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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

MLR, enhance the binding affinity of TIBO derivatives. Solvent accessible surface

Binding Affinity
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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
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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 %, However, the emergence of drug
resistance has been observed * * 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°.

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 ®%?, specific
NNRTIs 8 resistance issues *%°, x-ray and binding of
NNRTIs [21-22], clinical use of NNRTIs >*® and toxicity
issues with NNRTIs 273,
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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
etal., 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
activity/property

substances is an
chemistry,
drug discovery

of the quantitative structure
relationships  (QSAR/QSPR)  of
important aspect of modern

biochemistry, medicinal chemistry, and
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.

3177



Ojha et al., PSR, 2011; Vol. 2(12): 3177-3182

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

TABLE 1: STRUCTURES OF THE COMPOUND USED IN PRESENT STUDY
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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 (plC50).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 >,
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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

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

Compound No. ASA+ MnPR J3D GIVEN SETS OF COMPOUND
1 312.57 4.79 2.455 Compound no Observed plC50 Calculated pIC50 Residual
2 316.24 4.79 2.457 1 8.520 8.349 0.4850
3 32239 4.79 2.46 2 8.340 8.349 0.3604
2 . .

4 326.77 4.79 2.46 3 8.240 7-885 0.3553

4 7.838 7.805 0.0330
5 o e 2AEE 5 8.480 8.161 0.3190
6 351.96 4.79 2.574 6 7.850 7.997 -0.1473
7 276.37 4.79 2.367 7 8.330 8.192 0.1385
8 311.86 4.79 2.483 8 7.850 8.208 -0.3578
9 340.52 4.79 2.611 9 7.920 8.417 -0.4969
10 293.3 4.79 2.14 10 7.880 6.587 1.2930
1 305.62 4.79 5 505 11 7.850 8.447 -0.5970
12 277.6 4.79 2162 12 6.380 6.999 -0.6185

13 5.610 6.377 -0.7667
13 285.72 4.79 2.079

14 5.780 5.773 0.0068
- Lt S G 15 4.170 4.938 -0.7679
15 325.63 5.62 2.379 16 6.310 5.549 0.7611
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 A>. 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.

Available online on www.ijpsr.com

The table 4 below shows that the MnPR (Minimal
Projection Radius A?) and MxPR (Maximum Projection
Radius A%) 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.ccvvveeeerrenenn. 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:
plC50= -3.0013(+ 0.5323) MnPR + 3.7906(% .1.1717)
J3D + 13.0524 ettt e e 2

Again in this mathematical model, MnPR shows the
inverse relationship so, that the highly negative
Minimal Projection Radius A? 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
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surface area increase the binding. Hence the best
triparametric model is as follows-

Model 3:
plC50= -2.9220(+ .5120) MnPR + 5.7103(+ .1.7103)
J3D -.0182(+ .0123) ASA+ + 13.7035 .....ovvvreiereere s 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:
plC50= -2.7766(+ 0.3910) MnPR + 7.9132(+ .1.4746)
J3D -0.0255(+ 0.0096) ASA+ + 9.8233.....ccocvvvvvrvrcennnd

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

3180



Ojha et al., PSR, 2011; Vol. 2(12): 3177-3182

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.
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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 A% in the molecule.
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