuretics, capable of causing 15-25% of the sodium in
the filtrate to be excreted; thus they are termed high ceiling diuretics. These drugs act
primarily at thick segment of the ascending loop of Henele, inhibiting the transport of

sodium chloride out of the tubule into the interstitial tissue by inhibiting the Na'/K*/2CI"



carrier in the luminal membrane. Bumetanide, a therapeutically used diuretic in the
treatment of oedemas of cardiac, hepatic or renal origin, is a 3- aminobenzoic acid
2224

derivative and has a direct inhibiting effect on the chloride binding site

Figure-1: Basic Structure of Sulfamoylbenzoic acid derivatives

Ha2NO2 COOH

In the present study the relationship of molecular connectivity index, Wiener s index and
the eccentric connectivity index with diuretic activity of sulfamoylbenzoic acid

derivatives has been investigated.

METHODOLOGY
Calculation of topological indices :

The molecular connectivity index *° proposed by Randic, is denoted by y and is defined

as the sum over all the edges (if) as per following :
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Where ¥; and F; are the degrees of adjacent vertices i and j and » is the number of
vertices in a hydrogen suppressed molecular structure.

The Wiener's index 2, a well known distance based topological index is defined as the
sum of the distances between all the pairs of vertices in a hydrogen suppressed molecular

graph, that is

n
w="%(ZPi)
=1
where Pi is the length of the path that contains the least number of edges between vertex i
and vertex ; in graph G and » is the maximum possible number of / and ;.
Eccentric connectivity index 2" denoted by £° is defined as the summation of the product
of eccentricity and the degree of each vertex in the hydrogen suppressed molecular graph
having n vertices.
n
E=F(E*V;)
=1
Where V; is the degree of the vertex i, E; is the eccentricity of vertex i and » is the number
of vertices in graph G. Eccentric connectivity index takes into consideration the

eccentricity as well as valency of the vertices in a hydrogen suppressed graph.

Model development analysis:

68 out of 72 sulfamoylbenzoic acid analogues reported by Peter W. Feit er al ** were

selected as data set for present investigations. Four analogues which were employed as



control by Peter W, Feit et al ** were omitted for obvious reasons. This data set
comprised of both the active and inactive compounds. Diuretic activity was quantitatively
reported as ml/kg per 3 hr water excretion. Compounds which caused water excretion of
8 ml/kg per 3 hr or more in a dose of 0.1 mg/kg body weight and the compounds which
caused water excretion of 20 ml/kg per 3 hr or more in a dose of 1 mg/kg body weight
were considered to be active for the purpose of present study. The values of the
molecular connectivity index were computed for each analogue using an in-house
computer program and an active range was identified. Subsequently, each analogue was
assigned a biological activity which was then compared with the reported diuretic
activity. Percent degree of prediction of a particular range was derived from the ratio of
the number of compounds predicted correctly to that of total number of compounds
present in that range. The overall degree of prediction was derived from the ratio of the
total number of compounds predicted correctly to that of the total number of compounds
present in both the active and inactive ranges.

Aforementioned procedure was similarly adopted in case of Wiener’s index and the
eccentric connectivity index.

The results are summarized in tables [ to V.

RESULTS AND DISCUSSION

For generations, a cherished goal of chemists has been to create molecules with specific
properties. However, because of combination of serendipity and empiricism as the basis
of new drug discovery, finding new drugs has been an extremely challenging process .

The finding that the structure of a molecule had an important role to play in its biological



activity coupled with need for safer potent drug to be developed with minimum
expenditure, animal sacrifice and time loss led to the genesis of SAR studies L
Numerous mathematical tools of diverse nature are being presently employed in SAR and
structure — property relationship (SPR) studies. Topological indices represent one class of
mathematical tools. Since topological indices can translate molecular structures into
characteristic numerical descriptors, therefore, these are being widely employed in
SAR/SPR studies. In present investigations, the molecular connectivity index — a widely
used adjacency based topological index, the Wiener's index — a well known distance
based topological index and the eccentric connectivity index — an adjacency cum distance
based topological index have been employed to study relationship with diuretic activity
of sulfamoylbenzoic acid derivatives. These compounds possess high diuretic activity
leading to increased excretion of water, sodium, potassium and chloride. The selected
data set comprising of 68 analogues included both the active and inactive compounds.

Retrofit analysis of the data in tables I and II reveals the following information with

regard to molecular connectivity index:

* Biological activity was assigned to a total number of 56 analogues in both the active
and inactive ranges, out of which activity of 46 analogues was correctly predicted
resulting in ~82% accuracy with regard to diuretic activity.

e A transitional range was observed indicating a gradual change in diuretic activity. A
total of 12 analogues were present in the transitional range.

e The active range had molecular connectivity index values of more than 11.99. As

many as ~79% of the analogues in the active range exhibited diuretic activity.



Retrofit analysis of the data in tables I and Il reveals the following information with

regard to Wiener s index:

Biological activity was assigned to a total number of 52 analogues in both the active
and inactive ranges out of which activity of 44 analogues was correctly predicted
resulting in ~85% accuracy with regard to diuretic activity.
A transitional range was observed indicating a gradual change in diuretic activity. A
total of 16 analogues were present in the transitional range.
The active range had Wiener's index values of more than 1468. As many as ~81% of

the analogues in the active range exhibited diuretic activity.

Retrofit analysis of the data in tables I and IV reveals the following information with

regard to eccentric connectivity index:

A total of 39 analogues were classified into active and inactive ranges, out of which
35 analogues were correctly predicted resulting in ~90% accuracy with regard to
diuretic activity.

Lower and upper transitional ranges were observed, indicating a gradual change in
diuretic activity from the inactive to the active range and vice-versa. A total of 29
analogues were present in these transitional ranges.

The active range had eccentric connectivity index values of 434-573. As many as 26
out of 30 analogues in this range exhibited diuretic activity resulting in ~87%
accuracy. Further the active analogues were found to be present in narrow range of

eccentric connectivity index values thus providing useful lead for a potent diuretic.

Investigations reveal significant correlations of all the three topological indices with

diuretic activity of sulfamoylbenzoic acid derivatives. The overall accuracy of prediction



varied from a minimum of ~82% in case of molecular connectivity index to a maximum

of ~90% in case of eccentric connectivity index. High accuracy of prediction in case of

eccentric connectivity index may be attributable to the combined use of the adjacency and

distance parameters in the same topological index rather than using these parameters

separately as in case of molecular connectivity index and Wiener's index respectively.

These studies can be exploited to provide a useful lead for development of a potent

diuretic. Topological indices in combination with other mathematical tools provide a vast

potential for development of various therapeutic agents of diverse nature.
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Table I: Relationship of the molecular connectivity index, Wiener's index and the

eccentric connectivity index with diuretic activity of sulfamoylbenzoic acid analogues.

S.No. R' R B x w Diuretic Activity
Assigned Reported
€ x W
1 CeHs NH-n-Bu 385 1579 1294 o+ o+ = s
3 CeHs NHCH,CeHs 504 13097 1772 + + o+ +
3 CoHy NHCH,CCHCHCHO 515 12662 1562  + + + 5
i RE |
4, CeHs NHCH,CH,CCHCHNCHCH 574 13597 1857 & 4+ + .
(E— |
5 COCH; OEL 377 1490 1240 = - % .
6. COC4H, O-n-Pr 396 11990 1398+ & & +
7 COCoHs OCH;CH=CH; 196 1199 1398 & & % .
3 COCHs OCH,C=CH 196 11990 1398+ + + i
9, COCHs O-n-Bu 448 1249 1581+ + 4 +
10, COCH,4-Me O-n-Bu 494 12883 1770+ o+ + 4+
1. COCHA-C O-n-Bu 494 12883 1770+ + 4 +
12 COCHy O-n-Am 517 B2 17% 0+ + + +
13, COCHs O(CH,)sCH, 574 13490 2026 0+ +  + E
14 COCGH, OCH,CHy 504 13097 2144+ o+ + &
15 COC,H,-4-Me OCH;CeHs 622 14401 2369 % + + +
16 COCH4-C OCH;CaHs 622 14401 2369 o+ +  + +
17 COCHs OCH,CaH4-C! 637 14401 2385 & + o+ +
18, COC4Hs OCH;CH:CeHs 643 14507 2431 o+ + o+ +
19 COC.Hy O(CH:)CeHs 721 14970 2748 & +  + -
20 COCeHs OCH,;CCHCHSCH 503 13595 1929  + + + +
| |
21 COCeHs OCH,;CCHCHCHCHN 504 13097 2144+ + + +
| E—
2 CHs O-n-Bu 385 1579 1212 o+ & % 2
23 CeHs O-n-Am 447 12079 1458+ + & 5
24 CeHy OCH,CeHy 504 13097 1999+ + & +
25 CeHs OCH;CH;CeHs 574 13597 209 = + o+ -
2 CeHy OCH;CCHCHSCH 441 12597 1580  + + o+ +
e
27 CHy On-Pr 240 8506 598 8% @ =
28 CH, O-n-Bu 283 9006 718 - =
29 CH;, OCH:C;H(CH; 39 10524 724 = - - 5
30 CH, OCH,CCHCHSCH 339 10024 943 g% & -
e 4
3 COC4H; Sme 360 109% 10 - - - e
32 COCH, Sn-Pr 39 119% 1398 & & = +
33 COCH, SCH,CH=CH, 39 1199 1398 4 + 4 <
34 COC:H; Sn-Bu 449 1249 1563+ +  + +
35 €OC:Hy S-i-Am 470 12.845 1766+ + o+ +
36 COCHs SCH,CeHy 567 14007 2319 4+ +  + +
37, CHs S-n-Pr 338 o™ uw - - - 3
38 CeHy S-n-Bu 385 1579 1212 & £ = -
39 CeHy SCH,CaHs 504 13097 172+ o+ o+ S
40, COCH; CH,CH,CHs 567 14007 2319 + 4 + +
41 CH,CeHs Oet 364 11082 1142 % - % 2
42 CHCoHs O-n-Pr 383 11562 1293 o+ % +
43 CH,CH, OCH;CH=CH; 383 11562 1203 0+ % o+ +
44 CH,CaHg O-n-Bu 434 12062 1468  + +  + +
45 CH:CHAC O-n-Bu 479 12456 1651 o+ +
46 CH,CH; O-n-Am 487 12562 1668  + +  + 5
41 CH,CeH; O(CH;)sCHy 555 13062 1894 + o+ + 2
48 CHCeHl4-Me OCH;CeHy 605 13974 2121 + + 4 +
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49. CH,CeH,4-Cl OCH;CH¢ 605 13974 2121 &b ¥ + +
50. CH,C¢H; CH,CH,CeHs 550 13.580 2007 + + + +
51 CH,CH, SMe 347 10.562 1014 = - - -
52 CH;CeHs SEt 364 11062 1142 £ - + +
53 CH,C¢Hs S-n-Pr 383 11.562 1293 + & E +
54. CHyCeHs SCH,CH=CH;: 383 11,562 1293 &, & + +
55. CH,CeHy S-n-Bu 434 12,062 1468 sl + +
56. CH;CeHs S-n-Am 487 12.562 1668 + o+ + +
57. CH;CgHs SCH:CeHs 550 13.580 2007 ¥ # + +
58 CH;CHy SCH,CeH,y-3-OMe 641 14512 2454 + + 2
59. CH,CeHs SCH;CCHCHCHO 496 13.080 1801 L + +
| |
60. CHyCeHy SCH,CCHCHSCH 49 13.080 1801 + o+ + +
61. CH.C4Hs SCH,CCHCHNCHCH 550 13.580 2007 + + + *
62. CH,CeHy SCH,CH,CCHCHNCHCH 624 14080 2282 & + + +
63. CHy S-n-Pr 240 8.506 600 - - - -
64 CH, S-n-Bu 283 9.006 718 - - - -
65, CH, SCH,CHy 390 10.524 1086 + - - -
66, CH, SCH,CCHCHSCH 339 10024 943 - - - -
Lol
67 3. 4-ph 5 icacid 434 12062 1468 *: & + +
(bumetanide)
68 4-Benzyl-3 ino-5- yib acid 434 12062 1468 Al + +
(besunide)

+, Active compound
-, Inactive compound
+, Compound in the transitional range

Table II : The relationship between diuretic activity of sulfamoylbenzoic acid derivatives
and the molecular connectivity index.

Nature of Index value Number of analogues in Accuracy
Range the range (%)
Total Correctly
Predicted
Inactive <11.562 14 13 92.85
Transitional | 11.562 —11.990 12 NA. N.A.
Active >11.990 42 33 78.57

N.A. , not applicable

Table III : The relationship between diuretic activity of sulfamoylbenzoic acid
derivatives and the Wiener’s index.



Nature of Index value Predicted analogues Accuracy

range (%)
Total Correct

Inactive <1142 11 11 100

Transitional | 1142 -1467 16 N.A. N.A.

Active > 1468 41 33 80.48

N.A., not applicable

Table IV : The relationship between diuretic activity of sulfamoylbenzoic acid

derivatives and the eccentric connectivity index.

Nature of range Index value Predicted analogues Accuracy
(%)
Total Correct
Lower Inactive <364 09 09 100
Lower Transitional 364433 17 N.A. N.A.
Active 434-573 30 26 86.66
Upper Transitional 574-721 12 N.A. N.A.

N.A., not applicable




