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ABSTRACT: The broad spectrum chemotherapeutic properties of isatin analogues prove its importance for Human 
Immunodeficiency Virus (HIV) treatment. Some isatin analogues act as anti-HIV drugs and also show efficacy against 
opportunistic infections associated with it like tuberculosis, hepatitis and other bacterial diseases. Molecular modeling is 
helpful in the discovery of potentially effective inhibitors. Here we report a Quantitative Structure-Activity Relationship 
(QSAR) study on a series of potential reverse transcriptase inhibitors containing isatin nucleus. The data set of 22 
compounds was divided into a training set (17) and test set (5). The QSAR analysis reveals the inhibitory potencies of these 
series of compound is governed by a topological parameter (1v), lipophilicity of R1 substituent (π) and indicator parameter (I) 
with 2

cvr = 0.87 and 2
predr  = 0.89. Based on these results the mechanism of drug-receptor interaction is discussed and it can 

be of great help to design and develop new potent reverse transcriptase inhibitors. 
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Introduction 

From the early 1980s the Acquired Immunodeficiency 
Syndrome (AIDS) and its causative organism Human 
Immunodeficiency Virus (HIV) has puzzled scientist all 
over the world-wide. Today AIDS has become a major 
world-wide epidemic1,2. The currently available anti-HIV 
therapy includes nucleoside/nucleotide reverse 
transcriptase inhibitors (NRTIs/NTRIs) and non-nucleoside 
reverse transcriptase inhibitors (NNRTIS), protease or 
entry inhibitors and HIV integrase inhibitors. NNRTIS are 
structurally diverse group of compounds which binds to the 
viral enzyme reverse transcriptase (RT) where it interacts 
with a specific allosteric non-substrate binding pocket site 
(Non-nucleoside binding pocket-NNBP). NNRTIS non-
competitively inhibit RT enzyme, block its mechanism and 
make it unable to produce a viral DNA3. Currently drugs 
used to treat AIDS under NNRTIs for anti-AIDS therapy 
are Nevirapine, Delaviridine, Efavirenz, Etravirine and 
Rilpivirine. 

Isatin (1H-indole-2,3-dione) analogues, due to the 
importance of indole back bone have shown a variety of 
biological activities such as antibacterial4,5, antifungal5,6, 
anti-HIV7,8 and anticonvulsant activity9. Owing to the 
broad spectrum chemotherapeutic properties, it appears as 
an ideal drug for AIDS treatment which suppresses HIV 
replication by acting as non-nucleoside reverse 

transcriptase inhibitor7,8,10-12. Therefore isatin analogues act 
as anti-HIV drugs as well as possess efficacy against 
opportunistic infections associated with AIDS like 
tuberculosis, hepatitis and other bacterial disease. 

Replication of Human Immunodeficiency Virus (HIV) 
involves integration of viral DNA into host genome and is 
catalyzed by virally encoded enzyme integrase (IN). 
Integration creates a difficult hurdle in viral eradication and 
thus impacts the chemotherapy of infected hosts13, 14. Thus 
process offers and appealing venue for the design and 
development of anti-HIV drugs. The integrase inhibitors 
target a viral enzyme involved in the replication cycle of 
HIV i.e., the inversion of HIV-1 proviral DNA into the 
host’s cellular genome. Thus it represents one of the most 
promising targets into HIV life cycle for therapeutic 
intervenation15,16. Some of the reported integrase inhibitors 
include Raltegravir17,18, Elvitegravir19,20. 
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Materials and Methods 

A series of substituted isatin analogues and their HIV 
reverse transcriptase inhibitory activity was reported by 
Pawar et al., (Table 1)21. Various physicochemical and 
topological descriptors were calculated and those were 
used to derive the best QSAR model. Only Kier’s first-
order valence molecular connectivity index (1χv) and 

calculated lipophilicity (π) were found to be the most 
important parameter and some indicator parameters were 
also found to govern the activity. These indicator 
parameters have been defined later. The molecular 
connectivity index (1χv) was calculated according to Kier 
and Hall22,23. 

Results and Discussion 

The whole data set contains 22 compounds. This set is 
divided into two subsets, the training and test sets. The test 
set compounds were selected keeping in mind while the 
structural diversity and span activity data. The compounds 
are shown in Table 1. 

Table 1 Structures of isatin analogues (1-22) 
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A multiple regression analysis is performed on the 
training set and the best correlation that we could find is 
equation (1). 

log (1/EC50) = 0.331(±0.275)1χv – 0.026(±0.023)(1χv)2 –
1.157(±0.429)π + 0.437(±0.279)I + 0.917(±0.826) 

n = 15, r = 0.907, s = 0.141, F4,11 = 11.545(6.64)      …..(1) 

Where 1χv refers to molecular connectivity index of     
R2-substituents and π refers to lipophilicity of R1-
substituents. The indicator variable I is used with the value 
of 1 for R1 = Br while I = 0 for other than Br substituents. 
We tried many other physicochemical parameters, but the 
best correlation that we could find in equation (1). 

In this equation, EC50 refers to the molar concentration 
of the drug leading to 50% inhibition of HIV. Among the  
statistical parameters, n is the number of data points, r is 
the correlation coefficient obtained from the leave-one-out 
(LOO) jackknife procedure, s is the standard deviation, F is 
the ratio between the variances of calculated and observed 

activities and the data within the parenthesis with ± sign are 
95% confidence intervals. The figure with in the 
parenthesis following the F-value is the standard F-value at 
99% level. The values of these statistical parameters in 
equation (1) show that the correlation obtained is quite 
significant. This correlation suggest that the HIV inhibition 
activity of the series of compound is basically controlled by 
the lipophilicity of R1-substituent and the molecular 
connectivity takes into account the nature (valence and 
unsaturation) of the atoms, their connectivity and size of 
the molecule. The presence of large number of atoms with 
low valence and high saturation leads to high value of 1χv. 
Thus, R-substituent containing such atoms may have high 
inhibition activity. Such group may be more hydrophobic 
and this may be involved in hydrophobic interaction with 
the receptor. The validity of the correlation is judged by the 
values of its 2

cvr  which is calculated as 

2
cvr  = 1 – [(yi, obsd – yi, cald)

2/(yi,obsd – ŷ,obsd)
2]     …..(2) 

Table 2 Physicochemical properties and observed, calculated and predicted activities of compounds of Table 1 

S.No. 1v (1v)2 π I 
pEC50 

Obsd Calcd Pred (LOO) 

1 4.493 20.187 0.560 0 1.236 1.233 2.527 

2a 6.915 47.817 0.560 0 2.060 2.611 - 

3 6.812 46.403 0.560 0 1.453 1.321 1.282 

4 8.993 79.798 0.560 0 1.326 1.157 0.975 

5 2.730 7.453 0.860 1 1.283 1.070 0.993 

6a 4.424 19.571 0.860 1 0.892 1.315 - 

7 4.478 20.052 0.860 1 1.354 1.322 1.312 

8 1.893 3.583 0.860 1 0.748 0.893 1.223 

9 8.993 79.798 0.860 1 1.090 1.247 1.514 

10a 8.040 64.641 0.860 0 0.881 1.340 - 

11 4.493 20.187 0.140 0 1.559 1.719 1.804 

12 4.598 21.142 0.140 0 1.793 1.729 1.689 

13b 6.848 46.895 0.140 0 1.083 1.802 - 

14a 7.140 50.980 0.140 0 1.258 1.793 - 

15 7.848 61.591 0.140 0 1.757 1.756 1.752 

16 5.432 29.506 0.710 0 1.017 1.129 1.155 

17b 4.053 16.427 0.710 0 1.749 1.010 - 

18 3.802 14.155 0.710 1 1.513 1.424 1.389 

19 6.848 46.895 0.710 0 1.143 1.147 1.143 

20 6.848 46.895 0.710 0 1.053 1.147 1.169 

21a 4.971 24.711 0.860 1 1.207 1.362 - 

22 3.723 13.861 0.710 1 1.373 1.406 1.408 

aCompounds from test set, bCompounds not included in the derivation of equation (1) 
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Where yi, obsd and yi, cald are the observed and calculated 
activity value of compound i, respectively and ŷ, obsd is the 
average of the observed activities of all compounds is 
supposed to be valid if 2

cvr  > 0.60. From this point of view, 

the correlation expressed by equation (1) seems to be quite 
valid. However, the predictive ability of any correlation 
equation is measured by using it to predict the activity of 
the compounds in the test set and calculating the value of 

2
predr , which is defined as: 

r2
pred = 1 – [i (yi, obsd – yi, pred)

2/i (yi, obsd – ŷ, obsd)
2]  

                  …..(3) 

Where yi, pred is the predicted activity of compound i. A 
value of 2

predr  > 0.5 signifies a good predictive ability of the 

correlation. For equation (1), 2
predr value is as high as 0.892. 

The activity values predictive from this equation for test set 
compounds are given in Table 2. A comparison shows that 
these predicted values are in very good agreement with the 
corresponding observed ones. In the training set also, the 
calculated values are found to be in excellent agreement 
with the observed ones. All these observations can be better 
visualized in the graphs drawn between the calculated 
predicted and observed activities (Fig. 1 and 2). 

 

Fig. 1 Graph of observed vs predicted activity of 
training set compounds. 

 

Fig. 2 Graph of observed vs predicted activity of test 
set compounds. 

The indicator parameter I have positive coefficient in 
correlation suggesting that some R-substituents of 
particular nature will be contributing towards activity. 

Acknowledgement 

All the authors are thankful to Prof. S. P. Gupta 
(Professor), NITTR, Bhopal (MP) for his valuable 
guidance and the Chairman, BIT Group of Institutions, 
Meerut (UP), India for providing research facilities to 
complete the project work successfully. 

References 

[1] Gottlieb M. S, Schroff R, Schanker H M, Weisman J D, Fan 
P. T, Wolf R. A, Saxon A. N (1981). Eng. J. Med. 305: 
1425.  

[2] Barré-Sinoussi F, Chermann J. C, Rey F, Nugeyre M. T, 
Chamaret S, Gruest J, Dauguet C, Axler-Blin C, Vézinet-
Brun F, Rouzioux C, Rozenbaum W, Montagnier L (1983). 
Sci. 220: 868.  

[3] Balzarini (2004). J. Curr. Top. Med. Chem. 4: 921. 

[4] Daisley R. W, Shah V. K (1984). J. Med. Chem.73: 407.  

[5] Varma R. S, Nobles W. L (1967). J. Med. Chem. 10: 972. 

[6] Piscapo B, Diumo M. V, Godliardi R, Cucciniello M, 
Veneruso G (1987). Bol. Soc. Ital. Biol. Sper. 63: 827. 

[7] Pandeya S. N, Sriram D, Nath G, DeClercq E (1999). Eur. 
J. Pharm. Sci. 9: 25. 

[8] Pandeya S. N, Sriram D, Nath G, DeClercq E (2000). 
Arzneim.-Forsch. 50: 55.  

[9] Bhattacharya S. K, Chakraborti A (2000). Indian J. Exp. 
Biol. 36: 118.  

[10] Sriram D, Bal. T. R, Yogeeswari P (2005). IL Farmaco 60: 
377.  

[11] Boechat  N, Kover W. B, Bastos M. M, Romeiro N. C, Silva 
A. S. C, Santos F. C, Valverde A. L, Azevedo M. L. G, 
Wollinger W, Souza T. M. L (2007). Med. Chem. Res. 15: 
492. 

[12] Sriram D, Bal T. R, Yogeeswari P (2005). J. Pharm. Sci. 8: 
565.  

[13] Asante-Appiah E, Skalka A. M (1997). Antiviral Res. 36: 
139.  

[14] Pommier Y, Johnson A. A, Marchand C (2005). Nat. Rev. 
Drug Disc. 4: 236. 

[15] Coiras M, Lopez-Huertas M. R, Perez-Olmeda M, Alcami J 
(2009). Nat Rev Microbiol.7: 798.  

[16] Dahl V, Josefsson L, Palmer S (2009). Antiviral Res. 
85:286.  

[17] Shimura K, Kodama E (2008). Future HIV Ther. 2: 411. 



1254   International Journal of Drug Design and Discovery    Volume 5  Issue 1 January – March 2014 

 

[18] Sato M, Motomura T, Aramaki H, Matsuda T, Yamashita 
M, Ito Y, Kawakami H, Matsuzaki Y, Watanabe W, 
Yamataka K, Ikeda S, Kodama E, Matsuoka M, Shinkai H 
(2006). J. Med. Chem. 49: 506. 

[19] Cocohoba J, Dong B. J (2008). J. Clin. Ther. 30: 1747. 

[20] Summa V, Petrocchi A, Bonelli F, Crescenzi B, Donghi M, 
Ferrara M, Fiore F, Gardelli C, Gonzalez Paz O, Hazuda D. 
J, Jones P, Kinzel O, Laufer R, Monteagudo E, Muraglia E, 
Nizi E, Orvieto F, Pace P, Pescatore G, Scarpelli R, 

Stillmock K, Witmer M. V, Rowley M  (2008). J. Med. 
Chem. 51: 5843. 

[21] Pawar V, Lokwani D, Bhandari S, Mitra D, Sabde S, 
Bothara K, Madgulkar A (2010). Bioorg. Med. Chem. 18: 
3198. 

[22] Kier L. B, Hall L. H (1976). Molecular connectivity in Drug 
Research Academic Press: New York. 

[23] Kier L. B, Hall L. H (1983). J. Pharm. Sci. 72:1170.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


