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Abstract
QSAR studies for the inhibition of isozyme XIV of human carbonic anhydrase (CA, EC 4.2.1.1) by a series of sulfonamides
including clinically used derivatives (acetazolamide, methazolamide, ethoxzolamide, dichlorophenamide, dorzolamide,
brinzolamide, benzolamide, and zonisamide) are presented. Statistical calculations done using the PRECLAV program, for
the correlation between the observed inhibition values and the calculated ones were good (s ¼ 0.2416, r2 ¼ 0.9259,
F ¼ 75.0196, r2

CV ¼ 0:8985). The obtained results by using PRECLAV descriptors have been compared with those where the
descriptors have been calculated with HYPERCHEM. The obtained QSAR equations pointed out the fact that the CA
inhibitory activity decreased for unsubstituted (at the organic scaffold) aromatic/heteroaromatic sulfonamides, but was
favored by the presence of alkyl groups substituting the scaffold, which led to a higher internal topological diversity, as well as
by the presence of condensed aromatic rings in the structure of these enzyme inhibitors.
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Introduction

Quantitative Structure-Activity Relationships (QSARs)

are mathematical models relating measured biological

activity of series of structurally related chemical

compounds/pharmacological agents to the variation

in their chemical structure. In cases in which some

physico-chemical properties or toxicities of such

compounds are correlated to their structures, the

methodology is called quantitative structure-property

relationships (QSPRs) or quantitative structure-

toxicity relationships (QSTRs), respectively. Such

methodologies are widely used in environmental

toxicology to understand the adverse effects of

chemical compounds. These predictions are important

to be done due to the large number of untested

chemicals present in nature ultimately, and because of

the high costs of biological testing.

QSAR models are nowadays regarded as a scientifi-

cally credible tool for predicting and classifying

biological activities of untested chemicals. QSAR has

become inexorably embedded as an essential tool in the

pharmaceutical industry, from lead discovery, optimiz-

ation to lead development and computer –aided drug

designing.A growing trend is to use QSAR early in the

drug discovery process as a screening and enrichment

tool to estimate from further development those

chemicals lacking drug like properties or those

chemicals predicted to elicit a toxic response.

The fundamental assumption of QSAR is that variations

in the biological activity of a series of chemicals that

target a common mechanism of action are correlated
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with variations in their structural, physical and chemical

properties.

Since presumably these structurally related proper-

ties of a chemical can be determined by experimental

or computational mean much more efficiently that its

biological activity using in-vivo or in-vitro approaches,

a statistically validated QSAR model is capable of

predicting the biological activity of a new chemical

within the same series in lieu of the time-consuming

and lab our-intensive processes of chemical synthesis

and biological evaluation. Applied judiciously, QSAR

can save substantial amount of time, money, and

human resources.

The ubiquitous metalloenzymes carbonic anhydrase

(CAs, EC 4.2.1.1) catalyze the interconversion between

carbon dioxide and the bicarbonate ion at the

physiological pH. [1,2].These enzymes are inhibited

by aromatic and heterocyclic sulphonamides, among

which acetazolamide represents the prototype of a class

of pharmacological agents with apparently limited

therapeutic usefulness nowadays, but which played a

major role in the development of fundamental renal

physiology and pharmacology, as well as for the design

of many of the presently widely used diuretic agents,

such as among others the thiazide and high ceiling

diuretics [1–7]. In mammals, 16 different a-CA

isozymes or CA-related proteins (CARP) were

described so far, with very different catalytic activity,

sub-cellular localization, tissue distribution and sus-

ceptibility to be inhibited by sulfonamides [1–5,7,8].

Basically, there are several cytosolic forms (CA I-III,

CA VII), five membrane-bound isozymes (CA IV, CA

IX, CA XII, CA XIV and CA XV), two mitochondrial

forms (CA VA and VB), as well as one secreted CA

isozyme, CA VI. The acatalytic isozymes (CARPs) are

CA VIII, CA X and CA XI. [1–7]. These enzymes are

involved in crucial physiological processes connected

with respiration and transport of CO2/bicarbonate

between metabolizing tissues and lungs, pH and CO2

homeostasis, electrolyte secretion in a variety of

tissues/organs, biosynthetic reactions (such as gluco-

neogenesis, lipogenesis and ureagenesis), bone resorp-

tion, calcification, tumorigenicity, and many other

physiologic/pathologic processes [1–7].

Out of the known mammalian isoforms, the isozyme

hCA XIV was one of the last to be discovered, by

Nishimori’s group in 1999 [8]. It has been sub-

sequently reported that hCA XIV is highly abundant

in the brain, kidney, urinary bladder,liver etc. [9–12].

Many CA isozymes are druggable targets, and their

inhibitors may have applications in the design of

antiglaucoma, antitumor, anticonvulant or antiobesity

agents among others [13–22]. At this stage it is worh

mentioning that the sulfonamides substituted at the

sulfamoyl moiety (ArSO2NHR) are known for about

70 years as antibacterial agents. In the last years, there

have been many studies regarding the inhibitory

effect of unsubstituted sulfonamides (ArSO2NH2)

on various CA isozymes. In the last years a part of our

research was directed towards detecting new classes

of sulfonamides, with effects in the treatment of

glaucoma or other pathologies [23–25].

Recently one of our groups [26] reported for the first

inhibition study of the transmembrane isozyme CA

XIV with a library of sulfonamides. We report here a

QSARs study for the inhibition of human CA XIV with

a series of aromatic and heterocyclic sulkfonamides

investigated earlier [26]. The objective of the present

study is to use the PRECLAV [27,28] program for the

identification of: (i) significant molecular descriptors,

(ii) significant molecular virtual fragments, (iii) outliers

if any and finally to obtain (iv) statistically significant

models. In addition, we have also used parameters

generated from the HyperChem [29] software for

obtaining statistically significant models and compared

the results so obtained with those obtained using

PRECLAV software.

Materials and methods

Calculations

The virtual construction of the molecules and

minimization was performed to remove close atom

contacts by 1000 cycles of minimization using

standard Tripos force field [30] (with 0.005 kcal/mole

energy gradient convergence criterion) by using

Sybyl 7 [31] molecular modeling software package

from Tripos,Inc. The next step was the rigorous

optimization of the geometry using the Mopac

software [32,33] for quantum mechanics calculation

using the keywords string “AM1 Pulay gnorm ¼ 0.01

shift ¼ 50 geo-ok camp-king mmok bonds vec-

tors”.The output file from Mopac was used as input

file for PRECLAV program [27,28] using these data,

PRECLAV program calculated for each molecule the

values for almost 400 whole molecule descriptors,

specific for the program in question. The statistic

calculations, including the QSAR equations, have

been performed using the PRECLAVE program and

best set of descriptor chosen/calculated. Ridge

regression analyses [34] and the standard deviations

of the correlating parameters in the proposed models

were carried out using NCSS software [35].

The virtual constructions of the molecules and the

geometry optimization have been done using the

molecular mechanics software [28]. The next step was

the rigorous optimization of the geometry using the

Mopac software for quantum mechanics calculations

[29] using the key-words string “am1 pulay

gnorm ¼ 0.01 shift ¼ 50 geo-ok camp-king mmok

bonds vectors”. The output file from Mopac was used as

input file for PRECLAV program [27,28]. Using these

data, PRECLAV calculated for each molecule the values

for almost 400 whole molecule descriptors, specific for

the program in question. Separately, for each molecule,

S. Singh et al.338

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
M

al
m

o 
H

og
sk

ol
a 

on
 1

2/
26

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



the values for another set of descriptors, specific to this

program have been calculated, using the Hyper Chem.

program [30]. The statistic calculations, including the

QSAR equations, have been performed using the

PRECLAV program [27,28].

Recently, Tarko [14] has advocated that the

PRECLAV program has used only “significant”

descriptors in calculating the QSAR equations,

descriptors that fulfill criteria (1).

r2 . 4=N ð1Þ

Where:

r2 is the square of the Pearson linear correlation

between the values of the analyzed descriptor and the

values of the dependent property and N is the number

of molecules in the calibration set (here N ¼ 30).

Furthermore, Tarko [14] also argued as below:

The program combines successively sets with 2,

3 . . . k significant descriptors (1 , k , 11). A set of

descriptors contains only descriptors that are suffi-

ciently low intercorrelated and fulfill criteria (2).

r2
ij , N21=2 ð2Þ

Where:

r2
ij is the square of Pearson linear correlation

between the values of two descriptors present in the

same set

Each set of descriptors has been used to calculate a

multilinear QSAR equation of type (3).

k

IC ¼ c0 þ
P

ci·Di

i ¼ 2

ð3Þ

Where:

IC is thedependentproperty (inhibitionconstant), c0 is

the free term (intercept), ci are the coefficients (weighting

factors) of the descriptors, Di are some significant

descriptors, k is the number of descriptors in the set.

The ci coefficients have been calculated with OLSM

(Ordinary Least Square Method). Tens of thousands

of equations of type (3) have been calculated. With

each of the type (3) equation, the values of IC have

also been calculated. These computed values have

been compared with the observed values. The

concordance between the calculated/observed values

has been calculated using the quality function Q.

Q ¼ KCV·ðN 2 kÞ=N ð4Þ

where:

KCV [14] is Kendall cross-validated rank correlation

between computed/observed values

As the value of k increases, the quality Q of the

equations increases, reaches a maximum, then

decreases. For the prediction, the equation with the

highest value of Q is used and the descriptors used in

this equation are called “predictors”.

For every predictor, the “utility” U has been

calculated.

U ¼ ðR2 2 r2Þ=ð1 2 r2Þ ð5Þ

Where:

R2 is the square of the Pearson linear correlation

between the observed values of IC and, the values

calculated with the equation containing k predictors,

r2 is the square of the Pearson linear correlation

between the observed values of IC and the values

calculated with the equation containing k 2 1

predictors, that is without the analyzed descriptor.

The values of U are then normalized (the highest

becoming 1000). The “useful” predictors (U . 400)

are sufficiently well correlated with IC and not too well

correlated with the other predictors. Every “useful”

predictor describes (reasonably) well the variation in

the values of IC, and, at the same time, describes a

different aspect than the other predictors.

Results and discussion

Some of the sulfonamides/sulfametes investigated in the

present study for the inhibition of hCAXIVare given in

Table I. The transmembrane isozyme hCAXIV, of the

type 1–30 used have 22–30 as clinically used drugs,

compounds 1–4,9,10,16, 21–27,29 and 3 are commer-

cially available from Sigma-Aldrich, Merck, Alcon,

Johnson & Johnson or DaiNippon, whereas compounds

5–8,11–15,20 and 28 were reported by one of the

authors(Supuran) [26]. As stated above for the QSAR

studies reported here in we have used two different sets

of PRECLAV [Table II] and HyperChem [Table III]

descriptors and obtained two different types of models

[Table IV and V] depending upon these descriptors

respectively. The dependent property was the inhibition

constant i.e. logKi(hCAXIV), where Ki is the concen-

tration of inhibitor where the inhibitory effect on

hCAXIV isozyme starts. The values for inhibition

constant (Ki, nM), used in the computation, have been

taken from literature [26]. Greater the value of the

concentration of inhibitor (IC), smaller the value of

inhibitory activity. Furthermore, the external validation

of all the proposed models was performed by cross-

validation tests [34]. Also, due care is made to

investigate the chance correlation [32–34].

First, we shall present the results of applying the

PRECLAValgorithm in the two QSAR studies contain-

ing 30 compounds. The quality of the equations is given

by the value of some usual statistical functions. Table I

gives structural details of 30 sulfonamides/sulfamates

used in the present study. The activities of the CA

inhibitors (logKi(hCAXIV)) for this set of 30 com-

pounds are recorded in Table II. This Table II also

summaries PRECLAV descriptors used in the present

QSAR on inhibition of hCA XIV 339
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Table I. Structural details of sulfonamides/sulfamates used in the present study.
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study. The best 4- descriptor model obtained for the set

of 30 compounds is discussed below:

Best set (by r2) of 4 descriptors: pca / ray / qgf / lhb / for

the set of 30 compounds

Dependent property(IC) ¼ Inhibition Constant

against hCA XIV

(Table II)

C0 ¼ 25.4844

C1 ¼ .0475

D1 ¼ pca, is Percent of carbon,

C2 ¼ 20.8167

D2 ¼ ray, is Gyration radius Y of molecular area

C3 ¼ 0.2305

D3 ¼ qgf, is QSPR of mass fragment percents

C4 ¼ 0.7443

D4 ¼ lhb, is E(lumo) 2 E(homo-1) gap

Number of molecules in calibration set ¼ 30

Number of significant descriptors: 264

Standard error (Se) ¼ 0.4012

Pearson square correlation (r2) ¼ 0.8083

Fisher function (F) ¼ 27.4115

Pearson cross-validated square correlation leave one out

method (r2CV) ¼ 0.7600

Kendall cross-validated rank correlation leave one out

method (rKCV) ¼ 0.6184

Quality (Q) ¼ 0.5359

Max. Quality ¼ 0.6062

Outliers ¼ 2(Compound no. 6 and 7)

The above information can be written in Equation

type (3) form as given below:

log KiðhCAXIVÞ ¼ 25:4844 þ 0:4175 ðpcaÞ

2 0:8167ðrayÞ þ 0:2305ðqgf Þ

þ 0:7443ðlhbÞ ð6Þ

N ¼ 30; r2 ¼ 0:8083; Se ¼ 0:4012;

F ¼ 27:4115; r2cv ¼ 0:7600; rKCV ¼ 0:6184

Table I – Continued

QSAR on inhibition of hCA XIV 341

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
M

al
m

o 
H

og
sk

ol
a 

on
 1

2/
26

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



The aforementioned results indicted that the model

(Equation 6) contains compounds 6 and 7 as outliers.

The deletion of these compounds as outliers from the

regression process yielded the following statistically

significant models:

(1) Two variable model containing raz and nss as the

Correlating parameters

Dependent property ¼ Inhibitory activity against

hCA XIV (Table I)

Number of molecules in calibration set ¼ 28

Number of significant descriptors: 264

c0 ¼ 4.6814

c1 ¼ 21.6277

D1 ¼ raz, is Gyration radius Z of molecular area

(U ¼ 1000)

c2 ¼ 0.4543

D2 ¼ nss, is minim net charge of S atom

(U ¼ 965)

Standard error s ¼ 0.3162

Pearson square correlation r2 ¼ 0.8732

Fisher function F ¼ 89.4955

Pearson cross-validated square correlation r2CV ¼

0.846

Kendall cross-validated rank correlation rKCV ¼

0.7513

Quality Q ¼ 0.6977

max. quality ¼ 0.6977

This two-variable model is expressed by the

following expression:

log KiðhCA XIVÞ ¼ 4:6814 2 1:677 raz

þ 0:4543 nss ð7Þ

(2) Best set (by r2) of 3 descriptors containing pca, pon,

lhb,as the correlating parameters

Dependent property ¼ Inhibitory activity against

hCA XIV (Table I)

Number of molecules in calibration set ¼ 28

Number of significant descriptors: 264

c0 ¼ 26.2596

c1 ¼ 0.0642

D1 ¼ pca, is Percent of carbon (U ¼ 1000)

c2 ¼ 0.7902

D2 ¼ pon, is RMS of distance to geometric

Table II. PRECLAV descriptors used in the significant models.

Compd. no. ray pca qgf lhb pon lhf raz nss

1 1.2824 41.841 2.6591 9.937 0.5399 0.1006 1.423 2.8632

2 1.0703 41.841 2.6591 9.931 0.5401 0.1007 1.4086 2.8635

3 1.4718 41.841 2.6591 9.841 0.6228 0.1016 1.405 2.8763

4 1.5874 45.138 5.1481 9.569 0.8518 0.1045 1.545 2.8673

5 1.5224 37.884 2.4272 9.58 0.5978 0.1044 1.6681 2.8745

6 1.4973 34.868 2.2506 9.617 0.582 0.104 1.7877 2.8761

7 1.8039 28.696 1.8869 9.635 0.578 0.1038 2.0582 2.8764

8 2.0144 24.172 1.6233 9.656 0.579 0.1036 2.2465 2.8767

9 1.8595 26.329 2.8516 10.066 0.6534 0.0993 2.1076 2.8731

10 1.6011 25.218 3.1626 9.724 0.5358 0.1028 2.0372 2.8623

11 1.4879 18.548 2.3798 10.468 0.8406 0.0955 1.6309 0.3799

12 2.1487 28.646 1.57 8.608 1.4195 0.1162 2.3609 0.6642

13 1.8718 36.509 2.0398 8.408 0.912 0.1189 1.9781 0.6408

14 1.6063 44.902 2.8662 9.654 0.7215 0.1036 1.6641 2.8673

15 1.6305 47.739 2.6798 9.611 0.9454 0.104 1.6945 2.8673

16 1.7993 41.782 2.6825 9.623 0.8601 0.1039 1.8709 2.8623

17 1.6197 38.485 4.7176 9.664 0.8289 0.1035 1.6736 2.8731

18 1.5679 47.972 4.8034 9.553 0.8767 0.1047 1.6198 2.8679

19 1.5065 13.328 2.5485 10.052 0.0641 0.0995 1.6195 0.6418

20 2.7002 45.728 1.6634 9.552 2.1254 0.1047 2.7193 2.8675

21 2.2726 45.266 1.7973 8.939 1.511 0.1119 2.2406 2.873

22 1.9678 21.614 2.2638 9.901 1.3758 0.101 1.921 0.6508

23 1.9392 21.614 2.2638 9.753 1.2638 0.1025 2.0261 0.5729

24 2.1419 41.841 1.8421 8.44 1.8195 0.1185 2.2176 0.6329

25 1.4156 23.613 2.9754 9.703 0.7054 0.1031 2.2148 2.8619

26 1.4374 37.015 1.5074 8.442 1.336 0.1185 1.9521 1.0666

27 2.2049 37.379 1.3018 8.939 1.7383 0.1119 2.3458 0.4052

28 1.9996 35.99 0.3224 8.988 1.4455 0.1113 2.1721 0.5377

29 1.0322 38.081 1.5443 10.229 0.9975 0.0978 1.6977 2.8208

30 1.0221 45.269 2.1953 9.268 0.9268 0.1079 1.7484 2.8255

ray ¼ Gyration radius Yof molecular area; pca ¼ Percent of carbon; qgf ¼ QSPR of mass fragment percents; lhb ¼ E(lumo) - E(homo-1)

gap; pon ¼ RMS of distance to geometric center(H and Halogen atom); lhf ¼ 1/[E(lumo) - E(homo-1)] ratio; raz ¼ Gyration radius Z of

molecular area; nss ¼ minimum net charge of S atom.
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Table III. Quantum and Chemical descriptors computed by HyperChem used in the present study.

Compd. no. MPC LNC MNC SPC SNC SAC EHOMO ELUMO x h S v

1 2.879 0.03 0.957 4.572 4.571 9.143 2210.1 29.76 100.21 2109.9 20.009 245.66

2 2.863 0.066 0.952 4.332 4.332 8.664 2207.1 28.1 99.5 2107.6 20.009 246

3 2.877 0.237 0.953 4.576 4.576 9.154 2211.1 27.52 101.82 2109.3 20.009 247.4

4 2.867 0.02 0.953 4.415 4.418 8.833 2229 24.05 112.52 2116.5 20.009 254.3

5 2.875 0.003 0.953 4.42 4.419 8.839 2211.9 23.3 104.33 2107.6 20.009 250.56

6 2.864 0.004 0.954 4.324 4.331 8.655 2228.8 217.78 105.54 2123.5 20.008 245.16

7 2.877 0.29 0.953 4.649 4.648 9.297 2212.1 211.01 100.57 2111.5 20.009 245.32

8 2.877 0.247 0.953 4.737 4.754 9.491 2213 210.75 101.14 2111.8 20.009 245.74

9 2.865 0.151 0.959 8.476 8.477 16.953 2227.3 229.6 98.69 2128.4 20.008 237.9

10 2.881 0.045 0.32 8.126 8.124 16.25 2224.6 222.21 101.24 2123.4 20.008 241.51

11 0.306 0.045 0.299 1.44 1.439 2.879 2208.1 226.54 90.78 2117.3 20.009 235.12

12 2.904 0.109 1.17 8.651 8.651 17.302 2224.1 223.99 100.07 2124 20.008 240.36

13 2.884 0.017 0.996 4.812 4.813 9.625 2214.8 229.81 92.53 2122.3 20.008 234.99

14 2.867 0.017 0.953 4.332 4.331 8.663 2232.9 213.35 109.77 2123.1 20.008 248.93

15 2.868 0.007 0.954 4.497 4.497 8.994 2235.2 214.84 110.18 2125 20.008 248.55

16 2.863 0.038 0.954 4.599 4.599 9.198 2241.6 229.87 105.86 2135.7 20.007 241.28

17 2.873 0.206 0.954 4.576 4.576 9.152 2216.8 24.08 106.37 2110.4 20.009 251.22

18 2.868 0.015 0.953 4.736 4.736 9.472 2230.1 213.82 108.17 2121.9 20.008 247.95

19 2.903 0.0124 0.949 4.567 4.567 9.134 2223.3 229.35 97 2126.3 20.008 237.23

20 2.867 0.013 0.954 8.664 8.665 17.329 2213.9 215.93 98.9 2114.9 20.009 242.62

21 2.873 0.21 0.954 5.552 5.552 11.104 2209.8 217.04 96.38 2113.4 20.009 240.94

22 2.899 0.162 1.129 5.062 5.062 10.124 2230.1 237.9 96.09 2134 20.007 234.45

23 2.889 0.012 1.026 4.875 4.873 9.748 2220.6 227.86 96.37 2124.2 20.008 237.37

24 2.885 0.016 1 5.028 5.027 10.055 2212.3 219.96 96.18 2116.1 20.009 239.82

25 2.867 0.115 0.954 7.369 7.369 14.738 2240.7 233.85 103.4 2137.3 20.007 238.97

26 2.901 0.048 1.174 8.862 8.862 17.724 2224.2 237.74 93.21 2130.9 20.008 233.18

27 2.902 0.003 1.232 10.197 10.197 20.394 2223.8 237.27 93.28 2130.5 20.008 233.32

28 2.967 0.013 1.833 9.25 9.25 18.501 2234.5 235.16 99.65 2134.8 20.007 236.83

29 2.312 0.004 0.906 4.973 4.973 9.946 2202.7 24.19 99.24 2103.4 20.008 247.61

30 2.824 0.007 0.953 4.302 4.299 8.601 2228.9 220.11 104.42 2124.5 20.008 243.78

Compd. no. DMt DMx DMY DMz Hf SA VOL Ref Pol. log p HE

1 4.879 3.676 0.187 3.203 253.08 257.04 496.95 44.1 14.27 0.15 211.33

2 4.605 3.384 1.597 2.684 248.72 271.97 490.52 47.76 14.27 0.15 213.02

3 6.239 4.664 3.132 3.03 251.64 267.69 489.21 44.1 14.27 0.15 211.39

4 4.723 2.672 2.871 2.632 249.75 304.64 541.71 51.92 16.11 0.05 211.66

5 5.666 3.024 3.861 2.838 295.64 280.64 498.19 48.39 14.18 0.29 212.48

6 4.619 2.914 19.65 2.998 255.1 334.69 579.76 52.68 18.04 0.57 210.93

7 6.311 3.622 3.99 3.285 246.35 311.5 545.77 55.8 16.9 0.01 212.13

8 6.358 3.713 3.883 23.401 234.64 308.26 554.13 52.65 20.36 1.41 210.73

9 7.822 2.11 4.361 6.141 2270 359.22 696.31 63.42 18.33 20.08 216.04

10 5.243 0.97 5.108 20.677 2128 367.33 673 63.25 18.69 3.42 217.47

11 1.258 21.167 20.349 20.313 295.91 272 485.22 39.14 15.27 0.2 212.12

12 7.995 5.159 26.065 20.721 249.83 462.72 840.15 79.01 25.07 3.24 224.39
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Table III – Continued

Compd. no. DMt DMx DMY DMz Hf SA VOL Ref Pol. log p HE

13 4.486 2.346 22.423 22.958 262.67 312.8 568.39 55.5 18.56 2.78 217.95

14 5.812 4.223 1.229 3.799 298.04 337.04 551.07 46.22 15.4 0.4 213.62

15 5.739 1.727 2.344 4.945 2106 362.18 612.26 53.21 18.14 0.98 223.84

16 4.129 1.206 0.167 3.945 2135 340.66 558.1 43.16 15.48 3.43 214.67

17 5.554 1.975 2.848 4.34 223.9 316.06 547.8 49.18 15.63 0.25 219.43

18 4.501 3.25 0.33 23.094 257.13 340.43 595.97 53.63 17.94 4.17 211.95

19 5.497 24.285 2.844 1.941 216 263.03 440.13 38.34 12.38 0.62 221.39

20 4.911 3.321 22.597 1.298 297.9 479.42 923.3 90.52 30.09 1.28 219.24

21 5.843 3.471 3.726 2.865 13.4 357.47 715 70.48 23.87 4.98 218.75

22 3.325 26.432 21.456 22.957 250.8 345.52 549 47.78 16.78 0.44 216.33

23 4.104 21.489 2.125 23.18 231.5 319.86 542.75 47.78 16.13 0.78 213.14

24 5.237 3.298 22.754 22.994 262.32 412.2 702.05 65.02 22.22 3.16 213.62

25 7.238 0.794 1.406 27.056 2123.26 388.02 646.97 62.35 19.27 0.85 212.19

26 4.863 21.387 23.065 23.512 2119.9 461.52 804.1 77 25.17 20.04 29.62

27 5.788 25.033 22.223 1.799 2164.5 569.72 977.01 91.82 30.83 20.75 210.98

28 1.849 1.321 20.79 21.026 247.33 408.42 739.69 80.13 23.18 6.56 218.33

29 6.321 4.136 21.048 4.664 2329.4 421.91 731.02 64.03 22.83 20.36 28.9

30 3.217 3.102 20.281 0.806 211.5 274.74 561.29 56.01 17.39 2.517 210.99

MPC-Most positive charges; LNC-Least negative charges; MNC-Most Negative charges; SPC-Sum of positive charges; SNC-Sum of negative charges; SAC-Sum of absolute charges;

EHOMO(Kcalnmol)-Highest occupied molecular orbital energy; ELUMO, Kcalnmol-Lowest unoccupied molecular orbital energy; x,Kcalnmol Electronegativity (x ¼ 20.5(EHOMO 2 ELUMO));

h,Kcalnmol Hardness (h ¼ 0.5 (EHOMO þ ELUMO)); S-MolnKcal, Softness (S ¼ 1nh); Pol(A3)Kcalnmol-Electrophilicity (v ¼ x2/2h); DMtDebyes-Total molecular Dipole moment;

DMxDebyes-Molecular dipole moment at x-direction; DMyDebyes-Molecular dipole moment at y-direction; DMzDebyes-Molecular dipole moment at z-direction; HfKcalnmol-Heat of formation;

SA(A2)-Surface area; V(A3)-Volume; Ref(A3)-Ref: refractivity; log P-The log of octanol-water partition coefficient; HE Kcalnmol-Hydration energy.
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center(H and Halogenalions)

c3 ¼ 21.0173

D3 ¼ lhb, is E(lumo) - E(homo-1) gap

Standard error s ¼ 0.267

Pearson square correlation r2 ¼ 0.9096

Fisher function F ¼ 83.8137

Pearson cross-validated square correlation

r2CV ¼ 0.8891

Kendall cross-validated rank correlation rKCV ¼

0.836

Quality Q ¼ 0.7464

max. quality ¼ 0.7559

This three-variable model is found as below:

log KiðhCA XIVÞ ¼ 26:2596 þ 0:0642 pca

þ 0:7902 pon 2 1:0173 lhb ð8Þ

(3) Best set (by r2) of 4 descriptors pca, ray, pon,and lhf

containing, as the correlating Parameters

Dependent property ¼ Inhibitory activity against

hCA XIV (Table I)

Number of molecules in calibration set ¼ 28

Number of significant descriptors: 264

c0 ¼ 8.7924

c1 ¼ 0.0583

D1 ¼ pca, is Percent of carbon

(U ¼ 1000)

c2 ¼ 264.7685

D2 ¼ ray, is Gyration radius Yof molecular area

(U ¼ 1000)

c3 ¼ 20.4487

D3 ¼ pon, is RMS of distance to geometric

center (H and Halogenalions) (U ¼ 965)

c4 ¼ 20.7438

D4 ¼ lhf, is 1/[E(lumo)-E(homo-1)] ratio

Standard error s ¼ 0.2416

Pearson square correlation r2 ¼ 0.9259

Fisher function F ¼ 75.0196

Pearson cross-validated square correlation r2CV ¼

0.8985

Kendall cross-validated rank correlation rKCV ¼

0.8095

Quality Q ¼ 0.6939

max. quality ¼ 0.7559

This model is found as below:

log KiðhCA XIVÞ ¼ 8:7924 þ 0:0583ð^0:0057Þpca

2 64:7685ðð^9:6861Þray

2 0:4487ðð^0:1900Þ

pon20:7438ð0:1762Þlhf ð9Þ

n ¼ 28; s ¼ 0:2416; r2 ¼ 0:9259; F ¼ 75:0196

It is worth to mention that the PRECLAV program

does not compute the error of coefficients of the

parameters involved in the proposed models. We have,

therefore, used the NCSS program [35] for perform-

ing these calculations. Also tthe PRECLAV program

indicated that none of the models for the set of 28

compounds contain any outlier. Here it is worth

mentioning that if the residue i.e. the difference

between the observed and calculated activity for a

particular compound is two – times or more than its

standard deviation then it is considered as an outlier

and is, therefore, deleted from the regression analysis.

The positive coefficient of pca in the aforementioned

model [Equation 9] indicates that increase in percent

of carbon is favorable for the exhibition of log hCA xiv,

while negative coefficients of ray, pon, and lhf indicate

that decrease in Gyration radius Y of molecular area,

RMS of distance to geometric center(H and Halogena-

tions) and 1/[E (lumo) - E (homo-1)] ratio respectively

Table IV. Statically significant models for the set of 28 compounds using PRECLAV parameters.

Model Parameters used R2 R2A Se F

1 raz,nss 0.8732 0.8460 0.3162 89.4955

2 pca,pon,lhb 0.9096 0.8891 0.2670 83.8137

3 pca,ray,pon,lhf 0.9259 0.8985 0.2416 75.0196

Table V. Statically significant models for the set of 28 compounds using HyperChem descriptors.

Model Parameters Number used R2 R2A Se F

1 v 0.4906 0.4710 0.2669 25.036

2 POL, v 0.6383 0.6094 0.2294 22.059

3 SA, HF, v 0.7095 0.6732 0.2098 19.540

4 SA, Hf, x, DMy 0.7598 0.7181 0.1949 18.192

5 SA, Hf, v, SPC, SNC 0.8453 0.8101 0.1599 24.042

6 SA, Hf, v, SPC, SNC, DMy 0.8698 0.8326 0.1502 23.382

7 SA, Hf, v, SPC SNC, DMy, DMx 0.8840 0.8434 0.1452 21.780
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are favorable for modeling the activity logKi

(hCAXIV). Also, the information recorded in

Table IX indicates that large mass percent of H2N

and C6H4 fragments increase the activity value, while

large mass percent of C3HN3S and NH fragments

decrease the activity value.

In order to confirm our results we have estimated

(calculated) logKi(hCAXIV)using the best model

expressed by Equation 9 and compared them with

the observed values logKi(hCAXIV). The results are

shown in Table VI. The data gave the following

correlation between estimated and observed logKi

(hCAXIV):

log KiðhCA XIVÞstimated ¼ constant

þ cðlog KiðhCA XIVÞÞobserved ð10Þ

s ¼ 0:2799; r2 ¼ 0:908; F ¼ 82:2279;

r Kendall ¼ 0:8677; r2CV ¼ 0:887; quality ¼ 0:7559

In order to at the final conclusion we have to

examine the aforementioned 2-, 3- and 4-descriptors

models for the set of 28 compounds with regard to the

co-linearity problem. The models will be acceptable

only when they are free from co-linearity defect. This

can be made by investigating VIF (Variance Inflection

Factor), Tolerance, Eigenvalues and Condition

Number [34] for each of the descriptors present in a

given model. These parameters are calculated using

Ridge regression and are presented in Table VII.

Application of Ridge statistics [34] provides

important statistical parameters namely variance

inflation factors (VIFs) for each of the parameters

involved in the model. The VIF is defined for each

variable in the equation, and not for the equation as a

whole, so there should be as many VIFs, as there are

correlating parameters. The VIF is defined as:

VIF ¼ 1ð1 2 R2
i Þ ð11Þ

Where Ri is the multiple correlation coefficient of the

ith independent variable on all of the other indepen-

dent variables. In the proposed models, all these VIFs

should be less than 10 indicating that no co-linearity

problem exists in the model.

A perusal of Table VII shows that in all the three

proposed models the descriptors evolved in them have

VIF considerably smaller than 10 indicating that the

models are free from the defect due to co-linearity.

The Ridge regression analysis also provides

l-statistics helping us to resolve the problem of

Table VI. Observed and estimated values of log hCAXIV their

residue(for 28 compound’s) using 4-varible models obtained using

PRECLAV and HyperChem parameters.

log hCAXIV

PRECLAVE HyperChem

Compd. no. obs. Est. Res. Est. Res.

1 3.813 3.742 0.071 3.224 0.589

2 3.681 3.831 20.149 2.906 0.775

3 3.732 3.53 0.203 3.071 0.662

4 3.505 3.312 0.193 3.753 20.248

5 2.255 3.113 20.858 – –

6 1.322 – – 1.706 20.384

7 1.176 – – – –

8 1.898 2.157 20.259 2.509 20.612

9 2.833 2.576 0.256 3.002 20.17

10 2.756 2.488 0.268 2.39 0.365

11 2.389 2.397 20.007 2.466 20.077

12 1.114 0.916 0.197 1.806 20.692

13 1.681 1.702 20.021 2.242 20.561

14 3.584 3.445 0.139 3.57 0.015

15 3.513 3.407 0.105 3.35 0.163

16 2.892 3.053 20.161 3.434 20.542

17 3.161 2.991 0.17 2.946 0.215

18 3.462 3.455 0.008 3.242 0.22

19 2.447 2.401 0.046 2.498 20.051

20 1.881 1.886 20.005 1.557 0.324

21 1.949 2.041 20.092 1.394 0.556

22 1.613 1.605 0.008 2.158 20.545

23 1.633 1.604 0.029 2.066 20.432

24 1.398 1.243 0.155 1.725 20.327

25 2.389 2.333 0.056 2.64 20.251

26 1.431 1.638 20.207 1.328 0.104

27 1.38 1.443 20.062 0.548 0.832

28 1.519 1.71 20.192 1.871 20.353

29 3.164 3.476 20.312 3.176 20.012

30 3.72 3.298 0.422 3.281 0.439

Table VII. VIF values, Tolerance, Eigenvalue and Condition Number for the descriptors contained in the proposed models using PRECLAV

descriptors for the set of 28 compounds.

Model Variables Used Variance Inflation factor R-Squared Tolerance Eigenvalue Condition Number

1 nss 1.0826 0.0763 0.9237 1.276186 1.00

raz 1.0826 0.0763 0.9237 0.723814 1.76

2 pca 1.1242 0.1105 0.8895 1.782082 1.00

Pon 1.4900 0.3289 0.6711 0.784004 2.27

lhb 1.5270 0.3451 0.6549 0.433915 4.11

3 pca 1.2600 0.2063 0.7937 2.196745 1.00

pon 2.6287 0.6196 0.3804 1.050654 2.09

lhf 1.5196 0.3420 0.6580 0.518117 4.24

Ray 2.1934 0.5441 0.4559 0.234484 9.37

Since all VIF’s are less than 10, multicollinearity is not a problem. All Condition Numbers less than 100. Multicollinearity is NOTa problem.
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co-linearity. The l-statistics is defined as below:

l ¼
1

n

X

i¼1

1

li
ð12Þ

Where n is the number of variables in the model

(regression expression) and li is the eigen-values of the

correlation matrix of the independent variables.

If l , 5.0, the sub-set is considered free from co

linearity problem, and the Equation (model) is

accepted. If l is not , 5.0, then eigen-vector matrix

is examined. The eigen-values presented in Table VIII

confirm the above findings that the models are free

from co-linearity problem.

We now discuss the modeling of logKi (hCAXIV)

using quantum and chemical (HyperChem) descriptors

(Table III). Table V summarizes statistically signifi-

cant models indicating that the maximum quantum

and chemical descriptors that can be used for

modeling logKi(hCAXIV)is seven. We observed that

the quality of this 7-descriptor model is much inferior

to the 4-descriptor model using PRECLAV descrip-

tors. However, even the 7-descriptor model is free

from defect due to co-linearity (Table VIII). Further

examination of these models indicted 5-,6-, and 7-

descriptor model contain one or two correlating

descriptors in that their standard deviations were

much larger than the respective coefficients. Such

models are not allowed statistically and need not to be

considered. The deletion of these compounds from

the regression analysis gave a 4-descriptor model

whose quality is very much poor compared to the

4-descriptor model using PRECLAV descriptors.

log KiðhCA XIVÞ ¼ 24:4337

þ 0:0935ð^0:0208Þx

2 0:0753ðð^0:0273ÞDMy

2 0:0082ðð^0:0017ÞSA

20:0050ð0:0016Þ Hf ð13Þ

n ¼ 30; s ¼ 0:2323; r2 ¼ 0:6694; F ¼ 12:657

A careful examination of this model indicated that it

contains two outliers (compounds 6 and 7).Deletion

of these compounds from the process of regression

yielded a model with improved statistics:

log KiðhCA XIVÞ ¼ 24:1311

þ 0:0935ð^0:0179Þx

2 0:0688ðð^0:0235ÞDMy

2 0:0088ðð^0:0015ÞSA

20:0051ð0:0014Þ Hf ð14Þ

It is clear, therefore, that in the present case the

PRECLAV descriptors are far superior descriptors

compare to the quantum and chemical descriptors for

modeling logKi(hCAXIV). This is conformed by the

correlations of observed activity with the estimated

activity using PRECLAV (Figure 1) and quantum and

chemical parameters (Figure 2).

Conclusions

The QSAR studies of the inhibitory activity over

carbonic anhydrase (hCAXIV isozyme) using 30

sulfonamides lead to the following conclusions:

– the PRECLAV descriptors are more useful than

HyperChem descriptors

– the inhibitory activity is disfavored by C3HN3S

and NH fragments

Table VIII. VIF values, Tolerance, Eigenvalue and Condition Number for the best four - variable model for the set of 28 compounds using

HyperChem parameters.

Independent Variable Variance Inflation factor R-Squared Tolerance Eigenvalue Condition Number

SA 1.4232 0.2974 0.7026 0.666215 2.71

Hf 1.2281 0.1857 0.8143 0.483897 3.74

x 1.1691 0.1394 0.8606 1.042437 1.73

DMy 1.2669 0.2107 0.7893 1.807450 1.00

Since all VIF’s are less than 10, multicollinearity is not a problem. All Condition Numbers less than 100. Multicollinearity is NOTa problem.

Table IX. Significant molecular virtual fragments for the Set of 28

compounds. Molecules of analyzed database include 32 virtual

fragments. The mass percents of 4 fragments are significant. THE

MOST SIGNIFICANT VIRTUAL FRAGMENTS by square

correlation of ‘the mass percent of fragment’ and ‘Property values’

are

Fragment

atoms

Specimen

(Com.no.)

Correlation

sign

Square

correlation

H2N 1 1 .3701

C2HN3S 2 21 .223

C6H4 4 1 .1751

HN 20 21 .1445

Correlation sign 1 means ‘large mass percent of this fragment

increase the Property value’. Correlation sign 21 means ‘large mass

percent of this fragment decrease the Property value’.
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– the inhibitory activity is favored by H2N and

C6H4 fragments.

– the obtained results by using descriptors of

PRECLAV have been compared with those in

which descriptors have been calculated with HYP-

ERCHEM. The obtained QSAR equations pointed

to the fact that the CA inhibitory activity decreased

for unsubstituted (at the organic scaffold) aroma-

tic/heteroaromatic sulfonamides, but was favored by

the presence of alkyl groups substituting the scaffold,

which led to a higher internal topological diversity, as

well asby the presenceof condensed aromatic rings in

the structure of these enzyme inhibitors.
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