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Abstract—A quantitative Structure–activity relationship study (QSAR) on a set of carbonic anhydrase (CA, EC 4.2.1.1) inhibitors is
reported using first-order valence connectivity index (1vv). The inhibitory activity against three isozymes CAI, CAII (cystolic forms),
and CAIV (membrane bound form), some of which are involved in important physiological processes, were considered for this
purpose. All the three activities were excellently modeled by 1vv in multi-parametric regression containing indicator parameters.
The results are critically discussed on the basis of various regression parameters.
� 2006 Published by Elsevier Ltd.
Several thousand different aromatic/heterocyclic sulfon-
amides carbonic anhydrase (CA, EC 4.2.1.1) inhibitors
were synthesized in the last 50 years in the search of
diverse pharmacological agents1,2 but the number of
amino acid/oligopeptide derivatives among them is
unexpectedly small. Consequently, a large series of 53
compounds were synthesized by Supuran and co-work-
ers3 and investigated for their inhibitory activity against
physiologically relevant CA isozymes, such as CAI, II,
and IV. The syntheses involved the reaction of 26
aromatic/heterocyclic sulfonamides containing amino,
imino, hydrazine or hydroxyl groups with N-tert-butox-
ycarbonyl-c-aminobutyric acid (Boc-GABA) in the
presence of carbodimide derivatives. The resulting
water-soluble compounds were assayed as inhibitors of
the cytosolic isozymes hCAI, and II and the membrane
bound form bCAIV, which were involved in important
physiological processes. Some of these new derivatives
effectively inhibited hCAII and bCAIV, the two iso-
zymes considered to play a critical role in aqueous
humor secretion within the ciliary processes of the eye.
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Some compounds were then investigated in an animal
model of glaucoma (hypertensive rabbits), when strong
and long-lasting intraocular pressure (IOP) lowering
has been evidenced. Recent QSAR studies4–15 made by
us on this class of compounds revealed that the CA
inhibitory activities of such compounds could be mod-
eled successfully using topological and information the-
oretic indices. In majority of the investigated cases, it
was observed that the use of indicator parameters result-
ed in statistically excellent models. Prompted by the
success in using topological indices in modeling CA
inhibitory activity, in this paper we report the use of
first-order valence connectivity index16,17 (1vv) in devel-
oping quantitative Structure–activity relationship
(QSAR) on topically acting sulfonamides incorporating
GABA moieties (Table 1). The results as discussed be-
low show that 1vv in combination with indicator param-
eters can be used successfully for modeling inhibitory
activities against all the three isozymes, that is, hCAI,
hCAII, and bCAIV. Such a modeling is performed using
maximum R2 method following step wise regression
analysis.18

The large set of 53 sulfonamides, chosen for the present
study, is presented in Table 1. Surprisingly, only a single
topological index viz., first-order valence connectivity
(1vv) is found useful in modeling the activities. The
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Table 1. Structural details of sulfonamides used in present investigation
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calculated values of 1vv using the software of Lukovits
are recorded in Table 2. This also contains information
regarding the indicator parameters (Ip1, Ip2, and Ip3)
used. They are considered unity if GABA is present at
R (Ip1), halogen is present in the sulfonamide moieties
(Ip2) and a five-membered ring is present in the molecule
(Ip3). In the absence of such structural information the
Table 2. The inhibition activities: logKi (hCAI), logKi (hCAII), and logKi

indicator parameters (Ip1, Ip2, and Ip3) for a series of sulfonamides used in

Compound logKi (hCAI) logKi (hCAII) logK

1 4.6571 2.4699 3.11

2 4.3980 2.3802 3.34

3 4.4472 2.4771 3.47

4 4.8949 2.5051 3.50

5 4.3980 2.2304 3.44

6 4.3223 2.2041 3.38

7 3.9190 1.7781 2.25

8 3.9912 2.0414 2.50

9 3.8130 1.6020 1.81

10 3.7782 1.8450 2.09

11 3.7854 1.4471 2.24

12 3.9243 1.8750 2.20

13 3.9345 1.7781 2.73

14 3.9685 1.2788 2.55

15 2.6580 0.4771 2.09

16 0.7782 0.3010 0.69

17 0.9543 0.7781 0.90

18 1.6233 0.7781 1.69

19 1.6435 0.9543 1.72

20 2.8389 1.0792 2.18

21 1.8450 0.9543 1.27

22 1.7403 0.9030 1.23

23 1.6990 0.8450 1.17

24 4.3802 2.0970 2.74

25 4.2553 2.0414 2.65

26 4.6990 0.9543 1.65

27 — 0.5051 1.65

28 4.3010 2.2945 2.38

29 4.2356 2.2600 2.33

30 4.1819 2.0493 2.21

31 4.3521 2.3264 2.48

32 3.1903 1.5051 1.83

33 2.9165 1.4771 1.79

34 2.7243 1.0000 1.57

35 2.7481 1.4914 1.79

36 2.7160 1.4771 1.77

37 2.6990 1.4314 1.74

38 2.6533 1.0000 1.69

39 2.5440 0.9543 1.69

40 2.4771 0.9030 1.63

41 2.4914 1.0000 1.62

42 1.3802 0.6990 1.17

43 1.0791 0.4771 0.95

44 1.1760 0.6020 1.14

45 1.7994 1.1461 1.87

46 1.7854 1.1140 1.82

47 1.7076 1.0414 1.69

48 1.1461 0.6990 1.07

49 1.1760 1.7324 1.07

50 1.0000 0.6020 1.04

51 3.2430 1.8634 2.25

52 3.2304 1.8196 2.19

53 1.7481 0.7781 1.50

Ip1 = 1 if GABA present at R position, otherwise 0; Ip2 = 1 if halogen is pr

present, otherwise 0.
indicator parameters Ip1, Ip2, and Ip3 are considered
zero. The intercorrelatedness among the activities, 1vv,
and the indicator parameters presented in Table 3 dem-
onstrated that no mono-parametric model is possible for
modeling any of the activity and that in multi-paramet-
ric regressions 1vv and Ip3 are the most useful parame-
ters to be used there in.
(bCAIV), first-order valence connectivity index (1vv), and values of

the present study

i (bCAIV) 1vv Ip1 Ip2 Ip3

73 4.436 0 0 0

25 4.430 0 0 0

71 4.430 0 0 0

71 4.680 0 0 0

71 4.903 0 0 0

91 5.403 0 0 0

53 4.535 0 1 0

51 4.913 0 1 0

96 5.328 0 1 0

70 5.614 0 1 0

30 7.639 0 1 0

41 7.149 0 1 0

24 4.480 0 0 1

02 4.889 0 0 1

70 6.157 0 0 1

90 8.776 0 0 1

30 9.132 0 0 1

90 8.726 0 0 0

43 8.726 0 0 0

76 6.481 0 0 0

88 6.018 0 0 1

04 5.953 0 0 1

60 7.038 0 0 1

81 4.811 0 0 0

33 5.311 0 0 0

33 9.723 0 0 1

60 10.907 0 0 1

57 6.613 1 0 0

25 6.607 1 0 0

49 6.607 1 0 0

43 6.857 1 0 0

89 7.064 1 0 0

24 7.564 1 0 0

98 6.712 1 1 0

94 7.090 1 1 0

81 7.505 1 1 0

81 7.791 1 1 0

90 9.816 1 1 0

90 9.327 1 1 0

35 6.657 1 0 1

33 7.052 1 0 1

60 8.319 1 0 1

43 10.953 1 0 1

61 11.310 1 0 1

50 10.903 1 0 0

60 10.903 1 0 0

90 8.658 1 0 0

91 8.195 1 0 1

91 8.104 1 0 1

14 9.181 1 0 1

53 6.953 1 0 0

03 7.453 1 0 0

51 11.845 1 0 1

esent in the compound, otherwise 0; Ip3 = 1 if a five-membered ring is



Table 3. Correlation matrix for the intercorrelation of various molecular descriptors and logKi (hCAI), logKi (hCAII), and logKi (bCAIV)

logKi (hCAI) logKi (hCAII) logKi (bCAIV) 1vv Ip1 Ip2 Ip3

logKi (hCAI) 1.0000

logKi (hCAII) 0.8513 1.0000

logKi (hCAIV) 0.8459 0.8431 1.0000
1vv �0.7264 �0.6949 �0.6880 1.0000

Ip1 �0.2915 �0.1636 �0.3773 0.4927 1.0000

Ip2 0.1714 0.0801 �0.0198 �0.0919 0.0102 1.0000

Ip3 �0.5703 �0.6511 �0.5831 0.3133 �0.0253 �0.4045 1.0000
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We have attempted multiple regression analysis sepa-
rately for modeling each of the CAI, CAII, and CAIV
inhibitory activities using stepwise regression analysis
adopting maximum R2 method. In doing so the activities
reported earlier by Supuran and co-workers3 are con-
verted into their logarithms (Table 2). The results ob-
tained for modeling logKi (hCAI), logKi (hCAII), and
logKi (bCAIV) are presented in Tables 4, 5, and 6,
respectively. The general observation of the data pre-
sented in these tables indicates that 1vv is the most
appropriate topological index for modeling the activi-
ties. Also, that out of the three-indicator parameters
used, Ip3 in combination with 1vv gave better results.
At this stage it is interesting to record that 1vv accounts
Table 4. Regression parameters and quality of correlation for modeling log

Model No. Parameters used Ai, i = 1,2,3 B (intercept)

1 1vv �0.5049(±0.0593) 6.4882

2 1vv �0.5770(±0.0713) 6.7670

Ip1 0.4640(±0.2665)

3 1vv �0.4434(±0.0425) 6.4391

Ip3 �1.2086(±0.1703)

4 1vv �0.4869(±0.0523) 6.6019

Ip1 0.2686(±0.1912)

Ip3 �1.1730(±0.1705)

Table 5. Regression parameters and quality of correlation for modeling log

Model No. Parameters used Ai, i = 1,2,3 B (intercept)

1 1vv �0.2224(±0.0301) 3.0586

2 1vv �0.2488(±0.0350) 3.1410

Ip1 0.2086(±0.1465)

3 1vv �0.1657(±0.0221) 2.8942

Ip3 �0.6981(±0.0967)

4 1vv 0.1593(±0.0188) 3.0080

Ip2 �0.4052(±0.0940)

Ip3 �0.8649(±0.0907)

Table 6. Regression parameters and quality of correlation for modeling log

Model No. Parameters used Ai, i = 1,2,3 B (intercept)

1 1vv �0.2704(±0.0389) 3.9158

2 1vv �0.2353(±0.0.0314) 3.8877

Ip3 �0.6907(±0.1256)

3 1vv �0.2309(±0.0281) 4.0221

Ip2 �0.4644(±0.1303)

Ip3 �0.8581(±0.1218)
for the number of atoms, first-order branching, and ef-
fect due to heteroatom, while Ip3 is responsible for the
presence of a five-membered ring in the sulfonamide
moiety. These information taken together indicate that
number of atoms, first-order branching, heteroatom,
and the five-membered ring are responsible for the exhi-
bition of all the three inhibitory activities. We now dis-
cuss the modeling of logKi (hCAI).

Modeling of logKi(hCAI). A perusal of Table 3 shows
that none of the parameters (1vv, Ip1, Ip2, and Ip3) inde-
pendently correlates significantly with the activity.
It means that statistically good mono-parametric
regression expressions are not possible for modeling
Ki (hCAI) activity

Se Correlation coefficient (R) F ratio Q = R/Se

0.7833 �0.7757 72.510 �0.9902

0.7672 0.7911 39.305 1.0311

0.5500 0.8987 98.708 1.6340

0.5444 0.9031 67.824 1.6589

Ki (hCAII) activity

Se Correlation coefficient (R) F ratio Q = R/Se

0.4354 �0.7371 54.721 �1.6930

0.4306 0.7503 28.985 1.7425

0.2997 0.8879 83.772 2.9627

0.2542 0.9226 83.853 3.6295

Ki (bCAIV) activity

Se Correlation coefficient (R) F ratio Q = R/Se

0.5144 �0.7080 48.230 �1.3764

0.4055 0.8346 53.935 2.0581

0.3629 0.8730 49.134 2.4057
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logKi (hCAI). However, when 1vv is combined with Ip3
considerably better statistics is obtained (Table 4). Here,
regression analysis indicated that compounds 26 and 53
are outliers (compound no. 27 is not reported to be ac-
tive). Therefore, they are deleted from the regression
procedure. The model so obtained is reported as under

log Ki ðhCAIÞ ¼ � 0:4434ð�0:0425Þ1vv

� 1:2086ð�0:1703ÞIp3 þ 6:4391;

n ¼ 50; Se ¼ 0:5500; R ¼ 0:8987;

F ¼ 98:708; Q ¼ 1:6340. ð1Þ
Here and thereafter, n is the number of data points, Se is
the standard error of estimation, R is the multiple corre-
lation coefficient, F is the Fisher statistics, and Q is the
quality factor19–21 (Q = R/Se). All other two-variable
modeling resulted in inferior statistics than the above
model Eq. 1. Improved results are obtained by adding
the Ip1 term to the above Eq. 1. Finally, this tri-para-
metric regression containing 1vv, Ip1, and Ip3 gave the
excellent model

log Ki ðhCAIÞ ¼ � 0:4869ð�0:0523Þ1vv

þ 0:2686ð�0:1912ÞIp1

� 1:1730ð�0:1705ÞIp3;

n ¼ 50; Se ¼ 0:5444; R ¼ 0:9031; F ¼ 67:824;

Q ¼ 1:6589. ð2Þ

No higher parametric regressions resulted in having bet-
ter statistics than the tetra-parametric expression given
above.

It is interesting to mention that in all the equations dis-
cussed above the coefficients of 1vv and Ip3 terms are
negative. Since 1vv accounts for the first-order branching
and presence of heteroatoms, its negative coefficient
indicates that the presence of heteroatoms and first-or-
der branching are not favorable for the exhibition of
logKi (hCAI) activity. Also, Ip3 accounts for the pres-
ence/absence of a five-membered ring. So, its negative
coefficient indicates that the presence of a five-mem-
bered ring is not favorable for the exhibition of activity.
In Eq. 2, the coefficient of Ip1 is positive. This indicator
parameter accounts for the presence/absence of GABA
moiety at R. Hence, the positive coefficient of Ip1 indi-
cates that the presence of GABA moiety at R is favor-
able for the exhibition of the activity.

Modeling of logKi(hCAII) activity. We now discuss the
potential of 1vv for modeling logKi (hCAII) activity. The
preliminary regression analysis has shown that the com-
pounds 15, 18, 20, 21, and 49 are outliers. These com-
pounds, therefore, are deleted from the further
regression analysis. The data presented in Tables 3 and
5 indicate that 1vv alone is incapable of modeling the
activity. However, as in earlier cases, here also its com-
binations with the indicator parameters resulted in
regression expressions with better statistics. The data
presented in Table 5 show that the statistics goes on
improving as we pass from two to higher variable regres-
sions and that the tri-parametric models gave the best
results
log Ki ðhCAIIÞ ¼ � 0:1593ð�0:0188Þ1vv

� 0:4052ð�0:0940ÞIp2

� 0:8649ð�0:0907ÞIp3 þ 3:0080;

n ¼ 48; Se ¼ 0:2542; R ¼ 0:9226;

F ¼ 83853; Q ¼ 3:6295. ð3Þ
Like the earlier case, here also the coefficient of 1vv and
Ip3 terms are negative. Hence, the earlier physical signif-
icances can also be attached to them in Eq. 3.

Modeling logKi(bCAIV) activity. We now discuss the
use of 1vv for modeling logKi (bCAIV) activity. Here,
the preliminary regression analysis indicated that com-
pounds 26, 27, and 53 are outliers. Therefore, they are
deleted from the regression procedure. The data present-
ed in Tables 3 and 6 indicate that 1vv alone is incapable
of modeling logKi (bCAIV) activity and that the combi-
nations of 1vv with indicator parameters gave statistical-
ly significant results of Table 6. The only difference
between this and earlier two cases is that here the tri-
parametric expression was found to yield best results.
The tri-parametric model, which gave the best results
for modeling logKi (bCAIV) activity (Table 6), was
found as below

log Ki ðbCAIVÞ ¼ � 0:2309ð�0:0281Þ1vv

� 0:4644ð�0:1303ÞIp2

� 0:8581ð�0:1218ÞIp3;

n ¼ 50; Se ¼ 0:3629; R ¼ 0:8730; F ¼ 49:134;

Q ¼ 2:4. ð4Þ

Like the earlier two cases, here also the coefficient of 1vv,
Ip2, and Ip3 are negative. They, therefore, carry the same
physical significance as before. Also, the coefficient Ip2 is
negative as it was observed before, it is evident that the
presence of halogen is not favorable for the exhibition of
logKi (bCAIV) activity.

In order to confirm our results, we have estimated log -
Ki (hCAI), logKi (hCAII), and logKi (bCAIV) activity
using the corresponding best regression expressions: that
is Eqs. 2–4, respectively, and compared them with their
observed values. Such a comparison is shown in Table 7.
In this Table 7 shows that the observed and estimated
activities are very close to each other. In obtaining fur-
ther support in favor of our results we have calculated
predictive correlation coefficients from the plots of ob-
served versus calculated activity using three best models,
which gave a predictive correlation coefficient (R2

pred.)
0.8156, 0.8510, and 0.7622, respectively, for CAI, CAII,
and CAIV. These plots are reported as in Figures. 1–3.

The use of distance-based topological indices is quite
useful in modeling carbonic anhydrase inhibitory activ-
ity. The most interesting observation was that a single
topological index, 1vv, afforded satisfactory results. Fur-
thermore, the use of 1vv is most suited for modeling log -
Ki (hCAI) and logKi (hCAII).

Topological indices. All distance based topological indi-
ces were computed using hydrogen-suppressed graphs in



Table 7. Estimated value of logKi (hCAI), logKi (hCAII), and logKi (bCAIV) from Eqs. 2–4 and their comparison with observed value

Compound logKi (hCAI), Eq. 2 logKi (hCAII), Eq. 3 logKi (bCAIV), Eq. 4

Obs. Est. Res. Obs. Est. Res. Obs. Est. Res.

1 4.657 4.442 0.215 2.470 2.301 0.169 3.117 2.998 0.119

2 4.398 4.445 �0.047 2.380 2.302 0.078 3.343 2.999 0.344

3 4.448 4.445 0.003 2.477 2.302 0.175 3.477 2.999 0.478

4 4.895 4.323 0.572 2.505 2.262 0.243 3.507 2.941 0.566

5 4.398 4.215 0.183 2.230 2.227 0.003 3.447 2.890 0.557

6 4.322 3.971 0.351 2.204 2.147 0.057 3.389 2.774 0.615

7 3.919 4.394 �0.475 1.778 1.880 �0.102 2.255 2.510 �0.255

8 3.991 4.210 �0.219 2.041 1.820 0.221 2.505 2.423 0.082

9 3.813 4.008 �0.195 1.602 1.754 -0.152 1.820 2.327 �0.507

10 3.779 3.868 �0.089 1.845 1.708 0.137 2.097 2.261 �0.164

11 3.786 2.882 0.904 1.447 1.386 0.061 2.243 1.794 0.449

12 3.925 3.121 0.804 1.875 1.464 0.411 2.204 1.907 0.297

13 3.935 3.248 0.687 1.778 1.429 0.349 2.732 2.129 0.603

14 3.969 3.048 0.921 1.279 1.364 �0.085 2.550 2.035 0.515

15 2.658 2.431 0.227 0.477 — — 2.097 1.742 0.355

16 0.779 1.156 �0.377 0.301 0.745 �0.444 0.699 1.137 �0.438

17 0.955 0.982 �0.027 0.778 0.688 0.090 0.903 1.055 �0.152

18 1.624 2.353 �0.729 0.778 — — 1.699 2.007 �0.308

19 1.644 2.353 �0.709 0.954 1.184 �0.230 1.724 2.007 �0.283

20 2.839 3.446 �0.607 1.079 — — 2.188 2.525 �0.337

21 1.845 2.499 �0.654 0.954 — — 1.279 1.774 �0.495

22 1.740 2.530 �0.790 0.903 1.195 �0.292 1.230 1.789 �0.559

23 1.699 2.002 �0.303 0.845 1.022 �0.177 1.176 1.539 �0.363

24 4.380 4.259 0.121 2.097 2.241 �0.144 2.748 2.911 �0.163

25 4.256 4.016 0.240 2.041 2.162 �0.121 2.653 2.796 �0.143

26 4.699 — — 0.954 0.594 0.360 2.386 — —

27 — — — 0.505 0.405 0.100 1.656 — —

28 4.301 3.651 0.650 2.295 1.954 0.341 2.386 2.495 �0.109

29 4.237 3.653 0.584 2.260 1.955 0.305 2.333 2.496 �0.163

30 4.181 3.653 0.528 2.049 1.955 0.094 2.215 2.496 �0.281

31 4.352 3.532 0.820 2.326 1.915 0.411 2.484 2.439 0.045

32 3.190 3.431 �0.241 1.505 1.883 �0.378 1.839 2.391 �0.552

33 2.917 3.187 �0.270 1.477 1.803 �0.326 1.792 2.275 �0.483

34 2.725 3.602 �0.877 1.000 1.533 �0.533 1.580 2.008 �0.428

35 2.748 3.418 �0.670 1.491 1.473 0.018 1.799 1.920 �0.121

36 2.716 3.216 �0.500 1.477 1.407 0.070 1.778 1.824 �0.046

37 2.699 3.077 �0.378 1.431 1.361 0.070 1.748 1.758 �0.010

38 2.654 2.091 0.563 1.000 1.039 �0.039 1.699 1.291 0.408

39 2.544 2.329 0.215 0.954 1.117 �0.163 1.699 1.404 0.295

40 2.477 2.456 0.021 0.903 1.082 �0.179 1.634 1.627 0.007

41 2.491 2.264 0.227 1.000 1.019 �0.019 1.623 1.535 0.088

42 1.380 1.647 �0.267 0.699 0.818 �0.119 1.176 1.243 �0.067

43 1.079 0.364 0.715 0.477 0.398 0.079 0.954 0.634 0.320

44 1.176 0.191 0.985 0.602 0.341 0.261 1.146 0.552 0.594

45 1.799 1.562 0.237 1.146 1.271 �0.125 1.875 1.504 0.371

46 1.786 1.562 0.224 1.114 1.271 �0.157 1.826 1.504 0.322

47 1.708 2.655 �0.947 1.041 1.629 �0.588 1.699 2.023 �0.324

48 1.146 1.707 �0.561 0.699 0.837 �0.138 1.079 1.271 �0.192

49 1.176 1.752 �0.576 1.732 — — 1.079 1.292 �0.213

50 1.000 1.227 �0.227 0.602 0.680 �0.078 1.041 1.044 �0.003

51 3.243 3.485 �0.242 1.863 1.900 �0.037 2.255 2.416 �0.161

52 3.230 3.242 �0.012 1.820 1.821 �0.001 2.190 2.301 �0.111

53 1.748 — — 0.778 0.256 0.522 1.5051 — —
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which all the carbon–hydrogen as well as heteroatom-
hydrogen bonds are deleted.

First-order valence connectivity index (1vv). The connec-
tivity index v = v(G) of a graph G is defined as under

1v ¼ 1vðGÞ ¼
X

ij

½didj��0:5
; ð5Þ
where di and dj are valencies of vertices i and j, equal to
the number of bonds connected to the atoms i and j in G.

In the case of heterosystems, the connectivity is given in
terms of valence delta values dvi and dvj of atoms i and j,
and is denoted by 1vv. This version of the connectivity
index is called the valence connectivity index and is
defined16,17 as under
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Eq. 4.
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Eq. 2.
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1vv ¼ 1vvðGÞ ¼
X

ij

½dvid
v
j �
�0:5

; ð6Þ

where the sum is taken over all bonds i–j of the mole-
cule. Valence delta values are given by the following
expression:

dvi ¼
Zv
i � Hi

Zi � Zv
i � 1

; ð7Þ

where Zi is the atomic number of atom i, Zv
i is the

number of valence electrons of the atom i, and Hi is
the number of hydrogen atoms attached to atom i.
The DRAGON software is used which takes account
of halogen 1vv values (dv values for Cl = 0.78,
Br = 0.26, and I = 0.16).

Indicator parameters. Three-indicator parameters, viz.,
Ip1, Ip2, and Ip3 have been used in the present study.
The indicator parameter Ip1 has been taken as 1 when
GABA is present at R position. When halogen is present
in the compound, the indicator parameter Ip2 is assigned
a value of unity. Similarly, when a five-membered ring is
present, indicator parameter Ip3 has been taken as unity.
In the absence of such situations, the corresponding
values of indicator parameters are taken as zero.
Acknowledgments

Authors are thankful to Professor Istvan Lukovits,
Hungarian Academy of Sciences, Budapest, Hungary,
for providing software to carry out regression analysis.
Authors are also thankful to Professor A. D. N. Bajpai,
Vice-Chancellor of APS University, Rewa, India, for his
personal interest, encouragements as well as for provid-
ing research facilities. Authors (V.K.A. and J.S.) are
thankful to CSIR New Delhi, India, for providing finan-
cial support through project No. 01(1785)/02/EMR-II.
References and notes

1. Carbonic Anhydrase—Its Inhibitors and Activators; Supu-
ran, C. T., Scozzafava, A., Conway, J., Eds.; CRC Press:
Boca Raton, USA, 2004, pp 1–363.

2. Supuran, C. T. Carbonic anhydrase inhibitors. In Carbonic
Anhydrase and Modulation of Physiologic and Pathologic
Processes in the Organism; Puscas, I., Ed.; Helicon:
Timisoara, 1994; 29, p 111.

3. Mincione, G.; Menabuoni, L.; Briganti, F.; Mincione, F.;
Scozzafava, A.; Supuran, C. T. Eur. J. Pharm. Sci. 1999, 9,
185.

4. Supuran, C. T.; Clare, B. W. Eur. J. Med. Chem. 1995, 30,
687.

5. Supuran, C. T.; Clare, B. W. Eur. J. Med. Chem. 1998, 33,
489.

6. Supuran, C. T.; Clare, B. W. Eur. J. Med. Chem. 1999, 34,
41.

7. Supuran, C. T.; Scozzafava, A. J. Enzyme Inhib. 1997, 12,
37.

8. Agrawal, V. K.; Shrivastava, S.; Khadikar, P. V.; Supu-
ran, C. T. Bioorg. Med. Chem. 2003, 11, 5353.

9. Saxena, A.; Agrawal, V. K.; Khadikar, P. V. Oxid.
Commun. 2003, 26, 9.

10. Agrawal, V. K.; Khadikar, P. V. Bioorg. Med. Chem.
2003, 13, 447.

11. Agrawal, V. K.; Sharma, R.; Khadikar, P. V. Bioorg. Med.
Chem. 2002, 10, 2993.

12. Agrawal, V. K.; Sinha, S.; Bano, S.; Khadikar, P. V. Acta
Microbiol. Immunol. Hung. 2001, 48, 17.

13. Saxena, A.; Khadikar, P. V. Acta Pharm. 1999, 49, 171.
14. Thakur, A.; Thakur, M.; Khadikar, P. V.; Supuran, C. T.;

Sudele, P. Bioorg. Med. Chem. 2005, 15, 203.
15. Agrawal, V. K.; Bano, S.; Khadikar, P. V.; Supuran, C. T.

Eur. J. Med. Chem. 2004, 39, 593.
16. Kier, L. B.; Hall, L. H. Molecular Connectivity in

Structure–Activity Relationship; Wiley: New York, 1986.



V. K. Agrawal et al. / Bioorg. Med. Chem. Lett. 16 (2006) 2044–2051 2051
17. Kier, L. B.; Hall, L. H. Molecular Structure Descrip-
tion; Academic Press: New York, 1999; Kier, L. B.;
Hall, L. H. Molecular Connectivity in Chemistry and
Drug Research; Academic Press: New York, 1999, pp
72–75.
18. Chaterjee, S.; Hadi, A. S.; Price, B. Regression Analysis by
Examples, third ed.; Wiley: New York, 2000.

19. Pogliani, L. J. Phys. Chem. 1994, 98, 1494.
20. Pogliani, L. Chem. Rev. 2000, 100, 3827.
21. Pogliani, L. J. Phys. Chem. 1996, 100, 18065.


	QSAR study on topically acting sulfonamides incorporating GABA moieties: A molecular connectivity approach
	Acknowledgments
	References and notes


