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Abstract—QSAR study on the tumor-associated transmembrane carbonic anhydrase IX (CA IX) isoenzyme has been made using a
large pool of distance-based topological indices : W , Sz, PI, 0v, 1v, 2v, 0vv, 1vv, and 2vv. A combined set of 32 aromatic and het-
erocyclic compounds, including the six clinically used derivatives: acetazolamide, methazolamide, ethoxyzolamide, dichlorophen-
amide, dorzolamide, and brinzolamide are used for this purpose. The results have shown that the inhibition of the tumor-associated
isoenzyme IX with aromatic and heterocyclic sulfonamides can be modeled excellently in multiparametric regression after intro-
duction of indicator parameters. The predictive power of the models is discussed using probable error of correlation (PE), variance-
inflation factor (VIF), and cross-validation parameters: PRESS, SSY, r2cv, SPRESS, and PSE. This is the first report on QSAR study on
inhibition of tumor-associated isoenzyme IX.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Several QSAR studies of carbonic anhydrase inhibitors
using physiochemical parameters as well as theoretical
descriptors have been reported in the last years.1–18

Encouraging results were obtained using distance-based
topological indices. The favorable topological indices
used being: Wiener (W )-,19 Szeged (Sz)-,20;21 PI (Padma-
kar–Ivan)-,22–25 Randic connectivity (0v, 1v, 2v)-,26 and
Kier and Hall’s valence connectivity (0vv, 1vv, 2vv)-27;28

indices. In addition, information theoretic indices,
chiefly molecular redundancy (MRI)-, and negentropy
(N) were also found useful. In some cases29 the appli-
cability of W and mv and/or mvv was well established,
however, that of Sz and PI is yet to be established
thoroughly.
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Quantitative structure–property/activity/toxicity rela-
tionships (QSPR/QSAR/QSTR) studies are tools of
prediction endpoints of interest on organic compounds
acting as drugs, which have not been experimentally
determined.30–34 Many physiological activities of com-
pounds can be related to their composition and struc-
ture. Since topological indices are the numerical
representation of molecular structure, they are the best
candidates for QSPR/QSAR/QSTR studies.30–34

The carbonic anhydrase (CA, EC 4.2.1.1) inhibitors are
extensively studied in the last period, due to their
potential applications for the prevention and treatment
of a large number of diseases.35–38

Recently, Supuran and co-workers39 have investigated
the inhibition of the tumor-associated transmembrane
carbonic anhydrase IX (CAIX) isoenzyme with a series
of aromatic and heterocyclic sulfonamides, including the
six clinically used derivatives: acetozalamide, methazol-
amide, ethoxyzolamide, dichlorophenamide, dorzol-
amide, and brinzolamide (Table 1). A very interesting
and unusual inhibition profile against CA IX with these
sulfonamides has been observed. Several nanomolar
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Table 1. Tumor-associated isoenzymes IX with aromatic and heterocyclic sulfonamides used in the present involving
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(KI–s in the range of 14–50 nM) CA IX inhibitors have
been detected, both among the aromatic as well as the
heterocyclic sulfonamides examined (Table 1). The
referred report39 is the first CA IX inhibition study with
a series of aromatic and heterocyclic sulfonamides, as
well as with the six clinically used CAIs mentioned
above.
Since CA IX is a highly active isoenzyme predominantly
expressed in tumor tissues with poor prognosis of dis-
ease progression and, QSAR study on such an inter-
esting class of isoenzyme is yet to be performed, we have
undertaken the present study, which will be very
promising for the potential design of CA IX specific
inhibitors with application as anti-tumor agents.
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2. Results and discussion

The structure of aromatic and heterocyclic sulfonamides
together with the six clinically used inhibitors are shown
in Table 1. Inhibition data against CA IX isoenzymes39

and the values of indicator parameters (I1, I2, I3) are
presented in Table 2. The indicator parameters: I1, I2, I3
assumes the value 1 when heterocyclic, halogens, and
–NH2 group para to –SO2NH2 are, respectively, present
in the compounds used. In absence of which the values
of indicator parameters are zero.

Table 3 records the calculated values of the distance-
based topological indices (W , Sz, PI, 0v, 1v, 2v, 0vv, 1vv,
and 2vv) used.

A close look of Table 2 shows that a very little degen-
eracy is present in the inhibitory activity: logKI

(hCAIX) activity of the compounds used. However,
high degeneracy is observed in the topological indices,
W , Sz, and PI are first-generation topological indices
while the remaining topological indices (0v, 1v, 2v, 0vv,
1vv, and 2vv) are the second-generation topological
indices.40 Balaban40 has shown that such indices, inspite
of their degeneracy, can be successfully in QSAR stud-
ies. This is found to be the case in present study also.

The simple linear regression analysis has indicated that
none of the topological indices used gave any statisti-
cally significant regression expression for modeling the
activity. This means that no single variable model is
possible for modeling the activity [logKIðhCA IXÞ, nM].
Many correlations, particularly when involving mole-
cules of different size, need not be linear.

In view of the above failure we have undertaken step-
wise multiple regression using maximum R2 method.41

Before a multiple (multivariate) analysis is undertaken,
it is convenient to tailor the data in certain ways to make
the calculation easier. Normally, it is sufficient to pro-
pose the data by means of auto-scaling and mean-cen-
tering the variables. Auto-scaling gives each variable
unit variance and the same chance to contribute to a
calculated model; whereas mean-centering facilitates
interpretation. Multicollinearity (auto-correlation) oc-
curs when two independent variables are correlated with
each other and therefore contribute redundant infor-
mation to the model when highly correlated independent
variables are included in the regression model, they can
effect the regression results. However, the multicolline-
arity problem is recently discussed by Randic42 and we
will use his recommendations in discussing our results.

At this stage it is worthy to mention that the problems
caused by multicollinearity; and how to deal with them,
continue to be of prime concern to theoretical statisti-
cian. From a decision makers viewpoint, one should be
aware of the fact that multicollinearity can (and usually
does) exist and recognize the basic problems it can
cause. Some of the most obvious problems and indica-
tions of severe multicollinearity are:

(i) incorrect signs of the co-efficients;
(ii) a change in the values of the previous co-efficient
when a new variable is added to the model;

(iii) change in insignificant of a previously significant
variable when a new variable is added to the model;
and

(iv) an increase in the standard errors of the estimate
when a new variable is added to the model.

The simplest method of investigating occurrence of
multicollinearity is to obtain correlation matrix.41 In
addition, correlation matrix is very useful for deter-
mining which independent variables are likely to help
explain variation in the dependant variable. In our case
such a correlation matrix obtained (not shown here)
indicated that all the distance-based topological indices
used in the present investigation are highly linearly
correlated. This means that any combination of these
indices occurring in the regression expression (model) it
may suffer from the defect due to collinearity. In practice
every term in the correlation matrix >0.4 may be taken
as being suspicious due to collinearity. In the present
case this term was found as high as 0.99 for collinearity
between W and Sz, 0v and 1v, and 0vv and 2vv. The high
linear collinearity between these pairs is well known.

Another test for multicollinearity is the variance infla-
tion factor (VIF).41;43 The VIF is defined as 1=ð1� R2

i Þ,
where Rj is the multiple correlation co-efficient for
the ith variable regressed on the p � 1 others, p being the
number of others. A VIF less than 10 indicates that the
model contains no multicollinearity. However, requiring
VIFs less than 10 is not so traditional, but it is recom-
mended by regression texts. Based on this requirement
only the regression equation 1, as discussed below, will
be entirely satisfactory. However, the best regression
Eq. 5, which is discussed below, with 32 compounds and
the independent variables of Eq. 5 (see below), the VIFs
come out to be as under:

Thus, looking to the aforementioned requirement of
VIFs value, four variables viz PI, 1v, 2v, and 2vv do not
reach statistical significance, leaving us with a depen-
dence on the two indicator variables that is, I2 and I3.
That is, VIFs of Eq. 5 indicates a massive collinearity
problem. However, for resolving such a problem we
have to take help of Randic42 recommendations.

Before resolving collinearity issue using Randic recom-
mendation42 it is interesting to consider the results of
Shapiro and Guggenheim43 who reported VIFs for the
inhibition of oral bacteria by phenolic compounds using
molecular connectivity. In two of the proposed models
they obtained VIFs value as high as 313/362. Also, for

Variable VIF

I2 1.3041

I3 1.1646

PI 115.1883
1v 153.6831
2v 23.6657
2vv 22.0293



Table 2. KIðhCA IXÞ activity values of indicator parameters (I1, I2, I3) and topological indices (W , Sz, PI, 0v, 1v, 2v, 0vv, 1vv, and 2vv)

Compound

no

KIðhCA IX Þ I1 I2 I3 W Sz PI 0v 1v 2v 0vv 1vv 2vv

1 33 0 0 0 144 220 104 8.4831 5.0159 5.2343 5.6888 2.8892 2.0828

2 238 0 0 0 148 228 104 8.4831 4.9990 5.3347 5.6888 2.8832 2.1175

3 294 0 0 1 152 236 104 8.4831 4.9990 5.3228 5.6888 2.8832 2.1140

4 305 0 0 1 201 306 126 9.1902 5.5370 5.4919 6.1889 3.1332 2.2137

5 103 0 0 1 201 306 126 9.1902 5.5370 5.4919 6.3960 3.3563 2.3931

6 33 0 0 1 262 388 150 9.8973 6.0370 5.8723 7.1031 3.8563 2.7276

7 245 0 1 1 189 291 126 9.3534 5.4097 5.8306 5.9895 2.9989 2.2283

8 264 0 1 1 189 291 126 9.3534 5.4097 5.8306 5.9895 2.9989 2.2283

9 269 0 1 1 189 291 126 9.3534 5.4097 5.8306 5.9895 2.9989 2.2283

10 285 0 1 1 189 291 126 9.3534 5.4097 5.8306 5.9895 2.9989 2.2283

11 24 0 0 1 624 888 336 15.2236 8.2430 10.3662 8.9701 4.3066 3.4740

12 39 0 1 0 399 582 234 12.7236 7.0317 8.3710 7.7142 3.6787 2.9105

13 41 1 0 0 113 132 85 7.7760 4.4990 4.9812 4.6821 2.1173 1.4512

14 30 1 0 1 146 171 104 8.6463 4.9097 5.4889 5.6048 2.5258 1.8417

15 38 1 0 1 853 1124 398 14.9663 9.1825 9.8915 9.7163 4.9302 3.5927

16 34 0 0 1 1004 1502 450 15.6734 9.6825 10.2332 10.723 5.6962 4.2439

17 20 0 0 1 916 1326 450 15.6734 9.6993 10.1666 10.723 5.7021 4.2157

18 31 0 0 1 1195 1726 494 16.3805 10.1825 10.5677 11.4301 6.1533 4.5825

19 24 0 0 0 1408 1972 540 17.0876 10.6825 10.9213 12.1372 6.6533 4.9058

20 16 1 0 0 669 1057 330 13.1734 8.4485 8.4572 9.2380 4.9342 3.4945

21 14 1 0 0 287 430 191 10.3449 6.4653 6.9727 6.8368 3.5903 2.6768

22 32 1 0 0 272 510 196 10.1818 6.5883 6.6118 7.2134 3.9543 2.8763

23 30 0 0 0 272 510 196 10.1818 6.5883 6.6118 7.3435 4.0945 3.0223

24 21 0 0 0 201 306 126 9.19020 5.5370 5.4919 6.2658 3.2643 2.3471

25 22 0 0 0 262 388 150 9.8973 6.0370 5.8723 6.9729 3.7643 2.6626

26 26 0 0 0 252 378 150 10.0605 5.9097 6.2217 6.4670 3.2723 2.3745

27 25 1 0 0 257 294 148 10.0605 5.8929 6.3716 6.5130 3.0327 2.0993

28 27 1 0 0 304 347 173 10.9307 6.3035 6.9013 7.4602 3.4272 2.4500

29 34 1 0 0 442 645 251 11.7591 7.5033 7.5223 8.5050 4.5666 3.0873

30 50 0 1 0 398 580 234 12.7236 7.0317 8.3433 7.5148 3.5790 2.8072

31 52 1 0 0 634 918 356 14.4223 8.6749 9.3116 10.5814 5.8138 4.5548

32 37 1 0 0 1142 1578 524 17.2507 10.7129 10.6032 12.9808 7.1044 5.1729
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Table 3. Results of stepwise regression for modeling logKIðhCA IXÞ

Eqn Model Parameter used Se R F Q R2
A

1 1 2v, I3 0.3085 0.7150 15.163 2.3177 0.4775

2 2 1v, 2vv, I3 0.2955 0.7529 12.213 2.5478 0.5204

3 3 1v, 2vv, I2, I3 0.2796 0.7933 11.295 2.8372 0.5705

4 4 1v; 2vv, I1, I2, I3 0.2770 0.8040 9.508 2.9025 0.5785

5 7 1v, 2vv, 2v, PI, I2, I3 0.2748 0.8158 8.290 2.9687 0.5852

Se––standard error of estimation, R––multiple correlation co-efficient, F ––F -statistics, Q––quality factor, and R2
A––adjustable R

2.
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one of the best model, quadratic in 1vv, resulted with
VIF value of 25.4 for both the terms that is, 1vv and
(1vv).2 Looking to these results Eqs. 2 and 3 yielding
VIFs values around 19 and 21, respectively, for the
parameter involved there in may be more acceptable
than Eq. 5. Furthermore, we can argue that the statis-
tical requirement of VIF less than 10 is tentative. In this
connection we have to seriously consider Randic rec-
ommendations.42 Randic stated that selection of the
descriptors to be used in structure–property–activity
studies should not be delegated solely to the computers
although the statistical criteria will continue to be useful
for preliminary screening of the descriptors taken from a
large pool. Often in an automated selection of descrip-
tors a descriptor will be discarded because it is highly
correlated with another descriptor already selected. But
what is important is not descriptor parallel one another,
that is, duplicate much of the same structural informa-
tion but whether they differ in those parts that are
important for structural–property–activity correlations.
If they differ in the domain, which is important for the
property/activity considered both descriptors should be
retained. If they differ in parts that are not relevant for
the correlation of considered property/activity then one
of them can be discarded. Consequently, in the follow-
ing proposed Eqs. (1)–(5), therefore, all the linearly
highly correlated descriptors are to be retained as they
have different information content. Also, in all the five
equations the co-efficients of the parameters involved
are much higher than their respective standard devia-
tions. In addition, none of the four problems due to
collinearity, as mentioned earlier, are present. Such
equations are statistically allowed. Further support in
favor of our results is obtained from the consistent
increase in R2

A value when we pass from Eqs. 1–5. This is
elaborately discussed in the following section:

The stepwise regression resulted into statistically sig-
nificant biparametric regression equation as below:
logKIðhCA IXÞ ¼ 2:3511� 0:1223ð�0:0287Þ2v
þ 0:4905ð�0:1122ÞI3

n ¼ 32; Se ¼ 0:3085; R ¼ 0:7150; R2
A ¼ 0:47746;

F ¼ 15:1629; Q ¼ 2:3176

ð1Þ
where n is the number of the compounds, R is the cor-
relation co-efficient, Se is the standard error of estima-
tion, F is the Fischer F -ratio and Q is the quality factor.
This quality factor Q is defined in the literature44;45 as
the ratio of correlation co-efficient (R) to the standard
error of estimation (Se) that is, Q ¼ R=Se and is used to
describe the predictive power of the model. The values in
the paranthesis are the respective standard deviation of
the co-efficients. All other biparametric regression
expressions were of poor statistical quality than the one
given above.

Subsequent step-wise regression resulted into slightly
better triparametric regression containing 1v, 2vv, and I3
as the correlating parameters. All other triparametric
correlations were of low quality. The regression equa-
tion under consideration is found as below:
logKIðhCA IXÞ ¼ 2:6141� 0:3804ð�0:1258Þ1v
þ 0:5025ð�0:2425Þ2vv

þ 0:4879ð�0:1070ÞI3
n ¼ 32; Se ¼ 0:2955; R ¼ 0:7529; R2

A ¼ 0:5204;

F ¼ 12:2126; Q ¼ 2:5478

ð2Þ

Both the above expressions show that first and second
order branching, presence of heteroatom, and the pres-
ence of –NH2 group para to –SO2NH2 group have sig-
nificant influence on the inhibition of the tumor
associated isozyme IX with aromatic and heterocyclic
sulfonamides.

Successive regression analysis gave a tetraparametric
regression expression containing 1v, 2vv, I2, I3 with still
better statistics than both the models discussed above.
Few more tetraparametric models having better quality
than the model expressed by Eqs. 1 and 2 were also
obtained but the one mentioned here was the best:

logKIðhCA IXÞ¼ 2:4664�0:3643ð�0:1193Þ1v
þ0:5092ð�0:2291Þ2vv

þ0:2962ð�0:1434ÞI2
þ0:3930ð�0:1112ÞI3

n¼ 32; Se¼ 0:2796; R¼ 0:7933; R2
A ¼ 0:5705;

F ¼ 11:2945; Q¼ 2:8372

ð3Þ
This means that the quality of the model expressed by
Eq. 2 is improved by the introduction of I2 indicator
parameter. That is, the introduction of halogen further
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enhances inhibition of the tumor associated isozyme IX.
The improvement in the R2

A value indicates that intro-
duction of I2 is well justified. This has promoted us to
have penta-parametric regression expression:
logKIðhCA IXÞ ¼ 3:7804� 0:7091ð�0:3046Þ1v
þ 0:5123ð�0:2270Þ2vv þ 0:00462

� ð�0:0038ÞI1 þ 0:3119ð�0:1427ÞI2
þ 0:3520ð�0:1151ÞI3

n ¼ 32; Se ¼ 0:2770; R ¼ 0:8040; R2
A ¼ 0:5785;

F ¼ 9:5077; Q ¼ 2:9025

ð4Þ
The regression parameters associated with this Eq. 4 are
in favor of the additional presence of I1 indicator.

All the models (Eqs. 1–4) discuss above indicate that
inhibition of the tumor associated isozyme IX is favored
by the presence of heterocyclic ring, halogens, and –NH2

group para to –SO2NH2 group. The third parameter has
the dominating role in this respect. Also, that extent of
branching and the presence of heteroatom are another
favorable parameters for this purpose. Still at this stage
we could not obtain any improved model which may
account for the size as a whole. The appropriate dis-
tance-based topological indices for this purpose are
Wiener (W )-, Szeged (Sz)-, and PI (Padmakar–Ivan)-
indices. When these topological indices are used we
observed that PI index gave better results than both W
and Sz indices. Three such regressions with improved
statistics than the models discussed were obtained
(Models 5–7, Table 3), out of these the one containing
1v, 2v, 2vv, PI, I2, and I3 gave better results:
logKIðhCA IXÞ¼ 3:9171�0:5583ð�0:3274Þ1v
�0:1447ð�0:1212Þ2v
þ0:4171ð0:2403Þ2vv

þ0:0053ð�0:0038ÞPI
þ0:3771ð�0:1517ÞI2
þ0:3480ð�0:1142ÞI3

n¼ 32; Se¼ 0:2748; R¼ 0:8158; R2
A ¼ 0:5852;

F ¼ 8:2903; Q¼ 2:9687

ð5Þ

This Eq. 5 with positive co-efficient for PI term finally
indicates that the size of the molecule is to some extent
responsible for the inhibition of the tumor-associated
isozyme. Further stepwise regressions indicated that no
other higher parameteric regression gave better statistics
than the model expressed by Eq. 5. The subsequent
discussion is, therefore, centered at this model expressed
by Eq. 5.

Now, it is interesting to mention that in the regression
equation (2)–(5) the co-efficient of 1v term is negative.
This first-order Randic connectivity index conveys more
information about the number of atom in a molecule,
the negative co-efficient, which indicates such a situation
is not favorable for the exhibition of the activity under
present study. Also, the co-efficient of 2v term in Eqs. 1
and 5 is negative. Note that this second order Randic
connectivity index indicates more information of
branching. In all the regression equations discussed
above (except regression equation 1), the co-efficient of
1vv term is positive indicating thereby the degree of
unsaturation and the presence of heteroatom are
favorable for the exhibition of the activity under study.

The use of PI index and its positive co-efficient in Eq. 5
needs further explanation. As stated earlier46–48 PI index
is a Weiner-type index introduced to resolve nonappli-
cability of Sz index for acyclic molecules. Though
Weiner index (W) is a well established index, we
observed that inspite of this in many cases better results
are obtained using Sz and PI indices in place of Weiner
index. In the present study also this is found to be the
case. It indicates that PI index has hitherto unknown
information not present in W and Sz indices.

The models suggested in the present study invariably are
based on the use of connectivity indices, both the
molecular connectivity indices of Randic26 and their
modifications due to Kier and Hall.27;28 Thus, the key
objective becomes the molecular connectivity approach
in favor of our earlier studies.49;50

We have used the regression parameters associated with
Eq. 5 and calculated probable error of the correlation
(PE). The following recommendations are used for this
purpose:

(i) If R < PE, R is not significant,
(ii) If R > PE, several times, at least three times greater,

then correlation is indicated, and;
(iii) If R > 6PE, the correlation is good.

In our case (Eq. 5), the PE value was found as 0.04
indicating that R is much greater than 6PE. This favors
that the correlation (Eq. 5) is very good.

At this stage it is interesting to comment on R2
A values,

which accounts for the adjustment of R2. If a variable is
added that does not contribute its fair share, the R2

A

value actually decline. In passing from the Eqs. 1–5 we
observed a consistent increase in R2

A values. This means
that the added descriptors in each case have their fare
share in the proposed model. R2

A is a measure of the %
explained variation in the dependent variable that takes
into account the relationship between the number of
cases and number of independent variables in the
regression model; whereas R2 will always increase when
an independent variable is added. R2

A will decrease if the
added variable does redeem the unexplained variation
enough to offset the loss of degrees of freedom.

The predictive ability of the proposed models can be
discussed on the basis of quality factor Q.44;45 As men-
tioned above, the magnitude of Q goes on increasing as
we pass from Eqs. 1–5 and is maximum for Eq. 5. That
is, the model based on Eq. 5 has the highest predictive
ability. This is in consistent with the definition Q ¼ R=Se



Table 4. Cross-validation parameters for most appropriate model for modeling logKIðhCA IXÞ

Model Parameters used PRESS SSY PRESS/SSY r2cv SPRESS PSE

1 [Eq. 1] 2v, I3 2.7540 2.8852 0.9563 0.0437 0.3084 0.2936

2 [Eq. 2] 1v, 2vv, I3 2.4498 3.1992 0.7656 0.2343 0.2958 0.2767

3 [Eq. 3] 1v, 2vv, I2, I3 2.1113 3.5329 0.5976 0.4024 0.2796 0.2569

4 [Eq. 4] 1v, 2vv, I1, I2, I3 1.9956 3.6487 0.5469 0.4531 0.2770 0.2497

5 [Eq. 5] 1v, 2v, 2vv, PI, I2, I3 1.8879 3.7563 0.5026 0.4974 0.2748 0.2429

PRESS––predicted residual sum of squares, SSY––sum of the squares of response values, r2cv––overall predictive ability (cross-validated correlation

coefficient), SPRESS––uncertainty of prediction and PSE-predictive square error.
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given earlier. The higher the value of R (correlation co-
efficient), the lower the Se (standard error of estimation),
the larger will be Q and the better will be the predictive
ability. Further support in favor of our results is ob-
tained from the cross-validation methodology.

To avoid the possibility of a chance correlation each
model was validated using cross-validation method. As
opposed to the traditional regression methods, cross-
validation evaluates the validity of a model by how well
it predicts data rather than how well it fits the data. The
analysis uses a ‘leave-one-out’ scheme; a model is built
with N � 1 compounds and the N th compound is pre-
dicted. Each compound is left out of the model deriva-
tive and predicted in turn. The calculated values of
cross-validated parameters are presented in Table 4. The
meaning of these parameters is given as a footnote to
Table 4. The values are of the cross-validated para-
meters in favor of our results discussed above.
3. Conclusions

The results and discussion made above indicate that the
distance-based topological indices can be used success-
fully for modeling, monitoring, and estimation inhibi-
tion of tumor-associated isozyme with aromatic and
heterocyclic sulfonamides such as those used in the
present study. The results also show that distance-based
topological indices, which accounts for branching and
heteroatom are more useful for this purpose. Also, that
effect due to size can be more successfully dealt with
using PI (Padmakar–Ivan) index. Finally, presence of
–NH2 group para to –SO2NH2 is the most favorable
situation.
4. Experimental

4.1. Set of sulfonamides and CA IX activity

The set of sulfonamides and their hCA IX activities used
are those reported earlier39 by one of the author (CTS)
on the present paper. These activity values are converted
into their log units and then used for modeling.
4.2. Topological methodology

The topological indices: Wiener (W )-,19 Szeged (Sz)-,20;21

PI (Padmakar–Ivan)-,22–25 Randic connectivity (0v, 1v, 2v)-,26
and Kier and Hall’s valence connectivity (0vv, 1vv, 2vv)-27;28

indices were calculated using all-hydrogen suppressed
graph. Such molecular graphs are obtained by deleting
all the carbon–hydrogen as well as heteroatom-hydro-
gen bonds present in the sulfonamides moiety. The
calculations of these indices are reported in the literature
(see references given above) and thus the same are not
described in this publication.
4.3. Indicator parameter

These are dummy parameters41 sometime used in QSAR
analysis for accounting those structural feature not
accounted for in the molecular/topological descriptors
used. They assume only two values: 0 or 1. The presence
of the structural feature under question is indicated by
assuming the value of 1 for that indicators, in absence of
which the referred indicator parameter is taken as zero.
The indicator parameters: I1, I2, and I3 accounting for
presence or otherwise of heterocyclic ring, halogens, and
of –NH2 group para to –SO2NH2, respectively, are used
in the present study.
4.4. Computation

The topological indices used are calculated using the
program developed by Raj Singh Sisodia, while the
regression analysis is carried out using Regress-1 pro-
gram of Prof. Istvan Lukovits.
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