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ABSTRACT

Relationship between topological descriptors and antimycobacterial activity of quinolone
derivatives has been investigated using a data set comprising of 52 quinolone analogues
including ciprofloxacin. Eccentric connectivity index, an adjacency cum distance based
topological descriptor and Zagreb group parameters M; & M;  adjacency  based
topological descriptors were employed for present study. The values of eccentric connectivity
index and Zagreb group parameters M; & M; of each of 52 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
antimycobacterial activity against Mycobacterium fortuitum. Accuracy of prediction was found
to vary from a maximum of ~85% in case of eccentric connectivity index to a minimum of
~81% in case of Zagreb group parameter M.

Keywords : antibacterials, eccentric connectivity index, mycobacterium, quinolones, structure-

activity relationship, ropological indices and Zagreb group parameters.

INTRODUCTION

A contemporary trend in theoretical chemistry and drug design is the prediction of biological
activity of chemical compounds using structure- activity relationships (SAR). A large number of
SAR studies have been reported in recent literature using theoretical molecular descriptors in

predicting physicochemical, pharmacological and toxicological properties of molecules. The use
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of topological indices in SAR seems to play an important role in situations where the biological
activity is determined predominantly by topological architecture of molecular structure, that is,
where simple connectivity among neighboring atoms without considering the chemical nature of
atoms or the nature of chemical bonding, may be the major determinant of biological activity of
a molecule' Topological indices have been successfully employed in developing a suitable
correlation between chemical structures and biological activity by translating chemical
structures into numerical descriptors®®, Although a number of topological indices have been
reported’ yet only a handful of them have been successfully employed for predicting biological
activity. Topological indices developed for predicting physicochemical properties and biological
activities, of chemical compounds, can be used for drug design'®'.

Mycobacterium tuberculosis and M. laprae were among the first bacteria recognized as
causative agents, respectively, of tuberculosis and leprosy. Over the past 200 years, tuberculosis
was responsible for the death of 1000 million people. The introduction of chemotherapy for
mycobacterial infections brought about a dramatic decrease in the mortality and morbidity of the
illness. The antimycobacterial drugs presently in therapeutic use are : isomiazid, ethambuiol
rifampicin, streptomycin, pyrazinmide cycloserine, clofazimine, dapsone etc. However, with the
emergence of multidrug- resistant tuberculosis, particularly in AIDS patients, the need for new
drugs has led to careful evaluation of antitubercular activity of antimicrobial agents like
ﬂuoroquinolones”.Recem introduction of fluorinated 4-quinolones such as ciprofloxacin
represents a particularly important therapeutic advance, since these agents have broad
antibacterial activity and are effective after oral administration for the treatment of wide variety
of infectious diseases. Relatively few side effects appear to accompany the use of these fluoro-

quinolones, and microbial resistance to their action does not develop rapidly. Ciprofloxacin also
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has good activity against staphylococi. Several intracellular bacteria are inhibited by
ciprofloxacin at concentrations that can be achieved in plasma : these include species of
Chlamydia; Mycoplasma; Legionella; Brucella and Mycobacterium (including Mycobacterium
berculosis)'™. In present investigations, the eccentric connectivity index — an adjacency cum
distance based topological index and Zagreb group parameters M; & M, , adjacency based
topelogical indices have been employed to study relationship with antimycobacterial activity of
quinolone derivatives.

METHODOLOGY

Calculation of topological indices :

Eccentric connectivity index" 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
F=E(E *¥)
=1

Where ¥;is the degree of the vertex i, E; is the eccentricity of the 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.

16-17

Zagreb group parameter M, proposed by Gutman et al is defined as the sum of square of

degrees over all vertices and is represented by following equation :

M=% (V)
=]

i=
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Where V; is the degree of vertex i in a hydrogen suppressed molecular structure. Vertex
degree V; for a vertex i is given as sum of the entries in a row i of adjacency matrix .

16-17

Zagreb group parameter M; is defined as the sum of cross-product of degrees over all

neighboring (connected) vertices and is represented by following equation :

M, =2 (Vi Vy)
(i

Where ¥; and V; are the degrees of adjacent vertices i and /.

Model development analysis:

A data set consisting of 52 quinolone derivatives including ciprofloxacin selected for present
investigations, comprised of both the active and inactive compounds. The values of the
eccentric connectivity index were computed for each analogue using an in-house computer
program. For the selection and evaluation of range specific features, exclusive activity ranges
were discovered from the frequency distribution of response level. This can be easily
accomplished by firstly plotting relationship between index values and therapeutic activity and
subsequently identifying the active range by analyzing the resultant data by maximization of the
moving average with respect to the active compounds®.  Subsequently, each analogue was
assigned a biological activity which was then compared with the reported'® antimycobacterial
activity. Percent degree of prediction of a particular range was derived from the ratio of the
number of compounds predicted correctly to that of the 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
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Antimycobacterial activity was quantitatively reported as minimum inhibitory concentration
(MIC pg/ml) against Mycobacterium fortuitum. Ciprofloxacin, a widely used antimycobacterial
had a minimum inhibitory concentration of 0.06 . Therefore, compounds which had MIC
(pg/ml) of 0.06 or less were considered to be active for the purpose of present study.
Aforementioned procedure was similarly adopted for Zagreb group parameters M; and M,

The results are summarized in tables I to IV.

RESULTS AND DISCUSSION

The re-emergence of tuberculosis infections which are resistant to conventional drug therapy
has  demonstrated the need for alternative chemotherapy against Mycobacterium
tuberculosis'®. The incidence of tuberculosis (TB) infection has steadily risen in the last decade
and this increase can be attributed to a similar increase in HIV infection'®. The association of
tuberculosis and HIV infection is so dramatic that, in some cases nearly two-thirds of the
patients diagnosed with TB are also HIV-1 seropositive™. Mycobacteria are transition forms
between bacteria and fungi. The genus Mycobacterium belongs to the order Actinomycetales
and the family Mycobacteriaceac. Quinolone antibacterials have shown to have significant
inhibitory activity against Mycobacterium. The main effects of fluoroquinolones are the
inhibition of DNA supercoiling and damage to DNA, whose synthesis is rapidly interrupted.
These drugs are usually well tolerated'® However, clinical experience of quinolones with these
pathogens remains limited'®, Therefore there is need to study structure-activity relationships of
quinolone antibacterials against Mycobacteria. Topological indices are valuable tools for SAR

studies as they can translate molecular structures into characteristic numerical descriptors. In
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present investigations, the eccentric connectivity index — an adjacency cum distance based

topological index and Zagreb group parameters M; & M;, adjacency based topological indices

have been employed to study relationship with antimycobacterial activity of quinolone
derivatives. These compounds possess excellent antibacterial activity against gram positive and

gram negative bacteria including Mycobacterium. The selected data set comprising of 52

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

eccentric connectivity index:

« Biological activity was assigned to all the 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 anti-mycobacterial activity.

« The active range had eccentric connectivity index values of 438 - 495. As many as 63% of
the analogues in the active range exhibited anti-mycobacterial activity.

» In a data set comprising of 52 analogues only 12 analogues were active and out of these 12
analogues as many as 10 analogues were localized in the active range.

s Average MIC of correctly predicted analogues in the active range was 0.051 pg/ml compared
to that of 09pug/ml and 0.613pg/ml in the lower inactive and upper inactive ranges
respectively.

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

Zagreb group parameter M.

* Biological activity was assigned to all the 52 analogues in both the active and inactive
ranges out of which activity of 43 analogues was correctly predicted resulting in ~83%

accuracy with regard to anti-mycobacterial activity.
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The active range had Zagreb group parameter M; values of 136 - 143. As many as ~64% of
the analogues in the active range exhibited anti-mycobacterial activity.

Average MIC of the correctly predicted analogues in the active range was 0.047pg/ml
compared to that of 1.025ug/ml and 0.491pg/ml for lower inactive and upper inactive ranges

respectively.

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

Zagreb group parameter M

Biological activity was assigned to all the 52 analogues in both the active and inactive
ranges out of which activity of 42 analogues was correctly predicted resulting in ~81%
accuracy with regard to anti-mycobacterial activity.

The active range had Zagreb group parameter M values of 171 - 178. As many as 60% of
the analogues in the active range exhibited anti-mycobacterial activity.

Average MIC for the correctly predicted analogues in the active range was 0.055pg/ml
compared to that of 0.934pg/ml and 0.566pg/ml for the lower inactive and upper inactive

ranges respectively.

Further the active analogues were found to be present in narrow range of eccentric connectivity

index and Zagreb group parameters M; & M, values thus providing useful lead for a potent anti-

mycobacterial agents.

Investigations reveal significant correlations of eccentric connectivity index and Zagreb group

parameters M) & M with anti-mycobacterial activity of quinolones. The overall accuracy of

prediction was found to be ~85% in case of eccentric connectivity index, ~83% in case of
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Zagreb group parameter M; and ~81% in case of Zagreb group parameter M;. Prediction with

eccentric connectivity index was slightly better than Zagreb group parameters M; & M; . This

can probably be attributed to contribution of distance in addition to adjacency in case of

eccentric connectivity index. Zagreb group parameters My & M: produced almost similar kind

of predictions. On the basis of these results, these predictive models might prove useful in the

design of new quinolones with enhanced antimycobacterial activity providing considerable cost

savings relative to in vitro and in vivo experimental models. Further work with regard to

development of topological descriptors capable of differentiating heteroatoms as well .is in

progress.
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Table I : Relationship of eccentric connectivity index and Zagreb group Parameter with

Antimycobacterial activity of Quinolone Derivatives.

Antimycobacterial Activity

Predicted Reported
Comp. R, R, & M M & M M
No.
1 $ HE N 40 134 164 + ; ; +
|
3 A HC—NI—\N— 495 140 171 + + + +
3 s
HLC
3 A 461 140 171 + + + +
HN N—
—
Hy G
4 A HN N 488 143 178 + +
+ +
HyC
A Et
5 s 516 144 176 . 5 +
j -
m
6 /_k B—N_ N 558 144 176 - . - .
i-Pr—N,_\N—
7 _ 583 150 183 . 2 # -
8 App,ci..._,{_‘”_ 650 154 186 - - - -
j—
9 A nBu—) ‘W 693 152 184 - - -
N
/s
10 A 439 136 167 + + . +
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Table II : The relationship between antimycobacterial activity of quinolone derivatives and the

eccentric connectivity index.

Nature of Index value Total No. Number of Percent Average
Range of analogues Accuracy MIC*
analogues | predicted (ng/ml)
in the range | correctly
Lower Inactive <438 05 05 100 0.9(0.9)
Active 438495 16 10 63 0.36(0.051)
Upper Inactive > 495 31 29 94 0.576(0.613)

* Values in brackets indicate average MIC of correctly predicted analogues of the particular

range.

Table 111 : The relationship between antimycobacterial activity of quinolone derivatives and the

Zagreb group parameter M.
Nature of range Index value Total No. | Number of Percent Average
of analogues Accuracy MIC*
analogues | predicted (pg/ml)
in the range | correctly
Lower Inactive <136 11 10 90 0.937(1.025)
Active 136-143 11 07 64 0.439(0.047)
Upper Inactive > 143 30 26 87 0.442(0.491)

* Values in brackets indicate average MIC of correctly predicted analogues of the particular

range.
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Table IV : The relationship between antimycobacterial activity of quinolone derivatives and the

Zagreb group parameter M;.

Nature of range Index value Total No. | Number of Percent Average
of analogues Accuracy MIC*
analogues | predicted (pg/ml)
in the range | correctly
Lower Inactive <171 20 15 75 0.711(0.934)
Active 171-178 10 06 60 0.196(0.055)
Upper Inactive > 178 22 21 95.45 0.543(0.566)

* Values in brackets indicate average MIC of correctly predicted analogues of the particular

range.
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Fig | : Basic Structure of Quinolones
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Fig 2 : Sparfloxacin
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