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Abstract: Aim: To investigate the relationship between the structural information of 
acetazolamides and their inhibitory activity on carbonic anhydrase II. Material and Method: A sample 
of previously reported acetazolamides was studied. A pool of descriptors was calculated based on 
matrix representation and vertex cut in order to be included in the multiple linear regression 
analysis. The best performing model in terms of goodness-of-fit was analysed in order to assess its 
validity and reliability. The model was compared with previously reported models using a series of 
information and prediction criteria besides the Steiger’s Z test. Results: A model with a 99.77% 
determination coefficient proved to be the best performing model. The obtained model proved to 
have a less than 5% average of the absolute difference between the observed and the estimated 
inhibitory activity. The information and prediction criteria showed that the obtained model was 
better than the previously reported models.  This conclusion is also sustained by the results of 
Steiger’s Z test (7.78; p = 3.66·10-15). Conclusion: The inhibitory activity on carbonic anhydrase II of 
acetazolamides proved to be of geometric and topologic nature and depended on the compounds’ 
melting point, relative atomic mass and atomic electronegativity. 

Keywords: Sulfonamides; Carbonic Anhydrase II Inhibitors; quantitative Structure-Activity 
Relationships (qSAR); Molecular Descriptors Family on Vertex (MDFV).  

Introduction 

Acetazolamides (sulfonamide derivatives) are used to treat glaucoma [1,2], epilepsy [3,4], benign 
intracranial hypertension [5,6], vertigo and dizziness [7,8], augmented breaths during exposure to 
hypoxia [9], degenerative ataxias [10], cryptococcosis [11], and post meningitis subdural effusion 
[12].  They are also used to evaluate chronic cerebral ischemia [13], high altitude sickness (such as 
acute mountain sickness, high-altitude cerebral oedema, and high-altitude pulmonary oedema) 
[14,15], cystinuria [16], and dural ectasia [17]. Moreover, acetazolamides are also used as diuretics 
[18] in various clinical situations such as hypertension, heart failure, renal failure, nephritic 
syndrome and cirrhosis. 

Virtual approaches are used in drug design for the development of new active drugs with fewer 
side effects compared with the existent ones [19]. The modification of the structure of a known 
drug using for example the tail approach is one way of developing new compounds [20]. 
Quantitative structure-activity relationships (qSAR) approaches are tools used to estimate and 
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predict the activity of biological active molecules [21]. The numerical representation of the 
molecular structure is used in these approaches [22]. 

Eroğlu et al. studied a sample of 18 acetazolamides (5 acetazolamide derivatives, eight 
sulfonamide derivatives, acetazolamide, methazolamide, dichloriphenamide, ethozolamide and 
dorzolamide) [23]. The best performing model when the whole sample of compounds was used is 
presented in Eq(1). 
LogKI = 5.869 + 0.0017Te - 0.225μ + 0.0091S + 0.403χ 
n = 18; R2 = 0.857; F = 19.4; s2 = 0.137; R2CV = 0.789 

Eq(1)

where Te = total energy at 0 K (a.u.); μ = dipole moment (debye); S  = entropy at 298 K (cal/M-K); 
χ = electronegativity (eV); n = sample size; R2 = determination coefficient; F = Fisher-value; s2 = 
variance; R2CV = determination coefficient in cross-validation (leave-one-out). 

The best performing model, after removal of two outliers, and its characteristics is presented in 
Eq(2). 
LogKI=3.071 - 0.0020Te - 0.244μ + 0.0019S + 0.253χ - 0.202εH 
n = 16 (C3 and C17 outliers); R2 = 0.943; F = 33.2; s2 = 0.067; R2CV = 0.855 

Eq(2)

where εH = energy of HOMO (eV). 
Note that Eq(2) did not respect the relation n = v·5 [24] where n = sample size and v = number 

of variables in the model (in case of Eq(2) the sample size needed is of 25 = 5·5 compounds). 
Our research reports the results of the inhibition constant and molecular descriptors calculated 

based on matrix representation and vertex cut for a sample of 18 acetazolamides. The best 
performing model was compared with previously reported models in order to identify the method 
with the highest performances. 

Material and Method 

Compounds Set 

The sample previously studied by Eroğlu et al. [23] was investigated. The chemical name of the 
compounds, abbreviation (round brackets) and 2D structure are presented in Figure 1. The 
structures of the compounds were drawn using Symyx Draw software (version 3.2.0.352)1. The 
inhibition constant on carbonic anhydrase II, expressed in logarithmic scale, is presented in Table 3. 
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2-(4-methylpiperazin-1-yl)-N-(5-sulfamoyl-1,3,4-

thiadiazol-2-yl)acetamide (s05) 
3-(4-methylpiperazin-1-yl)-N-(5-sulfamoyl-1,3,4-thiadiazol-2-

yl)propanamide (s06) 

Figure 1. General structure, chemical name and abbreviation of acetazolamide 

                                                 
1 http://www.symyx.com/micro/getdraw/ 
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N-(2-methyl-5-sulfamoyl-4H-pyrazol-3-yl)acetamide 

(s15) 
4,5-dichlorobenzene-1,3-disulfonamide (s16) 
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6-ethoxy-1,3-benzothiazole-2-sulfonamide (s17) ethane; 6-methyl-4-methylamino-7,7-dioxo-5,6-dihydro-4H-

thieno[2,3-b]thiopyran-2-sulfonamide (s18) 

Figure 1. (continuation) General structure, chemical name and abbreviation of acetazolamide 

Molecular Modelling: Molecular Descriptors Family on Vertex Cutting 

The steps used in the modelling process were as follows: 
 Step 1: Normal Distribution. Test the normal distribution of experimental data using EasyFit 

software2. Three tests were applied: Kolmogorow-Smirnov [25], Anderson Darling [26] and 
Chi Squared [27]. The data were considered normally distributed if an agreement between all 
tests at a 5% significance level was obtained (see Table 1). 

                                                 
2 http://www.mathwave.com/ 
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derson-Darling Chi-Squared 

Table 1. Tests of Normality 

 Kolmogorov-Smirnov An
Sample size 18 18 (df=2) 18 
Statistics 0.1744 0.6114 3.9098 
p-value 0.5844 n.a. 0.1416 
Critical value (5%) 0.3094 2.5018 5.9915 
Reject H0? No No No 
df = degree of freedo
H  = normally distribu

m ot available ; n.a. = n
0 ted data.  

 
 Step 2: T was applied in order to identify the presence of 

outliers.  o outliers (Gmax  = 1.58 (G5% = 2.78); Gmin = 0.25 (G5% = 

o 

 estimated 

t performing MDFV model in terms of goodness-of-fit is presented in Eq(3): 
1.01(±0.22) + TLvFFAdR*(2.01·10-5)(±1.17·10-6) + GMpFFIdI*(204.77)(±17.96) Eq(3)

e

                                                

est for Outliers. The Grubbs
Since data proved to have n

  test [28] 

2.78)) all compounds were introduced in the modelling approach. 
 Step 3: Structure representation. Draw the 2D structures of acetazolamides using HyperChem3; the 

hydrogen atoms were added and the molecular geometry was built. The molecule structures 
were saved as *.mol files. 

 Step 4: Structure optimization. The structures of compounds were optimize as described bellow: 
o Conformational analysis using Molecular Modeling Pro Plus4. 
o Application of moderate changes using Moly Minimizer (Molecular Modeling Pr

Plus). 
o Optimization of compounds geometry using Hyper Chem (PM3 semi-empirical 

method [29]). 
 Step 5: Compounds validation. Validate the compounds and compute the partial charges (where 

necessary) using HyperChem software. 
 Step 6: Calculate MDFV descriptors. Compute the Molecular Descriptors Family on Vertex 

Cutting (MDFV) based on the molecular graphs. A detailed description of the MDFV 
approach is presented in [30]. 

 Step 7: Identification of MLR. Identify the best MDFV multi-linear regression models. 
 Step 8: Models validation. Validate the identified MDFV models. The criteria used for validation 

were [31]:▪ agreement of all correlation coefficients between the observed and the
activity; ▪ highest explanation of the observed variances; ▪ lowest standard error of the 
estimated; ▪ highest Fisher value (lowest p-value); ▪ internal validation (leave-one-out); ▪ 
absence of collinearity between pairs of descriptors. 

 Step 9: Models comparison. Compare the best performing MDFV model with the previously 
reported model using: ▪ Akaike information criteria [30];▪ Kubinyi function [30];▪ Steiger’s Z 
test [32].  

Results 

The bes
ŶMDFV = 

+ TEmFIIDI*(-0.90)(±0.10) 
ere wh the numbers in round brackets represent the parameter needed to compute th

confidence intervals for the slope parameters. 
 95% 

The statistical characteristics of the model from Eq(3) are presented in Eq(4). 

 
3 http://www.hyper.com/ 
4 http://www.chemsw.com/ 
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r2 = 0.9977; r2adj = 0.9972; sest = 0.07; F (p) = 764 (9.99·10-16); 
r2cv-loo = 0.9898; scv-loo = 0.09; Fcv-loo (p) = 453 (3.56·10-14); E = 0.022 
TLvFFAdR: tolerance = 0.905; VIF = 1.105; 
GMpFFIdI: tolerance = 0.112; VIF = 8.966; 
TEmFIIDI: tolerance = 0.109; VIF = 9.142; 

Eq(4)

where r2 = determination coefficient; r2adj = adjusted determination coefficient; sest = standard error 
of the estimated; F = F-value; p = p-value; cv-loo = leave-one-out cross-validation; E = error; VIF 
= variance inflation factor. 

The analysis of agreement among the correlation coefficients is presented in Table 2. . The 
graphical representations of the residuals and of the observed vs estimated activity of 
acetazolamides are presented in Figures 2 and 3. 

Table 2. Correlation analysis between pairs of descriptors and between descriptors and the 
observed activity 

 logKI - ElogKI logKI - 
TLvFFAdR 

logKI - 
GMpFFIdI 

logKI - 
TEmFIIDI

TLvFFAdR - 
GMpFFIdI 

TLvFFAdR - 
TEmFIIDI 

GMpFFIdI - 
TEmFIIDI 

r 0.99 (1.8·10-22) 0.84 (1.3·10-5) 0.56 (0.02) 0.42 (0.08) 0.27 (0.27) 0.31 (0.22) 0.94 (5.0·10-9) 
ρ 0.99 (1.1·10-16) 0.84 (1.1·10-5) 0.61 (0.01) 0.51 (0.03) 0.30 (0.23) 0.31 (0.21) 0.96 (5.2·10-10)
semiQ 0.99 (1.7·10-18) 0.84 (1.1·10-5) 0.58 (0.01) 0.47 (0.05) 0.29 (0.25) 0.31 (0.21) 0.95 (5.0·10-9) 
τa 0.96 (2.6·10-8) 0.66 (1.3·10-4) 0.44 (0.01) 0.37 (0.03) 0.20 (0.24) 0.18 (0.31) 0.82 (1.8·10-6) 
τb 0.96 (2.6·10-8) 0.66 (1.3·10-4) 0.44 (0.01) 0.37 (0.03) 0.20 (0.24) 0.18 (0.31) 0.82 (1.8·10-6) 
τc 0.91 (1.5·10-7) 0.62 (3.0·10-4) 0.41 (0.02) 0.35 (0.02) 0.19 (0.27) 0.17 (0.33) 0.78 (6.6·10-6) 
γ 0.96 (8.8·10-8) 0.68 (0.01) 0.45 (0.25) 0.37 (0.42) 0.21 (0.79) 0.18 (0.85) 0.86 (1.6·10-5) 
R = Pearson’s correlation coefficient; ρ = Spearman’s rank correlation coefficient;  
semiQ = semi-quantitative correlation coefficient;  
τa, τb, τc = Kendall’s tau a, b, and c correlation coefficient; γ = Gamma correlation coefficient; 
Blue = Hypothesis of linear dependence can be accepted at a significance level of 1%. 
Red = Hypothesis of linear dependence is rejected at a significance level of 10%. 
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Figure 2. Observed inhibitory activity vs residuals 
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R2 = 0.9977
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Figure 3. Goodness-of-fit of MDFV model (Eq(3)) 

Table 3 presents the values of the MDFV descriptors used by the model presented in Eq(3) as 
well as the observed and estimated activity of acetazolamides. 

A collinearity analysis was performed and the results, expressed as correlation coefficients and 
associated probabilities, are presented in Table 2, while Table 4 includes the parameters of 
collinearity diagnosis. 

The obtained MDFV model (Eq(3)) was compared with the previously reported models (Eq(1), 
Eq(2)) in terms of information criteria. The results are presented in Table 5. The goodness-of-fit of 
the MDFV model (Eq(3)) was compared with the goodness-of-fit of the previously reported model 
(Eq(4)) using the Steiger’s Z test and a value of 7.78 (p –value = 3.66·10-15) was obtained. 
 

Table 3. Acetazolamides: MDFV Descriptors from Eq(3), Observed and Estimated Activity 

Mol logKI (nM) TLvFFAdR GMpFFIdI TEmFIIDI ElogKI 
(ŶMDFV)(nM) Diff% 

s01 1.079 5.82·104 0.004 2.180 1.016 6 
s02 0.000 3.16·104 0.010 4.093 0.009 0 
s03 0.579 3.55·104 0.015 4.608 0.599 3 
s04 0.255 3.09·104 0.020 6.086 0.209 18 
s05 0.204 3.11·104 0.013 4.423 0.238 17 
s06 0.278 3.21·104 0.014 4.700 0.275 1 
s07 2.217 9.01·104 0.020 5.193 2.274 3 
s08 2.369 8.94·104 0.028 6.856 2.347 1 
s09 2.238 1.12·105 0.017 5.100 2.179 3 
s10 2.411 1.12·105 0.027 7.040 2.416 0 
s11 1.939 8.78·104 0.016 4.586 1.897 2 
s12 2.423 9.58·104 0.020 5.140 2.395 1 
s13 2.017 9.58·104 0.019 5.140 2.097 4 
s14 1.886 9.58·104 0.018 5.140 1.869 1 
s15 1.146 3.61·104 0.011 3.084 1.193 4 
s16 0.903 5.44·104 0.010 3.682 0.871 4 
s17 1.579 1.40·105 0.006 3.774 1.603 2 
s18 0.954 8.24·104 0.012 4.606 0.990 4 
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Table 4. Collinearity Diagnostic 

Variance Proportions 
Dimension Eigenvalue Condition Index (Constant) TLvFFAdR GMpFFIdI TEmFIIDI 
1 3.797 1.000 0.00 0.01 0.00 0.00 
2 0.131 5.384 0.00 0.85 0.02 0.00 
3 0.068 7.491 0.27 0.13 0.07 0.00 
4 0.004 30.494 0.72 0.01 0.91 1.00 

 

Table 5. Validation and comparison of the models 

Model 
Parameter 

MDFV-Eq(3) PREV[23]-Eq(1) PREV[23]-Eq(2)
AICc (corrected Akaike information criterion) -104.49 -26.52 -39.50
wi(AICc) 1.00 1.17·10-17 7.71·10-15

AICR2 (AIC based on determination coefficient) -0.92 5.17 6.24
wi(AICR2) 0.93 0.04 0.03
AICu (McQuarrie and Tsai corrected AIC) -4.34 0.11 -0.48
wi(AICu) 0.80 0.09 0.12
BIC (Schwarz (or Bayesian) Information Criterion) -99.48 -21.21 -34.50
APC (Amemiya prediction criterion) 0.00 0.18 0.07
HQC (Hannan-Quinn Criterion) -107.08 -30.91 -46.40
FIT (Kubinyi function) 159.03 1.67 3.38
wi = Akaike weights for model i. 
Parameters: The smallest is the best except for FIT and wi (where the largest the best); 
PREV[23] = previously reported regression models 

Discussion 

The inhibitory activity on carbonic anhydrase II of a sample of 18 acetazolamides was 
successfully modelled using the molecular descriptors family on the vertex cutting approach.  

A model using three molecular descriptors with good estimation and prediction abilities was 
obtained (Eq(3)) based on cutting the vertices of acetazolamide graphs. The MDFV model was 
selected from a pool of models by applying Hawkins’s criteria [24]: highest correlation coefficient, 
highest Fisher parameter, lowest standard error of the estimated, and the smallest possible number 
of significant parameters (n = 5·v, where n = sample size and v = number of variables in the 
model) (see Eq(4)). The MDFV model used three descriptors with the following contributions [30] 
to the inhibitory activity of acetazolamides: 
qSAR model Eq(3) 
Interaction Via Bonds (topology - T) & Space (geometry - G) 
Dominant Atomic 
Property 

Melting point (L) & Relative atomic mass (M) & Atomic 
electronegativity (E) 

Structure on Activity 
Scale 

Reciprocal (R) & Identity (I) & Identity (I) 

The MDFV model proved capable of estimating the inhibitory activity of acetazolamides. The 
combination of the descriptors used proved able to estimate 99.77% of the inhibitory activity. The 
prediction ability of the model could be assessed through the determination coefficient obtained in 
leave-one-out cross-validation analysis. Thus, the dataset of 18 acetazolamides was subject to 18 
experiments; for each experiment 17 compounds were used in training sets and 1 compound in the 
test set (the true error is estimated as the average error rate on test examples E = (1/18)·∑i=118 Ei, 
where E = the true error, Ei = the error in experiment ith, 1 ≤ i ≤ 17). 

The distance between the determination coefficient of the MDFV model and the determination 
coefficient obtained in leave-one-out cross-validation analysis was able to predict the ability of each 
model. In our case, a 1% difference between these two determination coefficients supported the 
prediction ability of the MDFV model (Eq(3)). Moreover, the analysis of the absolute difference 
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between experimental and estimated logKI sustains the validity of the model, the difference being 
of 4.11%. 

A collinearity analysis was conducted in order to validate the model. Several diagnosis methods 
were used: bivariate correlation matrix (significant correlation coefficients; see Table 2), tolerance 
(≤ 0.01 indicate multicolinearity) and variance inflation factor (≥ 10 indicates the presence of 
collinearity [33,34]) (see Eq(4)), condition index and variance proportions. A conditional index (a 
measure of how “dependent” one independent variable is on the others) ≥ 30 and the presence of 
at least two variance proportions for a particular independent variable > 50 indicate 
multicollinearity [35,36]. The analysis of all these parameters obtained for our regression model 
(Eq(4), Table 2 & 4) indicates the absence of multicollinearity. The highest value of one condition 
index was slightly higher than 30 (obtained at the 4th dimension with a significant correlation 
between the GMpFFIdI and the TEmFIIDI descriptors). Thus, since all the above-described 
criteria were not met, we concluded that there was no collinearity in the model from Eq(3). 

A valid and reliable regression model able to explain the relationship between the structure of 
acetazolamides and their inhibitory activity on carbonic anhydrase II was obtained. Since this 
sample of compounds was previously studied, the main question was: Is the MDFV model 
significantly better than the previously reported models? A comparison analysis between the 
MDFV model (Eq(3)) and the previously reported models [23] (Eq(1) and Eq(2)) was conducted 
using a series of information and prediction criteria. The analysis of the results obtained showed 
that the MDFV model performed better in terms of goodness-of-fit compared with the previously 
reported and investigated models (Eq(1)& Eq(2)) (see Table 5). This conclusion is also supported 
by the result of the Steiger’s Z test when the MDFV model was compared with the model from 
Eq(1). The model from Eq(2) was not subject to Steiger’s Z test since it failed to meet Hawkins’s 
criterion referring to sample size (the sample size should not be lower than five fold the number of 
parameters in the equation). 

Our study aimed to model the inhibitory activity of a sample of acetazolamides by using as 
much information as possible from the structure of the compounds. A valid and reliable model 
with three descriptors was obtained. Useful information related to the structural nature of the 
inhibitory activity on carbonic anhydrase II of acetazlamides was obtained. Since the analysis was 
conducted on such a small sample size of acetazolamides, the obtained results should be assessed 
on a larger sample in order to allow generalization. The analyzed sample size and the absence of the 
external validation set are the main limitations of the present study. Further investigations needed 
to validate the approach are currently being carried out. 

Conclusions 

The MDFV approach provided a reliable and valid model able to explain the relationship 
between the structure of studied acetazolamides and their inhibitory activity on carbonic anhydrase 
II. The MDFV model proved to be the best model for the studied acetazolamides compared to 
previously reported models in terms of information and prediction criteria, Kubinyi function, 
Akaike’s weights, and Steiger’s Z test. 
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