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Aim

The paper presents the abilities in estimation and 
prediction of the inhibition on carbonic anhydrase I of 
some substituted 1,3,4-thiadiazole- and 1,3,4-
thiadiazoline-disulfonamides through the integration 
of complex structures information by using of an 
original molecular descriptors family on the structure-
activity relationships approach.
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Material and Method

The proposed approach uses the complex information 
obtained from substituted 1,3,4-thiadiazole- and 1,3,4-
thiadiazoline-disulfonamides structure in order to generate 
and calculate the molecular descriptors family. The structure-
activity relationship models were built based on the generated 
descriptors. The obtained multivariate models (the models 
with two, respectively four descriptors) were validated by 
computing the cross-validation leave-one-out score (r2

cv-loo), 
and analyzed through assessment of the squared correlation 
coefficients (r2), and the models stability (r2 - r2

cv-loo). The 
prediction ability of the multivariate MDF-SAR model with four 
descriptors was analyzed in training versus test sets.
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Results

The best performing MDF-SAR model proved to be the model 
with four descriptors r2 = 0.918. The MDF-SAR model with four 
descriptors shown that the inhibition on carbonic anhydrase I of 
substituted 1,3,4-thiadiazole- and 1,3,4-thiadiazoline-
disulfonamides is likely to be of geometry and topology nature, 
being in relation with the partial charge and relative atomic 
mass of compounds. The estimation ability of this model is 
sustained by the multiple correlation coefficient (r = 0.9579, 
95%CI = [0.9212, 0.9776]) and by the significance of the model 
(F = 97, p < 0.001). The prediction ability is sustained by the 
cross validation leave-one-out score (r2

cv-loo = 0.8911), the 
model stability (r2 - r2

cv-loo = 0.0264), and by the results on 
training versus test analysis. The model with four descriptors 
proved to render higher value of the correlation coefficient 
comparing with previously reported model (p < 0.01).
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(Supuran & Clare, 1999)
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Structures
1,3,4-thiadiazoline-
disulfonamides (B)

1,3,4-thiadiazole-
disulfonamides (A)
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X – substituent (one of twenty in total)
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1.111.182,4,6-Me3C6H40.000.953-H2N-C6H4

0.850.954-Cl-3-O2N-C6H30.000.784-H2N-C6H4

1.001.082,4-(O2N)2C6H30.301.004-AcNH-C6H4

2.662.564-(2,4,6-Ph3Py+)C6H40.780.704-MeO-C6H4

1.231.264-(2,4,6-Me3Py+)C6H40.700.484-Br-C6H4

0.000.002-HO2CC6H40.900.604-Cl-C6H4

0.951.28Me2N0.900.604-F-C6H4

0.700.702-O2N-C6H40.700.704-Me-C6H4

0.850.303-O2N-C6H40.780.85PhCH2

0.900.484-O2N-C6H41.231.00Me
BASubstituent XBASubstituent X

Me = methyl; Ph = phenyl; Ac = acetyl; Py+ = pyridine
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MDF SARs (This work)
– n = 40 (both A and B)
– Two independent variables SAR

• 1.74 +1.01·10-1·inPRlQg +3.10·10-3·lPDMqMg
– Four independent variables SAR

• 1.14 +8.79·10-2·inPRlQg +3.52·10-3·lPDMoMg 
+2.43·iAMRqQg +1.04·inMRkQt
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Determination analysis

2v 2v, 4v 4v 4v 4v r2 

lPDMqMg inPRlQg lPDMoMg iAMRqQg inMRkQt 
2v lPDMqMg 1    
2v, 4v inPRlQg 0.021 1   
4v lPDMoMg 0.999 0.02 1  
4v iAMRqQg 0.144 0.06 0.142 1 
4v inMRkQt 0.310 0.02 0.312 0.5 1 
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0.95790.8975Correlation coefficient (r)

0.02640.0167r2 - r2
cv-loo

7169Fisher parameter of loo analysis (Fpred)
0.18690.2532Standard error of leave-one-out analysis (sloo)
0.89110.7888Cross-validation leave-one-out score (r2

cv-loo)
9777Fisher parameter (Fest)
0.16240.2426Standard error of estimation (sest)
0.91750.8056Determination coefficient (r2)
0.92-0.980.81-0.9495% CI for r (95%CIr)

4040Number of experiments (n)
4v2vParameter (abbreviation)
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ANOVA

  StdError r2(Y, desc) t 95%CI 
MDF-SAR model with two descriptors 
Intercept 0.0845 n.a.* 20.618† [1.5715-1.9140]
inPRlQg 0.0174 0.2822 5.8097† [0.0657-0.1360]
lPDMqMg 0.0003 0.6282 9.9803† [0.0025-0.0037]
MDF-SAR model with four descriptors  
Intercept 0.1295 n.a.* 8.7986† [0.8768-1.4028]
inPRlQg 0.0119 0.2822 7.3752† [0.0637-0.1121]
lPDMoMg 0.0002 0.6274 14.241† [0.0030-0.0040]
iAMRqQg 0.3812 0.2663 6.3782† [1.6576-3.2055]
inMRkQt 0.1663 0.1299 6.2486† [0.7013-1.3764]
StdError = standard error; Y = log IC50, desc = molecular descriptor; t = parameter of the Student test 

95%CIai =  95% confidence interval associated with ai; * n.a. = not applicable

† p < 1‰
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Training versus Test Analysis

† p ≤ 0.001; ‡ 0.001 < p < 0.05

21‡[0.908-0.996]0.981955†[0.887-0.973]0.9451.00532.2213.59·10-38.66·10-21.20531

15‡[0.897-0.994]0.9761033†[0.830-0.960]0.9160.97702.1673.05·10-39.07·10-21.09430

13‡[0.872-0.991]0.9661167†[0.911-0.982]0.9581.16262.6943.61·10-39.77·10-21.08829

70†[0.957-0.997]0.9881239†[0.860-0.969]0.9341.01542.3323.50·10-38.88·10-21.16928

32†[0.905-0.992]0.9721346†[0.882-0.975]0.9450.98432.2133.52·10-38.45·10-21.19327

18†[0.848-0.985]0.9511444†[0.880-0.975]0.9450.84982.8413.09·10-31.06·10-10.90926

6‡[0.881-0.988]0.9621519†[0.766-0.951]0.8920.45012.0954.46·10-39.16·10-21.45525

18†[0.837-0.980]0.9421633†[0.851-0.971]0.9341.25573.3172.87·10-37.51·10-20.69024

38†[0.902-0.987]0.9651738†[0.873-0.977]0.9450.82622.4563.41·10-38.63·10-21.07023

14†[0.750-0.963]0.90118129†[0.961-0.993]0.9840.60652.5272.91·10-38.01·10-20.89922

34†[0.881-0.982]0.9541949†[0.905-0.984]0.9611.15222.7203.58·10-39.01·10-21.07821

60†[0.929-0.989]0.9722027†[0.842-0.975]0.9361.15432.2093.65·10-39.92·10-21.25720

Fts95% CIrtsrtsntsFtr95% CIrtrrtra4a3a2a1a0ntr



1
7

T4-212
Steiger’s Test

It’s a significant difference between previously reported SAR 
(Supuran & Clare, 1999) and MDF-SAR (This study)?

0.00152.965previous SAR(A,7v) vs. 2v MDF-SAR(A+B)
0.00522.563previous SAR(A,5v) vs. 24 MDF-SAR(A+B)
0.14891.041previous SAR(A,7v) vs. 2v MDF-SAR(A+B)
0.28030.582previous SAR(A,5v) vs. 2v MDF-SAR(A+B)
p valueSteiger’s Zprevious SARs vs. MDF-SARs

2v MDF-SAR(A+B) embed 28% of previous SAR(A,5v) and 
15% of previous SAR(B,7v)
4v MDF-SAR(A+B) is significantly different from both previously 
reported models (below 5‰ match with previous SAR(A,5v) 
and below 1‰ match with previous SAR(B,7v)
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• Number of predictor variables are dramatically reduced (5v, 

7v) → (2v, 4v)
• 4v MDF-SARs are significantly different from previously 

reported SARS (Steiger Z); are better than (0.909, 0.917 < 
0.9175); thus, are significantly better

• MDF-SARs embed more knowledge (A+B)
• MDF-SARs allow structure-activity analysis (next example for 

inPRlQg MDF member):
– g from molecular geometry (vs. topology)
– Q from partial charge (vs. other atomic properties)
– l from elastic type force (vs. other interaction descriptor 

types)
– R from rare model interactions (vs. other two model 

interaction types)
– P from path based fragmentation (Diudea & all, 2000)
– n from ‘smallest absolute’ fragment’s superposing method
– i from inversed global structure descriptor
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Conclusion

Modelling the inhibition activity on 
carbonic anhydrase I of substituted 1,3,4-
thiadiazole- and 1,3,4-thiadiazoline-
disulfonamides by integration of complex 
structure information provide stable MDF-
SAR models, revealing that there is a 
relationship between the compounds 
structure and their inhibition activity on 
carbonic anhydrase I.
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