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ABSTRACT 

In present QSAR study of TIBO derivatives, aim of the author is to analysis 
some different 3D parameter in order to get best QSAR model, which 
enhance the binding affinity of TIBO derivatives. Solvent accessible surface 
area (3D) of all atoms with positive partial charge (strictly greater than 0) and 
Balaben 3D index plays vital role in this concern. This study focuses on some 
important and different 3D parameter in place of other conventional 3D 
parameter. The greater value of multiple R (= 0.9421) and lower value of 
Standard error (Se= 0.4981) shows that the find mathematical model is best 
fit and give the structural requirements of TIBO derivatives in particular sets 
of compounds to enhance the binding affinity of the drug. 

INTRODUCTION: The treatment of the acquired 
immunodeficiency syndrome (AIDS) is the most 
challenging worldwide medical problem. Most of the 
current strategies for treating AIDS depend on 
inhibiting HIV-1 reverse transcriptase enzyme. The 
introduction of antiretroviral therapy results in delayed 
progression of HIV-1.  

The majority of existing therapy methods has targeted 
the viral replication at reverse transcriptase (RT) and 
protease enzyme 1, 2. However, the emergence of drug 
resistance has been observed 3, 4, therefore, new 
therapeutic agents are still needed. Recently, a new 
class of therapeutic agents has focused on inhibiting 
HIV entry into cells, CD4 binding, co-receptor binding 
and membrane fusion such as T-20 5.  

The NNRTIs play an important role in current anti-HIV 
therapy as a part of a successful combination therapy. 
Different aspects of NNRTIs have recently been 
reviewed such as; NNRTIs in general 6-12, specific 
NNRTIs 13-18, resistance issues 19-20, x-ray and binding of 
NNRTIs [21-22], clinical use of NNRTIs 23-26 and toxicity 
issues with NNRTIs 27-30.  

Non-nucleoside reverse transcriptase inhibitors 
(NNRTIs), a group of structurally diverse compounds, 
have been reported directly to inhibit the enzyme 
reverse transcriptase in an allosteric fashion by binding 
to a pocket near the polymerase active site (Domaoal 
et al., 2004, Sorbera et al., 2003).  

To date, many classes of NNRTIs have been identified, 
and three inhibitors, nevirapine, delavirdine, and 
efavirenz, have been approved in 1996 for the 
treatment of HIV-1 infection by the US Food and Drug 
Administration (FDA). 

The investigation of the quantitative structure 
activity/property relationships (QSAR/QSPR) of 
substances is an important aspect of modern 
chemistry, biochemistry, medicinal chemistry, and 
drug discovery 31-36.  

The information obtained is composed of 
mathematical equations relating the chemical 
structure of the compounds to a wide variety of their 
physical, chemical, biological and technological 
properties.  
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Once a correlation between structure and 
activity/property is found, any number of compounds, 
including those not synthesized yet, can readily be 
screened in silico for selection of structures with 
desired properties. Hence, it is possible to select the 
most promising compounds for synthesis and testing in 
the laboratory. 

A QSAR is performed on these series in order to 
analyze the 3D parameter requirement of these 
inhibitors to exhibit optimal inhibitory potency of non-
nucleoside reverse transcriptase enzyme which will 
turn help in rationalizing the design of these molecules 
as non-nucleoside reverse transcriptase inhibitors. 

Experimental: 

Data set: As a part of ongoing efforts to design novel 
molecules with potent anti-HIV activity, a QSAR 

analysis was performed to relate HIV non-nucleoside 
reverse transcriptase inhibitors activity of TIBO 
derivatives to its 3D properties. The selected series 
consists of total 16 numbers of compounds. The 
biological activities were expressed in terms of 
inhibitory concentration (pIC50).The parent structure 
of the TIBO is given in the fig 1. Table 1 shows the all 
16 derivatives of TIBO used in the present study. 
Experimental anti-HIV activity (pIC50) complied from 
references 37-45. 
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FIG. 1: PARENT STRUCTURE OF TIBO DERIVATIVES 

TABLE 1: STRUCTURES OF THE COMPOUND USED IN PRESENT STUDY 
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Calculation of the Parameter: All the parameters were 
calculated by Marvin bean and Dragon freeware 
software in this study. 

TABLE 2: VALUES OF DESCRIPTORS USED IN THE SELECTED QSAR 
MODELS 

Compound No. ASA+ MnPR J3D 

1 312.57 4.79 2.455 

2 316.24 4.79 2.457 

3 322.39 4.79 2.46 

4 326.77 4.79 2.46 

5 305.96 4.79 2.456 

6 351.96 4.79 2.574 

7 276.37 4.79 2.367 

8 311.86 4.79 2.483 

9 340.52 4.79 2.611 

10 293.3 4.79 2.14 

11 305.62 4.79 2.505 

12 277.6 4.79 2.162 

13 285.72 4.79 2.079 

14 300.14 5.62 2.444 

15 325.63 5.62 2.379 

16 325.63 5.62 2.486 

ASA+ = Solvent accessible surface area of all atoms with positive 
partial charge (strictly greater than 0). MnPR = Minimal Projection 
Radius Å

2
. J3D     = Balaben 3D index 

RESULTS AND DISCUSSION: In the present study, we 
tried to develop best QSAR model to explain the 
correlations between the 3D parameters and HIV non-
nucleoside reverse transcriptase inhibitor activities of 
TIBO derivatives. Among several QSAR equations the 
best QSAR models were selected on the basis of 
various statistical parameters such as correlation 
coefficient (R > 0.9), standard error of estimate (SEE < 
0.5), and F-test values at 99% significance level. Only 
those descriptors having intercorrelation coefficient 
above 0.5 were considered for the present study.  

Multiple regression analysis method has been adopted 
to get the best QSAR model. On the basis of correlation 
matrix, we find that the following parameter is best to 
generate the QSAR model. 

TABLE 3: VALUES OF OBSERVED AND CALCULATED PIC50 FOR 
GIVEN SETS OF COMPOUND 

Compound no Observed pIC50 Calculated pIC50 Residual 

1 8.520 8.349 0.4850 

2 8.340 8.349 0.3604 

3 8.240 7.885 0.3553 

4 7.838 7.805 0.0330 

5 8.480 8.161 0.3190 

6 7.850 7.997 -0.1473 

7 8.330 8.192 0.1385 

8 7.850 8.208 -0.3578 

9 7.920 8.417 -0.4969 

10 7.880 6.587 1.2930 

11 7.850 8.447 -0.5970 

12 6.380 6.999 -0.6185 

13 5.610 6.377 -0.7667 

14 5.780 5.773 0.0068 

15 4.170 4.938 -0.7679 

16 6.310 5.549 0.7611 

The table 4 below shows that the MnPR (Minimal 
Projection Radius Å2) and MxPR (Maximum Projection 
Radius Å2) both have the same value of R (Multiple R), 
Se (Standard Error) and F (Fisher Ratio). Hence the best 
model can be either with MnPR or MxPR. We have 
taken the MnPR for the discussion. 

TABLE 4: MONOPARAMETRIC PARAMETER  
Parameter N R Se F 

MnPR 16 -0.7417 0.8891 17.117 

MxPR 16 -0.7417 0.8891 17.117 

MnPA 16 0.5342 1.1205 5.590 

MxPA 16 0.6420 1.0163 9.815 

Pi 16 -0.6397 1.0187 9.699 
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Model 1: 
pIC50= -2.8386(± .6861) MnPR + 21.3727………..………1 

The negative value of MnPR shows the inverse 
correlation with the drug binding affinity. So, in order 
to get best model we have tested various biparametric 
combination and the table given below shows the best 
result orientated model-  

TABLE 5: BIPARAMETRIC PARAMETER COMBINATION 

Parameter N R Se F 

MnPR+ ASA 16 0.7419 0.9223 7.956 

MnPR+ ASA+ 16 0.7707 0.8765 9.508 

MnPR+ ASA- 16 0.7823 0.8568 10.251 

MnPR+ ASA_P 16 0.7968 0.8312 11.302 

MnPR+J3D 16 0.8665 0.6867 19.579 

The biparametric table 5 shows that, MnPR along with 
3 dimensional Balaben index (J3D) dominance on other 
parameter.  The smaller value of Se and higher value of 
F justify the importance of equation. Balaben index is 
basically a topological parameter, but here we use 3D 
Balaben index and it give tremendous result in the 
binding affinity of the drug in present set of TIBO 
compound. The best biparametric combination is as 
follows- 

Model 2: 
pIC50= -3.0013(± 0.5323) MnPR + 3.7906(± .1.1717) 
J3D + 13.0524 ……………..…………………………………….………2  

Again in this mathematical model, MnPR shows the 
inverse relationship so, that the highly negative 
Minimal Projection Radius Å2 enhance the binding 
affinity. From here, we started to test the various 
triparametric combinations and the table 6 given 
below shows the best result orientated model-  

TABLE 6: TRIPARAMETRIC PARAMETER COMBINATION 

Parameter N R Se F 

MnPR+ J3D+ ASA 16 0.8823 0.6712 14.198 

MnPR+ J3D+ASA+ 16 0.8885 0.6569 15.002 

MnPR+ J3D+DE 16 0.7823 0.8568 10.251 

The higher value of R and F and lower value of Se 
shows that the S. No. 2 is the best triparametric 
combination. Role of Solvent accessible surface area of 
all atoms with positive partial charge (strictly greater 
than 0)  (ASA+) is greater than that of  the Van der 
waals surface area that means the solvent accessible 

surface area increase the binding. Hence the best 
triparametric model is as follows- 

Model 3: 
pIC50= -2.9220(± .5120) MnPR + 5.7103(± .1.7103)   
J3D -.0182(± .0123) ASA+ + 13.7035 ………………………..3 

Greater value of J3D in eq(3) shows that the role of 
Balaben 3D index is increasing and solvent accessible 
area  of drug is more important than that of  Van der 
waal surface area. One of the compounds shows the 
higher residue in the table. So after the deletion of the 
compound the model obtained is as follows- 

Model 4: 
pIC50= -2.7766(± 0.3910) MnPR + 7.9132(± .1.4746) 
J3D -0.0255(± 0.0096) ASA+ + 9.8233………...………………4 

N=15, R= 0.9421, Se= 0.4981, F= 28.945 

Increment in the value of J3D shows the higher the 3D 
Balaben index greater the binding affinity. Same as the 
lower value of ASA+ shows the solvent accessible 
surface area is very important for the binding affinity 
of the drug with receptor.  

In the above QSAR models, N is the number of data 
points, correlation co-efficient (R), which is relative 
measure of quality of fit, standard error of estimate 
(Se) representing absolute measure of quality of fit, 
Fischer’s value (F), which represents F-ratio between 
the variance of calculated and observed activity, and 
chance statistics assuring that the results are not 
merely based on chance correlations, figures given in 
the parentheses with ± sign in the model are standard 
error associated with the regression coefficients, 
chance is the ratio of the equivalent regression 
equations to the total number of randomized sets; (a 
chance value of 0.001 corresponds to 0.1% chance of 
fortuitous correlation).  

All the QSAR models are significant at 99% level, which 
is shown by their greater calculated value in 
comparison to the tabulated one (given in the 
parenthesis that follows the calculated values, in each 
model). Accuracy in the analysis is shown by low values 
of standard error of estimate. The statistical details of 
the QSAR model given above speak for its good 
statistical quality. The R value is above 0.9, which 
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suggest that a good percentage of the total variance in 
biological activity is accounted by the model. Low 
value of standard error of estimate (< 0.5) indicates the 
accuracy of the statistical fit. All the values of the t-
statistic are significant which confirms the significance 
of each descriptor.  

The calculated F value for the generated for the QSAR 
model exceed the tabulated F value by large margin as 
desired for a meaningful regression. Furthermore, the 
calculated F value also determines a confidence limit 
superior to 99% for this model.  

 
FIG. 2; GRAPH PLOTTED BETWEEN OBSERVED AND CALCULATED 
PIC50 

CONCLUSION: Summarizing the above discussion, the 
present study gives rise to QSAR with good statistical 
significance and predictive capacity for HIV-1 non 
nucleoside reverse transcriptase inhibitory activity of 
TIBO derivatives. For the dataset of 16 analogues with 
well-defined activity, the HIV-1 non nucleoside reverse 
transcriptase inhibitory potency appears to be 
influenced by structural components.  

The interpretation of the generated QSAR revealed 
that increased HIV-1 inhibitory potency of TIBO 
derivatives could be achieved by increasing solvent 
accessible surface area of the molecules and by 
Minimal Projection Radius Å2 in the molecule.  

ACKNOWLEDGEMENT: Author (Lokendra Kumar Ojha) 
is thankful to Dr. Abhilash Thakur, Associate Professor, 
Department of Applied Science, NITTTR, Bhopal and 
Dr. Mamta Thakur, Professor & Head, Department of 
Pharmachemistry, Softvision College, Indore to provide 
software facility and regular help during the research.  

REFERENCES: 
1. Loveday C: Nucleoside reverse transcriptase inhibitor 

resistance. J. Acquir. Immune. Defic. Syndr. 26 Suppl1 2001; 
S10-S24. 

2. Deeks SG: Nonnucleoside reverse transcriptase inhibitor 
resistance. J. Acquir. Immune. Defic. Syndr.  26 Suppl1 2001; 
S25-S33. 

3. Wainberg MA and Friedland G:  Public health implications of 
antiretroviral therapy and HIV drug resistance. J. Am. Med. 
Assoc. 1998; 279:1977-1983. 

4. Volberding PL: J. International perspectives on antiretroviral 
resistance. Introduction. J. Acquir. Immune. Defic. Syndr.  26 
(Suppl1) 2001; S1-S2. 

5. Cooley LA and Lewin SR: HIV-1 cell entry and advances in viral 
entry inhibitor therapy. J. Clin. Virol. 2003; 26: 121-132. 

6. Gulick RM: Clin. Microbiol. Infect. 2003; 9:186. 
7. Goette M, Wainberg MA: In Viral Infections and Treatment; 

Rubsamen-Waigmann, Ed.; Marcel Decker: New York, 2003; 
505-521. 

8. De Clercq E: Chem. Biodivers. 2004; 1:44. 
9. Balzarini J: Curr. Top. Med. Chem.  2004; 4: 921. 
10. Tarby CM: Curr. Top. Med. Chem. 2004; 4:1045. 
11. Boone LR: Curr. Opin. Investig. Drugs. 2006; 7:128. 
12. Basavapathruni A, Anderson, KS: Curr. Pharmaceut. Des. 2006; 

12:1857. 
13. For reviews on the clinical use of nevirapine, see: (a) Lange, J. 

M.A. JAIDS, 2003; 34:S40. (b) Harris M: JAIDS. 2003; 34:S53. 
14. For a review on capravirine, see: Sorbera LA, Castaner J, and 

Bayes M: Drugs Future. 2003; 28:1149. 
15. For a review on clinical use of efavirenz, see: Fortin C, and Joly 

V: Expert Rev. Anti-infect. Ther. 2004; 2:671. 
16. For a review on etravirine (TMC125), see: DaviesSL, Castaner J, 

Silvestre JS and Bayes M: Drugs Future. 2005; 30: 462. 
17. For a review on indolyl aryl sulfones (IASs), see: Silvestri R, and 

Artico M: Curr. Pharmaceut. Design. 2005; 11:3779. 
18. For a review on the tight binding of PETT, HEPT and DABO 

based NNRTIs, see: D’Cruz OJ and Uckun FM J:  Enzym. Inhib. 
Med. Chem. 2006; 21: 329. 

19. Wainberg MA: JAIDS. 2003; 34: S2. 
20. Martinez J, Coplan P and Wainberg MA: Antivir. Res. 2006; 

71:343. 
21. Sluis-Cremer N, Temiz NA and Bahar I: Curr. HIV Res. 2004; 

2:323. 
22. Das K, Lewi PJ, Hughes SH, and Arnold E: Progr. Biophys. Mol. 

Biol.  2005; 88:209.  
23. Zhang Z, Hamatake R and Hong Z: Antivir. Chem. Chemother.  

2004; 15:121. 
24. [24] Quirk E, McLeod H. and Powderly W: Clin. Infect. Dis. 2004; 

39: 98. 
25. Kappelhoff BS, Huitema AD and Beijnen JH: Drugs R. 2005; 6:61. 
26. For reviews on the use of NNRTIs in vaginal microbicides, see: 

(a) D’Cruz OJ and Uckun FMJ: Antimicrob. Chemother. 57 2006; 
411. (b) . D’Cruz OJ and Uckun FM: Curr. HIV Res. 2006; 4:329. 

27. Kontorinis N, Dietrich D: Semin. Liver Dis.  2003; 23:173. 
28. Dietrich DT, Robinson PA, Love J and Stern JO: Clin. Infect. Dis. 

2004; 38:S80. 
29. Abrescia N, D’Abbraccio M, Figoni M, Busto A, Maddaloni A and 

DeMarco M: Curr. Pharmaceut. Design. 2005; 11: 3697. 
30. Nolan D: Drug Safety. 28 2005; 1069. 
31. http://www.chem.swin.edu.au/modules/mod4/index.html 
32. Hansch C, and Leo A:  Exploring QSAR: Fundamentals and 

Applications in Chemistry and Biology, American Chemical 
Society, Washington, DC, 1995; 



              Ojha et al., IJPSR, 2011; Vol. 2(12): 3177-3182                                    ISSN: 0975-8232 

                                                                             Available online on www.ijpsr.com                                                                            3182 

33. Karelson M, Lobanov V and Katritzky A:  Quantum– Chemical 
Descriptors in QSAR/QSPR Studies. Chem. Rev. 1996; 96:1027–
1043  

34. Polyakova M, Mei Jin L and Ho Row K: QSPR Models for 
Chromatographic Retention of some Azoles with 
Physicochemical properties. Bull. Korean Chem. Soc.   2006; 
27:211–218  

35. Xu JL,  Gao SL, Zhang XF, Xie YP, Huang XY, and Xie XG:  QSAR 
Studies on 7–Substituted Fluoroquinolones.  Chinese J. Struct. 
Chem. 2007; 26:91–97  

36. Vasanthanathan P, Lakshimi M, Babu M, Gupta A and  
Kaskhedikar S: QSAR Study of 3–Phenyl–5– acyloxymethyl–
2H,5H–furan–2–ones as Antifungal Agents, Vhem. Pharm. Bull. 
2006; 54:583–587  

37. Mahmoudian M:  J. Mol. Graphics Modell. 1997; 15:149. 
38. Zhou Z, Madrid M, and Madura JD:  Proteins. 2002; 49: 529. 

39. Smith MBK, Lamb ML, Tirado-Rives J, Jorgensen W, Michejda 
CJ, Ruby SK  and Smith Jr. R:  Protein Eng. 2000; 13 :413. 

40. Titmuss SJ, Keller PA and Griffith R:  Bioorg. Med. Chem. 1999; 
7:1163. 

41. Silvestri R, Artico M, De Martino G, Ragno R, Massa S, Loddo R, 
Murgioni C,  Loi AG, Colla PL and  Pani A: J. Med. Chem. 2002; 
45 :1567. 

42. Chen YZ, Gu XL and Cao ZW: J. Mol. Graphics Modell. 2001; 19: 
560. 

43. Barreca ML, Carotti A,  Carrieri A, Chimirri A, Monforte AM,  
Calace MP, and Rao A:  Bioorg. Med. Chem. 1999; 7:2283. 

44. Eriksson MAL, Pitera J and Kollman PA: J. Med. Chem. 1999; 
42:868. 

45. Smith Jr. RH, Jorgensen W, Tirado-Rives J, Lamb ML, Janssen 
PAJ, Michejda CJ and Smith MBK: J. Med. Chem. 1998; 41:5272. 

 
**************************** 


